Different Selection Pattern of RT135 Mutant

TABLE 3 Numbers and frequencies of individuals having 1135X mutations in a Japanese cohort and a predominantly Caucasian cohort

No./total no. (%) of individuals

Cohort B¥51:01% B*52:01~ B*51:017 B*52:017 B*51:01% B*52:01* B*51:017 B*52:01™ Total
Japanese 51/51 (100) 42/49 (85.7) 5/5 (100) 88/151 (58.3) 186/256 (72.6)
Caucasian 125/131 (95.4) 17/26 (65.4) 0/0 331/1,198 (27.6) 473/1,355 (34.9)

of the HLA-B*52:01 molecule complexed with the Pol283-8 pep-
tide clarified that HLA-B*52:01 could bind to the peptide in a
fashion similar to but slightly different from that of HLA-B*51:01.
These findings support the presentation of the Pol283-8 peptide
by both HLA-B*52:01 and HLA-B*51:01.

Pol283-8-specific CD8™ T cells were detected in 7 of 14 HLA-
B*52:017 HLA-B*51:01" individuals chronically infected with
HIV-1. A previous analysis showed that CD8" T cells specific for
this epitope are frequently detected in HLA-B*51:01 ™" individuals
chronically infected with HIV-1 (49). These results, taken to-
gether, indicate that this epitope is immunodominant in both
HLA-B*51:01" and HLA-B*52:01" individuals. The analysis of
257 Japanese individuals revealed an association between HLA-
B*52:01 and a variety of nonconsensus residues at RT codon 135
(1135X). Specifically, variants 8T, 8L, 8R, and 8V predominated in
HLA-B*52:01" individuals, suggesting that these mutations had
been selected by HLA-B*52:01-restricted CTLs. The viral suppres-
sion assay revealed that the HLA-B*52:01-restricted CTLs failed to
suppress the replication of these mutant viruses. These results
support the idea that the I135X mutation can be selected by im-
mune pressure via Pol283-8-specific CTLs in HLA-B*52:01% in-
dividuals. Our previous studies showed that the 8L, 8T, and 8R
mutations affected the recognition by Pol283-8-specific, HLA-
B*51:01-restricted CTL clones (15, 28). These studies, together
with the present study, indicate that accumulation of 8L, 8T, and
8R mutations in the HIV-infected Japanese population may be
due to immune pressure by both HLA-B*52:01-restricted and
HLA-B*51:01-restricted CTLs. Our analysis of the crystal struc-
ture of the HLA-B*52:01-peptide complex demonstrated that po-
sition 8 of the Pol283-8 peptide was deeply packed into the
hydrophobic groove. Whereas the 8L, 8T, and 8R substitutions
likely had a relatively large effect on the structure of the com-
plex, the 8V mutation, resulting in only the deletion of the
small methyl group, caused only very limited changes. Thus,
the structural analysis supports the idea that the 8L, 8T, and 8R
mutations affected the TCR recognition of the peptide and/or
its binding to HLA-B*52:01.

The present study confirmed previous studies of nine world-
wide cohorts (15) and a Chinese cohort (50) that showed a strong
association of 1135X with HLA-B*51:01. The I135X mutation was
found in 58.3 and 27.6% of HLA-B*51:01~ HLA-B*52:01" Japa-
nese and predominantly Caucasian individuals, respectively (Ta-
ble 3), supporting greater population level accumulation of this
mutation in Japanese than in other cohorts. Since the Japanese
cohort included twice as many HLA-B*51:01" individuals as the
THAC cohort (21.9% of Japanese and 9.4% of Caucasians in
THAC), the difference in the [135X variant frequency between
these two cohorts would be driven, to a large extent, by the higher
HLA-B*51:01 prevalence in the former than in the latter. The
association of HLA-B*52:01 with this mutation was much weaker
than that of HLA-B*51:01 in both cohorts but still highly statisti-
cally significant (an InOR of 11.7 [P = 8.77 X 10™*] versus an
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InOR 0f 40.0 [P = 5.78 X 10™"*] in the Japanese cohort and an InOR
0f 3.06 [P = 2.95 X 10™>] versusan InOR of 5.71 [P = 1.58 X 107>!]
in THAC). Because of the relatively low B*52:01" frequency
(~2%) in IHAC, the effect of HLA-B*52:01 on the overall preva-
lence of I135X was relatively low in this cohort. In contrast, in the
Japanese cohort, where the HLA-B*52:01" prevalence was rela-
tively high (>20%), this allele represents a major driving force
behind 135X selection in this cohort. Thus, selection pressure
from both HLA-B*51:01 and HLA-B*52:01 likely contributed to
the observed population level accumulation of 1135X mutations
in the Japanese population.

Previous studies showed that HLA-B*51:01-restricted, Pol283-
8-specific CTLs have a strong ability to suppress HIV-1 replication

~in vitro (28) and that they suppressed the replication of the §V

mutant virus but failed to suppress that of the 8T, 8L, and 8R
mutant viruses (15). The frequency of the Pol283-8-specific CTLs
was inversely correlated with the plasma viral load in HLA-B*51:
01* hemophiliacs infected with HIV-1 approximately 30 years
ago (28). The 8T, 8L, and 8R mutations did not affect replication
capacity, whereas the 8V mutation conferred a modest fitness cost
(15). These findings support the suppression of the wild-type or
8V mutant virus by Pol283-8-specific CTLs as a major mechanism
of slow progression to AIDS in Japanese hemophiliacs. This CTL
response was also elicited in Chinese HLA-B*51:01" individuals
infected with the 8V mutant virus; furthermore, a low viral load
and a high CD4 count were significantly associated with the pres-
ence of at least one of three HLA-B*51:01-restricted CTL re-
sponses, including a Pol283-8-specific one (50). Thus, these find-
ings support the idea that Pol283-8-specific CTLs play an
important role in the control of HIV-1 infection.

The present study demonstrated that HLA-B*52:01-restricted,
Pol283-8-specific CTLs also had a strong ability to suppress HIV-1
replication in vitro (80% suppression at an E/T cell ratio of 0.3:1).
However, the ability of HLA-B*52:01-restricted CTLs to suppress
the replication of HIV-1 was weaker than that of HLA-B*51:01-
restricted CTLs (Fig. 5B). Inspection of the crystal structures of
both HLA molecules complexed with the Pol283-8 peptide sug-
gests that the relatively shallow penetration of the hydrophobic
groove of HLA-B*52:01 by the C-terminal side of the peptide, in
contrast to the tightly packed binding with HLA-B*51:01, may
have resulted in an unstable conformation of the complex. Fur-
thermore, Ser67 of HLA-B*52:01 would have provided more
space and loose interactions with the peptide than in the case of
the Phe of HLA-B*51:01. Interestingly, the Pol283-8 peptide
would have displayed only side chains of Thr1 and Ser7, and some
part of the main chains, to CTLs. Therefore, these results suggest
that the unstable backbone conformation and side chain positions
in the case of HLA-B*52:01 largely contributed to the lower TCR
affinity than that afforded by HLA-B*51:01. These results support
that selection pressure in vivo via the HLA-B*52:01-restricted
CTLs would be weaker than that via the HLA-B*51:01-restricted
CTLs. Indeed, the prevalence of 1135X mutations in HLA-B*51:
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017" individuals was higher than that in HLA-B*52:01" individu-
als. The difference in the pattern of escape mutant selection by
these CTLs between the HLA-B*51:01" and HLA-B*52:01" indi-
viduals might also have been due to the difference in their abilities
to suppress HIV-1 replication. However, it still remains unclear
why the 8T mutant was predominantly selected in the HLA-B*51:
01" but not in the HLA-B*52:01 " individuals. Further studies are
expected to clarify the mechanism to explain how these CTLs se-
lected different patterns of mutations at RT135.

Previous studies showed that the T242N mutant was selected
by HLA-B*58:01-restricted and HLA-B*57-restricted CTLs spe-
cific for TW10 epitope in HIV-1 clade B-infected and clade C-in-
fected individuals (25-27). Herein we also showed that 1135X was
selected by Pol283-8-specific CTLs restricted by two different
HLA class I molecules. However, the strength and the pattern of
the selection of 135X was different between HLA-B*51:01 and
HLA-B*52:01. The present study suggests that this difference in
the selection pattern was associated with that between the HLA-
B*51:01" and HLA-B*52:01 " individuals in terms of the ability of
Pol283-specific CTLs to suppress HIV-1 replication. Thus, we
characterized and experimentally validated distinct HIV-1 escape
patterns of CTLs with the same epitope specificity and provided
evidence that the extremely high prevalence of 135X in circulating
Japanese sequences is likely driven not by one but by two HLA-B
alleles.
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