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ABSTRACT 

 Interleukin (IL) -7 is an essential non-redundant cytokine that influences T-cell 

differentiation, proliferation, homeostasis and T-cell functions. In T-cells, IL-7 signals are 

transduced via IL-7's heterodimeric receptor composed of a common, γ chain (CD132)      

and an IL-7 specific, α chain (CD127). In light of the many roles that IL-7 plays in T-cell 

biology, it is no surprise that CD127 expression is tightly regulated in T-cells.  

 In this study, I explore the effects that disease specific mutations in CD127 have on 

CD127 expression, regulation and signal transduction using an in vitro T-cell model.       

Here I specifically examined four disease associated mutations of CD127: P132S associated 

with severe combined immunodeficiency; L242_L243insNPC associated with T-cell acute 

lymphoblastic leukemia; I356V & T244I associated with autoimmune diseases like multiple 

sclerosis, rheumatoid arthritis and type 1 diabetes. In developing my model, I decided to use 

Jurkat cells because they expressed high endogenous surface levels of CD132, low 

endogenous surface levels of CD127 and endogenous STAT5. Jurkat cells were transduced 

with lentiviruses that induced expression of either WT or one of the four mutant CD127.   

 I found that transduced Jurkat cells produced the WT and all four mutant CD127 

proteins. I also found that wild type CD127, I356V, L242_L243insNPC and T244I mutant 

CD127 proteins were all expressed at the same level on the cell surface. However, I could 

not detect P132S mutated CD127 protein in its native state on the surface or intracellularly. I 

also found no differences between the mutant CD127 and wild type CD127 with regards to 

the level of soluble CD127 transcripts. I found that cell lines expressing L242_L243insNPC, 

I356V and T244I mutant CD127 protein, down-regulated surface CD127 at high IL-7 doses 

(25ng/mL) to the same extent as in the cell line expressing wild type CD127 protein. 

Interestingly, at the low IL-7 dose (1ng/mL) these mutant CD127 cell lines down-regulated 

surface CD127 to a lesser degree the wild type CD127 cell line. 

 Further studies are required to elucidate whether P132S mutated CD127 is expressed 

on the surface and if T224I and I356V mutations in CD127 enhance signaling. By 

understanding CD127 dysregulation and dysfunction in disease states, we can potentially 

develop therapeutics that can return the function of CD127 to normalcy.  
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CHAPTER  1: INTRODUCTION 
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1.1 Interleukin-7 and its receptor 

 Interleukin-7 (IL-7) is a non-redundant cytokine that has essential roles in human T-

cell development, survival, proliferation and differentiation [1-3]. In 1988, IL-7 was first 

discovered and was initially characterized as a protein that could stimulate proliferation of 

murine B-cell precursors (B220+ Surface Ig-) [1, 2, 4]. Other early research indicated that 

mice lacking IL-7 or the IL-7 receptor's unique α chain (CD127) had reduced numbers and 

impaired development of B and T-cells [1-3, 5, 6]. Since then IL-7 and its roles in T-cell 

biology have been extensively studied across multiple species [1, 2, 7]. 

1.1.1 Interleukin-7 

 Human IL-7 is a 25kDa glycoprotein; that is encoded on a 72Kb gene located on 

chromosome 8(q12-q13) [1, 2]. The protein structure of IL-7 is composed of four α-helix 

subunits that surround a hydrophobic core, a structure that is conserved amongst a variety of 

cytokines [1, 2, 8]. IL-7 is produced by a wide range of cells including thymic and bone 

marrow stromal cells, intestinal epithelium, keratinocytes, hepatocytes, endothelial cells, 

peripheral and follicular dendritic cells, smooth muscle cells and fibroblasts [1, 2]. In 

healthy adults, the circulating levels of IL-7 in plasma range from 0.3 to 8.4 pg/mL [9]. IL-7 

has been shown to have a very strong binding affinity (Kd=40pM) to its receptor (IL7R) [1]. 

1.1.2 Interleukin-7 receptor 

 The IL-7 receptor (IL7R) is a heterodimer composed of a unique α chain subunit 

(CD127) and the common γ chain subunit (CD132) [1, 2]. Each subunit is independently 

expressed on the surface of cells [1, 2]. CD127 specifically binds to IL-7, while CD132 is 

shared amongst the common γ chain cytokines: IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21 [1, 
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2, 5]. The binding of IL-7 to this heterodimeric receptor initiates two main signal 

transduction pathways in T-cells: JAK/STAT5 and Phosphoinositide 3-kinase (PI3K) (see 

below) [1, 2, 10]. 

1.2 Interleukin-7 role in T-cell biology 

 In human T-cells, IL-7 stimulation has been shown to induce a variety of effects.  

IL-7 stimulation directly promotes proliferation in naive and memory T-cell populations and 

in thymocytes from various stages of thymopoiesis [1, 10-13]. This proliferative effect 

occurs because IL-7 stimulation up-regulates the expression of telomerase and promotes 

progression from the G0 phase to the S phase of the cell cycle [1, 14]. IL-7 stimulation also 

increases glucose uptake in T-cells by up-regulating glucose transporter-1 (GLUT1) [10]. 

The increase in glucose uptake satisfies the metabolic needs of T-cells undergoing 

proliferation. In addition, IL-7 stimulation enhances the survival of naive and memory T-

cells, and thymocytes from various stages of thymopoiesis by up-regulating anti-apoptotic 

factors like Bcl-2, Bcl-XL and MCL-1, and by down-regulating pro-apoptotic factors like 

Bad, Bax and Bim [1, 10, 15]. Finally, IL-7 stimulation enhances the cytolytic potential of 

effector T-cells by up-regulating perforin at the mRNA and protein level and IFNγ 

production [10, 16-19]. 

 IL-7 also indirectly up-regulates proliferation and survival of antigen stimulated 

effector T-cells by up-regulating the surface expression of CD25 (IL-2Rα) [15, 17, 20]. 

Increases in IL2Rα expression on antigen stimulated effector T-cells allows for IL-2 

signaling to occur and induce proliferation and survival [20].  
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1.2.1 Interleukin-7's role in thymopoiesis 

 In thymopoiesis, thymocytes begin as early T-cell progenitors that become double 

negative (DN; CD4-CD8-) cells, then double positive (DP; CD4+CD8+) cells and finally as 

single positive (SP; CD4+ or CD8+) T-cells [3]. IL-7 has been shown to be critical for the 

survival and proliferation of DN T-cells [1, 21-23]. Without IL-7 signaling, thymocytes 

remain as early T-cell progenitors and do not undergo development [3, 22]. Deletions of the 

IL7Rα gene in mice cause the thymus to be 100-fold smaller [3]. In these CD127 deficient 

mice, the over-expression of Bcl-2 transgene or deletion of Bax gene causes partial rescue of 

thymocyte development and survival [22]. In DN cells, IL-7 signaling is found to be crucial 

to V(D)J rearrangement of the TCR β, γ and δ genes [1, 21, 22, 24]. IL-7 activation of 

STAT5 causes histone acetylation of γ and δ loci allowing for the chromatin to become 

accessible to recombinases (RAG proteins), which rearrange the V(D)J segments in the TCR 

genes [1, 22]. Boudil et al. have also found that mice that lack the IL-7 gene undergo TCR α 

gene rearrangement prematurely in DN cells, opposed to normally undergoing gene 

rearrangement in early DP cells [24]. Whether IL-7 signaling is directly involved in TCR α 

gene arrangement has yet to be fully elucidated.  

1.3 Interleukin-7 receptor unique α chain, CD127 

 The CD127 gene is 19.79kb long and is located on chromosome 5(p13) [1, 25]. The 

gene contains 8 exons that encode for a 459 amino acid (aa) long, single pass 

transmembrane protein [1, 2, 25]. Exons 1 to 5 encode for the extracellular region (aa 1-239) 

of CD127; exon 6 encodes for the transmembrane region (aa 240-264); and exons 7 and 8 

encode for the cytoplasmic region (aa 264-459) [1, 2, 25]. 
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 The molecular weight of full length CD127 is calculated to be 49.5kDa; however due 

to differing levels of glycosylation the molecular weight can vary from 50 to 92 kDa [1]. 

Glycosylation of CD127 has been shown to enhance the binding affinity of IL-7 by 300-fold 

[27, 28]. This effect is attributed to glycosylation stabilizing the interactions between CD127 

and CD132 and by shifting CD127 towards a state that could more readily interact with IL-7 

[27, 28].  

 The extracellular region of CD127 includes two type-III fibronectin-like domains 

linked by a 310 helical linker, two pairs of conserved cysteine residues that stabilize the 

structure of the extracellular region by forming disulfide bridges, and a Trp-Ser-X-Trp-Ser 

(WS-X-WS) motif that is necessary for the proper folding of the extracellular region [1, 2]. 

 The cytoplasmic region is composed of four domains: Box1, acidic, serine-rich and 

C-terminal [1]. The FERM and SH2 domains of Janus Kinase (JAK)-1 are known to bind to 

the Box1 domain of CD127 [29]. In studies where the Box1 domain in CD127 was deleted 

there was no phosphorylation of JAK-1 when cells were stimulated with IL-7 [1]. Src 

kinases like p59fyn and p56lck are known to bind to the acidic domain of CD127; however the 

activation of Src kinases are not dependent on IL-7 signaling in T-cells [1, 30]. The C-

terminal domain contains three tyrosine residues: Y401, Y449, Y456 [1]. The SH2 domains 

on STAT5 and the regulatory subunit, p85, of PI3K are known to dock to the 

phosphorylated Y449 residue on CD127 [1, 2, 30, 31]. Researchers have observed that 

mutations of Y449 prevent the docking and subsequent phosphorylation of STAT5 and p85; 

which resulted in a loss of IL-7 signal transduction [1]. See figure 1 for IL-7R structure. 
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Figure 1: Structure of the interleukin-7 receptor  
 

This receptor is composed of two single pass transmembrane subunits. The unique α chain, 

CD127, is highly specific to IL-7. The extracellular region (blue) of CD127 is 239 amino 

acids long and has two type-III fibronectin domains which are linked together by a 310 

helical linker peptide. The transmembrane region (orange) of CD127 is 25 amino acids long. 

The cytoplasmic region of CD127 is 195 amino acids long. It is composed of four domains: 

Box1 (red), acidic domain (light purple), serine-rich domain (purple) and C-terminal domain 

(dark purple). JAK-1 binds to CD127 at the Box1 domain. The C-terminal domain contains 

three conserved tyrosines at 401, 449 and 456. Shown in green is the common γ chain 

subunit, CD132. This subunit is shared with common γ chain cytokines: IL-2, IL-4, IL-7,  

IL-9, IL-15, & IL-21. CD132 has two type-III fibronectin domains in its extracellular region. 

JAK-3 binds to CD132's cytoplasmic region.   
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 While translation of full length membrane bound CD127 (mCD127) is most 

prevalent; others have found soluble CD127 (sCD127) in serum [4, 25, 26].  Soluble CD127 

is translated from an mRNA transcript that excludes exon 6 [4, 25, 26]. DNA sequencing 

analysis reveals that only the full length CD127 is encoded in the genome and that 

alternative splicing of the full length CD127 gene results in the exclusion of exon 6 leading 

to the sCD127 isoform [1, 25]. 

 CD127 is highly expressed on naive and memory T-cells where IL-7 is presumed     

to provide a survival signal through up-regulation of Bcl2 [1]. In contrast, CD127   

expression is down-regulated on effector T-cells following stimulation through the TCR     

or other common γ chain cytokines [23]. CD127 is also highly expressed at all stages of    T-

cell development except in DP thymocytes [1, 2]. There are two hypotheses, altruistic or 

inhibitory, as to why the DP cells in thymopoiesis lack CD127. In the altruistic hypothesis, 

the leading T-cell in thymopoiesis (DP cells) has already benefited from the effects of IL-7 

so it down-regulates CD127; this allows the trailing T-cell (DN cells) to interact with the 

limited amount of IL-7 left and benefit from IL-7 mediated effects [21]. In the inhibitory 

hypothesis, it is suggested that CD127 expression on early DP cells sends an inhibitory 

signal to the thymocyte to halt T-cell development; hence DP cells down-regulate 

expression of CD127 as a means of preventing the transduction of an inhibitory signal that 

halt thymocyte development [21]. These hypotheses have yet to be tested. CD127 can also 

be found to a lesser degree on NK precursors, bone marrow derived macrophages, 

developing B-cells, human endothelial cells, and a variety of cancer cells [1]. 
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1.4 Interleukin-7 signal transduction 

 IL-7 initially binds to CD127 at a 1:1 ratio which leads to the recruitment of CD132 

[1, 2, 27]. Once IL-7 is bound to the extracellular regions of both CD127 and CD132, the 

receptor subunits undergo a conformational change that brings their cytoplasmic regions     

in close proximity to each other (27Å) [1, 2, 27]. As the subunits come in close proximity, 

JAK-1 which is associated with CD127 and JAK-3 which is associated with CD132 will 

trans-phosphorylate each other, thereby activating the kinases [1, 2]. Activated JAKs will 

then phosphorylate Y449 on CD127 forming a docking site for STAT5 and p85 [1, 2].  See 

figure 2 for schematic of IL-7 signal transduction.  

 Interestingly, CD127 and CD132 are also known to form heterodimers even without 

IL-7 binding; however no conformational changes take place in these heterodimers and the 

cytoplasmic regions on each subunit remain sufficiently far apart (110Å) such that JAK-1 

and JAK-3 are not trans-activated [32].  

1.4.1 Signaling through the JAK/STAT5 pathway 

 Once STAT5 binds to the phosphorylated Y449 residue of CD127, either JAK-1 

and/or JAK-3 will phosphorylate STAT5 [1, 10]. Phosphorylated STAT5 (pSTAT5) will 

then dimerize in the cytoplasm [1]. pSTAT5 dimers then trans-locate into the nucleus were 

they induce gene transcription to up-regulate pro-survival proteins (Bcl-2) and cytolytic 

proteins (perforin); induce proliferation, glucose uptake (GLUT1) and V(D)J rearrangement 

in thymocytes [1, 10].  
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Figure 2: Interleukin-7 signal transduction 

(1) IL-7 first binds to CD127 which in turn causes the recruitment of CD132. As         

CD127 and CD132 come into close proximity, JAK-1 bound to CD127 and JAK-3 bound   

to CD132 trans-phosphorylate each other. Once activated the Janus kinases      

phosphorylate Y449 on CD127. (2) STAT5 docks to the phosphorylated Y499           

(pY449) and is phosphorylated by JAK-1. (3) Phosphorylated STAT5 (pSTAT5)     

molecules dimerize in the cytosol. (4) pSTAT5 dimers trans-locate into the nucleus           

and induce gene transcription to up-regulate pro-survival proteins (Bcl-2) and cytolytic 

proteins (perforin); induce proliferation, glucose uptake (GLUT1) and V(D)J  

rearrangement. (5) Inactive PI3K's p85 subunit docks to pY449 and gets         

phosphorylated by JAK-3, thereby activating PI3K. (6) Active PI3K then         

phosphorylates PIP2 at the cell membrane. (7) PIP2 becomes PIP3. PDK-1 binds                 

to PIP3 and becomes activated. (8) Activated PDK-1 phosphorylates AKT.                          

(9) Activated AKT then inhibits pro-apoptotic factors (Bim) and induces                             

up-regulation of pro-survival proteins (Bcl-2), proliferation and glucose uptake (GLUT1). 
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1.4.2 Signaling through the PI3K pathway 

 Phosphoinositide 3-kinase (PI3K) pathway is another signaling pathway induced by 

IL-7 binding to its receptor [1, 30]. PI3K contains a regulatory subunit, p85 that inhibits 

PI3K activity by binding to the catalytic subunit, p110 [1, 30, 31]. Once p85 docks to the 

phosphorylated Y449 residue on CD127, JAK-3 will phosphorylate p85 [1, 30]. 

Phosphorylation of p85 results in its dissociation from p110 of PI3K [30, 31].  

 Activated PI3K begins a signaling cascade that leads to the phosphorylation of AKT 

(pAKT) [1, 10]. pAKT then phosphorylates the pro-apoptotic protein Bad causing it to       

be sequestered and inhibited by 14-3-3 proteins in the cytosol [1]. Active PI3K also 

phosphorylates the transcription factor FoxO3 and prevents it from translocating to the 

nucleus [1]. As such, phosphorylated FoxO3 cannot up-regulate the expression of pro-

apoptotic protein Bim or the cell cycle inhibitor p27kip1 [1]. Activated PI3K also 

phosphorylates p27kip1 causing it to be degraded; thus allowing cyclin-dependent kinases 

(CDKs) to become active and trigger the cell to progress from G0 to S phase of the cell cycle 

[1]. GLUT1 has been shown to be up-regulated by the PI3K pathway in IL-7 stimulated 

CD8+ T-cells [10]. Anti-apoptotic proteins like Bcl-2, Bcl-XL and MCL-1 have also been 

shown to be up-regulated through the IL-7 dependent PI3K pathway [1, 2, 10].   

1.5 CD127 regulation 

 Our lab has shown that on resting primary CD8 T-cells, CD127 has a half-life of 55 

hours and is continuously endocytosed and recycled back to the surface [33]. A small 

percentage of CD127 endocytosed is shunted to lysosomes for degradation, while the 

majority returns to the cell surface [33]. Degraded proteins are replaced by de novo synthesis 

of CD127, thereby keeping the level of CD127 on the surface constant [33].  
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 Our lab has also shown that when IL-7 binds to its receptor CD127 surface 

expression is down-regulated at the protein and mRNA levels [34]. IL-7 bound CD127 is 

rapidly endocytosed and degraded by proteosomes [34]. Proteosomal degradation is targeted 

towards CD127 with Y449 phosphorylated [34]. Through activation of STAT5,   IL-7 

signaling induces the transcription of SOCS2, CIS and c-Myb [35]. SOCS2 and CIS   

proteins bind to phosphorylated CD127 in the endosomes and recruit ubiquitin ligases      

that direct CD127 to the proteosomes for degradation [35]. c-Myb in turn binds to the 

CD127 gene promoter and represses CD127 transcription thus preventing de novo    

synthesis of CD127 [34, 35]. The down-regulation of CD127 at the protein and mRNA 

levels were shown to be independent mechanisms [34].      

1.6 CD127 in immunological diseases 

 In light of the roles that IL-7 has in T-cell biology, our lab has been interested in how 

CD127 expression, regulation and signaling are affected in various diseases states. Our lab 

has for a number of years studied IL-7 and CD127 on T-cells in the context of HIV 

pathogenesis. Our lab was amongst the first to show that CD127 expression was reduced on 

CD8+ T-cells from patients with uncontrolled HIV viral replication [36]. Our lab has also 

shown that the HIV Tat protein causes IL-7 independent down-regulation and       

degradation of CD127 [13, 19]. Tat induced down-regulation of CD127 results in    

decreased proliferation and perforin synthesis in CD8+ T-cell [19]. 

 In this report, I set out to examine the effect that disease associated mutations have 

on CD127 expression, regulation and signaling. Herein I focus on four mutations in CD127: 

P132S, L242_L243insNPC, T244I and I356V (Figure 3). These mutations have been  
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Figure 3: Schematic showing the location of the four mutations in CD127 

P132S is in the extracellular region and is associated with severe combined 

immunodeficiency. L242_L243insNPC is in the transmembrane region and is associated 

with T-cell acute lymphoblastic leukemia. T244I is located in the transmembrane region and 

is associated with autoimmune diseases like multiple sclerosis, type I diabetes, sarcoidosis, 

systemic lupus erythematosus and rheumatoid arthritis. I356V is in the cytoplasmic region 

and is associated to multiple sclerosis.   
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associated with severe combined immunodeficiency (SCID), T-cell acute lymphoblastic 

leukemia (T-ALL), and various autoimmune diseases. 

1.6.1 CD127 in SCID 

 SCID is rare and fatal disease that causes diminished numbers of T-cells [37-39]. 

Infants with SCID clinically present with opportunistic infections, rash, diarrhea and failure 

to thrive [37]. Currently, there are two known types of SCID: SCID linked to chromosome 

X and autosomal recessive SCID [37-39]. X-linked SCID can be caused by truncation or 

nonsense mutations in the IL2R or JAK-3 genes [37-39]. Those with X-linked SCID have   

no T or NK cells, but normal levels of B cells [37-39]. Autosomal recessive SCID is caused 

by mutations in the IL7Rα (CD127) gene [37, 38, 40, 41]. Those with autosomal recessive 

SCID have no T-cells, but normal levels of B and NK cells [37]. Ten percent of all SCID 

patients examined present with autosomal recessive SCID [37]. One analysis of 22 patients 

with autosomal recessive SCID found that there were multiple mutations in the extracellular 

region of the IL7Rα gene [40, 42]. These mutations caused truncations or affected protein 

folding; leading to reduced IL-7Rα expression and function [40, 42]. Roifman et al. 

examined the lymphocytes from one group of patients that presented with autosomal   

recessive SCID and found that they all had a point mutation, P132S, in the extracellular 

domain of CD127 [41]. These patients were from an inbred family with consanguinity 

across five generations [41]. Roifman et al. used an in vitro cell line model to study the 

P132S mutation in CD127 and found that CD127 was still produced by the cells, but that IL-

7 signaling was impaired [41]. Apart from the original paper by Roifman et al., research into 

the P132S mutation is limited; therefore in this report I wanted to further examine the effects 

of this loss-of-function mutation on CD127 expression and signaling. 
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1.6.2 CD127 in T-ALL 

 T-cell acute lymphoblastic leukemia (T-ALL) is a common leukemia found in 

children and adults [38, 43]. In vitro and in vivo studies have shown that IL-7 contributes   to 

the progression of T-ALL by increasing the proliferation and viability of lymphoblasts [44].  

About 10% of T-ALL patients in multiple cohorts have somatic mutations in exon 6 of 

CD127 leading to constitutive signaling independent of IL-7 [45, 46]. These mutations 

introduce an unpaired cysteine into the transmembrane region of CD127 that cause two 

mutant CD127 subunits to homodimerize by forming a disulfide bridging between the 

cysteines [45, 46].  Zenetti et al. showed both in primary T-ALL cells and in multiple in 

vitro models that the insertion of an unpaired cysteine (insertion mutation: 

L242_L243insNPC) in CD127 causes hyper-activation of the JAK/STAT5 and PI3K 

pathways [45]. Considering that the effects of the L242_L243insNPC mutation have been 

well shown by Zenetti et al., I used the mutation L242_L243insNPC to demonstrate a gain-

of-function mutation in CD127 signaling. 

1.6.3 CD127 in autoimmune diseases 

 In 2003, Tuetsch et al. were among the first to identify a genetic association between 

the CD127 gene and multiple sclerosis (MS) [41]. Since then multiple genome wide 

association studies (GWAS) have been conducted and found genetic associations for CD127 

with other autoimmune diseases like rheumatoid arthritis (RA), type 1 diabetes (T1D), 

sarcoidosis and systemic lupus erythematosus (SLE).  

 The SNP, rs6897932, in exon 6 of the CD127 gene encodes for the T244I mutation 

in the transmembrane region of CD127 [48]. Increased risk for developing MS, RA, T1D, 

sarcoidosis and SLE has been associated with the T244I mutation, which is found at a 
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frequency of 0.7 in MS patients [37, 47, 48, 50-55]. Currently, there are two theories as to 

the effect of the T244I mutation. One theory is that T244I causes an increase in sCD127 

transcripts by promoting alternative splicing mechanisms [37]. Gregory et al. showed in an 

in vitro model that T244I lead to a two fold increase in sCD127 transcripts [48]. The      

exact role of sCD127 in the context of autoimmunity is not fully understood. There is 

evidence that suggests sCD127 binds to IL-7 preventing T-cells from immediately 

consuming this limited cytokine and instead allows for a more limited but constant supply 

over time, thus potentiating IL-7 signal transduction [56]. This role for sCD127 is plausible 

in the context of autoimmunity. Another theory is that the T244I mutation in membrane 

bound CD127 directly causes enhanced signal transduction in T-cells [37]. Considering that 

this mutation occurs in the same area that the T-ALL gain-of-function mutations occur, this 

theory is also plausible [34]. It is also conceivable that both theories are correct with T244I 

enhancing IL-7 signaling from the membrane bound CD127 and increasing levels of    

soluble CD127.   

 The SNP, rs3194051, in exon 8 of the CD127 gene encodes for the I356V mutation 

in the cytoplasmic region [49]. The I356V polymorphism has been recognized as a risk 

factor for MS [49, 51]. There are currently no known theories as to how I356V may increase 

the risk for developing MS.  

 Since the effects of T244I and I356V in CD127 are not fully understood, in this 

report I set out to examine the effects these mutations have on CD127 expression, regulation 

and signaling to further enhance our knowledge of CD127 and its role in disease.  
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Hypothesis: 

 

Disease specific mutations in CD127 result in aberrant signaling and/or receptor expression 

and/or receptor regulation. 

 

 

Objectives: 

1. To develop cell lines that stably express wild-type CD127, P132S mutated CD127, 

I356V mutated CD127, L242_L243insNPC mutated CD127 and T244I mutated CD127 

proteins. 

2. To examine the established mutant CD127 cell lines for altered expression of CD127 

protein. 

3. To examine the established mutant CD127 cell lines for altered CD127 regulation. 

4. To examine the established mutant CD127 cell lines for altered CD127 signal 

transduction. 
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CHAPTER  2: MATERIALS AND METHODS 
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2.1 CD8+ T-cell isolation 

 CD8+ T-cells were isolated from heparinized blood of consenting healthy donors 

(Appendix I for consent form).  Peripheral blood mononuclear cells (PBMC) were isolated 

from the blood using Ficoll-Paque density centrifugation. The pellet containing PBMCs was 

resuspended in 800µL of MACS buffer (5% BSA w/v, 2mM EDTA in sterile phosphate 

buffered saline (PBS), pH 7.4). CD8+ T-cells were isolated using Miltenyi Biotec's human 

CD8 microbeads kit (Auburn, CA). Briefly, 1E8 PBMCs were incubated with 200µL of 

anti-CD8 antibody conjugated magnetic microbeads for 20 minutes at 4ºC. The cells were 

washed with PBS and centrifuged in a Megafuge 1.0 centrifuge (Heraeus Instruments, Inc.) 

at 1600rpm for 6 minutes. The cell pellet was resuspended in 2mL of MACS buffer and 

CD8+ T-cells were separated from the PBMCs using the AutoMACS cell separator (Miltenyi 

Biotec, Inc.; Auburn, CA). Purified CD8+ T-cells were washed with PBS, then counted using 

a hemocytometer and resuspended at 1E6 cells/mL in RPMI-10. RPMI-10 was composed of 

RPMI 1640 medium (Sigma-Aldrich Canada Co.; Oakville, ON) supplemented with 10% 

heat inactivated fetal bovine serum (HI FBS; Gibco; Carlsbad, CA), 100U/mL penicillin 

(Sigma-Aldrich Canada Co.; Oakville, ON), 100µg/mL streptomycin (Sigma-Aldrich 

Canada Co.; Oakville, ON) and 2g/L sodium bicarbonate (Sigma-Aldrich Canada Co.; 

Oakville, ON). 

2.2 Cell culture 

 Four lymphoblastic cell lines, CCRF-CEM, A3, SupT1 and Jurkat E6.1 were 

obtained from the American Type Culture Collection (ATCC; Manassas, VA). All 

lymphoblastic cell lines were cultured in complete media, RPMI-10, at the density of 1E6 

cells/mL.  
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 The human kidney epithelial cell line, HEK293T, was obtained from ATCC and 

grown as an adherent monolayer in complete media, DMEM-10. DMEM-10 was composed 

of Dulbecco's Modified Eagles Medium (DMEM; HyClone Laboratories, Inc.; Logan, UT) 

supplemented with 10% HI FBS (Gibco), 100U/mL penicillin (Sigma-Aldrich Canada Co.), 

100µg/mL streptomycin (Sigma-Aldrich Canada Co.) and 2g/L sodium bicarbonate (Sigma-

Aldrich Canada Co.). HEK293T cells were used to produce lentiviruses. 

 All cells were maintained in a water jacketed humidified incubator (Forma™ Series 

II 3110; Thermo Scientific) at 37ºC and in 5% CO2.  

2.3 Development of cell lines that stably express WT or mutant CD127 

 To develop cell lines that expressed WT or mutant CD127 protein, I originally tried 

to transfect an eukaryotic expression plasmid, pCMV6-CD127 (Plasmid Clone # RC209687; 

OriGene USA; Rockville, MD) in Jurkat cells and use G418 sulfate (Wisent BioProducts; 

St-Bruno, QC) to select for positive clones. The plasmid pCMV6-CD127 (Appendix II.A for 

gene map) contains a CMV promoter upstream of the wild type CD127 cDNA. This 

promoter should drive constitutive expression of CD127 from the cDNA. This plasmid also 

contains a neomycin resistance gene allowing for selection of transfected cells by G418 

sulfate. Positive clones were selected for using complete RPMI-10 media supplemented with 

750µg/mL G418 sulfate (Appendix III for G418 sulfate kill curve). The transfection and 

selection approach (Appendix II.B) to making a cell line that stably expressed CD127 was 

unsuccessful. Several attempts were made but in each case clones failed to survive G418 

selection. Hence, I shifted my approach towards a lentiviral system. Lentiviruses have    

been shown to provide higher transduction efficiency and be more efficient at genome 

integration compared to expression plasmid transfection approaches. 
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2.3.1 Lentiviral system 

 I opted to use a second generation lentiviral system originally developed by the lab 

of Didier Trono (École Polytechnique Fédérale de Lausanne, Switzerland), but modified to 

include either no gene of interest, wild type CD127 or mutant CD127 genes. The envelope 

vector, pMD2.G (Appendix IV.A for gene map; Addgene plasmid # 12259) and packaging 

vector, psPAX2 (Appendix IV.B for gene map; Addgene plasmid # 12260) were gifts from 

Dr. Didier Trono. The transfer vector, pWPI/hPLK2WT/Neo (Appendix IV.C for gene map; 

Addgene plasmid # 35385) was a gift from Dr. Anurag Tandon (University of Toronto, 

Canada). pWPI/hPLK2WT/Neo is a bicistronic plasmid that expresses the gene of interest, 

hPLK2WT, constitutively from an EF1-α promoter and simultaneously expresses the 

neomycin resistance gene from an internal ribosomal entry site (IRES). For the purposes of 

this project, pWPI/hPLK2WT/Neo plasmid was modified to incorporate no gene (MOCK), 

wild type CD127 gene (CD127WT) or one of four mutant CD127 genes (P132S, I356V, 

L242_L243insNPC, T244I) in place of hPLK2WT gene. 

2.3.2 Production of transfer vector: pWPI/MOCK/Neo 

 To produce the empty transfer vector pWPI/MOCK/Neo, the pWPI/hPLK2WT/Neo 

vector was digested with BamHI to remove the hPLK2WT gene and then the vector 

backbone was re-ligated (Figure 4).  

2.3.2.1  Restriction digestion of pWPI/hPLK2WT/Neo with BamHI 

 In a 100µL digestion reaction, I added 5µg of pWPI/hPLK2WT/Neo plasmid, 10µL 

of 10X NEBuffer3 (New England Biolabs, Inc.; Ipswich, MA.), 1µL of 100X BSA(New 

England Biolabs, Inc.; Ipswich, MA) and 7µL of BamHI (20U/µL; New England Biolabs,  
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Inc.; Ipswich, MA). The digestion reaction mixture was then incubated for 1 hour at 37°C. 

2.3.2.2  Gel electrophoresis and isolation of pWPI/-/Neo backbone 

 I prepared a 0.7% agarose gel (Sigma-Aldrich Canada Co.; Oakville, ON) with 1X 

TAE buffer (40mM Tris-acetate, 1mM EDTA, pH 8.2-8.4) and 0.5µg/mL Ethidium 

Bromide (Sigma-Aldrich Canada Co.; Oakville, ON). I then loaded all of the BamHI double 

digested pWPI/hPLK2WT/Neo plasmid and ran 80V through the gel for 1 hour. Once the 

DNA fragments were separated, I exposed the gel to UV light for less than 45 seconds and 

excised the upper bands (~11400bp) corresponding to the pWPI/-/Neo backbone.  

 I isolated the digested DNA from the excised agarose using Macherey-Nagel's 

NucleoSpin® Gel and PCR Clean-up kit following the manufacturer’s instructions. Purified 

DNA fragments were eluted in 30µL of elution buffer and quantified using a NanoDrop ND-

1000 spectrometer (Nanodrop).  

2.3.2.3  Self-ligation of pWPI/-/Neo vector backbone  

 The ligation reaction used Invitrogen's T4 DNA ligase kit (Carlsbad, CA) and was 

performed for 1 hour at 25°C.  

 The purified pWPI/-/Neo backbone from the BamHI double digestion was self-

ligated. This ligation was performed in a 20µL reaction volume containing 50ng of the 

isolated pWPI/-/Neo backbone, 4µL of 5X T4 DNA ligase buffer (250mM Tris-HCl (pH 

7.6), 50mM MgCl2 , 5mM ATP, 5mM DTT, 25% (w/v) polyethylene glycol-8000) and   

1µL of T4 DNA ligase (1U/µL).  

 Once the ligation reaction was complete the mixture was diluted with H2O to 70µL. 
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Figure 4: Sub-cloning strategy to produce the empty transfer vector: 

pWPI/MOCK/Neo 

 

(1) pWPI/hPLK2WT/Neo was digested with BamHI to produce the hPLK2WT fragment 

and the vector backbone. (2) The digested plasmid was run on a 0.7% agarose gel and the 

upper band corresponding to the vector backbone was excised and purified. (3) Purified 

vector backbone was ligated using T4 DNA ligase to produce the plasmid, 

pWPI/MOCK/Neo. 
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2.3.2.4  Transformation of pWPI/MOCK/Neo into XL Gold Ultracompetent bacteria 

 XL-Gold Ultracompetent (Agilent Technologies; Santa Clara, CA) bacteria were 

gently thawed on ice. XL-Gold Ultracompetent bacteria is a unique strain of E.coli that was 

specifically developed for enhanced transformation efficiency of large plasmids (>10Kbp). 

To each 100µL aliquot of XL-Gold Ultracompetent cells, I added 2µL of β-mercaptoethanol 

mix (Agilent Technologies; Santa Clara, CA). Aliquots were then mixed by tapping and 

chilled on ice for 10 minutes.  

 I added 40µL of the diluted ligation mixture containing pWPI/MOCK/Neo into one 

aliquot of XL-Gold cells. Bacteria and DNA mixtures were gently mixed and chilled on ice 

for 30 minutes. Aliquots were then heat shocked at 42°C for 30 seconds and then chilled 

again on ice for 2 minutes. Next, 500µL of pre-warmed Miller's Luria Broth (LB; 

Invitrogen, Inc.; Carlsbad, CA) was added to the transformation mixture and incubated at 

37°C in a shaking incubator (225rpm) for 1 hour. Following this incubation and under 

aseptic conditions, 250µL of transformed bacteria were spread onto an Agar-LB plate 

(Wisent BioProducts; St-Bruno, QC) containing 200µg/mL of Ampicillin (Wisent 

BioProducts; St-Bruno, QC). The plate was then incubated at 37°C for 24 hours. 

2.3.3 Production of transfer vector: pWPI/CD127WT/Neo 

 To produce the transfer vector containing the wild type CD127 gene, 

pWPI/CD127WT/Neo, I isolated the insert fragment, CD127 cDNA, from pCMV6-CD127 

and the vector backbone from pWPI/hPLK2WT/Neo vector and then ligated the insert into 

the vector fragment (Figure 5).  
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2.3.3.1  Restriction digestion of pWPI/hPLK2WT/Neo and pCMV6-CD127 with XmaI 

 In two individual digestion reactions, I digested purified pWPI/hPLK2WT/Neo and 

pCMV6-CD127 with XmaI (New England Biolabs, Inc.; Ipswich, MA) for 16 hours at 

37°C. Each 100µL digestion reaction contained the following: 5µg of pWPI/hPLK2WT/Neo 

plasmid or 5µg of pCMV6-CD127 plasmid, 10µL of 10X Cutsmart buffer (New England 

Biolabs, Inc.; Ipswich, MA) and 7µL of XmaI (10U/µL; New England Biolabs, Inc.; 

Ipswich, MA). Following the 16 hour digestions, the XmaI enzyme was deactivated by 

incubating the reactions at 65°C for 20 minutes. 

After XmaI deactivation, 5µL of calf intestinal alkaline phosphatase (CIP; New 

England Biolabs, Inc.; Ipswich, MA) was added to the pWPI/hPLK2WT/Neo digestion 

reaction and incubated at 37°C for 1 hour. The CIP treatment prevents the re-circularization 

of the linearized plasmids by dephosphorylating the 5' and 3' ends produced by restriction 

enzyme digestions. 

2.3.3.2  Restriction digestion of XmaI linearized pWPI/hPLK2WT/Neo with BamHI 

 In the digestion reaction containing CIP treated, XmaI linearized 

pWPI/hPLK2WT/Neo plasmid; I added 7µL of BamHI (20U/µL; New England Biolabs, 

Inc.) and incubated the digestion reaction for 1 hour at 37°C. 

2.3.3.3  Restriction digestion of XmaI linearized pCMV6-CD127 with BglII 

 In the digestion reaction containing XmaI linearized pCMV6-CD127 plasmid; I 

added 10µL of salt buffer I (30mM Tris-HCl, 100mM NaCl) and 7µL of BglII (10U/µL; 

New England Biolabs, Inc.) and incubated the digestion reaction for 1 hour at 37°C. 
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2.3.3.4  Gel electrophoresis and isolation of pWPI/-/Neo backbone and CD127 fragment 

 I prepared a 0.7% agarose gel, as described above, and loaded all of the XmaI/ 

BamHI double digested pWPI/hPLK2WT/Neo and all of the XmaI/BglII double digested 

pCMV6-CD127. I then ran 80V through the gel for 1 hour. Once the DNA bands were 

separated I exposed the gel to UV light and I excised the upper band (~11400 bp) 

corresponding to the pWPI/-/Neo backbone and the lower band (~1500bp) corresponding to 

the wild type CD127 cDNA fragment. 

 I then used Macherey-Nagel's NucleoSpin® Gel and PCR Clean-up kit to isolate the 

digested DNA from the excised agarose, as described above. DNA was again quantified 

using a NanoDrop ND-1000 spectrometer (Nanodrop). 

2.3.3.5  Ligation of CD127 fragment with the pWPI/-/Neo vector backbone 

 Invitrogen’s T4 DNA ligase kit (Carlsbad, CA) was used to ligate the CD127 

fragment to the vector backbone. The ligation was performed at 25°C for 1 hour. 

 The 20µL ligation reaction contained a molar ratio of 2:1 for DNA insert to vector 

backbone and was performed as described above. Once the ligation was completed, the 

ligation reaction was diluted with H2O to a final volume of 70µL. 

2.3.3.6  Transformation of pWPI/CD127WT/Neo into XL Gold Ultracompetent bacteria 

 An aliquot of XL Gold Ultracompetent (Agilent Technologies) bacteria was prepared 

using the method described above. The aliquot was transformed with 40µL of diluted 

ligation reaction containing pWPI/CD127WT/Neo plasmid, following the transformation 

method described above. 
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Figure 5: Sub-cloning strategy to produce the transfer vector: pWPI/CD127WT/Neo 

(1) pWPI/hPLK2WT/Neo was first digested with XmaI, then BamHI to produce the 

hPLK2WT fragment and the pWPI/-/Neo backbone. (2) pCMV6-CD127 was first digested 

with XmaI, then BglII to produce the CD127 cDNA fragment and the pCMV6 backbone. (3) 

Double digested pWPI/hPLK2WT/Neo was run on a 0.7% agarose gel; the upper band 

corresponding to the pWPI/-/Neo backbone was excised and purified. (4) Double digested 

pCMV6-CD127 was run on a 0.7% agarose gel; the lower band corresponding to the CD127 

cDNA fragment was excised and purified. (5) Purified pWPI/-/Neo backbone was ligated to 

the purified CD127 cDNA fragment using T4 DNA ligase to produce the plasmid 

pWPI/CD127WT/Neo. 
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2.3.4 Production of the four CD127 mutants in pWPI/CD127WT/Neo transfer vectors 

2.3.4.1  Site directed mutagenesis (SDM) to create four CD127 mutants 

 To produce lentiviral transfer vectors that encode for mutant CD127 genes (P132S, 

I356V, L242_L243insNPC & T244I), we utilized the QuikChange II XL SDM Kit (Agilent 

Technologies; Santa Clara, CA) and custom primers (Invitrogen, Inc.; Grand Island, NY). 

 The custom primers (Table 1) were designed using Agilent Technologies' custom 

primer online software. To create each of the four mutations in CD127 the software 

designed forward and reverse primers that are complementary to the template vector with 

either the inserted nucleotides or nucleotide substitutions in the middle of the primers.  

 Each SDM reaction utilized a high fidelity DNA polymerase, PfuUltra, which 

extends the DNA strand from the mutagenic primers around the vector template (Figure 6). 

The SDM reactions were prepared as follows: 15ng of pWPI/CD127WT/Neo plasmid, 

125ng of forward primer, 125ng of reverse primer, 1µL of dNTP mix, 5µL of 10X reaction 

buffer, 3µL of QuikSolution, 1µL of PfuUltra (2.5 U/µL) and ddH2O to bring the final 

volume to 50µL. 

 The SDM reaction mixtures were first incubated for 1 minute at 95°C to denature the 

DNA template and activate the polymerase.  SDM reactions then underwent 18 cycles of 

PCR amplification, as follows: 95°C for 50 seconds, 60°C for 50 seconds and 68°C for 13 

minutes. After thermal cycling, final extension was done at 68°C for 7 minutes.  

 Once the PCR amplification was completed, 1µL of DpnI (10 U/µL) was added to 

each SDM reaction. DpnI treated reactions were incubated at 37°C for 1 hour. The parental 

template, pWPI/CD127WT/Neo, is a methylated plasmid since it was isolated from XL-

Gold Ultracompetent bacteria, a dam+ strain of E.coli. The addition of DpnI results in  
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Table 1: Primer sequences used in QuikChange II XL SDM kit to produce                              

four   different mutants of CD127 in the pWPI/CD127WT/Neo plasmid 

Mutation 

achieved in 

CD127 

protein 

Primer 

Name 

 

 
Primer Sequence 

P132S 

P132S-FWD  

5'- 

CTATAGTTAAACCTGAGGCTTCTTTTGACCTGAGTGTC

ATC -3' 

P132S-REV  

5'- 

GATGACACTCAGGTCAAAAGAAGCCTCAGGTTTAACT

ATAG -3' 

I356V 

I356V-FWD  

5'- 

CCATCTGAGGATGTAGTCGTCACTCCAGAAAGCTTTG -

3' 

I356V-REV  

5'- 

CAAAGCTTTCTGGAGTGACGACTACATCCTCAGATGG 

-3' 

L242_L243 

insNPC 

insNPC-FWD  

5'- 

GGGAGATGGATCCTATCTTAAACCCTTGTCTAACCATC

AGCATTTTGAG -3' 

insNPC-REV  

5'- 

CTCAAAATGCTGATGGTTAGACAAGGGTTTAAGATAG

GATCCATCTCCC -3' 

T244I 

T244I-FWD  

5'- 

GGGGAGATGGATCCTATCTTACTAATCATCAGCATTTT

GA -3' 

T244I-REV  

5'- 

TCAAAATGCTGATGATTAGTAAGATAGGATCCATCTC

CCC -3' 

*Primer sequences highlighted RED are either substituted or inserted nucleotides  



 
 

34 
 

  

 

 

 

 

 

 

 

 

Figure 6: Cloning strategy to produce CD127 mutants in the transfer vector: 

pWPI/CD127WT/Neo 

 

(1) Forward (purple) and reverse (green) primers are designed to be complementary to the 

pWPI/CD127WT/Neo plasmid. Each primer incorporates a mutation (orange) in the middle. 

(2) The primers, parental plasmid and DNA polymerase (PfuUltra) are mix together and 

thermal cycled. (3) Each amplification cycle produces an unmethylated copy plasmid (green 

and purple), with the mutations incorporated. (4) The methylated parental plasmid is then 

digested by DpnI, while the mutant copies remain intact.  
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digestion of the methylated template plasmid leaving the unmethylated mutated copy intact. 

2.3.4.2  Transformation of the four CD127 mutants 

 Four aliquots of XL-Gold Ultracompetent (Agilent Technologies) bacteria were 

prepared using the method described above. Each aliquot was transformed with 40µL from 

one of the four SDM products using the method described above. 

2.3.5  Amplification of positive bacterial colonies and isolation of plasmids 

 Per plate, a single colony was isolated and expanded in 5mL of LB supplemented 

with 100µg/mL of Ampicillin at 37°C in a shaking incubator (225rpm). When the LB media 

became turbid (~16 hours of incubation), plasmids were isolated and purified using Qiagen's 

HiSpeed® Plasmid Maxi Kit in accordance with the manufacturer's instructions. To confirm 

that the pWPI/MOCK/Neo and pWPI/CD127WT/Neo plasmids were isolated, I performed a 

BamHI digestion, as described above. Gel electrophoresis was performed and lane profiles 

were examined. 

2.3.6  DNA sequencing to confirm the wild type CD127 cDNA was incorporated into 

the open reading frame of pWPI/-/Neo and to confirm the four mutations of CD127 

 Isolated pWPI/CD127WT/Neo, pWPI/P132S/Neo, pWPI/I356V/Neo, 

pWPI/L242_L243insNPC/Neo and pWPI/T244I/Neo plasmids were verified using capillary-

based Sanger DNA sequencing at the StemCore facility of the Ottawa Hospital Research 

Institute (OHRI). Sequencing utilized a forward primer (5'-ATC ACG AGA CTA GCC 

TCG AGG-3') upstream of CD127 gene and the m13 reverse primer (5'-TCA CAC AGG 

AAA CAG CTA TGA C-3’) downstream of CD127 gene in the plasmids. 



 
 

37 
 

2.3.7 Production and harvesting of lentiviruses 

2.3.7.1  Transfection of HEK293T cells with envelope, packaging and transfer vectors 

 HEK293T cells were grown in 15cm tissue culture plates to 60-70% confluency. The 

medium was then aspirated and replaced with 12mL of serum free DMEM in preparation for 

transfection. Each plate was co-transfected with envelope vector pMD2.G, packaging vector 

psPAX2, and one of the six transfer vectors (pWPI/MOCK/Neo, pWPI/CD127WT/Neo, 

pWPI/P132S/Neo, pWPI/I356V/Neo, pWPI/L242_L243insNPC/Neo or pWPI/T244I/Neo). 

Each plate was transfected with 7140ng of total DNA. In six separate microtubes, 446.25ng 

of pMD2.G, 2231.25ng of psPAX2 and 4462.50ng of vector construct (different vector per 

microtube) were combined. I then diluted each DNA mixture by bringing the final volumes 

to 300µL with serum free DMEM. In another six separate microtubes, I added 50µL of 

FuGENE®6 transfection reagent (Roche Applied Science, Inc.) to 250µL aliquots of serum 

free DMEM, pre-warmed to 37°C, and allowed the mixture to incubate at room temperature 

for 5 minutes. After the 5 minute incubation, I slowly added each 300µL DNA mixture to an 

aliquot of 300µL of diluted FuGENE®6 transfection reagent. The DNA/FuGENE®6 

mixtures were then incubated at room temperature for 20 minutes. The 600µL 

DNA/FuGENE®6 mixture was then added drop-wise and slowly onto the HEK293T cells. 

After the addition of the DNA/FuGENE®6 mixture, I gently rocked the plates and then 

incubated them for 6 hours at 37°C. Finally, 12mL of DMEM-10 was added to each plate 

and the plates were incubated at 37°C for 48 hours to allow production of Lentiviruses. 
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2.3.7.2  Detection of lentiviruses  

 After 48 hours, each plate has produced a different lentivirus (MOCK, CD127WT, 

P132S, I356V, insNPC and T244I). Lenti-XTMGoStixTM (Clontech Laboratories, Inc.; 

Mountain View, CA) was used to confirm that lentiviruses were present in the media and 

that the concentration was at least 5E5 infectious units of virus/mL of media. Lenti-

XTMGoStixTM is a quick, hand held, visual test stick that detects the presence of lentiviral 

p24 from a 20µL sample of media. When there were at least 5E5 infectious units of 

virus/mL, the lentivirus was harvested. 

2.3.7.3  Harvesting the six different lentiviruses produced 

 The cells from each plate were scraped off and collected with the supernatants into 

50mL tubes. The tubes were centrifuged in a Megafuge 1.0 at 1600rpm for 6 minutes to 

pellet the cells, while lentiviruses remained in the supernatant. The supernatants from each 

tube were then passed through a 0.45µm polyethersulfone membrane (PES) filter (UltiDent 

Scientific, Inc.; St. Laurent, QB) to remove any remaining cellular debris. Filtered 

supernatants were then centrifuged, in a Beckman Coulter AvantiTMJ-25I ultracentrifuge, at 

24,000rpm for 90 minutes at 4°C. The supernatants were decanted and the pellets containing 

the lentiviruses were resuspended in 200µL of PBS. 

2.3.8 Lentiviral transduction and selection of Jurkat cells that stably express wild 

type or mutant CD127 

2.3.8.1  Coating of 6-well plate with RetroNectin® for lentiviral transduction 

 RetroNectin® (Takara Bio, Inc.; Otsu, Shiga, Japan) is a recombinant human 

fibronectin fragment that is composed of three functional domains: cell-binding domain, 
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heparin-binding domain and CS-1 domain. The heparin-binding domain located in the 

middle of the fibronectin fragment binds to the lentivirus, while the cell-binding and CS-1 

domains flank either side of the heparin-binding domain and bind to the target cell. The 

binding of the fibronectin fragment to the target cell brings the lentivirus in close proximity 

to the target cell, thus leading to increased infection and gene transduction. 

 Each well in a 6-well plate was coated with 2mL of RetroNectin® in PBS 

(20µg/mL). The 6-well plate was incubated at room temperature for 2 hours to allow for the 

RetroNectin® to coat the plastic fully. After 2 hours, the excess RetroNectin® solution was 

removed. Wells were then coated with 2.5mL of 2% (w/v) BSA in PBS, for 30 minutes. 

The 2% BSA in PBS was removed and the wells were washed twice with 2mL of PBS. 

After the final wash, the wells were fully coated and ready for lentiviral transduction. 

2.3.8.2  Lentiviral transduction of Jurkat cells 

 In each well of the RetroNectin® coated 6-well plate, 1.48mL of serum free RPMI 

1640 was added. Per well, I then added 20µL of lentivirus concentrate, with each well 

containing a different lentivirus. Lentiviruses were incubated in the wells for 4 hours at 

37°C. Next, I added 2E6 Jurkat cells per well and centrifuged the 6-well plate at 1600rpm 

for 6 minutes to bring the Jurkat cells down to the bottom of the plate. This plate was then 

incubated at 37°C for 48 hours. At the end of this time, 1mL of RPMI-10 was added to each 

well and the cells were incubated for another 48 hours. 

2.3.8.3  Selection of transduced Jurkat cells 

 Four days post infection, transduced Jurkat cells from each well were transferred into 

sterile 15mL tubes. The Jurkat cells were centrifuged at 1600rpm for 6 minutes and the 
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supernatants were discarded. Cell pellets were washed with PBS twice. Finally, the Jurkat 

cells were resuspended at the density of 1E6 cells/mL in RPMI-10 supplemented with 

750µg/mL of G418 sulfate and placed into the wells of a new 6-well plate. Over a 20 day 

period, six different Jurkat cell lines expressing only the neomycin resistance gene, wild 

type CD127 or one of the four mutated CD127 proteins were selected. The new cell lines 

stably express only neomycin resistance (MOCK), wild type CD127 (CD127WT), CD127 

with the P132S point mutation (P132S), CD127 with the I356V point mutation (I356V), 

CD127 with the L242_L243insNPC insertion mutation (insNPC) or CD127 with the T244I 

point mutation (T244I).  

2.4 Western blot analysis 

 Cell pellets (2E6 cells per sample) were lysed for 45 minutes on ice in modified NP-

40 lysis buffer (50mM Tris-HCl, pH7.5, 150mM NaCl, 1% (v/v) NP-40, 0.5% (w/v) Sodium 

Deoxycholate) supplemented with 1X HALTTM Protease and Phosphatase inhibitor (Pierce 

Biotechnology; Rockford, IL). Whole cell lysates were centrifuged at 17,000g for 10 

minutes to remove cellular debris. After clearing the cell lysates, I added 12µL of the lysate 

to 6µL of New England Biolabs' 3X SDS Sample Loading Buffer (187.5mM Tris-HCl , pH 

6.8), 6% (w/v) SDS, 30% glycerol, 0.03% (w/v) phenol red) supplemented with 5% (v/v) β-

mercaptoethanol (Sigma-Aldrich Canada Co.; Oakville, ON). Samples were heated at 90°C 

for 10 minutes, then cooled on ice for 2 minutes. Cell proteins were then resolved on a 10% 

SDS-polyacrylamide gel with a 5% stacking gel. Gel electrophoresis was carried out using a 

Mini-PROTEAN Tetra Cell apparatus (Bio-Rad; Hercules, CA). Samples were run using the 

following protocol: 85V for 25 minutes, 125V for 90 minutes and held at 20V until 

transferred.  
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 After electrophoresis, the gel was gently washed in ddH2O and then equilibrated for 

10 minutes in 1X Transfer Buffer (50mM Tris-Base, 96mM Glycine and 20% (v/v) 

methanol). An 0.45µm Immobilon®-P polyvinylidene fluoride (PVDF) membrane (EMD 

Millipore Corporation; Billerica, MA) was first activated in 100% methanol for 5 minutes 

and then equilibrated in 1X Transfer Buffer for 10 minutes. After the equilibration, the 

proteins from the gel were transferred onto the PVDF membrane using a Mini Trans-Blot® 

Electrophoretic Transfer Cell (Bio-Rad; Hercules, CA) run at 100V for 60 minutes in 1X 

Transfer Buffer.  

 Following the protein transfer, the blot was blocked overnight at 4°C on an orbital 

shaker using 3% dried non-fat milk dissolved in 1X Tris-Buffered Saline (20mM Tris-HCl, 

pH 7.6, 137mM NaCl) supplemented with 0.5% Tween-20 (TBST). After the blocking step, 

the blot was washed for 5 minutes on an orbital shaker at room temperature, three times, 

with 1X TBST.  

 Western blots were incubated overnight at 4°C, with agitation, with primary 

antibodies diluted in 2% dried non-fat milk dissolved in 1X TBST. The following primary 

antibodies were used: 1:1000 dilution of polyclonal rabbit anti-STAT5 (9363; Cell Signaling 

Technology, Inc.; Danvers, MA); 1:1000 dilution of polyclonal rabbit anti-phospho-STAT5 

(9351; Cell Signaling Technology, Inc.; Danvers, MA); 1:1000 dilution of polyclonal goat 

anti-human CD127 (AF-306-PB; R&D Systems, Inc.; Minneapolis, MN); 1:500 dilution of 

polyclonal rabbit anti-DDK (TA100023; OriGene USA; Rockville, MD); and 1:1000 

dilution of polyclonal rabbit anti-β-actin (Poly6221; Biolegend; San Diego, CA). 

 Following the primary antibody incubation, western blots were washed for 10 

minutes in 1X TBST, three times, with constant agitation. Then the blots were incubated for 
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1 hour, at room temperature, with constant agitation with secondary antibody diluted 1:1000 

in 2% dried non-fat milk dissolved in 1X TBST. For blots incubated in rabbit primary 

antibodies, I used polyclonal goat anti-rabbit IgG secondary antibody conjugated with 

horseradish peroxidase (HRP) (HAF008; R&D Systems, Inc.; Minneapolis, MN). For blots 

incubated in goat primary antibodies, I used polyclonal donkey anti-goat IgG secondary 

antibody conjugated with HRP (HAF109; R&D Systems, Inc.; Minneapolis, MN). 

 Following the secondary incubation, western blots were washed three times in 1X 

TBST for 10 minutes with constant agitation. Bio-Rad's ClarityTM Western ECL substrate kit 

was used to visualize labeled proteins by chemiluminescence. This kit contains 

luminol/enhancer and peroxide solutions that were mixed in equal parts to form the ECL 

substrate solution. Western blots were then evenly coated with ECL substrate solution and 

chemiluminescent bands were detected from the blots using FluorChem HD2 Imager (Alpha 

Innotech) and AlphaView SA image analysis software (Protein Simple; San Jose, CA). 

2.5 Flow cytometry 

2.5.1 Surface CD132 and CD127 

 Cells were labeled for 20 minutes in the dark at room temperature with 4µL/1E5 

cells of mouse anti-CD132-PE monoclonal antibody (clone AG184; BD Pharmingen; 

Mississauga, ON) or mouse anti-CD127-PE monoclonal antibody (clone R34.34; 

Immunotech Beckman Coulter; Marseille, France). 
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2.5.2 Alternative staining protocols for surface CD127 

A) Cells were labeled for 20 minutes in the dark at room temperature with 1µL/2E5 

cells of mouse anti-CD127-PE monoclonal antibody (clone hIL-7R-M21; BD Pharmingen, 

Marseille, France).  

B)  Cells were resuspended in 5% BSA in PBS, labeled for 30 minutes in the dark at 

room temperature with 2µL/1.5E5 cells of mouse anti-CD127 monoclonal antibody (clone 

40131; R&D Systems, Inc.; Minneapolis, MN). Cells were then centrifuged at 1600rpm for 

6 minutes, the supernatant was discarded and the cell pellet was resuspended in 5% normal 

goat serum (NGS; Sigma-Aldrich Canada, Co.; Oakville, ON) in PBS. The cells were then 

labeled for 30 minutes at room temperature in the dark with 2uL of goat anti-mouse IgG1 

secondary antibody conjugated with Alexa Fluor® 555 (Cat # A-21422; Molecular Probes, 

Inc.; Eugene, OR). Cells were then washed and resuspended in 100µL of PBS. Staining for 

secondary control was done following the same procedure except no primary antibody was 

used. 

C)  Cells were resuspended in 5% BSA in PBS, labeled for 30 minutes in the dark at 

room temperature with 2µL/1.5E5 cells of goat anti-CD127 polyclonal antibody (AF-306-

PB; R&D Systems, Inc.; Minneapolis, MN). Cells were then centrifuged at 1600rpm for 6 

minutes, the supernatant was discarded and the cell pellet was resuspended in 5% normal 

donkey serum (NDS; Sigma-Aldrich Canada, Co.; Oakville, ON) in PBS. Then the cells 

were labeled for 30 minutes at room temperature in the dark with 2uL of donkey anti-goat 

IgG secondary antibody conjugated with Alexa Fluor® 647 (Cat# A-21447; Molecular 

Probes, Inc.; Eugene, OR). Cells were then washed and resuspended in 100µL of PBS. 

Staining for secondary control was done following the same procedure except no primary 
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 antibody was used. 

2.5.3 Intracellular staining protocol for CD127 

 Cells were fixed and permeabilized using Invitrogen's FIX & PERM® Cell Fixation 

and Permeabilization Kit. In brief, 1E5 cells were centrifuged at 1600rpm for 6 minutes, 

after which supernatants were discarded and the cell pellet was resuspended in 150µL of 

Fixation Buffer (Cat# GAS001S100; Life Technologies, Corp.; Frederick, MD) for 10 

minutes at room temperature. Cells were centrifuged and fixation buffer was removed; cells 

were next resuspended in 150µL of Permeabilization Buffer (Cat# GAS002S-100; Life 

Technologies, Corp.; Frederick, MD) for 10 minutes at room temperature. Fixed and 

permeabilized cells were then incubated for 30 minutes at room temperature with 2µL/1.5E5 

cells of goat anti-CD127 polyclonal antibody (AF-306-PB; R&D Systems, Inc.; 

Minneapolis, MN). Following this, the cells were centrifuged and the cell pellet was 

resuspended in 5% NGS in PBS and incubated for 10 minutes at room temperature. The 

cells were then labeled for 30 minutes at room temperature in the dark with 2uL of donkey 

anti-goat IgG secondary antibody conjugated with Alexa Fluor® 647 (Cat# A-21447; 

Molecular Probes, Inc.; Eugene, OR). The cells were then washed and resuspended in 

100µL of PBS. Staining for secondary control was done following the same procedure 

except no primary antibody was used. 

2.5.4 pSTAT5 staining protocol 

 Per condition, 5E6 cells were incubated in media alone or media containing IL-7 

(10ng/mL) or IFNα (125ng/mL) for 15 minutes. The cells were then centrifuged and 

supernatants were decanted. Cell pellets were resuspended in 750µL of 2% Para 
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formaldehyde (PFA) in PBS and incubated for 10 minutes at room temperature in the dark. 

Then, 3mL of 1% BSA in PBS was added and the cells were centrifuged at 1600rpm for 6 

minutes. The cell pellets were resuspended in 500µL of ice cold methanol and incubated for 

10 minutes at 4ºC. Then cells were washed twice in 3mL of 1% BSA in PBS. Finally, cell 

pellets were resuspended in 100µL of 1% BSA in PBS followed by the addition of 5µL of 

mouse anti - pSTAT5 (pY694) - Alexa Fluor® 488 (clone 47/Stat5 (pY694); BD 

Pharmingen; Mississauga, ON) and incubated for 25 minutes at room temperature in the 

dark. After staining, cells were washed with 3mL of 1% BSA in PBS, centrifuged and 

resuspended in 200µL of 2% PFA in PBS. 

2.5.5 Acquisition and analysis for flow cytometry  

 All flow cytometry on stained cells was performed on a Beckman Coulter Cytomics 

FC-500 flow cytometer instrument. Cells were gated based on forward and side scatter and 

10,000 events were collected per condition. Flow cytometry data were analyzed using FCS 

Express 3 software (De Novo; Glendale, CA). 

2.6 Comparing levels of transcripts encoding soluble CD127 versus total CD127 in 

cell lines expressing WT or mutant CD127 

2.6.1 Total RNA isolation 

 Total RNA was isolated from each of the six cell lines produced using the 

RNAqueous®-4PCR Total RNA Isolation Kit from Ambion (Austin, TX) according to the 

manufacturer's instructions. In brief, 1E7 cells from each of the six cell lines were lysed with 

500µL of Lysis/Binding solution and lysates were passed over silica filters. Total RNA was 

eluted from the filters in two consecutive steps using a total of 70µL (35µL + 35µL) of 



 
 

46 
 

elution buffer that was pre-warmed to 70°C. Total RNA was then quantified using a 

NanoDrop ND-1000 (Nanodrop) spectrometer. Elution buffer was used as a blank reference. 

cDNA was  synthesized after total RNA was isolated and excess RNA was stored at -80°C. 

Five individual total RNA isolations were done for each cell line. 

2.6.2 cDNA synthesis 

 cDNA was synthesized using the iScriptTM cDNA synthesis kit (Bio-Rad; Hercules, 

CA) according to the manufacturer's instructions. In brief, each reaction contained 1µL of 

iScript reverse transcriptase, 4µL of 5X iScript reaction mix, and 1µg of isolated RNA in 

15µL of nuclease-free water. Reaction samples were first incubated for 5 minutes at 25°C to 

allow binding of random hexamer primers to the RNA, followed by an incubation for 30 

minutes at 42°C to allow for reverse transcription, and a final incubation for 5 minutes at 

85°C to inactivate the reverse transcriptase. cDNA was diluted 1:20 with nuclease free water 

and either used in real time PCR reactions or stored at -20°C. 

2.6.3 Real-Time PCR 

 Real time (RT) PCR was performed to quantify the relative amounts of soluble and 

total CD127 isoform transcripts produced by CD127WT, P132S, I356V, insNPC and T244I 

Jurkat cell lines. Mock transduced Jurkat cells were used as controls. To quantify the 

relative amounts of soluble CD127 isoform, RT-PCR was performed on isolated cDNA 

using soluble CD127 (exon 5/7 - FWD) and (exon 8 - REV) primers (Table 2). To quantify 

the relative amounts of both soluble and trans-membrane isoforms (Total CD127), RT-PCR 

was performed on isolated cDNA using total CD127 (exon 4/5 - FWD) and (exon 5 - REV) 

primers (Table 2). Ribosomal protein S18 (RPS18) was quantified using RPS18 (exon 2/3 - 
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FWD) and (exon 3 - REV) primers (Table 2). Primers were made to order by Invitrogen, 

Inc. (Grand Island, NY) and were resuspended in nuclease-free water to a concentration of 

500nM. 

 The iQTM SYBR® Green Supermix from Bio-Rad (Hercules, CA) was used to 

perform the RT-PCR according to the manufacturer's instructions. Briefly, each 20µL 

reaction contained 10µL of 2X iQTM SYBR® Green Supermix, 5µL of 1:20 diluted cDNA, 

2.5µL of forward primer (500nM) and 2.5µL of reverse primer (500nM). RT-PCR reactions 

were performed using Bio-Rad's CFX Connect™ Real-Time PCR Detection System 

(Hercules, CA). Samples were first incubated for 3 minutes at 95°C to activate the hot-start 

iTaq DNA polymerase in the supermix and denature the cDNA. Following this initial 

incubation, the reactions underwent 50 cycles of amplification. Each cycle of amplification 

contained three steps: 30 seconds at 95°C to denature DNA secondary structures, 20 seconds 

at 57°C for primer annealing to cDNA template and 20 seconds at 72°C for DNA 

polymerization. At the end of each cycle, fluorescence was measured. Melt-curve analysis 

was performed once the samples had undergone 50 cycles of amplification by measuring 

fluorescence for 5 seconds as the temperature increased from 65°C to 95°C, in 0.5°C 

increments. Melt-curve analysis was used to confirm that a single specific amplicon was 

produced. Standard curves were performed, in parallel with the RT-PCR analysis for soluble 

CD127, total CD127 and RPS18 transcripts, using the cDNA pooled from all six cell lines. 

Pooled cDNA was used at dilutions of 1:5, 1:40, 1:320 and 1:260. All RT-PCR reactions 

were performed in triplicate. 
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Table 2: Primers used in real time PCR experiments to quantify the relative amounts 

of total CD127, soluble CD127 and RPS18 transcripts. 

Primer Name Primer Sequence  

Total CD127(exon 4/5 - FWD) 5'- ATG GAC GCA TGT GAA TTT ATC -3' 

Total CD127(exon 5 - REV) 5'- TTA TTG ATC TCT GGA GTT CTG AAG 

Soluble CD127(exon 5/7 - FWD) 5'- TAG CTC AGG ATT AAG CCT AT -3' 

Soluble CD127(exon 8 - REV) 5'- CTG GAG TGA TGA CTA CAT C -3' 

RPS18(exon 2/3 - FWD) 5'- CTG CCA TTA AGG GTG TGG -3' 

RPS18(exon 3 - REV) 5'- TCC ATC CTT TAC ATC CTT CTG -3' 
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2.6.3.1  Analysis of RT-PCR data 

 For each gene analyzed by RT-PCR, the CFX Connect software (Bio-Rad; Hercules, 

CA) calculated the mean Ct value by averaging triplicate readings (Ct values). Using the 

mean Ct, I then determined the fold change (ΔΔCt) of soluble CD127 or total CD127 

relative to the expression of reference gene, RPS18, for each of the six cell lines. The 

calculation of fold change (ΔΔCt) contains a correction for endogenous soluble or total 

CD127 transcripts in the Jurkat cell (mean Ct from MOCK). The equation used to calculate 

ΔΔCt is shown below: 

 

∆∆𝐶𝑡 =
2(𝑀𝑒𝑎𝑛 𝐶𝑡 𝑜𝑓 𝑇𝑎𝑟𝑔𝑒𝑡 𝑔𝑒𝑛𝑒 𝑓𝑟𝑜𝑚 𝑀𝑂𝐶𝐾−𝑀𝑒𝑎𝑛 𝐶𝑡 𝑜𝑓 𝑇𝑎𝑟𝑔𝑒𝑡 𝑔𝑒𝑛𝑒 𝑓𝑟𝑜𝑚 𝐶𝑒𝑙𝑙 𝐿𝑖𝑛𝑒)

2(𝑀𝑒𝑎𝑛 𝐶𝑡 𝑜𝑓 𝑅𝑃𝑆18 𝑓𝑟𝑜𝑚 𝑀𝑂𝐶𝐾−𝑀𝑒𝑎𝑛 𝐶𝑡 𝑜𝑓 𝑅𝑃𝑆18 𝑓𝑟𝑜𝑚 𝐶𝑒𝑙𝑙 𝐿𝑖𝑛𝑒)
 

 

We then normalized the relative expression of soluble CD127 to the relative expression of 

total CD127 for each cell line (see equation below). 

∆∆𝐶𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝐶𝐷127 𝑛𝑜𝑚𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑡𝑜 𝑡𝑜𝑡𝑎𝑙 𝐶𝐷127 =
∆∆𝐶𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝐶𝐷127

∆∆𝐶𝑡 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐶𝐷127
 

The above calculations were repeated on four other RT-PCR analyses done on cDNA 

isolated from the six cell lines. Thus each cell line had five calculated values for ΔΔCt of 

soluble CD127 normalized to ΔΔCt of total CD127. For each cell line, these values were 

averaged and the standard error mean (SEM) was calculated. 
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3.1  Development of an  in vitro  model to study the effect that disease specific 

mutations have on CD127 expression, regulation and signal transduction 

 In light of the importance that CD127 has in T-cell biology, I sought to develop an in 

vitro T-cell model to study and observe the effects that disease specific mutations have on 

CD127. To develop this T-cell model I began by looking at four lymphoblastic cell lines: 

A3, CEM, Jurkat and SupT1. In choosing which cell line to use for my model, I developed a 

set of specific criteria. The chosen cell line must have high endogenous surface levels of 

CD132 and low endogenous surface levels of CD127; be susceptible to G418 sulfate 

mediated death; must have endogenous STAT5; must be easily cultured; and must not be 

responsive to IL-7 in its untransduced state. 

3.1.1  All four lymphoblastic cell lines expressed high surface levels of endogenous 

CD132 

 Our lab has previously shown that CD8+ T-cells isolated from healthy individuals 

express high surface levels of endogenous CD132 and CD127; as such I used CD8+ T-cells 

as a reference for high surface expression of CD132 and CD127 [19]. To determine the 

expression levels of CD132 in the four cell lines, I stained the cell surface with 

phycoerythrin (PE) conjugated anti-CD132 antibodies and analyzed the expression by flow 

cytometry. Figure 7 shows four flow histograms each comparing one of the lymphoblastic 

cell lines to CD8+ T-cells. These histograms indicate that all four lymphoblastic cell lines 

examined express high surface levels of endogenous CD132 relative to CD8+ T-cells.  
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Figure 7: A3, CEM, Jurkat and SupT1 cell lines express high surface levels of 

endogenous CD132 relative to primary human CD8+ T-cells.  
 

Four histograms are presented each comparing one of the four lymphoblastic cell lines (A3, 

CEM, Jurkat and SupT1) to CD8+ T-cells. All cells were stained with PE conjugated anti-

CD132 antibodies. Cells were gated on a live cell population based on forward and side 

scatter. CD132 expression was observed in the FL2 channel. Flow analysis was done using 

FCS Express 3.  
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3.1.2  A3, CEM and Jurkat cells expressed low surface levels of endogenous CD127 

 As mentioned above, primary human CD8+ T-cells express high levels of CD127, 

thus these cells were used as a reference for high endogenous expression of CD127. To 

determine the expression levels of CD127 in the four cell lines, I stained the cell surface 

with PE conjugated anti-CD127 antibodies and analyzed the expression by flow cytometry. 

Figure 8 shows that A3, CEM and Jurkat cells express low surface levels of endogenous 

CD127 compared to CD8+ T-cells. SupT1 cells express high levels of CD127, as such this 

cell line was unsuitable for my model since I wanted to introduce the expression wild type 

or mutant CD127 protein into the cell line.  

3.1.3  A3 cells were unsuitable for the T-cell model because they are resistant to G418 

sulfate mediated cell death 

 I then conducted a literature review on A3, CEM and Jurkat cell lines. I found that of 

these three cell lines, A3 cells are a derivative of Jurkat cells that already contained the 

neomycin resistance gene [57]. Considering that I wanted to introduce the CD127 gene 

using a lentivirus and select for cells that expressed CD127 by G418 sulfate, A3 cells were 

determined unsuitable for my purposes. 

3.1.4  CEM and Jurkat cell lines expressed endogenous STAT5 

 Since one of the main objectives of the project was to determine how mutations in 

CD127 affect cell signaling; I decided to use STAT5 phosphorylation as my main signaling 

output and therefore required a cell line that expressed endogenous STAT5. Figure 9 shows 

by western blot that Jurkat and CEM cells express endogenous STAT5. In this western blot, 

primary CD8+ T-cells were used as a positive control for STAT5 expression. 
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Figure 8: A3, CEM and Jurkat cells have the lowest surface expression of endogenous 

CD127 relative to primary human CD8+ T-cells.  
 

(A) Four histograms are presented each comparing one of the four lymphoblastic cell lines 

(A3, CEM, Jurkat and SupT1) to CD8+ T-cells. All cells were stained with PE conjugated 

anti-CD127 antibodies. Cells were gated on the live cell population based on forward and 

side scatter. CD127 expression was observed in the FL2 channel (B) Analysis of the flow 

histograms using FCS Express 3 shows that A3, CEM, and Jurkat cells have low surface 

expression (mean fluorescence intensity; MFI) of CD127.  
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Figure 9: STAT5 is endogenously expressed in both Jurkat and CEM cell lines. 

Primary human CD8+ T-cells, CEM and Jurkat cells were lysed and run on a 10% SDS-

PAGE gel. Following transfer, the blot was probed for STAT5 and β-actin. CD8+ T-cells 

were used a positive control for STAT5 expression. Western blot is representative of n=2.  
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3.1.5  CEM cells are unsuitable for the T-cell model because they were difficult to 

culture and readily died  

 While culturing both Jurkat and CEM cell lines I found that the CEM cell line was 

difficult to culture. I observed that the CEM cell line population doubled much more slowly 

compared to Jurkat cells by counting the number of cells in a hemocytometer. Additionally, 

while culturing cells I observed more cell death using trypan blue dye in the CEM cell line 

compared to Jurkat cell line. To ensure that these observations on the CEM cell line were 

not due to a single bad batch of cells, I cultured three additional batches of CEM cells and 

observed similar results. Based on all the observations, I determined that the CEM cell line 

would not be suitable for my cell line model. 

3.1.6  Parental Jurkat cells are unresponsive to IL-7 stimulation  

 Since I want to use my T-cell model to study the effects that CD127 mutations have 

on IL-7 mediated signaling, I wanted to ensure that the parental Jurkat cell line did not 

respond to IL-7. Any signaling affects due to CD127 mutations could be masked by 

signaling from the endogenous CD127 protein on Jurkat cells. Thus I stimulated the Jurkat 

cells with 10ng/mL of IL-7 for 15 minutes, lysed the cells and performed a western blot for 

phospho-STAT5 (figure 10).  

 In this western blot I used primary human CD8+ T-cells as a positive control for 

pSTAT5 expression in response to IL-7. The western blot in figure 10 shows that parental 

untransduced Jurkat cells do not phosphorylate STAT5, in response to IL-7. 
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Figure 10: Jurkat cells do not phosphorylate STAT5 in response to IL-7 (10ng/mL).  

Jurkat and primary human CD8+ T-cells were incubated in media or media plus IL-7 

(10ng/mL) for 15 minutes. Cells were pelleted, lysed and run on a 10% SDS-PAGE gel. 

Following transfer, the blot was probed for pSTAT5, STAT5, and β-actin. CD8+ T-cells 

were used as a positive control for phosphorylation of STAT5 in response to IL-7. Western 

blot is representative of n=2. 
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3.1.7  Transducing Jurkat cells with WT or mutant CD127 genes to develop the T-cell 

models 

 Based on all the observations, I determined that Jurkat cells would be a good choice 

to build my T-cell model. The next step was to stably introduce expression of wild type 

CD127 or mutant CD127 (P132S, I356V, L242_L243insNPC and T244I) into Jurkat cells. 

To accomplish this, I made six lentiviruses that each had the neomycin resistance gene and 

lacked an insert (MOCK), or contained wild type CD127 (CD127WT) or mutant CD127 

(P132S, I356V, L242_L243insNPC (also known as insNPC) and T244I). Cultured Jurkat 

cells were split into six batches and each batch was transduced with one of the six 

lentiviruses. Transduced cells were then selected using 750µg/mL of G418 sulfate 

(Appendix III for G418 sulfate kill curve). After 20 days of culturing the transduced cells 

under selective conditions, the T-cell models each expressing one of the four disease 

specific mutations in CD127 or wild type CD127 were established.  

3.1.8  Jurkat cells transduced with WT or mutant CD127 genes produced CD127 

proteins 

 To confirm that these cell lines expressed wild type or mutant CD127 protein from 

the transduced CD127 genes, I performed a western blot probing for CD127 and DDK on 

lysates from the established cell lines (figure 11). In the established cell lines, CD127 

expressed from the transduced CD127 genes also has a DDK tag on the C-terminus, as such 

a western blot probing for DDK would indicate that the cell line is producing the wild type 

or mutant CD127 protein based on the transduced gene.  

 The western blot probing for CD127 showed that the parental, MOCK, CD127WT, 

P132S, I356V, insNPC, and T244I Jurkat cell lines produced CD127 protein (figure 11). 
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The CD127-Fc chimera has the same molecular weight as full length CD127 protein and 

anti-CD127 western antibodies are shown to bind to it; as such I used the CD127-Fc chimera 

as a positive control for CD127 [33]. The blot probing for DDK showed that the CD127WT, 

P132S, I356V, insNPC, and T244I Jurkat cell lines produce a DKK tagged protein that is the 

same size, ~75kDa, as CD127 protein (figure 11).  

 In the anti-CD127 blot, there are two distinct bands for CD127 protein from the 

lysates of CD127WT, P132S, I356V, insNPC and T244I cell lines (figure 11). While in the 

parental and MOCK Jurkat cell lines, there is only the single higher band. Here I observed 

that the CD127 bands in the lanes of untransduced and MOCK transduced Jurkat cell lysates 

are much lighter in density then the bands in the lanes of the wild type and mutant CD127 

transduced cell line lysates (figure 11). In the anti-DDK blot, the same two distinct bands 

observed from the anti-CD127 blot are observed for DDK tagged CD127 in lanes containing 

the lysates of CD127WT, I356V, insNPC and T244I cell lines (figure 11). Interestingly, 

only the lower band for DDK tagged CD127 in the P132S cell line is observed. The parental 

and MOCK Jurkat cell lines had no bands present for DDK tagged CD127.  

 Together these blots in figure 11 suggest that the CD127WT, P132S, I356V, insNPC 

and T244I Jurkat cell lines produce the wild type or respective mutant CD127 protein from 

the transduced genes. 
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Figure 11: Transduced Jurkat cell lines stably express wild type CD127 and mutant 

CD127 genes.  

Western blots were performed on cell lysates from MOCK, CD127WT, P132S, T244I, 

I356V, L242_L243insNPC transduced Jurkat cell lines and parental untransduced Jurkat 

cells. Upper panel is a western blot probing for CD127 using a polyclonal anti-CD127 

antibody. CD127-Fc Chimera (5ng) is used as a positive control. Lower panel is a western 

blot probing for the DDK tag on the C-terminus of CD127 using a polyclonal anti-DDK 

antibody. Western blots are representative of n=4 
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3.2 CD127 protein expression in Jurkat cells transduced with wild type or mutant 

CD127 genes 

3.2.1  CD127 protein with the I356V, L242_L243insNPC and T244I mutations are 

detected on the surface of the established cell lines 

 To determine if the CD127 proteins expressed from the transduced genes are 

expressed on the cell surface, I stained the MOCK, CD127WT, P132S, I356V, insNPC and 

T244I Jurkat cell lines with PE conjugated anti-CD127 antibody (clone R34.34). The 

MOCK cell line expresses only low levels of endogenous CD127 and by setting the voltages 

on the flow cytometer such that the expression of CD127 on the MOCK cell line was 

CD127low, I could observe differences in the surface expression of CD127 protein in the WT 

and mutant cell lines.  

 Flow histograms indicate that CD127 surface expression can be detected on the 

CD127WT, I356V, insNPC and T244I Jurkat cell lines (figure 12.A). The level of surface 

expression of CD127 in all the cell lines except P132S is about 3-fold higher (p<0.05) 

compared to the expression level of endogenous CD127 on the MOCK cell line (figure 

12.B). CD127 expression levels on the mutant cell lines I356V, insNPC and T244I are 

relatively the same as the CD127 expression levels on the CD127WT cell line (figure 12.B). 

 While I could detect surface expression of CD127 on the CD127WT, I356V, insNPC 

and T244I Jurkat cell lines, I could not detect surface CD127 on the P132S Jurkat cell line 

above the endogenous CD127 levels expressed on the MOCK cell line (figure 12.B).  
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Figure 12: CD127WT, I356V, L242_L243insNPC and T244I transduced Jurkat cells 

have significantly higher surface expression of CD127 relative to the MOCK vector 

transduced Jurkat cell line.  
 

The MOCK, CD127WT, P132S, I356V, insNPC and T244I cell lines were stained with PE 

conjugated anti-CD127 (clone R34.34). Voltage was set such that CD127 expression in the 

MOCK cell line was CD127low. (A) Representative flow histograms of CD127 surface 

expression of n=9. (B) Bar graph showing mean MFI of surface CD127 of n=9. Error bars 

are +/- SEM. p<0.0001 as measured by One-way ANOVA. Dunnett's multiple comparison 

post-test compares WT and mutant CD127 cell lines to Mock, * p<0.05 and ns is p>0.05. 

Differences between CD127 expression of I356V, insNPC and T244I cell lines to the 

CD127 expression in CD127WT were not significant (p>0.05). 
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3.2.2  CD127 containing the P132S mutation cannot be detected by flow cytometry on 

the cell surface 

 Considering that the P132S mutation, which is located in the extracellular domain of 

CD127, may cause conformational changes in this region of the protein, it is possible the 

monoclonal antibody (clone R34.34) used for flow cytometry was not able to recognize its 

epitope on P132S mutated CD127. Thus I surface stained MOCK, P132S, and CD127WT 

Jurkat cell lines with two other monoclonal anti-CD127 antibodies (clones hIL-7R-M21 and 

40131) and the same polyclonal anti-CD127 antibody used in our anti-CD127 western blot, 

from figure 11.  

 Figure 13 shows that surface CD127 protein can be detected on the CD127WT cell 

line using any of the three monoclonal antibodies and the polyclonal antibody. Unlike the 

CD127WT cell line, surface CD127 expression could not be detected for the P132S cell line 

above the endogenous levels expressed on the MOCK cell line (figure 13).  

3.2.3  P132S mutated CD127 cannot be detected intracellularly by flow cytometry 

 Since I could not detect CD127 protein on the surface of the P132S cell line, I 

considered that perhaps CD127 protein remains intracellular and is not expressed on the 

surface. To test this, I fixed and permeabilized MOCK, P132S and CD127WT cell lines, 

then stained these cells with polyclonal anti-CD127 antibody and performed flow cytometry. 

Figure 14 shows that CD127 is not detected intracellularly nor on the surface of the P132S - 

Jurkat cells. While in the CD127WT cell line, CD127 protein is detected on the surface and 

intracellularly (figure 14).  

 In the flow cytometry experiments where I used two-step staining techniques to 

detect surface or intracellular CD127 protein, I also performed a secondary antibody  
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Figure 13: P132S mutant CD127 cannot be detected on the surface of cells by three 

different monoclonal anti-CD127 antibodies or by a polyclonal anti-CD127 antibody. 

MOCK, CD127WT and P132S Jurkat cells were surface stained using PE conjugated 

monoclonal anti-CD127 antibody (clone R34.34 or hIL-7R-M21) or two-step stained using 

monoclonal anti-CD127 antibody (clone 40131) with goat anti-mouse IgG1 antibody 

conjugated with Alexa Fluor 555 or polyclonal anti-CD127 antibody with donkey anti-goat 

IgG antibody conjugated with Alexa Fluor 647. Where two step staining was used, a 

secondary antibody control was done to ensure that data reflects specific binding to CD127. 

Voltage was set such that CD127 expression on the MOCK cell line was CD127low. The 

CD127WT cell line was used as a positive control for CD127 expression. Grey shaded area 

in histograms represents the auto-fluorescence of unstained MOCK cell line.   
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Figure 14: Intracellular CD127 cannot be detected in the P132S - Jurkat cell line.  

Two step staining using a polyclonal anti-CD127 antibody with donkey anti-goat IgG 

conjugated with Alexa Fluor 647 was performed on the MOCK, CD127WT and P132S 

Jurkat cell lines. Secondary antibody control was done to ensure that data reflects specific 

binding to CD127. Voltage was set such that CD127 expression on the MOCK cell line was 

CD127low. The CD127WT cell line was used as a positive control for CD127 expression on 

the surface and intracellularly. Grey shaded area in histograms represents the auto-

fluorescence of unstained MOCK cell line.   
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control. This control was used to ensure that the observed data represents the specific 

interaction between the anti-CD127 antibody and CD127 proteins; and not the interaction of 

the secondary anti-IgG antibody and CD127 proteins or other cellular proteins. 

3.3  Examining the established mutant cell lines for CD127 transcripts 

3.3.1  The four mutant CD127 cell lines show no significant fold differences in the 

transcript levels of soluble CD127 (sCD127) compared to the CD127WT cell line. 

 As mentioned in the introduction, Gregory et al. showed in their own in vitro model 

a two fold increase in transcripts encoding the soluble isoform of CD127 in cells carrying 

the T244I mutation compared to the wild type CD127 gene [48]. As such I was curious 

whether I would see a similar result in my in vitro T-cell model.  

 We know that full length membrane bound CD127 is translated from mRNA that 

spans exons 1 to 8. Soluble CD127 protein is transcribed from mRNA that spans exons 1 to 

8, but skips exon 6 as a result of alternative splicing. Our lab has previously been able to 

detect both the soluble and membrane bound isoforms of CD127 transcripts in primary 

human CD8+ T-cells using RT-PCR [58]. To detect the soluble isoform of CD127 mRNA, 

we previously used a forward primer that spans the exon 5/7 boundary and a reverse primer 

in exon 8. The forward primer spanning the exon 5/7 boundary is complementary to the end 

of exon 5 and the beginning of exon 7, and is used to specifically detect transcripts that 

skipped exon 6. To detect total CD127 transcripts (soluble and membrane bound isoforms), 

we previously used a forward primer that spans the exon 4/5 boundary and a reverse primer 

in exon 5. To detect transcripts encoding total and soluble CD127 isoforms in the 

established cell lines, I used these same primer combinations (Table 2).     
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 In my T-cell models, I cloned the wild type and mutant CD127 cDNA into the 

lentiviruses used to transduce Jurkat cells. While I recognize that the cDNA is solely 

composed of exons, there is still the possibility that splicing can occur because there are 5' 

and 3' splice site sequences (Appendix V for splice site predictions in CD127 cDNA) in the 

exons before and after exon 6. 

 Here I performed RT-PCR analysis on the MOCK, CD127WT and the four mutant 

cell lines and measured the amount of transcripts encoding soluble and total CD127. From 

each cell line, I also measured the transcript levels of RPS18 as a reference gene. I then 

normalized the transcript levels encoding soluble and total CD127 to the transcript level of 

RPS18 for each cell line. Using the normalized transcript levels of soluble and total CD127, 

I then calculated the relative expression of transcripts encoding soluble and total CD127 

from each cell line to the relative expression of transcripts encoding soluble and total CD127 

in the MOCK cell line. The MOCK cell line only contains endogenous CD127 transcripts, 

thus the calculated relative expression of transcripts encoding soluble and total CD127 

represents the mRNA expression levels of the exogenous CD127 transduced into the cell 

lines and not the endogenous CD127 mRNA. 

 Interestingly, I was able to detect transcripts encoding the soluble CD127 isoform in 

the wild type and mutant CD127 cell lines (Figure 15A). The relative mRNA expression for 

the soluble CD127 isoform was lower than that of the total CD127 isoform in the wild type 

and all the mutant CD127 cell lines (figure 15A). However within each cell line there was 

no statistical difference between the relative expression of soluble CD127 mRNA and total 

CD127 mRNA (figure 15A). When normalizing relative expression of transcripts encoding 

soluble CD127 to the relative expression of transcripts encoding total CD127 (figure 15B), I 
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noticed that the relative level of soluble CD127 mRNA in the CD127WT, P132S, I356V and 

insNPC cell lines were roughly the same at around 50%. The relative level of soluble 

CD127 mRNA in the T244I cell line was higher than the other cell lines at roughly 70% 

(figure 15B). One way ANOVA statistical analysis of the normalized relative expression 

transcripts encoding soluble CD127 between the cell lines revealed no significance 

differences (figure 15B). Post-test analysis comparing the normalized relative expression of 

transcripts encoding soluble CD127 in the CD127WT cell line to each mutant CD127 cell 

line showed no significant differences (figure 15B). Based on these results, I did not see the 

same effect as Gregory et al. saw with regards to the T244I mutation [48]. 

3.4 Surface CD127 down-regulation is altered in the I356V, insNPC and T244I cell 

lines compared to the down-regulation in the CD127WT cell line 

3.4.1  Surface CD127 is down-regulated in the CD127WT, I356V, insNPC and T244I 

cell lines in response to IL-7. 

 We know that in healthy primary human CD8+ T-cells, surface CD127 protein is 

down regulated in response to IL-7 in a dose and time dependent manner [34]. The down-

regulation of CD127 in response to IL-7 is one of cell’s regulatory mechanisms that ensures 

IL-7 signaling is not constitutive [34, 35].  In this study, I wanted to know whether surface 

CD127 would be down-regulated in the CD127WT cell line in response to IL-7 and if the 

IL-7 response is dose and time dependent. I also wanted to know if the disease specific 

mutations would affect the down-regulation of CD127 in response to IL-7. To this end, I 

cultured the CD127WT, I356V, insNPC and T244I cell lines in media alone or media plus 

1ng/mL, 10ng/mL or 25ng/mL of IL-7. Cells were then stained with PE conjugated anti-

CD127 (clone R34.34) antibodies. Live cells were gated based on forward and side scatter  
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Figure 15: The four mutant CD127 cell lines have no significant differences in the 

relative mRNA expression levels of soluble CD127 (sCD127) compared to the 

CD127WT cell line.  
 

Real-time PCR was performed on MOCK, CD127WT, P132S, I356V, insNPC and T244I 

Jurkat cell lines to determine the mRNA transcript levels encoding total CD127 and soluble 

CD127. The transcript levels of total and soluble CD127 were normalized to RPS18 

reference gene expression. Relative mRNA expression level for total and soluble CD127 

was calculated using the ΔΔCt method. Bar graph (A) shows the relative mRNA expression 

levels for soluble and total CD127 for each cell line. There is no statistical difference 

between the relative expression of soluble and total CD127 mRNA within each cell line, as 

measured by t tests (ns>0.05). Bar graph (B) shows the relative mRNA expression levels 

encoding soluble CD127 normalized to relative mRNA expression levels of total CD127 for 

each cell line. One way ANOVA analysis revealed no significant differences between the 

different cell lines in soluble CD127 transcript levels. Dunnett's post-test comparison 

determined no significant differences between CD127WT and each mutant (ns>0.5). Bars in 

graphs (A) and (B) represent pooled data from five individual experiments (n=5) and error 

bars show +/- SEM.  
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and examined by flow cytometry for the expression of CD127 (MFI) at 0, 3, 12 and 24 hours 

after IL-7 stimulation. CD127 expression (MFI) on IL-7 stimulated cells was normalized to 

the CD127 expression (MFI) on cells in media alone at each time point. In this experiment I 

did not examine the effects on P132S because I could not detect CD127 on the surface of 

this cell line by flow cytometry. 

 In figure 16A, CD127 expression on the CD127WT cell line is down-regulated in 

response to IL-7. CD127WT cells stimulated with 1ng/mL of IL-7 down-regulated CD127 

by ~10% from basal levels at 3 hours; 12 hours after stimulation these cells down-regulated 

CD127 by ~20% from basal levels; by 24 hours the expression level of CD127 returned to 

basal levels (~100%). CD127WT cells stimulated with 10 and 25ng/mL of IL-7 down-

regulated CD127 expression by ~30% from basal levels at 3 hours and the CD127 

expression remained at this level up to 12 hours. Between 12 and  24 hours the expression of 

CD127 in CD127WT cells stimulated with 10ng/mL of IL-7 returned to basal levels 

(~100%) and the expression of CD127 in CD127WT cells stimulated with 25ng/mL of IL-7 

only increased by ~10% (~20% below basal levels). Based on these results, in the 

CD127WT cell line, CD127 down-regulation is dose and time dependent.  

 In figure 16 B and C, CD127 expression on the I356V and insNPC cell lines is 

down-regulated in response to IL-7. Interestingly, at low IL-7 concentrations (1ng/mL) the 

expression of CD127 on I356V and insNPC cell lines is not affected. However, when I356V 

and insNPC cells are stimulated with 10ng/mL or 25ng/mL of IL-7, CD127 expression is 

down-regulated by ~20% from basal levels at 3 hours (figure 16B and C). Between 3 to 24 

hours post IL-7 (10 and 25ng/mL) stimulation there is a steady slow increase in CD127 

expression. At 24 hours, for both I356V and insNPC cell lines stimulated with IL-7 (10 and 
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25ng/mL), the CD127 expression has increased by ~10% (~10% below basal levels). 

Compared to the CD127 down-regulation seen in CD127WT cells, these two mutant CD127 

proteins remain on the cell surface to a greater degree when stimulated with a low IL-7 

concentration (1ng/mL). When stimulated with higher IL-7 concentrations (10 and 

25ng/mL) the mutant CD127 proteins are down-regulated, but to a lesser degree than in 

CD127WT cells. The CD127 down-regulation that does occur in the I356V and insNPC cell 

lines is not sustained as long as the down-regulation of wild type CD127 in the CD127WT 

cell line.  

 In figure 16D, CD127 expression on the T244I cell line is down-regulated in 

response to IL-7. The CD127 down-regulation in T244I cells is similar to the down 

regulation observed in the I356V and insNPC cell lines. T244I cells stimulated with 1ng/mL 

of IL-7 down-regulated CD127 by ~10% from basal levels at 3 hours; between 3 and 12 

hours the CD127 expression returns to basal levels and remains at this level. At higher IL-7 

concentrations (10 and 25ng/mL) the down-regulation of CD127 in the T244I cell line is 

very similar to the CD127 down-regulation observed in I356V and insNPC cell lines. T244I 

cells stimulated with 10ng/mL of IL-7 down-regulated CD127 by ~25% from basal levels at 

3 hours; between 3 and 24 hours the CD127 expression slowly and steadily returns to basal 

levels. T244I cells stimulated with 25ng/mL of IL-7 down-regulated CD127 by ~30% from 

basal levels at 3 hours; between 3 and 12 hours CD127 expression remain the same between 

~70-75%  of  the basal level; and between 12 and 24 hours CD127 expression slowly rises to 

~80% of the basal level. In comparing the CD127 down-regulation in T244I cells with 

CD127WT cells, I noticed that in the T244I cell line stimulated with low IL-7 

concentrations (1ng/mL) CD127 surface protein was down-regulated to a lesser degree than  
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Figure 16: CD127 is down-regulated on the surface of the CD127WT, I356V, insNPC 

and T244I cell lines in a dose and time dependent manner.  

CD127WT, I356V, insNPC and T244I cells were cultured in media alone or media plus IL-7 

at ng/mL, 10ng/mL or 25ng/mL. Prior to stimulation and at 3, 12 and 24 hours following 

stimulation, an aliquot of these cells were stained with PE conjugated anti-CD127 (clone 

R34.34) antibodies and CD127 expression (MFI) was examined by flow cytometry. The 

dose and time curves for (A) CD127WT, (B) I356C, (C) insNPC and (D) T244I cell lines 

shows the mean MFI normalized to the MFI of media controls at each time point for each 

concentration. The mean is of n=4 experiments with +/- SEM. 
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in the CD127WT cell line. At high IL-7 concentration (25ng/mL), CD127 down-regulation 

in the T244I cell line is very similar to the down-regulation seen in the CD127WT cell line. 

3.5  Examining the established mutant cell lines for altered IL-7 signal transduction 

3.5.1  In IL-7 stimulated cell lines, pSTAT5 cannot be detected above background 

signal 

 As mentioned above, I wanted to see if the disease associated mutations in CD127 

would result in altered signal transduction. To measure altered signal transduction, I decided 

to examine the phosphorylation level of STAT5. This measure of signal transduction has 

been used in multiple cell lines and in primary T-cells. To measure pSTAT5 levels, I 

cultured the MOCK, CD127WT, P132S, I356V, insNPC and T244I Jurkat cell lines for 15 

minutes in complete media alone, complete media plus IL-7 (10ng/mL), or complete media 

plus IFNα (125ng/mL) as a positive control. After culturing the cells in various conditions, I 

fixed and permeabilized the cells and then stained the cells with Alexa Fluor® 488 

conjugated anti-phospho-STAT5 antibodies. These cells were then examined using flow 

cytometry to detect changes in pSTAT5 expression levels. 

 Our lab has previously detected IL-7 signal transduction by measuring the level of 

pSTAT5 in primary human CD8+ T-cells stimulated with 10ng/mL of IL-7 [10, 13]. As 

such, I felt that this concentration of IL-7 would be appropriate to stimulate the cell lines in 

order to observe signal transduction. As shown above, 10ng/mL of IL-7 was also able to 

down-regulate surface CD127expression in the CD127WT, I356V, insNPC and T244I cell 

lines suggesting that the cell lines were responsive to IL-7 at this concentration.  
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 IFNα has also been shown to cause signal transduction in Jurkat cells resulting in 

phosphorylation of STAT5 [59]. As such, I decided to stimulate the cell lines with IFNα 

(125ng/mL) as a positive control for pSTAT5 expression. 

 Figure 17 shows that in all six cell lines IFNα stimulation caused only a slight 

increase in pSTAT5 expression above the media control. In all six cells line stimulated with 

IL-7 (10ng/mL) there was no increase in pSTAT5 expression levels above media control. 

This suggests that in these cell lines, pSTAT5 expression is already high and IL-7 

stimulation cannot increase the expression of pSTAT5 above basal levels.  
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Figure 17: pSTAT5 cannot be detected above background in the CD127 expressing cell 

lines when stimulated with IL-7 (10ng/mL).  
 

MOCK, CD127WT, P132S, I346V, insNPC and T244I Jurkat cell lines were cultured in 

RPMI-10. The cell lines were stimulated with IFNα (125ng/mL) or IL-7 (10ng/mL) for 15 

minutes. Cells were also left in media alone as a control. Cells were then fixed, 

permeabilized and stained with anti-pSTAT5 antibody conjugated to Alexa Fluor 488. Cells 

were analyzed for pSTAT5 expression using flow cytometry. Voltages were set on cells in 

media alone and shifts in pSTAT5 represent increases in pSTAT5 expression above basal 

levels of pSTAT5. IFNα was used as a positive control for inducing pSTAT5 expression in 

Jurkat cells.  
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4.1  Development of an  in vitro  model to study the effect that disease specific 

mutations have on CD127 expression, regulation and signal transduction 

 To address the hypothesis of whether disease associated mutations in CD127 cause 

aberrant IL-7 signaling and CD127 expression and regulation, I developed in vitro T-cell 

models using Jurkat cells and introduced the express of wild type CD127, or CD127 

carrying the following mutations: P132S, I356V,  L242_L243insNPC  and  T244I.  

 The cell line chosen as the basis for this model had to satisfy a set of criteria. The 

cell line had to express high endogenous levels of surface CD132, so that the complete IL7R 

could form with the introduced wild type or mutant CD127 protein. From the four 

lymphoblastic cell lines (A3, CEM, Jurkat and SupT1) examined, my data show that all four 

cell lines express levels of CD132 that were comparable to the high surface expression seen 

on primary human CD8+ T-cells. Next, the cell line had to express low endogenous levels of 

surface CD127, thereby allowing  us to study the expression and regulation of the introduced 

wild type or mutant CD127 protein with little interference from endogenous CD127 protein. 

From the four cell lines examined, my data show that SupT1 cells express high levels of 

CD127 (MFI ~25) compared  to the other  three cells lines which express low levels of 

endogenous CD127  (MFI less than 10). Patel et al. made similar observations and found 

that SupT1 cells expressed high levels of endogenous CD127, while Jurkat cells expressed 

low levels of endogenous CD127 [62].  Due to the high expression level of CD127 on 

SupT1 cells, these cells were deemed inappropriate for the T-cell model. Next, I reviewed 

the available literature for CEM, Jurkat and A3 cells to determine if these cells were 

susceptible to G418 mediated cell death. The susceptibility to G418 sulfate was essential 

because G418 sulfate was to be used in selecting cells that stably expressed wild type or 
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mutant CD127 protein. From the literature available I learned that A3 cells are a derivative 

of the Jurkat cell line that are susceptible to Fas mediated cell death [57]. The A3 cell line 

was isolated using G418 sulfate selection, as such A3 cells are resistant to G418 sulfate 

mediated cell death [57]. Jurkat and CEM cells contain no neomycin resistance gene [64]. 

Based on this information, I continued to examine the Jurkat and CEM cell lines. Next, the 

cell line had to have endogenous STAT5. Previous studies in primary human CD8+ T-cells 

have measured changes in the level of phosphorylated STAT5 as a means of studying IL-7 

signaling [10, 13, 34]. My data show that both CEM and Jurkat cells both express 

endogenous STAT5. Thus both of these cell lines could potentially be used in my T-cell 

model. Since I was to going to be developing six stable cell lines and selecting for them 

using G418 sulfate, I wanted the cell line in my model to be easy to culture and for the cell 

population to double quickly, thus allowing for rapid expression of induced proteins and 

faster selection of stable cell. Qualitative observations I made while culturing the cell lines 

indicated that CEM cells were difficult to culture and doubled slowly, as such I decided not 

to use them in my model. Thus from the four lymphoblastic cell lines examined, Jurkat   

cells were determined to be the best option for my T-cell model. My data also indicated that 

Jurkat cells did not phosphorylate STAT5 in response to IL-7. Our lab has previously, used 

10ng/mL of IL-7 to observe phosphorylation of STAT5 in T-cells; as such I decided that this 

concentration would be appropriate to observe signaling effects in Jurkat cells [10]. The lack 

of response to IL-7 was most probably due to the fact that Jurkat cells expressed such low 

levels of CD127 that the complete IL7R could not be formed and hence there was no signal 

transduction. The lack of response to IL-7 was also determined to be of benefit because 

there would presumably be no endogenous STAT5 signaling that would mask or skew the 
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potential signaling affects that could be observed in the IL-7 stimulated cell lines that 

expressed wild type or mutant CD127 protein. While the observation above indicates that 

Jurkat cells do not phosphorylate STAT5 in response to IL-7, there is evidence that STAT5 

can be phosphorylated in Jurkat cells when stimulated with other reagents like IFNα or Gas6 

[59, 65]. Other cellular components of the IL-7 signaling pathway like JAK-1 and JAK-3 

were previously found in Jurkat cells [66, 67]. Together this all suggests that Jurkat cells 

engineered to express wild type or mutant CD127 protein could potentially form the IL7R in 

response to IL-7 and transduce a signal that could be measured by STAT5 phosphorylation. 

 After choosing to build my T-cell models using Jurkat cells, my next step was to 

introduce the expression of CD127 or mutant CD127 proteins into these cells. Originally, I 

tried to transfect Jurkat cells using a eukaryotic expression vector, pCMV6-CD127, which 

contained wild type CD127 cDNA. The expression of CD127 was constitutively driven from 

a CMV promoter on the pCMV6-CD127 plasmid. This plasmid also contained the neomycin 

resistance gene that could be used to select for transfected cells using G418 sulfate. As 

shown in appendix II.C, when using this approach, the expression of surface CD127 protein 

was modestly increased in Jurkat cells over the endogenous surface CD127 level. 

Expression of the introduced CD127 and/or neomycin resistance genes was also transient, as 

a stable cell line that expressed wild type CD127 could not be selected in Jurkat cells using 

complete media supplemented with G418 sulfate. This transfection and selection approach 

may have failed because the neomycin resistance gene may not have integrated into the 

genome of Jurkat cells. It is also possible that no part of the plasmid integrated into the 

genome and that the transient expression of CD127 protein observed was translated from the 

plasmid itself. 
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 In view of the many issues and lack of success in the transfection and selection 

approach using the pCMV6-CD127 vector, I proceeded to use a lentiviral system to 

introduce the expression of wild type or mutant CD127 genes in Jurkat cells. Transduction 

and integration of a gene of interest using a lentivirus is known to be more efficient than the 

transfection and selection approach. Alves et al. have previously used a lentivirus to produce 

a Jurkat cell line that stably expressed wild type CD127; this reaffirms that the lentiviral 

system would be a good option for inducing expression of wild type or mutant CD127 in 

Jurkat cells [68]. The lentiviral system that I used was a 2nd generation system that included 

an envelope, packaging and transfer vector. The transfer vector originally obtained from Dr. 

Anurag Tandon, pWPI/hPLK2WT/Neo, contained the wild type human polo-like kinase 2 

(hPLK2WT) gene downstream of an elongation factor-1 alpha (EF-1α) promoter. The EF-1α 

promoter drives constitutive expression of the gene of interest. Studies comparing EF-1α to 

the CMV promoter have found the EF-1α promoter is better suited to producing cell lines 

that stably expressed the gene of interest over a long period of time because as time 

progresses the activity of the CMV promoter becomes silenced [69]. The EF-1α promoter 

was also found to induce expression of the gene of interest with greater efficiency than the 

CMV promoter [69]. The transfer vector also has an internal ribosomal entry site (IRES) 

element from an encephalomycocarditis virus (EMCV) downstream of the gene of interest. 

The IRES allows for the translation of the neomycin resistance gene simultaneously from 

the same transcript as the gene of interest, thus ensuring selected cells express the gene 

under study [70]. As such, I rationalized that cells transduced with the CD127 gene from this 

transfer vector would produce high levels of exogenous CD127, the expression would be 
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sustained long term and the cells expressing CD127 could also be selected using G418 

sulfate. 

 In making my lentiviruses, I successfully removed the hPLK2WT gene from 

pWPI/hPLK2WT/Neo to make the mock transfer vector, pWPI/MOCK/Neo; and 

incorporated the wild type CD127 cDNA in place of the hPLK2WT fragment to make the 

transfer vector, pWPI/CD127WT/Neo. The cloning techniques I used were optimized by 

Zhang et al. [71]. The four mutant CD127 transfer vectors (pWPI/P132S/Neo, 

pWPI/I356V/Neo, pWPI/L242_L243insNPC/Neo and PWPI/T244I/Neo) were successfully 

made using an SDM kit to make point mutations or insert nucleotides into the CD127 gene 

of the pWPI/CD127WT/Neo plasmid. Six different lentiviruses were then made using these 

transfer vectors and the envelope and packaging vector. The Lenti-XTM GoStixTM from 

Clontech, Inc. were used to visually confirm that lentivirus were made and that at least 5E5 

infectious units of virus were present per mL of media. Jurkat cells were infected with 

concentrated lentiviruses and the cells that stably expressed the wild type or mutant CD127 

proteins were selected using G418 sulfate.  

 The stable cell lines were examined for expression of CD127 by western blot. Figure 

11 shows that the untransduced, mock, wild type and mutant CD127 cell lines all produced 

CD127 protein. The CD127 protein detected was of the same size as the recombinant human 

CD127-Fc chimera, which had a molecular mass ~75kDa. The exogenous wild type and 

mutant CD127 proteins expressed in the stable cell lines also contain a DDK-tag on the C-

terminus of the protein; thus allowing us to only detect the exogenous CD127 by western 

blot. The blot probing for DDK-tagged proteins in figure 11 shows that the wild type and 

mutant cell lines do produce the exogenous CD127 protein, while there are no observable 
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bands in the lanes from untransduced and mock transduced Jurkat cells, as was expected 

since these cell lines were not transduced with a DDK tagged CD127 gene. Together this 

suggests that the stable cell lines were successfully established using the lentiviral approach.  

In the anti-DDK blot, the lack of bands in the lanes containing lysates from untransduced 

and mock transduced Jurkat cells indicates that the faint bands seen in these lanes from the 

anti-CD127 probed blot represent endogenous CD127 protein. In the anti-DDK probed blot, 

two bands are observed at around 75kDa from the lanes containing lysates from Jurkat cells 

transduced with wild type, I356V, L242_L243insNPC and T244I mutated CD127. The 

observed double bands could possibly be due to differences in the extent of glycosylation; 

where the upper band is glycosylated and the lower band is unglycosylated or less 

glycosylated. Multiple bands due to glycosylation differences in CD127 have been 

previously reported in cell lines transfected with murine CD127 [4]. Alternatively, the 

double bands observed could represent membrane and soluble isoforms of CD127, where 

the upper band is membrane bound CD127 protein while the lower band is soluble CD127 

protein. Interestingly, in the anti-DKK probed blot there is only the lower band in the lane 

containing lysates from Jurkat cells transduced with P132S mutated CD127. This lower 

band could mean that P132S mutated CD127 is not glycosylated or is mostly of the soluble 

CD127 isoform. Considering that this mutation is in the extracellular region, it may be 

affecting the six glycosylation sites in the extracellular region from becoming glycosylated 

post-translationally [28]. Roifman et al. also observed the same band pattern for P132S and 

wild type CD127 protein as found here [41]. 
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4.2  Wild type and CD127 proteins containing the I356V, L242_L243insNPC and 

T244I mutations are all expressed on the cell surface while P132S could not be detected 

by flow cytometry 

 Once I established that the wild type and the four mutant CD127 cell lines produce 

CD127 protein, I next wanted to know whether CD127 surface expression was altered by the 

mutations. My flow data in figure 12 suggest that the I356V, L242_L243insNPC and T244I 

mutated CD127 proteins are expressed on the surface of the cell and that these mutants are 

expressed at relatively the same level as wild type CD127 protein. 

 Interestingly, I could not detect P132S mutated CD127 on the cell surface above 

background endogenous CD127. This mutation may be causing conformational changes to 

the CD127 extracellular domain [28]. As such monoclonal antibodies may not be able to 

detect the epitope on the P132S mutated CD127. Alternatively, this mutation may also be 

causing CD127 not to be expressed on the surface and remain intracellular or become 

degraded due to structural instability. To test whether the protein is intracellular, I performed 

an intracellular and surface stain on the CD127WT and P132S cell lines using the same 

polyclonal anti-CD127 used in the western blot analysis. The data show that in the 

CD127WT cell line, CD127 protein can be detected using the polyclonal anti-CD127 both 

on the surface and intracellularly; however the P132S mutated CD127 protein cannot be 

detect either on the surface or intracellularly (figure 13 and 14). P132S mutated CD127 was 

also not detect using two other monoclonal anti-CD127 antibodies (figure 13). The fact that 

the P132S mutated CD127 could be detected by the polyclonal antibody by western blot but 

not by flow cytometry suggests that in the unreduced, non-denatured native state, the P132S 

mutated CD127 is conformationally altered in such a manner that the epitope which anti-
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CD127 monoclonal and polyclonal antibodies binds to is hidden or that the binding to the 

epitope is prevented. While P132S mutated CD127 is most likely conformationally altered, 

the question still remains whether the P132S mutated CD127 protein is expressed on the 

surface or not. One possible experiment to answer this question would be to biotin label the 

surface of the cell and isolate all surface proteins, and then run the western blot probing for 

CD127 on the isolated biotin labeled surface proteins and the remaining non labeled 

proteins. This western blot would show whether P132S mutated CD127 is expressed on the 

surface or intracellularly. Interestingly, Roifman et al. did not examine whether P132S 

mutated CD127 is expressed on the surface; instead they showed that radioisotope labeled 

IL-7 binds at very low levels to cells with the P132S mutated CD127 protein compared to 

cells that express wild type CD127 protein [41]. Roifman et al. interpretation of their data 

was that the P132S mutation is causing reduced binding affinity of IL-7 to CD127 [41]. 

Since they did not confirm the surface expression of P132S mutated CD127 protein, I feel 

that Roifman et al. interpretations on the effect of the P132S mutation in CD127 to be 

unjustified and that the proposed western would either support or refute their interpretation.  

4.3  CD127 cell lines express mRNA transcripts encoding the full length and soluble 

CD127 isoforms and there is no difference in the relative level of the transcript 

encoding soluble CD127 between the mutants and wild type CD127 

 There have been reports that the T244I mutation increases the incidence of 

alternative splicing during transcription of the CD127 gene. These reports indicate that the 

T244I mutation causes a two-fold increase in the level of transcripts encoding soluble 

CD127 compared to membrane bound CD127 [48, 56, 72]. As such, I was curious as to 

whether I would observe similar results in my T-cell model. A significant limitation to 
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addressing that question here is that cell lines contain the cDNA of wild type or mutant 

CD127 and as such there are no introns present within the CD127 trans-gene. Thus the 

traditional view of alternative splicing occurring between donor and acceptor site in the 

introns does not occur. Nevertheless, I proceeded to examine the relative expression of 

transcripts encoding soluble CD127 and total CD127 (figure 15A) using the previously 

established forward and reverse primers (Table 2) for sCD127 and total CD127 transcripts. 

The reason I proceeded to examine the transcript levels considering the limitations of my T-

cell models was because an analysis of the CD127 cDNA revealed donor and acceptor splice 

sequences in the exons (Appendix V), which suggests splicing could still occur. There is 

also evidence in literature that shows that alternative splicing can occur in mRNA 

transcribed from cDNA that is retroviral transduced into cell lines [61, 73]. Interestingly, I 

found that all the cell lines examined produced transcripts encoding soluble CD127 (figure 

15A), suggesting that alternative splicing is occurring within the transcribed pre-mRNA 

from the CD127 cDNA. My data also suggest that there is no significant difference in the 

level of soluble CD127 transcripts in each mutant CD127 expressing cell line compared to 

the wild type CD127 expressing cell line. However, due to the limitations of my T-cell 

model I acknowledge that these results may not represent the alternative splicing observed in 

nature and thus may not be biologically significant. While I did not see the same two-fold 

increase in soluble CD127 in the T244I cell line compared to the CD127WT cell line, as 

Gregory et al. have seen, this does not mean that their data is wrong or misinterpreted. In 

fact, there is other evidence that suggests that the T244I mutation increases the level of 

soluble CD127 protein [56, 60, 72, 74].  
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4.4  Surface CD127 protein is down-regulated on the CD127WT cell line when 

stimulated with IL-7 

 Next, I was interested in determining whether any of the mutations in CD127 

resulted in altered cell surface expression in response to IL-7 stimulation. To investigate 

this, cells expressing wild type CD127, I356V, L242_L243insNPC and T244I CD127 

proteins were stimulated with 1, 10 and 25ng/mL of IL-7 and changes in CD127 expression 

were examined at time zero and at 3, 12 and 24 hours post stimulation. Here I did not study 

the down-regulation of P132S-CD127 because I was not able to detect surface expression of 

this protein by flow cytometry.  

 My data suggest that in the CD127WT cell line, CD127 expression is down-

regulated in a dose and time dependent manner. The down-regulation of CD127 expression 

was maximal when cells were stimulated with 10ng/mL of IL-7 (figure 16A). CD127WT 

cells stimulated with 1ng/mL of IL-7 reached the maximal down-regulation by 12 hours and 

the surface CD127 returned to normal levels by 24 hours. CD127WT cells stimulated with 

10 and 25ng/mL of IL-7 reached the maximal down-regulation by 3 hours and this down-

regulation was sustained up to 12 hours. Between 12 and 24 hours, the CD127 expression 

levels increased back or close to the basal level (figure 16A). This initial dose response seen 

at early time point is comparable to what was observed in primary human CD8+ T-cells [34].  

 Our lab has previously shown that in primary human CD8+ T-cells stimulated with 

IL-7, surface CD127 protein is down-regulated from the surface and then degraded, and that 

transcription of CD127 mRNA is also independently down-regulated [34]. The degradation 

of CD127 was shown to be dependent on JAK phosphorylating Y449 and marking the 

internalized CD127 protein for proteosomal degradation [34]. The transcriptional down-
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regulation of CD127 mRNA together with the degradation of surface CD127 protein is the 

reason the expression of CD127 does not return to basal levels after IL-7 stimulation in 

primary human CD8+ T-cells [34]. While in this experiment I am able to observe the down-

regulation of surface CD127 in response to IL-7, I am not able to determine whether CD127 

is degraded. While the surface CD127 that is down-regulated may be degraded, the increase 

back to basal levels observed at 24 hours may be do the constitutive production of CD127 

that is driven by transcription from the EF-1α promoter. On the other hand, if the down-

regulated surface CD127 is not degraded, the increase back to basal levels could also be 

partly due to CD127 returning to the cell surface over time if it has not been phosphorylated 

in the Jurkat cells. One experiment to check if the down-regulated CD127 is degraded would 

be to treat the CD127WT cell line with a protein synthesis inhibitor, cycloheximide (CHX), 

and stimulate the cells with IL-7; then lyse the cell 24 hours later and run a western blot 

probing for CD127. Cycloheximide should prevent new CD127 from being produced and if 

the CD127 is degraded after IL-7 stimulation you should see less CD127 on the western 

blot. One way to make this T-cell model better suited to studying CD127 down-regulation in 

response to IL-7 would be to replace the EF-1α promoter with the wild type IL-7 promoter 

found in T-cells; thereby restoring the mechanism that down-regulates CD127 transcription. 

4.5  Surface CD127 protein is down-regulated on I356V, insNPC and T244I cell lines 

when stimulated with high doses (>10ng/mL) of IL-7 

 With regards to the down-regulation of surface CD127 observed in the I356V, 

insNPC and T244I cell lines, I find it very interesting that at the low IL-7 concentration 

(1ng/mL) the cells do not down-regulate CD127 to the same extent as seen in the CD127WT 

cell line. The very small level of CD127 down-regulation that does occur when the mutant 
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cell lines were stimulated with 1ng/mL of IL-7 is very short lived. Interestingly, high doses 

of IL-7 (10 and 25ng/mL) are required to observe down-regulation of surface CD127 in 

these cell lines. Together this suggests that there is a threshold level of IL-7 needed to 

induce down-regulation on CD127 and that these mutations are increasing the threshold. 

 Our lab has previously shown that the threshold level of IL-7 needed to down-

regulate surface CD127 on primary human CD8+ T-cells was 100pg/mL of IL-7 [34]. Since 

the binding affinity between IL-7 and the receptor is very strong  (Kd=40pM),  then very few 

molecules of  IL-7 may be needed to come in contact with the IL7R before one molecule 

remains bound and down-stream effects can be observed [1]. Conversely, if these mutations 

are altering the structure of the CD127, then the binding affinity of CD127 to IL-7 may also 

be lowered. If the affinity is lowered then more molecules of IL-7 would be required to 

come in contact with the receptor before any downstream effects could be observed; hence a 

higher threshold of IL-7 needed to induce down-regulation of surface CD127. In future 

experiments, we can use radioisotope labeled IL-7 to measure the differences in binding 

affinity between IL-7 and the wild type CD127 or the mutant CD127 proteins. This 

experiment would help confirm the hypothesis that binding affinities are affected by the 

mutations. This experiment would also provide evidence to the correlation that lower 

binding affinity means more IL-7 is required to induce down-regulation. While in these 

mutant cell lines, a high level of IL-7 is needed to induce down-regulation of CD127, it still 

remains possible that at low doses (1ng/mL) of IL-7 the cell is signaling. In primary CD8+ 

T-cells stimulated with 1ng/mL of IL-7, our lab has previously observed increases in cell 

proliferation, STAT5 phosphorylation and Bcl-2 levels [10]. Since CD127 remains on the 

cell surface of these mutant CD127 cell lines after IL-7 stimulation (1ng/mL) it is possible 
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that IL-7 signaling could be prolonged or even constitutive; leading to greater proliferation 

and anti-apoptotic affects. To show that this is the case, future experiments will require the 

wild type and mutant CD127 cell lines to be stimulated with 1ng/mL of IL-7 then examined 

for IL-7 signaling by measuring pSTAT5 levels over time. If the mutant CD127 cell lines 

induce phosphorylation of STAT5 and maintain the pSTAT5 level over time and the surface 

expression is not down-regulated, while the wild type CD127 cell line only temporarily 

induces pSTAT5 expression and down-regulates CD127 from the surface we could then 

conclude that mutations to CD127 cause constitutive or prolonged IL-7 signaling in 

response to low doses.   

4.6  The established cell lines had high basal levels of pSTAT5 and thus IL-7 signaling 

could not be measured by flow cytometry 

 To examine the effects that these CD127 mutations have on IL-7 signaling, I 

stimulated the cells with IL-7 (10ng/mL) and examined them by flow cytometry for altered 

pSTAT5 expression (figure 17). I also treated the cells with IFNα (125ng/mL), which has 

also been reported to induce pSTAT5 expression in Jurkat cells (figure 17).  

 The results in this experiment were inconclusive because there was a high level of 

pSTAT5 expression in the all of the established cell lines cultured in media alone (figure 

17).  The affect IL-7 has on inducing pSTAT5 expression could not be observed above the 

background level; while IFNα only modestly increased pSTAT5 expression above 

background (figure 17). In this experiment it is possible that something in the serum of the 

media caused the cells to phosphorylate STAT5. In future experiments, the cell lines could 

be first cultured for a few hours in serum free media to reset all the signaling pathways and 

sync the cell population.  
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 The result in figure 17 is interesting because my original examination of pSTAT5 

levels in the untransduced Jurkat cell line (figure 10) indicated that Jurkat cells incubated 

with media alone or with media supplemented with IL-7 do not phosphorylate STAT5. It is 

quite possible that the process of transducing trans-genes into Jurkat cells has altered the cell 

in such a manner that STAT5 is constitutively phosphorylated or phosphorylated to a greater 

degree than previous basal levels. Alternatively, the addition of G418 sulfate in the media 

may be causing the cells to phosphorylate STAT5 via an unknown mechanism. As 

mentioned above, in future experiments the cells could be cultured in serum free and G418 

sulfate free media before measuring pSTAT5 levels. To determine whether the transduction 

of trans-genes into the Jurkat cells is causing higher basal levels of pSTAT5 in future 

experiments an untransduced Jurkat cells should also be examined as a control.

 Alternatively, if pSTAT5 cannot be measured changes in Bcl-2 expression could be 

examined. Since Bcl-2 expression is a down-stream effect of IL-7 signaling, we could infer 

how signaling is affected by these mutations, by measuring the differences in Bcl-2 

expression. I would not advise measuring proliferative changes because the mutant CD127 

cell lines are already proliferating at an accelerated rate and so differences in proliferation 

caused by aberrant IL-7 signaling would be masked. To determine how the CD127 

mutations affect IL-7 signaling we could also measure the phosphorylation of JAK in 

response to IL-7. 

 Since we could not measure CD127 signaling in response to IL-7, I would not make 

any conclusions as to whether the P132S mutation results in reduced IL-7 signaling or 

whether the T244I and I356V mutations result in constitutive or enhanced signaling. The 
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L242_L243insNPC mutation in CD127 has been well shown to cause constitutive, IL-7 

independent signaling in multiple models [45, 46]. 
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CHAPTER  5: CONCLUSION 
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 One of my main objectives in this project was to develop an in vitro T-cell model 

that expressed wild type or one of four disease associated mutant CD127 proteins. To this 

end, I was successful in developing five stable cell lines expressing wild type CD127, P132S 

mutated CD127, I356V, L242_L243insNPC and T244I mutated CD127 proteins.  

 In examining these cell line, I have found that these cells produce these mutant 

CD127 proteins. I have been able to detect all the mutant CD127 proteins on the surface of 

the cells except for P132S CD127. An additional experiment is required to determine 

whether P132S CD127 is expressed on the surface; this experiment is essential for us to 

understand how the P132S mutation leads to the SCID phenotype.  

 Several researchers have suggested that the T244I mutation results in increased 

sCD127 protein and that this increase in sCD127 results in the IL-7 signaling being 

potentiated leading to autoimmunity. The fact that T244I mutated CD127 is highly 

expressed on the cell surface is notable because it allows for the possibility that the T244I 

mutated membrane bound CD127 protein may cause enhanced IL-7 signaling similar to the  

constitutive signaling observed in T-ALL cells with the L242_L243insNPC mutation in 

CD127.  

 Although, there are limitations with my T-cell model that prevent me from 

examining CD127 regulation at the transcriptional level, I was able to observe some 

interesting surface CD127 down-regulation affects in the I356V, insNPC and T244I cell 

lines. The data from these experiments suggested that leukemia and autoimmune associated 

mutations may reduce the effect of IL-7 in down-regulating surface CD127. I would 

speculate that the sustained expression of CD127 in the I356V, insNPC and T244I cell lines 

stimulated with IL-7 could contribute to enhanced or constitutive IL-7 signaling.  
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 Unfourtunately, I was not able to successful study the effect these mutations have on 

signaling. Future experiments I have suggested may be used to explore any signaling affects 

these mutations may cause. These future experiments would be very useful in confirming 

that the sustained CD127 expression on the IL-7 stimulated I356V, insNPC and T244I cell 

lines does lead to enhanced signaling. 

 In studying these four disease specific mutations, my hope was to provide additional 

insights into how these CD127 mutations affect receptor expression, regulation and 

signaling; and by gathering these insights our knowledge of these diseases may be 

expanded. To this end, I have contributed some new information as to the effect these 

mutations have on CD127, identified areas of our knowledge that are lacking and possibly 

misinterpreted, and developed a in vitro system that could be used to further advance our 

knowledge as to how the P132S, I356V, L242_L243insNPC and T244I mutations in CD127 

affect T-cell biology.  
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II. A  Gene map of pCMV6-CD127 

 

                                   
 

Schematic of pCMV6-CD127 gene map. 

 

pCMV6-CD127 plasmid (Plasmid Clone # RC209687; OriGene USA; Rockville, MD). 

Expression of Human CD127 cDNA is driven from a CMV promoter. Neomycin resistance 

gene is driven from an SV40 promoter. 
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II. B  Transfection and selection approach 

 

Schematic of the transfection and selection approach to make stably expressing CD127 

cell lines. 

 

Originally, I attempted to use the transfection and selection approach to develop a Jurkat cell 

line that stably expressed CD127. In this approach, I first pre-warmed the transfection 

reagent TransIT-2020 (Mirus Bio, LLC.; Madison, WI) and the purified pCMV6-CD127 

plasmid to room temperature. I then mixed  25µg of the plasmid DNA with 100µL of serum 

free DMEM. I then added 6µL of TransIT-2020 directly into the diluted DNA, mixed and 

incubated at room temperature for 20 minutes. The DNA and TransIT-2020 form lipid based 

complexes. The DNA/TransIT-2020 mixture was then added drop-wise to 1E6 Jurkat cells. 

These cells were then incubated for 24 hours at 37°C. After 24 hours the media was replaced 

with RPMI-10 and incubated for another  hours. 48 hours post transfection, I began to select 

for cells using complete media supplemented with 750µg/mL of G418 sulfate. 
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II. C  Jurkat cells transfected with pCMV6-CD127 express CD127 

 

 
Histogram shows transfected Jurkat cells express higher CD127 levels then 

untransfected cells. 

 

Jurkat cells were transfected with 25µg of pCMV6-CD127 plasmid using 6µL of TransIT-

2020. 24 hours after the transfection, the cells were stained with PE conjugated anti-CD127 

antibody. Flow analysis was done using FCS express 3. 
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III.  G418 sulfate kill curve 

 
Kill curve for Jurkat cells indicates that the optimal concentration of G418 sulfate in 

complete media for selecting cells transduced or transfected with the neomycin 

resistance gene should be between 750-1000µg/mL.  

 

Jurkat cells were cultured in complete media supplemented with 0, 50, 100, 250, 500, 750, 

1000, 2500, 5000µg/mL of G418 sulfate for seven days at 37°C. On days 1, 2, 3 and 7, 

100µL of sample was removed from each culture, stained with propidium iodine (PI) and 

analyzed by flow cytometry for cell viability. The percentage of live cells from each reading 

was graphed. The concentration of 750-1000µg/mL is considered optimal because it 

smallest concentration that allows for 100% cell death by seven days, but allows cells to 

survive the first three days of selection. 
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IV. A  Gene map for lentiviral envelope vector, pMD2.G (Addgene plasmid # 12259) 

 

                                
 

IV. B  Gene map for lentiviral packaging vector, psPAX2 (Addgene plasmid # 12260) 
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IV. C  Gene map for lentiviral transfer vector, pWPI/hPLK2WT/Neo (Addgene 

plasmid # 35385 ) 

 

                            
 

IV. D  Gene map for modified lentiviral transfer vector, pWPI/MOCK/Neo 
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IV. E  Gene map for modified lentiviral transfer vector, pWPI/CD127WT/Neo 

 

         
 

 

 

 

 

Note all gene maps were made using SnapGene® Viewer Version 2.8 (GSL Biotech LLC; 

Chicago, IL) and the sequences provided on www.addgene.com or www.origene.com. 

 

 

 

 

 

 

 

 

 



 
 

124 
 

V. Prediction of splice sites in CD127 cDNA (Exon 5 to 7) 
 

Online tool to predict splice site acceptor and donors 

 

<http://spliceport.cbcb.umd.edu/> 

 

Input: 

 

> Sequence spanning CD127 exon 5 to exon 7 

 

1     - atgtaaaagttttaatgcacgatgtagcttaccgccaggaaaaggatgaaaacaaatggacgcatgtgaatttatccagcacaaaact 

89   -

 gacactcctgcagagaaagctccaaccggcagcaatgtatgagattaaagttcgatccatccctgatcactattttaaaggcttctgga

g 

179- tgaatggagtccaagttattacttcagaactccagagatcaataatagctcaggggagatggatcctatcttactaaccatcagcattttg 

270- agttttttctctgtcgctctgttggtcatcttggcctgtgtgttatggaaaaaaaggattaagcctatcgtatggcccagtctccccgatcat 

363- aagaagactctggaacatctttgtaagaaaccaagaaaaaatttaaatgtgagtttcaatcctgaaagtttcctggactgccagattcat 

452- agggtggatgacatt 
 

EXON 5 

EXON 6 

EXON 7 

 

 

Output: 

(A)cceptor 

Or 

(D)onor 

Location in Input sequence Splice Site Sequence 

A 101 cctgcagagaaa 

A 103 tgcagagaaagc 

A 107 gagaaagctcca 

A 120 ccggcagcaatg 

D 124 gcaatgtatgag 

A 131 gtatgagattaa 

A 138 attaaagttcga 

D 137 ttaaagttcgat 

A 168 tttaaaggcttc 

A 178 tctggagtgaat  

D 177 ctggagtgaatg 

A 187 aatggagtccaa 

D 186 atggagtccaag 

A 193 gtccaagttatt 

D 192 tccaagttatta 

A 205 acttcagaactc 

A 213 actccagagatc 

A 215 tccagagatcaa 

A 226 ataatagctcag 

A 231 agctcaggggag 

A 236 aggggagatgga 

A 262 ccatcagcattt 

A 271 ttttgagttttt 

D 270 tttgagtttttt 

D 281 tctctgtcgctc 

D 289 gctctgttggtc 
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(A)cceptor 

Or 

(D)onor 

Location in Input sequence Splice Site Sequence 

D 293 tgttggtcatct 

D 306 ggcctgtgtgtt 

D 308 cctgtgtgttat 

D 310 tgtgtgttatgg 

A 325 aaaaaaggatta 

A 332 gattaagcctat 

D 338 ctatcgtatggc 

A 349 ggcccagtctcc 

D 348 gcccagtctccc 

A 365 tcataagaagac 

A 368 taagaagactct 

D 384 tctttgtaagaa 

    

Acceptor site in red is at the end of exon 6 and beginning of exon 7 

Donor site in green is at the end of exon 5 

Donor site in blue is at the beginning of exon 6   
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1. "Mutational analysis of CD127 and its role in immunological diseases"         08/2015 

Marko Cavar and Paul A. MacPherson 

M.Sc.  Thesis 

2. "IL-7 induces clathrin-mediated endocytosis of CD127 and subsequent          08/2015 

degradation by the proteasome in primary human CD8 T cells" 

Elliot M. Faller, Feras M. Al-Ghazawi, Marko Cavar and Paul A. MacPherson 

Immunology and Cell Biology 2015; doi: 10.1038/icb.2015.80.  

[Epub ahead of print] 

3. "Aptamer based detection technique for Viruses: Latex agglutination"         04/2013 

Marko Cavar and Dr. Maxim Berezovski 

B.Sc. (Hons.) Thesis 
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Abstracts 

 
1. "Autoimmune Disease Associated Mutational Analysis of CD127 Signaling,          03/2015 

Expression & Regulation" 

Marko Cavar and Dr. Paul A. MacPherson 

Faculty of Medicine, BMI seminar day - Ottawa 

2. "Disease Specific Mutational Analysis of CD127 Signaling, Expression         10/2014 

& Regulation" 

Marko Cavar and Dr. Paul A. MacPherson 

Ontario HIV Treatment Network Back2Basic Conference - Toronto 

3. "Development of an In Vitro Model to Study Interleukin 7 Signaling"          05/2014 

Marko Cavar and Dr. Paul A. MacPherson 

Faculty of Medicine, BMI poster day - Ottawa 

4. " Determining the optimal cell line for the transfection of pCMV-CD127         10/2013 

 plasmid, for the purpose of studying IL-7 signaling in vitro."           

Marko Cavar and Dr. Paul A. MacPherson 

Ottawa Hospital Research Institute (OHRI) Annual Poster Day - Ottawa 

 

 


