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Abstract

Heteroclitic  peptides  are  peptide  sequence  variants — with — enhanced
immunogenicity relative to reference or wild type peptides. In therapeutic cancer

linst

vaceines, heteroclitic peptides dramatically augment cell-mediated immunity

tumour antigens by activating cytotoxic T lymphocytes (CTL) against tumour-associated

self-peptides.  Heteroclitic  peptides — could — likewis contribute  to human

deficiency virus (HIV) i herapy by broadening CTL reactivity and/or by

selectively stimulating interleukin (I1L)-2-production (correlated with disease control and

non fon). To investigate this v. we sereened peripheral blood
mononuclear cells (PBMC) from HIV-infected subjects for interferon-y (IFN=y) and 11.-2
production by enzyme-linked immunosorbent spot (ELISPOT) assay with peptide pools
spanning the major HIV antigens. Pools stimulating 1L-2 production were deconvoluted
with peptide matrices to identify the individual 15mers responsible. Nef 83391 (A2-7),
Nef 135 143 (A2-8). Gag 18- 27 (A3-2) and Gag 7785 (A2-Gag) were confirmed as
optimally defined 9mer peptides stimulating 11.-2 production by PBMC from two or more
HIV-infected individuals in our cohort. Twenty-four potentially heteroclitic variants were

generated with conservative and semi-conservative amino acid substitutions at positions

3.5 and 7 of these 9mers. An additional 24 variants were generated in a similar fashion
with  Gagld47->155  (B57-1). Gagd33 (A2-9). and non-lIV  peptides.  A2-Flu
(GILGFVFTL) and irrelevant peptide. A2-1P (LLDVPTAAV). Eighty-six HIV-infected

and six HIV-uninfected subjects were then tested for CD8' T cell reactivity against one

or more of the variant sets by ELISPOT assay. at one or more time points. Heteroclitic



o

peptides enhanced 11L-2 production by CD8" o of cases in which an 11.-2

e was detected and enhan in which an IFN-y

ed 1FN-=y production in 25% of ¢

response was detected. Variants that increased [FN-y and/or IL-2 production in

comparison to index peptides were further tested for heteroclitic properties in cell cultur
Proliferation,  differentiation and  breadth  of  reactivity ~were assessed by
carboxyfluorescein succinimidyl ester (CFSE) dilution. surface and intracellular flow

cytometry and cytotoxicity assays. Heteroclitic peptides stimulated broader reactivity of

ponding CD§' 1

peptide-stimulated CD8" T cells, reduced the exhausted phenotype of r
cells. and, in some cases. enhanced proliferation of responding T cells. Heteroclitic
properties of particular peptides varied between individuals and. in most cases, within
individuals at different time points. Although we do not know the mechanisms by which
these peptide act. it appears that these peptides stimulate the same subsets of CD8' T
cells as reference peptides but somehow exert differential signaling effects. Further
insight into these mechanisms would provide information on heteroclitic peptide design
for HIV CD8' T cell epitopes and contribute to a basic understanding of the relationship

between T cell receptor: peptide interactions and T cell function.
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Chapter I Introduction

1.1 HIV-1 summary

I'he World Health Organization (WHO) estimates that 33 million people

worldwide are infected with HIV [1]. Infection with HIV leads to a gradual loss of

immune competence allowing opportunistic infections that are not normally pathogenic
to become life threatening and allowing certain cancers to occur.  Most untreated

individuals infected with HIV progress over time (o acquired immunodeficiency

syndrome (AIDS) [2]. Transm

sfer of

fon of HIV oceurs through tra nfected bodily
fluids, namely blood, semen, vaginal fluid and breast milk. within which 11V can be

present as free virus or contained within an infected immune cell. This transfer can occur

through needles.

breast milk. perinatal
transmission or through infected blood products, although the latter is not as common
now due to improvements in HIV sereening. Two types of HIV, HIV-1 and HIV-2, have
been identified. HIV-1 is more prominent worldwide and leads to a more virulent
infection while HIV-2 s confined to West Africa and is not associated with

immunosuppression  [3]. This  thesis  will  focus  on V-1



I.I.1 Structure

HIV is encoded for by 9 genes (Figure 1.1.1) [4]. Envelope (env). group-specific

se (pol) genes are common to all retroviruses and are required

antigen (gag) and polymel

to make the structural and enzymatic proteins. respectively. for the formation of new
virus particles. Approximately fourteen “spikes”™ [5]. trimers of the env-cncoded
glycoproteins (gp) epl20 and gpdl. are embedded within the viral envelope (Figure
1.1.2). gp120 is important for docking of virus particles onto host cells [6]. while gpd1 is
required for viral fusion and internalization [7. 8]. Bencath the outer envelope lies the
matrix, which maintains the integrity of the virus particle and separates the viral envelope
from the capsid. The viral capsid is made up of ~2.000 copies of gag-cncoded p24 and

contains two single strands of HIV ribonucleic acid (RNA) that are tightly bound to the

nucleocapsid protein. p7. and the pol-encoded enzymes. reverse transeriptase (RT) and
integrase. Fach strand of RNA has a complete copy of the virus® genes — env, gag. and
pol. and the remaining 6 regulatory genes, transactivator (far), regulator of viral
expression (rev). negative-regulation factor (nef). viral infectivity (vif). viral protein R
(vpr) and viral protein U (vpu) (Figure 1.1.1). The regulatory genes encode proteins that
control infectivity. replication and pathogenesis of HIV. The long terminal repeat (1 TR)
at either end of cach strand of RNA is involved in control of HIV replication. The pol-
encoded enzymes. reverse transcriptase. protease and integrase are responsible for
copying the viral RNA genome into deoxyribo-nucleic acid (DNA). processing immature
gag and gag/pol proteins and integrating the DNA copy of the HIV genome into the host

DNA., respectively.
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re 111 HIV Gene Structure. HIV's RNA genome encodes 9 genes. which are

flanked by L'TRs. Each strand of RNA has a complete copy of the virus™ genes — the 3

structural genes env, gag. and pol. and the remaining 6 regulatory genes. fat. rev, nef. vif.

wpr-and vpu. The regulatory genes encode proteins that control infectivity. replication and
pathogenesis of HIV. The LTRs at cither end of cach strand of RNA are involved in

control of HIV replication. Adapted from [9, 10].




9,

Lipid Membrane

is composed of a phospholipid

Figure 1.1.2 The structure of HIV. The viral envelope

bilayer, taken from the membrane of a human cell when a newly formed virus particle

buds. Embedded throughout the viral envelope are trimers of env-encoded gpl20 and
gp41. which mediate viral attachment and fusion to host cells. The matrix lays bencath
the viral envelope. It maintains the integrity of the virus particle and separates the viral
envelope from the capsid. The viral capsid is made up of ~2.000 copies of gag-encoded
p24 and contains two single strands of HIV. RNA that are tightly bound to the

ase. Lach strand of

nucleocapsid proteins and the pol-cncoded enzymes. RT and integr

RNA has a complete copy of the virus™ genes. Adapted from [11].



112 Tropism

HIV tropism is dependent on the host cell receptors required for viral attachment.

The CD4 re d on CD4' T cells. macrophages (m). and dendritic cells

plor. expre:

(DC), acts as the primary receptor for gpl20-mediated binding of HIV to target eells [12.

13]. In 1996. it was discovered that HIV relies on the use of co-receptors, CCRS and
CXCR4, to help mediate virus fusion and penetration into the target cell [14-16]. The
importance of CCRS as the predominant co-receptor in HIV-1 infection [14. 15] was
highlighted upon  the observance that polymorphisms in CCRS. particularly a
homozygous 32 base pair (bp) deletion in the coding region (CCR5-A32), reduced the
risk of HIV infection regardless of the mode of transmission [17-19]. However, a few
HIV'" CCRS-A32 individuals with a slower course of discase existed. indicating viral use

hese CXCR-using variant viruses usually have

of an additional co-receptor, CXCR4.

altered tropism and pathogenic proper I'hey are common in late-stage subtype B
HIV-1 infection, in which there is often a co-receptor switch from CCRS to CXCR4 |20,

N4).

21]. HIV can thus be CCR5-tropic (R5). CXCR-tropic (X4) or dual-mix tropic (RS-

113 Life cycle

The HIV life eycle (Figure 1.1.3) begins with virus entry into the host cell. V

2p120 binds to integrin a4p7. the gut mucosal homing receptor on peripheral T cells.

2p120 binding of

activating adhesion molecules to establish the virological synapse
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1.1.3 The Life Cyele of HIV. The life cycle of TV begins with fusion of the virus

0
particle (o the host cell surface, mediated by the interactions of gp120, gp41, CD4 and CCRS
and/or CXCR4, After fusion, the viral capsid and its contents are released into the host cell
cytoplasm. Viral DNA is formed by reverse transcription of the RNA genome. Onee formed,
the viral DNA is transported into the nucleus and integrates into the host DNA. Upon
activation of the cell, the DNA is transcribed to make new viral RNA, which will be used as
genomic RNA and to make new viral proteins. These move to the eell surface and budding
begins. During maturation of the viral particle, individual IV proteins are released cleaved

and reassemble 1o form the matrix, capsid, nucleocapsid, RT and integrase. completing

maturation of the virus particle. Adapted from [23-2



CD4 induces a conformational change in gp120 that allows interaction with CCRS or
CXCR4 and allows gpd1-mediated fusion to the host membrane [26]. Upon fusion, the

viral capsid is released into the cytoplasm [27] and the single-stranded (ss) RNA genome

is released. The viral RT revers

ranscribes the ssSRNA into a complementary ss
deoxyribonucleic acid (essDNA) copy. The RT has RNase activity [28] that degrades the

viral RNA during this process and has DNA-dependent DNA polymerase activity [29]

that synthesizes a sense strand from the antisense cssDNA 1o form a double-stranded (ds)
DNA copy of the HIV genome. The dsDNA migrates to the nucleus and is integrated into

the host genome becoming an integrated provirus [30].

Activation of CD4" T cells induces translocation of tran:

iption factors NIk3
and NFAT to the nucleus [31. 32]. which bind to promoters in the viral LTR of the

integrated provirus and initiate transcription of the viral genome Ihe first viral

transcripts. which encode several of the regulatory proteins, are multiply spliced. then

exported and translated in the cytoplasm. Singly spliced and unspliced transcripts are

translated into the RT. integrase. viral protease and the structural proteins env

(polyprotein gpl60), gag. and nel. The structural proteins form the new vi

1 part
around additional unspliced transcripts that constitute the HIV genome. After translation

of the viral proteins. the virus is assembled. gp160 is cleaved into gpd1 and gpl20 by

proteases in the Golgi complex and transported (o the plasma membrane [34]. The gag
and pol polyproteins associate with the HIV RNA at the plasma membrane and budding

begins. During maturation of the viral particle. these polyproteins are cleaved and



reassemble 1o form the matrix. capsid. nucleocapsid. RT and integrase. completing

maturation of the virus particle [3.

1.1.4  Diagnosis of HIV infection

uspicion, HIV infection is not normally diagnosed

Unless there is a high index of s

experience a flu-like illness (fever, headache, tiredness.

infected may

immediately. Thos
and enlarged lymph nodes) in the acute phase of infection, which usually disappears
within 1-4 weeks and s casily mistaken for another viral infection [36]. HIV-infected

individuals are highly infectious during this stage due o the abundance of virus in the

fic antibodics in the

peripheral blood and genital Muids. At seroconversion, HIV-spe
blood can be detected by the enzyme-linked immunosorbent assay (ELISA) and Western
blot [36].

LISA is generally used to sereen donated blood products and for general

I'he

surveillance of infection [36]. If the serum contains antibodies for specific 1V antigens

they will bind to the HIV antigen-coated ELISA plate. Because of the variability of this
procedure, the lack of a comparable global standard and the concern of false positive

nnot be used to confirm HIV infection. The Western

responses. a single ELISA test ¢;
blot test. like the ELISA. is an antibody detection test [37]. I HIV-specific antibodies are

present in the serum they will attach to some of the HIV proteins on the membrane and

an image of bands will be displayed on the photographic film. A positive result is one in



which at least one viral band corresponding to cach gag. pol and env proteins is present.

If fewer than 3 bands are detected. the results are inconclusive and another test is needed

sufficient amount of antibodies

If the person is recently infected (1-3 months) a

for these tests may not yet be present. In this case. HIV RNA or DNA can be detected

using a polymerase chain reaction (PCR)-based method to confirm the presence of HIV

genetic material in the blood [36]. This method. in quantitative form. is normally used 0

sion of HIV infection and to monitor the effect of antiretrovi

track clinical progr

therapy but can be used to confirm a new infection in high risk individuals. A high vi

load is strongly correlated to discase progression and increased risk of transmission [38].

HIV infection is confirmed when a sequence of tests, including a repeat of the initial

stern blot test and PCR test for viral load. confirm HIV

(LISA test combined with the W

infection [36].

LIS Pathogenesis

5 or CXCR4, particularly CD4

HIV infects cells that express CD4 and CCF
cells. CD4" T cells are key players of our immune system. They interact with the innate

e off

immune system and are required for activation of B cells and CTL. In the acute pha
HIV infection, there is an abundance of virus in the peripheral blood and genital fluids. a

ant decrease in the number of circulating CD4" T cells and a marked increase in

oni

antibody production and in the number of CD8" T cells that recognize and kill HIV-

infected cells. Following seroconversion. when HIV-specific antibodies are detectable in



s a rebound in the number of

the blood. the acute phase of viremia has passed and there i
circulating CD4" T cells. During this asymptomatic period. HIV replication continues

and the number of CD4' T cells gradually declines. When the number of CD4' T cells

falls below 500 cells/ul of blood the symptomatic phase of infection begins. marked by

the of ¢ infections and other symptoms. When HIV-infected

individuals become ill with one or more of the clini

I or indicator illnesses. they have

AIDS [39].

I'he mechanism by which HIV causes CD4" T cell depletion has caused much

debate over the last fificen year:

Ho et al. [40] showed that in the presence of the

protease inhibitor ritonavir, there was a rapid reduction in the amount of free virus in the

plasma and a significant increase in the number of circulating CD4" cells. As drug-

resistant mutations evolved. the viral load increased and the number of circulating CD4'

cells decerg

ed [40. 411 suggesting that HIV causes CD4' T cell depletion by dir

cLeylo-

pathic effect. Later, it was observed that African non-human primates infected with their

species-specific strain of simian immunodeficiency viruses (SIVs) did not show

ve CD4" T cell declines and manifes

progre: tions of immunodeficiency despite

chronic viral replication [42]. Schindler ef al. [43] reported that CD4' T cell depletion

was not observed in these hosts because nefl proteins from these SIV- strains down-
regulate expression of the T cell receptor (TCR)-CD3 complex leading to deercased ecll

activation and apoptosis whereas nef proteins from HIV-1 and the chimpanzee strain of

ised

SIV had no effect on TCR-CD3 surface expression. This suggested that ir

immune activation and apoptosis leads to the demise of CD4" T cells.



Other mecha of HIV patl is have also been sug 1 CDS' T cell-

mediated Killing of infected CD4" T cells has long been considered one of these
mechanisms [44, 43] but cytotoxic killing of infected CD4' T cells may only be effective

ceulation. caused

during a certain “window period” of infection [46, 47]. Cell cycle dy
by chronic T cell activation, accelerated cell turnover and an imbalance in cytokine
production, also leads 1o the depletion of uninfected CD4 and CD8' T cells by causing

perturbations in protein metabolism  [48]. Circulating CD4" T cells may also be

sequestered in secondary Tymphoid organs [49]. The relative contributions of cach of

these mechanisms on HIV pathogenesis and CD4" T cell depletion remains unclear.

116 Diagnosis of AIDS

In Canada. if an individual has received a positive result from HIV testing and has

one or more of the clinical illnesses. or indi

or discases, sueh as pulmonary

twbereulosis, recurrent pneumonia and invasive cervical cancer, that person has AIDS

[39]. Symptoms of opportunistic infections common with AIDS include coma. extreme

weight loss and
&

fatigue, fever, nausea, vomiting, severe persistent diarrhea, vision loss

coma, caused by

mental symptoms such as confusion and forgetfulness [50]. Kaposi®

the human herpesvirus-8 (HHV-8). is the most common AlDS-related cancer. It causes
reddish-purple lesions on the skin that were a hallmark feature of AIDS patients in the
1980°s. Other opportunistic infections that can occur in AIDS patients include, but are

not limited to candidiasi I is. ¢ galovirus, herpes simplex. Preumocystis




jiroveci, tuberculosis and recurrent pneumonia [39, 50]. In untreated HIV infection,

progression (o AIDS takes about ten years on average. However, since the introduction of

antiretroviral therapy (ART). particularly highly active ART (HAART). progression to

AIDS can be delayed for several decades or completely prevented.

117 Antiretro

Before ART was available. people with AIDS were unlikely to live for more than

a few years. Since the introduction of ART in 1987 [51] and HAART in 1996 [52

mortality and morbidity in HIV-infected patients has dramatically decreased [53]. ART

introduced. Antiretroviral drugs are

therapies have come a long way since they were fir:

more numerous, diverse with respect to antiretroviral class. more potent and less toxic
than before. Current HAART is a combination therapy consisting of a cocktail of at least

es of antiretroviral

3 different antiretroviral drugs that belong to at least 2 different class

These include entry

agents. Currently, seven cla of antiretroviral agents exist.

¢ RT inhibitors (NRTIs). non-

inhibitors, CCRS i ! fe and cled

nucleoside RT inhibitors (NNRTIs). protease inhibitors, integrase inhibitors [54] and

maturation inhibitors [55]. Entry inhibitors interfere with the binding. fusion and entry of

the virus into the host cell. CCRS antagonists bind to CCRS blocking gp120 binding.

NRTIs are modificd DNA nucleotides that lack a 3° hydroxyl g

oup. These are

incorporated into the viral DNA during ¢cDNA synthesis and result in DNA chain

es can be attached to them. NNRTIs bind directly to

as no



z¢ the HIV ¢DNA strand from the viral

the RT and interfere with its ability to synthes

RNA. Protease inhibitors prevent cleavage of polyproteins needed to produce infectious

viral particles while integrase inhibitors block HIV DNA integration into its host DNA.

Maturation inhibitors are still in development

55]. They could potentially inhibit proper

assembly of the virion and prevent maturation of the particle.

Despite the effectiveness of HAART. many issues such as the generation of drug-

cost, and

resistance mutations. non-adherence, unwanted short and long-term side effe

high pill burden exist. Non-adherence, due to poor ace

. drug abuse, pill burden, and

unwanted side effects, allows viral repli

ion to rebound leading to the generation of

immune escape and drug resistance mutations [36-38]. However. in many regions where

individuals have access 0 sl

ate-of-the-art IV care. the incidence and risk of

antiretroviral resistance and i viral is declining [59]. Up until the

recent HIV Prevention Trials Network (HPTN) 052 randomized trial [60]. it was thought

that even while HIV-infected individuals had HAART-suppressed viral loads, the

were

could still pass the virus on to others. However. results of the HPTN 052 trial showed that

carly initiation of ART is efficacious in preventing HIV transmission [60. 61].

istence

Despite effective therapy. HIV persists and continues to infeet new hosts.

particularly in arcas where ART is unavailable or treatments are not initiated carly in

infeciton. HIV pers

stence is mainly due to the number of mutations that can be generated



in minimal time periods and to its ability to maintain latent infection as a provirus. The

viral RT lacks proofreading capacity allowing a high error rate and multiple mutations to

oceur [62] thus leading to the rapid development of viral quasispecies including drug

resistant and immune escape variant strains. In some cases. a single mutation can confer

resistance (o some drugs [63]. while a I ac of multiple is

required to confer resistance for others [64]. The mutations generated in the presence of

esistance in which the virus becomes r

stant to drugs to

one drug may lead to cros:

which it has never been exposed [65, 66]. This usually confers resistance within one class

of inhibitor but is of great concern as it significantly limits the combinations off ART that

can be used. However. in regions where state-of-the-art ART is available. these problems

are not as common.

1.2 CDS'Tcells

Hematopoietic thymocyte precursor cells that migrate from the bone marrow to

Both CD4" and CD8" T cells mature in the

the thymus mature there and become T cells

thymus and are distinguished from cach other by the expression of their respective co-

receptors (CD4 or CD8) and by their different effector functions. CD4" T cells are
divided into several subgroups (Tyl. Ty2, Tyl7. Te. ete.) based on their different
cytokine production and effector functions. Activated CD8' T cells (CTL) Kill virus-

infected and tumor cell

The following section will address many aspects of CD8' T cell



development and function including how these cells recognize antigen. how they develop

in the thymus, and most importantly their role in HIV infection.

e T cell receptor (TCR)

Each T cell has ~30.000 clonotypic TCRs on its surface [67]. Two different TCR
heterodimers, the w:p TCR and y:3 TCR exist. The a:p TCR. the focus of this section, is

expressed on most T cells and is homologous to the antigen binding fragment (Fab) of

immunoglobulin (Ig) [68]. The y:3 TCRs represent a minor subset of TCRs, which have

s of two

different antigen-recognition properties from the a: TCRs. Each TCR consi

ble

receptor chains, which are disulphide-linked vari glycoproteins

anchored in the membrane (Figure 1.2.1). The membrane proximal region of cach chain

is termed the constant region (C). while the membrane distal region of each chain is the

ble region (V). The amino-terminal variable region is the site of antigen binding.

Cry

tal structures of the a:f TCR [69-73] have revealed that all but the Ca

domain of the TCR are similar in structure to the domains of Igs. The Ig-like domains of
the TCR are constructed from two [ sheets linked by disulfide bridges to form a 8 barrel.
Four loops of B strands at the outer edge of the B barrel form the hypervariable regions of
the V region of cach chain. These loops form a complementary surface 1o a particular
antigen and as such are called complementarity-determining regions (CDRs). The Ca
domain differs from the others in that half of it is connected to the CB domain forming a

3 sheet while the other half i composed of loosely packed strands joined to an a-helix by



achain B chain

Variable Region (V)

Constant Region (C)

Transmembrane Region

@ Carbohydrate -SS- Disulphide Bond

Figure 1.2.1 The structure of the a:p TCR. The TCR is composed of two
transmembrane gp chains. « and B. The membrane proximal region of the extracellular
portion of each chain is termed the constant region (C). while the membrane distal region

of the extracellular portion of cach chain is the variable region (V). The amino-terminal

variable region is the site of antigen binding. Both chains are anchored in the membrane
via a short stalk segment. This segment contains a cysteine residue that forms a disulfide
bond. linking the two chains. The hydrophobic transmembrane segment of cach chain

contains positively charged residues. Adapted from [74].



a disulfide bond. Gene rearrangements. junction diversity and random pairing of « and 3

ion

chains result in high variability of TCRs, particularly in the highly variable CDR3 r

that interacts directly with the antigenic peptide. CDR1 and CDR2 less variable as

they are required for interaction with self-MIHC molecules and thus, must have conserved

regions (o maintain recognition [68]

122 Peptide processing and loading onto MHC cl

CD8' T cells recognize peptide antigens through the TCR only in the context of

self major histocompatibility complex (MHC) class I molecules (human leukocyte

antigens (HLA) in humans). MHC class 1 is expressed on nearly all nucleated cells as

well as platelets. During the inflammatory response, cytokines such as IFN-y and tumor

ion of MHC class I molecules on the cell

rosis factor (INF)-u increase the expres

surface. The majority of the peptides presented by MHC Class 1 are derived from newly

synthesized proteins in the cytosol although a smaller fraction is derived from mature

proteins [75. 76]. These proteins are degraded through the proteolytic activity of the
proteasome. a cylindrical structure formed by the adenosine triphosphate (ATP)-

s that

of the y ytic core particle and the regulatory particls

make up the base and the lid [77]

The proteasome exists in two forms: 1) The constitutive protcasome, which is
present in all somatic cells and 2) the immunoproteasome. which is present only in

antigen-presenting cells (APCs) and inflamed tissues. When APC are stimulated with



IFN-y. the low molecular protein (LMP) 2. LMP7 and multicatalytic endopeptidase
complex subunit (MECL)-1 of the immunoproteasome are synthesized. These replace
constitutive subunits in the newly synthesized proteasome [78]. The ATP-dependent
activity of the immunoproteasome is regulated by PA28. which binds o the terminal
rings of the proteasome to form a protease-activator complex that opens the proteolytic
core particle. strongly regulating the degradation and release of endogenously-
synthesized peptides [79]. The oligopeptides released range from 4-20 amino acid
residues in length and terminate mostly with basic and hydrophobic residues. Such C-
termini are favoured for uptake by the transporter associated with antigen processing
(TAP) and are required for binding to MHC class I molecules [78].

Once released from the proteasome, the majority of the peptides are further

degraded for use in protein synthesis or energy production. The remainder bind to

chaperones., which protect them from degradation until translocation into the lumen of the

endoplasmic reticulum (EER). Transport into the ER is achieved in an ATP-dependent

ER membrane protein whose

manner by the heterodimeric TAP complex. an intey

ence of IFN-y [80]. The TAP complex

expi ficantly enhanced in the pi

preferentially transports peptides 8-16 residues in length, with peptides of the appropriate

length for binding to MHC class I (8-11 residues) most efficiently transported. Once

inside the ER, peplide precursors that are not at the appropriate MHC class I-binding

length are trimmed at the N inus by the ER amil id: iated with antigen
processing (ERAAP) to generate peptides that can be presented by MHC class 1 [81]

MHC class I molecules are synthesized and loaded with peptide in the ER. This



process is mediated by several molecular chaperones such as calnexin and calreticulin,
which prevent degradation of properly folded proteins and allow stable assembly of the
MIIC class I: peptide complex (pMIIC). ER-resident proteins, including ERp37. the

TAP-associated glycoprotein (tapasin), and the TAP heterodimer interact with the newly

formed complex. Tapasin, which has an ER retention signal in its cytoplasmic domain

s | heterodimer with TAP. allowing

[82]. mediates the critical interaction of the MHC cla:

peptide binding [83]. Afier transport into the ER via TAP, peptides are loaded in the o

domain of MHC class I molecules. Low affinity peptides do not cause the release of the
MIIC from the peptide-binding complex (PBC). while high affinity peptides may cause
conformational changes that complete the folding of the MHC class 1 molecule resulting

inits release from the PBC and subsequent display at the cell surface [84]

cal MHC Class 1 alleles: one A, one B and

aset of 6 clas

Each individual carries
one C allele from cach parent. These alleles are highly polymorphic, particularly in the

amino acids

forming the peptide-binding groove. Such polymorphisms are likely the
result of evolutionary pressure to maximize peptide binding diversity in the presence off

Fach MHC class 1 moleeule has a preferred peptide-

multiple emerging pathogens
binding motif. however, with the lack of structural data these are not all known. All.
however, are functionally complex: they interact at different sites with peptides. i-m. the

wf TCR. the CD8 coreceptor and natural killer cell (NK) inhibitory molecules [85].



n and activation of CD8' T cells

1.2.3  Peptide recog)

MIIC class T molecules present peptides in the peptide binding groove. formed by
two fanking a-helices and a floor of antiparallel B-strands [86]. Peptide anchor residues
interact with the MHC class I binding cleft in specificity pockets through a series of
hydrogen bonds and ionic interactions leaving the upward pointing side chains available
for interaction with the TCR [87. 88]. Normally. MIIC class 1 presents autologous
peptides derived by degradation of defective ribosomal products (DRiPs) and mature
proteins that have reached the end of their natural life. Since T cell precursors that
recognize self-peptides are eliminated in the thymus, the presentation of these autologous

peptides by MHC class 1 is typically ignored by T cells. In contrast, T cells bearing

AHC class 1 mature and are

receptors that recognize foreign peptides bound to- self-
highly specific for foreign antigens in the context of sel-MIIC [89]

The TCR alone allows for peptide/MHC (pMIC) recognition but is not sufficient
for intracellular signalling. Other molecules, CD3y. CD38, and CD3¢ (CD3 complex) and
the TCRC chain, which contain conserved immunoreceptor tyrosine-based activation
motifs (ITAMs). are required for the expression of the TCR on the surface of the cell and
for the signalling cascade that follows antigen recognition [90-92]. The interaction of the
TCR complex (TCR and CD3 complex) with pMHC is stabilized by the CD8 co-receptor

on CD8' T cells [93]. pMHC recognition by the TCR enhances lymphocyte-specitic

protein tyrosine kinase (Lck) recruitment to the TCR complex [94]. Lek phosphorylates

the ITAMs of the CD3 chains and the TCRE chain. which allows the C-chain-associated

20



protein kinase 70 (Zap-70) to bind. ZAP-70 is then phosphorylated by Lek initiating an

intracellular signalling cascade involving many other proteins that ultimately results in
i

ced cell death

cytokine ducti liferation. differentiation and/or active

[95. 96]. This process is also dependent on costimulatory receptors such as CD28 [97]

and other auxiliary adhesion moleeules such as integrins [98], which allow formation of

the immunological synapse. CD28 is expressed on T cells and is ligated by B7 on APCs

al that promotes TCR-induced

This ligation provides an essential co-stimulatory sig

tyrosine phosphorylation of the TCRE chain and ZAP-70, which increases T cell

proliferation by ing 1L-2 production and prevents the induction of ancrgy and

cell death.

sm. CD8" T cells become effector CTL. CTL

Once activated through this mechan
mediate cytotoxic killing of virus-infected and tumor cells through two dominant contact-

granule exocytosis and the receptor-mediated Fas-Associated

dependent mechanisms
protein with Death Domain (FADD) pathway (reviewed in [99]). Activation of CD8' T
cells results in the upregulation of cytokine receptors and induces the expression of

granule components such as perforin and granzymes (serine proteases). Perforin is a

Ca'-dependent pore-forming protein that multimerizes in membranes and is responsible
for the entry of granzymes into target cells, however. the mechanism by which this occurs,
is unclear [100]. Granzymes A and B are the most abundant granzymes and are cach

which ultimately

ause

capable of proteolytically activating cell death  pathway

Ihe perforin

fragmentation of the target cell’s DNA and subsequent cell death [ 101, 102

like

pathway is the predominant pathway used for CTL-mediated Killing of target cells



due to its efficiency. Cytotoxic granules are released within minutes of target cell
recognition and can be reoriented after cach encounter allowing CTL-mediated Killing of

multiple target cells [103]. The FADD-mediated pathway which includes members of the

INF receptor pathway, TNFRI. TRAILR and most commonly Fas [104-106]. is also

involved in CTL-mediated killing of target cells. However, unlike in the granule

exocytotis pathway, very little ligand (e.g. Fasl) i

stored and so there is a greater lag
time (1-2 h) between recognition and killing of cach target cell [99]. Activation of this

pathway relies on the release of certain ligands (c.;

s1.) which bind to their receptors.

resulting in the recruitment of FADD and caspase 8. This leads to the activation of a

cas

ade of proteases. particularly caspases. which then cleave various substrates

such as

responsible for the changes associated with apoptosis nuclear membrane

breakdown and DNA cleavage [107].

1.2.4 T cell selection

I e

lIs are derived from hematopoictic stem cells in the bone marrow that migrate

through the blood to mature in the thymus. a lymphoepithelial organ in the upper anterior

thorax [108]. Maturation requires the stepwise completion of several processes including

rearrangement of TCR genes, formation of a complete TCR, and positive and negative

selection that ensures sell=MHC restriction and self-tolerance (Figure 1.2.3) [109].

Tolerance is the state of immunological nonresponsiveness in the presence of a particular

antigen. It is achieved through the deletion of autoreactive T cell ation

during matu
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Figure 1.2.2 Positive and negative selectio
(DP) thymoeytes undergo TCR gene rearrangements in the cortex. DP cells expressing
appropriate TCRs receive a “rescue signal™ through the self-pMHC:TCR interaction with
cortical thymic cpithelial cells (CTEC). which induces DP maturation to the CD4'8” o
D48’ single positive (SP) stage, while cells expressing TCRs that lack specificity for
self=MHC undergo apoptosis. Positively selected cells enter the medulla, In the medulla,
high-avidity TCR/self-peptide:MHC ligations with medullary thymic epithelial cells
(MTEC) or DC leads to negative selection of self-reactive thymoeytes. Adapted from

[109].



(central tolerance) and the suppression of autorcactive T cells that have escaped
climination in the periphery (peripheral tolerance).
On entering the thymus, immature lymphocytes committed to the thymocyte

n di

renti

lincage interact with the thymic stroma in the cortex and begi ion along the T

cell lincage pathway. At the end of this phase (-1 week). the thymoeytes express
distinetive markers of the T cell lincage such as CD2 but do not express markers of

mature T cells (CD3. CD4 or CD8). These cells are called double-negative (DN)

further subdivided into

thymoeytes because they lack CD4 and CDS. The DN phase is

four stages (DN1. DN2, DN3 and DN4) based on the presence and absence of certain

surface molecules and the state of TCR chain gene rearrangement [110]. If gene

rearrangement of the B chain locus is unsuccessful in the DN3 stage. the cells die by

apoptosis. Successful gene rearrangement results in the expression of a complete pre-

TCR. a combination of the B chain and a surrogate pre-TCR « chain. at the cell surfs

[110]. The cells then enter the DN4 stage in which proliferation occurs. The assembly of

the pre-TCR with the CD3 molecules arres ement and leads to

s further B chain rearran,

the expression of both CD4 and CD8 on the cell surface. When these double positive

(DP) thymoceytes cease to proliferate, the « chain locus rearranges and a complete w:fp

TCR is produced.

he fate of cach DP cell depends on the ability of its new TCR to interact with a

oceurs in the

sel-pMHC complex, a process known as positive selection. This proce
cortex of the thymus and is mediated by cortical thymic epithelial cells (CTEC). Receptor

editing. in which sequential rounds of rearrangement at the TCR « locus occurs. at this



stage increases the likelihood of successful self-MHC restrietion [111]. DP - eells

CR

expressing appropriate TCRs receive a “rescue signal” through the self-pMHC
interaction, which induces DP maturation to the CD4'8" or CD48" single positive (SP)

stage [112],

while cells expressing TCRs that lack specificity for sel-MHC (~95%)

undergo apoptosis [113]. Chemokines that direct the T cell for further maturation within

the thymic medulla are also produced during this time [114]. Negative selection, in which

cells expressing high avidity self-reactive TCR are deleted. oceurs throughout thymic

development [115]. but is mostly concentrated in the medulla [111]. In the medulla. this

process is dependent on the high avidity TCR:self-peptide:sel-MHC interaction and

costimulatory signals from APC. particularly the interaction of CD28 (on thymocytes)

and B7 (on DCs) [116. 117]. Other costimulatory signals through CD40 provided by
medullary thymic epithelial cells and DCs [118]. and through CDS and CD43 on T cells
[119] also have a role in clonal deletion. Negative selection oceurs to a lesser extent in
the thymic cortex. where there is a lack of costimulatory APCs. Here, clonal deletion of

semimature T eells with

rong TCR binding in the absence of costimulation is Fas

dependent [120].

In order for suceessful clonal deletion of potentially self-reactive T cells to oceur.

there must be a

complete representation of self-antigen within the thymus. The

expression of many of these t specific antigens in the thymic medulla is controlled

such as the autoimmune regulator (AIRE) gene [121

by genes . AIRE deficiency in mice

and in humans results in autoimmunity, highlighting its importance in clonal deletion and

central tolerance [122]. If a cell is tolerant to tissue-specific antigens and survives both




positive and negative s

lection, it leaves the thymus

and cireulates in the periphery as an
immunocompetent single positive (SP) mature T cell. This means that selection of the T

cell repertoire is based on the recognition of one or a few self-MHC molecules modificd

by the binding of a v

array of self-peptides. Thus, the recognition of self-peptides
below a certain threshold of avidity is ultimately responsible for positive selection of T

cells. The diverse repertoire of T cells that is selected recognizes foreign peptides bound

to the same self=-MHC molecule as the sele

ting self-peptide in the periphery. This means

that foreign peptides that are recognized in the periphery are actually all heteroclitic

varian

s of self-peptides

Heteroclitic variants are slight alterations of naturally-occurring,

peptides that enhance TCR recognition [123

. We will apply this concept to generate

potentially heteroclitic vas

ants of HIV peptides for possible use in therapeutic vace

(discussed further below).

125 CDS' T cell response in HIV infection

Several findings suggest an important role for CDS' T cells in controlling HIV

on. Studies by both Koup ¢r al. [124] and Borrow ef al. [1

control of HIV replication during acute infection by monitoring the level of HIV-specific

CT1. activity in relation o plasma viremia in HIV-inft

cted study participants. In both

studies, participants who showed an increase in CTL activity during acute infection

showed a concomitant decline in viremia. whereas those who had low or undetectable

CTL activity had prolonged symptoms and persistently higher levels of viremia, CD8' T

20



0 CD8'

" cell

cell-mediated control of HIV-infection was also suggested from in

depletion studies in the SIV rhesus macaque (SIVmac) model of AIDS. These studies

showed a rapid and marked increase in viremia in acute [126, 127] and chronic [127]

infection when CD8' T cells were climinated. However. upon the reappearance of SIV

specific CD8" T cells, the increase in viremia was suppressed [127]. The rapid generation

of sequence mutations within immunodominant CTL epitopes [128-1

provides
additional evidence of CTL pressure on HIV replication as does the association of

ion (reviewed in

particular HLA class 1 alleles (327 and B37) with long term nonprog

[133. 134]).

Long-term non-progressors (LTNPs) exhibit natural immune control to 11V
which allows stable normal CD4" T cell counts and continuous low to undetectable viral

studies of L'TNPs and HIV-

loads. Because of the lack of an animal model of protection.
exposed but uninfected individuals (EU) have been used to define correlates of
protection. While vigorous CD8' T cell responses have been implicated in- the

maintenance of low viral load in LTNPs [135, 136] and seronegativity in EU [137-139].

no single CD8" T cell function has proven to correlate with protection or control. LTNPs
gle CD8" T cell function has pi 1 late with protect trol. TN

do. however, possess a greater proportion of polyfunctional HIV-specific CD8' T cells
relative to HIV-infected progressors [140]. HIV-specific CD8' T cells from LTNPs can
release several eytokines simultancously (IFN=y. 11-2, TNF-«, m¢ inflammatory protein
(MIP)-1B. and perforin) [140, 141]. have greater proliferative capacity [142, 143] and

have the ability to dramatically upregulate granzyme B and perforin:production afier

long-term culture [44. 144].



Other specific properties of CD8" T cells have been proposed as correlates of
protective immunity in LTNPs and HIV controllers. Chen ef al. [145] found that HLA-
B27-restricted CD8' T cells in controllers were better able to inhibit viral replication
through targeting of the immunodominant Gag epitope. This was also associated with

distinet TCR clonotypes, characterized by superior control of HIV-1 replication in vitro,

greater cross-reactivity to epitope variants and enhanced loading and delivery of perforin.
Similarly. Turnbull ef al. [146] have shown that epitope-specific responses with enhanced

cr

ccognition of sequence variants were most strongly correlated to - delayed
progression to discase. They also reported that the rate of discase progression is
determined by the quality of responses to certain critical epitopes and that this is
influenced by properties of the  dominant TCRs used for epitope  recognition.

Importantly. 11-2 production by polyfunctional HIV-specific CD§' T cells has also been

correlated with enhanced viral suppression [141]. Almeida er al. [147] reported that
polyfunctionality and potent HIV-suppressive activity of HIV-specific CDS' T cells arc a

result of increased antigen sensitivity. while Harari ef al. [148] argue that CD8' T cells

with these attributes are equipped with low-avidity TCRs and thus have low antigen

sitivity. Such debates must be resolved in order o properly define CD8' T cell

correlates of protection. It is important to note as well that CD§' T cell responses may not

be the only protective measure in HIV protection, Emu er al. [149] compared HLA

polymorphisms and HIV-specific CD8 T cell responses among LTNPs. non-controllers

(high level viremia). and “ART individuals (und ble HIV RNA while

on ART). In this study. while the majority of L'TNPs did have higher HV-specific CD8'



" cell responses than the other groups. many LTNPs lacked protective HLA class 1
alleles and evidence of T cell-mediated control. It is. however, important to note that only

Thus it

gag. env and pol peplide pools were used to deteet CD8' T cell respons

remains possible that these individuals have detectable CD8' T cell responses to other

HIV proteins.

is one of the most critical questions

inhibit HIV

cells

Defining how CD8

need to be addressed in order to develop efficacious protective and therapeutic vaceines.

In addition, we must also determine which CD8' T cells are responsible for viral control.
Several subsets of CD8' T cells including naive. effector and memory. exist. Upon

activation, naive T cells become effector T cells (CTL) or differentiate into a diverse

s into an effector lincage

array of memory T cells. The process by which a naive cell entet
or memory lincage is not entirely clear. Chang ef al. [150] show that a dividing T cell
initially responding 1o a microbe asymmetrically divides into two daughter cells cach

¢ and a memory lincage.

with a different cell fate specification: a terminal effector line;

arkar ¢ al. [151] suggest that cells that receive prolonged antigenic stimulation during

of cctor

the later stages of infection are more likely to become terminally differentiated ef

cells. while those who do not endure prolonged antigen stimulation and have the ability

mechanisms are involved or

to make 1L-2 become memory T cells. Perhaps both of the
maybe the memory phenotype depends entirely on the antigenic history of cach T cell.

CTLs produce effector molecules, such as perforin and granzyme B. and are

responsible for the targeted destruction of virus-infected or tumor cells. They are

terminally differentiated and short-lived, although 5-10% of these cells survive long-term

29



and can be reactivated for protection upon reinfection with the same pathogen [ 1

Memory T cells differ from both naive and effector T cells and can be further subdivided
into effector memory T cells (Tya) or central memory T cells (Tey). These memory T

cell subsets

are defined by location, function and phenotype. Tey are long-lived cells

that. upon cach exposure to their specific antigen. generate an accelerated immune

response. They express CDO2L and CCR7. which allows them to cross h

h endothelial

venules (HEVs) and enter the lymph nodes from the bloodstream [154].

v produce 11~
2 which allows them to sustain their own survival but are poor producers of effector

cytoking

such as [FN-y. until they are reactivated [155]. Ty are shorter-lived. reside in

non-lymphoid tissues and express low levels of cytotoxic effector molecules such as

granzyme B and perforin [155. 156]. A study by Freel e al. [157] that investigated the

ability of cells from various differentiation s

ages 1o inhibit HIV replication showed that
carly memory stages through terminal effectors were able to effectively inhibit viral
replication o similar degrees. However, given the strong correlation between  the

sustained presence of HIV-specific CD8' Ty and long-term non progression [ 158, 159].

rs that CD8'

it appea ‘o are vital to HIV control and as such should be a target of both

therapeutic and prophylactic vaccines

1.3 Therapeutic v

cines

I'wo general classes of vaceines exist: preventative vaccines and therapeutic

vaccines. Preventative vaccines are administered to uninfected individuals o provide
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inst future infection. These vaceines often consist of live attenuated or

protection ags

inactivated microorganisms, or parts of those microorganisms, that stimulate the body’s

immune system and prime immune cells to respond quickly against subsequent infection.
Preventative vaccines are effective because of immunological memory. which allows the

adaptive immune system 1o casily recognize and destroy pathogens it has already seen.

nes are available for a number viral infections [160] and are

Preventative vac
responsible for the global eradication of smallpox [161] and near eradication of

poliomyelitis [162

I'herapeutic  vaccines. unlike preventative  vaceines. modulate  the  ongoing
immune response in unresolved or chronic conditions. They typically induce cell-

mediated immunity rather than antibody- and complement-mediated immunity (although

some vaceine initiatives aim for neutralizing responses) by  existing o

generating new immune  responses towards chronic  pathogens or tumor antigens,
Iherapeutic vaccination can be achieved through both passive transfer and active

immunization to selectively reduce immunopathology. Their potential use in HIV

infection and mechanisms by which an effective therapeutic HIV vaccine may  be

designed are discussed in the following subscctions.

1.3.1  The need for a therapeutic HIV vaccine

ive. strict adherence s required. Initially, HAART

For HAART to be eff

regimens  significantly impacted daily life as special dictary and strictscheduling



requirements were demanded in order to prevent the development of drug-resistance
mutations [56. 65. 66]. Nowadays. many drugs can be combined into a single pill. which

However. not all combination

reduces pill burden and scheduling requiremen S of drugs

are available in this single dose. therefore. i a person develops several drug-resistance

mutations they may have to resort to harsher HAART regimens. HAART is also very
toxic and even short-term use is associated with the HIV-associated lipodystrophy
syndrome [163]. and cardiovascular and bone discase [164]. Therapeutic vaccination

would reduce the need for toxic and expensive ART and would offer several advantages

over current ART such as fewer

short- and long-term side effects, longer lasting cffeets
following a single administration. and a reduction in the number of ART-resistance
mutations. Previous and current clinical trials suggest that the side effects associated with

therapeutic vaccination would be similar 10 those of approved vaccines. such as

inflammation at the site of injection and mild flu-like symptoms [165

T'he ultimate goal

of a therapeutic vaceine would be to generate an anti-HIV immune response that would

completely clear the infection, however, most rescarchers think this is not possible in

HIV infection due to the virus™ ability to remain latent for decades [165]. An effective
therapeutic HIV vaccine could, however. prevent or delay the need for ART by
sustaining immunological fitness and the level and stability of CD4" T cells. thus
allowing viral control without the added toxicity of ART.

While much rescarch has been directed at therapeutic vaccination. there is no

therapeutic  vaccine approved for human use [166]. Several challenges face  the

development of an effective therapeutic HIV vaceine. The virus™ ability to proliferate



quickly and remain quicscent for many years despite CTL pressure means a therapeutic

0. due to the variation

vaceine could help control the infection but will never clear it. Als

in HIV strains and limited re: sal vaceine is

istance to closely related strains, a unives

unlikely. The disappointing MERCK Step trial [167]. although a preventative vaceine

trial, left us with two important questions that need to be answered for ¢

design — 1) Which CTL functions correlate with protection? 2) What magnitude of

Answers 1o these

response in assays correlates to an effective CTL response in vivo

questions will allow us to surpass current challenges and design better future vaceines.

1.3.2 Peptide-based vaccines

ion for HIV infection have been and/or

Several approaches to therapeutic vacci

are currently being explored. These include the use of whole inactivated TV [168].
recombinant DNA and viral veetors [169-171]. dendritic cells [172-174]. protein subunits
and peptides [175. 176]. Peptide-based vaceines. specifically epitope-based peplide

use they

a

ceines. are of particular interest be allow the ability to select the minimal

immunogenic region of specific protein antigens that can be targeted by a specific cell
type (primarily CTL) 10 induce effective and precise immune responses. Peptides are

produced casily and safely, therefore, can be produced on a large scale. and quite

cconomically. I injected, peptides cannot revert to a virulent form or integrate into host

DNA. concerns associated with live and attenuated vaceines and DNA- vaccin

respectively. Peptide-based vaceines can also be designed to contain multiple epitopes of



one or more pathogens. which, given the HLA-restriction of the epitopes. is a necessity il

a broadly applicable vaccine is desired. Broad vaccination strategies

hould also include
the incorporation of peptides that elicit immune responses across a variety of HIV clades.
which may be achieved by basing peptide design on conserved regions in virus strains.
One such strategy is the use of mosaic vaccine strategies which use a computational

approach o design polyvalent T cell-bas

d vaccines [177]. This strategy maximizes
coverage of cross-clade HIV sequences.

Although there are many advantages to peptide-based vaccines. there are also
many challenges. Such vaccines must take the presence of B and T cell epitopes and

HILA-restriction into id In cancer

approaches such as the

Tibingen approach [178]. which combines genomies. peptidomics, bioinformaties and T-

cell gy. allow the id i selection and validation of large numbers off

MHC/HLA cla

ociated peptides from  tumor-associated antigens for use in
vaccines. Peptide stability. delivery and low immunogenicity also pose difficultics in

generating effective peptide-based vaccines but these may be overcome through peptide

modification. Peptide stability can be improved through the incorporation of -amino-

acids into the epitope. which increases MIC-bindi

g affinity and allows  protease-

re

tance [179, 180], and through modifications of the amino and carboxy termini, which
also allow protease-resistance and improve the enzymatic stability of the peptide [181].

Peplide delivery strategies have been significanty improved through the use of

recombinant eytokine adjuvants [182. 183]. oil-emulsion-type adjuvants [184] and recent

developments in liposome, microparticle and nanoparticle delivery systems (reviewed in



[185]). Improvements in delivery result in enhanced immunogenicity. Immunogenicity

ral amino

can also be improved through slight epitope modifications. in which one or sev

acids are substituted with others. Heteroclitic peptides. which are the focus of this

research project. represent an approach to epitope modi

1.3.3  Heterocli

ic peptides - their use in therapeutic can nes and potential

use in therapeutic HIV vaceine

T'he term heteroelitic is defined as “deviating from ordinary forms or rules™ [186].
Heteroclitic peptides are slight alterations of naturally-occurring or index peptides that
enhance TCR recognition [123]. They do not just deviate from the index peptide in terms
of sequence but deviate from the index peptide in terms of their functionality. Heteroclitic
peptides stimulate more potent immune responses against their respective index peptide

than the index peptide itself [187]. To date, this phenomenon has been employed most

effectively in therapeutic cancer vaceines to overcome suboptimal MHC/TCR affinities

and T cell tolerance to tumour-associated antigens [188-191]. Tumour-associated

antigens are generally self antigens that become overexpressed in transformed cells [189.

190]. These antigens seldom elicit an immune response as most T cells with high or even
moderate avidity for self peptides are climinated during T cell selection in the thymus. In
animal models and in vitro human systems. heteroclitic peptides have been shown o
break T cell tolerance and dramatically augment cell-mediated immunity against tumour-

associated antigens [188-190]. Slansky er al. [192] attribute this enhanced antigen-



specific antitumor immunity to increased stability of the pMHC:TCR complex. which
results in increased avidity and residence time of this complex. However. the ability of
heteroclitic peptides to hyperstimulate T cells and generate high avidity interactions is not
sufficient on its own to eliminate tumors. The T cells that become primed by high avidity
heteroclitic peptides must be able to undergo further activation and expansion driven by

illowing the selective destruction

the lower avidity. poorly immunogenic index peptide
of transformed cells that overexpress the index self-peptide [190]. Results from current
clinical trials [193. 194] highlight the promise of this approach. Based on these results we
propose that the same principle may be applied to HIV infection to selectively augment
HIV-specific CD8' T cell responses.

In a study by Sette er al. [188]. potentially heteroclitic variants were generated

from several HLA-A2 and A3

estricted tumor-associated peptides (Ymers and 10mers)
and from two HLA-A2-restricted viral peptides. HBV Pol.455 and HIV Pol.476 (both

s). Peptide analogues that demonstrated heteroclitic activity. regardless of index

peptide origin. cach had amino acid substitutions that were of conservative or

tions 1. 4. 6 or 8. The

semiconservative nature at positions 3. 5. or 7 but never at pos

heteroclitic peptides identified, including two for the HIV Pol.476 index peptide.

old increase

produced up to a 1 n T cell sensitivity to peptide stimulation and were
associated with higher magnitude responses [188].  X-ray crystallography-inferred 3-
dimensional structure of HILA-A2 and A3 pMHC:TCR complexes show that side chains

of amino acids at positions 3. 5 and 7 in the HLA-A2 and A3 binding peptides interact

direetly with the CDR3 regions of the TCR « and  chains [195, 196] thus suggesting that



heteroclicity is a result of enhanced TCR recognition. The study by Sette ef al. [188] also

included a table of similarity scores for cach amino acid in relation to the others. These

were quantified by averaging the rank coefficient score for tolerability of
point mutations within a protein (Dayhoff PAM250). hydrophobicity (an average of

Kyte/Doolittle and Fauchere/Pliska scales), and amino acid side chain volume (measured

by 1,0 displacement) for each amino acid pair. We propose that heteroclitic variants of

HIV index peptides can be generated in the same manner as in the study by Sette ef al.

[188] and incorporated into therapeutic HIV vaceine design

134 Central memory T eells as a target of therapeutic HIV vaccines

The sustained presence of HV-specific CD8' Ty cells in LTNP s strongly

correlated with control of HIV replication and slower discase progression [158. 159]. The

Tew lincage is characterized by the  CD3'CD8'CD4SRA'CD28'CCR7'CD127'

phenotype [197]. Tey produce 11.-2, undergo self-renewal, have a broad TCR repertoire
and serve as progenitors of new effector and memory T cells [198]. Most importantly.

Ten appear to be extremely rare in progressive HIV infection [144, 197]. Renewal of Tey

appears 10 be dependent on low-level antigen persistence and continued |

However, in cases of chronic infection. when high viral loads persist. renewal s less
frequent leading o a decline in Tey populations [151, 197]. The requirements for

commitment to the long-lived Ty lincage is not fully understood but is likely designated

carly during T cells responses involving APC-priming [198]. Further insight into this



process of differentiation would allow us to design vaccines that could sclectively target

. Heteroelitic peptides enhance cell-mediated immune responses by exposing the

immune system to peptides that are rare or non-existent in clinical HIV isolates leading to

the activation of CD8" T cells that are cross-reactive with the naturally-occurring HIV/

peptides. We propose that heteroclitic peptides, which selectively target 11.-2-producing T

cells, may offer the appropriate level of antigen stimulation to be selectively recognized

by or lead to the generation of CD8' Tey. If this holds true. then heteroclitic peptides
should be incorporated in therapeutic HIV vaccines as their ability to enhance recognition

by

or generation of Tey could result in improved control of HIV replication and slower

discase progression

Preliminary work for this ha Hollet

project was completed by Julia Pohling, Nat
and Katrin Zipperlen. The first step in this project was to identity HIV peptides that
stimulated 1L-2 production by CD8" T cells in HIV-infected individuals. PBMC from

HIV-infected subjects were sereened for 1FN-y and 1L-2 production by ELISPOT
Y S Y

with overlapping 15mer peptide sets spanning the major HIV clade B antigens (National
Institutes of Health AIDS Reference Reagent Program). Individual peptides were pooled

in sets of 49 (Nef). 123 (Gag). 125 (Poll). 123 (Pol2). 128 (

nvl). and 83 (Env2).

Initially, more than 40 individuals were screened against the pools by ELISPOT assay to

determine which pools elicited 11.-2 responses. Twelve individuals from this initial



sereening had =200 11.-2 spot forming units (SFU)Y/10° PBMC against one or more of the
HIV peptide pools., with HIV Gag and Nef pools eliciting 11.-2 responses most frequently.
Those individuals contributed PBMC for follow-up studies to identify individual HIV
peptides that stimulated this response. Pools stimulating 11.-2 production (Gag and Nef)

were then deconvoluted with peptide matrices by ELISPOT assay to identify individual

15mers responsible. The Gag matrix (Figure 1.4.1 A) consisted of 20 pools of 1

peptides. 2 pools of 12 peptides and 1 pool of 2 peptides (123 peptides total) inan 11 x
12 grid and the Nef matrix (Figure 1.4.1 B) consisted of 14 pools of 7 peptides (49
peptides total) in a 7 x 7 grid. Each peptide was present in two and only two pools. By
comparing the pattern of 11.-2 production against the peptide pools. the specific peptide or
peptides responsible for 11.-2 production were identified. Several of the 15mer peptides
identified contained optimally defined CD8' T cell epitopes consistent with the HLA
class I type of the participant tested. A2-7 (Nel 83->91). A2-8 (Nel 135> 143). and A2-

Gag (Gag 77->85) (all HLA-A2 restricted) and A3-2 (Gag18->27) (H1./

3 restricted)

were confirmed by ELISPOT assay as optimally defined 9mer peptides stimulating 11
production by PBMC from two or more HIV-infected individuals in our cohort. PBMC
from an additional 60 subjects who expressed the appropriate HLA class 1 molecules

were then screened by ELISPOT

ssay against these index peptides for 1FN=y and 11-2

production,
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Gag
peptide pools
SO R o

7873 7874 7875 7876 7877 7878 781 788

7884 7885 788 7887 7888 7889 7890 7891 7892 7893
7894 7895 789 7897 7898 7899 7900 7901 7902 7903 7901
7905 7906 7907 7908 7909 7910 7911 7912 7913 7914 7915

7916 7917 7918 7919 7920 7921 7922 7923 7924 79

792

7928 7929 7930 7931 7932 7933 7934 7935 936 7937

pegtice poos
]

7938 7939 7940 7941 7942 7913 7914 7945 7946 7947 7948
7949 7950 7951 7952 7953 7954 7955 7956 7957 7958 7959
7961 7962 7963 7964 795 796 7967 7968 7969 7970

7972 7973 797 7975 7976 7977 7978 7979 7980 7981

7983 798 7985 798 7987 7988 7989 7990 7991 7992

7993 7994

5139 5140 5141 5142 5143 5144 5145
5146 5147 5148 5149 5150 5151 5152
5153 S154 5155 5156 5157 5158 5159

5160 5161 5162 5163 5164 5165 5166

peptide pools

5167 5168 5169 5170 5171 5172 5173
5174 5175 517 5177 5178 5179 5180

5181 182 5183 5180 5185 5186 5187

Figure 1.4.1 The Gag and Nef matrices. A) The Gag matrix consists of 23 pools (pool
number is highlighted in green). Pools 1. 2 and 12-22 cach contain 11 peptides whose
sequence is identified by an identification number (ex 7872). Pools 3-11 cach contain 10
peptides and pool 23 contains 2 peptides (123 peptides total). B) The Nef matrix consists
of 14 pools (pool number is highlighted in orange) each containing 7 peptides whose
sequence is identified by an identification number (ex 5139). The pools were tested by
ELISPOT a: Each peptide was present in two and only two pools therefore by
comparing the pattern of 1L-2 production against the peptide pools the specific peptide or
peptides responsible for 11.-2 production were identified.
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From A2-7. A2-8 and A3-2. cighteen potentially heteroclitic variants were

designed by making conservative and semiconservative substitutions at positions 3. 5 and
7aas in the study by Sette [188]. The choice of amino acid to be substituted was based on
the relationship to the index amino acid and rarity or absence among HIV-1 clade B

sequences  submitted  to the  Los  Alamos  HIV  sequence  database

(wwaw.hiv.lanl.gov/content/sequence/HIV/mainpage.hml). - Choosing  variant  peptide

sequences that are rare or absent in natural HIV-1 infection is important. In chronic HIV

infection, the infected individual's immune s

tem. has been exposed o a variety of HIV

cpitopes but has not been able 1o clear or. in many cases. control the infection. The T
cells that react typically recognize the immunodominant HIV epitopes. therefore T cells

recognizing non-immunodominant epitopes do not expand. However, T cells recognizing

epitoy y become d therefore. in order

to stimulate new T cell subsets or reactivate exhausted T cells. we must expose them to

new epitopes. More than 10 individuals were sereened against the potentially heteroclitic

variants by ELISPOT assay and at least 6 responded to one or more of the variants with >

50 IL-2 SFU/10° PBMC. This

asis of the current study in

preliminary data formed the

which additional variant sets were generated and PBMC from additional subjects were

sereened against the original and the new variant sets. The specific aims of the current

study are described below




15 Specific aims

151 Identify peptides that scleetively augment 1L-2 production by HIV-specific

CD8' T cells relative to index pep

The first aim of this study was to identify potentially heteroclitic peptides that

selectively augment 11.-2 production by HIV-specific CDS' T cells relative to index

mple and rapid test that

. 1L say.

peptide: production was measured by ELISPOT a:

allows the enumeration of cytokine-producing cells. At the beginning of this study. we

speculated that the ability of HIV-specific CD8' T cells to produce 11.-2 correlated with

sion and viral control. This correlate of protection was inferred

delayed discase progr

based on the association of LTNP with the sustained presence of HIV-specific CD8” Tey

ion

lls. which have the ability to produce their own 1L-2 and sustain their own prolifer:
158, 159]. In a recently published study by Akinsiku er al. [141] the capacity of HIV-
Y T y DY ! y

specific CD8 T cells from progressors and controllers (neither on ART) to produce

effector molecules (CD107a. 11 IFN-y. TNF-q, perforin) and inhibit HIV replication

in autologous CD4" T cells was measured. Results from this study showed a strong

correlation of suppressive capacity of CD8' T cells with polyfunctional, 11.-2 production

can be used as a correlate of

Although no single functional output of CD8" T cells

protection, this study validates our use of 1L-2 production by HIV-specific CD8' T cells

as o marker of enhanced immunogenicity and functionality of heteroclitic peptides

relative to index peptides.



Because 11-2 responses are rare in progressive HIV infection, we also compared
the ability of reference and variant peptides to stimulate IFN-y production by CD8" T

cells. In a setting of high viremia. IFN-y seeretion is the most resistant to functional

exhaustion than all other T cell functions. In standard ELISPOT assays measuring HIV-

specific immune responses. IFN-y is the most commonly a

sessed cytokine [199, 2001 In

addition to this. previous rescarch has shown that heteroclitic peptides can ine

production of 1FN=y and/or interleukin-10 (I1.-10) relative to reference peptides [ 188]

152 whether 1L-2-inducing heteroclitic HIV peptides

ngment

proliferation and differentiation of CD8' T cell

The second aim of this study was to compare the capacity of IL-2-inducing

rentiation of CD8'

heteroclitic peptides and index peptides to drive proliferation and diff
I'cells. The ability of Tey to produce 11-2 allows them to support their own proliferation
[158] therefore we will test the ability of potentially heteroclitic HIV peptides to induce

proliferation of these cells in the absence of any exogenous cytokines. PBMC were

labelled with CFSE, stimulated with cither potentially heteroclitic or index peptides in the
absence of exogenous cytokines. and cultured for 7 days before staining for flow

cytometry. Four color flow cytometry was also used to determine whether the 11.-2

inducing peptides also drive differentiation of HIV-specific CD8' T cells in the absence

or presence of exogenous cylokines.




1.5.3  Measure TCR/peptide avidity of 1L-2 inducing heteroclitic HIV peptides

¢ to index peptides

T cell avidity is defined as the ability of T cells to respond to the Towest

concentration of peptide in the context of the appropriate self-MIC molecule. High

avidity CD8' T cells require lower amounts of peptide for triggering of effector functions
while low avidity CD8' T cell require higher amounts of peptide. Several studies identify
I cell avidity as an important parameter for cell-mediated control [201-203 . Almeida er
al. [201] show that the presence of high avidity HIV-specific CD8' T cells, which are
polyfunctional in nature, is strongly correlated with enhanced control of HIV replication.
Using depletion studies. Lichterfeld er al. [203] showed that loss of high avidity H1V-

cled

specific CD8' T cells is strongly associated with disease progression in HIV-infi
individuals. Based on the importance of TCR/peptide-HLA class | avidity for HIV

control, we also tested the ability of 11.-2 inducing heteroclitic peptides to enhance

T'CR/peptide-HLA class Tavidity relative to index peptides.

1.54  Test the

bility of 1L-2 inducing heteroclitic HIV peptides to generate

ctive CTL

broadly re

Heteroclitic peptides enhance cell-mediated immune responses by priming CDS'

I cells with naturally rare or non-existent peptide leading to the activation of CD8' T

cells cross-reactive with the naturally-oceurring peptides. Because the HIV RT lacks



sistanee and

proofreading capacity. many viral quasispecies, including those with drug

immune escape mutations, can exist within a single individual [62]. In order for a

heteroclitic HIV peptide to be effective in a therapeutic vaccine it must activate CTL that

are broadly reactive against multiple variations of the HIV peptide which may occur in

the host. Therefore, we also tested the ability of 11-2 inducing heteroclitic HIV peptides

to generate CTL that are not only cross-reactive with the index peptide but broadly

reactive with the entire variant set.



Chapter 2 Materials and Mcthods

2.1 Study participa

HIV-infected study participants (numbered 1 to 257) were recruited through the
St. Johns General Hospital HIV Clinic. St. John's, Newfoundland, Canada. Non-infected
study participants (numbered 1000 and above) were recruited through the Faculty of
Medicine, Memorial University of Newfoundland. St. John's, Canada. All participants

provided informed consent for whole blood collection and immunological studies. PBMC

from over 40 HIV-infected participants were initially screened against the major HIV

antigens for 11L-2 production to ultimately identify 9 mer peptides responsible for this

hose HIV

response. fected participants who originally responded and an additional

individuals who expressed the appropriate HLA molecule (HLA-A2. A3. BI8. B35. or
B57) were selected for heteroclitic peptide testing against HIV and non-HIV peptide sets.
Most HIV-infected study participants were on antiretroviral therapy and had achieved
viral suppression o below limits of detection with clinical tests at the time of
participation. Non-infected study participants expressing the appropriate HLA (HLA-A2)
were selected for heteroclitic peptide testing against non-HIV peptide sets and used as

negative controls against interesting heteroclitic HIV peptides eliciting 11.-2 responses in

HIV-infected study participants. Ethical approval for this study was granted by the
Memorial University of Newfoundland Faculty of Medicine Human Investigation

Committee.
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Whole blood was collected by forearm venipuncture into acid-citrate-dextrose

(ACD! ini iners to prevent coagulation during visits scheduled for clinical

tests. After centrifugation at 400 g for 10 minutes, most of the plasma was removed.

aliquotted and stored at -80°C. The remaining blood was diluted 1:4 in phosphate
buffered saline (PBS) and PBMC were isolated by Ficoll-Hypaque (GE Healtheare Bio-
Sciences) density gradient centrifugation. In short. a solution of Ficoll and sodium

metrizoate of specific density was layered below the PBS-diluted blood and centrifuged

at 400 g for 30 minutes. This caused sedimentation of the erythrocytes and granulocytes

‘icoll interface.

1o the bottom of the tube allowing collection of PBMC from the plasma:

PBMC were used fresh or cryopreserved in lymphocyte medium (RPMI 1640

supplemented with 10% fetal calf serum (FCS). 100 pg/ml streptomyein, 100 1U/ml

penicillin. 2 mM L-glutamine, 10 mM HEPES buffer and 2 x 10 M 2-mercaptocthanol:
all Invittogen) with  FCS increased o 20% and  supplemented  with  10%

dimethylsulfoxide (DMSO) (Sigma).

2.3 Epstein-Barr virus (EBV) transformation of B cells

EBV transformation of B cells is an effective procedure for immortalization of

human B lymphoeytes [204]. The B95-8 cell line (EBV  transformed marmoset

leukocytes) is a marmoset cell line that releases high titres of transforming EBV and can



thus be used as a source of EBV 10 establish continuous B cell lines from human donors.

B95-8 cells. established in culture. were centrifuged at 1100 rpm for 5 minutes. The

supernatant was poured off into a sterile 15 ml tube and filtered through a 045 M

acrodise syringe filier (PALL Corporation) to ensure complete removal of cells. 2.5 ml of
filtered supernatant was added to 5 x 10° freshly isolated PBMC and incubated for 24
hours at 37°C in 5% CO,. Afier 24 hours, the cells were centrifuged and resuspended in 3

ml of lymphocyte medium with FCS increased to 25% and supplemented with 1 ug/ml

cyclosporin A (Novartis). The cells were incubated at 37°C in 5% CO, for two weeks

before adding more lymphocyte medium. When a sufficient number of transformed cells

wass grown (6-8 weeks), as indicated by the appearance of large cellular masses that could

be seen by the naked eye, a stock of 10 x 10° cells/vial were cryopreserved in liquid

nitrogen. B cell lines blished for all participants in this study

were

24 HLA typing

All samples received prior to September 2010 were HLA typed for Class T A and

B antigens with the Lambda Monoclonal Typing Tray Second HLA Class L. Lot 6A (One

Lambda). This kit is a serological typing method in which monoclonal antibodies to most
HLA specificities and complement, predotted onto the microtest tray. are mixed with an

s at 2-4 x 10° cells/ml. The reactions are

equal volume (1 pl) of ad following a |

hour incubation period.  After September 2010, the Micro Sequence Specific Primer

(SSP) HLA Class | DNA Typing Tray (One Lambda) was used for HLA typing. This



DNA-based tissue typing technique uses completely matched oligonucleotide primers to

amplify a target sequence corresponding to a particular HLA allele. The primers and
internal controls are pre-aliquoted into a 96-well format and require only the addition of
25-200 ng/ul DNA (100 ng/ul is optimal) and recombinant Taq polymerase (5 U/ul)
PCR was performed using the PTC-100"™" Programmable Thermal Controller (MJ
research, Inc.) as per Kit instructions. After PCR. the DNA fragments were separated by
el electrophoresis. stained with cthidium bromide and exposed to UV light for

visualization. The presence or absence of specific bands indicated the presence or

absence of specific alleles.

25 ELISPO

PBMC samples from more than 70 HIV-infected participants were stimulated

with pools of overlapping 15mer peptide sets spanning the major HIV clade B antigens
(National Institutes of Health AIDS reference reagent program). Individual peptides were

dissolved in DMSO. then pooled in sets of 49 (Neb). 123 (Gag). 125 (Poll), 123 (Pol2).

128 (Envl), and 83 (Env2) in unsupplemented RPMI 1640 at a final concentration of 1.0

pg/ml of cach peptide. PBMC were used fresh or thawed and cultured overight at

37°C/5% CO, in lymphoeyte medium before counting viable cells using the trypan blue

exclusion method. MultiSereen 96-well plates (Millipore) were pre-wetted with 50 pl of

o ethanol, washed 4 times with PBS and coated overnight with 100 pl/well of 7.5

pg/ml IEN=y mAb 1-D1K or 15 pg/ml 1L-2 mAb IL.2-1/249 (both Mabtech) at 4 °C. The
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plate was washed 4 times in PBS then 2 x 10% or 4 x 10% cells at a concentration of 2

10° cells/ml in lymphocyte medium were added per well for IFN-y and 11.-2 detection,
respectively. in single (IL-2) or dual (IFN-y) replicates. Peptides (10 pl/pool for TFN-y
and 20 pl/pool for 11.-2) were added at a final concentration of 0.1 pg/ml. Medium alone
was used as a negative control and 5 pg/ml. phytohemagglutinin was used as the positive
control. - After overnight incubation, the plates were washed 6 times with PBS then 100
l/iwell of 1 ug/ml 7-B6-1-biotin or 1L-2-11-biotin (both Mabtech) were added for 1°N-y

and IL-2 detection, respectively, for 2 hours. Plates were washed 5 times with PBS and

100 pl/well of a 171000 dilution of streptavidin-alkaline phosphatase (ALP) (Mabtech)
was added for 1 hour. Plates were subsequently washed 5 times with PBS and 100 pl/well

of chromogenic ALP substrate (BioRad) was added. Streptavidin has a high affinity for

biotin therefore any biotinylated antibodies used to deteet either IFN-=y or 11-2 are bound
by enzyme-conjugated streptavidin. ALP then converts the chromogenic substrate. a mix

of nitroblue in aqueous dimethylformamide (DMF)

chloride and 5-bromo-4-chloro-3-indolyl phosphate in DML, into an iododye which is

bound in place on the membrane forming a purple spot. Fach spot is equivalent to one
reactive cell. Spots were counted with an Immunoscan reader (Celluar Technology
Limited). Quality control was performed manually and results were reported as [FN-y
SEU/0° PBMC or 11-2 SFU/I0° PBMC. A positive response was considered to be at

least 50 11.-2 SFU/10° PBMC or 100 IFN-y SFU/10° PBMC and at least twice the

background.
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timulating 1L-2 production (Gag and Nef) were deconvoluted with peptide
g P g

y (as above) to identify the individual 15mers responsible. The

Giag matrix consisted of 20 pools of 11 peptides, 2 pools of 12 peptides and 1 pool of 2

peptides (123 peptides total) in an 11 x 12 grid and the Nef matrix consisted of 14 pools

of 7 peptides (49 peptides total) ina 7 x 7 grid. Each peptide was present in two and only

two pools. By comparing the pattern of 1L-2 production against the peptide pools the
specific peptide responsible for 11-2 production was identified. Several of the 15mer
peptides identified contained optimally defined CD8" T cell epitopes consistent with the

HLA class T type of the participant tested. A2-7 (Nef 83391), A2-8 (Nef 135>143), and

A2-Gag (Gag 77-»85) (all HLA-A2 restricted) and A3-2 (Gagl8->27) (HLA-A3

restricted) were confirmed as optimally defined 9mer peptides  stimulating 11.-2
production by PBMC from two or more HIV-infected individuals in our cohort. From

ibed

these peptides, twenty-four potentially heteroclitic variants were generated (de:
below) and tested by ELISPOT assay as above except that 10 ul (IFN=y) or 20 pl (I1.-2)
of 40 pg/ml peptide was added to cach well for a final peptide concentration of 4 pg/ml.

Additive ELISPOT a used 1o determine if overlapping or different

subsets of T cells respond to both reference and heteroclitic peptides. Additive ELISPOT

assays were performed as above for IFN-y detection in terms of plate coating and

detection. 200,000 PBMC were added per well and stimulated with 4 pg/ml of reference
peptide. 4 pg/ml of variant peptide or a combination of reference and one variant peptide

at 4 pg/ml cach peptide.



2.6 Heterocl

peptides

Potentially heteroclitic peptides were generated by making conservative and semi-

itions 3. 5 and 7. Substitutions were made

conservative substitutions at amino acid pos

based on a table of similarity scores for cach amino acid in relation to the others. These

relationships were quantified by averaging the rank coefficient seore for tolerability of

point mutations within a protein (Dayhoff PAM250), hydrophobicity (an average of
Kyte/Doolittle and Fauchere/Pliska scales), and amino acid side chain volume (measured

by 110 displacement) for cach amino acid pair [188]. In addition to aa relationships.

substitutions were made based on rarity or absence among HIV-1 clade B sequences in
the Los Alamos HIV sequence database

(http://www.hiv.lanl.gov/content/sequence/QUICK_ALIGN/QuickAlign.html). Positions

3.5 and 7 were selected for substitutions based on X rystallography-inferred 3D

structure of HLA-A2 or A3/peptide/TCR complex that revealed side chains of amino acid
at these positions are most exposed (o the CDR3 regions of the TCR « and [ chains [195.
196]. Because the anchor residues for HILA-A2 and ~A3-restricted peptides are at
positions 2 and 9. substitutions at positions 3. 5 and 7 should not alter HLA-binding

Several of the peptides used were presented by HLA-A2. A3 and/or additional HLA

molecules. Additional HIV variant peptides were made using Gagl47->155 (B57-1:

HELA-B57 restricted) and Gagd33->440 (A2-9: HLA-A2 restricted) as reference peptides

positions 2 and 9: therefore, BS7-1 variants were

HELA-B57 also has anchor residues

synthesized as above. Because A2-9 is an 8mer. substitutions were made at positions 3. 5




and 8. Substitutions at position 8 may have disrupted HLA-A2-binding. 111.A-A2
restricted non-HIV (A2-Flu and A2-IP) peptide variant sets were generated as above for
HLA-A2-restricted peptides. Potential heteroclitic peptide sequences are shown in Table

2.6.1

I Sequence

Binding predictions were performed using the Cente

Analysis (Technical University of Denmark) NetMHC 3.0 server, which predicts bindi

of peptides to a number of different HLA alleles using artificial neural networks (ANNs)

and weight matrices (http://www.cbs.dtu.dk/services/NetMHC-3.0/). Unfi ly. this

was performed after peptide synthesis. Many variant peptides enhanced binding or had

similar binding to the appropriate HLA relative to the reference peptide. Few peptides

weakened binding or did not bind. The results are shown in Table 2.6.2.

2.7 CTL assays

CTLs were generated by stimulating 5 x 10° PBMC. centrifuged and resuspended
in approximately 100 pl of lymphoeyte medium. with 100 pl of peptide at 200 pg/ml for
a final peptide concentration of 100 pg/ml. Following 1 hour of incubation at 37°C/5%
CO, cells were resuspended at 2.5 x 10° PBMC/ml in lymphocyte medium supplemented
with 25 ng/ml of recombinant human I1.-7 (National Cancer Institute (NCI) Repository).
On day 3. 20 U/ml exogenous 11-2 (NCI Repository) was added. CTL activity was

assessed between days 8 and 11 by *'Cr releas: . using peptide-pulsed autologous or

S1x 10°

HELA-matched EBV-transformed B lymphoblastoid cells (BLCL) as ta



Table 2.6.1 A compari:

Reference Peptide
(name. position: aa sequence)

on of reference and cor

Variant Peptides
(name: aa sequence)

A2-T (Nef$3): AAVDLSIIFL

A28 (NT135): YPLTFGWCT

AALDLSHFL®
AATDLSHEL®
AAVDISIIFL
AAVDVSIFL
AAVDLSOF

w\m.\\u
YPLIYGWCE
N |\mvm
YPLITG
YPLITC

variant peptide

HLA Restriction

A2
[
Bw62

A2
BI§
B35

KIKLRPGGK
KIQLRPGGK

i (Gag?7): SLYNTVATL

SLWNIVATL
SLINTVATL
SLYNSVATL®
SLYNWVATL
SLYNTVGTI
YNTVMIL®

1B57-1 (Gag 1 47): LSPRTLNAW

A29 (Gagd33): FLGKIWPS

LSTRTENAW
LSNRTLNAW
LSPRPLNAW

LSPRNINAW
LSPRTLDAW
LSPRTLIAW

B57-3
B57-4
B57-5.
B57-6:
A29-1
292 FLNKIWPS

FLGKIWPS

FLGRRIWPS
KIWPY

IWPVS*

A2-Flu: GILGEVETL

A2Flu-l: GIV

FVETLY
A2Flu-2 VE

A2IP: LLDVPTAAV

A2-IP-1
A2-1P-2
A2-IP-3
A2-1P-4
A2-IP-5

LENVPTAAV
LLIVPTAAV
LLDVITAAV
LLDVNTAAV
LLDVPTSAV

A2IP-6: LLDVPTIAV

Di

ferences from the reference peptide are highlighted in red an
* marks peptides that elicited I1-

A3
B7
327

2 production by CD8' T cells

underlined




Table 2.6.2: HLA-Binding Predictions for Reference and Variant Peptides

Pl Predicted (nM)for nd Level For given HLA
corresponding HLA
HLA-AZ (B60, B6Z not vailable) HLA-AZ
En
140 wB
999
259 wa
363 wB
1394
B R .
HLA-AZ HLABIG | HLAB3S | WLAAZ | WLABIS
YPLTEGWCF 39166 19 8 sB
PITEGWCE 41001 a1 7 sB
YPYTFGWCE 43500 27 6 sB
YPLTYGWCE 37008 18 7 5B
YPLTWGWCE 35963 8 6 sB sB
YPLTFGECF 3869 35 9 sB sB
YPLTFGRCE® 47774 199 1 wi B
HLA-AZ HLA-B7 HEAB27 | HLAAS | WLA-B7 | WLA-B27
KIRLRPGGK 64 28481 28124 wi
KIKLRPGGK 103 26784 wi
KIQLRPGGK. 138 26403 Wi
KIRLKPGGK® 110 27026 wi
KIRLQPGGK 131 29372 wi
KIRLRPAGK I 21710 B
KIRLRPVGK 53 23095 wa
L HLAAZ
SLYNTVATL 162 Wi
: SLWNTVATL 132 w8
123 wB
52 w8
15 sB
589
: SLYNTVMTL® 73 wi
HLA-AZ
LSPRTLNAW. T - Wi
LSTRTLNAW Wb
: LSNRTLNAW Wi
LSPRPLNAW
LSPRNLNAW Wi
LSPRTLDAW Wb
: LSPRTLTAW wi
HLA-AZ
A29: FLGKIWPS e Wi
wB
wB
wB
sB
HLAAZ
GILGVFTL sB
GIVGFVFTL® sB
GITGR wi
GILGYVFTL B
GILGIVFTL. sB
GILGFVYTL sB
GILGFVHTL. wa
HLAAZ




[ i
9 wi
116 w8
AZIP-3: LLDVITAAV 29 B
AZIP-4: LLDVNTAAV 27 B
AZIP-5: LLDVPT: 89 wi
AZIP-6: L B

Differences from the reference peptide are highlighted in red and underlined
* marks peptides that elicited 11.-2 production by CD8' T cells

Strong binder is denoted by SB. SB threshold is 50 nM

Weak binder is denoted by WB. W threshold is 500 nM

Non binders are indicated by a blank. Non binder threshold is =500 nM
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BLCL were incubated with 100 pCi of sodium chromate (Na;*'CrOy). which was

absorbed by passive transfer. Following a 90 minute incubation, cells were washed once

in PBS. twice in PBS supplemented with 1% FCS and once in lymphocyte media. Viable
cells were counted using the trypan blue exclusion method then resuspended at 1 x 10°
cells/ml. 50 pl BLCL were added to a 96-well U-bottom microtest plate (Becton
Dickinson) then pulsed with 50 ul of 40 pg/ml peptide or unsupplemented RPMI 1640 as
anegative control. in duplicate. for one hour. 50 pl BLCL added to 250 pl T N hydrogen
chloride (HCL) or 250 I lymphoeyte medium. in duplicate. was used to measure

maximum *'Cr release and spontancous *'Cr release, respectively. CTL were washed

ss 1L-2 and counted using the trypan blue

with lymphocyte media to remove ex
exclusion method. CTL were resuspended at 5 x 10° cells/ml and added at 20:1, 10:1, 5:1
and 2.5:1 effector:target ratios. in duplicate. Lymphocyte media was added for a final
volume of 300 pl/well prior to a 5 hour incubation at 37°C/5% CO,. Peptide-specific CTL
recognized BLCL-presented peptides and exerted effector functions, Killing the BLCL.,

se of *'Cr into the supernatant. 125 pl of supernatant was added to 50 pl

thus causing re

of bleach in counting tubes (Fisherbrand) then placed in a 1480 WIZARD™ Automatic

Gamma Counter (PerkinElmer) which read the amount of radioactivity present in cach

tube. The percent spec lysis was calculated from the amount of “'Cr present in the

nt ol

supernatant of the test wells relative to the amount of *'Cr present in the superna

the maximum and minimum release wells by the following formula:

e min *'Cr
max *'Cr release — min *'Cr release

% specific lysis —




Cross-reactivity assays were performed by *'Cr release assay in which autologous

BLCL were pulsed with cach peptide in the entire peptide set. Effector cells were added

at an appropriate effector:target ratio determined in the previous assay. Results were

plotied as percent specific lysis against cach peptide. Avidity of the TCR/peptide

interaction was also determined by *'Cr release assay in which autologous BLCL were

cetor cells

pulsed with serial dilutions (10 gM to 1 x 10°° M final) of the test peptide.
were added at an appropriate effector:target ratio based on the previous assay. The results

were plotted as percent specific lysis against peptide concentration and the avidity was

estimated as the concentration of peptide at which the pereent specific lysis fell to 50% of

the maximum.

28 Proliferation

ssays and flow cytometry

Proliferation s were performed using  the  CellTrace™  CFS Cell

Proliferation Staining Kit (Invitrogen). A S mM stock solution of CFSIE was prepared by

dissolving 50 pg CFSE in 18 il DMSO. PBMC were resuspended at 1 x 10° cells/ml in

pre-warmed PBS supplemented with 5 mM EDTA (Sigma) and 0.25 yM CISE
(Invitrogen) and incubated, in the dark. at 37°C for 14 minutes. Following a 5 minute
incubation on ice the cells were quenched with 5 volumes of ice-cold lymphoeyte media
and centrifuged (o remove any unabsorbed CESE. 2 x 10° 10 5 x 10° PBMC (depending
on availability) were centrifuged and resuspended in approximately 100 ul of lymphoeyte

medium, with 100 pl of peptide at 200 pg/ml for a final peptide concentration of 100



ug/ml. Following 1 hour of incubation at 37°C/5% CO,. cells were resuspended at 2.5 x

10° PBMC/ml in lymphocyte medium. On day 7, cells were harvested and stained with a

four color panel for surface and intracellular markers using anti-CD8-PerCP (HIT8a:
Biol.egend) and an appropriate color combination of anti-CCR7-APC (3D12:

eBiosciences), anti-IFN-y-APC  (4S.B3: eBiosciences). anti-PD-1-APC (EH12.2H7:

BioLegend). anti-perforin-APC/PE (dG9: Biolegend/B-D48: Santa Cruz). anti-1L-2-PI

(MQI-17H1

eBiosciences) and anti-CD45RA-PE (JS-83: eBiosciences). No FITC-
conjugated antibodies were used because CESE oceupies the FITC channel. Additional
flow cytometry experiments in which cells were not CESIE labelled involved appropriate
color combinations of the previously described antibodics along with anti-11L-2-FITC

(MQI-17H12;

altag). anti-IFN-y-FITC (4S.B3. ¢Biosciences) and anti-CD3-FITC

(UCHTI: eBiosciences). Staining for intracellular cytokines (IFN-y and I1.-2) was done

after a 4 hour incubation of 1 x 10° peptide stimulated-PBMC with 100,000 refi

rence or

I litic peptide-pulsed autol BLCL in the presence of 10 pg/ml (final
concentration) Brefeldin A. Appropriate isotype controls were used. Staining was

tain Kit (Dako) procedure. In short, 1 x 10° cells were washed in

performed as per Intra

flow buffer (PBS supplemented with 5 mM EDTA., 0.2% sodium azide (both Sigma) and

FCS (Invitrogen) with the pH adjusted to 7-7.2), stained with antibodies to surface
markers, washed, incubated with fixative containing 5-10% formaldehyde, washed,
permeabilized and stained with antibodies to intracellular markers. After a final wash,

cells were resuspended in 200l of 1% paraformadehyde and analyzed within one week



of staining with a FACSCalibur™ (BD Biosciences). Data analysis was performed using

WINMDI 2.8 software.

Statistical analysis was carried out with GraphPad Prism 4.03 Software.

Normality of data distribution was  ass

essed by D’Agostino and Pearson omnibus

normality test. When data was normally distributed. means were  presented  for
comparison. I data did not fit a normal distribution. medians were presented for
comparison. One-Tailed Student’s Paired 7 test was used to compare PD-1 expression on

reference and heteroclitic peptide-stimulated CFSE™ CD§

cells. Probability values <

0.05 were considered significant.
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Chapter 3 Results

3.0 A comparison of IF}

and/or 1L-2 induction by reference and potentially

heteroclitic peptides

The first aim of this study was to identify peptides that selectively augmented 11.-
2 production by HIV-specific CD8" T cells relative to reference peptides. Because the
production of 1L-2 is rare in progressive HIV infection, we also tested the ability of
potentially heteroclitic HIV peptides to enhance 1FN=y production by HIV-specific CD8’

T cells refative to reference peptides. Cytokine production was measured by [l

POl
assay in which PBMC from 87 HIV-infected and 5 HIV-uninfected individuals were
sereened in single (1L-2) or duplicate test (IFN-y) against one or more of the 8 peptide

sets used in this study (Table 2.6.1) at one or more time points. Each of the peptides is

9aa in length, with the exception off A2-9 and variants A2-9-1 through A2-9-5. which are

8mers,

I'he number of people tested against each peptide set and the number of people
who had a positive response (at least twice background and > 100 1FN-y SFU/10° PBMC

or

=50 1L-2 SFU/10° PBMC) to one or more peptides are indicated in Table 3.1.1. In

most cases (A2-7. A2-8. A2-9, A3-2. B57-1. A2-Flu. and A2-IP). less than 50% of the

subjects tested responded by 1FN-y production and fewer than 15% of those tested
responded by 1L-2 production. For one peptide set. A2-Gag, 60% of those tested

responded by 1FN-y production, while 21% responded by 11-2 production.

6l



These results are fairly descriptive so in order to better understand them. there are

a few things to keep in mind. Firstly. a positive response is at least twice background and

> 100 SFU/10° PBMC for IFN=y or > 50 SFU/10° PBMC for 1L-2. In comparing IFN-y

responses. two peptides were considered similar if there was < 100 1FN-y SFU/10°

PBMC difference. A peptide was considered better than another if there was > 100 TFN-y
SFU/0® PBMC with a difference of 100-300 1FN-y SFU/0° PBMC representing a
slightly better peptide, a difference of 301-700 1FN=y SFU/10° PBMC representing a

moderately better peptide and a difference of > 700 1FN-y SFU/10° PBMC representing a

much better peptide. These ranges were chosen arbitrarily based on the variation in
responses observed. For 11L-2 responses. two peptides were considered similar if there

was < 25 11-2 SFU/10° PBMC difference. A peptide was considered better than another

if there was > 25 more SFU/10° PBMC. The results

¢ described in comparing the

number of cases (reference and heteroclitic peptide pair comparisons) for cach category.

“The total number of cases is based on the number people and their respective peptide-pair

comparisons that elicited positive responses.
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Table 3.1.1 A summal
respons

~ Peptide St
Number of People

of the number of people with positive IFN-y and 11.-2
s to one or more peptides in each peptide set.

2-Gag | A3-2 | BS7-1 ‘ A2-Flu | A2-IP
7 o+ 7+

Tested | 5 | 3-
(150 total) A S| —— -
Number of People 11 5 21 3 44 1+
with Positive 3- 0-
IFN-y Responses
(60 total)
Number of People 2 2 5 2 0 0+ 0+
with Positive 1L-2 1- 0-

+refers to HIV-infected individuals

- refers to HIV-uninfected individuals
Peptide set refers to both reference and variant peptides

A positive response is one that is at least twice the background and at Ieast =100
1FN-y SFU/10° PBMC or =50 11 U/10° PBMC

Some individuals were tested against one or more peptide sets. therefore, there is
overlap in the total number of people tested and with positive responses




In ~50% of those individuals who responded to one or more peptides by 1FN-y
production. the reference peptide stimulated > 100 1FN-y SFU/10° PBMC more than all
other variants within their respective peptide set (Representative examples shown in
Figure 3.1.1). In the majority of cases (19/29) the reference was only slightly better than

the variants (100-300 1FN-y SFU/10° PBMC difference: Figure 3.1.1 A). In 5 cases, the

reference was moderately better than the variants (301-700 1FN-y SFU/10° PBMC

difference: Figure 3.1.1 B) and in an additional 5 cases. the reference was much better
than the variants (> 700 1FN-y SFU/10° PBMC difference: Figure 3.1.1 C). Thirty-seven

percent of those i s who responded by 1FN-y (22/60) had similar 1'N-

¥ responses (< 100 1FN=y SFU/10° PBMC difference) to the reference peptide and at |

1. but up to 5. variant peptides within a set (Representative examples shown in Figure
3.1.2). For A2-7. a common trend was observed in which the reference peptide and

variants A2-7-1 to A2-7-4 stimulated similar [FN-y responses in 3 of the 7 who

responded to this peptide set (#34, #1 d #138: Figure 3.1.3 A). A common trend was

also observed for peptide set A2-8 (Representative examples shown in Figure 3.1.3 B).

Three of the cleven individuals who responded to A2-8. responded only to the reference

peptide. Of the 8 remaining individuals who responded to at least one of the variant
peptides, A2-8-6 rarely stimulated a response. In cases where a response was generated, it

was less than 20% of the next highest response to any of the peptides within that set.
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Figure 3.1.1 Comparison of reference and variant stimulation of IFN-y production 1.
PBMC from HIV-infected and/or HIV-uninfected individuals were tested in duplicate
against one or more peptide sets for [FN-y production by ELISPOT assay. Duplicates
were within 20% of cach other. Duplicates were averaged and the background was
sublracted. A positive response is at least 100 1FN-y SFU/10° PBMC and at least twice
background. Representative examples in which reference peptides stimulated A) 100-300
B) 301-700 or €) > 700 IFN-y SFU/10° PBMC more than all variants are shown. The

HLA cla

s | allele that presents each peptide set is highlighted in red and underlined.
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Figure 3.1.2 Comparison of reference and variant stimulation of IFN-y product
1L PBMC from HIV-infected and/or HIV-uninfected individuals were tested in duplicate
against one or more peptide sets for IFN-y production by ELISPOT assay. Duplicates
were within 20% of cach other. Duplicates were averaged and the background was
subtracted. A positive response is at least 100 1FN-y SFU/10° PBMC and at least twice
background. Representative examples in which reference and one or more variant
peptides stimulated responses within 100 IFN-y SFU J/10° PBMC of each other are shown.
Variant peptides that fit this criterion are indicated by arrows. The HLA class T allele that

presents each peptide set is highlighted in red and underlined.
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Figure 3.1.3 Comparison of reference and variant stimulation of IFN-y production
HIL PBMC from HIV-infected individuals were tested in duplicate against A2-7 and/or
A2-8 peptide sets for IFN-y production by ELISPOT assay. Duplicates were within 20%
of cach other. Duplicates were averaged and the background was subtracted. A positive
response is at least 100 IFN-y SFU/10° PBMC and at least twice background. A)
Representative examples of the trend observed for peptide set A2-7 in which similar
responses to the reference peptide (< 100 TFN-y SFU/10° PBMC difference) were

observed for variants A2-7-1. -2, -3 and -4 while variants A2-7-5 and -6 stimulated weak

or no responses. B) Representative examples of the trend observed for peptide set A2-8 in

which variant A2-8-6 rarcly stimulated a response. In cases where a response was

generated it was < 20% of the next highest response. The HLA class I allele that presents

cach peptide set is highlighted in red and underlined.
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In 9/60 responding  individuals

at peptides stimulated  more 1FN-y

production than their respective reference peptides by > 100 IFN-y SFU/10° PBMC

(Figure 3.1.4). In 4 of the 9 individuals who responded in this . 2 of the variant

peptides within a peptide set fit this criterion. Therefore, a total of 13 reference and
variant peptide pairs in which variant peptides stimulated more IFN-y exist. In 8/13 pairs.

U/10° PBMC

the variant was slightly better than the reference (100-300 1FN-y
difference: Figure 3.1.4 A) with 4 additional variants being moderately better than their
corresponding reference peptides (301-700 1FN-y SFU/M0® PBMC difference: Figure
o

3.1.4 B) and 1 variant being much better than its reference peptide (= 700 TFN-y SFU/T0'

PBMC difference:

igure 3.1.4 C). These results show that variant peptides induced
similar or higher IFN-y responses to those induced by reference peptides in ~50% of’
responding individuals.

As shown by the MERCK STEP trial [167]. IFN-y responses alone are not a

strong correlate of protection in HIV infection. 11-2 responses. however, are associated
with the presence of HIV-specific CD8' Tey cells [158. 159] and are strongly correlated

with enhanced suppressive capacity of CD8' T cells [141]. Therefore, we tested the

ability of reference and variant peptides to induce 11.-2 production by CD8' T cells. 1.

responses were measured by ELISPOT assay in single tests at the same time points as
1FN-=y responses were measured. We used selective 11L-2 production by CDS' T cells as a
marker of enhanced immunogenicity and functionality of heteroelitic peptides relative to

index peptides. The number of 11-2 producing cells can also be used 1o estimate the

number of HIV-specific CD8' Tey. since these cells produce their own 11-2 to sustain
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Figure 3.1.4 Comparison of reference and v

ant stimulation of IFN-y production
IV. PBMC from HIV-infected and/or HIV-uninfected individuals were tested in duplicate
against one or more peplide sets for IFN-y production by ELISPOT assay. Duplicates
were within 20% of cach other. Duplicates were averaged and the background was
subtracted. A positive response is at least 100 1FN-y SFU/10° PBMC and at least twice
background. Representative examples in which variant peptides stimulated A) 100-300

B) 301-700 or C) 701" IFN-y SFU/10° PBMC more than reference peptides are shown.

The HLA class I allele that presents cach peptide set is highlighted in red and underlined.



their own proliferation. As expected, 11-2 responses were much less frequent than IFN-y

responses (Table 3.1.1). 11-2 responses were observed in 15 individuals, however, 1 of

these individuals (#131) was tested on two different occasions and his 112 response
shifted to fit into two categories, therefore, an additional reference-variant comparison
was added for a total of 16. Two additional individuals (#34 and #1001) responded by 11.-
2 production to 2-3 variants, one similarly to the reference and the other(s) superior to the
reference. therefore. two additional cases were added for a total of 18 cases. Reference

> 25 more 11.-2 SFU/10° PBMC) than variant peptides in

peptides stimulated more 11

3 of 18 cases (Figure 3.1.5). A third of those individuals who responded by producing 11.-

J/10° PBMC of cach other) to

2 (6/18) had similar [L-2 responses (within < 25 1L-2 S
the reference peptide and 1 1o 2 of the variant peptides within a set (Figure 3.1.6). Variant

peptides augmented 11-2 responses relative to reference peptides (> 25 more SFU/10°

PBMC) in 9/18 cases in which an 11-2 response was elicited (Figure 3.1.7). As can be

n 3 individuals. with

ure 3.1.7 A, A2-7 variants stimulated 11.-2 responses

variant A2-7-2 responsible for this response in two of these three responding individuals.

A2- 3 and A2-

-6 stimulated 11-2 responses in #211 and #131 respectively

(Figure 3.1.7 E) while A2-Flu-1 and A2-Flu-5 enhanced 11.-2 production in one HIV-

k1

. A2-9 and A3-2), except |

individual (Figure 3.1.7 F). In all other peptide sets (A2-

and A2-IP in which no peptides induced 1L-2 production. only 1 variant per set

stimulated a stronger 11-2 response relative to reference peptides (Figure 3.1.7 B, C. D).
TI'hese results demonstrate the ability of variant peptides to enhance 1L-2 production

relative to refe

ence peptides.
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Figure 3.1.5 Comparison of reference and variant peptide stimulation of 11.-2

production 1. PBMC from HIV-infected and/or HIV-uninfected individuals were tested

in a single test against one or more peptide sets for 1L-2

production by ELISPOT assa

Examples in which reference peptides stimulated > 25 11.-2 SFU/10° PBMC more than
variants within their respective peptide sets are shown. A positive response is at least 50
L-2 SFU/10° PBMC and at least twice background. The background was subtracted. The

HLA class Tallele that presents cach peptide set is highlighted in red and underlined
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igure 3.1.6 Comparison of refer nt peptide stimulation of 1L-2
production 11. PBMC from HIV-infected and/or HIV-uninfected individuals were tested

in a single test against one or more peptide sets for 1L-2 production by ELISPOT assay

Representative examples in which reference and one or more variant peptides stimulated

within <25 11.-2 SFU/10° PBMC of cach other are shown. The variant peptides that fit
this criterion are indicated by arrows. A positive response is at least 50 11-2 SFU/10°
PBMC and at least twice background. The background was subtracted. The HLA class 1

allele that presents each peptide set s highlighted in red and underlined



#001 34 87
HLA A2, A3, B35, BW60 HLA A2, B7, B14
20 . -
i H g
£ 8 o i
G - 2 w 2

s s
L4 v
Peptde
£} 20 < 2 D)
HLA A2, A28, B35, B44 HLA A2, B7, BW60 HLA A1, A2, B7, B8
- . o0
i S HE
® 2 E
e & &

s
3

Mt w211 #o01
HLA A2, B7, B44 HLA A2, A24, B40, B44 HLA A2, A31, B27, B45
‘.., " -
H 2 2 .
+ = +
% u] H H
] 5 a 5.

77



son of reference and variant peptide stimulation of 11-2

¢ 3.1.7 Comp;
production 1. PBMC from HIV-infected and/or HIV-uninfected individuals were
ts for 1L-2 production by ELISPOT

tested in a single test against one or more peptide s

assay. Results are shown for peptide sets A) A2-7 B) A2-8 C) A2-9 D) A3-2

A2-Giag,
and 1) A2-Flu. A positive response is at least 50 1L-2 SFU/10° PBMC and at least twice
background. The background was subtracted. The HILA class [ allele that presents cach

peptide set is highlighted in red and underlined



We next examined the relationship between 1FN-y and 11.-2 production regardless
of whether the reference or variant peptide was better. worse or similar. In the majority of

cases (15/18) 1L-2 responses correlated with 1FN=y responses > 150 1FN-y SFU/10°

PBMC (Figure 3.1.8). In 3 of 15 cases, 11L-2 production was correlated to a low 1FN-y
response of 150-300 1FN-y SFU/I0° PBMC (Figure 3.1.8 A; Appendix A). In 4 of 15

(300-700 1FN-y

cases. 1L-2 production was correlated with moderate FN-y responses

SEU/I0° PBMC; jority of cases (8/15). this

gure 3.1.8 B: Appendix A) and in the ma

(> 700 IFN-y SFU/10° PBMC) with 4

response was correlated with high 1FN=y respons
of these 8 cases exceeding 1500 IFN=y SFU/10° PBMC (Figure 3.1.8 C: Appendix A). It

ciated with

is important to note, however, that a strong 1FN-y response is not always
11.-2 production as there were many cases in which IFN-y responses were > 300 1FN-y

SFU/10° PBMC and no 11-2 response was detected (Example #1001 A2-Flu Figure

3.1.9). In 3/18 cases 1L-2 production was not correlated with a high TFN-y response

(Figure 3.1.9). For #230, variant A2-8-6 was the only peptide to induce an 11-2 response.

Interestingly. it was also the only peptide that did not induce an 1FN=y response. In the
case of #1001, A2-Flu-3 stimulated a positive 11.-2 response while this same peptide did
not stimulate a positive IFN-y response. These results demonstrate that IFN-=y production

| however, 11.-2 ion is generally

is not always correlated with 11.-2

associated with high 1FN-=y responses and. thus, dual functionality of responding CDS' T

cells.

9
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Figure .8 Relationship between 1L-2 and IFN-y responses 1. PBMC from HIV-
infected and/or HIV-uninfected individuals were tested in duplicate and single test for
1FN-y and 11.-2 production, respectively, against one or more peplide sets by ELISPOT
assay. Examples in which enhanced 1L-2 production is corrclated with high [FN-y
responses are shown. Representative examples in which peptides gencrated A) < 300
IFN-y SFU/10° PBMC B) 300-700 1FN-y SFU/10° PBMC €) > 700 1FN-y SFU/10°
PBMC and a positive I1.-2 response is observed are shown. A positive response is at least
twice background and at least 50 11.-2 SEU/10° PBMC or 100 IFN-y SFU/10° PBMC
I'he background was subtracted from the single test value or from the average of the
duplicates. Duplicates were within 20% of cach other. The HLA class 1 allele that

presents cach peptide set is highlighted in red and underlined.
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Figure 3.1.9 Relationship between 1L-2 and IFN-y responses 1L PBMC from HIV-

infected and/or HIV-uninfected individuals were tested in duplicate and si

IFN-y and 112 production, respectively, against one or more peptide s

cts by ELISPOT
assay. Examples in which enhanced 11.-2 production is not correlated with enhanced 1FN-

¥ responst

are shown. A positive response is at least twi

background and at least 50

IL-2

“U/10° PBMC or 100 TFN-y SFU/10® PBMC. The background was subtracted

from the single test value or from the average of the duplicates. The duplicates fell within

20

o of cach other. The HLA class 1 allele that presents cach peptide set is highlighted in

red and underlined.



S

32 Evolution of IFN-y and IL-2 responses

1EN-y and 11.-2 responses were tested by ELISPOT assay at 2-3 time points for
several individuals as shown in Figure 3.2.1. In terms of 1FN-y responses. the overall

magnitude changed over time, while the gencral specificity of these responses was

sustained (Figure 3.2.1 A). For subject #34, variants A2-7-1 and A2-7-2 stimulated the

same number of IFN-y SFU/10° PBMC on 12/01/10 as the reference peptide. However. at

a later time point (21/10/10) these variants surpassed the reference peptide in terms of

1EN-y SFU/10° PBMC stimulation. This also occurred for #230 in that variants A2-8-1

and A2-8-2 showed improved antigenicity relative to the ence peptide on 20/08/10
but not on 18/12/09 or 06/01/11. The pattern of 11.-2 responses was much less consistent

ed ¢

over time (Figure 3.2.1 B). As shown for #001 and #230. IL-2 was de just 1 time

point. With regard to #131, despite a similar pattern of IFN-y production at both time

points, there was a change in overall magnitude and specificity of 11.-2 responses. These
results show that CD8' T cell responses to reference and variant peptides vary over time.

primarily in magnitude, but also in fine specificity
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Figure 3.2.1 Evolution of peptide-induced IFN-y and 1L-2 responses. PBMC from

HIV-infeeted and/or HIV-uninfected individuals were tested in duplicate and single test

for IFN=y and 1L-2 production, respectively, against one or more peptide sets at one or
more time points by ELISPOT assay. Examples of the variation of responses seen within
a given individual are shown for A) IFN=y and B) 1L-2. A positive response is at least
twice the background and at least 50 11.-2 SFU/10° PBMC or 100 IFN=y SFU/10° PBMC.

‘The background was subtracted from the single test value or from the average of the

ss 1 allele that

duplicates. The duplicates fell within 20% of cach other. The HLA ¢
presents cach peptide set is highlighted in red and underlined. The date of the sample

used for cach experiment is indicated in the heading for cach subject (D/M/Y).



bsets of CD8' T cells

33 Reference and variant peptides

mulate overlapping

Based on the differences observed between reference and variant peptides in
terms of IFN-y and 1L-2 production. we next asked whether reference and variant

peptides stimulated the same or different subsets of CD8" T cells. To address this

question, we performed additive ELISPOT assays in which PBMC from HIV-infected

individuals were tested in duplicate for 1FN=y production against reference peptides,

variants previously identified that elicited an IFN-y response and a combination of the

reference peptide with each of those 1FN-y-inducing variants previously identified. Due

0 the rarity and low magnitude of 1L-2 responses. we did not perform this experiment for
11-2 production. This was done for 3 peptide sets: A2-7 (Figure 3.3.1 A), A2-Gag (Figure
3.3.1 B) and A2-8 (Figure 3.3.1 €). If different subscts of CD8' T cells were responding
we would expect an additive response in which wells that received a combination of the
reference peptide and the variant peptide would show a higher number of 1FN-y SFU/10°
PBMC cqual to the number of IFN-y SFU/10° PBMC induced by the reference peptide +

the number of IFN=y SFU/10° PBMC induced by the variant peptide. This. however, was

not observed in any of the individuals tested. regardless of peptide set used (Figure 3.3.1)

As shown in Figure 3.3.1. the response observed in wells with both r

nee and variant
peptides was no greater than that observed in wells receiving these peptides individually.
Although this experiment was only done for one individual per peptide set. it is likely that
itis the same subset of CD8' T cells responding to all peptides within a peptide set for all

individuals. Therefore, differences in the ability of reference and variant peptides to
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ure 3.3.1 Responses to combinations of r fant peptides. PBMC from
HiV-infected individuals were tested in duplicate for IFN-y production by ELISPOT assay
against reference peptides, variants previously identified that elicit a response and a
combination of the reference peptide with each of those variants previously identified.
Duplicates were within 20% of each other. Duplicates were averaged and the background

was subtracted. Results are shown for peptide sets A2-7, A2-Gag and A2-8. The HLA class |

allele that presents cach peptide set is highlighted in red and underlined.



induce cytokine production by CD8" T cells are likely due to differences in TCR

recognition and signalling.

34 A comparison of CD8' T cell proliferation induced by reference and

heteroclitic peptides

The second aim of this project was to investigate whether 1L-2-inducing
1 I £ ject t tigate whether 1L-2-inducing

of CD8" T cells relative

ion and d

peptides

to reference peptides. Proliferation was measured by CFSE dilution in which the parental

t ion was desi; 1

and cach

population was designated CI!
CESE"™. PBMC from study participants were CFSE labelled, stimulated with reference

On

or heteroclitic peptide, and cultured for 7 days in the absence of exogenous cytokines
day 7. the cells were stained for CD8 and analyzed by flow eytometry. Fourteen reference

and heteroclitic peptide pairs were compared in this manner. Eleven of the heteroclitic

peplides stimulated similar or enhanced 11.-2 responses by CD8' T cells compared to

SPOT) while the remaining 3 had similar or enhanced 1F°N-y

reference peptides (1

responses. It is important to note, however, that for I of these 3 peptide pairs (A2-7/A2-7-

1 #231). 1L y due to a limited number

production was not measured by ELISPOT

(A2-Gag/A2

of cells. For another one of these 3 peptide pair jag-3: #103), 11.-2

production was enhanced by the heteroclitic peptide relative to the reference: however. it
was less than 50 SFU/10® PBMC. In comparing reference and heteroclitic peptide pairs.

only pairs in which at least one peptide stimulated > 3% proliferation of CD8' T cells



20% difference in the

were considered. Peptides were idered similar if there was

on

pereent of proliferating CD8' T cells and were considered better if there was > 20%
difference in the percent proliferation of CD' T cells. Under these eriteria. the reference
peptide enhanced proliferation of CD8' T cells relative to heteroclitic peptides in 5/14

cases (Figure 3.4.1). For #001, A2-7 stimulated more CD8" T cell proliferation relative to

A2-7.

: however, the CD8" T cells that responded to A2-7-2 underwent additional

rounds of division when compared to those who responded to A2-7. Heteroclitic and

reference peptides induced similar CD8' T cell proliferation in /14 cases (Figure 3.4.2)

while heteroclitic peptides enhanced proliferation relative to reference peptides in 4/14

cases (Figure 3.4.3). These results show that heteroclitic peptides were similar or better

than reference peptides at inducing CDS' T cell proliferation in 9/14 cases.
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gurc 3.4.1 Comparison of CD8' T cell proliferation induced by reference and

ants were CESE labelled  and

heteroc

peptides 1. PBMC from study pay
stimulated in vitro with reference or heteroclitic peptide for 7 days and then stained for

ss | allele that presents cach

CD8 and analyzed using flow cytometry. The HLA ¢

peptide is highlighted in red and underlined. Gated on CD$"™
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fon induced by reference and

Figure 3.4.2 Comparison of CD8' T cell prolifera

labelled and

heteroclitic peptides 11 PBMC from study participants were CE

stimulated in vitro with reference or heteroclitic peptide for 7 days and then stained for

s 1 allele that presents cach

CD8 and analyzed using flow eytometry. The HLA cls

peptide is highlighted in red and underlined. Gated on CD8"™" cells.
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ure 3.4.3 Comparison of CD8' T cell proliferation induced by reference and

heteroclitic peptides 1L PBMC from study participants were CESE labelled and
stimulated in vitro with reference or heteroclitic peptide for 7 days and then stained for

CD8 and analyzed using flow cytometry. The HLA class 1 allele that presents each

peplide is highlighted in red and underlined. Gated on CD§"™
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35 A comparison of CD8" T cell differentiat ion induced by

reference and heteroclitic peptides

Differentiation and activation of CD8" T cells induced by reference and

heteroclitic peptides was measured by flow cytometry and compared between peptides as

M and

well as between C N CDST T eell populations. PBMC from study

participants were CFSE labelled, stimulated with reference or heteroclitic peptide, and

cultured for 7 days in the absence of any exogenous cytokines. On day 7. the cells were
stained for CD8, PD-1. CCR7 and/or CD4SRA. Staining for intracellular perforin and

cytokines (IFN-y and 11.-2) was done after a 4 hour incubation with reference or

heteroclitic peptide-pulsed autologous BLCL in the presence of Brefeldin A. As shown in

Figure 3.5.1 A, ~50% of CFSE"" CD8' T cells (range 18-71%) expressed CD45SRA

whereas only ~10% of CFSE™ CD8" T cells (range 0.6-15%) expressed this marker.

regardless of which peptide was used for stimulation (Mann-Whitney test. no significant

difference). As shown in Figure 3.5.1 B, < 5% of CSFE™ CD8' T cells (range 0.6-5

of which peptide was used for stimulation. There was.

however, a difference in PD-1 expression between reference and heteroclitic peptide-

% of referency

timulated ccells

stimulated CSFE*™ CD8' T cell populations, with -3

(range 3-52%) expressing PD-1 and ~20% of heteroclitic-stimulated cells (range 5-39%)

expressing PD-1. This difference was found o be statistically significant with a p value

equal 10 0.0262 (one-tailed Student’s Paired t test). No CCR7 was detected for CF
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or CFS| e or heteroclitic

" CDS' T cell populations when stimulated with cither re

peptides (data not shown).

As shown in Figure 3.5.2. < 5% of CFSE"" reference and heteroclitic peptide-

stimulated CD8' T cells (range 0.5-5%) expressed perforin or IFN-=y. Perforin expression

DS’ T cells (range 2.9-27%) and

was detected in 19% of reference-stimulated CI

in 15% of hetero stimulated € N CDS' T cells (range 0-46%) (Mann Whitney

test: No significant difference; Figure 3.5.2 A). IFN-y was detected in 62% of reference-

stimulated CSFE™ CD8' T cells (range 5-64%) and in 45% of heteroclitic-stimulated

CSFE™ CD8' T cells (range 4.4-79%) (Mann Whitney Test: No significant difference;

Figure B). Two individuals were tested for 1L-2 production, however. less than 1%
proliferation was observed for all but one peptide (data not shown). Given the small
sample size. the results do not offer a fair comparison between reference and heteroclitic-
stimulated populations. These results show that reference and heteroclitic peptides induce

expression of CD45RA. perforin and 1FN-y similarly (< 10% difference). Reference

peptides induced higher expression of PD-1 in CFSE"™ CD8' T cells than heteroclitic

peptides (35% vs 20%: p=0.0262). CFSE™ CD8' T PD-1. perforin

s expressed mory

and IFN-=y than CFSE"™" CD8" T cells while the opposite was observed for CD4SRA

ed for stimulation.

expression, regardless of which peptide was
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Figure 3.5.1 Comparison of CD45RA and PD-1 cexpression on reference and

heteroclitic peptide-stimulated C| ™ and CF ng’ cells. PBMC were

stimulated in vitro with reference or heteroclitic peptides in the absence of exogenous
cytokines for 7 days and then stained for A) CD4SRA or B) PD-1 expression and
analyzed using flow eytometry. Gated on CD8"™" cells. For CD45RA. the horizontal line

through the group represents the median frequency. For PD-1. the horizontal line through

the group represents the mean frequency
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gure 3.5.2 Comparison of perforin and IFN-y cxpression

d CFSE"™" CD8' T cells. PBMC were

mulated CFSE™ 3

heteroclitic peptide-
stimulated in vitro with reference or heteroclitic peptides in the absence of exogenous

On day 7 cells, were incubated with reference or heteroclitic

cytokines for 7 d

peptide-pulsed autologous BLCL in the presence of brefeldin A then stained for A)
i

perforin or B) IFN=y expression and analyzed using flow eytometry. Gated on CD$

cells. The horizontal line through the groups represents the median frequency
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on of CD8" T cell cytotoxici duced by reference and

3.6 A compa

heteroclitic peptides

we first compared the

Before proceeding o aims three and four of this project
ability of reference and heteroclitic peptides to generate CTL and used this data to
determine the appropriate effector to target ratio for subsequent avidity and cross
reactivity assays. CTL were generated in vitro in the presence of exogenous 11-7 and 11
2 by stimulating PBMC from study participants with reference peptides. 11-2-inducing
heteroclitic peptides and/or variant peptides that enhanced 1FN-y production by CD8' T

A
Tl

cells. CTL activity was assessed between days 8 and 11 by *'Cr release a:

d I or HLA-matched BLCL as targets. The percent

labelled pef

specific lysis was caleulated from the amount of *'Cr present in the supernatant of the test

wells relative to the amount of *'Cr present in the supernatant of the maximum and

minimum release wells. CTL from nine individuals were tested in this manner. One

individual (#43) was tested against A2-7 peptides and A2-Gag peptides. therefore, this

TI'wo individuals (#001 and #187) were

individual will be counted twice to give 10 cast

sions and their CTL activity was different cach time,

tested on two or more different o

therefore, two additional cases were added for a total of 12 cases. In 4/12 cases, reference

peptide-stimulated CTL showed greater specific eytotoxicity than variant-stimulated CTL

at 3 or more of the 4 cffector to

et ratios tested (Figure 3.6.1). In 7/12 cases.

ce- and variant-stimulated CT1. had cytotoxic activity at 3 or more of’

the ef

cetor to target ratios (Figure 3.6.2: Appendix B). Inall 7 cases this response was
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Figure 3.6.1 Comparison of CD8' T cell cytotox

y induced by reference and

heteroclitic peptides 1. Specific eytotoxicity of CD8' T cells stimulated in vitro with

reference or heteroclitic peptides was tested, in duplicate, by *'Cr release assay against

reference or | itic peptide-pulsed (A) or (B) HLA-matched BLCL target

s at increasing effector to target ratios. Duplicates fell within 20% of cach other. The

HLA cla:

s Lallele that presents cach peptide is highlighted in red and underlined. Tests in

which peptide-pulsed and non-pulsed BLCL were used as targets are indi

ted by black

triangles and blue squares, respectively.
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Figure 3.62 Comparison of CD8' T cell eytotoxicity induced by reference and

imulated in vitro with

hetero

peptides 11 Specific cytotoxicity of CD8™ T cells s

ainst

reference or heteroclitic peptides was tested, in duplicate, by *'Cr release assay ag
reference or heteroclitic peptide-pulsed autologous BLCL target cells at increasing
effector to target ratios. Duplicates fell within 20% of cach other. The HLA class I allele
that presents cach peptide is highlighted in red and underlined. Tests in which peptide-

pulsed and non-pulsed BLCL were used as targets are indicated by black triangles and

blue squares, respectively.
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< 12% over background killing regardless of effector to target ratio with the exception of
#155 A3-2-stimulated CTL. which showed killing 20% over background at a 20:1

effector to target ratio. In 1/12 cases, heteroclitic peptide-stimulated CTL showed greater

specific cytotoxicity than referen

timulated CTL at all effector to target ratios tested
(Figure 3.6.3). Many of these experiments exhibited high background, making it difficult
1o draw firm conclusions regarding enhanced performance of variant peptides. however,

based on these results reference peptides were generally more effective at stimulating

peptide-sp

ific CTL than variant peptides.

3.7 Evolution of CTL respon:

As shown for cytokine and proliferation responses, CTL responses also varied

over time. Reference and variant-stimulated CTL were tested by SCr release assay

against reference or b litic peptide-pulsed autol BLCL target cells at 2-3 time

points for two individuals (#001 and #187) as shown in Figure 3.7.1. For #001 (Figure

3.7.1 A). IL-

2-inducing peptide A2-7-2

mulated CTL with much stronger peptide-

specific eytotoxici

ific lysis over background at all effector to target ratios)

than A2-

stimulated CTL (no Killing over background) on 10/08/09 and on 17/02/10.
However, 6 months later on 30/08/10 these responses were reversed with A2-7

stimulating > 20% specific

over background and A2-7-2 stimulating no killing over

background. For #187 (Figure 3.7.1 B), A2-7-stimulated CTL killed A2-7-pulsed BLCT

with an efficiency of > 10% over background on 29/03/10 while A2-7-1-stimulated CTL
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Figure 3.6.3 Comparison of CD8' T cell cytotoxicity induced by refer

heteroclitic peptides 111 Specific cytotoxicity of CD8" T cells stimulated in vitro with
reference or heteroclitic peptides was tested. in duplicate, by *'Cr release assay against
reference or heteroclitic peptide-pulsed autologous BLCL target cells at increasing
effector to target ratios. Duplicates fell within 20% of cach other. The HLA class 1 allele
that presents cach peptide is highlighted in red and underlined. Tests in which peptide-
pulsed and non-pulsed BLCL were used as targets are indicated by black triangles and

blue squares, respectively
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ure 3.7.1 Evolution of peptide-induced CTL responses. Specific cylotoxicity of

CD8' T cells stimulated in vitro with reference or heteroclitic peptides was tested, in
duplicate, by *'Cr release assay against reference or heteroclitic peptide-pulsed
autologous BLCL target cells at one or more time points. Results are shown for A) #001
and B) #187. Duplicates fell within 20% of cach other. The HLA class I allele that
presents cach peptide is highlighted in red and underlined. Tests in which peptide-pulsed
e

and non-pulsed BLCL were used as targets are indicated by trian, and squarces,

respectively. The HLA class | allele that presents cach peptide set is highlighted in red
and underlined. The date of the sample used for cach experiment is indicated for each

subject (D/M/Y).
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d BLCL with an efficiency < 10% over background on the same date.

Killed A2-7-1-puls

imulated CTL were capable of Killing

However, on 19/10/10 neither A2-7 nor A2-7-1-

peptide-pulsed BLCL by > 5% over background regardless of effector to target ratio.
These results show that CD8" T cell responses to reference and variant peptides vary over

time in both magnitude and general specificity

38 A comparison of TCR/peptide-HLA class I interaction avidity of reference

nd heteroclitic peptides

The third aim of this project was to measure TCR/peptide-HLA class 1 interaction
avidity of IL-2-inducing heteroclitic HIV  peptides relative to index  peptides.
TCR/peptide-HLA class 1 avidity was determined by *'Cr release assay in which
autologous (or HLA-matched) BLCL were pulsed with diluted concentrations of peptide
and then used as targets for reference and heteroclitic peptide-stimulated CTL. The
appropriate effector to target ratio, one that allowed the highest killing over background

at the lowest ratio, was determined from the previously described cytotoxicity

ion of

experiments. TCR/peptide-HLA class I avidity was estimated as the concentr:
peptide at which the percent specific lysis falls to 50% of the maximum. The avidity of 4

peptides was determined using this method as shown in Figure 3.8.1. As can be seen in

Figure 3.8.1 A, A2-7 has ~10 fold higher avidity than A2-7-2. A2-Flu and A2-Flu-1.
however, have more comparable avidities at approximately 1 pg/ml cach (Figure 3.8.1

B). These results show that heteroclitic peptides are not necessarily higher avidity
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class 1 avidity. CTL were stimulated in vitro with reference or heteroclitic peptides and
tested. in duplicate, by *'Cr release assay against diluted concentrations of reference or
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peptides than reference peptides.

39 A comparison of reference and heteroclitic  peptide-sti

ated-CTL

reactivity

T'he fourth and final aim of this project was to test the ability of 1L-2-inducing

heteroclitic HIV peptides to - generate broadly reactive CTL. Cross-reactivity was

determined by *'Cr release assay in which autologous or HLA-matched BLCL were

pulsed with cach peptide in the entire peptide set. CTL were added at an appropriate
ceffector to target ratio determined from the previously described  cytotoxicity

experiments. The ability of reference and heteroclitic peptide-stimulated CTL to kill

BLCL pulsed with the entire peptide set was then compared. CTL from 7 individual

stimulated against the reference and up to 3 other v

riants within the respective peptide

set, were tested in this manner. Three representative examples are shown in Figure 3.9.1

and the remaining are shown in Appendix C. In 6/7 cases, reference and variant peptides

showed comparable breadth of reactivity and magnitude of response (< 10% specific lysis

in difference). For #1001 (Figure 3.9.1) and #43 (A2-7 set: Appendix C). the r

ference
peptide was marginally better in terms of magnitude of response (< 10% difference from

heteroclitic peptid

imulated CTL). For #155 (Figure 3.9.1). #174 (Appendix C). #187

"

(Figure 3.9.1) and #43 (A2-Gag set: Appendix ©), the heteroclitic peptide was marginally

better in terms of magnitude of response (< 10% difference from reference peptide-

stimulated CTL). #1 imulated CTL were better at killing A3-2-1-pulsed
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ated-CTL

igure 3.9.1 Comparison of reference and heteroclitic peptide-stimu

reactivity, CTL were stimulated in vitro with reference or heteroclitic peptides and

tested. in duplicate, by *'Cr release assay against BLCL pulsed with each peptide within a
set. Duplicates fell within 20% of each other. The HLA class I allele that presents cach

peptide is highlighted in red and underlined. The effector to target ratio used is indicated

below cach heading.
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BLCL than A3

timulated CTL by a 2 fold difference, however, still less than 10%
difference overall (20% vs 11% over background, respectively). #001 (Appendix €) was

stimulated

the only individual who showed greater overall Killing by heteroclitic peptide-s
CTL than reference peptide-stimulated CTL simply because the reference peptide did not
stimulate CTL. A2-7-2-stimulated CTL from #001. however. only recognized A2-7-2-

pulsed BLCL and A2-7-pulsed B cells. Interestingly. two individuals. #1535 (Figure 3.1.9)

2-3

and #174 (Appendix C). showed stronger killing against A3-2-pulsed BLCL than A3-2-

and A3-24 BLCL. resp

tively. However. the difference between these two responses

was still < 10% specific lysis difference. These results show  that reference and
heteroclitic peptide-stimulated CTL had similar breadths of reactivity with heteroclitic

peptide-stimulated CTL being slightly better in 5/7 cases.



Chapter 4

In this study. we identified 9 11.-2-inducing heteroclitic variants of 6 different

HLA-,

2 and Ad-restricted CTL epitopes of HIV and influenza origin. Heteroclitic

peptides were created by making conservative and semi-conservative substitutions at

amino acid positions 3. 5 and 7 of reference peptides. Consistent with the study by Setie
et al. [188] we found that heteroclitic peptides are fairly common as heteroclitic variants
were identified from 6 of 8 peptide sets tested (Table 2.6.1). Amongst the 9 heteroclitic
peptides we identified, no position (3. 5 or 7) or type (conservative or semiconservative)

of"amino acid substitution was consistently favoured.

4.1 ification of 1L-2-inducing itic peptides

I'he first aim of this study was to identify peptides that selectively augmented 11~

2 production by HIV-specific CD8" T cells relative to index peptides. As expected. 11.-2

responses were much less frequent than IFN-y responses (Table 3.1.1). Variant peptides

U/10° PBMC) relative to

capable of augmenting 1L-2 production (by > 25 12 §
reference peptides occurred in 50% (9/18) of cases in which an 11.-2 response was
observed (Figure 3.1.7). Interestingly. variant peptides less frequently augmented 1FN-y

responses (by > 100 SFU/10° PBMC) relative to reference peptides. This oceurred in less

observed (1

than 25% (13/60) of cases in which an IFN-y response w gure 3.1.4). In

terms of IFN-=y production. the majority of variant peptides produced a lesser response
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than that observed with the reference peptide (Figure 3.1.1). This indicates sclective
enhancement of signaling pathways for the production of I1L-2 rather than IFN-y by
heteroclitic peptides. Based on these results, we considered what aspects of a variant
peptide might make it better or worse than the reference peptide.

Ultimately. heteroclitic activity is dependent on orientation of peptide side chains

that interact with the CDR3 regions of the TCR in the pMHC:TCR complex.

Unfortunately. we were not able to model the specific pMHC:TCR interactions and we
did not sequence the TCRs of the responding CD8" T cells. therefore, we can’t

definitively state why some chang

s enhanced or abrogated TCR recognition. However.,
by simply comparing the side chain characteristics of the amino acid substitution in the

variants to those of the reference peptides.

we can speculate on reasons why certain

amino acid enhanced responses and others abrogated responses. For example. comparing
peptide A2-7 with its variant A2-7-1. there is a conservative change from valine to

leucine at position 3 (Table 2.6.1). Both amino acids poss:

ss hydrophobic side chains but

the side chain of leucine is one carbon bond longer and less hydrophobic than that of
valine based on the Kyte and Doolitle scale of hydrophobicity [203]. It is possible that

ide chain of leucine is oriented more towards the

due 1o its less hydrophobic nature. the
I'CR than that of valine, enhancing TCR recognition. Given that A2-7-2 enhanced 11.-2
production relative to A2-7 and A2-7-1. and that the change here at position 3 from
valine to threonine. is again a change to a less hydrophobic side chain, this effeet could
be somewhat generalized. Interestingly. changes made at position 7 in A2-7 from

histidine to glutamine (A2-7-5) or histidine to arginine (A2-7-6) abrogated the TFN-y



response observed with A2-7 in all 7 responding individuals. These changes likely

sponse because we removed an aromatic ring that may interact in a

ated the

abrog:

specific pocket of the TCR. These explanations however, remain speculative. Given that

. we cannot be

es observed to certain peptides were not univers:

the enhanced respons

sure how certain peptides interact with individual TCRs without cither sequencing the

ng the pMHC:TCR complex. The

TCR 1o properly predict this interaction or purify

and r

n here may hold true for these particular peptides sponding

explanations g1

individuals. but the same changes in other peptides and in other individuals may have

opposite effe

An interesting feature of some of the heteroclitic peptides we identified is their
ability to selectively enhance 11.-2 production over 1FN-y production by CD8' T cells
2 production only enhanced TFN=y production

Heteroclitic peptides that enhanced 11.-2

relative to their respective reference peptide in 3/9 cases. Interestingly, however, 11.-2

responses were associated with 1FN-=y responses > 150 1FN-y SFU/10° PBMC (Figure
3.1.8) in the majority of cases (8/9 heteroclitic peptide cases. 15/18 total cases). In only

1/9 heteroclitic peptide cases (3/18 total cases) the 11-2 response did not correlate with

high 1Ny responses (Figure 3.1.9). The most interesting of these 3 cases oceurred in

subject #230 in which there was no IFN-y response to peptide A2-8-6 (observed in §

as well), but it was the only peptide in the entire set to clicit an 11.-2

other participants

)

at onc of three time

response in this individual. Unfortunately. we only detected 11
points tested for this subject (Figure 3.2.1). However. it is worth noting that the overall

magnitude of IFN-=y responses was significantly higher at the time point when 1L-2 was
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detected than at all other time points. This may indicate a decrease in the functional
capabilities of the CD8' T cells that recognize this peptide in subject #230 and explain
why IL.-2 was only detected at the earliest time point.

Although it is unusual. we are not the first to report such a phenomenon. Using a

dual color ELISPOT as:

ay capable of simultancously detecting IFN=y and 11-2 secreting

cells, Ndongala e al. [206] characterized responding CD8™ T cells by their ability to

seerete IFN=y, 1L-2 or both in response to the whole HIV protcome. Although the

majority of CD8' T cells produced 1FN-y alone (77.7% acute infection carly discase
(AIED), 88.9% chronic discase) or 1FN=y and 11-2 (21.1% AIED, 10.8% chronic

disease), CD8' T cells seereting only 11-2 were rarely reported (1.17% AIED. 0.2%

chronic discase). For A2-8-6, the change from a tryptophan to arginine at pe

tion 7

replaces a large indole functional group with a positively charged side chain of amino
groups. It is possible that the TCR that recognizes A2-8-6 has anionic residucs at this

contact site and that the interaction between this peptide and the TCR was enhanced by

the cationic charges and hydre of the ary iduc. But how

gen bonding properti

nine r

changes in peptide structure such as those in our heteroclitic peptides enhance

production and differentially alter 11N-y production by CD8' T cells relative to reference
peptides is unknown.

B

d on the differences observed between reference and variant peptides in

we tested

terms of their abilities to stimulate 1F'N-y and 11.-2 production by CD8" T cells

whether these peptides

stimulated the same or different subsets of CD8' T cells. Using an

additive ELISPOT approach, we determined that the same subset of CD8" T cells
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responded to the reference and variant peptides in peptide sets A2-7. A2-8 and A2-Gag

(Figure 3 ). Given that we did not alter the HLA-binding properties of the heteroclitic

peptides relative to the reference peptid e results are not surprising. This sug

cross-reactivity of responding CD8' T cells rather than differential recognition of
reference and variant peptides. The ability of variant peptides to stimulate the same

subset of CD8' T cells has important implications in this study. This indicates that

differences in IFN-y and 11-2 induction by reference and heteroclitic peptides are due to

ini

within the ling CD8" T cells. Salazar ef al.

1207] reported increased tyrosine phosphorylation of TCR signaling proteins ZAP-70 and

ICR € chains in | litic peptide-stimulated CT1 pared 10 reference peptide-

stimulated CTL. But beyond this, little is known about the structu

I and signaling

mechanisms involved in heteroclitic activity.

4.2 Comparison of reference and 1L-2-indu

ng heteroclitic peptides driven

feration and differentiation

11.-2 seeretion by CD8' T cells is important for proliferation and differentiation

into effector CDS' T cells in the absence of CD4" T cell help [208]. In this study. we

expected that peptides that enhanced 11-2 production by CDS§'

cells would also

enhance

and differenti of these ling cells. Using CISIE dilution

and flow cytometry. we compared 14 reference and variant peptide pairs for their ability

to stimulate proliferation of CD8' T cells. OF these 14 peptide pairs, 6 included 11
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inducing heteroclitic peptides and 3 included variant peptides that enhanced 1FN-y

production relative to their respective reference peptides. Unexpectedly. of the 6

heteroclitic peptides tested. 2 peptides did not stimulate any proliferation. 1 peptide

stimulated a tion as the reference peptide, 1 peptide stimulated

imilar amount of prolifer
less proliferation than the reference. and only 2 peptides enhanced proliferation of CD§
T cells relative to reference peptides. Interestingly. two of the variant peptides that
enhanced 1FN-y production (A2-7-1 in #231 and A2-Gag-3 in #105) also enhanced
proliferation of CD8’ T cells relative to reference peptides (Figure 3.4.3). Although we

expeeted all of the 11.-2 inducing heteroclitic peptides to enhance proliferation of CDS' 1

cells. a complicating factor is that there were often large gaps of time (up to 1 year +)

between initial ELISPOT experiments and proliferation assays due to a lack of available

ible that the CD8' T cells

PBMC samples for a given subject. Therefore. it is pos
recognizing the heteroclitic peptides became exhausted or lost their ability to produce 11.-

erved a similar phenomenon as Heath ef al.

2 during this time. It is also possible we obs
[209] who reported that while 11.-2 production from the total HIV-specific CD8' T cell

population does correlate with proliferation. routine detection of both 11-2 production

nd proliferation from the same antigen-specific CD8' T cells is rare. Their study

suggested that distinet populations of CD8' T cells exist — those capable of proliferation,
those with the ability to produce 11.-2 and few with dual capacity. We only tested for 11.-
2 production and proliferation by flow cytometry for 2/14 peptide pairs and in both cases.
less than 1% proliferation was observed (data not shown). therefore, we cannot make a

fair comparison to the results of Heath er al. [209]. However. it is possible that our




oclitic peptides still induced 11-2. but the remaining proliferative subpopulation was

Iy exhausted and unable to

and

Differentiation and activation of CD8" T cells induced by

heteroclitic peptides was also measured by flow cytometry and compared between

peptides as well as between CESE™ and CF populations (Figures 3.5.1 and 3.5.2

ilar cell surface

CD8' T cell populations are characterized by the expression of pa

markers such as CCR7, CD4SRA and CD28 [197, 210]. In this study. we proposed that

heteroclitic peptides selectively stimulating 11-2 producing CDS' T cells may either be

selectively recognized by, or selectively drive the generation of CD8' Tey. The Tey

s charac

lincag: erized by the CD8'CD4SRACCR7'CD28' phenotype whereas the Tyy

lineage is characterized by the CD8'CD4SRA'CCR7CD28” phenotype [197. 210]. Naive

CD8" T cells are characterized by a CD8'CCR7'CD4SRA" phenotype [210]. By flow

and appropriate  luorochrome

cytometry, we assessed expression of CDS, Cl

combinations of CD45RA. CCR7. perforin. PD-1. [L-2 and/or 1FN-y. No CCR7 was

detected for CESE™™ or CESE"™ CDS' T cell populations when stimulated with cither

reference or heteroclitic peptides. For both reference and heteroclitic peptide-stimulated

NCDS' T cells expressed CD4SRA whereas only ~10% of

o of CF

cultures, ~5(

A). Given that the proliferating

CESE"™ CD8' T cells expressed this marker (Figure ;
CESE"™ cells express a CD8'CD4SRAM™ CCR7 phenotype and have a higher proportion

ctor molecules perforin and 1EN-y (Figure 3.5.2). our peptides (both

expres:

ing the cff

reference and variant peptides) appear to mainly stimulate Ty populations. This is



consistent with other studies that found a typical phenotype of 1FN-y-producing.
proliferating effector cells to be CD4SRA™ CCRT [155, 208, 211]

there was a ce in the ion of PD-1 (one

" reference and heteroclitic-stimulated

tailed paired 1 test. p = 0.0262) between the CF

populations (Figure 3.5.1 B). This phenomenon was observed for peptides

2. A2-Gag-3. A2-Gag- Tu-1, A2-Flu-3 and A2-Flu-5, with peptides A2-7-1 and

A2-Gay

cach stimulating this effeet in two individuals while the remainder stimulated

this cfl tor in T cell

et in one individual. PD-1 has been highlighted as a major

exhaustion in HIV infection [212-214]. When T cells become exhausted. they can no

longer proliferate or secrete eytokines and they lose their eytolytic capability. ultimately

leading to ineffective immune responses and an inability to clear virus. Studies in both

humans and mice [212, 213, 2

have shown that blocking the PD-1/PD-L1 pathway
restores the capacity of exhausted CD8' T cells to undergo proliferation. cytokine

production and cytotoxic activity. restoring their protective function and reducing viral

load. Our CFSE™ heteroclitic peptide-stimulated CD8' T cells showed reduced

expression of PD-1/(20%) relative to CFSE"™ reference peptide-stimulated CDS' T cells

(35%)

sible therapeutic role for these peptides in reducing PD-1

supporting

pos

7 on cells and ing T cell Other factors besides

PD-1 may also contribute to the exhausted phenotype of HIV-specific CDS' T cells.

Inhibitory receptors such as 2B4, LAG-

CDIGO and TIM-3 are also upregulated on
virus-specific CD8' T cells (reviewed in [216]) and, as one might expect. the more such

receptors these cells accumulate, the more exhausted they become. Unfortunately. we did



not compare expression of other markers of exhaustion, but based on the observed
downregulation of PD-1 and enhanced ability to produce 11.-2 by responding CDS' 1
cells. it’s possible that heteroclitic peptides also downregulate other inhibitory receptors.
This is a novel and potentially significant finding that bears further investigation.
Methods to selectively recruit T cells with lesser evidence of functional or phenotypic

exhaustion using therapeutic vaccines may be relevant for a number of chronic infections

4.3 Comparison of reference and heteroclitic peptide: HLA class 1 TCR avidity

Aims three and four of this project were to compare reference and 11.-2

inducing
heteroclitic peptides in terms of pHLA class 1:TCR interaction avidity and their ability to

generate broadly reactive CTL. In the majori

y of cases (7/12 total cases tested),

reference and variant peptides stimulated similar amounts of cytotoxic activity (Figure

3.6.2), whereas IL-2-inducing heteroclitic peptides stimulated higher cytotoxic activity

than reference peptides in only 1 case (Figure 3.63). In studies employing heteroclitic

cancer peptides. these peptides broke T cell tolerance and dramatically augmented cell-

mediated immunity against tumor-associated antigens [188-190]. Enhanced anti-tumor

immunity driven by these peptides was attributed to increased stability of the

PMHC:TCR complex, which resulted in increased avidity and residence time of the
complex [192]. Our heteroclitic peptides. however. did not stimulate stronger eytotoxic

sponses than reference peplides and were not of higher avidity than reference peptides

(Figure 3.8.1). Sette ¢f al. [188] reported heteroclitic peptides that produced up to 107-
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fold increase in T cell sensitivity. Our results do not refleet their observed dramatic

increases in avidity. This may be due to differences in methods for measuring avidity

we used a Cr'! release assay whereas they measured the level of competition induced by
the test peptide for binding of a radiolabeled standard peptide to purified HLA-A2
molecules. Takahashi e al. [217] reported a counter-regulation of cytolytic activity and

fic murine CD8' CTL by free antigenic peptide. They

cytokine production in HIV-spec

showed that treatment of CTL with their epitopic peptide resulted in a significant

reduction of granzyme B activity and mRNA expression of granzyme B and perforin.

However. when the level of eytolytic activity was the lowest. they detected maximum

amounts of cytokines 1L-2. IFN-y. wmor necrosis factor (INF)-a. and macrophage
inflammatory protein (MIP)-1 in the culture supernatant. Therefore, while our peptides
enhance cytokine production, they may have an inhibitory effect on cytolytic activity

Thus *'Cr-release assays may underestimate avidity in some cases.

Itis also possible that heteroclitic activity is not as dependent on avidity as others

have suggested. One key difference between our study and previous heteroclitic cancer

peplide studies [189. 190, 192] that may also explain why avidity does not seem to play

eenicity of the reference

the difference in the immuno

as much of a role in our study i
peplides. In heteroclitic cancer peptide studics. the reference peptides were poorly
The self-

immunogenic to begin with as they were often altered forms of self-peptides.

reactive CTL that would recognize such peptides are typically deleted during T cell

istence of only low avidity T cells. However, in our study.

selection resulting in the pers

reference peptides were initially identified because they were known optimal CTL




epitopes and thus. more immunogenic than the reference peptides of heterocliti

cancer

peptide studies. Perhaps our heteroclitic peptides do enhance T cell sensitivity. but at a

level undetectable by our methods or simply stabilize and enhance the residence time of

the pHLA:TCR interaction in some other way to allow activation of alternate signalling
pathways within the T cell.  The fact that our study population was suppressed on
HAART could have also limited our ability to deteet CTL responses. Although our

heteroclitic peptides do not stimulate higher-avidity CTL. they may stimulate production

of various other cytokines. for which we did not sereen. that activate various other ¢

populations. It is also important to note that CTL responses varied dramatically over time
(Figure 3.7.1) as did cytokine (Figure 3.2.1) and proliferation responses (not shown). Had

all experiments been done at the same time points. the observed results may have been

different.

44 Heteroclitic peptides stimulate broadly reactive CTI

Zirlik et al. [190] argue that in order for a peptide to be heteroclitic it must not

only hyperstimulate T cells and generate hi

h avidity interactions. but must also be able

to prime T cells to undergo expansion and further activation driven by the lower avidity.

reference peptide. The heteroclitic peptides identified in this study had similar avidities to

the reference peptides but interestingly. heteroclitic-peptide stimulated CTL had slightly

better breadths of reactivity in 5/7 cases tested (Figure 3.1.9). In two individuals. #13

(Figure 3.1.9) and #174 (Appendix C). heteroclitic peptide-stimulated CTL showed
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stronger killing against reference-pulsed BLCL than heteroclitic-pulsed BLCL. As both

HIV and Flu exist as many viral quasispecies within a single individual 62, 218]. the
ability of heteroclitic peptides to generate broadly reactive CTL is a desired feature for

therapeutic vaccination. The fact that we identified several peptides that were broadly

reactive in this sense is quite promising for this approach as such peptides are capable of

activating CTL to react against multiple variations of that peptide within a given host.

4.5 Heterocli

HIV peptides and their potential in therapeutic HIV vac

Consistent with the study by Sette ef al. [ 188]. we found that variant peptides with

heteroclitic activity were fairly common. These results are quite encouraging for the

discovery of additional heteroclitic HIV peptides. especially considering that only six

variants were made from cach reference peptide by substituting only one amino acid at

cach position. Given the vast array of standard and non-standard amino acids that exist,

many more variants could be generated and tested for heteroclitic properties. In addition,
heteroclitic peptides could be generated by making substitutions at multiple positions

I substitutions result in- enhanced TCR

within a peptide. given that the individ
recognition. It is also important to note that the heteroclitic peptides generated in this
study were variants of an already immunodominant peptide. We would be more likely to
observe differences in pHLA:TCR avidity and differences in protective potential between
variants and the reference peptide if the reference peptide was less immunogenic to begin

with. as itis with heteroclitic peptide cancer vaceines. Obviously. generating potentially
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heteroclitic peptides using peptides that are not normally well presented to the immune

However, this approach could

tem could be a tedious, laborious and costly proce

lead to CTL recognition of new epitopes and could stimulate new subsets of T cells that
otherwise would not be activated. This approach may be further improved by focusing on
conserved antigens, such as those in Gag. Chen ef al. [145] found that HIV controllers
were better able o inhibit viral replication through targeting of the immunodominant
epitope of Gag. Future heteroclitic studies should emphasize Gag as HIV control is

associated with suppression of Gag. However, such studies should focus on driving

immune responses towards less immunodominant regions of Gag.

While the results from our study are promising. they do indicate a challenge for

finding a universal therapeutic HIV vaccine. It is likely that therapeutic HIV vaccination

using heteroclitic HIV peptides would have to be an individualized therapy as much

variation in response exists. Although individualized therapy seems impractical. the type

labs and is no

of research required for peptide sereening is common in HIV immunolog

more laborious than procedures carried out to optimize ART. Given that the vaccine

side el

could induce fewer short- and long-term s. provide longer lasting cffects

following a single admi jon and reduce dependence on ART, it would be cost

There is also potential

effective and highly advantageous for 1HV-infected individuals
for overlap of peptides for subgroups of individuals given that some heteroclitic peptides

(e.g. A2-7-1, A2-Giag-3) did stimulate enhanced responses in more than one individual.

Timing of experiments was also an important factor in this study. so in order for this

128



approach to be used on a practical level. there would have to minimal time between

identifying the appropriate peptides for a given individual and administering the vaccine.

Before an effective therapeutic TV vaccine can be designed using this approach.
we need to determine which CTL functions correlate with protection and what magnitude

of response in assays correlates to an effective CTL response in vivo. Interestingly. our

nducing heteroclitic peptides did not stimulate more cytolytic activity than
reference peptides, a feature we would expect to be required for viral control. They did.
however, stimulate 11.-2 production, generate broadly reactive CTL. enhance proliferation

in some cases and cause a reduction in PD-1 expression. These peptides drive differential

signaling of the same subset of CDS' T cells and may reverse the exhausted phenotype of°

these cells. Such features illustrate the potential of heteroclitic peptides to produce

dramatic effects and improve therapeutic vaceination. AKkinsiku e al. [141] showed that

1L-2 production by polyfunctional HIV-specific CD8" T cells is associated with enhanced

suppre:

ve capacity of viral replication. Perhaps had we used a similar approach or

tested for cytokine production and cytolytic function at the same time point we would

have observed similar results. However, 1L-2 production by CD8" T cells often indicates
¥ Y
polyfunctionality and since we only screened for production of 1L-2 and IFN-y. it is

likely that the responding CTL produce other chemokines and cytokines that stimulate

other cell

The ability of | litic peptides to stimulate more broadly
reactive CTL and to reduce the exhausted phenotype is ideal for use in therapeutic HIV

vaceines

s this would activate T cells against multiple HIV variants and proteet the T

cells from exhaustion.
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I'his approach would not be practical for preventative vaceine strategics since

I to be cross-reactive may result in some self-

hyperstimulating T cells with the potenti
reactivity, especially in a case when the vaccinated individual will never be exposed to

HIV. Also. if the individual has never been exposed to HIV. we would not have an

indication of which epitopes to base our heteroclitic peptides on for that particular

individual. As our study showed. no single heteroclitic variant consistently demonstrated

pproach may prove uscful

enhanced responses across all patients studied. However, th

Shan ef al. [219] showed that enhancing CT1. responses in

in HIV eradication rescarch.

chronic HIV infection prior to reactivating latent HIV particles, led to efficient Killing of
HIV-infected cells. Using heteroclitic peptides to enhance specific CTL responses.

combined with efforts to reactivate latent proviruses, may prove useful in cradication

ions for improvement

46 Study limitations and sugges

This study had several limitations. The most prominent of these was the limited

nts due to the volumes of blood

availability of PBMC from HIV-infected partici

provided for research purposes. A minimum of 6 million PBMC were needed for

sereening against a single peptide set to deteet 1FN-y and 11.-2 production by CD8" T

cells by ELISPOT assay. Cryopreservation of PBMC often resulted in 30-70% cell loss,
limiting the number of cells available for these experiments. Because of such cell loss. we

often could only test for 11.-2 production in single test as 400.000 cells were needed per
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well for 11-2 detection. When possible. we used fresh PBMC: however this was not
always feasible for several reasons. Some subjects did not donate samples regularly thus
samples would have prolonged the study. Also, since we did not know

waiting for fresh

when we would be receiving specific samples, we would have to coat the ELISPOT

sh PBMC would have to be stored in the

plates when the sample arrived meaning the f

in some cell loss (~10%). In addition to this. using.

fridge or incubator overnight resulting
fresh PBMC often resulted in higher background. One way that we could have improved

this initial sereening process (0 use the number of cells we had more effeetively would

have been 1o use a dual-color ELISPOT assay. Boulet ef al. [220] designed and validated

the high throughput dual-color ELISPOT assay in 2007. This assay is capable of

simultancously. thus reducing the cell input

detecting both 11.-2 and 1FN-y secreting cells
number. Had we used this assay. we would have been able (o sereen for both cytokines in

duplicate and gain valuable information about the percentage of CD8" T cells that

produced 1FN-=y only, 1L-2 only or both.

Although the dual-color ELISPOT assay would allow more efficient sereening. it
would not reduce the number of cells required by much, but would instead allow us to

gather more information with the cells we have. Therefore, we would still face the issue

of limited cell availability. thus precluding the ability to perform multiple
Although this solution would be beneficial given our current facility and equipment, an

alternative method relying on multifactor flow cytometry (10" colors) would allow

CDS' T cells and provide

simultancous detection and enumet

ation of peptide-spec

additional insight into their specific effector functions. Using this approach. information



on eytokine production (IFN-y, 1L-2, TNF-a), extracellular markers (CD8, CD45R.
CCRT. PD-1), proliferation (CFSE). and eytotoxicity (perforin, granzyme B, CD107a)
could be gathered at one time point. using ~1x10° PBMC per peptide. This approach

would also eliminate the disadvantages associated with *'Cr-release assay such as

biohazard and disposal problems for the isotope. This comprehensive approach would

allow us 1o better determine the potency with cach peptide in

the context of individual patients and would provide further insight into its usc
therapeutic vaccines.
Other limitations of this study include caveats associated with the study findings

themselves and challenges in moving the heteroclitic approach to therapeutic vaccination

forward. In this ASPOT results are often summarized in terms of the pereent

study. the £

of cases where variant peptides induced a “similar or higher™ response than the reference
peptide. However, given the definition of “heteroclitic™. this should be summarized as

percent of cases where a variant induced a better response only. In addition to this, 11.-2

responses were only detected in a minority of patients and the enhancement of responses

elicited by many heteroclitic peptides was relatively modest compared 1o the reference

peptides. These responses also varied drastically over time. The temporal inconsistency

of 1122 responses could be due to sampling bias due to rarity of 11.-2 producing cells in

vivo, escape in autologous viral sequences and/or HAART-induced suppression of viral

load at follow-up timepoints.

As previously mentioned, no single heteroclitic cpitope variant. consistently

demonstrated enhanced responses across all patients studied. This represents a huge



s0. the burden

cult to achieve

problem to this approach, as universality would be dif

of immune escape will be high in individuals with chronic infection. In many cases. the

autologous virus may have already escaped by developing that comp
binding to HLA. Thus, stimulating immune responses to epitopes presented by particular
HLA alleles will require knowledge of the autologous virus sequence to predict which

should be targeted for therapy. Furthermore, in this study. we generated

HLA molecules

HIV epitope variants by making substitutions at positions 3. 5. and 7 but not 1. 4. 6. or 8.

lizable to all HLA class 1 alleles nor to all epitopes

This approach may not be gener

restricted by a given allele. Finally, there are also potential risks involved using

heteroclitic peptide vaccine strategics. One such risk is generating a sequence that

g reactivity to self.

ue epitopes  causir

a cross

stimulates cactive  response o

Although. many self peptides could be tested in vitro to confirm this. it would be difficult

to test for them all.

4.7 Conclusion

inducing heteroclitic peptides and several non-

In conclusion, we identified 9 11

s

1L-2-inducing variant peptides with other heteroclitie properties. Although I1.-2 respons

were rare, heteroclitic peptides enhanced 11.-2 production in 50% of cases in which an 11.-

ant peptides produced a lesser [FN-y

2 response was observed. The majority of va

fant peptides did enhance

response than that observed with the reference peptide. but va

1EN-=y production in 25% of The high frequency of heteroclitic peptides capable of




enhancing cylokine responses by CD8’ T cells is very promising for future studies a
multitude of possible heteroclitic peptide sequences exist for cach of the reference
peptides used. Although we have not elucidated the mechanisms by which these peptide
act, our results indicate that these peptides stimulate the same subsets of CD8' T cells as
reference peptides. but somehow exert selective signaling effects. They also stimulate
broader reactivity of peptide-stimulated CD8" T cells. reduce the exhausted phenotype of

s, and. in some cases, enhance proliferation of responding T cells.

responding CDS' T cell
These features are all desirable for designing effective therapeutic 1V vaceines. The
structural and signaling mechanisms involved in heteroclitic activity remain (o be
clucidated.  Further insight into these mechanisms would  provide information on
heteroclitic peptide design for HIV CD8' T cell epitopes and contribute 1o a basic

understanding of the relationship between TCR/peptide interactions and T cell function.
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Appendix A: Relationship between 1L-2 and 1FN-y respos PBMC from HIV-

infected and/or HIV-uninfected individuals were tested in duplicate and single test for

1FN=y and 112 production, respectively. against one or more peptide sets by ELISPOT

assay. Examples in which enhanced 112 production is correlated with high 1FN-y
responses are shown. A positive response is at least twice background and at least 50 11.-2
SEU/10° PBMC or 100 TFN=y SFU/10° PBMC. The background was subtracted from the
single test value or from the average of the duplicates. Duplicates were within 20% of

cach other. The HELA class | allele that presents each peptide set is highlighted in red and

underlined
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Appendix B: C: on of CD8" T cell cytotoxicity induced by reference and
heteroclitic peptides 11 Specific cytotoxicity of CD8' T cells stimulated in vitro with
reference or heteroclitic peptides was tested. in duplicate, by *'Cr release assay against
reference or heteroclitic peptide-pulsed autologous BLCL target cells at increasing
effector to target ratios. Duplicates fell within 20% of each other. The HLA class I allele
that presents cach peptide is highlighted in red and underlined. Tests in which peptide-
pulsed and non-pulsed BLCL were used as targets are indicated by black triangles and
blue squares, respectively.
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CTL were stimulated in vitro with reference or heteroclitic peptides and
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tested. in duplicate. by *'Cr release assay against BLCL pulsed with cach peptide within a

set. For #001. the reference peptide did not induce CTL therefore crossreactivity could
not be assessed. Duplicates fell within 20% of cach other. The HLA class T allele that
presents each peptide is highlighted in red and underlined. The effector to target ratio

used is indicated below each heading
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