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TRANSCRIPTIONAL REGULATION OF THE CD127 GENE IN PRIMARY 
HUMAN CD8 T-CELLS 

ABSTRACT 

Factors regulating expression of the IL-7 receptor throughout the CD8 T-cell life­

span have not been folly characterized but IL-7 has been shown to down regulate the IL-7 

receptor a-chain (CD 127) at the cell surface. Here we show that IL-7 induced a decline in the 

level of total CD 127 transcripts in CD8 T-cells. Also, IL-7 had no effect on CD 127 mRNA 

stability, or alternative splicing. We also find that down regulation of CD 127 by IL-7 

requires de novo transcript and protein synthesis. Reporter assay analysis of the CD 127 

promoter showed that that sequences up to 3kb upstream of the TATA box are required for 

basal CD 127 gene expression. Within this region a Glucocorticoid Response Element near -

2.2kb was identified as an important regulator of CD127 transcription. Conversely, IL-7 did 

not down regulate the ~3kb promoter construct suggesting that the IL-7 responsive elements 

may lie outside this region. 
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CHAPTER 1: INTRODUCTION 
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1.1 Interleukin-7: an Important Regulator of Cytolytic Function 

Interleukin (IL)-7 plays an important role in the homeostasis, proliferation, 

differentiation and survival of CD8 T-cells. Specifically, IL-7 enhances CD8 T-cell 

expansion (3, 76), up regulates telomerase (64), induces production of perforin leading to 

increased anti-viral and anti-tumor activity (6, 31, 63) and reduces the apoptotic potential of 

these cells by up regulating the expression of pro-survival molecules (1, 43). CD8 T-cells are 

responsible for immune surveillance and cell-mediated immunity through antigen sampling 

on MHC Class I molecules (28). These cells seek and destroy cells that display internal 

abnormalities due to infection or tumor-like activity through release of cytolytic molecules 

and engagement of death inducing receptors on the surface of target cells (28). More 

specifically, antigen presenting cells (APCs) such as dendritic cells process and present 

foreign antigen to Cytotoxic (CD8) T-cells which recognize a specific antigen on a MHC 

class I complex and in turn become activated and begin to proliferate. The activation process 

also involves the synthesis of cytolytic molecules like perforin and granzymes. Upon 

contacting infected cells that present the same foreign antigen, the CD8 T-cells release the 

cytolytic molecules and engage death receptors on the surface to induce apoptosis in the 

infected cell. This report will aim to contribute some understanding of the regulation of IL-7 

receptor in primary human CD8 T-cells and thereby augment our understanding of the role 

of IL-7 as a key regulator of human cell-mediated immunity. 
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1.2 The gamma chain cytokine receptor family 

The gamma-chain (yc) cytokine receptor family is a group of cytokines whose 

receptors share the gamma subunit of the interleukin (IL) -2 receptor complex, otherwise 

called CD 132. Together with IL-7, this family of cytokines comprises of IL-2, IL-4, IL-9, IL-

15, and IL-21. While two of the cytokines in this family, IL-2 and IL-15, bind to 

heterotrimeric receptor complexes, the remaining cytokines (IL-4, IL-7, IL-9 and IL-21), 

bind to receptor complexes that are heterodimeric in nature. Another characteristic of these 

receptor subunits, is that they are all single-pass fibronectin type I molecules (46). While the 

alpha chain primarily provides specificity of ligand binding, the CD 132 or gamma chain 

possesses essential tyrosine residues located on the intracellular side of the plasma 

membrane that can be phosphorylated by several kinases such as PI3K, Jak and Src (1, 30, 

48). Due to the ubiquitous expression of the gamma-chain on virtually all lymphocytes, the 

responsiveness of the receptor complexes is controlled by the presence or absence of the 

alpha chain providing for specificity of signal transduction (1). 

The role of gamma-chain cytokines have been extensively studied in mice where yc"/_ 

mice show a significant reduction in the numbers of NK, B and T-cells (reviewed in (1)). In 

the context of viral infections, it becomes important to identify factors that lead to a 

dysfunction especially in the homeostasis of the T-cell pool since these cells of the adaptive 

immune system play an important role in the clearance of intracellular pathogens (28). 

Among the gamma chain cytokine family members, IL-2, IL-15 and IL-7 have been 

implicated in lymphoid homeostasis and T-cell ontogeny (39). Studies from IL-2 and IL-2Ra 

knockout mice show an initially normal T-cell subset phenotype, which over time become 

enriched in an activated phenotype leading to autoimmunity due to dysregulation of FoxP3 

13 
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expressing CD4+ regulatory T-cells (55, 56, 77). Conversely, IL-15 and IL-15Ra knockout in 

mice has been shown to cause a reduction in intraepithelial lymphocytes, Natural Killer (NK) 

T-cells and CD8 memory cells (58). 

1.3 IL-7 and IL-7 receptor 

A member of the gamma chain cytokine receptor family, the IL-7 receptor is 

composed of two chains: a unique alpha chain (CD 127) and a common gamma chain 

(CD132) (30). Similar to what has been observed for the other members of the gamma chain 

cytokine receptors family members, the alpha chain of the IL-7 receptor complex, (CD 127) 

provides ligand binding specificity while the gamma chain (CD 132) participates in signal 

transduction. Binding of IL-7 to CD 127 induces a conformational change and results in 

dimerization with CD132 (30, 43). Furthermore, the alpha chain of the IL-7 receptor 

(CD 127) also forms a heterodimer with thymic stromal lymphopoietin (TSLP) receptor that 

binds TSLP (30, 48). TSLP is a cytokine produced by skin and smooth muscle cells and 

TSLP/TSLPR signaling is primarily involved in antigen-independent maturation of dendritic 

cells in the thymus, activation of mast cells during allergic response and differentiation of 

Regulatory T-cells. Furthermore, TSLP receptor is homologous to CD 132 in its structure and 

signaling (reviewed in (75)). 

According to microarray studies of the human transcriptome, IL-7 is produced by 

virtually all cell types and the highest producers of IL-7 are B-lymphocytes and CD34+ 

human hematopoietic progenitor cells (67). Interestingly, IL-7 mRNA production in stromal 

cells is unaffected despite changes in either the size of the lymphocyte pool or amount of 

circulating IL-7 (17). 
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As previously mentioned, IL-7 plays a non-redundant role in the survival, 

differentiation and homeostasis of both mature and progenitor lymphocytes (32). Studies 

from mice that lacking the IL-7 gene, showed a phenotype of severe lymphopenia with a 

particular loss in T-cells (51). Mice lacking IL-7 were also unable to maintain homeostasis of 

their naive or memory T-cells compared to those lacking other cytokines of the gamma chain 

family (58, 69). Moreover, the lack of IL-7 led to increased apoptosis in these cells and this 

was partly due to dysregulation of anti-apoptotic proteins such as Bcl-2, Bcl-XL, MCL-1 and 

pro-apoptotic molecules like Bad, Bax and Bim proteins (32, 42). Beyond protection from 

apoptosis, IL-7 is also responsible for promoting proliferation of resting T-cells in mice (58, 

69). IL-7 has been shown in mice to regulate the G1 to S phase checkpoint via the 

breakdown of p27kipl, an inhibitor if Gi cyclins and cyclin-dependent kinases (CDKs) (15, 

34, 82). In our lab, we have shown that primary human CD8 T-cells incubated with IL-7 

proliferated to a greater extent following enagagement of the TCR (13). Furthermore, IL-7 

signaling has been shown to play a key role in regulation of glucose uptake of T-cells and 

maintenance of intracellular pH of growing cells (reviewed in (30)). Furthermore, IL-7 or IL-

7Ra knockout mice show a severe reduction in the number of all lymphocytes and their 

precursors (51, 73). This is slightly different in humans in that IL-7 and IL-7Ra do not seem 

to play a significant role in B-cell development although patients lacking in IL-7/IL-7Ra do 

still exhibit a significant reduction in all T-cells including Natural Killer (NK) T-cells (53). 

Interestingly, when these findings are examined in combination with those of IL-2R and IL-

15R knockout mice, it becomes apparent that in resting naive CD8 T-cells, the expression of 

IL-2 and IL-15 receptor subunits is low compared to that of IL-7R suggesting that IL-7 and 

IL-7 receptor signaling plays a more significant role in the maintenance of the resting CD8 
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T-cell pool than IL-2 or IL-15, whose roles may be important in other stages of CD8 T-cell 

differentiation (39, 43). 

Unlike the near ubiquitous expression of IL-7, the expression of the IL-7 receptor 

alpha-chain (CD127) is fairly restricted. CD127 has been shown to be expressed in 

monocytes, B-cells and T-cells including Natural Killer T-cells (27, 43). Upon examination 

of CD 127 expression in developing T-cells in the thymus, the triple negative (CD3", CD4", 

CD8") common lymphoid progenitor begins by expressing CD 127 on its surface to allow 

these cells to proliferate and provide them with protection from apoptosis and most 

importantly, promote the IL-7/IL-7R signaling dependent T-cell Receptor y - chain 

rearrangement (30, 36, 57). The CD3+, CD4+, CD8+ cells which undergo positive and 

negative selection do not express CD127. Re-expression of CD127 in CD8 or CD4 positive 

T-cells allows for these cells to receive IL-7 mediated homeostatic signals (30, 43, 81). 

Using murine models expressing chimeric IL-7 receptor molecules conjugated to the 

intracellular tails of other gamma chain cytokine receptors, Jiang et al and Maki et al. were 

able to show that although IL-9 signaling may somewhat allow normal development of 

alpha-beta (aP) T-cells, signaling through this cytokine (IL-9) was unable to reconstitute 

rearrangement of the TCR gamma locus or allow development of gamma-delta (y8) T-cells 

(29, 41). Taken together, these studies underscore the important and non-redundant role of 

IL-7/IL-7R signaling in proper T-cell development and function. 

1.4 Dysregulation of IL-7/IL-7R signaling 

There are several conditions that appear to lead to impairments in adaptive immunity 

or primary immunodeficiencies (PID). Severe combined immunodeficiency (SCID) is a type 
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of PID that encompasses several different genotypes, which ultimately result in a common 

phenotype of deficient lymphocyte development leading to adaptive immune system 

dysfunction (5, 21, 28). Of particular interest is X-linked SCID (X-SCID), which results in a 

complete loss of NK and T-cells in patients with this condition (5, 54). The molecular basis 

of X-SCID has been described as the loss of signaling through IL-7 receptor due to mutations 

leading to loss of function of CD132 (5, 62). Moreover, findings by Roifman et al. have 

shown that in patients bearing mutations in CD 127 have significant reductions in circulating 

NK and T-cells resulting in severe immunodeficiency. This indicates that IL-7/ IL-7R 

signaling plays a critical role in NK and T-cell development and homeostasis (54). 

Another type of Immunodeficiency is the Acquired Immune Deficiency Syndrome 

(AIDS). This disease, caused by the Human Immunodeficiency Virus (HIV), leads to a 

breakdown in cell-mediated immunity through the destruction of CD4 T-cells (28). 

Interestingly, during the course of HIV infection, while CD4 T-cell numbers decline, the 

number of CD8 T-cells remain relatively unchanged (19, 44, 66). Despite the persistence of 

CD8 T-cells, these cells are unable to respond to antigen and fail to demonstrate cytolytic 

activity due to poor expression of perforin, granzymes or interferon (IFN)-y (4, 24, 44, 60, 

80). Our lab has shown that during the course of an HIV infection, CD127 is down regulated 

in HIV positive patients and this receptor is restored to relatively normal levels in patients 

who are on successful HAART treatment (40). Furthermore, expression of this receptor has 

been shown to correlate inversely with virologic suppression (40). Additionally, we have 

also shown that this virus-mediated down regulation of CD127 leads to defects in CD8 T-cell 

proliferation and function - further highlighting the importance of IL-7/ IL-7R signaling in 

T-cell homeostasis and function (13). 

17 
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1.5 Regulation of CD127 Gene Expression 

As previously described, signaling through IL-7R is integral to CD8 T-cell survival, 

development, homeostasis and function (reviewed in (17, 30, 34, 43, 48, 58, 63, 69)). Owing 

to its important role, expression of this receptor is tightly regulated throughout T-cell 

development. Regulation of CD 127 gene expression remains poorly understood, particularly 

in resting human CD8 T-cells. This project aims to contribute to our understanding of how 

this essential gene is regulated in primary human resting CD8 T-cells. 

The human CD 127 gene promoter shares a 75% homology to its murine equivalent 

(37). In the murine promoter, several upstream cz's-regulatory elements have been identified 

to influence the expression of the CD 127 gene (43). The core promoter region is located 

within the first 197bp upstream of the transcription start site (TSS). Moreover, this region 

has been shown to contain sites for RUNX, Ikaros, GABP and NF-KB (43). Additionally, an 

interferon-stimulated response element (ISRE) was identified approximately 1.1 kb upstream 

of the TSS (52). A conserved region approximately 3kb upstream of the TSS was also 

identified as responsive to glucocorticoid receptor (GR) (37). It is interesting to note that all 

of these identified upstream c/s-regulatory elements are positive regulators of the murine 

CD127 gene expression (37, 43, 52). Conversely, a suppressor of CD127 gene expression 

(10) Growth Factor Independent (Gfi)-l, has been shown to bind within introns 2 and 4 of 

the CD127 gene (50). DNA methylation has classically been associated with gene silencing. 

Findings in one study have found that high expression of CD127 in human CD8 T-cells 

correlated with hypomethylation of the CD 127 promoter thereby resulting in increased 

transcription of CD 127 - thereby adding promoter methylation as a regulatory factor in 

CD127 gene transcription (33). It is important to note that although the role of each of the 

18 
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previously mentioned regulatory elements has been evaluated in a reductionist manner, 

recent evidence shows interplay between the binding of GABP and Gfi-1 in the regulation of 

the CD 127 gene expression suggesting co-operation and crosstalk between the various 

regulatory elements and thereby adding a further level of complexity in the regulation of the 

CD 127 gene (7). 

The ~1.6kb mRNA encoding for CD127 can be alternatively spliced to produce two 

major transcripts that encode for either transmembrane or secreted isoforms of CD 127 

protein (71). In children with acute lymphoblastic leukemia, Korte et al describe the presence 

of several other isoforms of CD127 mRNA (35). However, most of these isoforms result in 

out-of-frame splice variants that lead to premature stop codons or unproductive transcripts. 

This study and others have also found that the transcript encoding for the secreted isoform of 

CD 127 protein, is a result of exon 6 skipping, causing a shorter transcript that encodes an 

mRNA that is ~100bp shorter than the full length isoform (22, 35). Moreover, they identified 

that in healthy mature T-cells, the secreted and transmembrane isoforms of CD 127 protein 

are considered to be natural variations and that the relative abundance of the transmembrane 

protein was significantly higher than that of secreted CD127 protein (35). Furthermore, a 

study in multiple sclerosis patients has shown that an imbalance in the ratio of 

transmembrane versus secreted isoforms of CD 127, which is a result of a disrupted exon 

splicing silencer, can be a risk factor for multiple sclerosis (22). This study identifies yet 

another level of regulation of CD127 - one that causes a down regulation of CD127 surface 

protein through a reduction in transcripts encoding the transmembrane isoform while 

simultaneously quenching any additional IL-7 mediated signals through sequestration of the 

ligand by secreted IL-7R. In view of the natural occurrence of these CD 127 isoforms, it 
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becomes important to examine whether CD 127 expression is regulated at this level in healthy 

individuals. 

1.5.1 Regulation of CD 127 by Interleukin-7 

Members of the gamma chain (yc) cytokine family of cytokines (IL-2, 4, 7 and 15) 

have been shown to down regulate CD 127 mRNA expression in murine models. In 

particular, IL-7 has been shown to down regulate surface expression of its own receptor 

CD127, in purified CD8 T-cells (50). Moreover, studies looking at CD127 surface protein 

expression in human primary CD8 T-cells have shown that the magnitude of IL-7 mediated 

down regulation at 24 hours post-treatment is the greatest (74). 

1.5.2 Regulation of CD 127 by Dexamethasone 

Glucocorticoids are known anti-inflammatory molecules that have been shown to 

induce CD127 expression in murine B and T lymphocytes. Although reports have shown that 

exposure of T-cells to glucocorticoids can lead to enhanced apoptosis in these cells, the same 

reports have found that treatment with IL-7 leads to a rescue from apoptosis through up 

regulation of anti-apoptotic proteins such as GILZ and Bcl-2 (16, 25). Moreover, 

Franchimont et al have shown a positive role of glucocorticoids in T-cell survival and 

function (16). Although known as immunosuppressants, glucocorticoids have been shown to 

enhance IL-7 mediated T-cell response, memory cell development, T-cell activation and 

survival of both mature T-cells and thymocytes (16). 

The following chapters will show that IL-7 and glucocorticoids differentially regulate 

CD 127 gene transcription in primary human CD8 T-cells. We will examine hypotheses of 
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whether the down regulation by IL-7 occurs through an imbalance in the ratios of secreted 

versus transmembrane isoforms of CD 127 and whether IL-7 accelerates the degradation of 

CD 127 transcripts. Additionally, we will examine the regulation of the human CD 127 

promoter in resting CD8 T-cells and compare its regulation to that identified in murine 

models. Lastly we will examine the possibility of whether IL-7 or GR influence the 

regulation of the human CD 127 promoter in CD8 T-cells via influencing the binding of 

upstream cz's-regulatory elements in the CD 127 promoter. 
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Hypothesis: 

Interleukin -7 and glucocorticoids differentially regulate CD 127 gene 

expression in primary human CD8 T-cells. 

Objectives: 

1. To test the hypothesis that IL-7 down regulates CD127 transcripts and surface protein 
expression in primary human CD8 T-cells. 

2. To identify whether IL-7 mediated down regulation of CD127 surface protein occurs 
due to alternative splicing of CD 127 transcripts. 

3. To establish whether de novo protein synthesis is required for IL-7 mediated down 
regulation of CD127. 

4. To test the hypothesis that glucocorticoid treatment up regulates CD 127 transcript 
and protein expression through interaction at a cis-regulatory glucocorticoid response 
element (GRE) located between -2255 and -2269bp upstream of the TATA box in the 
human CD 127 promoter. 

5. To identify the CD 127 promoter region and regulatory elements required for basal 
CD127 gene expression in resting CD8 T-cells 
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CHAPTER 2: MATERIALS AND METHODS 
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2.1 CD8 T-cell purification 

Whole blood was collected by venipuncture from healthy volunteers into 60mL 

syringes (BD Biosciences) containing lmL of 100 USP U/mL of Heparin Lock flush solution 

(Hospira). The blood was mixed by inversion, overlaid on Ficoll-Hypaque (GE Healthcare) 

in a 2:1 (blood: ficoll) ratio and centrifuged in a Megafuge 1.0 centrifuge (Heraeus 

Instruments) at 75 Og for 20 min with the brake turned off. Following centrifugation, the 

plasma layer was discarded and the buffy coat containing the peripheral blood mononuclear 

cells (PBMC) was transferred into a sterile tube and washed twice with 50mL sterile 

Phosphate Buffered Saline (PBS) followed by centrifugation at 443g for 10 min for each 

wash. Cells were counted on a hemacytometer prior to the second wash. CD8 T-cells were 

isolated using Miltenyi's CD8 T-cell purification protocol. In brief, 1E7 PBMCs were 

incubated with 20|LI1 of anti-CD8 antibody conjugated ferromagnetic beads for 20min at 4°C. 

The cells were then washed with PBS and the cell pellet was resuspended in MACS buffer 

(5% BSA, 2mM EDTA in PBS) and CD8 T-cells were separated using the AutoMACS cell 

separator (Miltenyi Biotech). Purified CD8 T-cells were counted on a hemacytometer and 

resuspended at 1E6 cells/mL in RPMI 1640 medium (Hyclone) supplemented with 20% fetal 

calf serum (FCS; Cansera) plus lOOU/mL penicillin and lOOjxg/mL streptomycin (RPMI-20). 

Purified CD8 T-cells were allowed to recover overnight in a 37°C, 5% CO2 jacketed 

incubator. 
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2.2 Cell Culture 

Where indicated, purified CD8 T-cells were cultured for 24 hours either in medium 

alone or in the presence of lOng/mL Interleukin (IL)-7 (BioSource) or 20jaM Dexamethasone 

(BioVision). In experiments where inhibitors for transcription or translation were used, 

purified CD8 T-cells were pre-incubated for 1 hour with 2fig/mL Actinomycin-D 

(BioVision) or 100|iM Cycloheximide (Sigma-Aldrich) then treated with lOng/mL IL-7 for 

an additional 24 hours. 

2.3 Flow Cytometry 

Treated cells were labeled for 30 min in the dark at room temperature with 2JIL/1E5 

cells of anti-human CD8-PC5 (clone B9.11,) and 4(XL/1E5 cells of anti-CD127-Phycoerythrin 

(PE) (clone R34.34) monoclonal antibodies (Immunotech Beckman Coulter). Flow 

cytometry was performed on an Epics ALTRA flow cytometer instrument. Live lymphocytes 

were gated based on forward and side scatter and 10,000 events were counted per condition. 

Data analysis was performed using the Summit v.4 analysis software (Dako Cytomation). 

2.4 Total RNA Isolation 

For each experimental condition ~1E6 cells were treated. Total RNA was isolated from 

CD8 T-cells according to the manufacturer's instructions using the Ambion RNaqueous 

Total RNA isolation Kit. This protocol involves isolation of RNA using a silica matrix 

column and preferential precipitaton of RNA. The manufacturer's protocol was followed 

with the following modifications: Cells were lysed in 300|xL of lysis solution and the final 
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elution was done in two consecutive steps in a total volume of 50(J,L (35JLIL + 15|IL) of 

elution solution heated to 70°C. Total RNA was quantified on a nanodrop ND-1000 

instrument (Nanodrop) using the elution solution as a blank. cDNA synthesis was performed 

immediately after RNA isolation and remaining RNA samples were stored at -80°C. 

2.5 cDNA synthesis 

cDNA synthesis was performed using the iScript cDNA synthesis kit (Bio-Rad) 

according to the manufacturer's protocol. This method uses a combination of oligo dTs and 

random decamers for the priming of the reverse transcription reaction. Each reaction 

contained an equivalent mass of RNA resuspended in 15ja.L of nuclease-free water, plus 4|aL 

of the iScript Reverse Transcription Buffer and l|aL of the iScript Reverse Transcriptase 

enzyme. The reaction was performed on the Bio-Rad iCycler instrument where samples were 

incubated first for 5 min at 25°C to allow primer binding, followed by 30 min at 42°C for 

reverse transcription and then 5 min at 85°C for enzyme inactivation. 

2.6 Real-Time PCR 

For relative quantification of CD 127 transcripts encoding for the secreted and 

transmembrane isoforms, PCR was performed as described previously, in parallel using the 

CD 127 exon 4/5 Fwd with CD 127 exon 5 Rev, CD 127 exon5/7 Fwd with CD 127 exon 8 

Rev, and RPS18 exon 2/3 Fwd with RPS18 exon3 Rev primers (Table 2-1). Data from these 

three experiments was analyzed for IL-7 mediated down regulation of total CD 127 versus 

transcripts encoding for the secreted isoform of CD 127. In a separate experiment, CD 127 

Exon 4/5 Fwd primer was used in combination with CD 127 Exon 8 Rev primer to measure 
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the change in transcripts encoding for secreted versus transmembrane isoforms of CD 127 

protein (Table 2-1). 

CD 127 and RPS18 transcripts were quantified in triplicate by real-time PCR using 

primers shown in Table 2-1. The 2X SYBR Green Supermix containing PCR Buffer, iScript 

thermostable polymerase, dNTPs, and MgCl2 from Bio-Rad was used. Supermix, primers 

(Table 2-1) and cDNA were combined according to the manufacturer's recommendations. 

Samples were incubated first at 95°C for 3 min for enzyme activation. This was followed by 

50 cycles as follows: 95°C for 30s to denature DNA secondary structure, 57°C for 20s for 

primer annealing, and then 72°C for 20s for polymerization. At the end of each cycle, 

samples were held at 85°C for 5s for fluorescence acquisition. Following amplification, 

samples were denatured for 1 min at 95°C followed by final extension at 72°C for 1 min. 

Melt curve analysis was performed by measuring fluorescence for 5s from 65°C with 0.5°C 

increments for 60 cycles in a Bio-Rad iCycler instrument (Bio-Rad). In order to quantify the 

relative abundance of CD 127 transcripts by agarose gel electrophoresis, the PCR reaction 

was terminated at the logarithmic phase of 33 cycles then resolved on a 2% agarose gel 

(Fisher Scientific) containing TAE buffer (40mM Tris-acetate, ImM EDTA) (Sigma-

Aldrich). Ethidium bromide (Sigma-Aldrich) at a concentration of ~0.5)j,g/mL was added to 

the gel to allow visualization of DNA bands. 
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Table 2-1: Primers used for the amplification/quantitative analysis of CD127 and 
RPS18 transcripts 

CD127 exon 4/5-Fwd ATGGACGCATGT G AATTT AT C 

CD127 exon 5-Rev TTATTGATCTCTGGAGTTCTGAAG 

CD127exon 5/7-Fwd T AGCTCAGGATT AAGCCT AT 

CD127 exon 8-Rev CT GGAGT GAT GACTACAT C 

RPS18 exon 2/3-Fwd CTGCCATT AAGGGT GT GG 

RPS18 exon 3-Rev T CCAT CCTTT ACAT CCTTCTG 
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2.7 Cloning of the CD127 promoter inserts into the pGL4B vector 

Genomic DNA isolation 

One frozen (-80°C) aliquot containing 1E7 Jurkat T-cells (ATCC), a lympohoblastic T-

cell line suspended in DMSO supplemented with 10% FCS was washed twice in sterile PBS 

then lysed for genomic DNA extraction using the GenElute™ Mammalian Genomic DNA 

Miniprep Kit (Sigma-Aldrich). This protocol involves the isolation of high molecular weight 

DNA after lysis in a chaotropic, salt-containing lysis buffer and binding of DNA onto a 

silica-matrix spin-column. After washing cell debris and other macromolecules from the 

column with wash solution, the DNA was eluted in 250|aL nuclease free H2O. 

The following CD127 promoter constructs were generated: -2900 to TATA, -1468 to 

TATA, -1200 to TATA, -626 to TATA, -626 to ATG, -262 to TATA and -262 to ATG. 

Polymerase Chain Reaction (PCR) amplification of CD 127 promoter fragments 

Isolated genomic DNA was used as a template to generate CD 127 promoter fragments 

by PCR using the primers (300nM) indicated in Table 2-2. The amplification reactions were 

carried out according to the manufacturer's instructions using the Expand Long PCR Kit 

(Roche). This kit uses a proprietary blend of thermostable polymerases, allowing for high 

fidelity amplification of long and/or difficult to amplify fragments. The amplification was 

performed as follows: 93°C for 2 min for initial activation, then 7 cycles consisting of 93°C 

for 10s, Tai (Table 2-2) for 30s for annealing, and 72°C for 3 min for extension. These 7 

cycles were run at the lower temperature in order to allow for the formation of enough 

templates containing the restriction enzyme cut sites at the tails of the PCR amplified inserts. 

Following the 7 cycles, 28 cycles were carried out using the same parameters except the 

annealing temperature was increased to Ta2 (Table 2-2). This was done to increase the 
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annealing stringency of the primers and reduce non-specific binding of the primers. Lastly a 

final extension step at 72°C was carried out for 8 min to finish the amplification of any 

incomplete products. The amplification reactions were carried out using the Mastercycler 

EPs thermal cycler instrument (Eppendorf). 

Gel Electrophoresis and extraction of amplified promoter fragments 

To remove primers and unwanted amplification products, the amplified DNA was 

separated on a 1% agarose gel containing TAE buffer (40mM Tris-acetate, ImM EDTA). 

Ethidium Bromide (Sigma-Aldrich) at a concentration of ~0.5(i.g/mL was added to the gel to 

allow visualization of DNA bands. Following electrophoresis, the gel was exposed briefly 

(<15 seconds) to long wave ultraviolet (UV) light (320nm) and the prominent band 

corresponding to the correct fragment size compared to a lkb molecular weight ladder 

(Fermentas) was excised and collected in a 2mL microcentrifuge tube. The DNA contained 

in the excised gel band was recovered using the Qiagen gel extraction kit which employs 

silica-matrix spin column technology to purify DNA fragments. 

Restriction digests of vector and inserts DNA 

Purified insert DNA and the pGL4B Vector were double digested with Kpnl (10U) and 

Nhel (10U) for 1 hour at 37°C in a 50|nL reaction containing 5(xL of 10X buffer I 

(10 mM Bis-Tris-Propane-HCl, 10 mM MgCh, 1 mM Dithiothreitol, pH 7.0), 0.5|xL of 100X 

BSA (lOmg/mL), and 42.5(iL insert DNA (measured at <lfj.g/|nL) and lp,L of each enzyme 

(New England Biolabs). The digested DNA was then purified of small digested fragments 

using a spin column purification kit from Qiagen according to the manufacturer's protocol 

(PCR Cleanup Kit - Qiagen). 
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Table 2-2: Primer sequences used in the amplification of the CD127 promoter inserts. 

Sequences shown in bold letters indicate artificially introduced restriction enzyme 

digest sites for Kpnl (GGTACC), Nhel (GCTAGC) and Ncol (CCATGG). In order to 

generate an artificial Ncol cut site, two base pairs, GA were changed to CC (underlined). Tai 

and Ta2 indicate the different annealing temperatures used during PCR cycles. For each 

primer combination, the lowest annealing temperature of the two primers was used for the 

amplification of each individual insert. 

Primer Name Sequence 5' to 3' Ta, Taj 

Forward 

2900 Kpnl GGGGTACCACTACATCATACAAACTCATC 51 °C 60°C 

1468 Kpnl GGGT ACCACT GT GAAT CAAGCATAGAGTTTTAT G 57°C 62°C 

1200 Kpnl GGGGTACCTAGGCACTAATTT AGTT CATAT GTAC 56°C 62°C 

626 Kpnl GGGGTACCGAI ICACTTTGTAAGTTIGAAI I ITTGTCTTC 55°C 63°C 

262 Kpnl GGGGTACCTCTAGCCTAAGATAGCTTGAGC 57°C 63°C 

100 Kpnl CGGGGGT ACCTCAGACTTCCT GTTTCT G 50°C 64°C 

Reverse 

TATA rev Nhel CTAGCT AGCTT AGAT CT AGGGCTTTATACTTATCTAAC 58°C 62°C 

ATG rev Ncol CATGCCATGGAGAGAGATAGAGAGAGAGAGTAGAT G 56°C 66°C 
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Phosphatase treatment of vector DNA 

Digested pGL4B vector was then subjected to phosphatase treatment in order to 

remove 5' and 3'phosphate groups to prevent re-circularization of the vector. This was done 

using Antarctic Phosphatase (New England Biolabs), where up to ljxg of vector DNA in IX 

Antarctic Phosphatase Buffer (50 mM Bis Tris-Propane, 1 mM MgCb, 0.1 mM ZnCh pH 

6.0) with 5U of Antarctic Phosphatase enzyme was incubated for 1 hour at 37°C. Following 

dephosphorylation, the enzyme was inactivated by heating the reaction mixture to 65°C for 

15 min. This vector was then purified using Qiagen's PCR purification kit according to the 

manufacturer's instructions. 

Ligation of CD 127 promoter inserts into the pGL4 vector at the Kpnl and Nhel/Ncol sites 

Ligations were performed in a 50jxL reaction volume using a DNA insert: vector molar 

ratio of 5:1. Each reaction contained lOfiL of 5X ligase buffer (250 mM Tris-HCl pH 7.6, 50 

mM MgCl2, 5 mM ATP, 5 mM DTT, 25% (w/v) polyethylene glycol-8000) with l(xL T4 

DNA ligase enzyme (5U/fiL; Invitrogen). Ligations were carried out at room temperature for 

1 hour. 

Transformation ofligatedproducts into DH5a E.Coli 

Following ligation, DNA was transformed into competent E.coli cells (DH5a strain; 

Invitrogen). Alkaline phosphatase treated vector alone and unmodified pGL4B plasmid were 

also transformed in parallel as negative and positive transformation controls. After frozen 

transformation competent bacteria were thawed on ice and gently resuspended by occasional 

inversion, 50|iL were aliquoted into pre-chilled 2mL microcentrifuge tubes. Next, l^iL of 

ligation mixture was added and mixed by gently tapping. The resulting mixture was 

incubated for 5 min on ice, heat shocked for 45 seconds in a 42°C water bath, and then cold 

shocked for 2 min on ice. Following this, 250|aL of S.O.C growth medium (2% Tryptone, 
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0.5% Yeast Extract, 0.4% Glucose, lOmM NaCl, 2.5mM KC1, 5mM MgCl2, 5mM MgS04) 

were added to the mixture, which was then incubated in a 37°C shaking incubator for 1 hour. 

The transformed bacteria were then plated onto 1.5% Agar, Luria Broth (LB) (Sigma-

Aldrich) plates containing 100(xg/mL Ampicillin (Fisher Scientific). Plates were incubated 

inverted in a 37°C incubator for ~16 hours. 

Amplification of positive bacterial colonies and isolation/characterization of plasmid DNA 

Luria Broth (2mL) containing 100(iL/mL Ampicillin was inoculated with an individual 

colony and allowed to shake at 37°C for 6-8 hours until an OD of ~0.5 was reached. 

Following this, lmL of the bacterial culture was used for a miniprep plasmid extraction using 

Qiagen's miniprep kit. This protocol uses silica-matrix spin column technology to isolate 

purified plasmid DNA from bacterial cultures. DNA was eluted in 50|nL of nuclease free 

H20 and quantified spectrophotometrically by measuring absorbance at 260 and 280 nm on a 

Nanodrop ND-1000 instrument. 

The purified plasmid was then double digested using Kpnl and Nhel enzymes as 

previously described, and the resulting mixture was electrophoresed on a 1% agarose gel 

containing IX TBE buffer (89 mM Tris-base, 89 mM Boric Acid, 2 mM EDTA). Digested 

products demonstrating two bands following digestion corresponding to the empty vector 

and insert were then sequenced at the Ottawa Genomics Innovation Center. Cloned CD 127 

promoter fragments were aligned against the Ensembl database human IL7r sequence using 

the BLAST alignment tool from NCBI. 

Generation of the 2406 and 1760 to TATA and 2900 to 478 constructs using restriction 

digest 
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The 2406 to TATA and 1760 to TATA constructs were generated using the 2900 to 

TATA construct as a template. First, the 2900 to TATA plasmid was linearized at the unique 

Kpnl cut site at the 5' end of the CD127 promoter insert. This was carried out in a 50jxL 

reaction with 10U Kpnl in Buffer I and BSA at 37°C for 1 hour, after which the plasmid was 

re-isolated using Qiagen's PCR purification Kit. To generate the 2406 to TATA construct, 

the Kpnl digested plasmid was next digested at the BstAPI site at nucleotide 2406 within the 

promoter insert. This was done using 5U BstAPI at 60°C for 1 hour in IX SEBuffer W 

(10 mM Tris-HCl, 100 mM NaCl, 10 mM MgCh, 1 mM Dithiothreitol, pH 8.5). To generate 

the 1760 to TATA construct, the Kpnl digested plasmid was cut at the Bael site at nucleotide 

1760 within the promoter insert. This was done using 5U of Bael enzyme at 37°C for 1 hour 

in a 50|j.L reaction containing Buffer 2 (10 mM Tris-HCl, 50 mM NaCl, 10 mM MgCl2, 1 

mM Dithiothreitol, pH 7.9) supplemented with 100 |j,g/mL bovine serum albumin and 20 |aM 

S-adenosylmethionine (NEB). The -2900 to -478 construct was generated by digesting with 

Kpnl and BsaXI as previously described. Following each restriction digest, the DNA was re-

isolated using Qiagen's PCR purification Kit. The final constructs were then generated by 

blunt end ligation. To achieve this, the single stranded overhangs at each restriction site 

were filled in using 3U T4 DNA polymerase (NEB) in lXNEBuffer 2 (10 mM Tris-HCl, 

50 mM NaCl, lOmMMgCb, 1 mM Dithiothreitol, pH 7.9) supplemented with 

100 ng/mL bovine serum albumin and 100 jxM dNTPs (Invitrogen) and incubating for 5 min 

at 37°C. The enzyme was then inactivated by addition of 2|iL of 0.25M EDTA. The DNA 

was again re-isolated using Qiagen's PCR purification kit. The final 2406 to TATA and the 

1760 to TATA constructs were then generated by an intra-molecular re-ligation. This was 

done using 5U of T4 DNA ligase in a 50|xL reaction with 1 (J.L of 5X ligase buffer (250 mM 

34 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



Tris-HCl pH 7.6, 50 mM MgC^, 5 mM ATP, 5 mM DTT, 25% (w/v) polyethylene glycol-

8000) at 14°C for ~16 hours. 

Generation of the delta 1760-1200 construct 

The unique Bael and BsaXI restriction sites within the 2900 to TATA CD 127 promoter 

fragment were used to generate the delta 1760-1200 construct. The 2900 to TATA plasmid 

was digested in consecutive 50)u,L reactions, first using 5U of Bael enzyme in IX Buffer 2 

(10 mM Tris-HCl, 50 mM NaCl, 10 mM MgCl2, 1 mM Dithiothreitol, pH 7.9) supplemented 

with lOOpig/mL bovine serum albumin and 20 fiM S-adenosylmethionine (NEB) and 

incubated at 37°C for 1 hour, followed by 2U of BsaXI in a 50ul reaction in IX Buffer 4 (50 

mM potassium acetate, 20 mM Tris-acetate, 10 mM Magnesium Acetate, 1 mM 

Dithiothreitol, pH 7.9) at 25°C for 1 hour. Following digestion, the DNA was re-isolated and 

the single strand overhangs filled in using T4 DNA polymerase as previously described. The 

resultant ~6 kb linearized plasmid was then separated from the deleted fragment on a 1% 

agarose gel in IX TAE buffer and purified as previously described. Intra-molecular blunt 

end ligation as described above provided the final construct. 

Generation of the 2900-2269^2255-TATA construct 

This 13 base pair deletion was carried out using the Stratagene Site Directed 

Mutagenesis Kit XL. This kit uses a modification of the megaprimer amplification strategy 

to introduce site directed deletions in target plasmids. The megaprimers are complimentary 

to each other and designed here to cause a specific deletion of 13bp located between -2269 to 

-2255 upstream of the CD127 TATA box by formation of a hairpin loop in the template 

plasmid. The reaction uses an ultra high fidelity polymerase (Pfu Ultra) that uses the primers 

to amplify the template plasmid. After the PCR amplification, the template is digested with 

Dpnl, which specifically digests methylated DNA. Since the starting plasmid was isolated 

35 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



from the DH5-a strain of E. coli, a dam+ strain that yields methylated plasmid DNA, Dpnl 

digestion destroys the original template leaving only the amplified plasmid carrying the 

desired deletion. 

The 2900 to TATA plasmid was used as a template to amplify the 2900-2269A2255-

TATA construct. The primers were designed using the Stratagene Site directed Mutagenesis 

primer design program (Table 2-3). The PCR amplification conditions used were as follows: 

95°C for 30s for initial enzyme activation, then 20 cycles of 95°C for 30s, 55°C for 1 min, 

then 72°C for 7 min. The completed reaction was cooled on ice and then digested with Dpnl 

at 37°C for 1 hour before transforming into competent bacteria. 
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Table 2-3: Primers used for site directed deletion of the GR responsive element at 
2269 to -2255 upstream of the TATA box within the CD127 promoter. 

A denotes the location of the 13bp deletion. 

Primer Name Sequence 5' to 3' 

del 2269 - 2255 sense TACCAAAATATT GT GT CTTGGCTTTT AT CAC AACT AAAGGAAAGAGATAC 

del 2269 - 2255 antisense GTATCT CTTTCCTTT AGTTGT GAAAA* AGCC AAG AC ACAAT ATTTT GGTA 
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2.8 Nucleofection 

Figure 2-1 summarizes the constructs that were cloned into the pGL4B plasmid for the 

study of CD127 promoter regulation in CD8 T-cells. 

Plasmids containing the various CD 127 promoter fragments shown in figure 2-1 were 

co-transfected into primary CD8 T-cells using the nucleofection protocol. Each of these 

plasmids contained the Firefly luciferase gene driven off the CD 127 promoter. A second 

plasmid phRTK, which carries the Renilla luciferase gene was driven off the herpes simplex 

virus thymidine kinase promoter was co-transfected with the CD 127 promoter constructs to 

correct for transfection efficiencies. A plasmid ratio of 8:1 (w/w) of CD127/Firefly: Renilla 

was used for all nucleofection experiments where 4[ig of CD127 promoter containing Firefly 

plasmid was mixed with 0.5jig of Renilla expressing plasmid. The Human T-cell 

Nucleofector Kit (Amaxa) was used for all nucleofection experiments. This kit uses a 

combination of electroporation and lipofection in order to deliver nucleic acids into target 

cells. 

Purified CD8 T-cells (1E7 cells/ condition) were pelleted by centrifugation at 210g for 

10 min and washed once with PBS. Supernatants were removed completely by aspiration 

and the cell pellet was then resuspended in 100|j.L/condition of pre warmed Nucleofector 

solution. The cell suspension was then transferred to nucleofector cuvettes containing pre-

aliquoted plasmids and mixed by tapping gently. Electroporation was carried out using the 

pre-set Nucleofector U-24 program (Amaxa). Immediately after the pulse, the nucleofected 

cells were resuspended in pre-warmed (37°C) RPMI-20 medium and allowed to recover in a 

37°C, 5% CO2 jacketed incubator for approximately 6 hours. 
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Figure 2-1: Schematic showing the various CD127 promoter constructs that were transfected into primary CD8 T-cells. 

Twelve constructs were used and constructs 1, 2, 3, 4, 5, 6 and 8 spanned from -2900, -2406, -1760, -1468, -1200, -626 and -

262 upstream of the TATA box respectively. Constructs 7 and 9 contained the 5'UTR of the CD127 promoter (-626 to ATG and -262 

to ATG respectively). Construct 10 deleted the core promoter elements located within the 0.5kb upstream of the TATA box (-2900 to -

478). Construct 11 was generated to determine the regulatory capacity of the -1760 to -1200 region (2900-1760A1200-TATA). 

Construct 12, deleted a 15bp conserved glucocorticoid receptor (GR) responsive site located between -2269 and -2255 upstream of the 

TATA box. 
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The cells were then pelleted and resuspended at a concentration of 1E6 cells/mL in 

fresh RPMI-20 medium and incubated either in media alone or treated with IL-7 or 

dexamethasone for 24 hours as described. 

2.9 Luciferase Assay 

Following incubation, cells were harvested into 2mL microcentrifuge tubes and 

pelleted by centrifugation at 750g for 10 min in a Fisher Scientific microcentrifuge. 

Supernatants were aspirated, and the cells lysed with lOOfiL of IX Passive Lysis Buffer 

(Promega). Tubes were vortexed for 20-30s and lysates were incubated on ice for 20 min. 

Lysates were then centrifuged at 17,000g for 10 min to pellet cell debris. The resulting 

supernatants were transferred into fresh 0.5mL microcentrifuge tubes. 

Luciferase assays were performed in triplicate as described in the Dual-Luciferase 

Assay Kit protocol (Promega). The assay involves two substrates added sequentially. The 

first substrate reacts specifically with the Firefly luciferase enzyme resulting in a 

chemiluminescent reaction detected at 560nm. The second solution quenches the Firefly 

luciferase reaction and provides a second substrate for the Renilla luciferase enzyme. This 

chemiluminescent reaction is detected at 480nm. Assays were performed in duplicate in a 

Lumat luminometer (Berthold). The program used was as follows: inject luciferase assay 

reagent II (100|iL), 2s delay, 15s measurement for Firefly luciferase activity, inject Stop and 

Glo reagent (100|jL), 2s delay with a final 15s measurement of Renilla luciferase activity. 

Luciferase luminescence data was represented as relative light units (RLU). The Normalized 

RLU values were calculated by dividing the mean firefly luciferase RLU by the renilla 

luciferase RLU, that was used to correct for transfection efficiency and then by the protein 
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absorbance value. The resulting data were then represented as a mean change from the empty 

vector (pGL4B) control. 

2.10 Protein Assay 

Protein quantification was performed according to the Pierce BCA Assay Kit protocol 

(Fisher Scientific). The assay involves a reduction of a copper substrate by proteins. The 

reduced copper ion then forms a complex with bicinchoninic acid (BCA), which produces a 

colorimetric change which can be read at 562nm. The absorbance values were measured on a 

SpectraMAX-190 plate reader (Fisher Scienfitic) and protein concentrations were determined 

from a standard curve using bovine serum albumin (Pierce). 

2.11 Western Blotting 

Purified CD8 T-cells (1E6 cells per sample) were lysed for 45min on ice in 50|iL RIPA 

buffer (50 mM TrisHCl pH7.4, 150 mM NaCl, 2 mM EDTA, 1% NP-40, 0.1% SDS). Cell 

debris was then pelleted by centrifugation at 17,000g for 10 min. Following this, 18|iL of 

the resulting supernatant was mixed with 6\iL of 3X Laemmli buffer (187.5 mM Tris-HCl 

PH 6.8, 6% (w/v) SDS, 30% glycerol and 0.03% (w/v) bromophenol blue supplemented with 

5% p-mercaptoethanol (Sigma-Aldrich)). The samples were boiled for 5-10 min and then 

resolved by SDS PAGE on a 10% resolving gel with a 6% stacking gel. The samples were 

run beside a Precision Plus Protein™ Dual Color ladder (Bio-Rad) at 160V for ~1 hour. 

After electrophoresis, the gel was washed briefly in ddH20, and then equilibrated in IX 

Bjerrum and Schafer-Nielsen transfer buffer (48 mM Tris base, 39 mM glycine) 

supplemented with 20% methanol and 0.00375% SDS) for 15 min. An Immobilon 
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polyvinylidene fluoride (PVDF) membrane (Millipore) was first activated in methanol for 5 

min, and then equilibrated in IX transfer buffer for 15 min. Next, the gel and membrane 

were assembled as per the manufacturer's instructions (Bio-Rad). Protein transfer was 

performed in a Bio-Rad semi-dry transfer apparatus for 30 min at 15V (Bio-Rad). Following 

transfer, the PVDF membrane was blocked overnight at 4°C with gentle rocking using a 2% 

blocking reagent (ECL Advance Chemilumiescence Kit: GE Healthcare) dissolved in IX 

Tris-Buffered Saline with Tween-20 (TBST) (0.05M Tris/HCl, 0.30M NaCl, 0.1% Tween-

20, pH 7.6). Following the blocking step, the membrane was incubated with a 1:500 dilution 

of polyclonal goat anti-human CD 127 antibody (R&D Biosciences) in 2% blocking solution 

for 1 hour at room temperature with constant agitation. The membrane was then washed 

three times for 10 minutes each with IX TBST. Next, the membrane was incubated with a 

1:5000 dilution of horseradish peroxidase (HRP) conjugated-donkey anti-goat IgG antibody 

in 2% blocking solution for 1 hour again at room temperature with constant agitation. The 

membrane was again washed three times in TBST and CD 127 protein was visualized by 

chemiluminescence as follows. Equal parts of reagent A and reagent B from the ECL 

Advance Chemiluminescence Kit were mixed by inversion in a 2mL microcentrifuge tube. 

The resulting mixture was then applied to the membrane ensuring the entire surface was 

uniformly coated in liquid. The chemiluminescent bands were photographed using the Alpha 

Innotech Imager and analyzed for densitometry using the Alpha Innotech AlphaEase 

software (Alpha Innotech). Densitometry analysis was performed using an unsaturated image 

of the gel captured on a medium speed and high resolution setting and calculating the band 

pixel intensity adjusted to background levels within a defined area. The pixel intensity was 

then multiplied by a normalization factor derived from the control bands to adjust for any 

errors in sample loading. 
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2.12 Data and Statistical Analysis 

The real-time PCR and luciferase analyses were carried out in triplicate for each 

sample, and then values were averaged to minimize intra-experimental variability; the 

resulting averaged values were then used for further analysis. Furthermore, all data is 

represented as a mean change from controls where the control is set to a value of 1 in order 

to minimize the biological variability between samples. All statistical analyses were 

performed using the GraphPad Prism v.5.0 software (Graph Pad Software). A paired 

student's t-test was used and values with a p-value cutoff of less than or equal to 0.05 were 

considered significant. Data that is statistically significant has been indicated with an asterisk 

(*). Error bars indicate standard error of the mean (SEM). Where indicated, the n value 

represents biological replicates. 
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CHAPTER 3: RESULTS 
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3.1 Interleukin (IL)-7 down regulates CD127 expression in purified human CD8 T-
cells at the level of transcription 

3.1.1 IL-7 down regulates CD 127protein expression on the surface of purified CD8 T-cells 

IL-7 has been reported to down regulate the expression of CD 127 on the surface of 

CD8 T-cells in both humans and murine models (50, 74). Vrankovic et al have shown that 

the effect in vitro is greatest and sustained at high levels of IL-7 (lOng/mL) (74). 

To confirm these findings, blood was obtained from healthy volunteers with no 

identified risk factors for HIV infection and peripheral blood mononuclear cells (PBMC) 

were isolated by Ficoll density centrifugation. CD8 T-cells were then separated from PBMC 

by magnetic bead isolation and allowed to recover overnight at a concentration of 1E6 

cells/mL in RPMI-20 at 37°C. The following day, cells were plated at a density of 1E6 

cells/mL in either media alone or media supplemented with lOng/mL of IL-7 and incubated 

for an additional 24 hours. We chose to use this concentration (lOng/mL) of IL-7 based on 

findings in our lab and those published by Vranjkovic et al (74) that showed a sustained 

down regulation of CD 127 by IL-7 at these concentrations in primary human CD8 T-cells 

past 24 hours. To determine the level of CD127 expression on the cell surface, Phycoerythrin 

(PE) conjugated anti-CD 127 and PE-Cy5 conjugated anti-CD8 antibodies were added to the 

cells and incubated for 20 min and then surface CD 127 expression on CD8 positive cells was 

examined by flow cytometry. Figure 3-1 shows the expression of CD127 on CD8 T-cells. 

Consistent with previous reports, IL-7 induced a significant down regulation of CD 127 on 

the cell surface. Indeed, 80% ± 5% of CD8 T-cells maintained in media alone were positive 
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for CD127 while only 1.35% ± 1% of cells incubated with lOng/mL IL-7 were CD127+ after 

24 hours (n=4, p<0.0001). 

3.1.2 IL-7 down regulates CD 127 at the level of transcription in purified CD8 T-cells: 
Analysis by Real Time PCR 

Surface expression of CD 127 protein could be down regulated by IL-7 at any of a 

number of levels including transcription, translation, protein degradation, or protein 

shedding. Indeed, none of these are mutually exclusive and IL-7 may well act at more than 

one level. 

The CD 127 mRNA transcript is 1640 bases consisting of 8 exons. The polypeptide 

encoded from exons 1-5 makes up the extracellular ligand-binding domain of CD 127. Exon 

6, encodes for the transmembrane domain of the CD 127 protein and the remaining two exons 

encode for the intracellular tail of the CD 127 polypeptide. In order to identify CD 127 

transcripts by Real-Time PCR, a forward primer spanning the boundary of exons 4 and 5 was 

used along with a reverse primer binding within exon 5. The region contained in this 

amplicon is known to be present in all known isoforms of CD127 transcripts. The forward, 

exon-boundary spanning primer was designed as such in order to avoid spurious 

amplification of any contaminating genomic DNA. As a reference for total cellular 

transcripts, mRNA encoding Ribosomal Protein Subunit of 18kDa (RPS18) was also 

amplified for each sample. A standard curve was plotted in order to determine the 

amplification efficiency of each reaction and allow for correction of intraexperimental 

variations. The fold change was calculated using the 2"AACt method as described by 

Vandesompele (72) and Livak (38) where the threshold cycle (Ct) is the point where the 

amounts of fluorescent amplicons begin to increase at a logarithmic rate. 
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Figure 3-1: IL-7 causes a down regulation of CD127 surface protein 
expression on purified CD8 T-cells. 

Purified CD8 T-cells were incubated in media alone or in the presence of 

lOng/mL of IL-7. (A) Representative flow cytometric dot plot from one 

individual showing CD127 expression on CD8 T-cells. (B) Flow cytometric 

histogram overlay from the same individual showing the distribution of CD127 

on CD8 T-cells (C) Pooled data from four independent experiments showing IL-7 

treatment for 24 hours significantly down regulates CD 127 surface expression on 

CD8 T-cells (p<0.0001). 
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This formula provides the expression of a gene of interest (CD127) as a measure of 

how its threshold cycle changes relative to that of a reference gene (RPS18) - a gene that 

remains unaffected by the treatment in question (IL-7). This equation is derived from the 

general exponential function y=2x that represents the exponential increase in fluorescence 

intensity due to exponential increase in PCR amplicon number. The -AACt value represents 

the difference in the change in threshold cycle (Ct) between two samples (ACt of CD127 

samples versus ACt of S18 samples). 

To investigate if IL-7 down regulated CD127 expression at the level of transcription, 

CD8 T-cells were isolated and incubated in either media alone of in the presence of 10 

ng/mL of IL-7. After 24 hours, cells were harvested and RNA isolated and quantified by 

Real Time PCR. 

Figure 3-2A shows a representative Real Time amplification curve for RPS18 and 

CD 127 mRNA from CD8 T-cells of one individual. For cells maintained in media alone and 

cells treated with IL-7 for 24 hours, amplification products of RPS18 crossed threshold at the 

same cycle indicating both samples contained the same amount of cellular RNA. In contrast, 

CD 127 amplification products from cells maintained in media alone crossed threshold in 

fewer cycles compared to cells treated with IL-7. This indicates cells in media contained 

more CD 127 mRNA compared to cells treated with IL-7. In total, CD 127 mRNA was 

quantified from cells maintained in media or treated with IL-7 (10 ng/mL) for 12 individuals 

(Figure 3-2B). As shown, IL-7 induces a 66% ± 2% decrease in CD127 mRNA in resting 

CD8 T-cells (n=12, p < 0.0001). 
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Figure 3-2: IL-7 down regulates CD127 expression in CD8 T-cells at the level 
of transcription. 

(A) Representative Real-Time PCR amplification curve showing a lower 

abundance of CD 127 transcripts in IL-7 treated samples compared to cells 

maintained in media alone. (B) Pooled data from twelve individual experiments 

demonstrating purified CD8 T-cells treated with IL-7 for 24 hours contain less 

CD127 mRNA compared to cells maintained in media (p<0.0001). The 

transcripts were measured by Real-Time PCR and normalized to RPS18 

reference gene expression. Data is represented as a fold change from media 

control and error bars show Standard Error of the Mean (SEM). 
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3.1.3 Treatment of purified CD8 T-cells with IL-7 does not bias alternative splicing of 
CD 127 transcripts in purified CD8 T-cells 

The CD 127 transcript is composed of 8 exons that are alternatively spliced to encode 

for a single-pass type I transmembrane isoform of CD127 protein, or a secreted isoform of 

CD127 lacking the transmembrane domain encoded by exon 6 (35, 52). It is therefore 

conceivable that IL-7 could down regulate CD 127 protein at the cell surface by biasing 

CD 127 mRNA splicing towards the secreted isoform of the protein. To investigate this 

possibility, a set of primers was designed to measure changes in mRNA encoding the 

secreted isoform. As shown in figure 3-3, we designed a forward primer that spanned the 

boundary of exons 5 and 7 with a corresponding reverse primer binding within exon 7. Due 

to the nature of the forward primer, only transcripts encoding for the secreted isoform of 

CD 127 could be amplified. 
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Figure 3-3: The CD 127 mRNA transcript. 

The CD 127 mRNA consists of 8 exons (1640bp) whereby exon 6 encodes the 

transmembrane region of the CD 127 protein (yellow border). This figure shows the size of 

each exon, the 5' and 3' untranslated regions (UTRs) depicted by the dark rectangles, the 5' 

cap (circle) and poly (A) tail. The arrows show the primer binding sites for transcripts 

encoding total CD 127 protein (green arrows) and secreted CD 127 protein (yellow arrows). 

170bp 138bp 157bp 157bp 168bp 93bp 75bp 839bp 

LAAAAA 
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Purified CD8 T-cells from 4 individuals were incubated in either media alone or were 

treated with lOng/mL of IL-7 for 24 hours. Following treatment, total RNA was isolated and 

reverse transcribed. Transcripts encoding the secreted isoform of CD127 were quantified by 

Real-Time PCR using the forward primer spanning the boundary of exons 5 and 7. Total 

CD 127 transcripts were quantified in parallel using the forward primer spanning the 

boundary of exons 4 and 5. As above, RPS18 was used as a reference gene. As shown in 

figure 3-4, IL-7 treatment caused a 43% ± 9% reduction in transcripts encoding the secreted 

isoform of CD127 protein (n=4, p=0.0149) and a 66% ± 12% reduction in total CD127 

mRNAs was observed (n=4, p=0.0072). Furthermore, upon analysis of the difference in 

mean fold changed observed between the down regulation by IL-7 of CD 127 total mRNAs 

versus those encoding for secreted CD127, we found that the mRNAs encoding for the 

secreted isoform of CD127 were down regulated to a lesser degree than those encoding for 

all CD127 transcripts (p=0.0244). This suggests that IL-7 mediated down regulation of 

CD 127 mRNA may actively target the down regulation of membrane bound CD 127 protein 

3.1.4 IL-7 down regulates CD 127 at the level of transcription in purified CD8 T-Cells: 
Analysis by Conventional PCR. 

In order to confirm our Real Time PCR data, CD127 mRNA transcripts were also 

measured by conventional PCR. This method allows for the amplification of larger 

amplicons at the cost of copy number resolution. The advantage of this method is that it 

allows for the quantitative analysis of CD 127 mRNAs encoding both the transmembrane and 

the secreted isoforms of CD127 in the same reaction. 
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Figure 3-4: IL-7 down regulates mRNAs encoding both the transmembrane 
and secreted isoforms of CD127 protein. 

Pooled data showing that IL-7 significantly down regulates both CD 127 

mRNAs (n=4, p=0.0072) encoding the full-length and secreted isoforms of 

CD127 protein (n=4, p=0.0149). The transcripts were measured by real-time PCR 

and normalized to RPS18 reference gene expression. Data is represented as a fold 

change from media control and error bars show SEM. 
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Conventional PCR eliminates the need for correction of different amplification 

efficiencies arising from the use of two different primer sets as required in Real-Time PCR. 

As shown in figure 3-5, we used a forward primer binding to the boundary of exons 4 and 5 

and a reverse primer binding within exon 8. This allows for the amplification of mRNAs 

encoding for both the transmembrane and secreted isoforms of CD 127 protein in the same 

reaction. Since these products would differ in size by 93bp - the size of exon 6 - they can be 

separated by gel electrophoresis and quantified by densitometry. 

To determine if the two PCR products representing transcripts encoding full-length and 

secreted CD 127 protein could be successfully identified, RNA was isolated from untreated 

CD8 T-cells and subjected to PCR. Figure 3-6 shows a representative agarose gel of the 

amplification products from one representative individual. Consistent with the literature (22, 

35, 71), we identified two products representing the predominant CD127 transcripts. The 

larger band, at 790bp is consistent in size with an amplicon arising from a transcript 

encoding the transmembrane isoform of the CD 127 while the smaller band, at 697bp is the 

expected size of an amplicon arising from a transcript encoding the secreted isoform of the 

protein. Both of these isoforms have been previously identified by Korte et al (35). This 

method also allows us to determine the relative proportions of mRNAs encoding the 

transmembrane and secreted isoforms of CD 127. As shown here and consistent with 

previous reports (35), transcripts encoding the transmembrane isoform of CD 127 protein are 

significantly more abundant compared to those encoding the secreted isoform. 
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Figure 3-5: The CD127 transcript showing primer binding sites. The CD127 mRNA 
consists of 8 exons. 

Arrows show the primer binding sites used in conventional PCR. The forward primer 

binds at the boundary of exons 4 and 5, and the reverse primer binds within the 3'UTR that is 

a part of exon 8. 
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Figure 3-6: There are two predominant species of CD127 mRNA in CD8 T-
cells. 

Agarose gel demonstrating two predominant CD127 transcripts. The 790bp 

amplicon corresponds to the full-length transcript while the 697bp amplicon 

corresponds to a transcript encoding for the secreted isoform of CD 127, 
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PCR amplification was then used to measure the relative levels of CD 127 transcripts 

encoding transmembrane and secreted isoforms of protein in CD8 T-cells maintained in 

either media alone or treated with IL-7 for 24 hours. To do this, an equal mass of RNA in 

treated and untreated samples was reverse transcribed and amplified by PCR. The RPS18 

gene was amplified in parallel as a control. The PCR reaction was stopped as soon as the 

amplification cycle reached the middle of the logarithmic phase, and the resulting amplicons 

were resolved by gel electrophoresis. After staining with Ethidium Bromide, the band 

intensities were measured by densitometry. Figure 3-7A shows a representative semi­

quantitative PCR gel of CD 127 and RPS18 transcripts from CD8 T-cells of one individual. 

CD127 transcripts (top gel), seen as two bands at 790bp and 697bp are more intense in the 

untreated sample (-) compared to those in the sample treated with IL-7 (+). In contrast, the 

band intensities for RPS18 in the same samples are equivalent (bottom gel). Figure 3-7B 

shows pooled data from nine individuals where samples treated with IL-7 contained 46 ± 

1.5% (p=0.0001) less amplicons representing transmembrane CD127 compared to a modest 

16 ± 1% (p=0.02) decline observed in the amplicons representing secreted CD 127. 

Furthermore, the difference in the ratio of decline in the two amplicons was also found to be 

statistically different (p=0.0183) further suggesting that IL-7 not only causes a down 

regulation of all CD 127 mRNAs but the down regulation is more pronounced in the 

transmembrane CD127 mRNA pool than in the secreted CD127 transcripts. 
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Figure 3-7: Transcripts encoding both the full-length and secreted isoforms 
of CD127 are down regulated by IL-7 in CD8 T-cells. 

(A) Representative agarose gels showing a decrease in both CD 127 

transcripts (top) in media (-) versus IL-7(+) treated samples. RPS18 transcript 

levels remained the same in both media and IL-7 treated samples (bottom). (B) 

Relative band intensities by densitometry demonstrating reduced CD 127 

transcripts in CD8 T-cells treated with IL-7. Data is pooled from 9 individual 

experiments. Statistically significant results are indicated by an asterisk (*). 
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3.1.5 De novo transcript synthesis is required for IL-7 to down regulate CD127 transcripts 
in CD8 T-cells. 

It is possible that IL-7 decreases the amount of CD 127 mRNA detected in cells by 

promoting its degradation. To determine if this was the case, we isolated CD8 T-cells and 

arrested de novo transcript production by treating with 2|xg/mL Actinomycin (Act) D. 

Actinomycin D binds DNA at the transcription initiation complex and prevents the 

elongation of RNA polymerase (65). In the absence of transcriptional regulation, any decline 

in RNA levels may be a result of enhanced degradation. As demonstrated in figure 3-8, CD8 

T-cells treated with IL-7 (lOng/mL) alone for 24 hours showed a 72% ± 0.25% reduction in 

CD127 transcripts. In contrast, CD8 T-cells treated with Actinomycin D (2|j,g/mL) or 

Actinomycin D (2jag/mL) plus IL-7 (lOng/mL) contained similar levels of CD127 mRNA 

and not significantly different from cells maintained in media alone (0.84 ± 0.15 fold and 

0.87 ± 0.2 fold respectively relative to media). Given that cells treated with Actinomycin D 

alone for 24 hours did not show a significant reduction in CD 127 mRNAs suggests CD 127 

transcripts have a half-life longer than 24 hours. This data also suggests that that IL-7 

mediated down regulation of CD 127 transcripts requires the synthesis of de novo transcripts 

that are required to mediate the down regulation of CD127 mRNA by IL-7. Additionally, this 

data suggests that down regulation of CD 127 by IL-7 does not directly utilize existing 

cellular machinery to promote mRNA degradation although this does not rule out the 

possibility that IL-7 promotes the production of a factor that ultimately leads to CD 127 

transcript degradation. 
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Figure 3-8: De novo transcript synthesis is required for IL-7 to down 
regulate CD127 transcripts in CD8 T-cells. 

Cells treated with IL-7 in the presence of Act D contained the same level of 

CD 127 transcripts as cells treated with Act D alone. In contrast, cells treated with 

IL-7 alone as a control showed a 72% ± 0.25% reduction in CD127 mRNA. 

Transcripts were measured by real-time PCR and normalized to RPS18 reference 

gene expression. Pooled data from five independent experiments is represented as 

a fold change from media control. Error bars show SEM. 
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3.1.6 Summary: 

Purified CD8 T-cells treated with IL-7 (lOng/mL) down regulated CD127 surface 

protein and transcripts within 24 hours. Although IL-7 did not bias alternative splicing of 

transcripts to promote the production of mRNA encoding the secreted isoform of CD 127, IL-

7 did appear to cause an increase in the down regulation of CD 127 transcripts encoding for 

the membrane bound protein compared to its secreted counterpart. Transcriptionally arrested 

CD8 T-cells demonstrated that CD127 mRNA has a half life longer than 24 hours. Also, 

when these transcriptionally arrested cells were incubated in the presence of IL-7, there was 

no additional decline in CD 127 mRNA levels suggesting that IL-7 mediated down regulation 

of CD 127 transcripts does not utilize existing cellular machinery to degrade CD 127 

transcripts. Moreover, this data indicated that de novo transcript synthesis is critical in order 

to mediate IL-7-induced down regulation of CD127 mRNA. Furthermore, we hypothesize 

that that the newly synthesized protein eventually causes the decline in CD 127 either through 

mRNA degradation or transcription initiation. 

68 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



3.2 Characterization of the CD127 Gene Promoter in purified CD8 T-cells 

3.2.1 Web-based analysis of the upstream CD 127 promoter region. 

The human and mouse CD127 gene promoters share 75% homology (43). Although 

the regulation of the mouse CD 127 promoter has been studied by several groups in murine 

thymocytes and peripheral B and T-cells (10, 16, 18, 20, 37, 42, 45, 50, 52, 61, 70, 78, 79), 

the human promoter has yet to be fully characterized. The differential regulation of CD 127 in 

mice has been shown to occur through expression of different constellations of transcription 

factors in different cell types (43). Of note is the binding at the GGAA motif, of the Ets 

family of transcription factors such as GABP, in murine thymocytes and T-cells. This same 

motif also serves as the binding site for PU.l in mouse B-cells (78). Since the expression of 

these two factors is strictly restricted to cell type, and their expression and translocation to 

their binding sites may be regulated by different signaling cascades, it is possible to have 

simultaneous, yet differential regulation of CD 127 in different cell types. In view of this, it 

becomes important to study the regulation of the CD 127 gene promoter in resting, primary 

human CD8 T-cells as it may be regulated differently compared to other cell types. 

The human CD 127 promoter is located on chromosome 5 at the 5pl3 locus between 

position 35,892,748-35,912,678 (12). In order to identify the CD127 promoter region and 

location of important regulatory elements, we first analyzed a 4kb region upstream of the 

first exon of the CD 127 gene to look for conserved non coding regions in the human, mouse, 

rat and nematode promoters. This analysis was performed using cisRED, a web-based 

genome-wide regulatory module and element prediction software. More specifically, this 

software uses a combination of atomic motif analyses where known consensus sequences for 
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transcription factor binding sites, hierarchial clustering of known transcription factors and 

predicted putative regulatory modules based on these clusters to identify regulatory regions 

(8). Figure 3-9, shows the alignment of the 4kb region upstream of exon 1 in the human 

CD 127 promoter using cisRED analysis (8), where several conserved regions were found 

near -2.5kb, -2kb, -1.2kb, -0.2kb and +0.2kb relative to the beginning of exon 1. Our cisRED 

atomic motif analysis of conserved DNA sequence motifs revealed binding sites for AIRE, 

POU3F2 and several SMAD1 elements. AIRE has been shown to recruit positive 

transcription elongation factor b (p-TEFb) to the RNA polymerase II complex and promote 

proper elongation of nascent transcripts in thymic medullary epithelial cells (47). SMAD1 

has been shown to act as an adapter module that is responsible for the linking of specific 

DNA-binding transcription factors to the RNA polymerase holocomplex thereby allowing 

for specific DNA binding factors to regulate RNA polymerase activity. SMADs bind to 

phosphorylated receptors and become phosphorylated themselves in order to be active. 

Active SMADS form multimers consisting of SMAD dimers and a co-SMAD. This active 

complex translocates to the nucleus where it exerts its effects via interaction with other DNA 

binding factors and the RNA polymerase holocomplex. (reviewed in (14)). 

Altogether, the cisRED analysis revealed that the binding sites for factors that are 

important for transcription initiation and elongation are evolutionarily conserved across the 

mouse, rat, nematode and human CD 127 promoters. 
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Figure 3-9: cis-regulatory regions of the CD127 gene. 

Schematic showing upstream c/.s-regulatory regions and conserved non-coding sequences within the putative CD 127 promoter. 

Red bars (top) denote the putative promoter region based on density of transcription factor binding sites and distance from the first 

exon. Gray bars denote excluded areas that are known repeat regions. cisRED atomic motifs show the binding of transcription factors 

(SMAD, AIRE and POU3F2) to the upstream regulatory regions (brown/beige). Dark blue (bottom) show conserved regions in the 

non-coding sequences upstream of exon 1 (light purple - middle). +1 is located at the beginning of exon 1, conserved regions from left 

to right are located near -2.5kb (200bp), -2kb (20bp), -1.2kb (50bp) and within the first -0.5kb (lOObp) upstream of the TATA box. 

Black bars at the very bottom are repeat regions that are located within the -4000bp to exon 1 region. 
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In addition to the cisRED regulatory module analysis, we also performed a putative 

transcription factor binding analysis using another web-based program called Transcription 

Element Search System (TESS) (59). The output from this analysis was then cross 

referenced with analysis using a third transcription factor prediction program called Footer 

version 2.0 (9). This program uses evolutionary information about m-regulatory regions in 

murine and human promoters comparing putative transcription factor binding sites and 

assigns scoring based on their relative position in relation to known models of binding 

preferences for a particular factor (9). This program also allows the user to select sets of 

transcription factors and enter a value of the weighted average p-value so as to reduce false 

positives. From the 229 identified putative transcription factor binding sites that met the 

weighted average p-value cutoff Of 0.0005, three categories of transcription factor binding 

sites were identified in the region spanning ~3kb upstream of the CD 127 gene: (1) factors 

previously shown to regulate CD 127 in mice (GATA, GAPB, PU.l, GR and Gfi); (2) factors 

important for basal transcription (TBP and TFIID); and (3) known regulators of gamma-

chain cytokine receptors (AP-1, c-Ets, c-Fos, c-Jun and Sp-1) (figure 3-10). 
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Figure 3-10: The CD127 upstream regulatory region and putative transcription factor binding sites. 

The human CD 127 genomic sequence from the Ensembl database was analyzed using web-based transcription factor binding site 

identification software (Footer v2.0). Factors were mapped based on their ability to bind to the sense strand (red) or antisense strand 

(blue). 5' truncation mutants from the TATA box to individual orange bars were generated in order to characterize regulatory regions. 
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3.2.2 Cloning the upstream regulatory region of the CD127 gene. 

Following identification of putative transcription factor binding sites, a DNA fragment 

containing sequences from the TATA box to -2900 base pairs upstream of the CD127 gene 

was cloned from Jurkat T-cells. In order to provide directionality, unique cut sites (Kpnl -

Forward and Nhel - Reverse) were inserted into the primers and these were used to amplify 

the selected region. The 2900 base pair fragment was then cloned into the pGL4B plasmid, a 

luciferase reporter gene expressing basic vector. Next, a series of deletion mutants were 

constructed. These constructs were designed based to the binding position and densities of 

putative transcription factors shown in figures 3-9 and 3-10. Table 3-1 gives a detailed 

description of the characteristics of each construct. The aim was to generate a uniform 

(~500bp interval) map of upstream regulatory elements in the CD 127 promoter. Regions 

upstream of -2900bp were not cloned as DNA analysis from the Ensembl database revealed 

few transcription factor binding sites beyond this point, or the regions were identified as part 

of the neighboring SPEF2 gene by BLAST analysis. 
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Table 3-1: List of CD127 promoter constructs cloned into pGL4B. 

Firefly luciferase expressed from the pGL4B was used as a measure of CD127 

promoter activity. This table shows the various constructs that were made in order to study 

the regulation of the CD 127 promoter in CD8 T-cells. 

2900 to TATA Whole construct 

2406 to TATA Includes conserved noncoding region between -2269 and -2255 

1760 to TATA Does not include GR sensitive region between -2269 and -2255 

1468 to TATA Contains additional promoter elements between -1200 and -1468 

1200 to TATA Contains additional elements between-626 and-1200 

626 to TATA Contains the core promoter elements and generic 5' UTR from pGL4B plasmid 

626 to ATG Contains core promoter elements and 5' UTR of the CD127 promoter 

262 to TATA Contains the TSS, TATA box of the CD127 promoter and 5' UTR from pGL4B plasmid 

262 to ATG Contains the transcription start site, TATA box and 5' UTR of the CD127 promoter 

100 to ATG Contains only the TATA box and 5'UTR elements of the CD127 promoter 

2900-1760A1200-TATA Deleted the region between -1760 and -1200 

2900-2269A2255-TATA Specifically deleted the 11 bp conserved GR sensitive positive regulatory element 

2900 to -468 Does not include essential TATA box and transcription start site elements 
; 

pGL4B Empty vector control 

phRTK Nucleofection control 
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3.2.3 Transfection ofputative CD127 promoter containing plasmids into purified CD8 T-
cells 

One of the major challenges in studying gene expression in primary cells is the low 

efficiency associated with most transfection methods used for introduction of foreign genetic 

material. Although viral transduction is a common method used for transgene delivery into 

primary cells, it generally requires cell activation and division. Since activation of primary 

CD8 T-cells has been shown to down regulate CD127 gene expression (13) (50), this method 

was avoided here. 

After investigating several transfection methods, Amaxa's nucleofection protocol was 

found to be the most efficient means of transfecting primary CD8 T-cells. This method uses 

a combination of electroporation and lipofection and provided nucleofection efficiencies of 

up to 50%. 

Using this protocol, isolated CD8 T-cells nucleofected with a CMV promoter-driven 

luciferase gene expressed high levels of luciferase within 6 hours post-transfection (data not 

shown). To ensure nucleofection itself did not result in down regulation of CD 127, we 

compared surface CD 127 expression by flow cytometry in isolated CD8 T-cells that were 

either maintained in media alone or nucleofected with a plasmid expressing Green 

Fluorescent Protein (GFP). Cells within the live lymphocyte gate were then examined for 

CD 127 surface protein expression. As shown in figure 3-11, in the untransfected samples, 

81% ± 2% of the cells expressed CD 127 surface protein. Similarly, in the samples that were 

nucleofected, 87.4% ± 2% of the cells were CD 127 positive indicating nucleofection does 

not in and of itself affect CD 127 expression. As expected, nucleofection did result in some 
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degree of cell death. Whereas 85% ± 0.6% of untransfected cells were found within the live 

gate, only 58% ± 1% (p<0.0001) of transfected cells were also in this gate. 

3.2.4 CD 127 gene promoter analysis in CD8 T-cells 

For all nucleofection experiments described below, purified CD8 T-cells were co-

transfected with a CD 127 promoter-containing reporter plasmid expressing firefly luciferase 

and a second plasmid expressing renilla luciferase expressed from a constitutively active, 

herpes virus thymidine kinase promoter (phRTK). 

The cells were transfected at ~1E7 cells/mL, allowed to recover for 6 hours and then 

resuspended in fresh medium at a density of 1E6 cells/mL. At this point, cells were either 

treated as described or allowed to remain in media for an additional 24 hours. Cells were 

then lysed and assayed for luciferase gene expression and total protein. Luciferase gene 

expression was used as a measure of CD 127 promoter activity. The luciferase activity was 

normalized to renilla luciferase expression to correct for transfection efficiency and to total 

protein in each individual sample. All experiments contained the empty vector (pGL4B) as 

control and thus all values are expressed as a fold change compared to pGL4B. 
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Figure 3-11: Nucleofected CD8 T-cells express similar levels of CD127 
surface protein compared to untransfected cells. 

(A) Pooled data (n=8) showing that transfected CD8 T-cells express similar 

levels of CD 127 surface protein expression as compared to untransfected cells 

maintained in media for 24 hours. (B) Pooled data showing that there are 

significantly fewer cells present in the live lymphocyte gate in transfected CD8 

T-cells compared to untransfected cells (n=8, p<0.0001). Error bars show 

Standard Error of the Mean (SEM). 
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3.2.4.1 The first 262 base pairs contain the core promoter element. 

Promoter constructs extending from the TATA box to -262, -626 and -1200 base pairs 

each expressed luciferase at about four-fold over empty vector control (Figure 3-12). This 

suggests that the core promoter elements for the CD 127 gene are contained within the first 

262bp upstream of the TATA box. Addition of sequences from -262 to -1200bp did not lead 

to further increases in luciferase gene expression. 

The CD 127 transcript contains an untranslated 5' region 90bp in length. We questioned 

whether this region played a role in enhancing ribosomal binding and thus gene expression. 

To investigate this hypothesis, we compared luciferase gene expression from constructs that 

either contained the core promoter sequences up to the TATA box or containing the 

additional 90bp spanning from the TATA box to the ATG site. As seen in figure 3-13, the 

relative luciferase gene expression in clones whose 3' border ended at the TATA box (short) 

compared to clones whose 3' end extended to the CD 127 ATG (long), the luciferase gene 

expression was comparable (3 fold ± 0.5 versus 2.9 fold ± 0.7 in the 262 short and long 

constructs respectively; 4.5 fold ±1.5 versus 2.9 fold ± 0.5 in the 626 short and long 

constructs respectively p>0.1). From these findings we conclude the untranslated 5' leader 

sequences do not enhance gene expression. 
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Figure 3-12: Luciferase gene expression from constructs up to -1200 bp from 
the TATA box. 

Relative luciferase gene expression measured as Relative Light Units 

(RLU) from the TATA box to -262, -626 and -1200bp. Data is from four 

individual experiments; error bars show Standard Error of the Mean (SEM). 

83 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



262 to TATA 

626 to TATA 

1200 to TATA 

Normalized RLU 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



Figure 3-13: Sequences from the CD127 TATA box to the ATG do not 
significantly affect luciferase gene expression. 

Pooled data (n=4) showing normalized luciferase gene expression for core 

promoter fragments whose 3' was at the CD127 TATA (short; gray bars) 

compared to the same core promoter elements whose 3' end spanned to the ATG 

of the CD127 gene (long; black bars). Luciferase gene expression was not 

significantly different between the long and short fragments. Error bars show 

Standard Error of the Mean (SEM). 
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3.2.4.2 Sequences between -1200 and -2900 base pairs upstream of the TATA element 
increase CD 127 promoter activity 

To further characterize the CD127 gene promoter, sequences from the TATA element 

to -2900bp were cloned into the pGL4B plasmid upstream of the luciferase gene and 

transfected into primary CD8 T-cells. As seen in figure 3-14, sequences from TATA to -

2900bp increased luciferase gene expression 13 ± 1 fold over pGL4B alone (n=4, p<0.0001), 

and approximately 3-fold over the core promoter (TATA to -262, -626 and -1200; n=4, 

p<0.005). These data then demonstrate positive regulatory sequences between -1200 and -

2900bp upstream of the TATA box capable of increasing CD127 basal gene expression. 

In order to characterize the region between -1200 and -2900bp upstream of the CD 127 

TATA box, a series of 5' deletion mutants were constructed. The first, -2406 to TATA 

construct, eliminates a series of GATA transcription factor binding sites but contains a 

conserved regulatory region described by Lee et al (37) located between -2269 and -2255bp. 

The second promoter construct extending from -1760 to TATA removes this conserved 

region. The third construct extending from -1468 to TATA removes an additional 300bp 

from -1760bp upstream of the TATA box. As shown in figure 3-15, the -2406 to TATA 

fragment expresses luciferase activity similar to that seen with the -2900 to TATA construct 

(14 ±1.2 fold and 13 ± 1 fold respectively, p>0.1). This then indicates that the basal 

promoter required for optimal CD 127 expression in primary CD8 T-cells is contained from 

the TATA box to -2406 and that the 0.5kb between -2406 and -2900 do not provide 

additional positive effect on transcription. 
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Figure 3-14: The -2900 to TATA promoter construct increases luciferase 
gene expression 13 fold above background. 

Pooled data showing normalized luciferase gene expression for the -2900 to 

TATA (black) compared to constructs containing only the core promoter (gray 

bars) (n=4, p<0.005). Error bars show Standard Error of the Mean (SEM). 
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Furthermore, luciferase activity from the -1760 to TATA construct was significantly 

lower than that of the -2900 to TATA construct (10 ± 1 fold and 13 ± 1 fold respectively, 

p>0.0005). This indicates that the conserved region described by Lee et al (37) between -

2269 and -2255bp may play an important role in regulation of basal promoter activity in 

primary resting CD8 T-cells. Additionally, the -1468 to TATA construct provided luciferase 

expression at 6.5 ±1.5 fold above empty vector, significantly greater than the -1200 to 

TATA construct (p<0.0274) but significantly less compared to the -2900 to TATA construct 

(p=0.0459) (figure 3-15). Taken together, these data suggest that there are positive regulatory 

elements located between -1200 and -1468 bp, between -1468 and -1760 bp, and between -

1760 and-2406 bp. 

To further explore the importance of sequences between -1760 and -1200bp, we 

constructed a deletion mutant removing this region from the -2900 to TATA region. As 

shown in figure 3-16, deletion of these sequences did significantly diminish luciferase gene 

expression when compared to the complete -2900 to TATA (n=4, p=0.0239). Since deletion 

of this region did not result in complete abrogation of luciferase activity, there may be some 

compensatory regions that lie between -1760 and -2900bp, although these regions do not 

completely compensate for the loss of this region in the CD 127 promoter. 
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Figure 3-15: Relative luciferase expression of theCD127 promoter 
constructs. 

Pooled data showing normalized luciferase gene expression for each of the 

fragments (n=4). Statistically significant differences are indicated by a (*). Error 

bars show Standard Error of the Mean (SEM). 
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Figure 3-16: Relative luciferase expression of the -2900-1760A1200-TATA 
construct. 

Pooled data showing normalized luciferase gene expression for the -2900-

1760A1200-TATA construct was significantly less than that of the -2900 to 

TATA construct (n=4, p=0.0239). Error bars show Standard Error of the Mean 

(SEM). 
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Our web-based analysis of the CD 127 gene promoter indicated the highest density of 

transcription factor binding sites within the first 500bp upstream of the TATA box. In order 

to assess the importance of this region, we generated a 3' deletion mutant removing the first 

478bp of the CD127 promoter and maintaining sequences up to -2900bp (-2900 to -478). 

Following transfection into primary resting CD8 T-cells, this 3' deletion mutant provided 

luciferase gene expression only 4-fold over empty vector (n=4, p<0.005), significantly lower 

than the complete 2900 to TATA construct (n=4, p<0.0001; figure 3-17). These data indicate 

the as-regulatory elements contained within the first 478bp upstream of the TATA box form 

and important part of the core CD 127 promoter and removal of these elements severely 

impairs promoter activity. Although these elements do not by themselves cause a significant 

induction of the CD 127 promoter as seen in the constructs spanning up to -1200bp from the 

TATA box, these elements are non-redundant and contribute to optimal basal promoter 

activity. 
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Figure 3-17: Relative Luciferase Activity of the -2900 to -478 promoter 
construct. 

Pooled data showing normalized luciferase activity of the -2900 to -478 

promoter construct (black) relative to other constructs (gray) and empty vector 

(white). Luciferase expression in the -2900 to -478 construct is significantly 

diminished in relation to that of the -2900 to TATA construct (n=4, p<0.0001) 

Error bars show Standard Error of the Mean (SEM). 
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3.2.5 Summary: 

The upstream cw-regulatory elements of the CD 127 promoter were cloned into a 

luciferase reporter vector and analyzed so as to understand the regulation of the CD 127 gene 

in resting CD8 T-cells. To this end, we took advantage of the Nucleofection method of 

transfection, achieving reasonably high transfection efficiencies of approximately ~50% in 

primary CD8 T-cells. Since this method does not require activation or proliferation of CD8-T 

cells, it did not in and of itself cause a down regulation in CD 127 surface expression. Using 

different CD127 promoter constructs, we found that the first 262bp upstream of the TATA 

box contain the core promoter elements. Including sequences up to -1200bp did not further 

increase gene expression. We also established that sequences from -1200 to -2406 upstream 

of the TATA box, significantly increased luciferase gene expression from 4-fold to 14-fold 

above empty vector suggesting this region contains important c/s-regulatory elements 

important for CD 127 promoter activity. We also found that there are partial-compensatory 

positive regulatory elements for the region between -1200 and -1760bp that are located 

between -1760 and -2900bp. We also noted that the conserved non-coding region from -2255 

to -2269 identified by Lee et al (37) may play a role in regulation of basal CD 127 promoter 

activity in resting CD8 T-cells. Taken together, these data indicate that the core CD127 

promoter elements necessary for efficient basal transcription are contained within the first 

262bp upstream of the TATA box and that additional positive regulatory elements are 

located between -1200 and -1468bp, -1468 and -1760bp and -1760 and -2406bp. 

98 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



3.3 Regulation of the CD127 Promoter 

3.3.1 Regulation of the CD 127 Promoter by Dexamethasone 

Several groups have shown glucocorticoids increase transcription from the CD 127 

promoter in murine B and T-cells (37, 45) as well as in human thymocytes, NK T-cells and 

peripheral T-cells (16, 18). To determine if glucocorticoids play a role in regulating CD 127 

gene expression specifically in human CD8 T-cells, we began by examining RNA levels in 

the presence or absence of Dexamethasone (Dex). CD8 T-cells were isolated from healthy 

donors and incubated either in media alone or in media plus 20|xM Dexamethasone for 24 

hours. Total RNA was then isolated and CD127 transcripts were quantified by Real-Time 

PCR. As demonstrated in figure 3-18, CD8 T-cells treated with Dexamethasone for 24 hours 

showed a 4.2 ± 0.5 fold increase in CD127 mRNA relative to media control (n=3, p=0.0125). 

This indicates that the CD 127 gene promoter is indeed either directly or indirectly responsive 

to glucocorticoid stimulation. 
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Figure 3-18: Dexamethasone up regulates CD127 mRNA in CD8 T-cells. 

Pooled Real-Time PCR data showing that Dexamethasone (20|aM) induces 

a 4.2 ± 0.5 fold increase in CD127 mRNA levels in purified CD8 T-cells after 24 

hours (n=3, p=0.0125). Error bars indicate SEM. 
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In order to confirm the Real-Time PCR data and to identify potential glucocorticoid 

responsive elements within the CD 127 promoter, CD8 T-cells were transfected with the 

same series of CD 127 promoter constructs described in section 3.2 and analyzed for their 

response to Dexamethasone. As shown in figure 3-19, Dex (20|xM) increased luciferase 

expression from the -2900 to TATA construct by 2.4 ± 0.2 fold over the same construct 

maintained in media alone (n=3, p<0.0001). This then confirms the CD127 promoter is either 

directly or indirectly up regulated by glucocorticoids. To identify potential glucocorticoid 

receptor (GR) responsive elements within the human CD 127 promoter and the role they play 

in CD 127 gene expression in CD8 T-cells, we examined the responsiveness of our various 

promoter constructs to Dexamethasone. Interestingly, Lee et al (37) identified a conserved 

GR responsive element between -2255 and -2269 upstream of the TATA box. To address the 

importance of this element in human CD8 T-cells, a 13 base pair deletion from -2255 to -

2269 was generated within the TATA to -2900 promoter fragment (-2900-2269A2255-

TATA) specifically deleting the GR responsive element. Figure 3-19 shows that the -2900-

2269A2255-TATA construct has similar levels of luciferase gene expression (11.2 ± 2.9 fold) 

compared to that observed in the 2900 to TATA construct (13 ± 1 fold). These data therefore 

suggest that the 13bp GRE element does not play a role in regulating basal CD 127 gene 

expression. 

As shown in figure 3-19, the promoter constructs containing the GR responsive 

element located from -2255 to -2269 showed increased luciferase expression following 

treatment with Dexamethasone. Indeed, luciferase expression increased by 2.4 ± 0.2 fold for 

the -2900 to TATA fragment and by 2.2 ± 0.3 fold for the -2900-1760A1200-TATA construct 

in the presence of Dexamethasone compared to the same promoter constructs in cells 
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maintained in media alone. Promoter fragments extending from the TATA to -1460 or to -

1760 did not respond to Dex (n=3, 1.3 ± 0.2 fold and 1.2 ± 0.05 fold increase in luciferase 

expression respectively) As expected, deletion of the 13 base pair GR responsive element 

located between -2255 and -2269 from the CD127 promoter resulted in a loss of 

responsiveness to Dexamethasone (1.52 ± 0.25 fold). These data then demonstrate that the 

human CD 127 gene promoter is indeed up regulated by glucocorticoids in resting CD8 T-

cells and that the GR responsive element is located between -2255 and -2269bp upstream of 

the TATA box. Interestingly, the -2900 to -478 promoter construct which lacks core 

promoter activity was also up regulated by Dexamethasone by 3.32 ± 0.75 fold over the same 

construct in cells maintained in media alone. Taken together these data suggest the GR 

responsive element within the CD 127 promoter plays an important role in regulating the 

expression of this gene in human CD8 T-cells. Moreover, the activity of this element is 

neither affected by its distance from the TATA box as demonstrated by the activity of the 

2900-1760A1200-TATA construct nor the presence of core promoter elements within the 

first 0.5kb upstream of the TATA box as demonstrated by the activity of the -2900 to -478 

construct. 

103 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



Figure 3-19: Dexamethasone up regulates transcription from the CD127 
gene promoter. 

(A) Pooled data showing the effect of Dex treatment for 24 hours on CD8 

T-cells transfected with different CD 127 promoter constructs. (B) Bar graph 

showing mean fold change in luciferase gene expression in CD8 T-cells treated 

with Dex for 24 hours normalized to media control. Error bars show Standard 

Error of the Mean (SEM) (n=3). 

104 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



A 

13 3 L. 
"So c o 
o 
k_ d) 
o 
E 
8 
a. 
CM 
T— 
• 
o 

pGL4B Media 
pGL4B Dex 

2900 to 478 Media 
2900 to 478 Dex 

1468 to TATA Media 
1468 to TATA Dex 

1760 to TATA Media 
1760 to TATA Dex 

2900-1760A1200-TATA Media 
2900-1760A1200-TATA Dex 

2900-2269A2255-TATA Media 
2900-2269A2255-TATA Dex 

2900 to TATA Media 
2900 to TATA Dex 

Normalized RLU 

B 

xV* x?" xV* xV* X?" 
 ̂  ̂ J?  ̂  ̂ Hp <x> 

J? 
J? 

& 

105 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



In order to confirm that the increase in promoter activity and CD 127 mRNA seen in 

the presence of Dexamethasone translated into increased CD 127 protein, we measured 

CD127 surface expression by flow cytometry and total protein expression by Western Blot in 

the presence and absence of Dex. Purified CD8 T-cells were incubated in media alone or 

with 20|iM Dexamethasone for 24 hours and then analyzed by flow cytometry and Western 

Blot. As shown in figure 3-20, CD8 T-cells treated with Dex showed an increase both in 

total (3.8 ± 0.7 fold) and surface CD127 protein expression (9.3 ± 2%) over a 24 hour period 

(n=2). Consistent with reports in literature, these data indicate Dexamethasone increases de 

novo CD 127 protein synthesis by up regulating transcription from the CD 127 promoter. 
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Figure 3-20: Dexamethasone up regulates CD127 protein expression. 

(A) Western Blot showing Dexamethasone up regulates total CD 127 

protein in CD8 T-cells after 24 hours. (B) Representative flow cytometry 

histogram overlay showing Dexamethasone up regulates CD 127 surface protein 

expression. 
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3.3.2 Regulation of the CD 127 promoter by IL-7 

We have previously demonstrated that IL-7 induces a decrease in CD 127 transcripts in 

CD8 T-cells. In view of this data, we hypothesized that the down regulation of CD 127 by IL-

7 may occur at the level of the promoter. To address this hypothesis, purified CD8 T-cells 

were transfected with the -2900 to TATA CD127 promoter construct and then incubated 

either in media alone or in the presence of lOng/mL IL-7 for 24 hours. As shown in figure 3-

21, IL-7 did not down regulate luciferase gene expression from the cloned CD 127 promoter 

in CD8 T-cells. It is possible then the IL-7 responsive elements may not lie within the -2900 

to TATA fragment used in these experiments. 

The transcriptional repressor Growth Factor Independent (Gfi)-l has been implicated 

in the down regulation of CD 127 gene expression in murine CD4 and CD8 T-cells (7, 50). 

Indeed, Park et al found a Gfi-1 site located in the second intron of the murine CD 127 gene 

(50) plays a role in the IL-7 mediated down regulation of the CD 127 promoter (7, 50). To 

investigate whether IL-7 down regulated the CD 127 promoter in human CD8 T-cells by 

inducing expression of a transcription repressor, purified CD8 T-cells were pre-treated with 

lOOfiM of the translation inhibitor, Cycloheximide (CHX). This molecule inhibits the 

elongation of de novo polypeptide chains by causing a block in the translocation step of 

tRNA molecules in the large ribosomal subunit (11). After pre-treating with CHX for 1 hour, 

CD8 T-cells were incubated with lOng/mL IL-7 for an additional 24 hours. 
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Figure 3-21: IL-7 does not down regulate luciferase gene expression from the 
cloned CD127 promoter in CD8 T-cells. 

Pooled data (n=4) using the -2900 to TATA CD127 promoter construct. 

Error bars indicate SEM. 
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CD127 transcripts were then quantified by Real-Time PCR relative to RPS18 reference 

gene expression. As shown in figure 3-22, we found that CD8 T-cells treated with IL-7 alone 

for 24 hours down regulated CD 127 mRNA expression by 65 ± 5 %, while cells treated with 

IL-7 in the presence of CHX down regulated CD 127 mRNA by only 20 ± 15% relative to 

media controls (n=3 p=0.0002). These data indicate IL-7 up regulates expression of a 

repressor which in turn suppresses CD 127 gene expression. 

In view of studies in mice that have shown the involvement of Growth Factor 

Independence (Gfi)-l in IL-7 mediated down regulation of the mouse promoter (7, 50) and 

data showing that IL-7 appears to require de novo protein synthesis to cause the down 

regulation of CD 127 transcripts (figure 3-21), we asked whether IL-7 causes the up 

regulation of Gfi-1 in CD8 T-cells. Purified CD8 T-cells were incubated in media alone or 

treated with either Ing/mL or 10 ng/mL of IL-7 for 24 hours. Cells were lysed and CD127, 

Gfi-1 and (3-actin proteins were assayed by Western blotting. Also, the lysate from THP-1 

cells, a monocytic cell-line known for high expression of Gfi-1 was used as a positive 

control. Figure 3-23 shows a representative blot from one individual where only the highest 

dose of IL-7 treatment (lOng/mL) caused a down regulation in total CD 127 protein in CD8 

T-cells over 24 hours. This down regulation in CD 127 protein did not however correlate with 

an increase in Gfi-1 protein levels suggesting that although IL-7 treatment requires de novo 

protein synthesis for the down regulation of CD 127 gene expression at the 24 hour time 

point, the newly synthesized protein was not Gfi-1. 
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Figure 3-22: De novo protein synthesis is required for IL-7 to down regulate 
CD127 gene transcription. 

Pooled data showing CD8 T-cells treated with Cycloheximide (CHX) in the 

presence or absence of IL-7. Cells treated with IL-7 in the presence of CHX did 

not down regulate CD 127 mRNA expression compared to cells treated with IL-7 

alone (n=5 p<0.005). Statistical significance is indicated by an *. Error bars 

indicate SEM. 
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Figure 3-23: IL-7 did not induce a change in Gfi-1 protein expression in CDS 
T-cells over 24 hour incubation with IL-7. 

Representative Western Blot showing CD8 T-cells treated with IL-7 for 24 

hours. Blot was probed simultaneously for Gfi-1 and CD 127 then for P-actin. 

THP-1 monocytic cell-line lysate was used as a positive control for Gfi-1 protein 

expression. 
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3.3.3 Summary: 

As reported previously in mice, dexamethasone up regulates CD 127 transcripts and 

protein in human CD8 T-cells. Promoter constructs containing the GR responsive element 

between -2255 and -2269bp showed a > 2 fold increase in luciferase gene expression when 

incubated in the presence of dexamethasone compared to media controls. IL-7 did not down 

regulate the cloned CD 127 promoter construct from the TATA to -2900bp suggesting the IL-

7 responsive regulatory elements may lie outside of this ~3kb upstream region. Interestingly, 

IL-7 was unable to down regulate endogenous CD 127 expression in the presence of 

cycloheximide indicating de novo protein synthesis is required for IL-7 to influence CD 127 

gene expression. Whether IL-7 induces a transcriptional repressor or other protein that 

inhibits gene expression is currently not known. Over a 24 hour incubation period, we find 

that IL-7 causes a decrease in total CD127 protein content in CD8 T-cells and this decrease 

does not correlate with an increase in a known repressor, Gfi-1 over this incubation period. 
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CHAPTER 4: DISCUSSION 
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4.1 Regulation of CD127 mRNA Expression 

Studies have shown that treating murine lymph node T (LNT) -cells with IL-7 causes a 

specific down regulation of IL-7's cognate receptor (CD 127) as early as 6 hours post-

treatment (50). These findings have also been corroborated in studies involving human 

thymocytes (10) and human CD4 and CD8 T-cells where the down regulation of CD 127 has 

been shown to occur as early as 2 hours and persisting up to 72 hours in the presence of IL-7 

(2, 68). Data from our lab corroborates these findings by showing that IL-7 leads to a similar 

level of down regulation both at the protein and transcript levels. 

A recent study showed that an imbalance in the ratio of transmembrane versus secreted 

isoforms of CD 127 protein could lead to an apparent down regulation of surface CD 127 

expression, suggesting a new mode of regulation of the CD127 gene (22). In view of these 

findings, we investigated the ratio of transcripts encoding for the transmembrane versus 

secreted isoforms of CD 127 protein in resting primary human CD8 T-cells. We found that 

the abundance of transcripts encoding for the transmembrane isoform of CD 127 protein was 

noticeably higher than that of the secreted isoform. This data is in line with findings by Korte 

et al in all mature T-cells (35). Altogether, these findings suggest that the bulk of CD127 

transcriptional activity is directed towards the synthesis of the membrane bound CD 127, 

which is involved in transmission of IL-7/IL-7R signaling events. Moreover, due to the lower 

relative abundance of transcripts encoding for secreted CD 127, these data suggest that 

secreted CD 127 exists at a much lower concentration in the extracellular milieu and therefore 

may play a role in fine tuning rather than fundamentally influencing IL-7 signal transduction 

in CD8 T-cells. 
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To address the hypothesis of whether IL-7 leads to a dysregulation of the ratios of 

transcripts encoding for secreted (secCD127) versus transmembrane (tmCD127) isoforms of 

CD127 protein, CD127 transcripts were quantified by two different PCR based methods. In 

our real-time PCR strategy, we compared in parallel, the levels of secCD127 to all CD 127 

transcripts (totCD127) in CD8 T-cells incubated in the presence or absence of IL-7. Our data 

from the real-time PCR experiment indicated that IL-7 treatment caused a down regulation of 

both totCD127 and secCD127 - although the degree of down regulation of the secCD127 

isoform was significantly less than that seen for totCD127. In view of this data, we used a 

conventional PCR strategy for the relative quantification of CD 127 transcripts encoding for 

both secCD127 and tmCD127. As previously described, using this method allowed for the 

simultaneous measurement of both transcripts and the measurement of the ratios of the two 

transcripts in untreated versus treated samples. Similar to data obtained by real-time PCR, we 

found that IL-7 treatment caused a down regulation in all CD 127 transcripts although the 

magnitude of down regulation was significantly larger in the tmCD127 compartment 

compared to that seen for secCD127. Taken together, these data indicate that IL-7 does down 

regulate all CD 127 mRNAs although the magnitude of down regulation of secCD127 

transcripts is significantly lower than that seen in tmCD127. It is unclear whether the 

difference in magnitude of down regulation between the two transcripts encoding for CD 127 

protein is a result of instrument sensitivity or due to selective down regulation of tmCD127 

over secCD127. For instance, instrument sensitivity may play a role in these observations as 

these effects become apparent when the relative magnitude of down regulation of secCD127 

is compared between the real-time PCR method and the semi-quantitative PCR methods. 

Indeed, the down regulation of secCD127 measured by the semi-quantitative method is only 

15% compared to 40% seen by the real-time PCR method further underscoring that the 
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differences in assay sensitivity may make it difficult to resolve changes that occur at 

different orders of magnitude (i.e. between high abundance to low abundance versus low 

abundance to lower abundance). Conversely, tmCD127 could be down regulated actively due 

to dysregulation of alternative splicing machinery or selective degradation of the tmCD127 

over the secCD127 transcripts. The differences in assay sensitivity notwithstanding, our data 

indicate that IL-7 not only down regulates global CD 127 mRNA expression, but also alters 

the ratio of tmCD127: secCD127 thereby providing a highly efficient and dynamic mode for 

down regulating CD127. 

Regulation of gene expression has also been shown to occur at the level of mRNA 

stability whereby an external stimulus leads to the destabilization and subsequent 

degradation of existing mRNA pools (23). In order to establish whether IL-7 causes a 

destabilization and subsequent decrease in CD 127 mRNA half life, we examined the 

persistence of CD 127 transcripts in the presence of IL-7. Our data indicates that CD8 T-cells 

treated with IL-7 in the presence of Actinomycin (Act) D, did not down regulate CD 127 

transcripts - indicating that IL-7 by itself does not decrease CD 127 mRNA stability. Equally, 

consistent with findings in literature (2, 50), our data may also be interpreted as showing that 

the down regulation of CD 127 transcripts in response to IL-7 treatment requires de novo 

transcription of a yet unidentified factor that ultimately mediates the down regulation of 

CD 127 mRNA. In line with this, we find that CD8 T-cells pre-treated with Cycloheximide 

(CHX) are also unable to down regulate CD127 mRNA in response to IL-7; further 

underscoring the requirement for new gene expression in order to down regulate the CD 127 

gene in human CD8 T-cells. Studies in murine models have shown the involvement of 

Growth Factor Independence (Gfi)-l as a suppressor of CD 127 gene expression by binding 
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to DNA regulatory elements in the murine CD 127 promoter (7, 50). On the contrary, recent 

findings in human T-cells have shown that suppression of CD 127 occurs independently of 

Gfi-1 expression (2, 49). Our data also indicates that IL-7 treatment does down regulate 

CD 127 total protein expression, but this down regulation is independent of increased Gfi-1 

protein expression over a 24 hour incubation period. Altogether, our data along with findings 

by Alves et al (2) indicate that IL-7 induced down regulation of CD 127 requires de novo 

synthesis of factor(s). It is conceivable that Gfi-1 may still play a role in down regulating 

CD 127 gene expression as shown by Chandele et al (7) and Park et al (50). IL-7 could either 

cause an increase in Gfi-1 protein production past 24 hours or IL-7 may cause an increase in 

Gfi-1 protein translocation into the nucleus and ultimately to the CD 127 promoter consistent 

with the findings by Park et al (50) using ChIP analysis. 

Furthermore, we also investigated the possibility that the down regulation of CD 127 

gene expression in CD8 T-cells by IL-7 could occur at the level of transcription initiation. 

Using a CD 127 promoter driven reporter gene expression model, we found that IL-7 did not 

cause a down regulation at the level of the CD 127 promoter. This data is consistent with 

recent findings by Alves et al, which found that IL-7 induced down regulation of CD 127 

surface protein expression occurred irrespective of the promoter driving CD 127 gene 

expression in CD4 and CD8 T-cells (2). On the other hand, IL-7 starvation of lymphocytes 

has been shown to cause hypoacetylation of the V(D)J locus suggesting that IL-7 signaling 

may cause an increase in global acetylation activity (26). Preliminary data from our lab has 

shown that incubation of CD8 T-cells with a histone deacetylase (HDAC) inhibitor leads to a 

dose dependent down regulation of CD 127 (data not shown). Although studies investigating 

the effect of IL-7 in the presence of deacetylase inhibitors are ongoing, it is conceivable that 
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IL-7 mediated hyperacetylation of CD8 T-cell histones may lead to increased chromatin 

accessibility thereby allowing for expression of potential suppressors of CD 127 gene 

expression as shown by our IL-7 plus inhibitor experiments. 

4.2 Regulation of the CD127 promoter 

In order to understand the regulation of the CD127 promoter in resting human CD8 T-

cells, we used a series CD 127 promoter driven reporter constructs to identify important cis-

regulatoiy elements upstream of the TATA box. Based on analysis of the putative 

transcription binding sites and information from the NCBI database, the CD 127 promoter 

region has been predicted to lie within 1.1 kb upstream of the TATA box (8, 46). Further 

analyses of the CD 127 promoter region revealed a lOObp highly conserved region located 

within 0.5kb immediately upstream of the TATA box (8). In view of this data, we examined 

the expression of a reporter construct spanning from the TATA box up to -1200 

upstream. Truncations of this region spanning from the TATA box up to -262 and -626 were 

generated in order to better identify the core promoter region. Our data indicates, consistent 

with literature that the core promoter elements did indeed lie within the 1.1 kb identified 

region upstream of the TATA box. Additionally, our data more precisely identified the core 

promoter region and indicated that the regions between -1200 and -262 did not impart 

any positive regulatory function in the basal expression of the CD 127 gene. 

Alignment of the region upstream of exon 1 revealed a highly conserved 200bp region 

(across 17 species) located approximately 2.5kb upstream of the TATA box (8). A study by 

Lee et al identified a conserved non-coding region located near -2.2kb upstream of the 

TATA box that is responsive to glucocorticoid treatment (37). Consistent with these 
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findings, our data found that this region not only contributes to glucocorticoid-induced 

CD 127 promoter up regulation due to the presence of a glucocorticoid responsive element 

(GRE), but also contain sequences which enhance basal promoter activity by >2 fold above 

that of the core promoter. Upon exclusion of this region as depicted by the -1760 to TATA 

construct, we found a decrease in promoter activity indicating the importance of this 

additional element in basal CD 127 gene expression in CD8 T-cells. Consistent with reports 

in literature in murine models and human PBMCs (16, 18, 37), our data indicate that CD8 T-

cells treated with glucocorticoids, up regulate CD 127 transcription and protein expression 

within 24 hours of treatment. The biological implications of up regulating CD 127 by a CD8 

T-cell upon exposure to glucocorticoids could be hypothesized to be due to a rescue of these 

cells from inflammation-induced apoptosis (16). 

A cluster of transcription factor binding sites (c-Fos, API, CTF-2, DBP, Pit-IB), were 

mapped around -1468 upstream of the TATA box. This indicates that this region may play an 

important role in the regulation of the CD 127 promoter. Although these transcription factors 

have not been shown to influence CD 127 gene expression, based on reporter gene expression 

data from the plasmid carrying the -1468 to TATA region relative to that of the -1200 to 

TATA region of the CD127 promoter, we found that the inclusion of the region between -

1468 and -1200 led to a significant increase in promoter activity. Therefore, this data 

suggests that the binding of transcription factors near -1468 upstream of the TATA box may 

play a role in the optimal basal expression of the CD 127 gene. 

Altogether, the data from the CD 127 promoter-driven reporter constructs outline 

several upstream m-regulatory regions involved in basal CD 127 promoter activity in CD8 

T-cells. The core promoter elements are shown to lie within the first -0.5kb that lie upstream 
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of the TATA box. Additionally, the regions between the TATA box and the ATG did not 

play a significant role in the regulation of basal CD 127 promoter activity. Moreover, regions 

between -1.8kb and -1.2kb, including the putative positive regulatory elements near -1.5kb, 

can be deleted without a significant decline in basal promoter activity indicating the presence 

of redundant positive regulatory elements located upstream of -1.8kb. Furthermore, a 

conserved positive regulatoiy region located approximately 2.2kb upstream of the TATA 

box plays an important role in up regulation of basal CD 127 promoter activity. Additionally, 

this conserved region contains a glucocorticoid-sensitive element that plays an important role 

in the induction of glucocorticoid-mediated up regulation of the CD 127 promoter. 
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CONCLUSION 

Membrane bound receptors play an important role in downstream signal transduction 

and therefore their expression is often tightly regulated. As in the case of CD127, the loss of 

receptor expression can lead to improper development of the adaptive immune system and 

immunodeficiency. On the other hand, over expression of this receptor has been implicated 

in higher instances of lymphomas. In CD8 T-cells, the regulation of CD127 in one part 

occurs at the level of transcription. Although the mechanism of this IL-7 mediated regulation 

of CD 127 remains a question for future investigation in our lab, our data indicates that the 

regulation of CD 127 by IL-7 and glucocorticoids occurs differentially; where glucocorticoids 

induce the expression of CD 127 through a m-regulatory element, while IL-7 acts indirectly 

through a yet unidentified protein. 
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