


PERSPECTIVES

Box 1 | Clades matter
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Another unknown quantity is the T,1
CD4* T-cell response that will accompany
a vaccine-induced CD8* T-cell response. This
is likely to be better than that induced by nat-
ural HIV infection, during which CD4* T cells
are preferentially infected by HIV and
destroyed’*!'°, and so might work in the vac-
cine’s favour. In general, T,,1 responses to acute
virus infection are present but smaller than the
CD8* T-cell responses'2. A good vaccine would
stimulate this type of response, which might be
useful for the vaccine recipient who becomes
infected with HIV. The rare non-progressors or
very slow progressors after HIV infection have
good T, 1 responses''’. Therefore, any T, 1
response that is stimulated by the vaccine is
likely to be beneficial. This could be offset by
the particular susceptibility of these T cells to
HIV infection, but this is generally discounted.

HIV clades differ by 7-15% in their amino-acid sequences and within the clades, there is
significant variation''®. The length of a cytotoxic T lymphocyte (CTL) epitope is eight to ten
amino acids. So, on average, each epitope will differ by one amino acid between clades. Although
there are claims for clustering of epitopes in conserved regions of HIV proteins, there has been a
bias in ascertainment in identifying conserved epitopes, because the reagents used are based on
consensus amino-acid sequences and might not match the infecting virus. Because HIV can
escape from CTLs by mutation, and then be transmitted'?, epitopes could even cluster in the
more variable parts of the virus. Here, it is reasonable to assume a roughly even distribution of
variability in epitopes; that is, one amino acid per epitope.

The figure illustrates how a peptide binds to a human leukocyte antigen (HLA) class [ molecule.
In this typical example, HIV Gag p17 24-31 GGKKKYKL is situated in the groove of HLA-B8
(REE. 114). Three amino-acid side chains at P4, P6 and P7 point out towards the T-cell receptor (TCR)
(above the dashed line), three — P3, P5 and P8 — bind into the groove and two — P1 and P2 —are
neutral. Mutations of the TCR-interacting or the HLA-binding amino acids affect T-cell
recognition''!. Burrows et al."'? thoroughly examined the effect of mutation for another peptide in
Epstein—Barr virus EBNA3A-specific CTLs; he made all 171 single amino-acid changes in the
nonamer peptide; those in the six HLA-binding and TCR-interaction positions severely damaged
T-cell recognition by the T cells, This pattern is typical for HLA-BS, but the principles are the same
for peptides that bind to other HLA class I molecules. Therefore, it should be expected that two
thirds of epitope mutants affect T-cell recognition and that CD8* T cells will cross react poorly
across clades. Reproduced, with permission, from REF. 114 © (1996) The Rockefeller University Press.

Clades

The design of an HIV vaccine is complicated
by the virus variability in amino-acid
sequence. Most studies in macaques have not
addressed this issue, and have matched chal-
lenge virus to the vaccine. There is some con-
fusion as to the importance of cLabk differ-
ences in the CTL response. The data that are
available on cross-clade recognition by T cells
are limited to a small number of T-cell clones
and lines, which are specific for a tiny fraction
(<19%) of the total repertoire of HIV epitopes
that are seen by human CTLs. Therefore,
reports of good cross-reaction or non-cross-
reaction can not be representative, Until vac-
cine recipients can be thoroughly tested for
cross-clade reactivity in their T-cell responses
over a range of peptide concentrations, a more
theoretical approach is appropriate. As argued
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in BOX 1, two thirds of point mutations in an
epitope are likely to adversely affect T-cell
recognition. If epitopes are more or less evenly
distributed across virus proteins, each will
have one or more changes when two clades are
compared. There have been theoretical argu-
ments for epitope clustering!'!, but experi-
mentally the question is still open, If most
epitopes differ between clades, this would have
serious implications for vaccine design.

As shown in Box 1, mutations can inter-
fere with peptide binding to the human
leukocyte antigen (HLA) molecule. Such
binding is very sensitive to change, and muta-
tion removes the epitope. Changes that affect
T-cell recognition are more subtle. Depending
on the affinity of the interaction, there might
be no effect (which is rare)''?, reduced affinity
leading to T-cell antagonism and impaired
responses''*!!, or no recognition. In the last
case, we might expect a new response that can
recognize the peptide to take over, but this
often does not happen — a concept that is
referred to as ‘original antigenic sin’'%.

Therefore, a vaccine that stimulates a
response to a single epitope would be very vul-
nerable to variation in the virus sequence. It
would give only poor protection against a dif-
ferent clade of HIV — 33% of that seen with
homologous virus exposure, and even virus
with the same sequence as that recognized by
the induced CTLs would be susceptible to
escape by mutation. The latter would be a sig-
nificant problem if the infection was not con-
trolled before much virus replication occurred.
If the vaccine could generate a response to
several epitopes the problem would be less-
ened: a five-epitope response would have an
87% chance of cross-clade recognition of at
least one epitope. However, in such a five-
epitope response, a third of the responders
would recognize only a single cross-reactive
epitope and would therefore be very suscep-
tible to virus escape. This is a real problem
that has to be addressed in vaccine design.

Virus escape

Escape of SIV mutants after vaccination has
already been reported®”"¢, In macaques that
were protected against SHIV-89.6P infection
by a vaccine, such escape was associated with
rapid progression to AIDSY. In acute SIV
infection, escape mutations at several epitopes
are selected by the CTL response®, Escape
from CTLs also occurs in acute HIV
infection®'""!'"* and must be important in the
failure of immune control.

Such escape could seriously undermine
vaccine prophylaxis of HIV. The only defence
is to induce responses to several epitopes
at the same time. It is encouraging that
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