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Abstract

Impaired cell mediated immunity is the clinical hallmark of HIV infection yet the manner
in which CD8 T-cells are disabled is not yet fully understood. IL-7 signalling is essential for
normal CD8 T-cell development and function. Our lab has previously shown decreased
expression of the IL-7 receptor a-chain (CD127) on circulating CD8 T-cells in HIV+ patients is
mediated by the HIV Tat protein which results in poor CD8 T-cell function. Soluble Tat protein is
secreted by infected CD4 T-cells and taken up by neighbouring uninfected CD8 T-cells through
endocytosis. Once in the cytoplasm, Tat translocates to the inner leaflet of the cell membrane
where it binds directly to the cytoplasmic tail of CD127 inducing receptor aggregation,
internalization, and degradation by the proteasome. By removing CD127 from the cell surface,
the HIV Tat protein is able to reduce IL-7 signaling and impair CD8 T-cell proliferation and
function.

To determine which domain(s) in the cytoplamic tail of CD127 are required for
interaction with Tat, a series of plasmids encoding for CD127 deletion mutants were
successfully created. These series of mutant CD127 coding sequences were transfected into a
eukaryotic expression system, the Jurakt cell line, where CD127 mutants were successfully
expressed. Before determine which region on CD127 is required for Tat binding, an optimized
Ni-NTA column system was used to successfully isolate histidine-tagged HIV-1 Tat at a high yield
and purity from E. coli. This HIV Tat protein was used to treat the lysates of the Jurakt cells
transfected with the panel of CD127 mutants. CD127 was then immunoprecipitated, followed
by Western analysis of the immune complexes to detect Tat protein. Tat was
immunoprecipitated with all CD127 mutants suggests neither tyrosine 449, box 1, the acidic

region, serine region nor C-tail are specifically required for Tat binding to CD127.
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1. Chapter 1: General Introduction

1.1 HIV-1

1.1.1 History of HIV

In the early 1980s, the first recognized cases of the acquired immune deficiency
syndrome (AIDS) occurred among young adults afflicted with opportunistic infections that, until
then, had only been seen in setting of profound immune deficiency. At this time, AIDS did not
yet have its name, but it quickly became obvious that all of these young adults were suffering
from a common syndrome. By 1983, human immunodeficiency virus (HIV) had been identified
as the cause of AIDS (1-3). By the mid 1980’s, it became clear that the virus had spread, largely
unnoticed, throughout most of the world (4,5). Throughout the duration of the pandemic, more
than 36 million people have already died from HIV (World Health Organization; WHO).

On a global level, the HIV pandemic remains one of the most serious infectious disease
challenges facing public health. Currently, 35.8 million people are living with HIV, with 2.4-2.9
million new infections occurring in 2010 alone (WHO). HIV/AIDS remains an issue of concern for
Canada, it was estimated that there were a cumulative total of 77,620 persons diagnosed with
HIV in Canada by the end of 2011 (Public Health Agency of Canada; PHAC, 2012). The number of
people living with HIV (including AIDS) continues to rise, from an estimated 64,000 in 2008 to
71,300 in 2011 (an 11.4% increase) and 3,175 newly diagnosed infections were reported in
2011 alone with an estimate 2,250 to 4,100 occurring annually (PHAC, 2012).

1.1.2 The Virion



HIV is a member of the lentivirus family of animal retroviruses. And like many
lentiviruses, HIV is capable of long-term latent infection of cells and short-term cytopathic
effects which cumulatively produce fatal diseases that include wasting syndromes and central
nervous system (CNS) degeneration.
1.1.2.1 Structure and Genes

An infectious HIV particle consists of two identical positive sense RNA strands, 9.2kb in
size, packaged within a core of viral proteins and surrounded by a phospholipid bilayer
envelope derived from the host cell membrane that also includes virally encoded proteins. All
the structural proteins and envelope glycoproteins seen in figure 1 are encoded by the gag and
env sequences respectively (6,7). Finally pol sequences encode viral replication proteins:
reverse transcriptase, integrase, and viral protease enzymes (7). In addition to these typical
retrovirus genes, HIV-1 also includes six other regulatory genes, namely, the tat, rev, vif, nef,
vpr, and vpu genes whose products regulate viral reproduction in various ways (6,7). See figure
2 for the HIV-1 genome organization.
1.1.2.2 Life cycle

The viral particles that initiate infection are usually in the blood, semen, or other body
fluids of one individual and are introduced into another individual by sexual contact, needle
stick or transplacental passage (8). Transmission of this viral particle requires the successful
interaction of the virus with receptors on the target cell surface (9).

After the HIV-1 particle enters the cell, the nucleoprotein core becomes
disrupted. Reverse transcription of the viral RNA genome begins in the cytoplasm and may be

completed in the nucleus (10). Interestingly, because of the inaccuracy of reverse transcriptase,



Figure 1: Structure of the HIV-1 virion. The HIV-1 virion contains in its core two single stranded copies of
the positive-sense viral RNA genome. This genomic material is associated with repeating units of
nucleocapsid protein and is encased within a conical shell composed of a p24 capsid protein lattice. Also
contained within the p24 capsid shell are the viral enzymes: integrase and reverse-transcriptase. The
p24 capsid is in turn encased within a lipid bilayer taken from the host cell membrane during viral
egress. Numerous receptor “spikes” composed of gp120-gp41 glycoprotein hetero-trimers protrude
from the virions surface. Figure was obtained with permission from Nature Publishing Group (Permission
from the corresponding author as well as the publishing group are depicted in the appendix) (11).






Figure 2: The HIV-1 genome. The HIV-1 genome codes for three large structural polypeptides (Gag, Pol
and Env) and 6 accessory proteins (Vpr, Tat, Vpu, Rev, Nef and Vif). Figure was obtained with permission
from Nature Publishing Group (Permission from the corresponding author as well as the publishing

group are depicted in the appendix) (11)






viral clones obtained from single infected individuals differ from each other at the genetic level
(12,13). This allows HIV-1 to rapidly diversify in the infected individual and as a consequence, is
able to adapt readily to changes in its environment (13).

As with all retroviruses and lentiviruses, HIV-1 must integrate into the DNA of the host
cell and to do this it uses HIV-1 integrase (10). As a consequence, the activity of the integrated
viral genome, or provirus, is greatly influenced by the metabolic and activation state of the host
cell, and the longevity of the provirus is dictated by the life span of the cell that contains it
(14,15).

Transcription of the provirus is regulated by sequences known as long terminal repeats
(LTR) located immediately upstream and downstream of the viral coding sequences. The LTRs
contain polyadenylation signal sequences, TATA box promoter sequence and binding sites for
host transcription factors: NF-kB and SP1, see figure 3 (16,17). In the absence of HIV-1 Tat, the
basal activity of the LTR varies considerably depending on the integration site, whereas in the
presence of Tat, viral expression is efficient regardless of the integration site (18). It is also
worth noting that cytokines or other physiologic stimuli to T cells and macrophages are able to
enhance viral gene transcription via activation of NF-kB and SP1 (19).

Tat protein acts to enhance the production of complete HIV viral messenger RNA (mRNA)
transcripts (20). The synthesis of mature infectious viral particles begins after full-length viral
RNA transcripts are produced and the viral genes are expressed as proteins (18). HIV gene
expression may be divided into an early stage, during which regulatory genes are expressed,
and a late stage during which structural genes are expressed and full-length viral genomes are

packaged (7,10).



Figure 3: A schematic representation of the HIV-1 promoter which is located within the 5' LTR of the
viral genome. The core promoter consists of the initiator region, the TATA box, and three Sp1 sites. An
upstream enhancer contains binding site for several cellular transcription factors including NF-kB, LEF,
Ets-1, USF, NF-AT, and AP-1 (16,17). Figure was obtained with permission from Elsevier (Permission from
the corresponding author as well as the publishing group are depicted in the appendix) (16).



| HIV Genome I

pol vpr rev tat nef
[ 1 0 env
LTR  gag [ I'li e
C_1 W] 0 ==
vif tatvpu rev

l HIV Promoter l

AP-1 NF-AT USF Ets-1 LEF NF-xB Sp-1 TATA +]
111 110 vl__H N 0 121/ | ]

Initiator
| ———————— |

TAR




After translation of various viral genes transcripts, assembly of infectious particles
begins by packaging full-length RNA transcripts within a nucleoprotein complex that includes
gag core proteins and the pol encoded enzymes required for the next cycle of infection (10).
This nucleoprotein complex is then enclosed within a membrane envelope and released from
the cell by a process of budding from the plasma membrane (10). For full HIV-1 viral life cycle,
see figure 4.

1.1.3 Pathogenesis of HIV disease

Gradual depletion of CD4 T cell numbers is a classic characterization of HIV infection,
leading over the course of years to a loss of immunocompetence, increased incidences of
opportunistic infections and increased rates of tumourigenesis (21).

HIV disease begins with acute infection, which is only partly controlled by the adaptive
immune response, and advances to chronic progressive infection of peripheral lymphoid tissue
(22). The subsequent events in the infection can be divided into several phases: acute infection
followed by a chronic infection, also referred to as the clinical latency period, and finally

symptoms of AIDS.

1.2 Immune response mounted against HIV-1

HIV-specific humoral and cell-mediated immune responses develop following infection
but generally provide limited protection. The early response to HIV infection is, in fact, similar in
many ways to the immune response to other viruses and which attempts to clear most of the
virus present in the blood and in circulating T cells. Nonetheless, it is clear that these immune
responses fail to eradicate all viruses and the infection, if untreated, eventually overwhelms the

immune system in most individuals (23).
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Figure 4: The HIV-1 cellular life cycle. 1) HIV-1 particles bind to the host cell via interactions between the
gp120 surface spike and CD4. 2) gp120 interactions with the CCR5 or CXCR4 co-receptors results in viral
uncoating. 3) Viral RNA is transcribed in the cytoplasm into viral DNA by the viral reverse transcriptase.
4) Viral DNA then enters the nucleus and integrates into the host genome using viral integrase. 5) Viral
RNAs and proteins are transcribed and 6) translated, respectively, by host machinery. The viral
glycoproteins are translated in the ER and processed by host machinery to produce the mature gp120
and gp41 subunits. Other viral proteins are translated in the cytoplasm. 7) Viral structural proteins
congregate at the inner leaflet of the cell membrane and assemble into immature virions. 8) Virions
derive their envelope from the host lipid bilayer and bud directly off the cell membrane. 9) Once free of
the cell, HIV-1 proteases packaged into the immature virions cleave numerous polypeptides to yield the
mature virion. Figure was obtained with permission from Nature Publishing Group (Permission from the

corresponding author as well as the publishing group are depicted in the appendix) (24).
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The initial adaptive immune response to HIV infection is characterized by expansion of
CD8 T cells specific for HIV peptides. As many as 10% or more of circulating CD8 T cells may be
specific for HIV during the early stages of infection (25). These cytotoxic T lymphocytes (CTLs)
control infection in the acute phase, but ultimately prove ineffective because of the emergence
of viral escapes mutants (variants with mutated antigens). Although CD4 T cells also respond to
the virus, the importance of this response is unclear.

1.2.1 Adaptive Immune response

The defining characteristics of adaptive immunity are exquisite specificity for distinct
molecules and the ability to ‘remember’ and respond more vigorously to repeated exposures to
the same microbe. It addition, adaptive immunity has an extraordinary capacity to distinguish
between different, even closely related, microbes and molecules, and for this reason it is also
called ‘specific immunity’. The two types of adaptive immune responses are humoral immunity
and cell-mediated immunity which function to eliminate different types of microbes.

In the context of a viral infection, the cell mediated immune response is initiated when
antigen presenting cells (APCs) such as dendritic cells residing at the initial sites of infection
take up viral antigens, become activated, and migrate to regional lymph nodes. There, the APC
display viral peptide bound to MHC Il molecules to naive CD4 T cells through engagement of
antigen specific surface T cell receptors (TCRs) as well as the CD4 co-receptor. Following
recognition of viral antigen in the context of MHC class Il, a cascade of signaling events is
initiated within the CD4 T cell which results in activation, proliferation, and differentiation into

a T helper 1 (Th1) phenotype. These activated CD4 T cells secrete a variety of cytokines such as
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IL-2, tumour necrosis factor (TNF)-B and interferon (IFN)-y which support the differentiation
and cytotoxic activity of CD8 T cells.

CD8 T cells become activated following engagement with a virally infected target cell or
APCs displaying an MHC | complex. In the context of proper secondary signals (i.e. CD80, CD86)
and local cytokine environment, these CD8 T cells undergo clonal expansion and differentiate
into effector CD8 T cells. Effector CD8 T cells traffic out of the lymph node and into peripheral
circulation, homing to the site of infection. Effector CD8 T cells are commonly referred to as
CTLs, which emphasizes their ability to kill virally infected target cells. CTLs are potent antiviral
effector cells due to their ability to produce both inflammatory mediators as well as cytotoxic
effector molecules.

Effector CD8 T cells identify infected cells through recognition of foreign antigens
displayed on the infected cell’s surface in the context of an MHC | complex via their TCR and
CD8 co-receptor. The infected cell is targeted and its death occurs during the next 2 to 6 hours
and proceeds even if the effector CD8 T cell detaches. The cell-to-cell contact creates an
‘immunological synapse’ which allows for delivery of cytoplasmic granules triggering target cell
apoptosis. These granules include granzyme A which promotes DNA damage by cleaving
histone H1 (26) and granzyme B which enters the cytosol to initiate apoptotic cascades by
cleaving pro-caspase 3 (27) and induce the permeabilization of mitochondrial membranes (28).
The granules also include perforin, a membrane-perturbing molecule homologous to C9
complement protein, and a sulfated proteoglycan, serglycin, which serves to assemble a

complex containing granzymes and perforin. Both perforin and granzymes are required for
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efficient effector CD8 T cell killing of target cells, and it is known that perforin’s main function is
to facilitate delivery of the granzymes into the cytosol of the target cell.

In addition to cytoplasmic granules, effector CD8 T cells induce target cell apoptosis via
engagement of Fas trimer complexes found on the surface of their target cells with the Fas
ligand (FasL) on the effector CD8 T cells. This interaction results in the extrinsic apoptotic
cascade via recruitment of Fas-associated death domain (FADD) proteins. This initiates caspase
cascades resulting in DNA cleavage and cytochrome C release from the mitochondria (29,30).

After delivering the ‘lethal hit’, the effector CD8 T cell detaches from the target cell and
is freed to identify another target cell. In this manner, activated cytotoxic CD8 T cells act as
“serial killers”; each cytotoxic CD8 T cell killing numerous target cells.

Ideally, the immune response mentioned above overwhelms the viral infection and
results in the complete eradication of the virus from the host. Following viral eradication, the
expanded pool of effector T cells does not remain constitutively activated. Instead, during the
downregulation phase, the majority (>90%) of the virus-specific T cells present at the peak of
the immune response dies by apoptosis. The remaining 5-10% of T cells survives through the
contraction phase and constitutes a long-lived pool of memory T cells. In this way, a beneficial
memory of past infections is established as, by comparison with naive hosts, an increased
number of virus-specific T cells are maintained which are tuned to rapidly respond if they re-

encounter cells infected with the same pathogen.

1.2.2 CD 8 T cells in HIV infection

1.2.2.1 CD8 T cell immune response
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After the first week of infection viral-specific CD8 T cells form one of the cornerstones of
immune control for HIV-1. CTL response initially follows the rise in HIV in the blood and when
that response reaches a peak the virus level falls; after that there is an inverse relationship
between CTL response and viral load (31). Following the peak in CD8 T cell response, the virus
sequence starts to change drastically (32). Rapid selection of mutations occurs at discrete sites
in the virus genome as viramia declines to the viral set point (32,33). CTLs recognize virus
peptides presented by human leukocyte antigen (HLA) class | molecules, and different HLA
types present different peptides and thus affect the quality of the immune response (34). The
HLA alleles HLA-B*5701, HLA-B*5703, HLA-B*5801, HLA-B27 and HLA-B51 are all associated
with good control of the virus and a slower progression to AIDS (35), partly because the
epitopes recognized by the T cells in these individuals are focused on conserved regions of the

viral Gag protein (34).

1.2.2.2 CD8 T cell dysfunction

Impaired cell-mediated immunity and inefficient immunologic control of viral replication
is evident in HIV® patients with progressive disease (36-39). Although CD8 T cells do not become
depleted like their CD4" counterparts (40); it is clear that HIV-1 directly affects CD8 T cell
function. CD8 T cells begin to display impaired function before CD4 T cells become depleted to
an appreciable extent (39,41,42). The impairment of CD8 T cells isolated from HIV-1" individuals
includes but is not limited to the following features: aberrant surface marker phenotypes,
decrease in cytolytic activity, and decrease in antigen induced clonal expansion (43).

Furthermore, the CD8 T cells show low perforin expression in lymph nodes of HIV' persons (44).

16



1.3 Interleukin-7

Interleukin-7 like other cytokines is a pleiotropic immune regulatory protein that plays
an important role in the normal development and maintenance of the human immune system
(45). IL-7 originally named lymphopoietin-1, was first identified by a group of investigators at
the Immunex Research and Development Corporation in 1988 as a B cell growth factor (46,47).
While IL-7 shares pro-survival and proliferative capacities with related cytokines, including
other interleukin family members, it has been shown to play non-redundant roles in the
development and homestasis of T and B cells in mice (48,49) and in T cells in humans (50). IL-7
has a role in V(D)J recombination in developing T and B cells (51,52), differentiation of CD8 T
cells in the thymus (53), induction of proliferation of T cells in the periphery (54,55) and
establishment of T cell memory (56,57) .

The active form of human IL-7 is a glycoprotein of 25 kDa (58) and is encoded by the IL-7
gene on chromosome 8 (locus 8gl12-q13) (46). IL-7 was considered to be expressed
constitutively and that T cells competed for limiting amounts of this essential cytokine (59).
However, this has turned out not to be the case and IL-7 is now recognized as an acute-phase
cell-signaling molecule (60). IL-7 is expressed in the stroma of lymphoid tissue and some
nonlymphoid tissues including kidney, skin, intestines, uterus, brain and adult liver (Table 1).
Circulating levels of IL-7 in sera of healthy individuals are relatively low ranging from 0.3-8
pg/ml (61,62). IL-7 may also be sequestered at the cell surface by heparan sulfate and
fibronectin which may protect it from proteolytic cleavage and increase its availability to

neighboring target cells (63,64).
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Table 1: Cells and Tissue That Produce IL-7. Figure was obtained with permission from Kluwer Academic
(Permission from the corresponding publishing group are depicted in the appendix) (65).
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IL-7 producer Protein mRNA Ref.

Bone marrow stromal cells + + (47,66,67)
Fetal liver stromal cells n.d. +(m) (68)
Spleen n.d. +(m,h) (46,69)
Fetal and adult thymus + +(m,h) (46,69,70)
Thymic stromal cells + + (71,72)
Kindey tissue n.d. + (73)
Keratinocytes + + (74)
Intestine epithelial cells +(h) + (71,75)
Lymph node T zone fibroblastic reticular cells + + (76)
Peripheral blood dendritic cells + + (77)
Follicular dendritic cells + + (57,78)
Endothelial cells + + (57)
Smooth muscle cells + + (57)

n.d.. Not done; m, mouse; h, human; r, rat.
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1.3.1 Interleukin-7 in HIV infection

Increased levels of circulating IL-7 were observed during HIV infection (average 18
pg/mL (79,80)) along with a downregulation of IL-7 receptor a-chain (IL7Ra) expression on T
cells (62,81-89). There has been considerable debate over the causes and consequences of
these observations. An inverse relationship between plasma levels of IL-7 and CD4 T cell counts
was found in HIV® persons, thus suggesting that increased production of IL-7 represents a
homeostatic response to HIV-associated CD4 T cell depletion (90). Unfortunately, these
increased levels of IL-7 are not sufficient to maintain T cell homeostasis, since in the absence of
antiretroviral therapy most HIV* persons will develop progressive CD4 T cell decline and clinical
signs of AIDS (90). An alternative hypothesis to explain the inverse relationship between IL-7
levels and CD4 T cell counts is that increased levels of this cytokine result from decreased
numbers of circulating IL7Ra’ T cells resulting in reduced consumption of the cytokine (45).
Unfortunately, this hypothesis does not take into account all the other cell types (macrophages

and endothelial cells) that also express CD127 and are not reduced in HIV infection.

1.4 Interleukin-7 Receptor

The IL-7 receptor consists of two components, the IL-7Ra chain (CD127) and the common y-
chain (CD132) which is shared by receptors for IL-2, IL-4, IL-9, IL-15 and IL-21. Both receptor
components are members of the cytokine receptor family. Each of these chains is expressed on
the surface independently of each other, although the two chains could pre-associate as shown
for several other types of cytokine receptors. The essential roles of common y- chain cytokines
play in T cell differentiation, maturation and proliferation have been extensively studied in mice

where y-chain knockout mice demonstrate a complete lack of or at least siginificant reduction
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in number of NK, B and T-cells, reviewed in (91). In fact, mutations in CD127 (92) and
CD132(93,94) genes cause severe combined immune deficiency syndrome (SCID) in humans
and in mice.

IL-7 signalling in human peripheral blood lymphocytes is mediated by low affinity binding
(Kg= 100 nM) and high affinity binding (K4= 65 pM) (58). IL-7 binding to CD127 promotes
dimerization with CD132 thus forming the IL-7 receptor complex and activating signal
transduction (95). C127 and CD132 associated through their cytoplasmic tails with Janus Kinase
1 (JAK1) and JAK3 respectively, see figure 5 (96-98).
1.4.1 Regulation and Expression
The expression of CD127 is strictly regulated during the development of T cells. In addition,
CD127 expression by mature T cells is dramatically influenced by extrinsic stimuli, including
antigens and cytokines (99). The amount of CD127 expressed by a lymphocyte could have two
effects. First, there could be an effect intrinsic to the lymphocyte: that is, the more receptor a
cell expresses, the more signals it should receive for survival and proliferation (99). Second,
there could be an effect extrinsic to the lymphocyte: that is, the more receptor a cell expresses,
the more IL-7 it could consume; thereby depriving neighbouring cells of their survival and
proliferative signals (99). After encountering IL-7, T cells transiently downregulate CD127
expression; it has been proposed that this downregulation is altruistic as, having satisfied its IL-
7 requirement, the T cell would stop needlessly consuming IL-7 (100,101). Naive T cells and

both central and effector memory cells express high levels of CD127 (59,102). Dendritic cells,
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Figure 5: IL-7 receptor and signalling. The IL-7 receptor a-chain, CD127, is associated with JAK1 and the
common y chain, CD132, is associated with JAK3. http://en.wikipedia.org/wiki/File:IL-
7receptor_and_signaling.jpg
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monocytes and bone-marrow derived macrophages also express CD127 but at a lower levels
compared to naive and memory T cells (59,103).

Without stimulation, CD127 constitutively recycles on and off the cell membrane
through the early endosomal system with a half-life of around 55 hours (104). The majority of
CD127 returns to the surface while a small percentage of CD127 is shunted to the lysosome for
degradation (104). Degraded protein is replaced by de novo synthesis and surface CD127 levels
remain relatively constant (104).

CD127 is hypothesized to get downregulated in T cells by different mechanisms
at different stages of development and in different subpopulations; this has been proposed by
some to have a remarkable altruistic function, as noted earlier (100). TCR signalling also
downregulates CD127 expression at the level of transcription (51,105,106), providing an
additional layer of intricacy to IL-7: TCR crosstalk. CD127 transcripts can be suppressed by other
members of the y-chain family of cytokines such as IL-2, IL-4, and IL-15, as well as the pro-
inflammatory cytokine IL-6 (100).Perhaps the most important regulator of CD127 expression is
IL-7 itself. We and others have shown that IL-7 signalling downregulates surface CD127 protein,
directing it to the proteasome for degradation (82,83,104,107-110). The cellular mechanisms
responsible for CD127 downregulation from the surface of cells in response to IL-7 have yet to
be completely elucidated, although several of the critical components have been identified. IL-7
binding to CD127 initiates rapid internalization of surface CD127 protein and activation of JAK
which in turn phosphorylates Y449 in the cytoplasmic tail of CD127 as well as STAT5. Phospho-
STAT5 dimers translocate to the cell nucleus where they up regulate the expression of

suppressor of cytokine signalling (SOCS) 1, SOCS 2 and cytokine-inducible SH2 containing (CIS)
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protein (111). CIS and SOCS2 then bind to the phosphorylated tail of CD127 in early endosomes
and likely recruit an E3 ubiquitin ligase shuttling the complex through late endosomes to the
proteasome for degradation. See figure 6 for model illustrating homeostatic recycling of CD127
following IL-7 stimulation.
At lower concentrations of IL-7, CD127 surface protein is downregulated from the surface of T
cells in a transient manner. It was suggested that IL-7 can induce the internalization of CD127
transiently through a JAK independent mechanism (112). Here, primary human T cells pre-
treatment with JAK inhibitor followed by IL-7 treatment resulted in the removal of surface
CD127 over the course of six hours which then recovered by 24 hours, without any changes in
whole cell CD127 protein level (112). At higher IL-7 concentrations, CD127 downregulation is
sustained for prolonged periods with CD127 gene transcription being also shut off to inhibit the
production of de novo protein (111). Here, the downregulation of CD127 is depended on the
activity of JAK and is achieved via the recruitment SOCS2 and CIS (111). This observation is in
line with previous work demonstrating that SOCS proteins directly inhibit Jakl-mediated
signalling (113), as well as recruit cellular E3 ligases to the cytosolic tails of numerous receptors
inducing their ubiquitination and subsequent proteasomal degradation (114-117).
1.4.2 CD127 Structure

IL-7Ra belongs to the cytokine receptor homology class | (CRH1) family and is composed
of three domains: extracellular, transmembrane and intracellular. The full length form of CD127

consists of 439 amino acids (aa), with a calculated molecular weight 49.5 kDa (58). However, in
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Figure 6. Cumulative model illustrating homeostatic recycling of CD127 at the cell surface and down
regulation of CD127 surface protein and gene transcription following IL-7 stimulation. In resting CD8 T
cells, CD127 recycles on and off the cell membrane likely through early endosomes with basal protein
turn over in the lysosome. IL-7 binding to CD127 initiates rapid internalization of surface CD127 protein
and activation of JAK which in turn phosphorylates Y449 in the cytoplasmic tail of CD127 as well as
STATS. Phospho-STATS dimers translocate to the cell nucleus where they up regulate the expression of
CIS, SOCS1 and SOCS2 proteins. CIS and SOCS2 then bind to the phosphorylated tail of CD127 in early
endosomes and likely recruit an E3 ubiquitin ligase shuttling the complex through late endosomes to the
proteasome for degradation. In parallel, activated STATS5 dimers induce c-Myb expression which in turn
binds to the CD127 gene promoter and suppresses CD127 transcription (111). Figure was obtained with
permission from author (Permission from the corresponding author as is depicted in the appendix)
(111).
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SDS-PAGE under reducing conditions, the apparent molecular mass of CD127 is approximately
75-90 kDa due to extensive glycosylation.

The protein has a structure typical for binding an a-helical cytokine, and it is
composed of a 219 aa extracellular domain, a 25 aa transmembrane domain, and a 195 aa
intracellular domain (118). Structurally, the extracellular domain shares homology with other
members of the type | family of cytokine receptors. In particular four invariant cysteine residues
are located at the N-terminus of the extracellular domain, which are involved in intra-chain
disulfide bond formation (119). Close to the transmembrane domain, the extracellular domain
contains a Trp-Ser-Trp-Ser (WSXWS) motif involved in the proper folding of the protein. Finally

the extracellular domain contains two fibronectin type lllI-like modules connected by a 310-

helical linker (120). The CD127 extracellular domain also contains six N-linked glycosylation sites
(1219). Although they do not occur in the IL-7 binding site, glycosylation significantly enhances
IL-7 binding to the receptor by up to 300-fold. It appears glycosylation of CD127 stabilizes its
interaction with CD132 which in turn stabilizes receptors: ligand binding (121).
1.4.3 Functional regions of the IL-7R intracellular domain

The CD127 intracellular domain is fundamental for signal transduction. While it lacks
intrinsic kinase activity, the intracellular domain contains several structural and functional
motifs that are involved in recruitment of signal transducing molecules. This 195 aa domain
contains four characterized regions. A small membrane-proximal domain, Box 1, conserved in
mouse and humans, is proline rich and is important for the binding of Janus family tyrosine

kinases (JAKs) (122). Next to Box 1 is an acidic domain, followed by a serine-rich domain, and a
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C-terminal tyrosine domain that contains three tyrosine residues also conserved in mouse and
humans (Y401, Y449 and Y456) (118). See regions of CD127 in figure 7.
1.4.3.1 Box |/ Y449 (JAK/STAT related region)

The cross-specificity in JAK and STAT activation results in one of the major nodes of
cytokine signalling crosstalk. IL-7 was shown to induce a rapid and dose-dependent tyrosine
phosphorylation of JAK1 and JAK3 (123). Furthermore, JAK1 and JAK3 knockout mice display
severely impaired thymic development, suggesting their importance in IL-7 signalling (reviewed
in (58)). JAK1 is known to associate with CD127 Box 1. In support of this, JAK1 phosphorylation
was shown to be eliminated when CD127 Box1 was deleted (95). Most literature indicates JAK3
is pre-associated uniquely with the intracellular domain of CD132 (reviewed in (124)).

IL-7 was also shown to induce a rapid and dose-dependent phosphorylation of STAT5a/b
leading to DNA-binding activity (123). STAT5 phosphorylation was eliminated with a point
mutation of Y449 on CD127, which is consistent with a previous study showing the direct
association of SH2 domain of STAT5 with phosphorylated Y449 on CD127 (125). STAT is known
to dock on phosphorylated tyrosine residues and after being itself phosphorylated, it mediates
dimerization, interacting with other SH2 domains (58).

In this model of IL-7 signalling, IL-7 binds to CD127 and then recruits CD132, bringing
together their intracellular domains bearing JAK1 and JAK3. These two kinases have a low
intrinsic enzymatic activity, but after their mutual phosphorylation, they acquire much higher
activity. JAK1 in turn phosphorylates the critical Y449 site on CD127 (95). Phosphorylated Y449
serves as a docking site for STAT5 and possibly other adaptors, and they would in turn become

phosphorylated by JAK1 and JAK3. Phosphorylated STAT5 dimers translocate to the nucleus and
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Figure 7. Linear representation of wild type CD127. Note this representation is not to scale.
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trigger the transcriptional events of their target genes (reviewed in (58)). Perforin and B-cell
lymphoma 2 (BCL-2) are two of the many genes unregulated through STATS signalling (126).
During thymopoiesis, STAT5 association with the TCR promoter has been implicated in proper
V(D)J rearrangement through histone acetylation (127).
1.4.3.2 Y449 (PI3K related region)

IL-7 has clearly been shown to also activate PI3 kinase in human T cells (128) where JAK3
was found to associate, phosphorylate and activate the catalytic p85 subunit of PI3 kinase (128-
130). The p85 subunit was also shown to directly bind to phosphorylated Y449 via an SH2
domain which then would activate the catalytic subunit (131). AKT/protein kinase B (PKB) is a
downstream target of the PI3 kinase and plays important roles in glucose metabolism, cell
proliferation and apoptosis (132). PI3 kinase dependent IL-7 signalling also regulates the
expression of cyclin-dependent kinases (Cdks) which drive proliferation (133), sequester the
pro-apoptotic molecules BAD (BCL-2-antagonist of cell death) and BAX (BCL-2-associated X

protein) (95,134), and induce the translocation of GLUT-1 to the cell membrane (135,136).

1.4.3.3 Acidic domain (Src family related region)

IL-7 stimulation leads to the activation of Src family of kinases in some T lymphoblastic
cell lines (137) and human primary T cells (138). In T lymphoblastic cell lines, p59fyn has been
shown to associate with the acidic domain of CD127 (139). In human T cells, both p59f"n and
p56ICk were shown to be physically associated with CD127 (138). The effects of these
associations and their relevance in humans in vivo are not yet clear.

1.4.3.4 Serine domain
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The serine domain was shown to be dispensable for T cell survival and development in
vivo (95).

1.4.4 Signal transduction pathways

IL-7 signaling is thought to function via the classical stepwise cytokine-induced receptor
heterodimerization paradigm (reviewed in (140,141,141)). In this mechanism, IL-7 interacts
with the CD127 extracellular domain, forming a 1:1 assembly (141,142), which subsequently
recruits CD132, producing the signaling complex. The association of the two receptors by IL-7
brings JAK1 and JAK3 together which mutually phosphorylate each other, increasing their
kinase activity. JAK3 then phosphorylate Y449, creating a docking site for several signalling
molecules including STAT5 and PI3 kinase. Activation of JAK-STAT and PI3 kinase are considered
the major signaling pathways in T cells (58). IL-7 has been shown to associate with a variety of
other signaling molecules including p56'Ck, p59fy”, p38 and members of the Src family of kinases;
however their relevance is not yet clear (138,139).

IL-7 signalling is important for both thmyocytes and mature lymphocytes leading to
proliferation, cell survival and differentiation. One significant consequence of IL-7 receptor
signalling is the maintenance of cell survival by promoting a favourable balance of BCL-2 family
members by increasing expression of the survival proteins BCL-2 and MCL1 (myeloid-cell
leukaemia sequence 1), and by redistributing the cell-death proteins BAX and BAD (reviewed in
(58)), see figure 8. In thymocytes, IL-7 signalling provides trophic and proliferative signals to
double-negative thymocytes and also directly instructs recombination of the T cell receptor y-

chain (TCRy) locus (51,52), see figure 8.
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1.4.5 CD127 Dysregulation in HIV Infection

We and others have demonstrated that in HIV' persons with uncontrolled plasma
viremia, significantly fewer CD8" T cells express cell surface CD127 compared to healthy
individuals (82,84,86,143,144). The progressive reduction in the fraction of CD8+CD127+ T cell
subset often drops below 50% in peripheral T cells (80,82,84,85,144). The CD8+CD127- cells do
not express CCR7 or CD62L and produce IFNy, but not IL-2 (85). Of note, the levels of
CD8+CD127- T cells in HIV® persons correlated directly with the main markers of disease
progression (i.e. plasma viremia and CD4+ T cell count), as well as with the indices of overall T
cell activation (85). Fortunately, suppression of viral replication with effective antiretroviral
therapy is associated with a greater proportion of CD8" T cells expressing CD127 compared to

untreated HIV® persons (82,85,143).

1.5 HIV-1 Tat

1.5.1 Function of HIV Tat protein

HIV-1 encodes small nuclear transcriptional activator protein known as trans-activator
of transcription (Tat) (146). Unlike other transactivtors, which only bind to DNA, HIV-Tat can
bind to HIV proviral DNA (147), host cell DNA (148) and viral RNA and affect transcription. The
ability of Tat to bind to viral RNA during its transcription distinguishes it from other
transactivators. Tat is the first protein to be produced after cDNA synthesis by reverse
transcriptase (149). It is not only required for initiation of viral transcription but indispensable
for full-length RNA synthesis (150). The rate of transcription of HIV-1 provirus varies greatly. It is
very low in the early phases of HIV infection but increases hundreds of folds during late phases

of infection (151). Sodroski et al. showed that induction or transactivation of transcription is
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Figure 8. Interleukin-7 receptor signalling cascades. IL-7 signals through the IL-7 receptor, a heterodimer
comprised of CD127 and CD132. During T cell development in the thymus, IL-7-mediated signalling
participates in TCR gene rearrangement through DNA demethylation and histone acetylation. In all T
cells, IL-7-mediated signalling initiates downstream signalling pathways through JAK1, JAK3 and PI3
kinase, resulting in the phosphorylation and activation of STATS. These result in changes in the
expression of BCL-2 family members, such as increased expression of the anti-apoptotic molecules BCL-2
and MCL1 and decreased expression of the pro-apoptotic molecules BAX, BIM and BAD. IL-7-mediated
signalling also leads to decreased levels of p27"", increased levels of CDC25A (cell division cycle 25
homologue A) and changes in the expression of TCR modulators such as Casitas B-lineage lymphoma B
(CBL-B). The result of IL-7-mediated signalling is increased T cell survival, increased proliferation,
augmented TCR signals and, for recent thymic emigrants, TCR-independent proliferation. Figure was
obtained with permission from Nature Publishing Group (Permission from the corresponding author as
well as the publishing group are depicted in the appendix) (145).
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due to a HIV-Tat protein (152). In vitro studies have shown that, only short transcripts are
synthesized in absence of Tat protein and most of the full-length transcripts are synthesized in
the presence of HIV-Tat protein (153).

Tat increases the transcriptional rate in three different ways. First, Tat modifies
chromatin conformation at the proviral integration site and makes it more suitable to viral
transcription. Tat binds to a secondary hairpin structure formed at the 5’ end of newly formed
HIV RNA transcripts, termed the trans-activation response (TAR) element, via cyclin T1 bridging
the activation domain of Tat and the TAR loop, see figure 9 (reviewed in references
(151,154,155). Through this interaction, Tat recruits a series of transcriptional complexes,
including enzymes with histone and factor acetyl transferase (HAT and FAT) activities, which
modify chromatin and increase transcription (156). Tat allows for a several fold increase in the
rate of HIV transcription after binding to TAR (157). With Tat protein, long polyadenyhlated
RNA and increased gene expression is ensured (158-161).

Second, Tat recruits positive transcriptional elongation factor (pTEFb) to adjust the
activity of RNA polymerase Il (RNAPII). In mammalian cells, RNAPII activity is controlled by the
phosphorylation status of its carboyxyl-terminal domain (CTD) (162). Hyperphosorylation
increases the processivity of the enzyme complex, while the hypophosorylation correlates with
low processivity (163). In the absence of Tat, transcription from HIV-1 LTR produces
predominantly short RNA transcripts because hypophosphorylated RNAPII is arrested
prematurely following the actions of negative elongation factors, including DSIF (5,6-dichloro-1-
beta-D-ribofuranosylbenzimidazolesensitivity-inducing factor) and NELF (negative elongation

factor complex) (164). pTEFb, a kinase complex capable of phosphorylating the CTD of RNAPII,
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is composed of cyclin T1 and cyclin-dependent kinase 9 ( Cdk 9) (155,165-167). Tat binds to the
TAR structure on the viral RNA and recruits pTEFb complex through binding to cyclin T1
(155,155,165-168). Recruitment of pTEFb to TAR stimulates RNAPIlI phosphorylation by Cdk9
(169), and alters the substrate specificity of Cdk9 to include Ser5 phosphorylation of the CTD
(170), resulting in the dissociation of DSIF and NELF (164). As a result, Tat facilitates
transcription initiation. In addition, Tat also facilitates transcription elongation. Acetylation of
Tat at Lys50 by p300 or hGCNS5 dissociates cyclin T1 and Tat from TAR RNA (171-173) and
transfers Tat to the elongating RNAPII complex where it recruits PCAF (p300/CREB binding
protein-associated factor) via the PCAF bromodomain and enhances the transcriptional
elongation of HIV-1 (174-177).

Third, Tat transactivtes HIV-1 transcription through the activation of NF-kB (178).
Protein members of the Rel/NF-kB family bind to the enhancer element of the viral LTR
(179,180). In the un-stimulated normal cell, NF-kB is retained in the cytoplasm by its inhibitor
protein IkB-a (179). Tat promotes NF-kB activation through a change in the redox state of the
cell and IkB-degradation (181-183).

1.5.2 Tat: Role in HIV pathogenesis

In addition to its crucial role in activating viral transcription, Tat is associated with a
number of additional activities. Tat protein accumulates in the nucleus of HIV-infected cells, but
can also act as a pleiotropic exogenous factor, because of its ability to induce various biological
effects in different cell types (184). Extracellular Tat is actively released from HIV- infected cells

(185,186) into the microenvironment and the circulation (187). Serum levels of HIV-Tat in HIV-
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Figure 9. TAR RNA Structure. Tat recognition primarily requires interactions with the bulge region of
TAR. In the presence of cyclin T1, conformational rearrangements in Tat permit interactions with the
apical loop sequences (16). Figure adapted from (16). Figure was obtained with permission from Elsevier
(Permission from the corresponding author as well as the publishing group are depicted in the appendix)
(16).
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infected individuals vary between 0.1 - 1.0 ng/mL (187). Extracellular Tat targets different types

of uninfected cells causing a variety of biological effects related to immune dysfunction.

Tat can affect many bystander cells though interaction with their receptors including
CD26 (188), lipoprotein receptor-related protein (LRP) (189), CXCR4 (190,191) and hepran
sulphate proteoglygans (HSPGs) (192). Tat protein is able to enter cells though endocytosis and
can activate expression of various genes involved in inflammatory responses such as TNF-f, IL-6
and TGF-B (193,194). Tat is also known to repress cellular immune responses such as MHC-I
presentation, IL-2, CD25 and anti-oxidative enzyme expression (193,195).

Immuno-suppression is one of the main characteristic features of AIDS, which develops
in due course of time among HIV patients. Tat was demonstrated to play a role in
immunosuppression and apoptosis of uninfected cells (196,197). Tat contributes to the
immunosuppression of uninfected cells partly because of its enhancing effect on interferon -a
(INF-a) production (197). INF-a has antiproliferative effects and at high levels is
immunosuppressive. Both Tat and INF-a promote the generation of suppressor T cells in HIV-1
infected peripheral blood mononuclear cells (198). In addition, Tat directly inhibits antigen- and
mitogen-induced lymphocyte proliferation (199,200). Tat also inhibits the natural immunity
mediated by natural killer cells by blocking L-type calcium channels, which contributes to
progressive immunosuppression during HIV-infection (201).

The downregulation of MHC | expression on HIV infected cells by HIV-Tat protein
suggests another mechanism for the development of immune evasion and immune suppression
(202). Since MHC | presents intracellular processed antigens to CD8+T cells, the downregulation

of MHC | could severely affect CD8+T cell-associated immune responsiveness (195). Tat is
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known to inhibit the production of nitric oxide (NO) by host macrophages (203). This in turn
makes the host vulnerable to infections, because NO provides one of the first lines of defense
against general opportunistic pathogens (203).

Next to immunosupression, Tat was shown to favour the spread of HIV-1 through
different mechanism. First, Tat is able to increase, in dose dependent manner, the amount of
HIV-1 correceptors, CCR5 and CXCR4, on the surface of CD4+ T cells (204). With more of these
receptors on their surface these cells may be more susceptible to HIV-1 infection (204,205).
Second, Tat was also shown to cause chemokine-like effects by promoting migration of several
cell types, thereby recruiting cells to the vicinity of HIV-producing cells. Tat-induced migration
has been reported for monocytes, endthoelial cells, B cells, dendritic cells and
polymorphonuclear leucocytes (206-209).

1.5.3 Structure of HIV Tat protein

HIV-1 Tat is an 86-101 aa regulatory protein with a molecular weight of 12-14 kDa (185).
Two forms of Tat are generated by translation from multiple spliced viral transcripts. One form
is 72 amino acids in length and is encoded by a one-exon transcript (210). The other form is 101
amino acids in length and contains a C-terminal domain; this form is encoded by two exons
separated by a non-coding region (193). Once transcription of full-length Tat mRNA is
completed, the tat transcripts undergo double splicing, which results in removal of the non-
coding region between the two coding exons (193). Residues 1-72 are encoded by the first
exon and residues 73-101 are encoded by the second exon (Figure 10) (193,211). The difference
in the position of translational stop codon in the second coding exon accounts for the range of

size of two-exon Tat (86-101 amino acids). Malim et al. demonstrated that early in infection,
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two-exon Tat is generated, while one-exon Tat appears after the onset of Rev expression (212).

Tat protein is divided into six regions described in figure 10. Region | is rich in proline
and includes residues 1 to 21 (Figure 10). Acidic amino acid residues present at positions 1 and
2 act as a pH sensor and play an important role in entry of Tat into cells. This region also has a
conserved tryptophan at position 11 that is essential for release of Tat from infected cells (213)
and its translocation into the cytosol of bystander cells (214).

Region Il comprises residues 22 to 37 (Figure 10). This is a cysteine-rich region, having
seven well conserved cysteines. Mutations in any of cysteines, except at position 31, result in
loss of transactivation ability of Tat (215). Crystal structure of Tat-pTEFb complex shows that
the conserved cysteines and histidine at position 33 are involved in Zn ion binding (216).

Region lll ranges from residues 38 to 48 (Figure 10). This region has a conserved
phenylalanine at position 38 and the conserved sequence “KGLGISYG™ at residues 41 - 48. The
amino acid residues 41 to 45 are part of the minimal activation domain together with the
cysteine-rich domain (217).Region IV consists of residues 49 to 59 (Figure 10). This region is rich
in basic amino acid residues and has a well conserved sequence *9RKKRRQRR. This sequence is
essential for binding of Tat to TAR (217) and translocation of Tat to the nucleus (218). Residues
55 to 57 along with the acidic residues of the first region form a pH sensor, which controls the
entry of Tat protein to the cytosol through the endosomal membrane (214). The basic domain
is also required for efficient endocytosis of HIV-Tat protein (214).

Region V ranges from residue 60 to 72 (Figure 10). This region is a glutamine-rich region

and involved in microtubule polymerization and Tat-mediated apoptosis of T-cells (219).
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Figure 10: HIV-1 Trans-activator protein is composed of six regions. Linear representation of wild type
Tat protein. Figure was obtained with permission from John Wiley and Sons (Permission from the
corresponding author as well as the publishing group are depicted in the appendix) (194).
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Region VI, starts from residue 73 and can extend to either residues 88, 89 or 101 (coded for by
the second exon). This region has a conserved 8RGD®*® motif and is involved in cell adhesion
(220). An ®°ESKKKVE?® motif in this region is involved in NF-kB mediated transcription of HIV
genes (221). Region VI is also responsible for modifications of cell cytoskeleton structure as well

as T-cell signaling and activation (222).

1.5 CD127 and Tat

It has been established that active HIV replication is associated with marked decrease in
the expression of CD127 on CD8 T-cells in HIV+ patients (82). Suppression of HIV replication
with antiretroviral therapy was associated with an apparent recovery of CD127 on CD8 T cells
(82). Our lab has recently shown that this down regulation of CD127 is mediated by the HIV Tat
protein and results in poor CD8 T cell function, proliferation and perforin synthesis after
stimulation with IL-7 (104,223,224). Recently, Tat’s ability to bind to CD127 was shown to be
mediated by Tat’s N-terminus, where the removal of the N-terminus of Tat prevented Tat from
co-immunoprecipitating with CD127 (225). Tat’s ability to downregulate CD127 was shown to
be time and dose sensitive and can be blocked with anti-Tat antibodies; also this
downregulation can be reversed by removing Tat from the culture media (104,223,224).

Soluble Tat is secreted by infected CD4 T cells and taken up by neighbouring uninfected
CD8 T cells through endocytosis. Once in the cytoplasm, Tat translocates to the inner leaflet of
the cell membrane where it binds directly to the cytoplasmic tail of CD127 inducing receptor
aggregation, internalization, and degradation by the proteasome (104,223,224). By removing
CD127 from the cell surface, the HIV Tat protein is able to reduce IL-7 signalling and impair CD8

T-cell proliferation and function.
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1.6 Hypothesis

In view of the pivotal role CD127 plays in CD8 T cells development, survival and function,
and the established Tat induced downregulation of CD127; | hypothesize that HIV-1 Tat protein

binds to a region on the CD127 cytoplamic tail.

1.7 Objectives

1) Construct a series of deletion mutants removing each of the four identified regions of
the CD127 cytoplasmic domain
2) Transfect these clones into a cell line that doesn’t express CD127.

3) Determine which region or regions of CD127 are required for Tat binding
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2. Chapter 2. Materials and Methods

2.1 Reagents
2.1.1 Cytokines

Interleukin-2 (cat. no. PHC0027) was obtained from Gibco® by Life Technologies
(Frederick, MD USA), and was resuspended in phosphate buffered saline (PBS) plus 0.1% bovine

serum albumin (BSA) at a stock concentration of 10 ng/pul and stored at -80°C.

2.1.2 Antibodies
2.1.2.1 Antibodies for Flow Cytometry

For flow cytometry anti-CD127-phycoerythrin (PE) (R34.34) fluorochrome-labeled
monoclonal antibodies (cat. no. IM1980U) were purchased from Immunotech Beckman Coulter
IO Test (Marseille, France). Fluorochrome labeled antibodies used for flow cytometry was
titrated and used at saturating concentrations.
2.1.2.2 Antibodies for Western Blot and Co-Immunoprecipitation (ColP) Assays

Polyclonal goat anti-human CD127 antibodies (cat. no. AF306PB) and monoclonal mouse
anti-human CD127 antibodies (cat. no. MAB306) were obtained from R&D Systems
(Minneapolis, MN). Monoclonal mouse anti-human B actin antibodies (C4) (cat. no. SC47778)
were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Monoclonal anti- HIV-1 Tat
antibodies (cat. no. 1102) were obtained from Immunodiagnostics (Woburn, MA). All primary
antibodies in Western blots were used at a final concentration of 1 pg/ml. Secondary
antibodies, donkey anti-goat (cat. no. HAF109) and goat anti-mouse (cat. no. HAFO07) were

purchased from R&D Systems (Minneapolis, MN).
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2.2 Culture of Cell-lines

The human lymphoblastic CEM, Jurkat, A3, SupT, U9 and TALL 104 cell lines were
obtained from the American Type Culture Collection (Manassas, VA). All T cell lines, except the
TALL-104 cell line, were cultured at a density of 1 x 10° cells/ml in media comprised of RPMI
1640 (Gibco; cat. no. 11875-093; Grand Island, NY) supplemented with 100 U/ml penicillin
(Sigma; cat. no. A0166; Saint Louis, MD), 100 pug/ml streptomycin (Sigma; cat. no. P0781; Saint
Louis, MO), and 10% fetal bovine serum, FBS (Gibco; cat. no. 10082147; Carlsbad, CA). TALL-104
were cultured in ATCC-formulated Iscove's Modified Dulbecco's Medium (cat. no. ATCC 30-
2005; Manassas, VA) supplemented with 100 U/ml penicillin (Sigma; Saint Louis, MD), 100
ug/ml streptomycin (Sigma; Saint Louis), 50 U/ml recombinant human IL-2 (Gibco; cat. no.
PHCO0026; Carlsbad, CA)., 2.5 pug /ml human albumin (Sigma; cat. no. A5843; Saint Louis, MO);
0.5 pg /ml D-mannitol (Sigma; cat. no. M9546; Saint Louis, MO) and 20% FBS. All cultures were

maintained in a humidified incubator at 37°C in the presence of 5% CO..

2.3 Primary Human CD8 T Cell Purification and Culture

Primary human CD8 T cells were isolated from blood of healthy volunteers with consent.
Blood was drawn into syringes containing sodium heparin (20 units/ml), and peripheral blood
mononuclear cells (PBMC) were isolated by Ficoll-Paque density centrifugation. In brief, 30 mL
of blood was slowly layered above 12.5 mL of Ficoll-Paque™ PLUS (GE Healthcare; Piscataway,
NJ) and was centrifuged for 30 minutes at 16000 rpom. The PBMC fraction was transferred to
fresh 50 mL tubes and PBMCs were pelleted and washed twice with PBS before resuspension in

800 uL of MACS buffer (PBS with 0.5% BSA and 2 mM EDTA) per 108 cells. CD8 MicroBeads
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(Miltenyi Biotec, Auburn, CA, USA) were added to the cells in MACS buffer at a ratio of 1:4 per
volume and the mixture was incubated on a rotator at 4°C for 25 minutes. The excess beads
were then washed out by cell pelleting. After washing with PBS and resuspending the labeled
cells in 2 mLs of magnetic-activated cell sorting (MACS) buffer, CD8 T cell purification was
performed using the AutoMACS Isolation System (Miltenyi Biotech) using the cell sorter
program ‘possel_s’ and CD8+ fractions were collected at the ‘positive’ fractions output. Purified
CD8 T cells were cultured at a density of 1 x 10° cells/ml at 37°C in media comprised of RPMI
1640 (Gibco; Grand Island, NY) supplemented with 100 U/ml penicillin (Sigma; Saint Louis, MD),
100 pg/ml streptomycin (Sigma; Saint Louis), MO and 20% FBS (Gibco; Carlsbad, CA). Cell purity
was consistently >95% CD8" as assessed by flow cytometric analysis with only 2.6+0.9%
CD8'CD3'CD16°CD56" NK cells (111). All cultures were maintained in a humidified incubator at
37°C in the presence of 5% CO,. All research conducted using human blood was reviewed and
approved by the Ottawa Hospital Research Ethics Board. The ethical consent forms are

attached in the appendix.

2.4 SDS-PAGE Western Blotting

The human lymphoblastic CEM, Jurkat, A3, SupT, U9 and TALL 104 cells(1 x 10° cells per
condition) were collected by centrifugation at 6000 g for 10 minutes. Whole cell lysis was
carried out in 50 uL RIPA buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 2 mM EDTA, 1% NP-40,
0.1% SDS plus 1X Halt Protease Inhibitor Cocktail (Roche Diagnostics, Mannheim, Germany) at
4°C for 45 minutes. Protein concentration was quantified using the Bradford protein assay

(Sigma; cat. no. B6916; Saint Louis, MO). Equal amounts of protein were added to 2x Laemmli
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loading buffer (25 % glycerol, 125 mM Tris-HCl pH 6.8, 4% SDS, 10% B-mercaptoethanol, 0.01%
bromophenol blue), boiled for 10 minutes and loaded onto an 8% or 12% SDS-polyacrylamide
gel for detection of CD127 protein or Tat protein respectively. SDS-PAGE was carried out using
the Mini-PROTEAN Tetra Cell apparatus (BioRad; Hercules, CA) at 120 volts. Proteins were then
transferred to Immun-Blot PVDF membranes (Millipore, Billerica, MA, USA) using a semi-dry
transfer apparatus (Bio Rad, Hercules, CA, USA) at 15 volts for 15 minutes. Membranes were
then blocked with 5% nonfat dry milk in Tris-Buffered Saline plus 0.1% Tween-20 (TBST) for at
least 1 hour. To detect CD127, membranes were incubated with a 1:1000 dilution of polyclonal
goat anti-human CD127 antibody (R&D Systems) in 2% nonfat dry milk in TBST overnight at 4°C
with constant agitation. To detect Tat, membranes were incubated with a 1:1000 dilution of
monoclonal anti-Tat (Immunodiagnostics) in 2% nonfat dry milk in TBST overnight at 4°C with
constant agitation. The next day, membranes were washed three times for 5 minutes each in
TBST and then incubated with a 1:5000 dilution of horseradish peroxidase (HRP) conjugated to
a secondary antibody in 2% nonfat dry milk in TBST for 1 hour at room temperature with
constant agitation. For CD127 detection, a donkey anti-goat secondary antibody (R&D Systems)
was utilized; while for the Tat detection, a goat anti-mouse secondary antibody (R&D Systems)
was utilized. Membranes were again washed three times in TBST and proteins were visualized
by chemiluminescence using the Western Blotting Luminol Reagent Kit (Santa Cruz
Biotechology Inc. cat. no. SC2041) according to the manufacturer’s instructions.

For re-probing loading controls, membranes were stripped for 30 minutes at 50°C in
stripping buffer (2% SDS, 62.5 mM Tris-HCl pH 6.8, 100 mM B-mercaptoethanol), washed 5

times with TBST, blocked with 5% nonfat milk in TBST for 1 h and then re-probed with a
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monoclonal mouse anti-human B actin antibody followed by an HRP conjugated goat anti-

mouse antibody (R&D Systems).

2.5 Cloning Plasmids

To examine the region required for HIV-1 Tat-CD127 binding, new constructs were
generated using pCMV6-CD127 plasmid (OriGene, Rockville, USA) which encodes for the human
IL7R-alpha (CD127) gene downstream of the CMV promoter (Figure 11). Deletions of each of
the domains were carried out using the Stratagene Site Directed Mutagenesis Kit XL
(Stratagene, La Jolla, CA, USA) which uses the ultra-high fidelity polymerase (Pfu-Ultra) for DNA
amplification. To create the new clones with the deletions, the forward primers were designed
to commence just downstream of the sequence to be deleted, while the reverse primers were
designed to commence just upstream of the sequence to be deleted (Figure 12). All the primers
were obtained from (Invitrogen; Grand Island, NY) and are summarized in (Table 2). One round
of polymerase chain reaction (PCR) would amplify the coding sequence starting downstream of
the sequence to be deleted all the way around to upstream of the sequence to be deleted
(Figure 12). Hence, this design would produce a vector with the region/domain of interest
deleted (Figure 12).

However, to introduce the specific point mutation, Try to Phe at position 449 (Y449F),
the primers were designed with a mutation in the middle and were used as starting template to
generate copies of the plasmid with the mutation (Figure 13). The sample reactions were
prepared as follows: 50 ng of template DNA, 125 ng forward primer, 125 ng reverse primers, 5

ul of 10X reaction buffer, 1 ul of dNTP mix, 1 ul of Pfu ultra enzyme and completed to 50 ul with
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Figure 11. pCMV6-CD127 plasmid back bone, containing the CD127 cDNA cloned downstream of the
CMV promoter from OriGene®. (Permission from OriGene® is depicted in the appendix) (226).
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Figure 12. Cloning strategy for pCMV-CD127 mutant plasmids. 1) PCR was used to amplify the coding
sequence regions just downstream all the way around to just upstream of the region to be deleted. 2)
The template was then digested by the addition of Dpn | enzyme. 3)The PCR vector underwent a ligation
process to generate plasmids lacking the deleted region. 4) The mutant plasmid was then transformed
into XL blue competent bacteria cells. 5) DNA was then extracted from any colonies formed and sent to
sequencing to confirm deleted region.
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Table 2. Primers used to clone the CD127 deletion mutants. The primers were designed using
Oligonucleotide Properties Calculator. URL:
http://www.basic.northwestern.edu/biotools/OligoCalc.html.

The Y449F primers were designed using the Stratagene Site directed Mutagenesis primer designer
program.
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Mutation

Pri . Mutati ;

Ng:::r site w.r.t ac:i:vI: dn Nucleotide sequence (5’-3’)
CD127 gene

Y4 | 1346134 | SUDSHIULION | p A ATCAAGAAGAAGCATTCGTCACCATGTCCAGCTTC

forward Y449F

YA4F- | 13461348 | SUDSHUNION | ) ) GCTGGACATGGTGACGAATGCTTCTTCTTGATTTG

reverse Y449F

Aacidic- | 253 1071 A Acidic CCAGAAAGCTTTGGAAGAGATTCAT

forward domain

hacidic- | 793 1071 | AAddic CCATAACACACAGGCCAAGAT

reverse domain

Abox -~ g13 849 A Box| AAGACTCTGGAACATCTTTGTAAGAAA

forward domain

Aboxl- g5 840 A Box| GATAGGCTTAATCCTTTTTTTCCATAAC

reverse domain

Aserine- | 179 1185 | ASerine AATGGGCCTCATGTGTACCAG

forward domain

Aserine- | 7y 1185 | ASerine AGTGATGACTACATCCTCAGATG

reverse domain

Aetall g6 4377 |2 CT ACGCGTACGCGGCCG

forward domain

Aetal- | 1861377 | 2Ot CTTGCCACTCTCCCTGCA

reverse domain

Changes to original DNA sequence are in red: Y449F point mutation.
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Figure 13. Overview of the QuickChange® Il XL-site directed mutagenesis method. Figure was obtained
with permission from Agilent Technologies © (Permission from Agilent Technologies © is depicted in the
appendix) (227).
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nuclease-free water. The PCR amplification conditions used were as follows: 95°C for 2 min for
initial enzyme activation, then 30 cycles of 95°C for 30s, 53°C for 1 min, then 72°C for 12 min 36
sec. Since the non-mutant plasmid template was originally generated in E. coli, it is methylated.
Therefore, to get rid of the non-mutant DNA template, the reaction mix was incubated with
Dpnl to eliminate methylated DNA (Figure 12 and 13). The digestion took place overnight at 37
OC. Ligation of the vector was the final step in clone generation (Figure 12). The ligation
conditions used were as follows: 51 ul PCR-amplified product, 3 ul of T4 ligase (New England

BioLabs; Ipswich, MA) and 6 pl of 10x ligation buffer (New England Biolabs; Ipswich, MA).

o
Ligation reactions were carried out overnight at 15 C.

2.6 Plasmid isolation and production

After molecular manipulations were carried out, plasmids were transformed into XL1-
Blue E. coli cells using a standard heat shock method: 50 pL of competent XL1-Blue (Stratagene,

La Jolla, CA, USA) were added to 10 pL of cloned construct on ice and incubated for 15 minutes.

Cells underwent heat shock at 420C for 30 seconds, and then were immediately placed on ice
for 2 minutes. This was followed by the addition of 250 ul of super optimal broth with catabolic

repressor 100 pg/mL (SOC) media (Sigma; cat. no. S1797; Saint Louis, MO). Transformed cells

o
were shaken at 37 C for 1 hour. Next, 200 uL of cells were then plated onto a 9 cm agar plate
containing kanamycin (kan; Sigma; cat. no. 60615; Saint Louis, MO) at 50 pg/mL concentration

(Figure 12). The following day, colonies were picked and inoculated into 2 mL of Luria broth (LB;

Sigma; cat. no. L3522; Saint Louis, MO) with kan at 50 pg/mL, and placed at 37OC overnight with
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shaking. The following day, mutant plasmids were isolated using the plasmid DNA purification
kit NucleoSpin” Plasmid QuickPure kit (miniprep) or the NucleoBond® Xtra Maxi kit (maxiprep)

both from Macherey-Nagel (Diren, Germany).

2.7 Plasmid Identification and sequencing

2.7.1 Agarose gel electrophoresis

To identify the plasmids with deletions, the plasmid was digested to reveal the CD127
cDNA apart from the vector backbone. Preliminary results helped to initially identify deletions
which were then confirmed by DNA sequencing (Figure 12). The digestion conditions were as
follows: 20 pl plasmid (from the 50 pl miniprep), 1 pl AsiSIl, 1 pl Mlu 1, 2.5 pl 10x NEB buffer 4

(New England Biolabs; Ipswich, MA) and 100 pg/mL BSA in a final volume of 25 pL. Digestion
took place overnight at 370C. The following day, the digestion was terminated by incubating the

o
samples at 85 C for 20 minutes. Following digestion termination, 6x loading buffer (30%
glycerol, 0.25% bromophenol blue and 0.25% xylene cyanol FF) was added to the digested
plasmids and the DNA was separated on a 1% agarose gel run at 80 volts for 1 hour. DNA bands

were visualized under ultraviolet light using ethidium bromide.
2.7.2 Sequencing

All sequences were verified by Sanger sequence analysis at the StemCore facility at the

Ottawa Hospital Research Institute (OHRI).
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2.8 Tat production

Recombinant Tat protein was produced in the XL2 Blue strain of E. coli and isolated over
Ni-TED columns. XL2 Blue E. coli were transformed with pTatC6H-1 plasmid which was obtained
through the AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH from
Dr. Abhay Patki and Dr. Michael Lederman. This vector has a pDS56 plasmid backbone and
encodes for the B clade Tat variant BH10 linked to six histidine residues at its C-terminal end

(Figure 14).

Bacteria were grown in 500 mL of Luria Broth (LB) with 100 pug/mL of ampicillin at 370C

with agitation to an OD600 of 0.2-0.4 (approximately 12-14 hours) before Tat production was

induced with 1 mM isopropyl B-D-1-thiogalactopyranoside (IPTG) for 3 hours. Bacteria were

pelleted and resuspended in 3 mL of sonication buffer (50 mM NaH2P04, 300 mM NaCl and 10

mM B-mercaptoethanol, pH 8.0) supplemented with 2 mg/mL of chicken egg white lysozyme
(Sigma-Aldrich; cat. no. L3790; Louis, USA) and 10 mM B-mercaptoethanol (Sigma-Aldrich,
Louis, USA) and incubated on ice for 1 hour to allow digestion of bacterial cell walls. Bacterial
lysates were then sonicated on ice for 10 seconds (each at AMP=30%) over 3 minutes pausing

10 seconds in between pulses (Vibra-Cell™, Sonics & Materials Inc., Newtown, CT, USA). Lysates

o
were then centrifuged at 10 000 g for 15 minutes at 4 C. The soluble fraction was then passed
through a Ni-TED Superflow column (Macherey-Nagel, Duren, Germany) and the column was

washed with five column volumes of wash buffer (50 mM NaH2P04, 300 mM NaCl, and 10 mM

B-mercaptoethanol, pH 8.0). Histidine tagged Tat protein (Tat6xHis) was eluted using 1 mL of
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Figure 14: The pTatC6H-1 plasmid containing Tat protein on a pDS56 vector backbone.

64



pDs56 6XHis

65



elution buffer (50 mM NaH2P04, 300 mM NaCl, 250 mM imidazole and 10 mM B-
mercaptoethanol, pH 8.0). Proteins were separated into 500 pL aliquots in 1.5 mL tubes and

frozen slowly using an isopropanol jacket and stored at -800C.

The identity of the purified Tat-1 protein was confirmed by Western blot analysis as
described above. PVDF membranes were probed for Tat using monoclonal anti-Tat antibodies
(Santa Cruz, CA). Goat anti-mouse-horseradish peroxidase (HRP) (R&D systems; Minneapolis,
MN) was used as a secondary antibody. Protein bands on Western blots were detected using
the Western Blotting Luminol Reagent Kit (Santa Cruz Biotechology) as per the manufacturer’s
instructions. Protein purity was confirmed by silver stain analysis as described in 2.9.

Recombinant Tat protein was quantified via densitometry of silver stained
polyacrylamide gels using commercially purchased Tat as a standard (Advanced BioScience

Laboratories Inc.; Rockville, MD).

2.9 Polyacrylamide Gel Silver Staining

Tat6xHis protein was separated on a 12% polyacrylamide gel and placed in fixing buffer

(40% ethanol, 10% acetic acid, and 50% ddHZO) for 30 minutes with constant agitation at room

temperature. The gel was then washed once for 10 minutes in rinse buffer (50% ethanol and

50% ddHZO), and then twice in ddHZO for 10 minutes. Next, the gel was sensitized in 0.02%
sodium thiosulfate for 1 minute; then washed twice for 5 minutes in ddHZO. To detect protein,

the gel was then placed in cold staining solution (0.1% silver nitrate) for 30 minutes with
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constant agitation before being developed in 3% sodium carbonate and 0.03% formaldehyde.

The developing reaction was quenched with 1% acetic acid.

2.10 Flow cytometry

Surface CD127 protein expression was analyzed by incubating 100 uL of cells (1x105
cells) with 4 pL of anti-CD127-PE antibody for 20 minutes to allow for antibody binding in the
dark at room temperature.

Cells were then analyzed by a Cytomics FC500 flow cytometer (Beckman Coulter;
Indianapolis, IN). Live cells were gated on the basis of side and forward scatter and at least

10,000 events were recorded for each sample. Auto-florescence from unstained cells was used

to set the cut-off gate for CD127 staining. Resulting profiles were analyzed with FCS Express 2

software (De Novo, Los Angeles, CA, USA).

2.11 Cell Transfection

Transfection of Jurkat T cells with wt CD127 plasmid and CD127 mutant plasmids

In brief, plasmid DNA used for transfection was isolated from XL1 Blue competent E. Coli
cells using the NucIeoSpin® Plasmid QuickPure kit (miniprep) or the NucleoBond® Xtra Maxi kit
(maxiprep) both from Macherey-Nagel. Jurkat cells were seeded at a concentration of 0.9
million cells/ml and were cultured overnight in RPMI-1640 media. The next day, 10 ug plasmid
DNA as well as Jurkat cells were suspended in 100 pL of Nucleofector” solution at 2.5x 10° cells
per condition and cell transfection was achieved using the Nucleofector Il device with the X-005

program setup. Post-nucleofection, cells were allowed to recover in pre-warmed serum-free
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RPMI-1640 at a concentration of 2.5 x10° cells/ml for 4 hours before being transferred into

RPMI plus 10% FCS at a concentration of 1x10° cells/ml.

2.12 Immunoprecipitation

IP of CD127 from Transfected Jurkat Cells

All immunoprecipitation (IP) buffers were supplemented with 1X Halt Protease Inhibitor
Cocktail (Roche Diagnostics). Twenty-four hours after transfection, five million Jurkat cells were
centrifuged at 6000 g for 10 minutes and lysed in 100 pul of Lysis buffer (50 mM Tris-HCl pH 7.4,
150 mM NaCl, 1 mM EDTA, 0.5% NP-40, 10% glycerol, 2 mM DTT) on ice for 1 hour. After
centrifugation at 11 000 g for 10 minutes to pellet cellular debris, supernatants were diluted
with 450 pl of Dilution buffer (10% glycerol, 20 mM Tris-HCl pH 8.0, 0.5 mM EDTA, 1 mM DTT, 1
mM PMSF, and 1 mg/ml BSA) and were pre-cleared to minimize background by incubating with
50 ulL of Protein G Agarose beads (cat. no 20398; Pierce-Thermo Fisher Scientific, Waltham, MA,
USA) on a rotary shaker for 1 hour at 4°C. Protein G beads were removed by centrifugation at
17 000 g. Pre-cleared lysates were then incubated with 2.5 ug of polyclonal goat anti-human
CD127 antibody or isotype control goat antibody (R&D Systems) and 50l of Protein G agarose
beads on a rotary shaker for 6 hours at 4°C. Antibody—protein G complexes were pelleted at 17
000 g for 2 minutes and washed four times with wash buffer (10 % glycerol, 100 mM NacCl, 20
mM Tris-HCI pH 8.0, 0.5 mM EDTA, 1 mM DTT, 1 mM PMSF, 0.1 % NP-40) for 2 minutes each
time at 4°C. Proteins were then eluted off the beads by adding 60 pL of 3X Laemmli loading

buffer, boiled for 10 minutes at 100°C, and loaded onto an 8% SDS polyacrylamide gel. Immune
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complexes were separated by SDS-PAGE and probed for the presence of CD127 protein by

Western blot. SDS-PAGE and transfer were carried out as described in 2.4.

2.13 Co-Immunoprecipitation

Co-IP of CD127 and Tat from Transfected Jurkat Cells

All Co-IP buffers were supplemented with 1X Halt Protease Inhibitor Cocktail (Roche
Diagnostics). Five million transfected Jurkat cells were centrifuged at 6000 g for 10 minutes and
lysed in 100 pl of Lysis buffer (50 mM Tris-HCI pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.5% NP-40,
10% glycerol, 2 mM DTT) on ice for 1 hour. After centrifugation at 11 000 g for 10 minutes to
pellet cellular debris, supernatants were diluted with 450 pl of Dilution buffer (10% glycerol, 20
mM Tris-HCI pH 8.0, 0.5 mM EDTA, 1 mM DTT, 1 mM PMSF, and 1 mg/ml BSA) and were pre-
cleared to minimize background by incubating with 50 uL of Protein G Agarose beads (Pierce-
Thermo Fisher Scientific) on a rotary shaker for 1 hour at 4°C. Protein G beads were removed by
centrifugation at 17 000 g. To determine the minimum amount of Tat to utilize, the pre-cleared
supernatants were incubated with 1 ug, 5 pg or 10 pg Tat6xHis protein for 1 hour at 4°C. For all
other Co-IP experiments, 10 g TatbxHis protein was used. CD127 was then
immunoprecipitated by incubating the supernatants with 2.5 pg of polyclonal goat anti-human
CD127 antibody or isotype control goat antibody (R&D Systems) and 50l of Protein G agarose
beads on a rotary shaker for 6 hours at 4°C. Antibody—protein G complexes were pelleted at 17
000 g for 2 minutes and washed four times with wash buffer (10 % glycerol, 100 mM NaCl, 20
mM Tris-HCI pH 8.0, 0.5 mM EDTA, 1 mM DTT, 1 mM PMSF, 0.1 % NP-40) for 2 minutes each

time at 4°C. Proteins were then eluted off the beads by adding 60 pL of 3X Laemmli loading
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buffer, boiled for 10 minutes at 100°C, and loaded onto a 12% SDS polyacrylamide gel. Immune
complexes were separated by SDS-PAGE and probed for the presence of Tat protein by Western

blot. SDS-PAGE and transfer were carried out as described in 2.4.
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3. Chapter 3: Results
3.1 Rational

Impaired cell mediated immunity is the clinical hallmark of HIV infection yet the manner
in which CD8 T-cells are disabled is not yet understood. IL-7 signalling is essential for normal
CD8 T-cell development and function. Our lab has previously shown decreased expression of
the IL-7 receptor alpha-chain (CD127) on circulating CD8 T-cells in HIV+ patients (82).
Furthermore, suppression of HIV replication with antiretroviral therapy was associated with an
apparent recovery of CD127 on CD8 T cells (82). Although the exact mechanism by which CD127
is down regulated in vivo has not been definitely established, our lab has shown soluble HIV Tat
protein when added to CD8 T-cells in culture is able to specifically down regulated CD127 at the
cell surface (223). The Tat mediated downregulation of CD127 was shown to be time and dose
dependent, specific for CD127, can be blocked using anti-Tat antibodies, and can be reversed by
removing Tat from the culture media (223). Furthermore, the decreased CD127 expression was
shown to result in impaired CD8 T-cell proliferation and perforin synthesis after stimulation
with IL-7.

Tat protein is secreted by infected CD4 T cells and is taken up by neighbouring
uninfected CD8 T cells though endocytosis. Once in the cytoplasm, Tat translocates to the inner
leaflet of the cell membrane where we believe, it binds to the cytoplasmic tail of CD127. Our
lab has previously shown that purified Tat protein physically interacts with CD127 on CD8 T cells
in vitro (223). More specifically, our lab has shown that Tat interacts with the cytoplasmic
domain of CD127 through its N-terminal domain (225). By binding to CD127, Tat then mediates
the accelerated internalization and proteasomal degradation of CD127. By removing CD127
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from the cell surface, the HIV Tat protein is able to reduce IL-7 signaling and impair CD8 T-cell
proliferation and function. Therefore, to better understand the molecular details of CD127/Tat
interactions, | have set out to determine the CD127 region(s) that bind to Tat. This work can
have great implications leading to novel drug targets which may disrupt the CD127/Tat
interaction and possibly result in improved IL-7 signalling and improved cell mediated
immunity.

In order to characterize the CD127/Tat physical interaction, | constructed a series of
CD127 deletions to generate mutant proteins each lacking a successive domain of the wild type
CD127 cytoplamic tail. The 195 amino acid CD127 cytoplasmic tail has been divided into four
domains: a membrane-proximal box | domain, an acidic domain, a serine-rich domain followed
by a C-terminal tail which contains three tyrosine residues (118). Once each domain is
successively removed, further experimentation can be performed to characterize the
CD127/Tat interaction.

Tat is known to affect the phosphorylation, ubiquitination, methylation and/or
acetylation states of numerous host proteins (228). Therefore, we wanted to investigate
whether Tat induces post-translational modifications in CD127. The binding of IL-7 to its
receptor results in phosphorylation of Y449 by Jakl (95) or Jak3 (135) and subsequent CD127
downregulation. Although initial removal of the receptor from the cell membrane can occur in
the absence of Y449 phosphorylation, Y449 phosphorylation is required for subsequent CD127
degradation by the proteasome (225). Since Tat is known to interact with several cellular
kinases (229,230), the potential for Tat to induce CD127 phosphorylation in a manner similar to

IL-7 was investigated by generating a plasmid with a point mutation at Y449,
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In this chapter, | describe a method to produce mutant plasmids and their expression in
a cell line. The mutant plasmids sequences were confirmed and their protein expression was
confirmed by Western blot and flow cytometry. | also describe a method to produce pure wild
type Tat protein. The identity of Tat protein was confirmed by Western blot.Finally, | use the
CD127 mutant protein and the Tat produced to further elucidate the mechanisms of CD127/

Tat interaction.

3.2 CD127 Region Required for Tat binding

3.2.1 Production and Expression of CD127 Mutant Proteins in a Cell Line
3.2.1.2 Production of CD127 mutant clones

The aim was to elucidate the region within CD127 that binds to Tat. To accomplish this, |
used the pCMV6-CD127 plasmid containing the CD127 cDNA cloned downstream of the CMV
promoter (OriGene). The pCMV6-CD127 plasmid was utilized to construct a series of deletion
mutant proteins removing each of the identified regions within the CD127 cytoplamic domain
(Figure 7). We reasoned that the expression of these mutants in a cell line lacking CD127 would
allow us to determine the region required for Tat binding. Plasmids encoding CD127 lacking the
box1 domain [A Box1; A 9 amino acid (aa); A 27 base pairs (bp)], acidic domain (A Acidic; A 93
aa; A 279 bp), the serine domain (A Serine; A 38 aa; A 76 bp) and the c-tail (A C-tail; A 64 aa; A
192 bp) along with the plasmid containing a point mutation Y449F were successfully created
and purified as described in Chapter 2. A summary of all the plasmids harboring mutations of
the CD127 cytoplasmic tail are depicted in figure 15. The clones were digested and ran on an

agarose gel revealing the CD127 cDNA as seen in figure 16. As expected, CD127 cDNA of
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Figure 15: Linear representations of CD127 mutants. Standard molecular techniques were used to
generate the series of CD127 mutant plasmids shown.
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Figure 16: Agarose gel showing wild type and mutant CD127 cDNA. Plasmid DNA was digested with Mlul
and Fsel.
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mutants with deletions ran further than wild type CD127 cDNA due to the smaller size. The A
acidic clone, with a 279 bp deletion, ran further compared to the full length CD127 cDNA
followed by A c-tail clone, 192 bp deleted, then A serine clone, 76 bp deleted, and finally A box1
clone, 27 bp deleted. To confirm the cDNA sequence, each clone was verified by Sanger

sequence analysis at the StemCore facility at the Ottawa Hospital Research Institute (OHRI).

3.2.1.2 Selection of a T cell lacking CD127

Since we wanted to express wild type and mutant CD127 in a eukaryotic T cell line, we
investigated the CD127 expression in five potential cell lines. A cell line lacking endogenous
CD127 serves as the best option for assessing the effects of Tat on CD127 mutants post
transfection. The CD127 mRNA and protein expression was determined in the following T cell
lines: CEM, Jurkat, A3, SupT and TALL-104. Expression of CD127 mRNA was determined by
gPCR. Jurkats and SupT showed low level CD127 mRNA expression whereas CEM, A3 and TALL-
104 CD127 mRNA levels were negligible (Figure 17a and 18a). Interestingly this was not
reflected at the protein level, all cell lines showed a negligible level of CD127 protein as
determined by Western blot (Figure 17b and 18b). All the cell lines with the exception of TALL-
104 originate from a CD4 T cell linage, while TALL-104 originates from a CD8 T cell linage. We
wanted to continue the experimentations in the TALL-104 cell line since our model is based on
CD8 T cells and not CD 4 T cells. However the TALL-104 T cell line quickly proved to be a difficult
cell line to culture. The growth was only optimal at 50 U/ml recombinant human IL-2 and 2.5 pg
/ml human albumin, even still, the doubling capacity was slower than that of the other T cell

lines. The TALL-104 cell line had a doubling time of 10 — 12 days while the other T cell lines had
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Figure 17: (a) PCR data and (b) western blot analysis showing the expression of CD127 in CD8 T cell,
CEM, Jurkat, A3 and SupT cell lines. The PCR data was generated by Dr. Al Ghazawi.
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Figure 18: (a) PCR data and (b) western blot analysis showing the expression of CD127 in CD8 T cell and
TALL-104. The PCR data was generated by Dr. Al Ghazawi.
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a doubling time of 4 — 5 days. The Jurkat cell line has precedence due to expression of a Jurkat-
CD127 cell line by Dr. van Lier’s group (231). Therefore we proceeded with the Jurkat cell line.
3.2.1.3 Expression of mutant clones in a T cell line

We next wanted to confirm that the plasmids | cloned are capable of expressing CD127
within a human T cell line. The transfection of suspension cells, such as Jurkat cells, is known to
be inherently difficult; therefore we utilized a nuclefection system which has a specific protocol
for the transfection of suspension cells. This system greatly increased transfection efficiency
when compared to TransIT®-Jurkat Transfection reagent and PromoFectin Transfection reagent
(data not shown). The wild type CD127 plasmid was utilized to optimize the transfection
conditions before continuing with the mutant plasmids.

Since 24 hours post transfections showed the highest level of surface CD127 expression,
the rest of the experiments were carried out at this time point, see figure 19. The full length
and deletion mutants were transfected using the nucleofection system at the optimized
conditions as described in Chapter 2. CD127 protein expression on successfully transfected cells
was measured by flow cytometry at 24 hours. As shown in figure 20, CD127 was effectively
expressed on the cell surface from the plasmids transfected into Jurkat cells. CD127-positive
cells in the different mutant transfections varied between 15% - 30% over three experiments.
With the wild-type construct, 18 + 4% of cells expressed CD127. The Y449F clone had the lowest
CD127-positive cells at approximately 5 + 1% while A box1 clone had the highest at 30 + 4%

To confirm the flow cytometry data, we also sought to detect CD127 protein expression by
western blotting. This turned out to be a challenge likely because of low protein expression in

transfected cells and lower transfection efficiencies. In an attempt to increase the sensitivity,
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Figure 19: Percentage of Jurkat cells expressing surface CD127 at 1, 4, 8, 12 and 15 days post
nucleofection. Jurkat cells were transfected with wtCD127. Error bars represent SD of two independent
experiments.
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Figure 20: CD127 mutant expression on Jurkat cells. A) Percentages of Jurkat cells expressing surface
CD127 at 24 hours post nucleofection. Jurkat cells were transfected with wtCD127 or deletion mutants.
Error bars represent SD of three independent experiments. B) Representative flow cytometry
histograms of Jurkat cells expressing surface CD127 at 24 hours post nucleofection.
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immunoprecipitation of CD127 was attempted using wtCD127-transfected Jurkat cells. In figure
21, a CD127-Fc chimeric protein which runs at the same molecular weight as wt protein is used
as a size marker. In Jurkat cells transfected with the plasmid expressing wt CD127, a faint band
at the appropriate molecular weight was detected with anti-CD127 antibodies from two
independent transfection experiments. This band is not seen when the immunoprecipitation
was carried out with IgG isotype antibodies or in untransfected cells. The "ghost" band below
CD127 likely represents antibody heavy chain from the immunoprecipitation.

| next carried out immunoprecipitations with the complete panel of CD127 mutant
plasmids transfected into Jurkat cells. As seen in figure 22, CD127 protein was detected in all
cases. The size of the mutant proteins relative to the chimera differed corresponding to the
number of amino acids deleted. In all lanes from transfected cells, lower molecular weight
bands were also immunoprecipitated with the CD127 polyclonal antibody. These may represent

degraded protein fragments or unglycosylated CD127.

3.2.2 Production of pure and biologically active wild type Tat protein
3.2.2.1 Production of wild type Tat protein

pTatC6H-1 encoding for wild type HIV-1 Tat protein tagged at the C-terminus with six
histidine residues was transformed into E. coli. The hisditine-tagged Tat protein (Tat6xHis) was
captured and purified from bacterial lysates using nickel-nitriloacetic acid (Ni-NTA) columns as
described in Chapter 2. Using this method, a single 14 kDa band could be purified to

homogeneity and visualized by silver stain analysis (Figure 23).
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Figure 21: Immunoprecipitation of CD127 protein from Jurkat cells transfected with wild type CD127.
Jurkat cells were transfected with wt CD127 and lysed at 24 hours. CD127 was immunoprecipitated from
lysed Jurkat cells with polyclonal goat anti-human CD127 antibodies or goat isotype as control and
probed by Western for CD127 using monoclonal mouse anti-human CD127 antibody.
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Figure 22: Immunoprecipitation of CD127 protein from Jurkat cells transfected with mutant constructs.
Jurkat cells were transfected with mutant constructs and lysed at 24 hours. CD127 was
immunoprecipitated from lysed Jurkat cells with polyclonal goat anti-human CD127 antibodies and
probed by Western for CD127 using monoclonal mouse anti-human CD127 antibody.

93



A acidic Abox Aserine Ac-tail Y449F fc chimera

| = D127
~ degraded
| — protein
g o d fragments or
S I e its unglycosylated
L CD127

94



Figure 23: Silver stain analysis showing purification of recombinant wild type Tat from E. coli lysates
using Ni-TED columns. W: wash, E: eluant. Rec.: is recombinant wild type Tat purchased from Advanced
Bioscience laboratory Inc.
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3.2.2.2 Identification of Tat protein

Although wild type Tat protein isolated from bacteria is known to run at 14 kDa, | sought
to confirm the identity of the protein as HIV-1 Tat by Western blot using anti-Tat antibodies. As
shown in figure 24, Ni-TED eluates probed with the anti-Tat antibodies identified the single 14

kDa band as HIV Tat.

3.2.3 The CD127 cytoplasmic acidic region, Box 1, Serine region and C-tail are not required for
CD127/Tat Binding.

Using the CD127 mutant constructs, | next set out to determine which region(s) of
CD127 are required to interact with Tat. It would have been preferred to examine the ability or
the loss of the ability of Tat to downregulate CD127 mutants off the surface of transfected
Jurkats by flow cytometry. Unfortunately, the CD127 mutant transfection efficiencies were too
low. CD127-Tat interaction, however, was directly examined by co-immunoprecipitation. First,
Jurkat cells were transfected with the plasmid encoding full length wt CD127. After 24 hours, 5x
10° cells were lysed in 100 pl IP lysis buffer for 1 hour. After the removal of pellet debris by
centrifugation, 450 pl of Dilution buffer was added each lysate along with 1, 5 or 10 micrograms
of purified Tat protein. CD127 was then immunoprecipitated using polyclonal goat anti-human
CD127 antibodies and after separating by SDS-PAGE the immune complexes were probed for
Tat. As seen in figure 25 and consistent with previous data from our lab, Tat was co-
immunoprecipitated with CD127 protein. Incubating with 10 micrograms of Tat provided the
clearest signal.

Next, Jurkat cells were transfected with the full panel of CD127 expression plasmids and

after 24 hours the cells were lysed and lysates incubated with 10 micrograms purified Tat
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Figure 24: Western blot analysis of purified recombinant wild type Tat isolated from E. coli lysates using
Ni-TED columns. E: eluant and Rec.: recombinant wild type Tat purchased from Advanced Bioscience
laboratory Inc.
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Figure 25: Tat protein is co-immunoprecipitated with full length wt CD127. Wild type CD127 transfected
Jurkat lysates were incubated with Tat protein then immunoprecipitated with anti-CD127 antibodies.
Immune complexes were separated via SDS-PAGE and analyzed by Western blot for Tat. rTat:
recombinant Tat protein included on the gel as a size marker.
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protein. After immunoprecipitating CD127, immune complexes were probed for Tat protein.
Unexpectedly, Tat was immunoprecipitated with all CD127 mutants (figure 26). These data
require confirmation but suggest neither tyrosine 449, box 1, the acidic region, serine region

nor c-tail are specifically required for Tat binding to CD127.
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Figure 26: Tat does not appear to interact with tyrosine 449, box 1, the acidic region, serine region or c-
tail of the CD127 cytoplasmic domain. Jurkat cells were transfected with each of the CD127 mutant
expression plasmids and then lysed at 24 hours. Lysates were incubated with Tat proteins and then
immunoprecipitated with anti-CD127 antibodies. Immune complexes were separated via SDS-PAGE and
analyzed by Western blot for Tat.
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4. Chapter 4: Discussion

In order to investigate CD127/Tat interactions, a series of mutant CD127 proteins were
produced. Molecular cloning techniques were used to generate five plasmids encoding CD127
mutants. These plasmids allowed for the expression of the full length and mutant CD127 in a
eukaryotic cell line. The full length CD127 cytoplasmic tail is comprised of four well defined
regions (118). | was able to create four deletion mutants, each sequentially lacking a single
region of the cytoplasmic tail: A box1, A acidic, A serine, A c-tail along with a point mutation
Y449F.

To continue the investigation of CD127/Tat interactions, five T lymphoblast cell lines
were explored. To determine the effects of the mutant CD127, the clones generated were
expressed in a cell line lacking endogenous CD127 expression. Of interest was TALL-104, an IL-2-
dependent human leukemic T-cell line, which was derived from a CD8 T cell linage, while the
other cell lines were derived from a CD4 T cell linage. Originally, TALL-104 was identified as the
cell line of choice; it seemed most appropriate since it expressed negligible levels of CD127
mRNA and protein and it was closest to the model being replicated. The model replicated
being: HIV Tat protein binds to CD127 through its cytoplasmic tail thus downregulate CD127 on
CD8 T-cells and impairing their signaling and proliferation. However the TALL-104 T cell line

quickly proved to be a difficult cell line to culture. Their growth was limited to specific
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conditions with recombinant human IL-2 and human albumin and their doubling time was much
less than that of the other T cell lines. The TALL-104 cell line had a doubling time of 10 — 12 days
while the other T cell lines had a doubling time of 4 — 5 days. In the investigation to select
another cell line, the Jurkat T cell line proved to have precedence over the other T cell lines
examined. Alves et. al. was able to successfully produce a Jurkat cell line that expresses CD127
(231). These Jurkat-CD127 cells contained a retrovirally transduced CD127-IRES-GFP sequence
and expressed the human CD127 cDNA from the cytomegalovirus promoter. Furthermore the
Jurkat cell line showed low levels of CD127 mRNA and negligible levels of endogenous CD127
protein (Figure 17 a and b); similarly, Kim et. al. reported the lack constitutive CD127 expression
in the Jurkat cell line (232). Therefore the Jurkat cell line served as the optimal cell line to
express the mutant CD127 clones and examine their effects.

The transfection of each mutant CD127 clone into the Jurkat cell line proved to be
successful where the average percent CD127-positive cells varied between 15% - 30% with the
exception of the Y449F clone which showed the lowest number of CD127 positive cells at 5 *
1% (Figure 20). It is possible that the Y449F did not transport to the cell membrane as efficiently
as the wild-type. The percentage of CD127- positive cells seen here were lower than that seen
in literature (95). Jiang et.al. showed 40% transfection efficiency for their wild type, A box1, A
serine and Y449F of murine CD127 (mCD127) clones (95). It is possible that the electric shock
caused low cell viability during transfection and contributed to the low transfection efficiency.
The objective behind the nucleofection is to use a current pulse that will maintain a ~40-70%
cell viability after electroporation. Therefore, it is possible that a lower length of pulse could

have been used by lowering the capacitance to increase cell viability. Different cell lines have
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different transfection capacities, and it is possible that another cell line could have yielded
higher transfection efficiency.

The western blotting analysis for the presence of CD127 protein in transfected Jurkat
cells proved to be below detectable limits (data not shown). Fortunately, the
immunoprecipitation of CD127 from the CD127-transfected Jurkat cells allowed for the
detection of CD127 (Figure 21 and 22). We suspect that the increased sensitivity of CD127
detection with immunoprecipitation was due to selection and concentration of CD127 via
antibody in the cell lysate. Also consistent with the lower percent positive cells following
transfection of the Y449F mutant by flow cytometry data, the Y449F mutant showed the lowest
CD127 protein by Western blot (Figure 20 and 22). The strongly suggests the issue here is low
transfection efficiency or protein stability and not a problem with transport of the protein to
the cell surface.

Immunoprecipitation of the CD127 mutant proteins, each with a different size
consistent with the number of amino acids deleted, demonstrated successful expression within
Jurkat cells (Figure 22). The CD127 deletion mutants ran faster than the recombinant human
CD127—-Fc chimera protein which has a molecular mass of ~90 kDa (Figure 22). | believe that the
heavier band in each lane is the glycosolyated form of CD127. | suspect that the lower
molecular weight bands are the unglycosylated form of the protein. This finding is similar to
previous descriptions in mice in which multiple bands were detected by SDS—PAGE from cell
lines transfected with murine CD127. In mice, the 3 protein bands were thought to represent

the unglycosylated (49.6 kDa), the glycosylated (68 kDa) and the dimeric (153 kDa) forms of the
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receptor (118). Therefore, | suspect that the multiple protein bands detected in figure 23
represent the different forms of the receptor.

In this chapter, | was able to successfully produce the CD127 mutant proteins in a Jurakt
cell line. Therefore, in order to characterize CD127/Tat physical interactions, large quantities of
Tat protein were needed. | utilized an optimized Ni-NTA column system to isolate histidine-

tagged HIV-1 Tat at a high yield and purity from E. coli. These proteins were stored stably at -

(o]

80 C.

It has been established that Tat binds specifically to the cytoplasmic tail of CD127;
therefore the generated CD127 mutants each lacking a successive domain of the wild type
CD127 cytoplamic tail were utilized to identify the Tat binding region. CD127-Tat interactions
were examined by co-immunoprecipitation. CD127 transfected Jurkat whole cell lysates were
incubated with purified Tat protein. Thereafter, CD127, and any protein bound to it, was
immuneprecipitated and ran on a Western blot and probed for Tat. In this chapter, | show that
each of the CD127 mutants was still able to bind and co-immunoprecipitate Tat despite the
removal of each of the regions within the cytoplasmic domain. Therefore, it appears that the
region needed for Tat binding was still intact. The region of Tat required for CD127 binding has
already been established: being the N-terminus of Tat. The first 10 aa of Tat’s N-terminal
domain contains three acidic residues which are negatively charged. Given this, | originally
hypothesized that CD127 acidic domain was an attractive target for Tat binding. The CD127
acidic domain contains a positively charged region (KKRIK) directly adjacent to the
transmembrane domain on the cytosolic side of the protein. A second positively charged

sequence, also within the acidic domain, is found 18 aa further into the tail of the receptor.
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However, from the results, Tat still binds to CD127 even when the acidic region of the
cytoplasmic tail was removed. The extracellular region of CD127 is well documented in the
literature; however the structure of the cytoplasmic domain is not. Therefore, | suspect that Tat
might bind the CD127 cytoplasmic domain through multiple regions on the folded protein. The
consecutive deletions of each of the CD127 cytoplasmic domains might remove some of the Tat
binding regions but still allow for partial binding of Tat. Another possible mechanism, although
unlikely due to establishment of direct CD127 and Tat binding is an adaptor protein that brings

Tat and CD127 together.
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5. Chapter 5: Conclusion

The past few years have seen impressive progress in HIV research. While combination
antiretroviral therapy has lead to significant decreases in morbidity and mortality, the economic
cost and long term toxicities associated with these medications remain a challenge. Impaired
cell mediated immunity is one of the clinical hallmark of HIV infection and likely contributes to
the inability to clear this virus. In order to further develop novel therapeutic strategies including
a cure, it is critical that we understand how HIV impairs the function of CD8 T cells.

IL-7 signalling is essential for normal CD8 T-cell development and function, and our lab
(82) and others (83,85,108-110) have shown decreased expression of the IL-7 receptor alpha-
chain (CD127) on circulating CD8 T-cells in HIV+ patients. This down regulation of CD127 was
shown to result in poor CD8 T cell function, proliferation and perforin synthesis after
stimulation with IL-7 (104,224). Fortunately, suppression of HIV replication with antiretroviral
therapy was associated with an apparent partial recovery of CD127 on CD8 T cells (82).
Although the exact mechanism by which CD127 is down regulated in vivo has not been
definitely established, our lab has shown soluble HIV Tat protein when added to CD8 T-cells in
culture is able to specifically down regulated CD127 at the cell surface. HIV Tat did not alter the
surface expression of numerous other surface receptors including the common y-chain (CD132),
CD3, CD2, or CD28 (82).

HIV Tat protein is secreted by infected CD4 T cells and is taken up by neighbouring
uninfected CD8 T cells by endocytosis through clathrin coated pits. As the endosomes acidify,
Tat escapes to the cytosol in a pH-dependent process. Once in the cytoplasm, Tat translocates

to the inner leaflet of the cell membrane where it binds to the cytoplasmic tail of CD127 and
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targets the receptor to the proteasome for degradation. Our lab has previously shown that
purified Tat protein physically interacts with CD127 on CD8 T cells in vitro (104,224). More
specifically, our lab has shown that this interaction is mediated by Tat’s N-terminal domain,
where the removal of the N-terminus of Tat prevented Tat from co-immunoprecipitating with
CD127 (225). Tat’s ability to downregulate CD127 was shown to be time and dose dependent
and can be blocked with anti-Tat antibodies; also this downregulation can be reversed by
removing Tat from the culture media (104,224). Therefore, by binding to CD127, Tat is able to
mediate the accelerated internalization and proteasomal degradation of CD127.

Tat-mediated CD127 downregulation may in part explain the loss of cell-mediated
immunity seen in HIV-1 infection. By removing CD127 from the cell surface, the HIV Tat protein
is able to reduce IL-7 signalling and impair CD8 T-cell proliferation and function. Therefore, to
better understand the molecular details of CD127/Tat interactions, | have set out to determine
the region(s) in the cytoplasmic domain of CD127 that are required for its interaction with Tat.
This work could lead to the development of novel drugs to target and disrupt the CD127/Tat
interaction possibly allowing restoration of CD127 on the cell surface and improved IL-7
signalling.

To determine which domain(s) in the cytoplamic tail of CD127 are required for
interaction with Tat, a series of plasmids encoding for CD127 deletion mutants (see figure 15)
were successfully created. This series of mutant CD127 coding sequences were transfected into
a eukaryotic expression system, the Jurakt cell line, and CD127 proteins were successfully

expressed. Before determine which region on CD127 is required for Tat binding, an optimized
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Ni-NTA column system was used to successfully isolate histidine-tagged HIV-1 Tat at a high yield
and purity from E. coli. This HIV Tat protein was used to treat the lysates of the Jurakt cells
transfected with the panel of CD127 mutants. CD127 was then immunoprecipitated, followed
by Western analysis of the immune complexes to detect Tat protein. Unexpectedly, Tat was
immunoprecipitated with all CD127 mutants (figure 26). This suggests neither tyrosine 449, box
1, the acidic region, serine region nor C-tail are specifically required for Tat binding to CD127.
The three-dimensional structure of the extracellular domain of CD127 is well
documented in the literature; however the structure of the cytoplasmic domain is not. | suspect
that Tat might bind the CD127 cytoplasmic domain through multiple regions on the folded
protein. The successive deletion of each of the identified regions within the CD127 cytoplasmic
domain might remove some of the Tat binding regions but still allow for partial binding of Tat.
This works serves to add an important piece to the puzzle examining CD127/Tat
interactions and feeds into the mechanism by which Tat down regulates CD127 protein from
the surface of CD8 T cells. The created series of CD127 mutants can be used to generate stable
cell lines expressing the different CD127 isoforms on their cell surface. These stable cell lines
can then be used to determine the region(s) on CD127 required for Tat induced down
regulation. In other words, Tat may bind to several places on the CD127 cytoplasmic tail but
binding to one region may be functionally relevant to induce receptor internalization and
degradation. Our lab has now recently shown the HIV Tat protein binds to cytokine-inducible
SH2-containing (CIS) protein through its basic domain (225). Of particular interest, CIS was
shown to associate with CD127 in response to IL-7, and that this interaction is dependent on

CD127 Y449 phosphorylation and Jakl1/STATS signalling (111). CIS protein is known to
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negatively regulate and inhibit signalling by binding to receptors and blocking STAT binding and
by forming a complex with the receptor and recruiting ubiquitin ligases (113,117,233).
Although definitive proof is still required, we suggest Tat can act as an adaptor protein to
recruit CIS to the receptor and therefore direct CD127 to the proteasome for degradation (225).

The mechanism by which CIS interacts with both CD127 and Tat is yet to be explored.

Since HIV Tat protein is able to reduce IL-7 signalling and impair CD8 T-cell proliferation
and function by removing CD127 from the cell surface, attempts to possibly disrupt Tat binding
to CD127 may prove a fruitful avenue for novel treatment. In an indirect method, Tat-targeting
therapies could open the possibility of restoring CD127 expression and IL-7 signaling in CD8 T-

cells leading to improved cell mediated immunity in HIV+ individuals.

Cross-sectional and longitudinal studies have indicated a correlation between anti-Tat
humoral (234,235) and cell-mediated immune responses (236,237) and asymptomatic infection
and slower disease progression (236,237). A stronger anti-Tat immune response has been seen
in both long-term non-progressors and slow progressors (236,237). Furthermore, CD8+T cell
responses against Tat correlate with an earlier control of initial HIV acute infection in both
humans and experimental animals (238-240). With these observations in mind, disrupting or
sequestering Tat could prove to be of great therapeutic benefit.

HIV Tat protein is produced very early during infection and is secreted from infected
cells. Given this information and the strong correlation between anti-Tat immunity and
decreased disease progression, Tat has become an important vaccine candidate for humoral

and cell mediated immunity. Indeed, preclinical as well as phase | and phase Il clinical trials
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investigating Tat as a preventative or therapeutic vaccine are well on their way. The results
from phase | trials (241-244) and preclinical studies (240,245,246) indicate that administration
of the Tat vaccine is safe, well tolerated and immunogenic. In these studies, Tat vaccination
induced strong and durable humoral and cellular immune responses in all vaccinees. And
remarkably, vaccination in these studies elicited a wide repertoire of B-cell responses directed
at Tat, with an effective, statistically significant induction of Tat-specific neutralizing antibodies.
While these responses are rarely seen in natural infection (241,247-249), they do correlate
significantly with slow progression to disease (234).

In a phase Il multicenter open label clinical trial (250), immunization of HIV+ individuals
with Tat was shown to be safe and immunogenic, and lead to the reversion of some
immunological abnormalities present during HIV infection (251-254). Out of the three vaccinee
groups, anti-Tat antibody negative, HAART-treated and ART non-responders, the immune
comprised ART non-responders showed the greatest therapeutic effects (250). In particular, the
frequency and number of T-reg lymphocytes, reduced during HIV infection, were stably
increased upon Tat immunization. Tat vaccination also resulted in an increase in CD4 and CD8 T
cell responses against the HIV Env and Tat antigens (250).

As impaired cell mediated immunity is the clinical hallmark of HIV infection, proper CD8
T cell mediated immune responses could potentially control the infection. If the CD127/Tat
interactions could be targeted and prevented, it is possible sustained CD127 expression on CD8
T cells would allow the individual’s immune system to maintain strong functional CTL responses
during HIV-1 infection. Ensuring proper IL-7 signalling would also be expected to help regulate T

cell homeostasis and establish memory T cells. Therefore, Tat-targeting therapeutics could

114



potentially negate the Tat-mediated CD127 interference and sustain higher CD127 expression.
This could allow for a sustained and healthy CD8 T cell-mediated immune response to eradicate

the infection and potentially favour immune clearance of the virus.
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Figure 3: A schematic representation of the HIV-1 promoter which is located within the 5' LTR of the
viral genome. As well as Figure 11. TAR RNA Structure. Tat recognition primarily requires interactions
with the bulge region of TAR.

ELSEVIER LICENSE
TERMS AND CONDITIONS

Apr 24, 201

This 1s a License Agreement between Hafsa Cherid ("You") and Elsevier ("Elsevier")
provided by Copyright Clearance Center ("CCC"). The license consists of your order details
the terms and conditions provided by Elsevier, and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

Supplier

Registered Company
Number

Customer name

Customer address

License number
License date

Licensed content publisher

Licensed content publication

Licensed content title
Licensed content author
Licensed content date

Licensed content volume
number

Licensed content issue
number

Number of pages
Start Page

End Page

Type of Use

Intended publisher of new
work

Portion

Number of figures/tables
[illustrations

Format

Are you the author of this
Elsevier article?

Will you be translating?

Elsevier Limited
The Boulevard,Langford Lane
Kidlington,Oxford,OX5 1GB,UK

1982084

Hafsa Cherid

501 Smyth Road
Ottawa, ON K1H 8L&
3375450543086
Apr 24, 2014
Elsevier

Journal of Molecular Biology
Tackling tat
Jonathan Karn

22 October 1999
293

20

235

254

reuse in a thesis/dissertation

other

figures/tables/illustrations

2

both print and electronic

No

No



Title of your
thesis/dissertation

Expected completion date

Estimated size (number of
pages)

Elsevier VAT number
Permissions price
VAT/Local Sales Tax
Total

REGIONS OF THE CD127 CYTOPLASMIC TAIL NECESSARY FOR
HIV-1 TAT-BINDING

Aug 2014
150

GB 494 6272 12
0.00 USD

0.00 USD / 0.00 GBP
0.00 USD

140



Figure 4: The HIV-1 cellular life cycle.
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Figure 6. Cumulative model illustrating homeostatic recycling of CD127 at the cell surface and down
regulation of CD127 surface protein and gene transcription following IL-7 stimulation.
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Figure 8. Interleukin-7 receptor signalling cascades. IL-7 signals through the IL-7 receptor, a heterodimer
comprised of CD127 and CD132.
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Figure 10: HIV-1 Trans-activator protein is composed of six regions.
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Figure 11. pCMV6-CD127 plasmid back bone, containing the CD127 cDNA cloned downstream of the
CMV promoter from OriGene®.
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Figure 13. Overview of the QuickChange® Il XL-site directed mutagenesis method.
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7.2 Ethical approval by the Ottawa Hospital Research Institute and blood
consent forms

The Ottawa | U'Hopital
Hospital d’Ottawa

&

Information Sheet and Consent Form for Blood and/or Semen Collection
and/or Colon Biopsies

Study: Impaired Immune Function during HIV Infection
= inci stigator: Dr. Paul MacPherson
Introduction:

You are being asked to participate in a study focused on immune function in HIV infection.
Before you decide to participate, it is important that you understand why this research is being
conducted. Please take a moment to read the following information, and ask questions if there is
anything that you find unclear.

Background:
HIV infection over time causes severe impairment of the immune system. HIV enters some

immune cells such as CD4 T-cells and monocytes and either kills them or prevents them from
functioning properly. Other immune cells such as CD8 T-cells are not infected by HIV but are
still unable to function in the presence of HIV. By limiting the activity of these various immune
cells. HIV weakens the entire immune system. When the immune system is weak. HIV is able to
replicate freely and eventually people can become sick from opportunistic infections.

How HIV inactivates these different cells is not yet understood.

HIV infected cells travel through the blood to many sites in the body including the testicles and
prostate. Once in these tissues, HIV may behave differently than when it is present in the blood
or lymph nodes. Sometimes HIV can be detected in the semen even when it is undetectable in the

blood. Control of HIV replication in the semen then may not perfectly mirror what occurs in the
blood.

HIV can also infect the cells that line the colon, a part of the digestive tract, and the effect it has
on the immune system in the gut may also not mirror what occurs in the blood or semen.

Purpose:

One of the goals of this research program is to determine how the activities of various immune
cells change during HIV infection. This will be done by examining changes in the expression of
molecules on the cell surface as well as changes in overall cell function. We will compare these
changes between HIV negative individuals, HIV+ patients with active viral replication, HIV+
patients on antiretroviral therapy. and in long term nonprogressors.

Another goal of this research program is to determine how immunologic control of HIV differs
between different tissue compartments, namely the blood, semen, and the digestive tract. This
will be done by examining HIV viral loads and levels of immune modulators isolated from semen
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or gut. Cells of the immune system involved in controlling HIV replication may also be isolated
from semen or gut in order to examine their functional abilities.

Study Procedures:
Participants will be typically asked to provide a sample of either blood or semen or gut tissue.

Participants who provide semen or gut samples may be also asked to provide blood.

Blood Samples:
Participants will be asked to donale samples 01 b]ood ranging from 10 ml, less than 1 tablespoon

/nnn n.l-m\ to-0-3

drawn by (anadlan Blood Scwnces for routine blood dOlldthn one unit = 500ml, approximately
33 tablespoon). White cells will be isolated from the blood and analyzed in the laboratory for
changes in the expression of different molecules, and for immune activity. Serum may also be
examined for molecules which regulate the activity of the immune cells.

Semen Samples:
Participants may be asked to donate semen samples. Sterile containers will be provided. Samples
will be collected privately by the participant but must be delivered to the clinic within two hours.

Gut Samples:

During your colonoscopy procedure small biopsies of the colon wall will be performed in order
to gather gut-associated lymphoid tissue. Approximately 30 tissue biopsies will be obtained, each
consisting of about 0.3mm of tissue (9 mm total).

Duration:
Your participation will be complete once the blood and/or semen and/or gut tissue sample is
obtained.

Risks:

Blood Samples:

The risks of participating in this study are those associated with routine blood drawing and may
include minor pain at the site where blood is drawn and minimal bruising. Some people may
experience temporary lightheadedness after drawing blood. If this occurs, you may be asked to
rest in the clinic for a short period of time until the lightheadedness passes.

Semen Samples:

There are no risks associated with semen donation. Semen samples will only be used to
determine HIV viral loads and for immunologic studies. Under no circumstances will the semen
be available to achieve fertilization under any conditions.

Gut Samples:

During the procedure. you may feel pressure in the rectum similar to the sensation you feel with
the urge to have a bowel movement. You may also feel a small amount of cramping in your
abdomen as well. The most serious risk of the procedure is perforation. poking a hole in the
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lining of the intestine, but it is extremely uncommon, occurring once out of every 10.000
procedures. If this occurs the attending physician will be responsible for treatment. Some
bleeding will likely occur at the point where the biopsies were done. If you should experience
severe discomfort during colon mucosa biopsy the procedure will be stopped immediately: you
will be seen by the physician and the research nurse will monitor you until you are ready to go
home.

Due to the possible bleeding following the procedure. the risk of transmitting HI'V after the
biopsy procedure may be increased.

Benefits:

Participation in this study will provide no direct benefits to you. It will, however. help to advance
our understanding of how HIV inactivates the immune system and may lead to new strategies for
the development of immune based therapies to control HIV replication.

Voluntary Participation and Withdrawal:
You are under no obligation to participate in this study. If you choose to participate, you may

change your mind at any time without providing a reason. You should inform the study
doctor/study staff if you decide to withdraw so that your sample may be destroyed. You are not
waiving your legal rights by agreeing to take part. Whether you choose to participate or not will
have absolutely no effect on the medical care you receive, now or in the future.

Confidentiality:

All personal health information will be kept confidential, unless release is required by law.
Representatives of the Ottawa Hospital Research Ethics Board. as well as the Ottawa Hospital
Research Institute, may review your original medical records under the supervision of Dr.
MacPherson’s staff for audit purposes.

You will not be identifiable in any publications or presentations resulting from this study. No
identifying information will leave the Ottawa Hospital.

The link between your name and the independent study number will only be accessible by Dr.
MacPherson and/or his staff. The link and study files will be stored separately and securely.
Both files will be kept for a period of 15 years after the study has been completed. All paper
records will be stored in a locked file and/or office. All electronic records will be stored and
protected by a user password, again only accessible by Dr. MacPherson and/or his staff. At the
end of the retention period. all paper records will be disposed of in confidential waste or
shredded. and all electronic records will be deleted.

Your chart will be used only to obtain CD4 counts, viral loads. and overall health status. Data
will be compiled using a code. Your name will not be used and will not be known to laboratory
personnel. The results of this study may be presented at meetings or in publications. Your
identity will not be disclosed at any time in any of these presentations or publications.

Questions About The Study:
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If during the course of this study you have questions concerning the study, you may contact the
principle investigator Dr Paul MacPherson

The Ottawa Hospital Research Ethics Board has approved this study. This committee considers
the ethical aspects of all research projects involving people. If you have any questions about your
rights with regard to participating in a research study. you may contact the Chair of the Ottawa
Hospital Research Ethics Board at 613-798-5555, extension 14902. Do not sign the consent form
unless you have had a chance to ask questions and have received satisfactory answers to all you
questions. By signing the consent form you are not waiving your legal rights.
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The Ottawa | LHapital
Hospital ’Ottawa
P
+ Consent Form
Impaired Immune Function during HIV Infection

Consent to Participate in Research

I'understand that I am being asked to participate in a research study about immune function in
HIV infection. This study has been explained to me.

I have read this, 5- pag,e l’ammpant Informauon Sheet and Consem Fonm (or have had this
& Q Ara l-l‘l A -5 |

4
ata

later stage mthc study lhat I would like to vuthdraw my consent I may do So at any time.
I voluntarily agree to participate in this study and will provide a:
___Blood Sample
Please Initial: Semen Sample
Gut Sample

A copy of the signed Information Sheet and/or Consent Form will be provided to me.

Signatures

Participant’s Name (Please Print)

Participant’s Signature Date

Investigator Statement (or Person Explaining the Consent)

I have carefully explained to the research participant the nature of the above research study. To
the best of my knowledge. the research participant signing this consent form understands the
nature, demands, risks and benefits involved in participating in this study. I acknowledge my
responsibility for the care and well being of the above research participant, to respect the rights
and wishes of the research participant, and to conduct the study according to applicable Good
Clinical Practice guidelines and regulations.

Name of Investigator/Delegate (Please Print)

Signature of Investigator/Delegate Date : s
S BRREDRIG ke Valid until  MAR 2 8 201
Version 4: April 5, 2012 - Page 5 of 5-
21 Civie Campus Civie [C1 General Campus Général [ Riverside Campus Riverside
1053 av. Carling Avenue 501 chemin Smyth Road 1967 prom. Riverside Drive
Ottawa, Ontario K1Y 4E9 Ottawa, Ontario K1H 8L6 Ottawa, Ontario K1H 7W9
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