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Abstract

In HIV-1-infected patients, variation at the HLA class I locus is associated with disease progression, but few
studies have assessed the influence of HLA alleles on HIV-1 CRFO1_AE infection, which is dominant in
Thailand. We hypothesized that alleles predicted to confer more effective immune responses, such as HLA-
B*46, would protect against disease progression. HLA typing was performed on HIV-1 incident cases surviving
until 1998-1999 and HIV-1-negative matched controls from Thai army cohorts enrolled between 1991 and
1995. We assessed associations between class I alleles and disease progression subsequent to HLA typing.
Ninety-nine HIV-1-incident cases were followed for a median of 3.7 years after HLA typing; during this time,
58 participants died. Two alleles were associated with mortality: HLA B*51 was protective (3-year survival
B#51P°° vs. B*51"%: 75% vs. 52%; p=0.034) whereas Cw*04 was deleterious (3-year survival Cw*04"°* vs.
Cw*04"°€: 39% vs. 60%; p=0.027). HLA-B*46 was not associated with disease progression. Alleles present at
different frequencies in HIV-1-incident compared with HIV-1-negative men included HLA-A*02:03, B*35,
B*15, and C*08. 1. In conclusion in this Thai army cohort, HLA-B*51 was associated with lower mortality,
confirming that this allele, which is protective in clade B HIV-1 infection, has a similar effect on HIV
CRFO1_AE infection. The deleterious effect of HLA-Cw*04 must be interpreted with caution because it may be
in linkage disequilibrium with disease-susceptible HLA-B alleles. We did not find that HLA-B*46 was pro-
tective. These findings may inform vaccine development for areas of the world in which HIV-1 CRFO1_AE
infection is prevalent.

Introduction HIV-1 infection,2 and relatively little is known about the
association between different HLA class I alleles and disease

MMUNOLOGIC CONTROL OF HIV-1 INFECTION is associated ~ progression in patients infected with HIV-1 clades found

with effective CD8" T cell responses against the virus.
This link is supported by the fact that specific class I MHC
alleles—which mediate the CD8" T cell immune response—
have been associated with lower plasma HIV-1 RNA levels.
In a genome-wide association study of HIV-1 controllers,
amino acids in the HLA class I binding groove were found to
be the major genetic determinant of HIV-1 control.' How-
ever, many previous studies have focused on clade B or C

predominantly in South and Southeast Asia, such as HIV-1
CRFO1_AE. Such information may be helpful in identifying
strategies to develop an effective global HIV-1 vaccine.

We hypothesized that alleles predicted to confer more ef-
fective immune responses, such as HLA-B*46, would protect
against disease progression in patients infected with HIV-1
CRFO1_AE. This hypothesis was based on in vitro work
showing selective down-regulation of different HLA alleles
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by HIV-1 Nef and predicting more effective immune re-
sponses in individuals with HLA-B*46,® which may have
arisen from recombination between an HLA-B and -C allele.
Because this particular allele is common in Thailand, we
assessed whether HLA-B*46 had a protective effect against
HIV-1 in this population.

To identify HLA alleles associated with disease progres-
sion in patients who acquire HIV-1 CRFO1_AE, we studied a
subset of men enrolled in a longitudinal cohort of Royal Thai
army recruits between 1991 and 1995. HLA was typed on
subjects surviving until 1998-1999 (samples were not
available from those who died before then). In this cohort of
HIV-1 survivors, we assessed associations between HLA
class alleles and disease progression, CD4 cell count, and
HIV-1 RNA. We also compared the frequency of HLA class I
alleles in HIV-1-positive men to HIV-1-negative men en-
rolled in the same cohort.

Materials and Methods

Participants for this study were drawn from a cohort of
Thai military recruits. Starting in 1991, a total of 21,701 HIV-
1-seronegative male army recruits were followed with blood
tests every 6 months until their discharge from the military,
generally after serving 2 years.*® Because military service is
compulsory, these men were believed to be representative of
the population of men of that age in Thailand. During 1998-
1999, the first follow-up survey among these seroconverters
was performed.” Members of the HIV-1-positive cohort
who had seroconverted while in the Royal Thai Army were
recontacted.

Follow-up interviews and blood tests were conducted on
the surviving members (HIV-1-positive survivors) of the
original group. At the time of the first follow-up, 99 had blood
samples collected and available to be evaluated for HLA
typing. Their blood was also tested for CD4 cell count and
HIV-1 RNA. In 2005-2006, those seroconverters who were
alive during the first follow-up survey in 1998-1999 were
recontacted for the second follow-up survey.® This second
follow-up serves as the end date for the survival analyses. To
estimate time to mortality from all causes, the primary end-
point in this analysis was death. HIV-1 seroconverters who
received antiretroviral therapy (ART) were censored at the
time treatment was started.

In addition to the HIV-1-incident cases, a control group of
HIV-1-seronegative men at the time of their discharge from
the military was matched by age and geographic district of
residence to the seropositive group. Blood was obtained from
these control subjects and HLA typed.

HLA typing was performed by polymerase chain reac-
tion with sequence-specific primers (PCR-SSP)’ on blood
samples obtained during the first follow-up survey in 1998—
1999. Associations between HLA alleles with >10% preva-
lence and subsequent mortality were analyzed (Kaplan—
Meier, exact log-rank tests). CD4 cell counts and HIV-1 RNA
levels were measured during 1998—1999, the time of the first
follow-up survey when the blood samples for HLA testing
were collected. CD4 cell counts and HIV-1 RNA levels were
compared between HLA groups (Wilcoxon rank-sum tests).
Fisher’s exact test evaluated associations between HLA al-
leles and HIV status. Analyses were exploratory (not adjusted
for multiple comparisons).
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The study was approved by institutional review boards in
Thailand, the Walter Reed Army Institute of Research, and
the Johns Hopkins School of Public Health.

Results

Between 1991 and 1995, 228 men became HIV-1 sero-
positive, and these incident cases form the basis of the cohort
in this study. The date of seroconversion in these 228 men is
known within a 6-month window. HLA typing by PCR-SSP
was performed on 99 HIV-1-incident cases who were alive in
1998-1999; samples were not available from those who died
before this time. HLA typing was also performed on 178
HIV-1-negative age- and region-matched controls from the
same military cohorts (male recruits) enrolled between 1991
and 1995. Among the HIV-1-positive seroconvertors, there
were no significant differences in age, region, and year of
seroconversion between the 99 participants whose blood
samples were available for HLA typing and those whose
blood samples were not available for testing. Among the
HIV-1-negative controls, those who had HLA typing per-
formed were more likely to be from the Upper-Northern re-
gion of Thailand (86.5%) than those who did not have testing
done (62.3%) (p<0.001); age was comparable between both
groups.

All infected patients had HIV CRF01-AE. None received
ART prior to 2001. Of the 99 HIV-1 seroconverters, 19 re-
ceived antiretroviral therapy after 2001 and were censored at
the time treatment was started.

At the time of HLA typing, the median age (Q1, Q3) of the
HIV-1-positive group was 28 years (28, 29), the median CD4
cell count was 322 (137, 413) cells/mm?, and the median
HIV-1 RNA was 4.7 (4.2, 5.1) log( copies/ml.

The HLA-A, B, and C allele frequencies are summarized
in Table 1. For HLA-B, four-digit allele typing was not ex-
amined because three patients had nonspecific determina-
tions (1501/25, 1502/13, 1520/25).

Class | HLA alleles and HIV disease progression

The 99 HIV-1-positive patients were followed for a me-
dian (Q1, Q3) of 3.7 (1.5, 6.5) years after HLA typing; during
this time, 58 patients died. The most common causes of
death, based on review of death certificates and medical re-
cords, were AIDS-related etiologies (74%), tuberculosis
(5.2%), sepsis (5.2%), suicide (3.4%), and unspecified (3.4%)
(for each of the other causes of death, only one participant
was affected). We examined the association between mor-
tality and class I MHC for those HLA alleles that were
present in 10% or more of the cohort (Table 2).

Two HLA alleles were associated with mortality: HLA-
B*51 was protective and HLA-Cw*04 was deleterious
(Table 2). The 3-year survival of patients who were HLA-
B*51 positive was significantly greater than those who were
HLA-B*51 negative (75% vs. 52%, p=0.034) (Fig. 1A).
HLA-B*51 was not associated with CD4 cell count (Table 3).
By contrast, the 3-year survival of patients who were HLA-
C*04 positive was significantly lower than those who were
HLA-C*04 negative (39% vs. 60%; p=0.027) (Fig. 1B).
Patients who were HLA-C*04 positive had lower CD4 cell
counts than those who were C*04 negative (median 167 vs.
333/mm3, p=0.047) (Table 3). However, neither HLA-B*51
nor HLA-C*04 was associated with HIV-1 RNA level.
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TABLE 1. FREQUENCY OF HLA ALLELES

IN THE STUDY POPULATION

Allele N (percentage with allele)
A*02 41 (41%)
A*0203 10 (10%)
A*0207 10 (10%)
A*03 1 (1%)
A*11 63 (64%)
A*24 32 (32%)
A*26 3 (3%)
A*31 5 (5%)
A*33 20 (20%)
A*34 1 (1%)
A*68 3 (3%)
A*T74 2 (2%)
B*07 6 (6%)
B*08 1 (1%)
B*13 21 21%)
B*15 30 (30%)
B*18 7 (7%)
B*27 7 (7%)
B*35 3 3%)
B*38 5 (5%)
B*40 23 (23%)
B*44 3 (3%)
B*46 30 (30%)
B*48 3 (3%)
B*51 20 20%)
B*52 5 (5%)
B*55 7 (7%)
B*56 3 (3%)
B*57 2 (2%)
B*58 18 (18%)
C*01 35 (35%)
C*03 38 (38%)
C*04 18 (18%)
C*06 3 (3%)
C*07 29 (29%)
C*08 24 (24%)
C*12 7 (7%)
C*14 13 (13%)
C*15 12 (12%)

To determine whether the association of HLA-Cw*04 with
HIV-1 disease progression might be mediated by deleterious
HLA-B alleles, we assessed for potential linkage disequilib-
rium (LD) in the overall study population of HIV-infected
survivors and HIV-uninfected controls. (There were only three
HIV-positive survivors who were B*35 positive so we could
not assess the impact of this HLA type on HIV progression in
this study.) We observed that HLA-B*35 commonly occurred
with HLA-Cw*04 (17 HLA B*35 and Cw*04 vs. three HLA-
B*35 only, p<0.0001, Fisher’s exact test). Linkage disequi-
librium between Cw*04 and HLA-B*35 or with other alleles
may explain our findings; some HLA-B*35 alleles have been
associated with rapid HIV-1 disease progression.'®!!

There was a trend for an association between mortality and
C*07 positivity (protective, p=0.063) (Table 2); this allele
was also associated with higher CD4 cell counts (C*07P°:
358 vs. C*07"€: 273/mm°, p=0.035) (Table 3). HLA-C*07
was not associated with HIV-1 RNA level.

Although we hypothesized that HLA-B*46—an unusual
allele found mainly in Thailand—would be protective against
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TaBLE 2. HLA ALLELE EXPRESSION AND MORTALITY

N deaths among
those expressing

Allele the allele p-value Effect
A*02 26 0.42

A*0203 7 0.76

A*0207 6 0.91

A*11 35 0.24

A*24 18 0.99

A*33 12 0.81

B*13 14 0.65

B*15 20 0.49

B*40 12 0.39

B*46 19 0.35

B*51 7 0.034 Protective
B*58 13 0.13

C*01 23 0.24

C*03 26 0.23

C*04 15 0.027 Deleterious
C*07 13 0.063

C*08 15 1.0

C*14 5 0.19

C*15 5 0.24

This analysis was limited to those alleles for which there was
210% expression in the study population. Exact log rank p-values
are presented.

HIV disease progression, we did not see an effect of this allele
on mortality or an association with CD4 cell count or HIV-1
RNA level.

Class | HLA alleles in HIV-1-infected men
and HIV-1-negative controls

To assess whether particular HLA alleles were overrep-
resented in participants who did not acquire HIV-1 infection,
we examined the frequency of HLA alleles in HIV-1-infected
men vs. HIV-1 negative controls. The control group consisted
of 178 HIV-1-seronegative men at the time of their discharge
from the military who were matched by age and geographic
district of their residence to the seropositive group at the time
that the original cohort was defined in 1991-1995. HLA
frequencies in the HIV-1-negative group were similar to that
of the general Thai population (the latter available on the
HLA Allele Frequency Net'?). HIV-1-infected men were less
likely than HIV-1-negative controls to express HLA-
A*02:03 (proportion with allele, 0.10 vs. 0.21, p=0.02,
Fisher’s exact test) and HLA-B*35 (0.03 vs. 0.10, p=0.052).
HIV-1-positive men were more likely than HIV-negative
controls to express HLA-B*15 (0.30 vs. 0.19, p=0.036) and
C*08 (0.24 vs. 0.10, p=0.003).

Discussion

In this Thai army cohort of men infected with HIV-1
CRFO1_AE, we found that two HLA class I alleles were
associated with mortality: HLA-B*51 positivity was associ-
ated with lower mortality whereas HLA-Cw*04 was associ-
ated with higher mortality. We did not find evidence for a
protective effect of HLA-B*46, which we had hypothesized
might be associated with more effective immune responses
against the virus.
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The finding in our study that HLA-B*51 positivity was
associated with lower mortality confirms that this allele,
which has been previously reported to be protective in clade
B HIV-1 infection, has a similar effect on HIV-1 CRF01_AE
infection. Among genes that have been associated with
HIV-1 disease progression, HLA-B alleles play a dominant
role; for example, HLA-B*57:01 is associated with HIV
control whereas other HLA-B alleles are associated with dis-
ease susceptibility (reviewed by Goulder ez al.'?). Importantly,
HLA-B*51:01 has been associated with both disease protec-
tion'*'® and disease susceptibility, depending on the HIV
clade involved and when during an epidemic the association
was assessed. In a cohort of patients infected with clade B
HIV-1 through contaminated blood, Zhang et al. found that
control of HIV-1 levels and higher CD4 cell counts were as-
sociated with T cell responses to unmutated HLA-B*51-
restricted epitopes.'” In an important study of the impact of
HLA type on HIV-1 evolution, however, Kawashima et al.
found evidence for accumulation over time of viral mutations
that led to escape from HLA-B*51-restricted CD8" cytotoxic
T lymphocytes.'® This adaption of the virus to HLA type at the

T T T
2 4 6

Years from timepoint of HLA typing

population level may explain why HLA-B*51 appeared to be
protective early in the epidemic but not protective later on.

In our study population, the participants were infected with
HIV-1 CRFO1_AE between 1991 and 1995, which was rel-
atively early in the epidemic. Future research should examine
whether the accumulation of escape mutations over time
ameliorates the protective effect of this allele. Perhaps the
relatively similar HIV-1 RNA levels between the HLA-
B*51-positive and HLA-B*51-negative participants reflect
the development of escape mutations, but viral sequencing
studies within infected participants are needed to determine if
this is the explanation for the finding. In addition, studies
of the presence or absence of key B*51 epitopes in the
CRFO1_AE consensus sequence may be informative.'

The deleterious effect of HLA-Cw*04 must be interpreted
with caution because this allele may be in linkage disequi-
librium with disease-susceptible HLA-B alleles. Indeed, an
early study in five U.S. cohorts, in which patients were pre-
sumably infected with clade B HIV-1 infection, concluded
that the HLA-B*35/Cw*04 haplotype was associated with
rapid disease progression.’’ Subsequent work, however,
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TaBLE 3. HLA ALLELE EXPRESSION VERsUs CD4 CELL
CounTts AND HIV-1 RNA LEVEL

CDA4 cell count HIV-1 RNA

Allele N (median) (median, log;p)
B*51
Absent 79 325 4.7
Present 20 321 4.4
p-value 0.77 0.21
C*04
Absent 81 333 4.6
Present 18 167 5.0
p-value 0.047 0.25
C*07
Absent 70 273 4.7
Present 29 358 4.6
p-value 0.035 0.72

CD4 cell counts and HIV-1 RNA levels were measured during
1998-1999, the time of the first follow-up survey when the blood
samples for HLA testing were collected. Wilcoxon rank-sum p-
values are presented.

revealed that the association with HLA-Cw*04 was due to
linkage disequilibrium between this allele and HLA-B*35x
alleles, and that it was, in fact, the latter that were linked to
disease susceptibility.'® In our study population, we found
evidence that HLA-Cw*04 is in linkage disequilibrium with
HLA-B*35, suggesting the possibility that the effect may be
related to disease-susceptible B*35 alleles or perhaps other
deleterious alleles. Larger studies are needed to assess this
possibility, and these investigations may reveal other genes
associated with disease progression.

We did not confirm our prediction that HLA-B*46 would
be associated with slower progression to AIDS.*> HLA-B*46,
because it arose from a recombination between HLA-Cw*1
and HLA-B*15, has a cytoplasmic tail that matches HLA-B
alleles and, therefore, should be down-regulated by HIV-1.
Because HLA-B*46, by virtue of its key HLA-CwOI se-
quences, should inhibit NK cells expressing NK inhibitory
receptor 2 (NKIR-2) from killing HIV-infected cells, down-
regulation of HLA-B*46 would expose the infected cells to
attack by NK cells unless the infected person also expressed
other HLA-C alleles that inhibit NKIR-2. Definitively testing
the original hypothesis, however, would require an analysis
of whether persons who are HLA-B46 positive and negative
for particular HLA-C alleles—such as HLA-Cw*1, 3, 7, and
8—that are recognized by NKIR-2 have slower HIV-1 dis-
ease progression (there were no participants in our study who
were HLA-B*46 positive but negative for all of those HLA-C
alleles). Our sample size was not large enough to test his
hypothesis definitively and larger studies are necessary to
exclude an association. Indeed, more recent studies have
suggested that HLA-B*46, which is a common allele in
Asians,'®?! is actually associated with increased suscepti-
bility to HIV-1 infection.?* Examining associations between
HLA-B*46 and specific HLA-C alleles with disease acqui-
sition and progression in these larger studies may provide
additional insights.

How do our results compare with other studies of HLA
class I alleles and disease progression in HIV-1 CRFO1_AE
infection? In a recently published study by Mori et al. of 557
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Thais with HIV-1 CRFO1_AE infection in a hospital-based
cohort, HLA-B*3505 was found to be a protective allele®;
this allele is one of the B*35 PY alleles, which are not as-
sociated with rapid HIV progression, and may have a unique
peptide binding groove that might enhance HIV control. We
were not able to examine this allele in our study because
B*35 positivity was rare and our sample size was not large
enough to assess its contribution to disease progression. In
the study by Mori er al.>> HLA-B*51 was not associated with
HIV RNA level. Similarly, in our study, HLA-B*51 was not
associated with HIV-1 RNA but was associated with mor-
tality. Future work should examine whether HLA-B*51 is
associated with mortality in larger cohorts, although these
studies will be difficult now that effective antiretroviral
therapy is in widespread use.

We also found that several class I HLA alleles were
overrepresented or underrepresented among HIV-1-infected
men as compared with age- and region-matched HIV-1-
negative controls, although these associations may be affected
by survivor bias. HLA frequencies in the HIV-1-negative
controls were similar to the general Thai population but an
apparent association between HIV-1 acquisition and HLA
type might be confounded by underrepresentation in the sur-
vivors of alleles associated with rapid disease progression,
such as some of the deleterious HLA-B*35 alleles; indeed,
HIV-1-infected survivors were less likely than HIV-1-
negative controls to express HLA-B*35.

Our study has several limitations. First, the small sample
size makes it impossible to evaluate the effect of rare HLA
types on HIV disease progression; in fact, we assessed only
alleles with a gene frequency of 10% or more. Second, be-
cause blood was not available on all seroconvertors, we as-
sessed mortality from the time of HLA typing forward; if
patients with particular HLA types were more likely to die or
to be lost to follow-up between the time of seroconversion
(1991-1995) and the time of HLA typing (1998-1999), then
this survivor bias could confound our analysis. We attempted
to address this possibility by focusing on survival going
forward in time from the date of HLA typing in a cohort of
patients all of whom had the testing at approximately the
same time. Third, this exploratory analysis was not adjusted
for multiple comparisons. We limited the number of com-
parisons by analyzing only HLA alleles with >10% preva-
lence, but interpretation needs to consider the potential for
false-positive findings.

Another limitation of our study is that we did not have data
on high-resolution HLA typing on the participants in the
study. For the alleles with significant associations—and for
other alleles in this study—there is a low frequency of
polymorphisms within the Thai population: for example,
HLA B*51 is predominantly HLA B*51:01 and HLA B*46 is
commonly HLA B*46:01.* The latter is part of a common
Thai haplotype consisting of A*02:07-Cw*01-B*46:01-
DRB1*#09-DQB1*03:03. It is, therefore, unlikely that higher
resolution typing to detect these infrequent polymorphisms
with the sample size in this study would significantly con-
found these results, but additional studies with high-
resolution typing should be pursued.

Our study also has several strengths. First, we were able to
assess the impact of common HLA alleles on mortality, a
clinical outcome of substantial interest. Second, we had ex-
cellent follow-up and complete mortality data on the 99
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participants who underwent HLA typing. Third, as men-
tioned, because the study was performed at a time before
widespread antiretroviral therapy was available, we were
able to assess the association between HLA type and mor-
tality. Future work on the impact of HLA alleles on HIV-1
CRF_01 acquisition and disease progression as well as
studies of virus sequence evolution in response to immune
pressure are needed to inform development of a global HIV-1
vaccine.
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