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Clinical Implications
of Basic Research

DEFYING DEATH —
HIV MUTATION TO EVADE

CYTOTOXIC T LYMPHOCYTES

YTOTOXIC T lymphocytes control viral infec-
tions by lysing infected cells and secreting soluble

factors (cytokines) that enhance antiviral immunity
and suppress infection. The importance of antiviral
killer cells in controlling acute infection with human
immunodeficiency virus (HIV) and the related sim-
ian immunodeficiency virus (SIV) in macaque mon-
keys has clearly been demonstrated: resolution of the
first wave of viremia coincides with the development of
HIV-specific cytotoxic T lymphocytes, and macaques
depleted of killer cells control SIV poorly. Some virus-
es, especially herpesviruses, hepatitis viruses, and im-
munodeficiency viruses, have devised clever strategies
to outwit killer cells and thereby persist for the life of
the host.

Although HIV induces a very strong cytotoxic-
T-lymphocyte response, in which up to 1 in 10 circu-
lating T lymphocytes is specific for the virus, the in-
fection is not controlled in most untreated patients.
This fact is particularly surprising because there are
many more HIV-specific killer cells than cells infected
with actively replicating HIV, except perhaps in the
final stages of AIDS. Moreover, most in vitro assays
of killer-cell function cannot distinguish between pa-
tients whose infection is controlled without antiviral
drugs (long-term nonprogression) and those, treated
or not, who have progressive disease.

How does HIV outwit cytotoxic T lymphocytes?
Two ways have been described, and others are likely.
Killer cells recognize short viral peptides (called epi-
topes) presented to them by HLA class I molecules
on infected cells. The nef protein of HIV causes the
infected cell to down-regulate the HLA molecules that
present viral peptides to cytotoxic T lymphocytes. The
importance of this mechanism is unclear, since tens of
thousands to hundreds of thousands of HLA mole-
cules remain on the surface of HIV-infected cells, and
it takes only a few peptide-laden HLA molecules to
trigger a T lymphocyte. The second type of evasive
action is mutation of viral sequences that specify im-
munogenic epitopes. By changing only a single amino
acid in an epitope the virus can easily escape surveil-
lance by the immune system. Moreover, cells express-
ing such altered peptides can even block the lysis of
cells infected with unmutated virus.1

C

Figure 1. Evolution and Mutation of the Human Immunodefi-
ciency Virus (HIV).
HIV most likely arose from the chimpanzee simian immunode-
ficiency virus (SIV). After many cycles of viral replication in its
human host, it evolved to a consensus virus with mutations in
genes that encode dominant immunogenic peptides. These
mutations hinder the presentation of such peptides to cytotoxic
T lymphocytes (CTLs) by the most prevalent HLA molecules in
the population. As this consensus virus continues to multiply,
selective pressures engendered by the immune system of the
new host force the emergence of viruses with escape muta-
tions that enable infected cells to avoid being recognized by cy-
totoxic T lymphocytes.
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The high mutation rate of HIV is due to its rapid
replication kinetics and low-fidelity reverse transcrip-
tase. In the relatively short time that the virus has
been a human pathogen, it has evolved into distinct
clades, which are prevalent in different regions of the
world. Even within an infected host, viral mutation
gives rise to numerous distinct viral subspecies, whose
diversity increases with the duration of infection. Un-
til recently, it was uncertain whether immune pressures
select for mutations that allow the virus to escape from
cytotoxic T lymphocytes (so-called escape mutations)
or whether the evasion is simply incidental to the high
rate of mutations. Clear evidence of immune selection
was recently found in SIV-infected macaques: escape
mutations in epitopes recognized by cytotoxic T lym-
phocytes, but not in adjoining regions of the SIV tat
gene, developed within four weeks after infection with
a highly pathogenic viral strain.2 However, since this
strain in macaques replicates much more rapidly than
does HIV in humans, it is uncertain whether these
results can be extrapolated to humans.

A recent study now provides clear evidence of es-
cape mutations in HIV.3 Using automated DNA se-
quencing and sophisticated statistical tools, Moore
et al. examined the incidence of sequence polymor-
phisms in the HIV reverse transcriptase gene in 473
HIV-infected persons. Certain polymorphisms were
associated with particular HLA class I alleles, and in
some cases they clustered around known sequences
for epitopes recognized by cytotoxic T lymphocytes
and their flanking regions involved in processing an-
tigenic peptides (Fig. 1). One viral epitope was mutat-
ed in all but one of the HIV-infected subjects whose
T lymphocytes could recognize it. In that one instruc-
tive case, treatment with antiretroviral therapy was be-
gun within days after exposure to HIV. This finding
suggests that early treatment may limit escape muta-
tions by blocking viral replication. 

Moore et al. also found indirect evidence that HIV
has evolved within humans to avoid recognition by
T lymphocytes in the context of the most prevalent
HLA class I allele, HLA-A2. Infected HLA-A2–pos-
itive subjects were less likely than subjects without this
allele to harbor HIV with escape mutations. This idea
was previously advanced by the finding that the most
prevalent HLA class I alleles worldwide (HLA-A1, A2,
and A3) rarely present the dominant epitopes in HIV
envelope protein to cytotoxic T lymphocytes.4

When a dominant epitope in HIV mutates in a way
that allows it to evade recognition by cytotoxic T lym-
phocytes, a population of T lymphocytes that recog-
nizes subdominant, type-specific epitopes arises. Since
these T lymphocytes recognize infected targets poor-
ly and are often generated after the function of CD4
helper T lymphocytes has been compromised, their
ability to control the infection may be impaired. In-
deed, during chronic infection most HIV-specific CD8
T lymphocytes are incapable of lysing HIV-infected
cells when tested directly ex vivo.5

HIV is an evolving pathogen that has only recently
(on an evolutionary scale) infected humans. Mutations
that enable the virus to evade immune surveillance oc-
cur along with other adaptive mutations that make
HIV less easily defeated by the human host. Not all
these mutations are necessarily harmful to the host.
For example, AIDS does not develop in the presumed
original host, the chimpanzee. However, the ability to
evade recognition by cytotoxic T lymphocytes is likely
to cause harm by rendering the host’s immune system
unable to control the infection. Indeed, Moore et al.
found that subjects harboring HIV with escape muta-
tions had a level of viremia that was about a log high-
er than that of patients who were infected with HIV
that lacked such mutations.3 These findings suggest
that an important clinical benefit of early treatment
of HIV infection is to limit escape mutations, which
occur only when the virus has a chance to replicate.
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