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The quest for an AIDS vaccine: is the
CD8* T-cell approach feasible?

Andrew McMichael and Tomds Hanke

The rationale for developing anti-HIV vaccines
that stimulate cytotoxic T-lymphocyte
responses is given. We argue that such
vaccines will work, provided that attention is
paid to the development of memory T-cell
responses that are strong and preferably
activated. Furthermore, the vaccine should
match the prevailing virus clade as closely
as possible. Vaccines will have to stimulate
a wide range of responses, but it is not clear
how this can be achieved.

In sub-Saharan Africa, more than 25 million
people are infected with HIV. The developing
countries that are affected by this pandemic
cannot afford the drugs to treat infected peo-
ple. Even if drug prices were reduced, the costs
that are associated with their clinical use are
prohibitive. A prophylactic vaccine is urgently
needed,

Initia] efforts were aimed at producing an
inactivated virus or recombinant envelope-
protein vaccines'?, but it has been hard to
stimulate the production of effective neutral-
izing antibodies. An envelope vaccine is cur-
rently in a phase III clinical trial in the United
States and Thailand, and the first results are
expected this year. However, the occurrence of
several breakthrough infections in volunteers
that were immunized with a similar glycopro-
tein (gp120) preparation in phase I1 trials® has
lowered expectations,

The initial steps that lead to HIV infection
involve interaction of the envelope gp120 pro-
tein with CD4 and chemokine receptor mole-
cules on the cell membrane. Therefore, gp120
is the primary target for HIV neutralization

with antibodies. Its structure explains why this
is so difficult to achieve**. Much of the outer
surface of the protein is coated with carbohy-
drate and is not antigenic. The exposed
polypeptide loops are highly variable and act
as decoys for antibody; they are also easily
altered by mutation. The conserved CD4 and
CC-chemokine receptor 5 (CCR5)/CXC-
chemokine receptor 4 (CXCR4) binding sites
are well hidden; the former is in a deep pocket
and the latter is only exposed — from its
guarding V3 loop — by a conformational
change that occurs after CD4 binding, Three
broadly crossreacting neutralizing sites that are
recognized by human monoclonal antibodies
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have been identified, but it has proven impos-
sible so far to design candidate vaccines that
can raise antibodies specific for them®*. Lack
of progress has led to the exploration of other
vaccine approaches.

The alternative approach is a vaccine that
will elicit CD8* T-cell responses, the potential
of which has been shown by the success of
attenuated simian immunodeficiency virus
(S1V) in preventing SIV infection in rhesus
macaques®. The main considerations are how
to stimulate the right kind of CD8* T cells
effectively and how to deal with virus vari-
ability and its propensity to escape immune
Tesponses.

Natural history of CD8' T cells

The study of anti-viral CD8* T cells has been
greatly enhanced by the development of new
quantitative techniques, class | MHC TerrRamer
staining'®, the interferon-y (IFN-y) enzyme-
linked immunospot (ELISPOT) assay!' and
analysis of intracellular cytokine production,
In acute virus infections, there is a massive
increase in the number of virus-specific T cells,
which can be identified by tetramers. From a
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Figure 1 | Generation of T-cell memory by vaccination. Vaccination induces a strong CD8* T-cell
response in 14-21 days, by the stimulation of rare naive T cells. Antigen-specific T cells might expand to
form 10% of all CD8* T cells, but these expanded effector T colis die by apoptosis in the absence of
persisting antigen. Memory T celis develop and are maintained at a frequency of <0.1%. They differ from
naive T cells in being able to make interferon-y in 6 hours. The horizontal arrows beneath the figure
indicate when antigen or virus is present. Contact with virus stimulates a response from the CD8* memory
T cells. Although they make certain cytokines rapidly, they mature and divide to become effectors with

potent lytic activity.
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“Table 1| Examples of protection against virus infections mediated by CD8* T cells

RSV DNA 50 pg i.m., M2 protein;
day O, day 21

RSV Vaccinia M2,
108 pful.p./A.n.; day O

Influenza  DNA 100 ug i.m., NP; day O,
day 21, day 42

Influenza  DNA 100 pugi.m., NP;
day 0, day 21, day 42

LCMV DNA 100 ugi.m., NP or
NP-ubiq; day 0, day 14, day 28

LCMV Vaccinia-NP, 2x10* pfu or
2x108 pfu; day O -

Challenge day Protsction Notes Reference

after vaccine

2 days Lung day 4: virus log,, 2.2 compared CTLs only; 121
with log,, 3.6 in control animals anti-IFN-y blocks

6 days Complete ? 122

9 days Partial

28 days None

Not stated 100% survival compared with CTLs only 123
0% of control animals

21 days Lung day 7: -CTLsonly 79
3 log,, reduction in virus load:; .
90% survival compared with
20% of control animals

42 days Spleen day 4: NP, 2 log, , reduction; 124
NP-ubig, 5 log,, reduction

7, 30 and 60 days Low dose: survival at day 7, not day 30; 22

high dose: survival to'day 60

CTLs, cytotoxic T lymphocytes; IFN, interferon; i.m., intramuscular; i.n., intranasal; i.p., intraperitoneal; LCMV, lymphocytic choriomeningitis virus; M2, matrix protein 2;
NP, nucleoprotein; pfu, plaque-forming units; RSV, respiratory syncytial virus; ubiq, ubiquitin.

precursor frequency of <1 in 10%in an unin-
fected person, CD8* T cells that react to a sin-
gle immunodominant epitope can reach a
frequency of >1 in 10 in about 20 days', Most
of these extra T cells die by apoptosis in vivo
and the number of reactive T cells falls rapidly
when antigen is cleared, which leaves a mem-
ory population of around 1 in 10° peripheral
blood mononuclear cells (PBMCs)*. If virus
persists — for example, HIV, Epstein—Barr
virus (EBV) and cytomegalovirus (CMV) —
the number of T cells that are specific for
dominant epitopes remains high'>'® and is
probably maintained by continuous antigen-
driven regeneration from memory cells. The
differentiation status of these cells varies
for different viruses'”'8, which is relevant to
the different recombinant viral vectors under
consideration as vaccines.

A virus-vectored vaccine that induces
cytotoxic T lymphocytes (CTLs) would be
expected to stimulate an acute response that is
similar in magnitude to that found in an acute
virus infection (FIG. 1). If the antigen did not
persist, as in the case of replication-deficient
viruses, this response would decay to leave
memory T cells that would be activated only
by later contact with HIV. This secondary
response would not be able to neutralize the
virus and could only abort the infection once
the effectors were reactivated and in suffi-
cient numbers. If vaccine antigen persisted,
the activation state of the CTLs might be
maintained and better suited to clear virus on
later exposure.

Persistence of memory is a crucial issue for
vaccines. Whether CD8* T-cell memory
depends on continued stimulation by antigen
is controversial and seems to depend on the
definition of ‘memory’ and the type of assay

used. Zinkernagel et al.’” showed that protec-
tion from viral challenge is dependent on
repeated antigenic stimulation of CD8* mem-
ory T cells to differentiate into effector CTLs.
Immunization with short-lived antigens gives
good protection against challenge, but only
for a very short period; as the antigen disap-
pears, the protective effect vanishes (TABLE 1)
By contrast, Ahmed and colleagues® mea-
sured re-induction of the CD8* T-cell
response ex vivo and showed that memory
cells persist for a very long period in the
absence of antigen. Cytokines such as IFN-o.
are necessary to maintain this form of mem-
ory in the absence of antigen?', Zinkernagel
et al.?? were probably measuring activated
CD8- effector T cells, which are able to kill
and produce a range of cytokines, whereas
Ahmed and others® measured the resting
long-lived memory-cell population, which is
generated after the initial burst of effector-cell
production. The crucial question for vaccine
development is whether it is necessary to
maintain fully active effector cells or whether
the antigen-independent memory — which
can be reactivated rapidly by antigen — is suf-
ficient. If fully mature effectors are needed, is
it necessary to design vaccines that persist?
However, this is currently anathema to the
regulatory bodies because it would be
extremely hard to guarantee long-term safety.
The role of CD4* T-cell help in determining
the state of CD8* T-cell memory is poorly
understood?**, In the absence of CD4* T-cell
help, CD8* T cells were shown to be dysfunc-
tional®, an observation that is consistent with
some findings in HIV-infected patients', in
whom CD4* T-cell help is impaired. Priming
of CD8* T-cell responses might require linked
epitope recognition by CD4* T cells®. The

initial induction of CD8* T-cell responses
requires interleukin-12 (IL-12) production” by
‘ucensine’ of dendritic cells by CD4* T celis?,
but some viruses can bypass this requirement.
CD4* T-cell help can also maintain CD8*
T-cell memory*>%. CD4* T cells have direct
antiviral effects — for example, IFN-y and
B-chemokine production® — but CD4* T cells
are less important than CD8" T cells in this
regard; they can only attack infected cells that
express class [ MHC proteins. The early loss of
HIV-specific CD4* T cells in HIV infection and
the subsequent progressive loss of all CD4*
T cells probably undermines the CD8* T-cell
response to HIV*,

Vaccines that stimulate CD8* T cells are
also likely to stimulate CD4* T helper (Tp1
cells. This could be one advantage that a
vaccine has over natural HIV infection.
Indeed, good early CD4* T-cell responses to
HIV are associated with lower virus loads
and better prognosis®*. The possibility of
inducing an immune response that is more
effective than the natural response to HIV
infection addresses the concern that there is
no unequivocal case of an infected person
clearing the infection; this would be an
unprecedented premise on which to base
the development of a vaccine.

Assays for virus-specific CD8' T cells

Measurement of CD8* T-cell responses has
been revolutionized by the introduction of
tetramer-'"° and cytokine-staining techniques.
Tetramers detect antigen-specific T cells by
their ability to bind tetrameric human leuko-
cyte antigen (HLA) class I molecules folded
around a particular peptide, but this does not
indicate function, The cytokine assays mea-
sure antigen-stimulated cytokine production
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(typically IFN-y), which is either captured on
an antibody-coated surface'' or retained
within the cell by brefeldin-A treatment, which
blocks exocytosis. In the latter case, measure-
ment is completed with intracellular staining
by fluorescent antibody specific for cytokine
and flow cytometry'2. These assays measure
T-cell function but they might underestimate
the specific T-cell numbers. How these assays
compare with each other and with the fresh
PBMC cytotoxicity assay” and limiting-dilu-
tion assay'*® is shown in TABLE 2. It is clear that
the tetramer and cytokine-release assays are
the most sensitive and accurate.

CTLs and non-HIV infections

Because CTLs cannot neutralize virus, it is
important to know whether a CTL response
alone can protect against virus infections.
CTLs would have to act by killing infected
cells and aborting an infection, rather than by
preventing it. The state of the CTLs might be
crucial: do they have to be active effectors or
can memory cells do the job? Memory cells
can secrete cytokines within six hours of anti-
gen contact'!, but maturation to the killer
phenotype takes longer.

Important studies in mice have shown that
CTLs that are induced by vaccination can pro-
tect against viral disease (TABLE 1). The protec-
tion was never sterilizing, in that mice were
still infected but with less virus, and the bene-
ficial effect was usually measured by survival
after challenge with a lethal dose of virus.
Virus was usually detected after challenge, but
at much lower titres in the vaccinated animals
compared with controls. Control of the infec-
tion by the vaccine-induced memory T-cell
response was probably enhanced by the
immune response that was triggered by the
actual infection. When the challenge was
within 14 days of vaccination, the T cells were
likely to be recently stimulated effectors
(FIG. 1); in later challenges, protection would
have to be mediated by long-term memory
cells. Protection tended to be better soon after
vaccination and was often poor at later times,
although this was not always the case in the
macaque vaccine and challenge studies (see
below); this issue needs further rigorous
investigation.

CTLs in the control of HIV Infection

The CD8* T-cell or CTL response is crucial in
controlling HIV and SIV infections over a
period of several years, although ultimately
the control breaks down, The appearance of
CTLs corresponds to the time when the ini-
tial viraemia comes under control and starts
to fall**-%!. Thereafter, there might be an
inverse relationship between virus load and
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Table 2 | Comparison between
ey e

Virus-

CD8* T-cell detection assays

Calculated specific CD8*

waer limit \

CD8* T cells) T celis per 10° PBMCs per 10° PBMCs
Tot e, SRR D 11 VT U R TS | R S R
IFN-yELSPOT  03% Kk - 50 '
A, 08-1.0% 7T T 1000800000, LT 1000 -
Direct sisata  5-10% NA C T 5-10%lysis
ratio of 50:1 specific lysis

The table shows the assays that are available to measure CD8* T calls. For the direct lysis assay, fresh

uncultured PBMCs are added to virus-infected or peptide-pulsed target cells. The equivalence values shown
in the middle two columns indicate the values that would be expected for a typical HIV-positive blood sample,
tested In the different assays. The calculated specific T cells are the values indicated by the different assays;
note that most assays underestimate compared with direct tetramer staining. The right-hand column shows
the lowest values that are detectable in each assay. Note that the sensitivity of the LDA is offset by its
tendency to undersstimate the actual number of antigen-specific T cells by a factor of 10100 (REE 16).
EUSPOT, enzyme-linked immunospot; ICA, intraceliular cytokine assay; IFN-y, interferon-y; LDA, limiting-
dilution assay; NA, not applicable; PBMCs, peripheral blood mononuciear cells .

the number of specific CTLs's (but, see REFS
42,43). Better evidence comes from macaques,
for which the infusion of anti-CD8 mono-
clonal antibody in vivo abolished the control
of viraemia‘~*". When the antibody was
infused in the acute phase of infection, the
initial high viraemia was not brought under
control until the antibody-mediated reduc-
tion in CD8* T cells had faded. Similarly,
when anti-CD8 antibody was infused during
chronic infection, the virus level immediately
rose, only to fall when CD8* T cells returned.

The effectiveness of CD8* T cells in control-
ling HIV infection is shown by the selection of
virus escape mutants*-2, When virus is abun-
dant, with high turnover (particularly in early
or late infection), escape mutants are selected.
Escape can occur by mutation at more than
one epitope site in the same time period*2.
Such strong selective pressure is indicative of
the very potent antiviral effect of CTLs.

The efficiency of virus control that is
achieved by the CD8* T cells is undermined by
virus escape and variability. This is probably
made worse by the downregulation of expres-
sion of HLA class I molecules that is mediated
by Nef**%4, Progressive impaired function of
CD8" T cells must also contribute to poor
virus control as the CD4* T-cell number falls
and their function becomes negligible.

Are HiV-specific CTLs protective?

In all cohorts of people who are exposed to
HIV, about 5% of individuals seem to be resis-
tant to HIV infection. In a Nairobi sex-worker
cohort®S, women were very highly exposed,
with several HIV contacts per year. Their
T cells were fully infectable in vitro and did not
express defective virus receptor genes such as
CCR5A32, a mutant that prevents the surface
expression of CCRS5 and almost completely

prevents virus entry into the cell. The T cells
did not induce anti-HIV immunoglobulin G¥
but made CTL responses to HIV*’. Some of
the women became infected with HIV after
ceasing sex work, which implies that they need
repeated antigenic stimulation by HIV of
CTLs to maintain protection.

Similar resistance to HIV has been found
in uninfected babies whose mothers are HIV-
positive®, in medical staff exposed to HIV by
needle-stick injury®® and in long-term unin-
fected partners of HIV-positive individuals®'.
Macaques that were treated with antiretrovi-
ral drugs within hours of SIV infection con-
trolled the infection with undetectable levels
of virus, were protected against re-challenge
and made SIV-specific CTLs"#,

Vaccines that induce CD8* T-cell responses
can protect monkeys from challenge with SIV
or even HIV (TABLE 3). The DNA and recombi-
nant virus vaccines that protect against the
highly aggressive simian—human immunode-
ficiency virus SHIV-89.6P are particularly
impressive>%, After challenge, these monkeys
were infected but the infection was greatly
attenuated, so that the virus load was lower
than in controls by a factor of 1,000 and the
CD4" T-cell count remained normal for more
than a year after challenge. Therefore, the vac-
cinated animals survived without sickness
compared with controls, most of which expe-
rienced rapid loss of all CD4* T cells and early
death. It is pertinent that one protected ani-
mal succumbed to AIDS more than a year
after challenge — the virus had mutated the
dominant epitope that was recognized by the
vaccine-induced CTLs®. This strongly sup-
ports an important role for CTLs in the pro-
tection of these animals, but it also gives a
warning of possible problems for a human
CTL-inducing vaccine.
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Table 3 | Proteetlon of m-caques from SIV or SHIV ehallongo by CD8* T-cell-inducing vaccines

‘Voolow . 'Challenge viros " Reoult . Notes Reference
Vaocmla-Nef SiVmac J5 v Reductoon of virus Ioad 105
" MVA-Gag SV 60-fold reduction of virus load 125
STt . SHV-89.6P . 100~bldredwﬂmof\dtusioad 103
DNA+fowlpox-Gag+Pol+Env HIV-1 Protection but not sterilizing Infection of 99
6 weeks Iater immunity Macaca nemestrina
DNA+MVA-epltope SiVmac Partial protection? CTLsspecuﬁcfor , . 68;J. M. Allen,
. SiVimec. T bﬂw vhus raducﬁon communication
DNA+IL-2-Gag+Env SHIV-89.6P Surwval no Ioss of CD4* T cells 63
6 weeks later 3log,, reduction of virus load
DNA+WA—G&Q+Pol+Em e SHN-&QGP _ Survival, noloss of CD4* T cells, DNA prime included other 64
: 7lmmhehtar -3log;, reduction of virus load HIV genes; mucosal challenge
VSV—Env+Gag SHIV-89.6P Sunvival, no loss of CD4* T cells, Early control probably 65
3-6monthslater 3 log,, reduction of virus load CD8* T-cell-mediated
Adencovirus-Gag SHN-BQBP Survival, no loes of CD4* T cells, 66
3log,, raductbn of virus load
Peptide+adjuvant SHIV Ku2 Reduced virus load, Mucosal immunization 126

no CD4* T- ceII Ioss

and challenge

CTLs cytotoxic T lymphocytes; env, envelope protein; gag, group specific anhgen IL, interleukin; MVA, modified vaccinia Ankava; pol, polymerase; SHIV, simian-human
immunodeficiency virus; SIV, simian immunodeficiency virus; SiVmac, macrophage-tropic SIV; VSV, vesicular stomatitis virus.

These results are remarkably similar to
those obtained in mice that were vaccinated to
stimulate CD8* T-cell responses and then
challenged with high doses of virus (TABLE 3).
However, it might, paradoxically, be more easy
to protect against the aggressive SHIV-89.6P
than against 2 more insidious virus. Similarly,
strong CTL responses were poor at control-
lingan unmodified SIV that is less aggressives®
(D. Watkins, unpublished observations). The
reasons for these differences need to be
resolved.

A vaccine that does not stop infection but
reduces virus load might not be ideal,
although it should improve prognosis in
infected vaccine recipients®®. The dose of virus
challenge used in the macaque experiments is
very high, and was chosen to infect all of the
control animals reliably. This dose is probably
more than 100 times the dose that is associ-
ated with human sexual contact, so it might
be easier to protect people who are naturally
exposed to HIV at low doses, albeit repeat-
edly. This type of challenge virus exposure
should be tested in vaccinated macaques.

These data form the basis for several vac-
cine studies in humans. They all test the same
hypothesis — that a strong CD8* T-cell
response will protect against HIV infection.

Stimulation of CD8" T celis by vaccines
It has long been known that many classical
vaccines — for example, inactivated influenza
virus vaccines and haemagglutinin vaccines
—are poor at stimulating virus-specific CD8*
T cells™"". Conversely, a live attenuated
measles vaccine elicited a strong CD8* T-cell

response in humans™. Many recombinant
attenuated virus vectors (for example, vaccinia,
adenovirus, influenza and Semliki Forest
virus) and recombinant intracellular bacterial
vaccines (for example, Mycobacterium bovis
bacillus Calmatte~Guerin (BCG)) have stimu-
lated CTLs in mice. Inert virus-like particles,
which are taken up by dendritic cells, have
stimulated good CTL responses in mice,
although not in primates and humans™-.
Peptides can also be effective, although the
response might be short lived’. So, any vaccine
that can enter the class | MHC antigen-pro-
cessing pathway works well (F1G. 2). However,
the more complex recombinant virus vac-
cines might stimulate a response to irrelevant
antigens, such as some of the 200 vaccinia
proteins that might also be expressed by
infected cells alongside the insert. As CTL
responses tend to be focused on few epitopes
— sometimes only one””’® — this can mean
that a good response is achieved, but not to
the insert. This problem can be avoided by
using a DNA vaccine that comprises only the
desired insert (possibly with an antibiotic
Tesistance gene). Plasmid DNA stimulates a
well-focused response in mice after only one
injection (intramuscular, intradermal, intra-
venous, intranasal, intrarectal, intravaginal or
intraperitoneal )575-#1,

CTL induction in primates

There is now a great deal of effort focused on
plasmid DNA and recombinant virus vac-
cines, There has been uncertainty over
whether DNA vaccines would work in
humans, but early indications are that DNA

is safe and stimulates weak CD8* T-cell
responses in some volunteers®>®. It makes
sense that HIV proteins that are expressed early
in the HIV replication cycle, such as Nef, Rev,
Tat and Env, should be important immuno-
gens for vaccine design. So, an anti-HIV DNA
vaccine that expresses Rev and Env was given
to HIV-infected and uninfected people; it
stimulated non-neutralizing antibody, anti-
gen-specific T-cell proliferative responses and
production of macrophage inflammatory
protein-1a (MIP-1ct), but no CTLs*¥, CTLs
were stimulated in asymptomatic HIV-
infected patients by DNA that encodes HIV
Tat, Rev and Nef®*, CTL responses were
weak, but most of these studies used subopti-
mal methods for detecting antigen-specific
CDB8* T cells. At least one phase I trial of DNA
that encodes HIV antigen is in progress in
HIV-negative volunteers.

Recombinant vaccinia viruses have been
used extensively in inbred mice to stimulate
CTLs*, Recombinant vaccinia viruses and
related poxviruses that were given to primates
and humans in phase I trials stimulated vari-
able and, in humans, generally weak CD8*
T-cell responses® %, Because of safety concerns
with vaccinia virus, attenuated or related
viruses have been proposed as vectors: canary-
pox®2939597% fowlpox™, NYVAC (New York
vaccinia virus with 18 gene deletions selected
to decrease pathogenicity)*'® and modified
vaccinia virus Ankara (MVA)*, These all infect
human cells, but the virus replicates very
poorly or not at all. MVA was passaged more
than 500 times in chick-embryo fibroblasts so
that it accumulated large deletions and was no
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longer able to replicate in human cells,
although they were infected®"%2, It was given
to more than 100,000 people as a smallpox
vaccine, with no reported side effects'®"192,
These attenuated and avipox viruses, which are
recombinant for HIV proteins, show promise
in macaques®™*1%%1™_Recombinant MVA has
entered trials for both HIV and malaria. In the
former, some strong (>500 ELISPOT spot-
forming units per million PBMCs) responses
were seen, but not in all vaccine recipients
(M. Mwau et al.,, unpublished observations).

An inconsistency in the use of recombinant
poxviruses is that not all recipients in outbred
species respond. Not all macaques make a
CD8* T-cell response (for example, REF. 105)
unless the response is deliberately focused on
known immunodominant epitopes. This is
typical of immunodominance, whereby the
CTL response, which is determined by MHC
type, focuses on few epitopes and might not
respond to the inserted sequence despite a
good response to the whole virus,

The relative inefficiency of single-vaccine
modalities in humans and primates has led to
methods of augmenting vaccine immuno-
genicity. Barouch er al% reported good
responses with 5 mg DNA plus IL-2-Fc fusion
protein (IL-2 fused to the Fc fragment of
immunoglobulin to greatly increase its half-
life in vivo) or DNA that encodes IL-2-Fec.
Immunization with DNA-coated microparti-
cles can target the dermal-epidermal junction
region of the skin, which is rich in Langerhans
cells, and this has stimulated CTL responses
at low DNA doses'*'””, When mice were
primed with plasmid DNA and then boosted
with MVA recombinant for the same DNA
sequence, a CTL response tenfold greater than
for either vaccine alone was observed®#!, The
DNA might prime a focused response that is
then amplifed by the virus boost. This
approach works well in macaques®*£89%.10?
(TABLE 3) and is now in phase II trials in
humans,

What is a good CTL response?

Very little attention has been focused on what
constitutes a good CTL response. There are
tew data on the level of CTL response that is
needed to protect. Sex workers who are
exposed but uninfected are protected from
HIV infection and make CDS8* T-cell
ELISPOT responses of around 50-100 spot-
forming units per 10° PBMCs — a Jevel that
should be easily achievable with a vac-
cine’”1%.1%_ However, they need continuing
exposure to virus to maintain their protec-
tion, so for a non-persisting vaccine, higher
levels of CTLs are likely to be needed'®. Also,
itis not clear how broad the response in the
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Figure 2 | MHC class | processing and presentation of antigens. CDS* T-cell vaccines enter the class |
antigen processing pathway to generate HLA-class-I-peptide complexes on the surface of antigen-
presenting calls. Cytosolic protein antigens are genserated as a result of vaccination. These are degraded
into peptides by the proteasome and transported into the ER. In the ER, peptides become associated
with newly generated MHC class | molecules and are transported to the cell surface where they stimulate
CD8* T cells. p2-m, p2-microglobulin; HLA, human leukocyte antigen; ER, endoplasmic reticuium;

Tap, transporter for antigen processing; TCR, T-cell receptor.

sex workers is, and their total response might
be two or three times higher than susceptible
individuals; it is intriguing that they seem to
respond to different epitopes than infected
people, which indicates that not all epitopes
are equal in this regard®’. i
Macaques that were immunized using a
PRIME-BOOST protocol with DNA and MVA
Gag, which induced a very large CD8* T-cell
response to a single epitope (up to 5% of all
CD8"* T cells specific for p11C, C-M presented
by Mamu A*01) were not protected against a
challenge with a high dose of moderately
aggressive SIV® (D. Watkins also has similar
data with the same epitope vaccine; personal
communication). So, a response to more than
one epitope might be needed and, again,
choice of epitope could be crucial. The ani-
mals that were protected against SHIV-89.6P
challenge generally had peak specific CD8*

T-cell levels between 1% and 10% for known
epitopes — by tetramer staining — and prob-
ably further responses to other epitopes®4+1%3,
but these responses did not persist at this level
before challenge.

The studies on virus challenge might show
what level of response is needed for each
macaque model, but these experiments do not
mimic repeated low HIV dose mucosal expo-
sure with a range of variant viruses. In the
absence of relevant information, we can only
make guesses on the basis of the above models
and what we know about control of HIV
infection in chronically infected humans. We
propose that peak responses in excess of 300
1FN-y ELISPOTS per million PBMCs to more
than one epitope should be achievable and
comparative to the macaque data. It is a con-
cern that trials of vaccines that stimulate only a
weak CD8* T-cell response might fail.
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