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Immune evasion by the human immunodeficiency virus (HIV) is unexplained but may
involve the mutation of viral antigens. When cytotoxic T lymphocytes engaged CD4-
positive cells that were acutely infected with HIV bearing natural variant epitopes in reverse
transcriptase, substantial inhibition of specific antiviral lysis was observed. Mutant viruses
capable of these transactive effects could facilitate the persistence of a broad range of
HIV variants in the face of an active and specific immune response.

Cytotoxic T lymphocytes (CTLs) capable
of recognizing HIV are detectable through-
out the asymptomatic period of infection
(1). However, the immune response fails to
clear the virus in the vast majority of pa-
tients for reasons that are not fully under-
stood (2). The destruction of virally infected
cells by CTLs relies on the successful en-
gagement of the Tcell receptor (TCR) with
a complex formed by viral peptide bound to
a human leukocyte antigen (HLA) class [

molecule on the infected cell surface (3)..

Recent findings indicate that such interac-
tions do not necessarily activate a full re-
sponse in the T cell. For CD4™ T cells, small
changes in the amino acid sequence of ma-
jor histocompatibility complex (MHC) class
II bound peptides altered activation signals
transmitted by the TCR (4). MHC class II
restticted T cells became anergic after expo-
sure to antigen-presenting cells that bore a
mixture of the wild-type peptide and a high-
er concentration of an altered peptide ligand
(APL) or antagonist (5). Similarly, alter-
ations in HLA class I-bound peptides influ-
enced CTL activation when target cells
were sequentially pulsed with peptides that
differed by one or more amino acids at pu-
tative TCR contact points. Some peptides
severely inhibited the lytic effect of CTLs in
a clone-dependent fashion (6); these pep-
tides were active at concentrations as low as
20 to 200 fM, which suggested that epitopes
derived from mutant viruses could influence
the CTL response to the wild-type virus.
Natural variation in HIV gag (7) and in the
core protein of hepatitis B virus (8) pro-
duced epitope mutants capable of potent
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inhibition of antiviral CTLs. In these exper-
iments, epitope variants were initially repre-
sented by synthetic peptides pulsed onto Ep-
stein-Barr virus—transformed B cell (BCL)
targets that had previously been exposed to
-wild-type peptide. Variant antigen processed
from recombinant vaccinia virus was also
capable of this inhibitory or antagonist effect
on T cell activation (7). Thus these experi-
ments implied, but did not establish, that
mutant viruses could subvert the immune
response to the wild-type virus.

While tracking the CTL response of four

Fig. 1. Variation in an
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HIV-1-seropositive individuals (9) to an
HLA-B8-restricted epitope in reverse tran-
scriptase (RT), we found amino acid variation
in viral sequences encoding the highly con-
served epitope GPKVKQWPL (Fig. 1) (10,
11). A CTL line from patient 84 failed to
recognize four of these viral peptides—I1S
(Gly! — Ser?), 3R (Lys®> — Arg?®), 6R (GIn®
— Arg®), and 6E (GIn® — Glu®)—in a stan-
dard chromium lysis assay (12). Two of these
variants, 1S and 3R, also inhibited the lysis of
target cells prepulsed with wild-type peptide
(Fig. 2). The x-ray structure of the HLA-B8-
Gag(25-32) complex (13) reveals that chang-
es at position 1 of the bound peptide are likely
to make direct contact with the TCR. Posi-
tion 3 is an anchor residue, but a K3R muta-
tion could have a secondary effect on the
conformation of residues that come into con-
tact with the TCR. Mutant RT containing
these amino acid changes (1S and 3R)
showed no impairment of in vitro enzyme
function (Table 1). We now could construct
mutant viruses that contained the variants 1S
and 3R (chosen for their potency in peptide
experiments) to test whether whole viable
HIV could inhibit CTL recognition. Al-
though the presence of the 1S and 3R se-
quences in the patients’ proviruses had sug-
gested that virions with these mutations
would be viable, it was important to confirm
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shown, CD4 counts were 530, 360, 350, 450, and 320 cells per microliter, respectively.

SCIENCE ¢ VOL.270 e

24 NOVEMBER 1995



this suggestion because defective proviruses
are common (I4). Using recombinant tech-
niques (15), we introduced the amino acid
changes that represented the 1S and 3R se-
quences by site-directed mutagenesis into an
RT clone that was transfected into a T cell
line (CEM) along with a proviral clone lack-
ing much of RT. Sequencing confirmed that
the viruses emerging from this culture bore
the desired changes, and these viruses were
used for subsequent CTL experiments.

To establish a cellular model of acute
HIV variant infection, we inoculated a cell
line (C8166)" with either mutant or wild-
type viruses. The growth of wild-type and
mutant viruses in this system, as measured
by p24 antigen production in the superna-
tant, was comparable in terms of growth
kinetics and final titer reached (Fig. 3).
Similar results were obtained by analysis of
virus tissue culture infectivity and by a ki-
netic analysis of reverse transcription with-
in cells by the polymerase chain reaction
(PCR) for long terminal repeat DNA tran-
scripts after infection (16, 17). C8166 cells
have HLA-B8 on the cell surface, and a
polyclonal CTL line from patient 84 that
killed 3*Cr-labeled target cells infected with
only wild-type virus showed minimal recog-
nition of cells infected with variants 1S or
3R alone (Fig. 4); this observation con-
firmed that these APLs are weak or mini-
mally active agonists when processed during
intracellular viral replication.

Viruses with mutant epitopes would ini-
tially be expected to expand into separate
cell populations (18). To simulate this phe-
nomenon, we infected distinct C8166 cell
cultures with pure preparations of a variant
virus. After 1 or 2 days, a CTL line was
incubated for 1 hour with unlabeled (cold)
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Fig. 2. Natural epitope variants in RT inhibit CTL
lysis. Autologous 5'Cr-labeled BCLs were pulsed
with 100 nM wild-type peptide (GPKVKQWPL),
washed, and plated in 96-well plates (6—8). Vari-
ant peptide was then added to the wells at the final
concentrations shown, followed by a CTL line
specific for the wild-type RT epitope (derived from
HIV-1-infected patient 84). Specific lysis was de-
termined at 4 hours. (A) Peptide 1S; specific lysis
without peptide, 1%; effector/target (E/T) ratio,
10:1. (B) Peptide 3R; specific lysis without pep-
tide, 5%; E/T ratio, 20:1.

cells that either were uninfected or ex-
pressed the 1S or 3R variant. >'Cr-labeled
(hot) wild-type virus—infected or unin-
fected control targets were then added at a
cold/hot ratio of 5:1 and specific lysis was
measured after 4 hours. Exposure to variant
virus—infected cells caused a substantial in-
hibition of lysis compared with that caused
by incubation with uninfected cold targets
alone (Fig. 5A). This effect was enhanced
by increasing the cold target/hot target ratio
(Fig. 5, B and C). Although superficially
like a classic cold target inhibition experi-
ment (19), these results are crucially differ-
ent because the cold cells are not them-
selves lysed by the CTLs. Also, although
these CTLs were polyclonal, their anti-HIV
activity was inhibited by exposure to a cell
population infected by a virus with a single
amino acid change. This dominant or trans-
active mechanism could enhance the per-
sistence of not only the mutant but also a
wider set of wild-type viruses. It is not clear
why the appearance of epitope variants does
not always elicit a novel CTL response
capable of controlling these potential es-
cape sequences (20). Possibly the initially
predominant wild-type viral clones could

inhibit, by a reciprocal antagonist effect,
any new CTL response to epitope mutants.
Multiple-epitope mutants with inhibitory
effects could further enhance wild-type vi-
rus persistence. Although a decline in CD4
cell function may deprive the CD8 precur-
sor cell population of help for clonal expan-
sion, there is evidence in vitro that APLs
may drive proliferation of CTLs that retain
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Fig. 4. CTL recognition of cells infected with mu-
tant viruses. C8166 cells were infected with virus-
es bearing wild-type or mutant (3R or 1S) epitopes
at a MOI of 0.02 and cultured for 3 days. Cells
were 51Cr-labeled, and lysis by CTLs from patient
84 that were specific for HLA-B8 complexed with
RT was tested at the E/T ratios shown.

Table 1. Effect of epitope mutations on RT function. Activities are expressed as percentage of wild-type
activity = SD. RT-WT, RT-3R, and RT-1S contain the HXB2 1.7-kb RT gene bearing wild-type, 3R, and
1S mutant epitope sequences, respectively (77). Pol-WT, Pol-1S, and Pql-3R constructs bear the same
mutations within the entire 2.55-kb pol gene. Pol-AZT-DDI and Pol-AZT-DDI-NV bear drug resistance
mutations; Pol-AZT-DDI is resistant to AZT and ddl, and Pol-AZT-DDI-NV is resistant to AZT, ddl, and
Nevirapine. Pol-AZT-DDI-1S bears the two drug resistance mutations and epitope mutation 1S. The
differences between the original RT mpHXB2 and Pol mpRTH1 construct backgrounds are Leu'® —
Ala'®, ValR! — lle?!, Thr58 — Ser®8, and Val*®® — Leu?36 (26). i

Construct Genotype Activity (%)
18 20 41 74 106 215

Wild type G K M L \ T
RT-WT - - - - - - 100
RT-1S S - - - - - 96 + 14
RT-3R - R - - - - 206 + 34
Pol-wT - - - - - - 100
Pol-1S S - - - - - 85+ 18
Pol-3R - R - - - - 226 = 84
Pol-AZT-DDI - - L \ - Y 106+ 7
Pol-AZT-DDI-NV - - L \ A Y 126 + 15
Pol-AZT-DDI-1S S - L \ - Y 9%+ 9
Fig. 3. Growth of recombinant HIV-1. Viruses bearing mutations in 1003
the HLA-B8 RT epitope were prepared as described (75):
pPHIVDRTBStEI (a plasmid vector bearing HIV-1 with a deletion in
RT) was digested with Bst Ell and Bcl I; mpHXB2 (M13 bearing
HIV-1 HXB2 pol) was subjected to site-directed mutagenesis (26) to %‘ 104
create G18S or K20R mutations. Digested pHIVDRTBStEI (10 pg) &
or Hind lll- and Eco RI-digested mpRTH1 (10 pg)—bearing wild- :t:, —o—WT
type (WT) or mutant epitopes, respectively—were transfected into ——3R
2 % 108 CEM cells, and cultures were maintained by addition of 1 ——18
further CEM cells. After 14 days, supernatant was used to infect
further fresh cells; virus from these cultures was sequenced, and <0.31
viral stocks were prepared and frozen at —80°C before use. Titra-
tion of stock viruses was performed as described (76). Infections of

subsequent cultures were performed at a multiplicity of infection 0 2 4 6 8
(MOI) of 0.01 to 0.02, as indicated. Production of p24 in the super-

10 12
Time after infection (days)

natant was measured by specific ELISA; 0.31 ng/ml is the lower limit of detection of this assay (27).
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Fig. 5. (A) Inhibition of lysis
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patient 84 were incubated for 1 hour with cold cells (uninfected, Uninfected
3R, or 18) at E/T 1:1. Labeled WT-infected or uninfected tar- c °| Wr-infectec
gets were then added at a cold/hot ratio of 5:1, and specific —0— 3R-infected
lysis was measured 4 hours later. (B) Titration of cold targets % 204

bearing 3R-yirus. Targets and CTLs were prepared as above, °;;

but the cold target/hot target ratio was varied as shown. The _‘Z.

effector/hot target ratio was maintained at 5: 1. Inhibition of lysis g 10

of WT-infected targets is shown [inhibition of lysis was calculat- § 1

ed as 100 X (SL with control cold targets present — SL with &

3R-infected targets present)/(SL with control targets present),

where SL is specific lysis]. Specific lysis of uninfected targets 0 o ) T 2 3 4

was 3% at 6 hours and 6% at 18 hours; in the presence of Cold target/hot target ratio

uninfected cold targets, specific lysis at cold target/hot target

ratios of 1, 2, 4, and 8 was 26, 22, 22, and 18%, respectively, at

6 hours and 45, 50, 40, and 32%, respectively, at 18 hours. (C) Inhibition of lysis of WT-infected cells by
targets infected with wild-type or 3R virus. A BCL from patient 90 bearing HLA-B8 (7) was infected with
wild-type and 3R viruses at a MOI of 0.1, which resulted in sustained chronic virus production. WT-infected
targets were labeled as above, and lysis by CTLs from patient 84 that were specific for HLA-B8 complexed
with Pol (E/T 5:1) was measured at 6 hours in the presence of uninfected, WT-infected, or 3R-infected cold
targets at the cold target/hot target ratios shown. Lysis of uninfected cells was 7%.

specificity for the wild-type epitope and do
not lyse cells pulsed with the APLs (21).
This effect, if active in vivo, could distort
the CTL repertoire and overwhelm a minor
response to the new variant.

The potent ability of naturally occurring
viable HIV to inhibit CTL activity by caus-
ing an unproductive but specific engage-
ment with the TCR constitutes a protective
feature of these mutant viruses that might
exceed the advantage conferred by simple
epitope escape. Under these circumstances,
mutant viruses with weak agonist T cell
epitopes of the type shown here may aid the
survival of a wide range of viral variants.
This mechanism of immune evasion would
not be evoked by mutations of anchor posi-
tions in peptides that prevent HLA class [
binding altogether (22), by flanking changes
that block processing (23), or by epitope
variants that have no agonist properties at
all. Viruses that mutate and effectively lose
epitopes altogether might contribute less to
HIV persistence than has previously been
proposed (I). Although the emergence of
inhibitory viral epitopes late in the clinical
progression might be favored because CD4*
T lymphocyte function is by then weak or
defunct, we have detected these epitope mu-
tations throughout the course of infection
(7, 24). Their fluctuation may reflect com-
plex viral dynamics (9), but the transactive
qualities of partial agonist sequences such as
1S and 3R may give such viruses enhanced
survival in the hostile environment that
prevails in the immunocompetent host.
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Viral persistence in the face of active and
potentially effective immune responses de-
mands explanation. Our study describes a
pervasive mechanism of immune escape by a
mutable pathogen. In HIV infection, genetic
variation within CTL epitopes arises, which
causes both radical and subtle changes in the
configuration of the HLA class 1 peptide
complex (7, 13, 20, 24). Some of these
APLs retain the ability to interact with
TCRs specific for the wild-type sequence,
but the engagement fails to trigger CTL lysis.
CTLs that encounter antigenic decoys of
this sort are distracted and perhaps are ac-
tively inhibited from killing wild-type virus—
infected cells. Cell populations protected by
this CTL inhibition could harbor and permit
the propagation of an array of viruses that
would normally be eliminated. The simplic-
ity and potency of this dominant form of
immune escape suggests that it may be used
by other pathogens capable of mutating T
cell epitopes, irrespective of the class of the
presenting molecule.
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