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Abstract 

 

Interferon regulatory factor 5 (IRF5) has a diverse role in the induction of pro-

inflammatory cytokines and chemokines downstream to various signalling pathways 

contributing to the pathogenesis of various autoimmune and inflammatory diseases. 

Using Irf5 knockout mice under different experimental settings, studies have reported 

that IRF5 plays a crucial role in T helper (Th) polarization. Previous studies have 

shown that IRF5 has a potential role in regulating Th2 cytokine production, 

particularly Interleukin-13 (IL-13). Sequence analysis human Il13 promoter showed 

the presence of the IFN sensitive response element (ISRE) motif, the region that IRFs 

can recognize through their helix turn helix nucleotide domain. As a transcription 

factor, IRF5 has been shown to recognize and bound to this region to regulate the 

expression of its targeted genes. Based on these findings, we were intrigued to 

examine the transcriptional role of IRF5 in regulating the expression of human IL-13 

and assess the modulation of IRF5 in regulating the expression of Th1 and Th2 

associated cytokines.  

 

Two of the predominant transcriptionally active IRF5 isoforms, IRF5 variant 4 

(IRF5v4) and variant 5 (IRF5v5) were used in this study. To evaluate the binding of 

the IRF5 to Il13/ISRE region, DNA pulldown assay was performed using protein 

lysates extracted from HEK 293T cells transfected with either IRF5v4 or IRF5v5 in 

the presence or absence of the Toll-like receptor (TLR) adaptor protein, Myeloid 
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differentiation primary response 88 (MyD88) expression. The ectopic MyD88 was 

included to mediate activation of IRF5 spliced isoforms. The transactivation of Il13 

promoter activities by IRF5 spliced isoforms were examined through dual luciferase 

reporter assay. To do so, HEK 293T cells were transiently transfected with varying 

concentrations and combinations of IRF5v4 or IRF5v5 in the presence or absence of 

MyD88. The human IL13 promoter driven by firefly luciferase reporter vector and 

Renilla luciferase control vector were included for dual luciferase reporter activities. 

To evaluate the modulation of IRF5 spliced isoforms in regulating Th1 and Th2 

cytokines, stably expressing IRF5 isoforms were generated in Jurkat cells, a human T 

cell line. Cells were stimulated with a combination of Phorbol-12-myristate 13-acetate 

(PMA) and Ionomycin for evaluating cytokines expression by reverse transcription 

polymerase chain reaction (RT-PCR) and secretion by enzyme-linked immunosorbent 

assay (ELISA).  

 

Based on the DNA pulldown assay, our findings showed that both activated 

IRF5 spliced isoforms can bind to the oligonucleotide corresponding to Il13/ISRE. In 

luciferase reporter assay, our results showed that both IRF5v4 and IRF5v5 can 

transactivate Il13 promoter activation, however, their activities were suppressed when 

higher MyD88 concentrations were tested. By using semi-quantitative RT-PCR, we 

demonstrated that stable expression of IRF5v4 and IRF5v5 in Jurkat cells modulated 

Th1 and Th2 associated cytokines in response to co-stimulation of PMA and 

Ionomycin. Upon stimulation, overexpressed IRF5v5 showed upregulation of IFN 
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and downregulation of IL-4 and IL-13 gene expression. On the other hand, IRF5v4 

showed induction of IL-13 but inhibition of IL-4 gene expression. In protein level, 

IRF5v4 had a diminished level of IFNγ secretion. Interestingly, both IRF5v4 and 

IRF5v5 were shown to augment IL-2 expression in gene and protein levels. Moreover, 

IRF5v4 and IRF5v5 were able to secrete moderate amounts of IL-10 in comparison to 

control cells. In conclusion, our findings provided useful insight into IRF5 spliced 

isoforms’ involvement in inducing human Il13 promoter activity as well as the 

differential regulation of the expression of Th1 and Th2 cytokines in the human T cell 

line.
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Chapter 1 

1 Introduction 

1.1 Overview  

An effective host defense system depends on prompt recognition and response against 

invaders. Thus, the immune systems produce various cells and molecules that 

communicate with each other via signaling pathways that are coordinated by gene 

regulatory networks. This gene regulatory network is controlled by transcription 

factors, chromatin modifiers, miRNA, and long noncoding RNAs (lncRNAs) that 

activate or repress their target genes in determining cell fate or effector state [1]. One 

of the transcription factors that have been extensively studied for their crucial role in 

regulating gene networks in the immune system is the Interferon Regulatory Factors 

(IRFs). The IRFs play crucial roles in the regulation of immune responses and 

oncogenesis [2]. In addition, the IRFs family possesses a turn-helix-turn motif that 

recognizes and binds to DNA consensus, known as the IFN sensitive response 

element (ISRE) which can be found in the promoters of many genes that are involved 

in immune responses [3].  

 

The immune responses and pathogenesis of certain diseases are known to 

correlate with the balance of T helper (Th) 1 and Th2 responses [4,5]. For instance, an 

imbalance of Th1/Th2 responses, with Th1 bias is linked to autoimmune diseases 

such as Systemic Lupus Erythematosus (SLE) and Rheumatoid Arthritis (RA). On the 
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other hand, Th2-dominated responses are associated with allergic diseases such as 

asthma. Interestingly, many IRFs have been found to be involved in Th 

differentiation. For instance, IRF1, IRF2, and IRF8 are mainly involved in Th1 

differentiation [6,7]. Meanwhile, IRF4 that shares several similar biological activities 

with IRF5 is proven critical for Th2 cell development  [6,7]. Both IRF4 and IRF5 is 

involved in MyD88-dependent- TLR signaling and they were found to interact with 

each other in the induction of proinflammatory cytokines and type I interferons [8]. 

Furthermore, both transcription factors were shown to directly regulate B 

lymphocyte-induced maturation protein-1 (Blimp1), the master regulator of plasma 

cells’ differentiation [9,10].  

 

Accumulating data from several labs have shown that IRF5 is a critical mediator 

in the development of Th1 responses associated with the pathogenesis of various 

diseases including autoimmune, metabolic, and infectious diseases [11–13]. 

Conversely, studies have also demonstrated that IRF5 play role in inducing Th2 

responses [14,15]. Strikingly, most studies have attributed IRF5 in regulating 

Th1/Th2 responses by altering the functions of antigen presenting cells (APCs) (e.g., 

macrophages and dendritic cells) rather than IRF5 intrinsic properties in T cells. This 

was because early studies reported that expression of IRF5 is barely detected in T cell 

[16]. Nonetheless, recent studies have detected elevated IRF5 expression in parasitic 

and virally infected T cells [17,18]. Moreover, its involvement in inducing apoptosis 

in CD4
+
 T cells during chronic parasitic infection has been recently been highlighted 
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[19]. However, to date, the role of T cell-intrinsic dependent on IRF5 in modulating 

the expression of Th cytokine remains uncertain. 

 

Previously a study has demonstrated that IRF5 was important for controlling 

the severity of airway allergic inflammation mediated by IL-13 [20]. The cytokine, 

IL-13 is primarily made by the Th2 subset of CD4 T cells but many other cells like 

basophils, mast cells, epithelial cells, and nuocytes also produce IL-13 [21]. Besides 

the role in antibody production, TLR-mediated activation of B cells can also produce 

cytokines [22]. In relation to this, preliminary data from our group found that B cells 

of Irf5
-/-

 mice showed impairment in TLR-mediated induction of IL-13 as compared 

to normal B cells (data not shown). Thus, suggesting a potential role of IRF5 in 

regulating IL-13 production. As a pleiotropic cytokine, IL-13 plays critical roles in 

mediating allergic, inflammatory, and autoimmune diseases [23]. Interestingly, TLR7 

activation which could activate IRF5 has been linked to enhancing allergic 

sensitization with an increase in the numbers of the airway and tissue eosinophils, 

mucus-producing cells, and antigen-specific production of IL-13 [24,25]. Sequence 

analysis of human Il13 promoter showed the presence of the ISRE motif that is 

recognised by IRFs for binding. The ISRE motif located in the 5’ upstream region (-

450 to-430 nucleotides) from the transcription start site. Based on these findings, we 

were intrigued to examine the role of human IRF5 in regulating IL-13 cytokine 

expression and other Th1 and Th2 associated cytokines. 
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In humans, the Irf5 gene exists as multiple spliced variants that give rise to at 

least nine isoforms [11,13,16]. Out of these nine isoforms, four are known as the 

functional isoforms (variant (v)-1, v3, v4, v5, and v6), the rest are either 

transcriptionally inactive or lack certain functional elements, resulting in mutant IRF5 

[16,26,27]. We utilised the predominant functional IRF5 spliced isoforms; IRF5v4 

and IRF5v5 in this study [28,29]. The IRF5v4 is among the first to be cloned variant 

and it exhibit similar characteristics to another spliced variant, IRF5v3 in terms of 

identical deletion pattern in exon6 encodes identical polypeptide sequences as well as 

their functions [16,30]. In addition, IRF5v4 is widely characterised in early studies in 

defining IRF5 roles in regulating type 1 interferons in response to viral infection 

[31,32]. Meanwhile, IRF5v5 contains full genomic sequences with no deletion within 

its exon 6. Of note, the amino acid sequences of human IRF5v5 and murine IRF5 are 

highly homologous (87% similarity), and the most obvious difference between human 

IRF5 and murine IRF5 is the deletion of five amino acids within murine IRF5 protein 

[33]. Unlike human IRF5 that exists as multiple isoforms due to alternate splicing, 

murine IRF5 is predominantly expressed in full length and only a single splice variant 

has been detected at a very low level in the bone marrow [33]. In this regard, there is a 

high probability of both human IRF5v5 and murine IRF5 to share similar activities. 

Besides that, both IRF5v4 and IRF5v5 were found to be involved in ubiquitination, a 

post-translational process that is critical for the nuclear translocation and target gene 

regulation of IRF5 [34]. Given that, IRF5 has been reported to display differential 

functions depending on its isoforms, we were intrigued whether these IRF5 spliced 

variants could possibly function differently in our experiments [16]. 
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In the initial phase of the project, we investigated whether human IRF5 could 

bind to the ISRE motifs on the human Il13 promoter and transactivate its expression. 

Subsequently, we assessed the role of IRF5 in regulating IL-13 expression as well as 

other cytokines associated with Th1 (IFNγ, IL-2) and Th2 (IL-4, IL-5, IL-10) in 

Jurkat cells upon PMA and Ionomycin stimulation. Results obtained from these 

investigations will shed some light on understanding the contribution of IRF5 in 

regulating Th responses, in a T cell-intrinsic manner. 
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1.1.1 Aims of project  

The aims of this project described in this thesis are:  

1. To investigate the transcriptional role of IRF5 in regulating expression of IL-

13  

2. To investigate the role of IRF5 in regulating expression of Th1 and Th2 

associated cytokines  

 

1.1.2 Objectives of project  

The specific objectives of this project described in this thesis are:  

1. To examine whether IRF5v4 and IRF5v5 can bind to functional elements 

(ISRE) located within human  Il13 promoter through DNA pull-down assay 

2. To examine the direct effect of IRF5v4 and IRF5v5 regulation in 

transcriptional the activity of the human  Il13 promoter using a reporter assay 

3. To generate stably expressing IRF5v4 and IRF5v5 in Jurkat cells by lentiviral 

transduction 

4. To measure mRNA levels of Th1 (IFNγ, IL-2) and Th2 (IL-4, IL-5, IL-10, and 

IL-13) cytokines in stably expressing IRF5v4 and IRF5v5 in Jurkat cells upon 

PMA and Ionomycin stimulation by semi-quantitative RT-PCR   

5. To measure cytokines secretion of Th1 (IFNγ, IL-2) and Th2 (IL-4, IL-5, IL-

10, and IL-13) in stably expressing IRF5v4 and IRF5v5 in Jurkat cells upon 

PMA and Ionomycin stimulation by ELISA
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1.2 Literature review  

1.2.1 Overview of gene expression  

Most living organisms have their genetic materials carrying the blueprint of life in the 

form of deoxyribonucleic acid (DNA) contained within a genome. The genome 

comprises a subset of coding DNA sequences, also known as genes that specify RNA 

or protein, and the vast majority of non-coding DNA sequences that play crucial 

regulatory roles in gene expression [35]. Gene expression is a series of molecular 

events of processing genetic information. In the central dogma of molecular biology, 

the flow of information regards as DNA transcribed to RNA (copy), and then RNA is 

translated (read) to protein [36,37]. However, there is an exception to some viruses 

which store their genetic material in RNA and convert their RNA to DNA via reverse 

transcription. Of note, not all genes encode proteins as the end product. Some genes 

also encode for non-coding RNA, such as small nucleolar RNAs (snoRNAs, including 

ribosomal RNA and transfer RNA), micro-RNA (miRNA), small interfering RNAs 

(siRNAs), and long- non-coding RNA (lncRNA) that play a diverse role in cellular 

processes [37,38]. 

 

In multicellular organisms, what makes a cell unique from each other is what 

and when a set of genes are expressed differentially ("turn on" or "turn off"), which 

determines the specific production of proteins and RNA, dictating the morphology 

and the function of the cell. Interestingly, the number of genes alone does not reflect 

the complexity of organisms, for the reason that humans share a similar number of 

genes with other organisms [39,40]. Instead, the number and size of non-coding DNA 
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sequences correlate with the complexity of organisms, and variation in these non-

coding sequences contributes to diverse phenotypes between individuals and species 

[41]. In this regard, only about 2% of the human genome comprises genes, while the 

rest consists of non-coding DNA sequences that are responsible for different 

regulatory processes [39,40]. Gene expression drives biological processes; thus, the 

control of this mechanism is ascertained to ensure proper cellular functions. 

Regulation of gene expression is highly sophisticated as it involves many elements 

such as protein, RNA, and their complexes interacting with gene and the regulatory 

DNA sequences in a complex network [42]. The requisite control is established 

through every stage of gene expression from transcription to RNA processing and in 

the case of protein-coding genes; it involves the regulation of translation and post-

translation. Herein, the processes of gene expression and their regulation are 

summarised as follows.  

 

1.2.1.1 Transcription and post-transcription  

Transcription is the process of synthesising RNA transcript from a DNA template, 

catalysed by enzyme RNA polymerase (RNA Pol). Prokaryotes utilise a single type of 

RNA Pol. In contrast, eukaryotes have three prominent RNA Pol, namely RNA Pol I, 

Pol II, and Pol III, that mediate the synthesis of ribosomal RNA (rRNA), messenger 

RNA (mRNA), and small RNAs including transfer RNA (tRNA) respectively [43,44]. 

Transcription is activated when DNA binding proteins, typically known as 

transcription factors in eukaryotes and the sigma factors in bacteria, recognise and 

bind to DNA sequences on the promoter [45,46]. Promoter comprises of regulatory 
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DNA sequences extending upstream and downstream of the transcription start site. In 

eukaryotes, the regulatory DNA sequences of a gene consist of multiple binding sites 

that are characterised based on their location and function (core and proximal 

promoter, distal regulatory sequences; enhancers, insulators, silencer) [35,45,47]. 

Transcription factors bind to these regulatory regions to modulate transcriptional 

activity. Moreover, binding of transcription factors in cooperation of cofactors to 

distal regulatory elements mediates DNA looping the formation, bringing the distal 

region to the closer proximity of the promoter for interactions during transcription 

[38,47–49]. Therefore, in a given time and space, multiple interactions of 

transcription factors and cofactors with the DNA regulatory elements in response to 

surrounding signals can give rise to several patterns of gene expression.  

 

Unlike in prokaryotes, where the transcription factor can readily bind to the 

promoter region, this process is much sophisticated in eukaryotes due to the 

organisation of the genome. In most prokaryotes, DNA contained within a single 

chromosome in the nucleoid, and some of the prokaryotes, such as bacteria, carry an 

extra circular DNA known as a plasmid, distinct from the chromosomal DNA [45]. 

Conversely, in eukaryotes, most DNA is coiled and packaged into linear 

chromosomes placed within the nucleus. Moreover, the eukaryotes genome is 

condensed into chromatin, composed of nucleosomes that wrap DNA around histone 

proteins [42,45]. The packaging of chromatin can influence the accessibility of DNA 

sequences for transcription factors and other molecules to bind to the regulatory 

elements and regulate transcription [42,46,50]. For instance, tightly packed chromatin 
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arrangements render the accessibility of DNA sequences for transcription and 

accommodate repress genes (heterochromatin) while loosely packed chromatin is 

readily accessible and transcriptional active (euchromatin) [35]. In this regard, many 

factors such as chromatin-modifying and remodelling enzymes, epigenetic 

modifications, transcriptional proteins, and non-coding RNAs can alter the chromatin 

structure leading to activation or repression of gene transcription [37,42,46,50–52]. 

Also, DNA can be folded in the three-dimensional structure bringing active genes 

together to the centre of the nucleus as well as regulatory sequences into a closer 

proximity for interaction to modulate gene activity, thus portraying the complex gene-

regulatory mechanism in eukaryotes [52].  

  

In the context of protein-coding genes in eukaryotes, transcription factors 

(known as general transcription factors) bind to enhancer region and recruit RNA 

Polymerase II, along with other proteins (mediators) to the core promoter region, 

forming a complex to initiate transcription [53,54]. Here, the use of different 

promoters (alternative promoter) on the gene can result in different messenger RNA 

(mRNA) transcripts thereby; implying one gene can produce more than one transcript 

allowing distinct pattern gene expression [41]. Once RNA Pol II has successfully 

constructed a stable transcript, the transcription factors and mediator assist the 

enzymes in escaping from the promoter to proceed with the elongation phase, where 

the pre-mRNA strand is synthesised and terminated upon receiving the appropriate 

signal [53–55]. Following transcription, the pre-mRNA strand is subject to several 

post-transcriptional modifications such as capping of the 5' and polyadenylation of 3' 
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end as well as splicing of the mRNA before transporting to the cytoplasm for protein 

synthesis [51]. The 5'capping of the mRNA mediates initiation of the translation 

process, whereas the polyadenylation of 3' (poly (A) tail) provides stability and 

facilitates the nuclear export of mRNA. RNA splicing involves the removal of introns 

(non-protein coding sequences) from the pre-mRNA strand and splicing of exons 

(protein-coding sequences) to generate a mature transcript [56]. The splicing can be 

done more than one way in a process called alternative splicing to create multiple 

transcripts coding more than one polypeptide (isoform) [56].  

 

1.2.1.2 Translation and post-translation  

The translation is a process of interpreting protein-coding region in mRNA transcript 

for the generation of amino acids in proteins. This process initiated when mRNA bind 

to ribosome, followed by specific recognition of the codons (specify amino acids) by 

tRNA that is mediated by enzyme aminoacyl-tRNA synthetases for polypeptide 

synthesis [43,57]. Control of protein synthesis can be achieved by modulating the 

initiation factors, initiation rate, lifetime, and stability of mRNA, by numerous factors 

such as the regulatory sequences of the mRNA (5' and 3' untranslated region), RNA 

binding proteins, and non-coding RNAs such as miRNA and siRNA [41,51,57,58]. In 

the context of post-translational regulation, the polypeptide chains undergo several 

modifications such as covalent or enzymatic addition of functional groups to the 

amino acids, for instance, phosphorylation, glycosylation, acetylation [59,60]. These 

post-translational modifications are essential for protein folding, stability, 
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conformation, subcellular compartments, signal transduction, and, also, regulate 

biochemical processes such as enzymatic activity [59,60]. 

 

1.2.1.3 Importance of gene regulation   

Genes exemplify switches that can be turned on and off in response to numerous 

factors, thus denoting when and what level of RNA transcripts and proteins generated. 

Gene expression is fundamental of biological processes that govern the structure and 

function of cells in an organism. Hence, gene expression is tightly controlled to 

ensure balanced homeostasis and survival of an organism. A slight change in gene 

expression can lead to drastic changes in the functions of cells. Indeed, misregulation 

of gene expression is associated with detrimental consequences resulting in diseases 

[38]. In this regard, the immune system which is the host defence mechanism is 

controlled by transcription factors and other elements that activate or repress their 

target genes in determining cell fate or effector state to ensure effective immune 

responses [1].
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1.2.2 The human immune system 

The immune system consists of a dynamic network of cells, proteins, tissues, and 

organs that communicate with each other to provide effective defence responses. 

Immune responses involve recognition of any “non-self” substances including 

pathogens, foreign or modified particles that present in the host body, resulting in 

activation of cascade complex events are known as the inflammatory process to get 

rid of the non-self-substances [61]. Following the inflammatory process, the immune 

systems initiate restoration mechanisms involving a series of cellular and molecular 

events that mitigate the restoration of tissue homeostasis and resolution of the 

inflammatory process [62]. On that note, immune responses are tightly regulated 

involving various mechanisms to ensure normal homeostasis. When there is an 

imbalance of the immune system activity, it can lead to diseases such as autoimmune, 

chronic inflammatory, and cancer that can potentially be life-threatening [63]. In 

general, the immune system can be subdivided into two forms of protection known as 

innate and adaptive immune responses that work closely together to provide effective 

host defences.  

 

1.2.2.1 Innate immunity 

Innate immune response acts as the first line of defence. It is also known as a non-

specific defence mechanism that responds immediately upon recognising a diverse 

array of microbial or “danger” signals due to changes in the homeostasis via the 

pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs), Nucleotide 

oligodimerization domain (NOD) -like receptors (NLRs) and Retinoic acid-inducible 
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gene 1 (RIG-1)-like receptors (RLRs) which recognise pathogen-associated molecular 

patterns (PAMPs) and danger-associated molecular pattern (DAMPs) [64]. These 

recognition systems elicit distinct cellular responses depending on nature of stimuli 

and responding cells. The major roles of innate responses involve; a) prevent the entry 

of any foreign substances b) initiate complement pathway for getting rid of pathogens, 

c) generation of local inflammatory responses, d) induce phagocytosis and 

cytotoxicity activities, e) facilitate wound healing and tissue repair and, f) activation 

of adaptive immune responses through APCs [61,65–67]. 

 

The components of the innate immune system consists of physical and 

chemical barriers, immune cells and soluble factors that orchestrate rapid immune 

responses [68]. The physical barriers include epithelial layers of skin and the mucosal 

membrane that protect the external environment and exposure to foreign substances, 

including pathogens [68]. Any breakdown or defect in the physical barrier increases 

the susceptibility of infection and leads to the activation of immune responses. 

Chemical barriers consist of anti-microbial proteins and peptides, such as defensins 

that are permeable to microbes and induce their cell death [68]. Thus, physical, and 

chemical barriers both play a crucial role in preventing the entry of foreign substances 

and infection. In the case when pathogens breach protective physical and chemical 

barriers, they are combated through innate immune cells and soluble proteins. Upon 

recognition of foreign molecules via the PRRs, innate cells are activated following a 

cascade of signalling pathways that activate transcription factors and other proteins to 
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regulate the gene expression of various soluble factors to mount defence responses 

against the pathogens [68,69]. 

 

One of the key soluble factors of immune responses is cytokines. Cytokines 

are peptides that act as mediators in cell communication and signalling. The role of 

cytokines is not isolated for innate immune responses, as they also play vital roles in 

adaptive immune responses. Cytokines are broadly classified based on their nature of 

immune responses and often have overlapping functions [67]. Most cytokines are 

primarily but not exclusively produced by leukocytes termed as interleukin (IL) [70–

72]. Interleukins can amplify their production in an autocrine or paracrine manner, as 

well as induce or inhibit the production of other cytokines. They bind to their 

receptors on the cells that produce them (autocrine) or other cells (paracrine) and 

modulate transcriptional program in determining the cells’ fate [70]. A distinct subset 

of cytokines named chemotactic cytokines or chemokines is predominantly involved 

in trafficking activation of leukocytes to inflammatory sites [67,72,73].  

 

With respect to immune cells, the cells are developed from hematopoietic stem 

cells within the bone marrow [74]. As these cells mature, they can be differentiated 

into two main lineages, myeloid progenitor cells (neutrophils, basophils, eosinophils, 

monocytes, macrophages, mast cells, and dendritic cells) and lymphoid progenitor 

cells (B cells, T cells, and innate lymphoid cells) [74]. Some of the primary innate 

immune cells include the granulocytes that contain granules sacs containing enzymes 

and inflammatory proteins (neutrophils, basophils, eosinophils, and mast cell) [74]. 
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Among these cells, neutrophils are the most abundant leukocytes whose primary 

function in host defence is to patrol and guard the immune system against invaders 

[67,74]. While basophils and eosinophils are responsible in defence against helminth 

and allergic-related diseases through the degranulation process [70,74]. Mast cells 

primarily reside in the tissues rather than in the circulatory unlike the other 

granulocytes [70]. Mast cells play important roles in triggering inflammatory response 

as well as participate in wound healing [74]. Meanwhile, another group of innate 

cells; monocytes, macrophages, and dendritic cells belong to the mononuclear 

phagocyte system that plays multiple roles during inflammation [75]. Monocytes 

circulate in the circulatory with a rather short life span and may differentiate into 

tissue macrophages or dendritic cells depending on the surrounding stimuli [67,75]. 

Both macrophages and dendritic cells are also known as the APCs, as they capable of 

processing and presenting foreign proteins-based molecules (antigens) to lymphocytes 

[70,76]. In terms of protection against virally infected cells and tumour cells, another 

innate cell known as Natural killer cells are well known for their function in killing 

infected and transformed cells that managed to escape T cell recognition [74].  

 

1.2.2.2 Adaptive immunity 

The adaptive immune response is highly specific as it involves recognition of antigen 

(foreign agents and particles) via the receptors bound to the surface of B lymphocytes 

and T lymphocytes which are unique to different antigens [73]. This second defence 

mechanism is a contingent of the innate immune system and initiated in the later onset 

of infection. It provides great defence responses against persistent infection and 
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importantly possesses immunological memory  [65,73]. In the event when the same or 

closely related antigens are encountered, the immunological memory program is 

activated, and the adaptive immune system provides rapid and enhanced protection. 

The adaptive immunity is broadly divided into humoral-mediated immune responses 

and cell-mediated immune responses which are coordinated by B cells and T cells, 

respectively [71,73]. Humoral mediated immune responses involve the production of 

antibodies by B cells against soluble antigens such as extracellular microbes and 

toxins. On the contrary, cell-mediated responses involve activation of effector T cells 

such as cytotoxic T cells that kill intracellular microbes and tumour cells, which are 

inaccessible to antibodies and Th cells that produce cytokines for modulating the 

function of other immune cells to mount against the antigens.  

 

The principal cells involved in the adaptive immune response are APCs, B, 

and T-lymphocytes [73]. The APCs refer to the specialised cells that internalise and 

process antigen, concomitantly presenting the antigen as peptide within Major 

histocompability complex (MHC, also known as human leukocyte antigen, HLA, the 

term designated for humans) on their cell surface [66,73]. There are two types of 

MHC complexes. MHC class I is expressed on all nucleated cells and present peptide 

antigens derived from intracellular antigens (e.g., viral proteins, autologous proteins, 

and tumour antigens) [71,73,77]. On the contrary, MHC class II expression is 

predominantly restricted to APCs, and present peptide antigens synthesized from 

extracellular antigens (e.g., extracellular microbes, toxins, and allergens). Examples 

of prominent APCs are DCs, macrophages, B cells, and thymic epithelium [77]. 
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Antigens processed by dendritic cells are displayed on their MHC class I and class II 

can activate naïve T cells into cytotoxic T cells (CD8
+
) or Th cells (CD4

+
)  subsets 

respectively [65,76,77]. Macrophages and B cells can also serve as APCs by 

presenting antigens to T cells during diverse types of immune responses [76]. A 

subset of DCs known as follicular dendritic cells can present antigens to B cells 

during the establishment of the humoral immune response [70]. 

 

As mentioned previously, B cells and T cells are the lymphocytes that 

developed from lymphoid lineage originated from the hematopoietic stem cells 

(HSCs) that share the same common lymphoid progenitors with innate lymphoid cells 

(ILCs) (e.g., NK cells). These lymphocytes undergo complex maturation by which 

they express surface receptors that dictate their functions and phenotypes. Upon 

recognition and binding of the antigen-specific to their surface receptors, B and T 

cells undergo activation, proliferation (clonal expansion), and differentiation to 

effector cells and memory cells [61]. Unlike B and T cells, innate lymphoid cells are 

not clonally expressed for specific antigens and they serve the innate defence system 

[73]. B cells comprise of several subsets that are classified based on their ontogeny 

and anatomical location they reside in [78]. For example, B1 and B2 B cells are 

associated with antibody productions and regulatory B cells (Bregs) which are 

important for suppressing autoimmune and inflammatory responses. The 

developmental and maturation process of B cells involves structural and functional 

rearrangement of their receptors that take place within the bone marrow [79]. B cells 

express membrane-bound immunoglobulin (Ig) receptors on their surface and produce 
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soluble antibodies of the same antigenic specificity of the receptor. Mature B cells 

(express membrane-bound IgM and IgD) migrate to peripheral lymphoid organs or 

lymph nodes via the circulatory where they encounter with antigens for the 

establishment of humoral immunity [78,79]. Depending on the nature of antigens 

encountered and the subset of B cells involved, B cells can be activated either with the 

involvement of activated Th cells that express CD40L and the cytokines produced by 

them (T-dependent B cell activation) or without the involvement of Th cells (T-

independent B cell activation) which is usually facilitated by TLR stimulation [79,80]. 

   

Following the activation of B cells, the B cells undergo clonal expansion and 

differentiate into plasma cells that produce IgM and IgD type antibodies that are 

designed to mount against specific antigens [78]. In addition, most of the B cells 

become effector cells, plasma cells whereby further interaction with other stimuli such 

as cytokines in the local microenvironment, the plasma cells capable of producing 

different classes of antibodies other than IgM and IgD, (IgA, IgG, and IgE) through 

the process called Ig class switching [78,79]. Some of the B cells become memory 

cells that preserve the “information” for those successful antibodies generated against 

the antigen and provide robust protection if the same antigens are encountered [79]. 

The functions of antibodies are to neutralise virulence factors of antigens, enhance 

activation of the complement pathway and phagocytes to eliminate the antigens 

[61,68,73]. However, antibodies can also contribute to the pathogenesis of 

autoimmune diseases due to the disrupted mechanism of self-tolerance leading to the 

generation of autoantibodies because of B cells reacting against self-antigens 
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(particles of host body) [78]. Unlike B cells that can recognise antigens in the 

extracellular spaces, T lymphocytes have restricted specificity for antigens as they 

recognise and respond to surface-bound antigens that are displayed on the MHC of 

APCs.   

 

1.2.2.3 T cells  

1.2.2.3.1 T cell development  

T lymphocytes are known as thymus-derived lymphocytes. These cells are developed 

from thymic seeding progenitors (TSPs) derived from lymphoid progenitors which 

originated from the bone marrow [81,82]. These TSPs develop into early thymic 

progenitors (ETPs) and undergoes several stages of differentiation, selection, and 

eventually maturation by interacting with the microenvironment of the thymus to 

produce functional T cells (Figure 1.1) [81–83]. In early development, ETPs lack of 

co-receptors CD4 and CD8; denoted as double-negative (DN) populations [81]. These 

DN cells consist of four major subsets (DN1-DN4), categorised based on surface 

markers expressed on the cells. These DN cells undergo several differentiation 

processes involving the gene rearrangement of T cell receptor (TCR), producing a 

diverse repertoire of receptors capable of recognising a wide variety of antigens 

[81,82,84]. The TCR consists of a linked heterodimer of αβ or γδ chains associated 

non-covalently with the invariant transmembrane, the CD3 complex that plays a 

crucial role in signal transduction [82,85]. Most circulatory T cells (~95%) express αβ 

TCR that recognises antigen peptide complexed to MHC molecules displayed on 
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APCs, and small of a population of T cells (~5%) express γδ that recognise antigens 

that are not associated with MHC molecules [73,74].  

 

Following the αβ gene rearrangement segment, the developing T cells 

(thymocytes) undergo checkpoints for evaluating the competency of TCR. At this 

stage, the cells begin to express CD4 and CD8 co-receptors resulting in double-

positive cells and go through the selection process by interacting with the self-

peptide-MHC complex [81,82,85]. The selection process involves three steps; non-

selection, positive selection, and negative selection [85]. Thymocytes that exhibit 

non-functional TCR as they failed to recognise and bind to the self-peptide-MHC 

complex are not selected and eliminated through apoptosis. Thymocytes with TCR 

that bind to restricted self-peptide-MHC complex, either to MHC I or MHC II in 

intermediate strength (neither too strong nor too weak) are positively selected for 

maturation and commitment to single-positive CD8
+
 (cytotoxic) or CD4

+ 
(helper) T 

cells lineages, respectively. Negative selection involves removing those thymocytes 

whose TCR bind to the self-peptide-MHC complex strongly, as the auto-reactive 

interaction can lead to detrimental auto-immune responses. The matured CD4
+
 and 

CD8
+
 T cells are regards as functionally naïve T cells as they are yet to encounter 

their cognate antigen [86]. After maturation, these cells migrate into peripheral 

lymphoid organs, where they encounter their cognate antigens and go through clonal 

expansion before differentiating into either effector or memory cells. Activated 

effector cells are short-lived, and some cells may survive to become long-lived 

memory cells [83].  
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Figure 1.1 T cells development in the thymus. 

Thymic settling precursor also known as thymic seeding progenitors (TSPs) 

originated from the bone marrow enters the corticomedullary junction. The TSPs 

develop into double-negative (DN) thymocytes and undergo differentiation involving 

the gene arrangement of T cell receptor (TCR). The developing αβTCR thymocyte 

gets through checkpoints and upregulate CD4 and CD8 coreceptors resulting in 

double-positive cells (DPs). The DPs interact with self-MHC complexes presented by 

cortical epithelial cells to access the competency of TCR prior to committing to either 

single positive CD4
+ 

or CD8
+
 T cells. Those cells with ineffective TCR are not 

selected and undergo death by neglect (apoptosis). The DP thymocytes that bind to 

self-MHC molecules adequately are positively selected. The autoreactive single 

positive CD4
+ 

T and CD8
+
 T cells that bind strongly to the self-MHC presented by 

thymic antigen presenting cells (APCs) or medullary thymic epithelial cells are 

eliminated through negative selection. Positively selected cells are released into the 

periphery. Illustration is adapted from Carty et.al [77]. 
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1.2.2.3.2 T cell activation and signalling cascade  

1.2.2.3.2.1 Activation  

Effective activation of naïve T cells involves at least three signals; via TCR, co-

stimulatory molecules, and cytokines [72,85]. Activation of naïve T cells first occurs 

through the engagement of TCRαβ with antigen peptide-MHC complex presented by 

APCs such as DCs (signal 1). As mentioned earlier, CD4
+
 T cells recognise antigen 

peptide-MHC class II whereas CD8
+
 T cells recognise antigen peptide-MHC class I. 

In the simplest term, the earliest event of T cell proximal signalling begins with 

association of TCR-CD3 complex with either CD4 or CD8 coreceptor, leading to 

activation of three major families of protein kinases; Src family (lymphocyte-specific 

protein tyrosine kinase; Lck), Syk family (zeta-chain associated protein kinase; ZAP-

70) and Tec family (IL-2 induced tyrosine kinase; ITK) (Figure 1.2)  [87–90].  

 

 The Lck phosphorylates CD3 subunits on the immune-receptor tyrosine-based 

motif (ITAMs), creating a docking site for binding of zeta-chain associated protein 

kinase (ZAP-70) to the TCR-CD3 complex [88–91]. Following this, Zap-70 gets 

activated and promotes phosphorylation of hematopoietic-specific adaptor proteins; 

transmembrane adaptor protein linker for activation of T cells (LAT) and cytosolic 

adapter protein Src homology 2 (SH2) domain-containing leukocyte phosphoprotein 

of 76 kDa (SLP-76) [88,90,91]. Accordingly, phosphorylation of these two adaptor 

proteins establishes the assembly of other adaptor proteins, kinases, and regulatory 

subunits forming a multi-molecular subunit complex (signalosome) of the proximal 

signalling [88,90,91]. For example, phosphorylated LAT leads to the binding of 
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adaptor proteins; growth-factor receptor-bound protein-2 (Grb2) and Grb2-related 

adaptor downstream of Shc (Gads). Grb2 recruits Son of Sevenless (Sos), a guanine 

triphosphate (GTP) exchange factor (GEF) for activation of GTP binding protein Ras 

that mediate mitogen-activated protein kinase (MAPK) pathway [77,88]. On the other 

hand, Gads associate with phosphorylated SPL-76 that is involved in recruiting other 

signalling mediators such as Vav1 (a GEF), adhesion and degranulation promoting 

adaptor protein (ADAP) and protein kinase of the Tec family, Itk and non-catalytic 

tyrosine kinase (Nck) [77,88,89]. The Vav1 is responsible for initiating signal for 

actin polymerization, involved in cytoskeletal reorganisation through the activation 

GTPase RAC, while ADAP and Nck are essential for inducing integrin signalling 

[88,90,91]. Also, Vav1 is also involved in stimulating transcription factor, FOS, and 

JUN [91]. By virtue of the association between Itk and SPL-76, the membrane-bound 

phospholipase Cγ1 (PLCγ1) is brought closer proximity to Itk, leading to activation of 

PLCγ1 which initiates a cascade of distal signalling [88,90].  

 

Activated PLCγ1 hydrolyses membrane lipid phosphatidylinositol biphosphate 

(PIP2), producing second messenger inositol triphosphate (IP3) and diacylglycerol 

(DAG) [77,89,90]. The IP3 involves in Ca
2+

 mediated signalling pathway, by which 

sustained Ca
2+

 influx influence the activation of transcription factor; Nuclear factor of 

activated T cells (NFAT) translocation into the nucleus to bind on the promoter of 

genes and work in cooperation with other transcription factor such as activator protein 

1 (AP-1). On the other hand, the DAG mediated pathway involves a member of 

protein kinase Cθ (PKCθ) that initiates activation of transcription factor, nuclear 
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factor κB (NF-κB), and Ras guanyl nucleotide releasing protein (RasGRP) that 

regulate Ras/MAPK pathway. Like Grb2 and SOS, RasGRP activate Ras, which in 

turn activate downstream components of MAPK pathway involving extracellular 

signal regulated kinase (ERK) that contributes to activation of transcription complex 

consisting of activator protein-1 (AP-1), FOS, and JUN. The net outcome of these 

cascades of signalling is the activation of transcription factors NFAT, AP-1, and NF-

κB, which coordinate activation of various gene programmes, involved in T cells 

proliferation, survival, and effector functions. 
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Figure 1.2 Overview of the major T cell receptor (TCR) signalling pathways. 

Engagement of TCR and peptide- MHC complex on antigen presenting cells (APCs) 

triggers association of TCR-CD3 complex with either CD4 or CD8 coreceptor, 

leading to activation of three major families of protein kinases (represented in the 

orange colour); Src family (lymphocyte-specific protein tyrosine kinase; Lck), Syk 

family (zeta-chain associated protein kinase; ZAP-70) and Tec family (IL-2 induced 

tyrosine kinase; ITK). Activation of Lck on the immunoreceptor tyrosine-based 

activation motifs (ITAMs) creates docking site for binding of ZAP-70. Activated 

ZAP-70 in turn phosphorylates the transmembrane adaptor protein linker for 

activation of T cells (LAT) resulting in the assembly of multiple adaptor proteins and 

regulatory subunits (LAT signalosome, represented in the blue colour). Activation of 

the elements of the signalosome leads to activation of distal signalling; the Ca
2+ 

calcineurin pathway, DAG mediated pathway and Rac pathway. The Ca
2+ 

calcineurin 

pathway promotes translocation of nuclear factor of activated T cells (NFAT). 

Whereas diacylglycerol (DAG) mediated pathway activates transcription factor, 

nuclear factor κB (NF-κB) and activator protein 1 (AP-1). GTPase Rac-dependent 

pathway contributes to actin polymerization and activation of transcription factors 

FOS and JUN. Illustration is adapted from Gaud et.al [91].
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1.2.2.3.2.2 Co-stimulatory signalling  

Engagement of TCR alone results in unresponsiveness called anergy [92]. Therefore, 

T cell activation is mediated by various surface receptors, including co-stimulatory 

receptors (signal 2). Among all the co-stimulatory molecules, CD28 present 

constitutively on all naïve T cells, and their expression is enhanced upon activation 

[93]. Other co-stimulatory are expressed and upregulated upon activation, for example 

CD40L [93]. Costimulatory CD28 on activated T cells bind to B7-1 (CD80) and B7-2 

(CD86) on APCs [89,90]. Upon binding, tyrosine residue of CD28 within its 

cytoplasmic tail is phosphorylated, resulting in recruitment of phosphatidylinositol ‘-

hydroxyl kinase (P13K). Notably, TCR stimulation also activates PI3K through the 

binding of phosphorylated LAT to the p85 subunit of P13K [90]. However, TCR 

stimulation alone is insufficient as full activation of PI3K is dependent on co-

stimulatory molecule, CD28 [90]. The PI3K converts PIP2 to triphosphate (PIP3) 

which mediates phosphorylation of Akt (a protein kinase B). Activated Akt, in turn, 

phosphorylates multiple proteins associated with the regulation of metabolic and 

survival activity of proliferating T cells [87,94]. Besides, CD28 also interacts with 

multiple downstream proteins such as Grb2, Vav and ITK that are activated by 

TCR/CD3 complex, thereby augmenting T cell activation signalling [87,92]. 

Furthermore, several lines of investigations have reported that CD28 signalling play 

unique biochemical events independent of TCR signalling such as post-translational 

modification of proteins involved in downstream signalling, an epigenetic 

modification that alters gene expression for transcription as well induces alternative 

splicing in T cells [92].  
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1.2.2.3.2.3 Surface markers 

During T activation, several changes in surface molecules take place such as 

upregulation of regulatory proteins, receptors of co-stimulatory, co-inhibitory, 

adhesion, and chemokine that can be recognised as phenotypic surface markers [93]. 

One of the early and common T cell activation markers upregulated is CD69. The 

CD69 is an early T cell activation marker that is essential for retaining T cells in the 

lymph node to receive sufficient signal for proliferation and differentiation [93]. In 

addition to that, CD25 (IL-2Ra) expression is also upregulated whose function is to 

enable binding of IL-2 to activate IL-2-STAT5 signalling pathway [93]. As a result, 

the event leads to robust T cell proliferation.  Nonetheless, the stimulatory activities 

of T cells are suppressed through a counterbalance mechanism to prevent over-

activation of T cells. This is done by upregulation of CTLA-4 expression, a co-

inhibitory molecule that competes with CD28 for binding B7 proteins to inhibit TCR-

induced cellular activation, [95]. And program cell death mechanism via upregulation 

of death receptor and ligands (Fas/FasL and TNFα/TNF) [96,97].  
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1.2.2.4 General Principles of T helper differentiation  

Once CD4
+
 T cells are appropriately activated via signal 1 and signal 2 and undergo 

clonal expansion in lymph nodes, they receive instructions from specific cytokines 

(signal 3) within the local environment which directs them for differentiation before 

migrating to the inflammatory site to perform their effector functions. The CD4
+
 T 

cells can differentiate into various effector T cells subsets such as Th1, Th2, Th9, 

T17, follicular Th cell (Tfh), induced T-regulatory (iTreg) and regulatory type 1 cell 

(Tr1) depending on the cytokine signalling and transcription factors involved  [98]. 

Cytokines are essential players in Th differentiation as they act via different STAT 

signalling pathway in activating master transcriptional regulators that determine 

different subsets of the effector CD4
+
 T cells [98–101]. The master transcriptional 

regulators dictate effector CD4
+
 T cells subsets by several ways; a) activate the 

expression of lineage genes by binding to the promoter and enhancer regions, b) 

repress the genes of alternative lineage, c) influence epigenetic modifications of the 

cytokine locus favouring gene expression of specific subset [100,102]. Of note, Th 

differentiation can also be influenced by co-stimulatory molecules, depending on the 

strength of TCR stimulation [103–105]. For example, weak TCR stimulation favours 

Th2 development in association with CD28, and intense stimulation promotes Th1 

development in association with CD28 and other co-stimulatory such as OX40L and 

CD40L. 
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Each of these Th subsets produces distinct cytokines and elicits specific 

effector functions. The signature cytokines; IFNγ, IL-4, and IL-17A define Th1, Th2 

and Th17 cells, respectively [99]. The signature cytokines of particular subset can 

amplify their production via positive feedback mechanism and inhibit the cytokine 

production of the alternative subset by cross-regulation, driving Th differentiation to a 

dominant subset (polarisation) [99,106]. Noteworthy, Th1, Th2, and Th17 subsets can 

produce the same cytokines; IL-2, IL-6, IL-10, IL-21, granulocyte-macrophage 

colony-stimulating factor (GM-CSF), and tumour necrosis factor α (TNFα) [99]. In 

general, Th1, Th2, Th9 and Th17 cells provide protection roles in the clearance of the 

pathogens that they can combat [102,107,108]. Meanwhile, Tfh cells are essential for 

interacting with B cells within germinal centres for humoral mediated immunity 

[102,108]. Whereas, regulatory T cells are essential for the maintenance of 

immunological self-tolerance, downregulate pro-inflammatory responses, and 

preventing autoimmune diseases [107–109]. Of note, when the regulatory role of 

keeping the immune system in balance is disrupted, it causes over-activation of Th1, 

Th2, Th9, and Th17 which provide cytokines milieu, contributing to pathogenic 

responses implicated with the pathogenesis of immune-mediated diseases. For 

example, Th1 and Th17 cells are involved in pathogenesis of autoimmune diseases 

such as SLE, RA, inflammatory bladder disease (IBD), multiple sclerosis (MS), and 

type 1 diabetes [110,111]. Meanwhile, Th2 and Th9 cells contribute to inflammatory 

allergies such as asthma, chronic rhinosinusitis, and atopic dermatitis [112–114]. 

Besides this, it must be stressed that although Th subsets secrete specific cytokines 

that define their subsets and characteristics, these Th cells have the capacity for 
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plasticity [99,101]. In other words, they can be reprogrammed to alter their phenotype 

for expressing cytokines characteristic of other Th cells when the situation requires. 

Besides, signature cytokines and master transcriptional regulator of a particular subset 

can be expressed in other subsets, implying the existence of heterogeneity within the 

Th subsets [99,101,102,109]. These concepts, therefore, provide useful insights into 

the complex heterogeneity of Th cells seen human immunological diseases.  

 

1.2.2.4.1 T helper 1 (Th1) cells  

The Th1 cells are traditionally defined by their production of IFNγ and IL-2. 

In addition to these cytokines, Th1 cells can produce lymphotoxin α, tumour necrosis 

factor (TNF) and granulocyte-macrophage colony stimulating factor (GM-CSF) as 

well as chemokine receptors (CXCR3A, CCR5) which facilitate recruitment of Th1 

cells to inflammatory sites [115,116]. During infection, Th1 cells play a crucial role in 

eliciting the cytotoxic response that is involved in pathogen clearance. For instance, 

Th1 cells enhance the activity of macrophages, NK cells, CD8
+
 T cells, and group 1 

innate lymphoid cell partly through IL-12 and IFNγ for mediating cellular immunity 

by killing infected intracellular bacteria and viruses [77,100,117]. Also, Th1 cells are 

responsible for promoting B cells to produce for Ig class to produce IgG2a antibodies 

that facilitate the clearance of virus and extracellular bacteria [77,117]. Furthermore, 

Th1 cells is involved in creating pro-inflammatory cytokines milieu causing a 

pathogenic response that leads to chronic inflammation and tissue destructions in 

autoimmune diseases [111,118]. 
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The mechanism of Th1 development is widely established. For instance, 

during infection, intracellular pathogens elicit innate immune responses that trigger 

the release of IL-12, IL-18 and type I interferons that promote CD4
+
 T cells 

differentiation to Th1 effector cells [102,108,116]. Among these, IL-12 is 

predominant in generating Th1 cells [119]. The cytokine, IL-12 induces NK cells to 

produce IFNγ [98,108]. As Th1 signature cytokine, IFNγ plays an important role in 

driving Th1 differentiation through its positive feedback mechanism [98,108]. The 

reason being, IFNγ interacts with the intracellular transcription factor known as signal 

transducer and activator of transcription 1 (STAT1) to activate expression of T-bet (T-

box expressed in T cells), the master transcription factor, which in turn bind to Ifng 

promoter and induce IFNγ production. As a result, this establishes the amplification 

loop of T-bet and IFNγ expression. At the same time, IL-12 Rβ2, the receptor for IL-

12 is upregulated. The role of IL-12 comes to play when IL-12 in the local 

environment binds to IL-12Rβ2 and activate STAT4 signalling; an additional pathway 

that induces T-bet expression, thus further enhancing IFNγ production [98,108].  

 

Besides that, T-bet play a crucial role in Th1 development by binding to Ifng 

locus and inducing chromatin remodelling favouring to Th1 differentiation [99]. 

Importantly, T-bet cooperates with its partner the run-related transcription factor 3 

(Runx3) to suppress the expression IL-4 and GATA binding protein 3 (GATA3), the 

two important regulators for driving Th2 development [98]. Furthermore, other 

transcription factors such as a homeobox transcription factor (Hlx) and IRF1 are 

known to enhance IFNγ production, by acting downstream of T-bet [98,102]. 
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Remarkably, T-bet can interact with a transcription factor B cell lymphoma 6 protein 

(BCL-6), in antagonistic manner [98,113,120]. For example, in the early stage of Th1 

differentiation T-bet act as a negative regulator of BCL-6. However, in a later stage, 

BCL-6 binds to T-bet and suppresses its expression to inhibit Th1 over-activation, 

thus highlighting the counterbalance mechanism regulating Th1 polarization. It is 

important to note that, although the induction of T-bet and IFNγ and subsequent 

induction of IL-12Rβ2 are known as the defining factors that endow Th1 

differentiation, participation of IL-2 has shown to play a crucial role in T 

differentiation. This is because multiple studies have shown that IL-2 contributes to 

IFNγ production by positively regulating T-bet and IL-12Rβ2 expression, hence in 

this aspect lack of IL-2 would result in impaired Th1 differentiation [121].  

 

1.2.2.4.2 T helper 2 (Th2) cells  

The Th2 cells are typically characterised by their signature cytokines IL-4, IL-5, and 

IL-13 [102,114]. In addition to these cytokines, Th2 cells also known to produce IL-9, 

IL-10, IL-25, and amphiregulin [98]. In terms of chemokines, they are known to 

produce the CCR4 chemokine receptor [101]. Also, these cells provide the necessary 

cytokine environment to elicit diverse immune responses to mount against 

extracellular parasites and allergens. For example, IL-4 stimulates B cell-Ig class 

switching to produce IgG1 and IgE antibodies; IL-5 activates eosinophils. Meanwhile, 

IL-13 acts on epithelial and smooth muscles and both IL-4 and IL-13 elicit alternative 

activation macrophage phenotypes [77,99,108,122]. However, overproduction of the 
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Th2 cytokines is implicated in the pathological features of allergic diseases and 

asthma [77,99,108] .  

 

The main cytokine that drives Th2 differentiation is IL-4, which can be 

provided by many innate immune cells. For example, during parasitic infection, cells 

from the local environment, as epithelial cells and thymic stromal lymphopoietin, 

produce Th2 inducing cytokines such as IL-25 and IL-33 could activate innate 

immune cells like basophils, ILCs, and dendritic cells to produce IL-4 to drive Th2 

differentiation [77,108,114,115]. As a result, IL-4 acts on STAT6 transcription factor, 

causing phosphorylation of the STAT6, which subsequently induces GATA3 

expression, the master transcription factor for Th2 development [98,101,108,114]. 

The GATA3 enhances its own expression through positive feedback loops and 

together with its partner; basic helix-loop-helix transcription factor Dec2 drive Th2 

differentiation [106,123]. Moreover, GATA3 is responsible for the activation of IL-4, 

IL-5, and IL-13 which are all located on the same gene locus [101,114,123]. As 

aforementioned earlier that the master transcription factor of Th1 cells, T-bet is 

capable of inducing chromatin remodelling, in a similar manner, GATA3 can act on 

the promoter of the gene of Th2 cytokines and induces chromatin remodelling to 

activate the Th2 cytokines genes [98,114,120]. Importantly, to maintain Th2 

populations, GATA3 inhibits IFNγ production, by blocking IL-12/STAT4 signalling 

pathway, which is required for Th1 differentiation [123].  
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Another important transcription factor in Th2 development is IRF4. It 

functions as a crucial regulator that is important for maintaining Th2 polarizing state 

via various mechanisms such as a) GATA3 and IRF4 together form complex with 

chromatin organizer special AT-rich binding protein (SATB1), binding on the Th2-

related cytokines genomic loci to promote the gene expression of Th2 cytokines, b) 

IRF4 also cooperate with NFAT2 to induce IL-4 expression and lack of IRF4 have 

shown impairment of Th2 development, c) enhance growth factor independent 1 

(Gif1) expression which is important for promoting Th2 cell expansion [98,120,124]. 

In addition to IRF4, c-Maf (a basic leucine zipper transcription factor) is also known 

to play a crucial role in Th2 differentiation. The c-Maf acts directly on Il4 promoter 

through collaboration action of Jun-B and Dec-2 transcription factors, thus promoting 

Th2 polarisation [98,125]. 

 

It is noteworthy to mention that, although IL-2 is known to contribute to Th1 

differentiation as described earlier, it is also shown to play a critical role in Th2 

differentiation. This is broadly due to STAT5 activation which is dependent on IL-2, 

contributing to upregulation of IL-4 expression. The reason being, STAT5 induces 

chromatin accessibility of Il4 locus in a different region than GATA3 and 

subsequently binds to Il4 key regions to induce IL-4 expression, therefore 

highlighting a different pathway for IL-4 production independent of GATA3 

[114,121,122]. In this case, it reflects that IL-2 plays a crucial role in early Th2 

differentiation, by being the source of IL-4 production because GATA3 alone cannot 

produce IL-4 [98]. Interestingly, studies have identified that Notch signalling; the 
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conserved cell signalling pathway with pleiotropic functions also participate in Th2 

differentiation by upregulating GATA3 and IL-2 expression, which is crucial in 

driving Th2 polarisation as described above [122]. In addition to IL-2, another 

cytokine IL-6 can also enhance Th2 differentiation by at least two mechanisms; a) 

upregulating NFAT2, a transcription factor which involved in transcription of IL-4 

and b) inhibit Th1 differentiation by interacting with suppressor cytokine signalling 1 

(SOSC-1) to block STAT1 activation which is downstream to IFNγ signalling [98]. 

 

1.2.2.5 Key regulators involve in the signalling of T helper differentiation  

The immune system protects against invaders such as microbial pathogens, toxic 

agents, and as well as transformed malignant cells. The crosstalk between innate and 

adaptive immunity ensures an effective host defence system, mediated by various 

cells and molecules that work dynamically. In terms of T cells, upon activation naïve 

CD4+ T cells acquire the ability to differentiate into several subsets including Th1 

and Th2 cells that are mediated by specific cytokine signalling and transcription 

factor. The positive key regulators involve in Th1 differentiation are T-bet, 

IFNγ/STAT1, and IL-12/STAT4; meanwhile for Th2 differentiation is GATA3 and 

IL-4/STAT6. Of note, besides the master transcription factor, several other 

transcription factors such as the RUNX3, Hlx, IRF1, Dec2, IRF4, NFAT, Gif-1, c-

Maf, and Jun-B are known to cooperate with the subset specific master transcription 

factor that collectively involved in establishing Th1/Th2 differentiation. Although 

certain cytokines expressions and transcription factors of T helper subsets are 

exclusive to each subset, they can still in present in both states and fine-tune the Th 
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cells capabilities for polarization when the situation requires. This can be exemplified 

clearly by IL-2, which is important for both Th1 and Th2 differentiation. Collectively, 

the immune cells orchestrate a complex network made of transcription factors in 

cooperation with other proteins involved in cytokine signalling which subsequently 

influences the chromatin state of the targeted genes, resulting in activation or 

repression of the genes, thereby eliciting the required immune responses in a given 

state.  
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1.2.3 Interferon Regulatory Factor (IRF) family 

1.2.3.1 Overview of IRF family 

As introduced earlier (section 1.2.1.1), transcription factors are one of the key players 

during gene expression as they facilitate when and what gene is "turn on or off" by 

binding to DNA sequences, acting as co-activator or co-repressor of the gene in 

response to various signals [126]. Structurally they comprise of two domains: a) DNA 

binding domain that recognises and bind to DNA sequences, b) activation (effector) 

domain which interacts with cofactors or other transcription factors [35,127,128]. 

Some of them also have additional domain (signal-sensing domain) that binds to 

ligands to modulate their activity in response to environmental cues [35,127]. 

Transcription factors are categorised into several groups based on their DNA binding 

domain structures and their interaction with DNA sequences [127–129]. Some of 

these transcription factors are known as general transcription factors, which are 

ubiquitous and essential for initiating transcription in the protein-coding gene 

[126,128]. Other transcription factors are either constitutive or inducible and are 

specific to certain cell types and stages of organism development [126,128]. Several 

of these transcription factors function as master transcriptional regulators in 

controlling signal responses and specifying the lineage of cells [38,126]. In addition, 

transcription factors play a crucial role in interacting with histone proteins which 

influence chromatin state and establish the environment that allows interactions for 

activation or repression of gene transcription [52,127]. One group of transcription 

factors that have been extensively studied for their crucial role in regulating gene 
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networks in the immune system is the IRFs which possess the turn-helix turn motif 

[130]. 

 

The first IRFs member, IRF1 was initially identified as a factor that binds to 

the upstream regulatory region of the human interferon (IFN) β gene and induced its 

expression [131]. Over the past decades, the family of IRFs has been expanded to ten 

members, to which IRF1 to 9 are found in mice and human, whereas IRF10 is only 

found in chickens [2]. Also, several viral IRFs that interact with cellular IRFs have 

been identified [132]. All IRFs consists of two domains, the N-terminal (DNA 

binding domain) and C-terminal (regulatory domain) (Figure 1.3). The N-terminal 

binding domain is enriched with five tryptophan repeats that are well conserved 

among all IRF. This region recognises a DNA consensus, known as ISRE found in the 

promoters of type 1 IFN, IFN-inducible genes, and many other genes that are 

involved in immune responses [3]. On the other hand, the C-terminal consist of the 

IRF association domain (IAD), that is responsible for homo- and heteromeric 

interaction with other family members or transcription factor [130,133]. IRFs 

functions are not limited to regulating innate, and adaptive immune responses as these 

transcription factors also play a crucial role in regulating type 1 IFN induced by 

viruses and pathogens, involved in the cell cycle, apoptosis, and oncogenesis 

[[2,3,130,133]. Some of these IRFs are also involved in regulating immune cell 

development and functions [2,6,7,134]. 
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Figure 1.3 Structure of Interferon Regulatory Factors (IRFs). 

DNA-binding domain (DBD: blue) and regulatory domain (green). The DBD of all 

IRFs are defined by 5 tryptophan (W) residues that are separated by 10-18 amino 

acids. All IRFs, except IRF-6 contain IRF-association domain (IAD) of either type 1 

(grey) or type 2 (pale yellow). Some IRFs contain a repression domain (s) (yellow and 

nuclear-localization signal (s) (orange). For IRF-1, -3, -5 and -7, activity depends on 

phosphorylation as shown with the attached phosphate groups on the regulatory 

domain. The size of each IRF in number of amino acids is also indicated. (C, carboxyl 

terminus; N, amino terminus). The illustration is adapted from Lohoff et.al  [7].  

 

 

1.2.3.2 Roles of IRFs in T helper differentiation  

Over the years, many IRFs have been found to be involved in Th differentiation either 

by modulating the functions of APCs or directly altering the transcription of cytokine 

genes of Th cells [7]. The IRF1 is a crucial factor in promoting Th1 differentiation 

and its absence results in predominant Th2 responses as best characterized using 

experimental mice disease model. For example, IRF1 deficient mice (Irf1
-/-

) were 
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vulnerable to Leishmania major (L. major) and Listeria monocytogenes (L. 

monocytogenes) because the host could not control the parasitic infection due to a 

lack of Th1 responses which is needed for protection against the intracellular parasitic 

infections [135,136]. In contrast, Irf1
-/-

 mice were shown resistant towards 

Nippostronglyus brasiliensis (N. brasiliensis) due to biased Th2 response, which is 

essential for the expulsion of the worms (29). The impairment of Th1 response 

observed in the Irf1
-/-

 mice were mainly due to the defects in multiple cell types such 

as CD4
+
 T cells and NK cells as well as APCs (macrophages and dendritic cells) that 

are associated in IL-12, a Th1 cytokine that drives Th1 differentiation [135–139]. 

Like Irf1
-/-

 mice, Irf2
-/-

 failed to mount Th1 response due to impaired IL-12 

production by macrophages thereby was susceptible to L. major [140]. Consistently, 

Elser et al. reported that IRF1 and IRF2 act as transcriptional repressor of IL-4, 

thereby attenuating Th2 responses and assisted IFNγ in inducing Th1 response [141]. 

Likewise, Irf8
-/-

 mice showed failure in Th1 driven response, which correlated with 

the defect in IL-12 p40 production [142]. Collectively, IRF1, IRF2, and IRF8 directly 

participated in Th1 differentiation predominantly by regulating the production of IL-

12, the Th1 signature cytokine.  

  

On the other hand, IRF4 is critical for Th2 cell development. Mice lacking 

IRF4 showed to be able to mount Th1 immune response against L. major but the Th2 

development was found impaired [143]. Also, CD4
+
 T cells of Irf4

-/- 
mice were unable 

to differentiate into Th2 cells and displayed impaired production of Th2 cytokines; 

IL-4, IL-5, and IL-13 [144]. Moreover, overexpression of IRF4 in human Jurkat  cells 
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activated the expression of Th2 cytokines in response to mitogenic stimulation [145]. 

Consistently, in absence of IRF4, IL-4 failed to induce Th2 cytokine, instead induced 

Th1 response by upregulating IFNγ and TNF expression, thereby implying the 

importance of IRF4 in Th2 differentiation [146]. In accordance with the role of IRF4 

in Th2 differentiation, Honma et al. reported that IRF4 plays a dual role in distinct 

stages of CD4
+
 T cells [147]. Furthermore, IRF4 was shown to inhibit Th2 cytokine 

production in naïve CD4
+
T cells but induced Th2 cytokine production in 

effector/memory CD4
+
 cells. However, IRF4 function is not only restricted to Th2 

cell differentiation, since several studies have shown that IRF4 is vital in generating 

Th9, Th17, and Tregs cells [6]. Taken together, IRF4 can differentially control the Th 

subsets and act as a Th modulator. Another member of the IRFs family, IRF5, is also 

known to play some role in Th differentiation. Since IRF5 is the focus of this thesis; 

the following sections consist of a detailed description of IRF5 and findings on its role 

in regulating T cells and Th differentiation.  
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1.2.4 Interferon regulatory factor 5 (IRF5) 

1.2.4.1 Overview of IRF5 

The IRF5 was first identified in antiviral responses and induction of type I interferon 

production [31]. It is now well established that IRF5 has a diverse role in the 

induction of pro-inflammatory cytokines and chemokines downstream to various 

signalling pathways contributing to the pathogenesis of various autoimmune and 

inflammatory diseases [11,13,148]. An early study showed that Irf5
-/-

 mice were 

unable to secrete proinflammatory cytokines such as IL-6, IL-12 and TNFα, 

consequently Irf5
-/-

 mice showed resistance towards lipopolysaccharide (LPS)-

induced endotoxic shock [149]. Also, IRF5 lacking myeloid cells showed similar 

impairment in the proinflammatory cytokines following various TLRs stimulation 

[149].  

 

Constitutive expression of IRF5 has been detected in lymphoid tissues such as 

spleen and peripheral blood lymphocytes [31]. In the latter, IRF5 expression is mainly 

found in B cells and barely in T cells and NK cells. A higher level of IRF5 expression 

has been found in other immune cells such as monocytes and macrophages but 

relatively lower in dendritic cells [16,150]. Other factors, such as viral infection and 

IFNα stimulation, could enhance the expression of IRF5 [16,18]. Notably, expression 

IRF5 was found to be absent or downregulated in most cancer cell lines [150]. This 

indicates the inclination of IRF5 for gene deletion or epigenetic silencing in these 

malignancies [151–153]. The importance of IRF5 in regulating immune cells 



 

   

44 

 

functions and its expression dysregulation in the pathogenesis of immune system 

disorders is summarised in Table 1.1
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Table 1.1 Summary of IRF5 role in regulating immune cells functions. 

The table is adapted from our published review [13].  

Cells Role of IRF5 in immune cells 

B cells  Involves in B cell activation and proliferation.                     

 Regulates Blimp-1 expression. 

 Loss of IRF5 in B cells lead to defect in plasma cell 

differentiation. 

 Exhibit differential regulation of autoantibody and IgG classes 

in non-autoimmune and autoimmune murine models.      

Monocytes  Increased expression and activation in SLE patients 

 Involves in recruitment of Ly6C
high 

monocyte subsets to 

inflammation site in pristane-induced mice 

 Induces IFNβ production in response to TLR8 mediated sensing 

of S.aureus. 

 Involves in proinflammatory cytokine production in response to 

TLR8 signalling                                                                                                                                             

Macrophages  Master regulator for both human and murine M1 macrophages.  

 Induces proinflammatory cytokines associated with M1 

phenotypes.  

 Specific marker for M1 macrophages.  

 Plays role in profibrotic inflammation. 

 Repressor of IL-10 and TGFβ1 expression.  

 Elevated level of IRF5 expression is associated with diseases 

where inflammatory macrophages play role in disease 

progression. 

Dendritic 

cells 
 Involves in type 1 IFN production in TLR7 and TLR9 mediated 

stimulation.  

 Contributes in IFNβ production in response to microbial 

infections.  

 Involves in production of proinflammatory cytokines. 

 Involves in recruitment of plasmacytoid dendritic cells to 

inflammation site in pristane-induced mice.   

T cells   Malignant T cells expressed mutant IRF5 transcripts as a 

protective mechanism for survival.  

 Plays pivotal role in T proliferation and activation in lupus 

induced mice. 

 Serves as repressor of T-bet gene in CD4
+
 T cells in SSc murine 

model. 

 Modulates T helper responses by altering function of antigen 

presenting cells (macrophages, dendritic cells) and influencing 

the cytokine production for T helper differentiation.  
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1.2.4.2 Gene structure of IRF5   

In humans, Irf5 gene is located on chromosome 7q32 within a region where imprinted 

genes associated with haematological malignancies was reported. Whether IRF5 is 

imprinted or associated with any disorder is yet to be established [28,31]. The Irf5 

gene consists of 9 exons, and its first non-coding exon consists of four different exons 

(Ex) promoters (1A, 1B, 1C and 1D) as a result of alternative splicing of the promoter 

(Figure 1.4a) [28,154]. The start codon ATG is in Ex2 hence the use of different first 

exons would not result in an altered protein sequence [16,154]. Early studies 

demonstrated that Ex1A is constitutively active and harbours an IRF element (IRFE) 

binding site and can be stimulated in virus-infected cells by other IRF family  [16]. 

Interestingly, Ex1A has the highest translation efficiency among all other exons and 

most of the IRF5 variants are derived from this promoter [11,154]. On the other hand, 

Ex1C has the ISRE binding site, which allows the binding of IFN stimulated gene 

factor 3 (ISGF3) complex following IFN stimulation [16]. Besides that, several 

transcription factors binding sites on IRF5 promoters have been identified in promoter 

analysis studies using ChIP-Seq datasets [154]. For instance, Ex1A and Ex1D have a 

putative binding site for PU.1 and NF-κB which increased expression of IRF5 upon 

activation by imiquimod a TLR7 ligand. Further studies on how the other 

transcription binding factors regulate IRF5 expression will provide insights into the 

mechanism of IRF5 transcriptional regulation.  

 

Alternative splicing of precursor mRNA of the IRF5 gene can give rise to 

multiple transcripts variants. Early studies reported by Mancl et al. identified nine 
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IRF5 transcripts with distinct cell-type-specific expression, regulations, and functions 

[16]. These transcripts differ in their first exons, in Ex6, and missing some parts of 

other exons (Figure 4b). The Ex6 confers a 30-base pair (bp) in frame insertion-

deletion and an alternative splicing 48bp downstream of the canonical splice junction 

[11,155]. These polymorphic regions are localised within the domain rich in proline 

(P), glutamic acid (E), serine (S) and threonine (T) (PEST) associated with IRF5 

protein stability [11,28,155] and some of the IRF5 isoforms have been reported to 

alter the degradation of IRF5 protein [156]. For example, IRF5 v2 and v3 with altered 

PEST domain structure (missing first 48 nucleotide encoding PEST region) showed 

resistance towards E3 ubiquitin ligase TRIpartite Motif, (TRIM) 21 whereas TRIM21 

degraded v1 and v5 with not much of altered PEST structure following TLR7 

stimulation [156]. The TRIM21 protein is known as a negative regulator of the IRF 

family and mediates ubiquitination that leads to degradation and eventually 

termination of signalling following TLR stimulation [156]. The resistance to 

TRIM21-induced degradation could result in enhanced expression and activity of 

IRF5 that could potentially lead to the development of certain diseases. To date, 17 

known variants of human IRF5 have been reported, and there is a possibility of 

identifying more variants since there may be numerous ways to splice IRF5 in 

response to different stimuli [157]. In murine, IRF5 is predominantly expressed in full 

length and only a single splice variant has been detected at a minimal level in the bone 

marrow [33]. Notably, the murine IRF5 is highly homologous to human IRF5v5, with 

the striking difference of 5 amino acid deletion in MuIRF5. Collectively, the diversity 
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of human IRF5 splicing reflects the complexity and differential functions of this gene 

in comparison to the murine model.  

 
Figure 1.4 Schematic diagrams of human Irf5 gene and its variants 

Blue boxes represent exons are proportional to length and lines are introns reduced in 

size 10:1. (a) Full length of human IRF5 gene, with four possible exon promoters of 

the non-coding exon 1; Ex1A, 1B, 1C, and 1D as represented in white box. (b) 

Utilization of different first exons and alternative splicing that give rise to nine 

distinct transcripts. Most variants are derived from Ex1A, except for V2 that begins 

with Ex1B and V3 with Ex1C, respectively. The deletion pattern in Ex6 is indicated 

by the open space or the difference in length of the represented box. All exons are 

present in all variants except for V7 (missing of Ex2), V8 (missing of Ex6) and V9 

(missing of Ex5 and some part of Ex6 and other exons onwards due to the presence of 

early stop codon). This figure is adapted from our published review [13].  
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1.2.4.3 Polymorphisms of IRF5 gene  

The Irf5 gene polymorphisms are implicated with various autoimmune diseases such 

as SLE, RA, IBD, MS, systemic sclerosis (SSc) and Sjogren’s syndrome (SS) 

[11,158–160]. The association of IRF5 polymorphism with autoimmune disease was 

first identified in a joint linkage association studies conducted in Swedish, Finnish 

and Icelandic populations which reported single nucleotide polymorphism (SNP) 

rs2004640 is strongly associated with SLE (unadjusted p-value < 10
7
) [161]. Graham 

et al. reported that this SNP is located at 2b downstream of Ex1B promoter which 

causes an increase of Ex1B-driven IRF5 transcripts due to the T risk allele that creates 

a 5’donor splicing resulting in Ex1B to spliced into exon 2 and the IRF5 isoforms 

from Ex1B are associated with an elevated level of IRF5 and risk to SLE [162]. 

Several other IRF5 polymorphisms associated with SLE have also been reported, and 

at least four functional polymorphisms have been documented [163]. These 

polymorphisms are associated with higher IRF5 expression [164–167] confer better 

RNA stability [26,168] and associated with an elevated level of IFNα, a cytokine 

contributing to SLE [169]. Some of these IRF5 polymorphisms have also given rise to 

novel IRF5 isoforms which showed differential responses between healthy and SLE 

individuals [155,166]. 

 

Interestingly, CGGGG indel polymorphism and rs2004640 haplotypes which 

have been implicated in SLE susceptibility have been found to be associated with 

several autoimmune diseases such as RA, SSc, MS, and IBD highlighting the 

involvement of IRF5 in overlapping pathways of autoimmune diseases [163,170]. The 
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pathological roles of IRF5 in developing autoimmune diseases are well elucidated in 

genetic modification experiments in vitro and in vivo. Mounting evidence has shown 

IRF5 polymorphisms are associated with increased susceptibility of autoimmune 

diseases whereas the loss of IRF5 ameliorates pathological manifestation of the 

disease [11,171].  

 

1.2.4.4 Protein structure of IRF5  

Structure analysis of IRF5 has revealed multiple regulatory domains located within its 

polypeptide. To a large extent, these domains dictate the biological function of this 

protein (Figure 1.5). The IRF5 polypeptide contains a putative nuclear localisation 

signal (NLS) sequence in the N-terminal and the C-terminal, which ensure nuclear 

retention of IRF5 in infected cells [31,32]. In addition to the NLS, IRF5 also possess 

nuclear export signal (NES) sequence which is dependent on the nuclear export 

protein, chromosomal maintenance 1(CRM1) and is responsible for the retention of 

IRF5 in the cytoplasm [30]. Hence, both NLS and NES play an essential role in 

shuffling IRF5 between the cytoplasm and nucleus. Studies also showed IRF5 

translocation to the nucleus is dependent on NLS and not due to homodimerisation of 

IRF5 or heterodimerisation with other interacting partners [30]. 

 

Furthermore, the serine rich region (SRR) located within the transactivation 

domain of the C-terminal is responsible for the phosphorylation and dimerization of 

IRF5, whilst the presence of an autoinhibitory domain influences the transcriptional 

activity. This was illustrated by a mutant IRF5 (missing of 50aa) which showed was a 
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better inducer of IFNα1 and IFNβ compared to the full-length IRF5 [32]. The 

presence of the PEST region in IRF5 is thought to control the protein stability of this 

transcription factor. However, COP9 signalosome (CSN) has recently been shown to 

interact with the N- and C- termini of IRF5 thereby controlling the protein stability 

through ubiquitin-proteasome pathway [172]. This was linked with the dissociation of 

the IRF5-CSN complex upon phosphorylation which resulted in rapid ubiquitination 

and proteasome degradation of IRF5 while some of the IRF5 may get translocated and 

performs its transcriptional activity. Therefore, CSN acts as an interacting partner that 

provides stability to IRF5 and regulates its degradation.  

 

Figure 1.5 Schematic illustration of human IRF5 protein 

DNA binding domain (DBD) resides within the N-terminal region, whereas the IRF 

association domain (IAD) where the protein interaction takes place resides in C-

terminal. Two functional nuclear localization signals (NLS) are present, one residing 

in N-terminal and other is in C-terminal (black box). Nuclear export signal (NES) is 

located within the proline (P), glutamic acid (E), serine (S) and threonine (T) (PEST) 

domain represented in green box. The PEST domain is where the internal deletion 

occurs. The transactivation domain (grey box) is in the IAD domain which contains 

the serine rich region (SRR) represented in purple box. Autoinhibitory region of the 

polypeptide reside at the end of C-terminal (red box). This figure is adapted from our 

published review [13]. 
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1.2.4.5 IRF5 activation and signalling  

In unstimulated cells, IRF5 is found to reside in the cytoplasm, whereas upon 

stimulation it undergoes post-translational modification, dimerization and translocate 

in the nucleus which then binds to coactivator such as CREB-binding protein 

(CBP)/p300 to initiate the transcriptional activity of the targeted gene [148,173,174]. 

IRF5 exhibit diverse mode of transcriptional action by interacting with either activator 

or repressor via its N-terminal region by forming complexes at selected genes 

[175,176], therefore, resulting in the induction or suppression of the targeted genes. 

Activation of IRF5 is dependent on the post-translational modification such as 

phosphorylation and polyubiquitination. Several studies have revealed distinct 

phosphorylation sites with differential functions and mutation of amino residues could 

lead to alteration of IRF5 activity [148,173,177]. The IRF5 phosphorylation and 

translocation into nucleus in Newcastle disease virus (NDV) infected cells were 

affected when serine residue S477 and S480 (numbered as in IRF5V3) were replaced 

with alanine residues [32]. Phosphorylation of S425, S427, and S430 (numbered as in 

IRF5V4) triggers conformational rearrangement of the auto-inhibitory region of C-

terminus allowing homo-dimerization whereas S436 stabilises the dimer conformation 

[173]. The phosphorylation of the serine residues is essential for the activation of 

IRF5 by triggering conformational changes that stimulate dimerization leading to 

translocation to nucleus and assembly with co-activator CBP/p300 for binding to 

targeted gene. 
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Furthermore, phosphorylation of IRF5 at serine residue is dependent on 

several kinases, as phosphorylation of S445 in mice was mediated by IκB kinase beta 

(IKKβ) kinase (S446 in human isoform1 and S462 in isoform 2) which was essential 

to produce inflammatory cytokines [178]. Mutation of this serine residue abolished 

IRF5 activation and inflammatory cytokine production. Similarly, Lopez et al. 

demonstrated that IKKβ kinase phosphorylates IRF5 at S462 in the human isoform2 

resulting in its dimerization and nuclear translocation in human plasmacytoid 

dendritic cells (pDCs) cell line Gen2.2 [179]. Hence, structural phosphorylation-

mediated signalling of IRF5 on serine sites is dependent on the isoforms, therefore, 

exhibiting differential roles.   

 

The IRF5 can participate in downstream signalling stimulated by various 

TLRs. Signalling through TLRs are generally categorised into two pathways; the 

MyD88 pathway and TIR-domain containing TRIF pathways [3]. Interestingly, IRF5 

was shown involved in the synergism of TLRs via both pathways to regulate 

inflammatory cytokines gene expression [180]. Activation of IRF5 by TLR7, TLR8, 

and TLR9 via the MyD88 signalling pathway is associated with interleukin-1 

receptor-associated kinase 1 (IRAK1) and TNF receptor-associated factor (TRAF6)  

[34,149,181]. Subsequently, IRF5 undergoes phosphorylation mediated by TANK-

binding kinase 1 (TBK1) and IKKβ [34,181] followed by dimerization and 

translocation into the nucleus for the activation of targeted genes. Interestingly, IRF5 

can also be activated by receptor-interacting protein 2 (RIP-2) kinase in cooperation 

with TBK1 via NOD-2 signalling [182]. Lately, a novel role of IRAK4 activity in the 
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transforming growth factor-beta activated kinase (TAK1)- IKKβ-IRF5 axis was 

revealed whereby IRAK4 was shown to act through TAK1 and IKKβ, upon TLR8 

stimulation [183]. In addition, Fu et al. showed NXF1, a mRNA export receptor 

selectively regulated TLR7-driven IRF5 transcriptional activity, indicating a novel 

function of NXF1 in IRF5 signalling [29]. In RLR- mitochondrial antiviral signalling 

(MAVS) pathways, IRF5 cooperated with IRF3 and IRF7 in myeloid dendritic cells 

(mDCs) to induce IFNβ during West Nile virus (WNV) [184]. Notably, IRF5 also 

participate in the Dectin-1-Syk signalling pathway in murine renal dendritic cells, 

leading to the production of IFNβ to protect infected Candida albicans (C.albicans) 

mice [185]. Collectively, IRF5 can be activated in response to various environmental 

stimuli via PRRs on the cells’ surface and intracellular compartments by participating 

in downstream signalling of the PRRs.  

 

1.2.4.6 Roles of IRF5 in T cells   

The development of T cells is regulated by mainly IRF1, IRF2, IRF4, and IRF8 [6,7]. 

Meanwhile, IRF5 has been implicated in the activation and effector functions of T 

cells as described below. 

 

1.2.4.6.1 Expression of IRF5 in T cells  

Constitutive expression of IRF5 is barely detected in resting T cells, but upon 

stimulation with Herpes simplex virus (HSV)-1 and IFNα, IRF5 expression was 

greatly enhanced in periphery T cells [16]. IRF5 expression was also upregulated in T 

cells during parasitic infection, which corresponds to an increased expression of IRF5 
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mRNA level in CD5
+
 T population in both spleen and liver especially in an early 

onset of the disease [17]. As a co-receptor, CD5 plays an important role in regulating 

thymocyte development and periphery T cells and at higher expression, CD5 is 

known to respond better to antigen than those with lower CD5 expression [186]. 

Moreover, mutant IRF5 transcripts with a missense mutation in the DNA binding 

domain of IRF5 were detected in the number of malignant T cells such as CEM and 

ATL [187]. It was been described as a dominant-negative mutant by interacting with 

wildtype IRF5 leading to the inhibition of IRF5 DNA binding and transactivation 

activity [187]. Recently, Ishikawa et al. reported that IRF5 was constitutively 

expressed in three distinct spliced isoforms: V1, V3, and V4 in all Human T cell 

leukaemia virus type 1 (HTLV-1) -infected T cell lines [18]. The IRF5 expression in 

these infected T cells was induced by a viral oncoprotein Tax which plays an 

important role in HTLV-1 replication. This protein could directly bind to IRF5V3 

promoter, indicating that IRF5 is a Tax-regulated gene. However, high expression of 

IRF5 was also detected in ATL-derived T cells that do not express Tax protein, 

indicating that IRF5 could act independently of the Tax protein. Hence, it will be 

interesting to see how IRF5 expression is associated with the pathogenesis of HTLV-1 

related diseases such as ATL. 

 

1.2.4.6.2 Roles of IRF5 in T cells activation 

Following antigen stimulation, T cells are activated and undergo changes in their 

surface markers as described earlier. These expressed molecules dictate the functional 

responses, including proliferation and differentiation of T cells to effector and 



 

   

56 

 

memory cells. Multiple studies have shown poor T cell activation in several murine 

SLE models with IRF5 deficiency. In particular, Irf5
-/-

 RII Yaa lupus mice had 

significantly reduced activation markers such as CD69 and CD44 on splenic T cells 

due to a lower number of T cells expressing these markers [188]. Likewise, Yasuda et 

al. reported that Irf5
-/- 

MRL/lpr mice had considerably lower splenic CD4
+
 T cell 

numbers, suggesting that IRF5 may regulate T cell activation by controlling the T cell 

numbers [189]. However, the mechanisms on how IRF5 regulates the T cell numbers 

remain unknown. In another study, Xu et al. reported that the CD69
+
 T cell subsets 

were largely abolished in Irf5
-/-

 pristane-treated mice [15]. However, it is important to 

note, that the observed effect in this study was a consequent from impaired production 

of type 1 IFN in Irf5
-/- 

mice rather than an IRF5 intrinsic effect on T cells, therefore 

suggesting IRF5 induced- type 1 IFN promotes T cell activation in pristane-treated 

mice. Together, these data indicate that IRF5 plays an important in T cell activation in 

lupus-induced mice.  

 

1.2.4.6.3 Roles of IRF5 in T helper responses   

In view of Th response driven by IgG subclasses, Irf5
-/-

 showed impaired IgG1 and 

IgG2a/c production which are known to be associated with developing Th2 and Th1 

responses, respectively [190]. Thereby, suggesting that IRF5 may play a crucial role 

in Th1/Th2 polarisation and it was confirmed later by numerous findings highlighting 

how IRF5 alters Th responses. For instance, Paun et al. showed Irf5
-/-

 mice infected 

with L. donovani, had impaired Th1 response corresponding to defect in generating 

IFNγ CD4
+
 T cells which are essential for Th1 differentiation [17]. Notably, liver of 
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Irf5
-/-

 mice infected with L. donovani had a significant reduction of IFNγ but higher 

expression of IL-4 and IL-10 mRNA compared to wildtype (WT) mice indicating a 

shift to Th2 cytokine expression due to lack of Th1 polarisation [17]. Also, IRF5 was 

shown to be involved in Th1/Th17 responses. Overexpression of IRF5 in 

macrophages co-cultured with human T cells were able to induce Th1 and Th17 

responses by providing the necessary cytokine environment and upregulation of the 

T-bet and RORyt transcription factors for expansion and activation of Th1 and Th17 

lineage respectively [191]. Moreover, the lack of IRF5 has been implicated with 

reduced Th1/Th17 responses during chronic inflammation in antigen-induced arthritis 

mice [192]. In a separate report, IRF5 was shown to have direct involvement in IFNγ 

and IL-17 CD4
+
 T generation when lymph node migratory DCs of Irf5

-/-
 mice 

sensitised with HDM and c-di GMP induce severe asthmatic (SA) phenotypes [193]. 

Furthermore, whole lung tissues of Irf5
-/-

 mice subjected to SA model, displayed 

higher mRNA expression for IL-4, IL-5, and IL-13 consistent with the observation 

seen in the lymph node cultures, hence supporting the idea that lack of IRF5 could 

promote Th2 responses and even in immunised mice that display Th1 and Th17 

responses [193]. Similarly, a separate report by Bryne et al. showed that adoptive 

transfer of alveolar macrophages from Irf5
-/-

 mice into WT mice resulted in 

heightened airway hyper-reactivity and Th2 cytokines, particularly increased of IL-

13
+
 CD4

+ 
T lymphocytes as well as IL-13 secretion in the pulmonary environment 

after the exposure to house dust mite [20]. Moreover, in diabetic model rat lacking 

IRF5 specifically in the macrophages displayed increase of CD3
+
 T cells and 

upregulation of Th2 markers (GATA3 and IL-4) and IL-10 expression and 
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downregulation of Th1 markers (T-bet) in pancreatic islets [194]. Similar findings 

were observed in Irf5
-/-

 obese mice, as CD3
+
 T and GATA3

+
IL-13

+
 Th2 cells were 

increased as well as the level of IL-5 and IL-13 [195]. Furthermore, in the hepatic 

stress-induced model, lacking IRF5 specifically in hepatic macrophages showed 

polarization to type 2 immuno-regulatory responses due to significant increased IL-10 

associated with the expansion of FoxP3
+
 CD4

+ 
T regulatory cells and as expected both 

IFNγ and IL-17 levels were reduced [196].   

 

In Irf5
-/-

 pristane-treated mice, Feng et al. observed no changes of serum level 

Th1 cytokine, IL-12p40 but increased serum level of Th2 cytokines; IL-4, IL-5, and 

IL-10, which provided disease protection by driving IgG1 production (least 

pathogenic antibody), suggesting negative regulation of IRF5 in Th2 responses [197]. 

On the contrary, Xu et al. reported that IFNγ, IL-12p40/70 and IL-23 were 

downregulated while IL-4 cytokine was upregulated in pristane-treated Irf5
-/-

 mice 

[15]. Further investigation in the same study, revealed that the Th1/Th2 cell ratio was 

decreased in Irf5
-/-

 due to increase of IL-4 producing cells and similar findings were 

seen in type 1 IFN receptor-deficient mice (IFNAR
-/-

), indicating that skewing to Th2 

was due to diminished production of type 1 IFN and altered cytokine production in 

pristane-treated Irf5
-/-

 mice rather than the intrinsic role of IRF5 expression in T cell. 

  

In stark contrast to previous findings that showed lack of IRF5 mounted lower 

Th1 and Th17 responses and shifted to Th2 responses, a Th1 type polarisation was 

observed as represented by the high IFNγ mRNA level but lower IL-4 and IL-6 
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mRNA level in the lungs and skin when Irf5
-/- 

mice of bleomycin (BLM) -treated SSc 

were used [14]. Interestingly, IRF5 was found to bind to the T-bet promoter in CD4
+
 

T cells suggesting that in the absence of IRF5, T-bet transcription factor may promote 

Th1 polarisation; therefore, IRF5 may serve as a repressor for the T-bet gene [14]. In 

view of this finding, the binding of IRF5 to the T-bet promoter was repressed in 

TLR4
-/-

 CD4
+ 

T cells, thus indicating TLR4-activated IRF5 is directly involved in the 

suppression of Th1 cell differentiation [14]. This is in contrast with another study 

whereby IRF5 was shown to upregulate T-bet for expansion and activation of Th1 

cells since the expression of mRNA for T-bet was significantly induced in human T 

cells co-cultured in IRF5 expressing macrophages [191]. Additional work is required 

to elucidate the underlying mechanism of transcriptional regulation of IRF5 on T-bet 

promoter in human T cells. In addition, the discrepancy of IRF5 in regulating Th1 

response may differ due to animal models with different disease settings and 

differences in vitro and in vivo settings. Another possibility could be due to the effect 

of different TLR-mediated signalling in the activation of IRF5. TLR-7 mediated IRF5 

activation has been reported to be necessary for the development of Th1 response in 

parasitic infection [17] on the other hand, TLR4-mediated IRF5 activation was shown 

to contribute Th2/Th17 inflammatory responses associated with SSc [14]. 

Collectively, IRF5 plays a pivotal role in modulating T helper responses by altering 

the functions of APCs such as macrophages and dendritic cells and influencing the 

cytokine production that drives the Th differentiation as well as participates in 

activation downstream of TLR-mediated signalling.   
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1.2.5 Gene transfer  

1.2.5.1 Principles of gene transfer  

Gene transfer is the process of delivering exogenous genetic materials into host cells. 

The use of mammalian cells as expression systems has been widely established to 

study the function of genes and production of recombinant protein [198]. Over the 

years, numerous developments in gene delivery methodologies have helped 

researchers to understand diverse biological processes through the manipulation and 

analysis of gene expression and its mechanism of regulation. Moreover, gene delivery 

is an indispensable genetic tool for various applications such as i) gene therapy, ii) 

production of recombinant proteins and vaccines, and iii) generation of transgenic cell 

lines and animals for research studies [199]. Delivery of exogenous genetic materials 

(e.g., DNA, siRNA) can be accomplished by using vectors that act as a vehicle to 

carry genes of interest into host cells. In general, vectors can be categorized into viral 

and non-viral vectors [199,200]. Viral vectors consist of viruses such as adenoviruses, 

retroviruses, and lentiviruses which deliver nucleic acids efficiently into target cells 

through infection [199–202]. Whereas the non-viral vectors (plasmids and DNA 

transposons) use either physical method (microinjection, electroporation, gene gun, 

and hydrodynamics application) or chemical method (polymers, liposomes, 

dendrimers, cationic lipid systems, and nanoparticles) [199–202] as the mode of 

delivery.  

 

Regardless of the mode of delivery, gene transfer principles are categorized 

into three stages. First, the exogenous materials must be able to pass through the cell 
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membrane, then released into their targeted site and finally, the exogenous materials 

must be competent enough to be activated and interact with the host genome if 

necessary [199]. The process of understanding the function of a gene involves the 

manipulation of gene expression which can be achieved by overexpression (gain-of-

function), reduction or inactivation of expression (loss-of function) of the targeted 

gene in a chosen model [203]. Gene transfer into host cells can result in short-term 

gene expression (transient) or long- term expression (stable). The transient expression 

refers to transfected DNA that is transferred temporarily and is not integrated into the 

host chromosome [198,199]. While stable expression is when transfected DNA is 

integrated into the chromosome and the recipient cells exhibit permanent changes in 

the expression [198,199]. 

 

1.2.5.2 Plasmids as vector   

Plasmids are naturally occurring extrachromosomal DNA that can replicate 

independently and can be found in microorganisms such as bacteria, archaea, and 

yeast [204]. Most plasmids are circular and vary in sizes. They confer antibiotic 

resistance and virulence genes that are essential for the survival of their host cells 

under adverse conditions [204,205]. Plasmids are valuable tools in molecular biology 

as their easier to manipulate in vitro. To date, there are varieties of commercially 

available plasmids that are derived from natural plasmids or artificially construct as 

vectors for carrying gene of interest for various research application. Examples of the 

types of plasmids routinely used in molecular biology research are cloning plasmids, 

expression plasmids, reporter plasmids, viral plasmids, gene-knock plasmids and 
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genome engineering plasmids. The basic components of these constructed plasmids 

comprise of i) origin of replication (ori) which allows independent replication within 

the host cells, ii) multiple cloning sites (also known as polylinker) cleaved by 

restriction enzymes for insertion of the gene of interest and iii) selection markers such 

as gene encoding antibiotic resistance or metabolic enzymes that help with the 

identification of cells that uptake the plasmid [204–206]. In addition to these basic 

elements, other elements are combined for constructing plasmids to meet the objective 

of research study.  

 

1.2.5.2.1 Cloning vector  

The cloning vector provides backbone for the insertion of DNA interest and produces 

numerous copies of the DNA, through their replication and propagation in host 

organisms such as E.coli [207,208]. The number of plasmids (copy number) that can 

be propagated in host cells depends on factors such as the size of plasmid and the type 

of origin of replication [204]. Cloning of plasmids in E.coli is fast compared to other 

organisms and there are many diverse types of E.coli strains that can be used to 

propagate plasmids depending on the characteristics of the plasmids and their 

application [209]. The basic concept of cloning involves the process of cleaving 

vector with restriction enzymes to insert DNA fragment that is flanked with the same 

restriction enzyme sequences and recombined through an enzyme (ligase or 

topoisomerase) [206]. Over the past decade, with technological advancement cloning 

process has been tailored to be quick, easy, and efficient. One such example is the 
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application of TOPO cloning technology which is specially designed for the cloning 

of PCR products.  

 

In this study, the cloning vector pCR-Blunt II-TOPO designed from TOPO 

cloning technology is used. This cloning vector contains the origin of replication 

sequences derived from the pUC plasmid family. Furthermore, it confers kanamycin 

resistance and allows propagation in E.coli strain such as Top 10 and DH5α 

competent cells in high copy number. The principle of TOPO cloning involves 

cloning of blunt-end PCR product (amplified DNA fragment) without the use of 

traditional restriction enzyme and ligase reagents separately. The blunt end PCR 

product is usually generated with the use of high fidelity Phusion DNA polymerase 

that exhibits 5’ to 3’ polymerase activity and 3’ to 5’ exonuclease activity [210].  

 

1.2.5.2.2 Mammalian expression vector  

Expression vectors allow transcription of the gene of interest and translation of its 

protein product [207]. Like cloning plasmid, expression plasmid has the basic 

components consisting of origin of replication, multiple cloning sites and selectable 

markers. In addition to these features, elements such as the promoter and regulatory 

sequence which are required for gene expression and protein synthesis are included 

[211]. The additional elements of the plasmids depend on compatibility of expression 

systems of the host cells. In the case of mammalian cells, the extra essential 

components of the expression vector include target promoter that drive gene 

expression and mRNA processing signals (e.g., mRNA intervening sequences, mRNA 
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cleavage, polyadenylation at the end of transcribed pre-mRNA) [198]. Most of the 

time, constitutive promoter derived from viruses such as the adenovirus major late 

promoter, human cytomegalovirus (CMV) immediate early promoter, Rous sarcoma 

virus (RSV) promoter, or Simian virus 40 (Sv40) early promoter are used as the 

specific promoter for mammalian cells [198]. Alternatively, for some application that 

requires induction of gene expression that could potentially be cytotoxic, inducible 

based promoter derived from bacterial repressor-operator sequences such as lactose 

(Lac) or tetracycline resistance (Tet) operon are utilized [198,212]. Moreover, other 

elements such as enhancers, introns, internal ribosome entry site, and chromatin 

remodelling factors may be included to increase the expression levels [212]. Unlike in 

bacteria cells, plasmids in mammalian cells do not replicate independently under the 

function of origin of replication [213]. Instead, viral-based for the origin of replication 

such as SV40 in the plasmids’ sequence allows episomal-viral based replication cell 

lines that are infected with SV40 or express SV40 large T antigen [198,213].  

 

In this study, pcDNA 3.1 (+) expression vector (Invitrogen, USA) that is 

designed for mammalian cells were used. The promoter of this vector is derived from 

immediate early promoter CMV, which is active in various cell types and can result in 

high level expression [198,214]. The multiple cloning sites of this vector are in the 

forward direction facilitating insertion of the gene of interest that is restricted by 

many different enzymes. In addition, this plasmid vector contains antibiotic resistance 

genes as selectable markers; geneticin for mammalian cells and ampicillin for 

bacterial cells.  
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1.2.5.2.3 Lentiviral vector  

Gene transfer mediated by viruses is highly efficient due to their natural ability to 

infect cells. However, concern over safety and toxicity issues due to the possibility of 

producing WT infectious viruses has led researchers to explore various strategies to 

improvise the use of viruses as vectors through generation of recombinant viral 

vectors. One such approach is to design recombinant viral vectors with some of their 

virulence elements removed or replaced [199]. The recombinant viral vector can be 

generated by splitting the necessary components of the viral genomes into several 

plasmids. The process of plasmids-based systems for the generation of recombinant 

viral particle involves co-transfection of the plasmids into a producer cell line of 

which the viral particles are assembled and released into the culture media. 

 

Lentiviruses are enveloped RNA viruses that belong to the retroviruses 

(retroviridae) family which convert their RNA into cDNA by reverse transcriptase to 

integrate into the host genome for replication [215]. Lentivirus that infects humans is 

known as the human immunodeficiency virus (HIV). Lentiviral vector derived from 

HIV has been widely used as a gene delivery tool as it provides stable and long-term 

gene expression in a wide variety of mammalian cells including non-dividing primary 

cells like neurons [216]. Besides that, it serves several benefits such as the ability to 

carry large inserts and exhibit low immunogenicity after some modification in the 

vector design. 
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The viral genome of lentivirus consists of env, gag, and pol which encodes for 

the viral glycoprotein, structural proteins, and reverse transcription and integration 

respectively and are framed by elements called long terminal repeats (LTRs) that are 

required for integration into the host genome and controlling gene expression [217–

219]. In addition to these genes, HIV contains the accessory genes (vif, vpr, vpu, and 

nef) which encode for virulence factor and regulatory genes (tat, rev) that encodes for 

its replication [217–219]. Generation of viral vector particles depends on multiple 

plasmid proteins of which the genes are genetically separated, for instance, a) 

packaging plasmids that consists of gag, pol, tat, and rev genes that are required viral 

particle formation, b) transfer vector bearing the expression cassette for transgene 

insert, c) envelope glycoprotein for infectivity [220–222]. The production of 

recombinant lentivirus involves co-transfection of the plasmids into a producer cell 

line.  

 

To date three-generation systems of HIV type 1 based lentiviral vector have 

been generated. The first-generation system closely resembles the WT HIV genome 

except that the packaging systems are modified whereby the helper plasmid that 

encode gal-pol and the envelope plasmid are driven by heterologous promoter rather 

than the viral LTR and the envelope HIV glycoprotein (gp120) is usually replaced 

with Vesicular stomatitis virus glycoprotein (VSV-G) to target for broader host cells 

[219,220]. The second and third generation vectors are designed such that the 

necessary components for virus production are split for increased biosafety of the use 

of lentiviral in the laboratory. In the second-generation system, the accessory genes 
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are removed from the packaging systems whereas in the third generation the 

packaging system is separated into two plasmids and tat gene is removed; (gal and 

pol) and (rev) [215,219–221]. In addition, the transfer vector in the third generation is 

modified such that a chimeric 5’LTR is fused to a heterologous promoter such as 

CMV or RSV and the U3 3’LTR is deleted from the viral genome to create self-

inactivating vector which is replication- incompetent [202,215,219,222]. Of note, 

replacement of strong viral promoter or enhancer with a hybrid heterologous 

constitutive promoter reduces insertional mutagenesis and immune genotoxicity 

because of the absence of virulence factors, the third-generation lentiviral system is 

considered safe even to be used in clinical studies [215]. 

In this study, pLenti CMV GFP Puro, a third-generation lentiviral eGFP 

expression vector was used to carry the IRF5 cDNA construct. This lentiviral vector is 

a tat independent and self-inactivating lentiviral vector with puromycin drug selection 

and green fluorescence protein, (GFP) a reporter gene expression under CMV 

promoter (11). The GFP expression was used as an internal control to evaluate the 

transfection efficiency for the generation of recombinant lentivirus particles. In a 

second-generation lentiviral vector system, three plasmids are involved to produce 

virus. The second-generation system’s transfer vector can only be packaged with 

second generation packaging system which encode gag, pol, rev, and tat because of 

the use of viral 5’LTR encoding the gene of interest is tat dependent (Figure 1.6). 

Whereas in third-generation system, the sequence is flanked with chimeric 5’ LTR 

with a heterologous constitutive active promoter, hence tat is not necessary. The third-
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generation system involves the co-transfection of four plasmids to produce virus 

(Figure 1.7). However, a third-generation system’s transfer vector can be co-

transfected together with either second (two plasmids) or third generation (three 

plasmids) packaging systems (12). Given that the use of four plasmids in third-

generation lentiviral vector system can be cumbersome due to the addition of a 

plasmid in co-transfection in the packaging system, the second-generation packaging 

system (two plasmids, psPAX2 and PMD2G) was chosen to be transfected with third 

generation transfer vector (pLenti CMV GFP Puro) to produce recombinant lentivirus 

in this study.  

 

 

Figure 1.6 Schematic illustrations of the 2
nd

 generation lentiviral plasmid. 

Image obtained from Addgene website. 
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Figure 1.7 Schematic illustrations of the 3
rd 

generation lentiviral plasmid.  

Image obtained from Addgene website. 
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1.2.5.3 Cell lines  

1.2.5.3.1 Human embryonic kidney cells (HEK) 293T cells  

These cells are derived from HEK cells that were transformed by adenovirus type 5 

fragments [223]. Generation of HEK 293T cells involve the insertion of a 

temperature-sensitive version of simian virus 40 (SV-40) large T tumour antigen 

plasmid into HEK 293 cells [224,225]. The permissibility of transfection of 293 cells 

along with SV40T aids in the extra-chromosomal amplification of HIV-1 plasmid 

containing SV40 origin of replication makes it suitable for the production of HIV-1 

based lentiviral vector particles [225]. The HEK 293 cells and its derivatives cells are 

widely used in cell biology and biotechnology for the various application including, 

small scale protein production, studying protein interaction and signal transduction, 

viral packaging, and biopharmaceutical [226]. Moreover, they are easy to manipulate 

to rapidly produce recombinant proteins via transient and stable gene expression 

[214,227]. In addition, these cells are also known to have high transfection efficiency 

and effectively generate functional proteins through proper translation machinery 

[227,228]. In this study, HEK 293T cells were used for transient transfection for the 

production of recombinant IRF5 proteins to examine DNA-protein interaction through 

pull-down assay and transcriptional activity on Il13 promoter luciferase reporter 

assay. The cells were also used for the production of lentiviral particles obtained by 

transient transfection of lentiviral transfer, packaging, and envelope plasmids.  

Transfection of DNA into cells can be achieved through physical or chemical methods 

and each method has its own advantages and limitation [200,202,212]. Herein, the 

transfers of plasmids into HEK 293T cells were mediated by non-liposomal polymeric 



 

   

71 

 

Mirus Trans-IT X2 transfection reagent. The advanced formula of the transfection 

reagent is made of a combination of polymers and lipids which form a complex with 

negatively charged DNA, resulting in a positive net charge. The complex is now able 

to pass through the negatively charged cell membrane, facilitating the delivery of 

DNA into the cytoplasm compartment through endocytosis.  

 

1.2.5.3.2 Jurkat cells  

Using primary CD4
+
 T cells allows researchers to have the opportunities to mimic in 

vivo environments as they exhibit normal physiology. For this reason, it makes 

primary cells as the ideal model to study immune responses. However, there are 

several disadvantages working with primary cells. One of the most challenging issues 

working with primary cells is that they have a short lifespan and difficult to cultivate 

continuously because they stop dividing after several passages (senescence). Hence, it 

is difficult to conduct overexpression or knockdown studies in primary cells. In 

addition, researchers often have to deal with issues with donors’ variabilities in 

genotypes and phenotypes when working with primary cells. In accordance with these 

challenges, working with immortal cell lines often preferable as some of the 

difficulties aforementioned earlier can be overcome. Cell lines are convenient to 

cultivate, reproducible as they are derived from a homogenous population and they 

are easier to manipulate; to overexpress or knockdown particular gene of interest.  

 

 



 

   

72 

 

One of the most used cell lines in immunological studies are Jurkat cells. 

Jurkat cell lines are T cell leukemic cells established from the peripheral blood of 14-

year-old with acute lymphoblastic T leukaemia that is originally known as the JM cell 

line [229]. Initial studies using this cell line found that the cells were heavily 

contaminated with mycoplasma and the process of eliminating the infection yielded 

healthy Jurkat cells named as the E6.1 clone [230]. A search through the cell library 

(American Type Culture Collection) revealed that there are many subclones of Jurkat 

cells that are modified from the WT E6.1 clone to lack certain genes. These mutants 

Jurkat subclones have been used as a model in numerous studies including TCR 

signaling, HIV infection, apoptosis, and necrosis pathway [230–233]. The E6.1 clone 

(refer to Jurkat cells in this thesis) expresses TCR and invariant signalling CD3 

subunit and the standard cell line used by researchers [230]. Within the literature, 

Jurkat  cells have been the popular human T cell line modelling primary CD4 T cells 

in the study for cytokine production [230,234–237]. Although Jurkat cells as 

immortalized T cells are not exact representatives of CD4 T cells, the signalling 

process for cytokine production appears to be similar [238]. As described in section 

1.2.2.3.2, CD4
+
 T cells are activated in response to cross-link of TCR/CD3 with MHC 

II complex followed by co-stimulatory CD28 molecule which triggers a cascade of 

signalling pathways that lead to activation of transcription factors which in turn 

activate various cytokines gene programmes, involved in T cells proliferation, 

survival, and effector functions. In an equivalent manner, Jurkat cells can be activated 

in response to co-stimulation of anti-CD3/CD28, and mitogens such as Concanavalin 
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A (ConA), combination of PMA and Ionomycin that mimic the physiological 

responses for T cells activation [230,237–239].  

 

Available literature showed that cytokines profiles are restricted depending on 

the mitogens and physiological stimuli. For example, stimulation of Jurkat cells with 

conA is mainly restricted to IFN, IL-2, and IL-10 secretion [237,240]. On the other 

hand, stimulation with the physiological anti-CD3/CD28 was limited to IL-2 and IL-8 

[234]. Previously a study done by Hu et.al used co-stimulation of PMA and 

Ionomycin to study Th1 and Th2 associated cytokine profiles (IFN, IL-2, IL-4, IL-5, 

IL-10, and IL-13) in Jurkat cells transfected with IRF4 [145]. The exact reason these 

mitogens produce different cytokine profiles are not clearly understood, although the 

mechanism of T cell activation is well established. For example, ConA is a plant 

lectin that works via TCR-CD3 complex (TCR dependent) which leads to activation 

of calcineurin and PKC signaling pathway in Jurkat to activate cytokine production 

[237]. Whereas, PMA and Ionomycin activate T cell activation bypassing the 

proximal signalling of TCR pathway (TCR-independent) [237,241]. Precisely, PMA 

mimics DAG which activates T cells via PKC pathway, whereas Ionomycin, activates 

Ca
2+

 calcineurin pathway leading to stimulation of transcription factors involved in 

modulating cytokines gene expression [237,242]. In this study, we adopted a similar 

approach to investigate the modulation of IRF5 in the Th1/Th2 cytokine profiles as 

upper mentioned in response to co-stimulation of PMA and Ionomycin. However, 

instead of using transfection by electroporation conducted by Hu and colleagues in the 
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aforementioned study, we used lentivirus to carry IRF5 into the genome of Jurkat 

cells. Jurkat cells are susceptible to viral entry as studies have demonstrated that HIV- 

based vector could efficiently deliver genes of interest into Jurkat cells [243–245]. In 

this notion, we used a lentiviral vector to deliver IRF5v4 and IRF5v5 cDNA into 

Jurkat cells to generate stably expressing IRF5 in Jurkat cells to study its ability to 

modulate the expression of Th1 and Th2 cytokine. 
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Chapter 2 

 

2 Methodology  

2.1 General Methods  

2.1.1 Primers Preparation  

All primers used were purchased from Integrated DNA Technologies (First Base Sdn. 

Bhd). Upon receiving, the lyophilized primers were briefly spun and dissolved with 

nuclease-free water (Amresco, LLC) to a final concentration of 100 µM. The working 

concentration for the primers was prepared by diluting the stock 1:10 with nuclease- 

free water, to a final concentration of 10 µM.  

 

2.1.2 Polymerase Chain Reaction (PCR)  

All reagents were thawed on ice and prepared according to the manufacturer’s 

instructions. In general, 25 µl of PCR reaction per tube was prepared. A negative 

control without DNA template was included. Several types of DNA polymerases were 

used depending on the experiments. The PCR conditions and cycling of each 

experiment is described specifically in respecting sections. The PCR products were 

stored at -20
0
C.  
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2.1.3 Agarose Gel Electrophoresis  

2.1.3.1 Preparation of agarose gel  

Ultrapure agarose powder (Vivantis Technologies Sdn Bhd) was weighed and added 

in 1x Tris-Borate- Ethylenediaminetetraacetic acid (EDTA), (TBE) (detail recipe of 1 

x TBE is attached in Appendix-1.1) to a final concentration of 1.0% or 1.5% (w/v) in 

a conical flask depending on the experiment. The solution was dissolved by heating 

using the microwave. The gels were either stained before casting or after running. For 

pre-cast staining, 1 µl of GelRed nucleic acid stain (Biotium, Inc) was added and 

swirled gently to mix the solution. The gel was poured into a gel-casting tray with an 

appropriate comb and was allowed to solidify at room temperature for 20 to 40 

minutes before use. For the post-staining method, the procedure is described in 

section 2.1.3.3.  

 

2.1.3.2 Loading of samples in agarose gel  

Solidified agarose gel was placed into Bio-Rad horizontal gel tank (Biorad, US) and 

covered with 1x TBE buffer up to the mark indicated in the tank. The comb was then 

gently removed. DNA samples were mixed with 6x loading dye (Vivantis 

Technologies Sdn Bhd) and 5 to 10 µl of the mixtures were loaded into each well. 

Gene Ruler 1kb Plus DNA ladder (Thermo Fisher Scientific, US) was also loaded 

along with the samples. 
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2.1.3.3 Gel running and DNA visualization  

The Biorad electrophoresis unit was connected to the power supply and run at 80 

Voltage (V), until the bromophenol dye line was a three-quarter down way of the gel. 

If DNA staining was added during the gel preparation (pre-cast gel), after the run, the 

gel image was directly captured on a UV transilluminator or image analyzer  Biorad 

Gel Doc or Syngene (Synoptics,Ltd). While for the post-staining procedure, after the 

run, the agarose gel was placed in a container containing enough 3x gel staining 

solution to cover the gel. The immersed gel was incubated with rocking on a shaker 

for 15 minutes if it was freshly prepared and rinsed with water. For subsequent use, 

the gel was stained for 30 minutes and rinsed with water prior to viewing the gel. The 

prepared staining solution was reused up to five times within a week by placing the 

solution in a container protected from light.  

 

2.1.4 DNA Extraction and purification from agarose gel 

Desired fragment DNA was extracted from the gel using PureLink Quick Gel 

Extraction (Invitrogen, Thermo Fisher Scientific, US) according to the manufacturer’s 

instructions. Briefly, the desired DNA band was excised using a clean scalpel. The 

extra gel that surrounded the desired band was trimmed to minimise the amount of 

gel. The gel was placed into a 1.5ml microcentrifuge tube (Bio plas, Inc) and weighed 

using weighing scale. It was made sure that the amount of gel did not exceed 400 mg. 

Next, gel solubilisation buffer was added into the tube containing excised gel at the 

ratio of 3:1. The tube was then placed in a water bath set at 50
0
C for 10 minutes.  

Every three minutes, the tube was inverted to mix and ensured that the gel was 
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dissolved. The dissolved gel was incubated for an additional five minutes. Once the 

gel was completely dissolved, one gel volume of isopropanol was added to the 

dissolved gel and mixed well to increase DNA yields. The following steps involved 

binding of DNA into the extraction column and washing using the provided washing 

buffer and purified using centrifugation method as described in the manufacturer’s 

manual. The purified DNA in the recovery tube was stored at -20
0
C. 

2.1.5 Measurement of nucleic acids concentration and purity  

Microplate reader (EPOCH BioTek, BioTek Instruments Inc) or Nanodrop 

Spectrophotometer (Biodrop, UK) was used to measure DNA and RNA 

concentration. Each time before and after use, 10 µl of distilled water was added on 

the microspots and wiped with kimwhite tissue. Blank consisting of 2 µl nuclease-free 

water or RNase-free water (Qiagen, Germany) was first loaded and the instrument 

was set for reading samples. The same amount of sample was loaded and the 

absorbance was read.  

2.1.6 Cultivation and Storage of Bacteria 

Competent cells of Escherichia coli (E.coli) strains; Top10 (Invitrogen, Thermo 

Fisher Scientific, US), Max Efficiency DH5 alpha (DH5α) (Invitrogen, Thermo Fisher 

Scientific, US) and STBL3 (generously provided by Prof. Madya Dr. Syahrilnizam 

Abdullah, University Putra Malaysia) were cultured in Luria-Bertani (LB) medium or 

agar (detail recipe of LB medium and LB agar is attached in Appendix-1.1) 

supplemented with either 100 µg/ml ampicillin (Amresco, LLC) or 50 µg/ml 

kanamycin (Amresco, LLC) and incubated at 37
0
C for either 8 hours or 16 hours 
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depending on the experiment. For long term storage of transformed bacteria 

containing recombinant plasmid, a single colony was picked and cultivated with LB 

medium containing its resistant antibiotic at 37
0
C for overnight. The culture was then 

mixed with glycerol (Amresco, LLC) stock at a final concentration of 25% v/v (0.8ml 

of the cultured medium added into 0.8ml of 50% glycerol stock) in multiple vials and 

froze at -80
O
C. 

2.1.7 Preparation of competent cells by CaCl2 method  

In this study, DH5 and STBL3 competent cells used were prepared in our 

laboratory. Competent cells were prepared according to Sambrook et.al. [246]. A 

starter culture was prepared by inoculating a single colony of E.coli strain STBL3 in 5 

ml of LB medium and allowed to grow at 37
0
C overnight with shaking at 200 rpm. 

The starter culture of 100 µl was diluted into 50 ml of fresh LB medium and was 

allowed to grow at 37
0
C with shaking at 200 rpm. The following day, the growth of 

bacteria culture was monitored by measuring absorbance at 600 nm using a 

spectrophotometer at the interval of 30 minutes till optical density reached a mid-log 

phase 0.4-0.5 (~2-4 hours). From this stage onwards, the cells must remain cold 

thereby culture was chilled immediately on ice for 10 minutes and swirled 

occasionally. The bacteria culture was then pelleted by centrifugation at 3000 x g for 

10 minutes at 4
0
C. The supernatant was decanted and 6 ml of pre-chilled 10 mM 

MgCl2 was added to the pellet and mixed gently. Next, the cells were incubated on ice 

for 45 minutes, and centrifuged at 3000 x g for 10 minutes at 4
0
C. The supernatant 

was discarded and 400 µl of pre-chilled 10mM calcium chloride (CaCl2) was added to 
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re-suspend the pellet, followed by the addition of 60 µl of 80% glycerol. The cell 

suspension was mixed gently and aliquot 50 µl into pre-chilled a microcentrifuge 

tubes on ice. The aliquots were immediately frozen and stored at -80
0
C.  

2.1.8 Transformation of competent cells  

A tube of 50 µl of competent cells Top10, DH5α, or STBL3 were removed from the 

freezer and thawed on ice for 2 to 3 minutes. After thawing, 2 µl of plasmid DNA 

(300 ng-1 µg) was added into the competent cells. The mixture was gently swirled 

using a pipette tip and incubated on ice for 30 minutes, followed by heat-shocked for 

30 seconds in 42
0
C water bath. The tubes were immediately placed on ice for two 

minutes and 950 µl of LB media was added to the tube. The tubes were placed on 

shaking incubator horizontally and shaken at 200 rpm, 37
0
C for one hour. Following 

this, 200 µl of the transformed cells were added on pre-warmed ampicillin (100 

µg/ml) plates and the cells were spread evenly using a sterile L-shaped “hockey-stick” 

spreader. The remaining cells on the spreader were spread on another plate. The plates 

were incubated at 37
0
C overnight. This step was done to obtain well-separated 

colonies. The same procedure was done for positive control by using 1 µl of 10 pg of 

pUC 19 that was provided in the commercialized kit. As for negative control, the 

same amounts of untransformed cells were plated on the agar plate without selective 

antibiotic.  

2.1.9 Colony PCR  

This procedure was performed to detect the presence or absence of recombinant 

plasmid following transformation. Few transformants were selected using sterile 
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toothpick by touching on the transformant and immediately transferred on a fresh agar 

plate containing 50 µg /ml kanamycin or 100 µg/ml ampicillin, depending on the 

antibiotic resistance gene encoded in the plasmid and incubated overnight at 37
0
C. 

The same toothpick was dipped into a PCR reaction mixture and mixed for few 

seconds. The PCR conditions and cycling of each experiment are described 

specifically in respective sections. The PCR products were stored at -20
0
C.  

 

2.1.10 Plasmid Isolation  

2.1.10.1 Small-scale  

For a small scale of plasmid isolation, PureLink Quick Plasmid Miniprep Kit 

(Invitrogen, Thermo Fisher Scientific, US) was used. Bacteria containing the plasmid 

to be isolated were amplified in 10ml of LB media with selective antibiotic and grew 

at shaking incubator at 37
0
C, 200 rpm for 16 hours. The plasmid was then isolated 

according to the manufacturer’s instruction. Briefly, the steps involved harvesting the 

LB cultured by pelleting down the bacterial cells through centrifugation. The 

supernatant was discarded and the cell pellet was resuspended with resuspension 

buffer containing RNase A until it was homogenous and then lysed using lysis buffer. 

The mixture was gently mixed by inverting the capped tube until it was homogenous 

and incubated for five minutes. Next, the mixture was precipitated using precipitation 

buffer and centrifuged to isolate the supernatant which was then used to bind to silica 

membrane columns. The silica membrane column was then spun and washed with 

washing buffer twice. The purified plasmid DNA was eluted with nuclease-free water 

and stored at -20
0
C. 
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2.1.10.2 Large -scale 

For a large scale of plasmid isolation, Plasmid Maxi Kit (Qiagen, Germany) was used. 

Bacteria containing the plasmids to be extracted were amplified in a starter culture, 

consisting of 10 ml of LB media with selective antibiotic and grew at shaking 

incubator at 37
0
C, 200 rpm for 8 hours. Following this, 200 µl of starter culture was 

diluted in 200 ml of LB medium with selective antibiotic and grew at shaking 

incubator at 37
0
C, 200 rpm for 16 hours. The rest of the steps were done according to 

the manufacturer’s instructions. Briefly, the steps include harvesting the LB culture, 

resuspending the cell pellet, followed by lysis and precipitation. The isolated 

supernatant was bound to a Qiagen-tip made of resin and impurities were washed 

several times with wash buffer. The plasmid DNA was eluted with high-salt buffer 

and later concentrated and desalted by isopropanol precipitation.  

2.1.11 Restriction Enzyme Digestion  

All restriction enzymes used were purchased from (New England Biolab, US). The 

reagents were thawed on ice and prepared as shown in Table 2.1 and performed 

according to the manufacturer’s instruction. Depending on the experiment, either 

single or double digestion was carried out. If single digestion, only one restriction 

enzyme was added, while for double digestion, two enzymes were added. Upon 

adding all the reagents, the mixture was spun briefly by centrifugation. The mixture 

was then incubated for three hours at 37
0
C.  
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Table 2.1 Reaction mixture for restriction digestion. 

Reagents Working concentration/ Volume 

Restriction enzymes * 10U, 0.5 µl 

Cut Smart Buffer  10x, 5 µl 

DNA 1 µg 

Nuclease Free Water                                Up to 50 µl 

 

*BamHI, SalI, XbaI, EcoRI or HindIII. 

 

2.1.12 Ligation 

Linearized fragments of the vector backbone and insert were excised and purified 

with a gel extraction kit as described in section 2.1.4.  DNA concentration and purity 

were measured as described in section 2.1.5. Prior to ligation, the mass of insert 

required for ligation reaction was calculated using New England Biolab ligation 

online calculator. For the calculation, the length of insert and vector were inserted 

according to experiments. The vector mass was kept at 50 ng and the molar ratio of 

vector to insert, 1:3 was used as recommended for cohesive ends. The mass of insert 

was calculated following the formula as below.  

 

The linearized fragments of vector and insert were ligated using   0.1 µl, 1U T4 DNA 

ligase (Thermo Fisher Scientific, US), 4 µl of 5X DNA Ligase reaction buffer 

(Thermo Fisher Scientific, US) and total reaction volume was brought up to 20 µl 

with addition of nuclease-free water. The mixture was centrifuged briefly and 

Required mass (g) = desired insert/vector molar ratio x mass of vector (g) x  

        ratio of insert to vector lengths  
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incubated at 16
0
C for overnight, and later stored in -20

0
C prior to transformation as 

described in Section 2.1.8.  

 

2.1.13 DNA sequencing  

DNA sequencing for confirmation of positive constructed plasmids was performed by 

First Base Sdn. Bhd.  

 

2.1.14 Cell culture  

2.1.14.1 Cell lines and culture conditions 

The HEK 293T cells (generously provided by Dr. Leong Chee Onn, International 

Medical University) were maintained in DMEM (Cellgro Mediatech, US) 

supplemented with 4.5g/L glucose, L-glutamine, sodium pyruvate, 10% heat-

inactivated fetal bovine serum, FBS (Sigma Aldrich), and 1% penicillin/streptomycin 

(Gibco, Thermo Fisher Scientific, US). Jurkat cells (obtained from cell culture bank 

of University of Nottingham Malaysia Campus) were cultured in, RPMI medium 

(Cellgro Mediatech, US) supplemented as above, with additional component of 

25mM HEPES.  

2.1.14.1.1 Thawing of HEK 293T cells  

Prior to the thawing of cells, pre-warm complete DMEM media was added into the T-

75 flask (Orange Scientific, Belgium). Cryopreserved cells were thawed by 

immediately immersing the cryovial (SPL Life Sciences, Korea) in a 37ºC water bath. 

The cells were transferred into the flask containing the culture media and swirled 
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gently to mix the cells. The flask then transferred into a 5% CO2 incubator and 

incubated till late afternoon or evening to allow the cells to attach to the flask. The 

flask was observed using the light microscope to check whether the cells were 

attached. Media was then replenished by removing all the media gently and replaced 

with complete DMEM to the flask. The flask was placed back into the incubator and 

allowed to grow. The cells were regularly inspected till they reach confluency.  

2.1.14.1.2 Thawing of Jurkat cells  

Prior to the thawing of cells, pre-warm complete RPMI media was added into the T-

25 flask (Orange Scientific, Belgium). Cryopreserved cells were thawed by 

immediately immersing the cryovial in a 37ºC water bath. The cells were transferred 

into the flask containing the culture media and swirled gently to mix the cells. The 

flask then transferred into a 5% CO2 incubator and incubated till late afternoon or 

evening to allow the cells to settle at bottom. Once the cells have settled at the bottom 

of the flask was carefully removed from the incubator without shaking the flask. With 

gentle aspiration, the supernatant above the settled cells was aspirated out without 

disturbing the cells and fresh complete media were added into the flask. This was 

done to ensure that dimethyl sulfoxide (DMSO) in the frozen cells was sufficiently 

removed, as it can be toxic to cultured cells. The DMSO was not removed by 

centrifugation to limit stress to the cells. The flask was placed back into the incubator 

and the cells were inspected the next day for viability of the cells. If the viability was 

low, the dead cells were removed using lymphoprep (STEMCELL Technologies Inc) 

as described in the following section.  
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2.1.14.1.3 Lymphoprep to separate viable and dead Jurkat cells   

Lymphoprep is a density gradient medium widely used for the isolation of 

mononuclear cells by applying the principle of cell density. It can also be used for the 

isolation of viable cells from a pool of cells containing dead cells especially, for 

suspension cells. The process of centrifugation allows dead cells and debris to 

sediment at the bottom, whereas the viable cells form an interphase layer between 

lymphoprep and culture media. An equal volume of pre-warmed lymphoprep was first 

added into the conical tube (Orange Scientific, Belgium) was added, followed by cell 

suspension. The mixture was centrifuged at 600xg for 20 mins without break 

(acceleration 1 and deceleration 0). Following centrifugation, the topmost layer of the 

mixture, which appeared distinct due to colour of the culture media, was gently 

aspirated, leaving about 1 to 2 ml of the media. It was ensured not to touch the 

interface layer during the removal of the media. Then, the interface layer which was 

seen as a light band (contain viable cells) in between the media and lymphoprep was 

gently aspirated into a new tube. The cells were washed with complete media about 

10 ml by centrifugation at 1000 rpm for 10 minutes. The supernatant was discarded 

and the pellet was resuspended with 5- 10 ml of complete media according to the cell 

pellet. The cells were observed under the light microscope and media was top up if 

necessary.  

2.1.14.1.4 Cells maintenance of HEK 293T cells  

As adherent cells, once cells reached about 70-80% confluency, the culture medium 

was removed by aspiration. The cells were then washed briefly with phosphate buffer 
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saline (PBS) without Ca
2+

 and Mg
2+

 (Cellgro Mediatech, US). The cells were 

detached using 0.25% of Trypsin-EDTA (Gibco, Thermo Fisher Scientific, US). To 

stop the reaction, complete DMEM was added and the mixture was transferred into 

the centrifuge tube. The cells were spun at 1500 rpm for 5 minutes and the 

supernatant was discarded to remove trypsin and get rid of dead cells. Complete 

media was added into the pellet, resuspended, and split at the desired ratio. The cells 

were observed under the light microscope and placed the flask into 37
0
C, 5% CO2 

incubator. The cells were monitored regularly and media was changed after two or 

three days depending on the confluency.  

2.1.14.1.5 Maintenance of Jurkat cells  

As for suspension cells, the cells were maintained by the addition of fresh media or 

replacement of media, without the need of trypsin to detach the cells from flask. The 

cells were maintained at a cell concentration between 1 x 10
5
 and 1 X 10

6
 viable 

cells/mL and subcultured every two to three days depending on cell density.  

2.1.14.1.6 Counting cells using haemocytometer   

For cell counting of HEK 293T cells, the cells were first detached using trypsin 

followed by inactivation, centrifugation, and re-suspend with complete media as 

described earlier in the method for cell maintenance. A small aliquot of cells (~0.5 

ml) of cells was transferred into a 1.5 ml microcentrifuge tube. Cells were diluted if 

too dense. Following a proper mix of the cells suspensions, 10 µl of the cells were 

mixed with 10 µl of trypan blue and loaded into haemocytometer for counting. The 

total numbers of viable cells were counted following the formula as shown below. 
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Following counting, appropriate concentrations of cells were seed into flasks or plates 

according to certain concentrations depending on the experiment. For seeding of 96 

wells plate, the desired volume of cells and media were transferred into the reservoir 

and were aliquoted into the wells using a multi-channel pipettor. For 6 wells plate and 

culture flasks, the cells were directly seeded containing the appropriate amount of 

media. In addition to cell seeding, the total number of viable cells was also counted 

prior to freezing cells. 

 

Formula:  Total number of viable of cells x dilution factor x 10
4
 

                                   Number of squares of counted  

 

2.1.14.1.7 Freezing of cells  

The cells were expanded at adequate cell density for the desired number of vials to be 

freeze. The cells were counted as described above. The number of vials and freezing 

media were prepared based on the concentrations of cells. After counting, the cells 

were centrifuged at 1000 rpm for 10 minutes and supernatant was discarded. The 

freezing media containing 90% FBS + 10% DMSO (Nacalai Tesque, Inc) that has 

been pre-chilled to cell pellet to achieve a final concentration of 7x10
6
 to 10x10

6
 

cells/ml. The cells suspensions were gently mixed by repeated pipetting up and down. 

About 1 ml of the cells suspension was aliquoted into each cryovial tubes and stored 

at –80
◦
C for short-term. For long-term storage, the vials were transferred into a liquid 

nitrogen freezer after they have been in the −80
◦
C freezer at least overnight.  
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2.1.15 Gene expression by Reverse transcription PCR (RT-PCR)  

2.1.15.1 RNA isolation  

Isolation RNA was done using RNeasy mini kit (Qiagen, Germany), through the mini 

spin column technology according to the protocol provided by the manufacturer. 

Briefly, the cell pellet was lysed with 350 µl of RLT buffer using pipette by pipetting 

up and down several times. One volume of 70% ethanol was added to the 

homogenised lysate and mixed well by pipetting. The lysate was transferred to a 

RNeasy spin column placed in a 2 ml collection tube and centrifuged for 15 seconds 

at 8000 x g. The flow-through was discarded and 500 µl of buffer RPE was added to 

the spin column and centrifuged at the same condition. The flow-through was 

discarded. This procedure was repeated twice. To eliminate any carryover of buffer 

RPE, the spin column was placed in a new 2 ml collection tube and centrifuged at full 

speed for 1 minute. To elute RNA 30 µl of RNase-free water was added. The 

concentration and purity of RNA was determined as described in 2.1.5. For long-term 

storage, RNA was aliquoted into few tubes and stored at -80
0
C freezer.  

2.1.15.2 Genomic DNA elimination  

Prior to first-strand cDNA synthesis, RNA was first treated with RQ1 RNase-Free 

DNase (Promega, US) according to the manufacturer’s instruction. Briefly, for every 

1µg of RNA sample, 1µl of RQ1 10x Buffer was added, followed by 1 µl of RQ1 

RNase- DNase solution. RNase free water was added to final volume of 10 µl. The 

mixture was mixed gently through pipetting and quickly spun. The mixture was then 
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incubated at room temperature for 30 minutes. To stop the reaction, 1 µl of RQ1 

DNase stop solution was added into the sample and incubated at 65
0
C for 10 minutes.  

2.1.15.3 RT-PCR 

The following reagents; 1 µl of 100 µM Oligo (dT) 18 primer (Thermo Fisher 

Scientific, US), 1 µl of 10mM dNTP mix (Bioline, US), 4 µl of 5X ProtoScript II RT 

Reaction Buffer (New England Lab, US), 2 µl of 0.1M DTT (New England Lab, US) 

and 1 µl of ProtoScript II Reverse Transcriptase (New England Lab, US) were added 

into the tube containing 10 µl of RNA sample mixture that was treated for genomic 

DNA elimination as described in above section 2.1.15.2. The samples were incubated 

at 42
0
C for 50 minutes, followed by inactivation of the enzyme at 85°C for 5 minutes. 

The reaction product of the first-strand cDNA synthesis was used diluted with 

nuclease-free water at 1:20 ratio and used as template for PCR. The PCR reagents 

comprising of reaction buffer, MgCl2, dNTPs and Biotaq polymerase used were 

purchased from Bioline, US. The PCR reaction was prepared as in Table 2.2 and 

carried out using Biorad Thermocycler (Biorad) as in Table 2.3.  

Table 2.2 Reaction mixture for RT-PCR. 

 

Reagents  Volume (µl) 

 

Nuclease free water  9.25 

10 x NH4 reaction buffer                           2.5 

50 µM MgCl2                            0.5 

10 mM dNTP                            0.5 

10 µM Primer F                          1.0 

10 µM Primer R                          1.0 

BioTaq Polymerase       0.25 

cDNA (template)                         10.0 

Total volume 25 
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Table 2.3 Condition for RT-PCR cycling. 

Steps Temperature                  Time             Cycling 

Initial denaturation 94
0
C              2 minutes 1x  

Denaturation 

Annealing 

Extension                   

94
0
C                                30 seconds 

*58-60
0
C                         20 seconds           *20-35x 

72
0
C    20 seconds 

Final extension 72
0
C              10 minutes 1x 

Cooling   4
0
C               indefinite 1x 

 

*Annealing temperature and cycling number differs between target genes 

2.1.16 Western blot analysis  

2.1.16.1 Whole cell protein extraction  

For sample preparation, 2x10
6
 cells were harvested and pelleted by centrifugation at 

1000 rpm for 10 minutes at room temperature. The cells were washed with ice-cold 

PBS twice to remove any remaining media. To dissolve the cell pellet, 1 ml of PBS. 

The cells were then transferred into a 1.5 ml tube and centrifuged. The supernatant 

was removed by careful pipetting. To lyse the cell pellet, 40 µl of 

radioimmunoprecipitation assay (RIPA) lysis buffer (detail recipe of RIPA buffer is 

attached in Appendix-1.1) containing halt protease inhibitor cocktail (Thermo Fisher 

Scientific, US) was added to the cell pellet and vortexed briefly to ensure proper mix. 

The sample was incubated for 30 minutes on ice. For complete lysis, the tube was 

immersed into liquid nitrogen to freeze and later thawed on ice and vortex briefly. 

The freeze-thaw procedure was done five times. The lysate was then centrifuged at 

10,000 x g for 10 minutes at 4
0
C to pellet any cell debris. The supernatant containing 

soluble protein was carefully transferred into a new tube kept on ice.  
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2.1.16.2 Bicinchoninic acid (BCA) protein assay  

Concentrations of protein were quantified using Pierce BCA Protein Assay kit 

(Thermo Fisher Scientific, US) in 96-well plate (Orange Scientific, Belgium) 

according to the manufacturer’s instructions. To prepare the working reagent, Reagent 

A was mixed at a 50:1 ratio to Reagent B and 200 μl of the mixture was added to each 

well. Samples were aliquoted at 25 μl/well in duplicate. The bovine serum albumin 

(BSA) standard that was provided in the kit was diluted to 20 – 2000 μg/ml and used 

to generate the standard curve. Once completed, the plate was covered and incubated 

at 37
0
C for 30 minutes. Absorbance was read at 562nm using a microplate reader.  

2.1.16.3 Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE) 

A SDS-PAGE gel consists of resolving and stacking gels. The resolving gel also 

known as the separating gel forms the lower section of the SDS-PAGE and the 

stacking gel forms the upper section of the SDS-PAGE gel. The final concentration of 

bis-acrylamide used for the resolving gel was 10% and for the stacking gel, was 4%. 

The gel mixtures of resolving and stacking gels were prepared following the order as 

written in Table 2.4 below. The resolving gel mixture was pipetted quickly into the 

assembled BioRad Mini-PROTEAN Gel System (Biorad, US) and overlaid with 

isopropanol (Fisher Scientific, UK). Isopropanol was added to remove any bubbles 

and to ensure even gel formation. Once the resolving gel was polymerized, overlaid 

isopropanol was discarded. The stacking gel mixture was pipetted over the top of the 

resolving gel and gel comb was placed immediately. Equal volume of 40 µg samples 
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and 2X Laemmli sample buffer (Biorad, US) containing 5% β-mercaptoethanol were 

mixed (Sigma Aldrich) and denatured by incubating in a thermocycler at 95
0
C for 5 

minutes. The samples were then kept on ice for cooling. Once the stacking gel 

polymerized, the gel cassette was placed into the inner chamber of the gel tank and 1x 

running buffer (detail recipe is attached in Appendix-1.1) was filled till full and the 

comb was removed gently. Equal amounts of samples, 5 µl were loaded into wells of 

the gel along with 5 µl of Spectra broad range multicolour protein ladder (Thermo 

Fisher Scientific, US). About 200 ml of 1x running buffer was filled outside the inner 

chamber of the gel and the lid of tank was covered. The gel was run at 120V, 400mA 

for 1 hour 20 minutes until the line of dye reached the bottom of the gel.  

Table 2.4 Solutions for preparing resolving and stacking gels. 

Resolving (10%) Stacking (4%) 

ddH2O 4.0 ml ddH2O 3.0  ml 

1.5M Tris-Cl (pH 8.8) 

(Biorad, US) 

2.5 ml 0.5M Tris-Cl (pH 6.8) 

(Biorad, US) 

1.26 ml 

30% Bis-Acrylamide 

 (Sigma Aldrich)  

3.3 ml 30% Bis-Acrylamide 0.66 ml 

10% SDS  

(Biorad, US) 

100 µl 10% SDS    50 µl 

10% Ammonium persulfate (APS)  

(Fisher Scientific, UK)  

100 µl 10% APS    25 µl 

TEMED  

(Biorad, US) 

    5 µl TEMED      5µl 

Total 10 ml Total     5ml 

 

2.1.16.4 Immunoblotting  

Once the protein was separated in SDS-PAGE gel, gel was removed from the gel 

cassette and trimmed to remove the stacking gel section. Nitrocellulose membrane 

(Biorad, US) and filter papers (Thermo Fisher Scientific, US) were cut to fit the 
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dimension of gel and were pre-wetted along with filter pads (Biorad, US) with ice- 

cold transfer buffer (detail recipe is attached in Appendix-1.1). The blot components 

were assembled as shown in Figure 2.1 and a blotting roller was used to get rid of 

bubbles. The assembled gel sandwich was placed in the electrode module. The 

electrode module was placed inside the buffer tank together with a frozen cooling unit 

which functions to prevent overheating of blot during electrophoresis. Transfer buffer 

was filled sufficiently and the lid of transfer tank was covered. The blot was run at 

100v, 400mA for 1 hour. After the transfer, the membrane was removed gently from 

the sandwich and blocked with blocking solution made of 3% BSA (Sigma Aldrich) 

with 0.1% of Tween-20 (Vivantis Technologies Sdn Bhd) in PBS for 1hr at room 

temperature on a rocker platform (40 rpm). The membrane was then washed with 

0.1% Tween-20 in PBS (PBST) for 5 minutes with vigorous shaking (60 rpm) 

repeated three times. The membrane was incubated with primary antibody for 1 hour 

on a rocker platform (40 rpm). Mouse monoclonal IgG1 antibody against IRF5 (Santa 

Cruz, USA, Ref.No. SC-56714) diluted 1:1000 with 3% BSA in PBST were used as 

the primary antibody for the detection of IRF5v4 or IRF5v5 protein. The same IRF5 

antibody was used for detection of IRF5v4 or IRF5v5 because no specific antibodies 

to each IRF5 isoform are available, to date. Meanwhile, goat polyclonal antibody IgG 

(Santa Cruz, USA, Ref.No. SC-1616) diluted with 1:1000 with 3% BSA in PBST was 

used as the primary antibody for the detection Actin (housekeeping protein). After the 

incubation, excess unbound primary antibody was washed for three times as described 

earlier. Following the washing step, the membrane was incubated with secondary 

antibody for 1 hour on a rocker platform (40 rpm). Horseradish Peroxidase (HRP)-
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conjugated goat anti-mouse IgG (Thermo Fisher Scientific, USA, Ref.No.31430), 

diluted at 1:10 000 with 3% BSA in PBST was used as secondary antibody for 

detection of IRF5v4 or IRF5v5. For Actin, HRP-conjugated donkey anti-goat 

polyclonal IgG (Thermo Fisher Scientific, USA, Ref.No.PA1-28664) diluted at 

1:5000 with 3% BSA in PBST was used as the secondary antibody. The excess 

unbound secondary antibody was removed through washing three times as described 

earlier. Following the washing step, protein band was detected on the membrane, as 

described below.  

 

 

Figure 2.1 Assembly of gel and membrane sandwich. 

Image obtained from Biorad website. 
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2.1.16.5 Enhanced chemiluminescense (ECL) detection  

The membrane was kept in PBST to prevent drying out. Any excess PBST was gently 

removed by gentle tapping on a paper towel. The ECL signal was generated by Pierce 

ECL Western Blotting Substrate (Thermo Fisher Scientific, US). To prepare the 

working reagent, Reagent A was mixed at a 1:1 ratio to Reagent B in dark. The 

processed membrane was placed on a rigid plastic cover with the membrane carrying 

the protein of interest facing up. Following this 1 ml of the ECL substrate reagent, 

was added to the membrane and overlaid with a rigid plastic cover to ensure the 

membrane is fully covered with the western blotting substrate. The membrane was 

incubated for 5 minutes in dark and the chemiluminescense signal was captured either 

by Gel Doc System or CL-exposure film (Thermo Fisher Scientific, US) as described 

in the following section.  

2.1.16.6 Film development  

The procedure was performed in a dark room. Both the Kodak developer and fixer 

solutions (Sigma Aldrich) were diluted 1:4 in water. The membrane was taped inside 

of an aluminium film cassette (Cole Parmer, US) and 5 x 7 inches CL-Xposure film 

(Thermo Fisher Scientific, US) was exposed to the surface of the blot. The film was 

incubated with gentle rinsing in developer solution for 30 seconds, water for 30 

seconds, fixer solution for 30 seconds, and final rinse in water for 30 to 60 seconds.  

2.1.16.7 Stripping for reprobing  

The mild stripping protocol was adapted from the Abcam protocol. Enough mild 

stripping buffer (detail recipe attached in Appendix-1.1) was added to cover the 
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membrane and incubated for 5 minutes. Following the incubation, the buffer was 

discarded and the membrane was incubated with PBS for 10 minutes. After 10 

minutes, the PBS was discarded and fresh PBS was added to the membrane for 

another 10 minutes. The membrane was washed with PBST twice and ready for 

blocking stage. The blocking and probing steps were done as described earlier.  

2.1.17 Nuclear protein extraction using NEPER protein extraction kit   

Cells were harvested and gently washed twice with PBS, trypsinised for 10 minutes at 

37
O
C, and pelleted at 500 x g for 5 minutes. The pellets were washed with PBS again 

to remove any residual reagent and the supernatant was discarded. Nuclear protein 

was extracted using the NEPER nuclear and cytoplasmic protein extraction kit 

(Thermo Fisher Scientific, US). The cell samples and the extraction reagents were 

kept on ice throughout the experiment to prevent proteolysis. The three main reagents 

of the kit, CER I, CER II, and NER were prepared at 200:11:100 ratio as per 

manufacturer’s guidelines. The volumes of CER I (and thus CER II and NER) 

required would then depend on the packed cell volume at 1:10 ratio. For example, 10 

μl of pelleted cell would require 100 μl of CER I. Halt protease inhibitor cocktail was 

added to CER I and NER at 1:100 ratio. For example, 200 μl of CER I and 100μl of 

NER were added with 2 μl and 1 μl of the protease inhibitors, respectively. Next, ice-

cold CER I was added to the pellets and subsequently vortexed at the highest speed 

for 15 seconds to fully resuspend the cell pellets. After incubation on ice for 10 

minutes, CER II was added to the cells, vortexed at the highest speed for 5 seconds, 

incubated for 1 minute on ice, and vortexed for another round. The mixture was 
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centrifuged at maximum speed (16,000 rpm) at 4
0
C for 5 minutes. The supernatant 

(cytoplasmic fractions) was immediately transferred to pre-chilled tubes on ice and 

stored at -80
0
 C for troubleshooting if required. To obtain the nuclei protein fraction, 

the remaining pellets were suspended in NER reagent followed by four cycles of 

vortexing for 15 seconds at the highest speed and incubation on ice for 10 minutes 

during each interval. Following centrifugation, the supernatant (nuclei fraction) was 

immediately transferred to pre-chilled tubes on ice and stored at -80
0
C. 

 

2.1.18 Enzyme- linked immunosorbent assay (ELISA)   

2.1.18.1 Measurement of cytokine secretions IFNγ, IL-2, IL-4, IL-5, and IL-10  

Cytokine secretions by stimulated and non-stimulated cells were assayed by using 

human OptiEIA ELISA kits (BD Pharmigen, Biosciences US) according to the 

manufacturer’s instruction. Briefly, the Immuno ELISA plates (SPL Life Sciences, 

Korea) were prepared one day prior to the experiment. This was done by coating the 

plate with 100 µl diluted capture antibody to the working concentration in coating 

buffer (0.1 M sodium carbonate). The plate was sealed and incubated at 4
0
C 

overnight. The following day, the capture antibody was removed by decanting it into 

the sink and blotting it against a paper towel. Each coated well was washed with wash 

buffer (PBS with 0.05 % Tween-20, PBST) using a squirt bottle. The washing was 

done by filling the wells fully with the wash buffer and decant, followed by blotting 

against a paper towel at the final wash. This was done to ensure for complete removal 

of wash buffer which is critical for superior performance. The coated wells were 

blocked using assay diluent (PBS with 10% FBS) for 1 hour and washed three times. 
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While waiting, the standards were diluted with assay diluent to the highest 

concentration and the samples were thawed on ice. Following the washing step, 100 

µl of each sample and control were added into appropriate wells. The serial dilutions 

of standards were done within the plate by pipetting 100 µl of assay diluent into each 

standard well except for the highest concentration standard well. The highest 

concentration of standard, 200 µl was into the appropriate wells and mixed well. From 

these wells, 100 µl was aspirated and pipetted into the second-highest concentration 

of standards to create two–fold dilution. These dilutions were continued to the lowest 

concentration and the extra 100 µl of the final well was discarded. The plate was 

sealed and incubated for 2 hours. The solutions in the wells were aspirated and 

washed five times. After that, 100 µl of the working detector (detection antibody+ 

Streptavidin- HRP reagent diluted in assay diluent) was added into each well and 

incubated for 1 hour. The solution was removed by aspiration and washing steps was 

repeated seven times, with an interval of 30 seconds to 1 minute waiting time. For 

each well, 100 µl of tetramethylbenzidine (TMB) substrate reagent (BD Pharmigen, 

Biosciences USA) was added and incubated for 30 minutes at room temperature in 

dark. To stop the reaction, 50 µl of stop solution (1M phosphoric acid) was added into 

each well and the absorbance was read at 450 nm and 570 nm within 30 minutes using 

EPOCH Biotek plate reader (BioTek Technologies, Inc). The wavelength correction 

was done by subtraction of absorbance at 570 nm from the absorbance at 450 nm. The 

detection limits for IL-2, IL-4, IL-5, and IL-10 are 7.8 pg/ml, while for IFN is 4.7 

pg/ml. Each sample was performed in duplicate to ensure for reproducibility. The 
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mean of samples was calculated from duplicate and subtracted the mean zero of 

standard absorbance. The concentration values for samples were obtained from 

interpolation of standards curve using the Graphpad Prism 8.  

2.1.18.2 Measurement of cytokine secretion IL-13  

Cytokine secretions by stimulated and non-stimulated cells were assayed by using the 

human DuoSet ELISA kit (R&D Systems, US) according to the manufacturer’s 

instruction. The reason for using a kit purchased from R&D Systems was because BD 

Pharmigen, Biosciences did not supply human IL-13 kit at the moment. As for the 

steps, the Immuno ELISA plates were prepared one day prior to the experiment. This 

was done by coating the plate with 100 µl diluted capture antibody to the working 

concentration in PBS. The plate was sealed and incubated at room temperature 

overnight. The following day, the capture antibody was removed by decanting it into 

the sink and blotting it against a paper towel. Each coated well was washed with wash 

buffer (PBST) using a squirt bottle. The washing was done by filling the wells fully 

with the wash buffer and decant, followed by blotting against a paper towel at the 

final wash. This was done to ensure for complete removal of wash buffer which is 

critical for superior performance. The coated wells were blocked using reagent diluent 

(1% BSA in PBS) for 1 hour and washed for three times. While waiting, the standards 

were diluted with reagent diluent to the highest concentration and the samples were 

thawed on ice. Following the washing step, 100 µl of each sample and control were 

added into appropriate wells. The serial dilutions of standards were done within the 

plate by pipetting 100 µl of assay diluent into each standard well except for the 
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highest. The highest concentration of standard, 200 µl was into the appropriate wells 

and mixed well. From these wells, 100 µl was aspirated and pipetted into the second 

highest concentration of standards to create two–fold dilution. These dilutions were 

continued to the lowest concentration and the extra 100 µl of the final well was 

discarded. The plate was sealed and incubated for 2 hours. The solutions in the wells 

were aspirated and washed for three times. After that, 100 µl of the detection antibody 

that was diluted in reagent diluent at working concentration was added into each well 

and incubated for 2 hours. The solution was removed by aspiration and washing steps 

was repeated three times. Following the washing step, 100 µl of working dilution of 

Streptavidin-HRP was added into each well and incubated for 20 minutes at room 

temperature in dark. The solution was aspirated and washing step was repeated three 

times. Next, 100 µl of TMB substrate reagent was added into each well and incubated 

for 30 minutes at room temperature in dark. For each well, 50 µl of stop solution (1M 

H3PO3) was added and the absorbance was read at 450 nm and 570 nm within 30 

minutes using EPOCH Biotek plate reader reader. The wavelength correction was 

done by subtraction of absorbance at 570 nm from the absorbance at 450 nm. The 

detection limit for IL-13 is 93.8 pg/ml. Each sample was performed in duplicate to 

ensure for reproducibility. The mean of samples was calculated from duplicate and 

subtracted the mean zero of standard absorbance. The concentration values for 

samples were obtained from interpolation of standards curve using the Graphpad 

Prism 8.  
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2.2 Experimental design   

The investigations in this study were divided into two phases. The study was first 

started with isolation of IRF5v4 and IRF5v5 cDNA from human B cells, followed by 

phases 1 and 2. In phase 1, the transcriptional regulations of IL-13 by IRF5v4/IRF5v5 

were conducted. While in phase 2, the modulations of IRF5v4/v5 on the expression of 

cytokines were assessed. The steps involved in each phase are summarized as in 

Figure 2.2.  

 

Figure 2.2 Flow chart of experimental design  
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2.2.1 Amplification of human IRF5 from B cells cDNA library  

Full length of human IRF5 was obtained from cDNA of B cells, kindly provided by 

Prof. Dr. Chow Sek Chuen, Monash University Malaysia. Sequences of the primers 

for amplification IRF5 were adapted from Barnes et.al [31] and modified with the 

addition of restriction enzymes BamHI and SalI sequences, incorporated at the 5’ and 

3’ ends of the primers as follow: 

Forward:5’GGATCCTCTGCCATGAACCAGTCCATC3’ 

Reverse: 5’GTCGACAGCCTTGTTATTGCATGCCAGC3’ 

The expected product size is approximately 1500 bp. The PCR reaction mixture and 

conditions were prepared as in Table 2.5 and 2.6, respectively. The PCR amplicon 

was then loaded into 1% agarose gel and the fragment of the expected size, 1500 bp 

was excised and purified as described in section 2.1.4.  

Table 2.5 Reaction mixture of PCR for amplification of human IRF5 from B cells 

cDNA library. 

 

 

 

Reagents  Volume (µl) 

 

Nuclease free water  14.875 

GoTaq Flexi reaction buffer  5.0 

25 µM MgCl2   1.5 

10 mM dNTP   0.5 

10 µM Primer F 1.0 

10 µM Primer R 1.0 

GoTaq Polymerase  0.125 

DNA (template)  1.0 

Total volume 25 
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Table 2.6 Condition of PCR cycling for amplification of human IRF5 from B cells 

cDNA library. 

Steps Temperature                 Time             Cycling 

Initial denaturation 94
0
C          2 min 1x  

Denaturation 

Annealing 

Extension                   

94
0
C                                       45 s 

*55-62
0
C                                45s                          30x 

72
0
                                         2 min 

Final extension 72
0
C                10 min 1x 

Cooling   4
0
C             indefinite                1x 

 

* Several optimisations of the PCR condition involving different annealing 

temperature was tested.  

 

2.2.2 Cloning of IRF5 in TOPO cloning vector  

Following successful amplification of IRF5, the purified PCR gel product was cloned 

into a pCR-Blunt II-TOPO cloning vector (Figure 2.3) (Invitrogen, Thermo Fisher 

Scientific, US). The reaction mixture was prepared as in Table 2.7 and mixed gently. 

The mixture was incubated for 5 minutes at room temperature and then kept on ice for 

transformation with Top10 competent cells (provided by the commercial kit) as 

described in section 2.1.8 and plated on LB agar with 50 µg/ml of kanamycin. Five 

colonies were selected and cultured in 10 ml of LB medium containing 50 µg/ml of 

kanamycin. The plasmids were extracted using a miniprep kit and digested with 

BamHI and SalI to screen for the positive clones containing IRF5 cDNA inserts. The 

positive clones were sent for DNA sequencing to verify and confirm the presence of 

IRF5 spliced variants (IRF5v4 and IRF5v5), the two variants that were chosen to be 

studied in this project. The positive clones encoding IRF5v4 and IRF5v5 were 

selected and propagated in LB medium containing 50 µg/ml of kanamycin and 

glycerol stock (25% v/v) was prepared for long-term storage.  
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Figure 2.3 The map of pCR-Blunt II-TOPO. 

Image obtained from Thermofisher website.  

 

 

Table 2.7 Reaction mixture for TOPO-cloning.  

Reagent Volume 

PCR product 4µl  

Salt solution  1µl  

pCR II- Blunt-TOPO 1µl 

Final volume 6ul 

 

  



 

   

106 

 

2.2.3 Plasmid constructions 

2.2.3.1 Construction of pLenti-IRF5v4 and pLenti-IRF5v5 

Following confirmation of DNA sequencing, the clones of TOPO vector harbouring 

IRF5v4 and IRF5v5 with restriction enzyme sequences of BamHI and SalI were 

propagated in 10 ml LB medium containing 50µg/ml kanamycin. Similarly, pLenti 

CMV GFP Puro (Addgene 17448) (Figure 2.4) a third-generation lentiviral vector, 

was amplified in 10 ml LB medium with 100 µg/ml of ampicillin medium. The 

isolated plasmids were then linearized with the same restriction enzymes, BamHI and 

SalI and visualized in 1% agarose gel. Fragments of lentiviral transfer vector (pLenti) 

backbone without GFP and the inserts, IRF5v4 and IRF5v5 were excised from the gel 

and purified. Subsequently, both IRF5 variants fragments were cloned into pLenti 

vector (Figure 2.5) by ligation using T4 DNA ligase as described in section 2.1.12. 

The ligated plasmids were transformed into STBL3 strain of E. coli competent cells 

using the heat-shock method as described in section 2.1.8 and selected on 100 μg/ml 

ampicillin in LB agar. Colony PCR and restriction digest were performed to confirm 

the presence of IRF5 variants in the constructed recombinant pLenti vector. The 

colony PCR reaction and cycling condition are as in Table 2.8 and 2.9, respectively. 

The PCR amplicon was assessed with 1% agarose gel electrophoresis.  

 



 

   

107 

 

 

Figure 2.4 The map of pLenti CMV GFP Puro. 

Image obtained from Addgene website. 

 

 

Figure 2.5 The map of constructed pLenti carrying IRF5v4 or IRF5v5. 

The GFP fragment was replaced by IRF5v4 or IRF5v5 insert. The plasmid backbone 

is adapted from Addgene website and modified to illustrate the construction plasmids 

in this project.  
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Table 2.8 Colony PCR reaction mixtures for amplification of IRF5v4 and IRF5v5. 

 

 

Table 2.9 Condition of PCR cycling for verification of IRF5v4 and IRF5v5 with 

BamHI and SalI sequences. 

Steps   Temperature                  Time               Cycling 

Initial denaturation 94
0
C                  2 min                 1x  

Denaturation 

Annealing 

Extension                   

94
0
C                                        45s 

62
0
C                                        45s                              30x 

72
0
                                           2 min 

Final extension 72
0
C                 10 min                  1x 

Cooling   4
0
C                 indefinite                  1x 

 

2.2.3.2 Construction of pcDNA-IRF5v4 and pcDNA-IRF5v5  

Sequences of the primers for amplification IRF5v4 and IRF5v5 were designed based 

on IRF5 variant 4 (IRF5v4) (NCBI accession: AY504947.1) and variant 5 (IRF5v5) 

(NCBI accession: AY693665.1) and modified with the addition of restriction enzymes 

BamHI and XbaI sequences, incorporated at the 5’ and 3’ ends of the primers as 

shown below.  

Forward:5'-TCGGATCCATGAACCAGTCCATCCCA-3',  

Reverse:5’TCTAGAAGCCTTGTTATTGCATGCCAGC-3.  

 

Reagents     Volume (µl) 

 

Nuclease free water  15.875 

GoTaq Flexi reaction buffer  5.0 

25 µM MgCl2   1.5 

10 mM dNTP   0.5 

10 µM Primer F 1.0 

10 µM Primer R 1.0 

GoTaq Polymerase  0.125 

Total volume 25 
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The PCR condition and cycling condition is shown in Table 2.10 and 2.11, 

respectively. Amplified fragments of IRF5v4 (1492bp) and IRF5v5 (1540bp) inserts 

were cloned into pCR Blunt II TOPO vector following the reaction set up as in Table 

2.7. The mixture was mixed well, incubated for 5 minutes at room temperature, and 

then kept on ice for transformation with Top10 competent cells as described in section 

2.1.8 and plated on LB agar with 50 µg/ml of kanamycin. Five colonies were selected 

and cultured in 10 ml of LB medium containing 50 µg/ml of kanamycin. The 

plasmids were extracted using the miniprep kit as described in section 2.1.10.1 and 

digested with BamHI and XbaI following the steps described in section 2.1.11 to 

screen for the positive clones containing IRF5v4 and IRF5v5 inserts. The positive 

clones were sent for DNA sequencing to confirm the presence of both IRF5 spliced 

variants. Following confirmation of DNA sequencing, the clones of TOPO vector 

harbouring IRF5 variants were propagated in 10ml LB medium containing 50µg/ml 

kanamycin. Similarly, pCDNA3.1 (+) mammalian expression vector (Invitrogen, 

USA) (Figure 2.6) was amplified in 10ml LB medium with 100µg/ml of ampicillin 

medium. The isolated plasmids were then linearized with the same restriction 

enzymes, BamHI and XbaI and visualized in 1% agarose gel. The linearized backbone 

was gel purified as described in section 2.1.4. Both inserts were then cloned into the 

linearized pCDNA3.1 (+) backbone separately and ligated using T4 DNA ligase as 

described in section 2.1.12. The ligated plasmids were transformed into the DH5α 

competent cells using heat-shock method as described in section 2.1.8 and selected on 

100 μg/ml ampicillin in LB agar. The positive clones were confirmed by colony PCR 

following the PCR reaction in Table 2.8 and cycling condition as in Table 2.11. The 
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PCR product was visualized in 1% agarose gel. Restriction digestion analysis was 

also performed for further verification. 

Table 2.10 Reaction mixture of PCR for amplification of IRF5v4 and IRF5v5 for 

blunt end cloning. 

 

Table 2.11 Condition of PCR cycling for amplification of IRF5v4 and IRF5v5 with 

BamHI and XbaI sequences. 

Steps Temperature                  Time             Cycling 

Initial denaturation 98
0
C          30 seconds 1x  

Denaturation 

Annealing 

Extension                   

98
0
C                                      10 seconds 

60
0
C                                      30 seconds                  30x 

72
0
C                                      30 seconds 

Final extension 72
0
C              5 minutes 1x 

Cooling   4
0
C                indefinite 1x 

 

Reagents  Volume (µl) 

 

Nuclease free water  16.25 

Phusion High Fidelity reaction buffer  5.0 

10 mM dNTP   0.5 

10 µM Primer F 1.25 

10 µM Primer R 1.25 

Phusion High Fidelity polymerase  0.25 

DNA (template)  1.0 

Total volume 25 
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Figure 2.6 The map of pcDNA3.1 (+).  

Image obtained from Thermofisher website. 
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2.2.4 Transient transfection for pull down assay  

Plasmids DNA for transfection experiments were purified by miniprep as described in 

section 2.1.10.1. For this experiment, the cells were transiently co-transfected with 

constructed  pcDNA 3.1 (+) expression vector consisting IRF5v4 or IRF5v5 and 

human MyD88-YFP expression plasmid (kindly provided by Prof. Dr. Kate 

Fitzgerald, University Massachusetts Medical School, US) at the ratio of 1:1 (6.3µg of 

total plasmid/reaction). Individual plasmids were included as controls. Empty 

pcDNA3.1 (+) was used to make up the total amount of DNA. One day before 

transfection, 1x10
6
 HEK 293T cells were seeded in T-25 flask containing 6.5mL of 

complete DMEM without antibiotic, penicillin/streptomycin to achieve about 70-80% 

confluency. The following day, the plasmids were added to 630 µl of OptiMEM 

(Gibco, Thermo Fisher Scientific, US) according to the desired combinations and 

amounts in 1.5 ml microcentrifuge tubes and gently mixed by pipetting. Next, 19 µl of 

TransIT-X2 Dynamic Delivery System transfection reagent (Mirus Bio LLC,) was 

added to the mixture and gently mixed by pipetting. After incubation at room 

temperature for 30 minutes, the mixture was added dropwise to different areas of the 

flask and incubated at 37
0
C overnight. Fresh complete medium was replaced and a 

further incubation of 24 hours was allowed before harvest for the protein extraction 

step. 
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2.2.5 Biotinylated oligonucleotide DNA pull down assays and western blot 

analysis 

Samples were extracted using the NEPER protein extraction kit as described in 

section 2.1.17. Concentrations of protein were quantified using the BCA protein assay 

kit in a 96-well plate as described in section 2.1.16.2. The DNA pull-down assay was 

performed using Dynabeads M280 Streptavidin (Invitrogen, Thermo Fisher Scientific, 

US). The sequence of Il13/ISRE was obtained from the Genomatix database and the 

oliogonucleotides were synthesised by Integrated DNA Technologies (First Base Sdn. 

Bhd). Additional sequences were obtained from the human IL-13 chromosome 

sequence (NCBI accession no: NC_012090.1) and added at both 5’ and 3’ end to 

facilitate better binding. Biotinylated antisense oligonucleotides were annealed with 

corresponding sense oligonucleotides as in Table 2.12. Scrambled oligonucleotide 

generated using http://mkwak.org/oligorand/ was included as control. Biotinylated 

Il13/ISRE or scrambled oligonucleotide at 15 µg was coupled with Dynabeads at 

room temperature for 2 hours. Beads were washed and incubated with 150 µg of 

protein lysates for 2 hours at 4
o
C. Following extensive washing, the specifically 

bound proteins were separated using 10% SDS-PAGE and detected by western blot 

analysis as described in section 2.1.16. The blots were incubated with ECL substrate 

reagent and the chemiluminescence signal was captured using x-ray film as described 

in section 2.1.16.5 and 2.1.16.6, respectively.  

 

 

http://mkwak.org/oligorand/
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Table 2.12 Sequences of oligonucleotides used for pull down assay. 

Oligonucleotides Sequence (5’ → 3’) 

IL13-ISRE-S 

(51 nts) 

5’-

TAAGAGACTGGTTCATCGAAAAAATAAAACTCCCCAAATTC

CCATAGCTGG-3’ 

IL13-ISRE-ASB 

(51 nts) 

5’-biotin- 

CCAGCTATGGGAATTTGGGGAGTTTTATTTTTTCGATGAACC

AGTCTCTTA-3’ 

Scrambled-S 

(51 nts) 

5’-

CATACATCAACAAGAGCCACCCGCAAAGCTAAGCCTTAGG

ATGATCGCATA-3’ 

Scrambled-ASB 

(51 nts) 

5’-biotin-

TATGCGATCATCCTAAGGCTTAGCTTTGCGGGTGGCTCTTGT

TGATGTATG-3’ 

S: sense 

ASB: antisense biotinylated 

 

2.2.6 Transient transfection and dual luciferase reporter assay 

The HEK293T cells were seeded at 5 x 10
4 

cells/well at 100 µl in a 96-well flat 

bottom plate. The cells were transfected with 25, 50, 75, or 100 ng of IRF5v4, IRF5v5 

or MyD88 expression plasmids at varying combinations. In co-transfection of MyD88 

together with IRF5v4 or IRF5v5, different amounts of expression plasmids were 

added. When increasing the concentration of MyD88 (25-100 ng), the concentration 

of IRF5v4 or IRF5v5 was kept constant at 100 ng, whereas when the concentration of 

IRF5v4 or IRFv5 (25-75 ng) was increased, the concentration of MyD88 was kept 

constant at 100 ng. The reporter human IL13 promoter luciferase plasmid (Addgene 

11784) was added at 40 ng and internal control Renilila luciferase control plasmid 

was included at 10 ng (both of the plasmids were kindly provided by Prof. Dr. Kate 

Fitzgerald, University Massachusetts Medical School, US). Empty vector pCDNA 3.1 

(+) was added to make up the total amount of DNA to 250 ng/well. TransIT-X2 
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Dynamic Delivery System was used as the transfection reagent diluted in Opti-MEM. 

Luciferase signals were measured in cell lysates 24 hours post-transfection using the 

Dual Luciferase assay kit (Promega, US). Briefly, the cells were washed with PBS 

and 50 l/well of 1X PLB lysis buffer was added into each well. The plate was 

incubated for 15min at room temperature with intermittent rocking to improve cell 

lysis. A total of 20 l of cell lysate was aliquoted to a 96-well flat bottom white plate 

pre-filled with 40ul of LARII solution and luminescence signal was read using the 

VarioSkan Flash multiwell plate reader (Thermo Scientific) at 10s exposure time. 

After that, 40 l of Stop & Glo reagent was added and vortexed briefly before reading 

at the same setting. Values were expressed as ratios of the luminescence from the 

firefly (experimental plasmid: IL-13) to renilla (control plasmid) for normalisation. 

Experiments were repeated three times in triplicate. 

2.2.7 Transient transfection for recombinant lentivirus production 

Plasmids DNA for transfection experiments were purified by maxiprep as described 

in section 2.1.10.2. The production of recombinant lentivirus in this project involves 

co-transfection of transfer vector, packaging, and envelope plasmids in HEK 293T 

cells (Figure 2.7). Seeding of 5x10
6
 HEK 293T cells, were done in T- 75 cell culture 

flask containing 15mL of complete DMEM without antibiotic, penicillin/streptomycin 

the day before transfection to achieve about 70-80% confluency. The ratio 1: 2.4 of 

DNA to transfection reagent was utilized in this experiment. The amount of three 

plasmids, transfer (pLenti, pLenti_IRF5v4 or pLenti_IRF5v5), psPAX2 (Addgene 

12260, Figure 2.8) and envelope plasmid, pmD2G (Addgene 12259, Figure 2.9) at the 
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ratio of 4:3:1 respectively was used [247,248]. Transfection was carried out in 

separate T-75 flasks, whereby one of the flasks were used to transfect control vector 

(pLenti-GFP) together with the helper plasmids (psPAX2 and pmD2G) and another 

flask was used for constructed pLenti-IRF5v4 or IRF5v5 together with the helper 

plasmids. All three plasmids were mixed in a sterile conical tube containing 1857 µl 

of Opti-MEM. 45 µl of TransIT-X2 transfection reagent was added dropwise into the 

conical tube containing the plasmids and OptiMEM and incubated undisturbed for 30 

minutes for complex formation. The mixture was swirled using a pipette tip and was 

slowly added onto the cells dropwise. The flask was rocked in circular and sideways 

to distribute the complex evenly over the cells. The cells were incubated at 37
0
C and 

5% CO2 for 16 hours. On the next day, transfection media was removed and replaced 

with 15 ml of complete DMEM and incubated for 24 hours. After 24-hour incubation, 

the first harvest of viral supernatant was collected and stored in 4
0
C. Another 15ml of 

fresh complete DMEM was added and cells were further incubated for 24 hours prior 

to the second harvest of viral supernatant. The 24-48 hours post-transfection viral 

harvests were pooled and centrifuged at 1500 rpm for 5 minutes at 4
0
C and filtered 

using 0.45µm polyethersulfone (PES) filter (Sartorius,Germany). The cell-free 

supernatant was stored at 4
0
C for not more than 24 hours, and used for transduction. 

This is because repeated freeze-thaw has reported to reduce transduction efficiency 

[249]. The efficiency of transfection was accessed by GFP expression by lentivirus 

produced by the control pLenti vector using a fluorescence microscope. The 

percentage for transfection efficiency was roughly estimated through visual inspection 

of GFP expression seen under the fluorescence microscope.  



 

   

117 

 

 

 

Figure 2.7 Schematic illustrations of recombinant lentivirus production. 

Image obtained from Addgene website.  

 

 

 

Figure 2.8 The map of psPAX2. 

Image obtained from Addgene website. 
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Figure 2.9 The map of pMD2.G 

Image obtained from Addgene website. 
 

2.2.8 Transduction of Jurkat cells  

The protocol was adapted from Darse et al. with slight modification [250]. Briefly, 2 

x 10
5
 cells were seeded in six separate centrifuge tubes with 2 ml of complete RPMI 

containing 8 µg/ml of the final concentration of hexadimethrine bromide (Sigma-

Aldrich). For each tube, 2ml of fresh virus supernatant was added except into one 

tube, which was set as negative control (without virus). The cells were spinoculated at 

1,200 x g for 90 minutes at 25
0
C. After spinoculation, cells were resuspended and 

added into each well. After 24 hours infection, the medium was replaced with 2 ml of 

fresh complete media by centrifugation. The cells were further incubated for another 

48 hours. The efficiency of transduction was accessed by GFP expression by 

lentivirus produced by the control pLenti vector using a fluorescence microscope. The 
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percentage for transfection efficiency was roughly estimated through visual inspection 

of GFP expression seen under the fluorescence microscope.  

 

2.2.9 Stable clone selection  

2.2.9.1 Puromycin titration  

For each well, 2 x10
5
 of Jurkat cells in 2ml of complete media were seeded in each 

well at 6 well-plates. Puromycin (Gibco, Thermo Fisher Scientific, US) was added at 

concentrations of 0.5, 1, 2, 5, and 10 µg/ml separately into the respective well. The 

first well was set as negative control (without puromycin). The cells were incubated at 

37
0
C, 5% CO2 for 72 hours. The viability of cells was assessed by trypan blue and 

counted as described in section 2.1.14.1.6.  

2.2.9.2 Polyclonal selection  

Transduced cells were subcultured for two weeks with complete RPMI media 

containing a final volume of 5 µg/ml puromycin. Untransduced cells were used as the 

negative control.  

2.2.9.3 Monoclonal selection  

The protocol was adopted from Lieber et.al with some modifications [251]. Briefly, 1 

x10
4
 cells were prepared in 20 ml media. From the tube, 5 µl of cells were aspirated 

into tube containing 5 ml of RPMI complete media, 5 µg/ml puromycin and 5 ml of 

self-conditioned media. Self-conditioned media was collected from healthy growing 

Jurkat cells culture (untransduced cells), whereby the cells were spun down and the 

supernatant was collected into a sterile tube and filtered using a 0.22 µm 
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polyvinylidenefluoride (PVDF) filter (Merckmillipore, Merck&CO). After that, 100 

µl of the diluted cell suspension were pipetted in each well. The cells were incubated 

undisturbed at 37
0
C in 5% CO2 for 2 hours. Later the wells were inspected and the 

wells with only a single colony were marked. The plate was incubated undisturbed at 

37
0
C in 5% CO2 for three weeks with regular inspection for confluency. Once the 

monoclonal cells were established, the selected monoclonal cells were used within 15 

passage numbers. 

 

2.2.10 Confirmation of IRF5v4 and IRF5v5 stably expressed Jurkat cells by RT-

PCR  

The cells were counted and 2 x10
6 

of untransduced Jurkat cells, IRF5v4 and IRF5v5 

stably expressed Jurkat culture cells were harvested by centrifugation at 1000 rpm for 

10 minutes at 25
0
C. The supernatant was discarded by aspiration and the cells pellet 

was saved for RNA isolation. The cells pellet was lysed with 350 µl of RLT lysis 

buffer that was provided in the RNA isolation kit and kept at -20
0
C for overnight. The 

following day, samples were prepared for gene expression by RT-PCR as described in 

section 2.1.15. The target gene, primers sequence, annealing temperature, and 

amplicon size are shown in Table 2.13. The cDNA of IRF5 and β-actin expression 

was generated by 30 cycles of PCR amplification following the PCR reaction and 

cycling condition in Table 2.2 and Table 2.3, respectively. The PCR products were 

visualized in 1.5% agarose gel electrophoresis.  
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Table 2.13 Primers and PCR product for determination of IRF5 and β-actin expression. 

Target 

gene  

Primer sequence (5’ → 3’) 

Forward (F), Reverse (R) 

Annealing  

temperature (
0
C) 

Amplicon size  

(bp) 

References 

IRF5 F:5’-CCTTAACAAGAGCCGGGACT-3’ 

R:5’-GCTCCAGGACCTCAGAGAGA-3’ 

58 398 Constructed using Bioedit 

software (detail steps is 

attached in Appendix-1.2)  

β-actin F:5’-AGAGCTACGAGCTGCCTGAC-3’ 

R:5’-AGCACTGTGTTGGCGTACAG-3’ 

58 182 [252] 
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2.2.11 Confirmation of IRF5v4 and IRF5v5 stably expressed Jurkat cells by 

western blot analysis  

 

The cells were counted and 2 x10
6 

of untransduced Jurkat, IRF5v4, and IRF5v5 stably 

expressed Jurkat cells were harvested by centrifugation at 1000 rpm for 10 minutes at 

25
0
C. The supernatant was discarded by aspiration and the cells pellet for whole 

protein extraction and quantification as described in sections 2.1.16.1 and 2.1.16.2, 

respectively. Each sample, 40 g of proteins, was separated by 10% SDS-PAGE at a 

constant voltage of 120 V for 1 hour 20 mins and then transferred onto nitrocellulose 

membrane for immunoblotting as described in section 2.1.16.3 and 2.1.16.4, 

respectively. Chemiluminescence signal was generated using ECL substrate and 

captured using GelDoc System as described in section 2.1.16.5. The detected 

membrane blot was strip using mild-stripping buffer as described in section 2.1.16.7. 

The detection of housekeeping gene was then performed with incubation with primary 

and secondary antibody as mentioned in section 2.1.16.3. Chemiluminescence signal 

was generated using ECL substrate and captured using GelDoc System as described in 

section 2.1.16.5. 

2.2.12 Titration of mitogens concentration for optimal stimulation  

For cell activation, the combination of two mitogens; PMA, (Nacalai Tesque, Inc) and 

Ionomycin (Calbiochem Merck, Merck & Co) were used. To determine the optimal 

concentration for cell activation, 2x10
6
 cells of Jurkat  cells (untransduced cells) were 

cultured in the combination of concentration of PMA (5, 10, 25, 50 ng/ml) and 

Ionomycin (0.5 or 1 M) or left untreated for 24 hours. After 24 hours, the viability of 
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cells was assessed by trypan blue as described in section 2.1.14.1.6 and the 

supernatant of the cell culture was processed as in section 2.2.14 that was used for IL-

2 ELISA assay as described in section 2.1.18.1.  

2.2.13 Mitogen stimulation for cytokine production by mRNA analysis  

The cells were counted and 2 x10
6 

of untransduced Jurkat, IRF5v4, and IRF5v5 stably 

expressed Jurkat cells were cultured in presence or absence of 25 ng/ml of PMA and 

1µM of Ionomycin for 6 hours. After 6 hours the cultured cells were spun down by 

centrifugation at 1000 rpm for 10 minutes at room temperature. The supernatant was 

discarded by aspiration and the cells pellet was saved for RNA isolation. The cells 

pellet was lysed with 350 µl of RLT lysis buffer (Qiagen) and kept in -20
0
C for 

overnight. The following day, samples were prepared for gene expression by RT-PCR 

as described in section 2.1.15. The target gene, primers sequence, annealing 

temperature, and amplicon size is shown in Table 2.14. The PCR amplicon was then 

loaded into 1.5% agarose gel and the band of the expected size was quantified using 

Image J software. The quantified values obtained from each cDNA band’s intensity 

were divided with the intensity of the DNA ladder marker (500 bp).The relative 

expression values were calculated from ratios of cytokines to the housekeeping gene, 

β-actin. The experiments were conducted three times.  

2.2.14 Mitogen stimulation for cytokine production by protein analysis 

The cells were counted and 2 x10
6 

of untransduced Jurkat, IRF5v4, and IRF5v5 stably 

expressed Jurkat cells were cultured in the presence or absence of 25 ng/ml of PMA 

and 1µM of Ionomycin for 24 hours. After 24 hours the cultured cells were spun 
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down by centrifugation at 1000 rpm for 10 minutes at 4
0
C. The supernatant was 

transferred into a sterile tube and kept on ice. The collected supernatant was mixed 

well by pipetting up and down several times. The supernatant was aliquoted into 

several 1.5 ml microcentrifuge tubes with 250 µl each and immediately kept on ice. 

The tubes were later transferred to -80
0
C till use. The tubes were thawed on ice prior 

to use and the samples were assayed by ELISA as described in section 2.1.18. 

Experiments were performed three times in duplicates.  

2.2.15 Statistical analysis  

The statistical analysis was performed using GraphPad Prism 8 software. A two-way 

ANOVA with Tukey multiple comparison tests was used. Values are expressed as 

mean ± standard error of mean.  
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Table 2.14 Primers and PCR product size for Th1 and Th2 cytokines gene expression. 

Target gene  Primer sequence (5’ → 3’) 

Forward (F), Reverse (R) 

Annealing 

temperature (
0
C) 

Amplicon size 

(bp) 

References 

IFNγ F:5’-TGGGTTCTCTTGGCTGTTACTGCC-3’ 

R:5’-TACTGGGATGCTCTTCGACCTCGA-3’ 

60 453 [253] 

IL-2 F:5’-CAAGAATCCCAAACTCACCAGG-3’ 

R:5’-CAATGGTTGCTGTCTCATCAGC-3’ 

60 250 [254] 

IL-4 F:5’-CGGACACAAGTGCGATATCACC-3’ 

R:5’-CCAACGTACTCTGGTTGGCTTCC-3’ 

60 331 [254] 

IL-13 F:5’-TGCAATGGCAGCATGGTATG-3’ 

R:5’-GCAGGTCCTTTACAAACTGG-3’ 

60 213 [255] 
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Chapter 3 

 

3 Results 

3.1 Isolation of human IRF5 spliced variants from B cells cDNA library  

As mentioned earlier, the human Irf5 gene exists as multiple spliced variants that give rise to 

distinct isoforms (Figure 1.4). In the present study, we used human IRF5 spliced isoforms 

encoding variant 4 and variant 5 sequences. Both IRF5 variants are derived from exon 1A 

that have higher translational efficiency compared to the other exons (1B, 1C and 1D) [28]. 

Of note, these variants differ in their exon 6; as IRF5v5 contains full genomic sequence while 

IRF5v4 confers deletion within the region. As mentioned earlier, constitutive expression of 

IRF5 has been detected in B cells, monocytes, macrophages, dendritic cells, and NK cells but 

barely in T cells. In terms of transcripts derived from exon1A, the constitutive expression of 

the variants is predominantly found in B cells and plasmacytoid dendritic cells [27,162]. For 

this study, IRF5 cDNA was obtained from the cDNA library of human B cells by PCR 

amplification using primers that were designed with restriction enzymes BamHI and SalI as 

described in section 2.2.1. Higher annealing temperatures of 60
0
C and 62

0
C were used, since 

no clear amplification of IRF5 band was seen at lower annealing temperatures (Appendix 

2.1.) Both the annealing temperature of 60
0
C and 62

0
C gave the correct fragment of the 

expected band of approximately 1500 bp as seen in Figure 3.1. However, more non-specific 

bands were seen at an annealing temperature of 62
0
C compared to 60

0
C. Hence, an annealing 

temperature of 60
0
C was chosen as the optimal annealing temperature for subsequent PCR 

cycling. 
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Figure 3.1 Amplification of IRF5 from cDNA of B cells.  

The amplification of IRF5 coding sequences with expected band of approximately 

 1500 bp was seen at 60
0
C (Lane 3) and a sharp distinct band was seen at 62

0
C (Lane 

 5) as indicated by the red box. Negative control (no template) was included in Lane 2 

 and Lane 4. 1kb Plus DNA ladder was loaded in Lane 1 and the major marker band 

 size has been labelled as shown in blue arrow.  
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Following successful amplification of IRF5, the PCR product was gel-purified 

and inserted into the TOPO cloning vector with 50 µg/ml kanamycin selections. A 

total of five colonies of transformants were selected and colony PCR was done to 

verify the presence of IRF5 cDNA in the selected transformants. As seen in Figure 

3.2, all the transformants showed a clear band with the expected size of approximately 

1500 bp. For further verification, plasmids from the transformants were isolated and 

were digested with restriction enzymes, BamHI and SalI as shown in Figure 3.3. As 

seen from the gel image, all the transformants gave correct fragments after digestion, 

indicating that cloning of IRF5 cDNA was successful. To determine which of the 

positive clones encoded for IRF5v4 and IRF5v5 cDNA sequences, all the five 

positive clones were sent for DNA sequencing. The sequencing results revealed that 

transformant 1 encoded IRF5v5 and transformant 3 encoded IRF5v4 (Sequencing 

results are presented in Appendix- 2.2(a)). Sequence alignment of these two IRF5 

spliced variants showed that IRF5v4 confer deletion of 48 nucleotides, while IRF5v5 

showed no deletion as they expected to be. The differences in sequences between 

these two spliced variants are illustrated in Figure 3.4. 
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Figure 3.2 Colony PCR of Top-10-IRF5 harbouring BamHI and SalI. 

PCR product of the five transformants was loaded in Lane 3 to Lane 7. All the 

transformants showed bands of the expected band size of approximately 1500 bp as 

indicated by the red arrow. 1kb Plus DNA ladder was loaded in Lane 1 and the major 

marker band size has been labelled as shown in blue arrow. Negative control (no 

template) was included in Lane 2. 
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Figure 3.3 Restriction digestions of TOP10- TOPO-IRF5 transformants with BamHI 

and SalI. 

Transformants from the PCR screening were digested with BamHI and SalI restriction 

enzymes. All digested transformants loaded in Lane 2 to 6 gave bands at the expected 

band size (1500 bp) as indicated in by the red box. 1kb Plus DNA ladder was loaded 

in Lane 1 and the major marker band size has been labelled as shown in blue arrow.  

 

 

 

 

 



 

   

131 

 

 

Figure 3.4 Pairwise sequence alignments of human IRF5v4 and IRF5v5 coding 

sequences.  

The dashed lines highlighted by the red box indicate deletion (48 nucleotides) within 

IRF5v4 in comparison to IRF5v5 sequences, which showed no deletion as expected. 
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3.2 DNA binding activity and transcriptional activation of IL-13 by IRF5 

3.2.1 Construction of pcDNA-IRF5v4 and pcDNA-IRF5v5 expression vector 

To examine the effect of transcriptional activity of IL-13 by IRF5, pcDNA 3.1+ 

mammalian expression vector harbouring IRF5v4 or IRF5v5 (represented as pcDNA-

IRF5v4 and pcDNA-IRF5v5) was first established. Plasmids of IRF5v4 and IRF5v5 

derived from TOPO cloning as described in section 3.1 were used as template to 

generate PCR fragments of IRF5 spliced variants with ends of BamHI and XbaI to 

accommodate for ligation into pcDNA3.1+ expression vector. The PCR products 

were gel purified and cloned into pCR-Blunt II-TOPO as described in section 2.2.3.2. 

The cloning strategy for construction of TOPO-IRF5v4 and TOPO-IRF5v5 containing 

BamHI and XbaI sequences is illustrated as in Figure 3.5. The cloning was verified 

with colony PCR, whereby a total of ten colonies; five colonies for each IRF5v5 and 

IRF5v4 were selected (v5c1 – v5c5 and v4c1 – v4c5) for screening.  
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Figure 3.5 The cloning strategy for construction of TOPO-IRF5v4 and TOPO-IRF5v5 harbouring BamHI and XbaI sequences. 
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As observed from the gel image (Figure 3.6), all the IRF5v5 colonies (v5c1 – 

v5c5) showed bands of the expected size (1540 bp), whereas for IRF5v4 colonies, 

only three colonies showed bands of the expected size (1492 bp). The other two 

colonies (v4c4 and v4c5) have no inserts; thus, these two colonies were omitted in 

further verification. Following colony PCR, the presence of IRF5v4 and IRF5v5 

cDNA inserts were verified through restriction enzyme digestion of BamHI and XbaI. 

As expected, the gel electrophoresis of the digested products resulted in estimated 

bands of approximately 1500 bp for IRF5v4 and IRFv5 inserts as seen in Figure 3.7. 

DNA sequencing of the positive transformants confirmed the presence of IRF5v4 and 

IRF5v5 cDNA in respective clones sent for verification (results are presented in 

Appendix-2.2(b)).  
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Figure 3.6 Colony PCR screening of transformants TOP10-TOPO-IRF5v5 and 

TOP10-TOPO-IRF5v4. 

It was done to verify the presence of recombinant plasmids carrying the IRF5v5 and 

IRF5v4 fragments harboured BamHI and XbaI sequences. All the transformants of 

IRF5v5 (v5c1-v5c5; from lane 1 to 5) showed expected band size (1540 bp). On the 

other hand, only three transformants of IRF5v4 (v4c1-v4c3; from lane 8-10) showed 

expected band size (1492 bp). 1kb Plus DNA ladder was loaded in Lane 7 and one of 

the major marker band size; 1500 bp was labelled red. Negative control (no template) 

was included in Lane 6 and Lane 13. 
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Figure 3.7 Restriction digestions of TOP10- TOPO-IRF5v4/v5 transformants with 

BamHI and XbaI. 

Transformants from the PCR screening were digested with BamHI and XbaI 

restriction enzymes. The digested fragments of IRF5v5 (v5c1-v5c5; from lane 1 to 5) 

and IRF5v4 (v4c1-v4c3; from lane 7-9) showed expected band size of approximately 

1500 bp as indicated by the red arrow. 1kb Plus DNA ladder was loaded in Lane 6 

and one of the major marker band size; 1500 bp was labelled red. 

 

The expression vector, pcDNA 3.1 (+) was engineered to carry DNA 

fragments of IRF5v4 or IRF5v5. To do so plasmids from TOPO cloning vector 

harbouring IRF5v4 or IRF5v5 and pcDNA 3.1 were extracted and linearized with the 

same restriction enzymes, BamHI and XbaI. Gel electrophoresis of the digested 

product resulted in estimated bands consisting approximately of 5300 bp for pcDNA 

vector backbone and approximately 1500 bp for IRF5 inserts respectively (Figure 

3.8). The fragment of the expected bands of pcDNA and IRF5 variants were excised 
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and purified, followed by ligation and transformation into DH5α competent cells. The 

cloning strategy for the construction of pcDNA-IRF5v4 and pcDNA-IRF5v5 are 

illustrated in Figure 3.9. The positive clones for each spliced variant constructed into 

pcDNA were selected with 100 µg/ml ampicillin. Colony PCR was performed to 

verify the presence of inserts and the integrity of DNA was analysed with 1% agarose 

gel as shown in Figure 3.10. Results from the colony PCR confirmed that IRF5 inserts 

have been successfully incorporated into pcDNA 3.1+.  
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Figure 3.8 Restriction digestions of extracted plasmids using BamHI and XbaI of 

pcDNA 3.1, TOPO-IRF5v5 and TOPO-IRF5v4.  

The pcDNA vector, TOPO-IRF5v4 and TOPO-IRF5v4 were either digested with 

BamHI and XbaI or left undigested. The digested fragments were loaded into two 

combined wells in respective lanes as indicated by the red box. As seen in Lane 3-4, 

the pcDNA vector backbone without GFP sequences gave fragment of 5300 bp. 

While digested TOPO-IRF5v5 and TOPO-IRF5v4 gave fragments of approximately 

1500 bp as seen in Lane 5-6 and Lane 7-8 respectively. 1kb Plus DNA ladder was 

loaded in Lane 1 and the major markers band sizes has been labelled as shown in blue 

arrow. The undigested pcDNA vector, TOPO-IRF5v5 and TOPO-IRF5v4 plasmid 

were loaded into Lane 2, 9 and 10 respectively.  
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Figure 3.9 The cloning strategy for construction of pcDNA-IRF5v4 or pcDNA-IRF5v5. 
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Figure 3.10 Colony PCR screening of transformants DH5α-pcDNA3.1- IRF5v5 and 

transformants DH5α-pcDNA3.1- IRF5v4. 

PCR screening of transformants for identification of IRF5v5 were loaded into Lane 3-

7, while for transformants IRF5v4 were loaded into Lane 8-12. Out of five selected 

transformants, two positive transformants showed the presence of IRF5v5 (Lane 5 and 

6), while only one transformant showed the presence of IRF5v4 (Lane 9). 1kb Plus 

DNA ladder was loaded in Lane 1 and the major markers band sizes has been labelled 

as shown in blue arrow. Negative control (no template) was included in Lane 2. 

 

 

 

 



 

   

141 

 

3.2.2 Establishment of transient transfection protocol for pull down assay 

To examine whether IRF5 can bind to the ISRE region of the IL13 promoter, a DNA 

pull-down assay was conducted. The DNA pull-down assay is a fast, reliable, and 

useful method to determine whether proteins, in this case, transcription factor binds to 

DNA within the target region [256]. To do so, a transient transfection experiment was 

performed followed by isolation of nuclear protein from lysates of transfected cells 

which were used in a pull-down assay. The protocol for transient transfection was 

adapted from the previous study conducted by our group [190]. The ratio of plasmid 

DNA to transfection reagent used was 1:3 following the manufacturer’s 

recommendation. MyD88 expression plasmid used in this project was conjugated with 

a reporter gene; yellow fluorescent protein (YFP) which was helpful in evaluating 

whether the experiments carried out following the protocol designed were ideal and 

successful.  

In the initial phase of the investigation, a trial was conducted. For this trial 

experiment, pcDNA-IRF5v5 and MyD88 were used. Equal amounts of pcDNA-

IRF5v5 and MyD88 expression plasmids were co-transfected into HEK 293T cells. 

Individual plasmids were included as control and empty pcDNA was added to bring 

the same total amount of DNA in each well. Based on the results, no YFP expression 

was detected in untransfected cells (Figure 3.11(a)) and transfected cells with IRF5v5 

(Figure 3.11(b)). On the other hand, cells transfected with MyD88 showed about 60-

70% of YFP expression when visually inspected as shown in Figure 3.11(c). A similar 
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result was observed when cells were co-transfected with IRF5v5 and MyD88 as 

shown in Figure 3.11 (d).  

 

Figure 3.11 Visualisation of YFP expressions in HEK 293T cells at day 2 post-

transfection. 

(a) untransfected cell, (b) transfected with IRF5v5 plasmid, (c) transfected with 

MyD88 and (d) co-transfected IRF5v5 and MyD88 plasmids. Photos were taken 

under Nikon Inverted Microscope Eclipse TS2R under fluorescent light (x100 

magnification). The exposure time of fluorescent photos were 600 milliseconds.  
 

Following the assessment through a fluorescence microscope, we checked 

whether the transfected cells expressed the targeted protein of interest. Cells were 

lysed and the whole protein was subjected to western blot and detected using an anti-

IRF5 antibody. As seen in Figure 3.12, a sharp band was clearly seen from cell lysate 
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containing transfected IRF5v5 as well as in the co-transfected cells of IRF5v5 and 

MyD88. In addition, as expected no band was detected in untransfected cells or with 

cells transfected with MyD88 plasmid in absence of IRF5v5. From these results, we 

confirmed that our protocol used as described in section 2.2.4 was optimal for 

successful transient transfection. 

 

Figure 3.12 Confirmation of IRF5v5 protein by western blot analysis during trial. 

The presence of ~60kDa representing IRF5v5 protein was detected in whole cell 

lysates from cells co-transfected with MyD88 and IRF5v5 plasmids and cells with 

transfected IRF5v5 plasmid alone without MyD88. As expected, no band was 

detected from protein extracted from cells transfected with MyD88 plasmid alone as 

well as in untransfected cells. The chemiluminescense signal was captured by CL-

exposure film.  
 

3.2.3 Binding of IRF5v4 and IRF5v5 to ISRE region of IL13 promoter 

The HEK 293T cells were transiently transfected either with pcDNA-IRF5v4 or 

pcDNA-IRF5v5 in the presence and absence of human MyD88 expression plasmid at 

1:1 ratio to 6.3µg of the total plasmid. Individual plasmids were included as control 

and empty pcDNA was added to bring the same total amount of DNA in each well 

(6.3 µg plasmid per reaction). Double-stranded oligodeoxynucleotides (51 

nucleotides) corresponding the ISRE region or its mutant (scrambled 
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oligodeoxynucleotides) were synthesized and biotin-labelled at the 5’end of the 

negative strand, as described in section 2.2.5. The nuclear protein of transfected cells 

lysates were incubated with biotinylated oligonucleotides corresponding to the ISRE 

site immobilized on magnetic streptavidin beads and the specifically bound proteins 

were eluted and identified by western blot with incubation of IRF5 antibodies. The 

input lanes (Input) contained 30% of the proteins that were used for pull-down and 

subjected to western blot with incubation of IRF5 antibodies. The Input is important 

control to validate whether extracted nuclear protein from the transfected cells, indeed 

contained the expressed proteins of the individual plasmids as indicated. The results 

confirmed the presence of IRF5v4 (Figure 3.13(a)) and IRF5v5 (Figure 3.13(b)) 

protein from the nuclear lysates of transfected cells with IRF5v4 and IRF5v5 

expression plasmid represented by the ~ 60 kDa protein band. As expected, no band 

was detected from the lysates of transfected either with MyD88 or empty vector, 

pcDNA 3.1. 

 

It is known that ectopic MyD88 activates IRF5 [190]. When IRF5v4 or 

IRF5v5 were co-transfected with MyD88, the nuclear lysates were shown to be pulled 

down by IL13/ISRE specific DNA fragment as depicted in Figure 3.13(c) and 3.13(d) 

respectively. This is represented by the presence of the expected band size of ~60 kDa 

protein corresponding to IRF5v4 and IRF5v5 protein. Notably, the band was only 

detected when nuclear lysates containing both the MyD88 and IRF5v4 expressing 

plasmids were pulled down by IL13/ISRE specific DNA fragment (Figure 3.13(c)). 

Whereas in the absence of MyD88 expression plasmid, there was no band detected 
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from nuclear lysate containing IRF5v4 expression plasmid alone. On the contrary, 

IRF5v5 band was detected when nuclear lysates containing IRF5v5 expression 

plasmid alone was pulled down by IL13/ISRE specific DNA fragment (Figure 

3.13(d)). Remarkably, co-transfection of MyD88 and IRF5v5 resulted in much 

enhanced band size corresponding to IRF5v5 protein. None of these IRF5 isoforms 

bound to the scrambled oligonucleotide internal control under the same condition, 

implying the specificity of the pull-down assay for the association of IRF5/Il13-ISRE 

rather than the presence of any non-specific binding. Taken together, these data 

demonstrated that both IRF5v4 and IRF5v5 can bind to the ISRE region of Il13 

promoter, thereby suggesting binding of these IRF5 variants could serve as significant 

role in regulating the expression of IL-13.  
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Figure 3.13 DNA pull down assay of IRF5v4 and IRF5v5 using IL13/ISRE specific 

fragment.  

Input represents verification of western blot performed using 30% of nuclear lysates 

prior to pulldown assay to confirm the presence of expressed protein as indicated by 

the detected band. Band was seen from nuclear protein lysates from HEK 293T cells 

transfected with IRF5v4 with or without the presence of MyD88 (a), IRF5v5 with or 

without the presence of MyD88 (b). No band was detected from the lysates of 

transfected either with MyD88 or empty vector, pcDNA 3.1. For the pulldown, 

nuclear protein lysates were incubated with biotinylated oligodeoxynucleotides 

corresponding to ISRE site and detected by western blot. Band was seen from nuclear 

protein lysates from HEK 293T cells transfected with IRF5v4 in presence of MyD88 

(c) and IRF5v5 with or without presence of MyD88 (d). No band was detected from 

nuclear lysates of cells transfected with MyD88 alone and empty vector, pcDNA 3.1 

as well as when the nuclear protein lysates from each transfected cells incubated with 

scrambled oligodeoxynucleotides.  
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3.2.4 Transcriptional activity of IL13 promoter by IRF5v4 and IRF5v5 

To examine whether the binding of IRF5 variants to the ISRE region on the 

Il13 promoter has a functional role, transient transfection was performed to evaluate 

the activity of luciferase reporter construct driven by Il13 promoter. The experiment 

was conducted following optimized protocol performed by our group in previous 

study [10,190]. In this project, the transient transfection involved the co-transfection 

of the individual IRF5 variants together with Il13 promoter luciferase reporter and 

with the presence or absence of MyD88 in HEK 293T cells. A constant amount of 

both the reporter Il13 promoter luciferase plasmid and internal control T4 Renilla 

were included as described in methodology section 2.2.6. In order to check for any 

background signal interference between the two reporter plasmids used in this 

reporter assay, important controls (transfection of Il13 promoter and T4 renilla 

plasmids alone) were included in the experiments (see Appendix 2.3). Based on the 

results, there was no signal interference between the two reporters since no high 

background signal was observed. To be precise, in the absence of renilla signal 

reporter, the luminescence recorded from firefly luciferase reporter containing Il13 

promoter (IL-13-firefly luciferase) was 0.067. While, in absence of IL-13-firefly 

luciferase reporter, the luminescence signal recorder from renilla reporter was 0.012. 

Co-transfection of the two reporter plasmids gave luminescence signal of 0.043.  

 

As part of our investigation of studying the effect of IRF5v4 and IRF5v5 on 

IL-13 transcriptional activation, we wanted to evaluate whether the amount of 
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IRF5v4, IRF5v5 and MyD88 had any influence on the Il13 promoter activity. 

Therefore, HEK 293T cells were co-transfected with IL-13-firely luciferase together 

with various amounts of IRF5v4 or IRF5v5 and MyD88 expressing plasmids in 

presence of renilla reporter. For better visualization, the observed effect, and values of 

relative luciferase units from the luminescence signals recorded are presented as in 

Figure 3.14. Based on the results, the presence of MyD88 alone without IRF5v4 or 

IRF5v5 led to some enhancement of Il13 promoter activity. In terms of relative 

luciferase of Il13 promoter activity, when the concentration of MyD88 was increased 

from 25 ng to 75ng, the values were found to increase from 0.22 to 0.47. However, 

the level dropped to 0.32 when the highest 100 ng concentration of MyD88 was 

tested.  

 

Unlike MyD88, increasing concentration of IRF5v4 or IRF5v5 alone had a 

negligible effect on Il13 promoter activity, as there was only a slight increase of 

signal levels observed above the basal level. In the situation when the varying amount 

of MyD88 was tested in the presence of 100 ng of IRF5v4, there was no gradual 

increment of Il13 promoter activity seen. In fact, Il13 promoter activity seemed 

reduced when the concentration of MyD88 was increased in presence of IRF5v4. 

Nonetheless, it was worth mentioning that a combination of 100 ng of IRF5v4 and 25 

ng of MyD88 showed the highest Il13 promoter activity with an increase of 27-fold 

compared with the control (basal activity from well transfected with empty vector in 

presence of IL-13 firefly and renilla luciferase plasmids). However, the Il13 promoter 

activity seemed reduced when the concentration of MyD88 was increased in the 
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presence of 100 ng IRF5v4. The fold of change decreased from 27-fold (25 ng of 

MyD88) to 18-fold (100ng) compared to control. Meanwhile, in the presence of a 

constant amount of MyD88 (100 ng), increasing the amounts of IRF5v4 did not show 

much variation in the luminescence reading between the different amounts of IRF5v4 

tested (ranged from 21 to 22- fold). 

 

On other hand, co-transfection of varying amounts of MyD88 together with a 

constant amount of IRF5v5 (100ng) demonstrated enhanced Il13 promoter activity 

proportionately to the increasing concentration of MyD88 ranged 25 to 100 ng (from 

10 to 12- fold of change relative to control). A greater augmentation effect of Il13 

promoter activity was observed when MyD88 was kept constant at 100 ng and the 

amount of IRF5v5 was increased from 25 ng to 50 ng; the fold of change relative to 

control noticed was 21 and 24- fold, respectively. However, at higher concentrations; 

75 ng and 100 ng of IRF5v5, the signal levels decreased to 23- fold and 18- fold 

relative to control, respectively. Taken together, increasing the concentration of 

MyD88 in the presence of IRF5v4 (constant 100 ng) did not enhance Il13 promoter 

activity proportionally. Rather, Il13 promoter activity was reduced with increasing 

MyD88 level in the presence of IRF5v4. Whereas co-transfection of IRF5v5 and 

MyD88, demonstrated enhanced Il13 promoter activity proportionally in a dose- 

dependent manner. 
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Figure 3.14 Activation of IL13 promoter activities. 

The HEK 293T cells were co-transfected with IL-13 luciferase reported plasmid, 

Renilla luciferase plasmid and empty plasmid (Lane 1), or with varying 

concentrations of specific expression plasmid increased from 25, 50, 75, and 100 ng 

as represented by the triangle slope (MyD88; Lane 2-5), (IRF5v4;Lane 6-9) and 

(IRF5v5; Lane 10-13). For co-transfection of MyD88 with IRF5 spliced isoforms 

expression plasmids, a varying combination was tested. MyD88 was added at 

increasing concentration 25-100ng, while keeping the concentration of IRF5v4 (Lane 

14-17) or IRF5v5 (Lane 21-24) constant at 100ng. On the other hand, when 

concentration of MyD88 was kept constant at 100ng, the concentration of IRF5v4 

(Lane 18-20) and IRF5v5 (Lane 25-27) were increased from 25-75ng. Luciferase 

activities were measured 24 hour post-transfection. The (+) and (-) signs represent the 

present or absence of specific expression plasmid. Results were expressed as Relative 

Expression (RE) from the values obtained from IL-13 firefly luciferase activity 

normalised to renilla luciferase activity in each transfected well.The values presented 

as mean ± standard error of mean from three independent experiments, each 

performed in triplicates wells.  

 



 

   

151 

 

3.3 Establishment of stable overexpressing IRF5v4 and IRF5v5 cells 

3.3.1 Construction of lentiviral vector carrying IRF5v4 and IRF5v5 inserts 

To examine the potential role of IRF5 in regulating Th1 and Th2 associated cytokines 

expression, stably expressing IRF5v4 and IRF5v5 clones in Jurkat cells was 

established. This was done first by the construction of a lentiviral vector harbouring 

IRF5v5 and IRF5v5 separately. The cloning strategy is summarized in Figure 3.15. 

The pLenti-GFP, was manipulated to carry DNA of IRF5 spliced variants. To do so, 

DNA fragment encoding GFP was removed and replaced with IRF5v4 or IRF5v5 

DNA fragments. The process involved extracting plasmids from TOPO vector 

harbouring IRF5v4 or IRF5v5 and pLenti transfer vector and linearized with the same 

restriction enzymes, BamHI and SalI. Gel electrophoresis of the digested product 

resulted in estimated bands consisting 7900 bp and 1500 bp for vector backbone and 

IRF5 spliced variants respectively (Figure 3.16). The desired digested fragments of 

pLenti and IRF5v4 and IRF5v5 as in Figure 3.16, were excised and purified. DNA 

concentration of the extracted fragments was measured. Ligations were performed 

with a molar ratio of 1:3, vector to insert incubated overnight at 16
0
C and the reaction 

mixture was transformed into STBL3 cells. A total of five colonies of the 

transformants for IRF5v4 and IRF5v5 each were picked and the presence of inserts 

from the transformants was investigated by colony PCR. Isolated plasmids from 

TOPO-IRF5v4 or TOPO-IRF5v5 were included as a positive control. As seen in 

Figure 3.17, only one positive transformant (transformant 3) was positive for IRF5v4 

inserts. While for IRF5v5, four out of five transformants (transformant 1, 2, 3 and 5) 

were positive carrying IRF5v5 insert (Figure 3.18). To further verify whether these 
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positive clones harbour the IRF5 variants, two of the positive clones, transformant3 of 

IRF5v4 and transformant 1 of IRF5v5 were selected and verified with restriction 

digest with BamHI and SalI (Figure 3.19). From these results, it was confirmed that 

cloning of IRF5v4 and IRF5v5 into pLenti were successful as represented by their 

expected band sizes, 1500 bp.  
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Figure 3.15 Cloning strategy of pLenti-IRF5v4 and IRF5v5 construction. 
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Figure 3.16 Restriction digestions of extracted plasmids of pLenti, TOPO-IRF5v4 and 

TOPO-IRF5v5 using BamHI and SalI. 

The digested IRF5v4 (combined wells Lane 2) and IRF5v5 (combined wells Lane 3) 

from TOPO plasmids gave fragments of approximately 1500 bp. Meanwhile, digested 

pLenti containing the vector backbone gave fragment of approximately 7900 bp. The 

digested fragments used for ligations are highlighted in red box. 1kb Plus DNA ladder 

was loaded in Lane 1 and the major markers band sizes has been labelled as shown in 

blue arrow. 
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Figure 3.17 Colony PCR screening of transformants STBL3-pLenti-IRF5v4. 

PCR screening of transformants for identification of IRF5v4 were loaded into Lane 3-

7. Out of five selected transformants, only one positive transformant showed the 

presence of IRF5v4 (Lane 5). 1kb Plus DNA ladder was loaded in Lane 1 and the 

major markers band sizes has been labelled as shown in blue arrow. Isolated plasmid 

of IRF5v4 was included as positive control (Lane 2). Negative control was loaded in 

lane 8.  

 

   1         2         3        4        5          6       7       8     
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Figure 3.18 Colony PCR screening of transformants STBL3-pLenti-IRF5v5. 

PCR screening of transformants for identification of IRF5v5 were loaded into Lane 3-

7. All showed the presence of IRF5v5, except one (Lane 6). 1kb Plus DNA ladder was 

loaded in Lane 1 and the major markers band sizes has been labelled as shown in blue 

arrow. Isolated plasmid of IRF5v5 was included as positive control (Lane 2). 

Negative control was loaded in lane 8.  
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Figure 3.19 Restriction digestions of extracted plasmids of STBL3-IRF5v4 

andSTBL3-IRF5v5 using BamHI and SalI. 

STBL3-IRF5v4 and STBL3-IRF5v5 were digested with BamHI and SalI and loaded 

into lane 2 and 4, respectively. The digested fragments of approximately 1500bp are 

highlighted in the red box. Undigested STBL3-IRF5v4 and STBL3-IRF5v5 were 

loaded into lane 3 and lane 5. 1kb Plus DNA ladder was loaded in Lane 1 and the 

major markers band sizes has been labelled as shown in blue arrow. 

 

 

3.3.2 Production of recombinant lentiviral virus harbouring IRF5v4 and IRF5v5 

sequences  

3.3.2.1 Optimisation of transient transfection for lentivirus production  

 

Production of recombinant lentivirus was carried out by transient co-transfection of 

three plasmids, transfer vectors (either pLenti-GFP or pLenti-IRF5v4 or pLenti-

IRF5v5), packaging plasmid (psPAX2) and envelope plasmid (pmD2G) into HEK 

293T cells mediated by Mirus Trans-IT X2 transfection reagent. In this view, by 
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chance all the three plasmids get contained within a single cell and recombination of 

the plasmids genes take place, resulting in the production of lentiviral particles that 

would be released into the culture media. The efficiency of transfection for lentiviral 

production depends on three main factors; (a) ratio of DNA plasmids to transfection 

reagent, (b) ratio of the three plasmids and (c) the total amount of plasmid DNA in the 

culture flask [257]. Due to the numerous protocols available for lentivirus production, 

it was pertinent to adapt and modify the available protocols for the production of 

lentivirus in our lab. The ratio of DNA to Mirus transfection reagent (1:2.4) and the 

ratio of the three plasmids; transfer, packaging, envelope at 4:3:1 respectively were 

tested for lentiviral production.  

 

The transfer vector pLenti-GFP which expresses GFP was utilized as a 

positive control to monitor the efficiency and success of transfection through visibility 

of green fluorescence evaluated by fluorescence microscope during the establishment 

of lentivirus production protocol. As seen in Figure 3.20 (a), untransfected HEK 293T 

cells never show any GFP expression. On other hand, GFP expression was observed 

from cells transfected with pLenti-GFP together with the helper plasmids. Figure 3.20 

(b) shows that GFP expression was visible on day 2 post-transfection, with about 60-

70% of the cells showed green fluorescence. Meanwhile, on day 3 post-transfection 

the transfected cells demonstrated about 80-90% of green fluorescence and the 

intensity of GFP expression was brighter and clearly visible, indicating efficient 

transfection and viral protein translation (Figure 3.20 (c)).
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Figure 3.20 Visualisation of GFP expressions during trial experiment in HEK 293T 

cells. 

 (a) untransfected (b) transfected with recombinant lentivirus expressing GFP at day 2 

post-transfection and (c) transfected with recombinant lentivirus expressing GFP 

HEK 293 T cells at day 3 post-transfection. Photos were taken under Nikon Upright 

Microscope Eclipse Ei under fluorescent light (x100 magnification). The exposure 

time of fluorescent photos were 600 milliseconds.  

 

Another crucial factor that was taken into consideration was the confluency of 

cells for transfection. From literature, it was found out that 50-80% confluency of 

cells is recommended for optimal lentiviral production [225,258]. This is because the 

insufficient number of cells results in low virus output, while excess cell density can 

handicap the cell growing condition. During the establishment of protocol, a 

phenomenon was observed whereby over confluent cells tend to get detached easily 

from the flask and resulted in poor transfection as well transduction efficiency (see 

Appendix-2.5). We found that 5 x10
6
 HEK 293T cells cultured in T-75 flask in 15 ml 

of media were the ideal seeding number that allowed cells to be at 70-80% of 

confluency.  
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3.3.2.2 Lentivirus production for experimental lentiviral constructs 

Following the establishment of transfection protocol for lentivirus production, the 

production of lentivirus expressing IRF5v4 or IRF5v5 were carried out. Since GFP 

fragments were removed to construct experimental transfer vectors (pLenti-IRF5v4 or 

pLenti-IRF5v5), by inserting IRF5v4 or IRF5v5 fragment in replacement of GFP 

fragment, there was no reporter marker to track these constructed experimental 

vectors during transient transfection for recombinant lentivirus production. Therefore, 

the production of recombinant lentivirus harbouring IRF5v4 or IRF5v5 was 

conducted in parallel with pLenti-GFP in separate T-75 flasks to ensure the setting for 

successful transfection for virus production.  

 

As seen in Figure 3.21(a), co-transfection of pLenti-GFP along with the two 

helper plasmids (psPAX2 and pmD2G) in HEK 293T cells exhibited about 60-70% of 

green fluorescence at day 2 of post-transfection similar to the results obtained in the 

preliminary experiment conducted as described above. In addition, the morphology of 

the transfected cells was examined under the bright-field view. The photo bright-field 

of transfected cells shows the presence of syncytia represented by the multi-nucleated 

cells (in black arrow) that was caused by the translation of glycoprotein of VSV-G 

(envelope protein), indicating successful transfection and sign for lentivirus 

production [251,259]. On the third day of post-transfection, fluorescent microscopy 

showed GFP was expressed about 80-90% as seen in Figure 3.21 (b). From these data, 

it was deduced that the production of lentivirus was successful and ready to be used 

for transduction experiments.  
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Figure 3.21 Production of recombinant lentivirus expressing GFP in HEK 293T cells visualized on post-transfection days. 

a) On day 2 post-transfection. (b) On day 3 post-transfection. The formation of syncytia is indicated by black arrow. Photos were 

taken under Nikon Inverted Microscope Eclipse TS2R underbright field or fluorescent light (x200 magnification). The 

exposure time of fluorescent photos were 600 milliseconds. The black arrow-head shows the presence of syncytia in 

transfected cells.
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3.3.3 Transduction of lentivirus harbouring IRF5v4 and IRF5v5  in Jurkat cells  

3.3.3.1 Optimisation of transduction  

The presence of GFP expression visualized by fluorescence microscope after 

transfection reveals the efficiency of transfection but it does not display the infectivity 

of the lentivirus. It was necessary to ensure the recombinant lentivirus harvested was 

infectious for proper gene delivery to target cells [260]. Also, it was important to 

make sure that there was no cell toxicity from viral infections that could cause large 

cell death, resulting in a lower transduction rate. Crude viral supernatant is usually 

sufficient for in vitro transduction [261]. Most of the existing protocols used 6 well-

plates with seeding of cells at 2x10
5
 cells/well and 8µg/ml of polybrene with various 

amounts of lentivirus supernatant used [250,262,263]. The function of polybrene is to 

enhance transduction efficiency. As a cationic polymer, polybrene counteracts the 

repulsive electrostatic effect exerted by the negatively charge virus lipid and cell 

membrane [264]. This, in turn, mediates virus adsorption into the cell membrane, 

thereby increasing the efficiency of the transduction rate. A titration on HEK293T 

cells, the cell density and amount of polybrene used was applied according to the 

protocols with little modifications on the amount of lentivirus supernatant tested. 

Based on the results, the minimal volume of lentiviral supernatant inoculum that 

showed some GFP expression was 0.6ml (Figure 3.22(b)) and the highest volume, 2 

ml tested showed greater transduction efficiency of more than 90% GFP expression 

seen (Figure 3.22(f)). Moreover, about 95% of viable cells were observed through the 

evaluation of trypan blue, indicating no cell toxicity from viral infections with the 
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amount of virus supernatant used for transduction. This data provided evidence that 

the recombinant lentivirus produced was infectious and good transduction efficiency 

was achieved with crude viral supernatant.  

 

Figure 3.22 Titers of lentivirus expressing GFP in transduced HEK 293T cells. 

 (a) untransduced, (b) 0.6 ml of lentivirus, (c) 0.8ml of lentivirus, (d) 1ml of 

lentivirus, (e) 1.5ml and (f) 2ml of lentivirus. Photos were taken under Nikon Upright 

Microscope Eclipse Ei under fluorescent light (x100 magnification). The exposure 

time of fluorescent photos were 600 milliseconds. 
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Transduction is more permissible in the adherent cell lines, thus spinoculation 

is not required transduction in HEK 293T cells. But this is not the same for 

suspension cells like Jurkat cells. Numerous researchers have conducted transduction 

of Jurkat cells by spinoculation along with the presence of polybrene, which has 

shown to enhance transduction of lentiviral vector by virus binding to the cells 

[245,265–267]. Hence, taking this into consideration we conducted a trial to establish 

a transduction protocol for Jurkat cells. As described in the methodology section 

2.2.8, 2x10
5
 cells/well of Jurkat cells were transduced with 2 ml of virus supernatant 

in presence of 8ug/ml of polybrene by spinoculation. After 72 hours of transduction, 

GFP expression was accessed by fluorescence microscope. As expected, no GFP 

expression was observed in untransduced cells (Figure 3.23(a)). Meanwhile, the 

transduced cells showed a great transduction efficiency of more than 70% of GFP 

expression accessed by fluorescence microscope as displayed in Figure 3.23(b). The 

results confirmed the efficient transduction by the infectious virus that was produced. 

Furthermore, no cell toxicity from viral infection was noticed as about 95% of viable 

cells were observed by the evaluation of trypan blue.  
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Figure 3.23 Visualisation of GFP expression during trial experiment for transduction 

of Jurkat cells with lentivirus harbouring GFP. 

 (a) untransduced (b) day 2 post-transductions. Photos were taken under Nikon 

Upright Microscope Eclipse Ei under fluorescent light (x100 magnification). The 

exposure time of fluorescent photos were 600 milliseconds. 

3.3.3.2 Transduction of lentiviral constructs  

Following the establishment of transduction protocol, transduction of Jurkat cells with 

recombinant lentivirus harbouring IRF5v4 or IRF5v5 was carried out. The experiment 

was conducted in parallel with a control transfer vector, pLenti-GFP in a separate 

culture flask to track a successful transduction experiment. As seen in Figure 3.24, the 

bright field photo of transduced cells revealed that infection with lentivirus did not 

alter the morphology of Jurkat cells, implying no cell toxicity from the lentiviral 

transduction. Moreover, the transduction of Jurkat cells with virus supernatant 

obtained from transfection of the pLenti vector expressing GFP displayed about 70-

80% of green fluorescence, similar to the results obtained from the trial experiment. 

From these data, it was deduced that Jurkat cells were efficiently transduced by the 

infectious lentiviral constructs.  
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Figure 3.24 Detection of GFP expressions from transduced Jurkat cells with lentivirus 

harbouring GFP at day 3 post-transduction. 

Photos were taken under Nikon Inverted Microscope Eclipse TS2R under bright field 

or fluorescent light (x200 magnification). The exposure time of fluorescent photos 

were 600 milliseconds.
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3.3.4 Puromycin selection for stably expressing IRF5v4 and IRF5v5 in Jurkat 

cells  

3.3.4.1 Polyclonal cells selection  

Control transfer vector pLenti-GFP and the experimental constructed pLenti-IRF5v4 

and pLenti-IRF5v5 encode the puromycin-N-acetyl transferase (Puro) in their 

plasmid backbone and constitutively express it. For cells to survive and proliferate 

when grown in complete media supplemented with puromycin, the cells must express 

Puro, the puromycin resistance gene. Thus, only transduced cells with recombinant 

lentivirus which constitutively expresses the Puro gene, will survive when grown in 

complete media containing puromycin, whereas those cells without the Puro gene will 

die because puromycin is toxic to cells. Prior to the puromycin selection of the 

transduced cells, puromycin titration was carried out to obtain the minimal dose that 

can kill untransduced Jurkat cells. This killing dose is dependent on the increasing 

concentration of puromycin from the range of 0-10 µg/ml that is capable to kill 100% 

untransduced cells in 72 hours. The cell viability was accessed with trypan blue and it 

was observed that at the concentration of 5µg/ml and 10µg/ml all the untransduced 

cells were dead. The minimum dose of 5µg/ml of puromycin that kills all 

untransduced cells was chosen as the optimal antibiotic concentration for selection 

process.  

Selection of transduced Jurkat cells in puromycin containing media typically 

takes two weeks to achieve the population of cells that contain only integrated 

transgene as any unintegrated cells would have died [251,268,269]. These bulk cells 
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that survived from the antibiotic selection are referred to as polyclonal cells. The 

success of the puromycin selection process was initially checked with polyclonal cells 

generated from lentiviral harbouring GFP gene. Figure 3.25 shows the photo of the 

polyclonal cells visualized under a fluorescence microscope, which revealed the 

presence of GFP expression. Hence, confirming that the surviving cells were 

comprised of stably expressed population. As mentioned earlier, there was no reporter 

protein that may act as an indicator for experimental constructed lentiviral IRF5v4 or 

IRFv5. The presence of IRF5v4 or IRF5v5 in the polyclonal cells generated from the 

experimental lentiviral constructs were checked through detection of the transcript 

and protein level through reverse transcription PCR (RT-PCR) and western blot 

analysis respectively. 

 

 

Figure 3.25 Visualisation of GFP expressions in polyclonal cells generated from 

Jurkat cells transduced with lentiviral harbouring GFP. 

Photos were taken under Nikon Upright Microscope Eclipse Ei under fluorescent light 

(x100 magnification). The exposure time of fluorescent photos were 600 milliseconds. 
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The RT-PCR method involves the reverse transcription of mRNA to 

complementary cDNA (cDNA) and detectable levels of the cDNA by PCR 

amplification [270]. Amplified PCR products are visualized in agarose gel 

electrophoresis mediated by DNA staining solution. In the initial stage of the 

experiment, several important experimental conditions were optimized to ensure 

reproducibility and effective results. Total RNA was isolated from unstimulated and 

stimulated cells and the RNA integrity was determined as described in section 2.1.5. 

The purity of the total RNA samples (ratio of 260/280 nm) ranged from 1.8 to 2 while 

the concentration ranged from 300-500 ng/µl. The isolated RNA samples were treated 

with DNAse to remove any genomic DNA contamination. Next, to verify whether 

primers designed specifically amplified the IRF5 spliced isoforms at optimal 

annealing temperature, gradient PCR was conducted using IRF5v5 plasmid as 

template. The results showed bands of expected sizes corresponding to the IRF5v5 

(presented in Appendix-2.6), and annealing temperature of 58
0
C was chosen for the 

amplification of IRF5 spliced variants. Subsequently, the mRNA level of IRF5v4 and 

IRF5v5 from respective polyclonal cells were evaluated. As seen in Figure (3.26 (a)), 

untransduced cells did not show either IRF5v4 or IRF5v5 expression as expected 

because Jurkat cells lack endogenous IRF5 expression [18,150,154]. Meanwhile, it 

was observed that the transcript of mRNA level of IRF5v5 was higher than IRF5v4 as 

represented by the intensity of bands. This variation of different level of transcript 

between IRF5v4 and IRF5v5 is to be expected because the copy number of lentivirus 

integrating into the genome of the cells were not controlled.  
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To further confirm the results above, protein level was evaluated through 

western blot following the protocol that has been established by our group which was 

performed during routine experiments. To ensure the specificity of IRF5 antibody 

used in this study, untransduced Jurkat cells and cells transfected with pLenti-GFP 

were included as negative control. As seen in Figure 3.26 (b), no IRF5 was detected in 

cell lysates isolated from untransduced Jurkat and pLenti-GFP. On the other hand, 

approximately 60 kDa bands corresponding to the IRF5v4 and IRF5v5 protein were 

detected from respective polyclonal cells as shown in Figure 3.26 (b). Hence, the 

western blot results correlate with RT-PCR findings. From these results, it was 

deduced that experimental lentiviral constructs had successfully integrated the 

transgene of IRF5v4 or IRF5v5 in Jurkat cells.  
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Figure 3.26 Confirmation of overexpression of IRF5v4 and IRF5v5 in polyclonal 

cells. 

a) mRNA of IRF5v4 (314 bp) and IRF5v5 (382 bp) in polyclonal cells determined by 

reverse transcription PCR, as shown in lane 2 and 3 respectively. Housekeeping gene, 

β-actin as the loading control (182bp) was included in the analysis. Untransduced 

Jurkat cells (lane 1) and non-template control (lane 4) was included as negative 

control. b) Western blot analysis for detection of IRF5v4 (lane 2) and IRF5v5 (lane 3) 

(approximately 60kDa). Housekeeping protein actin act as the loading control 

(43kDa) was included as part of the analysis. Untransduced Jurkat (lane 1) and cells 

transfected with pLenti-GFP (lane 4) were included as negative control. The 

chemiluminescense signal was captured by Gel Doc imager.  
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3.3.4.2 Monoclonal cells selection  

Polyclonal cells constitute heterogeneous transgene expression levels [251]. The 

limitation of using polyclonal cells in overexpression experiment is that over time 

transgene population of polyclonal cells may drop because cells with high levels of 

the transgene may have a slower growth rate, therefore the rapidly growing low-level 

transgene expressors may take over the culture. Hence, we decided to proceed with 

monoclonal selection for the generation of a stable population of cells that express 

either IRF5v4 or IRF5v5 homogenously. Following confirmation of IRF5v4 and 

IRF5v5 expression in the polyclonal cells, these cells were used for the generation of 

monoclonal cells through limiting dilution. Limiting dilution is a traditional method 

for obtaining clonally identical cells (monoclonal) of stable expressing transgene 

derived from isolated single cells cultured in multi-well plates [212]. Several 

monoclonal cells were isolated and expanded in culture with complete media 

containing 5 µg/ml of puromycin. The clones were screened for the presence of 

overexpression of IRF5v4 and IRF5v5 using western blot analysis. From the result 

seen in Figure 3.27, three clones expressing IRF5v4 (referred as to B8, F9, and G3) 

and one clone expressing IRF5v5 (referred to as H3) were found to have stable high 

IRF5 expression as depicted as in Figure 3.27. Alas, during the cell growth 

maintenance only two clones; G3 and H3 were identified as the best performing 

clones in terms of possessing healthy cell behaviour. Taken together, stably 

overexpressing IRF5v4 and IRF5v5 were successful achieved through lentiviral 

transduction. Two monoclonal cells representing IRF5v4 (G3) and IRF5v5 (H3) 
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expressing Jurkat cells were selected as a model to study the effect of these IRF5 

spliced variants in modulating Th1 and Th2 cytokines.  

 

Figure 3.27 Confirmation of overexpression of IRF5v4 and IRF5v5 in monoclonal 

cells. 

Different expression levels of IRF5v4 in monoclonal cells (B8, D7, E4, E6, F9 and 

G3) and one monoclonal showed the presence of IRF5v5 (H3). The bands were 

detected at approximately of 60kDa.Housekeeping protein actin act as the loading 

control (43kDa) was included as part of the analysis. The chemiluminescense signal 

was captured by Gel Doc imager.  
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3.4 Modulations of IRF5v4 and IRF5v5 in Th1 and Th2 cytokine expression 

Since IRF5v4 and IRF5v5 was able to bind to the ISRE region of Il13 promoter and 

transactivate its promoter activity. Next, we examined whether these IRF5 isoforms is 

capable of inducing IL-13 expression. At the same time, we evaluated the potential 

role of IRF5v4 and IRF5v5 in modulating Th1 and Th2 cytokines in Jurkat cells. To 

do so, Jurkat stably expressing IRF5 (G3 clone; IRF5v4 and H3 clone; IRF5v5) were 

stimulated with PMA and Ionomycin. The cytokines mRNA expression levels were 

measured through semi-quantitative RT-PCR and the secretion was assayed using 

ELISA. Parental (untransduced) Jurkat cells were included as control cells.  

 

3.4.1 Analysis of Th1 and Th2 cytokines mRNA by semi-quantitative RT-PCR   

3.4.1.1 Determination of PCR conditions  

Although real-time PCR is often the preferable method due to its advanced 

technology and rapid quantification,  semi-quantitative RT-PCR is still useful and 

reliable method when small number of cytokines panel are studied. In addition, it is 

cost-effective compared to real-time PCR, as it does not require sophisticated machine 

and reagents. Also, it can be easily done in different laboratory settings. The 

experimental conditions were first tested to achieve effective semi-quantitative 

measurement of the targeted PCR amplicons. The sequences of primers for 

amplification of IFNγ, IL-2, IL-4, IL-5, IL-10, and IL-13 were obtained from previous 

published articles [253–255]. To verify that the primers specifically amplified the 

desired cytokine at optimal annealing temperature, gradient PCR was conducted using 
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cDNA samples from PMA-Ionomycin stimulated Jurkat cells which served as positive 

control. Jurkat cells were stimulated with 25 ng/ml of PMA and 1uM of Ionomycin 

for 6 hours. Annealing temperature for gradient PCR amplification tested was ranged 

from 50-68
0
C. The results are as presented in Appendix- 2.9. Annealing temperature 

of 60
0
C which showed distinct band was chosen for the amplification of IFNγ, IL-2, 

IL-4, and IL-13. With regards to IL-5 and IL-10, no band was detected from the PCR 

products. Hence, these two cytokines were not included in the following experiments.  

 

When performing semi-quantitative RT-PCR it is important to determine the 

optimal number of cycles. This is to ensure that the PCR was done at the exponential 

phase and for a clear visible band on agarose gel for quantification [271]. To 

determine the optimal number of PCR amplification for desired cytokine genes, PCR 

at different number of cycles using cDNA samples from stimulated cells was 

conducted. The number of PCR cycles selected was 20, 25, and 30, for β-actin, IFNγ, 

and IL-2. While for IL-4 and IL-13, 20, 25, 30 and 35 cycles were tested. The results 

are depicted in Figure 3.28. From the results, PCR amplification done for 20 and 25 

cycles showed unclear bands for all the cytokines as well as for β-actin, the 

housekeeping gene. However, at 30
th

 cycle, clear bands were seen for β-actin, IFNγ, 

and IL-2 transcripts. With regards to IL-4 and IL-13 transcripts, sharper and clearer 

bands were visualized at the 35
th

 cycle. Therefore, for subsequent experiments, 30 

cycles of PCR were selected for amplification of β-actin, IFNγ, and IL-2. Whereas for 

amplification of IL-4 and IL-13; 35 cycles were chosen.  
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Figure 3.28 Determination of exponential range for amplification of cytokines gene and housekeeping gene by RT-PCR analysis.  

Parental Jurkat cells were stimulated with PMA and Ionomycin for 6 hours, and used for cDNA preparation. The amplification of PCR 

was done at 20
th

, 25th and 30
th

 cycles to amplify β-actin, IFNγ and IL-2. Additional amplification of 35
th

 cycle was included for IL-4 and 

IL-13. The PCR products were visualized using gel electrophoresis.  

 



 

   

177 

 

 

3.4.1.2 Semi-quantitative RT-PCR  

Cells were cultured in the presence or absence of 25 ng/ml of PMA and 1 µM Ionomycin for 

6 hours. The RT-PCR was performed using cDNA samples prepared as described in section 

2.1.15.3. The PCR amplicons were visualized in gel electrophoresis as presented in 

Appendix- 2.10. The intensity of bands of agarose gels was converted using the ImageJ 

analyser. The relative expression values obtained for each cytokine specific PCR reactions 

were normalized against respective β-actin bands to compensate for the variation among 

cDNA samples. The relative expression levels of IFNγ, IL-2, IL-4, and IL-13 in unstimulated 

and stimulated cells from three individual experiments are presented in Figure 3.29. 

According to the results, IRF5v5 cells expressed the highest IFNγ mRNA level represented 

by the relative value of 1.78 compared to IRF5v4 and control cells with relative values of 

0.73 and 0.75, respectively. In terms of IL-2, both IRF5v4 and IRF5v5 cells induced higher 

IL-2 expression than control cells upon stimulation. In particular, the relative expression 

values of IL-2 was about 2-fold higher in stimulated IRF5v4 cells (2.55) and IRF5v5 cells 

(2.18) compared to stimulated control cells (1.13) but these differences were not statistically 

significant.  

 

With regards to IL-4, a Th-2 related cytokine, both IRF5v4, and IRF5v5 cells 

displayed lower transcript levels of IL-4 in comparison to stimulated control cells upon 

stimulation. Particularly IRF5v4 cells had a relative expression value of 0.96 and IRF5v5 had 

0.43, whereas control cells had a remarkably higher relative value of 1.79. In terms of fold 

change relative to control cells, IRF5v4 cells demonstrated a reduction of about 2-fold while 
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IRF5v5 cells had a reduction of about 4-fold. Interestingly, stimulated IRF5v4 cells exhibited 

a significantly high expression of IL-13, another member of Th2 cytokine when compared to 

stimulated IRF5v5 cells and stimulated control cells. Stimulated IRF5v4 cells had an 

increment of 2-fold meanwhile stimulated IRF5v5 cells displayed the opposite; a reduction of 

2-fold change relative to control cells. The relative expression value of IL-13 was 1.68, 0.3, 

and 0.71 for stimulated IRF5v4, IRF5v5, and control cells, respectively. In all, IRF5v4 and 

IRFv5 showed the differential effect in regulating Th1 and Th2 associated cytokines upon 

stimulation. While IRF5v4 had no effect on IFNγ mRNA expression, IRF5v5 was able to 

induce IFNγ mRNA expression. In terms of IL-2 expression, IRF5v4 was able to induce IL-2 

better than IRF5v5. Moreover, IRF5v5 showed reduced expressions of Th2 cytokines; IL-4 

and IL-13. On the other hand, IRF5v4 demonstrated higher expression of IL-13 but lower of 

IL-4 expression.  

 

 

 

  



 

   

179 

 

 

Figure 3.29 Semiquantitative RT-PCR of IFNγ, IL-2, IL-4, IL-5, IL-10 and IL-13 mRNA 

levels. 

The cDNA samples were prepared from unstimulated cells or cells stimulated with PMA-

Ionomycin for 6 hours and used for PCR as described in the methodology section. The PCR 

amplicon was visualized through gel electrophoresis and the intensity of the band was 

quantified using Image J software. The relative expression was calculated as the expression 

ratio of each gene against β-actin. Values are expressed as mean ± standard error of mean 

from three independent experiments performed in duplicates (n=3). Statistical analysis was 

done using two-way ANOVA with Tukey multiple comparison tests. The asterisk represents 

**p < 0.001, p* < 0.01 when cells were compared to control cells and 
###

p < 0.0005, 
##

p < 

0.001 when cells were compared to IRF5v4 cells.  
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3.4.2 Analysis of Th1 and Th2 cytokine production by ELISA  

Although PMA and Ionomycin are regarded as potent pharmacological agents for inducing 

cytokine production, at the same time these agents are also known to cause cell death when 

cultured in extended time (16-24 hours) [231,272]. In this regard, it was necessary to evaluate 

whether the cell death after stimulation was associated with secreted cytokines rather than 

toxicity induced by the mitogen. Therefore, to know which combination of concentration of 

PMA and Ionomycin will provide the best cell stimulation for cytokine production, a 

concentration profile of different concentrations of PMA (5 ng/ml, 10 ng/ml, 25 ng/ml, and 

50 ng/ml) and (0.5 µM and 1 µM) Ionomycin were tested using control cells. Analysis of 

ELISA of IL-2 supernatant from stimulated control cells was employed as a strategy to 

evaluate the dose- response of PMA-Ionomycin. Cell viability was assessed through trypan 

blue. From the results Figure 3.30, we observed that 1 µM of Ionomycin produced 2-fold of 

higher IL-2 secretion, in comparison to 0.5 µm of Ionomycin used to stimulate parental 

Jurkat cells. At the concentration of 25 ng/ml PMA and 1 µM Ionomycin, stimulated Jurkat 

cells produced the highest amount of IL-2 (489.29 pg/ml) compared to the rest of the 

concentrations. Although there were a lot of cells dead after stimulation, a relatively high 

amount of cytokines were secreted when the cells were stimulated 25 ng/ml of PMA and 1 

µM Ionomycin. Hence, this concentration was used throughout the stimulation experiment.  
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Figure 3.30 Optimisation for IL-2 production by PMA-Ionomycin stimulated Jurkat cells. 

Jurkat cells were stimulated with range of PMA concentration 5 ng-50 ng/ml in presence of 

0.5 µM ionomycin represented by black bar or PMA concentration 5ng-50ng/ml in presence 

of 0.5µM ionomycin represented by grey bar for 24 hours. Supernatants were then collected 

and analysed for IL-2 cytokine content by ELISA. The results are presented as mean ± 

standard error of mean from two independent experiments (n=2) performed in duplicate 

wells.  

 

 

Next, Th1 and Th2 cytokines profile in IRF5v4 or IRF5v5 expressing Jurkat cells 

were evaluated in response to with or without stimulation of 25 µg/ml PMA and 1 µM 

Ionomycin, in parallel with control Jurkat cells. After 24 hours, culture supernatant was 

collected and assayed for cytokine production by ELISA as described in methodology section 

2.2.14. As seen in Figure 3.31, stimulated IRF5v4 and IRF5v5 cells displayed two-fold 

higher levels of IL-2 secretion in comparison to stimulated control cells. The highest level of 

IL-2 was secreted by IRF5v5 cells (859.15 pg/ml, p < 0.001) followed by IRF5v4 cells 

(805.97 pg/ml, p< 0.001) compared to control cells (407.68 pg/ml, p< 0.001). Unstimulated 

cells did not show any detectable amount of IL-2 above the detection limit of 7.8 pg/ml. With 



 

   

182 

 

regards to the Th-1 related cytokine, IFNγ levels was found lower in the stimulated IRF5v5 

compared to stimulated control cells. Nonetheless, no significant difference was observed in 

the IFNγ secretion between stimulated control (52.94 pg/ml) and IRF5v5 cells (48.11 pg/ml). 

However, IFNγ secretion was significantly diminished in stimulated IRF5v4 cells, suggesting 

inhibitory effect of IRF5v4 in IFNγ production. Like IL-2, unstimulated cells did not show 

any detectable amount of IFNγ above the detection limit of 7.8 pg/ml. Remarkably, both cells 

of IRF5v4 and IRF5v5 cells were found to produce a significantly moderate amount of IL-10, 

a Th2-related cytokine compared to control cells upon stimulation. The levels of IL-10 

secretion in the stimulated IRF5v4 and IRF5v5 cells were 8.80 pg/ml and 8.86 pg/ml, 

respectively. As for other Th2 cytokines that were assayed by ELISA, we found that none of 

the cells tested had detectable levels of IL-4 and IL-5 upon stimulation. Surprisingly, 

stimulated control cells that were known to secrete IL-13 higher than unstimulated cells as 

reported in previous studies was found to have a lower detectable amount of IL-13 in our 

study [145,273,274]. A similar trend of lower IL-13 levels was observed among the 

stimulated IRF5v4 and IRF5v5 cells in comparison to the unstimulated group. Altogether, in 

response to stimulation, both IRF5v4 and IRF5v5 cells were able to secrete higher levels of 

IL-2 and IL-10 compared to control cells. On the other hand, IRF5v4 had a diminished level 

of Th1-IFNγ cytokine. 
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Figure 3.31 Measurement of IFNγ, IL-2, IL-4, IL-5, IL-10 and IL-13 secretion by ELISA. 

Supernatants from unstimulated cells or cells stimulated with PMA-Ionomycin for 24 hours 

were harvested and assayed using ELISA. The results are presented as mean ± standard error 

of mean from three independent experiments performed in duplicates wells (n=3). Statistical 

analysis was by a two-way ANOVA with Tukey multiple comparison tests. Values are 

expressed as mean ± standard error of mean from three independent experiments performed 

in duplicates (n=3). The asterisk represents ***p < 0.0005, **p < 0.001, p* < 0.01 when cells 

were compared to control cells and 
####

p < 0.0001 when cells were compared to IRF5v4 cells.
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Chapter 4 

 

4  Discussion 

IRF5, a member of IRFs has recently gained much attention for its role in regulating 

inflammatory responses and autoimmune diseases. Over the years, mounting evidence 

has shown the importance of IRF5 role in the regulation of cytokine and chemokine 

expressions [11,13,171]. As a transcription factor, IRF5 has been shown to recognise 

and bind to the ISRE motif on the promoter of its target genes and modulated their 

responses [27,275,276]. In the present study, the binding of IRF5 to the ISRE motifs 

on human Il13 promoter was assessed through a pulldown assay. As a part of the pull-

down assay, it was pertinent to produce IRF5v4 and IRF5v5 expressed protein. The 

proteins (IRF5v4 and IRF5v5) were required to evaluate the binding to the cognate 

sequence, in this case, ISRE motifs of the Il13 promoter. The study started with the 

isolation of IRF5 encoding variant 4 and variant 5 from cDNA library of B cells and 

cloned into TOPO cloning vector. The positive transformants containing IRF5v4 and 

IRF5v5 coding sequences were identified through DNA sequencing. Upon the 

successful cloning and identification of IRF5v4 and IRF5v5 coding sequences, the 

pcDNA 3.1(+) vector was used to carry IRF5v4 or IRF5v5 individually. 

Constructions of the pcDNA harbouring IRF5v4 or IRF5v5 were confirmed through 

colony PCR which showed the estimated band sizes visualized through gel 

electrophoresis (Figure 3.10).  
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As part of the protocol establishment for transient transfection, a trial 

experiment was conducted by using MyD88 expression vector expressing YFP as 

positive control to evaluate whether the designed transfection experimental procedure 

conducted was successful. The transient transfection protocol was adapted from the 

previous study conducted by our group [10,190]. For this trial experiment, pcDNA-

IRF5v5 and MyD88 expression plasmids were used. The ratio of plasmid DNA to 

transfection reagent used was 1:3 following the manufacturer’s recommendation. 

Meanwhile, ratio of 1:1 of pcDNA-IRF5v5 and MyD88 was used for co-transfection. 

The reason this ratio was chosen was to avoid any potential bias that may arise from 

the different levels of protein expressed by the plasmids. For example, if more of 

IRF5v5 expressing plasmid were transfected than MyD88, then more IRF5v5 protein 

will be expressed compared to MyD88. Consequently, the observed results would 

then reflect the effect contributed by the high-abundant IRF5v5 expressed protein and 

low- abundant MyD88 expressed protein. Therefore, equal amount of pcDNA-IRF5v5 

and MyD88 expression plasmids (1:1 ratio) were co-transfected into HEK 293T cells. 

After 48 hours, the cells were visualised through fluorescence microscope. The results 

demonstrated the presence of about 70% of YFP expression visualized from cells 

transfected with MyD88, Figure 3.11 (c) and in the cells that were co-transfected with 

IRF5v5 and MyD88, Figure 3.11 (d). This data suggested that the transfection 

protocol used was optimal, since MyD88 was successfully expressed in the 

transfected cells as represented by the presence of YFP expression visualised through 

fluorescence microscope. Since no reporter protein was conjugated to IRF5v5 

plasmid, therefore no fluorescence was observed in these transfected cells, Figure 
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3.11 (b). Similarly, untransfected cells did not show any fluorescence (Figure 3.11 

(a)). To further confirm that the transfected cells indeed expressed the recombinant 

protein, the cells lysate were analysed by immunoblotting and detected with IRF5 

antibody. The results showed a clearly visible band of ~60kDa protein corresponding 

to IRF5 expected size from the cell lysates of transfected cells with IRF5v5, and from 

the cells co-transfected with IRF5v5 and MyD88 (Figure 3.12). Both results obtained 

from the fluorescence microscope and western blot that showed the expressed protein 

of MyD88 and IRF5 respectively. These results specified that expression from the 

respective recombinant plasmids had successfully translated into proteins.  

 

Production of proteins to be used for DNA pulldown assay was carried out by 

transient transfection following the established protocol. The HEK 293T cells were 

transiently transfected either with pcDNA-IRF5v4 or pcDNA-IRF5v5 in the presence 

and absence of MyD88 expression plasmid. After 48 hours of transfection, nuclear 

proteins were extracted from the cell lysates. Extracts of nuclear proteins, free from 

cytosolic proteins were used because our aim was to determine the interactions of 

nuclear transactivators, in this case, IRF5 (DNA binding protein) to bind on its 

cognate regulatory sequences (ISRE) [277]. From the total amount of nuclear proteins 

extracted, 30% of the proteins were subjected to western blot with incubation of IRF5 

antibodies to validate the presence of expressed proteins in transfected cells prior to 

the pulldown assay. As seen in Figure 3.13 (a) and Figure 3.13 (b), the presence of 

~60 kDa protein corresponding to IRF5v4 and IRF5v5 proteins respectively; were 
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detected in nuclear lysates extracted from cells transfected with IRF5v4 or IRF5v5 

either in the presence or absence of MyD88 expression plasmid. It is known that both 

IRF5v4 and IRF5v5 cDNA encode similar protein size as previously reported [16]. 

Hence, the detected band with an expected protein size corresponding to the IRF5 

spliced isoforms proved the presence of expressed proteins in the nuclear lysates. 

Moreover, the levels of IRF5v4 and IRF5v5 proteins in the nuclear lysates were 

comparable. Presences of IRF5v4 and IRF5v5 in their respective nuclear lysates in 

absence of MyD88 is consistent with previous studies which showed that cells 

expressing ectopic IRF5 were detected in the nuclear lysates [31,32,190]. It is widely 

understood that, in unstimulated cells, IRF5 predominantly present in the cytoplasm 

and upon activation mostly translocated into the nucleus. Nonetheless, some amount 

of IRF5 can be found in the nucleus. This is attributed to structural properties of IRF5 

polypeptides of possessing two NLS and 1 NES, which are important for its shuffle 

into nucleus and cytoplasm respectively, as described in detail in section 1.2.4.4. 

Therefore, this explains why expressions of ectopic IRF5 isoforms without MyD88 

were detected in the nuclear lysates.  

To mimic TLR mediated activation of IRF5, we used overexpression of 

MyD88 in HEK 293 T cells. From the pulldown assay results, we observed only the 

MyD88-activated IRF5v4 bound to the ISRE region of Il13, indicating that the 

binding was completely dependent on the expression of MyD88 (Figure 3.13(c)). On 

contrary, IRF5v5 was able to bind to the ISRE region of Il13 in the absence of 

MyD88 whereas in the presence of MyD88, the binding of IRF5v5 to the ISRE region 
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of Il13 was much enhanced (Figure 3.13 (d)). The binding of ectopic IRF5v5 without 

activation of MyD88 indicates that some low level of IRF5v5 present in the nuclear 

lysates was able to bind to the Il13/ISRE region in uninduced state (unstimulated 

cells). Previous findings on low level nuclear IRF5 from unstimulated cells binding to 

target gene sequences have been contradictory [31–33,149]. This could be attributed 

to different activity of IRF5 depending on cell-type, assays used (pulldown or ChiP 

assay) and origin of IRF5 (human IRF5v4 or murine IRF5). To the best of our 

knowledge, this is the first study that showed nuclear IRF5v5 and not IRF5v4 from 

unstimulated HEK 293T cells (without ectopic MyD88) were able to bind Il13/ISRE 

oligonucleotide. The exact mechanism however is not clearly understood. In a 

crystallography study, Chen and co-workers revealed that IRF5v4’s autoinhibitory 

domain (reside within carboxyl-terminal) masked DNA binding domain (within 

amino-terminal) suggesting a closed state monomer in the unstimulated cells [173]. In 

a separate study by Korczeniewska et.al, cytoplasmic IRF5v4 was found bound to 

CSN complex protein in uninduced cells, resulting masking of DNA binding domain 

[172]. Consequently, this prevents the binding of IRF5v4 to the target gene sequence 

in unstimulated cells. On contrary, little is known about nuclear IRF5 (both IRF5v4 

and IRFv5) activity in unstimulated cells. Perhaps, IRF5 is well known as latent 

transcriptional factor that gets activated in response to stimuli, thus it is more relevant 

to understand the mechanism of IRF5 activity in stimulated condition. Nonetheless, 

we speculate that there may be some yet to discover endogenous kinase that could 

have selectively interacted with nuclear IRF5v5, allowing conformational changes for 

binding to Il13/ISRE. The speculation is made based on previous studies which 
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demonstrated phosphorylation by kinases on distinct serine residues of different IRF5 

isoforms led to altered activities as elaborated in section 1.2.4.5. In accordance to that, 

some unknown endogenous kinase in HEK293 T cells may have phosphorylated 

specific serine residue of IRF5v5 which facilitated its binding to IL13/ISRE in 

absence of MyD88. It is important to point out that the observed results were not 

likely due to elevated level of IRF5v5 than IRF5v4 because from the immunoblot we 

can observe that overexpressing IRF5v5 and IRF5v4 (without MyD88 activation) had 

comparable levels (Figure 3.13 (a) and (b)). Further studies are warranted to confirm 

our hypothesis. One way this can be done is by screening IRF5v5 interacting partner 

present in the nuclear lysate using affinity purification coupled with mass 

spectrometry (AP-MS) analysis in HEK 293T cells [29]. Taken together, our results 

showed IRF5v/v5 exhibited differential response in binding IL13/ISRE in absence of 

MyD88. Importantly, both MyD88 activated spliced isoforms of IRF5 can bind to 

ISRE region of Il13 promoter, hence suggesting that the binding of IRF5 spliced 

isoforms could serve an important role in the expression of IL-13.  

Using a luciferase reporter construct driven by Il13 promoter, we 

demonstrated that the binding of IRF5 isoforms; IRF5v4 and IRF5v5 to the ISRE 

region on Il13 promoter were functional (Figure 3.14). Both MyD88-activated IRF5 

isoforms were demonstrated to enhance the Il13 promoter activity, supporting the 

notion that MyD88 is required for the transcriptional activation of IRF5 as reported 

previously [190]. In absence of MyD88, increasing the concentration of IRF5v4 or 

IRF5v5 alone did not show enhancement of Il13 promoter activity above the basal 
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levels. The lack effect of IRF5 in activating its target gene promoter without MyD88 

is consistent with previous studies, thus supporting our findings that ectopic IRF5 

alone does not stimulate IL13 promoter activity [10,33,190]. On the other hand, 

MyD88 alone showed some stimulatory activity of Il13 promoter at the different 

concentrations used, suggesting that there could be some endogenous transcription 

factors that got activated downstream of MyDD88 and contributed to the Il13 

promoter activity. For instance, IRF3; another member of the IRF family and the 

ubiquitiously present transcription factor,  nuclear factor kappa B (NF-κB). Both 

transcription factors are known to participate downstream of the MyD88 signalling 

pathway [33,278]. Interestingly, previous studies have detected endogenous IRF3 in 

HEK 293T cells [33]. Moreover, a prior study by Pahl and collegues have linked NF-

κB with IL-13 [279]. In the study, the authors showed that synthesis of IL-13 in 

activated purified human T cells was inhibited when the cells were treated with a NF-

κB inhibitor, thus suggesting the importance of the NF-κB pathway in regulating IL-

13 expression.  

Regarding co-expression of IRF5 and MyD88, we tested the activity of IRF5 

isoforms in two conditions; a) keeping the concentration of IRF5 isoforms at 100 ng 

while varied MyD88 concentration gradually (25,50,75 and 100 ng) and b) keeping 

the concentration of MyD88 constant (100 ng) while increasing the concentration of 

IRF5 isoforms (25,50 and 75 ng). The results showed that increasing concentration of 

MyD88 gradually when IRF5v5 was kept at the highest concentration (100 ng) led to 

enhancement of Il13 promoter activity proportionally in a dose-dependent manner. 
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Likewise at the lower expression of IRF5v5 (25 and 50 ng concentration) and highest 

MyD88 expression (100 ng) showed a similar increment of Il13 promoter activity but 

the stimulatory activity of IRF5v5 were reduced when IRF5v5 was at higher levels 

(75 and 100 ng concentration). This data indicates while the stimulatory activity of 

IRF5v5 was dependent on MyD88 expression, at higher levels of IRF5v5 and MyD88 

expression resulted in reduced activation of the IL13 promoter. On the other hand, the 

co-expression of IRF5v4 and MyD88 did not show gradual enhancement in a dose- 

dependent manner. In fact, Il13 promoter activity was reduced with increasing 

MyD88 level in the presence of IRF5v4. Strikingly, at the lowest level of MyD88 

(25ng) expression and the highest level of IRF5v4 (100ng), led to the highest 

stimulatory activity of Il13 promoter, suggesting high expression of MyD88 

negatively interfere with the transcriptional activity of IRF5v4. 

In prior published murine study, Paun et al. have reported that levels of 

endogenous IRF3 and exogenous IRF3 and IRF5 in co-transfected MyD88 were low 

when the expression levels were checked through western blot [33]. Therefore, 

suggesting the possibility of degradation of IRF3 and IRF5 induced by overexpression 

of MyD88. Indeed, a subsequent study has demonstrated that human IRF5 was 

degraded by TRIM21 in response to TLR7 activation in isoform-specific manner 

[156]. The TRIM21 known to regulate the stability of IRFs was shown to selectively 

destabilize IRF5v1 and IRF5v5 (that contain insertion in the PEST domain) and not 

IRF5v2 and IRF5v3 (confer deletion in the PEST domain), indicating isoform that is 

missing of the PEST domain are resistant to TRIM21 degradation [156]. The authors 



 

   

192 

 

showed that TRIM21 interacted with IRF5v5 and inhibited the transactivation of its 

target gene IFNA promoter. With this regard, we hypothesise in effect of high 

expression level of MyD88; IRF5v5 could have interacted with TRIM21, which 

subsequently inhibited its ability to transactivate Il13 promoter activity. While 

IRF5v4 confers the deletion in PEST domain, it may have not subjected to TRIM21 

degradation but its reduced activity could have been caused by another reason. In line 

with this, Eames et.al identified that IRF5v3/v4 interacted with co-factor KAP1(also 

known as TRIM28) a well-known transcriptional repressor; in HEK293 cells stably 

expressing TLR4 (HEK293-TLR4 cell line) through proteomic screening approach  

[176]. The KAP1 was found to form complex with IRF5, which led to inhibition of 

IRF5 regulated target cytokine gene, TNF in both human and mouse macrophages 

stimulated with TLR4 ligand, lipopolysaccharide (LPS). The authors suggested that 

the mode of the inhibitory mechanism employed by KAP1 was presumably by 

forming a complex with IRF5 which led to the recruitment of methyltransferase 

SETDB1; whose responsibility is to modify the chromatin into a closed state on the 

TNF locus, thereby preventing its transcription. By taking account of findings 

reported by Eames et al., we postulate that IRF5v4 may have interacted with KAP1. 

The actions of KAP1 could have begun supposedly when the MyD88 expression 

levels were high, thereby interacting with IRF5v4 and caused inhibition of its activity.  

Another recent study showed that Lyn, a non-receptor tyrosine kinase 

interacted with IRF5 independent of its kinase activity but inhibited the post-

transcriptional modifications of IRF5, causing inactivation of IRF5 via the TLR-
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MyD88 pathway [280]. Human protein atlas web domain search showed that Lyn is 

expressed in HEK cells. In addition, a study done by Gray and colleagues has 

described that they used HEK 293 cells a model for endogenous Lyn kinase to 

examine its interaction with myeloid differentiation factor-2 (MD-2), a critical 

component of the signaling receptor complex involved in TLR4 signaling in response 

to LPS stimulation [281]. Taking this into consideration, there is a strong possibility 

of IRF5v4 or IRF5v5 to have interacted with Lyn in our study in relation to 

aforementioned study. Collectively, we speculate high level of MyD88 expression 

could have increased the endogenous TRIM21, KAP1 and Lyn expression, thus 

interacted with IRF5v4 or IRF5v5 in relation to aforementioned studies. This 

hypothesis should be validated in future studies.  

Previous studies have shown that IRF4 regulated IL-13 expression along with 

other Th2 cytokines [145]. Like IRF5, IRF4 has also been reported to bind to the 

same region of MyD88 and induce various cytokines and chemokine production 

through a common molecular pathway, that is anchored by MyD88 [8]. In line with 

this, we investigated whether IRF5 could possibly function as another modulator like 

IRF4. We employed the approach of gene overexpression to study the effect of IRF5 

in cytokine production in Jurkat cells by lentiviral transduction. Lentiviral vectors are 

useful tools for gene delivery because of their ability to achieve stable and long-term 

transgene expression. Numerous studies have reported the use of lentiviral vectors for 

carrying cDNA in overexpression studies [282–284]. In this project, the third 

generation of lentiviral vector, pLenti-GFP-CMV-Puro was utilized as a transfer 
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vector to carry the transgene sequences of IRF5v4 or IRF5v5. The GFP sequence was 

removed to accommodate the cloning of the IRF5v4 or IRF5v5 sequence into the 

transfer vector. The cloning of IRF5v4 and IRF5v5 into the transfer vector was 

confirmed as represented by their expected band sizes approximately 1500 bp as 

shown in Figure 3.19.  

In terms of lentivirus production, a three plasmid expression system was used 

to produce lentivirus particles by transient transfection mediated by Mirus transfection 

reagent. The process involves co-transfection of transfer vector consisting of pLenti 

expressing GFP, pLenti harbouring either IRF5v4 or IRF5v5 together with the helper 

plasmids; psPAX2 and pmD2G. The production of the lentivirus is accomplished 

through trans-complementation, whereby by change all three plasmids get contained 

into a single cell and together express all the viral proteins that assemble into 

infectious lentiviral particles [249]. Since the transfection efficiency is important in a 

multi-plasmid transfection system for generating productive lentiviral particles [257], 

a trial experiment was tested to the experimental conditions using lentivirus 

expressing GFP as a positive control to evaluate the transfection efficiency. The 

reporter gene, GFP here acts as an indicator of the translated protein that has been 

expressed by transfected plasmid, thus implying the transfection was successful. From 

the preliminary experiment, we found that the ratio of DNA to transfection reagent 

(1:2.4), the ratio of the three plasmids; transfer, packaging, and envelope at 4:3:1 

respectively was optimal for production of lentiviral particle. This was supported by 



 

   

195 

 

the results that showed 80-90% of GFP expression at day 3 of post-transfection, 

firmly demonstrating efficient transfection and viral protein translation (Figure 3.20).  

The titre of crude viral supernatants usually ranged from 1 to 5x10
7
 infectious 

particles[285]. Although several studies have employed the technique of 

concentrating lentivirus and titre, this is particularly important for some difficult to 

transfect cells such as primary cells and for the use in vivo experiment that requires a 

control of transduction rate [245,247,251,258,286]. Nonetheless, many studies have 

reported the use of fresh viral supernatant to transduced cells [245,247,251,258]. 

Moreover, the use of virus supernatant is a faster and simpler approach to transduce 

cells. A trial experiment was conducted to investigate whether the virus packaging 

was indeed, successful, and infectious virus was released into the culture medium. For 

this trial experiment, the easy-to transduce cells, HEK 293T cells were used for 

transduction with lentivirus expressing GFP. Aside from checking the infectious virus 

produced, we also tittered on different volumes of the viral supernatant to test an 

adequate amount for transduction without causing any toxicity. From the results, we 

found that transduction with 2 ml of virus supernatant showed greater transduction 

efficiency with more than 90% GFP expression seen (Figure 3.22(f)). Hence, we 

deduced that lentiviral produced by the transient transfection was transduction-

competent lentiviral particles. Following this, we checked the transduction protocol 

with Jurkat cells. In terms of enhancement of transduction, spinoculation (refers to 

centrifugation without break) of suspension cells has shown to enhance transduction 

of lentiviral vector by virus binding to the cells [287]. The same transduction protocol 
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used for HEK 293T cells were performed for transduction of Jurkat cells, with the 

additional step of spinoculation. After 72 hours, the transduced Jurkat cells were 

assessed by fluorescence microscope and the results showed a great transduction 

efficiency of 70-80% of GFP expression consistent with the findings we found when 

HEK 293T cells were transduced with 2ml of viral supernantant (Figure 3.23).  

 

Upon the establishment of protocols for lentivirus production by transfection 

and transduction of the lentiviral supernatant into Jurkat cells, we conducted the 

experiments using lentiviral constructs of IRF5v4 and IRF5v5. To produce 

experimental lentiviral constructs of IRF5v4 or IRF5v5, it was done in parallel with 

lentiviral containing GFP in separate flasks. Unlike the transfer vector that carry GFP 

in its backbone, no reporter gene was conjugated in these experimental lentiviral 

constructs of IRF5v4 and IRF5. To ensure that the experimental conditions during this 

transient transfection experiment were conducive, the expression of GFP was 

evaluated in the cells transfected with pLenti-GFP. The results correlated with the 

findings obtained in the trial experiment, as more than 90% of transfection efficiency 

was achieved as represented by the green fluorescence visualised through 

fluorescence microscope (Figure 3.21). Hence, from this result, we anticipated that 

the transfection experiment could work effectively for the lentiviral constructs too. In 

the same way, for the transduction experiment, we included lentiviral expressing GFP 

as a positive control to evaluate transduction efficiency in Jurkat cells. The transduced 

cells showed a great transduction efficiency of more than 70% of GFP expression 

depicted in Figure 3.24.  
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It is crucial to ensure the transduced cells were indeed carrying the transgene 

that was successfully integrated within the genome of Jurkat cells. This is because 

there are chances of pseudotransduction happening, a phenomenon whereby target 

proteins were produced in packaging cells or by transiently transferred plasmids 

instead of de novo synthesis of protein from integrated transgene as reported in 

previous studies [288]. Consequently, this can lead to loss expression of transgene 

after cell division, interrupting downstream experiments. In addition, stable cells are 

known to produce consistent functional proteins [212]. Therefore, following 

transduction, the stably expressing transgene cells were selected under puromycin 

antibiotic, the selectable marker. Puromycin is an aminonucleoside antibiotic 

produced by Streptomyces alboniger. It inhibits peptidyl transfer on both prokaryotic 

and eukaryotic ribosomes which cause premature chain termination during translation 

[289,290]. As mentioned in section 3.3.4.1, the pLenti-GFP and the engineered 

pLenti-IRF-v4 and pLenti-IRF-5v5 encode Puro gene in their plasmid backbone and 

constitutively express it. Therefore, during the antibiotic selection, those cells with 

stably integrated transgene and constitutively expressed the resistant gene, Puro, will 

survive when grown in a medium containing puromycin, whereas those untransduced 

cells and cells that uptake plasmid transiently will not survive the antibiotic selection.  

The selection process for stably expressing cells typically takes about two weeks 

[251,268,269]. By this time, any unintegrated DNA would be eventually diluted to 

extinction during the expansion, allowing only the cells with integrated constructed 

DNA to grow. This is because Puro gene is passed onto the daughter cells during cell 

division for them to survive and proliferate, resulting in a pool of cells with integrated 
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gene over time [291]. The entire cell population that survived the puromycin selection 

is referred to as polyclonal cells. Out of curiosity, we first checked the presence of the 

transgene in the polyclonal Jurkat cells expressing GFP that were generated from 

transduction of pLenti-GFP lentiviral. The cells exhibit green fluorescence under the 

fluorescence microscope indicating that the population of cells comprise of stably 

generated cells expressing GFP (Figure 3.25).   

To confirm the presence of IRF5v4 and IRF5v5 in the polyclonal cells 

generated from the experimental lentiviral constructs, both mRNA and protein 

expressions were assessed by reverse transcription PCR and western blot analysis, 

respectively. The results demonstrated that the fragments corresponding to IRF5v4 

and IRF5v5 cDNA was presented only in polyclonal cells generated from 

transduction of Jurkat cells with pLenti-IRF5v4 or pLenti-IRF5v5 respectively 

(Figure 3.26 (a)). Moreover, both untransduced cells and the cells transduced with 

pLenti-GFP did not show detection of IRF5 protein (Figure 3.26 (b)). This is to be 

expected because Jurkat cells lack endogenous IRF5 expression and its expression is 

barely detected in this cell line [18,150,154]. Previously,  IRF5 expression has been 

detected upon HTLV-1 viral infection, although constitutive expression of IRF5 is 

barely detected in resting T cells [18]. In the same study, Ishikiwa et.al demonstrated 

that IRF5 expression in HTLV-1 infected T cell lines were upregulated by the Tax 

protein (viral oncoprotein important for viral replication), that was because the Tax 

protein could bind to IRF5v3 promoter and induce its expression [18]. It is important 

to note that, in the present study we used the third-generation lentiviral particles that 
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do not encode Tax protein as a tool to deliver IRF5 cDNA in Jurkat cells and no 

upregulation of IRF5 was detected in the transduced Jurkat using pLenti-GFP virus 

(Figure 3.26(b)). Therefore, the IRF5 expression detected in lentiviral construct 

pLenti-IRF5v4 or pLenti-IRF5v5 were due to de novo synthesis of IRF5 from the 

coding sequence delivered into Jurkat cells. Congruent to RT-PCR (Figure 3.26 (a)), 

western blot analysis confirmed the presence of IRF5v4 and IRF5v5 proteins in the 

stably expressing cells. The detection of ~60kDa protein bands correspond to the 

expected protein size of IRF5v4 and IRF5v5 (Figure 3.26 (b)). Collectively, these 

observations confirmed that IRF5v4 or IRF5v5 transgene was successfully integrated 

into the genome of infected Jurkat cells and expressed by the cells’ machinery 

through proper transcription and translation processes. 

 

Polyclonal cells constitute of heterogeneous transgene expression level, which 

means the population of cells containing both high and low expression levels of the 

transgene [251]. Over the time, transgene population of polyclonal cells may drop 

because cells with high levels of the transgene may have a slower growth rate, 

therefore the rapidly growing low-level transgene expressors may take over the 

culture. To avoid the drift effect towards low transgene expression and obtain a 

homogenously higher level of expression of the IRF5 isoforms, the early passage of 

polyclonal cells was used to isolate a single cell (monoclonal) through the limiting 

dilution method. It is worth mentioning that during the limiting dilution process, cells 

were supplemented with self-conditioned media. The self- conditioned media consist 
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of culture-free media collected from the healthy growing parental Jurkat cells 

(untransduced cells) which are rich in secreted growth factors. These growth factors 

enhance the growth of the single-cell isolated [286]. From the limiting dilution, 

several monoclonal were identified and allowed to grow to reach confluency at least 

30 to 50%. After clonal expansion, cells were randomly chosen and further expanded 

in separate flasks with complete media supplemented with 5 µg/ml of puromycin. 

From the screening process, three clones expressing IRF5v4 (Figure 3.27), B8, F9, 

and G3 and the one clone expressing IRF5v5 H3 were found to express high levels of 

IRF5. While two clones; D7 and E6 showed a substantial level of IRF5v4. Another 

clone E4 had a low expression of IRF5v4. It was first planned to study the effects of 

clones with differential overexpression of IRF5v4, since we had five clonal cells, 

excluding E4 that showed reasonably high levels of IRF5v4. However, during the cell 

growth maintenance, we noticed that some clones displayed poor health and 

behaviour. During routine cell maintenance, morphological of the cells examined 

through an inverted microscope, showed that B8, D7, E6, and F9 clones exhibited the 

characteristics of excessive clumping of cells; as multiple cells tend to aggregate and 

formed big clumps of cells. These cells also had an extended lag phase and lower 

density compared to parental Jurkat cells (untransduced) and cells of G3 and H3 

clones, although it is important to mention that cells of G3 and H3 clones grew slower 

than control cells. After several passages, the cell growth of the clones; B8, D7, E6 

and F9 stagnated. 
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One of the reasonable explanations for the poor cell behaviour exhibited by 

some of the high expressing IRF5v4 clones (B8, D7, E6, and F9) could be due to the 

metabolic burden experienced by high expressed proteins. Stress exerts by high 

production of proteins due to overexpression of gene product can lead to genomic 

stability and trigger apoptosis pathway [212,292]. In addition, it could also be due to 

positional effects brought lentiviral vector through random integration of the gene of 

interest into the genome of the cells, although it is important to note that chances of 

insertional mutagenesis and genotoxicity are low when a third generation of the 

lentiviral vector is used [292]. Moreover, most retroviral are known to target the 

transcriptional active site [212,293]. As such, we speculate that there is possibility of 

insertion of IRF5v4 gene to the transcriptional active site that involved in cell 

division, causing poor cell growth behaviour. In regards to reduced cell growth by 

some of the IRF5v4 clones, a similar finding was reported by Barnes et al., whereby 

overexpression of IRF5v3/v4 in BJAB B cell lymphoma led to a 10 to 30% of 

reduction in cell growth compared to control cells. Detailed analysis by the same 

group, described that overexpression of IRF5 in BJAB cell line, induced G2-M cell 

cycle arrest and apoptosis as well as inhibited colony formation in soft agar and 

tumour formation in nude mice independent of tumour suppressor, p53 which is 

known to exhibit similar activities of arresting cycle arrest and promoting apoptosis 

[151]. Although, in an earlier study IRF5 was shown to act downstream of p53 as 

described by Mori et al. [294], Barnes et al. demonstrated that IRF5 directly target 

and upregulated cell cycle and apoptosis genes, independent of p53, thus indicating 

IRF5 is a crucial mediator of cell cycle arrest and cell death [151]. In another study, 
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Yanai and colleagues showed murine IRF5 was able to induce apoptosis but not cell 

cycle arrest in mouse fibroblast in response to DNA damage in genotoxic stress [295]. 

Also, in the same study, the authors showed that IRF5 induced apoptosis in mouse 

fibroblast in response to DNA damage caused by oncogenesis and viral infection. A 

recent study reported TLR-7 mediated activation of IRF5 was shown to promote 

IFNγ
+
 CD4 T cell death because of its ability to enhance death receptor 5 (DR5)-

induction cell apoptosis in CD4 T during chronic parasitic infection, L.donovani [19]. 

As several lines of investigation supported the role of IRF5 in mediating cell growth 

arrest and cell death, we infer that the poor cell health and behaviours exhibited by 

some of the high expressing of IRF5v4 could due to the ability of IRF5 inducing cell 

cycle arrest and apoptosis in Jurkat cells. Nevertheless, we cannot exclude the fact 

that lentiviral random integration and the metabolic burden could also contribute to 

the effect seen in some of the IRF5v4 clones. It is worth extending these findings in 

future studies to elucidate the function of IRF5 in regulating cell growth and apoptosis 

in Jurkat cells, to understand its intrinsic properties in T cells. 

 

The screening of stably overexpressing IRF5 isoforms in Jurkat cells yield two 

healthy and best performing stable clones; G3 (IRF5v4) and H3 (IRFv5). Due to time 

constraint, it was decided to progress work with these two clones as the priority was 

to evaluate the modulation of IRF5 on Th1 and Th2 cytokines, rather than an attempt 

to produce multiple clones with differential expression. To ensure that the expression 

of IRF5 was not lost over the time, cells were continuously grown in selective media 

containing puromycin and used within 15 passage numbers. Of note, we noticed 
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intensity of IRF5 expression decreased gradually with cultivation for the clonal cells 

due to gene silencing, a common phenomenon seen with the use of CMV promoters 

[212]. The gene silencing with associated to methylation of chromatin rather than an 

effect caused by the positional effect of integrated DNA, because as mentioned earlier 

lentiviral vectors are known to target the transcriptionally active site of the genome 

integrate their DNA [212,293]. Nevertheless, reactivation of the silenced gene under 

the control of CMV promoter has been reported [296,297]. For instance, Gerolami et 

al. showed that silenced GFP transgene in transduced cells by the lentiviral vector 

with CMV promoter was restored upon treatment with PMA and Ionomycin [296]. 

Consistent with this finding, we found the altered reduction of IRF5 expression in 

stable cells was recovered to its original high level upon PMA and Ionomycin 

stimulation (Appendix 2.8). Of note, we noticed Jurkat cells stimulated with PMA and 

Ionomycin did not show any expression of IRF5, implying that PMA and Ionomycin 

did not upregulate IRF5 rather it restored the silenced gene expression in the cells 

(Appendix 2.8). In this view, the clones were maintained detectable and comparable 

levels of IRF5 at each time-point analysed.  

 

To examine the possibility of IRF5 in regulating IL-13 expression as well as to 

evaluate the intrinsic role of IRF5 in modulating Th1 and Th2 responses, we assessed 

Th1 and Th2 cytokines in overexpressed IRF5v4 and IRF5v5 in Jurkat cells in 

response to co-stimulation of PMA and Ionomycin. As mentioned in section 3.4.2, 

PMA and Ionomycin stimulation is known to mediate cell death when cells were 

stimulated over a longer time, beyond 16-24 hours. The reason for this is that as part 
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of its stimulatory role of activating T cells, PMA and Ionomycin are known to cause 

activated induced cell death (AICD) [231,272]. Under normal physiology, T cell 

activation is regulated by AICD which leads to upregulation of death receptor and 

ligands (Fas/FasL and TNFα/TNF) [96,97]. This AICD phenomenon is necessary to 

efficiently remove activated lymphocytes, in response to a feedback mechanism to 

maintain ongoing immune response and maintain peripheral T cell tolerance. As a 

member of the death receptor family of the tumour necrosis factor (TNF) receptor 

superfamily, Fas is localised on surface of many cells, whose engagement with its 

ligand (FasL) causes a cascade of caspase signalling leading to apoptosis [298]. 

Activation of PMA and Ionomycin leads to upregulation of FasL which then bound to 

expressed Fas antigen on the cell surface inducing cell death either through autocrine 

or paracrine manner [272]. During the optimization step, a concentration profile of 

several concentrations of PMA and Ionomycin were tested to evaluate the cytokine 

production and cell death after 24hr stimulation. Secretion of IL-2 from activated 

Jurkat cells were chosen as strategy to optimize the concentration of PMA/Ionomycin, 

because as a growth factor, IL-2 cytokine is a crucial indicator of successful T cell 

activation. Based on the results obtained as shown in Figure 3.30, a combination of 25 

g/ml PMA and 1M Ionomycin yielded the highest concentration of IL-2 secretion. 

When the cell viability was evaluated through trypan blue exclusion, we found the 

combination of 25 g/ml PMA and 1M Ionomycin had a lower number of dead cells 

compared to all the other concentration tested. Hence, this concentration of mitogen 

combination was chosen for the T cell activation experiment. While the effort was 
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taken to ensure that we limit cell death during PMA and Ionomycin to produce 

optimal induction of IL-2 production using control cells, we were surprised to notice 

that IRF5v4 and IRF5v5 cells had less than 1% of the viable cell compared to control 

cells which had about ~10% of viable cells when evaluated through trypan blue 

exclusion throughout 24-hours T cell activation. This observation suggests that 

IRF5v4 and IRF5v5 cells are more susceptible to PMA and Ionomycin stimulation 

than control cells. Interestingly, IRF5 has been associated with Fas-mediated 

apoptosis in several different murine cells including hepatocytes and dendritic cells, 

presumably by acting upstream of caspase 8 activation, leading to apoptosis 

[196,299,300]. This could explain why IRF5v4 and IRF5v5 expressing Jurkat cells 

had more dead cells than control cells upon PMA and Ionomycin stimulation. Further 

studies are required to confirm these findings to dissect the IRF5 role in Fas-mediated 

apoptosis specific to human T cells upon mitogen stimulation. 

 

Prior to semi-quantitative RT-PCR analysis, the amplification of PCR 

products was optimised using parental Jurkat cells that served as control cells. As seen 

in Figure 3.28, the results illustrate that transcripts bands were clearly seen when 30 

cycles for IFNγ, IL-2 and β-actin and 35x cycles for IL-4 and IL-13 were done. This 

data implies that IL-4 and IL-13 have a low copy number of mRNA in activated 

Jurkat cells compared to β-actin, IFNγ, and IL-2. Thus, both IL-4 and IL-13 detection 

requires a higher PCR amplification cycling number for visualization and 

quantification. In light of the analysis of cytokine mRNA expression by RT-PCR 

analysis, we found overexpressed IRF5v4 and IRF5v5 in Jurkat cells had detectable 
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mRNA levels of the four cytokines IFNγ, IL-2, IL-4, and IL-13 similar to control cells 

(Figure 3.30). In terms of cytokine secretion assayed by ELISA, our results showed 

that control cells were able to induce IFNγ and IL-2 production and not IL-4, IL-5, 

IL-10, and IL-13 upon stimulation (Figure 3.31). Likewise, both IRF5v4 and IRF5v5 

cells had a similar cytokines induction profile, exclusive of IL-10 secretion which was 

unique to IRF5 isoform cells (Figure 3.31). Although, stimulated IRF5v4 and IRF5v5 

cells induced IL-10 production, we did not detect IL-10 mRNA transcripts during the 

PCR amplification optimization process (Appendix 2.9, Figure 13). Comparably, we 

did not detect IL-10 mRNA in stimulated control cells (Appendix 2.9, Figure 12). 

Available literature has shown that stimulation of Jurkat cells in response to PHA and 

PMA were able to induce endogenous IL-10 mRNA and protein after 24 hours 

stimulation [301,302]. In our study, endogenous IL-10 protein was not significantly 

induced in control cells stimulated with PMA and Ionomycin for 24 hours, because 

the measured IL-10 level was lower than the detection limit (7.8pg/ml). Whereas in 

the mRNA analysis, the time point we used for cell stimulation was 6 hours, therefore 

no IL-10 expression was detected in both control and IRF5 expressing cells. The 

reason we did not analyse IL-10 mRNA after 24 hours of stimulation was due to 

insufficient viable cells for RNA isolation. This was ascribed to the higher number of 

cell death induced by co-stimulation of PMA and Ionomycin for extended period 

described earlier. Therefore, the contrasting observation in our study in reference to 

IL-10 mRNA and IL-10 secretion as well as other studies could be attributed to 

distinct types of mitogens used and the time point of mRNA analysis done. In 

addition to failure in detecting IL-10 mRNA, we also did not detect IL-5 mRNA in 
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both control and IRF5v5 cells during the PCR optimization step (Appendix 2.9, 

Figure 12, and Figure 13 respectively). While we know from the literature that Jurkat 

cells do not produce significant endogenous IL-5 expression upon activation [303], 

we could not exclude the potential role of IRF5 in inducing IL-5 expression in Jurkat 

cells. Therefore, we checked IL-5 mRNA expression in stimulated IRF5 cells but 

found no detection of IL-5 transcripts. Nonetheless, the failure in detecting IL-5 and 

IL-10 mRNA after 6 hours PMA and Ionomycin stimulation does not conclusively 

rule out the potential role of IRF5 isoforms in regulating IL-5 and IL-10 expression, 

as no positive control cells were included during the optimization steps, which is the 

limitation of this study. 

 

In regards to IL-13, it was unexpected to observe that stimulated control Jurkat 

cells had almost similar level of IL-13 secretion with unstimulated cells (slightly 

above the detection limit 93.8 pg/ml). Hence, indicating that the induction of IL-13 in 

stimulated control cells was not successful. However, previous findings have reported 

that Jurkat cells stimulated with PMA and Ionomycin were able to secrete about 200-

300 pg/ml, higher than unstimulated cells [145,273,274]. The discrepancy for low 

detection of the IL-13 protein level in stimulated Jurkat cells in our studies compared 

to previous studies which demonstrated a profound detectable amount of IL-13 

protein can be explained based on a numerous variables involved in experimental 

design. Some of the variables noted from these studies were different concentration of 

PMA and Ionomycin, used different ELISA kits, different cell numbers, and time 

point analyzed. For instance, by using 1x 10
6
 of Jurkat cells stimulated with 50 ng/ml 
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of PMA and 1µM for 24 hours, Hu et al. showed that the stimulated cells were able to 

secrete IL-13 of about 200 pg/ml measured by using ELISA kit from R& D Systems 

[145]. In another study conducted by Doyle et al., showed that 1x 10
6 

Jurkat cell 

stimulated with 20 ng/ml of PMA and 1µM for 24 hours were able to secrete about 

300 pg/ml of IL-13 detected by using eBioscience ELISA kit [273]. A separate study 

by Rubenfeld and colleagues were able to detect about 350 pg/ml of IL-13 from the 

supernatant of stimulated 0.5-1x10
6
 of Jurkat cells with 50 ng/ml and 0.5µM for 18 

hours, assayed using Beckman-Coulter ELISA kit [274]. However, in our hands’ cell 

supernatant harvested from 1x 10
6 

Jurkat cells stimulated with 25 ng/ml of PMA and 

1µM for 24 hours did not induce IL-13 secretion above the levels of unstimulated 

cells, when assayed using R&D Systems ELISA kit. Given that, there are different 

subclones of Jurkat cells available with distinctive features as discussed in section 

1.2.5.3.2, the use of different subclones would result in different outcomes. From 

these three studies, only one study conducted by Doyle et al. provided the information 

of types of Jurkat cells used; E6.1 clone of Jurkat cells, which was the same model we 

used [273]. Unfortunately, we were unsuccessful to reproduce similar findings in 

detecting IL-13 upon PMA and Ionomycin stimulation. Upon seeking technical 

specialty help, we confirmed no chance of interference in the media could mask the 

ELISA readings, as we checked through the troubleshooting procedure that involved 

serial dilution of the media from cultured cells in the presence or absence of PMA and 

Ionomycin and examined the differences in the absorbance readings (data not shown). 

Due to time constraints, it was not possible to extend the experiment using different 

commercially available kits or assays (intracellular cytokine staining, dot plot, or 
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ELISPOT) or use positive control cells (e.g peripheral blood mononuclear cells, 

PBMCs) to check the sensitivity of the kit. It remains unclear why IL-13 was detected 

low in control cells upon PMA and Ionomycin stimulation. Although, it will be 

essential to exert the highest degree of scrutiny to verify the low detection of IL-13 in 

activated Jurkat cells in future studies, our mRNA analyses of IL-13 transcripts levels 

are extremely encouraging which will be discussed in detail below.  

 

Data gathered from mRNA (Figure 3.29) and ELISA (Figure 3.31) analysis in 

the present study, showed that both overexpressed IRF5v4 and IRF5v5 Jurkat cells 

augmented IL-2 gene and protein expression upon activation in comparison to control 

cells. Although known as a Th1 type cytokine, IL-2 is a growth factor that is required 

for both Th1 and Th2 differentiation [121]. The elevated induction of IL-2 production 

by IRF5 isoform cells, strongly suggests that IRF5 play role in T cell activation. One 

such way to confirm the enhancement of T cell activation by IRF5 is to assess the 

early T cell activation marker, CD25 (also known as IL-2 receptor  chain)  whose 

expression is upregulated upon IL-2 production [93]. However, due to the high 

number of cell death after 24 hours of stimulation resulted in insufficient number of 

viable cells. Hence, we could not assess CD25 expression by flow cytometry to 

confirm the influence of IRF5v4 and IRF5v5 in T cell proliferation. Interestingly, a 

previously published work has reported that glutamine, the most abundant amino acid 

was able to protect Jurkat cells from cell damage & apoptosis in response to 

PMA/ionomycin stimulation [304]. The authors also reported that glutamine at 
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various concentrations ranged (0.01-2 mM) was able to increase IL-2 production, cell 

proliferation, and as well as cell viability in Jurkat cells treated with PMA/Ionomycin. 

In the future, it would be interesting to explore the use of glutamine as a strategy to 

limit cell death upon PMA and Ionomycin stimulation to examine CD25 activation 

marker in IRF5- T cell-intrinsic manner. In addition to IL-2, both IRF5v4 and IRF5v5 

cells displayed a similar trend of inducing IL-10 production compared to control cells 

upon stimulation. Based on ELISA analysis, stimulated IRF5 isoforms showed 

significantly moderate secretion of IL-10 compared to stimulated control cells. 

Although there was only moderate production of IL-10, it still demonstrates the 

involvement of IRF5 isoforms in regulating IL-10 production. From previously 

published studies, the role of IRF5 in regulating IL-10 production has been 

contradictory. In murine macrophages, IRF5 was shown to induce IL-10 production 

downstream of TLR signaling [305], however, in human inflammatory macrophages, 

IRF5v3/v4 directly targeted IL-10 promoter and suppressed its activity [191]. Herein, 

our results showed that both IRF5v4 and IRF5v5 were able to induce IL-10 

production in Jurkat cells (T cell line) upon activation. Hence, these findings highlight 

the multi-faceted role of IRF5 in regulating IL-10 in cell-type specific manner.  

 

In relation to the differential response of IRF5v4 and IRF5v5 towards 

regulating the expression of Th1/Th2 cytokines upon stimulation, we observed that 

IRF5v5 favoured Th1 polarization characterized by upregulation of IFN mRNA level 

and concurrently downregulated IL-4, IL-13 mRNA levels, the Th2 cytokines. In 
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protein levels, IRF5v5 had a higher level of IFN compared to IRF5v4, however, its 

level is slightly lower when compared to the control cells. Noteworthy, our findings 

on IRF5v5 displaying Th1 skewed characteristic correlates with previous studies 

which demonstrated lack of IRF5 led to skewed Th2 phenotypes in different 

experimental murine disease model, highlighting the role of IRF5 in regulating Th1 

responses [17,193,195,196]. Since human IRF5v5 and murine IRF5 are closely 

related as described earlier in section 1.1, there is a strong possibility that they may 

share similar functions. In line with this, our findings on overexpression of IRF5v5 in 

Jurkat cells in downregulating the expression of IL-13 are in favour of previous 

published data that reported lack of IRF5 in murine models displayed higher IL-13 

secretion, implying that in presence of murine IRF5 it may repress IL-13 expression 

[20,195]. Besides that, in midst of drafting this thesis, a latest study by Yan et al. 

documented that IRF5 modulated Th1 and Th2 associated cytokines in T cell-intrinsic 

manner [306]. Similar to our findings on IRF5v5, the authors showed that IRF5 

enhanced Th1 associated cytokines (IFNγ) but reduced Th2 associated cytokines (IL-

4 and IL-13) in murine CD4
+
 T cells. The same study also reported similar results 

obtained from human CD4
+
 T from the individuals with high IRF5 disease risk 

genetic carriers in response to CD3/CD28 activation (physiological stimulation of T 

cells). The authors described the use of IRF5 genetic variants (rs2004640/rs2280714 

TT/TT), which are the two functional single nucleotide polymorphisms (SNPs) within 

the IRF5 gene which contribute to risk haplotypes associated with IRF5 mediated 

diseases such as SLE [28]. However, these disease haplotypes do not define the 
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predominant isoforms of IRF5 (v1,v4-6) [28]. Nonetheless, the similarities between 

our studies on IRF5v5 and the aforementioned studies provided hint that full length of 

IRF5 without deletion (variant 5) may have similar biological activities with the high 

expressing IRF5 disease risk haplotype (rs2004640/rs2280714 TT/TT), thereby 

contributing to novel information of the function of IRF5 in modulating human Th-

associated cytokines. 

 

One of the possible reasons for IRF5v5 to favour Th1 skewed condition could 

be explained based on cross-regulatory mechanism possessed by Th cells (described 

in section 1.2.2.4) [99,106]. We infer that stimulated IRF5v5 expressing Jurkat cells 

were polarized towards the Th1 phenotypes driven by IFNγ and its master regulator 

(T-bet) thus subsequently inhibited those Th2 related cytokines expression. This is 

further supported by previous studies that demonstrated T-bet inhibited IL-4 and IL-

13 genes directly by binding to their promoters and suppressing the transcriptional 

activity of IL-4 and IL-13 [307,308]. Interestingly, our luciferase assay result 

demonstrated the ability of IRF5v5 in inducing IL13 promoter activity, however, an 

opposing effect was observed in stimulated IRF5v5 expressing Jurkat cells which 

showed reduced IL-13 mRNA level. One plausible explanation for this contrasting 

observation could be attributed to the potential of IRF5v5 involvement with T-bet in 

Jurkat cells, in relation to previously published findings in murine studies. For 

instance, Jourdan et.al reported IRF5 deficiency in a diabetic rat model, showed 

downregulation of Th1 markers (T-bet) in pancreatic islets, indicating a potential role 

of IRF5 directly regulating T-bet [194]. Strikingly, in a separate report, IRF5 was 
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shown to bound on the T-bet promoter in CD4
+
 T and suppressed its activity, 

implying that IRF5 does not involve in positive regulation of T-bet transcriptional 

activity [14]. Although IRF5 does not play a role in transcriptional activation of T-bet, 

this does not impede the likelihood of IRF5 interaction with T-bet on a protein level 

as proposed by Brune et al. [120]. In this hypothetical review article, the authors 

proposed a novel signaling pathway for the involvement of IRF5 downstream of DE6, 

an adaptor protein of the SWEF family which is expressed in T and age-associated B 

cells (ABCs) [120]. The ABCs are unique B cells associated with autoimmunity that 

can express high levels of T-bet [321]. A recent publication showed that in a situation 

when IRF5 level was high, IRF5 was found to escape DE6 negative regulation in 

ABCs, and upon translocation into the nucleus, IRF5 recruited T-bet to its binding site 

in ABCs cells [309]. In accordance with that, Brune et al. proposed that under the 

similar situation in T cells, IRF5 may function as an interacting protein partner of T-

bet by recruiting T-bet to its DNA binding sequences. As such this is another exciting 

research area to be explored in the future to elucidate IRF5v5-T-bet regulatory 

mechanism in T cells.  

 

In regards to IRF5v4, our results showed that stimulated IRF5v4 expressing 

Jurkat cells showed depleted IFNγ protein level, suggesting its indirect role in 

inhibiting IFN production. While at the transcription level, IRF5v4 did not alter IFNγ 

mRNA level because it had a similar level with control cells. Thus, we speculate that 

IRF5v4 may participate in the later phase of IFNγ regulation. Of note, we observed 
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that stimulated IRF5v4 expressing cells produced IL-10 production as described 

earlier. It is widely established that IL-10 as Th2 cytokine can cross regulate Th1 

responses [310,311]. In accordance to that, the depleted level of IFN could have 

contributed by IL-10. Puzzlingly, stimulated IRF5v5 expressing cells also secreted IL-

10 but did not exhibit the diminished level of IFN. This could ascribe to our 

hypothesis that IRF5v5 may interact with T-bet as discussed earlier, which 

consequently allows continuous production of IFN while in presence of IL-10. On 

that note, there is the possibility that IRF5v4 may not interact with T-bet, the key 

transcription factor required for IFN production, unlike IRF5v5. Previous studies 

have reported that IRF5 spliced isoforms function differently in regulating target 

genes [13,16,29]. However, the effects of isoforms on IRF5 activity in regulating 

target genes are not widely understood. Whether the structure of IRF5v4 which 

confers deletion within the exon 6 and PEST domain could contribute to altered 

binding ability of IRF5v4 to T-bet but not IRF5v5 (encodes full-length without 

deletion) requires further investigation. One way this can done is by employing the 

approach of crystallography to study the structure interaction of IRF5v4 and IRF5v5 

with T-bet.  

 

Besides that, we observed that IRF5v4 showed a differential response towards 

regulating the expression of Th2 associated cytokines upon stimulation. Based on the 

RT-PCR (Figure 3.29) analysis, IRF5v4 selectively upregulated IL-13 but at the same 

time downregulated IL-4 mRNA level. The increase in IL-13 expression correlates 
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with the luciferase assay which showed that MyD88 activated IRF5v4 was capable of 

inducing IL-13 transcriptional activity, thereby indicating IRF5v4 regulates IL-13 

expression. Remarkably, IRF5v4 was able to induce IL-13 mRNA despite a 

substantial high IFNmRNA levles, which is contrary to IRF5v5 and control cells 

that displayed reduced expression of IL-13 when IFN mRNA level was elevated. The 

exact reason of why IRF5v4 cells had increased IL-13 but reduced IL-4 expression is 

not clearly understood. Both IL-4 and IL-13 are closely related in many ways. For 

instance, they are homologous to each other, located on the same chromosome 5 in 

humans and 11 in mice and shares similar biological activities in the aspect of 

allergies mediated diseases [125,312]. Moreover, IL-4 and IL-13 shares similar 

receptor and signaling pathway at least in T cells, hence it is expected that IL-4 and 

IL-13 are co-expressed in T cells [125]. Interestingly, literature has supported that the 

expression of IL-4 and IL-13 can be differently expressed in T cells. One study 

reported that lactacystin, a proteasome inhibitor selectively induced IL-4 mRNA level 

but reduced IL-3 mRNA levels in PMA and Ionomycin activated Jurkat cells [313]. 

Thus, suggesting that proteasome may play differential role in regulating IL-4 and IL-

13 transcription. As such, regarding our study, whether IRF5v4 could have interacted 

with proteasome that led to reduced IL-4 mRNA level remains as an intriguing 

question to be explored in the future. 
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Chapter 5 

5 Conclusion and future directions 

5.1 Conclusion   

This thesis describes the study done to examine the transcriptional role of IRF5 in 

regulating IL-13 expression as well as assessed the ability of IRF5 in modulating Th1 

and Th2 associated cytokines in vitro. Humans Irf5 gene is differently spliced giving 

rise to at least nine isoforms. Two of IRF5 isoforms which are predominately present 

and transcriptional active; IRF5v4 and IRF5v5 were studied. We successfully isolated 

these IRF5 spliced isoforms from cDNA library of B cells. Following the 

amplification of IRF5v4 and IRF5v5 encoding sequences, construction of expression 

vectors encoding either IRF5v4 or IRFv5 were done using pcDNA mammalian 

expression vector. Transient transfection using HEK 293T cells were done to produce 

proteins for pull down assay. We used MyD88 expressing plasmid to mediate 

activation of IRF5 spliced isoforms. Using pull down assay we showed that the IRF5 

spliced isoforms had slight difference in their DNA binding activity to the ISRE 

bound oligonucleotide corresponding to ISRE region. We found that ectopic IRF5v4 

binding to oligonucleotide ISRE was completely dependent on MyD88. On the other 

hand, ectopic IRF5v5 alone was able to bind oligonucleotide corresponding to ISRE 

region, although its interaction was greatly enhanced when activated by MyD88. Our 
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results confirmed that IRF5v4 and IRF5v5 can bind to the functional element of ISRE 

element on human IL13 promoter.  

 

Since both IRF5v4 and IRF5v5 were able to bind ISRE region of IL13 

promoter, the transcriptional role of IRF5 on IL13 promoter activation was examined 

using a heterologous luciferase reporter construct driven by IL13 promoter. 

Expression vectors encoding IRF5v4 and IRF5v5 were constructed for transient 

transfection. In the transient transfection, HEK 293T cells were transfected with 

IRF5v4 or IRF5v5 in the presence and absence of MyD88 expression plasmid at 

various concentrations (25-100ng). From the results, we found that in presence of 

MyD88 both the IRF5 spliced isoforms were able to stimulate the activation of IL13 

promoter, whereas in absence of MyD88 neither of these spliced isoforms could 

induce significant activity. In addition, the stimulatory activity of IL13 promoter was 

proportionate to increasing concentration of MyD88 and IRF5v5, although at higher 

concentration of MyD88 led to reduced activity. Conversely, for IRF5v4, increasing 

the concentration of MyD88 did not enhance activation of IL-13 proportionally. In 

fact, increasing MyD88 led to lower transcriptional activation of IL-13 by IRF5v4. 

The reduced transcriptional activity of IRF5 spliced isoform by higher level of 

MyD88, suggest degradation or negative regulation of IRF5 spliced isoforms through 

their interaction with some endogenous proteins.  
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To assess the potential role of IRF5 in modulating Th1 and Th2 associated 

cytokines, we evaluated the effect of IRF5v4 and IRF5v5 in Jurkat cells in response to 

co-stimulation of PMA and Ionomycin. We constructed lentiviral vectors encoding 

for IRF5v4 or IRF5v5 and genetically modified Jurkat cells with our lentiviral 

constructs to ectopically express IRF5v4 or IRF5v5. The stably overexpressing 

IRF5v4 or IRF5v5 were achieved through limiting dilution method and cells with 

comparable transgene levels were used. In regards to IRF5 role in modulating Th 

cytokine expression, our results showed that both IRF5v4 and IRF5v5 exhibited 

differential response towards regulating the cytokines associated with Th1 and Th2. 

The semi-quantitative RT-PCR results showed that upon PMA and Ionomycin 

stimulation, stably expressing IRF5v5 increased IFNγ gene expression whilst led to 

inhibition of IL-4 and IL-13 gene expression. In protein level, IRF5v4 led to 

diminished level of IFNγ secretion, suggesting its contribution to inhibition of IFNγ 

production. Meanwhile, IRF5v5 showed no effect in IFNγ secretion. These results 

suggest potential role of IRF5v5 in regulating IFNγ transcription, through its 

interaction with T-bet, leading to Th1 polarisation. Conversely, IRF5v4 showed 

induction of IL-13 expression and inhibition of IFNγ and IL-4 gene expression, 

suggesting its potential role in differently promoting Th2 associated cytokine 

expression. Of note, both IRF5v4 and IRF5v5 were shown to upregulate IL-2 gene 

expression and IL-2 secretion, suggesting it potential role in augmenting T cell 

activation responses. With regards to IL-10, both IRF5v4 and IRF5v5 were able to 

secrete moderate amount of IL-10. Taken together, although the mechanism of 

underlying IRF5 differential response exerted by its spliced isoforms remains to be 
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elucidate in detail, the data presented by this study provides an insight into 

involvement of IRF5v4 and IRF5v5 in inducing human IL13 promoter activity as well 

as their modulation in the expression of cytokines in  human T cells line. The 

summary of findings obtained from this study is illustrated in Figure 5.1.  

 

 

Figure 5.1 Key summary of findings obained from this study. 
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5.2 Limitations and Future considerations 

The following are limitations in this study and suggestions for the future research  

1. In the pull-down assay we found that IRF5v5 were able to bound to 

oligonucleotide corresponding to IL13/ISRE element in absence of MyD88, 

indicating that IRF5v5 may have interacted with some endogenous adaptor 

proteins that could have activated it and subsequently facilitated its binding to 

IL13/ISRE. Future work can focus on revealing IRF5v5 interacting proteins 

present in nuclear lysates (without ectopic MyD88). This can be done by 

screening IRF5v5 interacting partner through proteomic studies, using affinity 

purification coupled with mass spectrometry (AP-MS) analysis in HEK 293T 

cells.  

 

2. In luciferase reporter assay, we showed that transcriptional activation of 

IRF5v5 was dependent on MyD88. However, increasing concentration of 

MyD88 to higher level led to reduced activity of IRF5v5. On the other hand, 

IRF5v4 at the lowest concentration of MyD88 showed enhanced luciferase 

activity. Higher expression level of MyD88 led to suppression of 

transcriptional activity of IRF5v4. Therefore, our results indicate that while 

MyD88 activation is required for IRF5 transcriptional activity, higher level of 

MyD88 had negative effect on the IRF5 induction of IL13 promoter activity. 

In future, it would be worth extending these findings to study the negative 

regulation of TRIM21, KAP1, and Lyn on IRF5 transactivation and 
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transcription of IL-13 to elucidate the detailed mechanism involved in TLR-

mediating signaling in affecting IRF5 activity for regulation of IL-13 cytokine. 

 

3. During routine examination of the expression level of IRF5v4 and IRF5v5 

prior to PMA and Ionomycin stimulation experiment, we observed intensity of 

IRF5v4 or IRF5v5 expression in stably expressing cells decreased gradually 

upon cultivation of the cells as the cells take time to reach confluency. This 

was due to gene silencing, a common phenomenon seen with use of CMV 

promoters [212]. The gene silencing was restored upon stimulation of PMA 

and Ionomycin. In future, lentiviral vector under inducible promoter can be 

used to overcome this gene silencing problem when PMA and Ionomycin are 

not required in the studies [198,212]. 

 

4. During the establishment of stably expressing IRF5v4 and IRF5v5 cells in 

Jurkat cells, we observed slower and stagnated growth rate in some of IRF5v4 

expressing cells. Since, IRF5 have been implicated in regulating cell cycle and 

cell death, further studies in this area can provide additional insight whether 

IRF5 has similar effect in T cells.  

 

5. In semi-quantitative RT-PCR analysis, we showed that IRF5v5 was able to 

induce IFN expression in Jurkat cells upon PMA and Ionomycin stimulation. 

In line, with several investigations by previous studies supporting its potential 
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involvement with T-bet, our findings can be extended in further studies to 

confirm the potential role of IRF5v5 in interacting with T-bet.  

 

6. During our RT-PCR optimisation step, we were not able to detect IL-5 and IL-

10 mRNA from stimulated IRF5 expressing cells. The failure in not detecting 

IL-5 and IL-10 mRNA does not conclude that IRF5v4/IRF5v5 did not involve 

in regulation of the two cytokines mentioned. Importantly, in our ELISA we 

showed that IRF5 able to induce IL-10, thus suggesting its role in regulating 

the expression of IL-10. In future, including positive control cells (peripheral 

blood mononuclear cells or HuT 78 cells- T cell lymphoma cells, another 

CD4
+ 

T cell line model)) would be helpful to evaluate the effectiveness of RT-

PCR parameter as well as to be used in comparison for  presence or absence of 

mRNA interest.  

 

7. Our findings showed IRF5v4 differential regulated the expression IL-4 and IL-

13 expression in Jurkat cells in response to PMA and Ionomycin. Since 

previous studies have implicated the potential role of proteasome in differently 

regulating IL-4 and IL-13 expression, further studies can explore the 

association of IRF5v4 with proteasome in regulating these Th2 cytokines 

differently.  

 

8. While IL-13 mRNA was detected in stimulated Jurkat cells as expected, but 

the protein secretion of IL-13 quantitated was lower than unstimulated cells. 
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Thus, highlighting that induction of IL-13 in stimulated control cells was not 

successful. The production of IL-13 in Jurkat cells are not widely reported, 

although there were at least three studies that have shown Jurkat cells can 

secrete profound amount of IL-13 upon PMA and Ionomycin stimulation as 

previously discussed. Interestingly, our findings correlate with a recent finding 

that showed that activation of Jurkat with PMA and Ionomycin induced Th1 

phenotype as characterised by the profound secretion of IFN and IL-2 but not 

IL-13 [238]. The aforementioned study also revealed that IL-13 can be 

induced in Jurkat cells by stimulating the cells into Th2 type skewed condition 

through PMA/CD28. Hence, it is important to address this issue in the future. 

In addition, a comparative study can be done using positive control cells such 

as purified CD4
+
 T cells and HuT78 cells that are known to produce IL-13 

[234]. Although Jurkat cells have been extensively used for cytokine studies, a 

recent report revealed that Jurkat cells harbour several genomic abnormalities 

associated with key molecules in TCR signalling, genomic stability and o-

linked glycosylation (a post-translation modification) [314]. Therefore, 

caution should be taken in future investigation when using Jurkat cells by 

taking note the defects of Jurkat cells. Despite the reported defects in Jurkat 

cells reported, there are still ongoing work published using Jurkat to evaluate 

cytokine as revealed through Pubmed search. In future work, it is highly 

recommended that a comprehensive study to be conducted to assess the 

cytokines profile in Jurkat cells in response to different strength of stimuli and 
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mitogens in comparison with positive controls [234,315]. This would be 

inevitable helpful to find optimal activation for cytokines in interest.  
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7 Appendix 

1.1 Recipes of reagents 

 

a)  10x TBE –adapted from Sigma Aldrich protocol 

 

 Dissolve 108 g of Tris and 55 g Boric acid in 900 ml of distilled water 

 Add 40 ml of 0.5 M Na2EDTA (pH 8.0) 

 Adjust volume to 1 liter.  

 

b)  LB medium/ agar preparation 

 

 Dissolve 5 g of Nacl, 5 g of Tryptone and 2.5 g of yeast to 300 ml of distilled 

water 

 For LB agar preparation, add 7.5 g of agar 

 Adjust volume to 500 ml and autoclave  

 

c) RIPA lysis buffer-adapted from Cold Spring Harbour Protocols 

 

 Add 1.5 ml of NaCl (1M), 0.1 ml Nodidet P-40, 0.05 ml of Sodium 

deoxycholate, 0.01 ml of SDS and 5ml of Tris (50mM, pH 7.4)  

 Adjust to 10 ml distilled water  

 Store in 4
0
C and use within 1 month 

 

 

d) 1x SDS PAGE running buffer  

 Dissolve 3.03g of Tris, 144.4 g of Glycine, 1 g of SDS in 1 liter of distilled 

water 

 

e) Towbin transfer buffer 

 Dissolve 3.03g of Tris, 14.4 g of Glycine in 800ml of distilled water 

 Add 200 ml of methanol 

 

f) Mild stripping buffer- adapted from Abcam protocol  

 

 Dissolve 15 g of Glycine, 0.1 g of SDS in 80ml of ultrapure water 

 Add 10 ml of Tween-20 

 Adjust pH to 2.2 and bring volume to 1 litre
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1.2 Steps for designing IRF5 primers for reverse transcriptase PCR (RT-PCR)  

 

  

1. Open Bioedit sequence with IRF5v4 and IRF5v5 sequences obtained from 

sequencing  

2. Press “Ctrl F” and find the sequences of primer sense and antisense (obtained 

from Journal). Only antisense sequence can be found on both IRF5v4 and 

IRF5v5. The length was recorded.  

3. Next the sense primer sequence was Blast using NCBI Blast, with human + 

transcript being selected.  

4. The blast results showed the similarity region 100% and all IRF5 mRNA 

transcript showed 100%. (This showed the primer used was to target the entire 

sequence of IRF5, so the primers used were consensus primers)  

5. IRF5v5 mRNA was clicked and the FASTA sequence was copied and saved in 

Notepad.  

6. The sequence was open in Bioedit. Open> choose file on desktop 

7. Highlight the 3 sequences IRF5v4, IRF5v5 and IRF5v5 mRNA, click copy 

and paste into new alignment  

8. Highlight the 3 sequences, click accessory application>ClustalW Multiple 

alignment>run>chose to colour the nucleotide (back colour view mode) 

9. Check for the sequence length of antisense  

10. For sense, click new alignment> open new sequence>copy and paste the 

sequence > name title as IRF-5 primer sense (RC)> DNA>apply and close 
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11. Click on the sequence on the “new alignment page”>click nucleic acid>RC  

12. Next click open RC sequence, copy and paste by finding Ctrl F”  

13. Based on observation the sequence is towards the end of the IRF5v5 mRNA, 

hence the sequence was modified by taking the front 5 bases and leaving 

behind those 5 towards the end to make up 20 bases. The sequence lengths 

were recorded. The highest value minus lower value gives the length of base 

pair. 

14. To check for the complement sequence of RC, Tm and GC content, the primer 

sequences were analysed through Oligo IDT website 

15. To check back whether the complement sequence primer is correct, the 

sequence was RC and checked with the previous RC sequences.  

16. The primers sequences were checked through NCBI Blast and the properties 

were checked in Oligo IDT and ordered.  
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2.1 Amplification of human IRF5cDNA at lower annealing temperatures were 

not clearly detected  

 

 

Figure 1 Amplification of IRF5 from cDNA of B cells. No amplification was detected 

at 55
0
C. A light unclear band was seen at 58

0
C.  
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2.2 (a)Full sequences of TOPO-IRF5v4 and TOPO-IRF5v5 with BamHI and SalI 

sequences  

 

 

 Transformant 1(encoded IRF5v5) 
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 Transformant 3 (encoded IRF5v4)  
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2.2 (b) Full sequences of TOPO-IRF5v4 and TOPO-IRF5v5 with BamHI and 

XbaI sequences  

 

 Transformant 1 (encoded IRF5v4) 
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 Transformant 2 (encoded IRF5v5) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

   

263 

 

 

 

2.3 Results of Luciferase assay responding to Il13 promoter activity (data from 

controls included)  

 

 

Figure 2 Relative expression (RE) of IL13 promoter in HEK293T cells co-

transfected with IRF5-v4 or IRF5-v5 with MyD88.  

Bar 1:IL13 promoter luciferase (IL-13L) 

Bar 2: T4 Renilla luciferase (T4R) 

Bar 3: IL13L+T4R 

Bar 4-7 : increasing MyD88 concentration (25, 50, 75 and 100 ng) 

Bar 8-11: increasing IRF5v4 concentration (25, 50, 75 and 100 ng) 

Bar 12-15: increasing IRF5v5 concentration (25, 50, 75 and 100 ng) 

Bar 16-19: increasing IRF5v4 concentration (MyD88 constant 100 ng) 

Bar 20-22 : increasing MyD88 concentration (IRF5v4 constant 100 ng) 

Bar 23-26 : increasing IRF5v5 concentration (MyD88 constant 100 ng) 

Bar 27-29 : increasing MyD88 concentration (IRF5v5 constant 100 ng) 
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2.4 Confirmation of plasmids produced by large scale of isolation by restriction 

digestion  

 

 
 

 

 

Figure 3 Restriction digestion of extracted plasmids of pLenti, TOPO-IRF5v4 and 

TOPO-IRF5v5 using BamHI and SalI.  

Digestion of IRF5v4 and IRF5v5 gave fragment of 1500bp and pLenti gave a 

fragment of about 7000bp. The indicated red boxes are the desired bands used for 

ligation.  
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2.5 Sloughing of cells and low titer of recombinant lentivirus during optimization 

of protocol, showing the importance of proper seeding number and confluency 

 

 

 
 

 

 

 

Figure 4 Visualisation of GFP expression during trial experiment. (a) Bright-field of 

sloughed HEK 293 T cells observed at day 3 post-transfection, (b) GFP expression of 

sloughed HEK 293 T cells observed at day 3 post-transfection, (c) GFP expression of 

transduced HEK 293 T cells observed at day 3 post-transduction. Photos were taken 

under Nikon Upright Microscope Eclipse Ei under fluorescent light (x100 

magnification). The exposure time of fluorescent photos were 600 milliseconds. The 

red indicator is showing some weak signal of GFP.  
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2.6 Gradient PCR of IRF5 primers using isolated IRF5v5 plasmid as template  

 
 

Figure 5 Determination of optimal annealing temperature for the amplification of 

IRF5v5 by gradient PCR.  

TOPO-IRF5v5 plasmid was used as template. Thirty cycles of gradient PCR were 

carried out at the indicated annealing temperature. The red arrowhead marks the 

chosen annealing temperature that gave clear band of expected size of 482 bp.  
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2.7 Confirmation of optimal genomic DNA elimination protocol  

 

 
 

 

 

Figure 6 Confirmation of optimal genomic DNA elimination protocol assessed 

through gel electrophoresis.  

The red arrow head shows no band was seen in RT- sample, meanwhile yellow 

arrowhead shows 182 bp corresponding to β-actin detected in PCR product amplified 

from IRF5v4 cDNA sample.  
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2.8 Silencing of IRF5v4 or IRF5v5 under CMV promoter were  restored upon 

PMA and Ionomycin stimulation  

 

 

 

 
 

 

Figure 7 Demonstration of silencing of IRF5v4 (G3) and IRFv5 (H3) gene under 

CMV promoter were restored upon PMA and Ionomcyin stimulation.  

Unstimulated cells are indicated as Ju (Jurkat-control), G3u (IRF5v4) and H3u 

(IRF5v5). Stimulated cells are indicated as Js (Jurkat-control), G3s (IRF5v4), H3s 

(IRF5v5). a) IRF5v4 (314 bp) and IRF5v5 (382 bp) mRNA levels were determined by 

reverse transcription PCR. b) housekeeping gene, β-actin as the loading control 

(182bp).   
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2.9 Gradient PCR to determine optimal annealing temperature for amplification 

of cytokine transcripts  

 

 

 

 
 

 

Figure 8 Determination of optimal annealing temperature for the amplification of 

IFNγ by gradient PCR.  

PMA/Ionomycin stimulated Jurkat cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. The 

red arrowhead marks the chosen annealing temperature that gave clear band of 

expected size of 453 bp.  
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Figure 9 Determination of optimal annealing temperature for the amplification of IL-2 

by gradient PCR.  

PMA/Ionomycin stimulated Jurkat cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. The 

arrowhead marks the chosen annealing temperature that gave clear band of expected 

size of 250bp.
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Figure 10 Determination of optimal annealing temperature for the amplification of IL-

4 by gradient PCR.  

PMA/Ionomycin stimulated Jurkat cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. The 

arrowhead marks the chosen annealing temperature that gave clear band of expected 

size of 331 bp.
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Figure 11 Determination of optimal annealing temperature for the amplification of IL-

13 by gradient PCR.  

PMA/Ionomycin stimulated Jurkat cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. The 

arrowhead marks the chosen annealing temperature that gave clear band of expected 

size of 253 bp. 
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Figure 12 Determination of optimal annealing temperatures for the amplification of 

IL-5 and IL-10 by gradient PCR.  

PMA/Ionomycin stimulated Jurkat cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. No 

amplication was detected.  
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Figure 13 Determination of optimal annealing temperature for the amplification of IL-

5 and IL-10 by gradient PCR.  

PMA/Ionomycin stimulated IRF5v5 cells for 6 hours were used as template. Thirty 

cycles of gradient PCR were carried out at the indicated annealing temperature. a) 

Analysis of PCR products for amplification of IL-5. b) Analysis of PCR products for 

amplification of IL-10.  

 

 



 

   

275 

 

2.10 Analysis of cytokines transcripts by gel electrophoresis  

 

Figure 14 Visualisation of transcripts in unstimulated cells or cells stimulated with PMA-Ionomycin for 6 hours. Amplification of 

products sizes for IFNγ (453 bp), IL-2 (250 bp), IL-4 (331 bp) and IL-13 (253 bp). Housekeeping gene, β-actin was included as the 

loading control (182bp). Samples were arranged as unstimulated Jurkat cells, IRF5v4 and IRF5v5 cells, followed by stimulated Jurkat, 

IRF5v4 and IRF5v5 cells, respectively. Three individual experiments were conducted, represented as set 1, 2 and 3. 
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