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Abstract

Recent research has focused on exploiting the small interfering ribonucleic acid
(SIRNA) molecule in cancer therapy. However, the main bottleneck in applying
SiRNA clinically is its effective delivery to the cytosol of target cell. To design and
develop a well-characterised non-viral delivery system to transport SiRNA efficiently
into A549 (human epithelial lung cancer) cell culture, an siRNA delivery system
based on cationic liposomes comprising cationic lipid, 3B-[N-(N',N'-
dimethylaminoethane)-carbamoyl] cholesterol (DC-Chol), and neutral lipid,
dioleoylphosphatidylethanolamine (DOPE) was used. Initially, toxicity assays showed
that cell viability and cell membrane integrity are highly dependent on the total lipid
concentration applied. At the optimised dose of 1.0 mM, liposome formulations did
not show considerable, irreversible cellular damage, while dramatically reduced cell
metabolic activity (as measured by the MTS assay), marked cell membrane disruption
(as measured by the LDH assay) and cell necrosis (as measured by the Annexin
V/propidium iodide assay) were found to be associated with exposure to higher doses
of cationic liposome formulations. No significant effect was observed for the different

ratios of cationic lipid to nucleic acid in the tested range.

The classical film hydration method resulted in a high level of siRNA liposomal
encapsulation and stability within RNase, even at relatively low levels of cationic
lipid, 3.125:1, as confirmed by gel retardation and the ultrafiltration centrifugation
method. In A549 cell culture, siRNA-liposome formulations prepared at different
lipid compositions and at selected lipid-siRNA ratios, showed a reasonable cellular



uptake, as observed by flow cytometry and confocal microscopy. A dose response
relationship between the sSiRNA concentration and silencing efficiency was observed.
It was noticed that level of luciferase protein silencing is not necessary directly
proportional to the extent of cellular uptake; rather the mechanism of endocytosis was
suggested to dictate the level of silencing. Cell internalisation pathways were hence
probed using a panel of pharmacological inhibitors. Clathrin-mediated, dynamin-
dependent pathway, and macropinocytosis - all seem to be involved in the transport of
the siRNA-cationic liposomes. It appears that the caveolae-mediated pathway had no
important role in the uptake of this delivery system, although the ‘non-specificity’ in
action of inhibitors that cause cholesterol depletion from the plasma membrane, and
which significantly affected the internalisation process, makes the difficult to make

definitive conclusions.

The level of luciferase silencing in A549-Luc cells, where siRNA uptake is dominated
by the clathrin pathway, can almost be doubled using the endosomolytic agent,
chloroquine. This indirectly confirms involvement of clathrin-mediated pathway, and
is probably due to this cationic liposome system lacking the capacity to escape from
the acidic environment of the endosomes/lysosomes. Liposome-siRNA formulations
targeting EGFR were used to examine the effect on cell proliferation in NSCLC using
an in vitro model. The siRNA-liposome formulations were able to mediate EGFR
silencing and to improve cell proliferation. This work therefore contributes to the
understanding of the cellular mechanisms involved in the transfer of cationic siRNA-
liposome across the cell membrane and has important implications in the area of

nanotoxicology and nanocarrier-mediated drug delivery.
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Chapter 1 Delivery of sSiRNA Therapeutics

Chapter 1 - Delivery of siRNA Therapeutics

1.1 RNA Interference and Therapeutic Potential

RNA silencing or RNA interference (RNAI) is a gene regulatory mechanism that in
nature serves to limit the ‘invasion’ of ‘alien’ genetic elements, such as viruses and
transposons, before these elements can integrate into the host genome or subvert cellular
processes [1]. Basically, the RNAi mechanism is a process in which the expression of a
specific protein can be supressed through the degradation of targeted messenger RNA
(mRNA) of the gene of interest using RNA molecules such as double stranded RNA
(dsRNA) or small interfering RNA (siRNA) [1]. It has been reported that the endogenous,
regulatory RNAI mechanism can occur in many organisms, including plants [2], worms,

and flies [3].

Napoli and Jorgensen were the first to report an RNAI type of phenomenon in 1990, they
referred to as ‘co-suppression’, following their experiment with Petunia hybrida plants
[2]. These plants were modified to overexpress chalcone synthase with the aim of
intensifying the purple coloration of the flowers. However, the flowers of these modified
plants expressed a wide range of pigmentation, and this observation revealed that both the
introduced and endogenous forms of the chalcone synthase gene were turned off or

silenced to different degrees [2].
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RNA silencing was first documented in animals as a biological response to dsRNA by
Guo and Kemphues in 1995, following experiments with dsRNA in the nematode
Caenorhabditis elegans [4]. Injecting dsRNAs into C. elegans was found to silence genes
whose sequences were complimentary to those of the introduced dsRNAs [4]. However,
there were substantial barriers to the acceptance of the idea that dsSRNA could trigger

sequence-specific gene silencing and how it could induce protein expression silencing.

Subsequently, the American scientists Andrew Fire and Craig Mello were awarded the
Noble Prize for Medicine in 2006 for their discovery of the RNAiI mechanism of gene
silencing by dsRNA, which had been originally published in 1998 [5], and their attempts
to use anti-sense RNA as an approach to inhibit gene expression in the nematode worm C.

elegans, as illustrated in Figure 1.1.

An mRNA molecule encoding a muscle protein was injected into the nematode worm C.
elegans and no changes were observed in the behaviour of the worm [6]. The genetic
code in mRNA is described as being the 'sense’ sequence, and injecting ‘anti-sense’' RNA,
which can pair with the mRNA, also had no effect. But when Fire and Mello injected
sense and anti-sense RNA together, they observed that the worms displayed peculiar,
twitching movements [5]. This illustrates that the mechanism of RNA interference is

activated when RNA molecules occur as double stranded pairs in the cell.
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Figure 1.1: Schematic of the experiment performed in the nematode worm C. elegans
by Andrew Fire and Craig Mello that led to the discovery of the RNAI mechanism

Silencing of a green fluorescent protein (GFP) reporter in C. elegans occurs when
animals feed on bacteria expressing GFP dsRNA (a) but not in animals that are defective
for RNAI (b). Adapted from [7].

The RNAIi mechanism is initiated when RNA molecules occur as double-stranded pairs in
the cell. The dsRNA triggers biochemical machinery which degrades those mRNA
molecules that carry a genetic code identical to that of the dsSRNA and induce robust
suppression of specific genes of interest [8]. The genetic code in DNA determines how
proteins are built. The instructions contained in the DNA are copied to mRNA and
subsequently used to synthesise proteins. When such mRNA molecules disappear, the

corresponding gene is silenced and no protein of the encoded type is made.

In mammalian cells, the delivery of exogenous, long dsRNAs is associated with the
activation of the interferon (IFN) pathway, which is part of the defence mechanism
against viral infection [9]. The direct introduction of synthetic siRNAs, instead of the
long dsRNAs offered the advantage of ‘escaping’ from the dicer cleavage reaction [1],

and leads to effective RNAI without the complication of activating the IFN response [10].
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The RNAIi mechanism can be induced by endogenous and exogenous small RNAs,
including siRNAs and microRNAs (miRNAs), leading to mRNA degradation in the
cytosol [11]. siRNAs and miRNAs have similar physicochemical properties but distinct
functions. Both are short RNA duplexes that target mRNA to produce a gene silencing
effect, yet their mechanisms of action and their requirements for sequence design and
therapeutic applications are different [12]. The major difference between siRNAs and
mIiRNAS is that the former inhibit the expression of one specific target mMRNA while the
latter regulate the expression of multiple mMRNAs [13]. The main advantages of exploiting
SiRNA over miRNA molecules is the lower off-target effect as the siRNA sequence is
usually designed to be fully complementary to the targeted mMRNA and therefore SiRNAS

knock-down specific genes, with minor off-target exceptions [14].

SIRNA is typically a 21 base pair RNA molecule, which plays a significant function in
post-transcriptional gene silencing (PTGS) [15]. Therapeutic approaches based on siRNA
involve the introduction of a synthetic siRNA into the target cells to elicit RNAI, thereby
inhibiting the expression of a specific mMRNA to produce a gene silencing effect, as
illustrated in Figure 1.2. The basic steps in the knockdown of expression of sSIRNA target
genes is known as silencing [16]. siRNA is produced in the cytoplasm of a cell as a result
of cleavage of dsRNA via an RNase Ill-like enzyme termed endoribonucleases dicer, or
alternatively, siRNA can be introduced directly into the cell. SIRNA is then incorporated
into a multiprotein complex termed the RNA-induced silencing complex (RISC) [16].
The passenger strand (the sense strand) of an sSiRNA molecule is released, while the guide
strand (the anti-sense strand) binds, with the help of the small dsRNA-binding protein
(R2D2), to the RISC, which contains the critical enzymatic component of the RISC, an

Argonaute protein (Ago2) that is characterised by PAZ and PIWI domains [16]. Once the
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Ago2 is associated with the small RNA, the enzymatic activity conferred by the PIWI
domain cleaves only the passenger strand of the siRNA [17]. Strand selection by Ago2
relies on thermodynamic differences of the SiRNA duplex; the strand with the less
thermodynamically stable, 5’ end is favoured as the guide strand towards a
complementary mRNA [17]. The guide strand is bound within the catalytic, RNase H-like
PIWI domain of Ago2 at the 5’ end, whilst the PAZ domain forms a binding module for
the characteristic two nucleotide 3’ overhang of the siRNA created by dicer [18]. The
anti-sense strand of siRNA then guides the RISC-Ago2 complex to the complimentary
target mMRNA sequences to be cleaved and therefore inhibits gene expression. The
cleavage of mRNA takes place between bases 10 and 11 relative to the 5’ end of the
SiRNA guide strand resulting in subsequent degradation of the cleaved mMRNA [19]. After
cleavage, the target RNA lacks those elements which are typically responsible for
stabilising mRNAs, namely the 5’ end cap and the poly-A tail at the 3’ end, so that the
cleaved mRNA is rapidly degraded by RNases and the coded protein can no longer be
synthesised [20]. On activation by the siRNA guide strand, the RISC can undergo

multiple rounds of mRNA cleavage, further propagating gene silencing.
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Figure 1.2: RNA interference (RNAI) mechanism

The long dsRNA is introduced into the cell cytoplasm, where it is cleaved into SiRNA by
dicer. Alternatively, siRNA can be introduced directly into the cell. The siRNA is then
incorporated into the RISC, resulting in the cleavage of the sense strand of RNA by Ago2.
The anti-sense strand of siRNA binds to the RISC with the help of the protein R2D2 and
guides the RISC-Ago2 complex to the complimentary target mRNA sequences to be
cleaved. The cleaved mRNA is rapidly degraded by RNases and the coded protein can no
longer be synthesised. The activated RISC—siRNA complex can then be recycled for the
degradation of multiple mRNA targets. Redrawn from [21].
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In 2001, one of the first reports was published to show that mammalian cells can be
transfected using sSiRNA to achieve expression knockdown of a target protein of the gene
of interest [1]. The potential advantage of SIRNA therapy may be a long(er)-term effect,
which is achieved due to the knockdown of protein synthesis [22]. This advantage should
have a significant impact on disease treatment through the reduction of dosing frequency
[23]. The ability to effectively ‘switch off > any target gene makes RNAi a promising

strategy for cancer, viral infections and neurodegenerative disorders [24].

Since its discovery, siRNA has become a highly promising bio therapeutic, which may be
utilised as an alternative to chemotherapy in cancer treatment. Atu027 is one of the
promising SiRNA therapeutics in clinical trials that used as an anti-protein kinase N3
(PKN3) for advanced pancreatic cancer [25]. It is a liposomal formulation that is
composed of three lipids: the positively charged lipid p-L-arginyl-2,3-L-
diaminopropionic acid-N-palmityl-N-oleyl-amide trihydrochloride (AtuFect0l1), the
fusogenic lipid 1,2-diphytanoyl-snglycero-3-phosphoethanolamine (DPhyPE) and the
PEGylated lipid 1,2-distearoyl-sn-glycero-3-phosphoethanol amine-N  (methoxy
(polyethylene glycol)-2000 (mPEG-2000-DSPE)) complexed with anti-PKN3 siRNA
[26]. The siRNAs bind to PKN3 mRNASs, which results in the inhibition of translation
and expression of the PKN3 protein and, so, growth inhibition of tumour cells that
overexpress PKN3 [26], [27]. In January 2016, Silence Therapeutics completed a phase
I/11 trial in pancreatic cancer in combination with gemcitabine for patients with locally
advanced or metastatic pancreatic adenocarcinoma, and currently Atu027 is available for

licensing.



Chapter 1 Delivery of sSiRNA Therapeutics

ALN-VSPO02 is a stable nucleic acid lipid particle (SNALP) — siRNA delivery system that
is formulated by Alnylam Pharmaceuticals to target vascular endothelial growth factor
(VEGF) and kinesin spindle protein (KSP1) [27]. SNALP contained the ionisable cationic
lipid DLinDMA (1,2-dilinoleyloxy-3-dimethylaminopropane), cholesterol, and ApoE
lipoprotein targeting ligand [28]. Targeting of VEGF is proposed to modulate tumour
angiogenesis, whereas KSP is essential for mitotic spindle formation in proliferative cells
[29]. Both proteins show increased expression in various tumour types. ALN-VSPO2 is

the first dual targeted siRNA drug used in clinical trial [30].

EphA2 is a tyrosine kinase receptor in the ephrin family that plays a key role in neuronal
development [31]. It is expressed to a low degree, primarily in epithelial cells, however
overexpression in human cancers has been reported and associated with poor clinical
outcome; down-regulation of EphA2 has reduced tumorigenicity in preclinical studies of
breast and pancreatic cancer [32]. siRNA formulated with DOPC (1,2-dioleoyl-sn-
glycero-3-phosphocholine) neutral liposomes to target EphA2 is currently advancing into

phase | clinical trials.

Currently, there are a number of RNAi-based therapeutic agents under investigation in

cancer treatment clinical trials, as shown in Table 1.1.
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Table 1.1: RNAIi-based investigational therapeutics in clinical trials for cancer. Information collected from (clinicaltrials.gov).

siG12D LODER

DCR-MYC

SiRNA-EphA2-
DOPC

Atu027

TKM-080301

ALN-VSP02

CALAA-01

PNT2258

SNSO01-T

MRX34

Silenseed

Dicerna
Pharmaceuticals

M.D. Anderson
Cancer Center

Silence
Therapeutics

Tekmira
Pharmaceuticals

Alnylam
Pharmaceuticals

Calando
Pharmaceuticals

ProNAi Therapeutics

Senesco Technologies

Mirna Therapeutics

KRAS, V-Ki-ras2 Kirsten rat sarcoma viral oncogene
homolog (Pancreatic Ductal Adenocarcinoma)

MYC, V-Myc Avian Myelocytomatosis Viral Oncogene
(Hepatocellular Carcinoma)

EPHA2, Epithelial Cell Receptor Protein Tyrosine Kinase
(Advanced Cancers)

PKN3, protein kinase N3 (advanced pancreatic cancer)

PLK1, polo-like kinase 1 ( advanced hepatocellular
carcinoma)

VEGFA, vascular endothelial growth factor and KSP,
kinesin spindle protein (Solid Tumors)

RRM2, M2 subunit of ribonucleotide reductase (R2)
(Solid Tumor cancers)

BCL2 (Diffuse Large B-Cell Lymphoma)

elF5A siRNA (B cell lymphoma or plasma cell leukemia)

miR-34 ( primary liver cancer)

Biodegradable
polymer matrix

Lipid

Lipid

Lipid

Lipid

Lipid

Polymer

Lipid

Polyethylenimine

Lipid

NCT01676259 (December 2015; Phase 1l not yet
recruiting)

NCT02314052 (June 2016; Phase b/l recruiting)

NCT01591356 (May 2016; Phase | recruiting)

NCT01808638 (March 2016; Phase I/l1 completed)

NCT02191878 (July 2016; Phase I/l completed )

NCT01158079 (October 2012; Phase | completed)

NCT00689065 (October 2013; Phase | terminated)

NCT02226965 (July 2016; Phase Il recruiting)

NCT01435720 (September 2014; Phase Il active, not
recruiting)

NCT01829971 (June 2016; Phase I recruiting)
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1.2 Lung Cancer as a Target for siRNA Delivery

Lung cancer is considered a highly worthwhile target disease in clinical and
pharmaceutical research, due to the high rate of incidence and death worldwide [33]. In
the UK, more than 45,000 patients are diagnosed with lung cancer each year [34], whilst
in Europe, more than 410,000 new cases of lung cancer have been diagnosed in 2012
alone [35]. Cancer statistics feature lung cancer as the main source of cancer related
mortality in both males and females [36]. Globally, nearly 1.83 million new cases of lung
cancer were diagnosed in 2013, with incidence rates varying across the world [37]. In
comparative terms, lung cancer causes more cases of cancer related deaths than any other
type of cancer, as shown in Figure 1.3, and three times as many deaths as the next two

most lethal forms of cancers, colo-rectal and breast [38].

Estimated percentage of deaths

Q000000000
0000000000
0000000000
0000000000
0000000000 Bl Lung cancer
0000000000 BE colon cancer
0000000000 Bl Breastcancer
(1 1 I I JeleoJeJele) >
Q000000000 Cd Prostate cancer
Q000000000 (3 Pancreas cancer

Figure 1.3: Estimated deaths from lung cancer compared to colon cancer, breast
cancer, prostate cancer, and pancreatic cancer. Data taken from [33], [39].
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Lung cancer is defined as a malignancy arising from the cells of the respiratory
epithelium and can be divided into two broad categories according to their histology type
[40]; small cell lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC)
[34]. SCLC is a highly malignant tumour type derived from cells exhibiting
neuroendocrine characteristics and constitutes a highly aggressive variant, accounting for
approximately 15% of cases [41]. NSCLC is the most common type, accounting for more
than 85% of all lung cancers and can be further divided into three key subtypes;
adenocarcinoma, squamous-cell lung carcinoma, and large-cell lung carcinoma [42], with
adenocarcinoma the most prevalent type of NSCLC [40]. Figure 1.4 shows main types of

lung cancer.

adenocarcinoma large cell carcinoma

Figure 1.4: Main types of lung cancer and their preferential sites of formation in the
human respiratory tract. Adapted from [43].
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Cigarette smoking has been identified as one of the main causes of lung cancer, especially
in males [44], while the contribution of other factors, such as genetic alteration, in the
development of the disease remains under investigation [45]. It has been reported that the
progression of NSCLC may be a result of changes in the expression profile of some
proteins, such as EGFR (Epidermal Growth Factor Receptor) [46], KRAS (V-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog) [45] and ERBB2 (Erb-B2 Receptor

Tyrosine Kinase 2) [47].

Despite developments in the treatment of cancer and improvements in health care, death
rates from lung cancers have not changed significantly over the last 50 years, with a 5-
year survival rate of less than 15% [33], [48]. Patients with NSCLC are usually treated by
surgery, radiation, and/or chemotherapy [49]; only a low number of lung cancer cases are
cured by surgical therapy, and most, especially the metastatic cancers, are chemotherapy
dependent [50]. Several chemotherapeutic agents are commercially available and the US
Food and Drug Administration (FDA) has approved use of drugs such as Erlotinib,
Gefitinib and Cetuximab for the treatment of NSCLC [46]. However, using chemotherapy
in lung cancer treatment is usually associated with cytotoxicity, due to very low
differences between the effective and lethal dose and the non-specific action of anti-

cancer agents [51].

The efficacy of chemotherapy in lung cancer is often limited by the rapid development of
multidrug resistance (MDR) during treatment and toxicity to healthy tissue [52], [53]. The
severe cytotoxicity of current anti-cancer drugs has prompted research into finding
solutions that would reduce the non-specific toxicity and provide higher efficacy of

treatment [52]. Whilst conventional chemotherapy is usually limited in its range of
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targets, an RNAIi based approach can be used to down-regulate almost any gene,
including those involved in oncogenesis pathways, cell cycle regulation, angiogenesis and

resistance to traditional chemotherapy drugs [54].

Several siRNA-based therapeutics are being evaluated in preclinical trials to be used for
lung cancer therapy. So far, there have already been significant developments in siRNAs
for primary or metastatic lung cancer in vivo models by targeting various types of genes
[55]. The delivery of N-[1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride
(DOTAP) liposomes loaded with doxorubicin/siRNA targeted multidrug resistance-
associated protein 1 (MRP1) mRNA as suppressors of cancer cell resistance via
inhalation resulted in tumour volume reduction of more than 90% in nude mice [56].
Intratracheal administration of liposomes composed of dioleoyl-sn-glycero-3-
ethylphosphocholine and cholesterol complexed with siRNA targeted myeloid cell
leukemia sequence 1 (siMcll) significantly silenced Mcll mRNA and protein levels in
metastatic lung cancer mouse models and reduced the formation of melanoma tumour
nodules in the lung [57]. The only siRNA formulation that have been evaluated in clinical
trials to treat metastatic lung cancer is CALAA-01, a cationic cyclodextrin-based
polymer. It has been designed to be used as a carrier for siRNA to target the M2 subunit
of ribonucleotide reductase (RRM2) [58]. RRM2 is a key enzyme in nucleic acid
metabolism and is upregulated in many tumour types including lung cancer. RRM?2
suppression has been proposed to result in cell cycle arrest and cell death [59]. However,
adverse events, related to dose-limiting toxicity have led to CALAA-0O1 being currently

withdrawn from trials.
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1.3 Barriers to siRNA Delivery

Synthetic sSiRNA has shown great potential as a new class of therapeutic nucleic acid for
treating many diseases, including cancer, based on its ability to silence gene expression in
a sequence specific manner [60]. However, there are multiple barriers to sSiRNA delivery
depending upon the targeted organs and the administration routes. To achieve the full
therapeutic potential of siRNA as a therapeutic agent, either ‘naked’ or when associated
with a delivery system, better understanding about the biological processes underlying

these barriers will help in the design of more effective delivery systems [61].

1.3.1 Reticuloendothelial System (RES)

The human immune defence system provides excellent protection against any foreign or
potentially harmful substances. Recognition of ‘foreign’ nanoparticles (including siRNA
delivery systems) by the RES is one of the main concerns, potentially leading to immune
activation. The RES is composed of monocytes and macrophages located in reticular
connective tissues, e.g. the spleen, liver and bone marrow [62]. Nanoparticles are rapidly
internalised by the cells of the RES upon systemic administration, particularly by
macrophages in the liver (Kupffer cells) or spleen [63]. As the RES rapidly eliminates
nanoparticles from systemic circulation, it is a major barrier to long term circulation of
nanoparticles and their potential targeting to other cellular/tissue targets. The first step of
clearance of nanoparticles by the RES is opsonisation, in which nanoparticles are ‘coated’
with opsonin proteins such as immunoglobulins, which consequently makes them more

recognisable to phagocytic cells [64].
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Extensive research has been focused on establishing a correlation between surface
properties of injected nanoparticles, their opsonisation properties, and in Vvivo
biodistribution, including those from our research group [65], [66]. Modification of the
nanoparticle surface with chains of hydrophilic and flexible polymers, such as
polyethylene glycol (PEG), has been shown to shield nanoparticles from opsonins (e.g.
‘stealth’ liposomes like Doxil) [67] and, therefore, prevent elimination by the cells of the
RES and also reduce complement activation [68]. Addition of PEG and PEG-containing
copolymers to the surface of nanoparticles results in an increase in the blood circulation
half-life of the particles by several orders of magnitude [69]. This method creates a
hydrophilic protective layer around the nanoparticles that is able to repel the absorption of
opsonin proteins via steric repulsion forces, thereby blocking and delaying the first step in

the opsonisation process [69].

1.3.2 Extracellular Barriers

In order to achieve a gene silencing effect by siRNA therapeutics applied via the lung
route, multiple extracellular barriers need to be overcome, such as the mucus layer,
mucociliary clearance, and the presence of alveolar fluid [70]. Ciliated epithelial cells on
mucosal surfaces of the airway are usually covered by a mucus layer secreted by goblet
cells and submucosal glands [71]. Mucus is composed of ions, lipids and linear
glycoproteins (mucins) that form a dense network of polymeric fibres, with the success of
nanoparticle-based siRNA delivery dependent on movement through the pores of the

mucin glycoprotein layer [72].

The main function of the mucociliary clearance mechanism is as a defence mechanism to

clear any ‘trapped’ particles from the mucosal surfaces [72]. The mucus layer constitutes
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a physical barrier as it increases viscosity at the apical side of lung epithelial cells [73],
thereby reducing the diffusion rate of a permeant and hence presenting a considerable
hindrance to the ability of a permeant (for example siRNA molecules or a delivery
system) to access the targeted pulmonary epithelial cells [72]. Cilia are motile hair-like
appendages extending from the surface of epithelial cells and provide the driving force
for the mucociliary clearance mechanism [74], where mucus acts as a sticky, fluidic belt
that collects and removes foreign particles. Mucin polymers, containing hydrophilic
glycosylated amino acid sequences along with hydrophobic cysteine-rich domains, can
interact with siRNA nanoparticle carriers through electrostatic interactions, as well as
hydrogen bonding and hydrophobic interactions [75]. Consequently, these can become

trapped in the mucus and form aggregates or dissociates and release the siRNA ‘cargo’.

Alveolar epithelium is an additional defence mechanism and immunological barrier of the
respiratory system [76], and are normally covered by a thin layer of surfactant-associated
proteins and phospholipids that are produced by the alveolar type-11 (AT-11) cells of the
lungs [77]. Particle size and surface properties of particulate carriers affect efficient
entrapment and uptake by alveolar macrophages, and the particle-macrophage
interactions and subsequent uptake can be reduced by optimizing the size and the
hydrophilic/lipophilic properties of particulate carriers [78]. It has been reported for
example that liposomes with 1-5 um particle size were taken up at a greater extent by rat
alveolar macrophages compared with liposomes that are smaller than 1 um in an in vivo
setting [78]. Additionally, surface coating with the hydrophilic polymer (i.e. PEG) makes
particles more resistant to opsonisation by serum proteins and hence reduces the chances

of their recognition by macrophages [78].
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In order to penetrate mucus, synthetic nanoparticles must avoid adhesion to mucin fibres
and be small enough to avoid significant steric inhibition by the dense fibre mesh [72].
Recently, it has been demonstrated that nanoparticles as large as 500 nm, if sufficiently
coated with a low molecular weight PEG, can rapidly cross physiological human mucus
[75]. Coating nanoparticles with low molecular weight PEG is a widely studied mucus
penetrating strategy. It has been shown that surface modifying nanoparticles with a high
density of low molecular weight PEG (of 2 kDa) can reduce the interactions between
particle and mucus [79]. It is hypothesized that coating particles with a high density of
low molecular weight (2-5 kDa) PEG may reduce adhesive interactions between
nanoparticles and mucus, provided that the molecular weight of the PEG is low enough as
to not entangle with mucin fibres and that the PEG density is sufficient to effectively
shield the hydrophobic core of the nanoparticle [79] and enables their penetration through

the mucus layer.

Treatment of mucus with mucolytics agents may improve the penetration rates of SIRNA
therapeutics. A novel mucolytic agent Mucinex® (N-acetyl-L-cysteine), a lysine salt of N-
acetylcysteine, has the ability to break both hydrogen and disulphide bonds, both of
which are important in maintaining the three-dimensional structure of the mucus gel [72].
N-acetyl-L-cysteine has been shown to alter the rheological properties of mucus in a
clinical trial of cystic fibrosis patients, either alone or in combination with recombinant
human DNase [80]. Recombinant human DNase (Dornase alfa) hydrolyses DNA in cystic
fibrosis patient mucus and reduces viscosity in the lungs, promoting increased clearance

of secretions [72].
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1.3.3 Enzymatic Degradation and Immune System Recognition

Naked, unmodified, and ‘unprotected’ siRNA molecules are unstable and susceptible to
degradation by RNase, resulting in a short biological half-life (t 12 = 2-6 min). RNase is
an endoribonuclease with a role in RNA metabolism and the regulation of gene
expression [81]. RNase is present in intracellular and extracellular, endosomal and
lysosomal environments and can rapidly catalyse RNA hydrolysis. The extra hydroxyl
group (2°-OH) on RNA makes it more prone to hydrolysis by serum nucleases than DNA
[82]. Serum nucleases cleave the phosphodiester backbone of nucleic acids to facilitate

the process of hydrolysis in plasma and cytoplasm [83].

In addition to degradation of siRNA by serum nuclease, it stimulates the innate immune
system, resulting in reduced activity. Mammalian immune cells express a sub-family of
pattern-recognition Toll-like receptors (TLRs) that recognise pathogen-associated
molecules, including viral dsSRNA [84]. Several TLRs are involved in the recognition of

SiRNA, including TLR3, TLR7 and TLR8 [84].

Consequently, these barriers are major obstacles to efficient RNAI therapeutics. One
approach that can be applied to increase stability is chemical modification of the SiRNA
backbone, as illustrated in Figure 1.5. Addition of a 3' phosphorothioate backbone linkage
protects against exonucleases and 2' modifications such as 2'-O-methyl or 2'-fluoro
protect against endonucleases and abrogate immune-stimulatory activity of SiRNA

without loss of silencing [85].
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Figure 1.5: Structure of some chemically modified RNAs

(A) 3'-phosphorothioate, (B) 2'-O-methyl, and (C) 2'- fluoro modified RNAs.

In addition to chemical modification of siRNA, the enzymatic degradation and the low
serum stability of sSIRNA molecules can be overcome by the use of nano-sized carriers.
Cyclodextrin polymer complexed with siRNA has been reported to fully protect the
nucleic acid from nuclease degradation in serum [86]. Non-covalent complexation of
synthetic siRNA with low-molecular-weight Polyethylenimine stabilises siRNA and
enhances its intracellular delivery [63]. The siRNAs encapsulated in liposomes composed
of egg phosphatidylcholine, DOTAP, cholesterol, 1,2-dipalmitoyl-sn-glycero-3-
phosphoethanolamine (DPPE) and distearoylsn-glycero-3-phosphoethanolamine-n-
[methoxy(polyethyleneglycol)-2000] (PEG-PE), showed a very high stability in serum

and remained intact even after 24 hrs incubation [87].

1.3.4 Cellular Uptake

If/once an siRNA therapeutic has successfully passed the extracellular barriers and
reached the plasma membrane of the target cells, it then needs to be able to cross the
cellular membrane and gain access into the cytoplasm and RISC, the final target of

SiRNA [21]. However, siRNA is not able to cross the biological membrane on its own

19



Chapter 1 Delivery of sSiRNA Therapeutics

due to its physiochemical properties. siRNA is a negatively charged hydrophilic
macromolecule and any siRNA delivery system has to address the issue of cellular uptake

[21].

Using high affinity ligands is one of the strategies that can be exploited to improve the
interaction of nanoparticles, including siRNA delivery system, with cells facilitating the
cellular uptake and subsequent internalisation. The overexpression of receptors on the
surface of target disease cells has been widely explored and representative examples of
receptors known for active disease cell targeting include folate receptor (FR) and

transferrin receptor (T fR).

The FR has been reported to be overexpressed in different types of cancer such as lung
and colorectal cancer [88]. The natural high affinity of folate for the folate receptor
protein allows the selective delivery of folate-drug conjugates to FR-expressing disease
cells and trigger cellular uptake via endocytosis [89]. The use of folic acid has many
advantages include easy scale-up for clinical applications, facile chemical modification,

and low risk of toxicity or immune reactions due to its function as a vitamin [88].

The TfR is a cell membrane glycoprotein that plays an important function in facilitating
the cellular uptake of iron from the plasma membrane [90]. It is needed for the import of
iron into the cell and is regulated in response to the intracellular iron concentration. It
imports iron by internalising the transferrin-iron complex through receptor-mediated
endocytosis [91]. The receptor is highly expressed in cancer cells making it one of the
most attractive targets for cancer therapy by receptor-mediated endocytosis of drug

nanoparticles [90].
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One of the major pathways that is involved in the cellular uptake of nanoparticles is
endocytosis [92]. There are different types of endocytosis mechanisms, which in turn
affect the set of barriers that a ‘cargo’ (e.g. sSiIRNA) may encounter, and each type has its
own mechanism of internalisation that leads to different intracellular trafficking of the
‘cargo’ [92]. Clathrin-mediated endocytosis is the best characterised endocytic pathway,
and occurs constitutively in all mammalian cells [93]. The mechanism of endocytosis will

be discussed in detail later in Section 1.6.

1.3.5 Endosomal Escape

Once a ‘cargo’ (e.g. siRNA therapeutic) is internalised by a cell, it eventually be located
in the endosomal compartment, particularly if clathrin-mediated endocytosis is the
mechanism of uptake [94]. At this stage, sSiRNA needs to be released from endosomal
vesicles into the cytoplasm and then target complimentary mRNA to carry out its RNAI
function [94]. During endosomal ‘maturation’, the pH inside the vesicles gradually
decreases from weakly acidic (pH 6.8 - 5.9) in early endosomes to a lower pH and highly
acidic environment (pH 6.0 - 4.9) in late endosomes/lysosomes where degradative
enzymes, including nucleases are present [95]. Endosomal escape is considered a major
bottleneck for the development of an efficacious siRNA delivery system. Therefore, a

delivery system must have the ability to escape from endosomal vesicles.

There are several types of endosomolytic agents that can be employed to facilitate
endosomal escape, and the common agent is chloroquine, an anti-malarial drug [96]. It
prevents the acidification of endosomes, promotes swelling of endosomal vesicle, and

destabilises endosomal membranes, thus enhancing endosomal release of the delivery
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system [96]. However, due to toxicity problems with chloroquine in vivo, the applicability
of this agent is limited to the enhancement of transfection in vitro. Alternatively,
fusogenic lipid such as 1,2-Dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) can be
used to facilitate the endosomal escape, and will be discussed in detail later in Section

1.5.

1.4  Vectors for siRNA Delivery

To overcome the myriad barriers to efficient SiRNA delivery, different systems have been
designed and studied. There are several generally acknowledged requirements for a good
candidate system for sSiRNA delivery. The optimal siRNA delivery system should be non-
toxic, be able to bind and ‘condense’ siRNA, protect siRNA from RNase, facilitate cell
internalisation followed by endosomal escape into the cell cytoplasm, and finally promote
efficient gene silencing [58]. In the field of nucleic acids/gene delivery, two classes of
delivery systems/vectors/carriers have typically been used: viral vectors, as ‘biological’
vectors (such as retroviruses, herpes simplex virus, and adenoviruses) [97]; and non-viral
carriers, as ‘chemical’ vectors (such as polymeric nanoparticles and liposomes) [98]. The
safety, effectiveness, ease of manipulation or engineering, and the cost of a system’s
development and potential therapy depend upon the selection of the most suitable

delivery vector.

1.4.1 Viral Vectors

To overcome the difficulty of SIRNA delivery and to facilitate cellular uptake, viruses can
be used. Viruses are extremely efficient vectors for the delivery of siRNA molecules into

target cells as they have evolved to specifically enter cells and exploit the cellular
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machinery for their own replication [99]. The viral vectors can be classified into two main
groups: integrating and non-integrating. Integrating viruses have the ability to integrate
their viral genome into the chromosomal DNA of the host cell such as retrovirus and
adeno associated virus [100]. The non-integrating viruses deliver their genomes into the

nucleus of the target cell such as adenovirus and herpes simplex virus [100].

Viral vectors were shown a promising carrier for gene therapy because of their high
delivery effectiveness and in vivo tissue specific replication. One of the main advantages
of using viral vectors is that a single administration can lead to long-term expression of
RNAI therapeutic [101]. However, in vivo delivery options become limited in clinical
trials due to toxicity and safety concerns, high production costs, low capacity to
incorporate nucleic acids, immunogenicity, carcinogenicity and mutagenicity to host cells
[97]. The engineered second-generation of viruses show reduced antigenicity in vivo by
removal of certain coding regions of the viral genome, but the therapeutic efficacy also

appears to be reduced [102].

One of the early clinical trials that used engineered adenovirus vector as delivery vehicle
for gene therapy resulted in the death of Jesse Gelsinger in 1999 [103]. However, in 2004
China's State Food and Drug Administration approved the first gene therapy for the
treatment of head and neck squamous cell carcinoma Gendicine (SiBiono, Shenzen,
China), which consists of an adenovirus designed to insert a p53 tumour suppressor gene

[104].
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1.4.2 Non-viral Vectors

Non-viral delivery vectors for siRNA delivery have recently received great interest
because of their potential for large scale production, ease in handling, and reduced
specific immune responses relative to viral vectors [105]. Non-viral vectors, such as
liposomes, polymers and other non-viral delivery systems could provide effective
alternative systems for the efficient delivery of SiRNA to targeted cells [105]. The
delivery efficiency and toxicity of non-viral vectors is currently under intensive

investigation [105].

1.4.2.1 Lipid Based Vectors - Liposomes

One of the non-viral vectors commonly used in the literature are liposomes. Liposomes
are able to encapsulate hydrophilic molecules, such as siRNA, which become entrapped
in the core, while lipophilic molecules are localised to the bilayer membrane [106]. The
efficacy of liposomes, i.e. high levels of tumour cell uptake, can be achieved by
modulating the lipid composition, particle size, and surface charge of liposomes [107].
Many commercial transfection reagents (for in vitro research use) are lipid based systems,
such as Lipofectamine, a cationic liposome-based reagent composed of a 3:1 formulation
of the cationic lipid, 2,3-dioleyloxy-N-[2(sperminecarboxamido)ethyl]-nN,N-dimethyl-1-

propanaminium trifluoroacetate (DOSPA) and the zwitterionic lipid DOPE [107].

Numbers of cationic lipids have been developed to be used as non-viral carriers of nucleic
acid, and all of them share the chemical features of positively charged head group,
hydrophobic domain, and linker to connect both. The positive charge of cationic lipid is

very important in the interaction with the ‘encapsulated’ nucleic acid. Moreover, the
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positive charge electrostatically interacts with the negatively charged glycoproteins and
proteoglycans of the cell membrane which may facilitate cellular uptake of such
formulated nucleic acids [105]. However, the positive surface charge brings about issues
of opsonisation, complement activation, and toxicity limiting feasibility of this approach
beyond in vitro conditions. As discussed above, PEG is typically used to shield surface
charge and its consequences in vivo [105]. Liposomes as non-viral vector of sSiRNA will

be discussed in detail later in Section 1.5.

1.4.2.2 Polymers

Polymer based delivery of SiRNA has also attracted significant interest to improve
therapeutic delivery of siRNA. One of the most common cationic polymers used in
research for the delivery of siRNA is polyethylenimine (PEI) [108]. PEI cationic polymer
can be synthesised as linear or branched molecules of different molecular weights, and
can be substituted with a number of chemical functional groups [108]. Cationic polymers
can facilitate endosomal escape via the proton sponge effect [109]. PEls is considered to
have a buffering capability in the low pH environment of the endosome, and in that way
assist in releasing the siRNA cargo into the cytoplasm [109]. Increasing the density of the
positively charged amino groups in PEI was shown to result in a stronger interaction with
the negatively charged phosphate groups of RNA, and better protection of SiRNA from
degradation [110]. However, PEI has been reported to induce necrosis or cell apoptosis

and this tends to increase with higher molecular weight and increased branching [111].

Chitosans belong to the family of natural polysaccharides derived from the common

biopolymer chitin and are composed of $-1,4 linked N-acetylated D-glucosamine and D-
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glucosamine [112]. They can be chemically produced from chitin by the process of
deacetylation with widely varying content of N-acetylated D-glucosamine and chain
lengths [112]. Chitosans are considered one of the potential candidates for making
polyelectrolyte complexes with siRNA because they show low toxicity both in vitro and
in vivo [110]. One of the main features of chitosans in siRNA delivery is their
biodegradability and biocompatibility [113]. The fraction of deacetylated primary amine
group of chitosans determine the positive charge density, molecular weight, ratio of
chitosan amino groups to RNA phosphate groups, and pKa of the chitosans, and
determine the overall charge and size of the chitosan based siRNA polyplexes and
eventually the transfection efficiency in target tissues [114]. However, chitosan lacks the
buffering capacity at low pH, causing endosomal escape to be a major limiting factor for

this polymer [114].

1.4.2.3 Peptides

Cell penetrating peptides (CPPs) are often considered in designing siRNA delivery
systems. These short amphipathic or purely cationic peptides of less than 30 amino acids
in length possess a positive net charge, and have been demonstrated to be able to
penetrate biological membranes and transfer covalently or non-covalently attached
bioactive cargos into cells [115]. A wide range of cargos such as proteins, DNA and
SiRNA can be delivered to cells using CPPs [116]. The most commonly studied CPPs for

gene delivery include VP22 and Trans-activating transcriptional activator (TAT).

Peptide VP22 is obtained from herpes simplex virus and exhibits the unusual property of

intracellular transport [117]. VP22 appears to be involved in different functions such as
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intercellular transport, binding and bundling of microfilaments, inducing cytoskeleton
collapse, nuclear translocation during mitosis, and binding to chromatin and nuclear
membrane [117]. The TAT peptide is derived from the transactivator of transcription of
human immunodeficiency virus type-l1 [118], and both have been used for DNA and

SIRNA delivery.

Cationic CPPs are usually non-covalently linked to siRNA via electrostatic interaction,
and are being exploited to enhance the cellular uptake of sSiRNA molecules [119]. The
density of cationic charge of CPPs is critical for interaction with cell membrane
components prior to internalisation. The peptide/siRNA molar ratio is an essential
parameter for the package of siRNA into stable nanoparticles that are capable of crossing
the cell membrane [120]. CPPs have significant therapeutic potential; however,
overcoming the rate-limiting step of endosomal escape into the cytoplasm remains a

major challenge [121].

1.4.2.4 Carbon Nanotubes

Carbon nanotubes are linear elongated cylindrical layers of graphene nanometers in
diameter [122]. The graphene layer can be easily modified using various biomolecules,
and thereby complexed with siRNA via a covalent or non-covalent bond [123]. Due to
their nano-needle structure, they are designed to cross the plasma membrane and enter
directly into the cytoplasm via an endocytosis-independent mechanism without inducing
cell death [124]. However, the cytotoxicity is the main concern with using carbon
nanotubes as drug/gene delivery system. Shvedova et al. investigated adverse effects of

single-wall carbon nanotubes using a cell culture of immortalized human epidermal
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keratinocytes (HaCaT). After 18 hrs of exposure of HaCaT cells to carbon nanotubes,
oxidative stress and cellular toxicity were indicated by formation of free radicals,
accumulation of peroxidative products, antioxidant depletion, and loss of cell viability

[125].

1.5 Liposomes-mediated Delivery of sSiRNA

One of the non-viral delivery systems that could be a potential carrier of SiRNA is
liposomes. The advantages of using liposomes as an siRNA delivery carrier are that they
can protect the loaded nucleic acid from enzymatic degradation [126], they can deliver a
high concentration of therapeutic agents to the target cells [127], they can be designed to
accumulate preferentially in tumour tissues [128], they can retain a high plasma
concentration of drugs with poor bioavailability [129], and there is the ability to control

the efficacy and cytotoxicity by selection of the lipid composition of the liposomes [130].

The biodegradability and biocompatibility of the lipid content are vital advantages of
liposomes. Liposomes can be formulated with different types of lipids, such as
phosphatidylcholine and phosphatidylethanolamine, which are the main components of
the cell membrane [131]. When phospholipids are exposed to water, they form a
phospholipid bilayer with the hydrophobic tails facing each other and the hydrophilic

heads facing water on both sides [132].

Liposomes have been one of the most extensively studied delivery systems due to their
high degree of biocompatibility. Liposome delivery has been considered an option in the
delivery of a variety of medicines, including chemo-agents, oligonucleotides, DNA,

SiRNA, antigens, and proteins. The first liposome pharmaceutical product to be used
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clinically to deliver a chemotherapeutic drug was doxorubicin (Doxil®), which was
approved by the FDA in 1995 [133], and subsequently more toxic agents, such as
daunorubicin [134] and amphotericin B [135], have been successfully entrapped into
liposomes, and approved by the FDA. The most recent approved liposomal therapeutic is
Marqibo® (vincristine sulfate liposome injection) that was designed to overcome the

dosing and pharmacokinetic limitations of standard vincristine [136].

Generally, despite the many benefits of using cationic lipid-based formulations as an
SiRNA delivery system, the potential toxicity issues need to be addressed before their
translation into clinical trials [137]. The chemical structure of cationic lipid plays a key
function in predicting the quality of SiRNA delivery and cytotoxicity of a liposome [130].
They are usually composed of three main parts: the positive head group, the hydrophobic
domain, and the linker moiety, which links the polar and the non-polar parts [63]. The
positive head group can be a primary, secondary, or tertiary amine, quaternary
ammonium salt, polyamine (spermine), guanidinium, imidazolinium or pyridinium [138],
while the linker may be an ether, ester, peptide or carbamate moiety [139], and this
determines the chemical stability and biodegradation of a lipid [140]. The lipophilic
domain is usually composed of a saturated or un-saturated fatty acyl chain or cholesterol

[141].

Studies on entrapment and delivery of siRNA using liposomes have shown that these
depend on the physiochemical characterisation of lipids [142]. Using positively charged
lipids typically increases siRNA entrapment through the creation of a siRNA/liposome

complex (lipoplex) via electrostatic interactions with the negative charge of nucleic acid
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molecules [60]. The polar and hydrophobic domains of cationic lipids may have dramatic

effects on both transfection and toxicity levels.

The most challenging aspect of using liposomes as a delivery system is how to tackle the
cytotoxicity of cationic liposomes. Positively charged head groups of cationic liposomes
interact with negatively-charged components in vivo (e.g. opsonins, serum proteins and
enzymes) resulting in haemolysis [143]. The use of cationic liposomes in in vivo mouse
models produced dose-dependent toxicity and a systemic interferon type | response,
attributed in part to activation of TLR4 [144]. Cationic lipids may also activate the
complement system and result in their rapid clearance by macrophages of the RES [145].

Careful selection of lipids and formulation strategies may help reduce potential toxicities.

The first cationic lipid based delivery system, N-[1-(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA) was introduced by Felgner et al. in 1987 and is
marketed as Lipofectin [146]. The hydrophilic head group of DOTMA is quaternary
ammonium, which is more toxic than their tertiary amine counterparts. The ether linker
group is too stable to be biodegraded thus causing toxicity [147]. The hydrophobic
domain of DOTMA is two unsaturated oleoyl chains (C18), but the effect of the
hydrophobic chain on toxicity has not been adequately addressed to date [147].
Traditionally, for aliphatic chains, single-tailed cationic lipids are more toxic and less
efficient than their double-tailed counterparts [148]. The initial success of in vitro
transfection of multiple cell lines with DOTMA sparked a number of attempts to improve
the lipid formulation and resulted in the creation of many effective formulations including

DOTAP, DOSPA and 3B-[N-(dimethylaminoethane)carbamoyl] cholesterol (DC-Chol).
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DOTAP was developed with quaternary ammonium head group and a biodegradable ester
bonds which showed lower toxicity than its homologue with ether bonds [149]. The only
difference between DOTAP and DOTMA is that the linker is ester rather than ether [147].
DOTAP is completely protonated at pH 7.4, so it is possible that more energy is required
to separate the nucleic acid from the lipoplex for successful transfection [150]. Thus, for
DOTAP to be more effective in gene delivery, it should be combined with a zwitterionic

lipid, as seems to be the case for most cationic lipid formulations [148].

The third cationic lipid that commonly used as a derivative of DOTMA is DOSPA [150].
The main difference between DOSPA and DOTMA is the spermine polyamine group,
that is bound to the hydrophobic domain via a peptide bond. The addition of polyamine
head group allows for more efficient packing of nucleic acid [150]. DOSPA is usually
used with DOPE lipid at a 3:1 ratio to formulate the commercially available transfection

reagent Lipofectamine that used in in vitro research [151].

One of the most attractive lipids for siRNA delivery is DC-Chol, and was first
synthesised by Gao and Huang in 1991. The main advantage of using DC-Chol is the low
level of cytotoxicity [152] in comparison to the former lipids, due to the presence of a
carbamate group that links the amine head group and the steroid hydrophobic domain
[153] (Figure 1.6). This has been shown to be biodegradable and less cytotoxic than other
linkers, for example ether [154]. The positive charge functionality plays a significant
function in siRNA/lipid complex formation via electrostatic interactions [147], and it has
also been demonstrated that the tertiary amine group in DC-Chol is less cytotoxic than the
quaternary cationic lipids typically used, such as DOTMA and DOTAP [155]. The

lipophilic group in DC-Chol is cholesterol, which play an important role in improving the
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stability of the liposome lipid bilayer by interaction with the first few alkyl groups of the
hydrophobic tail of the combined lipid (such as DOPE). The cholesterol has been reported
to be involved in causing the toxic effect of DC-Chol due to the inhibition of protein
kinase C [155]. However, the cytotoxicity related to cholesterol-based lipids is
significantly lower when the linker moiety is biodegradable [154], as is the case in DC-
Chol. DC-Chol was found to have a four-fold reduction in in vitro cytotoxicity versus
Lipofectin [150]. In contrast to cationic liposomes containing fully charged quaternary
amines (e.g. DOTMA and DOTAP), DC-Chol, in a 1 : 1 lipid ratio with DOPE, contains a
tertiary amine that is charged on 50% of the liposome surface at pH 7.4 [150]. This
feature is thought to reduce the aggregation of lipoplexes leading to higher transgene

expression. For this reason DC-Chol will be used in this project as a cationic lipid.

Figure 1.6: Chemical structure of the cationic lipid DC-Chol
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Summary of the chemical features of cationic lipids commonly used to formulate
liposomes is shown in Table 1.2.

Table 1.2: List of cationic lipids commnly used to formulate liposomes

DOTMA Quaternary ammonium ether Fattay acyl chain (Cs)
DOTAP Quaternary ammonium ester Fattay acyl chain (Cisg)
DOSPA Polyamine (spermine) peptide Fattay acyl chain (Cig)
DC-Chol Tertiary amine carbamate Cholesterol

To increase the transfection efficiency and the stability of liposome bilayer formation,
cationic lipid is usually combined with a zwitterionic helper lipid, such as DOPE, which
is the most widely used helper lipid, or DOPC. Lipids are known to adopt a number of
different structural phases when suspended in an aqueous media [156]. These phases

including micellar, lamellar and inverted hexagonal phase, as illustrated in Figure 1.7.

The specific phase adopted is mainly dependent on the packing parameter (P = i), and

defined as the ratio of the hydrophobic tail volume, v, and the product of the hydrophilic
headgroup area, a, and the hydrophobic tail length, Lc [150]. When P is greater than 1
(i.e., the area occupied by the hydrophobic region is larger than head group), the lipid will
adopt the inverted hexagonal phase, which is a bilayer destabilising structure. However,
when P is less than ¥, the lipid monomer will be cone-like shaped and will assemble into
micellar phases. Thus, when P possesses a value between %2 and 1, lipid monomers will

adopt lamellar phases [157].
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Figure 1.7: Schematic representation of the packing efficiency of lipids and their
resulting phase structures

A packing parameter less than %2 confers a cone-like shaped structure that assembles into
micellar phases. Values between % and 1 allow formation of the lamellar phase
(bilayers). For P > 1, the negative curvature leads to the formation of the inverted
hexagonal phase. Adapted from [158].

Results have shown that the use of DOPE versus DOPC as the zwitterionic helper lipid
yields higher transfection efficiencies in many cell types, thought to be due to a
conformational shift to an inverted hexagonal packing structure that is imparted by DOPE
(Figure 1.8) in endosomes at pH lower than neutral [150]. Studies have suggested that a
hexagonal conformation allows the escape of the system/complexed nucleic acids from

endosomal vesicles via destabilisation of the vesicle membrane [150].
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DOPE lipid is shown to help in increasing liposome transport across the cell membrane
and therefore improves transfection of a target cell [159]. The hydrophobic region of
DOPE contains two unsaturated aliphatic tails, which is reported to have lower
cytotoxicity and show more efficient transfection than single-tailed molecules [155].
However, the relationship between the nature of the hydrophobic moiety in lipids and the
cytotoxic effects remain unclear [155]. Furthermore, the linker in DOPE is ester, which is

biodegradable and a non-toxic group [147].

A primary amine head group is reported to be safer and more efficient in the transfection
of human cancer cell lines than a secondary, tertiary and quaternary amine [147]. The
zwitterionic property of DOPE is due to the presence of a phosphate group alongside the
amine. Due to the important structural and membrane destabilizing features of DOPE, it
will be combined with cationic lipid DC-Chol to formulate our cationic liposome delivery

system in this project.
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Figure 1.8: Chemical structure of the zwitterionic lipid DOPE
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In fact, the most important barrier in the delivery of sSiRNA molecules using cationic
liposomes is how to transfer the siRNA out of the endosomal compartment, as this
requires both endosome escape and sufficient de-assembling of the formulation [160], as
illustrated in Figure 1.9. The positive charge head groups of cationic liposomes can
potentially interact with the anionic lipid present in the endosomal membrane to form ion
pairs [161], which form the inverted hexagonal phase and thus destabilise the endosomal
membrane by excluding surface bound water [162]. The inverted hexagonal phase is an
intermediate structure formed when two lipid bilayers ‘fuse’ with each other. This
interaction leads to the fusion of a liposome formulation with an endosome vesicle and
the release of the encapsulated nucleic acid molecules into the cytosol of the targeted

cells.

Liposomes formulated with a helper lipid, such as DOPE, have been reported to facilitate
the endosomal escape of the delivery system [109], [163]. The ethanolamine head group
of DOPE displays a high tendency to form the inverted hexagonal phase, especially
within late endosomes where the pH is more acidic [164]. Zuhorn et al. hypothesised that
the formation of the hexagonal phase of DOPE containing lipoplexes plays a prominent
role both in the dissociation of nucleic acids from lipoplexes and in the efficient

destabilisation of the endosomal membrane [165].
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Figure 1.9: Endosome escape in liposomes-mediated siRNA delivery
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A. Liposomes containing siRNA (shown as orange lipid bilayer and red siRNA) are taken
up by the target cell via endocytosis. B. The cationic lipid of the liposomes forms ion
pairs with the anionic endosomal lipid and can further form the inverted hexagonal phase
(HIT). This leads to the fusion of the liposomes with the endosomal membrane and release
of the siRNA into the cytoplasm. C. Liposomes containing molecules having buffer
capacity in endosomal pH range can trigger the proton sponge effect that causes the
influx of ClI" and swelling of the endosome. D. Free highly positively charged molecules
(shown with orange coloured cationic lipid) can interact with the anionic endosomal
membrane and destabilize it by excluding water. E. Intact liposomes may escape from the
ruptured endosome and de-assemble in the cytoplasm and release siRNA if the particle is
not too large for the “holes” of the ruptured endosome. F. Liposomes may also de-
assemble inside the endosome and directly release siRNA out of the ruptured endosome.
Adapted from [166].
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1.6 Pathways of Cellular Internalisation and Trafficking

In order to formulate a well-characterised siRNA delivery system and to achieve its
effect, an siRNA delivery system must be effectively transported across the cell plasma
membrane into the cell interior [167]. The cellular internalisation pathway has received
much attention in the nanomedicine field [168]. Eukaryotic cells are able to take up
macromolecules and particles from the surrounding medium through the plasma
membrane by a distinct process called endocytosis [169]. Endocytosis refers to the
cellular uptake of macromolecules and solutes into membrane-bound vesicles derived by

the invagination and pinching off of pieces of the plasma membrane [170].

There are different entry pathways into mammalian cells, depending on the cargo and on
the protein machinery that facilitates the process. Endocytosis is a basic cellular process
that is used by cells to internalise portions of the plasma membrane, including
concomitant engulfment of extracellular fluid and extracellular material by wvesicular
carriers [171]. The cargo and membrane components of the vesicles can subsequently
either be sent back to the plasma membrane, thus recycling its content back to the cell
surface, or the components can be transported to the late endosomes/lysosomes for

degradation [172].

Three modes of endocytosis have been defined: fluid-phase, adsorptive, and receptor-
mediated endocytosis. Fluid-phase endocytosis refers to the bulk uptake of solutes in the
exact proportion to their concentration in the extracellular fluid [173]. This is a low-
efficiency and nonspecific process. In contrast, in adsorptive and receptor-mediated
endocytosis, macromolecules are bound to the cell surface and hence concentrated before

internalisation [173]. In adsorptive endocytosis, molecules preferentially interact with
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generic complementary binding sites (e.g. via lectin or charged interaction). The bound
molecules then largely follow the fate of the plasma membrane. In receptor-mediated
endocytosis, certain ligands can bind to receptors on the cell surface and become
concentrated before internalisation [173]. The efficiency of receptor-mediated
endocytosis reflects both the affinity of the ligand-receptor interaction and the

concentration of these complexes in clathrin-coated pits.

The term endocytosis was established by Christian de Duve in 1963 [174] to include both
the ingestion of large particles which is known as phagocytosis (cell eating) and the
uptake of fluids or macromolecules in small vesicles which is known as pinocytosis (cell
drinking). Phagocytosis is typically restricted to specialised mammalian cells, whereas
pinocytosis occurs in all cells [175]. Endocytic mechanisms can be clathrin-mediated
endocytosis, caveolae-mediated endocytosis, macropinocytosis, and clathrin- and
caveolae-independent endocytosis, as shown in Figure 1.10. This is a complex and

currently much evolving research field.

Different aspects/features have a significant influence on which endocytic pathway is
used in specific situations, including the nature of the transported molecule/particle (size,
surface properties) [176], the nature of its interactions with the cell membrane (e.g.
receptors) [177], and the mechanism of formation of an endocytic vesicle and its size
[178]. It is generally believed that nanoparticles with cationic surface nature (e.g. cationic

liposomes) are internalised across the plasma membrane through endocytosis [179].

39



Chapter 1 Delivery of sSiRNA Therapeutics

Phagocytosis Macropinocytosis

Clathrin Caveclin
dependent dependent Clathrin- and caveolin-
endoc ytosis endocytosss ndvpvl dent pathways

Particle

Dynamin-

Clathrin

A = G
o

l Y‘;ﬂ«hn filaments l
l * Caveolin
P

No. |
L Uncoating S
2

Figure 1.10: Schematic representation of cell endocytosis pathways. Adapted from
[180].
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1.6.1 Clathrin-mediated Endocytosis

Clathrin-mediated endocytosis is the most thoroughly characterised and investigated
pathway in the literature. It enables the internalisation of materials, such as pathogens,
nutrients, antigens, growth factors and receptors, from the surface into cells via clathrin-
coated vesicles [181]. Clathrin-mediated endocytosis was previously referred to as
receptor-mediated endocytosis, but it is now clear that this is a misnomer, because most
pinocytic pathways involve receptor-ligand interactions [170]. The formation of clathrin
coated pits is usually a result of the assembly of the cytosolic-associated protein clathrin,

on the intracellular side of the plasma membrane [182].

Structurally, the clathrin coating is a three-dimensional array of triskelia, and each
triskelion consists of three clathrin heavy chains (CHCs; 1,675 residues; approximately

190 kDa) and three clathrin light chains (CLCs; 25-29 kDa), each with three-fold
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rotational symmetry [183]. The size of clathrin-coated vesicles depends on the size of its
cargo, with an observed upper limit of about 200 nm external diameter, as in the case of

virus uptake [184].

There are several adaptor proteins required for the formation of clathrin coated pits, such
as adaptor protein (AP2), autosomal recessive hypercholesterolemia (ARH) protein and
disabled homolog 2 (dab2) protein [185], and these proteins have been demonstrated to be
involved in the interaction between cargo and clathrin, and to facilitate their
internalisation into the cells [186]. The AP2 complex is essential for linkages between
cargo molecules and clathrin [183]. ARH and dab2 have been shown to function as cargo-
specific adaptor proteins that facilitate internalisation of low-density lipoprotein receptor
(LDLR) [185]. In addition, dynamin guanosine triphosphatase (GTPase) is able to
regulate a later conversion of membrane invagination into a vesicle [187]. Epsin-family
membrane proteins, such as epsin 1, contribute to membrane curvature-driving proteins in

clathrin-coated vesicle budding, via the insertion of an amphipathic helix [188].

Accessory proteins can also contribute in the formation of clathrin coated pits by
performing scaffolding/coordination functions or by recruiting other endocytosis-related
proteins [189]. For example, BAR (Bin Amphiphysin Rvs) domain proteins and N-BAR
domain-containing proteins (such as sorting nexin-9 and amphiphysin) can not only
stabilise membrane curvature, but they can also link clathrin to AP2 and recruit dynamin

to the neck of the budding vesicle [189].

The formation of a clathrin-coated vesicle is a multi-step process as shown in Figure 1.11.

The uptake of cargo molecules by the clathrin-mediated pathway is initiated by cargo-
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specific receptors binding to the cell membrane, and subsequently invagination of the
membrane to form a coated pit occurs [186]. Clathrin triskelia can assemble into
hexagonal and pentagonal lattices, and these lattices then bind to the cell membrane via
AP2, leading to invagination of the membrane to form a coated pit. Invaginated coated
pits are involved in the engulfment of cargo molecules and their receptors to form clathrin
vesicles [190]. Dynamin (GTPase) is then recruited to the neck of the coated pit and
assembles into spirals to mediate membrane fission and release of the coated vesicle from
the cell membrane [191], [192] which then fuse with early endosomes, and are sorted to
either late endosome/lysosomes. Once the clathrin-coated vesicle is released from the
cytosol, clathrin coats disassemble to leave the naked transport vesicle ready for fusion
with endosomal compartments. The pH environment in early endosomes decreases from a
physiological pH of 7.4 to around 6.0, as maturation to late endosomes occurs the pH falls
further to around pH 5, followed by fusion with lysosomes containing high concentrations
of degradative enzymes [193].The coat components are transported back to the cell

membrane to contribute to another round of endocytosis.

In terms of siRNA delivery, clathrin-mediated endocytosis can be targeted by using
certain ligands, such as transferrin [194]. This results in an increase in the internalisation
of the particles and offers the possibility of targeting specific cells that substantially
overexpress the transferrin receptor. However, siRNA delivery systems that are
internalised through clathrin-mediated endocytosis are normally trapped in endosomes
followed by enzymatic degradation in lysosomes, and the final result is that siRNA

molecules have little or no access to their target cytoplasmic sites.
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Figure 1.11: Overview of the steps involved in clathrin-mediated endocytosis

Clathrin is first assembled at the intracellular surface of the plasma membrane. After
formation of a clathrin-coated pit, invagination occurs. The invaginated pit pinches off
from the plasma membrane to form a clathrin-coated vesicle. The vesicle loses its clathrin
coat and progresses to an endosome which is acidified. The endosome is then transported
to a lysosome where the internalised material is degraded. Adapted from [195].

1.6.2 Caveolae-mediated Endocytosis

Up until the early 1990s, there was controversy over the existence of pathways that may
be independent of clathrin. Early studies on the uptake of bacterial toxins using
pharmacological perturbations that were considered to interfere with clathrin-dependent
uptake did not block all endocytosis [196]. This finding hinted that other endocytic

pathways may exist.
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Caveolae are inverted omega shaped invaginations of the plasma membrane of around
50-100 nm in diameter, which are involved in endocytosis, transcytosis and signal
transduction in mammalian cells [197], [198]. The main component of the caveolae-
mediated pathway is a protein called caveolin, whilst cholesterol is required to maintain
structural integrity [199]. Caveolin is a dimeric protein that binds cholesterol, and has
carboxyl and amino termini that are located in the cytosol and a hydrophobic loop inserts
itself into the membrane [200]. From a structural point of view, caveolin-1 presents as a
101 amino acid sequence in the N-terminal domain, a 33 amino acid sequence in the
transmembrane domain, and a 44 amino acid sequence in the C-terminal domain [200],

[201].

Caveolae are a feature of many mammalian cells, including adipocytes, endothelial cells,
smooth muscle cells, and fibroblasts [202]. It has been reported that caveolae-mediated
endocytosis contributes to the internalisation of different pathogens, such as Simian virus
40, and cargos, such as membrane components and extracellular ligands [203]. Caveolae,
following separation from the cell membrane, are not characterised by a drop in pH, and
most pathogens that are internalised by caveolae can be directly transported to the Golgi
and/or endoplasmic reticulum, as illustrated in Figure 1.12, thus avoiding normal

lysosomal degradation [204].

Christine et al. have shown that the dynamin molecular machinery, responsible for the
separation of coated vesicles from the cell membrane [205], is shared between the
caveolae-mediated and clathrin-mediated pathways. However, the caveolae pathway
contrasts with the clathrin pathway in that it seems to be a slower process and ‘uses’

smaller vesicles [206]. The caveolae trafficking process involves invagination of the cell
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membrane via caveolin polymerisation, followed by membrane budding inward [207],
[208]. Cargo can be delivered by the caveolae pathway to a specific endosomal
compartment with a neutral internal pH called a caveosome, or across a cell to the
opposite cell membrane surface (transcytosis), rather than leading to a lysosome;
therefore, degradation of the cargo is avoided [197]. From siRNA delivery point of view,
the caveolae-mediated internalisation can be an attractive option as it may overcome
lysosomal degradation issues, if escape of the carrier/siRNA from caveosome can be

achieved.

Free caveolar vesicles can dock at specific membranes proteins after transcytosis and fuse
with the membrane to release their cargo into the perivascular space, and this is
dependent on the presence of members of the SNARE complex (soluble N-
ethylmaleimide-sensitive-factor attachment protein receptors) [209]. Studies have shown
that clathrin can contribute to transcytosis, but it is responsible for less than 1% of the
cargo transported by this route [209]. For this reason, caveolae mediated endocytosis is
important process from a drug delivery perspective. It may increase the absorption of
nanomedicines across e.g. epithelium. Drug carriers that target caveolae in the vascular
endothelium can pass through this barrier to deliver their load in perivascular space. For
example, albumin, which binds to its receptor gp60 with the aid of caveolae, can be
delivered from the luminal to the basolateral side of cell monolayer, and also paclitaxel-
containing nanoparticles that are coated with albumin can be transported to the tumour

tissue via transcytosis [209].

Folate ligands conjugated with nanoparticles have been shown to achieve cellular uptake

via caveolae-mediated endocytosis. During the uptake of folic acid, it is thought that the
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ligand binds to folate receptors that are clustered in invaginated caveolae. Once
internalised, the ligand is released from the receptors, and 5-methyltetrahydrofolic acid
moves across the caveolar membrane and remains it stays in the cytosol following
modification with polyglutamate, and the caveolae begin to reopen again to the

extracellular space to repeat the cycle [210].
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Figure 1.12: Cellular internalisation of nanoparticles via the caveolin-mediated
pathway

Caveolae do not suffer a drop in pH, and most pathogens that are internalised by
caveolae can be directly transported to the Golgi and/or endoplasmic reticulum.
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1.6.3 Macropinocytosis

Macropinocytosis is a form of endocytosis that accompanies plasma membrane ruffling,
as illustrated in Figure 1.13, and normally occurs in response to growth factor stimulation,
such as macrophage colony-stimulating factor-1 (CSF-1), epidermal growth factor (EGF)
and platelet-derived growth factor or tumour-promoting factor, such as phorbol myristate
acetate [211]. It is an actin-dependent process initiated from surface membrane ruffles
that give rise to large endocytic vacuoles called macropinosomes [172]. Most of the
lamellipodia formed will retract back into the cell. However, a subset of lamellipodia may
fold back onto themselves and fuse with the basal membrane creating large, irregular

shaped vesicles termed macropinosomes [172].

This endocytic pathway offers an efficient route that mediates the non-selective uptake of
macromolecules and fluid due to the large diameter of the macropinosomes at around 0.5-
10 um [212]. A study has found that RAC1 (Ras-related C3 botulinum toxin substrate 1)
and actin cause formation of membrane ruffles, and macropinocytosis requires cholesterol

for the recruitment of activated RAC1 to these sites [213].

Macropinosomes can be pinched off from the cell surface of the plasma membrane by
cutting the circular ruffles from the internal cell surface by dynamin GTPase [214].
However, it has been reported that lamellipodia macropinosomes are pinched off from the
cell surface without the aid of dynamin. Macropinosomes containing cargo can travel into
the cytosol and fuse with lysosomes [209]. After the formation of macropinosomes, these

vesicles lose their F-actin and their intracellular fate differs, depending on the cell type.
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When cargo and surrounding fluid are internalised to form large endocytic vesicles, the
macropinosomes, which range from 0.5 to 10 um in diameter, can travel into the cytosol
and fuse with lysosomes [209]. However, in human epidermoid carcinoma (A431) cells,
the macropinosomes return to the cell membrane and the contents are released into the
extracellular space, so the destination of macropinosomes depends mainly on the cell type
[172]. Macropinosomes are thought to be inherently leaky vesicles compared with other

types of endosomes [215].

Macropinocytosis is actin cytoskeleton dependent; therefore, drugs that disrupt the actin
cytoskeleton can inhibit this process [216]. Amiloride is an inhibitor of the exchange of
Na’/H" in the plasma membrane and can inhibit macropinocytosis [216].
Macropinocytosis has recently received attention as an entry route for gene and drug
delivery. Recent reports have established that the uptake of the TAT peptide and its
cargos occurs by macropinocytosis [118], [217]. This pathway provides some
advantageous aspects such as increased uptake of macromolecules, the avoidance of
lysosomal degradation and the ease of escape from macropinosomes because of their

relatively leaky nature [218].
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Figure 1.13: Cellular internalisation of nanoparticles via the macropinocytosis
pathway. Adapted from [172].

1.6.4 Clathrin- and Caveolae-Independent Endocytosis

Cholesterol-rich microdomains in the plasma membrane, such as lipid rafts, could be
involved in clathrin- and caveolae-independent endocytosis pathway [219]. In the absence
of clathrin and caveolin proteins, cargo can be internalised into cells through lipid rafts,
which can diffuse through the plasma membrane [220]. These pathways are classified as
ARF6 (ADP-ribosylation factor 6)-dependent, CDC42 (cell division control protein 42
homolog)-dependent or RHOA (Ras homolog gene family, member A)-dependent
endocytosis [221]. The associated endocytic apparatus may include the clathrin-
independent carrier (CLIC) or phosphatidylinositol (GPI)-anchored protein-enriched early
endosomal compartment (GEEC) [221]. The characteristic features of this pathway

include the formation of large tubular lipid rafts, pleomorphic invaginations that
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internalise large volumes of the membrane and fluids [222], [223], and the process
requires actin polymerisation and curvature of the membrane [224]. Investigation into
these pathways has recently intensified, but more is required since a thorough

understanding of their mechanisms is lacking.

Table 1.3 summaries the main characteristic features of the endocytosis pathways.
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Table 1.3: Summary of the main characteristic features of endocytosis pathways

Clathrin-
mediated

Caveolae-
mediated

Macropino-
cytosis

Clathrin and
Caveolae-
independent

three-dimensional array
of triskelia and each
triskelion consists of
three clathrin heavy
chains and three clathrin
light chains.

inverted omega shaped
invaginations of the
plasma membrane

a form of endocytosis
that accompanies
plasma membrane

ruffling

cholesterol-rich
microdomains in the
plasma membrane

around 200
nm in
diameter

around 50—
100 nm in
diameter

around 0.5-
10 um in
diameter

AP2, ARH, dab2,
dynamin GTPase,
Epsin-family membrane
proteins, sorting nexin-9
and amphiphysin

Caveolin-1and dynamin
GTPase

CSF-1, EGF, platelet-
derived growth factor or
tumour-promoting
factor, RAC1, actin and
dynamin GTPase

ARF6, CDC42 and
RHOA
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fused with early endosomes,
and sorted to either late
endosome/lysosomes

delivered to caveosome with
a neutral pH and then
transported to the Golgi
and/or ER, thus avoiding
normal lysosomal
degradation - across a cell to
the opposite cell membrane
surface

destination of
macropinosomes depends
mainly on the cell type

clathrin-mediated
endocytosis can be targeted
by using certain ligands,
such as transferrin

folate ligands can be
conjugated with
nanoparticles to achieve
the cellular uptake via
caveolae-mediated
endocytosis

avoidance of lysosomal
degradation and the ease of
escape from
macropinosomes because
of their leaky nature can be
exploited to increase the
uptake of cargos
more investigation is
required to understand this
mechanism
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1.7 Methods Used to Study Endocytosis

In order to investigate and understand the cellular trafficking process, different
approaches have been used to study the pathways for the cellular uptake and intracellular
localisation of nanoparticles. A commonly exploited method to study cellular
internalisation is the use of pharmacological inhibitors [225]. For instance, clathrin-
mediated endocytosis can be inhibited by concanavalin A through their interaction with
coated pits [226], and by chlorpromazine as this prevents their assembly at the cell
surface [225]. Caveolae-mediated endocytosis can be inhibited by using tyrosine kinase
inhibitor (genistein) [227], or using sterol-binding drugs (filipin, nystatin, and methyl-p-
cyclodextrin, MRCD) through cholesterol depletion of the cellular membrane, and
inhibiting cholesterol synthesis, and therefore inhibits the formation of caveolae at the
cell surface [228], [229]. Dynamin GTPase-dependent pathways can also be inhibited by
using a dynasore inhibitor [191], and both 5-(N-Ethyl-N-isopropyl) amiloride (EIPA)
[230], and cytochalasin D [231] have been used to block the macropinocytosis process
through the inhibition of Na'/H" exchange and actin filament depolymerisation,
respectively. It is important to use an appropriate concentration in these experiments, one
that is high enough to produce an effect on endocytosis but also low enough not to cause

cytotoxicity.

Along with inhibitors, mutated proteins have also been employed to identify which
pathways are important for internalisation of the nanoparticles. Although expression of
mutant proteins lacking in functionality that is specific to an endocytic pathway has
benefits compared to chemical inhibitors [232], the use of such mutated proteins can have

side effects and can be less specific. Expression of a mutated protein may result in a
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higher concentration than that of the normal endogenous protein and thus give rise to
lower-affinity interactions not observed in cells lacking such mutated proteins [233]. For
example, the nature of dynamin makes it difficult to employ slow techniques such as
immunological depletion and genetic deletion to study them [234]. Temperature-sensitive
mutants exhibit an interfering phenotype within minutes, but accumulating a
concentration of mutant protein sufficient to produce an observable effect takes several
hours [235], [236]. The use of dynamin temperature-sensitive mutants has been
instrumental in unravelling the capacity of the endocytic pathway to accommodate
perturbation. Research by Damke et al. found that the rate of fluid-phase uptake returned
to the normal levels in less than 1 hour when the temperature changed [235]. This
example indicates the value to examine the influence of rapid perturbations in complex

systems.

Together with inhibitors, sIRNA knockdown of endocytosis pathway-selective proteins
has been advocated as an alternative [225]; however, this approach has been rarely
reported in the literature and has its own drawbacks [216]. The treatment of cells with
siRNA is usually performed over 2 days, which may cause unwanted cellular changes and
lead to observations that are unrelated to the target protein involved in a specific pathway

[216].

Some classical ‘probes’ are known to be internalised via a specific endocytic pathway.
For example, transferrin (T f) [237] and low density lipoprotein (LDL) [238] have been
reported to be internalised through clathrin-mediated endocytosis. Shiga toxin [239] and

cholera-B-toxin subunit (CBT) [240] enter the cell by caveolae-dependent endocytosis.
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1.8 Project Aims and Objectives

The main aim of this project is to design and develop a well-characterised non-viral
delivery system to transport SiRNA efficiently to NSCLC cells in vitro. The delivery
system must be capable of protecting, encapsulating, and delivering the siRNA with
minimum cytotoxicity but with high efficacy. A cationic liposomal carrier composed of
cationic lipid DC-Chol and the zwitterionic lipid DOPE, a composition from previously

widely used components, will be used in this work.

Work initially will focus on the biological and physicochemical characterisation of a
series of siRNA-liposomes prepared from different total lipid concentrations, different
ratios of cationic to zwitterionic lipid, and different ratios of cationic lipid to SIRNA
(different N/P ratio), such as cytotoxicity, particle size, zeta potential, SiRNA
encapsulation behaviour, and siRNA protection from RNase degradation, in order to
determine the optimum ratios for liposomes formation. The study of uptake and
transfection efficiency of siRNA-liposome formulations will be discussed in Chapter 4,
and this will be followed by a discussion of the investigation into the mechanism of
cellular uptake and intracellular localisation of sSiRNA-liposomes in A549 cells in order to
improve our understanding and to enable the design of more efficient delivery systems,
which is the central aim of this thesis. Finally, a screen of the protein expression profiles
of candidate genes that could be involved in the progression of NSCLC will be
performed, and protein expression of candidate genes will be silenced in an in vitro model
of NSCLC to validate their involvement and to examine the ability of the delivery system

to promote cell proliferation through targeting of the genes of interest.
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Chapter 2 - Materials and General Methods

2.1 Materials

2.1.1 Cells and Cell Culture Consumables

A549 human non-small lung adenocarcinoma cells were purchased from the American
Type Culture Collection (ATCC number; CCL-185). A549-Luciferase (A549-Luc) cells
are derived from A549 cells by stable transfection of the firefly luciferase gene, and were
a generous gift from Dr Anna Grabowska (Faculty of Medicine and Health Science,
University of Nottingham). Both cells were used between passages 15-45 and routinely
cultured in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 1% (v/v)
antibiotic/antimycotic solution (100 U/ml penicillin, 0.1 mg/ml streptomycin, and 0.25
pg/ml amphotericin B), 1% (v/v) L-glutamine (200 mM), 1% (v/v) non-essential amino
acids, and 10% (v/v) foetal bovine serum (FBS). All media and supplements were
purchased from Sigma-Aldrich (Poole, UK). Trypsin/ethylenediaminetetraacetic acid
(EDTA) solution (used to detach adherent cells in the processes of cell ‘splitting’ or
‘passaging’) was purchased from Sigma-Aldrich. Phosphate buffered saline (PBS) tablets
(pH 7.4) composed of sodium chloride (8.0 g/l), potassium chloride (0.2 g/I), disodium
hydrogen phosphate (1.15 g/l) and potassium dihydrogen phosphate (0.2 g/l) were

obtained from Oxoid (Basingstoke, UK).
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2.1.2 Plasticware and Glassware

24-well plates and 75 cm? cell culture flasks, and sterile pipettes, which were used for the
maintenance of cells, were obtained from Corning Life Sciences (Amsterdam, The
Netherlands). Clear, treated tissue culture 96-well plates, clear bottom 96-black well
plates (used for luminescence measurements), black 96-well microplates (used for
fluorescence measurements), were supplied by Nunc™ (ThermoFisher Scientific,
Loughborough, UK). 8-well ibidi® micro—chamber slides used for confocal microscopy
were supplied by Thistle Scientific Ltd (Glasgow, UK). 50 ml and 15 ml volume sterile
centrifuge tubes were obtained from Greiner (Stonehouse, UK) and 30 ml and 7 ml
universal and bijou tubes were supplied by Sterilin (Newport, UK). Haemocytometer
(improved Neubauer, to British Standard 748) was supplied by Scientific Laboratory
Supplies (SLS; Nottingham, UK). PD-10 desalting columns and Mr. Frosty™ freezing
container were purchased from Fisher scientific. Ultrafiltration centrifugation tubes
(Vivaspin®) were obtained from ThermoFisher Scientific. Extruder was purchased from

Avanti-polar lipids (Alabama, USA).

2.1.3 Chemical and Biological Reagents
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium MTS reagent (commercially known as 'CellTiter 96® AQueous One Solution
Cell Proliferation Assay') and the Luciferase assay kit were purchased from Promega
(Southampton, UK). Lactate Dehydrogenase (LDH) assay kit (known commercially as 'In
Vitro Toxicology Assay Kit) was supplied by Sigma Aldrich. The Annexin V-cy3
apoptosis detection reagent was purchased from Autogen Bioclear (Wiltshire, UK).
DRAQ5™ fluorescent probe solution was obtained from Fisher Scientific. All assays were

performed as per supplier’s instructions.
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Cationic lipid 3B-[N-(N’,N'-dimethylaminoethane)-carbamoyl] cholesterol (DC-Chol) and
dioleoylphosphatidylethanolamine (DOPE), with molecular weights 537.26 g/mol and
744.02 g/mol, respectively, were purchased from Avanti-polar Lipids. OptiMEM media
and Lipofectamine® RNAIMAX™ transfection reagents were procured from
ThermoFisher Scientific. Transferrin-Alexa Fluor® 488 Conjugate (Tf) and cholera toxin
B subunit-Alexa Fluor® 488 Conjugate (CTR) were purchased from Fisher scientific.
Agarose powder was obtained from MP Biomedicals (USA). Triton X-100,
dimethylsulfoxide (DMSO), tris-acetate-EDTA (TAE) buffer, ethidium bromide (EtBr,
10 mg/ml solution), heparin (sodium), mounting medium, propidium iodide (PI) and
RNase A solution were obtained from Sigma-Aldrich. Pharmacological inhibitors;
concanavalin A, chlorpromazine, dynasore, genistein, MRCD, nystatin, filipin, EIPA,
cytochalasin D and chloroquine were obtained from Sigma-Aldrich. Accutase solution
used to detach cells from well plate before flow cytometry analysis was obtained from

Sigma-Aldrich.

2.1.4 Nucleic Acids

Silencer® Cy'"3-labeled negative control siRNA was obtained from Fisher Scientific.
Unlabelled negative control siRNA with a nonsense/scrambled sequence was purchased
from Eurogentec (Southampton, UK). The luciferase siRNA was purchased from
Eurogentec and had the following sequence: 5 -CCGCAAGAUCCGCGAGAUU-3" with
dTdT overhang. 5' 6-FAM-3'BHQ-1"/BHQ-2"" siRNA based Molecular Beacon (MB)
used for flow cytometry and confocal microscopy was designed with the same sequence
as that of luciferase siRNA to target luciferase mMRNA and was purchased from

Eurogentec. The mechanism of the MB will be described in Chapter 4. All nucleic acids
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were obtained as lyophilized powders and were diluted with nuclease free water and

stored at -20°C as 20 uM stock solution for further use.

For cell viability assay on selected gene, ON-TARGETplus siRNA with dTdT overhang
and the following sequence: EGFR 5-CACAGUGGAGCGAAUUCCU-3" was used as

obtained from ThermoFisher Scientific.

2.2 Methods

2.2.1 Maintenance of Cells

2.2.1.1 Maintenance of Cells in Culture Flasks

A549 and A549-Luc cell lines were cultured in DMEM medium and incubated at 37°C in
a 5% CO, air-humidified atmosphere in 75 cm® flasks until semi-confluent
(approximately 80-95%). Cell growth was monitored regularly using an optical inverted
microscope. Culture medium was changed every 2-3 days by aspirating the spent medium
and replacing it with approximately 12 ml of fresh pre-warmed (37°C) medium. Cells
were passaged by aspirating the culture medium, washing with approximately 5 ml of
warmed (37°C) PBS to remove any residual medium and dead cells, followed by the
addition of approximately 3 ml 2.5% trypsin/EDTA solution. Cells were incubated with
trypsin/EDTA solution for 10-15 min until the cells detached from the flask surface.
Thereafter, approximately 8 ml of cell culture medium was added to the suspension of
cells in trypsin/EDTA to inhibit the action of trypsin. The cell suspension was transferred
to a sterile 15 ml centrifuge tube and the cells were pelleted by centrifugation at 500 x g
for 5 min. The supernatant was discarded and fresh culture medium added to the pelleted
cells to produce a cell suspension. The cells were split between 1:10 and 1:20 into a new
flask containing 12 ml of fresh culture medium (warmed to 37°C).
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2.2.1.2 Frozen Storage of Cells

Cells were cultured in the tissue culture 75 cm? flask until confluence, and then detached
from the flask as described in Section 2.2.1.1. After the cell suspension was centrifuged,
the supernatant was aspirated. The cell pellet was re-suspended in 1 ml 90%
supplemented DMEM, 10% DMSO and transferred to a sterile cryovial, clearly labelled
with the user name, cell type, passage number, and date, and placed into a Mr. Frosty
freezing container containing 250 ml propan-2-ol and left in a -80°C freezer overnight for
a gradual, controlled temperature decrease. The system is designed to achieve a rate of
cooling very close to -1°C/min, the optimal rate for cell preservation. After that, the vials

were transferred into a liquid nitrogen cell storage tank.

2.2.1.3 Cell Revival

Cryovials containing frozen cells were thawed by placing the cryovial in a water bath at
37°C for approximately 5 min. Then the entire contents of the cryovial (DMSO-
containing medium and cells) were removed and transferred into a centrifuge tube which
contained approximately 10 ml of pre-warmed culture medium. The cell suspension was
then centrifuged at 500 x g for 5 min. The supernatant was aspirated and the cell pellet re-
suspended in approximately 5 ml of pre-warmed culture medium and transferred to a 75
cm’ tissue culture flask containing fresh pre-warmed supplemented medium, as described

in Section 2.1.1, and incubated under standard conditions.
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2.2.2 Preparation of Empty and siRNA-Liposomes

The formulations of empty and siRNA-liposomes were prepared using the classical thin-
film hydration method with different total lipid concentrations, different molar ratios of
DC-Chol (cationic lipid) to DOPE (zwitterionic lipid) and with different ratios of cationic

lipid to SIRNA (N/P ratios).

Cationic and helper lipids were dissolved separately in chloroform (1.0 mg/ml), and the
solutions mixed in a round bottom flask to achieve different lipid molar ratios and
different total lipid concentrations. N, gas was used for the evaporation of the solvent
until a thin film was formed, which was then hydrated with the addition of an appropriate
volume of warmed PBS (10 mM, pH 7.4) containing either scrambled SiRNA, cy3-
labeled siRNA, FAM-siRNA based MB, or luciferase siRNA. The free, non-encapsulated
SiRNA was removed from the liposomal formulations using a PD-10 desalting column
(containing Sephadex G-25 gel filtration resin) that separates molecules on the basis of
differences in size. The formulation was then passed through an extruder, as shown in
Figure 2.1, equipped with 0.2 pum polycarbonate membrane filters for 21 times to produce

unilamellar liposomes.
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Figure 2.1: Schematic diagram of the extruder apparatus
Liposomes were loaded into one of the syringes and placed into one end of the mini-
extruder equipped with a 0.2 um polycarbonate membrane filter. The plunger of the filled

syringe was pushed until the content was completely transferred to the alternate syringe.
This cycle was repeated for 21 times. Adapted from [1].

2.2.3 Cell Toxicity Studies

2.2.3.1 MTS Assay

The cytotoxicity of empty and siRNA-liposomes was examined using the MTS assay.
This is a colorimetric method, normally used to determine the number of viable cells in
proliferation or cytotoxicity assays [2]. It is based on tetrazolium compound, 3-(4,5-
dimethylthiazol-2-yl)-5-(3 carboxymethoxyphenyl)- 2- (4-sulfophenyl)-2H tetrazolium
(inner salt), and an electron coupling reagent (phenazine ethosulfate; PES). PES has
ability to enhance chemical stability allowing its combination with MTS to form a stable
solution [2]. The tetrazolium compound is bioreduced by dehydrogenase enzymes inside

metabolically active cells to a formazan product, which is soluble in tissue culture
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medium [3]. The quantity of formazan product is measured spectrophotometrically and is

proportional to the presence of metabolically active (live) cells.

The experiment was conducted as follows: cells were seeded in 96-well plates at a density
of 1 x 10* cells per well and were incubated at 37°C, 5% CO in the culture growth
medium overnight. Culture medium was removed and replaced with fresh serum-free
medium contains the test samples, applied at different concentrations. Cells incubated
with serum-free medium only were used as the positive control, whereas cells incubated
with 0.2% (v/v) Triton X-100 were used as the negative control. Cells were incubated
with the test samples and controls solutions at 37 °C under standard conditions for 4 hrs.
After this interval, test samples and controls were removed, and cells washed with PBS.
100 pl of culture medium was then added into each well, followed by 20 pul of the MTS
reagent; cells were then incubated for 2 hrs at 37°C under standard conditions. MTS
absorbance was thereafter measured at 492 nm using a Dynex absorbance microplate
reader (Dynex Technologies, USA). Relative cell viability was calculated using the

following equation:

H-T

Relative cell viability (%) = x 100

Where:
S = absorbance obtained with the test samples
T = absorbance obtained with Triton X-100

H = absorbance obtained with serum-free medium.
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2.2.3.2 LDH Assay

The cytotoxicity of empty and siRNA-liposomes was also examined by the LDH assay,
which is normally employed as an indicator of relative cell viability, as well as an
indicator of the membrane integrity of cells [4]. The latter is a function of the amount of
cytoplasmic LDH released into the culture medium [5]. LDH is a soluble enzyme located
in the cytosol, and is released into culture medium upon cell membrane damage. This
assay is based on two steps. In the first step, LDH catalyses the reduction of nicotinamide
adenine dinucleotide (NAD" to NADH and H* by oxidation of lactate to pyruvate [6]. In
the second step of the reaction, electron coupling agents or diaphorase uses the newly-
formed NADH and H” to catalyse the reduction of a tetrazolium salt to highly-coloured
formazan which absorbs at 492 nm [5]. The quantity of formazan product is proportional

to cell membrane damage.

The assay was conducted in the following steps: cells were cultured in 96-well plate at a
density of 1 x 10* cells per well overnight in DMEM at 37°C under standard conditions.
Culture growth medium was then removed and replaced with test samples in serum-free
medium. 0.2% (v/v) Triton X-100 was used to induce LDH release (positive control),
whereas serum-free DMEM was used as the negative control. Cells were incubated with
the test samples and controls for 4 hrs. After this period, 50 pl of the test sample solution
was removed from each well and placed into a new 96-well plate. 100 ul LDH reagent
was applied to the test samples and incubated for 30 min at room temperature. After this
period, absorbance at 492 nm was measured using a Dynex absorbance microplate reader.

LDH release was calculated using the following equation:

79



Chapter 2 Materials and General Methods

T—H

LDH release of sample (%) = x 100

Where:

S = absorbance obtained with the test samples
T = absorbance obtained with Triton X-100

H = absorbance obtained with serum-free medium.

2.2.3.3 Annexin V-Propidium lodide Assay

Annexin V/PI assay was performed on the A549 cells to differentiate between the
apoptotic, necrotic and live cells. The mechanism of the Annexin V/PI assay will be
described in Chapter 3. A549 cells were seeded into a 24-well plate at a density of 5 x 10
cells per well and incubated overnight in 0.5 ml of DMEM. The medium was then
aspirated and the cells incubated with empty or siRNA-liposome samples suspended in
serum-free DMEM for 4 hrs. Cells incubated with serum-free medium alone were used as
negative controls. Annexin V/PI assay was conducted on cells which were detached by
trypsin/EDTA treatment (as described in section 2.2.1.1) and collected by centrifugation
at 500 x g for 5 min. Cell pellets were resuspended in 0.5 ml binding buffer (0.1 M 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES-pH 7.4), 1.4 M NaCl, and 25
mM CacCly). Next, 5 ul Annexin V and 5 pul propidium iodide (100 pg/ml) were added to
the cells in the dark and incubated at room temperature for 5 min, as instructed by the
supplier. The cells were then immediately assessed by flow cytometry using Beckman
Coulter MoFlo (measuring a minimum of 10,000 cells/sample), and data was analysed
using Weasel Software Version 3.0.2 (The Walter and Eliza Hall Institute of Medical

Research, Melbourne, Australia).
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2.2.4 Particle Size and Zeta Potential Measurements

The mean diameter and size determination of empty and siRNA-liposome formulations
were measured by Dynamic Light Scattering (DLS) using a Viscotek DLS 802 system at
25°C at 40.6 mW of laser power and a fixed scattering angle of 90°. The measurements
were performed at room temperature and results represent the mean of 10 measurements.
In essence, DLS measurements of the particle size of small colloids in suspension is
based on their Brownian motion, and their scattering of incident light; the intensity of the
light scattering fluctuates at a rate that is dependent on the size of the particles [7]. From
the scattering profiles obtained, particle diameters can be calculated according to the

equation below:

D = kt/3nnd

Where:

D = diffusion coefficient
k = Boltzmann’s constant
t = absolute temperature
n = solvent viscosity

d = diameter of particle.

The zeta potential measurements of empty and siRNA-liposome formulations were
assessed using Zetasizer Nano Series (Malvern Instruments, UK). The measurements
were carried out at 25°C in 10 mM PBS solution at pH 7.4. Values reported are the mean

of three measurements + SD.
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2.2.5 Assessment of Encapsulation Efficiency

2.2.5.1 Gel Retardation Assay

Agarose gel electrophoresis is a technique used to separate molecules such as nucleic
acids and proteins according to their size and charge by application of an electric field. As
nucleic acids possess a negatively charged phosphate group in every base, different sized
fragments have a constant size/charge ratio and so would migrate in a solution at the same
rate. An agarose gel matrix has the ability to separate migrating molecules by size;
smaller nucleic acid fragments will migrate further. On application of an electric field,
free negatively charged siRNA will migrate towards the anode and free positively
charged liposomes will migrate towards the cathode. EtBr fluoresces on binding to free

SiRNA allowing visualisation of sSIRNA bands in the gel under UV light.

The siRNA encapsulation into liposomes was confirmed by gel electrophoresis.
Formulations prepared at different N/P ratios ranging from 0.78:1 to 50:1 were assayed.
Naked siRNA and empty liposomes were used as positive and negative controls,
respectively. The siRNA-liposome formulations (20 pl) containing 0.4 pg siRNA were
mixed with 2.0 pl loading buffer (bromophenol blue and xylene cyanol FF) and separated
on a 1.2% (w/v) agarose gel containing EtBr (4 pg, 1 pg/ml) in 1x TAE buffer (40 mM
Tris, 20 mM acetic acid, 1ImM EDTA) and visualised using a UV transilluminator

(GENE, GENIUS, The Bioimaging company, UK) by using Syncgene software.
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2.2.5.2 Ultrafiltration Centrifugation Method

Ultrafiltration centrifugation (Vivaspin®) method was used to separate free siRNA from
liposome-encapsulated siRNA using centrifugation at 500 x g for 5 min and 4°C as
illustrated in Figure 2.2. The liposomal entrapment of SiRNA was determined for
formulations at different ratios of DC-Chol:DOPE, prepared with 1.0 mM total lipid and
0.4 pg siRNA. The filtrate was collected to determine the free siRNA concentration. The
liposome-associated siRNA was assessed by collecting material remaining on the
membrane and using 0.2% (v/v) Triton X-100 to disrupt the liposomes and liberate the
encapsulated siRNA. The Cy3-labelled siRNA used was then quantified using a

fluorimeter, and the encapsulation efficiency (EE %) calculated using following equation:

EE (%) = %x 100
0

Where:
C1 = concentration of entrapped siRNA

C, = total or initial SIRNA concentration.
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Figure 2.2: Schematic of ultrafiltration centrifugation (Vivaspin®) method

The siRNA-liposome samples were loaded into a Vivaspin® tube and centrifuged at 500 x
g for 5 min at 4°C. The filtrate was collected to determine the free siRNA concentration
and the liposome-associated SiRNA was assessed in the material remaining on the

membrane following treatment with 0.2% (v/v) Triton X-100 to liberate the entrapped
Cy3-labelled siRNA.

2.2.6 RNase Stability Study

The siRNA-liposome preparations (20 ul containing 0.4 pg siRNA) were incubated with
4 ul RNase A (20 pg/ml) for different time intervals at 37°C to investigate the ability of
liposomes to protect the incorporated siRNA from enzymatic degradation. RNase A is an
endoribonuclease that attacks at the 3 phosphate of a pyrimidine nucleotide, with
functions in RNA metabolism and regulation of gene expression [8]. After the incubation
of siRNA-liposomes with RNase enzyme, deionised formamide (denaturing agent) was
added to stop the enzymatic activity of RNase. Next, 0.2% (v/v) Triton X-100 (10 pl) was
applied to the liposome suspension to disrupt the lipid bilayer and release the

incorporated siRNA. Heparin was incubated with the liposome formulations as a
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negatively charged competitor for 10 min, at a concentration of 1.7 units per pg of siRNA
to ensure the complete release of nucleic acids from the formulations before loading onto
a 1.2% (w/v) agarose gel and electrophoresis for 60 min. ‘Naked’ siRNA not exposed to
RNase A was used as a reference and ‘naked’ siRNA incubated with RNase A was used
as a control. Samples were analysed after 30 min, 1, 2, 3, and 4 hrs incubation with

RNase A.

2.2.7 Assessment of the Cellular Uptake of Cy3-labelled siRNA

2.2.7.1 Flow Cytometry

Flow cytometry is a laser-based technology employed in cell counting, cell sorting and
biomarker detection. Flow cytometry allows simultaneous analysis of physical and
chemical characteristics of single cells in a high throughput manner, unlike traditional
spectrophotometer techniques where fluorescence is measured for a bulk sample. As the
cells pass through the laser source, the scattered and emitted light is converted into
electrical pulses, which are then processed and analysed. Typically, 2-3 detectors are used
with different wavelength bandpass filters, allowing the simultaneous detection of

emissions at different wavelengths from different fluorophores in a single cell.

Cells were seeded in a 24-well plate at a density of 5 x 10* cells per well and incubated
overnight in 0.5 ml DMEM. Cells were then washed with PBS and incubated for 4 hrs
with serum-reduced OptiMEM containing the liposome-siRNA samples, cy3-siRNA-
liposomes (in A549 cells) or 6-FAM ‘luc-siRNA based MB’ containing liposomes (in
A549-Luc cells). The transfection reagent Lipofectamine RNAIMAX® was used as
positive control, following the protocol suggested by the supplier. The sample was

prepared by mixing 50 pl OptiMEM containing 6 pmol siRNA with another 50 ul
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OptiMEM containing 1 upl Lipofectamine RNAIMAX® in an Eppendorf tube and
incubation at room temperature for 10-20 min and then applied to the cells for 4 hrs. Cells
without cy3-siRNA-liposomes (in A549 cells) or 6-FAM ‘luc-siRNA based MB’

liposomes (in A549-Luc cells) were used as negative controls.

For investigation of the cellular uptake of Alexa Fluor® 488-labelled Tf and Alexa Fluor®
488-labelled CTR, cells were incubated with the predetermined concentrations of
endocytosis inhibitors (see Sections 5.3.1.1 and 5.3.1.2) for 30 min prior to the
application of Tf (100 pg/ml) or CTB (5 pg/ml). Cells incubated with Tf or CTB in the
absence of endocytosis inhibitors were used as controls. After incubation, the cells were
collected and assessed by flow cytometry, using a Beckman Coulter MoFlo instrument
with a minimum 10,000 cells/sample, and data were analysed using Weasel Software

Version 3.0.2.

2.2.7.2 Confocal Microscopy

A549 and A549-Luc cells were cultured overnight in 0.2 ml DMEM in an ibidi® micro-
slide eight-well microscopy chamber at a density of 3 x 10* cells per chamber. Cells were
then treated with cy3-siRNA-liposomes (A549 cells) or 6-FAM ‘luc-siRNA based MB’
liposomes (A549-Luc cells) for 4 hrs, in the presence or absence of endocytosis
inhibitors. Cells were then washed gently with PBS and then fixed with 50 ul 4% (w/v)
paraformaldehyde for 10 min at room temperature. The cells were washed with PBS
before incubation for 10 min at room temperature with DRAQ5 (1:5000) to stain the
nuclei. Finally, the cells were washed with PBS and one drop of mounting media was
added. Slides were stored at 4°C until viewed using a Zeiss LSM510 confocal

microscope.
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2.2.8 Silencing of Luciferase Gene Expression

For in vitro gene expression studies, A549-Luc cells were seeded in 24-well plates at a
density of 5 x 10 cells per well and cultured overnight in 0.5 ml DMEM. The siRNA-
liposome samples (containing 0.5 and 1 pg of luciferase siRNA) were prepared as
indicated in Section 2.2.2, and added to the cells in OptiMEM® serum-reduced medium
and incubated for 4 hrs. The transfection reagent Lipofectamine RNAIMAX® was used
as a positive control and prepared by mixing 50 ul OptiMEM containing 6 pmol
luciferase siRNA with another 50 pl OptiMEM containing 1 pl transfection reagent in an
Eppendorf tube and incubated at room temperature for 10-20 min and then applied to the
cells for 4 hrs. A549-Luc cells were also treated with scrambled siRNA-liposomes, under
corresponding conditions, as non-targeting control. The medium was then removed, and
the cells washed with PBS. After that, cells were incubated in DMEM and the luciferase
activity was measured after 24, 48, 72, and 96 hrs to assess time dependence of luciferase

knockdown.

To measure luciferase activity, cells were collected at predetermined time points and cell
lysates collected to carry out a luciferase assay using the Promega® lysis buffer and
luciferase assay reagent. 100 ul Promega lysis buffer was added to each well, and plates
were then incubated on a rocker for 20 min at room temperature. In the next stage, 5 ul
cell lysate was pipetted into wells of a clear bottom 96-black well plate and 25 pl
luciferase assay substrate added into each well. Luciferase activity was measured

immediately using a MicroLumi XS luminometer (Hartalabs, USA).
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2.2.9 Endocytosis Mechanism of siRNA-Liposomes

To study the endocytic mechanism employed by siRNA-liposomes to gain entry to the
cells, the cytotoxicity of endocytosis inhibitors was initially examined using the MTS
assay, as described in Section 2.2.3.1, to identify the non-toxic doses of pharmacological
inhibitors. A wide range of concentrations of endocytosis inhibitors was applied to the
cells: concanavalin A (50-500 pg/ml), chlorpromazine (5-100 pg/ml), dynasore (5-100
pg/ml), genistein (1-75 pg/ml), filipin (5-100 pg/ml), MBCD (100-10,000 pg/ml), nystatin
(5-100 pg/ml), EIPA (0.1-50 pg/ml), cytochalasin D (2-75 pg/ml) and chloroquine (25-

750 pg/ml).

The effect of selected inhibitors was investigated to determine the lowest concentration of
endocytosis inhibitor that can produce maximum inhibition of the particular pathway. To
this end, endocytosis of a specific ligand in the presence of endocytosis inhibitors at sub-
ECso concentrations was measured. The ligands known to be internalised by the cells via
the clathrin pathway, transferrin (T f) [9], and via the caveolin pathway, cholera toxin 3
(CTR) [10], were used. Cells were incubated with the inhibitors for 30 min prior to the
application of Alexa Fluor® 488-labelled T/ (100 pg/ml) and Alexa Fluor® 488-labelled
CTB (5 pg/ml), as described in Section 2.2.7.1. Cells incubated with ligands in the
absence of inhibitors were used as controls. After defining the effective concentration of
each inhibitor, the mechanisms of endocytosis were always studied by applying the
selected concentration of inhibitors for 30 min before treating the cells with siRNA-

liposomes samples.

The effect of inhibitors (i) on cellular internalisation was measured by flow cytometry

using cy3-labelled siRNA cellular uptake, (ii) on knockdown by luciferase assay in A549-
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Luc cells, and (iii) on engagement of SiRNA in silencing process in A549-Luc cells using
6-FAM ‘luc-siRNA based MB’ by flow cytometry. In addition, confocal microscopy, in
the case of cy3-labelled siRNA and 6-FAM ‘luc-siRNA based MB’, was conducted. Cells
incubated with cy3-siRNA-liposomes (A549 cells) or 6-FAM ‘luc-siRNA based MB’

liposomes (A549-Luc cells) in the absence of inhibitors were used as controls.

2.2.10 Candidate Target Gene in NSCLC

Two studies on human lung cancer samples were chosen from Gene Expression Omnibus
(GEO) database to perform the gene expression analysis of selected genes. Next to dataset
selection, the probe set information for each Affymetrix array for the two studies were
collected from the GeneCards database for all candidate genes. Moreover, similar
information was collected for the reference gene (Ribosomal Protein S29, RPS29), which

will be used in the data analysis stage to normalise the expression intensity.

GeneCards is a searchable, integrative database that provides comprehensive information
on all annotated and predicted human genes. The Affymetrix array for each candidate
gene was collected according to each study platform. After collecting complete
information about candidate genes from GEO and GeneCards databases, the analysis of
gene expression microarray for each gene was performed to compare the expression
microarray in case of lung cancer and normal lung condition. The expression microarray
of each gene was normalised by the reference gene. Then, t-test was performed to confirm
that the up- or down-regulation of gene expression of each gene is statistically significant
in comparison to healthy lung. More details about the data analysis will be described in

Chapter 6.
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2.2.11 Statistical Analysis

All data are displayed as mean + standard deviation from three or four repeats. Student’s
t-tests were performed for comparisons of two group means, whilst one-way analysis of
variance (ANOVA) followed by Bonferroni post-hoc test was applied for comparison of
three or more group means. P value of <0.05 was considered statistically significant.
ek ek ek and * display p<0.0001, p<0.001, p<0.01 and p<0.05, respectively, and ‘ns’

indicates non-significant (p>0.05).
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Chapter 3 - Biophysical Characterisation of Cationic
Liposomes

3.1 Introduction

Delivery of siRNA efficiently to the cytoplasm of target cells is a promising therapeutic
approach for the treatment of a wide range of diseases [1]. However, the therapeutic
potential of siRNA has not yet been recognised due to the requirement for an
appropriate delivery system [2]. Unfavourable properties of siRNA, such as its large
size and negative charge, mean that it is difficult for SIRNA molecules to cross cell
membranes unaided [3]. Naked siRNA has poor cellular uptake, which is attributed to
high hydrophilicity and the repulsion of negative charges present on the mammalian
cell membrane and ‘approaching’ siRNA molecules [3]. Moreover, unmodified and
unprotected siRNAs are susceptible to enzymatic degradation by RNase within plasma,
with a reported half-life of only 2-6 minutes, resulting in a short circulation time and

thus limiting its in vivo delivery [4].

To overcome the problem of siRNA delivery, a number of systems have been
developed. The optimal siRNA delivery system should be non-toxic, protect sSiRNA
from RNase, facilitate intracellular uptake followed by escape from endosome vesicles
into the cytosol, and finally encourage effective gene silencing [5]. Cationic liposomes

have been considered as siRNA delivery formulations. They have been extensively
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investigated and widely used as a delivery system in different biomedical fields, such as

the delivery of hydrophilic and hydrophobic molecules, and medical imaging [6], [7].

The evaluation of the in vitro cytotoxicity of any biomaterial is an early step in
estimating biosafety and biocompatibility that could limit clinical applications [8].
Studying the mechanism of cytotoxicity of cationic liposomes is a critical stage in
understanding if and how these particles interact with a variety of cellular targets to

produce undesirable effects [9].

The biodegradability and biocompatibility of the lipid content is a vital advantage of
liposomes [10]. Studies on entrapment and delivery of siRNA molecules using
liposomes have shown that these depend on the physiochemical characteristics of the
lipid content [11]. Several factors could contribute to the toxicity of nanoparticles in
general, as well as liposomes, including particle size, surface charge and the chemistry
of lipid compositions used to prepare liposomes [12]. Using positively charged lipids
typically promotes siRNA-liposomes interaction with the cell membrane and cellular
internalisation [13]. However, the high cytotoxicity of positively charged lipids remains
the main drawback of using cationic liposomes for gene therapy [14], and the chemical
structure of these lipids has been reported to be implicated in cellular toxic effects [3].
Cationic liposomes often have cytotoxic effects that arise from their compromising the

integrity of the cell membrane, as well as other intracellular effects [15].

For many cationic liposomes (or cationic lipids in general) there is frequently a
connection between gene transfection ability and cytotoxicity [16]. A number of studies

have reported that positively charged liposomes show higher internalisation by cells,
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relative to neutral or anionic liposomes [17]; however, an ideal delivery system should
be able to generate maximum transfection activity with minimum cytotoxicity [18].
Both the transfection efficiency and level of cellular toxicity are highly dependent upon
the chemistry of the lipid composition of liposomes [19], but also on the type of
cultured cells utilised [15]. Optimising the positive and zwitterionic lipid ratio within
the liposome formulation may be able to increase the siRNA encapsulation efficiency,
improve formulation stability, and decrease cytotoxicity related to highly charged

particles [20].

To understand the cytotoxicity of cationic liposomes used in this project, three different
assays were employed. The first is the colorimetric MTS assay, which is used to
evaluate the metabolic activity of viable cells after applying cationic liposomes [21]. It
has been shown in a research by Delikatny et al. that cationic lipids could cause
mitochondrial damage of cells in culture [22]. The second used test is the LDH assay,
which is typically applied to detect defects in the cellular membrane by measuring the
release of cytoplasmic lactate dehydrogenase enzyme [23]. Cationic lipid particles are
believed to disrupt the plasma membrane of the cells via interaction with membrane
bound proteins [15]. Both MTS and LDH were described in detail previously in

Chapter 2.

The third assay is a more recent strategy that was introduced to explore the mechanism
of cytotoxicity, the Annexin V/Propidium iodide (PI) assay. This technique is
commonly used to determine whether cells are still viable, apoptotic or necrotic by
following a change in cell membrane permeability and integrity [24]. In the case of

early apoptosis, one of the main plasma membrane components, phosphatidylserine,
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translocates from the internal to the external surface of the plasma membrane [25], and
this translocation can be identified using Annexin V, which is a Ca®* dependant protein
that has high affinity to phosphatidylserine [26]. In the case of late apoptosis or cell
necrosis, the intercalating agent and membrane non-permeant dye, PI, has the ability to
pass through damaged cell and nuclear membranes and bind to DNA, emitting

fluorescence [27]. Figure 3.1 summarises the mechanism of Annexin V/PI assay.

@ Phosphatidyl serine 2 Propidium iodide A Annexin V
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Figure 3.1: Schematic of Annexin V/PI assay mechanism

The surface charge of a liposome particle plays a significant function in cellular uptake
and biological activity [28]. To establish a physically stable cationic liposome
formulation with efficient encapsulation of sSiRNA, the electrostatic charge properties of
the outer liposomal surface should be optimised [29]. It has been suggested that an ideal
liposomal ‘charge morphology’ could be achieved by controlling the surface charge
density, which typically depends on the cationic lipid to zwitterionic lipid ratio [29].
Particle size, zeta potential, encapsulation efficiency of siRNA and the stability of

SiRNA-liposome preparations have a significant impact on cellular uptake and
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transfection efficiency. It has been reported that cellular endosomal compartments have
specific size and excessively large sized complexes are unlikely to be taken up by these
pathways [30]. Moreover, recent research has demonstrated the important influence of
the surface charge of nanoparticles on the downstream biological response such as
cellular uptake, biodistribution and the pathway of cellular uptake [31]. Positively
charged lipid nanoparticles are usually taken up by cells at a faster rate than anionic or
neutral nanoparticles [32], and it has been suggested that cationic nanoparticles can
interact with the negatively charged cell membrane and promote lipid bilayer

destruction [32].

SiRNA is capable of forming different sized complexes with positively charged liposomes
which protect siRNA from enzymatic degradation and facilitate cellular uptake [33]. The
stability of a siRNA delivery system from the administration site until it reaches the
cytoplasm of targeted cells is a crucial factor. It has been stated that extracellular
components, such as components of serum, interact with cationic particles and disturb the

stability of sSiRNA-liposome nanoparticles [34].

The nano-scale size (100-200 nm) and overall positive charge of these liposomes allows
their endocytosis across cell membrane to reach intracellular space, a cytoplasm [35].
However, physiochemical properties, such as particle size, zeta potential, encapsulation
efficiency, and biological stability in the presence of extracellular components, all have a

direct influence on the behaviour and efficacy of a SIRNA delivery system.
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3.2 Aims and Objectives

The aim of work presented in this chapter focuses on formulation optimisation and
characterisation of resultant sSiRNA-liposomes in terms of their cytotoxicity, particle
size, zeta potential, sSiRNA encapsulation efficiency, and siRNA protection from RNase
degradation for a series of formulations prepared from different total lipid
concentrations, different ratios of cationic to zwitterionic lipid, and different ratios of
cationic lipid to siRNA (different N/P ratio). This study adopts a systematic approach to
assess the toxicity of empty cationic liposomes and liposomes encapsulating siRNA,
presented to the cells in a physiological medium. The formulations will be examined
for their cytotoxicity using the MTS, LDH and Annexin V/PI assays. The studies will
be conducted using the epithelial NSCLC cell line A549, which is commonly used as
an in vitro model of lung cancer. The physiochemical characterisation studies will be
performed using standard colloidal characterisation techniques, including dynamic light
scattering for particle size analysis, zeta potential measurement, and gel electrophoresis,
results of which will provide a characteristics of delivery system designed and its

potentials for further biological investigation.

3.3 Results
3.3.1 Cytotoxicity of Empty Liposomes
3.3.1.1 Effect on the Metabolic Activity of A549 Cells: MTS Assay

The MTS assay was used to assess the influence of increasing the concentration of total
lipids from 1.0 mM to 50.0 mM (log mM from 0 to 1.7) and different molar ratio of
DC-Chol:DOPE on the metabolic activity of A549 cells. Cells incubated with serum-

free medium only were used as the positive control, whereas cells incubated with 0.2%
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(v/v) Triton X-100 were used as the negative control. The concentration of Triton X-
100 used in this assay is similar to the concentration that usually used in the literature to
cause complete loss of cell viability [36], and it is also similar to the concentration that
is usually used in our research group with A549 cells. The results presented in Figure
3.2 show the dose-response profile for DC-Chol:DOPE liposomes towards A549 cells,
which demonstrates a typical sigmoidal shape and indicates that the effects of the

liposomes on the viability of the epithelial cells were concentration dependant.

Figure 3.2 shows that applying total lipid concentrations of 25.0 and 50.0 mM (log mM
of 1.4 and 1.7) resulted in a significant loss of A549 metabolic activity for all liposomes
compositions, with relative cell viability less than the ECsy values (the concentration of
liposome that causes a 50% reduction in cellular metabolic activity). The lower
concentrations applied (1.0 - 10.0 mM, log mM 0 - 1) show dramatically reduced cell
toxicity, particularly for liposomes prepared with DC-Chol:DOPE ratios of 0.33:1-
0.66:1. It is important to note for further work in this project that for concentrations of
cationic liposome equal or lower than 5 mM (log mM = 0.7), relatively high cell

viability was achieved in A549 cells at > 80%.
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Figure 3.2: Dose-response profiles showing relative cell viability on incubation of
empty liposomes with A549 cells

Data from the MTS assay; expressed as relative cell viability, calculated using the
equation shown in Section 2.2.3.1 and presented as the mean + SD (N=3, n=6). Different
concentrations of cationic liposomes (1.0, 5.0, 10.0, 25.0, and 50.0 mM) were used at
different ratios of a DC-Chol:DOPE and incubated with cells for 4 hrs: a) 0.33:1, b)
0.5:1,¢) 0.66:1, d) 1:1, e) 1.5:1, f) 2:1 and g) 3:1. Dose-response curves were generated
using GraphPad Prism (v6).
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3.3.1.2 Effect on the Membrane Integrity of A549 Cells: LDH

Assay

The LDH assay was used to assess the influence of increasing the concentration of total
lipids from 1.0 mM to 50.0 mM (log mM from 0 to 1.7) and different molar ratios of
DC-Chol:DOPE on the membrane integrity of A549 cells. 0.2% (v/v) Triton X-100 was
used to induce LDH release (positive control), whereas serum-free DMEM was used as
the negative control. The concentration of Triton X-100 used in this assay is similar to
the concentration that usually used in the literature to cause complete loss of cell
membrane integrity and release of LDH [36], and it is also similar to the concentration
that is usually used in our research group with A549 cells. The results presented in
Figure 3.3 show the dose-response trend for DC-Chol:DOPE liposomes towards A549
cells, which has a typical sigmoidal shape and indicates that the effects of the liposomes

on the integrity of the epithelial cell membranes were concentration dependant.

Figure 3.3 shows that applying concentrations of 10.0 and 50.0 mM (log mM of 1 and
1.7) total lipid resulted in a significant release of LDH for all liposomes compositions,
with the percentages of LDH released more than the ECs values (the concentration of
liposome that causes a 50% LDH release). The lower concentrations applied (1.0 - 5.0
mM, log mM 0 - 0.7) show dramatically reduced LDH release. It is important to note
that for concentrations of cationic liposome equal or lower than 5 mM (log mM = 0.7),
relatively high membrane integrity and the low release of LDH were achieved in A549

cells at < 8%.
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Figure 3.3: Dose-response profiles showing LDH release from A549 cells on exposure
to empty liposomes

Data from the LDH assay; expressed as LDH release, calculated using the equation
shown in Section 2.2.3.2 and presented as the mean = SD (N=3, n=6). Different
concentrations of cationic liposomes (1.0, 5.0, 10.0, 25.0, and 50.0 mM) were used at
different ratios of a DC-Chol:DOPE and incubated with cells for 4 hrs: a) 0.33:1, b)
0.5:1,¢) 0.66:1, d) 1:1, e) 1.5:1, f) 2:1 and g) 3:1. Dose-response curves were generated
using GraphPad Prism (v6).
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3.3.1.3 Cy3-Annexin V/Propidium Iodide Cytotoxicity Study

The Annexin V/PI assay is a rapid and reliable technique used to differentiate between
necrotic, apoptotic and viable cells. Figure 3.4 shows the results of the treatment of A549
cells with five empty liposome formulations prepared at different total lipid
concentrations, ranging from 1.0 mM to 50.0 mM, and a constant ratio of DC-
Chol/DOPE at 1:1. A549 cells without the application of liposomes were used as negative
control. The apoptotic effects were assessed using the Annexin V/PI apoptosis assay after
4 hrs liposomes incubation and analysed by flow cytometry. Applying concentrations of
5.0, 10.0, 25.0, and 50.0 mM of the total lipid content resulted in positive cell staining
with PI, at percentages of approximately 26%, 43%, 52%, and 63% of cell population,
respectively. Interestingly, low percentages of cells stained with Annexin V were
observed for the five different concentrations applied, indicating a lack of an increased
phosphatidylserine exposure at the cell surface. The results potentially indicate that the
toxicity observed was related to the effect of the liposomes on the cell membrane, as
confirmed by the LDH assay (Section 3.3.1.2). The lower concentrations applied (1.0
mM) show lower positive cell staining with PI, at percentages of approximately 15% cell
population. The proportion of necrotic cells in all treated cells increased in a dose-

dependent manner.
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Figure 3.4: Flow cytometry dot plots showing cy3-Annexin V/PI cytotoxicity results
for empty cationic liposomes in A549 cells

Result shows dot plots of A549 cells after 4 hrs incubation with empty liposomes at a total lipid
concentration of (b) 1.0, (c) 5.0, (d) 10.0, (e) 25.0 and (f) 50.0 mM and a constant ratio of DC-
Chol/DOPE at 1:1. A549 cells without the liposomes exposure were used as negative controls (a).
The cells were assessed using a Beckman Coulter MoFlo (minimum 10,000 cells/sample), and
data were analysed using Weasel software.

3.3.2 Particle Size and Zeta Potential Measurements
3.3.2.1 Empty Liposomes

Following the initial cytotoxicity screening experiments, the optimised preparation
conditions were identified at a total lipid concentration of 1.0 mM, the concentration that
demonstrated a low level of cytotoxicity. Empty liposomes colloidal properties,
hydrodynamic particle diameter, polydispersity index (PDI), and zeta potential, were

assessed.
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Figure 3.5A shows that the average particle size diameters of empty liposome samples
were in the range between approximately 70 nm and 80 nm for all measured
formulations. Increasing the ratio of cationic lipids in the formulation had no significant
impact on the particle size measurements, as the lowest DC-Chol:DOPE ratio 0.33:1
showed hydrodynamic diameter of around 79 nm, while the highest ratio 3:1 showed 81
nm. The PDI was also determined as a measurement of the level of homogeneity of
cationic liposomes particle size (Table 3.1). A PDI value from 0.1 to 0.4 indicates a
narrow size distribution, and a PDI value greater than 0.4 indicates a broad distribution.
High value of PDI indicates the distribution of NPs with variable size range which results
in the formation of aggregates and could result in low stability of particle suspension and
low homogeneity. The results in Table 3.1 show that the particle size distributions of
empty liposomes were homogenous, judged from the PDI measurements (PDI values

<0.27).

Figure 3.5B shows that the zeta potential measurements of empty liposomes samples
increased with increase the content of cationic lipid in the formulation. The lowest DC-
Chol:DOPE molar ratio 0.33:1 showed zeta potential around + 40 mV, and with increase

the cationic lipid ratio to 3:1 the zeta potential was reached to around + 90 mV.
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Figure 3.5: (A) Average hydrodynamic diameter (nm) and (B) zeta potential (mV) for
empty liposomes prepared at different compositions

Empty liposomes were prepared with different DC-Chol:DOPE ratios at 1.0 mM total
lipid concentration. (A) Mean hydrodynamic diameter (n = 10 £ SD) of the formulations
were determined at 25.0°C and a fixed scattering angle of 90° (B) Zeta potential
measurements (n = 3 £ SD) were carried out at 25.0°C in 10 mM PBS solution (pH 7.4).
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Table 3.1: Summary of polydispersity index (PDI) of empty liposomes

DC-Chol:DOPE PDI
0.33:1 0.24
0.5:1 0.22
0.66:1 0.26

1:1 0.26
1.5:1 0.24
2:1 0.25
3:1 0.27

3.3.2.2 siRNA-Liposomes

The next step was to evaluate the hydrodynamic diameter and surface charge of sSiRNA-
containing liposomes prepared at the total lipid concentration of 1.0 mM, as per above

toxicity study, at different ratios of cationic to zwitterionic lipid, and different N/P ratios.

In comparison to the DLS results of empty liposomes presented in Figure 3.5A, the
encapsulation of siRNA during the cationic liposomes preparation led to an increase in
the liposomes average size of siRNA-liposomes formulations. Figure 3.6 shows that all
measured SiRNA-liposome formulations possess hydrodynamic diameters above
approximately 170 nm, a dramatic increase relative to hydrodynamic diameter size of

empty liposomes of approximately 80 nm.

Results further show that no significant effect of different molar ratio of DC-Chol:DOPE

on the hydrodynamic diameter of siRNA-liposomes. For example, in case of 0.78:1 N/P

ratio the lowest molar DC-Chol:DOPE ratio of 0.33:1 shows an average hydrodynamic
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diameter of approximately 307 nm and the highest molar DC-Chol:DOPE ratio of 3:1

shows diameter of around 314 nm.

In contrast, N/P ratio has a significant effect on the particle size of siRNA-liposomes
formulations. The average particle size of the siRNA-liposome formulations decreased
significantly with an increase in the ratio of cationic lipid to siRNA (N/P ratio). In case of
0.33:1 molar ratio of DC-Chol:DOPE for example, the particle size of siRNA-liposomes
dropped from 307 nm to 210 nm when the N/P ratio increased from 0.78:1 to 50:1,

respectively.

The PDI values of siRNA-liposomes formulation were also measured and summarised in
Table 3.2. Results of PDI show that no significant effect of different molar ratio of DC-
Chol:DOPE on the PDI values of siRNA-liposomes formulations. For example, in case of
0.78:1 N/P ratio the lowest and the highest molar ratios of DC-Chol:DOPE (0.33:1 and
3:1, respectively) show a PDI value of 0.20. Moreover, N/P ratio has no significant
influence on the PDI values of siRNA-liposomes formulations. For example, in case of
0.33:1 molar ratio of DC-Chol:DOPE the PDI values of siRNA-liposomes were 0.20 and

0.22 at 0.78:1 and 50:1, respectively.
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Figure 3.6: Hydrodynamic diameter (nm) for siRNA-liposomes prepared at different
compositions and N/P ratios

siRNA-liposomes were prepared with different DC-Chol:DOPE composition at different N/P
ratios (0.78:1, 1.56:1, 3.125:1, 6.25:1, 12.5:1, 25:1, and 50:1). Mean hydrodynamic diameter (n
= 10 £ SD) of the formulations were determined at 25.0°C and a fixed scattering angle of 90°.
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Table 3.2: Summary of polydispersity index (PDI) of siRNA-liposomes prepared at
different compositions and N/P ratios

DC- N/P ratio
Chol:DOPE 0.78:1 1.56:1 3.125:1 6.25:1 12.5:1 25:1 50:1
0.33:1 0.20 0.28 0.21 0.22 0.20 0.23 0.22
0.5:1 0.19 0.20 0.20 0.24 0.26 0.18 0.18
0.66:1 0.29 0.31 0.29 0.28 0.19 0.22 0.19
1:1 0.24 0.26 0.24 0.26 0.19 0.19 0.22
1.5:1 0.22 0.23 0.24 0.25 0.24 0.23 0.20
2:1 0.16 0.29 0.20 0.24 0.30 0.24 0.21
3:1 0.20 0.22 0.22 0.23 0.20 0.20 0.22

In comparison to zeta potential values of empty liposomes (Figure 3.5B), the loading of
negatively charged siRNA into liposomes has apparent effect on increasing the positive

zeta potential values of the formulations as the ratio of N/P is increased (Figure 3.7).

The zeta potential of siRNA-liposomes inverted from negative to positive values upon
increasing the ratio of cationic lipid to siRNA, typically at N/P ratio of 1.56:1. It is also
important to notice that the zeta potential of siRNA-liposomes did not, as expected,
increase with the increase in the proportion of cationic lipid used in the formulations
(compositions from 0.33:1 to 3:1 molar ratios of DC-Chol:DOPE), when measured at the
same N/P ratio. The ratio between cationic lipid and siRNA is found to be the main
determinant in the zeta potential of siRNA-liposomes; the zeta potential increased
significantly with increasing the ratio of cationic lipid to SiRNA (N/P ratio). For example,
at 0.33:1 molar ratio of DC-Chol:DOPE, the zeta potential of sSiRNA-liposomes increased

from around -16 mV at 0.78:1 N/P ratio to around +37 mV when the N/P ratio was 50:1.
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Figure 3.7: Zeta potential (mV) for siRNA-liposomes prepared at different
compositions and N/P ratios

siRNA-liposomes were prepared with different DC-Chol:DOPE composition at different N/P
ratios (0.78:1, 1.56:1, 3.125:1, 6.25:1, 12.5:1, 25:1, and 50:1).Zeta potential measurements (n =
3 = SD) were carried out at 25.0°C in 10 mM PBS solution (pH 7.4).
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3.3.3 Assessment of sSiRNA Encapsulation Efficiency
3.3.3.1 Gel Retardation Assay

Gel retardation is a simple technique that is widely used to investigate binding or
encapsulation of nucleic acid in different formulations, including cationic liposomes.
SiRNA-liposome formulations were prepared with 1.0 mM total lipid and 0.4 pg siRNA,
and at different composition of DC-Chol:DOPE and different N/P ratios. The
formulations were analysed by agarose gel electrophoresis to investigate encapsulation

efficiency.

The increased encapsulation of anionic sSiRNA was achieved by increasing the N/P ratio
within the liposome formulations, as illustrated in Figure 3.8. The absence of ethidium
bromide stained, migrating SiIRNA in the gel indicates its complete incorporation
(encapsulation). A general trend of a decrease in the migration pattern of free siRNA in
the gel is seen with an increase in the N/P ratio, with a complete absence of detectable
SiRNA at N/P ratio of 50:1. Interestingly, gel electrophoresis showed a relatively high
level of siRNA incorporation for liposomal formulations with a relatively low DC-Chol

content and low N/P ratio, such as 3.125:1.
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Figure 3.8: Encapsulation efficiency of siRNA into liposomes, as assessed by gel
retardation assay

Cationic liposomes were prepared with different DC-Chol:DOPE composition of (a)
0.33:1, (b) 0.5:1, (c) 0.66:1, (d) 1:1, (e) 1.5:1, (f) 2:1 and (g) 3:1. In each gel, liposome—
siRNA formulations were tested at various N/P ratios: 0.78:1, 1.56:1, 3.125:1, 6.25:1,
12.5:1, 25:1, and 50:1 (lanes 3, 4, 5, 6, 7, 8 and 9, respectively). Lanes 1 and 2 represent
the controls and contain empty liposomes and naked siRNA (0.4 ug), respectively.
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3.3.3.2 Ultrafiltration Centrifugation Method

To confirm the encapsulation efficiency of sSiRNA within the liposome formulations, the
ultrafiltration-centrifugation method was performed to determine the effect of main
formulation parameters (liposomes composition and N/P ratio). The liposomal entrapment
of siRNA was determined for formulations at different ratios of DC-Chol:DOPE,

prepared with 1.0 mM total lipid and 0.4 pg siRNA.

The results shown in Figure 3.9 indicate that a high level of siRNA association with
liposomes was achieved even at low N/P ratios. The encapsulation of SIRNA was
increased with an increase in the content of cationic lipid within the formulation. It is
interesting to notice that applying this method of analysis, no positive effect can be seen
of increased DC-Chol composition of DC-Chol:DOPE liposomes at low N/P ratios. On
the contrary, reduced encapsulation was observed at low N/P ratios for higher DC-

Chol:DOPE compositions.
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Figure 3.9: Encapsulation etticiency ot sSIRNA-liposomes as assessed by ultrafiltration

centrifugation

Cationic liposomes were prepared with a total lipid concentration of 1.0 mM and
different DC-Chol:DOPE ratios of 0.33:1, 0.5:1, 0.66:1, 1:1, 1.5:1, 2:1 and 3:1 and
different N/P ratios. Data are presented as the mean + SD (n=3, N=2).
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3.3.4 Cytotoxicity of siRNA-Liposomes
3.34.1 Effect on the Metabolic Activity of A549 Cells: MTS Assay

The metabolic activity of A549 cells was investigated after applying siRNA-liposome
formulations at different N/P ratios and different ratios of DC-Chol:DOPE. Liposomes
were prepared at a total lipid concentration of 1.0 mM, as per metabolic activity assay
in Section 3.3.1.1. The results presented in Figure 3.10 show high cells metabolic
activity, > 93%, for all treatment conditions, and no significant effects were observed
by increasing the N/P ratio from 0.78:1 to 50:1. Similar toxicity profiles were obtained
with different DC-Chol:DOPE ratios; the cell viability did not decrease as the ratio was

increased.
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Figure 3.10: Relative cell viability of different siRNA-liposomes after incubation for 4
Chrs with A549 cells
calculated using the equation shown in Section 2.2.3.1 and presented as the mean + SD
(N=3, n=6). Different siRNA-liposomes were prepared at an N/P ratios ranging from
0.78:1 to 50:1 and at different ratios of DC-Chol-DOPE: a) 0.33:1, b) 0.5:1, c¢) 0.66:1, d)
1:1,e)1.5:1,f) 2:1and g) 3:1 at 1.0 mM total lipid concentration.
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3.3.4.2 Effect on the Membrane Integrity of A549 Cells: LDH

Assay

The effect of sSiRNA-liposomes on the epithelial membrane integrity of A549 cells was
investigated using different N/P ratios and different ratios of DC-Chol:DOPE. All
formulations were prepared at a total lipid concentration of 1.0 mM. The results
presented in Figure 3.11 were obtained from treatment of A549 cells with siRNA-
liposomes in the same experimental conditions, and show the low release of LDH from
the cells under all treatment conditions, with the maximum release of LDH obtained at
a DC-Chol:DOPE ratio of 0.33:1 and a high N/P ratio of 50, at around 12%. No
significant effects were observed with an increase in the N/P ratio from 0.78:1 to 50:1
in the reminder of the siRNA-liposomes. Similar toxicity profiles for the membrane
integrity of A549 cells were also noted for different molar ratios of cationic and

zwitterionic lipids that did not affect the membrane integrity.
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Figure 3.11: LDH release of different siRNA-liposomes after incubation for 4 hrs with
A549 cells
Data are the results of an LDH assay and are expressed as LDH release, calculated using
the equation shown in Section 2.2.3.2 and presented as the mean + SD (N=3, n=6).
Different siRNA-liposomes were prepared at an N/P ratios ranging from 0.78:1 to 50:1
and at different molar ratio of DC-Chol-DOPE: a) 0.33:1, b) 0.5:1, c¢) 0.66:1, d) 1:1, e)
1.5:1,f) 2:1 and g) 3:1 at 1.0 mM total lipid concentration.
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3.34.3 Cy3-Annexin V/Propidium Iodide Cytotoxicity Study

Figure 3.12 shows the results of the treatment of A549 cells with siRNA-liposomes
prepared at an N/P ratio of 3.125:1 and different ratios of DC-Chol:DOPE. The flow
cytometry dot plot profiles show that a low percentage of the cells were positively
stained with PI in all the applied formulations, in comparison to the control cells not
exposed to siRNA-liposomes, and most of the cell population remained viable.
Interestingly, there seems to be somewhat separate sub-population of cells showing Pl
staining, rather than a whole cell population shift. It should be noted that no significant
staining with Annexin V was seen, suggesting no involvement of an apoptosis

mechanism.

(b)

0.12]

Fluorescence intensity (Propidium Iodide)

Fluorescence intensity (Annexin V)

Figure 3.12: Flow cytometry dot plots showing cy3-Annexin/Pl cytotoxicity results
for siRNA-liposomes in A549 cells

Flow cytometry dot plots showing cell apoptosis and necrosis in A549 cell line after 4 hrs
incubation with siRNA-liposomes at total lipid concentration of 1.0 mM and different DC-
Chol:DOPE ratios: (b) 0.33:1, (c) 0.5:1, (d) 0.66:1, (e) 1:1, (f) 1.5:1, (g) 2:1 and (h) 3:1,
and at fixed N/P ratios of 3.125:1. A549 cells without siRNA-liposomes were used as
negative controls (a). The cells were assessed by a Beckman Coulter MoFlo (minimum
10,000 cells/sample), and data were analysed using Weasel software.
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3.3.5 RNase Stability of siRNA-Liposomes

SIRNA is susceptible to enzymatic hydrolysis within biological fluids. Consequently, an
efficient SIRNA-delivery system would be one that protects intact SIRNA from enzymatic
degradation. To achieve this, the delivery system should prevent dissociation of SiRNA
from its complex/delivery system by anionic components in plasma and extracellular
medium between the time of administration and entry into the cytoplasm. In order to
study the ability of the liposomes to protect SiRNA, different formulations were exposed
to RNase A for different time periods and then analysed by gel electrophoresis. Naked
SiRNA with and without incubation with RNase A was used as the reference to evaluate
the magnitude of siRNA protection. The liposomal protection of SIRNA was assessed for
formulations at different compositions of DC-Chol:DOPE prepared with 1.0 mM total
lipid and 0.4 pg siRNA at N/P ratio of 3.125:1. This ratio was determined as the lowest
cationic lipid ratio at which high incorporation of siRNA occurred, as per the gel
retardation assay and ultrafiltration centrifugation experiment (see Section 3.3.3).
Nuclease stability can be assumed from the relative intensity of the bands for different

time intervals.

Naked siRNA, as shown in Figure 3.13, was degraded completely after 30 min incubation
with RNase at 37°C in PBS buffer. There was no evidence of degradation of siRNA not
treated with RNase, at any time point. Furthermore, the results indicate that a high level
of siRNA protection was achieved at 30 min incubation, with the intensity of the
fluorescent bands for siRNA incorporated into liposomes gradually disappearing with

increasing time intervals from 30 min to 4 hrs.
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1 2 3 4 5 6 7 8 9

1hr

Figure 3.13: RNase stability profile for siRNA-liposomes

SIRNA-liposomes prepared with 0.4 ug of siRNA and 1.0 mM total lipid, at a fixed N/P
ratio of 3.125:1 and different ratios of DC-Chol:DOPE. Lane 1 indicates naked SiRNA
with RNase A as the control; Lane 2 indicates naked siRNA without RNase A as a
reference, and Lanes 3, 4, 5, 6, 7, 8 and 9 indicate siRNA-liposome samples with DC-
Chol:DOPE ratios of 0.33:1, 0.5:1, 0.66:1, 1:1, 1.5:1, 2:1 and 3:1, respectively.

121



Chapter 3 Biophysical Characterisation of Cationic Liposomes

3.4 Discussion

Understanding the biological behaviour in the process of liposomes interacting with
epithelial membranes and their internalisation is highly desirable, as it informs both
toxicology and nanomedicine design. Liposome based formulations have been
extensively used as a non-viral system for the delivery of nucleic acids/genes [20].
Positively charged lipid (DC-Chol) is commonly used to formulate cationic liposomes to
incorporate SIRNA as has been reported in a number of earlier studies [37]. The
zwitterionic lipid (DOPE) used in the formulations in this study, is believed to help to
increase liposomes transport across cell membranes and therefore improves cell
transfection [38]. The cytotoxicity that can be generated by the presence of cationic lipids
in siRNA-liposomes formulations is a major concern [39], and the ideal siRNA-liposome
formulation should be able to deliver siRNA efficiently, while not causing cytotoxic

effects.

One of the key aims of this chapter was to optimise siRNA-liposome formulations, in
terms of their cytotoxicity and also to obtain initial information with regards to the
potential mechanisms involved in liposome cytotoxicity. To this end, initial toxicity
screening of liposomes prepared with different total lipid concentrations and different
molar ratios of DC-Chol:DOPE was conducted to identify ‘safe’ doses and liposome
compositions for further studies. Three different methods were used to test liposome
toxicity in A549 cell line, a well characterised and widely used in the literature as an in
vitro model of NSCLC [40]. Cytotoxic effects mediated by free liposomes and siRNA-
liposome formulations are a crucial issue for clinical applications. Therefore, the
cytotoxicity of selected siRNA-liposome preparations was analysed in comparison to

liposomal counterpart without SiRNA.
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The experimental work presented here showed an important corroboration between cell
metabolic activity (MTS assay), increased LDH release, and induced cellular
necrosis/apoptosis tests undertaken on exposure to liposome preparations. The application
of the combination of these assays in this study ensures that the probable toxic effects of
cationic liposome formulations are measured from different perspectives; metabolic
activity, cell membrane integrity, and induction of cellular apoptosis/necrosis. It should
be noted that both the MTS and LDH assays are generally used to assess cell viability, but
that the LDH assay in more informative on cell membrane disruption, the effect that may
be expected on the application of cationic liposomes [41]. The data obtained revealed that
the toxicity exhibited is essentially associated with free liposomes (empty of SiRNA).
Moreover, it has been reported that the increased cytotoxicity of liposomes is generally
associated with the increase dose of liposomes administered [16]. Similar is observed in

the present study, as shown in Figures 3.2 and 3.3, and discussed below.

Measuring the impact of empty liposomes on cell viability via the MTS assay revealed a
concentration dependent effect. Application of high dose of total lipid (as liposomes) was
associated with notably higher toxicity and significantly reduced cell viability (Figure
3.2). Previous studies have reported that cationic liposomes exhibit a toxic effect at high
total lipid concentrations [16], while the toxicity is reduced at lower total lipid doses [42].
The probable reasons behind this observation may be that at higher applied concentrations
the interactions between positively charged lipid and negatively charged cell membranes
would be increased due to the increased amount of cationic charges present, therefore
leading to disruption of cellular membrane. Interestingly, the ECs results for the empty

liposomes indicated that increasing the ratio of cationic lipid to zwitterionic lipid within

123



Chapter 3 Biophysical Characterisation of Cationic Liposomes

the formulation from 0.33:1 (ECsp 12.5 mM) to 3:1 (ECso 8.7 mM) did not significantly

reduce the metabolic activity of the cells, if all other conditions remained the same.

The LDH assay was hence performed in this study to examine adverse effects that the
liposomes may have on the membrane integrity of A549 cells. LDH is an intracellular
enzyme that is released from cells on a damage to cellular membrane and can then be
detected [36]. The application of a high dose of liposomes (high total lipid content) to
A549 cells in culture was associated with a significant release of LDH enzyme, which
indicates damage to the cell membrane integrity (Figure 3.3). Similar to the observations
of effects on cell viability in the MTS assay, the LDH assay showed that epithelial
membrane integrity was damaged with an increase in the applied dose of liposomes; in a
concentration dependent manner. It should be noted that no significant influence on
membrane integrity of different DC-Chol:DOPE ratios (applied at one selected total lipid
dose) was seen; the lowest ratio of 0.33:1 has an ECs value of around 7.6 mM, while the
ECso value of the highest ratio of cationic lipid 3:1 was approximately 7.3 mM. However,
in some occasions the highest total lipid concentration produced complete loss of
metabolic activity of A549 cells as measured by MTS, while the LDH assay showed
around 60% of lactated dehydrogenase release at the same concentration (such as panel e
of Figures 3.2 and 3.3). The reason behind the variation between the MTS and LDH
results is might be due to that these two assays are usually used to evaluate different
phenomena. The MTS assay measures the mitochondrial activity of the cells, while the
LDH assay measures the membrane integrity of the cells. Therefore, the complete loss of
metabolic activity should not be associated with complete damage of plasma membrane
and 100% release of LDH, as toxicants may disrupt cellular metabolic activity, but leave

membranes intact. In addition, it should be noted that the LDH release of empty
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liposomes formulations plateaus at less than 100% for most of tested formulations. The
reason behind this observation is might be that our cationic liposomes were caused partial
loss of the membrane integrity of A549 cells, which lead to incomplete release of LDH.
However, the effect of highest total lipid concentration applied (50 mM) was lower than
the effect of Triton-X, which produced 100% of LDH release and complete loss of

membrane integrity.

Phosphatidylserine is an essential component of the cell membrane typically located at
the cytoplasmic surface of the membrane, and during cell apoptosis phosphatidylserine
translocates to the external side of the cellular membrane [27]. Annexin V is a Ca*
dependent cellular protein that tightly binds to the phosphatidylserine residue. Through
conjugation of an appropriate fluorescent dye with Annexin V, a rapid and reliable
technique for detecting cell apoptosis was developed [43]. PI is an intercalating probe
used to differentiate between necrotic, apoptotic and viable cells. In the case of a
damaged cell membrane, otherwise impermeable Pl can enter cell and bind to double-
stranded DNA, emitting fluorescence [44]. To distinguish between viable and non-viable
cells after the application of different concentrations of cationic liposome, the Annexin

V/PI assay was performed in this study.

The data obtained reveal that the application of liposomes to A549 cells at concentrations
greater than 5.0 mM was associated with a significant decrease in cell survival. The flow
cytometry dot plots showed that A549 cells were positively stained with Pl at high
concentrations of liposomes, as compared to untreated cells (Figure 3.4). For the lowest
applied concentration of 1.0 mM, the population of stained cells was fairly similar to the

negative control cells, untreated with liposomes, indicating high cell viability. It has been
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reported that a cationic delivery system including cationic liposomes could induce cell

necrosis through the interaction with Na*/K*-ATPase and impair their activity [45].

From the cytotoxicity experiments, the main cause of cell death could be identified as late
apoptosis/necrosis, whereas less than 6% of the cells tested were positive for early
apoptosis and stained with Annexin V. The Pl detected toxicity at the higher
concentrations of applied liposomes, corroborate with the results obtained from the MTS

and LDH assays.

Further cytotoxicity investigations were performed to examine the influence of siRNA
incorporation into liposomes. This could help to understand the mechanism of toxicity
and whether it arises from the liposome itself or the sSiRNA-liposome system. To this end,
the safe dose of liposomes at total lipid concentration of 1.0 mM was used to prepare
liposomes at different compositions of DC-Chol:DOPE liposome with different N/P
ratios. The data obtained for the effect of sSIRNA-liposome formulations on the metabolic
activity of A549 cells showed that the incorporation of sSiRNA has no significant effect on

the cytotoxicity of the liposomes, as per data in Figure 3.10.

The data obtained concerning the effect of siRNA-liposome formulations on membrane
integrity (Figure 3.11) also showed that following siRNA incorporation into liposomes,
no significant effect on membrane integrity was observed for different N/P ratios and
different lipid compositions, relative to empty liposomes applied at the same conditions.
Also, no significant effect of SIRNA incorporation has been observed in the Annexin V/PI
assay for application of siRNA-liposome formulations. The dot plots indicated only a

small population of cells positively stained with Annexin V/PI (Figure 3.12).
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In a summary, the toxicity assays performed indicated that incorporation of siRNA into
cationic liposomes composed of DC-Chol:DOPE has no effect on the cytotoxicity of the
liposomes. Moreover, no significant influence of different N/P ratios were detected on
cytotoxicity under the experimental conditions used (total lipid content and DC-
Chol:DOPE composition). This observation contradicts the results of some published
studies that demonstrated that the molar ratio between the positive charge of cationic lipid
and negative charge of sSiRNA was important for cytotoxicity [3], [17], [46], although it
should be noted that total lipid concentration applied and DC-Chol content were
both‘optimiseél in our study to be at a low toxic levels. The data hence indicate
complexity in the interplay of total lipid applied, DC-Chol to helper lipid composition,

and N/P ratio when assessing the formulations toxicity.

Based on the cytotoxicity results obtained in this chapter, it would be reasonable to
speculate that the toxicity effect of designed liposomes results from their effect on the cell
plasma membrane, leading to compromised integrity of the A549 cell membrane. Cell
membrane disruption, as evident from LDH, and necrosis indicated by Pl assay, both
points to this. The significant toxic effects were noted at a high concentrations applied,
higher than typically used in the literature, and data corroborate with limited toxicity of
low doses of cationic liposomes [42]. In the scope of the project described in this thesis,
liposomes formulations with low toxicity at the optimised conditions were used in

subsequent chapters.

During development of a drug delivery system, it is important to establish a connection
between the physiochemical properties and biological effect of the system. In this study,

siRNA-liposome formulations were prepared at different lipid compositions (different
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molar ratios of DC-Chol:DOPE) and different cationic lipid and nucleic acid (N/P) ratios,
with the aim at optimising the physiochemical properties of the delivery system and its
ability to protect siRNA in biologically relevant conditions. To this end, several
techniques were applied to assess the systems performance, in terms of particle size, zeta

potential, encapsulation efficiency, and RNase stability.

Initially, the hydrodynamic particle size of empty liposomes and siRNA-liposome
formulations was measured to assess the potential of lipid composition and N/P ratio on
the size of the particles and particle size distribution and also the effect of siRNA
encapsulation on the size of liposomes and PDI values. One of the important factors that
could have an effect on the polydispersity of particle size distribution is the buffer used to
suspend the siRNA-liposomes. The ionic strength and composition of a buffer affects the
electrical double-layer surrounding charged particles, and responsible for electrostatic
repulsion to produce a stable colloidal suspension [47]. The DLS results presented in
Figure 3.5A showed that average particles hydrodynamic diameter of empty liposomes
was between approximately 70 and 80 nm for all samples measured with an acceptable
mono-modal particle size distribution profiles, in terms of samples polydispersity. No
significant effect of different ratios of DC-Chol:DOPE was observed. PDI values showed
monodisperse distribution of liposomes as all PDI values were less than 0.27. However,
the hydrodynamic diameter of siRNA-liposomes showed a significant increase to the
sizes above approximately 170 nm for all tested formulations (Figure 3.6). The observed
increase in particle size of siRNA-liposomal formulations in comparison to empty
liposomes could be a result of loading a high amount of siRNA molecules into the
liposomes leading a reduction in positive charges and their repulsions which influence the

lipids formation process during the dry layer hydration. This would also explain the
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observation that diameters of liposomes prepared at high N/P ratios were smaller,
declining towards the empty liposomes size. Extrusion of the siRNA-liposome
preparations through polycarbonate filters improved the size heterogeneity, and the PDI
values indicated that uniform liposomal particles were formed in the solution. Liposomes

with particle size of 207 nm and PDI of 0.24 were used in all subsequent experiments.

The electrostatic properties of liposome formulations can be characterised using the zeta
potential measurements. When particles are suspended in liquid medium a double layer is
formed around each particle; this consists of the stern (inner) layer, where solvent ions are
strongly bound to the particle surface, and a diffuse (outer) layer, where they are less
firmly associated [48]. The diffuse layer has a notional boundary called the slipping
plane, within which ions are bound sufficiently strongly to remain associated with a
particle as it moves through the surrounding bulk liquid (dispersion medium) [47]. The
zeta potential is the potential difference between the slipping plane and the bulk. The
magnitude of the zeta potential provides an indication of the potential stability of a
colloidal dispersion [48]. Particles with low zeta potentials will aggregate because there is
no repulsive force to prevent their association. Particles with zeta potentials more
negative than — 30 mV or more positive than + 30 mV will normally form a stable
colloidal suspension in low ionic strength buffer [11]. When measuring and interpreting
the zeta potential data, the pH and ionic strength of the solution are the most important

factors to be considered.

The results of the zeta potential measurements of the empty liposome (Figure 3.5B)
showed that increase in the ratio of cationic lipid (DC-Chol) in the formulation increased

the values of positive zeta potential. The encapsulation of negative charges siRNA
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molecules into liposomes has significant effect on the zeta potential of the formulations,
leading to decrease the positive values. The siRNA-liposome formulations suspended in
10 mM PBS at pH 7.4 become more positively charged with an increase in the ratio of
cationic lipids (and in the case of increased N/P ratio). High surface charge values were
obtained for liposomes with increasing N/P ratios, arising from the presence of an amino

group from the cationic lipid on the liposome surface.

The magnitude of the zeta potential of the empty liposome formulations was highly
dependent upon the cationic lipid content whilst for the siRNA-liposomes it inverted from
a negative charge for the lowest N/P ratio of 0.78:1, to a positive charge for the N/P ratio
of 1.56:1 clearly indicated an excess of SIRNA negative charge in the system at low N/P
ratios, and charge neutralisation at theoretical N/P ratio >1. At higher N/P ratios, an

excess of positive charge is clearly reflected in increasing positive zeta potential values.

To evaluate the siRNA-liposome encapsulation efficiency, different qualitative and
quantitative methods are usually used. Gel retardation is a simple qualitative or semi-
quantitative technique that is commonly exploited to examine the entrapment behaviour
of siRNA for different ratios of cationic lipid and different lipid compositions. The
disappearance of ethidium bromide stained migrating sSiRNA from the gel indicated the
complete encapsulation of the nucleic acid. The ultrafiltration centrifugation technique
can also be used to quantify and confirm the encapsulation efficiency and to detect the

amount of siRNA that is encapsulated by the liposomes [11].

Gel electrophoresis data in Figure 3.8 indicated that the condensation of anionic siRNA

was achieved by increasing the ratios of cationic lipid DC-Chol to siRNA within the
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liposomes. A general trend of a decrease in the migration pattern of free sSiRNA in the gel
was seen with an increase in the N/P ratio, with a complete absence of detectable SIRNA
in the gel at N/P ratio of 50:1. Interestingly, gel electrophoresis showed a relatively high
level of sSiRNA incorporation for liposomal formulations with a relatively low DC-Chol
content and a low N/P ratio, such as formulation at DC-Chol:DOPE of 1:1 and at N/P

ratio of 3.125:1.

At N/P ratios below 3.125:1, siRNA-liposome samples showed high amounts of free or
non-entrapped SiRNA on the gels migrating away from the loading wells for different
DC-Chol:DOPE compositions. A lower content of cationic lipid required for the good

encapsulation of sSiRNA would be expected to reduce the overall toxicity of the system.

With the aim to confirm the results of the gel retardation assay, an ultrafiltration method
was performed on siRNA-liposome formulations with different lipid compositions and
different N/P ratios. The results presented in Figure 3.9 showed that the encapsulation
efficiency is increased with an increase in the cationic lipid content within the
formulation. Low encapsulation efficiency has been achieved at DC-Chol:DOPE ratio of
3:1, especially with low N/P ratio. In agreement with the gel retardation results, very high
encapsulation of sSiRNA was observed for an N/P ratio of 50:1, of approximately 98% for

all the different lipid compositions.

Taken together, the results of the zeta potential measurements and gel retardation assay of
siRNA-cationic liposomes at low N/P ratios indicate presence of excess free siRNA in
excess to positive charges present in the system (zeta potential values of liposomes are

negative under these conditions while counterpart empty liposomes have positive charge)
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resulting in the free SiRNA in the system, as seen in gel electrophoresis. With increased
N/P ratio, excess of positive charge is achieved, as reflected in positive zeta potential,
which results in absence of free SIRNA, as seen by gel electrophoresis. This may indicate
that despite the encapsulation of siRNA during the liposomes production which aimed at
achieving incorporation of siRNA inside the liposomal aqueous core, the electrostatic
interactions and the presence of excess of positive charge remains an essential

prerequisite for efficient sSIRNA incorporation.

SIRNA is a molecule that has very low stability and is susceptible to hydrolysis within
biological fluids by enzymes [4]. In addition, the low stability of SiRNA in comparison to
DNA in aqueous media is due to RNA possessing a 2'OH. The result is that under basic
conditions, this hydroxyl group may be deprotonated and can act as a nucleophile and
hydrolyse the phosphate bond [49]. Hence, an efficient sSiRNA-delivery system would be

one that can protect siRNA.

In order to study the ability of the liposomes designed in this study to protect SiRNA from
enzymatic degradation, the prepared siRNA-liposome formulations were exposed to
RNase A solution for different time periods and then analysed by gel electrophoresis. The
liposomal protection of SiRNA was assessed for formulations with different molar
composition of DC-Chol:DOPE prepared with 1.0 mM total lipid and 0.4 pg siRNA at a

fixed N/P ratio of 3.125:1.

Nuclease stability can be assumed from the relative intensity of the bands for different
time intervals. Naked siRNA, shown in Figure 3.13, was completely degraded after 30

min of RNase incubation at 37°C, while siRNA protection was achieved at 30 min

132



Chapter 3 Biophysical Characterisation of Cationic Liposomes

incubation for all tested DC-Chol:DOPE formulations. Prolonged nuclease resistance was
observed for all formulations at time points less than 4 hrs. If such stability would be
achieved in vivo, the 4 hrs period should be sufficient for sSiRNA-liposomes to taken up
by cells, relative to 30 min time required for complete hydrolysis of free SIRNA RNase A
solution. No significant difference was observed for the different lipid compositions in
terms of SiRNA protection. Research by Kim et al. stated the cationic liposomes
formulated with DSPE-PEG blocked degradation of siRNA partially from nuclease when

incubated with RNAse enzyme (0.1 mg/ml) for 30 min [50].

3.5 Conclusions

This chapter illustrates that the cytotoxicity of DC-Chol:DOPE liposomes was highly
dependent on the total lipid concentration applied. At the optimised dose of 1.0 mM,
liposome formulations did not show considerable, irreversible cellular damage, while
significantly reduced cell metabolic activity (as measured by the MTS assay), marked
cell membrane disruption (as measured by the LDH assay) and cell necrosis (as
measured by the Annexin V/PI assay) were found to be associated with exposure to
higher doses of total lipids i.e. cationic liposome formulations. Interestingly, at 1.0 mM
total lipid dose, no significant effect was observed for the toxicity of different N/P

ratios of cationic lipid to nucleic acid.

Based on the results obtained in this chapter in terms of particle size, zeta potential, gel
electrophoresis, and encapsulation efficiency, different N/P ratios were found to play a
significant role to influence the physiochemical properties of SiRNA-liposome
formulations. The present work also demonstrates that the classical film hydration

(encapsulation) method resulted in a high level of siIRNA liposomal incorporation and
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protection, even at relatively low levels of cationic lipid, 3.125:1, as confirmed by gel
retardation and the ultrafiltration centrifugation method. siRNA-liposomes prepared
with a total lipid concentration of 1.0 mM and a N/P ratio of 3.125:1 have been selected
for further biological investigation in the next chapter due to their high level of cell

viability, good physiochemical properties, and siRNA protection towards degradation.
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Chapter 4 - Cellular Uptake and Silencing Efficiency of
SIRNA-Liposomes

4.1 Introduction

In addition to evaluating the physiochemical and biological characterisations of siRNA
delivery systems, it is important to consider the ability and efficacy of the delivery system
to facilitate the entry of SiRNA molecules into the target cells. The transfection efficiency
is the prime interest in determining the potential of a non-viral delivery system to become
a therapeutic. The main obstacle in the potential clinical application of siRNA at the

present is considered to be the efficient and safe delivery [1].

The DC-Chol:DOPE liposomes have been shown to be relatively efficient non-viral
delivery system in carrying siRNA into several cell types both in vitro as well as in vivo
[2]. In this context, DOPE is believed to aid to the elasticity of the liposomal lipid bilayer
and facilitates particle uptake across the cell membrane, thereby improving transfection of
the target cells [3]. In the previous chapter, the physicochemical properties and biological
stability of DC-Chol:DOPE liposomes prepared on this project were evaluated and the
preliminary results suggest that certain compositions of DC-Chol:DOPE liposomes

appear to be promising candidates for further investigation.

In the process of developing a candidate delivery system, it is very important to carry out

an in vitro screening initially, that is valuable in indicating whether delivery systems has
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potential attributes for further developments. Examining and optimising liposome
formulations in vitro are therefore essential steps in order to determine the ‘lead’
candidate for further therapeutic developments. In this chapter, siRNA-liposome
formulations characterised and optimised during the first part of this project (Chapter 3)
are the basis for further biological investigations to evaluate their gene silencing
efficiency in vitro, as a measure of their potentials as a therapeutic siRNA delivery vector.
The in vitro model used in this project is based on A549 cells, human adenocarcinoma
alveolar epithelial cell line, that is routinely used in research as an in vitro model of
NSCLC [4]. The same cell line was used in Chapter 3 to evaluate the cytotoxicity of
designed liposomes siRNA formulation, and will be exploited in this chapter to

investigate the cellular internalisation.

Following the cellular internalisation, the siRNA-liposomes are mainly reported to be
retained inside endosomal or lysosomal compartments, whilst the siRNA ‘escape’ (or the
formulation escape) into the cytosol is essential for siRNA to target mRNA and to
achieve the silencing effect [5]. One of the techniques that is commonly used in
pharmaceutical and biomedical research to evaluate the transfection efficiency of sSiRNA
delivery system and its ability to target the gene of interest is using the reporter genes.
Reporter genes are used as indicators to study gene expression and cellular events
coupled to gene expression [6]. A reporter gene is usually cloned with a DNA sequence

of interest into an expression vector, which is then transferred into cells [7].

The luciferase-based reporter assay is one of the commonly used assay that is considered
to be sensitive, relatively inexpensive, and an accurate quantitative approach to study the

expression of target gene at the transcriptional level [8]. It has wide applications across
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many fields of cell and molecular biology, to measure or track expression of a cloned
gene. The luciferase assay is based on the interaction of the luciferase enzyme with the
luciferin substrate, which release light by the process of bioluminescence [9]. The light
signals are detected by luminometry measurements, therefore cellular process, or signal is
‘read’ without directly assaying the cellular gene product. A luciferase-expressing A549
human lung carcinoma cell line (A549-Luc) will be used in this project to assess the

ability of our siRNA-liposomal formulations to silence the luciferase gene.

One of the novel experimental techniques that will be exploited in this project to confirm
the engagement of SiRNA with the targeted mRNA is the application of a so called
‘Molecular Beacon’ (MB). The MB approach was first introduced by Sanjay Tyagi and
Fred Russell Kramer in 1996, and was originally defined as a novel nucleic acid probe
that recognise and report the presence of specific nucleic acids in homogeneous solutions
[10]. The later work developed MB probes for cellular analysis. The MB probe is
typically labelled with a fluorescent emitter and its quencher, attached to a hairpin shaped
single stranded nucleic acid sequence. This will fluoresce only upon hybridization with its
target molecule when a distance between fluorescence emitter and its quencher is changed
[11]. Namely, the MB as shown in Figure 4.1 has a stem-loop structure, a fluorophore,
and a quencher attached to opposite ends. In the absence of luciferase mRNA (or other
target mMRNA), the stem brings the fluorophore and quencher together and the
fluorescence signal of the emitter compound is quenched via Fluorescence Resonance
Energy Transfer (FRET) [12], [13]. In the presence of the target luciferase mMRNA, the
loop region of MB hybridize with the luciferase MRNA and opens up the hairpin structure
into a linear structure, thus causing separation of the fluorophore and the quencher [13],

which results in increase in fluorescence and identification of the target luciferase.
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Figure 4.1: Schematic of Molecular Beacon mechanism of action

(@) The stem (which consists of 4-7 base pairs), brings the 5' dye and 3' quencher
together to quench the fluorescence signal. The loop region with 19-21 bp is
complementary to the target sequence of specific mRNA, thus providing specificity. (b) A
schematic depicting a MB in an open conformation after hybridizing to its complementary
target mRNA sequence. Hybridization induces a conformational change that separates
the fluorophore from the quencher, resulting in a more than 10 fold increase in
fluorescence signal. Adapted from [14].

4.2  Aims and Objectives

The aims of the work in this chapter are to investigate the cellular uptake of
fluorescently labelled siRNA-liposomes in A549 cells using flow cytometry and
confocal microscopy. Furthermore, the transfection efficiency of siRNA-liposomes will
be evaluated in a luciferase expressing epithelial lung cancer cell line (A549-Luc) using
luciferase assay. The ‘luc-siRNA based MB’ liposomes, which should shows
fluorescence when the siRNA binds to the targeted luciferase mRNA, will be exploited
in this work to measure the engagement of delivered siRNA molecules with the

targeted mRNA.
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4.3 Results

4.3.1 Assessment of Cy3-siRNA Cellular Uptake

In order to initiate gene-silencing effect, the liposomal-siRNA formulations need to cross
cell plasma membrane into the cytoplasmic compartment of the target cells. To verify
this, A549 cells were treated with liposome-siRNA formulations prepared at an optimised
N/P ratio of 3.125:1 and at different molar compositions of DC-Chol:DOPE. The cellular
uptake and intracellular distribution of the cy3-labelled siRNA-liposomes were
investigated quantitatively using flow cytometry (Figure 4.2) and qualitatively using

confocal microscopy (Figure 4.3 and Figure 4.4).

4.3.1.1 Flow Cytometry

The cellular association of the cy3-siRNA-liposomes was assessed by analysing (‘gating’)
the cells that show cy3-siRNA fluorescence, and by measuring the mean fluorescence
intensity (MFI), a measure of the average fluorescence per cells analysed. To quench the
fluorescence of cy3-siRNA that was not internalised by the cells, but was associated to
the cell membrane, trypan blue was utilised. A549 cells without the application of cy3-
siRNA-liposomes were used as negative controls, and cells treated with cy3-siRNA
complexed with the commercially available transfection reagent Lipofectamine®
RNAIMAX were used as positive control. This transfection reagent was reported to be

able to transfect a broad range of cell types, including A549 cells [15].

The flow cytometry histograms obtained (Figure 4.2 A) shows the A549 cell population
with associated fluorescence after 4 hrs incubation and the results are summarised in

Figure 4.2 B. The data show that an increase in the cationic lipid ratio within the
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liposomal formulations increased the percentage of A549 cells that successfully

internalised the cy3-siRNA liposome formulations.

Increasing the ratio of cationic lipid DC-Chol from 0.33 to 1 raised the uptake of siRNA
from 20% to around 90% of cell population. Maximum cy3-siRNA cellular uptake was
achieved with an equal ratio of DC-Chol to DOPE (1 to 1) liposomes, with uptake more
than the cellular uptake of commercially available transfection reagent Lipofectamine®

RNAIMAX (80% of cell population).

The MFI data in Figure 4.2 C which were determined relative to the MFI value of
negative control (A549 cells not treated with cy3-siRNA liposomes), and results show
that a significant proportion of liposomes entry into the cells has been achieved. The
highest level of siRNA internalisation obtained when the formulation contained an equal
ratio of cationic to zwitterionic lipid (approximately 15 fold increases in fluorescence
signal in comparison to negative control). Lipofectamine® RNAIMAX transfection

reagent shows MFI value around 5 fold increases in comparison to negative control cells.
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Figure 4.2: Cellular uptake profiles of cy3-siRNA-liposomes by A549 cells
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Cells were seeded onto 24-well plates at a density of 5 x 10* cells per well and cultured
overnight. Liposomes containing / ug of SIRNA per well were incubated with the cells for
4 hrs. (A) Flow cytometry histograms showing cellular uptake after the application of
liposomal formulations to A549 cells in culture at an N/P ratio of 3.125:1. Individual red
histograms are shown for DC-Chol:DOPE as (b) 0.33:1, (c) 0.5:1, (d) 0.66:1, (e) 1:1, (f)
1.5:1, (g) 2:1 and (h) 3:1, respectively. Cells were assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample) and extracellular fluorescence was quenched using
trypan blue. Cells without cy3-siRNA-liposomes were used as negative controls (the grey
histograms), and cells treated with cy3-siRNA complexed with the commercially available
transfection reagent Lipofectamine® RNAIMAX (a) were used as positive control. (B) A
summary of the cell population uptake of cy3-siRNA-liposomes. (C) MFI data for all
tested formulations calculated as a ratio to negative control (cells without cy3-siRNA-
liposomes). Results shown as the mean + SD, (N=2, n=4).
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4.3.1.2 Confocal Microscopy

Confocal microscopy was carried out in order to visualise the internalisation of cy3-
SiIRNA-liposomes within A549 cells, as well as obtain initial observations on their
intracellular trafficking and localisation. Cells were incubated with cy3-siRNA-liposomes
at an N/P ratio of 3.125:1, which was found to show optimal encapsulation efficiency
(Section 3.3.3), and at DC-Chol:DOPE ratio of 1:1, the ratio that resulted in the highest
cellular uptake in the previous experiment. Confocal micrographs (Figure 4.3) indicate
the presence of siRNA-liposomes labelled with cy3 (red) in the perinuclear region of the
cells. The blue fluorescence is due to DRAQS nuclear stain. The micrographs provide a
qualitative, initial demonstration of cell internalisation of cy3-siRNA-liposomes, as
implied by the presence of fluorescence ‘deep within the A549 cells (as seen in z-stacks in
Figure 4.4). Intense red signal appeared as red puncta, distributed typically throughout the
endosomes and perinuclear region of the A549 cells, and particularly intense as a
‘circular’ around blue label of the nuclei. The using of fluorescent co-localisation marker
for labeling and tracking acidic organelles such as LysoTracker dye is essential to
determine the actual localisation of siRNA-liposomes inside the endosomal/lysosomal

comportments.
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Figure 4.3: Confocal microscopy micrographs of the cellular uptake of cy3-siRNA-
liposomes by A549 cells in culture

Cells were incubated with cy3-siRNA-liposomes at an N/P ratio of 3.125:1 and a DC-
Chol:DOPE ratio of 1:1 for 4 hrs and then assessed using confocal microscopy. Cy3-
siRNA-liposomes appear red, whereas nuclei appear blue as stained with DRAQS5. Scale
bar: 50 um.

Combined, the results from the flow cytometry and confocal microscopy, confirm the

cellular internalisation of cy3-siRNA-liposomes and their presence inside cell cytosol,

particularly in the perinuclear region.
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Figure 4.4: Confocal microscopy panel of z-stack micrographs of cy3-siRNA-liposomes cellular uptake in A549 cells

Cells were incubated with cy3-siRNA-liposomes at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1 for 4 hrs and then assessed using
confocal microscopy. The localisation of cy3-siRNA-liposomes (red) is represented as individual image (right micrograph). Z-stack sections

images from the top to the bottom of the cells at 63 um thickness are presented in left panels. Scale bar: 20 um.
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4.3.2 Assessment of Luciferase Expression Silencing

In order to investigate the ability of the optimised siRNA-liposome formulation to
produce the gene-silencing effect, a delivery system needs to escape from endosomal
vesicles (if this was involved in its cellular internalisation pathway) and ensure that
delivered siRNA binds the mRNA of the targeted gene to ‘knockdown’ the expression of
the protein of interest. A gene knockdown study was therefore carried out using a
luciferase-expressing A549 human lung carcinoma cell line. To verify luciferase
silencing, A549-Luc cells in culture were treated with the siRNA-liposomes formulations
at an N/P ratio of 3.125:1, and the relative luciferase protein activity was examined
quantitatively using a luciferase assay (Figure 4.5 and Figure 4.6) and flow cytometry

(Figure 4.7), and qualitatively using confocal microscopy (Figure 4.8).

4.3.2.1 Luciferase Assay

4.3.2.1.1  Effect of sSiRNA Amount on Luciferase Activity

Liposome-siRNA formulations with two different amounts of siRNA (0.5 and 1 pg per
well) were used to evaluate the luciferase silencing activity and also to examine the effect
of different amounts of applied siRNA on the transfection efficiency. Formulations were
prepared with different molar ratios of cationic to zwitterionic lipid and at fixed an N/P
ratio of 3.125:1, which was found to show optimal encapsulation efficiency (Section

3.3.3) and successful cellular internalisation (Section 4.3.1).

The transfection reagent Lipofectamine® RNAIMAX was used as positive control
according to the manufacturer protocol described previously in Chapter 2. Also, SiRNA

alone (1 pg) was applied to confirm the ability of liposomes to deliver SIRNA and

150



Chapter 4 Cellular Uptake and Silencing Efficiency of sSiRNA-Liposomes

produce the silencing effect. A549-Luc cells were also treated with scrambled siRNA (1
ug) as non-targeting negative control to distinguish between specific and non-specific
effects of SiRNA activity. The luciferase silencing activity of scrambled siRNA was
tested on only one liposomal formulation (prepared at 1:1 molar ratio of DC-Chol:DOPE,
N/P ratio of 3.125:1 and applied at 1 pug siRNA/well dose) which was found to show the
highest level of cellular uptake (Section 4.3.1), to compare knockdown levels vs
background, and to assess the off-target effect of siRNA sequence. Results of a pilot
study on scrambled non-targeting siRNA-liposome formulations prepared at different
molar ratios of DC-Chol:DOPE on A549-Luc cells indicated no statistically significant
reduction on the luciferase activity of different ratios tested, p>0.05 (see Appendix 1).
Additionally, no significant silencing effect of scrambled siRNA-lipofectamine
complexes was detected (Appendix 1). The luciferase activity of all liposomal
formulations was normalised and presented as a percentage of luciferase activity relative
to A549-Luc cells not treated with Luc-siRNA liposomes which was taken as 100% of
luciferase protein activity. It should be noted that two formulations with molar ratio of
0.5:1 and 3:1 showed significant increase in luciferase activity in comparison to control
A549-Luc cells not treated with siRNA-liposomes which represents 100% luciferase

activity.

The results, as shown in Figure 4.5, indicate statistically significant inhibition of relative
luciferase activity for all the selected liposome formulations used for cell transfection
(p<0.0001). Increasing the amount of siRNA from 0.5 ug/well to 1 pg/well, as well as
increasing the ratio of cationic lipid in the formulations appeared to have a significant
influence on the transfection efficiency. For example, the relative luciferase activity for

the lowest cationic lipid ratio of 0.33:1 applied was reduced from 72% with 0.5 pg/well to
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56% with 1 pg/well siRNA (p<0.0001). Additionally, at the highest cationic lipid ratio of
3:1 the relative luciferase activity was decreased from 59% with 0.5 pg/well to 40% with
1 pg/well siRNA, (p<0.0001). However, at the ‘middle’ ratios of 0.66:1 to 2:1, there is no

significant effect of the SiRNA increased dose (except 1.5:1 ratio).

Regarding the effect of DC-Chol:DOPE ratio on the luciferase silencing, the silencing
effect was lowest at the lowest two ratios of 0.33:1 and 0.5:1 (with relative expression at
72 and 77% of the untreated control), and achieving an apparent plateau, with some
variations, at an equal ratio of DC-Chol to DOPE (1 to 1), with a transfection efficiency
of approximately 54% and 57% for 0.5 ug/well and 1 pg/well siRNA, respectively; this

follows the expectations from the cellular uptake study (Figure 4.2).

The negative control with non-targeting/scrambled siRNA did not produce significant

effect on the luciferase activity.
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Figure 4.5: Relative luciferase activity of A549-Luc cells after incubation with luc-
SiRNA-liposomes

Cells were seeded onto 24-well plates at a density of 5 x 10* cells per well and cultured
overnight. Liposome-siRNA formulations were prepared at an N/P ratio of 3.125:1 and
different DC-Chol:DOPE molar ratios, and applied to the cells for 4 hrs. A549-Luc cells
were also treated with scrambled siRNA-liposomes with 1:1 molar ratio of DC-
Chol:DOPE, N/P ratio of 3.125:1 and applied at 1 ug siRNA/well dose as non-targeting
controls and the transfection reagent Lipofectamine® RNAIMAX was used as positive
control. A549-Luc cells not treated with Luc-siRNA liposomes taken as 100% of
luciferase protein activity and used to normalise the luciferase activity of all tested
formulations. Samples were removed and replaced with fresh medium, and the cells then
incubated for a further 48 hrs before analysis. **** and *** indicate a significant
difference between the results (p<0.0001 and p<0.001, respectively) and ns indicates no
significant difference (p>0.05). Data is shown as the mean + SD, (N=2, n=4).

4.3.2.1.2  Effect of Analysis Time on Luciferase Activity

To investigate the effect of analysis time and when maximum knockdown of luciferase

activity can be achieved by the liposome-siRNA formulations, these were applied to
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A549-Luc cells for 4 hrs and the assessment of luciferase activity conducted at 24, 48, 72,
and 96 hrs time points post-transfection (Figure 4.6). The transfection reagent
Lipofectamine® RNAIMAX was used as positive control according to the manufacturer
protocol described previously in Chapter 2. No negative controls or scrambled siRNA
were used in this experiment as no significant effect of non-targeting siRNA or no off-
target effect on the luciferase activity have been observed in the previous experiment
(Figure 4.5) and in the pilot study (Appendix 1). A549-Luc cells not incubated with
SIRNA-Luc liposomes were taken as 100% luciferase activity and used to normalise the

luciferase activity of all tested formulations.

The results in Figure 4.6 show that luciferase activity was significantly decreased
(p<0.001) when the analysis was performed 48 hrs post-transfection. Interestingly, an
increase of the analysis time to more than 48 hrs post-transfection showed that the cells
started to recover from the silencing effect, as indicated by the increase in luciferase
activity for A549-Luc cells at 72 and 96 hrs. It should be noted that the transfection
reagent Lipofectamine® RNAIMAX shows significant reduction of the luciferase activity
at all time points studied. Interestingly, the knockdown effect remained at the same level

at the different time points.
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Figure 4.6: Relative luciferase activity of A549-Luc cells after incubation with 1 ug/well of Luc-SIRNA

Cells were seeded onto 24-well plates at a density of 5 x 10* cells per well and cultured overnight. Liposome-siRNA formulations were prepared
at an N/P ratio of 3.125:1 and different DC-Chol:DOPE molar ratios and applied to the cells for 4 hrs. A549-Luc cells were also treated with
the transfection reagent Lipofectamine® RNAIMAX as positive control. A549-Luc cells not incubated with siRNA-Luc liposomes were used as
100% luciferase activity. Samples were removed and replaced with fresh medium, and cells were then incubated for a further 24, 48, 72 and 96
hrs before analysis. * and ** indicate a significant difference between the results (p<0.05 and p<0.01, respectively) and ns indicates no
significant difference (p>0.05). Data is shown as the mean + SD, (N=2, n=4).
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4.3.2.2 Flow Cytometry and Confocal Study

The results of the luciferase assay were further assessed using ‘luc-siRNA based MB’
liposomes loaded with the siRNA labelled with 6-FAM fluorescent probe and BHQ-1
quencher, which shows green fluorescence when the siRNA binds to the targeted
luciferase mRNA. The intracellular presence of these liposomes and MB engagement
with target mMRNA was evaluated by measuring the fluorescence intensity associated with
the cells, and arising from 6-FAM probe 4 hrs post-transfection, quantitatively using flow

cytometry (Figure 4.7) and qualitatively using confocal microscopy (Figure 4.8).

A dot plot profile of the flow cytometry data (Figure 4.7 A) shows that the ‘luc-SiRNA
based MB’ successfully binds the targeted mRNA in approximately 90% of the whole
cell population in comparison to the control (A549-Luc cells without liposomes). The
MFI value of the ‘luc-siRNA based MB’ in Figure 4.7 B shows that around 21 fold
increases in the fluorescence signal was detected in comparison to untreated A549-Luc

cells.
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Figure 4.7: The engagement of ‘luc-siRNA based MB’ liposomes with the targeted
luc-mRNA in A549-Luc cells

(A) Dot plot profile of ‘luc-siRNA based MB’ liposomes engagement with the targeted
Luc-mRNA. (B) MFI data of ‘luc-siRNA based MB’ liposomes calculated as a ratio to
untreated A549-Luc cells. Cells were treated with ‘luc-siRNA based MB’ liposomes
(conjugated to 6-FAM as the fluorophore and BHQ-1 as the quencher) at an N/P ratio of
3.125:1 and a DC-Chol:DOPE ratio of 1:1 for 4 hrs. The fluorescence intensity of FAM-

MB was assessed 4 hrs post-transfection using a Beckman Coulter MoFlo (minimum
10,000 cells/sample).

Confocal microscopy was carried out to visually confirm the ability of the delivery
system to target the luciferase mMRNA in A549-Luc cells using the ‘luc-SiRNA based
MB’. Confocal micrographs (Figure 4.8) indicate the ‘release’ and presence of the green
6-FAM-MB in the perinuclear region of the cells, thereby confirming endosomal escape,
and binding to Luc-mRNA. The blue fluorescence results from DRAQ5 which stains the
cell nuclei. Very intense green signals appeared in the large cytoplasmic areas of A549-
Luc cells and most of these signals were distributed throughout the cytoplasmic region of

A549-Luc cells.
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Luc-siRNA based MB DRAQS Merged

Figure 4.8: Confocal microscopy micrographs of ‘luc-siRNA based MB’ liposomes in
A549-Luc cells

Cells were incubated with ‘luc-siRNA based MB’ liposomes (conjugated to 6-FAM as the
fluorophore and BHQ-1 as the quencher) at an N/P ratio of 3.125:1 and a DC-
Chol:DOPE ratio of 1:1 for 4 hrs and then assessed immediately using confocal

microscopy. ‘Luc-siRNA based MB’ liposomes appear green, whereas the nuclei appear
blue as stained with DRAQS. Scale bar: 20 um.

The flow cytometry and confocal microscopy assessment of MB is limited by non-using
of ‘scrambled siRNA based MB’ liposomes as negative control which is essential to
distinguish between specific and non-specific binding effects of ‘luc-siRNA based MB’
with Luc-mRNA. Moreover, the analysis of non-specific fluorescence of FAM-MB by
using the normal A549 cells without the luciferase mRNA is important to confirm that the
green fluorescence detected is due to the successful engagement of FAM-MB with the
targeted mRNA, not due to the non-specific binding of MB or the degradation by

ribonuclease enzyme.
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4.4  Discussion

It is believed that effective siIRNA delivery into target cells is the main barrier which
needs to be overcome if the concept of siRNA therapeutics is to be translated into the
clinical setting [16]. A number of studies have demonstrated that cationic liposome
delivery system can result in the efficient sSiRNA transfection [17], [18]. The cellular
uptake of siRNA-liposome formulations and intracellular trafficking route dictates the
gene silencing efficiency, and may present a major barrier to effective gene silencing
[19]. Cationic DC-Chol/DOPE liposomes have been reported as one of the most effective
SiRNA transfection vectors and one of the least toxic option currently available in

preclinical experiments and clinical trials [2], [20].

Positively charged liposomes would be expected to interact electrostatically with the
plasma membrane, and this interaction may not only promote the association of siRNA-
liposomes with cells but also induce their cellular uptake through endocytic mechanisms
[21]. Therefore, there is an important need to evaluate the effect of such parameters on
cellular uptake and transfection efficiency, for instance the molar ratio of DC-Chol and
DOPE, as well as the ratio between cationic lipid and negatively charge siRNA (N/P

ratio).

The effect of N/P ratio on siRNA-liposomes behaviour in gel electrophoresis was
examined in Chapter 3, and the results indicated that complete entrapment of sSiRNA
occurred only at a high N/P ratio of 50:1. However, since a high content of cationic lipid
would results in increased cytotoxic to cells [22], and could interfere with siRNA release

into the cytoplasm due to the excess of positive charges to the negative charge of SIRNA,
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this could induce the formation of ‘non-transfectable aggregates’ [23]. An excessive ratio
of positively charge lipid to zwitterionic lipid has been reported to affect the stability of
the lipid bilayer and the ability of the delivery system to escape from endosomes [24].
Therefore, in this chapter we tested if ‘a balanced’ option, siRNA-liposomes particles
prepared at lower N/P ratio of 3.125:1 with good siRNA encapsulation level and
cytotoxicity profile would achieve an acceptable degree of cellular uptake and luciferase-

silencing.

The evaluation of siRNA-liposome cellular uptake and luciferase protein knockdown at
different molar ratios of cationic to zwitterionic lipid was conducted. The N/P charge
ratio is generally considered fundamental for optimising in vitro transfection protocols
and the efficiency of siRNA-liposomes typically depends on the ratio between cationic
and zwitterionic lipids used, and the ratio between the positive charge and siRNA, i.e.
N/P ratio. To this end, A549 cells were treated with siRNA-liposomes at an N/P ratio of

3.125:1.

The flow cytometry histograms obtained showed the cellular internalisation of a
significant proportion of applied siRNA-liposomes. Trypan blue was used to quench the
extracellular fluorescence of cy3-siRNA-liposomes bound to the cell membrane but not
internalised. Since trypan blue cannot pass the plasma membrane, the fluorescence
remaining after trypan blue quenching must therefore result from the internalized siRNA-
liposomes, as only extracellular fluorescence of cy3-siRNA-liposomes is quenched. This
method offers a simple and convenient technique for rapidly distinguishing between

intracellular and extracellular fluorescence of siRNA-liposomes formulations.
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The molar ratio of DC-Chol to DOPE also plays a significant function in the
internalisation of sSiRNA-liposomes; Figure 4.2 shows that an increase in the cationic lipid
composition in the formulation enabled higher cell population entry of cy3-siRNA.
Interestingly, maximum cellular uptake was achieved with an equal ratio of DC-Chol to
DOPE (1 to 1) liposomes. MFI data demonstrated that cy3-siRNA cellular uptake is three
times higher than the cellular uptake of siRNA-Lipofectamine transfection reagent. The
cellular uptake by A549 cells of a significant amount of cy5-siRNA cationic liposome
nanoparticles has also been reported previously [25]. The results of the cy3-siRNA
cellular uptake in this study also indicated that at this stage of the system design, the

effect of charged lipid on the cellular internalisation was important.

The flow cytometry and confocal microscopy data in A549 cells clearly show that the
cy3-siRNA-liposomes were successfully internalised into the cytoplasm of the target
cells. Confocal micrographs (Figure 4.3 and Figure 4.4) show the intracellular distribution
of the liposomes as puncta, with a significant localisation in the perinuclear region. A
number of studies have suggested that liposomes with positive amino groups within their
structure can generate a pH-dependent endosomal membrane disruption [26], [27],
whereby the disruptive interactions of the increasingly positively charged cationic
liposome with the endosomal membrane could play an important role in endosomal
escape. The fact that in the presence study the fluorescence in the cytoplasm is primarily
seen as puncta, rather than diffused fluorescence, and located in the perinuclear region,
indicate that a significant proportion of internalised liposomes are most likely ‘grouped’
in some cytoplasmic vesicles. Presence of some diffused red florescence (in higher
magnification image in Figure 4.4) may indicate that some ‘escape’ may have occurred.

These assumptions would need further experimental studies.
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A gene knockdown study was carried out using a luciferase-expressing A549 human lung
carcinoma cell line, A549-Luc. The luciferase gene was selected as a target for
knockdown since it is expressed by the CMV promoter by stable transfection of firefly
luciferase. The transfection reagent Lipofectamine® RNAIMAX was used for
comparison, and siRNA-liposomes were prepared at a fixed N/P ratio of 3.125:1, which
was found to show successful cellular internalisation (Figure 4.2 and Figure 4.3). A549-
Luc cells were also treated with scrambled siRNA as non-targeting controls to distinctly

differentiate between the specific and non-specific effects of the SIRNA activity.

The results of the gene silencing study using 0.5 and 1 pg per well of siRNA indicated
significant inhibition of the luciferase activity for all the selected liposome formulations
used in the cell transfection experiment, in comparison to the negative controls with non-
targeting siRNA. An increase in the ratio of cationic lipid in the formulations had a
significant influence on the transfection efficiency. For example, the relative luciferase
activity of the lowest cationic lipid ratio of 0.33:1 was reduced from 72% with 0.5
pg/well to 56% with 1 pg/well siRNA and, the highest cationic lipid ratio of 3:1
decreased the relative luciferase activity from 59% with 0.5 pg/well to 40% with 1
pg/well siRNA. The highest level of luciferase silencing was achieved with siRNA-
liposomes with an equal ratio of DC-Chol to DOPE (1 to 1), with a transfection efficiency
of approximately 54% and 57% with 0.5 pg/well and 1 pg/well siRNA, respectively. This
finding follows the expectation from the cellular uptake study (Figure 4.2). It has been
reported that the luciferase knockdown can increase significantly by increasing the
amount of cationic lipid particles [28]. A previous study has suggested that a higher

transfection efficiency could be achieved by using a 1:1 molar ratio of cationic to helper
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lipid [2], as seen in our study. This has been ascribed to the effect of that the zwitterionic
character of DOPE lipid which facilitates the transition from a lamellar to a hexagonal
phase [29], [30], of lipid bilayer of cell membrane. This could promote liposomal cellular
entry and escape from endosomes following endocytosis, resulting in enhanced
knockdown activity [31], [32]. It should be noted that the level of luciferase silencing of
DC-Chol:DOPE (1 to 1) formulation is lower than the transfection efficiency of
Lipofectamine, although the cellular uptake of cy3-siRNA DC-Chol:DOPE liposome was
higher than the transfection reagent. This observation could be a result of poor endosomal
escape of the DC-Chol:DOPE liposomes which lead to reduce the silencing efficiency.
Similar observation reported with poly (amidoamine)-siRNA lipoplexes which had a
higher internalization rate but a lower interference effect than Lipofectamine in HaCat

cells [33].

It is important to perform a time course study when initially testing a new target sSiRNA
sequence. Luciferase knockdown was in this study analysed 24, 48, 72, and 96 hrs post-
transfection. This provides essential data (Figure 4.6) on the time point which
corresponds to maximal knockdown of the target gene and also the duration of the
knockdown. Data demonstrated that maximum silencing was obtained 48 hrs post-
transfection. Interestingly, luciferase activity began to recover, as demonstrated by an
increase in luciferase activity at 72 and 96 hrs, respectively. A study on the transfection of
A549 cells using plasmid DNA-DMAEMA polyplexes showed that the peak level of
transfection was reached between 12 and 48 hrs. However, from 48 hrs after the
transfection point, transfection efficiency significantly decreased at the 72 hrs point [34]
and this observation is in agreement with the result presented in this current work.

Luciferase silencing effect post-treatment of A549-Luc cells with lipofectamine was
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measured at 24, 48, 72, and 96 hrs, and results show that same level of silencing has
achieved at the different time points studied. The steady effect of lipofectamine on the
luciferase activity is might be due to the cytotoxic effect of this transfection reagent that
lead to loss the activity of luciferase at all measured time points. MTS and LDH assay
should be performed to assess the effect of lipofectamine on the cell viability and

membrane integrity of A549-Luc cells.

The result of the luciferase assay was confirmed using ‘luc-siRNA based MB’ liposomes
loaded with targeted siRNA labelled with the 6-FAM fluorescent probe, which releases
green fluorescence when siRNA binds to the targeted Luc-mRNA. Since a MB only
shows fluorescence when it combines with the target mRNA, MB can be used as a
readout for endosomal release. It has been reported that treat SK-HEP-1 cells with cy3-
MB for GAPDH that was complexes with lipid nanoparticles showed the red signal of
cy3 in perinuclear site of cytoplasm and the signal reached the maximum at 4 hrs post-
transfection [24]. This observation is in agreement with our study that green fluorescence
of FAM-MB probe was detected in the cell cytoplasm which confirms Luc-siRNA
binding to the targeted Luc-siRNA. The assessment of MB using the flow cytometry and
confocal microscopy is limited by non-using of ‘scrambled siRNA based MB’ liposomes
as negative control which is essential to distinguish between specific and non-specific
binding effects of ‘luc-siRNA based MB’ with Luc-mRNA. The assessment of FAM-MB
using flow cytometry and confocal microscopy in current chapter is limited by missing of
important negative controls (i.e. ‘scrambled siRNA based MB’ liposomes) that essential
to validate the technique and to distinguish between the specific and non-specific binding
effects of ‘luc-siRNA based MB’ with Luc-mRNA. Additionally, the transfection of

normal A549 cells that not contain Luc-mRNA using ‘luc-siRNA based MB’ liposomes is
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very important to validate that the measured green fluorescence is due to the binding of
FAM-MB with the targeted mRNA and not due to the non-specific engagement of MB or

the degradation by RNase.

4.5 Conclusions

Work in this chapter establishes that designed siRNA-liposome systems can efficiently
transfect human epithelial non-small cell lung carcinoma cells in culture, which are
targets for a number of current gene therapy protocols. Additionally, it demonstrates that
the silencing activity of this system mainly depends on the ratio between cationic lipid of
the liposome and SiRNA. The high level of uptake (relative to commercially available
transfecting agent) has not been reflected in equally high silencing effect, which is
presumably due to the liposome system tested lacking the ability to efficiently escape
from endosomal/lysosomal compartments. A formulation dependent relationship between
the siRNA concentration and silencing efficiency was observed. It is difficult to
extrapolate the conditions and formulations from in vitro experiments to the in vivo
setting of gene therapy protocols, these results provide important insights into the
delivery of siRNA to human epithelial cells. A further investigation of the siRNA-
liposome mechanism of endocytosis and intracellular trafficking is needed to achieve

further understanding of the cellular uptake process.
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Chapter 5 - Endocytosis Mechanism of sSiRNA-Liposomes

5.1 Introduction

In order to prepare an efficient siRNA-liposome formulation, capable of intracellular
delivery of siRNA, it is important to understand the cellular internalisation mechanism of
delivery system in order to evade the recycling pathways and to achieve successful
cellular uptake [1]. siRNA-liposomes can be internalised into cells through different
mechanisms (as discussed in Chapter 1), including clathrin-mediated endocytosis,
caveolae-mediated endocytosis, or macropinocytosis [2]. However, despite its importance
in achieving siRNA silencing effect, the understanding of siRNA-liposome interaction
with cells and cellular internalisation mechanism processed remains poorly studies and

understood [3].

It is generally believed that siRNA-liposomes are internalised by mammalian cells via
different endocytosis pathways [4]. The importance of exploring the cellular uptake
pathway is that each mechanism leads to a different intracellular fate, and consequently,
different silencing efficiencies [5]. For example, after cellular uptake of a siRNA-
liposome system via the clathrin-mediated pathway, liposomes will be retained inside the
endosomal or lysosomal compartments [6], yet their escape into the cytosol is essential to
enable the siRNA to target the mRNA of interest. Nanoparticles in general taken up by
clathrin-mediated pathway undergo endosomal acidification (pH 6.0-6.5 in early

endosomes) and trafficking to lysosomes (pH 4.5-5.5 in late endosomes and lysosomes),
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where enzymatic and acidic degradation happen [7]. Another endocytosis pathway, the
caveolae-mediated mechanism, is thought to avoid the acidic environment of endosomes

and lysosomes, although it is important to notice that this process is less understood [8].

The cellular internalisation pathway of siRNA-liposomes mainly depends upon several
factors, such as the range of physiochemical properties of the delivery system as well as
the nature of the targeted cells [9]. A number of recent reports aimed to establish
endocytosis pathway leading to effective cellular effects of internalised nanoparticles
[10]-[12]. Understanding the cell entry processes of sSiRNA delivery systems is essential
in enabling the prediction, design, and optimisation of transfection efficiency [13]. The
cell entry pathway of a delivery system is likely to affect intracellular processing and
hence the silencing efficiency [13]. Despite extensive research in developing siRNA
delivery systems, understanding of the cell uptake mechanism of siRNA carriers is often

inadequate, leading to an inability to predict or explain transfection efficiencies [13].

To identify internalisation pathways of designed siRNA-liposome in A549 and A549-Luc
cell lines, this study applied a panel of different pharmacological endocytosis inhibitors,
as shown in Figure 5.1 and Table 5.1, to deplete key endocytic pathways. To inhibit the
clathrin-mediated pathway, three different inhibitors were used. Concanavalin A, is a
lectin that interferes with the signalling of transmembrane G protein-coupled receptors
located on the surface of cells, and therefore prevents the assembly of clathrin coated pits
and impairs their movement through the cell membrane [14]. Chlorpromazine is a known
clathrin-dependent endocytosis inhibitor which is used to inhibit clathrin coated pit
formation through reversible translocation of clathrin and its adapter proteins from the

plasma membrane to intracellular vesicles [15]. The third inhibitor is dynasore, an
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inhibitor of dynamin GTPase activity, which is crucial for clathrin-coated vesicle
formation in clathrin-mediated endocytosis [16]. Moreover, dynasore inhibits dynamin in
the caveolae-mediated pathway and therefore prevents caveolar budding or fission from

the plasma membrane to form free vesicles [16].

In addition to dynasore, four more inhibitors were used to control the caveolae-mediated
pathway. Genestein was used as an inhibitor of the tyrosine kinases involved in
caveolae/raft-mediated endocytosis [17]. Filipin was used as it inhibits disassembling of
caveolae and unclustering of the receptors found in caveolae by eliminating cholesterol
from the plasma membrane [18]. MRCD, a cholesterol-depleting agent, was also used as
an inhibitor for caveolae/raft-mediated endocytosis, and it acts by extracting cholesterol
from the cell membrane [19]. The final inhibitor of the caveolae-mediated pathway used
in this work was nystatin, a cholesterol sequestrating agent that interferes with
caveolae/lipid raft-dependent endocytosis without affecting the clathrin-mediated

pathway [20].

To inhibit macropinocytosis, EIPA and cytochalasin D were used. The former is a
selective inhibitor known to inhibit Na*/H" exchange within membranes, and therefore
lowers the sub-membranous pH [21]. Cytochalasin D disrupts actin filaments, and

inhibits actin polymerisation [22].

Chloroquine is a lysosomotropic agent that prevents endosome acidification and

facilitates endosomal escape of the delivery system [23], and was used in the current

work to facilitate the disruption of endosomal vesicles and therefore promote the escape
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of siRNA-liposomes from acidic compartments and their release into the cellular

cytoplasmic region.

Dynamin independent

(macropinocytosis) Clathrin & caveolin independent

Dynamin dependent

(clathrin) (caveolin)

dynasore dynasore 6
EIPA chlorpromazine filipin

i concanavalin A 3 ; genistein MRCD
cytochalasin D e
MRBCD

Figure 5.1: Mechanisms of endocytosis inhibition using pharmacological inhibitors to
deplete key endocytic pathways

Table 5.1: Summary of pharmacological endocytosis inhibitors used to investigate the
endocytosis mechanism of siRNA-liposomes

Inhibitor Mechanism References
Clathrin-mediated inhibitor, prevents assembly of

Concanavalin A clathrin coated pits [14]
Chlorpromazine Clathrin-mediated inhibitor, interacts with coated pits [15]
Dynasore Dynamin inhibitor, blocks dynamin GTPase activity [16]
Genistein Inhibition of tyrosine kinase and the caveolae pathway [17]
Eilisin Caveolin-mediated inhibitor, inhibits cholesterol [18]
p synthesis
Caveolae/raft-mediated inhibitor through cholesterol
MRCD depletion of the cellular membrane [19]
. Caveolin-mediated inhibitor through sequestration of
Nystatin cholesterol [20]
Macropinocytosis inhibitor through inhibition of
EIPA Na*/H" exchange [21]
; Macropinocytosis inhibitor through actin filament
Cytochalasin D depolymerising [22]
. Endosomolytic agent through buffering the pH in
Chloroquine acidic vesicles [23]
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5.2 Aims and Objectives

The aim of this chapter is to investigate the cellular internalisation pathways of the
designed siRNA-liposomes (Chapter 3 and 4) and the consequent inhibition of
luciferase expression in the presence of different endocytosis inhibitors in order to
identify important key regulators of cellular uptake and silencing. The work aims to
understand the relationship between the cellular internalisation mechanism of
endocytosis and gene silencing efficiency in A549 and A549-Luc cells. Direct probing
of endocytosis pathways was achieved using chemical inhibitors, a summary of which

are shown in Table 5.1.

5.3 Results

5.3.1 Toxicity of Endocytosis Inhibitors; MTS Assay Assessment
5.3.1.1 MTS on A549 Cells

Before exploring the effect of endocytosis inhibitors on the cellular internalisation of cy3-
SiIRNA-liposomes, MTS cell viability testing was conducted to determine the optimal
concentration of the inhibitors with acceptable toxicity profile in A549 cells for the
duration of the 4 hrs cells exposure to the liposomes. Figure 5.2 shows the relative cell
viability for the nine different pharmacological inhibitors of endocytosis used in this

study, as discussed in the introduction above.

Dose response curves indicated that applying clathrin-mediated inhibitors, concanavalin
A and chlorpromazine, showed an ECsy concentrations of approximately 193 and 74
ug/ml, respectively. Dynasore, a dynamin inhibitor, demonstrated an ECso concentration
of around 43 pg/ml, while incubation of A549 cells for 4 hrs with a tyrosine kinase

inhibitor, genistein, showed an ECsy concentration of about 28 pg/ml. A caveolin-
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mediated inhibitor, filipin, and cholesterol sequestering agents, MRCD and nystatin,
exhibited ECsy concentrations of approximately 66, 951 and 52 pg/ml, respectively. The
MTS data for macropincytosis inhibitors, EIPA and cytochalasin D, showed ECs

concentrations of 6 and 28 pg/ml, respectively.
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Figure 5.2: Dose-response curves showing relative percentage cell viability of the endocytosis inhibitors after incubation for 4 hrs with A549 cell

line

Data are the results of an MTS assay and are expressed as relative cell viability, calculated using the equation shown in Section 2.2.3.1 and
presented as the mean + SD (N=3, n=6). Dose-response curves were generated using GraphPad Prism (v6).
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5.3.1.2 MTS on A549-Luc Cells

MTS cell viability assay of the inhibitors also was carried out using A549-Luc cells to
determine the optimal concentration of the inhibitors, before examining their effects on
luciferase protein silencing via Luc-siRNA-liposomes. Figure 5.3 shows the relative cell
viabilities for the different inhibitors that were applied using a wide range of

concentrations to determine the ECsy concentrations.

Dose response curves indicated that applying clathrin-mediated inhibitors, concanavalin
A and chlorpromazine, showed an ECs, concentrations of approximately 261 and 48
ug/ml, respectively. Dynasore, a dynamin inhibitor, demonstrated an ECsy concentration
of around 51 pg/ml, while the tyrosine kinase inhibitor, genistein, gave an ECsg
concentration of about 28 pg/ml. A caveolin-mediated inhibitor, filipin, and cholesterol
sequestering agents, MBCD and nystatin, exhibited ECso concentrations of approximately
72, 473 and 35 pg/ml, respectively. The MTS data for the macropincytosis inhibitors,

EIPA and cytochalasin D, showed ECsy concentrations of 5 and 48 ug/ml, respectively.
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Figure 5.3: Dose-response curves showing relative percentage cell viability of the endocytosis inhibitors after incubation for 4 hrs with A549-
Luc cell line

Data are the results of an MTS assay and are expressed as relative cell viability, calculated using the equation shown in Section 2.2.3.1 and
presented as the mean + SD (N=3, n=6). Dose-response curves were generated using GraphPad Prism (v6).
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5.3.2 Effect of Endocytosis Inhibitors on the Uptake of Pathway-
Specific Ligands: Tf and CTR

5.3.2.1 Effect on A549 Cells

After optimising the concentrations of the pharmacological inhibitors on the A549 cell
line in terms of their cytotoxicity (Figure 5.2), an uptake study of ‘classical’ endocytosis
pathway markers was conducted using sub-ECsy concentrations of inhibitors. Tf and
CTER, have been reported to selectively enter cells via the clathrin [24], [25] and caveolae
pathways [26], [27], respectively. The application of clathrin-mediated pathway inhibitor
(chlorpromazine) and caveolin-mediated pathway inhibitor (MRCD) was reported to
generate selective inhibition of Tf and CTB, respectively, in A549 cells [28]. These
ligands were hence used as controls to confirm the specificity of the inhibitory function of
the selected concentrations of inhibitors on clathrin and caveolin mediated endocytosis in
A549 cells in this study. No markers were used to explore the macropinocytosis pathway
as the dextran, commonly used in the literature as a macropinocytosis marker, has been
reported not to be a solely specific ligand for this internalisation pathway [29]. Tf and
CTR were used at concentrations of 100 pug/ml and 5 pg/ml, according to the work

performed previously on these two markers in our research group on A549 cells.

The uptake study was carried out in the presence of relevant pathway inhibitors to (i)
confirm that the selected inhibitors were able to affect the pathways in A549 cells and (ii)
to define the optimal concentration of each inhibitor that provides minimum cytotoxic
effects and maximum pathway inhibition. Tf uptake was tested in the presence of
concanavalin A (50-150 pg/ml), chlorpromazine (5-20 pg/ml), and dynasore (5-20

pg/ml), while CTB internalisation was tested in the presence of dynasore (5-20 pg/ml),
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genistein (5-15 pg/ml), filipin (5-20 pg/ml), MBCD (100-300 pg/ml) and nystatin (5-20

pg/ml) (Figure 5.4).

Applying concanavalin A (50, 100 and 150 pg/ml) showed a Tf internalisation of
approximately 82%, 57% and 50%, respectively, relative to untreated cells.
Chlorpromazine application showed a Tf internalisation of approximately 94%, 80% and
62% relative to untreated cells after incubation for 4 hrs with 5, 10 and 20 pg/ml,
respectively. Dynasor, a dynamin inhibitor involved in the formation of coated pits in
both the clathrin and caveolae-mediated pathways, demonstrated internalisation of Tf and
CTR at 20 pg/ml, of approximately 50% and 74%, respectively, relative to the untreated

cells.

For the caveolae-mediated pathway, A549 cells treated with genistein, filipin, MBCD and
nystatin demonstrated CTR internalisation of approximately 72%, 60%, 66% and 40%
relative to untreated cells, respectively, after applying the inhibitors at 15, 20, 300 and 20

ug/ml, respectively.

It is of importance to note that in all cases the effect of inhibitors was concertation

dependent, with more pronounced effect seen at increased concentrations of inhibitors

applied.
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Figure 5.4: Effect of endocytosis inhibitors on the uptake of Tf and CTf} in A549 cells

Cells were pre-treated with three different concentrations of inhibitors for 30 min,
followed by 4 hrs of exposure to Alexa fluor 488 Tf, a clathrin-mediated pathway marker
and Alexa fluor 488 CTR, a caveolin-mediated pathway marker. Uptake was assessed
using a Beckman Coulter MoFlo (minimum 10,000 cells/sample). **** *** ** gnd *
indicate statistical differences at p<0.05, p<0.01, p<0.001 and p< 0.0001, respectively,
compared to the control (cells incubated with markers in absence of inhibitors), whereas
ns indicates a non-significant result, p>0.05 (N=2, n=4).
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5.3.2.2 Effect on A549-Luc Cells

After adjusting the concentrations of the pharmacological inhibitors in terms of their
cellular viability for the A549-Luc cell line (Figure 5.3), an uptake study using ‘classical’
endocytosis pathways markers was conducted. All inhibitors were used with
concentrations below the ECsp concentration. Tf uptake was tested in the presence of
concanavalin A (50-150 pg/ml), chlorpromazine (5-20 pg/ml), and dynasore (5-20
pug/ml), while CTB internalisation was tested in the presence of dynasore (5-20 pg/ml),
genistein (5-15 pg/ml), filipin (5-20 pg/ml), MBCD (100-300 pg/ml) and nystatin (5-20

ug/ml) (Figure 5.5).

Applying concanavalin A (50, 100 and 150 pg/ml) resulted in the internalisation of Tf of
around 80%, 53% and 52% relative to untreated cells, respectively. Chlorpromazine
application showed a Tf uptake of approximately 95%, 73% and 55% after incubation
with 5, 10 and 20 pg/ml, respectively. In the presence of dynasore, the internalisation of
Tf and CTB at 20 pg/ml was approximately 64% and 54%, respectively, relative to

untreated cells.

Looking at the caveolae-mediated pathway, A549-Luc cells treated with genistein, filipin,

MRCD and nystatin demonstrated internalisation of CTR of approximately 32%, 54%,

71% and 44%, respectively after applying 15, 20, 300 and 20 pg/ml.
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Figure 5.5: Effect of endocytosis inhibitors on the uptake of Tf and CTf in A549-Luc

cells

Cells were pre-treated with three different concentrations of inhibitors for 30 min,
followed by 4 hrs of exposure to Alexa fluor 488 Tf, a clathrin-mediated pathway marker
and Alexa fluor 488 CTR, a caveolin-mediated pathway marker. Uptake was assessed
using a Beckman Coulter MoFlo (minimum 10,000 cells/sample). **** *** ** gnd *
indicate statistical differences at p<0.05, p<0.01, p<0.001 and p< 0.0001, respectively,
compared to the control (cells incubated with markers in absence of inhibitors), whereas
ns indicates a non-significant result, p>0.05 (N=2, n=4).
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Based on the results of the MTS screening (Figure 5.2 and 5.3) and the uptake of
pathways markers using A549 and A549-Luc cells (Figure 5.4 and 5.5), concentrations
of the inhibitors were selected for use in investigating the mechanism of endocytosis of
SiIRNA-liposomes. These concentrations show a low cytotoxic effect, while
significantly inhibiting internalisation of specific ligands, and are summarised in Table

5.2.

Table 5.2: Selected concentrations of inhibitors

Concentration Cell viability (%)

Inhibitor (ug/ml) A549 AB49-Luc
Concanavalin A 100 98.2 100
Chlorpromazine 20 80.4 88.9

Dynasore 20 89.5 96.1

Genistein 15 86.4 79.3

Filipin 20 80.9 97.5

MBCD 300 91.7 96.12

Nystatin 20 84.9 82.9
EIPA 0.5,1.0,25 90.8, 84.7, 79.3 95.2,88.7, 84.3
Cytochalasin D 2,4,6 112.8, 95.6, 95.8 95.1, 89.6, 90.7
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5.3.3 Role of Clathrin-Mediated Endocytosis

5.3.3.1 Effect of Concanavalin A Inhibitor

5.3.3.1.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Concanavalin A is a clathrin-mediated endocytosis inhibitor which prevents the formation
of clathrin coated pits [30]. Figure 5.6 shows the effect of this inhibitor on the cellular
uptake of cy3-siRNA-liposomes in A549 cells. A549 cells were treated with concanavalin
A (100 pg/ml) for 30 min prior to the application of cy3-siRNA-liposomes and incubated
with the applied system for a further 4 hrs in the presence of the inhibitor. The effect of
inhibitor on the cellular uptake of cy3-siRNA-lipsomes was assessed using flow
cytometry and visualized by confocal microscopy. The flow cytometry provides
quantification of the internalisation, by measuring the MFI values of cy3-siRNA
associated with the treated cells. The values are in this work expressed as a percentage
relative to control cells (cells incubated with cy3-siRNA-liposome in the absence of
inhibitor and taken as 100% MPFI). The flow cytometry data are also displayed as the
percentage of cell population, out of total cell population analysed, with associated
fluorescence, relative to control cells not incubated with inhibitor. The MFI data (Figure
5.6 a), expressed relative to the control cells without concanavalin A, show that no
significant difference in cy3-siRNA-liposomes internalization by the cells has been
achieved in comparison to the control. Figure 5.6 b and ¢ show the cell population with
associated fluorescence in the presence of the inhibitor, which was approximately 99%
relative to the control (cells incubated with cy3-siRNA-liposome in the absence of
concanavalin A, taken as 100%). Confocal microscopy was performed to visualise the
effect of the inhibitor on cy3-siRNA-liposomes internalisation into cells, as well as

intracellular trafficking. It should be noted that the confocal negative control micrographs
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treated with cy3-siRNA in the absence of inhibitors were only performed once and the
same micrographs will be presented in all used inhibitors. Confocal micrographs (Figure
5.6 d) and z-stack micrographs (Figure 5.6 €) show that siRNA-liposomes labelled with
cy3 (red) were internalised into cells in the presence of the clathrin inhibitor, but it
appears that there is a lower fluorescence intensity in comparison to the control (without
concanavalin A), and this appears to contradict with the data obtained from flow

cytometry (Figure 5.6 a and b).
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Figure 5.6: The effect of concanavalin A inhibitor on the internalisation of cy3-
siRNA-liposomes in A549 cells

Concanavalin A (100 ug/ml) was pre-applied to cells for 30 min followed by exposure to
cy3-siRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of
1:1 for 4 hrs, in the presence of concanavalin A.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without concanavalin A). Flow cytometry data assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD
(N=2, n=3), ns indicates the difference is non-statistically significant (p>0.05) compared
to the control. (c) Histograms cellular uptake profile of cy3-siRNA-liposomes assessed by
a Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
cy3-siRNAliposomes appear blue and liposomes treated with concanavalin A appear red
for the three repeats. (d) Confocal microscopy micrographs of cy3-siRNA-liposomes
uptake in A549 cells in the absence (upper micrographs) and presence (middle and lower
micrographs) of concanavalin A. (e) Z-stack of cy3-siRNA-liposomes internalisation in
the presence of concanavalin A. Cy3-siRNA-liposomes appear red, whereas nuclei
appear blue as stained with DRAQS5.

5.3.3.1.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

The aim of this study was to assess the effect of endocytosis inhibition on silencing of
luciferase protein expression in A549-Luc cells, linked to the effect of cellular uptake, in
order to better understand the siRNA-liposome mechanism of endocytosis. Figure 5.7
shows the effect of concanavalin A (100 pg/ml) presence on the luciferase knockdown by
Luc-siRNA-liposomes in A549-Luc cells. It is clear from the results of the luciferase

assay (Figure 5.7 a) that clathrin inhibition by concanavalin A does not significantly
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affect the luciferase expression (knockdown was approximately 113% relative to control,
p>0.05), and hence clathrin does not appear to be the major player in the internalisation of
the tested delivery system. The result of the luciferase assay was corroborated using
liposome loaded with ‘6-FAM luc-siRNA based MB’. The MB will release green
fluorescence when it (siRNA) binds to the targeted mRNA for luciferase protein. The
cells fluorescence arising from MB was evaluated using flow cytometry (Figure 5.7 b, ¢
and d) and green fluorescence was visualised via confocal microscopy (Figure 5.7 e and
f). The MFI data in Figure 5.7 b show that the application of concanavalin A has no
significant effect on the engagement of FAM-MB with the targeted mMRNA in comparison
to control cells not incubated with the inhibitor. The flow cytometry data (Figure 5.7 ¢
and d) show that the cell population showing ‘luc-siRNA based MB’ fluorescence is not

statistically different in the presence or the absence of concanavalin A.

Confocal and z-stack micrographs of the ‘luc-siRNA based MB’ in the A549-Luc cell
line (Figure 5.7 e and f) show that the green dye of the FAM-MB appears into the
perinuclear region of the cells confirming binding to Luc-mRNA. However, it is appear
from the confocal results that the intensity of FAM-MB fluorescence in A549-Luc cells is
lower in comparison to results of control (cells treated with ‘luc-siRNA based MB’ in the
absence of concanavalin A). It should be noted that the confocal negative control
micrographs treated with ‘luc-siRNA based MB’ in the absence of inhibitors were only

performed once and the same micrographs will be presented in all used inhibitors.
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Figure 5.7: The effect of concanavalin A inhibitor on the luciferase knockdown of luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Concanavalin A (100 ug/ml) was pre-applied to cells for 30 min followed by exposure to
luc-siRNA-liposomes and ‘luc-SIRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of concanavalin A.
(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
concanavalin A), data represents the mean + SD (N=2, n=3), ns indicates the difference
is a non-statistically significant (p>0.05) compared to the control. (b) MFI and (¢) ‘Luc-
SIRNA based MB’ liposomes associated with cell population presented relative to the
control (cells without concanavalin A). Flow cytometry data assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD
(N=2, n=3), ns indicates the difference is non-statistically significant (p>0.05) compared
to the control. (d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile
assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells
appear grey, luc-siRNA based MB liposomes appear blue and liposomes treated with
concanavalin A appear red for three repeats. () Confocal microscopy micrographs of
‘luc-siRNA based MB’ liposomes in A549-Luc cells in the absence (upper micrographs)
and presence (lower micrographs) of concanavalin A. (f) Z-stack of ‘luc-SIRNA based
MB’ liposomes fluorescence in the presence of concanavalin A. ‘Luc-siRNA based MB’
liposomes appear green, whereas nuclei appear blue as stained with DRAQ5.
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5.3.3.2 Effect of Chlorpromazine Inhibitor

5.3.3.2.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Another inhibitor that is widely reported in the literature to inhibit the clathrin-mediated
pathway is chlorpromazine, which prevents formation of clathrin-coated pits at the
plasma membrane [15]. Figure 5.8 shows the effect of chlorpromazine inhibitor (20
pg/ml) on the cellular uptake of cy3-siRNA-liposomes in A549 cells. In contrast to the
concanavalin A data, the MFI results (Figure 5.8 a) show a significant decrease of cy3-
siRNA-liposomes fluorescence level in the presence of inhibitor, relative to control cells
without chlorpromazine. The flow cytometry results (Figure 5.8 b and c¢) demonstrate that
chlorpromazine produced a significant reduction in (p<0.0001) cell population with cy3-
SiRNA-liposomes, which was 66%, relative to the control cells (cells without
chlorpromazine). In agreement with flow cytometry data, confocal micrographs (Figure
5.8 d) indicates that the fluorescence of the red cy3-siRNA is reduced on chlorpromazine
treatment (lower micrographs), in comparison to untreated A549 cells (upper

micrographs).
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Chlorpromazine (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to
cy3-siRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of
1:1 for 4 hrs, in the presence of chlorpromazine.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without chlorpromazine). Flow cytometry data assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD
(N=2, n=3), ** and **** Indicate the difference is statistically significant (p<0.01 and
0.0001, respectively), compared to the control. (c) Histograms cellular uptake profile of
cy3-siRNA-liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000
cells/sample). Untreated cells appear grey, luc-siRNA based MB liposomes appear blue
and liposomes treated with chlorpromazine appear red for three repeats. (d) Confocal
microscopy micrographs of cy3-siRNA-liposomes uptake in A549 cells in the absence
(upper micrographs) and presence (lower micrographs) of chlorpromazine. Cy3-siRNA-
liposomes appear red, whereas nuclei appear blue as stained with DRAQS5.
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5.3.3.2.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.9 shows the effect of chlorpromazine inhibitor (20 pg/ml) on the luciferase
knockdown by luc-siRNA-liposomes in A549-Luc cells. The result of the luciferase assay
(Figure 5.9 a) demonstrates chlorpromazine’s effect on the clathrin pathway, as indicated
by reduced silencing effect of the liposomes in the inhibitor’s presence. The luciferase
knockdown in the presence of the inhibitor was dramatically reduced to only 5%, relative
to the silencing effect in control cells (cells without chlorpromazine, taken as 100%
silencing). The significant involvement of chlorpromazine inhibitor on the luciferase
silencing was confirmed by examine the intensity of green fluorescence of MB into
A549-Luc cells using flow cytometry and confocal microscopy. The flow cytometry data
of FAM-MB (Figure 5.9 b, ¢ and d) show that the MFI values and association of ‘luc-
siRNA based MB’ fluorescence with the cells were significantly reduced in the presence
of the inhibitor, in comparison to control cells (in absence of chlorpromazine). Confocal
micrographs of the ‘luc-siRNA based MB’ in the A549-luc cell line (Figure 5.9 e) show
that the green colour of FAM-MB (lower micrographs) appears at a lower level in

comparison to untreated A549-Luc cells (upper micrographs).
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Figure 5.9: The effect of chlorpromazine inhibitor on the luciferase knockdown of luc-
SiIRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Chlorpromazine (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to
luc-siRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol:DOPE ratio of 1:1 for 4 hrs, in the presence of chlorpromazine.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
chlorpromazine), data represents the mean + SD (N=2, n=3), **** |ndicates the
difference is a statistically significant (p<0.0001) compared to the control. (b) MFI and
(¢) ‘Luc-siRNA based MB’ liposomes associated with cell population presented relative
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to the control (cells without chlorpromazine). Flow cytometry data assessed by a
Beckman Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean +
SD (N=2, n=3), **** Indicates the difference is statistically significant (p<0.0001,
respectively), compared to the control. (d) ‘Luc-siRNA based MB’ liposomes
fluorescence histograms profile assessed by a Beckman Coulter MoFlo (minimum 10,000
cells/sample). Untreated cells appear grey, luc-siRNA based MB liposomes appear blue
and liposomes treated with chlorpromazine appear red for three repeats. (e) Confocal
microscopy micrographs of ‘luc-siRNA based MB’ liposome in A549-Luc cells in the
absence (upper micrographs) and presence (lower micrographs) of chlorpromazine.
‘Luc-siRNA based MB’ liposomes appear green, whereas nuclei appear blue as stained
with DRAQ5.
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5.3.4 Role of Pathways Involving Dynamin: Dynasore Inhibitor
5.3.4.1 Effect on cy3-siRNA-Liposomes™ Cellular Uptake

To investigate influenced by dynamin inhibition, dynasore, a dynamin inhibitor, was used
[16]. Figure 5.10 shows the effect of the inhibition of dynamin by dynasore inhibitor (20
pg/ml) on the cellular uptake of cy3-siRNA-liposomes in A549 cells. The flow cytometry
results (Figure 5.10 a) indicate that dynasore exhibited no significant effects (p>0.05) on
the cy3-siRNA fluorescence intensity of the measured cells incubated with inhibitor in
comparison to control cells. Moreover, Figure 5.10 b and ¢ show that dynamin inhibition
has no significant effect on the population of cells with cy3-siRNA-liposomes, relative to
the control cells (cells without dynasore). This is in agreement with the confocal
micrographs (Figure 5.10 d) that reveal that cy3-siRNA was internalised into cells in the
presence of the dynamin inhibitor (lower micrographs), and that the red fluorescence is of
comparable intensity with the results of the control cells without dynasore (upper

micrographs).
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liposomes in A549 cells
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Dynasore (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to cy3-
SiRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1
for 4 hrs, in the presence of dynasore.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without dynasore). Flow cytometry data assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3),
ns indicates the difference is non-statistically significant (p>0.05) compared to the
control. (c) Histograms cellular uptake profile of cy3-siRNA-liposomes assessed by a
Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
cy3-siRNA-liposomes appear blue and liposomes treated with dynasore appear red for
three repeats. (d) Confocal microscopy micrographs of cy3-siRNA-liposomes uptake in
A549 cells in the absence (upper micrographs) and presence (lower micrographs) of
dynasore. Cy3-siRNA-liposomes appear red, whereas nuclei appear blue as stained with
DRAQS5.
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5.3.4.2 Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.11 shows the effect of the inhibition of the dynamin-mediated pathway by
dynasore inhibitor (20 ug/ml) on the luciferase knockdown by luc-siRNA-liposomes.
Data from the luciferase assay (Figure 5.11 a) show that exposure to dynasore
significantly reduced the luciferase knockdown of luc-siRNA-liposomes (51% relative to
control, p<0.0001). The flow cytometry data (Figure 5.11 b, ¢ and d) show a significant
reduction in the MFI values and hence the ‘involvement’ of ‘luc-siRNA based MB’ with
targeted mRNA for cells incubated with dynasore in comparison to the control cells
(A549-Luc cells incubated with ‘luc-siRNA based MB’ liposomes in the absence of
dynasore). The population of cells with ‘luc-siRNA based MB’ is also reduced, relative to
untreated control. Confocal and z-stack micrographs of the ‘luc-siRNA based MB’ in
A549-Luc cells (Figure 5.11 e and f) confirm the effect of dynamin inhibition on the
luciferase mMRNA and shows that the green colour of the FAM-MB appeared in the
cytoplasmic region of the cells in the presence of dynasore, confirming binding to Luc-
mMRNA (lower micrographs), but the fluorescence is appears lower and in fewer cells,

compared to untreated A549-Luc cells (upper micrographs).

200



Chapter 5

a)

Endocytosis Mechanism of sSiRNA-Liposomes

dkdk

5

=

(=

(s}

(5]
w100
e
< 804

c

g 60
g ]
-

3 40

=

4

@ 204

@

s
& 0
C

3
-

£

8

=

=

=]

Q

@ 100
8=

38 =
@ c

88 60
G ©

§ & 40
= 20
[21]

= 0
b

[=}

o

>

Q

-

()
—

Luc-siRNA liposome
Without Dynasore

Luc-siRNA liposome
+ Dynasore

T
Luc-siRNA liposome
without Dynasore

T
Luc-siRNA liposome
+ Dynasore

[

T
Luc-siRNA MB liposome

without Dynasore

Luc-siRNA based MB

T
Luc-siRNA MB liposome
+ Dynascre

DRAQS5

A
20 pm

201

b)

d)

Cell Count

(V]
£
o
S
o 1004
28 o]
<5
8 60}
= N
x g P —
B o 404
o
E 204
—
o]
T 0 T T
s Luc-siRNAMB liposome Luc-siRNA MB liposome
without Dynasore + Dynasore
- -
Untreated A549-luc cells
—— Luc-siRNA based MB liposome
—— Liposome + Dynasore

\

1

\
o Frrmm T T T T T T T T T T T

10° 10’ 10° 167 10 1%

Fluorescence




Chapter 5 Endocytosis Mechanism of sSiRNA-Liposomes

Figure 5.11: The effect of dynasore inhibitor on the luciferase knockdown of luc-
SiRNA-liposomes and ‘luc-SiRNA based MB’ liposomes in A549-Luc cells

Dynasore (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-
SiIRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of dynasore.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
dynasore), data represents the mean + SD (N=2, n=3), **** Indicates the difference is a
statistically significant (p<0.0001) compared to the control. (b) MFI and (c) ‘Luc-SiRNA
based MB’ liposomes associated with cell population presented relative to the control
(cells without dynasore). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3), *** and
**** Indicate the difference is statistically significant (p<0.001 and 0.0001,
respectively), compared to the control. (d) ‘Luc-siRNA based MB’ liposomes fluorescence
histograms profile assessed by a Beckman Coulter MoFlo (minimum 10,000
cells/sample). Untreated cells appear grey, luc-siRNA based MB liposomes appear blue
and liposomes treated with dynasore appear red for three repeats. (e) Confocal
microscopy micrographs of ‘luc-siRNA based MB’ liposomes in A549-Luc cells in the
absence (upper micrographs) and presence (lower micrographs) of dynasore. (f) Z-stack
of ‘luc-siRNA based MB’ liposomes fluorescence in the presence of dynasore. ‘Luc-siRNA
based MB’ liposomes appear green, whereas nuclei appear blue as stained with DRAQS.
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5.3.5 Role of Caveolin-Mediated Endocytosis

5.3.5.1 Genistein Inhibitor

5.3.5.1.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Figure 5.12 shows the effect of the inhibition of caveolae pathways by genistein as a
tyrosine kinase inhibitor [17], on the cellular uptake of cy3-siRNA-liposomes in A549
cells. The flow cytometry results (Figure 5.12 a, b and c) indicate that genistein (15
pug/ml) did not have a significant effect on the MFI values and the cell population with
cy3-siRNA-liposomes, relative to the control A549 cells incubated with cy3-siRNA-
liposomes in the absence of genistein). The results of the flow cytometry were supported
by confocal microscopy (Figure 5.12 d). Confocal micrographs show that the red colour
of cy3-siRNA in the cytoplasmic region of the cells is fairly similar in fluorescence level
and appearance in both the absence and presence of genistein, upper and lower

micrographs, respectively.
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Figure 5.12: The effect of genistein inhibitor on the internalisation of cy3-siRNA-
liposomes in A549 cells
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Genistein (15 ug/ml) was pre-applied to cells for 30 min followed by exposure to cy3-
SiRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1
for 4 hrs, in the presence of genistein.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without genistein). Flow cytometry data assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3),
ns indicates the difference is non-statistically significant (p>0.05) compared to the
control. (c) Histograms uptake profile of cy3-siRNA-liposomes assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey, cy3-siRNA-
liposomes appear blue and liposomes treated with genistein appear red for three repeats.
(d) Confocal microscopy micrographs of cy3-siRNA-liposomes uptake in A549 cells in
the absence (upper micrographs) and presence (lower micrographs) of genistein. Cy3-
siRNA-liposomes appear red, whereas nuclei appear blue as stained with DRAQS5.
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5.35.1.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.13 shows the effect of the inhibition of tyrosine kinase and caveolae endocytosis
by genistein inhibitor (15 pg/ml) on the luciferase knockdown of luc-siRNA-liposomes in
A549-Luc cells. It is clear from the result of the luciferase assay (Figure 5.13 a) that
genistein did not demonstrate a significant effect (p>0.05) on the luciferase knockdown in
A549-Luc cells. The luciferase knockdown in the presence of the inhibitor was around
113% relative to the control cells (A549-Luc cells incubated with luc-siRNA-liposomes
in the absence of genistein). The flow cytometry data (Figure 5.13 b, ¢ and d) show that
genistein has no significant effect on the MFI values and the cell population exhibiting
‘luc-siRNA based MB’ fluorescence, in comparison to control cells (A549-Luc cells
incubated with ‘luc-siRNA based MB’ liposomes in the absence of genistein). Confocal
micrographs of the luc-MB in A549-Luc cells (Figure 5.13 e) show that the green colour
of the FAM-MB appeared in the cytoplasmic region of the cells, confirming the binding
to luc-mRNA (lower micrographs), and the green fluorescence of FAM-MB is roughly in

comparable intensity with the control cells without genistein.
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Figure 5.13: The effect of genistein inhibitor on the luciferase knockdown of luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Genistein (15 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of genistein.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
genistein), data represents the mean + SD (N=2, n=3), ns indicates the difference is non-
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statistically significant (p>0.05) compared to the control. (b) MFI and (c) ‘Luc-SIRNA
based MB’ liposomes associated with cell population presented relative to the control
(cells without genistein). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3), ns
indicates the difference is non-statistically significant (p>0.05) compared to the control.
(d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile assessed by a
Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
luc-siRNA based MB liposomes appear blue and liposomes treated with genistein appear
red for three repeats. (e) Confocal microscopy micrographs of ‘luc-siRNA based MB’
liposomes in A549-Luc cells in the absence (upper micrographs) and presence (lower
micrographs) of genistein. ‘Luc-siRNA based MB’ liposomes appear green, whereas
nuclei appear blue as stained with DRAQ5.
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5.3.5.2 Filipin Inhibitor

5.3.5.2.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Filipin is cholesterol sequestering agent that is commonly used to examine the
involvement of caveolae-mediated endocytosis in the uptake of siRNA-liposomes [18].
Figure 5.14 shows the effect of inhibition of caveolae-mediated endocytosis by filipin (20
pg/ml) on the cellular uptake of cy3-siRNA-liposomes in A549 cells. It is clear from the
flow cytometry results (Figure 5.14 a, b and c) that filipin produced a significant effect on
the MFI level and on population of cells with cy3-siRNA-liposomes, relative to untreated
control. The effect of filipin on the uptake of liposomes was supported by visualising the
red fluorescence of cy3-siRNA under the microscope in the presence and the absence of
inhibitor. Confocal micrographs of cy3-siRNA-liposomes cellular uptake in A549 cells
(Figure 5.14 d) show that the fluorescence of the red labelled siRNA that appears in the
cytoplasmic region of the cells after the application of the inhibitor (lower micrographs)

is of lower fluorescence than in the control cells without filipin (upper micrographs).
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Figure 5.14: The effect of filipin inhibitor on the internalisation of cy3-siRNA-
liposomes in A549 cells

Filipin (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to cy3-siRNA-
liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1 for 4
hrs, in the presence of filipin.
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(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without filipin). Flow cytometry data assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3),
** and *** |ndicate the difference is statistically significant (p<0.01 and 0.001,
respectively) compared to the control. (c) Histograms cellular uptake profile of cy3-
SiRNA-liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample).
Untreated A549 cells appear grey, cy3-siRNA-liposomes appear blue and liposomes
treated with filipin appear red for three repeats. (d) Confocal microscopy micrographs of
cy3-siRNA-liposomes uptake in A549 cells in the absence (upper micrographs) and
presence (lower micrographs) of filipin. Cy3-siRNA-liposomes appear red, whereas
nuclei appear blue as stained with DRAQ5.
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5.3.5.2.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.15 shows the effect of filipin inhibitor (20 pg/ml) on the luciferase knockdown
of luc-siRNA-liposomes in A549-Luc cells. The luciferase assay (in Figure 5.15 a) shows
no significant difference in silencing of untreated and filipin treated cells (filipin
knockdown ~ 102% compared to in the control cells (p>0.05), indicating that caveolae
pathway internalisation may not play a prominent role in the system’s silencing effect.
The flow cytometry results (Figure 5.15 b, ¢ and d) show that the application of filipin
inhibitor has no significant effect on the MFI values and the population of cells with
associated ‘luc-siRNA based MB’ fluorescence, in comparison to control cells (cells
without filipin). However, the confocal and z-stack micrographs of the ‘luc-siRNA based
MB’ in A549-Luc cells (Figure 5.15 e and f) show that the green dye of the FAM-MB
appears to be highly reduced in the presence of filipin in comparison to control A549-luc

cells treated with the ‘luc-siRNA based MB’ in the absence of inhibitor.
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f)
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Figure 5.15: The effect of filipin inhibitor on the luciferase knockdown of luc-siRNA-
liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Filipin (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-siRNA-
liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of 3.125:1 and
a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of filipin.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
filipin), data represents the mean £ SD (N=2, n=3), ns indicates the difference is non-
statistically significant (p>0.05) compared to the control. (b) MFI and (c) ‘Luc-SiRNA
based MB’ liposomes associated with cell population presented relative to the control
(cells without filipin). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3), ns
indicates the difference is non-statistically significant (p>0.05) compared to the control.
(d) ‘Luc-siRNA based MB’ liposomes fluorescence profile assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey, luc-siRNA based
MB liposomes appear blue and liposomes treated with filipin appear red for three
repeats. (e) Confocal microscopy micrographs of ‘luc-siRNA based MB’ liposomes in
A549-Luc cells in the absence (upper micrographs) and presence (lower micrographs) of
filipin. (f) Z-stack of ‘luc-siRNA based MB’ liposomes fluorescence in the presence of
filipin. ‘Luc-siRNA based MB’ liposomes appear green, whereas nuclei appear blue as
stained with DRAQ5.
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5.3.5.3 MBCD Inhibitor

5.3.5.3.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Figure 5.16 shows the effect of cholesterol depletion by MBCD inhibitor (300 pg/ml),
which depletes cell membrane associated cholesterol [19], on the cellular uptake of cy3-
SiRNA-liposomes. The results of the flow cytometry (Figure 5.16 a, b and c) indicate that
MRCD treatment reduced the MFI and the population of cy3-siRNA-liposomes associated
cells significantly (p<0.0001) relative to the control cells (cells without MRCD). The
results of the flow cytometry was confirmed using confocal microscopy (Figure 5.16 d)
which illustrate that the fluorescence of the red cy3-siRNA is reduced post-MRCD
treatment (lower micrographs) when compared to untreated A549 cells (upper

micrographs).
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Figure 5.16: The effect of MRCD inhibitor on the internalisation of cy3-siRNA-
liposomes in A549 cells

MPBCD (300 ug/ml) was pre-applied to cells for 30 min followed by exposure to cy3-
SiRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1
for 4 hrs, in the presence of the MECD.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without MBCD). Flow cytometry data assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD (N=2, n=3),
**** indicates the difference is statistically significant (p<0.0001) compared to the
control. (c) Histograms cellular uptake profile of cy3-siRNA-liposomes assessed by a
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Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
cy3-siRNA-liposomes appear blue and liposomes treated with MRCD appear red for three
repeats. (d) Confocal microscopy micrographs of cy3-siRNA-liposomes uptake in A549
cells in the absence (upper micrographs) and presence (lower micrographs) of MRCD.
Cy3-siRNA-liposomes appear red, whereas nuclei appear blue as stained with DRAQS5.
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5.3.5.3.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.17 shows the effect of MBCD inhibitor (300 pg/ml) on the luciferase knockdown
achieved by applying luc-siRNA-liposomes in A549-Luc cells. Data from the luciferase
activity assay (Figure 5.17 a) demonstrates that the MRBCD treatment resulted in a
dramatic reduction in the silencing effects by the liposomes. The luciferase knockdown in
the presence of the inhibitor was around 11% of the control (cells without MRCD,
p<0.0001), indicating a pronounced effect of MRCD and inhibit the pathway and prevent
luc-siRNA-liposomes from achieving high luciferase knockdown in A549-luc cells. The
flow cytometry results (Figure 5.17 b, ¢ and d) show reduced engagement of the ‘luc-
siRNA based MB’ with the target mRNA, in comparison to control cells. The inhibitory
effect of MRCD was further investigated using confocal microscopy, and the micrographs
of the ‘luc-siRNA based MB’ in A549-Luc cells (Figure 5.17 €) show the green colour of
the FAM-MB present in the perinuclear region of only few cells, although this is absent in

the majority of cells in the inspected sample.
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Figure 5.17: The effect of MBCD inhibitor on the luciferase knockdown of luc-siRNA-
liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

MPBCD (300 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-
SIRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of MRCD.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
MRCD), data represents the mean + SD (N=2, n=3), **** Indicates the difference is a
statistically significant (p<0.0001) compared to the control. (b) MFI and (c) ‘Luc-SiRNA
based MB’ liposomes associated with cell population presented relative to the control
(cells without MRCD). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean £ SD (N=2, n=3), ****
Indicates the difference is a statistically significant (p<0.0001) compared to the control.
(d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile assessed by a
Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
luc-siRNA based MB liposomes appear blue and liposomes treated with MRCD appear
red for three repeats. (e) Confocal microscopy micrographs of ‘luc-siRNA based MB’
liposomes in A549-Luc cells in the absence (upper micrographs) and presence (lower
micrographs) of MRBCD. ‘Luc-siRNA based MB’ liposomes appear green, whereas nuclei
appear blue as they were stained with DRAQ5.
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5.3.54 Nystatin Inhibitor

5.3.5.4.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Figure 5.18 shows the effect of inhibition of caveolae by sequestration of cholesterol
using nystatin inhibitor (20 pg/ml) [20], on the cellular uptake of cy3-siRNA-liposomes
in A549 cells. The flow cytometry results (Figure 5.18 a, b and c¢) demonstrate that
nystatin significantly reduced the MFI level and cell population with cy3-siRNA-
liposomes, relative to the control cells (cells without nystatin). Confocal micrographs
(Figure 5.18 d) reveal the cytoplasmic, diffuse presence of cy3-siRNA fluorescence in

some, while some cells show lack of visible cy3-siRNA.
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Figure 5.18: The effect of nystatin inhibitor on the internalisation of cy3-siRNA-
liposomes in A549 cells

Nystatin (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to cy3-
SiRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of 1:1
for 4 hrs, in the presence of nystatin.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without nystatin). Flow cytometry data assessed by a Beckman Coulter
MoFlo (minimum 10,000 cells/sample), and data represents the mean = SD (N=2, n=3),
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** and **** indicate the difference is statistically significant (p<0.01 and 0.0001,
respectively) compared to the control. (c) Histograms cellular uptake profile of cy3-
SIRNA-liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample).
Untreated cells appear grey, cy3-siRNA-liposomes appear blue and liposomes treated
with nystatin appear red for three repeats. (d) Confocal microscopy micrographs of cy3-
siRNA-liposomes uptake in A549 cells in the absence (upper micrographs) and presence
(lower micrographs) of nystatin. Cy3-siRNA-liposomes appear red, whereas nuclei
appear blue as stained with DRAQS5.
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5.3.5.4.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.19 shows the effect of nystatin inhibitor (20 pg/ml) on the luciferase knockdown
of luc-siRNA-liposomes. The results of the luciferase activity assay (Figure 5.19 a) show
that the nystatin treatment did not have a significant effect (p>0.05) on the luciferase
knockdown in A549-Luc cells, as the luciferase knockdown in the presence of the
inhibitor was around 106% compared to the control cells (A549-Luc cells without
nystatin). The data of flow cytometry (Figure 5.19 b, ¢ and d) show that the ‘luc-sSiRNA
based MB’ MFI levels and cellular association are similar in nystatin treated cells and the
control cells (A549-luc cells incubated with ‘luc-siRNA based MB’ liposomes in the
absence of nystatin). Confocal and z-stack micrographs of ‘luc-SiRNA based MB’ in
A549-luc cells (Figure 5.19 e and f) reveal an interesting appearance of green FAM-MB
fluorescence. It appears to form ‘doted rims’ at a distance from cell nuclei. Such
morphology was not seen for other inhibitors. The green fluorescence intensity of FAM-
MB appears to be reduced post-nystatin application in comparison to control cells without

inhibitor.
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Figure 5.19: The effect of nystatin inhibitor on the luciferase knockdown of luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Nystatin (20 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-
SiIRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of nystatin.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
nystatin), data represents the mean + SD (N=2, n=3), ns indicates the difference is non-
statistically significant (p>0.05) compared to the control. (b) MFI and (c) ‘Luc-SiRNA
based MB’ liposomes associated with cell population presented relative to the control
(cells without nystatin). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean £+ SD (N=2, n=3), ns
indicates the difference is non-statistically significant (p>0.05) compared to the control.
(d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile of ‘luc-SIRNA
based MB’ liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000
cells/sample). Untreated cells appear grey, luc-siRNA based MB liposomes appear blue
and liposomes treated with nystatin appear red for three repeats. (e) Confocal
microscopy micrographs of ‘luc-SIRNA based MB’ liposomes in A549-Luc cells in the
absence (upper micrographs) and presence (lower micrographs) of nystatin. (f) Z-stack of
‘luc-siRNA based MB’ liposomes fluorescence in the presence of nystatin. ‘Luc-SIRNA
based MB’ liposomes appear green, Whereas nuclei appear blue as stained with DRAQS5.
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5.3.6 Role of Macropinocytosis

5.3.6.1 EIPA Inhibitor

5.3.6.1.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

EIPA inhibits Na'/H" exchange and, consequently, lowers the sub-membranous pH of the
cells [21], and it is used in the literature to investigate the role of macropinocytosis
pathway. Figure 5.20 shows the effect of EIPA inhibitor (0.5, 1 and 2.5 pg/ml) on the
uptake of cy3-siRNA-liposomes in A549 cells. The flow cytometry results in Figure 5.20
a, b and ¢ show that EIPA was able to significantly reduce the MFI level and cell
population with cy3-siRNA-liposomes at all the tested concentrations. Confocal
micrographs of cy3-siRNA-liposome cellular uptake in A549 cells (Figure 5.20 d)
illustrate that the red siRNA appears in the cytoplasmic region of few cells in the
inspected sample, whereby the majority of the cells do not exhibit observable

fluorescence.
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Figure 5.20: The effect of EIPA inhibitor on the internalisation of cy3-siRNA-
liposomes in A549 cells

EIPA (0.5, 1 and 2.5 ug/ml) was pre-applied to cells for 30 min followed by exposure to
cy3-siRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-Chol:DOPE ratio of
1:1 for 4 hrs, in the presence of EIPA.

(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without EIPA). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean £ SD (N=2, n=3), **, ***
and **** indicate the difference is statistically significant (p<0.01, 0.001 and 0.0001,
respectively) compared to the control. (c) Histograms cellular uptake profile of cy3-
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SIRNA-liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample).
Untreated cells appear grey, cy3-siRNA-liposomes appear blue and liposomes treated
with EIPA appear red for three repeats. (d) Confocal microscopy micrographs of cy3-
siRNA-liposomes uptake in A549 cells in the absence (upper micrographs) and presence
(lower micrographs) of EIPA (0.5 ug/ml). Cy3-siRNA-liposomes appear red, whereas
nuclei appear blue as stained with DRAQ5.
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5.3.6.1.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.21 shows the effect of EIPA inhibitor (0.5, 1 and 2.5 ug/ml) on the luciferase
knockdown of luc-siRNA-liposomes in A549-Luc cells. At all applied concentrations, the
luciferase activity assay (Figure 5.21 a) shows that EIPA had a dramatic effect
(p<0.0001) on the luciferase knockdown. The luciferase knockdown in the presence of
the inhibitor was around 2% (for 0.5 pg/ml) and 1% (for 1 and 2.5 pg/ml) compared to
the control cells. The flow cytometry data (Figure 5.21 b, ¢ and d) illustrate that EIPA
reduced the MFI values and the cell population with ‘luc-siRNA based MB’ fluorescence
significantly in comparison to the control cells (cells without EIPA). Confocal
micrographs of the ‘luc-siRNA based MB’ in A549-Luc cells (Figure 5.21 €) show very
reduced fluorescence of the FAM-MB (lower micrographs) compared to untreated A549-

Luc cells (upper micrographs).
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Figure 5.21: The effect of EIPA inhibitor on the luciferase knockdown of luc-siRNA-
liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

EIPA (0.5, 1 and 2.5 ug/ml) was pre-applied to cells for 30 min followed by exposure to
luc-siRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of EIPA.
(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
EIPA), data represents the mean + SD (N=2, n=3), **** Indicates the difference is a
statistically significant (p<0.0001) compared to the control. (b) MFI and (¢) ‘Luc-SiRNA
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based MB’ liposomes associated with cell population presented relative to the control
(cells without EIPA). Flow cytometry data assessed by a Beckman Coulter MoFlo
(minimum 10,000 cells/sample), and data represents the mean £ SD (N=2, n=3), ****
Indicates the difference is a statistically significant (p<0.0001) compared to the control.
(d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile assessed by a
Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear grey,
luc-siRNA based MB liposomes appear blue and liposomes treated with EIPA appear red
for three repeats. (e) Confocal microscopy micrographs of ‘luc-siRNA based MB’
liposomes in A549-Luc cells in the absence (upper micrographs) and presence (lower
micrographs) of EIPA (0.5 ug/ml). ‘Luc-siRNA based MB’ liposomes appear green,
whereas nuclei appear blue as stained with DRAQ5.
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5.3.6.2 Cytochalasin D Inhibitor

5.3.6.2.1  Effect on cy3-siRNA-Liposomes™ Cellular Uptake

Figure 5.22 shows the effect of inhibition of macropinocytosis endocytosis by
cytochalasin D (2, 4 and 6 pg/ml), which is an actin filament depolymerising agent [22],
on the cellular uptake of cy3-siRNA-liposomes in A549 cells. The flow cytometry results
(Figure 5.22 a, b and c) show that cytochalasin D had no significant effect on the MFI of
cy3-siRNA-liposomes in A549 cells at a concentration 2 and 6 pug/ml, while at 4 pg/ml
the MFI is slightly reduced. Also, cytochalasin D had no significant effect on the
population of cy3-siRNA-liposomes associated A549 cells at a concentration of 4 and 6
pug/ml (~ 97% relative to the control cells, p>0.05), while at 2 pg/ml the effect is
statistically significant, however reduction is only 10% relative to the control (p<0.01).
The results of the flow cytometry were confirmed using confocal microscopy (Figure
5.22 d). Confocal micrographs show that the red labelled siRNA in the cytoplasmic
region of the cells is of lower fluorescence in the presence of cytochalasin D (lower

micrographs), compared to the control cells (upper micrographs).
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Figure 5.22: The effect of cytochalasin D inhibitor on the internalisation of cy3-
siRNA-liposomes in A549 cells

Cytochalasin D (2, 4 and 6 ug/ml) was pre-applied to cells for 30 min followed by
exposure to cy3-siRNA-liposomes prepared at an N/P ratio of 3.125:1 and a DC-
Chol:DOPE ratio of 1:1 for 4 hrs, in the presence of cytochalasin D.
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(@) MFI and (b) Cell population with cy3-siRNA-liposomes presented relative to the
control (cells without cytochalasin D. Flow cytometry data assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD
(N=2, n=3) ns indicates the difference is non-statistically significant (p>0.05) compared
to the control, * and ** indicate the difference is statistically significant (p<0.05and 0.01,
respectively) compared to the control. (c) Histograms cellular uptake profile of cy3-
SiRNA-liposomes assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample).
Untreated cells appear grey, cy3-siRNA-liposomes appear blue and liposomes treated
with cytochalasin D appear red for three repeats. (d) Confocal microscopy micrographs
of cy3-siRNA-liposomes uptake in A549 cells in the absence (upper micrographs) and
presence (lower micrographs) of cytochalasin D (2 ug/ml). Cy3-siRNA-liposomes appear
red, whereas nuclei appear blue as stained with DRAQS5.
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5.3.6.2.2  Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Figure 5.23 shows the effect of cytochalasin D inhibition (2, 4 and 6 pg/ml) on the
luciferase knockdown of luc-siRNA-liposomes in A549-Luc cells. The luciferase activity
assay data (Figure 5.23 a) show that cytochalasin D had no significant effect (p>0.05) on
the luciferase knockdown. The luciferase silencing in the presence of the inhibitor was
around 109% (for 2 pg/ml) and 120% (for 4 and 6 pg/ml) relative to the control cells (not
treated with the inhibitor). The flow cytometry results in Figure 5.23 b, ¢ and d illustrate
the MFI values and the cell population with ‘luc-SIRNA based MB’ fluorescence are not
affected by the presence of inhibitor in comparison to the control cells (cells without
cytochalasin D). Interestingly, confocal micrographs of the ‘luc-siRNA based MB’ in
A549-Luc cells (Figure 5.23 e) reveal a very high levels of green fluorescence of the
FAM-MB in some cells in the sample, whilst other cells do not seem to show observable
fluorescence, indicating heterogeneity in the cell population not seen in the flow

cytometry data.
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Figure 5.23: The effect of cytochalasin D inhibitor on the luciferase knockdown of luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc cells

Cytochalasin D (2, 4 and 6 ug/ml) was pre-applied to cells for 30 min followed by
exposure to luc-siRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an
N/P ratio of 3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of
cytochalasin D.
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(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
cytochalasin D), data represents the mean £ SD (N=2, n=3), ns indicates the difference is
non-statistically significant (p>0.05) compared to the control. (b) MFI and (c) ‘Luc-
SiRNA based MB’ liposomes associated with cell population presented relative to the
control (cells without cytochalasin D). Flow cytometry data assessed by a Beckman
Coulter MoFlo (minimum 10,000 cells/sample), and data represents the mean + SD
(N=2, n=3), ns indicates the difference is non-statistically significant (p>0.05) compared
to the control. (d) ‘Luc-siRNA based MB’ liposomes fluorescence histograms profile of
‘luc-siRNA based MB’ liposomes assessed by a Beckman Coulter MoFlo (minimum
10,000 cells/sample). Untreated cells appear grey, luc-siRNA based MB liposomes
appear blue and liposomes treated with cytochalasin D appear red for three repeats. (e)
Confocal microscopy micrographs of ‘luc-siRNA based MB’ liposomes in A549-Luc cells
in the absence (upper micrographs) and presence (lower micrographs) of cytochalasin D
(2 ug/ml). ‘Luc-siRNA based MB’ liposomes appear green, whereas nuclei appear blue as
stained with DRAQ5.
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5.3.7 Role of Endosomolytic Agent: Chloroquine
5.3.7.1 MTS Assay of Cell Viability on A549-Luc Cells

Chloroquine is an endosomolytic agent that inhibits the acidification of endosomal
vesicles by its osmotic effect and therefore disrupts vesicles [23]. This agent is commonly
used to confirm the involvement of endosomal vesicles in the internalisation process of
nanoparticles. Before exploring the effect of chloroquine on the cellular internalisation of
luc-siRNA-liposomes, MTS toxicity test was conducted to determine the optimal
concentration of chloroquine that is not toxic to A549-Luc cells for the duration of the 4
hrs of the liposomes treatment assay. Dose response curves (Figure 5.24) indicated that

the ECsg is approximately 286 pg/ml.
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Figure 5.24: Dose-response curves showing percentage relative cell viability of
chloroquine after incubation for 4 hrs with A549-Luc cells

Data are the results of an MTS assay and are expressed as relative cell viability and
presented as the mean £ SD (N=3, n=6). Dose response curves were generated using
GraphPad Prism (v6).
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5.3.7.2 Effect on luc-siRNA-Liposomes™ Luciferase Silencing

Chloroquine effect is normally investigated in cases of predominately clathrin route of
endocytosis leading to entrapment of material in endosomes and consequent lysosomal
deposition. Figure 5.25 shows the effect of chloroquine (100 pg/ml) on the luciferase
knockdown by luc-siRNA-liposomes in A549-Luc cells. The data (Figure 5.25 a) clearly
demonstrate that chloroquine treatment significantly doubled the luciferase knockdown,
relative to knockdown in the cells not treated with chloroquine. This would indicate a
significant importance of endosomal/ lysosomal trafficking route in the liposomes
internalisation in A549 cells. The MFI data in Figure 5.25 b which were determined
relative to the MFI value of negative control (A549-luc cells not treated with
chloroquine), and results show that approximately 7 fold increases in fluorescence signal
of the ‘luc-siRNA based MB’ in comparison to control. Confocal micrographs of the luc-
MB in A549-Luc cells (Figure 5.25 d) show an interesting presentation of the green
fluorescence of the FAM-MB in the chloroquine treated cells. The rims of green colour,
somewhat removed from the perinuclear region, can be seen together with some punctate

fluorescence.
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Figure 5.25: The effect of endosomolytic agent, chloroquine on the luciferase
knockdown of luc-siRNA-liposomes and ‘luc-siRNA based MB’ liposomes in A549-Luc

cells

Chloroquine (100 ug/ml) was pre-applied to cells for 30 min followed by exposure to luc-
SiRNA-liposomes and ‘luc-siRNA based MB’ liposomes prepared at an N/P ratio of
3.125:1 and a DC-Chol: DOPE ratio of 1:1 for 4 hrs, in the presence of chloroquine.

(a) Luciferase knockdown of luc-siRNA-liposomes relative to the control (cells without
chloroquine), data represents the mean + SD N=2, n=3), **** Indicates the difference is
a statistically significant (p<0.0001) compared to the control. (b) MFI of ‘Luc-SIRNA
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based MB’ liposomes presented relative to the control (cells without chloroquine). Flow
cytometry data assessed by a Beckman Coulter MoFlo (minimum 10,000 cells/sample),
and data represents the mean + SD (N=2, n=3), **** Indicates the difference is a
statistically significant (p<0.0001) compared to the control. (¢) ‘Luc-siRNA based MB’
liposomes fluorescence histograms profile of ‘luc-siRNA based MB’ liposomes assessed
by a Beckman Coulter MoFlo (minimum 10,000 cells/sample). Untreated cells appear
grey, luc-siRNA based MB liposomes appear blue and liposomes treated with chloroquine
appear red for three repeats. (d) Confocal microscopy micrographs of ‘luc-SiRNA based
MB’ liposomes in A549-Luc cells in the absence (upper micrographs) and presence
(lower micrographs) of chloroquine. ‘Luc-SIRNA based MB’ liposomes appear green,
whereas nuclei appear blue as stained with DRAQ5.
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Table 5.3: Summary of the quantitative effect of pharmacoligical inhibitors on endocytosis pathways.

Effect on cellular uptake Effect on luciferase silencing Effect on MB engagement with luc-mRNA

Inhibitors (Flow cytometry) (Luciferase assay) (Flow cytometry)
Concanavalin A ns (p>0.05) ns (p>0.05) ns (p>0.05)
Chlorpromazine | (p<0.01) | (p<0.0001) } (p<0.0001)

Dynasore ns (p>0.05) | (p<0.0001) } (p<0.002)

Genistein ns (p>0.05) ns (p>0.05) ns (p>0.05)

Filipin | (p<0.01) ns (p>0.05) ns (p>0.05)

MRCD | (p<0.0001) | (p<0.0001) } (p<0.0001)

Nystatin | (p<0.01) ns (p>0.05) ns (p>0.05)
1 2.5 pg/ml (p<0.0001)

EIPA } 1 pg/ml (p<0.001) } (p<0.0001) } (p<0.0001)

Cytochalasin D

Chloroquine
(Endosomolytic agent)

l 0.5 pg/ml (p<0.01)
| at 4 pg/ml (p<0. 05)

ns (p>0.05)

1 (p<0.0001)

* ns (no significant effect), | (significant inhibition), and 1 (significant increase).
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5.4 Discussion

To date, the cellular internalisation pathways of siRNA-liposomes has not been
extensively studies and more systematic studies are needed to provide better
understanding [31]. Recent work has reported that siRNA-liposomes enter cells via
endocytosis pathways [32]-[34]. More specifically, it has been stated that cationic
liposomes (containing helper lipid) are internalised by the clathrin-mediated pathway,
leading to successful gene knockdown due to the interaction of positively charged lipids
with the anionic components of endosomal membrane that leads to the material escape
from endosomal vesicles [35]. However, it has been highlighted that the caveolae-
mediated pathway plays an essential role in successful gene delivery due to avoiding the
‘entrapment’ in endosomes and lysosomes [13], [36]. Another investigations of siRNA-
liposomes add to complexity by demonstrating that the internalisation pathway of any
delivery system depends on the cell line type used [13], [37], [38]. Therefore, the actual
mechanisms by which siRNA-liposomes internalise into the alveolar epithelium are

poorly defined in literature.

To explore which mechanism of endocytosis is responsible for the internalisation and
trafficking of a gene delivery vectors, pharmacological inhibitors of endocytosis is a
commonly used approach [39], [40]. There are a number of advantages in using this
approach, such as the ease of application (cells treatment) and the fact that their influence
can be simply measured. However, the cytotoxic effect of inhibitors is one of the main
draw backs, although this is mainly dependent upon cell type and the concentration
applied [15]. Additional approaches that can be used to examine the mechanism of
endocytosis include the use of dominant-negative mutants and RNA interference

technology to compete with and downregulate the expression of endogenous proteins
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involved in endocytosis [41]. These technologies are theoretically advantageous, however
they are complex to perform, and very few studies are reported the use of these
approaches to study cellular internalisation of nanoparticles. Consequently, multiple
inhibitors were used in this work for each pathway in order to be able to consider the

selectivity of some inhibitors on the endocytosis pathway.

Before investigating the mechanism of endocytosis of a sSiRNA-liposome delivery system,
it is essential to examine the cytotoxicity effect of the selected inhibitors on A549 and
A549-Luc cells in order to determine the non-toxic concentrations of inhibitors. Cell
viability was examined after 4 hrs exposure to the endocytosis inhibitors; concanavalin A,
chlorpromazine, dynasore, genistein, filipin, MBCD, nystatin, EIPA and cytochalasin D.
The concentrations range of inhibitors applied were nearly similar to those reported in
other endocytosis studies [15], [42], [43]. It is clear from the results of the MTS screening
presented in Sections 5.3.1.1 and 5.3.1.2 that the cellular viability of both cell lines
decreased with an increase in the concentration of inhibitors, and non-toxic doses of the

inhibitors were used in the subsequent investigations.

It was also necessary to investigate the specificity of clathrin and caveolin pathways
inhibitors against the ‘classical’ pathway ligands and determine the optimal sub-ECsg
concentrations that produce successful pathway inhibition in A549 and A549-Luc cells.
A549 cells are known to express clathrin and caveolin-1 protein, which are essential for
the formation of clathrin and caveolae coated pits and invaginations, and hence A549
cells should be capable of clathrin and caveolae-mediated endocytosis [28]. To this end,
the inhibitory effect of selected inhibitors were examined in A549 and A549-Luc cells to

evaluate the cellular uptake of two classical ligands, Tf and CTB, which are reported in

245



Chapter 5 Endocytosis Mechanism of sSiRNA-Liposomes

the literature as being internalised selectively into cells through clathrin and caveolin-
mediated endocytosis, respectively [44]. The cholera toxin ligand used in this work is a
recombinant version of the B subunit only, which free of the cytotoxic A subunit. The B
subunit has been shown to be non-toxic to cells in culture and possesses no intrinsic
adenylate cyclase activity in the absence of the A subunit [45]. Effect of all the selected
inhibitors on internalisation of the endocytosis markers was tested, except for EIPA and
cytochalasin D, which are reported to be involved in the macropinocytosis mechanism. It
should be noted that dextran, commonly used in the literature as a macropinocytosis
marker, has been reported not to be a solely specific ligand for this internalisation
pathway [46]. Therefore, EIPA and cytochalasin D inhibitors were used at three different
sub-ECsp concentrations to investigate cy3-siRNA-liposome cellular uptake and luc-

SiRNA-liposome luciferase knockdown.

The cellular uptake of Alexa fluor 488 Tf in the presence of concanavalin A (100 pg/ml)
and chlorpromazine (20 pg/ml) were inhibited significantly in both A549 and A549-Luc
cells. These results are in agreement with published data that have demonstrated that high
inhibition of Tf internalisation can be achieved by clathrin-mediated endocytosis
inhibitors, concanavalin A and chlorpromazine in monkey kidney fibroblast-like cell line
(Cos-7) [47]. Moreover, it is clear from the current data that the inhibitory effect is
increased with a corresponding increase in the concentration of inhibitors; a maximum

effect was achieved with the concentrations shown above.

For cells treated with dynasore (20 pg/ml), the internalisation of both Tf and CTB was
decreased significantly in both A549 cells and A549-Luc cells. Dynasore has been

identified to be involved in the inhibition of the ‘pinch off’ of clathrin and caveolin
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coated pits from the cell membrane by blocking the GTPase activity of dynamin, and
hence dynamin-dependent endocytosis in cells [48], [49]. It has been reported that the
uptake, trafficking, and intracellular accumulation of transferrin and cholera toxin were
all strongly blocked in HeLa and BSC1 cells, respectively, pre-incubated for 30 min with
dynasore inhibitor [16]. Similar to concanavalin A and chlorpromazine, the inhibitory
effect is increased with a corresponding increase in the concentration of dynasore; a

maximum effect was achieved with 20 pg/ml.

The internalisation of CTR was reduced significantly in the presence of caveolae-
mediated endocytosis inhibitors: genistein (15 pg/ml), filipin (20 pg/ml), MBCD (300
pg/ml) and nystatin (20 ug/ml) in both A549 cells and A549-Luc cells. Genistein has
been reported to be involved in the inhibition of the caveolae-dependent pathway and is a
tyrosine Kkinase inhibitor, therefore inhibiting caveolae pinching [17]. Research by
Torgersen et al. stated that when CHC cells were incubated with the tyrosine kinase
inhibitor genistein (100 pg/ml), the uptake of CTR was reduced by 35% [26]. Filipin,
MRCD and nystatin are also reported to inhibit the same pathway (and lipid rafts) through
cholesterol binding and depletion from the cell membrane forming inclusion complexes
[30], [40], [44]. Treating Caco-2 cells with filipin inhibitor shows that 33% of CTR was
internalised by filipin-treated cells within 1 hr [50]. It has been reported that the
treatment of Caco-2 cells with MBCD resulted in a significant reduction in CTB cellular
uptake [26]. Nystatin inhibitor demonstrated to inhibit the internalisation of CTR in
MDCK, and Calu-1 cells [51]. In agreement with the inhibitors of clathrin and dynamin
dependent pathways, the inhibitory effect of caveolae-mediated endocytosis inhibitors is
concentration dependent; a maximum effect was achieved with the concentrations shown

above.
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Based on the results of the MTS screening and the uptake of pathways markers using
A549 and A549-Luc cells, concentrations of the inhibitors were selected for use in
investigating the mechanism of endocytosis of siRNA-liposomes. These concentrations
show a low cytotoxic effect with a significant inhibition of specific ligands, and are

summarised in Table 5.2.

To investigate the internalisation and trafficking pathways followed by siRNA-liposomes,
a panel of endocytic inhibitors were applied for each endocytosis pathway in order to
increase the significance of the study and to enable the consideration of the different
mechanisms involved in each pathway. Concanavalin A is a lectin that interferes with the
signalling of transmembrane G protein-coupled receptors located on the surface of cells
[41], and therefore prevents the assembly of clathrin coated pits and impairs their
movement through the cell membrane [14]. Chlorpromazine is clathrin-dependent
endocytosis inhibitor which is used to inhibit clathrin coated pit formation through
reversible translocation of clathrin and its adapter proteins from the plasma membrane to
intracellular vesicles [15], [52]. Applying two clathrin-mediated inhibitors to examine the
uptake and trafficking routes followed by cy3-siRNA or luc-siRNA-liposomes in A549

and A549-Luc cells, respectively, showed apparently contradictory results.

Regarding concanavalin A (100 pg/ml) flow cytometry data show that concanavalin A-
mediated inhibition of clathrin-dependent endocytosis had no significant effect on the
uptake of the liposomes and on luciferase knockdown. However, the confocal
micrographs revealed an apparent reduction in the fluorescence intensity of cy3-siRNA

and FAM-MB fluorescence on incubation of A549 and A549-Luc cells, respectively, with
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concanavalin A. The reason behind the contradiction between flow cytometry data and
confocal images is not clear at this stage. It should be emphasized here that confocal
microscopy was conducted only on one sample for each inhibitor applied (as per work
and cost burden of this analysis), and that additional measurements will be essential to
validate the results of cellular uptake and MB fluorescence. On the contrary, flow
cytometry experiments were repeated on at least three separate occasions and a minimum

of 10,000 cells were analysed for each sample, making this analysis more representative.

Regarding chlorpromazine inhibition of clathin, it showed, in contrast to the results of
concanavalin A, a significant inhibition of cy3-siRNA cellular uptake, as well as MB
fluorescence and luciferase silencing in A549 and A549-Luc cells, respectively.
Moreover, lower fluorescence intensity of both cy3-siRNA and FAM-MB has been found
on chlorpromazine treatment under confocal microscope examination, in comparison to
control cells without inhibitor, confirming the effect of chlorpromazine on clathrin
pathway. The chlorpromazine data would therefore suggest that SsiRNA-liposomes

internalization employs clathrin-mediated entry route in A549 cells.

The effect of both inhibitors on the internalisation of nanoparticles has been reported in a
number of studies, but variable results depending on applied nanoparticles and cell lines
used makes a comparison difficult. Concanavalin A application (100 pg/ml) reduced the
cell internalisation of sSiRNA-polyplexes in A549 cells to approximately 50% of untreated
cells [13]. In case of chlorpromazine, it has been reported that the internalisation of FITC-
albumin and DOTAP lipoplex was reduced in the presence of inhibitor in A549 cells [44],
[53]. However, to the best of our knowledge, there is no report that uses both of these

inhibitors in one study that can be compared with the current data. We hypothesise that
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the different effects of these two inhibitors shown in this study could possibly be due to
different mechanisms they use to affect the clathrin-mediated pathway but a further

investigation is needed to confirm that.

Our results suggest that the incorporation of an endosomolytic agent into the siRNA
delivery system where the dominant cellular internalisation pathway involves clathrin
may be beneficial to supplement the silencing efficiency, but such functionality could be
purposeless in non-clathrin cell internalisation pathways. Chloroquine is a endosomolytic
agent that prevents endosome acidification and facilitates endosomal escape of delivery
systems [23], and it was used in this work to explore its influence on the luciferase
knockdown. Chloroquine has been proved to facilitate the disruption of endosomal
vesicles and therefore the escape of nanoparticles from acidic compartments into the
cytoplasmic region of cells. The level of luciferase silencing increased significantly in the
presence of chloroquine in comparison to control A549-Luc cells. Data thus indirectly
point to a principally clathrin-mediated internalisation of siRNA-liposomes by A549
cells, whereby the silencing efficiency is enhanced by the endosomolytic action of
chloroquine. It has been reported that chloroquine promoted endosomal escape and
increases the transfection efficiency of a Tat-lipid nanocarrier in MC3T3-E1 cells (mouse
preosteoblasts) [54]. Cellular internalisation of siRNA-polyplexes in Calu-3 post-
chloroquine treatment shows a significant increase in the silencing efficiency, from 33%

to 66% of the control in Calu-3 [13].

Dynamin protein plays an important function in the regulation of both clathrin and
caveolae-mediated pathways of endocytosis. It is involved in the newly formed

intracellular invagination to pinch off from the cell membrane and form intracellular
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vesicles [55]. Dynasore inhibits the GTPase activity of dynamin and therefore prevents
the release of clathrin- and caveolin-coated vesicles [48]. The effect of dynasore (20
ug/ml) on the uptake of siRNA-polyplexes in A549 cells has been investigated and result
reported that dynasore reduced the internalisation of polyplexes significantly in A549
cells [13]. The data of flow cytometry and confocal microscopy presented demonstrate no
significant reduction in the uptake of cy3-siRNA-liposomes in A549 cells. However, the
data for the luciferase knockdown showed that dynasore had a significant effect on the
silencing activity, showing by significant reduction of luciferase silencing and lower
fluorescence intensity of FAM-MB under the microscope. The apparent contradiction of
these results on the effect of dynasore on cy3-siRNA uptake and luciferase silencing may
actually indicate the luc-siRNA-liposomes are internalised by the cells but that the formed
endosomal vesicles was °‘stuck’ to the cell membrane, whereby small amount of
siRNA/liposomes was able to escape the vesicles and bind the cytoplasmic mRNA to
perform the knockdown activity. The data for MB-liposomes indeed indicate engagement
of the beacon siRNA to cytoplasmic target mMRNA (Figure 5.11). It should be also noted
that Andar et al. reported that liposomes with a hydrodynamic diameter larger than 40 nm
are usually not affected by the inhibition of the dynamin-dependent pathway [56], the
phenomenon that was confirmed in the current study (liposomes of approximately 200 nm

in diameter).

Inhibition of the caveolae-mediated pathway has been investigated in this work via
suppression of the enzyme protein tyrosine kinase using genistein inhibitor, which
interferes with lipid raft dependent endocytosis within the caveloin pathway [39]. It is
important to note that the intracellular trafficking pathway following caveolae-mediated

endocytosis within a cell is much less well understood than the clathrin-mediated
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mechanism and is subject to controversy within the literature [30]. The caveolar pathway
has been proposed to be advantageous over the clathrin-mediated pathway due to the
avoidance of the acidic environment of endosomal vesicles and lysosomes following
clathrin uptake [57]. Caveolae ‘pinch off’ to form pH neutral, non-degradative endocytic
organelles known as caveosomes [57]. It has been reported that caveolae pathway is
involved in the uptake of liposomes, as judged from decrease the internalisation of
lipoplexes in the presence of genistein in Hep-2 cell line [58]. Moreover, the genistein
inhibitor exhibited a significant reduction on the internalisation and transfection of PEI
polyplexes in both A549 and HelLa cells [53]. Additional study on A549 cells showed
significant reduction on the internalisation of SiRNA-polyplexes in the presence of
genistein by approximately 35% relative to untreated cells [15]. In contrast, a study by
Rejman et al. reported that genistein had no significant effect on the internalisation and
transfection of DOTAP lipoplexes in A549 and HelLa cells [53], and suggested that the
caveolae-dependent pathway did not play an essential role in the transmembrane transport
of liposome delivery systems. The results from current work show that genistein
exhibited no significant reduction in the cellular uptake of cy3-siRNA and in luciferase
knockdown by luc-siRNA-liposomes. The data further show similar levels of
fluorescence to untreated cells and clear presence of green fluorescence of luc-siRNA-
MB-liposomes in cytoplasm of A549-Luc cells indicating luc-siRNA-MB engagement
with target mRNA, as confirmed using flow cytometry and confocal microscopy. We
hypothesise that the contradictory effects of genistein reported in literature indicate that
the involvement of caveolae-mediated pathway on the internalisation of nanoparticles
could be mainly dependent on the nature of delivery system applied as well as the type of

cells used to perform the in vitro study [13].

252



Chapter 5 Endocytosis Mechanism of sSiRNA-Liposomes

Caveolae are invaginations of the plasma membrane that are believed to be localised in
lipid rafts which are rich in cholesterol [59]. Cholesterol is considered essential for
caveolae-mediated endocytosis and is also important for the clathrin-mediated pathway
and macropinocytosis. Hence, although cholesterol depletion approach is often used
strategy to investigate the caveolae-mediated and lipid raft mediated pathways; one needs
to be cautions of other effects on the cells that this treatment may elicit. A number of
inhibitors have been reported in the literature as depleting cholesterol from the plasma
membrane, through extraction of cholesterol from lipid rafts, such as MBCD [55] or by
interacting with cholesterol, such as filipin and nystatin. MBCD is a cyclic hepta-
saccharide cholesterol-solubilising agent that can remove cholesterol from the plasma
membrane by forming soluble cholesterol inclusion complexes [60], thus changing the
structure of cholesterol rich domains within the membrane [61]. Hauth et al. reported that
cellular uptake of liposomes was significantly reduced in the presence of MBCD in two
cell lines, COS-7 and HUVEC [62]. In the current work, cellular internalisation and
luciferase silencing effect were both significantly reduced in the presence of MBCD,
although the stronger effect on the silencing is evident and further confirmed using luc-
SiRNA-MB-liposomes which show low levels of SIRNA engagement with target sSIRNA
in both flow cytometry and confocal microscopy. The results would hence indicate an
important role of cholesterol rich domains within the membrane and lipid raft associated

pathway on the endocytosis internalisation mechanism of siRNA-liposomes.

Filipin is a polyene antibiotic and interacts with 3-h-hydroxysterols, such as cholesterol,
in the plasma membrane to form filipin-sterol complexes [62]. Filipin is considered a
specific inhibitor for the caveolae pathway and its mechanism of action does not involve

interference with cholesterol present within clathrin coated pits [63]. Nystatin is a
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selective lipid raft/caveolae pathway inhibitor that profoundly disrupts the structure and
functions of cholesterol rich membrane domains by binding to cholesterol within the
plasma membrane [20]. A study on DOTAP/DNA lipoplexes demonstrated that filipin
had no significant effect on internalisation in A549 and HelLa cells [64]. Another study
using COS-7 and HUVEC cell lines, indicated that incubating the cells with filipin for 60
min pre-addition of the liposomes decreased uptake in both cell lines, but a 30 min pre-
incubation did not result in an equivalent response, implying that the effect of some
inhibitors are rapidly reversible and the incubation time may depends on inhibitors
applied and the type of cell line [62]. Applying filipin and nystatin inhibitors to A549
cells in the current study showed a statistically significant decrease in cy3-siRNA-
liposome internalisation and low fluorescence of red cy3-siRNA, but to a lesser extent
when compared to MBCD. Interestingly, no significant influence for either inhibitor was
noted on the luciferase knockdown in A549-Luc cells. These inhibitors also did not show
significant reduction in level of luc-siRNA-MB fluorescence in the cells (flow cytometry
data), although the confocal microscopy images illustrate an interesting fluorescence
distribution in the cells. These together would indicate that ‘maximum’ level of cellular
uptake of the liposomes is not crucial to perform similar level of sSiRNA engagement with
target luciferase mMRNA and protein silencing activity. The results demonstrate the
involvement of cholesterol rich domains within the membrane on the cellular

internalisation pathway of sSiRNA-liposomes.

The macropinocytosis mechanism of endocytosis was investigated in this work using
EIPA and cytochalasin D inhibitors [65]. EIPA is a specific inhibitor of macropinocytosis
through inhibition of Na*/H" exchange and reducing the sub-membranous pH [66]. EIPA

makes the sub-membrane cell cytoplasm more alkaline, and this leads to the
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disappearance of ruffles and a decrease in the fluid phase mediated cell uptake [21]. It has
been reported that the internalisation of liposomes was reduced significantly after
blocking the macropinocytosis pathway in murine bladder tumour cells (MBT-2) using
EIPA [66]. In contrast, Ruyar et al. demonstrated that the uptake of liposomes in
Zebrafish ZFL cells was not affected by the presence of EIPA inhibitor [67]. The data
presented here is in agreement with the former two studies and show that the cellular
uptake and luciferase silencing of cy3-siRNA-liposomes and luc-siRNA-liposomes,
respectively, were both significantly reduced after incubating A549 and A549-Luc cells
with EIPA. This finding suggests that macropinocytosis has a significant involvement in

the endocytosis pathway of the cationic liposome used in this work.

Cytochalasin D is an actin filament depolymerising agent that inhibits macropinocytosis
by binding to the positive termini of actin filaments and preventing the elongation of
microfilament [68]. A study conducted by Huth et al. demonstrated that the
internalisation of pH-sensitive liposomes was significantly inhibited by cytochalasin D in
HUVEC cells (human endothelial cells from umbilical cords), whereas uptake in COS-7
cells (monkey kidney carcinoma cells, SV 40 transformed) did not appear to be
influenced by cytochalasin D [62]. The effect of cytochalasin D (2 ug/ml) on the uptake
of siRNA-polyplexes in A549 cells has been examined and result showed small but
significant internalisation reduction of delivery system in the presence of cytochalasin D
[13]. The data in current study reveal that the application of cytochalasin D to A549 cells
has no significant effect on the cellular uptake of cy3-siRNA-liposomes in A549 cells
(although data indicate some reduction) or on the luciferase knockdown and luc-siRNA-

MB fluorescence in A549-Luc cells.

255



Chapter 5 Endocytosis Mechanism of sSiRNA-Liposomes

It should be mentioned that the assessment of MB in current work using the flow
cytometry and confocal microscopy is limited by non-using of ‘scrambled siRNA based
MB’ liposomes as negative control which is essential to distinguish between specific and
non-specific binding effects of ‘luc-siRNA based MB’ with Luc-mRNA. Moreover, the
analysis of non-specific fluorescence of FAM-MB by using the normal A549 cells
without the luciferase mRNA is important to confirm that the green fluorescence detected
is due to the successful engagement of FAM-MB with the targeted mRNA and not due to

the non-specific binding of MB or the degradation by ribonuclease enzyme.

It is worth noting that at this time no studies comparing the mechanism of endocytosis in
terms of cellular uptake and transfection efficiency of siRNA-liposomes into A549 cells
have been published. This fact highlights the value of this present study and the need for

further investigation in the future.

5.5 Conclusions

The work in this chapter has focused on the investigation of the actual endocytic
mechanism(s) of a siRNA-liposome delivery system into A549 cells using
pharmacological inhibitors. The data show a significant role of clathrin-mediated pathway
on cellular uptake and consequent luciferase silencing effect of siRNA-liposomes into
A549 cells, whereas caveolae dependent pathway does not appear to be significantly

involved in the internalisation of tested cationic liposomes.

The level of luciferase silencing in A549-Luc cells can almost be doubled through the use

of the endosomolytic agent, chloroquine, indicating that the clathrin-mediated pathway,

256



Chapter 5 Endocytosis Mechanism of sSiRNA-Liposomes

leading to lysosomal compartment, is indeed important route for internalisation and

silencing of the investigated liposomal system.

In addition to clathrin pathway, depletion of cholesterol from the plasma membrane,
through extraction of cholesterol from lipid rafts, significantly affected the internalisation
of siRNA-liposomes as well as knockdown process, indicating the importance of lipid
rafts for the system internalization. A major involvement of macropinocytosis in the
internalisation and silencing of the siRNA-liposomes formulations was confirmed and
emphasize that the internalization of the system may be occurring by a combination of

different pathways.

Overall, the work in this chapter demonstrates that knowledge on cell trafficking

processes is essential in deciding the design parameters of siRNA delivery systems.
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Chapter 6 - Candidate Target Genes in NSCLC

6.1 Introduction

Lung cancer is one of the most common and serious types of cancer, usually stimulated
by endogenous and exogenous factors, although through different mechanisms [1]. Lung
cancer is the leading cause of cancer related deaths in the US, with a median 5-years
survival rate of only 5% [2]. NSCLC accounts for approximately 85% of lung cancers,
with diagnosis often made in the advanced stages of the disease [3], when chemotherapy
is considered ineffective or excessively toxic. A number of components of the epithelium
have been revealed to be involved in the tumour progression mechanism for a wide range
of cancer types, including lung cancer [5], [6]. It has been stated that a number of
epithelial membrane proteins could be significant constituents of lung cancer
development in humans [7], and strategies to develop new therapies involve targeting

such proteins in advanced NSCLC.

Epidemiological studies have demonstrated that an alteration in the expression of certain
genes in epithelial cells genome may have an essential role in cancer development [8].
Furthermore, there is a solid evidence that the progression of cancer is based mainly on
modifications to the protein expression pattern of certain genes [9], hence a good

understanding of the involvement of gene up- or down-regulation during the cancer
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development process could lead to the discovery of a novel therapeutic strategy with

clinical applications.

Recently, various studies have established that the alteration in expression profile of
certain ‘key’ proteins is a central feature of the pathophysiology of lung cancer [10]-[12].
The literature reports several genes, shown in Table 6.1, which may play paramount roles
in the development and progression of NSCLC. It can be hypothesised that these genes

play vital roles in the modulation of cell behaviour and proliferation.

Epidermal growth factor receptor (EGFR) is a trans-membrane glycoprotein with an
extracellular epidermal growth factor binding domain and an intracellular tyrosine kinase
domain that regulates signalling pathways to control cellular proliferation [13].
Overexpression of EGFR has been reported and implicated in the pathogenesis of many

human malignancies, including NSCLC [14].

The rearrangements in the anaplastic lymphoma kinase (ALK) gene and the echinoderm
microtubule-associated protein-like 4 (EML4) gene was first described by Soda and
colleagues in 2007 [15], and are found in approximately 4%-7% of NSCLC tumours
[16]. EML4-ALK rearrangement was identified as an oncogene and EML4-ALK fusion

protein was found to possess transforming activity and oncogenic potential [15].

The Kirsten rat sarcoma viral oncogene homolog (KRAS) is the most frequently mutated

oncogene in NSCLC [17]. KRAS is a member of the ras gene family which encodes small

G proteins with intrinsic GTPase activity, which normally leads to protein inactivation
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and activates downstream effectors involved in multiple pathways including proliferation,

differentiation and apoptosis [18].

The Erb-B2 Receptor Tyrosine Kinase 2 gene (ERBB2) has been identified as an
oncogenic driver in different types cancers, and somatic mutations in ERBB2 have been
reported in 1% to 2% of patients with lung adenocarcinoma [19]. The v-raf murine
sarcoma viral oncogene homolog B1 gene (BRAF) is a member of the RAF Kkinase
family, belongs to the group of serine-threonine kinases and plays vital role in mitogen-
activated protein kinase (MAPK) pathways. Mutations in BRAF were found in 1-3% of

NSCLC patients [20].

Mesenchymal-epidermal transition gene (MET) has been identified as abnormally
overexpressed, potentially having activating mutations, and amplified in lung cancers.
MET has been implicated in several oncogenic processes including cell proliferation,
survival, invasion, motility, and metastasis [21]. MET has recently emerged as a
promising target, and ongoing trials will clarify the role of anti-MET strategies in NSCLC

[22].

AKT Serine/Threonine Kinase 1 (AKT1) has reported to play an important role in the
regulation of the process of cell survival, growth, and migration in NSCLC cells, and the
inhibition of AKT1 genes could be used as a strategy for the treatment of NSCLC [23].
The phosphatidylinositol 3-kinases (PI3K) play a pivotal role in cell metabolism and
proliferation, affecting both cancer and metabolic disorders [24]. Somatic mutations of
the PIK3CA gene have been described in NSCLC, but limited data is available on their

biological relevance [25].
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Discoidin domain receptor 2 (DDR?2) is a receptor tyrosine kinase which binds collagen

as its endogenous ligand and has been previously shown to promote cell migration,

proliferation and survival when activated by ligand binding and phosphorylation [26].

DDR2 mutations have been reported in several cancer including lung cancer, and

suggested that the inhibition of DDR2 may be an important therapeutic target in lung

cancer [27]. ATP binding cassette, sub family C, member 1 (ABCC1) is overexpressed in

lung cancer tissue and could play an important function on the progression of NSCLC. It

appears that ABCC1 may have strong implications for management of NSCLC and

design of ABCC1 inhibitors could be used as a therapeutic agent to control NSCLC [28].

Table 6.1: List of genes whose expression profiles could play key roles in the
progression of lung cancer

#

1

2

3 EML4

4 KRAS

5 ERBB2
6 BRAF

7 MET

8 AKT1

9

PIK3CA

10 DDR2
11 ABCC1

Name
Epidermal Growth Factor Receptor
Anaplastic Lymphoma Kinase
Echinoderm Microtubule Associated Protein Like 4
Kirsten Rat Sarcoma Viral Oncogene Homolog
Erb-B2 Receptor Tyrosine Kinase 2
V-Raf Murine Sarcoma Viral Oncogene Homolog B1
Mesenchymal-epidermal transition
AKT Serine/Threonine Kinase 1

Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit
Alpha
Discoidin Domain Receptor Tyrosine Kinase 2

ATP Binding Cassette Subfamily C Member 1
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The candidate genes shown in Table 6.1 can be also investigated, and analysis
corroborated with the data from studies listed in Table 6.2, by using gene expression
microarray data from the Gene Expression Omnibus (GEO) database in order to uncover
differences in gene expression in normal versus lung cancer tissue, enabling the selection

of genes of interest for study.

GEO is a public microarray databank which was created in 2000 by the National Centre
for Biotechnology Information (NCBI) to archive experimental information for mRNA,
protein molecules and genomic DNA, which are used regularly in biomedical and
molecular biology research [29], [30]. Currently, many researchers mine the GEO
database to identify candidate genes, confirm their results, and to design further studies.

The GEO database can be accessed freely (http://www.ncbi.nlm.nih.gov/geo).

In 2013, the GEO database contained more than 40,000 studies, including 33 billion
individual measurements, and about a million samples from over 2,200 organisms,
submitted by 15,000 laboratories from all around the world [31]. The GEO database
contains three types of data; series, platform, and sample [29]. Platform refers to the type
of array used in an experiment and is identified by the prefix GPL [32], while sample is
the collection of a summary of the materials and general methodology used in an
experiment and is known by the GSM prefix [33], and finally, series is a collection of
samples which compose part of a study and is known by the prefix GSE [31]. In addition,
there is a further tool, called Dataset, which is known by the prefix GDS, and this

contains a complete summary of the final values [34].
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In an attempt to investigate the contribution of specific genes involved in the
development of lung cancer in epithelial tissue, A549 cells were used. This is a well-
characterised cell line that represents an in vitro model of NSCLC and is widely used in a

variety of pharmaceutical research.

6.2 Aims and Objectives

The aim of this chapter is to perform a GEO database search/screen of the expression
profiles of candidate genes that could be involved in the progression of NSCLC. Once
such candidate genes have been identified, they could be targeted using siRNA, and
protein expression silenced in, initially, an in vitro model of NSCLC to validate their
involvement and to examine the ability of the siRNA delivery system to target and

silence the gene(s) of interest.

6.3 Methods

6.3.1 Dataset Collection from the GEO Database

Two studies on human lung cancer samples were chosen from the GEO database for the
gene expression analysis of selected genes and available information about these two

studies is summarised in Table 6.2.
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Table 6.2: Summary of information collected from GEO database of two studies used to
perform gene expression data analysis

Study No. 1 2

Title Non-small cell lung carcinoma  Cigarette smoking effect on lung

in female non-smokers [35] adenocarcinoma [36]
Organism Homo sapiens Homo sapiens
Platform Affymetrix Human Genome Affymetrix Human Genome
U133 Plus 2.0 Array U133A Array

Reference GSE19804 GSE10072

Series

Sample count 120 107

6.3.2 Probe Set Collection from the GeneCards Database

Following dataset selection, probe set information for each Affymetrix array for the two
selected studies were collected from the GeneCards database for all candidate genes. In
addition, similar information was collected for the reference gene RPS29, which was used
in the data analysis stage to normalise expression intensity. GeneCards is a searchable,
integrative database that provides comprehensive information on all annotated and

predicted human genes and can be accessed freely (http://www.genecards.org/). The

Affymetrix array for each candidate gene was collected according to the study platform

and is summarised in Table 6.3.
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Table 6.3: Summary of probe set Affymetrix array information collected from
GeneCards database of the two studies used to perform gene expression data analysis

Study (1) Study (2)
# Genes

HG-U133_Plus_2 HG-U133A
1 EGFR 201983 _s_at 201983 _s_at
2 ALK 208211 s at 208211 s_at
3 EML4 220386_s_at 220386_s_at
4 KRAS 204010 s at 204010 s at
5 ERBB2 210930_s_at 210930_s_at
6 BRAF 206044 s at 206044 s at

7 MET 203510 _at 203510_at
8 AKT1 207163_s_at 207163_s_at

9 PIK3CA 204369 _at 204369 _at

10 DDR2 205168_at 205168_at

11 ABCC1 202804 _at 202804 _at
Reference  Rps29 200823 x_at 200823 _x_at

gene

6.3.3 Gene Expression Microarray Analysis of the Candidate Genes

After collecting complete information about the candidate genes from the GEO and
GeneCards databases, the analysis of the gene expression microarray for each gene was
performed to compare the expression in lung cancer and normal lung tissue. The
expression microarray for each gene was normalised using the reference gene RPS29. The
full analysis details are shown in Appendices 2 and 3, and a results summary is presented

in this chapter.

6.3.4 Cell Viability Assay for Silencing of the Selected Gene
To assess level of silencing of specific gene by liposome-siRNA formulations, cellular

proliferation of A549-Luc cells was measured by MTS assay. ON-TARGETplus siRNA
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with dTdT  overhang and the  following  sequence: EGFR (5

CACAGUGGAGCGAAUUCCU-3") was used.

AB49-Luc cells were seeded in a 96-well plate at a density of 1 x 10* cells per well and
cultured overnight in 100 pl of DMEM. The effect of selected targeted siRNA on the
proliferation of A549-Luc was measured by MTS viability assay. Liposome preparations
containing ON-TARGETplus siRNA with dTdT overhang and the following sequence:
EGFR (5"-CACAGUGGAGCGAAUUCCU-3), and negative control siRNA-liposomes
with a nonsense/scrambled sequence were added to cells in serum reduced media
OptiMEM at a concentration of 100 nM siRNA per well. After 4 hrs, the liposomes were
removed and replaced with fresh serum containing DMEM. After 24, 48, 72 and 96 hrs

the cellular viability was measured by an MTS assay as described in Section 2.2.3.1.

6.4 Results

6.4.1 Gene Expression Microarray Analysis of Candidate Genes

The list of candidate genes shown in Table 6.1 whose expression profiles could play a
significant role in the progression of lung cancer were analysed by normalising the
expression microarray data for each gene against an appropriate reference gene, RPS29,

in normal lung and lung cancer tissue and the results are summarised in Table 6.4.

In the first analysed study (GSE19804), analyses of changes in gene expression
microarray between healthy lung and lung cancer patients did not show a significant
difference for the ALK and AKT1 genes, whereas the EGFR, EML4, ERBB2, BRAF and
MET genes were significantly up-regulated in lung cancer compared to the healthy

lung. The remaining four genes, KRAS, PIK3CA, DDR2 and ABCC1, were significantly
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down-regulated in lung cancer tissue. The reference gene (RPS29) shows similar

expression microarray in case of lung cancer patients and healthy lung samples.
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A t-test of significance was applied to determine differences between the expression of normal control (healthy individuals) and diseased tissue

(lung cancer patients). P value (ns > 0.05, * < 0.05, ** < 0.01, *** < 0.001, and **** < 0.0001).
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The expression microarray analysis for the GSE10072 study, which contained a lower
sample number, indicated a significant increase in protein expression for the genes
EGFR, EML4, ERBB2, BRAF and MET, whilst the expression level of the genes
PIK3CA, DDR2 and ABCC1 decreased in lung cancer tissue. No significant change in
expression was observed for the remaining genes ALK, KRAS and AKT1. The
expression profile of the reference gene RPS29 shows no significant change in the

expression level in case of lung cancer tissue in comparison to healthy control.
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Table 6.4 shows a result summary for the analysed expression data for eleven candidate
gene microarrays from two different studies with different sample numbers, which are

presented in Figure 6.1 and Figure 6.2 for study 1 and 2, respectively.

Table 6.4: Summary of gene expression microarray analysis of candidate genes

A significant difference in expression level between lung cancer and healthy control
tissue was confirmed by a t-test of significance. (+) represents overexpressed, (-) down-
regulated and (ns) no significant difference. P values (ns > 0.05, # < 0.05, #+ < 0.01,
+++< 0.001, and ##++ < 0.0001).

Gene Study 1 (GSE19804) Study 2 (GSE10072)
ALK ns ns
EGFR ++++ + +
KRAS ---- ns
EML4 ++ ++++
ERBB2 + + 4+ + +
BRAF +++ +
MET + ++++
AKT1 ns ns

PIK3CA
DDR2 ---- ----

ABCC1 - -
RPS29

(Reference gene) ns ns

From the combined results, five different genes were found to be overexpressed in lung
cancer and selected for further investigation;, EGFR, EML4, ERBB2, BRAF and MET.
These genes showed interesting expression data in the primary data analysis and all were
overexpressed in lung cancer in comparison to healthy lung. Figure 6.1 and Figure 6.2

indicated that these genes showed a significant difference, as determined by performing a
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t-test of significance, in expression levels in lung cancer compared to the healthy control.
The next step would ideally be to confirm their role in lung cancer development by
investigating the effect of silencing their expression on proliferation in an in vitro model

of lung cancer. In the current study, one of these genes was selected.

6.4.2 Cell Proliferation Assay of EGFR-siRNA-Liposomes

In order to assess the role of epidermal growth factor receptor (EGFR) in the development
of lung cancer, the effect of EGFR-targeted siRNA on the proliferation of the cell line
that was intended to be used in in vivo (A549-Luc cells) experiments was investigated. In
the literature, EGFR mutations were reported in NSCLC and this has been used in studies
to develop siRNA silencing therapy [37]. EGFR has been shown to be up-regulated in the
epithelial cells of many tumours and silencing of EGFR has shown direct and indirect

effects on angiogenesis and tumour inhibition [38], [39].

Figure 6.3 shows the cellular proliferation of A549-Luc cells following incubation with
EGFR-siRNA-liposomes, using ON-TARGETplus siRNA with dTdT overhang and the
following sequence: EGFR (5-CACAGUGGAGCGAAUUCCU-3%), and negative
control siRNA-liposomes. Cell survival was reduced from 106% at 24 hrs to 89% and
62% at 48 and 72 hrs post-transfection, respectively, with EGFR-siRNA-liposomes.
Cellular proliferation of A549-Luc cells began to recover after 72 hrs and reached
maximum recovery (103%) at 96 hrs post-transfection. Negative control siRNA had no

significant effect on cellular proliferation at any time point (p>0.05).
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Figure 6.3: Effect of EGFR-siRNA-liposomes on the cellular proliferation of A549-Luc

cells

EGFR-siRNA and negative control siRNA-liposomes (100 nM) were incubated with
A549-Luc cells for 4 hrs, then removed and replaced with fresh media. A549-Luc cells
were incubated in growth medium for further 24, 48, 72 and 96 hrs and cell survival was
measured by MTS assay. Data are expressed as the relative cell viability, calculated
using the equation shown in Section 2.2.3.1 and presented as the mean + SD (N=3, n=6).
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6.5 Discussion

With progress in cytogenetic and molecular biology, the detection and analysis of both
tumour suppressor genes and oncogenes may provide predictive values for prognosis and
treatment choice for NSCLC [40], [41]. Recent research has reported that controlling the
expression of such encoded proteins could be an effective therapeutic strategy to control
cancer [8]. The work in this chapter aimed to investigate the expression features of a
panel of genes which have been reported in the literature to be involved in the
development of lung cancer. Microarray protein expression of eleven different genes were
analysed in lung cancer samples and compared to healthy lung from two studies available
in the GEO database. The results provide a primary overview of gene expression features
and allowed an initial assumption about the involvement of these genes in the control of

lung cancer to be made.

From the results, five different genes were found to show over-expression in lung cancer
tissue; EGFR, EML4, ERBB2, BRAF and MET. Consequently, these genes could be good
candidate targets for NSCLC treatment, and knockdown of their protein expression using

siRNA therapeutics may be an attractive option for lung cancer treatment.

EGFR is a transmembrane glycoprotein that is a member of the protein kinase
superfamily and possesses three functional domains; an extracellular domain, a
hydrophobic transmembrane domain, and a cytoplasmic domain containing tyrosine
kinase (TK) and a carboxyl autophosphorylation region [40]. It has been demonstrated
that EGFR is overexpressed in different types of tumours, including NSCLC [42]. The
overexpression of EGFR usually leads to the deregulation of receptor tyrosine kinases

and this can promote cell proliferation, the inhibition of cell death, or the induction of
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angiogenesis [39]. Targeting EGFR in lung cancer using the tyrosine kinase inhibitor
Erlotinib however shows little improvement in lung cancer patient survival [43];

therefore, SIRNA approaches could offer a new strategy for the treatment of NSCLC.

EML4 was one of the identified candidate genes that could be involved in the
progression of NSCLC. ALK protein is usually reported to be fused with EML4, and
was first identified in 2007 [44]. Abnormal fusion of parts of this gene with portions of
the anaplastic lymphoma receptor tyrosine kinase gene, which generates EML4-ALK
fusion transcripts, is one of the primary mutations associated with NSCLC [45]. It has
been suggested that around 5% of all NSCLCs contain an EML4-ALK translocation
[44], [46]. ERBB2 is a member of the protein kinase subfamily that is found to be the
most mutated gene in human cancers [47]. A mutation of ERBB2 has been found in 2%
of NSCLCs, but the mechanism of involvement in the disease progression remains

unclear [48].

BRAF is another member of the protein kinase subfamily that has been demonstrated to
be involved in the development of NSCLC [49]. BRAF is a proto-oncogene encoding a
serine/threonine protein kinase which is a downstream effector protein of RAS, and
transduces signalling through the mitogen-activated protein kinase pathway to promote
cell proliferation and survival [37]. A mutation in BRAF has been reported to occur in
around 4% of NSCLCs, and if confirmed as a therapeutic target in NSCLC, BRAF may
expand the number of potential candidates for personalised lung cancer therapy [50]. The
MET receptor tyrosine kinase has been identified as being mutated and overexpressed in
lung cancer [21], and knockdown of MET using siRNA has been demonstrated to be

important in vitro for cell viability and downstream signalling [51].
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The involvement of these candidate genes in the progression of NSCLC needed to be
validated and the effect of protein silencing using siRNA on cell proliferation within the
in vitro model of NSCLC investigated. Treatment of A549-Luc cells with anti-EGFR-
SIRNA encapsulated in liposomes showed a significant reduction in cell survival at 48
and 72 hrs post-transfection. From 72 hrs post-treatment time point cellular proliferation
started to recover, reaching ‘normal growth’ at 96 hrs post-transfection, with similar
metabolic activity to cells treated with negative control siRNA. Knockdown of the
expression of EGFR in two established glioma cell lines, U373 MG and LN18, using anti-
EGFR-siRNA showed successful down-regulation of protein expression by 70%-90%,
however, there was no associated significant reduction in cell proliferation [52]. In
contrast, A549 and SPC-AL1 cells transfected with anti-EGFR-siRNA exhibited a decrease
in protein expression by around 70%, and this was accompanied by a significant growth
inhibition, suggesting that silencing of EGFR could be an effective therapeutic strategy

for NSCLC [53], [54].

The initial analysis of EGFR knockdown effect on the proliferation of A549-Luc cells
should be validated using real-time quantitative RT-gPCR and western blot. The RT-
gPCR can be used to quantify the extent of EGFR-mRNA expression knockdown, while
the western blot technique is the best way to confirm successful knockdown of the

targeted EGFR protein by siRNA.
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6.6 Conclusions

In this chapter, the microarray gene expression of eleven different genes was investigated
in lung cancer tissue from two different studies available in GEO database, and five genes
were found to be significantly up regulated. Silencing of these genes could help to control
the progression of lung cancer and provide an attractive approach for lung cancer
treatment. Liposome-siRNA formulations targeting EGFR gene were used to
experimentally examine the effect on cell proliferation in NSCLC using an in vitro cell
culture model. The liposome formulations were able to mediate EGFR silencing and to
decrease cell viability. An in vivo study should be performed in the future to confirm

these results, and to assess if this approach holds promise the in vivo situation.
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Chapter 7 - Summary and Future Directions

7.1  Summary

The main challenge in the translation of RNAI therapeutics into clinical trials is a lack of
biocompatible siRNA carriers/vectors capable of overcoming the many extracellular and
intracellular barriers to the effective sSiRNA delivery and silencing. These barriers specific
to siRNA delivery were discussed in the introduction (Chapter 1). This thesis has
explored the potential characteristics of sSiRNA-liposomal formulations which enable the
entry of siRNA into the cells and its cytosolic compartment to achieve the mRNA
targeting and the gene silencing effect. The work focused on the study of mechanisms of
cellular internalization of the siRNA delivery systems designed and fabricated, and their
intracellular localisation, i.e. engagement in mMRNA silencing cellular machinery, as a
crucial part of improving our understanding of how the siRNA-liposomes internalisation

pathways influence the intracellular localisation and a consequent silencing effect.

The first experimental part of this project (Chapter 3) studied the cytotoxicity and the
physicochemical characterisations of siRNA-liposomes in order to formulate an
optimised delivery system and to provide a fundamental understanding that help in

designing an effective delivery system for further biological investigations.

The cytotoxicity of DC-Chol:DOPE liposomes was initially investigated in empty and

then siRNA-liposomal formulations to identify the safe doses of liposomes, to highlight

290



Chapter 7 Summary and Future Directions

possible mechanisms of toxicity, and assess whether toxic effects arise from the liposome
formulation itself or the sSiRNA-liposome system. The application of a high dose of empty
liposomes (high total lipid content) to A549 cells in culture revealed a concentration
dependent effect, as confirmed by the MTS, LDH and Annexin V/PI assays. From the
MTS and LDH results of empty liposomes, the highest total lipid concentration (50 mM)
produced complete loss of metabolic activity of A549 cells as measured by MTS but the
LDH assay showed around 60% of lactated dehydrogenase release at the same
concentration (such as panel e of Figure 3.2 and 3.3). MTS assay is usually used to
measure the mitochondrial activity of the cells, while the LDH assay measures the
membrane integrity of the cells. Therefore, the complete loss of metabolic activity should
not be associated with complete damage of plasma membrane and 100% release of LDH,
as toxicants may disrupt cellular metabolic activity, but leave membranes intact. In
addition, it should be noted that the LDH release of empty liposomes formulations
plateaus at less than 100% for most of the formulations. It might be that our cationic
liposomes were caused partial loss of the membrane integrity of A549 cells at the highest
concentration applied, which led to partial release of LDH. However, the effect of highest
total lipid concentration applied (50 mM) was lower than the effect of Triton-X, which

produced 100% of LDH release and complete loss of membrane integrity.

The minimum cytotoxic effect of liposomes on A549 cells was obtained with the total
lipid concentration of 1.0 mM, and no significant effect of different molar ratios of DC-
Chol to DOPE on the cytotoxicity has been observed. The safe dose of liposomes at total
lipid concentration of 1.0 mM was used to prepare liposomes at different compositions of
DC-Chol:DOPE and different N/P ratios of sSiRNA loaded liposomes. The toxicity assays

indicated that the incorporation of SiRNA molecules into the cationic liposomes
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fabricated showed no significant effect on the cytotoxicity of A549 cells, relative to
empty liposomes. The cationic delivery systems, including cationic liposomes, were
demonstrated to cause ‘pathological’ changes in the cells, including cell shrinking,
reduced number of mitoses and vacuolization of the cytoplasm [1], cell necrosis through
the interaction with Na*/K*-ATPase, and impaired activity [2]. Moreover, it has been
reported that exposure of the cells in culture to a high total lipid concentration of cationic
liposomes is associated with an increase in the toxic effects, and this influence can be
reduced applying lower doses [3], [4]. The possible contribution to the observed toxicity
at higher applied concentrations of cationic liposomes may be the increased interactions
between positively charged lipids and negatively charged cell membrane components,

due to the increased content of cationic charges, leading to a cascade of cellular events

(3], [8].

The hydrodynamic particle size of empty and siRNA-liposomes was measured to evaluate
if the liposomes of size and size homogeneity appropriate for endocytosis were fabricated
by the method adopted, and is the siRNA encapsulation had an effect on the size of
liposomes. The DLS results showed that particles hydrodynamic diameter of empty
liposomes was less than 80 nm for all samples measured, and no significant effect of
different ratios of DC-Chol:DOPE was observed. The results in Table 3.1 show that the
particle size distributions of empty liposomes were homogenous, judged from the PDI
measurements (PDI values <0.27). However, the hydrodynamic diameter of siRNA-
liposomes showed a significant increase to approximately 200 nm for all tested
formulations. The PDI values of siRNA-liposomes formulation were also measured and
summarised in Table 3.2. Results of PDI show that no significant effect of different molar

ratio of DC-Chol:DOPE on the PDI values of siRNA-liposomes formulations. It should
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be noted here that the liposomes fabrication method included an addition of siRNA
during the lipid layer hydration stage, hence promoting encapsulation of siRNA
molecules into the ‘core’/internal surface of the liposomes, which may have resulted in a
formation of larger lipid bilayer vesicles. An increase in the content of cationic lipid to
SiIRNA was observed to reduce the particle size of siRNA-liposomes, possibly due to
affecting the overall charge balance of the system and packing of lipids and lipid-siRNA

‘complexes’ into the vesicles.

The electrostatic properties of liposomal formulations were characterised using the zeta
potential. Results of empty liposomes showed that the magnitude of the zeta potential was
highly dependent upon the cationic lipid content. The potential of siRNA-liposomes
inverted from a negative charge for the lowest tested N/P ratio of 0.78:1, to a positive
charge for the N/P ratio of 1.56:1, clearly indicating an excess of sSIRNA negative charge
in the system at low N/P ratios and an excess of positive charge of the liposomes at ratios
higher than N/P  1.56:1. This will have consequences to the liposome surface-cell surface

interactions in the subsequent experiments.

The encapsulation efficiency of siRNA molecules into liposomes was investigated and
the data of gel electrophoresis and Vivaspin filtration both indicated that the increased
entrapment of anionic sSiRNA was achieved by increasing the ratios of cationic lipid, DC-
Chol, to siRNA. The classical film hydration method resulted in a high level of siRNA
liposomal encapsulation, even at relatively low levels of cationic lipid (N/P ratio of
3.125:1), while in the same time maintaining colloidal stability of the SIRNA-liposomes.
A lower content of cationic lipid required for the good encapsulation of SiIRNA would be

expected to reduce the overall toxicity of the system.
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In terms of RNase A stability, prolonged nuclease resistance was observed for the tested
siRNA-liposomal formulations prepared at 1.0 mM total lipid concentration and at N/P
ratio of 3.125:1, at time points less than 4 hours, and no significant difference was
observed for the different lipid compositions in terms of siRNA protection. It should be
noted here that although a protection of SiRNA from enzymatic degradation is an
essential prerequisite of an ideal sSiRNA delivery system, this product attribute has is not

routinely tested/reported in the literature.

Following the initial biological and physicochemical characterisations, the next step of
this project (Chapter 4) aimed to investigate (i) the cellular uptake of fluorescently
labelled siRNA-liposomes and (ii) the inhibition of luciferase expression for a series of
liposomal formulations in in vitro cell model of epithelial lung cancer. In addition, the
correlation between cellular internalisation and gene silencing efficiency in A549 and

A549-Luc cancer cells was assessed.

The cellular uptake of siRNA-liposomes and intracellular trafficking route dictates the
gene silencing efficiency, and may present a major barrier to effective gene silencing [6].
Positively charged liposomes, as the system used in this study, would be expected to
interact electrostatically with the plasma membrane of cells in culture [7], and therefore it
was important to evaluate the effect of the DC-Chol and DOPE molar ratio, as well as the
ratio between cationic lipid and negatively charge siRNA (N/P ratio), on the cellular
internalization and trafficking. The data show a bell shaped relationship between level of
cellular internalization and DC-Chol:DOPE ratios in the 0.33:1 to 3:1 range with the

maxima at 1:1 ratio. At the present it is not clear to why the uptake of liposomes with
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highest ratios of DC-Chol:DOPE is lower than the 1:1 ratio (Figure 4.2.C), as would be

expected from their higher positive charge.

In addition to flow cytometry data, the uptake visualisation by confocal microscopy
indicated the presence of some punctate and some ‘diffused’ red fluorescence in higher
magnification images which may indicate that some endosomal ‘escape’ may have

occurred.

A gene knockdown study was performed using a luciferase-expressing A549 human lung
carcinoma cell line, A549-Luc. The siRNA-liposomes were prepared at a fixed N/P ratio
of 3.125:1, and the results of gene silencing study using 0.5 and 1 ug per well of SIRNA
indicated significant inhibition of the luciferase activity for all liposome formulations
used, in comparison to the negative controls with non-targeting siRNA. An increase in the
ratio of cationic lipid in the formulations had a significant influence on the transfection
efficiency, whereby the highest level of luciferase silencing was achieved with sSiRNA-
liposomes with an equal ratio of DC-Chol to DOPE (1 to 1), and maximum silencing was
obtained 48 hours post-transfection. It has been reported that the luciferase knockdown
can increase significantly by increasing the amount of cationic lipid particles [8]. A
previous study has suggested that a higher transfection efficiency could be achieved by
using a 1:1 molar ratio of cationic to helper lipid [9], as seen in our study. This has been
ascribed to the effect of that the molecular character of the ‘helper’ DOPE lipid - which
facilitates the transition from a lamellar to a hexagonal phase [10], [11] of lipid bilayers.
This has been ascribed to promote liposomal cellular entry and escape from endosomes

following endocytosis, resulting in enhanced silencing activity [12], [13].
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In an important aspect of this project, ‘luc-siRNA based MB’-liposomes were fabricated
and used to assess a level of siRNA involvement in the mRNA silencing cellular
machinery. A detection of green molecular beacon fluorescence within the cell
cytoplasm, which confirms luc-siRNA binding to the targeted Luc-mRNA, was quantified
using flow cytometry and visualised by confocal microscopy. This part of the project
clearly demonstrated positive correlation between cellular uptake pathway(s), SIRNA
engagement and mRNA silencing. The assessment of MB is somewhat limited by not
using a ‘scrambled siRNA based MB’ liposomes as negative control, which would be
essential to distinguish between specific and non-specific binding effects of ‘luc-SIRNA
based MB’ with target luc-mRNA. In future developments, a quantitative relationship
between internalization, engagement and silencing of different sSiRNA delivery systems
could be an important part of their silencing potentials assessment. Moreover, the analysis
of non-specific fluorescence of FAM-MB by using the normal A549 cells without the
luciferase mMRNA is important to confirm that the green fluorescence detected is due to
the successful engagement of FAM-MB with the targeted mRNA, not due to the non-

specific binding of MB or the degradation by ribonuclease enzyme.

Studying the molecular and functional basis of endocytic mechanisms provides basic
concepts for tailoring the design parameters of delivery systems to improve their
efficiency and specificity [14]. To date, the cellular internalisation pathways of siRNA-
liposomes has not been extensively studied and systematic studies are needed to provide
better understanding [15], [16]. The work presented in Chapter 5 provides insight into the
mechanisms of the siRNA-liposomes uptake by A549 and A549-Luc cells. Similar
studies are rare in the literature, and these results have important implications for the

design of therapeutic siRNA delivery systems to improve siRNA therapy potentials. In
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this work, pharmacological inhibitors were used as an experimental tool to provide an
insight into which endocytic mechanism(s) were responsible for the liposomes uptake and
cellular trafficking. The inhibitor concentrations applied were non-toxic to the cells, as
determined by the metabolic activity (MTS) assay in the preliminary experiments. The
inhibitors were also tested on two ‘classical’ ligands, Tf and CTB, which are reported in
the literature as being internalised into cells through clathrin and caveolin-mediated
endocytosis, respectively [17], [18], to evaluate their inhibitory effect on the cellular
internalisation through endocytosis in the A549 cells. The present work revealed that
siRNA-liposomes were internalised into the cells via multiple endocytosis pathways. The
data of clathrin pathway inhibition showed that this pathway is playing an important role
on the cellular uptake and luciferase silencing effect of siRNA-liposomes into A549 and
A549-Luc cells. The level of luciferase silencing in A549-Luc cells can almost be
doubled through the use of the endosomolytic agent, chloroquine, indicating that the
clathrin-mediated pathway and intercellular trafficking, leading to lysosomal
compartment, is indeed an important route for internalisation and silencing of the
investigated liposomal system (Figure 5.25). Caveolae dependent pathway was not found
to have a substantial involvement in the internalisation of tested cationic liposomes. On
the other hand, the depletion of cholesterol from the plasma membrane, through
extraction of cholesterol from lipid rafts, significantly affected the internalisation of
siRNA-liposomes as well as knockdown processes. In addition, macropinocytosis was
found to have a major involvement in the internalisation of the SiRNA-liposomes

formulations as seen by the effect of EIPA inhibitor.

The final part of this project (Chapter 6) was to perform a screening of the expression

profiles of candidate genes that could be involved in the progression of NSCLC.
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Microarray protein expression profiles of eleven different genes were analysed in lung
cancer samples and compared to healthy lung from two studies available in the GEO
database. The results provide a primary overview of gene expression features and allowed
an initial assumption about the involvement of these genes in the control of lung cancer to
be made. Only five genes, EGFR, EML4, ERBB2, BRAF and MET, were found to be
significantly up-regulated in lung cancer, and silencing of the proteins they encode could
help to control the progression of lung cancer and may provide an attractive approach for
lung cancer treatment. The involvement of these candidate genes in the progression of
NSCLC needed to be validated, so the effect of protein silencing using siRNA on cell

proliferation within the in vitro model of NSCLC was investigated.

Liposome-siRNA formulations targeting EGFR were used to examine the effect on cell
proliferation in NSCLC using an in vitro model, and it was found that the liposome
formulations were able to mediate EGFR silencing and to improve cell proliferation. The
preliminary experiments of EGFR silencing effect on the proliferation of A549-Luc cells
should be validated using RT-gPCR to quantified EGFR-mRNA knockdown and western

blot to confirm successful knockdown of the protein of a target EGFR.

In summary, siRNA-liposomes prepared from DC-Chol and DOPE has the potential to

become versatile nucleic acid and drug delivery system with possible clinical translation.
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7.2  Future Directions

In this project the main aims and objectives were (i) formulation optimisation and
characterisation of the siRNA delivery system, (ii) providing insights regarding the
system uptake and intracellular transport mechanisms, and (iii) establishing trend in
internalization and siRNA engagement in the cell silencing machinery, to aid in the
design of an efficient sSiRNA formulations. DC-Chol/DOPE liposomes were used in
throughout the project, as a ‘reasonable’ model system based on a body of previous

literature.

There remain a number of experiments that would complement the current work as well
as ideas that could have been, and could be, tested in the future. For instance, to compare
the effect of varying the N/P ratios, to expand confocal microscopy studies, test the
influence of liposome surface attributes and to further test intracellular transport and

localization of sSiRNA.

In the future, attachment of different functionalities onto the liposomal surface (e.g. PEG
chains and ligands) could be added to the design of the system while the endosomal
escape, shown to be an important step, can be enhanced by the use of membrane
disrupting peptides [19]. PEG is expected to reduce the liposomes contacts with serum
proteins while the covalent coupling of a targeting ligand to one of the liposome
components would facilitate the uptake of SiRNA, via receptor mediated cellular
internalisation. The mechanism of such created system's cellular internalisation will have

to be assess by the protocols developed in the work.
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Further research to understand of the complex processes involved in cell internalisation
and transport could involve the use of knock-out cell models, to overcome issues of non-
specificity of used pharmacological inhibitors. However, these models are not routinely
available and their development would be beyond the scope of this work. Alternatively,
SiIRNA knock-down cell models can be used, as suggested in [20], [21], however this
would involve repeated cell treatment with siRNA, while potential non-specific effects

are also possible.

In the next step, an in vivo study should be performed to determine if in vitro results in
the cell model indeed predict the in vivo situation. The siRNA-liposomes formulations
will be prepared to be administered ‘locally’ into the lung (e.g. using nebulization),
although it should be appreciated that it is not clear from the literature if this route indeed
allows a better access to the lung cancer tissue. It has been shown that the intratracheal
aerosolization method to deliver formulations to the mouse can result in a direct access to
the lung epithelia [22], while a clear evidence to access to the lung tumour is less clear
[23]. Many in vivo animal studies are now employing a less invasive intratracheal
delivery method, which, while still requiring anaesthesia, eliminates the need for surgery
by the use of aerosolizers such as the Penn-Century MicroSprayer®. In the past,
MicroMist nebulizer [24], and AeroProbe nebulizing catheter have been used also, but in
the recent years, the Penn-Century MicroSprayer® seems to have gained the leadership

[25].
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1. Luciferase Activity of scrambled non-targeting siRNA-liposomes:
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Figure Al. Relative luciferase activity of A549-Luc cells after incubation with non-
targeting siRNA-liposomes

Cells were seeded onto 24-well plates at a density of 5 x 10 cells per well and
cultured overnight. Liposome-siRNA formulations were prepared at an N/P ratio
of 3.125:1 and different DC-Chol:DOPE molar ratios, and applied to the cells for
4 hrs. The transfection reagent Lipofectamine® RNAIMAX was prepared as per
manufacturer instruction described previously in Chapter 2. A549-Luc cells not
treated with siRNA liposomes accounted as 100% of luciferase protein activity
and used to normalise the luciferase activity of all tested formulations. Samples
were removed and replaced with fresh medium, and the cells then incubated for a
further 48 hrs before analysis. ** indicates a significant difference between the
results (p<0.01) and ns indicates no significant difference (p>0.05).
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2. Normalizing Gene expression Data from GEO database for Study 1:

Series: GSE19804, Platform: Affymetrix Human Genome U133 Plus 2.0 Array, Sample
number: 120 samples (60 healthy lung and 60 NSCLC)

RPL29
200823_x_at

Patient NO.
GSM494556
GSM494557
GSM494558
GSM494559
GSM494560
GSM494561
GSM494562
GSM494563
GSM494564
GSM494565
GSM494566
GSM494567
GSM494568
GSM494569

EGFR
211550 _at
5.31532
5.38763
5.19767
5.29282
5.37044
4.91831
5.65738
5.18226
5.19514
5.41874
5.34385
5.55851
5.16991
4.98082

ALK

Condition

Lung Cancer 2T
Lung Cancer 3T
Lung Cancer 6T
Lung Cancer 17T
Lung Cancer 32T
Lung Cancer 33T
Lung Cancer 37T
Lung Cancer 40T
Lung Cancer 43T
Lung Cancer 79T
Lung Cancer 91T
Lung Cancer 92T
Lung Cancer 94T
Lung Cancer 97T

EGFR
211551 at

5.31532
5.428082
5.030011
5.405687
5.315836
4.704461
5.393388
4.961483
4.993173
5.221951
5.166963
5.249525
5.083704
4.870187

208212 s_at

5.3078
4.88516
5.10299
5.12815
5.51955
5.70731
4.84312
5.65892
5.37673
5.38862
5.23299
5.01436

5.3091
4.85453

5.3078
4.921839
4.938385
5.237505

5.46343
5.459155
4.617124
5.417836
5.167704
5.192925
5.059772
4.735623
5.220573
4.746702

5.19049

5.4876
5.40826
5.41843
5.78343
5.38037
6.22453
5.37398
5.79353
5.60569
5.58598
5.45835
5.37486
5.20784

EGFR

1565483 _at

6.74258
6.88815
7.46696
7.66057
6.62962
7.29854
7.59349
6.51331
6.69818
6.33369
5.68749

5.8191

5.5844
5.60558

5.19049
5.528802
5.233808
5.533975
5.724627

5.14643
5.934073
5.145035

5.5683
5.402112
5.401078
5.154932
5.285236
5.092164

6.74258
6.939868
7.226101
7.823928
6.562214
6.981198
7.239153
6.235827
6.437781
6.103674
5.499228
5.495629
5.491282

5.48107

12.5196
12.4263
12.9369
12.2582
12.6482
13.0887
13.1324
13.0767

13.026
12.9914
12.9482
13.2565
12.7319

12.804

EGFR

211607 x_at

DDR2
205168_at
8.45329
8.03678
9.54722
6.64821
6.69515
6.51601
7.5997
7.18943
6.94862
7.8372
8.85927
8.76544
8.89856
9.03049

8.45329
8.097122
9.239259

6.78998
6.627077
6.232692
7.245074
6.883142
6.678485
7.552582
8.566018
8.278188

8.75018
8.829906

EGFR

224999 at

6.74348 6.74348
9.0848 9.153011
6.81549 6.595646
7.22838 7.382522
7.32724 7.252741
6.385 6.107379
10.4121 9.926238
6.16961 5.906769
6.17552  5.93544
6.55585 6.317766
7.45741 7.210561
6.30353 5.95313
6.76126 6.648518
7.35557 7.192189

EGFR
1565484 x_at

6.1734  6.1734
6.37471 6.422573
6.86471 6.643278

7.1525 7.305023
6.16482 6.102139
6.81034 6.514225
7.31812 6.976633
5.97577 5.721187
5.96032 5.728606
6.22558 5.99949
5.39758 5.218914
5.97402 5.641937

6.1083 6.006446
5.68808 5.561737

7.8167
11.8101
8.99093
9.62906

10.827
8.23024
11.9646
9.62967
8.71055
9.06468
9.14418
8.34741
8.91337
9.34088

EGFR

DDR2
225442_at
8.41711
7.92139
10.3089
8.86074
8.70917
9.62527
7.76545
9.74402
9.63712
9.39745
9.59347
8.57822
9.10682
9.7515

7.8167
11.89877
8.700913
9.834395
10.71692
7.872387
11.40629
9.219422
8.371918
8.735484
8.841497
7.883396
8.764743
9.133402

201983 s_at

9.40519
13.8107
11.369
9.57118
11.32
7.8211
13.252
9.0746
7.89587
10.3146
10.8653
10.4807
10.6713
11.5024

304

9.40519
13.91439
11.00228
9.775281

11.2049
7.481037
12.63362
8.687999
7.588909
9.940012
10.50565
9.898101
10.49336
11.24691

8.41711
7.980866
9.97637
9.049691
8.62062
9.206761
7.403089
9.3289
9.262466
9.056169
9.275915
8.101375
8.954967
9.534902

KRAS

DDR2
227561_at
8.64255
7.88373
9.98057
7.07418
7.00431
6.9383
7.9411
7.65497
7.40395
9.71166
9.42498
9.14125
9.23673
9.69108

1559203 s_at

ALK
208211_s_at

8.64255
7.942923
9.658631
7.225033
6.933094
6.636621
7.570543
7.328849
7.116113
9.358968
9.113003
8.633108
9.082711
9.475824

KRAS

5.45383
5.38982
5.05212
5.05022
5.23779
5.66506
5.33273
5.28441
5.21936
5.06125
4.85905

5.5524
5.38303
5.04341

5.45383
5.430288
4.889156
5.157913
5.184535
5.418742
5.083888
5.059281
5.016452
4.877444

4.69821
5.243754

5.29327
4.931387

1559204 x_at

3.57585 3.57585
3.6628 3.690301
3.69415 3.574989
3.60433 3.681191
3.92075 3.880886
3.64896 3.490302
3.5864 3.419047
3.98663 3.81679
3.76326 3.616959
3.77345 3.636412
3.5207 3.404161
3.72444 3.517406
4.05382 3.986224
3.77646 3.692578

EGFR
201984 s_at

7.99194 7.99194
11.3375 11.42262
8.00172 7.743612
9.26872 9.466371
11.2658 11.15126
7.34887 7.029339
11.7791 11.22945
9.25839  8.86396
7.75811 7.456505

9.2091 8.874659
9.40317 9.091914
8.19096 7.735642
8.85862 8.710906
8.70976  8.5163

6.80175
7.05594
7.27742
6.08683
6.19555
6.28851

6.6721
6.37634
5.96488
6.65286
6.22202
6.48743
6.58951
6.51701

EGFR

6.80175
7.108918
7.042675
6.216629
6.132557
6.015084
6.360758
6.104692
5.732989
6.411253
6.016064
6.126808
6.479632
6.372255

210984 x_at

7.00431
9.31657
7.58585
7.41033
7.74485
6.47877
10.7804
6.88802
6.32031
7.04841
7.81555
7.01311
7.11182
7.59037

7.00431
9.386521
7.341157
7.568352
7.666105
6.197071
10.27735
6.594573
6.074601
6.792438
7.556846
6.623266
6.993233
7.421774



EML4

228674 s_at

7.82812
8.99474
8.20188
8.11061
7.91565
8.32966
8.25712
7.96418
8.17407
6.54664
8.07418
8.54846
9.41082
7.88613

BRAF
236402_at
5.15374
5.35264
4.82657
6.26948
7.28815
6.20615
6.4841
7.29713
7.00213
6.89954
5.74205
5.89218
6.4841
5.73304

ABCC1
202804 _at
9.90444
9.6011
9.6908
9.53861
10.018
9.54999
8.91751
12.3264
10.3223
9.38275
9.59468
9.90615
9.58642
9.14168

7.82812
9.062275
7.937315
8.283565
7.835168
7.967484
7.871816
7.624886
7.856294

6.30889
7.806916

8.07327
9.253898
7.710965

5.15374
5.392829
4.670881
6.403174
7.214048
5.936305
6.181531
6.986254
6.729915
6.648974
5.551982
5.564647

6.37598
5.605699

EML4
232587 at
6.54897
7.00308
6.61331
6.2803
5.84575
6.77736
6.50049
5.74958
5.9093
6.60277
6.75154
6.864
7.15161
6.68651

BRAF
243829 at
5.57346
5.94807
5.24755
6.05077
6.32839
6.42461
6.30941
5.6562
6.56866
7.13287
6.47329
6.5329
6.29847
6.13764

ABCC1
202805_s_at

9.90444
9.673188
9.378208
9.742016
9.916142
9.134754

8.50139
11.80126
9.921009
9.042003
9.277085
9.355489

9.42657
8.938627

7.6604
7.94861
6.75351
6.91601

7.9493
7.60649
7.38145
10.6454
7.37382
6.87919
8.14375
7.41203
7.68553
7.07823

6.54897
7.055661
6.399987
6.414224
5.786314
6.482679
6.197156
5.504634
5.679569
6.362982
6.528056
6.482445
7.032359
6.537991

5.57346
5.99273
5.078282
6.1798
6.264046
6.145266
6.014993
5.415232
6.313296
6.87383
6.259017
6.16975
6.193445
6.001312

7.6604
8.00829
6.535665
7.06349
7.868476
7.275758
7.037008
10.19188
7.087155
6.629363
7.874183
7.000011
7.557376
6.92101

ERBB2

210930_s_at

5.63934
5.5487
4.9834

4.83724

5.08819

5.09627

6.97043

5.13994

5.37602

5.03033

7.44741

5.54932

5.37477

5.62112

MET
203510 _at
11.1616
10.9122
9.21354
11.5283
12.0088
10.4185
12.1728
10.3995
12.4622
12.5457
11.4025
11.2138
11.286
11.5922

AKT1

207163_s_at

9.91709
10.5608
9.61323
9.53671
9.89255

9.2608
10.0992
9.68995
9.50423
10.1033
9.71166
9.66382
9.76322
9.46117

ERBB2

5.63934
5.590361
4.822653
4.940392
5.036456
4.874683
6.645167
4.920966
5.167021
4.847647
7.200892
5.240845
5.285148
5.496265

10.9475
11.0322
9.59038
11.0192
10.8376

9.6213
10.0806
9.55605

10.292

10.483
11.7636
10.7915
9.93788
9.96603

MET
211599 x_at

11.1616
10.99413
8.916343
11.77414

11.8867
9.965501
11.60478
9.956455
11.97772
12.09009
11.02506
10.59045
11.09781
11.33472

PI

9.91709
10.64009

9.30314
9.740076
9.791968
8.858138
9.627939
9.277134
9.134743
9.736385
9.390193
9.126629
9.600422

9.25102

305

7.95219
7.70796

7.1387
6.53464
6.87502
6.28429
10.6279
6.48008
7.09198
6.96345
9.33766
7.23517
7.83015

8.6277

K3CA

204369 _at

8.60215
7.71109
8.29832
6.91088
7.29179

7.0834
8.01856
8.50481
8.00383
7.54177
8.73508
7.37288
8.40843
8.39713

216836_s_at

10.9475
11.11503
9.281027
11.25418
10.72741
9.202963
9.610207
9.148938
9.891887

10.1023
11.37421
10.19162
9.772169
9.744666

7.95219
7.765833

6.90843
6.673988
6.805119
6.011047
10.13197
6.204012
6.816272
6.710563
9.028573
6.832983
7.699585
8.436063

8.60215
7.768987
8.030645
7.058251
7.217651
6.775412
7.644388
8.142484
7.692672
7.267881
8.445939
6.963038
8.268222
8.210615

ERBB2

234354 x_at

5.14081
4.6235
4.45374
5.17196
5.23182
4.505
4.40816
4.64639
4.8893
5.00398
5.0639
4.75199
4.58663
4.49354

MET

5.14081
4.658214
4.310078
5.282249
5.178626
4.309121
4.202461
4.448442
4.699223
4.822254
4.896279
4.487837

4.51015

4.39373

213807 x_at

7.41698

7.5062
6.98321
6.92095
6.41741
6.72011
9.67132
6.26047
6.58861
7.01439
8.56564
6.88747
7.46063

8.0497

PIK3CA
231854 at
5.41302
4.64069
5.68099
5.24361
5.15291
5.01664
5.14015
5.41479
5.5478
5.37242
5.40873
5.179
5.1709
5.45469

7.41698
7.562559
6.757956
7.068536
6.352161
6.427918
9.220025
5.993758
6.332471
6.759653
8.282108
6.504611
7.336227
7.870902

5.41302
4.675534
5.497741
5.355427
5.100518
4.798515
4.900294
5.184106
5.332123
5.177313
5.229695
4.891111
5.084677
5.333531

BRAF
206044 _s_at

6.42611 6.42611
6.56498 6.614272
6.26692 6.064771
6.56477 6.70476
6.95025 6.879584
6.83207 6.53501
7.79463 7.430908

7.5461 7.224617
6.82442 6.559113
7.61362 7.337121
6.83416 6.607942
7.09288 6.698602
6.96357 6.847455
6.52888 6.383862

MET
213816 s_at

4.95684 4.95684
4.37892 4.411798
4.15697 4.02288
4.1724 4.261374
4.35879 4.314472
3.81381 3.647985
7.67761 7.319348
3.81342 3.650959
4.35591 4.186569
4.67863 4.508719
5.52759 5.344621
4.53706 4.284855
5.1714 5.085169
4.51405 4.413785

PIK3CA
235980_at

6.97407  6.97407
5.95897 6.003712
7.06499 6.837098
6.76231 6.906513
6.48326 6.417342
7.01451 6.709517
5.73202 5.464546
7.11986 6.816536
7.41633 7.128012
6.29475 6.066148
6.73873  6.51567
6.31235 5.96146
6.73029 6.618065
6.57362 6.427608



KRAS

204009 _s_at

11.061
9.29041
9.90883
10.0426
10.0969
10.2951
9.86354

10.866
10.9687

10.588

9.7413
9.81466
10.2164
9.98622

GSM494570
GSM494571
GSM494572
GSM494573
GSM494574
GSM494575
GSM494576
GSM494577
GSM494578
GSM494579
GSM494580
GSM494581
GSM494582
GSM494583
GSM494584
GSM494585
GSM494586
GSM494587
GSM494588
GSM494589

5.78882
5.38409
5.41292
5.46828
5.46063

5.4726
5.33943
5.54173
5.28194
5.33644
5.41361
5.54827
5.30824
5.63478
5.60287

5.3993
5.47615
5.28762
5.59682
5.20855

11.061
9.360165
9.589205
10.25675

9.99424
9.847466
9.403276
10.40308
10.54228
10.20348
9.418852
9.269084
10.04605
9.764408

KRAS

204010_s_at

4.71175
4.43674
4.62312
4.80959
4.78679
4.54098
4.61678
4.93127
5.61486
5.22159
4.65231

4.924
4.61337
4.70575

Lung Cancer 102T
Lung Cancer 103T
Lung Cancer 106T
Lung Cancer 109T
Lung Cancer 114T
Lung Cancer 115T
Lung Cancer 116T
Lung Cancer 117T
Lung Cancer 118T
Lung Cancer 119T
Lung Cancer 120T
Lung Cancer 121T
Lung Cancer 122T
Lung Cancer 123T
Lung Cancer 124T
Lung Cancer 125T
Lung Cancer 126T
Lung Cancer 127T
Lung Cancer 129T
Lung Cancer 130T

5.467032
5.276946
4.991169
5.233677
5.292179
5.546407
4.991192
5.366167
5.107102
5.065554
5.187618
5.229164
5.052269
5.646687
5.461316
5.072951
5.033051
5.002485

5.40634
5.118041

6.42901
6.46979
6.80211

6.3438
7.53821
8.15356
7.39181
8.05836
7.42437
7.84337
6.96615
7.24061
8.06317
6.99218
7.09171
9.42897

7.1032

7.8362
6.68691
6.76949

4.71175
4.470052
4.473994
4.912152
4.738121
4.343537
4.401346
4.721186
5.396576
5.031961
4.498313
4.650286
4.536444
4.601227

13.2565
12.7738
13.5775
13.0808
12.9181

12.353
13.3931
12.9292
12.9482
13.1891

13.065
13.2836
13.1539
12.4932
12.8441

13.325
13.6218
13.2332
12.9607

12.741

6.071635

6.34104
6.272119
6.071635

7.30567
8.263524
6.909715
7.803069
7.178615
7.445228
6.675347

6.82417
7.674352
7.006956
6.912541
8.859057
6.528449
7.413633

6.45933
6.651857

KRAS

214352 s

10.8383
10.4149
9.33742
6.62036
6.87249

6.0264
9.45208
7.86292
7.87358
8.02932
9.71254
9.76425
10.6851
9.55103

EML4

at 220386_s_at
10.8383 7.72169 7.72169
10.4931 8.55277 8.616986
9.036227 7.61604 7.370373
6.761536  6.30953 6.444078
6.802614 6.9532 6.882504
5.764371 7.85968 7.517939
9.011016  9.5867 9.139354
7.52794 7.50006 7.180539
7.567486  7.1232 6.846278
7.737725 5.84814 5.635757
9.391044 8.51906 8.23707
9.221477 6.61394 6.246285
10.50693 8.02103 7.887282
9.338884 7.99602 7.818414

7.49343 7.076887
10.3432 10.13737
8.04816 7.421082

6.8313  6.53822
8.1479 7.896552

6.94712 7.040813

7.8649  7.35195

8.98376 8.699152

9.2374 8.931632

9.49871 9.01654
9.53563 9.137564
7.57897 7.143069
6.22346 5.923356
8.63881 8.657065
8.82175 8.598873
8.67296 8.148742
7.89257 7.253947
7.42199 7.021759
7.15394 6.910465
6.11053 6.004347

9.01488
9.04309
9.70815
9.43027
9.40341

10.387
9.19103
10.5011
9.52543
10.0825
8.38022
9.51986
8.75951
9.17834
9.01839
10.9829
8.40809
9.77032
9.04891
10.4637

8.513762
8.863132
8.951733
9.025687
9.113332
10.52709

8.59159
10.16842
9.210128
9.570696
8.030387

8.97233
8.337114
9.197735
8.790545
10.31906
7.727754
9.243456
8.740943
10.28187
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10.6443
9.64897
7.80073
8.47463
9.02632
7.96661

7.7372
9.02247
9.17109
9.71954
9.45558
8.32877
6.65122

8.5768
8.60487
8.71148
7.69678
7.54383
9.87501
9.31022

3.88951
3.43315
3.61093
3.77516

3.5074
3.57632
3.58111
3.44818
3.33421
3.55907
3.43629
3.55069
3.50446
3.31965
3.56217
3.59256
3.51323
3.55481
3.68348
3.64878

EML4
223068 _at
9.66146
10.5484
10.0069
10.3371
10.0287
10.8309
9.88711
9.95409
10.2499
9.74402
9.79351
9.69767
10.1056
9.60028

10.05261 8.14774 7.694825
9.456954  10.879 10.66251
7.192931 9.09108 8.382742
8.111047 7.14259 6.836154
8.747874  8.6405 8.373956
8.074053  7.4086 7.508517
7.232579 7.94489 7.426723
8.736636 9.27297  8.9792
8.867517 9.50028 9.18581
9.22616  9.8767 9.375343
9.060856 9.88545 9.472781
7.849745 8.63826 8.141435
6.330489 6.58405 6.266558
8.594924  9.01694 9.035994
8.387472 9.14327 8.91227
8.184934 8.85718 8.321827

7.074 8.02225 7.373134
7.137029 7.61983 7.208931
9.538927  7.8061 7.54043
9.148437 6.91031 6.79023

3.673301

3.36483
3.329582
3.613196
3.399203
3.624552
3.347549
3.338941
3.223844
3.378406
3.292842
3.346474

3.33547
3.326665
3.472173
3.375416
3.228959
3.363117
3.558118
3.585375

6.32215

6.8409
7.81959
6.54054
6.98758
6.84298
6.66896
6.80317

6.5137
6.43156
6.79722
6.51903
6.69187
6.66113
6.65719
6.77299
6.87164

6.9061
5.94786
6.36239

9.66146

10.6276
9.684112
10.55753
9.926734
10.35997
9.425746
9.530021
9.851424
9.390153
9.469334
9.158598
9.937093

9.38704

EML4
223069 _s_at
5.95516

5.95516

6.99519 7.047712
6.58925 6.376703
6.95081 7.099033

6.80704

6.73783

7.24715 6.932042
7.94811 7.577226
7.02996 6.730466
6.59965 6.343081
6.15726 5.933651
6.98458 6.753383
6.02583 5.690867
7.09288 6.974609
6.67449 6.526238

4.72006 4.457682 5.23713
5.19633 5.092922 5.16329
5.52429 5.093861 4.98228
4.89313 4.683202 5.61424
5.34986 5.184827 5.12784
5.31029 5.381908 4.96678
5.56058 5.197918 5.50903
5.42255 5.250762 5.12752
5.40574 5.226804 4.73059

5.1549 4.893229 4.68367

5.1694 4.953603 4.76019
5.33331 5.026567 5.19924
5.22946 4.977283 5.01229

5.52722

5.5389 4.93895

5.29461 5.160844 4.83168
5.70138 5.356773  4.9291
5.2227 4.800108 4.64096
5.4113 5.119496 5.12359
5.19389 5.017123 5.39032
5.32651 5.233951 5.56774

5.970715
6.704765
7.210321
6.259934
6.772026
6.935269
6.234009
6.587644
6.298089
6.105084
6.513469
6.144091
6.369178
6.675206
6.488999
6.363612
6.315625
6.533689
5.745433
6.251831

10.2915 9
9.22074 9,
9.71495 8
10.19 9.
9.95696 9.
10.2456 1
10.3371 9
9.57558 9.
9.70721
10.1345 9
10.1875 9
9.97497 9
10.741 1
10.121 1
10.0199 9
9.6914 9
10.1933 9
9.64342 9,
10.0548 9
10.2678 1

4.946009

5.06054
4.594082
5.373375
4.969655
5.033765

5.14973
4.965079
4.574002
4.445919
4.561475
4.900208

4.77059
4.949387
4.758347
4.631172
4.265439
4.847301
5.206868

5.47099

.719418
.037246
.958003
.752823
.649806
0.38378
.662913
.272223
9.38589
.620056
.762222
.401264
0.22305
0.14239
.766752
.105625
.368515
.123399
.712598
0.08938



7.17939
8.15562
8.13974
6.95334
6.96053
6.70964
7.68694
7.11956
6.94505
6.78141
7.59579
5.92604
6.05463
7.01248
6.93962
7.55897
7.63159
7.86459
6.33033
6.67702

5.96032
8.77013

7.8929
6.35012
5.82436
5.89404
6.45257
5.91655
6.65352
6.21333
7.06705
5.72643
5.70411

6.1787
6.29149
6.52553
6.33343
6.34615
6.14545
7.61279

5.73663
6.21599
5.29666
6.41288
4.46788
4.86897
5.86964
4.80921

4.6262
5.80224
4.53861
7.08765
4.42029
4.86679
4.99514
6.09353
4.72006

5.1295
6.25189
7.28437

6.780303
7.993322
7.505527
6.655024

6.74581

6.80013
7.185597
6.894011
6.715161
6.437175
7.278703
5.585207
5.762667
7.027298
6.764294
7.102085
7.014084
7.440492
6.114886
6.560994

5.628999
8.595603
7.277919
6.077684
5.644689
5.973531
6.031732
5.729112
6.433281
5.897931
6.772035
5.397077

5.42905
6.191757
6.132539
6.131109
5.820964
6.003934
5.936298
7.480503

5.417743
6.092291
4.883967
6.137751
4.330054
4.934636
5.486821
4.656853
4.473068
5.507709
4.349145
6.680007
4.207137
4.877074

4.86894

5.72522
4.338139
4.852892
6.039115

7.15779

6.48502
7.78425
7.851
6.49601
6.50416
6.47317
7.10427
6.41842
6.57394
6.53464
6.92701
6.0659
5.96271
6.72268
6.88998
6.79225
7.00173
7.59532
6.19757
6.30468

4.87797
4.47588
4.81314
4.88799
6.06251
7.51703
6.23369
5.46828
5.03681
5.64128
4.98795
5.66621
8.98481
5.46187
5.99327
5.83431
5.71927
5.68691
4.96603
5.05201

11.2958
12.1076
11.2563
11.7871
9.97355
10.8238
10.7369
10.9156

10.944
11.3013
10.9356

12.488
12.2709
11.5972
9.51322
12.8008
11.5935
11.1348
10.8764
11.6572

6.124532
7.629343
7.239284
6.217314
6.303518
6.560471
6.640928
6.215083
6.356335
6.202931
6.637841
5.717023

5.67518
6.736886
6.715908
6.381708
6.435189
7.185743
5.986644
6.195124

4.606814

4.38681
4.438121
4.678283
5.875493
7.618409
5.827128
5.295044
4.870086

5.35492
4.779727
5.340321

8.55155
5.473412
5.841853
5.481668
5.256499
5.380244
4.797018
4.964221

10.66789
11.86666
10.37926

11.2814
9.665884
10.96978
10.03664
10.56979
10.58174
10.72763
10.47909
11.76976
11.67918
11.62171
9.272873
12.02708
10.65542
10.53436
10.50624
11.45463

8.98613
12.1348
10.8974
8.96114
9.85142
11.0523
11.0895
12.6867
12.0859
11.5725

10.483
10.8639

9.5045
11.0668
10.9702
12.7258
9.91016
11.1179
8.30952
10.0912

10.3009
11.1237
10.5348
10.3763
9.23761
10.5453
11.0269

10.187
9.85002
9.44876
10.3911
10.9265
10.9559
10.2906
11.0393
10.1738
9.77032
10.1037
10.2816
10.9233

6.46502
6.72298
7.17598

6.7947
8.85622

9.5289
7.82432
7.56376
7.20295
8.45642
7.20252
7.91244
11.6941
7.61004
7.56359
9.92923

9.4351
8.90573
6.70345
6.54367

8.486611
11.89332
10.04832
8.576684
9.547522
11.20136
10.36624
12.28478
11.68584
10.98506
10.04539
10.23907
9.046179
11.09019
10.69304
11.95662
9.108285
10.51837
8.026717
9.915846

9.728295
10.90234
9.713974

9.93113
8.952646
10.68752
10.30772
9.864274
9.523973
8.969126
9.957322
10.29807
10.42759
10.31235

10.7604
9.558867

8.97976
9.558858

9.93168
10.73349

6.105644
6.589192
6.616859
6.50319
8.583022
9.657412
7.314017
7.324138
6.964524
8.027158
6.90185
7.45736
11.13019
7.626121
7.3725
9.32908
8.671664
8.425489
6.475307
6.429961

307

8.32645
9.24125
8.56865

8.6154
8.39713
9.71616
7.96693
10.2159
9.99675

9.4763
8.20789
9.93885
8.99893
9.17295

8.3315
11.1115

7.9101

8.7569
8.46064
9.94566

4.98359
4.62852
4.39181
4.93006

4.4151
4.65626
4.31112
4.16892
4.34905
4.26711

4.3232
4.54569
5.08493
4.34242
4.41453

4.4522

4.4564
4.23661
4.88428
5.06378

6.64712
6.86713
7.65437
6.40896
8.42433
8.75932
7.46334
7.57514
6.70652
7.85442
7.06337
7.67123
10.5528
7.23643
7.20469
9.54395
8.86536
8.59541
6.22689
6.37773

7.863601
9.057348
7.901018
8.245777
8.138094
9.847198
7.447326
9.892258
9.665846
8.995268
7.865251
9.367222
8.564989
9.192334
8.121009
10.43989
7.270059
8.284684
8.172693
9.772835

4.706563
4.536412
4.049619
4.718548
4.278902
4.719057
4.029948
4.036848
4.205092
4.050505
4.142727
4.284247
4.839727
4.351596
4.302999
4.183097
4.095813
4.008151

4.71805
4.975787

6.277621
6.730473
7.057975
6.133999
8.164455
8.877453

6.97658
7.335158
6.484527
7.455717
6.768509
7.230023
10.04393
7.251722
7.022667
8.967087
8.148025
8.131903
6.014966
6.266904

6.90625
7.46666
6.86566
6.38616
8.26959
8.54795
7.68177
8.44154
8.02208

8.3315
7.26305
7.65437
8.38852

7.4622
7.68786
9.63069
7.42295
8.19901
6.95153
7.18088

6.8522
7.68944
7.57085
7.64092
6.34819
6.88012
6.65861
6.82915
6.66871
6.91888
6.06272

7.027
6.86213
6.74054
7.19556
8.04475
6.45322
6.61405
5.94291
7.09855

3.79163
4.85046
4.94493
4.19645
5.23789
6.42349
4.04335
4.50445
4.26798
5.03956
4.40788
4.90494
8.82112
4.93099
4.37724
6.16927
4.64657
4.84042
3.79923
4.15649

6.522347
7.318073
6.330718
6.112177
8.014488
8.663233
7.180764

8.17411

7.75654

7.90858
6.959853
7.214133
7.984013
7.477969

7.49363
9.048584
6.822326
7.756879
6.714944
7.056098

6.471301
7.536419
6.980962
7.313105

6.15236
6.972909
6.224334
6.612801
6.447968
6.567666
5.809631
6.622845
6.531228
6.754784
7.013768
7.558503
5.931061
6.257388
5.740651
6.975199

3.580862
4.753935
4.559642
4.016411
5.076311
6.510121
3.779642
4.361748
4.126705
4.783744
4.223873
4.622835
8.395753
4.94141
4.266651
5.796382
4.270595
4.5794
3.669928
4.084263

5.25523
5.07783

5.4307
5.21757

5.3158
5.40237
5.54547
5.41586
5.42814
5.28377
5.38726
5.33636
5.42183
5.35623
5.46412
5.38992
5.68167
5.52103
5.19676
5.36789

5.98298
5.85977
4.80723
6.01881
4.74923

5.5337
5.88824
5.11963
5.04445
5.81004
4.72626
6.04611
6.72027
5.22519
5.24229
6.87944
5.51488
4.97641

6.9309
6.31181

9.09744
9.73235
9.17569
9.23153
10.7939
9.19577
8.81277

9.0772
9.32067
9.07639
9.45789
9.25667
9.93955
8.92354
9.29331
9.59579
9.38609
8.44117
9.40389

9.8681

4.963103
4.976781
5.007563
4.993723
5.151817

5.47523
5.183794
5.244284
5.248462
5.015557
5.162368
5.029442
5.160382
5.367549
5.326072
5.064138
5.221941
5.223309
5.019895
5.274612

5.650399

5.74316
4.432671
5.760588
4.602725
5.608331
5.504208
4.957439
4.877473
5.515113
4.528962
5.698371
6.396209
5.236232
5.109846
6.463628
5.068647
4.708057
6.695016

6.20213

8.591733
9.538675
8.46076
8.835474
10.46093
9.31979
8.238
8.789632
9.012145
8.615658
9.063069
8.724277
9.460251
8.942397
9.058519
9.015794
8.62662
7.98598
9.083841
9.696622



5.10329 4.819609 6.31169 5.960837 6.34949 5.996536 10.2646 9.694013 6.92636 6.541339 8.46384 7.993354
4.49717 4.407676 9.84198 9.646124 7.27714 7.132324 10.2381 10.03436 6.85411 6.717712 10.1352 9.933508
5.34473 4.928292 10.7536 9.915726 8.38767 7.734139 10.8336 9.989493 6.97744 6.433788 10.2117 9.416049
4.76028 4.556052 6.94888 6.650755 7.56729 7.242634 11.3623 10.87483 7.09536 6.790951 8.47463 8.111047
4.18996 4.060707 8.53468 8.271401 9.13344 8.85169 10.021 9.71187 8.14674 7.895428 7.5694 7.335898
4.52981 4.590902 9.05646 9.178601 9.19082 9.314773 9.71773 9.848789 8.15973 8.269777 7.54336 7.645094
4.43152 4.142496 9.20145 8.60133 8.5639 8.005361 10.2373 9.569622 7.4729 6.985516 8.25465 7.71628
4.56691 4.422229 9.60855 9.304149 7.77876 7.532327 10.0233 9.70576 7.21762 6.988964 8.72396 8.447583
4.88199 4.720391 9.59808 9.280373 7.62159 7.369307 10.2196 9.88132 6.72858 6.505856 9.18245 8.878501
5.23949 4.973525 10.0676 9.556552 8.99436 8.537792 10.2312 9.711848 7.42425 7.047383 8.83691 8.388334

4.7434 4.545386 9.79099 9.382264 7.44234 7.131659 10.617 10.17379 7.05991 6.765193 9.55664 9.157697
4.68916 4.419465 8.27166 7.795919 7.33187 6.910181 10.0548 9.476503 6.11518 5.763468 7.33532 6.913433
4.49075 4.2742 9.5392 9.079206 10.4587 9.954366 10.4801 9.974734 9.31657 8.867312 7.8372 7.459279
4.98962 5.000164 10.2942 10.31595 6.31671 6.330058 9.26453 9.284107 6.14127 6.154247 8.31992 8.337501
4.83965 4.717379 10.1158 9.860229 8.02513 7.822379 10.0191 9.765972 7.02415 6.846688 8.83252 8.609371
4.46388 4.194071 9.4113 8.842455 10.1548 9.541016 11.0269 10.3604 8.53402 8.0182 9.72164 9.134037
4.24769 3.903991 9.94893 9.143918 9.16399 8.422491 10.1267 9.307304 7.50402 6.896837 8.70424 7.999941
4.90683 4.642229 9.16066 8.666672 9.3656 8.86056 10.3816 9.821772 7.9877 7.556963 8.71912 8.248942

4.7757 4.613165 6.71621 6.487633 7.5015 7.246197 10.683 10.31942 7.16767 6.923728 7.97715 7.705658
4.59665 4.516774 6.09289 5.987014 8.31897 8.174411 10.9538 10.76346 7.062 6.939284 8.26293 8.119345

6.96629 6.579049 9.67543 9.137594 7.269 6.864932 5.12805 4.842993 7.01975 6.629537

6.6784 6.545499 10.8736 10.65721 6.3453 6.219028 4.72843 4.634334 5.64442 5.532095
5.68954 5.246236 9.79903 9.035532 7.90268 7.286937 4.77165 4.399864 6.04125 5.570542
6.85325 6.559228 9.74095 9.323038 7.90645 7.567243 5.27546 5.049129 6.74611 6.456685
9.45378 9.162148 9.33082 9.042981 8.55054 8.286771 5.71244 5.536222 6.55538 6.353158
7.89856 8.005085 9.16131 9.284865 7.99014 8.0979 5.34404 5.416113 5.78155 5.859523
7.21704 6.746344 10.3472 9.672354 7.63672 7.138652 5.0102 4.683434 5.86351 5.481091
7.03658 6.81366 10.6027 10.2668 8.67953 8.404561 5.24716 5.080929 6.25077 6.052744
7.47451 7.227095 10.2247 9.886251 7.88173 7.620836 4.90138 4.739139 6.24513 6.038409
6.99683 6.64166 9.91016 9.407104 8.4686 8.03872 5.27407 5.00635 6.43462 6.107988
7.09757 6.801281 9.83395 9.423431 7.34338 7.03683 4.99189 4.783503 5.6529 5.416919

7.1376 6.727084 9.81635 9.251767 7.29105 6.871709 5.14998 4.853781 6.37061 6.004207
9.19057 8.747387 10.1356 9.646847 9.07309 8.635573 5.93937 5.652965 7.12232 6.778871
6.90208 6.916665 9.97743 9.998514 7.76796 7.784375 5.07399 5.084712 6.04506 6.057834
7.14737 6.966795 10.2329 9.974371 7.19993 7.018027 4.58239 4.466618 5.44186 5.304374
7.95711 7.47616 9.53155 8.955437 7.86692 7.391422 5.01154 4.708629 5.76476 5.416322
7.67502 7.054 9.3 8.547496 8.19278 7.529866 5.22045 4.79804 6.18532 5.684838
6.54833 6.195211 9.77369 9.246644 7.86905 7.444712 4.67222 4.420271 5.76216 5.451436
7.26814 7.020779 9.35821 9.039716 7.88577 7.617388 5.32064 5.139559 6.73336 6.504199
7.90693 7.769531 10.4084 10.22753 6.94699 6.826272 5.09464 5.006111 6.10521 5.99912

GSM494590 Lung Cancer 131T 12.7939 9.27201 9.073219 8.48669 8.304736
GSM494591 Lung Cancer 132T 13.0846 7.26753 6.953714 8.20533 7.851019
GSM494592 Lung Cancer 133T 12.6482 7.38054 7.305499 8.09159 8.009319
GSM494593 Lung Cancer 134T 12.9216 8.74213 8.470156 7.94337 7.696246
GSM494594 Lung Cancer 135T 13.0767 8.63477 8.266907 9.03402 8.649148
GSM494595 Lung Cancer 136T 12.344 8.67481 8.798214 6.04757 6.1336
GSM494596 Lung Cancer 137T 13.0067 8.98442 8.647954 9.20719 8.862381
GSM494597 Lung Cancer 139T 12.4828 7.35073 7.3724 8.00931 8.032922
GSM494598 Lung Cancer 142T 13.2993 8.13925 7.662069 9.09028 8.557343
GSM494599 Lung Cancer 143T 12.7196 5.9416 5.848176 9.27606 9.130205
GSM494600 Lung Cancer 144T 12.9077 8.53384 8.27725 8.85598 8.589704
GSM494601 Lung Cancer 145T 13.307 7.81055 7.348385 8.29704 7.806089
GSM494602 Lung Cancer 146T 12.7939 9.08616 8.891354 9.25448 9.056065
GSM494603 Lung Cancer 148T 13.0574 9.19696 8.818161 9.85324 9.447411
GSM494604 Lung Cancer 149T 13.3135 8.65283 8.136851 9.63684 9.062184
GSM494605 Lung Cancer 152T 12.6085 7.8751 7.819574 6.84454 6.796281
GSM494606 Lung Cancer 154T 13.1825 7.48954 7.112918 8.3335 7.914439
GSM494607 Lung Cancer 156T 13.0967 8.23146 7.868745 8.85092 8.460908
GSM494608 Lung Cancer 157T 13.073 7.13554 6.833482 7.71551 7.388901
GSM494609 Lung Cancer 158T 13.361 8.23364 7.715132 9.04289 8.47342
GSM494610 Lung Cancer 159T 12.8294 8.321 8.120067 8.87988 8.665452
GSM494611 Lung Cancer 165T 13.1739 8.214 7.80604 9.14994 8.695496
GSM494612 Lung Cancer 167T 13.026 6.99939 6.727281 7.14988 6.871921
GSM494613 Lung Cancer 177T 13.113 8.75404 8.357895 9.03069 8.622026
GSM494614 Lung Cancer 179T 12.198 8.1604 8.375549 7.8306 8.037054
GSM494615 Lung Cancer 189T 12.9327 8.46492 8.194531 8.90591 8.621435
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8.89141 8.700779 5.63249 5.51173
7.99975 7.654317 5.19571 4.971356
8.04056 7.958808 5.58301 5.526245
8.95099 8.672518 5.19428 5.032682
9.27743 8.882188 5.44613 5.214111
7.84151 7.95306 5.72763 5.809109
9.78193 9.415597 5.56891 5.360355
7.88765 7.910903  5.5123 5.528551
8.72851 8.216782 5.23172 4.924999
6.80667 6.699644 5.21596 5.133945
9.03069 8.759161 5.54374 5.377055
8.17164 7.688109 5.45149 5.128915
9.49633 9.29273 5.16571 5.054958
9.9757 9.564827 5.35991 5.139149
9.50633 9.024089 5.32127 5.003956
7.05624 7.006488 5.28319 5.245939
8.25902 7.843704 5.37242 5.102261
8.93653 8.542746 5.49031 5.248382
7.98738 7.649262 5.13899 4.921449
9.08306 8.51106 5.56616 5.215635
9.09896 8.879241 5.42215 5.291218
8.68287 8.251623 6.74361 6.408679
6.72899 6.467393 5.66212 5.441999
9.33819 8.915611 5.11305 4.88167
8.22461 8.441452 5.22759 5.365415
8.68819 8.410669 5.14215 4.977898

ALK ALK

208211_s_at 208212_s_at

5.20824 5.20824 4.68244 4.68244
5.35422 5.362751 5.13181 5.139987
5.25735 5.392519 4.78532 4.908353
5.17531 5.178002 5.00871 5.011316
5.23958 5.268815 5.49122 5.521859
4.9784 4.998883 5.44129 5.463677
5.65912 5.603029 4.86897 4.820711
5.22326 5.272978 5.68308 5.737175
5.17845 5.229134 5.86574 5.923151
5.14649 5.418907 5.58104 5.876459
5.232 5.214518 4.86186 4.845615
5.28099 5.28099 4.6261  4.6261
5.28713 5.302768 5.35175 5.367579
5.10173 5.192927 5.00754 5.097053
5.421 5.437033 5.59495 5.611498
4.97895 4.992316 4.68403 4.696604
5.24586 5.178784 4.88665 4.824167
5.2612 5.151149 5.55341 5.437247
5.12673 5.016291 4.71886 4.617207
4.82551 4.759397 4.68986 4.625606
4.97533 4.893643 5.12507 5.040924
8.85511 8.665257 7.47661 7.316312
8.9607 8.573772 7.56142 7.234914
9.98475 9.883231 8.16436 8.081349
7.73838 7.497634 7.60649 7.369847
12.3073 11.78298 11.1884 10.71175
10.1147 10.25859 8.32457 8.442991
8.68214 8.356994 7.80198 7.509796
11.813 11.84783 9.64023 9.66865
9.38196 8.831922 8.60648 8.101907
9.77495 9.621251 6.97394 6.864283
10.0243 9.722896 8.30037 8.0508
8.77331 8.254177 8.17969 7.695682
8.95099 8.759082 6.8455 6.698733
8.66107 8.304343 7.93829 7.611333
7.54006 7.090437 6.64821 6.251769
9.90851 9.838647 7.61969 7.565965
9.05395 8.59866 8.20704 7.794338
6.63979 6.347211 7.4186 7.091703
9.23697 8.845955 7.78269 7.453237
8.68933 8.142125 7.37349 6.909149
10.2983 10.04962 9.99207 9.750785
8.87674 8.435864 8.0592 7.658929
8.83922 8.495586 8.03218 7.71992
10.2537 9.789691 7.93916 7.579891
11.2755 11.57278 8.44245 8.665035
9.30048 9.003401 7.328 7.093927

5.15023
5.18992
5.08146
4.93108
5.40738
5.11037

5.0422
4.95684
5.07582
5.75922
5.23545
5.43588
4.97331
5.30239
4.91903
4.86534
5.21795
5.52286
4.84567
5.59635
5.17225
7.85346
5.16677
4.74066
5.01011
4.60638

EGFR

1565483_at

5.83633
5.90737
6.30755
9.80572
6.59319
7.12878

7.7631
6.95997
6.71168

6.3219
5.90481
6.04924
6.10521
5.79207
6.66208
7.66072
7.19366
6.75283
6.42947
6.61383
6.83315

5.91247
5.28713
5.51664
5.89026
5.56524
5.92926
5.46553
5.48947
5.15104
5.01578
5.52722
5.22658
5.24873
5.44443
5.33656
5.87226
5.20544

5.5249
5.43273
5.51876
5.42551
5.23904
5.44602
5.25603
5.14764
5.20836

5.03981 9.86569 9.654171
4.965816 5.38437 5.15187
5.029794 6.11728 6.055083
4.777671 9.21244 8.925835
5.177012 5.59345 5.355155
5.183068 9.85354 9.993712
4.85337 7.91975 7.623156
4.971453 5.92118 5.938636
4.778239 5.62354 5.293848
5.668663 7.08148 6.970132
5.078034 8.37849 8.126571
5.114229 5.25976 4.94853
4.866683  6.0981 5.967357
5.083998 5.52419 5.296663
4.625702 5.70781 5.367446
4.831035 9.77495 9.706029
4.955558 5.79951 5.507874
5.279498 5.51651 5.273428
4.640545 6.27859 6.012808
5.243924 6.21567 5.824242
5.047352 6.38924 6.234955
7.463407 6.27826 5.966442
4.965906 5.81024 5.584361
4.526132 6.90103 6.588739
5.142201 6.37949 6.547685
4.459242 6.38924 6.185153
EGFR
1565484_x_at

5.83633 6.05138 6.05138
5.916783 6.05202 6.061663
6.46972 6.42259 6.587717
9.810821 8.80414 8.80872
6.629977 6.27644 6.31146
7.15811 6.46834 6.494953
7.686155 7.36613  7.29312
7.026219 6.11818 6.176416
6.777371 6.18124 6.241739
6.656535 6.18919  6.5168
5.88508 5.51601 5.497579
6.04924 5.97717 5.97717
6.123267 5.83849 5.855758
5.895607 5.96908 6.075781
6.681784 6.21702 6.235408
7.681285 7.20282 7.222156
7.101679 6.44615 6.363727
6.611578 6.25925 6.128323
6.290967 6.34053 6.203943
6.523216 6.58536 6.495136
6.72096  6.2524 6.149745
5.785707 6.06611 5.936053
5.058829 5.29452 5.0659
5.46055 5.26899 5.215418
5.70701 5.16199 5.001397
5.328147 5.88508 5.634361
6.013607 5.32986 5.40568
5.260846 5.35402 5.153512
5.505653 5.82947 5.846656
4.849049 5.38046 5.065019
4.936913 5.42674 5.341411
5.361031 5.67292 5.50235
4.917314 5.16713 4.861381
5.136198 5.46216 5.345052
5.220188 5.59564 5.36517
5.018335 5.3667 5.046677
5.830856 5.41292 5.374755
4.943677 5.54081 5.262183
5.281448 5.34353 5.10807
5.202754 5.43438 5.204334
5.17122 5.67 5.312936
5.294497 5.96552 5.821467
4.978836 5.38718 5.119618
5.2343 5.38216 5.172923
5.01818 5.38603 5.142297
5.283357 5.84408 5.998159
5.041993 5.22449 5.057608
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8.9098
5.97194
6.04757
8.47667
5.81723
9.25933
7.37349
5.93421
5.59886
6.24147
7.66858
5.31922
5.88061
5.28176

5.2043
9.01319
5.96917
5.31454
6.37672
6.29898
5.98615
6.03224
5.93101
6.31426
6.29091
6.21366

EGFR

8.718775
5.714068
5.986082
8.212955
5.569402
9.391049
7.097353
5.951704
5.270615
6.143331
7.438006
5.004472

5.75453
5.064218
4.893961

8.94964
5.669002
5.080357
6.106784
5.902306
5.841598

5.73264
5.700435
6.028522

6.45677
6.015181

201983_s_at

10.8982
10.7176

11.559
8.57954
8.95984
8.48472
9.90273
8.48669
7.79139
8.98987
10.7536
10.9768

10.475
11.4936
8.62018
11.8017

10.477
8.88754
9.12907
9.69925

11.128

7.31107
7.33936
7.7578
6.88789
10.6719
7.93979
7.485
9.32902
8.51301
6.88124
8.04916
7.78638
6.2771
7.77623
6.25823
7.07667
7.71519
6.70233
7.61279
7.09348
9.4477
7.94642
7.45168
7.58992
7.83577
7.00041

10.8982
10.73468
11.85619
8.584003
9.009832
8.519629
9.804578
8.567471
7.867649
9.465727
10.71767

10.9768
10.50598
11.69906
8.645676
11.83338
10.34304
8.701636
8.932413
9.566363

10.9453

7.154321
7.022443
7.678923
6.673603
10.21725
8.052738
7.204687
9.356522
8.013917
6.773041
7.807143
7.325645

6.14252
7.455948
5.885044
7.026774
7.327221
6.406995
7.290529
6.646773

9.21956

7.55175
7.161988
7.246455

8.04236
6.776801

11.3826
9.18156
10.2737
11.2553
13.5976
13.6512
12.2851

12.226
11.2343
9.69267

11.085

10.755
10.4112
10.7439
8.84461
11.9278
10.9959
8.86395

11.442
10.5136
12.8332
9.75361
8.89327
11.8765
13.0185
10.8116

EGFR

11.13856
8.785095
10.16924
10.90514
13.01831

13.8454
11.82502
12.26204
10.57567
9.540265

10.7517
10.11861
10.18798
10.30139
8.317195

11.8437
10.44296
8.473364
10.95764
9.851513
12.52331
9.269183
8.547534
11.33906
13.36173
10.46625

201984 _s_at

8.23709
8.26293
8.74514
8.23827

8.3515
8.04725
7.46203
8.06844
8.07372
8.42036
8.72794
8.15854
8.29226
8.22356
8.16255
9.23007

8.2725
7.83687

8.5759
7.88189
8.12974

8.59269
9.14557
9.66115
8.58814
12.4648
10.1999
9.75456
11.2088
10.4475
10.4976
9.69584
8.95543
8.47166
9.36183
8.47126
9.28612

9.0952
6.98972
9.43679
8.91358

11.373
9.19577

8.1278
10.7357
11.5808
10.1243

8.23709
8.276096
8.969981
8.242556
8.398098
8.080359
7.388069

8.14524
8.152742
8.866072
8.698778

8.15854
8.316786
8.370561
8.186692
9.254848
8.166724
7.672943
8.391159
7.773902
7.996262

8.408464
8.750659
9.562921
8.320957
11.93377

10.345
9.389252
11.24184
9.834993
10.33254
9.404312
8.425521
8.290028
8.976241
7.966109
9.220645
8.637835
6.681721
9.037316
8.352253
11.09837
8.739049
7.811823
10.24988
11.88613
9.800907



9.50318
10.0806
10.2556
10.1622
10.3036
10.5869

10.474
10.0297
10.1662
11.0835
9.92092
9.80572
10.0008
9.59666
9.83005
10.6579
9.89968
10.0191
9.38881
10.1387
10.4437
9.84169
10.5099
10.7137
11.7928
10.3625

9.299433
9.645314
10.15133
9.846047
9.864641

10.7375
10.08175
10.05927
9.570185
10.90923
9.622624
9.225497
9.786384
9.201399
9.243872
10.58275
9.401861
9.577613
8.991367
9.500222
10.19151
9.352889
10.10132
10.22888
12.10372

10.0315

7.29435 7.13796 4.25101
11.2242 10.73953 9.24261
9.80691 9.707199  7.26587
7.06291 6.843178 4.20106
8.15523 7.807797 4.83028
7.37783 7.482784  4.5005
7.56272 7.279497 4.64593
9.25283 9.280108 6.60026
10.8912 10.25268 8.43724
6.78676 6.680047 4.51495
8.35899 8.107658 4.56662
9.09701 8.558723 6.47013
6.76727 6.62218 4.80452
7.73304 7.414536 4.68524
7.73351 7.272352 4.89999
7.26109 7.209894 4.49764
8.08119 7.674816 4.98611
7.40531 7.078998 5.08599
7.75728 7.428903 4.58712
8.29976 7.777088 4.53165
8.47391 8.269285 5.05156
8.24369 7.834256 5.81204
10.5412 10.1314 8.83135
9.89594 9.448121 6.82332

7.794 7.999489 4.18232
7.88815 7.636184  4.8576

6.92935
8.30482
8.34222
6.9437
7.38798
7.34024
7.19144
8.21047
8.19954
7.16267
7.8227
7.63255
6.84735
7.10955
7.19129
7.45471
7.13013
7.956
6.75708
6.79919
7.93791
8.22445
9.19814
7.37799
8.85387
7.33827

4.159869
8.843509
7.191995
4.070362
4.624498
4.564522

4.47194
6.619718
7.942589
4.443958
4.429314

6.08728
4.701512
4.492267
4.607798
4.465928
4.735377
4.861878

4.39294
4.246272
4.929577
5.523377
8.488022
6.514546
4.292587
4.702437

6.780785
7.946213
8.257401
6.727677
7.073234
7.444659
6.922121
8.234675
7.718824
7.050046
7.587492
7.180918
6.700543
6.816726
6.762465
7.402148
6.771582
7.605423
6.471043
6.371016
7.746228
7.815971
8.840552
7.044115
9.087302
7.103869

9.99598
8.76762
8.98725
9.95101
9.44483
9.32572
9.46958

9.0746
9.34873
10.3551
9.67955
9.49332
9.40055
8.70268
9.00552
9.95509
8.84441
9.17472
9.50577
9.08777
9.53755
9.06334
9.05551
10.1116
9.39253
9.36411

9.781667
8.389029
8.895873
9.641427
9.042457
9.458383
9.114945
9.101352
8.800641
10.19228
9.388512
8.931583
9.199003
8.344239

8.46851
9.884899
8.399657

8.77044
9.103376
8.515474

9.30724
8.613197
8.703467
9.654022
9.640164
9.064999

8.6632
7.41247
7.18487
9.80821
7.84996
10.5625
9.07332
6.90595
7.24528

8.2531
8.12063
7.59907
9.01023

7.2967
7.82289
9.00574
7.92218

7.7667
7.51219
7.59517
7.83475
7.89343
8.23584
8.80011
9.20356
8.27748

7.08298
7.80295
7.75936
6.88205
7.87803

5.8146
7.07043
7.83774
8.23146
8.18691
8.00527
8.15973
7.40987
7.13478
7.50232

7.9501
6.95153
8.01806
7.73401
7.18147
7.76454
8.07285
7.89955
7.98541
7.81509
7.58217

8.477462
7.092396
7.111818

9.50307
7.515532
10.71276
8.733525
6.926309

6.82051

8.12333
7.876464
7.149419
8.817052
6.996168
7.356402
8.942242
7.523802
7.424464
7.194188
7.116869
7.645559
7.501392
7.915663

8.40188
9.446212
8.013078

6.931122
7.466014
7.680467
6.667945
7.542406
5.897316
6.805643
7.860846
7.748873
8.058181
7.764573
7.676904
7.251003
6.840917
7.054948
7.894045
6.601963
7.664748
7.406618
6.729222
7.577045
7.671901
7.592446
7.624048
8.021135
7.339978
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7.77664
5.71287
6.32763
7.09771
5.67606
7.20138
8.37281
5.95667
5.97827
7.77876
5.96869
5.83868
6.62806
5.68838
6.38122
8.86993
5.75758
5.65746
5.86742
6.14268

5.7877
5.87855
5.78409
7.11268
6.92154
6.98361

10.3593
10.6869

10.663
9.53861

10.594
9.32549

9.3834
10.6087
10.1548
9.42304
10.1735
9.50113
10.0727
9.55078
9.99864
11.4895
10.0243
9.56324
9.33497
9.78839
9.98302
10.0444
10.6258
10.9517
10.5811
9.85713

10.1372
10.22543
10.55458
9.241857
10.14267

9.45815
9.031992
10.63998
9.559453
9.274874

9.86761

8.93893
9.856742
9.157408
9.402409
11.40849
9.520214

9.14184
8.939807
9.171973
9.741953
9.545531
10.21271

10.4561
10.86007
9.542271

7.60991 5.04915
5.466185 7.6823
6.263294 7.027
6.876895 4.9511
5.434246 6.40597
7.303823 4.92706
8.059249 4.98257
5.974231 6.49243
5.627781 7.52281
7.656449 4.91197
5.789227 7.07837
5.493194 7.13508
6.485955 5.34315
5.454091 6.35758

6.0007 5.53755

8.80739 5.15592
5.468052 6.46729
5.408167 6.40797
5.619043 6.01619
5.755849 6.15021
5.647941 6.36548
5.586584 7.42573
5.559227 7.28279
6.790811 5.26836
7.104026 5.22382
6.760538 5.01971

5.54819 5.429237
8.33894  7.97886
8.03269 7.951018
5.18723 5.025852
7.43173  7.11512
3.83358 3.888115
7.01043  6.74789
8.55829  8.58352
8.37066 7.879912
7.07194 6.960742
8.46028 8.205902
8.64994 8.138107
8.55367 8.37028
9.01839 8.646946
8.85718 8.329016
6.57856 6.532176
8.61901 8.185591
8.68404 8.301382
7.78795 7.458274
7.82934 7.336293
8.25465  8.05532
8.04251 7.643068
8.67331 8.336126
7.61111 7.266686
7.66185 7.863855
7.91101 7.658314

4.940897
7.350574
6.955553
4.797068

6.13306

4.99715
4.795973

6.51157
7.081769
4.834735
6.865542
6.712884
5.228593
6.095728
5.207339
5.119567
6.142073
6.125606
5.761516
5.762905
6.211769
7.056921
6.999664
5.029952
5.361546
4.859369

10.0455 9.830125
10.5172 10.06306
11.0322 10.92003
10.4092 10.08536
10.2737 9.836015
11.3759 11.53773
9.40157 9.049482
10.1139 10.14372
11.0595 10.41111
10.5618 10.39573

11.761 11.40738

10.477 9.857056
10.2816 10.06116
9.50968 9.118001
9.27862 8.725325
10.6378 10.5628
10.4412 9.91615
9.27887 8.870001
10.6863 10.23393
11.2755 10.56543
9.98508 9.743964
10.3686 9.853629
10.1459 9.751467
10.7273 10.24186
10.7159 10.99842
9.97497 9.656347

4.33157 4.238702 5.31572 5.201751
5.57464 5.333924 6.47602 6.196382
5.21855 5.165491 6.54079 6.474287
4.37981 4.243551 5.56069 5.387693
4.96271 4.751286 5.54182 5.305725
4.46969 4.533274 4.73151 4.798818
4.66294 4.488313 5.93765 5.715285
5.36141 5.377216 6.58925 6.608675
5.67173 5.339213 7.00504 6.594354
5.08319 5.003263 6.62901 6.524777

4.8741 4.727549 6.07722 5.894494
5.41843 5.097811 6.61835 6.22673
5.33061 5.216322 6.66523 6.522328
6.03368 5.785169 7.00319 6.714747
5.82776 5.480244 7.01149 6.593386
4.64031 4.607592 5.21416 5.177396
5.45119 5.177069 6.44909 6.124789
5.64952 5.400577 6.14357 5.872856
5.28386 5.060186  6.6406 6.359493
5.52158 5.173862  6.5984 6.18287

5.16199

5.03734 6.22018 6.069977

5.17959 4.922338 6.00667 5.70834
5.31812 5.111372 6.20127 5.960189
4.57291 4.365973 6.221 5.939482

4.924 5.053821 5.92685 6.083111
5.10784 4.944684 6.61383 6.402569



3.7445
4.70242
4.38653
4.11987
5.13908
4.16035
3.91958
4.74519
4.69356
4.64566
4.26588
4.78024
4.70658
4.49519
5.02532
3.77232
5.00243
4.53221

4.6155
4.71744
4.30503
4.67425

4.4421
4.43769
4.34434
4.37715

3.49274
3.74615
3.69915

3.4018

3.6453
3.43716
3.74731
3.61814
3.77562
81096
34263
71333
66326
59599
74189
16904
66799
75294
61005
77883
61093
66643
90379
76905

3.5942
3.73019

WWwwwwwWwWwWwWwwwww

GSM494616
GSM494617
GSM494618
GSM494619
GSM494620
GSM494621
GSM494622
GSM494623
GSM494624
GSM494625
GSM494626
GSM494627
GSM494628
GSM494629
GSM494630
GSM494631
GSM494632
GSM494633
GSM494634
GSM494635
GSM494636

3.664218 7.34917 7.191604
4.499367 6.82655 6.531776
4.34193 7.24803 7.174336
3.991698 6.3915 6.192656
4.920142 6.05528 5.79731
4.219533 8.38714 8.506452
3.772792 6.72112 6.469415
4.759179 6.82049 6.840597
4.41839 6.56236 6.177628
4.572613 6.52038 6.417855
4.137616 6.93757 6.728976
4.497384 7.34069 6.906328
4.605671 6.93393 6.785267
4.310045 6.01832 5.770441
4.725654 6.25529 5.88228
3.745722 6.78544 6.737597
4.750876 6.89461 6.547905
4.3325 6.28089 6.004126
4.420119 6.85614 6.565909
4.420362 6.79778 6.369694
4.201074 6.55757 6.39922
4.442097 6.5999 6.272107
4.269409 6.88539 6.617713
4.236872 7.13917 6.816103
4.458878 6.74992 6.927881
4.237334 6.65938 6.446664
3.417856 6.97086 6.821405
3.584389 6.47425 6.194688
3.661539 6.30092 6.236856
3.295968 6.82346 6.611177
3.490001 6.46049 6.185257
3.486055 6.69961 6.794916
3.606974 7.5015 7.220569
3.628806 6.40679 6.425678
3.554266 6.63992 6.25064
3.751037 6.44371 6.342391
3.242126 7.12088 6.906774
3.493605 6.44615 6.064719
3.58472 6.40111 6.263871
3.447881 6.72558 6.448571
3.518757 6.27973 5.905262
3.146696 6.97332 6.924153
3.48354 6.55611 6.226427
3.587568 6.26136 5.985456
3.457231 6.63204 6.351296
3.540861 6.62843 6.211009
3.523734 6.85182 6.686365
3.484332 6.62214 6.293242
3.752026 6.53811 6.283934
3.59849 7.02632 6.708359
3.688961 6.59965 6.77365
3.611039 6.81136 6.59379

4.37259
5.64973
5.96488
3.75392
5.29789

4.0041
4.74731
6.13959
5.90325
6.57515
4.72178

6.0636
6.12658
5.45816
5.42763
4.73811
5.69336
5.98413
5.79035
6.25261
5.81193
6.02649
5.48019
5.13468
5.79515
5.77351

9.0562
10.1083
9.50113
9.00531
10.1037
8.99568
10.1368
9.30483
9.97531
10.2758
9.96153
9.77401
10.0931
9.67307

9.9739
8.95476

9.9837
9.71042
10.0376
10.1235
10.2595

9.9601

10.477
10.6158
9.95409

10.179

RPL29

4.278842
5.405772
5.904232
3.637133
5.072187

4.06106
4.569524

6.15769
5.557159
6.471764
4.579809
5.704805
5.995227
5.233353
5.103974
4.704703
5.407062
5.720442
5.545236
5.858856
5.671585
5.727176
5.267142
4.902321
5.947939
5.589091

8.862036
9.671818
9.404528
8.725149
9.673257
9.123648
9.757178
9.332261
9.390486
10.11423
9.662013
9.195664
9.876705
9.274662
9.379144
8.891622
9.481656
9.282535
9.612693
9.485979
10.01176
9.465418

10.0697
10.13541
10.21653
9.853859

200823 x_at

5.03557
6.04788
5.79301
4.46172
4.55821
4.67032
5.92491
5.38184
6.08767
6.79562
4.90275
7.23444
6.37494
5.14847

6.0101
5.86432
6.30013
5.55842
6.82929
6.76444
5.87524
4.86058
5.61179
6.55396
5.61898
6.50416

4.1462
4.17716
4.30362
4.51527
4.56258
4.30097
4.46078
4.24889
4.34795
3.99916
4.28207
4.86249
4.93252
4.83883

4.9857
3.92156
5.05549
4.72043
4.59021
4.53748
4.43378

4.5464
4.41334
4.34148

4.3053
4.40139

DDR2

4.927608
5.786729

5.73411
4.322913
4.364019
4.736758
5.703023
5.397706
5.730767
6.688767
4.755337
6.806365
6.238262
4.936418
5.651711
5.822972
5.983319
5.313491
6.540196
6.338454
5.733367
4.619173
5.393626
6.257375
5.767124
6.296402

4.057306
3.996788
4.259863
4.374797
4.368203
4.362154
4.293724
4.261416
4.093042
3.936278
4.15332
4.574767
4.826767
4.639531
4.688397
3.89391
4.801268
4.512426
4.395899
4.251735
4.326715
4.320597
4.241767
4.145016
4.418809
4.2608

205168_at

Lung Normal 2N
Lung Normal 3N
Lung Normal 6N
Lung Normal 17N
Lung Normal 32N
Lung Normal 33N
Lung Normal 37N
Lung Normal 40N
Lung Normal 43N
Lung Normal 79N
Lung Normal 91N
Lung Normal 92N
Lung Normal 94N
Lung Normal 97N
Lung Normal 102N
Lung Normal 103N
Lung Normal 106N
Lung Normal 109N
Lung Normal 114N
Lung Normal 115N
Lung Normal 116N

12.886
12.8655
12.563
12.8793
12.8145
12.8332
13.015
12.7645
12.7611
12.2382
12.9292
12.886
12.848
12.6597
12.848
12.8515
13.0529
13.1613
13.1697
13.065
13.1011

311

9.48849 9.48849
9.48177 9.496878
9.68431 9.933298
7.44585 7.449723
7.51987 7.561828
7.64525 7.676705
9.88058 9.782647
7.39875 7.469176
6.86373 6.930909
6.92519 7.291758
9.11641 9.08595

9.8695 9.8695
9.51322 9.541357
9.39614 9.564102
6.99891 7.01961

10.043 10.06996
8.52391 8.41492
7.25214 7.100444
8.72205 8.534161
9.53943 9.408733
9.84878 9.687078

10.4744
13.0067
12.2298
10.7065
11.4905
7.41363
11.776
12.0951
12.9723
12.7227
11.4014
11.4482
11.03
9.68463
10.8625
11.7456
10.8432
8.98461
11.765
12.1543
11.1455
9.53316
12.2972
13.2836
11.2292
11.7804

8.41298
8.38503
8.21434
9.66115
8.83838
10.1376
10.2238
8.07106
7.96907
6.16537
9.19605
9.51857
10.1444
8.86596
9.14396
7.68568
9.85478
9.43538
9.20858
8.89952
9.37942
9.06111
9.47006
9.54611
8.56711
8.97831

DDR2
225442_at
9.95441
10.0444
10.0871
9.91709
9.9558
10.3949
9.96993
9.81369
9.67988
9.61323
9.84269
9.78907
9.84043
9.45613
9.72223
9.85573
9.07191
9.95829
10.192
10.2686
10.1368

10.24983
12.44506
12.10545
10.37341
11.00098
7.519093
11.33499
12.13076
12.21177
12.52265
11.05859
10.77079
10.79352
9.285746
10.21476
11.66278
10.29793
8.588707
11.26697
11.38889
10.87636
9.059682
11.81913
12.68248
11.52526
11.40411

8.232607

8.02296
8.130821
9.360585
8.461843
10.28181
9.840919
8.094854
7.501866
6.068427
8.919549
8.955338
9.926905
8.500794
8.598695

7.63149
9.359219
9.019614
8.818767
8.339079
9.152929
8.611077
9.101901
9.114122
8.792982
8.691522

9.95441

10.0604
10.34644
9.922249
10.01135
10.43767
9.871112
9.907102
9.774622
10.12208
9.809803

9.78907
9.869535
9.625164
9.750985
9.882188
8.955913
9.749989
9.972445
10.12791
9.970369

7.45369

11.837
10.6835
7.68019
8.57331
6.89325
8.10908
9.82366

11.756
6.65743
8.87401
10.0195
7.16002
8.09268
8.18163
7.55439
8.60374
8.09633
8.06577

8.5768
8.95121
8.65617
11.2393
10.9002
8.19027
8.56564

5.95135
9.85713
9.76745
5.87146
8.88794
6.52219
8.33647
9.55353
9.74059
8.03269
8.80457
9.16462
7.62651
8.83623
8.62923
8.18799
8.82896
9.57364
7.69922
8.30006
9.68522
9.75641
10.2942
8.85049
10.5924
8.80414

DDR2

227561_at
9.84639
9.73259
9.81013
8.14929
8.0192
7.76422
9.93111
8.35772
7.81704
9.93817
9.59863
10.2283
10.1807
9.89804
8.12959
9.94375
9.33181
8.13749
9.67027
10.1585
10.5764

7.293884
11.32587
10.57488
7.441254
8.208066

6.99131
7.805396
9.852621
11.06678

6.55275
8.607192
9.426628

7.00651
7.759364

7.69375
7.501126
8.171089
7.739569
7.724334
8.036682
8.735059
8.226249
10.80236
10.40694
8.406206
8.292034

5.823754
9.431494
9.66814
5.688795
8.509292
6.614972
8.02427
9.581694
9.169527
7.906386
8.53984
8.622332
7.462998
8.472289
8.114659
8.130258
8.384984
9.151782
7.3733
7.777369
9.451345
9.271844
9.894002
8.449981
10.87167
8.522916

9.84639
9.748098
10.06235
8.153529
8.063944
7.796165
9.832676
8.437274

7.89355
10.46422
9.566558

10.2283
10.21081
10.07497
8.153635
9.970444
9.212489
7.967275
9.461954
10.01932
10.40275



KRAS
1559204_x_at

6.22401 6.22401
6.45561 6.465896
6.75141 6.924992

6.6681 6.671569
6.25483 6.28973
6.35791 6.384069
6.98972 6.92044
6.76066 6.825012
6.45713 6.52033
6.57071 6.918515
6.49257 6.470877
6.65898 6.65898
6.61777 6.637343
6.46741 6.583019
6.49082 6.510018
6.54886 6.56644
6.82951 6.742185
6.30081 6.169014
6.66778 6.524144

6.7013 6.609487
6.68203 6.572321

EGFR
210984 x_at
7.14752
7.60466
7.78975
7.19144
6.59158
6.46669
6.98523
6.59468
6.71735
6.93447
7.20403
6.90075
7.0324
6.89154
6.83489
8.00311
7.5062
6.5692
7.54006
6.93816
7.43934

7.14752
7.616777
7.990028
7.195181
6.628358
6.493296
6.915995
6.657452
6.783096

7.30153
7.179959

6.90075
7.053199
7.014731
6.855105
8.024594
7.410222

6.43179
7.377633
6.843102
7.317197

BRAF
206044 _s_at
6.02199
5.95788
6.25904
6.74106
6.08959
6.01852
6.70691
6.69178
6.47544
6.72298
6.21254
6.34627
6.32731
6.4529
6.46282
7.19027
6.52072
6.37795
6.18889
6.40134
6.18073

6.02199
5.967373
6.419963
6.744567
6.123568
6.043282
6.640434
6.755476
6.538819
7.078845
6.191782

6.34627
6.346024

6.56825
6.481935
7.209572
6.437343

6.24454

6.05557
6.313637
6.079252

KRAS

204009_s_at

9.92434
9.92092
10.4523
10.5912
10.5618
10.5738
10.0467

10.757
10.8263

10.894
9.85875
10.1041

10.195
10.1009
10.1316

9.8966
10.4724
10.2646
9.65699
9.94783

9.9623

EGFR

211550_at
5.02946
5.19534
5.37673
5.32829
5.10339
5.06696
5.36074
5.15913
5.15394
5.32508
5.44958
5.4647
5.33331
5.31764
4.85963
5.47007
5.32408
5.03897
5.0522
5.34922
5.31893

BRAF
236402_at
5.30517
5.42965
5.63249
7.17626
6.81825
6.15332
5.76158
7.80985
7.24075
7.053
5.6474
5.79126
5.93254
5.72046
6.06981
5.69418
4.92432
5.78637
5.08146
5.23608
5.10461

9.92434
9.936728
10.72103
10.59671
10.62073

10.6173
9.947121
10.85939
10.93226
11.47065
9.825809

10.1041
10.22515
10.28146
10.16157
9.923168

10.3385
10.04989

9.44896
9.811537
9.798734

5.02946
5.203618
5.514968
5.331062
5.131865
5.087807
5.307606
5.208238
5.204384

5.60695
5.431371

5.4647
5.349084
5.412696
4.874003
5.484754
5.256004
4.933568
4.943366
5.275932
5.231601

5.30517
5.438302
5.777304
7.179993
6.856293
6.178637
5.704473
7.884189
7.311619
7.426334

5.62853

5.79126
5.950086
5.822717
6.087762
5.709466
4.861356
5.665334
4.971996
5.164342

5.0208

KRAS

204010_s_at

4.56501
4.91423
4.48394
4.19958
5.41177
5.03257
4.91235
4.84654
5.05109
5.13331
4.67007
4.67996

5.2849
4.98795
5.57409
4.65956
5.25763
5.56069
4.43443
4.33488
4.94656

EGFR

211551 _at
5.32478
5.25223
5.25773
5.70657
5.34033
5.52111
5.21807
5.45509
5.37398
5.37262
5.4726
5.34404
5.22743
5.09025
5.35047
5.31649
5.10489
5.11935
5.28041
5.24399
5.28281

BRAF
243829 _at
6.4075
6.427
6.05408
6.93799
6.6172
6.46944
5.47675
7.35946
6.86
7.02343
5.93893
5.53869
5.91049
5.37959
6.32673
5.80184
5.85812
5.89567
5.09911
5.41923
5.64568

4.56501

4.92206
4.599224
4.201765
5.441966
5.053276
4.863661
4.892672
5.100528

5.40503
4.654466

4.67996
5.300531
5.077113
5.590576
4.672069
5.190404
5.444375
4.338904
4.275489
4.865345

5.32478
5.260599
5.392908
5.709539
5.370127
5.543826

5.16635
5.507015
5.426578
5.657007
5.454315

5.34404
5.242891
5.181241
5.366295
5.330762
5.039617
5.012267

5.16666
5.172144
5.196074

6.4075
6.437241
6.209733
6.941599
6.654121
6.496057
5.422466
7.429512
6.927143
7.395199
5.919086

5.53869
5.927971
5.475754
6.345442
5.817415
5.783216
5.772348
4.989266
5.344983
5.552987

312

KRAS

214352_s_at

9.6624
9.31408
9.72569
7.79008
6.80992
6.53701
9.61754
8.32861
7.32724
7.82451
8.94809
9.98922
9.92166
10.7207
5.72246
9.77811
9.91918
6.71196
8.10293
8.31897
9.57855

EGFR

9.6624
9.328921
9.975742
7.794133
6.847917
6.563905
9.522214
8.407887
7.398956
8.238682
8.918192

9.98922
9.951005
10.91234
5.739385
9.804359
9.792349
6.571563
7.928378
8.204994
9.421285

211607_x_at

6.58137
7.18645
7.20194
7.11325
6.8743
6.33772
6.78936
6.7027
6.653
6.53528
6.95363
6.52491
6.76231
6.2622
6.48719
7.61017
7.07979
6.45785
6.96807
6.40426
6.96571

MET

203510_at
11.1928
10.5064
9.63098
10.4603
10.474
9.86034
9.99063
10.2467
10.4949
10.9279
10.8407
10.7853
10.386
11.0307
10.8116
12.2832
10.7985
11.3471
11.174
10.7493
11.0491

6.58137
7.197901
7.387105

7.11695
6.912656
6.363795
6.722066

6.7665
6.718117
6.881209
6.930396

6.52491
6.782311
6.374141
6.506377

7.6306
6.989265
6.322769
6.817965
6.316517
6.851344

11.1928
10.52314
9.878597
10.46574
10.53244
9.900909
9.891606
10.34423
10.59762
11.50634
10.80448

10.7853
10.41672
11.22788
10.84358
12.31617
10.66043
11.10975
10.93329
10.60203
10.86769

EML4

220386_s_at

7.73417
8.76316
8.19132
6.69418
6.84652
7.36092
8.90532

8.0899
7.34184
6.26006
8.09022
6.92993
7.94145

6.3639
6.63705
8.08186
8.23827
7.10955
8.95887
7.70229

7.3114

EGFR

224999 _at
9.20833
9.19082
9.71462
8.9173
9.31999
8.90879
8.13404
8.73235
8.71979
8.95229
9.3938
8.90279
8.85839
8.96158
8.56785
9.52543
9.04434
9.20884
8.96114
8.74004
9.01361

MET

7.73417
8.777123
8.401922
6.697662
6.884721
7.391205
8.817054
8.166904
7.413699
6.591421
8.063188

6.92993
7.964938
6.477659

6.65668
8.103556
8.132932
6.960837
8.765879
7.596763
7.191358

9.20833
9.205465
9.964387
8.921939
9.371992
8.945444
8.053418

8.81547
8.805135
9.426158
9.362413

8.90279

8.88459
9.121774
8.593191
9.551001
8.928695
9.016215

8.7681
8.620295
8.86562

211599_x_at

8.18953

8.4198
7.20797
6.51701
6.68215
6.56019
7.83652
6.57362
6.59544
6.93075
8.48221
6.76114
7.68992
6.78101
6.50583
8.62244
8.30073
6.60561
9.63712
8.31784
7.28635

8.18953
8.433216
7.39329
6.5204
6.719434
6.587181
7.758847
6.636192
6.659993
7.297613
8.453869
6.76114
7.712664
6.902225
6.525072
8.645587
8.194593
6.467438
9.429518
8.20388
7.166719

EMLA
223068_at
9.4775  9.4775
9.45253 9.467592
9.54342 9.788785
9.60316 9.608156
9.34922 9.401385
9.92676 9.967602
10.1158 10.01554
10.4617 10.56128
10.3063 10.40717
9.52033 10.02427
9.42843 9.396927
9.45815  9.45815
9.99283 10.02239
9.32617 9.492881
9.65818 9.686746
9.93615 9.962824
9.69201 9.568084
10.0214 9.811779
9.47273  9.26867
9.37755 9.249071
9.4682 9.312747

KRAS
1559203_s_at

3.84883 3.84883
3.63526 3.641052
3.77692 3.874026
3.84752 3.849522
4.06207 4.084735

3.7524 3.767839
3.43119 3.397181
4.65892 4.703266
4.26871 4.31049
4.58834 4.831213
3.58715 3.575164
3.67459 3.67459
3.56262 3.573157
3.56582 3.629561
3.76476 3.775895
3.52681 3.536278
3.66335 3.616509
3.86009 3.779347
3.56867 3.491794
3.45572 3.408374
3.56502 3.506488

MET
213807_x_at
7.94227
8.035
7.17301
6.2211
6.38112
6.40156
7.27187
6.25269
6.42126
6.53676
7.87272
6.53379
7.09536
6.79404
6.36132
8.21047
7.94438
6.14761
9.15036
7.74356
7.23005

7.94227
8.047803
7.357431
6.224336
6.416724
6.427898
7.199794
6.312207
6.484108
6.882768
7.846415

6.53379
7.116346
6.915488
6.380135
8.232511

7.8428
6.019018
8.953244
7.637468
7.111344



EMLA EML4 EML4 ERBB2 ERBB2 ERBB2
223069_s_at 228674_s_at 232587_at 210930_s_at 216836_s_at 234354 _x_at
6.48573 6.48573 8.02424 8.02424 6.65831 6.65831 5.21145 5.21145 10.2394 10.2394 4.52361 4.52361
7.16472 7.176136 7.73401 7.746333 6.48386 6.494191 6.07273 6.082406 10.1589 10.17509 4.57879 4.586086
6.60114 6.770858 8.30356 8.517048 7.34232 7.531094 5.40932 5.548396 10.0493 10.30767 4.46846 4.583346
7.23754 7.241305 7.98674 7.990895 6.93275 6.936357 5.07425 5.07689 9.43326 9.438167 4.69494 4.697382
6.47363 6.50975 7.50604 7.547921 6.44755 6.483525 5.33697 5.366748 10.1609 10.21759 4.91996 4.947411
6.78831 6.816239 7.61726  7.6486 6.92289 6.951373 5.08186 5.102768 9.74023 9.780305 4.76677 4.786382
7.49942 7.425088 8.96651 8.877637 6.58771 6.522415 5.28254 5.230181  9.5175 9.423166 4.17576 4.134371
7.53616 7.607894 8.66662 8.749114 7.30536 7.374897 5.15223 5.201272 9.29234 9.38079 4.79387 4.839501
7.41533 7.487908 8.29663 8.377834 6.96097 7.029101 4.79031 4.837195 9.71744 9.81255 4.86194 4.909527
6.46317 6.805283 6.09983 6.42271 7.03344 7.405738 4.83809 5.094183 9.46005 9.960795  4.8378 5.093877
6.55396 6.532061 7.62876 7.60327 6.41576 6.394323 5.65104 5.632158 9.86882 9.835846 4.52272 4.507608
6.05344 6.05344 8.64125 8.64125 7.06902 7.06902 4.82394 4.82394 10.0919 10.0919 4.51771 4.51771
6.80532 6.825448 8.73155 8.757375 7.08421 7.105163 5.32487 5.340619 9.45013 9.47808 4.38219 4.395151
6.55673 6.673936 9.29139 9.457479 6.33731 6.450593 4.95347 5.042016 10.1178 10.29866 4.64755 4.730628
6.77843 6.798478 7.38949 7.411346 5.81504 5.832239  5.4077 5.423694  10.043 10.0727 4.86688 4.881275
7.18504 7.204328 9.12728 9.151782 7.36436 7.38413 6.13243 6.148893 11.2385 11.26867 4.49499 4.507057
7.04611 6.956015 8.26365 8.157987 6.35744 6.276151 5.52912 5.458422 9.81866 9.693114 4.40492 4.348597
6.54127 6.404444 8.00311 7.835706 5.63846 5.520518 4.90414 4.801558 9.92923 9.721536 4.53508 4.440218
7.56033 7.397466 7.08271 6.930135 5.79815 5.673247 6.94464 6.795039 9.87732 9.664544 4.46846 4.372201
6.97647 6.880887 7.61034 7.506073 6.02023 5.937748 5.73714 5.658537 9.95829 9.821854 4.46761  4.4064
6.51247 6.405545 8.49501 8.355535 6.32907 6.225156 5.36394 5.275872 9.77811 9.617568 4.28179 4.21149
MET ABCC1 ABCC1 AKT1 PIK3CA PIK3CA PIK3CA
213816_s_at 202804_at 202805_s_at 207163_s_at 204369_at 231854_at 235980_at
458543 4.58543 9.48071 9.48071 7.48265 7.48265 9.90684 9.90684 8.46405 8.46405 5.40326 5.40326 7.18402 7.18402
430611 4.312971 9.36536 9.380283 8.12269 8.135633 9.93435 9.950179 8.75912 8.773077 5.77819 5.787397  7.1165 7.127839
4.03535 4.139101 9.31 9.549364 7.68177 7.879272 9.94154 10.19714 8.64879 8.871154 592825 6.080668 6.92358 7.101588
4.05966 4.061772 9.54881 9.553777 6.63145  6.6349 8.80533 8.809911 7.69066 7.694661 5.60671 5.609627 6.92437 6.927972
3.99745 4.019754 9.52973 9.582902 7.45402 7.495611 9.45253 9.505271 7.72788 7.770999 5.57647 5.607585 7.08111 7.12062
3.88127 3.897239 9.40368 9.44237 7.57205 7.603204 9.20187 9.23973 7.40438 7.434844  5.9045 5.928793 7.39458 7.425004
4.65374 4.607614  9.1761 9.08515 7.52421 7.449633 10.0612 9.961477 8.59729 8.512077 5.32892 5.276102 6.94572 6.876877
4.08846 4.127376 9.63208 9.723764 7.64741 7.720203 9.26009 9.348233 7.86258 7.937421  5.5383 5591017 7.18658 7.254986
401218 4.051449 9.72014 9.815276 7.43091 7.50364  9.4647 9.557336 7.37535 7.447537 5.52912 5.583237 6.97744 7.045732
4.19086 4.412693 9.87327 10.39589 6.79577 7.155488  7.8742 8291002 7.59177 7.993622 5.95943 6.274878 7.46696 7.862206
4.75383 4.737946  9.4511 9.419521  7.7886 7.762576 9.81738 9.784577 9.00262 897254 6.03724 6.017068  7.1855 7.161491
4.33471 4.33471 9.41767 9.41767 7.18838 7.18838 9.81141 9.81141 7.57482 7.57482 505002 5.05002 6.38172 6.38172
4.31147 4.324222 9.47918 9.507216 7.18117 7.202409 9.41948 9.44734 8.30022 8.324769  5.4387 5.454786 6.869 6.889316
4.53362 4.614661 9.25667 9.422139  6.7767 6.897838 9.65393  9.8265 7.77292 7.911866 5.31532 5.410335 6.74412 6.864675
3.60561 3.616274 9.69353  9.7222 7.08584 7.106797 9.55742 9.585688 6.99756 7.018256 5.62152 5.638147 7.01149 7.032228
5.10853 5.122244  9.3781 9.403276 7.40395 7.423826 10.6506 10.67919 7.77356 7.794428 4.82104 4.833982  6.0165 6.032651
431694 4.261742 9.22774 9.10975 7.25035 7.157644 9.66173 9.538191 8.78289 8.670588 5.47425 5.404254 7.06092 6.970636
4.12594 4.039636 9.14193 8950705 6.85037 6.707078 9.26009 9.066393 7.45369 7.297778 5.56144 5.445109 7.13743 6.988134
7.04928 6.897425 9.01085 8.816739 7.44632 7.285912 9.49123 9.286771 8.19884 8.022222 5.74769 5.623874 6.719 6.57426
5.10015 5.030274 9.5183 9.387892 7.67794 7.572747 9.96467 9.828147 7.80073 7.693854 5.24027 5.168474 6.73503 6.642755
4.29191 4.221443  9.3626 9.20888 7.15904  7.0415 9.74157 9.581628 8.46405 8.325083 5.54835 5.457255 6.95025 6.836138
GSM494637 Lung Normal 117N 13.0574 9.92266 9.792409 9.76777 9.639552 10.4627 10.32536
GSM494638 Lung Normal 118N 13.2253 9.47679 9.233659 9.61381 9.367164 9.95543  9.70002
GSM494639 Lung Normal 119N 13.0887 9.63968 9.490394 9.963 9.808707 10.2713 10.11223
GSM494640 Lung Normal 120N 13.073 9.87927 9.737954 9.69988 9.56113 10.6131 10.46129
GSM494641 Lung Normal 121N 13.0493 8.30825 8.20428 9.12728 9.01306  9.3247 9.20801
GSM494642 Lung Normal 122N 12.9043 8.46672 8.454713 9.63155 9.617891 9.03279 9.01998
GSM494643 Lung Normal 123N 12.9607 9.65303 9.597394 9.65226 9.596628 10.1472 10.08872
GSM494644 Lung Normal 124N 13.2565 9.11192 8.857255 9.66889 9.398659 9.87259 9.596665
GSM494645 Lung Normal 125N 13.0026 9.18601 9.103635 9.71281 9.625711 9.90883 9.819973
GSM494646 Lung Normal 126N 13.015 9.31759 9.225237 9.65791 9.562184 10.0265 9.927121
GSM494647 Lung Normal 127N 13.1011 8.49559 8.356105 9.17635 9.025688 9.17472 9.024085
GSM494648 Lung Normal 129N 13.2565 7.35977 7.154075 9.87639 9.600359 8.06907 7.843551
GSMA494649 Lung Normal 130N 12.7611 6.48845 6.551956 9.95969 10.05717 7.42891 7.501621
GSM494650 Lung Normal 131N 12.563 9.76559 10.01667 9.87424 10.12811 9.72164 9.971587
GSM494651 Lung Normal 132N 12.6171 9.54395 9.747354 9.75483 9.962728 9.60288 9.80754
GSM494652 Lung Normal 133N 13.0026 8.54846 8.471802 9.95543 9.866155 9.59261 9.506589
GSM494653 Lung Normal 134N 12.8515 8.79814 8.821759 9.79903 9.825336  9.5448 9.570423
GSM494654 Lung Normal 135N 12.7485 9.62675 9.73058 8.71093 8.804882 9.74402 9.849115
GSM494655 Lung Normal 136N 13.073 8.61414 8.490921 9.581 9.443951 9.59261 9.455395
GSM494656 Lung Normal 137N 12.7611 9.35595 9.447522 9.15789 9.247523 9.85324 9.949679
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8.74129 5.86332 5.786354 8.56764 8.455176 6.26682 6.184558 4.93631 4.871513 10.1037 9.971072 4.33854
9.783102 6.94915 6.770867 8.90631 8.677815 6.35408 6.191064 5.24812 5.113478 9.71804 9.46872 4.0295
9.345011 6.97546 6.867434 8.09982 7.974381 6.12351 6.028677 5.91964 5.827965 9.92092 9.767278 4.32233
9.028647 6.52676 6.433399 8.80029 8.674408 6.58874 6.494493 4.83489 4.76573 9.73047 9.591283 4.21247
9.410198 7.11069 7.021706 7.27921 7.188117 5.92663 5.852464 6.05377 5.978013 9.95894 9.834313 4.69716
9.193873 7.39997 7.389476 6.59673 6.587375 5.73778 5.729643 6.83856 6.828862 10.0737 10.05941 4.52902
9.185074 5.9672 5.932808 8.08557 8.038968 6.096 6.060865 4.84751 4.819571 9.96533 9.907894 4.05657
9.238396 7.23828 7.035981 8.03411 7.809568 5.69418 5.535036 5.59701 5.440582 9.5646 9.297283 4.46475
9.075539 6.9873 6.924642 7.81001 7.739974 6.12913 6.074167 5.56243 5.512549 9.39745 9.313179 4.19597
9.424988 6.83689 6.769125 8.27748 8.195437 6.11395 6.053351 5.22402 5.172241 9.38247 9.289474 4.3057
9.149207 7.51666 7.393248 7.66495 7.539103 6.00829 5.909643 6.47843 6.372064 9.55151 9.394689 4.46745
9.424855 6.7947 6.604798 7.92333 7.701884 6.31088 6.1345 5.09805 4.955567 9.75456 9.481934 4.72336
10.18229 6.84763 6.914652 7.9101 7.987521 8.08921 8.168384 4.75933 4.805912 9.87603 9.972692 4.41872
10.32439 7.50955 7.702624 8.54567 8.765383 8.81626 9.04293 5.80604 5.955316 9.93078 10.1861 3.9817
10.11553 7.22765 7.381688 7.69273 7.85668 7.48063 7.64006 5.58279 5.701772 9.95302 10.16514 4.05437
8.795682 7.1186 7.054764 6.43552 6.37781 5.84585 5.793428 6.9145 6.852495 10.0123 9.922515 4.47232
9.253214 7.36238 7.382144 6.63592 6.653734 5.63934 5.654479 6.66292 6.680807 10.0297 10.05662 4.56306
9.240976 6.59016 6.661239 9.19506 9.294234 7.13743 7.214411 5.10109 5.156108 10.329 10.4404 4.11323
9.331788 7.1307 7.0287 6.91688 6.817939 5.5597 5.480172 5.66322 5.582212 9.97682 9.834109 4.75701
10.40354 6.45701 6.520208 9.18832 9.278251 7.86921 7.94623 4.81536 4.862491 9.80039 9.896312 3.83757

6.57317 6.486886 5.2985 5.228948 5.43769 5.366311 6.44627 6.361652 8.5315 8.41951 3.6535 3.605542
7.32512 7.137191 5.28928 5.153582 5.23476 5.10046 6.83985 6.664371 8.57278 8.352842 3.58684 3.494818
7.08445 6.974736 5.34755 5.264734 5.3959 5.312336 6.86887 6.762494 9.08938 8.948616 3.62553 3.569383
6.97069 6.870979 5.47296 5.394673 5.46752 5.389311 6.93159 6.832439 8.16813 8.051291 3.37229 3.324052
7.46015 7.366793 5.31598 5.249455 5.49235 5.423618 7.01915 6.931312 8.63285 8.524818 3.494 3.450276
7.97664 7.965328 5.07302 5.065826 5.12959 5.122316 7.50826 7.497612 8.81644 8.803937 3.6975 3.692256
6.95564 6.915551 5.5701 5.537996 5.26786 5.237498 6.64752 6.609207 8.40019 8.351775 3.72683 3.70535
7.25718 7.054352 5.45856 5.306001 5.68731 5.528358 7.21099 7.009453 8.4511 8.214904 3.52743 3.428843
7.41458 7.34809 5.46117 5.412197 5.35192 5.303927 6.97043 6.907923 8.78926 8.710443 3.5586 3.526688
7.40108 7.327723 5.44203 5.388091 5.0471 4.997075 6.89025 6.821956 8.67822 8.592205 3.49943 3.464745
8.10451 7.971446 5.41992 5.330933 5.36223 5.27419 7.70407 7.577581 8.89793 8.75184 3.78416 3.72203
6.63087 6.445547 4.99743 4.857759 5.66364 5.505349 6.34908 6.171632 8.52032 8.282189 4.22507 4.106985
6.55957 6.623772 4.87952 4.927279 5.37044 5.423003 6.4237 6.486572 9.47245 9.565162 3.94617 3.984793
7.64153 7.837997 5.46515 5.605661 5.37534 5.513542 7.35557 7.544685 9.06965 9.302835 3.37618 3.462983
7.64235 7.805226 5.67918 5.800217 5.47675 5.593472 6.96641 7.114881 8.96985 9.161019 3.61256 3.689552
7.09729 7.033645 5.31696 5.26928 5.22013 5.173319 6.93624 6.87404 8.95864 8.878304 3.772 3.738175
7.86807 7.889192 5.22898 5.243017 5.43282 5.447404 7.25572 7.275198 9.03626 9.060518 3.70069 3.710625
7.43047 7.510612 6.15791 6.224327 5.40275 5.461022 7.11403 7.190759 7.15439 7.231554 3.46668 3.50407
7.14409 7.041899 5.21051 5.135977 5.41651 5.339031 6.78474 6.687689 8.97105 8.842725 3.73499 3.681564

6.9031 6.970664 5.5123 5.566252 5.30639 5.358327 6.66371 6.728931 7.70113 7.776505 3.42222 3.455715

5.11143 5.044334 5.29902 5.229462 6.59673 6.510137 6.3591 6.275626 10.9214 10.77804 7.8649 7.76166
5.08898 4.95842 4.87145 4.746471 6.92154 6.743965 6.51018 6.343159 10.5625 10.29152 7.6162 7.420804
5.09366 5.014776 4.9497 4.873046 6.70975 6.605839 6.53882 6.437556 10.312 10.1523 8.55769 8.42516
5.24272 5.167727 4.93792 4.867287 7.57482 7.466468 6.73948 6.643077 10.4457 10.29628 7.62345 7.514402
5.22469 5.159308 5.01495 4.952193 6.10319 6.026814 5.96395 5.889317 9.91232 9.788276 8.18974 8.087253
5.26261 5.255147 4.92203 4.91505 5.85258 5.84428 5.91601 5.90762 9.72533 9.711538 8.50031 8.488255
5.17205 5.14224 4.771 4.743502 7.4451 7.40219 6.78419 6.745089 9.73259 9.676495 8.11394 8.067175
5.21996 5.07407 5.01315 4.87304 6.75708 6.568229 6.00415 5.836343 9.90239 9.625633 7.84022 7.621097
5.03123 4.986113 4.8704 4.826725 7.2242 7.159417 6.46716 6.409166 10.1674 10.07622 8.07091 7.998535
5.07975 5.029401 4.69049 4.644 6.82564 6.757987 6.32338 6.260705 10.3659 10.26316 8.10158 8.02128
5.02946 4.946884 4.77529 4.696887 6.9261 6.812384 6.52862 6.42143 10.3422 10.1724 8.20827 8.073503
4.67007 4.539548 5.27884 5.131304 6.65622 6.470188 6.26826 6.093071 7.97461 7.751731 7.61162 7.398886
4.85398 4.901489 5.32095 5.373029 6.8978 6.965313 6.49211 6.555652 8.52964 8.613124 7.79538 7.871678
5.15425 5.286768 4.89373 5.01955 9.34411 9.584351 8.62717 8.848978 10.3441 10.61005 7.98541 8.190718
5.32449 5.437967 4.84821 4.951537 8.48472 8.665549 8.09998 8.27261 10.7107 10.93897 8.11153 8.284406

5.7451 5.693581 4.99855 4.953726 5.80552 5.753459 5.82468 5.772448 8.64105 8.563562 8.58375 8.506776

5.1299 5.143671 5.49328 5.508027 5.49005 5.504788 5.8731 5.888866 9.83759 9.863999 8.54618 8.569122
5.52009 5.579627 5.16008 5.215734 9.68756 9.792046 8.85537 8.95088 11.0045 11.12319 7.37032 7.449813
5.04436 4.972204 4.96969 4.898602 5.46692 5.38872 5.76766 5.685158 9.9514 9.809052 8.13039 8.014091
5.66242 5.717841 4.81845 4.865611 9.29926 9.390277 8.58569 8.669723 10.4542 10.55652 7.01476 7.083417
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4.49747
4.25753

4.6873
4.18917
5.11006
5.30806

4.2207

4.5623
4.46601
4.26871

6.1205
4.24505
3.94496

4.2536
3.94488
6.21533
6.11106
4.59494
4.54794
4.01881

6.52876
6.69226
6.53835
6.78502
6.50987
6.52586
6.77919

6.4706
6.67199
6.72405
6.53088
6.29139
6.02075
6.91546
7.03867
6.47013
6.23369
6.82307
6.45821
6.74915

6.39969
6.36194
6.20958
6.33621
6.54116
6.28167
6.80136
6.29475
6.40458
6.41101
6.32873
6.28755
6.07154
6.03357
5.81612

6.1205
6.01271
6.36731
6.11926
6.47889

4.438433
4.148301
4.614709
4.129247
5.046112
5.300532
4.196374
4.43479
4.425961
4.2264
6.020011
4.126407
3.983572
4.362962
4.028955
6.159594
6.127465
4.644499
4.482885
4.058144

6.315683
6.198722
6.113414
6.245575
6.459303
6.272762

6.76216
6.118821
6.347147
6.347466
6.224822
6.111822
6.130966
6.188696
5.940075
6.065615
6.028851
6.435985
6.031728
6.542303

6.443059
6.520568
6.437093
6.687965
6.428405
6.516605
6.740118
6.289756
6.612159
6.657404
6.423653
6.115555
6.079678
7.093259
7.188681

6.41211
6.250424
6.896661

6.36583
6.815208

9.41516
9.07834
9.39876
9.50113
9.105
9.61205
9.25448
9.06579
9.06897
9.07058
8.86056
9.41623
9.68265
9.35779
9.6561
9.33082
9.40986
10.004
9.1194
9.85354

5.04378
5.07752
5.50056
4.7098 4.
5.72385
5.43699 5.
5.68601
5.17929
5.17651 5.
5.2108 5.1
5.23279 5.1
6.42113 6.2
5.15534 5.2
4.24149 4.
3.89092
5.69706
5.1498 5.1
4.04012
5.74369
4.06716 4.1

9.29157
8.845432
9.253205
9.365223
8.991059
9.598419
9.201141
8.812414
8.987645
8.980676
8.715083

9.15306
9.777419
9.598383
9.861894
9.247146
9.435121

10.1119
8.988953
9.949982

10.0224
10.1147
10.0229
9.63482
10.3005
9.96118

10.195
9.76522
10.0644
10.3223
10.0961
10.4264
10.3966
9.87463
9.82096

10.01

9.97248
7.75749
10.1254
9.71986

4.977572
4.947254
5.415375

5.652221

5.653238
5.034536

3.973845
5.645972

4.083695
5.661531

6.96069
7.24341
7.37317
6.80904
7.75712
8.40469
6.94944
7.18838
7.37783
7.3067
7.16583
7.21377
7.80214
7.84565
8.02531
8.27661
8.261
6.44853
7.71736
7.12604

9.890839
9.855204
9.867679
9.497001
10.1716
9.947054
10.13624
9.492296
9.974148
10.21999
9.930337
10.135
10.49836
10.12851
10.03027
9.920236
9.999251
7.841159
9.980563
9.814994

6.869319
7.057578
7.258984
6.711642
7.660047
8.392771
6.909386
6.987475

7.31167
7.234279
7.048178
7.012156
7.878504
8.047365
8.196348

8.20239
8.283177
6.518081
7.606969
7.195787

5.41274
5.17419
4.93078
5.71074
4.93584

4.4575
6.00461
5.40595
5.13271
5.65336
4.78005

5.5575
4.71816
4.04243
4.28034
4.25395
4.62883
4.28763
4.79967
4.36554

5.12125
5.78667
5.98187

64243 5.13281

5.95583

42928 5.28673

13009

5.96497
5.61528
5.3061

59152 5.60608
46876 5.57096
41669  6.53049
05798  6.09842
35054 5.77325

6.43866
5.22045

63625 5.59067

4.18391
5.45908

06968 4.94997

9.999
9.71495
9.6213
9.93038
10.3178
10.2502
9.75483
9.68641
9.58552
9.49224
9.56737
9.245
9.2259
9.77971
10.123
10.2799
10.2851
9.44726
10.1585
9.77776

5.054025
5.638211
5.889231
5.059389
5.881298
5.279233

5.93059
5.458341
5.258518
5.550515
5.479493
6.347972
6.158109
5.921683
6.575883
5.173636
5.605678
4.229036
5.380992
4.998418

315

5.341689
5.041444
4.854419
5.629052
4.874072
4.451179
5.970002
5.254862
5.086683
5.597326
4.701569
5.402176
4.764339
4.146363
4.371564
4.215803
4.641256
4.333875
4.731014
4.408268

9.867747
9.465709
9.472298
9.788333
10.18868
10.23566
9.698607
9.415689
9.499562
9.398156
9.410288
8.986616
9.316199
10.03115
10.33874
10.18772
10.31271
9.549154
10.01319

9.87346

10.6466
10.9328
11.0721
10.3467
10.7403
10.1807
10.7475
10.4996
10.1095
10.6904
10.6437
10.6309
10.4884
10.5924
10.1597
10.7154
11.0955
10.3811
10.9082
10.2573

7.51649
8.52442
8.41604
6.68337
8.21778
8.52759
6.97647

7.7005
8.60275
8.98696
8.72834
7.89064
7.28404
7.59007
8.06175
8.48146
8.52562
4.20174

8.3894
6.78975

9.76714
9.91746

9.7452
9.73994
9.11258
7.95237
9.69612
8.78125
9.21528
9.82261
9.41413
7.09594
6.05699
8.31874
7.83142

8.1141
8.13256
9.13212
8.03203
9.74365

10.50685
10.65231
10.90063

10.1987

10.6059
10.16626
10.68556
10.20615
10.01884
10.58444
10.46895
10.33378
10.59106
10.86474
10.37623
10.61931
11.12529
10.49307
10.75217
10.35769

7.417824
8.305723
8.285704
6.587769
8.114942
8.515497
6.936261
7.485282
8.525605
8.897884
8.585034
7.670108
7.355333
7.785214
8.233565
8.405403
8.548507
4.247058
8.269396
6.856205

9.63893
9.663024

9.59428
9.600617
8.998544
7.941092
9.640236
8.535827
9.132643
9.725252
9.259564
6.897619
6.116273
8.532618
7.998326
8.041337
8.154392
9.230615
7.917138
9.839017

5.69231 5.617589 6.84747
5.37052 5.232737 6.87026

5.5927 5.506088 6.76385
5.05128 4.979025 6.34908
5.67122 5.60025 6.96726
5.87855 5.870213 7.04337
5.19855 5.168588 6.41717
5.14633 5.002498 6.05895
5.58413 5.534055 6.85037
5.89939 5.840917 7.28248
5.60379 5.511784 6.69939
5.49204 5.338545 7.23334
5.45727 5.510683 7.11039
5.03617 5.165652 5.96406
5.14522 5.254877 6.45497
6.28632 6.229948 7.17048
5.83732 5.85299  6.8455

4.4142 4.46181 5.35604
5.94188 5.856886 6.85944
4.63093 4.676255 5.89961

6.69925
8.04269
8.01441
5.99918
8.56904
8.92768
6.85878
8.64292
8.13539
8.09144
9.13698
6.70865
7.60928
8.95928
8.58354
8.75992
8.64125
6.23313
8.59992
6.81883

7.03344 6.941114
7.72444 7.526267
8.39582 8.265797
6.84536 6.747442
8.68324 8.574577
8.73599 8.723601
7.14026 7.099107
8.37606 8.141961
8.19415 8.120669

7.9235 7.844965
9.18877 9.037904
6.52381 6.341479
6.32111 6.382978
8.14236 8.351703
8.07649 8.248619
9.54051 9.454956
9.31514 9.340147

7.2275 7.305453
8.07784 7.962292
6.99244 7.060879

6.611311
7.836352
7.890294
5.913366
8.461806
8.915019
6.819249
8.401363
8.062436
8.011241
8.986965
6.521153
7.683756
9.189627
8.766475
8.681366
8.664448
6.300358
8.476904

6.88557

6.63843
7.20252
7.86258

6.4634
8.04091
8.37606
6.37341
7.88765
7.69936
7.47805
8.37641
6.26958
5.94699
7.70295
7.59891
8.58446
8.67625
6.69226
7.78844
6.50038

6.757586
6.694001
6.659101
6.258261
6.880071
7.033382
6.380184
5.889611

6.78894
7.210299
6.589396
7.031179
7.179983
6.117398
6.592541
7.106179
6.863877
5.413808
6.761321
5.957353

8.85756
10.0407
9.49201
9.15967
9.52945
9.20693
9.23832
9.50402
9.15766
9.51934
9.30193
9.69584
10.0836
10.0656
9.90444
8.87527
9.22844
9.14237
9.46721
10.3027

6.55129
7.017737
7.740815
6.370946
7.940285
8.364182
6.336676
7.667202
7.630316

7.40393
8.238882
6.094354
6.005197
7.900996
7.760861
8.507479
8.699541

6.76444
7.677032
6.564003



5.7895
5.09355
5.10942
4.98533

5.3993
5.14188
5.25832
5.25861
5.06715
5.27242
5.00664
5.37172
5.37572
5.34473
5.27103
5.21098
5.06536
4.96507

5.0682

GSM494657
GSM494658
GSM494659
GSM494660
GSM494661
GSM494662
GSM494663
GSM494664
GSM494665
GSM494666
GSM494667
GSM494668
GSM494669
GSM494670
GSM494671
GSM494672
GSM494673
GSM494674
GSM494675

6.76417
6.33931
6.28889
6.39914
7.22068
6.17046

6.3704
6.27416
6.40549
6.47692
6.05711
6.54967
6.23369
6.80969
6.37163
6.37278
7.04765
6.65696
7.01915

9.5233
5.69336

5.7357
6.80532
8.79593
5.36174
6.09092
5.72385
5.34218
5.77164
5.22167
6.19279

5.5867
5.91435
5.65962
5.85567

6.3809
6.57502
6.13893

9.643185
5.647169
5.708147
6.952065
8.685857
5.330837
6.037972
5.609151
5.124529
5.689081
5.227349
6.113606

5.54778
5.981659
5.623659
5.784165
6.302981
6.488712
6.078083

12.7258

12.9914
12.9482
12.614
13.0493
12.9607
12.999
13.1495
13.4333
13.073
12.872
13.0529
12.9764
12.741
12.9684
13.0453
13.0453

5.862382 4.92669 4.98871
5.052226 5.08237 5.041136
5.084876 5.00398 4.979942
5.09283 5.17582 5.287428
5.331733 4.91316 4.851676
5.112244 4.94267 4.914183
5.21261 5.25185 5.206196
5.153234 5.05765 4.956301
4.860704 5.02155 4.816962
5.197002 5.08402 5.011297
5.012085 4.94087 4.946244
5.303035 4.87084 4.808559
5.33827 5.25051 5.213932
5.405556 5.08064 5.138461
5.237538 4.93623 4.904866
5.147347 4.80776 4.749051
5.003505 4.97821 4.91742
4.899895 4.58983 4.529581
5.017966 4.84143 4.793443

Lung Normal 139N

Lung Normal 142N

Lung Normal 143N

Lung Normal 144N

Lung Normal 145N

Lung Normal 146N

Lung Normal 148N

Lung Normal 149N

Lung Normal 152N

Lung Normal 154N

Lung Normal 156N

Lung Normal 157N

Lung Normal 158N

Lung Normal 159N

Lung Normal 165N

Lung Normal 167N

Lung Normal 177N

Lung Normal 179N

Lung Normal 189N
6.849321 9.19224 9.307957
6.287879 10.0586 9.976994
6.25868 9.98954 9.941553
6.537127 10.2812 10.5029
7.13032 9.85382 9.730508
6.134896 9.83128 9.774617
6.315022 10.1254 10.03738
6.148433 9.97847 9.778514
6.144517 9.98195 9.575265
6.384272 9.74737 9.607941
6.063698 10.0419 10.05282
6.465923 10.0973 9.968192
6.190263 9.84937 9.780754
6.887188 10.3161 10.4335
6.331145 9.92367 9.860616
6.29496 10.1564 10.03238
6.961589 10.0571 9.93429
6.569576 10.3566 10.22065
6.949579 9.76425 9.66747

13.0574
13.015

4.55051
4.71406
4.47383
4.69058
4.20394
5.02865
5.11854
4.76194
5.16069
5.22849
4.90534
4.101
4.16825
4.11558
4.49699
4.53334
4.38829
4.4
4.36247

4.607795
4.675815
4.452339
4.791725
4.151332
4.999667
5.074045
4.666517
4.950433

5.1537
4.910675
4.048563
4.139212
4.162418
4.468417
4.477982
4.334703
4.342243
4.319231

316

8.96287
6.00788
6.04243
6.34517
8.27026
5.78044
6.08451
5.47192
5.16621
5.88176
5.31406
5.95974
5.96639
5.79156
5.95001
5.83691

6.2871
6.47013
6.21067

9.0757
5.959138
6.013404
6.481993
8.166765
5.747124
6.031617
5.362269
4.955728
5.797626

5.31984
5.883536
5.924825
5.857471
5.912204
5.765634
6.210326
6.385199
6.149112

8.38113
8.01064
8.77076
6.65516
9.14895
9.31733
9.36183
8.93074
8.58569
8.64586
8.20928
7.41379
7.80796
8.45166
7.98428
7.77371
8.30972
8.44226
8.17057

8.75461
8.49018

8.1669
6.07058
8.56019
9.89561

9.7561
9.57364

9.0891
9.26256
9.93399
8.57507
8.28903
9.14579
8.43233
9.03602
8.73955
8.97386
8.38594

8.864818
8.421299
8.127668
6.201482
8.453067
9.838576

9.67129
9.381796
8.718792
9.130066
9.944795
8.465425
8.231285
9.249874
8.378752
8.925678
8.632829
8.856063
8.302822

8.486637

7.945649
8.728627
6.798667
9.034459
9.263629
9.280448
8.751779
8.235892
8.522187
8.218209
7.318994
7.753566
8.547845
7.933549
7.678783
8.208248

8.331441
8.089586

11.9943
8.11608
9.92202
8.74213
10.0459
10.2117
9.60316
10.3635
8.77439
9.96956
10.5613
9.91432
9.99207
9.60508
9.1833
9.15167
9.999
10.1455
7.52968

6.81213
9.31835
9.73443
10.3385
9.22939
9.37755
9.60684
9.76225
9.45737
9.39662
8.81139
8.98481
9.13859
9.10994
9.27632
8.95887
9.52515
9.25981
8.83252

6.95422
8.79471
9.31123
7.69142
8.10502
6.92466
7.28097
8.70881
9.13544
8.34149
9.13698
9.13098
9.23978
9.95799
9.54611
9.96118

9.1665
9.48313
9.93281

12.14529
8.050234
9.874357

8.93064
9.920185
10.15284

9.51968
10.15583
8.416903
9.826953
10.57279
9.787551

9.92246
9.714391

9.12495
9.039916
9.876899
10.01232
7.455049

6.897885

9.24275
9.687668
10.56143
9.113893
9.323502
9.523328
9.566626
9.072057
9.262208
8.820974
8.869926
9.074926
9.213616
9.217379
8.849471
9.408836

9.13826
8.744975

7.041764
8.723358
9.266501
7.857273
8.003593
6.884749
7.217677
8.534296
8.763244
8.222171
9.146918
9.014227
9.175411
10.07132
9.485455
9.839541
9.054565
9.358648

9.83436

8.51229
7.31462
8.77155

8.1669
8.55367
7.70407

7.9153
7.89804

7.6781
7.87935
8.29525
8.59807

8.5027
8.21494
8.37119
8.63027
8.67296
8.46967
6.82551

8.04183
9.06198
9.52358

7.6888
9.50498
9.92336
9.81013
9.78839
9.54239
9.62935

8.9807
8.80333
9.34557
9.14237
8.96007
8.57954
8.90691
9.21668
8.63194

10.3691
9.86842
9.27297
9.88442
9.12954
9.19483
9.79568
9.44005
9.96367
9.30073
9.30894
9.57586
9.43816
10.0904
9.69201
10.1658
9.56901
9.68522
11.2976

8.619448
7.255276
8.729414
8.343006
8.446629
7.659667
7.846492
7.739773
7.365279
7.766641
8.304272
8.488131
8.443466
8.308431

8.318
8.524883
8.567052
8.358492
6.757858

8.143065

8.98846
9.477831
7.854596
9.386034
9.866166
9.724851
9.592243
9.153614
9.491609
8.990468
8.690767
9.280464
9.246415
8.903139
8.474773
8.798145
9.095696
8.546383

10.49963
9.788357
9.228425
10.09756
9.015292
9.141835
9.710526
9.250883

9.55773

9.16769
9.319065
9.453419
9.372409
10.20523
9.630428
10.04166

9.45216
9.558085
11.18562



7.86552

7.1156
8.31728
6.56274
7.61162
6.75088
6.79736
7.15641
6.96038
7.43376
8.14607
7.66264
7.56173

8.0879

7.7063
7.56811
7.71505
7.82548
6.99639

6.50049

7.5473
7.98216
6.72212
7.80262
6.20166
6.53556

7.1953
7.57482
6.98055
7.87654
7.31727
7.11941
8.37969
8.20688
8.37987

7.6564
7.82902
8.23226

7.12789
6.09908
6.27237
5.71432
6.40209
6.32515
6.56651
5.76409
6.30691
6.29932
6.55261

6.7614
6.22732
6.79888
6.31617
6.45042
6.54054
6.32134

6.5625

7.964536
7.057871
8.277326
6.704255
7.516368
6.711971
6.738271
7.013004
6.6768
7.327425
8.15493
7.564662
7.509051
8.179945
7.657335
7.475694
7.620839
7.722758
6.927044

6.582322
7.486068
7.943816
6.867071
7.704977
6.165916
6.478747
7.051115
7.266206
6.880698
7.885107
7.223708
7.069813
8.475056
8.154734
8.277541
7.562905
7.726251
8.150665

7.21762
6.049598
6.242239

5.83754
6.321974
6.288695
6.509427
5.648585
6.049954
6.209213
6.559737
6.674946
6.183937
6.876255
6.276038
6.371652
6.460672
6.238362
6.497455

5.84496
5.40246
5.35125
5.09933
5.54484
5.12884
5.26026
5.19352
5.40043
5.29362
5.16845
5.38852

5.2441

5.3943
5.29479
5.48599
5.27658
5.27007
5.26148

9.33888
6.86498
6.71355
7.51081
7.99602
8.34853
9.02632
7.98303
7.94438
7.34405
7.48614
6.79238
6.90024

7.8432
7.37425
7.84407
7.73485
7.64772
8.66398

4.16253
6.00394
5.65631
5.66986
3.94146

5.6788
6.14106
5.59879
5.38399
5.69465
5.45897

6.7108
5.92723
7.26035
5.84902
5.78861
5.27508
5.35255
6.24864

5.91854
5.35863
5.325544
5.209289
5.475451
5.09928
5.214533
5.089448
5.180405
5.217899
5.174071
5.31962
5.207567
5.45569
5.261147
5.418999
5.212146
5.200892
5.20933

9.456443
6.809284
6.6813
7.672768
7.895957
8.300413
8.947854
7.82306
7.62071
7.238999
7.494282
6.70553
6.85217
7.93246
7.327395
7.748284
7.640397
7.547331
8.578106

4.21493

5.95523
5.629138
5.792121
3.892136

5.64607
6.087676
5.486597
5.164635
5.613192
5.464907
6.624993
5.885938
7.342977
5.811856
5.717924
5.210664
5.282289
6.186706

5.52429

5.5239
5.27864
5.50158
5.69931
4.96731
5.47192
5.10497
5.33128
5.17708
5.22629
5.66745
5.38633
5.67225
5.06725
5.44325
5.15621
5.07662
5.50903

7.26928
6.19256
5.60778
7.38602
5.70985
6.14118
6.72884
6.10112
6.45772
6.16229
5.71927
6.39983
6.03422
6.28376
5.78853
6.05508
5.95185
5.79732
7.97582

4.90803
6.07458
5.72662
5.84486
4.86968
5.65164
6.01747
5.92429
6.17321
6.23292

5.6608
6.43008
6.16982
7.06352
5.23949
5.50456
6.03379
6.01111
5.58854

5.593833
5.479084
5.253283
5.620212
5.627988
4.938681
5.424353
5.002673
5.114073
5.103026
5.231974
5.594984
5.348806
5.736804
5.035053
5.376781
5.093246
5.009981
5.454426

7.36079
6.142319
5.580842
7.545287
5.638396
6.105785
6.670346
5.978861
6.194619
6.074143

5.72549
6.317999
5.992183
6.355273

5.75175

5.98114

5.87917
5.721221
7.896767

4.969815
6.025297
5.699111
5.970895

4.80874
5.619066

5.96516
5.805574
5.921701
6.143762
5.666957
6.347862
6.126838
7.143907
5.206199
5.437342

5.96011
5.932204
5.533148

317

7.11012
6.89449

7.8929
6.25777
6.82088
6.46644

6.0405
6.96584
6.47232
6.93133
7.70991
7.17145
7.21192
7.54623
7.44424
7.34652
7.45076
7.36639
6.23155

5.3595
5.59464
7.12181
4.91512
5.83711
5.56243
5.16339
5.97313
5.65447
5.84561
6.93159
5.49503
5.91447
6.24467
7.06541
7.08529
7.30714
6.76091
4.99271

13.2214
10.5827

10.402
11.4369
10.2867
9.41059
10.1425
11.1067
11.0051
10.7512
10.1609
10.3036
10.2511
10.2843
10.8554
11.1835
11.0866
10.8932
7.01657

7.199626
6.838555
7.854984
6.392708
6.735523

6.42917

5.98799
6.826253
6.208625
6.832182
7.718296
7.079753
7.161678

7.63211

7.39694
7.256809
7.359777
7.269694
6.169785

5.426969

5.54925
7.087599
5.021106
5.764064
5.530371
5.118505
5.853436
5.424095
5.761993
6.939129
5.424768
5.873267
6.315738
7.020517
6.998769

7.21791
6.672162
4.943224

13.38784
10.49684
10.35203
11.68352
10.15797
9.356351
10.05433
10.88414
10.55673
10.59741
10.17195
10.17185
10.17969
10.40134
10.78643
11.04693
10.95122
10.75021
6.947024

8.2531
8.44668
9.13344
9.80479
8.85288
8.12943

8.2362
8.76877
8.43999
8.60744
8.52208
9.10435
8.90922
8.54351
8.58865
8.57051
9.09828
9.06219
7.47909

11.139
9.52945
10.0965

10.112
9.75915
9.93212
9.48559
9.54799
9.52783
9.59375
10.0953
9.51295
10.0563
8.83235
9.97355
10.1484
10.1398
9.94052
7.50006

7.29565
8.36351
9.37784
6.52653
8.41676
6.78792
7.14535
8.65397
8.70193
8.03629
9.12954

8.5406
8.97429
9.47329
9.67836
9.45304
9.07309
6.98263
8.54408

8.356995
8.378152
9.089565
10.01621
8.742094
8.082575
8.164603
8.593055
8.096128
8.484317
8.531349
8.987938
8.847154

8.64074
8.534079
8.465853
8.987178
8.943234

7.40496

11.27922
9.452137
10.048
10.33005
9.637023
9.874875
9.403132
9.35666
9.139647
9.456518
10.10628
9.391313
9.986243
8.932867
9.910179
10.02447
10.01598
9.810034
7.425722

7.387492
8.295656
9.332791
6.667264
8.311432
6.748797
7.083236
8.480555
8.347396
7.921337

9.13947
8.431396
8.911771
9.581102
9.616865
9.337606
8.962296
6.890971
8.459394

3.30725
3.69034
3.77818

3.8145
3.23301
3.85548
3.91208
3.99207
3.87741
3.70913
4.04831
3.85796
3.68654
4.44423
3.66253
3.77459
3.73911
3.64915
3.77059

4.09915
4.41035
4.71714
4.67128
4.14272
4.924
4.58104
4.64575
4.79778
4.74781
4.63417
4.35041
4.59465
4.6759
4.34065
4.41592
4.1954
4.41752
4.3142

7.24369

7.8856
8.82014
6.14182
7.78605
6.77244

6.5871
7.82658
8.02191
7.71784
8.64276
7.96326
8.10502
8.40433

9.1077
9.19696

8.9254
8.72261
6.86026

3.348884
3.6604
3.760031
3.896753
3.192552
3.833259
3.878072
3.912074
3.719436
3.656074
4.052713
3.80863
3.660858
4.494808
3.639259
3.728497
3.693451
3.601249
3.733217

4.150753
4.374569

4.69448
4.772008
4.090878

4.89562
4.541217
4.552655
4.602309
4.679896

4.63921
4.294784
4.562641
4.729114

4.31307
4.361996
4.144169
4.359533
4.271439

7.334878
7.821624

8.77777
6.274258
7.688615
6.733407
6.529838
7.669745
7.695081
7.607442

8.65216
7.861438
8.048556
8.499976
9.049831
9.084653
8.816409
8.608111
6.792264



5.46788 5.536713
4.81269 4.773644
6.11979 6.090392
4.06673 4.154422
4.33354  4.27931
4.05211 4.028755
4.32758 4.28996
4.77259 4.676953
4.97977 4.776884
4.63337 4.567093
6.02504 6.031593
4.65268 4.593189
4.70845 4.675649
5.32688 5.387503
7.05042 7.005622
7.09965 7.012954
7.1432 7.055972
6.40354 6.319483
4.12162 4.080768

9.90716
9.22123
9.42424
9.65363
9.20529
9.29355
9.43027
8.95017
9.04499
8.99804
9.28268
9.21644
9.09414
9.69612
8.85682
9.24148
9.36018
9.41674
11.2886

10.03188
9.146418
9.378968
9.861795
9.090094
9.239986
9.348293
8.770819
8.676479
8.869329
9.292776
9.098595
9.030786
9.806467
8.800545

9.12863

9.24588

9.29313
11.17671

6.69707
7.82934
8.58739
7.57944
7.47202
7.40814

7.6623
7.42466
7.85027
7.24413
8.24524
7.81478
7.86727
8.73955
7.79494
8.36643
7.59191

7.5863
9.42139

6.781377

7.76582
8.546138
7.742878
7.378515
7.365443
7.595692
7.275879
7.530434
7.140508
8.254208
7.714857
7.812463
8.839011
7.745412
8.264265
7.499203
7.486717
9.328009

9.09807 9.212602
9.96922 9.888339
10.3621 10.31232
9.3703
9.67658 9.555486

10.053 9.995059
9.92642 9.84013
9.71373 9.519079
9.91811 9.514026
9.71462 9.575659
9.98475 9.99561
9.75055 9.625875
9.93654 9.867317

9.8336 9.945512
10.3755 10.30958
10.2947 10.16899

9.5448 9.428246
9.33299 9.210479
9.48177 9.38779

9.17251

4.54411 4.601314 4.83662
8.07007 8.004597 5.28508
8.49362 8.452819 6.02681
7.40395 7.563604 5.79006
8.83965 8.72903 5.04691
8.2338 8.186344 5.46205
8.12573 8.055093 5.65822
9.16442 8.980776 6.13824
8.67916 8.325553 5.58964
8.88567 8.758567 6.03169
8.99332 9.003101 6.02395
8.59881 8.488862 5.77995
8.67603 8.615588 5.72282
8.75766 8.857327 5.66253
8.4357 83821 5.55614
8.45805 8.354766 5.44359
8.35308 8.251078 5.79245
8.79009 8.674706 5.81723
8.39067 8.307505 5.04613

4.897506
5.242202
5.997859
5.914913
4.983753
5.430569
5.609033
6.015237
5.361907
5.945411
6.030502
5.706045
5.682952
5.726973
5.520837
5.377117
5.721717
5.740869
4.996115

3. Normalizing Gene expression Data from GEO database for Study 2:

5.50737
6.50633
6.91844
7.51834
6.34269
6.69047
7.18704
7.11069
6.91405
7.03628
6.82212

6.7874
7.02617

6.7538
6.88473

6.5365
6.54833
7.02118
6.65819

Series: GSE10072, Platform: Affymetrix Human Genome U133A Array, Sample
number: 107 samples (53 healthy lung and 54 NSCLC)

Patient NO. Condition

GSM254626 Normal Lung
GSM254635 Normal Lung
GSM254640 Normal Lung
GSM254643 Normal Lung
GSM254649 Normal Lung
GSM254653 Normal Lung
GSM254658 Normal Lung
GSM254660 Normal Lung
GSM254673 Normal Lung
GSM254681 Normal Lung
GSM254693 Normal Lung
GSM254695 Normal Lung
GSM254702 Normal Lung
GSM254719 Normal Lung
GSM254727 Normal Lung
GSM254628 Normal Lung
GSM254632 Normal Lun
GSM254634 Normal Lung
GSM254638 Normal Lung
GSM254644 Normal Lung
GSM254646 Normal Lung
GSM254651 Normal Lung
GSM254655 Normal Lung
GSM254662 Normal Lung
GSM254665 Normal Lung
GSM254667 Normal Lung
GSM254669 Normal Lung
GSM254671 Normal Lung
GSM254676 Normal Lung

RPS29

216570_x_at

12.7485
13.073
12.7611
12.7258
12.9914
12.9482
12,614
13.0493
12.9607
12.999
13.1495
13.4333
13.073
12.872
13.0529
12.9764
12.741
12.9684
13.0453
13.0453
13.0574
13.015
12.848
12.8515
13.0529
13.1613
13.1697
13.065
13.1011

DDR2
205168 _at
9.637271
9.571135
9.594097
9.379262
9.596492
9.28033
8.456651
9.231602
9.513546
9.080349
9.593057
9.316407
9.88193
9.546776
9.855569
9.772315
9.75279
9.077514
9.346567
10.19462
9.637271
9.571135
9.594097
9.379262
9.596492
9.28233
8.456651
9.231602
9.513546

7.001163
6.780527
6.962917
6.825883
6.841192
6.639309
6.208988
6.551867
6.798126
6.469457
6.756519
6.423045
7.000705

6.86888
6.992781
6.974587
7.089259
6.482698
6.635495
7.237562
6.835536
6.810743
6.915822
6.759119

6.8089%
6.531809
5.946998
6.543994
6.725273

ALK

208211_s_at 2082125 at

6.205506
6.861165
6.521061
6.572959
6.235605
6.045441
6.491343
6.434108
6.215731
6.070856
6.251462
6.315508
6.717759
6.230135
6.072125
6.248048
6.478435
6.612465
6.645153
7.006776
6.205506
6.861165
6.521061
6.572959
6.235605
6.045441
6.491343
6.434108
6.215731

ALK

4.508098 6.951526
4.860689 7.197293
4.732661 7.243733
4.783558 7.190062
4.445267 7.088895
4.324081  6.79737
4.766032 7.240175
4.566426 7.141145
4.441595 7.169601
4.32529 7.330972
4.402989 7.286077
4.354124 7.340687
4.759095 7.162102
4.482566 7.105274
4.30833 6.77468
4459286 7.221138
4709143 7.112934
4.722285 7.577445
4.717655 7.157207
4.974385 7.374888
4.401449 6.951526
4.88235 7.197293
4.700651 7.243733
4.736771 7.190062
4.424323 7.088895
4.254068  6.79737
4.564928 7.240175
4.560938 7.141145
4.3939% 7.169601

EGFR

5.050057 10.36824
5.098814 9.601239
5.25714 9.881953
5.232663 9.764111
5.053565 9.524994
4.861909 1021754
5315835 7.890757
5.068225 10.06849
5.123205 9.743857
5.223082 9.680542
5.131682 9.908775
5.060917 9.788827
5.073883 10.40361
5.112226 10.44495
4.80681 9.632903
5.153789 10.50208
5.170357 10.36824
5.411425 9.601239
5.081182 9.881953
5.235722 9.764111
4.930588 9.524994
5121536 10.21754
5.221582 7.890757
5.181483 10.06849
5.029755 9.743857
4.783187 9.680542
5.091531 9.908775
5.062135 9.788827
5.068302 10.40361

318

201983 s _at

7.532186
6.801854
7.171829
7.10592
6.790223
7.308228
5.793501
7.145827
6.9627
6.897075
6.978884
6.748748
7.370284
7.515115
6.834794
7.495426
7.536619
6.856716
7.015586
6.931925
6.755901
7.270718
5.687984
7.25581
6.913519
6.812023
6.968179
6.938994
7.354476

EGFR

201984_s_at

8.721795
8.710017
8.766754
8.912546
8.660024
8.668391
8.894413
8.673761
8.289554

8.95065
8.783981
8.482647

8.47375
8.705564
8.438018
8.754335
8.544304
8.810506
8.897645

8.73401
8.721795
8.710017
8.766754
8.912546
8.660024
8.668391
8.894413
8.673761
8.289554

EGFR

6.3361 8.449035
6.17048 8.843007
6.362473 8.877758
6.486224 8.812259
6.173598 8.628196
6.20018 8.44571
6.530399 8542266
6.155955 8.736345
5.923494 8.432378
6.377051 8.496519
6.186676 8.697203
5.848223 8.74163
6.003101 8.701593
6.26363 8.965422
5.986992 8.640129
6.248045 8.698577
6.210812 8.66839%6
6.292014 9.362531
6.316787 9.028392
6.200616 8.980608
6.186207 8.449035
6.197978 8.843007
6.319439 8.877758
6.422782 8.812259
6.144511 8.628196
6.099791  8.44571
6.254846 8.542266
6.148558 8.736345
5.860014 8432378

EGFR

210984 x _at 211550_at

6.137948 7.055039
6.264695 7.175103
6.443034 7.080365
6.413238 7.010292
6.150908 6.805656
6.040905 6.966995
6.271847 7.096791
6.200373 7.164312
6.025552 7.037443
6.053497 6.790386
6.125558 7.078151
6.026774  7.2079
6.164513 6.939868
6.450597  7.12439
6.130395 6.925168
6.208251 7.08839
6.301014 7.209784
6.686242 7.566383
6.409609 7.325067
6.375686 7.107762
5.992742 7.055039
6.292613 7.175103
6.399455 7.080365
6.350511 7.010292
6.121928 6.805656
5.943094 6.966995
6.007205 7.096791
6.192922 7.164312
5.960978 7.037443

5.125256
5.083094
5.138576
5.101833
4.851648
4.983234
5.210561
5.084667
5.028769
4.837932
4.985237
4.969411
4.916445

5.12598
4.913586
5.059046
5.240756
5.403525
5.200353
5.046079
5.004007
5.105746

5.10382
5.051932
4.828789
4.902549
4.990699
5.078556
4.974878

EGFR

211551_at
6.437509
6.885917
6.699009
6.712329
6.725081
6.57223
7.04527
6.880222
6.622651
6.65376
6.794723
7.041536
6.945891
6.828179
6.678339
6.72226
7.05471
7.366985
6.887622
6.839141
6.437509
6.885917
6.699009
6.712329
6.725081
6.57223
7.04527
6.880222
6.622651

EGFR
211607_x_at

5.5767
6.453544
6.885205
7.680461
6.263317
6.651909
7.124563

6.9682
6.632358
6.935631

6.82954
6.700613
6.977222
6.830662
6.840985
6.456681
6.468366
6.929015
6.592196

KRAS
204010_s_at

4.67664 8416281 6.114154 5.197104 3.775527
8792196 6.228699 4.780511 3.386681
8.477046 6.152217 4.919469 3.570305
8.704246 6.334631 5.681385 4.134704
8.351887 5.953932 5.038726 3.592031
8540426 6.108652 4.986172 3.566425
8.341138 6.124177 4.828609 3.545231
8.513929 6.042519 4.906548 3.482283
8.266244 5.906838 4.76193 3.402748
8.433492 6.008593 5.528661 3.938994
8.612334 6.065783 4.857435 3.421157
8551643 5.895791 4.804215 3.312188
8.781756 6.221303 4.745696 3.362017
8.694803 6.255888 4.755883 3.421846
8.606045 6.106212 4.867712 3.453767
8.733453 6.233142 5.07301 3.620651
8.540642 6.20815 4.672198 3.396198
9.252613 6.607745 4.615817 3.296382
8.851901 6.284312 5.108155 3.62648
9.004571 6.392698 4.700291 3.336921
8416281 5.969511 5197104 3.686209
8792196 6.256457 4.780511 3.401774
8.477046 6.110606 4.919469 3.546157
8.704246 6.272672 5.681385 4.094262
8.351887 5.92588 5.038726 3.575107
8540426 6.009744 4.986172 3.50868
8.341138 5.865765 4.828609 3.395638
8.513929 6.035258 4.906548 3.478099
8.266244 5.843536 4.76193 3.366282

4.878224
4.861807
4.884987
4.794207
4.700874
5.172733
4.885881

4.73237

4.74059
4.785615
4.854673
4.920712
4.912857
4.738454
4.797736
5.128034
5.261125
4.889793
4.855374
4.566005
4.89994
4.828923
4.837207
4.771619

4.62476
4.954468

4.88001
4.681655



EGFR

201984 _s_at

8.721795
8.710017
8.766754
8.912546
8.660024
8.668391
8.894413
8.673761
8.289554

8.95065
8.783981
8.482647

8.47375
8.705564
8.438018
8.754335
8.544304
8.810506
8.897645

8.73401
8.721795
8.710017
8.766754
8.912546
8.660024
8.668391
8.894413
8.673761
8.289554

KRAS

8.721795
8.429762

8.81384
9.128625
8.389681
8.292587
8.945781
8.482823

7.99992

9.03795
8.694277
8.192967
8.334556
8.314423

8.22607
8.690912

8.32207
8.914778
8.906469
8.656634
8.721795
8.429762

8.81384
9.128625
8.389681
8.292587
8.945781
8.482823

7.99992

204009_s_at

9.344258
8.244097
8.6776
9.16753
9.531537
9.213606
9.383985
8.94546
9.087753
9.746443
9.182566
8.525655
9.005221
9.268858
9.250636
9.064588
8.877021
8.577437
8.830942
9.168853
9.344258
8.244097
8.6776
9.16753
9.531537
9.213606
9.383985
8.94546
9.087753

9.344258
7.978834
8.724208
9.389792
9.233988
8.814166
9.438181
8.748541
8.77023
9.841504
9.088792
8.234507
8.857297
8.852409
9.018276
8.998917
8.646133
8.678951
8.8397
9.087624
9.344258
7.978834
8.724208
9.389792
9.233988
8.814166
9.438181
8.748541
8.77023

EGFR

210984_x_at

8.449035
8.843007
8.877758
8.812259
8.628196

8.44571
8.542266
8.736345
8.432378
8.496519
8.697203

8.74163
8.701593
8.965422
8.640129
8.698577
8.668396
9.362531
9.028392
8.980608
8.449035
8.843007
8.877758
8.812259
8.628196

8.44571
8.542266
8.736345
8.432378

KRAS

8.449035
8.558473
8.92544
9.025907
8.358846
8.07956
8.5916
8.544029
8.137754
8.579389
8.608386
8.443106
8.558656
8.562606
8.423105
8.635558
8.442934
9.473337
9.037346
8.901047
8.449035
8.558473
8.92544
9.025907
8.358846
8.07956
8.5916
8.544029
8.137754

214352_s_at

10.59069

10.5624
11.10638
10.30457
10.39933
10.02106
8.712564
10.16687
10.15358

10.6386
10.30026
10.12738
10.26454

10.1953
9.911418
10.54032
10.28666
9.664138
10.71658
10.62088
10.59069

10.5624
11.10638
10.30457
10.39933
10.02106
8.712564
10.16687
10.15358

10.59069
10.22254
11.16603

10.5544
10.07469
9.586611
8.762882
9.943066
9.798819
10.74236
10.19507
9.781534
10.09593
9.737221
9.662461
10.46396
10.01911
9.778513
10.72721
10.52679
10.59069
10.22254
11.16603

10.5544
10.07469
9.586611
8.762882
9.943066
9.798819

EGFR

211550_at

7.055039
7.175103
7.080365
7.010292
6.805656
6.966995
7.096791
7.164312
7.037443
6.790386
7.078151

7.20796
6.939868

7.12439
6.925168

7.08839
7.209784
7.566383
7.325067
7.107762
7.055039
7.175103
7.080365
7.010292
6.805656
6.966995
7.096791
7.164312
7.037443

EML4

7.055039
6.944236
7.118394
7.180253
6.593202
6.664952
7.137778
7.006601
6.791558
6.856615
7.005867
6.961811

6.82587
6.804291

6.75122
7.037036

7.02226
7.655932
7.332332
7.044793
7.055039
6.944236
7.118394
7.180253
6.593202
6.664952
7.137778
7.006601
6.791558

220386_s_at

8.016689
7.471258
8.043009
8.395242
7.923102
7.536019
8.128467
7.781152
8.057399
7.713463
7.886118
7.877877

7.89713
7.940199
8.238891
8.220451
8.406036
8.007694
7.391124
8.241933
8.016689
7.471258
8.043009
8.395242
7.923102
7.536019
8.128467
7.781152
8.057399

8.016689
7.230862
8.086208
8.598779
7.675764
7.209307
8.175412
7.609864
7.775876
7.788695
7.805584

7.60885
7.767407
7.583446
8.031945
8.160896
8.187398
8.102465
7.398455
8.168916
8.016689
7.230862
8.086208
8.598779
7.675764
7.209307
8.175412
7.609864
7.775876

319

EGFR
211551_at
6.437509
6.885917
6.699009
6.712329
6.725081
6.57223
7.04527
6.884222
6.622651
6.65376
6.794723
7.041536
6.945891
6.828179
6.678339
6.72226
7.05471
7.366985
6.887622
6.839141
6.437509
6.885917
6.699009
6.712329
6.725081
6.57223
7.04527
6.884222
6.622651

ERBB2

6.437509
6.664355
6.734989
6.875066
6.515142
6.287302
7.085959
6.732678
6.391258
6.718656
6.725334

6.80107
6.831794
6.521389
6.510591
6.673559

6.87122
7.454173
6.894453
6.778551
6.437509
6.664355
6.734989
6.875066
6.515142
6.287302
7.085959
6.732678
6.391258

210930_s_at

4.892919
5.527505

5.26265
4.900344
4.847657
5.061973

5.02129

5.17662
4.952123
4.767465
4.982291

5.19939
5.002957
5.115086
4.957329
4.773871
4.885365
5.230309
5.135064
4.857923
4.892919
5.527505

5.26265
4.900344
4.847657
5.061973

5.02129

5.17662
4.952123

4.892919
5.349651
5.290916

5.01915
4.696326
4.842519

5.05029
5.062666
4.779098
4.813964
4.931411
5.021833
4.920776
4.885265

4.83281
4.739285
4.758298

5.29221
5.140156
4.814885
4.892919
5.349651
5.290916

5.01915
4.696326
4.842519

5.05029
5.062666
4.779098

EGFR

211607_x_at

8.416281
8.792196
8.477046
8.704246
8.351887
8.540426
8.341138
8.513929
8.266244
8.433492
8.612334
8.551643
8.781756
8.694803
8.606045
8.733453
8.540642
9.252613
8.851901
9.004571
8.416281
8.792196
8.477046
8.704246
8.351887
8.540426
8.341138
8.513929
8.266244

ERBB2

8.416281
8.509297
8.522576
8.915275
8.091164

8.17017
8.389311
8.326509
7.977425
8.515748
8.524383
8.259607
8.637503
8.304146
8.389877
8.670181
8.318503
9.362118

8.86068
8.924797
8.416281
8.509297
8.522576
8.915275
8.091164

8.17017
8.389311
8.326509
7.977425

216836_s_at

9.611819
9.627641
9.013744
9.568784
9.693794
9.807965
9.430051
9.917498
9.630976
8.809415
9.462323
9.352205
9.911157

10.0403
9.825489
9.326943
9.239789
9.244657
9.504999
8.722555
9.611819
9.627641
9.013744
9.568784
9.693794
9.807965
9.430051
9.917498
9.630976

9.611819

9.31786
9.062157
9.800774

9.39118
9.382757
9.484513
9.699181
9.294473
8.895336
9.365692
9.032831
9.748351
9.589194
9.578691
9.259372
8.999466
9.354068
9.514426
8.645279
9.611819

9.31786
9.062157
9.800774

9.39118
9.382757
9.484513
9.699181
9.294473

KRAS

204010_s_at

5.197104
4.780511
4.919469
5.681385
5.038726
4.986172
4.828609
4.906548
4.76193
5.528661
4.857435
4.804215
4.745696
4.755883
4.867712
5.07301
4.672198
4.615817
5.108155
4.700291
5.197104
4.780511
4.919469
5.681385
5.038726
4.986172
4.828609
4.906548
4.76193

BRAF

5.197104
4.626693
4.945891
5.819127
4.881431
4.770005
4.856496
4.798539
4.595549
5.582585

4.80783
4.640153

4.66774
4.542202
4.745444
5.036257
4.550676
4.670446
5.113221

4.65865
5.197104
4.626693
4.945891
5.819127
4.881431
4.770005
4.856496
4.798539
4.595549

206044_s_at

7.223582
7.911404
7.598258

7.45326
7.093738
6.953857
7.256001
7.398179
6.878638
7.264726
7.181656
7.397594
7.357653
6.874636
6.798984
7.457359
7.172406
7.236243
7.925379
7.321643
7.223582
7.911404
7.598258

7.45326
7.093738
6.953857
7.256001
7.398179
6.878638

7.223582
7.656845
7.639068

7.63396
6.872291
6.652384
7.297907
7.235321
6.638301
7.335582
7.108315
7.144969
7.236792
6.565759
6.628206
7.403332
6.985854
7.321884
7.933239
7.256779
7.223582
7.656845
7.639068

7.63396
6.872291
6.652384
7.297907
7.235321
6.638301



MET

GSM254677
GSM254679
GSM254683
GSM254685
GSM254689
GSM254691
GSM254699
GSM254703
GSM254706
GSM254708
GSM254710
GSM254711
GSM254712
GSM254713
GSM254715
GSM254717
GSM254723
GSM254725
GSM254730
GSM254731

MET

203510_at 211599 x_at
9.018332 9.018332 7.936651
8.608945 8.331942 8.096049
875255 8.79956 8.056041
8724791 8.936319 7.915797
9311564 9.020882 7.834672
9.452081 9.042302 7.825254
8.956725 9.008453 7.933109
8.880450 8.684971 7.756381
9.149979 8.830282 8.109419
9.445994 9.538124 7.728422
8.642194 8553938 8.017813
8.515657 8.22485 8.054409
822368 8.088594 7.951019
8.673168 8.283482 8.317803
8.601036 8.384993 7.758008
9.158736 9.092383 8.200218
8.640792 8416048 7.765865
8.312351 8410728 8.355423
8.509654 8.518094 7.697681
7.791649 7.722621 7.799592
9.018332 9.018332 7.936651
8.608945 8.331942 8.096049
875255 8.79956 8.056041
8724791 8.936319 7.915797
9311564 9.020882 7.834672
9.452081 9.042302 7.825254
8.956725 9.008453 7.933109
8.880450 8.684971 7.756381
9.149979 8.830282 8.109419

Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung.
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lung
Normal Lun

8.496519 8.579389
8.697203 8.608386
8.74163 8.443106
8.701593 8.558656
8.965422 8.562606
8.640129 8.423105
8.698577 8.635558
8.668396 8.442934
9.362531 9.473337
9.028392 9.037346
8.980608 8.901047
8.843007 8.894079
8.877758 8.682329
8.812259 8.504362
8.628196 8.71235
8.44571 8.359461
8.542266  8.25055
8.736345 8.592837
8.432378 8.053512
8.496519 8.283101

13.0574
13.2253
13.0887

13.073
13.0493
12,9043
12.9607
13.2565
13.0026

13.015
13.1011
13.2565
12.7611

12.563
126171
13.0026
12.8515
13.0026

13.015
13.1011

6.790386
7.078151

7.20796
6.939868

7.12439
6.925168

7.08839
7.209784
7.566383
7.325067
7.107762
7.096791
7.164312
7.037443
6.790386
7.078151

7.20796
6.939868

7.12439
6.925168

MET

7.936651
7.835549
8.099309
8.107711
7.590094
7.486003
7.978925
7.585638
7.826078
7.803801
7.935934
7.779354
7.820412
7.944085
7.563141
8.140809
7.563878

8.45431
7.705315
7.730494
7.936651
7.835549
8.099309
8.107711
7.590094
7.486003
7.978925
7.585638
7.826078

9.080349
9.593057
9.316407

9.88193
9.546776
9.855569
9.772315
9.752796
9.077514
9.346567
10.19462
9.513546
9.080349
9.593057
9.316407

9.88193
9.546776
9.855569
9.772315
9.75279

213807_x_at

7.778968 7.778968
7.999747 7.742346
7.299417 7.338622
8.034528  8.22932
7.740874 7.499225
7.779731 7.442454
8.084123 8.130811
7.684869 7.515699
7.770203 7.498715
7.613959 7.688221
7.952566 7.871353
7.945055 7.673734
7.630024 7.504689
7.985513 7.626724
7.514752  7.325995
8.065826 8.007391
7.958592 7.751592
8.306943 8.405256
7.740011 7.747687
7.915454  7.84533
7.778968 7.778968
7.999747 7.742346
7.299417 7.338622
8.034528  8.22932
7.740874 7.499225
7.779731 7.442454
8.084123 8.130811
7.684869 7.515699
7.770203 7.498715

6.440522 6.070856 4.305945
6.717795 6.251462 4.377754
6592152 6.315508 4.46876
7.000705 6.717759 4.759095
6.775553 6.230135 4.421661
7.073306 6.072125 4.357943
6.983035 6.248048 4.464688
6.813582 6.478435 4.52602
6.465647 6.612465 4.709865
6.650943 6.645153 4.728638
7.206736 7.006776 4.953198
6.646436 6.251462 4.36745
6.590064 6.315508 4.583481
7.071945 6.717759 4.952292
6.838552 6.230135 4.573126
7.038609 6.072125 4.324997
6.879837 6.248048 4.502625
7.019832 6.478435 4.614399
6.953901 6.612465 4.705377
6.894402 6.645153 4.697562

MET

213816_s_at

6.621838
6.662588
6.437211

6.557087

6.157237
6.349367
6.282741
6.399541
6.254401

6.289902

6.216235
6.645141
6.113868
6.369392
5.847082
6.450577
6.454993
6.920105

6.76309
6.953398
6.621838
6.662588
6.437211

6.557087

6.157237
6.349367
6.282741
6.399541
6.254401

7330972
7.286077
7.340687
7.162102
7.105274

6.77468
7.221138
7.112934
7577445
7.167207
7.374888

6.79737
7.240175
7.141145
7.169601
7.330972
7.286077
7.340687
7.162102
7.105274

6.856615 6.65376 6.718656
7.005867 6.794723 6.725334
6.961811 7.041536
6.82587 6.945891 6.831794
6.804291 6.828179 6.521389
6.75122 6.678339 6.510591
7.037036 6.72226 6.673559
7.02226 7.05471
7.655932 7.366985 7.454173
7.332332 6.887622 6.894453
7.044793 6.839141 6.778551
7.137778 6.712329 6.751095
7.006601 6.725081
6.791558 6.57223 6.342599
6.856615 7.04527 7.113985
7.005867 6.884222 6.813919
6.961811 6.622651
6.82587 6.65376 6.544461
6.804291 6.794723 6.489436
6.75122 7.041536 6.864666

6.80107

6.87122

6.57704

6.39649

5.199721

5.10227
5.194161
5.073883
5.042766
4.862163
5.160033
4.969299
5.397191
5.093011
5.213422
4.748837
5.254558

5.26441
5.262725
5.221636
5.250675
5.228556
5.096495
5.022828

8.433492
8.612334
8.551643
8.781756
8.694803
8.606045
8.733453
8.540642
9.252613
8.851901
9.004571
8.540426
8.341138
8.513929
8.266244
8.433492
8.612334
8.551643
8.781756
8.694803

ABCC1
202804_at

6.621838 9.655212
6.448212 9.467918
6.471785 9.492454
6.71606 9.804341
5.965025 9.510489
6.074101 9.664272
6.319026 9.880728
6.258666 9.648991
6.035874 9.508587
6.35125 9.621553
6.152754  9.52904
6.418212 9.560397
6.013439 9.641838
6.083215 9.485463
5.700214 9.618594
6.403844 9.552101
6.287101 9.528179
7.002004 9.277549
6.769797 9.572697
6.891796 9.279623
6.621838 9.655212
6.448212 9.467918
6.471785 9.492454
6.71606 9.804341
5.965025 9.510489
6.074101 9.664272
6.319026 9.880728
6.258666 9.648991
6.035874 9.508587

10.44495 7.408409
9.632903 6.745698
10.50208 7.431116
9.764111 6.917237
9.524994 6.760094
10.21754  7.33309
7.890757 5.638525
10.06849 7.034137
9.743857 6.940263
9.680542 6.888597
9.908775 7.004666
9.764111 6.821487
9.524994 6.912766
10.21754 7.532308
7.890757 5.792078
10.06849 7.171492
9.743857 7.021863
9.680542 6.895166
9.908775 7.051005
9.680542 6.843325

320

8.95065
8.783981
8.482647

8.47375
8.705564
8.438018
8.754335
8.544304
8.810506
8.897645

8.73401
8.668391
8.894413
8.673761
8.289554

8.95065
8.783981
8.482647

8.47375
8.705564

8.515748
8.524383
8.259607
8.637503
8.304146
8.389877
8.670181
8.318503
9.362118

8.86068
8.924797

8.58975
8.157522
8.216455
8.346869
8.347368
8.318225
8.411169
8.387192
8.476406

9.655212
9.163277
9.543438
10.04204
9.213597
9.245294
9.937793
9.436585

9.17636
9.7153%
9.431728
9.233913
9.483456
9.059282
9.376993
9.482898
9.280354
9.387349

9.58219
9.197413
9.655212
9.163277
9.543438
10.04204
9.213597
9.245294
9.937793
9.436585

9.17636

6.348529
6.151218
6.002195
6.003101
6.178527
6.055936
6.255614
5.969295
6.275465
6.331493
6.174207
6.055986
6.455121
6.394246
6.084808
6.375285
6.330133

6.04194
6.029853
6.154098

ABCC1 AKT1

202805_s_at

8.496519
8.697203

8.74163
8.701593
8.965422
8.640129
8.698577
8.668396
9.362531
9.028392
8.980608
8.843007
8.877758
8.812259
8.62819

8.44571
8.542266
8.736345
8.432378
8.496519

5.528661
4.857435
4.804215
4.745696
4.755883
4.867712

5.07301
4.672198
4.615817
5.108155
4.700291
4.986172
4.828609
4.906548

4.76193
5.528661
4.857435
4.804215
4.745696
4.755883

207163_s_at

7.106563 7.106563 9.81879 9.81879
6.951024 6.727367 9.756792 9.442856 6.396756
7.20643 7.245136 9.40262 9.453121 7.837676
7.225118 7.400286 9.86719 10.10641 7.663871
7.068836 6.848166 10.12528 9.809195 7.701283
7.132316 6.823106 10.48058 10.02622
7.209879 7.251519 9.983091 10.04075 7.293225
7.208196 7.04952 10.11565 9.892974 7.291332
7.124778 6.87584 10.0898 9.737268 8.346249
6.68372 6.748909 9.344705 9.435848 8.338715
7.142998 7.070052 9.882927 9.782001 7.605153
6.98083 6.742437 9.735466 9.403003
6.974716 6.860146 9.856857 9.694943
7.198428 6.875003 10.25854 9.797621 8.068136
7.630899 7.439224 10.29503 10.03644 7.762529
6.896049 6.846089 9.891632 9.819969 8.029991
7.117541 6.932417 10.23876 9.972458 7.680761
7.106899 7.191009 9.874824 9.991692
6.96995 6.976862 9.88124 9.89104 7.368253
6.689822 6.630556 9.528711 9.444294 8.541475
7.106563 7.106563 9.81879 9.81879 8.068703
6.951024 6.727367 9.756792 9.442856 6.396756
7.20643 7.245136 9.40262 9.453121 7.837676
7.225118 7.400286 9.86719 10.10641 7.663871
7.068836 6.848166 10.12528 9.809195 7.701283
7.132316 6.823106 10.48058 10.02622
7.209879 7.251519 9.983091 10.04075 7.293225
7.208196 7.04952 10.11565 9.892974 7.291332
7.124778 6.87584 10.0898 9.737268 8.346249

Pl

6.026422 6.790386 4.816294 6.65376 4.719387 8.433492
6.090449 7.078151 4.956665 6.794723 4758186 8.612334
6.185448 7.20796 5.100246 7.041536 4.982487 8.551643
6.164513 6.939868 4.916445 6.945891 4.920712 8.781756
6.362954 7.12439 5.056333 6.828179 4.846106 8.694803
6.20099 6.925168 4.970168 6.678339 4.79302 8.606045
6.215771 7.08839 5065174 6.72226 4803543 8.733453
6.055989 7.209784 5036961 7.05471 4928622 8540642
6.668656 7.566383 5.389313 7.366985 5.247287 9.252613
6.424531 7.325067 5.212459 6.887622 4.901177 8.851901
6.348531 7.107762 5024587 6.839141 4.834694 9.004571
6.177978 7.09791 4.958021 6.712329 4.689425 8.540426
6.443034 7.164312  5.1995 6725081 4.880728 8.341138
6.496346 7.037443 5187962 6.57223 4.845009 8.513929
6.333382 6.790386 4.984369 7.04527 5.171462 8.266244
6.015631 7.078151 5.041559 6.884222 4.903429 8433492
6.155942  7.20796 5.194381 6.622651 4.772581 8.612334
6.222642 6.939868 4.943064 6.65376 4.739277 8.551643
6.000413 7.12439 5069659 6.794723 4.83507 8.781756
6.00632 6.925168 4.895508 7.041536 4.977771 8.694803

5.582585 9.746443
4.80783 9.182566
4.640153 8.525655
4.66774 9.005221
4.542202 9.268858
4.745444 9.250636
5.036257 9.064588
4.550676 8.877021
4.670446 8.577437
5.113221 8.830942
4.65865 9.168853
5.014969 9.531537
4.722316 9.213606
4.735115 9.383985
4.808375 8.94546
5.472202 9.087753
4.691556 9.746443
4.725299 9.182566
4.532472 8.525655
4.636424 9.005221

K3CA

7.58224

7.06897
7.25909

7.21034

7.58224

5.981719
6.031017
6.051016
6.221303

6.17089
6.176528
6.240693
5.966736
6.590365
6.298942

6.36547
5.966586
6.053582
6.276418
6.067698
6.006929
6.206436
6.091084
6.249028
6.146491

9.841504 10.6386
9.088792 10.30026
8.234507 10.12738
8.857297 10.26454
8.852409 10.1953
9.018276 9.911418
8.998917 10.54032
8.646133 10.28666
8.678951 9.664138

8.8397 10.71658
9.087624 10.62088
9.586585 10.30457
9.010785 10.39933
9.056112 10.02106
9.032709 8.712564
8.994947 10.16687
9.413605 10.15358
9.031728 10.6386
8.142598 10.30026
8.779026 10.12738

204369_at
8.068703

8.068703
6.190933
7.879772
7.849677
7.460869
7.253525
7.335346
7.130826
8.054634
8.420046
7.527487
6.827567
7.139849
7.705635
7.567548
7.971816
7.480987
7.295674
7.375561
8.465804
8.068703
6.190933
7.879772
7.849677
7.460869
7.253525
7.335346
7.130826
8.054634

5.528661
4.857435
4.804215
4.745696
4.755883
4.867712

5.07301
4.672198
4.615817
5.108155.
4.700291
4.986172
4.828609
4.906548

4.76193
5.528661
4.857435
4.804215
4.74569
4.755883

3.921376
3.401549
3.399392
3.362017
3375353
3.493539
3.625037
3.264132
3.287711
3.634923
3.322708
3.483482
3.504364
3617079
3.495414
3.937903
3.500487
3.421902
3.376999
3.362008

10.74236
10.19507
9.781534
10.09593
9.737221
9.662461
10.46396
10.01911
9.778513
10.72721
10.52679
10.36408
10.17041
9.670925
8.797541
10.06305
9.806841
10.46384
9.837467
9.872999



7.713463
7.886118
7.877877

7.89713
7.940199
8.238891
8.220451
8.406036
8.007694
7.391124
8.241933
7.877877

7.89713
7.940199
8.238891
8.220451
8.406036
8.007694
7.391124
8.057399

7.613959
7.952566
7.945055
7.630024
7.985513
7.514752
8.065826
7.958592
8.306943
7.740011
7.915454
7.779731
8.084123
7.684869
7.770203
7.613959
7.952566
7.945055
7.630024
7.985513

GSM254625 Lung Cancer
GSM254629 Lung Cancer
GSM254636 Lung Cancer
GSM254639 Lung Cancer
GSM254648 Lung Cancer
GSM254652 Lung Cancer
GSM254659 Lung Cancer
GSM254674 Lung Cancer
GSM254680 Lung Cancer
GSM254685 Lung Cancer
GSM254694 Lung Cancer
GSM254700 Lung Cancer
GSM254701 Lung Cancer
GSM254718 Lung Cancer
GSM254726 Lung Cancer
GSM254627 Lung Cancer
GSM254630 Lung Cancer
GSM254631 Lung Cancer
GSM254633 Lung Cancer
GSM254637 Lung Cancer
GSM254641 Lung Cancer
GSM254642 Lung Cancer
GSM254645  Lung Cancer
GSM254647 Lung Cancer

890873 6.512376 6.080085 4.444607 6.986887 5.107489 11.90086 8.699656 10.00427 7.313225 9.117993 6.66535 6.720559

8.895336
9.365692
9.032831
9.748351
9.589194
9.578691
9.259372
8.999466
9.354068
9.514426
8.645279
9.065802
9.358144
9.355096
9.903626
9.333749
9.578818
9.472773
8.413608
9.224646

9.715396
9.431728
9.233913
9.483456
9.059282
9.376993
9.482898
9.280354
9.387349

9.58219
9.197413
9.547276
9.588516
9.178196
9.758532
9.779824
9.319482
9.352394
9.189257
9.289688

EGFR
201983 5_at

7.264726
7.181656
7.397594
7.357653
6.874636
6.798984
7.457359
7.172406
7.236243
7.925379
7.321643
6.953857
7.256001
7.398179
6.878638
7.264726
7.181656
7.397594
7.357653
6.874636

6.68372
7.142998

6.98083
6.974716
7.198428
7.630899
6.896049
7.117541
7.106899

6.96995
6.689822
7.132316
7.209879
7.208196
7.124778

6.68372
7.142998

6.98083
6.974716
7.198428

EGFR
201984 s_at

7.335582
7.108315
7.144969
7.236792
6.565759
6.628206
7.403332
6.985854
7.321884
7.933239
7.256779
6.994018
7.096273

7.13969
6.945728
7.190537
6.936405
7.276077
7.027074
6.701958

6.748909
7.070052
6.742437
6.860146
6.875003
7.439224
6.846089
6.932417
7.191009
6.976862
6.630556
7.173507
7.051166
6.956344
7.194269
6.615464
6.899067
6.866159
6.661343
7.017617

EGFR
210984 x_at

9.445994
8.642194
8.515657

8.22368
8.673168
8.601036
9.158736
8.640792
8.312351
8.509654
7.791649
9.149979
9.445994
8.642194
8.515657

8.22368
8.673168
8.601036
9.158736
8.640792

9.344705
9.882927
9.735466
9.856857
10.25854
10.29503
9.891632
10.23876
9.874824

9.88124
9.528711

9.86719
10.12528
10.48058
9.983091
10.11565

10.0898
9.344705
9.882927
9.735466

EGFR
211550_at

9.538124
8.553938

8.22485
8.088594
8.283482
8.384993
9.092383
8.416048
8.410728
8.518094
7.722621
9.202823
9.238056
8.340238
8.598713
8.139698
8.376982
8.459751
8.747234
8.423751

9.435848
9.782001
9.403003
9.694943
9.797621
10.03644
9.819969
9.972458
9.991692

9.89104
9.444294
9.924177
9.902388

10.1144
10.08046
10.01235
9.745239
9.191204
9.438887
9.490928

EGFR
211551 at

7.728422
8.017813
8.054409
7.951019
8.317803
7.758008
8.200218
7.765865
8.355423
7.697681
7.799592
8.056041
7.915797
7.834672
7.825254
7.933109
7.756381
8.109419
7.728422
8.017813

8.338715
7.605153

7.06897

7.25909
8.068136
7.762529
8.029991
7.680761

7.21034
7.368253
8.541475
7.837676
7.663871
7.701283

7.58224
7.293225
7.291332
8.346249
8.338715
7.605153

EGFR
211607_x_at

7.803801
7.935934
7.779354
7.820412
7.944085
7.563141
8.140809
7.563878

8.45431
7.705315
7.730494
8.102567
7.741544
7.560931
7.901577
7.852094
7.491503
7.976209
7.381185

7.81642

8.420046
7.527487
6.827567
7.139849
7.705635
7.567548
7.971816
7.480987
7.295674
7.375561
8.465804
7.882941
7.495164
7.432203
7.656193
7.218745
7.042335
8.209149
7.964057
7.414125

KRAS
204010_s_at

4.9128 6.486877 4.741976 8.847607 6.467695 5.077474 3.711688

8501505 6.55878 6.556737 5.058422 7.163287 5.526365 10.48194 8.086654 9.517434 7.342553 8.986462 6.932917 7.126759 5.498184 6.825318 5.265627 8.919397 6.881177 4.941142 3.812015
8722198 6521555 6.746213 5.044118 6.892645 5153605 9.884534 7.390629 8.812866 6.589347 9.078502 6.787962 7.326579 5.478056 6.936971 5.186747 8.931057 6.677718 4.869283 3.640745

9.290041 6.712357 6.539718 4.725159 6.757956 4.882843 9.067223 6.551364 9.530545 6.886129 9.144321 6.607069 7.088172 5.121435
9.939094 7.157422 6.462138 4.653568 7.453312 5.36734 9.926185 7.148126 9.185259 6.614564 8.761732 6.30957 7.041447 5.070744
7.4987 8.540407 6.176384 8.787881 6.355357 7.105299 5.138521
9.14693 6.640767 6.640081 4.820768 7.244197 5259362 11.38306 8.264217 9.954422 7.227014 9.399941 6.824455 7.061748 5.126902
8945545 6.511856 6.412272 4.667775 7.190527 5.234301 9.399217 6.842104 8.171105 5.948107 8.628877 6.281339 6.987604 5.086585
8713707 6.364254 6.638279 4.848418 7.345104 5.364663 10.51241 7.67798 9.282749 6.779867 8.934418 6.525455 7.069353 5.163263
8527245 6.083224 6.602262 4.709966 7.160286 5108053 10.79775 7.702975 8.888619 6.341023 9.012448 6.429362 7.024172 5.010952
8919219 6.625025 6.587899 4.893366 7.157293 5316301 12.19702 9.05971 9.824943 7.29778 9.572393 7.110191 7.189402 5.340151
8672386 6.405409 6.319652 4.667684 6.840451 5.052345 10.4649 7.729399 9.020104 6.662233 8.895476 6.570183 7.065519 5.21858
8552371 6.101149 6.077868 4.335871 7.150829 5101307 10.39112 7.41289 8.863014 6.322757 8.890539 6.342393 7.167776 5.113397
9.609025 7.113988 6.600678 4.886775 7.064987 5.230524 10.97665 8.126501 9.473123 7.013374 9.199635 6.810899 7.105266 5.260344
9.169518 6.386761 6.276165 4.37148 7.21176 5.023141 10.24562 7.136287 8357384 5.821092 8.448174 5.884329 6.835278 4.760913
890873 6.440735 6.080085 4.395713 6.986887 5.051302 11.90086 8.603952 10.00427 7.232773 9.117993 6.592025 6.720559 4.858755
8501505 6.223735 6.556737 4.80002 7.163287 5.24406 10.48194 7.673561 9.517434 6.967471 8.986462 6.57876 7.126759 5.217319
8722198 6.677401 6.746213 5.164657 6.892645 5.276761 9.884534 7.567243 8.812866 6.746813 9.078502 6.950174 7.326579 5.608965
9.290041 6.559798 6.539718 4.617765 6.757956 4.771865 9.067223 6.402464 9.530545 6.72962 9.144321 6.456903 7.088172 5.005035
9.939094 7.269911 6.462138 4.726705 7.453312 5.451695 9.926185 7.260469 9.185259 6.718521 8.761732 6.408734 7.041447 5.150438
8919912 6.336103 7.070889 5.022683 8434929 5.991604 10.36884 7.365324 8.540407 6.066528 8.787881 6.242317 7.105299 5.047125

7.25593 5242646 9.015467 6.513968 5.34098 3.859032
7.003162 5.043174 8.642139 6.223448 5.046569 3.634176
6.8506 4.954324 8734542 6.316782 4.660583 3.370513
6.810532 4.944517 9.224705 6.697232 4.588444 3.331258
6.544827 4.764268 8.42834 6.13536 4.562435 3.321197
6.973417 5.093194 8.940985 6.530251 4.753146 3.471568
6.8504 4.836984 8.801847 6.279122 4.651129 3.318054
6.89972 512498 9.301589 6.909042 4.614002 3.427192
6.751052 4.986315 8.99134 6.640988 4.872999 3.599188
7.034202 5.018107 8.559302 6.106093 4.887856 3.486932
7.106427 5.261204 9.017366 6.675957 4.80415 3.556726
6.885446 4.795857 8.149511 5.676304 4.694149 3.269572
6.486877 4.68981 8.847607 6.396545 5.077474 3.670856
6.825318 4.996641 8.919397 6.529664 4.941142 3.617284
6.936971 5.310695 8.931057 6.837295 4.869283 3.727748
7.25593 512349 9.015467 6.365918 5.34098 3.771323
7.003162 5.122435 8.642139 6.321258 5.046569 3.691292
6.8506 4.866204 8.734542 6.204429 4.660583 3.310564

9.14693 6.86066 6.640081 4.980396 7.244197 5.433513 11.38306 8.537867 9.954422 7.466319 9.399941 7.05043 7.061748 5.296667 6.810532 5.108243 9.224705 6.918995 4.588444 3.441565
8.945545 6.417457 6.412272 4.600108 7.190527 5158422 9.399217 6.742917 8.171105 5.861881 8628877 6.190282 6.987604 5.012847 6.544827 4.695203 842834 6.046418 4.562435 3.273051

7.788695 4.767465 4.813964 8.809415
7.805584 4.982291 4.931411 9.462323
7.60885 5.19939 5.021833 9.352205
7.767407 5.002957 4.920776 9.911157
7.583446 5.115086 4.885265 10.0403
8.031945 4.957329 4.83281 9.825489
8.160896 4.773871 4.739285 9.326943
8.187398 4.885365 4.758298 9.239789
8.102465 5.230309 5.29221 9.244657
7.398455 5.135064 5.140156 9.504999
8.168916 4.857923 4.814885 8.722555
7.923375 5.061973 5.091207 9.013744
7.723288 5.02129 4.910755 9.568784
7.662771 5.17662 4.995751 9.693794
8.319248 4.952123 5.000424 9.807965
8.136502 4.767465 4.718779 9.430051
8.118972 4.982291 4.812148 9.917498
7.876155 5.19939 5.113982 9.630976
7.059041 5.002957 4.778174 8.809415
7.855011 5.115086 4.986604 9.462323
7.688221 6.289902 6.35125 9.621553
7.871353 6.216235 6.152754 9.52904
7.673734 6.645141 6.418212 9.560397
7.504689 6.113868 6.013439 9.641838
7.626724 6.369392 6.083215 9.485463
7.325995 5.847082 5.700214 9.618594
8.007391 6.450577 6.403844 9.552101
7.751592 6.454993 6.287101 9.528179
8.405256 6.920105 7.002004 9.277549
7.747687 6.76309 6.769797 9.572697
7.84533 6.953398 6.891796 9.279623
7.824662 6.157237 6.192797 9.492454
7.906165 6.349367 6.209597 9.804341
7.416362 6.282741 6.063225 9.510489
7.845989 6.399541 6.461958 9.664272
7.536204 6.254401 6.190529 9.880728
7.680988 6.289902 6.075104 9.648991
7.814545 6.216235 6.114124 9.508587
7.287207 6.645141 6.346575 9.621553
7.784932 6.113868 5.960299 9.52904
RPS29 DDR2 ALK ALK
216570 x_at 205168_at 2082115 at 208212 s at
12.9369
122582
12.6482
13.0887
13.1324
13.0767 8919912 6.450841 7.070889 5.113636 8.434929 6.100103 10.36834
13.026
12.9914
12.9482
13.2565
127319
12.804
13.2565
127738
135775
13.0808
129181
12353
133931
12.9292
133135
12.6085
13.1825
13.0067

8.713707 6.292091 6.638279 4.793443 7.345104 5303835 10.51241 7.590921 9.282749 6.702992 8.934418 6.451465 7.069353 5.104718 6.973417 5.035443 8.940985 6.456206 4.753146 3.432205
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EGFR
211550_at
6.720559
7.126759
7.326579
7.088172
7.041447
7.105299
7.061748
6.987604
7.069353
7.024172
7.189402
7.065519
7.167776
7.105266
6.835278
6.720559
7.126759
7.326579
7.088172
7.041447
7.105299
7.061748
6.987604
7.069353
7.024172

ERBB2

6.720559
6.805739
6.998617
6.775893
6.817632
7.42013
7.367721
6.781784
6.964887
6.395852
6.602522
6.397649
6.549749
7.279866
6.5568
6.720559
6.805739
6.998617
6.775893
6.817632
7.42013
7.367721
6.781784
6.964887
6.395852

210930_s_at

5.019197
4.944808
5.393191
5.537726
5.166489

5.07408

5.17716
5.054333
5.142453
5.098506
5.244584
5.277328
5.092844
5.282669
5.087779
5.019197
4.944808
5.393191
5.537726
5.166489

5.07408

5.17716
5.054333
5.142453
5.098506

5.019197
4.722072
5.151774
5.293753
5.002271
5.298909
5.401477
4.905458
5.066461
4.642439
4.816462
4.778488
4.653724
5.412482
4.880496
5.019197
4.722072
5.151774
5.293753
5.002271
5.298909
5.401477
4.905458
5.066461
4.642439

EGFR
211551_at
6.486877
6.825318
6.936971
7.25593
7.003162
6.8506
6.810532
6.544827
6.973417
6.8504
6.89972
6.751052
7.034202
7.106427
6.885446
6.486877
6.825318
6.936971
7.25593
7.003162
6.8506
6.810532
6.544827
6.973417
6.8504

ERBB2

6.486877
6.517876
6.626449

6.93626
6.780564
7.154145

7.10562
6.352049
6.870369
6.237623
6.336487
6.112907
6.427692
7.281056
6.604924
6.486877
6.517876
6.626449

6.93626
6.780564
7.154145

7.10562
6.352049
6.870369
6.237623

216836_s_at

10.9006
9.847991
9.822166
9.263712
9.696516
9.698318
9.930941
10.82697
9.999741
11.07075
10.45461
9.586194
11.01347

9.57775
10.10668

10.9006
9.847991
9.822166
9.263712
9.696516
9.698318
9.930941
10.82697
9.999741
11.07075

10.9006
9.404395
9.382493
8.855586

9.38831
10.12804
10.36123
10.50806
9.851971
10.08045
9.601189
8.680056
10.06385
9.813107

9.69492

10.9006
9.404395
9.382493
8.855586

9.38831
10.12804
10.36123
10.50806
9.851971
10.08045

EGFR

211607_x_at

8.847607
8.919397
8.931057
9.015467
8.642139
8.734542
9.224705

8.42834
8.940985
8.801847
9.301589

8.99134
8.559302
9.017366
8.149511
8.847607
8.919397
8.931057
9.015467
8.642139
8.734542
9.224705

8.42834
8.940985
8.801847

BRAF

8.847607
8.517629
8.531273
8.618278
8.367446
9.121563
9.624395
8.180083
8.808861
8.014512
8.542288
8.141431
7.821294
9.238952
7.817489
8.847607
8.517629
8.531273
8.618278
8.367446
9.121563
9.624395
8.180083
8.808861
8.014512

206044 _s_at

6.948721
7.525797
7.169118
7.197049
7.255601
7.137885
7.574476
6.982045
7.559068
7.328531
7.130129
7.018112
7.509894
7.342606
6.987217
6.948721
7.525797
7.169118
7.197049
7.255601
7.137885
7.574476
6.982045
7.559068
7.328531

6.948721
7.186802
6.848205
6.879973

7.02498

7.45416
7.902665
6.776389
7.447365
6.672985
6.548088
6.354723
6.862368
7.523038
6.702549
6.948721
7.186802
6.848205
6.879973

7.02498

7.45416
7.902665
6.776389
7.447365
6.672985

KRAS

204010_s_at

5.077474
4.941142
4.869283

5.34098
5.046569
4.660583
4.588444
4.562435
4.753146
4.651129
4.614002
4.872999
4.887856

4.80415
4.694149
5.077474
4.941142
4.869283

5.34098
5.046569
4.660583
4.588444
4.562435
4.753146
4.651129

MET
203510_at
10.73589
10.55386
7.413054
7.787368
9.632992
9.429521
9.72435
10.31536
11.70842
11.53794
10.45356
9.620457
10.9462
8.922811
9.304811
10.73589
10.55386
7.413054
7.787368
9.632992
9.429521
9.72435
10.31536
11.70842
11.53794

322

5.077474
4.718572
4.651318
5.105676
4.886162
4.867091
4.787253
4.428048
4.682907

4.23508
4.237355
4.412377
4.466411
4.922204
4.502903
5.077474
4.718572
4.651318
5.105676
4.886162
4.867091
4.787253
4.428048
4.682907

4.23508

10.73589
10.07847
7.081222
7.444284
9.326804
9.847336
10.14569
10.01152

11.5354
10.50586
9.600225
8.711081
10.00239
9.142074
8.925721
10.73589
10.07847
7.081222
7.444284
9.326804
9.847336
10.14569
10.01152

11.5354
10.50586

KRAS

204009_s_at

10.85061
9.676614
8.757186
8.963281

9.32032
9.357854

8.44739
8.952214
8.888587
9.628878
9.047995
8.733204
9.332215

8.90542
8.896034
10.85061
9.676614
8.757186
8.963281

9.32032
9.357854

8.44739
8.952214
8.888587
9.628878

MET

10.85061
9.240738
8.365186
8.568391
9.024071
9.772494

8.8134
8.688527
8.757238
8.767564
8.309395
7.907696
8.527563
9.124255
8.533599
10.85061
9.240738
8.365186
8.568391
9.024071
9.772494

8.8134
8.688527
8.757238
8.767564

211599_x_at

9.144911
8.473156
8.081205
7.676451
8.480273
8.394154
8.666892

8.42711
10.57391
9.574419
8.481408
8.219598
8.188206
7.938638
8.147045
9.144911
8.473156
8.081205
7.676451
8.480273
8.394154
8.666892

8.42711
10.57391
9.574419

9.144911
8.091489
7.719464
7.338254
8.210725
8.766093
9.042413

8.17889
10.41766
8.717976
7.789059
7.442638
7.482194
8.133717
7.815124
9.144911
8.091489
7.719464
7.338254
8.210725
8.766093
9.042413

8.17889
10.41766
8.717976

KRAS

214352_s_at

11.75051
10.59684
10.07911
10.23301

10.3304
10.79641
10.31177
10.21743
10.45839
10.34325

10.5641
9.535219
10.22177
10.16764
10.11585
11.75051
10.59684
10.07911
10.23301

10.3304
10.79641
10.31177
10.21743
10.45839
10.34325

MET

11.75051
10.11951
9.62794
9.782184
10.00204
11.2748
10.75856
9.91648
10.30385
9.418033
9.701737
8.6339
9.340414
10.4175
9.703722
11.75051
10.11951
9.62794
9.782184
10.00204
11.2748
10.75856
9.91648
10.30385
9.418033

213807_x_at

8.351561
8.258258
7.993065
7.520839
8.344527
7.973323
8.295478

8.06456
9.476371

9.07343
8.355131
7.933038
8.141018
7.901227
7.853706
8.351561
8.258258
7.993065
7.520839
8.344527
7.973323
8.295478

8.06456
9.476371

9.07343

8.351561
7.886271
7.635269
7.189498
8.079293
8.326615
8.654907
7.827018
9.336336
8.261802

7.67309
7.183166
7.439075
8.095387
7.533736
8.351561
7.886271
7.635269
7.189498
8.079293
8.326615
8.654907
7.827018
9.336336
8.261802

EML4

220386_s_at

8.760082
8.981761
8.171915
8.134388
8.401606
8.553898
8.937836
8.476904
9.774063
9.455237
7.993458
7.942679
8.563933
8.301655
8.446422
8.760082
8.981761
8.171915
8.134388
8.401606
8.553898
8.937836
8.476904
9.774063
9.455237

MET

8.760082
8.577184
7.806113
7.776016
8.134558
8.932915
9.325096
8.227217
9.629628
8.609455
7.340941
7.191895
7.825525
8.505655
8.102304
8.760082
8.577184
7.806113
7.776016
8.134558
8.932915
9.325096
8.227217
9.629628
8.609455

213816_s_at

6.681157
7.032918
6.204503

6.33738
6.737466
6.730629
7.168737
6.771247

8.95982
7.343025
7.166011
6.660558
7.489511
7.194206
6.831689
6.681157
7.032918
6.204503

6.33738
6.737466
6.730629
7.168737
6.771247

8.95982
7.343025

6.681157
6.716125
5.926769
6.058178
6.523313
7.028858
7.479345
6.5718
8.827418
6.686183
6.58104
6.030967
6.843743
7.370991
6.553357
6.681157
6.716125
5.926769
6.058178
6.523313
7.028858
7.479345
6.5718
8.827418
6.686183



ABCC1
202804_at
9.660216
9.244343
9.293197
o.452996
9.651251
o.746048
9.429029
o.24704a
o.451874a
o.667411
o.672213
10.99829
o.3223
o.754645
o.342168
o.660216
9.244343
9.293197
9.452996
9.651251
o.746048
9.429029
9.24704
o.451874a
o.667411

GSM254650 Lung Cancer
(GSM254654 Lung Cancer
GSM254656 Lung Cancer
GSM254657 Lung Cancer
GSM254661 Lung Cancer
GSM254663 Lung Cancer
GSM254664 Lung Cancer
GSM254666 Lung Cancer
GSM254668 Lung Cancer
GSM254670 Lung Cancer
GSM254672 Lung Cancer
GSM254675 Lung Cancer
GSM254678 Lung Cancer
GSM254682 Lung Cancer
GSM254684 Lung Cancer
GSM254686 Lung Cancer
GSM254688 Lung Cancer
GSM254690 Lung Cancer
GSM254692 Lung Cancer
GSM254696 Lung Cancer
GSM254697 Lung Cancer
GSM254698 Lung Cancer
GSM254704 Lung Cancer
GSM254705 Lung Cancer
GSM254707 Lung Cancer
GSM254709 Lung Cancer
GSM254716 Lung Cancer
GSM254720 Lung Cancer
GSM254721 Lung Cancer

ABCC1
202805_s_at

9.660216 7.475769 7.475769
8.827938 6.943111 6.630363
8.877203 7.322345 6.994573
9.036531 7.392268 7.066592
9.344483 7.27166 7.040528
10.17789 7.413753 7.742251
9.837572 7.252308 7.566538
8.974669 6.869095 6.666766
9.3122 6.926194 6.823843
8.80265 7.194969 6.551371
8.882658 7.342236 6.74288
9.958676 9.213701 8.342774
8.518503 7.048239 6.440519
9.994349 7.107859 7.282522
8.961557 6.558639 6.291432
9.660216 7.475769 7.475769
8.827938 6.943111 6.630363
8.877203 7.322345 6.994573
9.036531 7.392268 7.066592
9.344483 7.27166 7.040528
10.17789 7.413753 7.742251
9.837572 7.252308 7.566538
8.974669 6.869095 6.666766
9.3122 6.926194 6.823843
8.80265 7.194969 6.551371
13.073 8.527245 6.168611 6.602262 4.776078 7.160286 5.179753
12.344 8.919219 6.833211 6.587899 5.047136 7.157293 5.483361
13.0067 8.672386 6.305585 6.319652 4.594941 6.840451 4.973608
12.4828 8.552371 6.479306 6.077868 4.604614 7.150829 5.417492
13.2993 9.609025 6.832891 6.600678 4.693682 7.064987 5.023848
12.7196 9.169518 6.817529 6.276165 4.666323 7.21176 5.361937
12.9077 8.90873 6.527109 6.080085 4.454662 6.986887 5.119043
13.307 8.501505 6.041845 6.556737 4.659739 7.163287 5.090801
12.7939 8.722198 6.447286 6.746213 4.986674 6.892645 5.094914
13.0574 9.290041 6.728447 6.539718 4.736486 6.757956 4.894548
13.3135 9.939094 7.060062 6.462138 4.590267 7.453312 5.29433
12.6085 8919912 6.690384 7.070889 5.303524 8.434929 6.326623
13.1825 9.14693 6.561929 6.640081 4.763537 7.244197 5.196924
13.0967 8.945545 6.459499 6.412272 4.630245 7.190527 5.192216
12.9369 8.713707 6.369813 6.638279 4.852653 7.345104 5.369349
12.2582 8.527245 6.578637 6.602262 5.093543 7.160286 5.52405
12.6482 8.919219 6.668867 6.587899 4.925748 7.157293 5.351482
13.0887 8.672386 6.266081 6.319652 4.566154 6.840451 4.942448
13.1324 8.552371 6.158804 6.077868 4.376844 7.150829 5.149514
13.0767 9.609025 6.949205 6.600678 4.773581 7.064987 5.109367
13.026 9.169518 6.657166 6.276165 4.556561 7.21176 5.235813
12.9914 8.90873 6.485057 6.080085 4.425962 6.986887 5.086062
12.9482 8.501505 6.209267 6.556737 4.788862 7.163287 5.231869
13.2565 8.722198 6.222301 6.746213 4.812659 6.892645 4.917122
12.7319 9.290041 6.900465 6.539718 4.857577 6.757956 5.019681
12.804 9.939094 7.340998 6.462138 4.772924 7.453312 5.505003
13.2565 8.919912 6.363347 7.070889 5.044279 8.434929 6.017367
12.7738 9.14693 6.771879 6.640081 4.915947 7.244197 5.363201
13.5775 8.945545 6.230759 6.412272 4.466281 7.190527 5.008352

323

AKTL
207163_s_at
10.49991
o.850881
0.863793
10.0518
9.495192
o.812312
10.3964
9.747402
o.728215
10.46215
10.02931
10.03054
10.32263
9.966737
9.702689
10.49991
o.850881
o.863793
10.0518
9.495192
o.812312
10.3964
9.747402
o.728215
10.46215

10.79775
12.19702
10.46496
10.39112
10.97665
10.24562
11.90086
10.48194
9.884534
9.067223
9.926185
10.36884
11.38306
9.399217
10.51241
10.79775
12.19702
10.46496
10.39112
10.97665
10.24562
11.90086
10.48194
9.884534
9.067223
9.926185
10.36884
11.38306
9.399217

7.811098
9.344404
7.608942
7.872351
7.805395
7.617609
8.719336
7.449299
7.306463
6.567068
7.050892
7.777154
8.166106
6.787092
7.684686
8.3303
9.119663
7.561272
7.482941
7.938264
7.438426
8.66316
7.655722
7.051496
6.73496
7.331463
7.396994
8.427382
6.54675

8.888619
9.824943
9.020104
8.863014
9.473123
8.357384
10.00427
9.517434
8.812866
9.530545
9.185259
8.540407
9.954422
8.171105
9.282749
8.888619
9.824943
9.020104
8.863014
9.473123
8.357384
10.00427
9.517434
8.812866
9.530545
9.185259
8.540407
9.954422
8.171105

10.49991
9.407155
9.422257
9.608952
9.193384
10.24709
10.84685
9.460292
9.584457
9.526297
9.210601
9.082404
9.432586
10.21165
9.307389
10.49991
9.407155
9.422257
9.608952
9.193384
10.24709
10.84685
9.460292
9.584457
9.526297

6.430029 9.012448 6.519608
7.527107 9.572393 7.333622
6.558407 8.895476 6.467791
6.71465 8.890539 6.735502
6.736252 9.199635 6.541777
6.213708 8.448174 6.28121
7.329769 9.117993 6.680428
6.763845 8.986462 6.386494
6.514306 9.078502 6.710659
6.902636 9.144321 6.622907
6.524588 8.761732 6.223743
6.405736 8.787881 6.591355
7.141217 9.399941 6.743436
5.900283 8.628877 6.230836
6.785789 8.934418 6.531155
6.857432 9.012448 6.952965
7.346073 9.572393 7.157243
6.517319 8.895476 6.427271
6.382507 8.890539 6.402328
6.850921 9.199635 6.653135
6.067548 8.448174 6.133463
7.282545 9.117993 6.637388
6.951274 8.986462 6.563467
6.286982 9.078502 6.476483
7.079106 9.144321 6.792226
6.784216 8761732  6.4714
6.092613 8.787881 6.269158
7.369701 9.399941 6.959194
5.691345 8.628877 6.010193

PIK3CA
204369_at
7.426923
7.379147
6.445242
5.795668
7.249267
7.181253
7.221355
7.45382
7.185545
7.775797
7.422936
7.748376
7.116289
7.238057
7.278408
7.426923
7.379147
6.445242
5.795668
7.249267
7.181253
7.221355
7.45382
7.185545
7.775797

7.024172 5081288  6.8504
7.189402 5.50796  6.89972
7.065519 5.137252 6.751052
7.167776 5.430332 7.034202
7.105266  5.05249 7.106427
6.835278 5.082023 6.885446
6.720559 4.923914 6.486877
7.126759 5.064841 6.825318
7.326579 5.41567 6.936971
7.088172 5.133712  7.25593
7.041447 5.001768 7.003162
7.105299 5329333  6.8506
7.061748 5.066037 6.810532
6.987604 5.045688 6.544827
7.069353 5.167773 6.973417
7.024172 5.419041  6.8504
7.189402 5.375489 6.89972
7.065519 5.105068 6.751052
7.167776 5.161718 7.034202
7.105266 5.138497 7.106427
6.835278 4.962483 6.885446
6.720559 4.892191 6.486877
7.126759 5.20519 6.825318
7.326579 5.226685 6.936971
7.088172 5.264959  7.25593
7.041447  5.2008 7.003162
7.105299 5.068827  6.8506
7.061748 5.228126 6.810532
6.987604 4.867012 6.544827

7.426923
7.046758
6.156732
5.540332
7.018847
7.499449
7.5342449
7.234268
7.079362
7.080243
6.816992
7.015959
6.502701

7.41592
6.981877
7.426923
7.046758
6.156732
5.540332
7.018847
7.499449
7.5342449
7.234268
7.079362
7.080243

4.955581 8.801847 6.367259
5.286028 9.301589 7.126153
4.908607 8.99134 6.537493
5.329135 8.559302 6.484557
5.053316 9.017366 6.412167
5.119323 8.149511 6.059154
4.752703 8.847607 6.482326
4.850614 8919397 6.338833
5.127679 8.931057 6.60167
5.255213 9.015467 6.529583
4.974573 8642139 6.138792
5.138296 8.734542 6.551347
4.885817 9.224705 6.617724
4725962 8.42834 6.08603
5.097642 8.940985 6.535955
5.284977 8.801847 6.790489
5.158895 9.301589 6.954763
4.877855 8.99134 6.496536
5.065527 8.559302 6.163795
5.139337 9.017366 6.521319
4.998906 8.149511 5.91663
4.722083 8.847607 6.440563
4.985026 8.919397 6.514484
4.948743 8931057 6.371298
5.389566 9.015467 6.696516
5.172523 8.642139 6.383069
4.887128 8.734542 6.231107
5.042139 9.224705 6.829459
4558609 842834 5.870514



9.572393
8.895476
8.890539
9.199635
8.448174
9.117993
8.986462
9.078502
9.144321
8.761732
8.787881
9.399941
8.628877
8.934418
9.012448
9.572393
8.895476
8.890539
9.199635
8.448174
9.117993
8.986462
9.078502
9.144321
8.761732
8.787881
9.399941
8.628877
8.934418
9.012448
9.572393
8.895476

7.993458
7.942679
8.563933
8.301655
8.446422
8.760082
8.981761
8.171915
8.134388
8.401606
8.553898
8.937836
8.476904
9.774063
9.455237
7.993458
7.942679
8.563933
8.301655
8.446422
8.760082
8.981761
8.171915
8.134388
8.401606
8.553898
8.937836
8.476904
9.774063
9.455237
7.993458
7.942679

8.790986
8.054629
8.12397
9.4257
8.103985
8.828174
9.384646
9.471857
8.874975
8.632257
8.001795
8.632611
7.81323
8.570419
9.012448
9.141211
8.497285
8.498854
8.907222
8.822507
9.513059
8.721766
8.944346
8.326351
8.0465
7.957204
8.58945
8.354605
9.330296
9.402942
9.290439
8.764025

7.340941
7.191895
7.825525
8.505655
8.102304

8.48164
9.379736

8.52599

7.89479
8.277452
7.788742
8.208229
7.675623
9.375856
9.455237
7.633398
7.587138
8.186637
8.037785
8.820677
9.139641
8.717203
8.051156
7.406758
7.715772
7.745338
8.167189
8.207463
10.20714
9.864915

7.75801
7.825307

7.189402
7.065519
7.167776
7.105266
6.835278
6.720559
7.126759
7.326579
7.088172
7.041447
7.105299
7.061748
6.987604
7.069353
7.024172
7.189402
7.065519
7.167776
7.105266
6.835278
6.720559
7.126759
7.326579
7.088172
7.041447
7.105299
7.061748
6.987604
7.069353
7.024172
7.189402
7.065519

5.244584
5.277328
5.092844
5.282669
5.087779
5.019197
4.944808
5.393191
5.537726
5.166489

5.07408

5.17716
5.054333
5.142453
5.098506
5.244584
5.277328
5.092844
5.282669
5.087779
5.019197
4.944808
5.393191
5.537726
5.166489

5.07408

5.17716
5.054333
5.142453
5.098506
5.244584
5.277328

6.602522
6.397649
6.549749
7.279866
6.5568
6.506944
7.44254
7.644027
6.87939
6.937393
6.469722
6.485288
6.327099
6.781339
7.024172
6.865561
6.749243
6.85199
6.879423
7.138144
7.011749
6.91684
7.218311
6.454127
6.466644
6.433669
6.452863
6.765501
7.382591
7.328517
6.977639
6.96111

4.816462
4.778488
4.653724
5.412482
4.880496

4.85966
5.163909
5.626869
5.374612
5.090142
4.620198
4.754542
4.576571
4.932943
5.098506
5.008345
5.041098
4.868472
5.114758
5.313215

5.23667
4.799159
5.313494

5.04237
4.744742
4.594452

4.73077
4.893679
5.370311
5.319415
5.090105
5.199344

6.89972
6.751052
7.034202
7.106427
6.885446
6.486877
6.825318
6.936971

7.25593
7.003162

6.8506
6.810532
6.544827
6.973417

6.8504

6.89972
6.751052
7.034202
7.106427
6.885446
6.486877
6.825318
6.936971

7.25593
7.003162

6.8506
6.810532
6.544827
6.973417

6.8504

6.89972
6.751052

10.45461
9.586194
11.01347

9.57775
10.10668

10.9006
9.847991
9.822166
9.263712
9.696516
9.698318
9.930941
10.82697
9.999741
11.07075
10.45461
9.586194
11.01347

9.57775
10.10668

10.9006
9.847991
9.822166
9.263712
9.696516
9.698318
9.930941
10.82697
9.999741
11.07075
10.45461
9.586194

6.336487
6.112907
6.427692
7.281056
6.604924
6.280689
7.127743
7.237537
7.042207
6.899674
6.237806
6.254579
5.926176
6.689311

6.8504
6.588926
6.448853

6.7243
6.880547
7.190535
6.767942
6.624278
6.834461
6.606879
6.431485
6.203045
6.223308
6.336798
7.282404
7.147215
6.696489
6.651289

9.601189
8.680056
10.06385
9.813107

9.69492
10.55412
10.28435
10.24774

8.99085
9.553228
8.830792
9.120265
9.803544
9.592339
11.07075
9.983692
9.157084
10.52825
9.273318

10.5545
11.37291
9.557919

9.67702
8.435062
8.904977
8.781582
9.074665
10.48283
10.44282
11.55042
10.14667
9.444535

9.301589

8.99134
8.559302
9.017366
8.149511
8.847607
8.919397
8.931057
9.015467
8.642139
8.734542
9.224705

8.42834
8.940985
8.801847
9.301589

8.99134
8.559302
9.017366
8.149511
8.847607
8.919397
8.931057
9.015467
8.642139
8.734542
9.224705

8.42834
8.940985
8.801847
9.301589

8.99134

7.130129
7.018112
7.509894
7.342606
6.987217
6.948721
7.525797
7.169118
7.197049
7.255601
7.137885
7.574476
6.982045
7.559068
7.328531
7.130129
7.018112
7.509894
7.342606
6.987217
6.948721
7.525797
7.169118
7.197049
7.255601
7.137885
7.574476
6.982045
7.559068
7.328531
7.130129
7.018112
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8.542288
8.141431
7.821294
9.238952
7.817489
8.566383

9.31461
9.318023
8.749916
8.514431
7.953227
8.471681
7.631649
8.576718
8.801847
8.882605
8.588858

8.18221
8.730746

8.51061
9.230958
8.656677
8.799079
8.209023

7.93667
7.908907
8.429324
8.160442
9.337154
9.183216
9.027611
8.858472

6.548088
6.354723
6.862368
7.523038
6.702549
6.727854

7.85926
7.479743

6.98506
7.148383
6.499393
6.956162
6.322066
7.251102
7.328531
6.808957
6.703959
7.179035
7.109219
7.296816
7.249797
7.304125
7.063177
6.553265
6.663317
6.463175
6.921382
6.760119
7.894005
7.646063
6.920111
6.914403

4.614002
4.872999
4.887856

4.80415
4.694149
5.077474
4.941142
4.869283

5.34098
5.046569
4.660583
4.588444
4.562435
4.753146
4.651129
4.614002
4.872999
4.887856

4.80415
4.694149
5.077474
4.941142
4.869283

5.34098
5.046569
4.660583
4.588444
4.562435
4.753146
4.651129
4.614002
4.872999

10.45356
9.620457

10.9462
8.922811
9.304811
10.73589
10.55386
7.413054
7.787368
9.632992
9.429521

9.72435
10.31536
11.70842
11.53794
10.45356
9.620457

10.9462
8.922811
9.304811
10.73589
10.55386
7.413054
7.787368
9.632992
9.429521

9.72435
10.31536
11.70842
11.53794
10.45356
9.620457

4.237355
4.412377
4.466411
4.922204
4.502903
4.916085
5.160081
5.080261
5.183662
4.971994
4.243689
4.213883

4.13117
4.559497
4.651129
4.406167
4.654868
4.672515
4.651449
4.902143
5.297472
4.795601
4.797328
4.863223
4.634611
4.220041
4.192814
4.417416
4.963754
4.852654
4.478096
4.800989

9.600225
8.711081
10.00239
9.142074
8.925721
10.39465
11.0215
7.734249
7.557991
9.490642
8.586039
8.930539
9.340294
11.2314
11.53794
9.98269
9.189814
10.46395
8.639196
9.7171
11.20106
10.243
7.303509
7.090779
8.846638
8.538193
8.885888
9.987478
12.22721
12.03786
10.14565
9.478293

9.047995
8.733204
9.332215

8.90542
8.896034
10.85061
9.676614
8.757186
8.963281

9.32032
9.357854

8.44739
8.952214
8.888587
9.628878
9.047995
8.733204
9.332215

8.90542
8.896034
10.85061
9.676614
8.757186
8.963281

9.32032
9.357854

8.44739
8.952214
8.888587
9.628878
9.047995
8.733204

8.481408
8.219598
8.188206
7.938638
8.147045
9.144911
8.473156
8.081205
7.676451
8.480273
8.394154
8.666892

8.42711
10.57391
9.574419
8.481408
8.219598
8.188206
7.938638
8.147045
9.144911
8.473156
8.081205
7.676451
8.480273
8.394154
8.666892

8.42711
10.57391
9.574419
8.481408
8.219598

8.309395
7.907696
8.527563
9.124255
8.533599
10.50572
10.10538
9.136619
8.699268
9.182591
8.520783
7.757819
8.106004
8.526455
9.628878
8.640434
8.342277
8.921071
8.622358
9.290211
11.32074
9.39159
8.627778
8.161506
8.55949
8.4733
7.719031
8.667665
9.282435
10.04608
8.781486
8.60415

7.789059
7.442638
7.482194
8.133717
7.815124
8.854237
8.848596
8.431349
7.450341
8.354957
7.643287
7.959402
7.630535
10.14312
9.574419
8.099368
7.851662
7.827463
7.686306
8.508035
9.541144
8.223579
7.961786
6.989783
7.788017
7.600694
7.919607
8.159252
11.04244
9.989262
8.231588
8.098134

10.5641
9.535219
10.22177
10.16764
10.11585
11.75051
10.59684
10.07911
10.23301

10.3304
10.79641
10.31177
10.21743
10.45839
10.34325

10.5641
9.535219
10.22177
10.16764
10.11585
11.75051
10.59684
10.07911
10.23301

10.3304
10.79641
10.31177
10.21743
10.45839
10.34325

10.5641
9.535219

8.355131
7.933038
8.141018
7.901227
7.853706
8.351561
8.258258
7.993065
7.520839
8.344527
7.973323
8.295478

8.06456
9.476371

9.07343
8.355131
7.933038
8.141018
7.901227
7.853706
8.351561
8.258258
7.993065
7.520839
8.344527
7.973323
8.295478

8.06456
9.476371

9.07343
8.355131
7.933038

9.701737
8.6339
9.340414
10.4175
9.703722
11.37702
11.06638
10.51582
9.931601
10.17774
9.830663
9.470009
9.251628
10.0323
10.34325
10.08825
9.108391
9.771431
9.844462
10.56408
12.25964
10.28471
9.930171
9.317659
9.487114
9.775881
9.422661
9.892669
10.9218
10.7914
10.25293
9.394313

7.67309
7.183166
7.439075
8.095387
7.533736
8.086104
8.624176

8.33939
7.299313
8.221217

7.2601
7.618308
7.302255
9.090292

9.07343
7.978779

7.57793
7.782354
7.650084
8.201698

8.71342
8.015012
7.874949
6.848091
7.663352
7.219642
7.580217
7.808225
9.896263
9.466566

8.10903
7.815809



7.166011
6.660558
7.489511
7.194206
6.831689
6.681157
7.032918
6.204503

6.33738
6.737466
6.730629
7.168737
6.771247

8.95982
7.343025
7.166011
6.660558
7.489511
7.194206
6.831689
6.681157
7.032918
6.204503

6.33738
6.737466
6.730629
7.168737
6.771247

8.95982
7.343025
7.166011
6.660558

6.58104
6.030967
6.843743
7.370991
6.553357
6.468794
7.344542
6.473333
6.150713
6.637904
6.128566
6.583543
6.131193
8.594786
7.343025
6.843223

6.36241

7.15955
6.965536
7.134396
6.970639
6.825764
6.112817
5.770494
6.187478
6.094414
6.550627

6.55602
9.356823
7.661186
6.954936
6.562133

9.672213
10.99829
9.3223
9.754645
9.342168
9.660216
9.244343
9.293197
9.452996
9.651251
9.746048
9.429029
9.24704
9.451874
9.667411
9.672213
10.99829
9.3223
9.754645
9.342168
9.660216
9.244343
9.293197
9.452996
9.651251
9.746048
9.429029
9.24704
9.451874
9.667411
9.672213
10.99829

8.882658
9.958676
8.518503
9.994349
8.961557
9.353163
9.653954
9.695855
9.174559
9.508631
8.874253
8.659325
8.372961
9.066793
9.667411
9.236535
10.50597
8.911593
9.44459
9.756113
10.07878
8.972051
9.155869
8.607415
8.863407
8.8248
8.61603
8.95312
9.87068
10.08628
9.387318
10.83577

7.342236
9.213701
7.048239
7.107859
6.558639
7.475769
6.943111
7.322345
7.392268

7.27166
7.413753
7.252308
6.869095
6.926194
7.194969
7.342236
9.213701
7.048239
7.107859
6.558639
7.475769
6.943111
7.322345
7.392268

7.27166
7.413753
7.252308
6.869095
6.926194
7.194969
7.342236
9.213701
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6.74288
8.342774
6.440519
7.282522
6.291432

7.23815
7.250755

7.63961
7.174529
7.164204
6.750584
6.660293
6.219792
6.644012
7.194969

7.01151
8.801266
6.737719
6.881933
6.849248
7.799681
6.738602
7.214141
6.731021
6.678065
6.712966
6.626992
6.650759
7.233088
7.506715

7.12597
9.077547

10.02931
10.03054
10.32263
9.966737
9.702689
10.49991
9.850881
9.863793

10.0518
9.495192
9.812312

10.3964
9.747402
9.728215
10.46215
10.02931
10.03054
10.32263
9.966737
9.702689
10.49991
9.850881
9.863793

10.0518
9.495192
9.812312

10.3964
9.747402
9.728215
10.46215
10.02931
10.03054

9.210601
9.082404
9.432586
10.21165
9.307389
10.16617
10.28737
10.29117
9.755723
9.354878

8.93459
9.547724
8.826026
9.331875
10.46215
9.577542
9.581544
9.867856
9.649941
10.13261
10.95485
9.560723
9.718032
9.152653
8.720087
8.884801
9.499987
9.437577
10.15926
10.91545
9.733893
9.882319

7.422936
7.748376
7.116289
7.238057
7.278408
7.426923
7.379147
6.445242
5.795668
7.249267
7.181253
7.221355

7.45382
7.185545
7.775797
7.422936
7.748376
7.116289
7.238057
7.278408
7.426923
7.379147
6.445242
5.795668
7.249267
7.181253
7.221355

7.45382
7.185545
7.775797
7.422936
7.748376

6.816992
7.015959
6.502701
7.41592
6.981877
7.190856
7.706111
6.724503
5.624957
7.142142
6.538881
6.631867
6.749246
6.892797
7.775797
7.088575
7.401533
6.802771
7.007993
7.60091
7.748719
7.161794
6.349998
5.277239
6.6575
6.502443
6.598709
7.216898
7.503931
8.112708
7.204293
7.633876



