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Abstract

Objective

To investigate whether single nucleotide polymorphisms (SNP) of drug transporter proteins
for TDF is a risk factor for TDF-related renal function decrement.

Methods

This study investigated the association between 3 SNPs (ABCC2-24, 1249, and ABCB1
2677), which are shown to be associated with TDF-induced tubulopathy, and clinically
important renal outcomes (>10ml/min/1.73m? decrement in eGFR relative to baseline,
>25% decrement in eGFR, and eGFR <60ml/min/1.73m?) in 703 HIV-1-infected Japanese
patients who initiated TDF-containing antiretroviral therapy (ART). Genotyping was per-
formed by allelic discrimination using TagMan 5’-nuclease assays.

Results

95% of the study patients were males and 66% were treatment-naive, with median CD4
count of 249/ul, median baseline eGFR of 96ml/min/1.73m? (IQR 84.6—109.2), and median
exposure to TDF of 3.66 years (IQR 1.93-5.59). The frequencies of genotypes at -24, 1249
of ABCC2, and 2677 of ABCB1 were neither different between patients with decrement in
eGFR of >10ml/min/1.73m? and those without such decrement (ABCC2: -24, p = 0.53,
1249, p = 0.68; ABCB1: 2677, p = 0.74), nor between those without and with the other two
renal outcomes (>25% decrement: ABCC2: -24,p =0.83, 1249, p=0.97, ABCB1: 2677,p =
0.40; eGFR <60ml/min/1.73m? ABCC2: -24, p = 0.51, 1249, p = 0.81, ABCB1: 2677, p =
0.94). Logistic regression analysis showed that the risk genotype of the three SNPs were
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not associated with any of the three renal outcomes, respectively. Logistic regression
model that applied either dominant, recessive, or additive model yielded the same results.

Conclusions

SNPs of the drug transporters for TDF are not associated with clinically important renal out-
comes in patients who initiated TDF-containing ART.

Introduction

Tenofovir disoproxil fumarate (TDF), a prodrug of tenofovir, is one of the most widely used
nucleotide reverse transcriptase inhibitors (NRTT) for the treatment of HIV-1 infection in both
resource-rich and resource-limited settings [1,2], and also for the treatment of hepatitis B infec-
tion [3]. Furthermore, the use of TDF, either as a fixed dose with emtricitabine (FTC) or alone,
has been recently recommended by the WHO and American CDC guidelines, as pre-exposure
prophylaxis for prevention of transmission of HIV-1 in high-risk uninfected adults [4,5].

Tenofovir is predominantly excreted by the kidney through the combination of glomerular

rate (eGFR) more than other NRTIs [8,9]. Although the exact mechanism of tenofovir-induced
nephrotoxicity is not fully understood, mitochondria toxicity in proximal renal tubular cells

Because the severity of tenofovir nephrotoxicity varies widely among individuals, the role of
host genetics has drawn a particular attention. Many single nucleotide polymorphisms (SNPs)
of the genes encoding transporter proteins in renal tubular cells, such as organic anion trans-
porter (OAT) 1 and 3, multidrug resistance protein (MRP) 2, 4, and 7, and P-glycoprotein,
result, genotype C/C at -24 (rs717620) and genotype A/A at 1249 (rs2273697) on the ABCC2
gene, which encode MRP2, consistently shown the association with tenofovir-induced tubulo-
pathy [11,13,16]. However, whether individuals with such SNPs are more susceptible to TDE-
related renal function decrement than those without such genetic variants remains to be eluci-
dated. This issue is important because HIV-1 infection requires life-long antiretroviral therapy
(ART) and renal dysfunction and chronic kidney diseases are important comorbidities that can
influence mortality [17,18].

Based on the above background, the present study was designed to elucidate the association
between polymorphisms in genes encoding drug transporters in renal tubular cells and tenofo-
vir-related renal function decrement among HIV-1-infected patients who initiated TDF-con-
taining ART.

Methods
Ethics Statement

This study was approved by the Human Genetics Research Ethics Committee of the National
Center for Global Health and Medicine, Tokyo, Japan. Each patient included in this study pro-
vided a written informed consent for genetic testing and publication of clinical data for
research purposes. The study was also conducted according to the principles expressed in the
Declaration of Helsinki.

PLOS ONE | DOI:10.1371/journal.pone.0141931 November 4, 2015 2/12

178



@'PLOS } ONE

SNP and TDF Renal Dysfunction

Study Design and subjects

We performed a single-center cohort study to investigate the association between TDF-related
renal function decrement and SNPs in genes encoding renal tubular transporters in Japanese
HIV-1-infected patients who initiated TDF-containing ART. The inclusion criteria for the
study patients were: 1) Japanese patients with HIV infection who initiated TDF-containing
ART at our clinic between January 2002 and December 2013, 2) patients who continued TDF
for >90 days, and 3) patients who provided a written informed consent for the study. Patients
with eGFR <60 ml/min/1.73m? at initiation of TDF were excluded. The written informed con-
sent was obtained from the candidate patients between June 2014 and October 2014.

Measurements
The eGFR was calculated using the equation developed by the Japanese Society of Nephrology

2013 practice guidelines for patients with CKD published by JSN also recommend the use of
this equation for the Japanese, rather than the CKD-EPI equation [21]. The baseline eGFR was
estimated for each patient from age, sex, and serum creatinine measurements made closest to
and preceding the initiation of ART by no more than 90 days. Patients visited our clinic at least
every three months for monitoring CD4 cell count, HIV-1 viral load, and eGFR, since the pre-
for calculation of follow-up eGFR values, we collected serum creatinine values measured closest
to every 90 day within a range of 45 days from initiation of ART. Follow up eGFR data were
collected from the baseline measurement until discontinuation of TDF or at the end of the fol-
low-up period (August 2014).

The potential risk factors for renal dysfunction were determined according to previous stud-
ies and collected together with the basic demographics from the medical records [23-26]. They
included age, sex, body weight, body mass index (BMI) = {body weight (kg) / [(height (m)]%,
history of AIDS, route of HIV-1 transmission, HIV-1 treatment status (either treatment-naive
or experienced), combination of ART, baseline laboratory data (CD4 cell count, HIV viral
load, and serum creatinine), and presence or absence of other medical conditions [diabetes
mellitus defined by using anti-diabetic agents or fasting plasma glucose >126 mg/dl or plasma
glucose >200 mg/dl on two different days, hypertension defined by current treatment with
antihypertensive agents or two successive measurements of systolic blood pressure >140
mmHg or diastolic blood pressure >90 mm¥g at the clinic, dyslipidemia defined by current
treatment with lipid-lowering agents, co-infection with hepatitis B defined by positive hepatitis
B surface antigen, co-infection with hepatitis C defined by positive HCV viral load, and current
drugs, such as ganciclovir and sulfamethoxazole/trimethoprim. At our clinic, body weight and
blood pressure were measured on every visit whereas other variables were measured in the first

starting ART by no more than 180 days.

Genetic polymorphisms
The selected SNPs were 1) -24C—T (in the promoter; rs717620) and 2) 1249G— A (Val4171le;
rs2273697) of ABCC2Z gene, because they are the only SNPs that have consistently shown close

association with tenofovir-induced tubulopathy in previous studies [11,13,16]. In addition,
2677T—A/G (A:Ser893Thr, G:Ser893Ala; rs2032582) of ABCBI gene, which encodes P-
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glycoprotein, was also selected, because this triallelic SNP is functionally significant and
appears to influence the absorption of TDF at the intestine and affect exposure of tenofovir

Pharmacogenetic analyses

Genomic DNA was extracted from peripheral blood leukocytes using the QIAamp DNA Mini-
Kit and the protocol provided by the manufacturer (Qiagen, Valencia, CA). All genotyping was
performed by allelic discrimination using TagMan 5’-nuclease assays with standard protocols
(TagMan SNP Genotyping Assays; Applied Biosystems, Foster City, CA). The primer and
probe sequences are available on request.

Statistical analysis

Three renal endpoints were applied in this study; we focused primarily on 1) decrement in
eGFR of >10 ml/min/1.73 m” relative to the baseline, because this endpoint is considered
appropriate for patients with well maintained renal function [22,29], such as the study popula-
tion. We also set two commonly used renal endpoints, 2) >25% decrement in eGFR relative to

The baseline charactensncs were compared between patlents with decrement in eGFR of
>10 ml/min/1.73 m* and those without such decrement by the Student’s t-test or the Wilcoxon
signed-rank test for continuous variables and by either the 5 test or Fisher’s exact test for cate-
gorical variables. The y? test was used to test for deviation of allele frequency from the Hardy-
Weinberg equilibrium. Statistical comparisons for genotype frequencies between the two
groups were tested by the Fisher’s exact test or the y” test where appropriate. The logistic
regression model was used to estimate the association of risk genotype/allele of each SNP with
the occurrence of these renal endpoints. We applied the following four genetic models for the
analysis: genotype model (a model that postulates no mode of inheritance), dominant model,
recessive model, and additive model. Each genetic effect in logistic regression models was esti-
mated with the adjustment for the variables which were determined a priori; they included
baseline eGFR, age, baseline body weight, nephrotoxic drug use, PI/r use, CD4 count, hyperten-
sion, and dyslipidemia, which are established risk factors for TDF nephrotoxicity [9,2 6].
Sex and diabetes mellitus were not added to the models due to their low frequency. The above
statistical analyses were repeated using eGFR calculated by the CKD-EPI equation adjusted
with the Japanese coefficient [33].

Statistical significance was defined at two-sided p values <0.05. We used the odds ratio
(OR) with 95% confidence intervals (95% CI) as a measure of the effect of risk allele/genotype
on each renal endpoint. All statistical analyses were performed with SAS software, version 9.3
(SAS Institute, Cary, NC).

Results

A total of 703 patients who satisfied the inclusion and exclusion criteria and provided a written
inforrned consent during the inclusion period were enrolled in the study (Fig 1). The study
median CD4 count at baseline was 249 /uL (IQR 127-385), and 66% of the study patlents were
treatment-naive for HIV-1 infection. With regard to ART, 75% of the patients started TDF
with PI/r. The median baseline eGFR was 96 ml/min/1.73 m* (IQR 84.6-109.2) [by CKD-EPI
equation: 94.2 ml/min/1.73 m* (88.3-100.3)]. The median duration of TDF use was 3.66 years
(IQR 1.93-5.59).
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Japanese patients with HIV-1 infection who initiated TDF-containing ART
between January 2002 and December 2013

n=1116
Excluded n=413
No visit during enroliment period (n=347)
eGFR<60 ml/min/1.73m? (n=16)
Discontinuation of TDF within 90 days (n=21)
Did not consent (n=29)
Included in the analysis n=703

Fig 1. Flow diagram of the patient enrolment process.

doi:10.1371/journal.pone.0141931.g001

Of the 703 study patients, >10 ml/min/1.73 m* decrement in eGFR relative to the baseline
occurred in 624 (89%), >25% decrement in 119 (17%), and eGFR <60 ml/min/1.73 m? in 126
(18%). Patients with >10 ml/min/1.73 m® decrement in eGER had higher baseline eGFR
(p<0.0001), lower CD4 count (p = 0.0058), had more frequent HBV co-infection (p = 0.0070),
and had longer exposure to TDF (p<0.0001), compared to those without decrement in eGFR

Table 2 summarizes the distribution of genotypes at -24 and 1249 of ABCC2 gene and at
2677 of ABCBI gene, for patients with each renal endpoint and those free of decrement in
eGFR. All polymorphisms were in Hardy-Weinberg equilibrium. The frequencies of genotypes
at -24, 1249 of ABCC2 gene and at 2677 of ABCBI gene were not different between patients
with >10 ml/min/1.73 m? decrement in eGFR and those without decrement in eGFR (-24 of
ABCC2,p =0.53,1249 of ABCC2, p = 0.68, 2677 of ABCBI, p = 0.74), between patients with
>25% decrement in eGFR and those without (-24 of ABCC2, p = 0.83, 1249 of ABCC2,
p =0.97,2677 of ABCB1, p = 0.40), and between patients with decrement in eGFR to <60 ml/
min/1.73 m? and those without (-24 of ABCC2, p=0.51,1249 of ABCC2, p = 0.81, 2677 of
ABCBI, p = 0.94).

The results of additional analyses using eGFR calculated by the CKD-EPI equation are
2677 of ABCBI gene were not different between patients with each renal endpoint and those
who reached no such endpoint (>10 ml/min/1.73 m* decrement in eGFR: -24 of ABCC2,
p=0.59, 1249 of ABCC2, p = 0.20, 2677 of ABCBI, p = 0.95) (>>25% decrement in eGFR: -24 of
ABCC2, p =0.62, 1249 of ABCC2, p = 0.86, 2677 of ABCBI, p = 0.22) (eGFR <60 ml/min/1.73
m?> 24 of ABCC2, p = 0.91, 1249 of ABCC2, p = 1.00, 2677 of ABCBI, p = 0.76).

The logistic regression model which evaluated genotypic effect of the ABCC2 gene showed
that the risk genotype (i.e., genotype CC at -24) was not associated with any of the three renal
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Table 1. Baseline characteristics of the study patients.

Study patients >10 m/min/1.73 m? decrement No decrement in eGFR P value
(n =703) (n = 624) (n=79)
Sex (male), n (%) 669 (95) - 592(95) : . 77 (97) ' 0.41

Weight (kg)" 63.3 (57.3-70) 63 (57-70) 66 (60-73) 0.077

GFR: JCKD 95.4 (89-101.1)

EPI (mU/min/1.78m?)f
e T

 (mi/min/1.73m?)

4.4 (2.8-4.9)

Ritonavir-boosted brotease inhibitors, n 529 (75) : 470 (75) 59 (75) ) 0.89
(%) : : :

110 (16) 93 (14)

History of AIDS, n (%) 207 (29) 188 (30) 19 (24) 0.30

Homosexual contact, n (%)
Injection drug user 70
Curentsmoker,n (%) 7 (44
TDF duration (years)’ 3.66 (1.93-5.59)

(2.14-567) 152 (0.96-3.15)

Tmedian (interquartile range)

Nine patients were taking both Pl/r and NNRTI, 1 patient with NNRIT and INSTI. 1 patient was treated with 2 NRTIs and 1 with 3 NRTIs. Other patients
were treated with 2 NRTIs together with either PI, NNRTI, or INSTI.

Differences between the two groups were compared by the Student’s t-test for continuous variables and by Fisher's exact test for categorical variables,
except for CD4 count, HIV RNA viral load, and TDF duration, which were compared by the Wilcoxon signed-rank test.

BMI: body mass index, TDF: tenofovir disoproxil fumarate, eGFR: estimated glomerular filtration rate, NNRTI: non- nucleoside reverse transcriptase
inhibitor, INSTI: integrase strand transfer inhibitor.

doi:10.1371fjournal.pone.0141931.t001

adjusted OR 0.5, 95%CI 0.06-3.91, p = 0.62; genotype C/T versus T/T, adjusted OR 0.4, 95%CI
0.05-3.33, p = 0.34) (>25% decrement in eGFR: genotype C/C versus T/T, adjusted OR 1.2,
95%CI 0.42-3.20, p = 0.62; genotype C/T versus T/T, adjusted OR 1.0, 95%CI 0.35-2.83,

p =0.81) (eGFR <60 ml/min/1.73 m*: genotype C/C versus T/T, adjusted OR 0.6, 95%CI 0.20-
2.08, p = 0.61; genotype C/T versus T/T, adjusted OR 0.6, 95%CI 0.17-1.93, p = 0.36). Simi-
larly, the risk genotype (genotype A/A) at 1249 of ABCC2 or a genotype at 2677 of ABCBI was
regression analysis, which applied the dominant model, recessive model, and additive model,
showed no association between each allele/genotype at the SNPs and any of the three renal
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Table 2. Genotype frequencies at three SNPs of ABCC2 and ABCB1 in patients with and without three renal outcomes.

>10 ml/min/1.73 m? decrement in >25% decrement in eGFR from eGFR <60 ml/min/1.73 m?
eGFR from baseline baseline
Amino acid  >10 mi/min/ No P >25% No P <60 ml/ No P
1.73 m? decrement value* decrement decrement value* min/1.73 decrement value*
decrement (n=79) (n=119) (n = 584) m? (n=577)
(n = 624) (n = 126)

24CoT,
1717620

cIT 215 (35) 27 (34) 38 (32) 204 (35) 38 (30) 204 (35)

)

A/G 132 (21) 16 (20) 0.68 24 (20) 124 (21) 0.97 24 (19) 124 (21) 0.81

115 (20)

*By use of Fisher's exact test for 2x3 table (2x6 table for rs2032582).

doi:10.1371/journal.pone.0141931.1002

equation yielded the same results. Post-hoc analysis with the logistic models after further
adjustment for duration of TDF therapy also yielded the same results.

Discussion

This pharmacogenetics study investigated the association between drug transporter genetic
variants and TDF-related renal function decrement in Japanese HIV-1-infected patients who
initiated TDF-containing ART. The results showed that none of the three examined SNPs was
associated with any of the three selected renal outcomes: >10 ml/min/1.73 m* decrement in
eGFR relative to the baseline, >25% decrement in eGFR, and eGFR <60 ml/min/1.73 m>. The
results were reproduced using the dominant, recessive, and additive models, in addition to the
genotype model for the estimation of association between genetic variants and renal outcomes.
Two main aspects of our study are important. First, this study showed that genetic factors
do not need to be taken into account as predisposing factors for TDF-related renal dysfunc-
tion, using three clinically important renal outcomes (>10 ml/min/1.73 m” decrement in eGFR
relative to the baseline [22,29], >25% decrement [30,31], and eGFR <60 ml/min/1.73 m* [32],
which are known to be associated with morbidity and mortality in HIV-1-infected patients
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Table 3. Genotype frequencies of three SNPs of ABCC2 and ABCB1 in patients with and without three renal outcomes calculated by the CKD-EPI
equation,

>10 ml/min/1.73 m2 decrement in >25% decrement in eGFR from eGFR <60 ml/min/1.73 m2
eGFR from baseline baseline
Amino acid >10 mi/min/ No P >25% No P <60 ml/ No P
1.73 m? decrement value* decrement decrement value* min/1.73 decrement value*
decrement (n=79) (n=119) (n = 584) m? (n =577)

(n =624) (n =126)

24coT,
5717620

1249 G—A, Val417lle
rs2273697

95 (19) 53 (25) 24 (19) 124 (21) 12 (21) 136 (21)

40 '("1'9)‘ . 21 (17) 114 (20) ) 123 (19)

17 (14) 88 (15)

*By use of Fisher's exact test for 2x3 table (2x6 table for rs2032582).

doi:10.1371/journal.pone.0141931.t003

[17,18]. In this regard, one study from Thailand reported the association between -24 C/C
genotype of ABCC2 gene and lower eGFR in treatment-naive patients who initiated TDF-con-
taining non-NRTI based regimen [34]. However, the relatively small sample size of 117
patients and, more importantly, the cross-sectional analysis used for the assessment of the

Table 4. Effects of SNP at -24 of ABCC2 on three renal outcomes in patients who initiated TDF-containing antiretroviral therapy: Multivariate logis-
tic regression with genotype model.

>10 mi/min/1.73 m? decrement in >25% decrement in eGFR eGFR<60 ml/min/1.73 m?
eGFR

OR 95%ClI P value OR 95%CI P value OR 95%ClI P value

Genotype C/Tversus /T~ 0.4 0.05-3.33 034 1.0 0.35-2.83 0.81 06  017-1.93 0.36

Odds ratios for each genotype were adjusted for baseline eGFR, age, CD4 count, body weight, nephrotoxic drug use, hypertension, dyslipidemia, and use
of PI/r. OR: odds ratio, Cl: confidence interval, eGFR: estimated glomerular filtration rate, Pl/r: ritonavir-boosted protease inhibitor.

doi:10.1371/journal.pone.0141931.1004
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association between eGFR and genotype at 48 and 96 weeks undermine the reliability of their
findings, because in using such design, the value of eGFR at 48 or 96 weeks is inevitably affected
by the baseline eGFR. Furthermore, another recent Thai study of 238 patients showed that
SNPs of drug transporters, including -24 and 1249 of ABCC2 gene, were not associated with a
change in creatinine clearance from the baseline to 1 and 3 years of TDF exposure [35]. Never-
theless, our sample size is the largest (n = 703) among the studies investigating the effect of
genetic variants of drug transporters on TDF-related renal dysfunction, and by using clinically
relevant renal outcomes, our study showed that SNPs were not associated with TDF
nephrotoxicity.

Second, to our knowledge, this is the first study to apply not only genotype model (a model
that postulates no mode of inheritance), but also dominant, recessive, and additive models, to
investigate the association between genetic variants and TDF nephrotoxicity [16,34,35]. It is
noteworthy that none of the four genetic models showed any association between genetic vari-
ants of transporter proteins and TDF-associated renal dysfunction, especially considering that
it is unknown which genetic model is appropriate for the evaluation of the effect of SNPs on
TDF nephrotoxicity. Another strength of this study is that the results were reproduced with
eGFR calculated by the CKD-EPI equation, in addition to the results based on eGFR calculated
by the JSN equation.

It is noteworthy that although the association between the SNPs of ABCC2 investigated in
this study and TDF-induced tubulopathy has been well established [11,13,16], the exact mecha-
nism by which these SNPs pose a risk for TDF tubulopathy remains unknown [13,16]. In this
regard, MRP2 encoded by ABCC2 is not likely to take part in the transportation of TDF at the
luminal membrane of kidney tubular cells [16,36]. At this point, because the results of this
study showed that genetic variants of the drug transporters for TDF are not associated with
clinically important renal outcomes, we think that these SNPs do not count as a risk factor for
TDF-related renal dysfunction, at least in the clinical setting, and efforts should rather be
focused on the management of traditional risk factors for renal dysfunction, such as diabetes
mellitus and hypertension [37], as well as the management of PI/r, antiretroviral agents that
are reported to increase TDF exposure [38] and thus are a risk factor for TDF-related renal dys-
function [23]. It is also notable that among P1/r, ritonavir-boosted atazanavir and lopinavir/
ritonavir are reported to be associated with CKD [39].

Several limitations need to be acknowledged. First, the patients who discontinued TDF
within 90 days from the initiation of this therapy were excluded from the study. It is difficult to
completely exclude the possibility that inclusion of such patients would have resulted in mis-
leading results, because the subjects would have included some who experienced substantial
decrement in renal function due to causes other than TDF, such as death shortly after initiation
of ART or immune reconstitution inflammatory syndrome of opportunistic infections, consid-
ering that two-third of the study patients were treatment-naive. Second, although we selected
the target SNPs that have been identified to associate with TDF-induced tubulopathy reported
in previous studies, there might be other unknown transporter proteins for tenofovir excretion
or transportation that contribute to susceptibility to tenofovir nephrotoxicity. Third, this study
did not measure TDF plasma concentration, which could correlate with TDF-induced renal
dysfunction [40]. Fourth, our cohort was characterized by the high prevalence of PI/r use,
impact of concurrent PI/r in this study.

In conclusion, the present study demonstrated that genetic variants of the drug transporters
for TDF do not associate with clinically important renal outcomes in patients who started
TDF-containing ART. Such SNPs are not considered to be a risk factor for clinically relevant
TDF-related renal dysfunction.
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A strong association of human leukocyte antigen-
associated Pol and Gag mutations with clinical
parameters in HIV-1 subtype A/E infection
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Objectives: Identification of human leukocyte antigen-associated HIV-1 polymorph-
isms (HLA-APs) in different global populations furthers our understanding of HIV-1
pathogenesis and may help identify candidate immunogens for HIV vaccines targeted to
these populations. Although numerous population-based studies identifying HLA-APs
have been conducted in HIV-1 subtype B- and subtype C-infected cohorts, few have
focused on subtype A/E.

Design: We investigated HLA-APs in a cohort of chronically HIV-1 subtype A/E-
infected Vietnamese individuals.

Methods: HLA-APs in HIV-1 Gag, Pol, and Nef regions from 388 treatment-naive
individuals chronically infected with HIV-1 subtype A/E were analyzed using phylo-
genetically informed approaches.

Results: A total of 303 HLA-APs were identified. HLA-APs occurring at six positions in
Gag and six positions in Pol were significantly associated with higher plasma viral load
(pVL), whereas HLA-APs occurring at two positions in Gag and 13 positions in Pol were
significantly associated with lower CD4* T-cell counts. Furthermore, the proportion of
Pol codons harboring an HLA-AP specific to the host’s HLA correlated positively with
HIV-1 pVL (R=0.22; P<0.0001) and inversely with CD4™" T-cell counts (R=-0.32;
P <0.0001). Similarly, the proportion of HLA-associated Gag codons harboring host-
specific HLA-AP correlated inversely with CD4* T-cell counts (R=-0.13; P=0.01).

Conclusion: These significant associations between HIV-1 amino acids adapted to
Vietnamese HLA alleles and higher pVL and lower CD4™ T-cell counts suggests that
accumulation of cytotoxic T cells escape mutations may influence clinical outcomes in
HIV-1 subtype A/E-infected Vietnamese individuals.
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Introduction

HIV-1-specific cytotoxic T cells (CTLs) play an important
role in the control of HIV-1 [1—-9]. They eliminate HIV-1-
infected cells via their recognition of virally derived
peptide epitopes, which are presented by human leukocyte
antigen (HLA) class I molecules on the surface of HIV-1-
infected cells. However, CTL escape mutations occur in
HIV-1 sequences that allow the virus to evade CTL
recognition; indeed the adaptation of HIV-1 to HLA-
associated immune pressures has been demonstrated at
both the individual and the population levels [10-12].
Numerous population-based studies identifying HLA-
associated polymorphisms (HLA-APs) in HIV-1 subtypes
B and C have been conducted in North American,
European, Australian, and African cohorts [13~-18].
However, fewer studies have been undertaken in Asian
cohorts [19,20] where HIV-1 prevalence is also substantial
and other HIV-1 subtypes predominate in certain
populations. Specifically, HIV-1 subtypes B, C and A/E
predominate in East, South, and South-east Asia,
respectively. A few large-scale studies of HLA-APs have
been undertaken in China and Japan, but all in HIV-1
subtype B [19,21]. Only one study of HLA-APs in subtype
A/E has been performed in Southeast Asia [20]. Under-
taken in a cohort of 116 Thai individuals and focused solely
on Gag, the study identified 56 HLA~AP at Pless than 0.05.

As Asian populations differ in both host and viral genetics
(in terms of HLA allele distributions and circulating HIV-
1 sequences) from white and African cohorts, the analysis
of HLA-APs helps further our understanding of HIV-1
pathogenesis in Asia and may help inform the design of
HIV vaccine targeted to these populations. In particular,
the analysis of HLA-APs in subtype A/E is relevant to the
design of HIV-1 immunogens relevant to Southeast Asian
countries [22—-24].

In the present study, we identified HLA-APs in HIV-1
subtype A/E Gag, Pol, and Nef proteins in a cohort of
388 treatment-naive Vietnamese individuals chronically
infected with HIV-1 subtype A/E using phylogenetically
informed approaches. In addition, we investigated their
associations with clinical parameters such as CD4" Tecell
count and plasma viral load (pVL). Importantly, HLA
genotyping was undertaken at the subtypelevel, allowingus
to map HLA-AP at high resolution. This is the first Jarger-
scale study of HLA-APs in HIV-1 subtype A/E infection.

Materials and methods

Ethical statement

The study protocol was approved by the institutional
ethical review boards of National Hospital of Tropical
Diseases (18/HPDD-NDTU) and Kumamoto Univer-
sity (Rinri-540) and by the Ethics Committee of the
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Vietnamese Ministry of Health (1666/QD-BYT). All
study participants provided their written informed
consent for the collection of the samples and their
subsequent analysis.

Study population

This cross-sectional study included 388 antiretroviral-
naive individuals chronically infected with HIV-1,
enrolled at their first visit to the National Hospital of
Tropical Diseases (NHTD) in Hanoi between October,
2012 and November, 2014. All participants were adults
with HIV-1 infection confirmed by ELISA at recruit-
ment. Pregnant women, individuals with AIDS-related
symptoms, and those with previous antiretroviral
exposure were excluded.

Plasma samples and human leukocyte
antigen-typing

Participant CD4" Tocell count (cells/pl) and plasma
HIV-RNA (copies/ml, measured by the Roche COBAS
TagMan HIV monitor assay) were measured at enroll-
ment. HLA class I typing at subtype-level (four-digit)
resolution was performed using a probe-based sequence-
specific oligonucleotide typing method (HLA Labora-
tory, Kyoto, Japan).

RT-PCR and sequencing of plasma HIV RNA
HIV-1 RNA was extracted from plasma samples using
either a QIAamp MinElute virus spin kit (Qiagen,
Valencia, California, USA) or an EZ1 Virus Mini Kit v2.0
(Qiagen). Reverse transcription was undertaken using
random hexamers with the SuperScript III First-Strand
Synthesis System for RT-PCR. (Invitrogen, Carlsbad,
California, USA). Nested PCR. of HIV-1 Gag, Pol, and
Nef genes was subsequently conducted with Taqg DNA
polymerase (Promega, Fitchburg, Wisconsin, USA) using
14 HIV-1 subtype A/E sequence-specific primer pairs.
The second-round PCR. product was analyzed by gel
electrophoresis, excised and purified with EXOSAP-IT
(GE Healthcare, Buckinghamshire, UK). Gag, Pol, and
Nef sequences were bi-directionally sequenced using the
BigDye Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Carlsbad, California, USA), on an ABI 3500
genetic analyzer (Applied Biosystems). Sequences were
analyzed and aligned to the subtype A/E reference
sequence using SeqScape software (Applied Biosystems).
Sequences have been deposited in the DDBJ/EMBL/
GenBank under accession numbers LC100161 to
LC100529 (Gag), LC100902 to LC101260 (Pol), and
LC100530 to LC100901 (Nef).

Identification of human leukocyte

antigen-associated polymorphisms

Associations between HLA class I alleles and HIV-1
amino acid polymorphisms (termed HLA-associated
HIV-1 polymorphisms or ‘HLA-APs’) in the Vietnamese
cohort were identified using a previously published
statistical-association approach that accounts for the
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confounding effects of HLA linkage disequilibrium, HIV
phylogeny, and HIV codon covariation using a phylo-
genetically corrected logistical regression model
[13,17,19,25-27]. HLA-APs that are overrepresented
in individuals harboring the relevant HLA allele are
termed ‘adapted’ forms, whereas those underrepresented
in individuals harboring the relevant HLA are termed
‘nonadapted’ forms. All HLA alleles and HIV-1 poly-
morphisms observed in a minimum of 10 individuals
were examined for potential associations. In addition,
analysis of codon covariation within HIV Gag, Pol, and
Nef proteins was performed using the same phylogen-
etically corrected logistical regression approach
[13,26,27]. Multiple testing was addressed using g values,
the P-value analog of the false discovery rate (FDR). The
FDR is the expected proportion of false positive results
deemed significant at a given P-value threshold [28]. For
example, at g less than 0.2, we expect 20% of identified
associations to represent false positives. The present study
employed a g-value cutoff of g less than 0.2 to define
statistical significance, as was done in previous studies
identifying HLA associated polymorphisms in HIV-1
[13,15,17,18,29-32].

Statistical analysis

Spearman’s correlation was used to evaluate the
relationship between the total number (or overall
proportion) of HLA-associated substitutions specific to
each individual’s HLA profile and clinical parameters
(CD4™ Tecell counts and pVL). In these analyses, HLA-
associated substitutions were defined as HLA-associated
HIV-1 codons expressing the specific ‘adapted’ residue
(and/or not expressing the specific ‘nonadapted’ residue)
at a given HLA-associated site. The Mann—Whitney test
was used to evaluate differences in the distribution of pVL
or CD4™ T-cell counts in the presence/absence of HLA-
associated substitutions in Gag and Pol. Multiple testing
was addressed using ¢ values, with g less than 0.2 defined
as statistically significant.

ELISPOT assay

HLA-C*01:02-restricted YI9 epitope (YSPVSILDI,
Gag277-285) or mutant epitope (YSPTISILDI) [26]
and PBMC:s from HIV-1-infected individuals were added
to a 96-well polyvinylidene plate precoated with 5 mg/ml
of anti-interferon (IFN)-y mAb 1-D1K (Mabtech,
Stockholm, Sweden). After incubation for 16h at
37°C, biotinylated anti-IFN-y Mab 7-B6—-1 (Mabtech)
at 1mg/ml was added. Individual cytokine-producing
cells were detected as previously described [9]. PBMCs
without peptide stimulation were used as a negative
control. The number of spots for each peptide-specific
T-cell response was calculated by subtracting the number
of negative-control spots.

Intracellular cytokine staining assay
HLA-C*01:02-expressing 721.221 cells prepulsed with
the peptide for 1 h at 37°C were co-cultured with T cells

in the presence of Brefeldin A (10 pg/ml) at 37°C for 4 h.
Subsequently, the cells were stained with PE-~labeled anti-
CD8 monoclonal antibody (mAb) at 4°C for 30 min,
fixed with paraformaldehyde solution at 4°C for 20 min,
and then permeabilized with buffer containing 0.1%
saponin and 10% fetal bovine serum in phosphate-
buffered saline at 4°C for 10min. Thereafter, the cells
were stained with fluorescein isothiocyanate-conjugated
anti-JFN-y mAb at room temperature for 20 min and
then washed twice with the permeabilization buffer. The
percentage of CD8™" cells producing IFN-y was analyzed
by flow cytometry (FACSCanto II).

Results

Identification of HLA-associated polymorphisms
in chronically HIV-1 subtype A/E infected
Vietnamese individuals

HLA-APs in Vietnamese individuals were identified in a
cohort of 388 antiretroviral therapy-naive individuals
chronically infected with HIV-1 subtype A/E enrolled
from 2012 to 2014. All of recruited individuals were
successfully HLA class I typed. Gag, Pol, and Nef
genotyping was successful for 369 (95%), 359 (93%), and
372 (96%) individuals, respectively. A total of 97 HLA
class T alleles (25 HLA-A, 52 HLA-B and 20 HLA-C),
identified at subtype-level resolution, were observed in
this cohort. The distributions and frequencies of these
HLA alleles were consistent with the database of
Vietnamese HLA class I alleles (Supplemental figure 1,
http://links.Iww.com/QAD/A841), with HLA-
A*11:01 (28.4%), HLA-B*15:02 (13.1%), and HLA-
C*07:02 (17.0%) representing the highest-frequency
HLA-A, B, and C alleles observed.

Of these 97 HLA class I alleles, 43 (13 HLA-A, 15 HLA-~
B, and 15 HLA-C alleles) were observed in more than 10
individuals and therefore were included in the statistical
analysis of HLA-APs. HLA-APs were identified using a
phylogenetically corrected logistic regression model with
multiple tests addressed using g values. A total of 303
HI A-associated polymorphisms were identified in Gag
(79 associations), Pol (114 associations), and Nef (110
associations) at g less than 0.2 (Supplemental Tables 1 and
2, http://links. Iww.com/QAD/A841). These HLA-APs
were observed at 45 0f 498 Gag codons (9.0%), 59 of 1003
Pol codons (5.9%), and 47 of 206 Nef codons (22.8%)
(Fig. 1). The higher frequency of HLA-APs in Nef
compared with Gag and Pol is consistent with previous
studies of HIV-1 subtype B and the subtype C-infected
cohorts [13,15,19,25,30,33]. The number of HLA-A-,
HLA-B-, and HLA-C-APs were 87, 123, and 93,
respectively (Supplemental Tables 1 and 2, http://
links.lww.com/QAD/A841). The predominance of
HLA-B associated polymorphisms is also consistent with
studies in other cohorts [15,19,30,34,35].

191

683



684

192

AIDS 2016, Vol 30 No 5

I
i
Teasa

GYELHPDRWTY

Fig. 1. Map of HLA-associated polymorphisms in Gag, Pol, and Nef. Escape maps indicate the locations, amino acids
substitutions and HLA restrictions of HLA-associated polymorphisms (all g < 0.2). The HIV-1 subtype A/E consensus amino acid
sequence, constructed from cohort sequences, is used as a reference. ‘Nonadapted’ (susceptible form) and ‘adapted’ (escape form)
associations are shown in blue and red, respectively. Polymorphisms restricted by the same HLA allele that occur in proximity to
one another are grouped together in yellow. A list of all HLA-associated polymorphisms is provided in Supplemental Table 1.

Association of the number and proportion of
human leukocyte antigen-associated
polymorphisms with clinical parameters

We next investigated the association between the
proportion of sites exhibiting an HLA-associated
substitution in HIV-1 sequences and pVL or CD4" T
cell counts in our cohort. The proportion of sites was
calculated as the number of HLA-associated substitutions
divided by the total number of HIV-1 codons associated
with the host’s HLA profile. Briefly, HIV-1 codons
assoclated with each individuals HLA profile were
counted as exhibiting an HLA-associated substitution if
the codon harbored the specific ‘adapted’ residue (and/or
did not harbor the specific ‘nonadapted’ residue)
associated with that HLA allele at that site (see¢ methods)
[17,25,26,28,36]. A significant positive correlation was
observed between the proportion of sites exhibiting an
HLA-associated substitution in Pol and pVL (R=10.22;
P= <0.0001). Similarly, a significant inverse relationship
was observed between the proportion of sites exhibiting
an HLA-associated substitution in Pol and CD4" T-cell
counts (R=-0.32; P=<0.0001) (Fig. 2). A significant
inverse correlation was also observed between the
proportion of sites exhibiting an HLA-associated substi-
tution in Gag and CD4" Tecell counts (R=-0.13;
P=0.01), though no significant correlation was observed
with pVL. No significant correlations were observed
in Nef.

We also analyzed correlations between the ‘number’ of
HLA-associated amino acid substitutions in HIV-1
sequences and clinical markers. Consistent with the
previous analysis, a significant positive correlation was
observed between the total number of HLA-associated
substitutions in Pol and pVL (R=0.22; P=<0.0001),
whereas a significant inverse correlation was observed
with CD4" Tecell counts (R=-0.3; P=<0.0001)
(Supplemental figure 2, http://links.lww.com/QAD/
A841). A significant positive correlation was also
observed between the total number of HLA-associated
substitutions in Gag and pVL (R=0.14; P=10.007).
Again, no significant correlations were observed in Nef.
Taken together, these results suggest that escape mutations
adapted to Vietnamese HLA alleles, particularly those in
Pol, may increase in-vivo viral fitness, presumably via
their influence on evasion of HIV-1 control by
specific CTLs.

To identify specific HLA-associated substitutions associ-
ated with clinical markers in our cohort, we stratified
HIV-1 sequences based on the presence/absence of HLA-
associated substitutions in Gag and Pol, and analyzed
differences in pVL and CD4" T-cell counts by Mann—
‘Whitney test. HLA-associated substitutions at Gag
codons 54, 79, 107, 122, 280 and 369 and Pol codons
63, 138, 306, 410, 657 and 824 were associated with
significantly higher pVL (P<0.05, ¢<0.2) (Table 1),
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Fig. 2. Correlation between the proportion of HLA-associated escape mutations and plasma viral load or CD4™ T-cell count. The
proportion of HLA-associated codons exhibiting the ‘escape’ form specific for the host's HLA profile was calculated for each
individual’s Gag, Pol, and Nef amino acid sequence (where ‘escape’ was defined as the specific adapted form and/or any amino
acid other than the ‘nonadapted’ form). Correlations between the proportion of HLA-associated escape mutations in Gag, Pol or
Nef and pVL or CD4" T-cell count were analyzed using Spearman correlation. Trend lines are included to help visualize the

relationship.

whereas HLA-associated substitutions at Gag codons 122
and 280 and Pol codons 19, 41, 63, 138, 385, 410, 411,
478, 657, 680, 731, 785, and 824 were associated with
significantly lower CD4" Tecell counts (P<0.05,
g<0.2) (Table 2). Gag codons 122 and 280 and Pol
codons 63, 138, 410, 657, and 824 were significantly
associated with both higher pVL and lower CD4" T-cell
counts, suggesting these as possible markers of disease
progression. In contrast, Gag codon 110 and Pol codon

673 were significantly associated with lower pVL,
whereas Pol codon 222 was significantly associated with
higher CD4" Ttcell counts. To investigate the possibility
that some of these HIV amino acids covary with one
another, we cross-referenced them against the full list of
covarying HIV codons from our intra-protein analysis
(see methods). However, none of the HIV amino acids
listed in Tables 1 and 2 exhibited strong covariation
(defined as ¢ < 0.2, data not shown), suggesting that the

Table 1. Association between HLA-associated substitutions and plasma viral load.

Median viral load
(log;o, copies/ml)

HLA Amino Number of patients Without With

Protein Codon allele acid Direction with mutation mutation mutation P value q value
Gag 54 A0203 A Nonadapted 61 4.5 4.8 0.005 0.09
Gag 79 A3101 F Nonadapted 111 4.5 4.8 0.03 0.17
Gag 107 B1502 E Nonadapted 352 3.9 4.6 0.03 0.17
Gag 110 B5801 E . Adapted 9 4.6 3.7 0.007 0.09
Gag 122 B4403 T Adapted 79 4.6 4.8 0.02 0.15
Gag 280 Cot102 \ Nonadapted 42 4.5 4.8 0.005 0.09
Gag 369 B3802 N Adapted 64 4.5 4.7 0.02 0.15
Pol 63 A0203 L Nonadapted 123 4.5 4.8 0.0001 0.006
Pol 138 C0303 K Nonadapted 188 4.5 4.7 0.005 0.06
Pol 306 A3303 S Nonadapted 166 4.5 4.7 0.01 0.07
Pol 410 A0203 K Nonadapted 41 4.5 4.9 0.006 0.06
Pol 657 C1505 K Nonadapted 54 4.5 4.9 0.007 0.06
Pol 673 B1525, C0702% R K Adapted 356 5.8 4.6 0.007 0.06
Pol 824 A0203 \ Nonadapted 75 4.5 4.9 0.001 0.04

2HLA-B*15:25 and C*07:02 were associated with R and K, respectively.
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Table 2. Association between HLA-associated substitutions and CD4" T-cell counts.

Median of CD4™
T-cell count (cells/pl)

HLA Amino Number of patients Without With
Protein ~ Codon allele acid Direction with mutation mutation mutation P value q value
Gag 122 B4403 T Adapted 79 341 237 0.01 0.19
Cag 280 Co102 \% Nonadapted 42 339 224 0.01 0.19
Pol 19 C0602 L Nonadapted 23 339 207 0.01 0.1
Pol 41 C0702 K Nonadapted 16 335 173 0.03 0.13
Pol 63 A0203 L Nonadapted 123 344 274 0.04 0.16
Pol 138 C0303 K Nonadapted 188 365 270 <0.0001 0.002
Pol 222 A1102, B4001? S Adapted 273 260 350 0.001 0.03
Pol 385 B5401 T Adapted 119 351 293 0.02 0.11
Pol 410 A0203 K Nonadapted 41 340 223 0.003 0.03
Pol 411 B3802 T Nonadapted 76 357 251 0.001 0.03
Pol 478 C1203 S Nonadapted 15 334 108 0.04 0.16
Pol 657 C1505 K Nonadapted 54 340 218 0.001 0.03
Pol 680 C0702 A Adapted 60 333 301 0.04 0.16
Pol 731 A0206 \ Nonadapted 45 339 252 0.02 0.1
Pol 785 B5801 \4 Nonadapted 44 340 209 0.007 0.06
Pol 824 A0203 \ Nonadapted 75 340 244 0.01 0.1

aBoth HLA-A™11:02 and B*40:01 were associated with S.

associations shown in Tables 1 and 2 are independently
associated with pVL or CD4" T-cell counts.

Selection of escape mutation at Gag280 by
YI9-specific cytotoxic T cells

Of the HLA-associated substitutions that correlated with
higher pVL and/or lower CD4" T-cell counts (Tables 1
and 2), only Gag280 was located within a published CTL
epitope restricted by the same HLA allele associated with
the substitution: this was the HLA-C*01 : 02-restricted
Y19 (YSPVSILDI) epitope spanning Gag codons 277—
285 [37]. At codon 4 of this epitope, the subtype A/E
consensus ‘V’ and the variant “I” represent nonadapted
(susceptible) and adapted (escaped) forms, respectively,

associated with HLA-C*01:02 (Fig. 1 and Table Si,
http://links.lww.com/QAD/A841). Therefore, we ana-
lyzed the response to YI9—4V and YI9~4T peptides in
two HIV-1 subtype A/E-infected HLA-C*01:027
individuals (KI-974 and KI-1071) by ELISPOT assay.
Responses to YI9—4V were detected in both individuals
at a peptide concentration of 100 nmol/1, but responses to
the 4T mutant peptide were negligible at this concen-
tration (Fig. 3a). We further analyzed the recognition of
the YI9—4T mutant peptide by YI9-specific T cells by
intracellular cytokine staining (ICS). YI9-specific T cells
were induced by simulating PBMCs from KI-974 and
KI-1071 with YI9 peptide. YI9-specific T cells exhibited
significantly poorer recognition of YI9—4T mutant
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Fig. 3. Recognition of YI9—4T mutation by Y19-specific CTL. (a) Recognition of Gag Y19 wild-type or YI9—4T mutant peptides by
specific T cells in 2 HIV-1 cladeA/E-infected individuals carrying HLA-C*01: 02. Peptide-specific CD8™ T cell responses at a
peptide concentration of 100 nM were analyzed by ELISPOT. The results are shown as the mean and SD of triplicate experiments.
(b) Recognition of Y19 and YI9-4T peptides by Y19-specific CD8* T cells. Y19-specific bulk T cells were stimulated with HLA-
C"01:02-expressing 721.221 cells prepulsed with Y19 or YI9-4T peptide, after which [FN-y production by bulk T cells was
detected by ICS. The results are shown as the mean and SD of triplicate experiments. Statistical analyses were performed using the

paired t test.
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peptide at all concentrations tested (Fig. 3b). Taken
together, these results support GagV280T as an escape
mutation selected by YI9-specific CTLs in HLA-
C*01:02% individuals infected with HIV-1 subtype A/E.

Discussion

This study is the first to identify associations between
HILA alleles and amino acid substitutions in multiple
HIV-1 proteins in the context of subtype A/E infection.
We identified a total of 303 HLA-APs using phylogen-
etically informed methods: 79 in Gag, 114 in Pol, and 110
in Nef (all 4<0.2). Consistent with previous studies in
subtypes B and C [13,15], Nef harbored the largest
frequency of HLA-APs (these occurred at 22.8% of Nef
codons), followed by Gag (9.0%) and Pol (5.9%). A
previous study of HLA-AP in HIV-1 subtype A/E,
undertaken in a Thai cohort, identified 56 HLA-A- and
HLA-B-associated polymorphisms at 45 codons in HIV-1
Gag [20]. Of'these, only 11 Gag codons (9, 30, 54, 75, 82,
83, 93, 228, 242, 248 and 403) overlapped with those
identified in the present study; differences may be
explained by the smaller size of the Thai cohort, different
methods used to identify HLA-APs (including correction
for multiple comparisons), and different HLA distri-
butions between the cohorts.

Certain CTL escape mutations appear to be accumulating
at the population level in HIV-1 sequences [10,11,38].
Moreover, certain CTL escape mutations affect viral
replication, to an extent that may influence HIV clinical
markers [30,39,40]. Previous population studies have also
reported associations between HLA-APs and clinical
markers. An HIV-1 subtype B cohort study reported
significantly higher viral loads in the presence of HIV-1
polymorphisms S162X and K166X in reverse transcrip-
tase among persons expressing the restricting HLA allele
[11]. The proportion of escaped sites in Gag has also been
reported to correlate positively with pVL in subtype B
[41]. Furthermore, HLA-associated polymorphisms in
protease/RT as well as Nef have been reported to
correlate inversely with CD4 ™ T-cell counts in subtype B
[30]. HLA-associated polymorphisms associated with
significantly lower pVL have also been reported in HIV
subtype C [15]. In our Vietnamese cohort with subtype
A/E infection, we observed significant positive corre-
lations between the total number of HLA-associated
substitutions (as well as the total proportion of sites
harboring HLA-AP) in Pol and pVL, and inverse
correlations with CD4% T-cell counts. These results
suggest that HLA-associated substitutions in HIV-1
subtype A/E Pol may enhance in-vivo viral replication
fitness, presumably via escape from HIV-1 specific CTL
responses.

Although 20 HLA-APs in Gag and Pol were significantly
associated with higher pVL and/or lower CD4" T-cell

counts, the only one located within a known HIV-1 CTL
epitope was the HLA-C"01:02-associated V-to-T
substitution at Gag280, located at position 4 of the
HLA-C*01: 02-restricted YI9 epitope (Gag277—285;
YSPVSILDI). Responses to wild-type YI9 were detected
in 2 HLA-C*01:02" individuals infected with HIV-1
subtype A/E virus. However, responses to YI9 containing
the 4T mutation were negligible in these individuals,
strongly supporting Gag V280T as a bona-fide HLA-
C*01:02 escape mutation in HIV-1 subtype A/E. In
general, the observation that a majority of identified
HILA-APs did not lie within known epitopes underscores
the ongoing need to identify novel HLA-restricted CTL
epitopes relevant to Asian populations.

We 1dentified 14 and 12 HLA-APs associated with
protective HLA alleles HLA-B*57:01 and B*58:01,
respectively. However, the majority of these have not
previously been reported in studies of subtype B or C
infection. For example, within the well known HLA-
B*57:01-restricted IW9  epitope  (Gagl47—155;
ISPRTLNAW), Gagl147L has been identified as an
HLA-B*57: 01-associated polymorphism in subtype B
[13,25], that (along with 1147 M) confers escape from
IW9-specific CTLs [42]. However, we did not observe
these HLA-APs in our subtype A/E cohort. Similarly,
GagT242N  confers escape from HLA-B*57:01-
restricted CTL specific for the TW10 (Gag240—249;
TSTLQEQIAW) epitope in subtype B infection [43—
45]. Although GagT242N reduces viral fitness and thus
could contribute to B*57 : 01-associated protective effects
in HIV-1 subtype B infection [46—49], we did not
observe any correlation between Gag 242 substitutions
and HIV-1 clinical markers in our cohort. Of the HLA-
B*58: 01-restricted HLA-APs, NefA83G has previously
been identified as a HLA-B*58:01-restricted poly-
morphism in subtypes B and C [13,17,25] that confers
escape from KF9 (Nef82-90; KAAVDLSHF)-specific
CTLs [38]. This escape mutation does not generally
revert to wild type after transmission to individuals
lacking HLA-B*58:01 [38], which may explain the
observation that G represents the consensus amino acid in
HIV-1 subtypes B and C. We observed no correlations
between Nef 83 substitutions and HIV-1 clinical markers
in our cohort; to our knowledge, there are no reports that
NefA83G reduces viral fitness in subtypes B or C. Taken
together, results suggest that HLA-B*57:01 and HLA-
B*58: 01-restricted immune responses may be different in
subtype A/E than in subtypes B and C.

We previously identified 284 HLA-APs in treatment-
naive Japanese individuals with chronic HIV-1 clade B
infection and compared these with HLA-APs identified
in a cohort of treatment naive individuals with chronic
clade B infection in North America and Australia [19]. Of
238 Japanese HLA-APs associated with HLA alleles
commonly observed in both cohorts, only 96 (40%) were
also identified in the North American/Australian cohort,
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supporting differential immune escape pathways across
host populations (even those infected with the same
HIV-1 subtype). Similarly, we compared HLA-APs in
Vietnamese and Japanese cohorts to identify differences
between them. Twenty-three HLA alleles (53%) were
commonly observed in both cohorts and 156 HLA-APs
identified in Vietnam were associated with these HLA
alleles. Of these, only 21 (13%) were identified in the
Japanese cohort (data not shown). These differences may
be attributable to the circulating viral subtype and/or
different immune responses between these two Asian
countries. The location of HLA-APs could be used to
guide the discovery of novel CTL epitopes in order to
further elucidate the role of T-cell immune responses in
driving these inter-cohort differences.

The present study is the first to identify HLA-APs in
HIV-1 subtype A/E infection on a large scale. HLA-
associated substitutions at 6 Gag and 6 Pol codons were
significantly associated with higher pVL, whereas HLA-
associated substitutions at two Gag positions and 13 Pol
positions were significantly associated with lower CD4"
T-cell counts. In particular, the number (and proportion)
of HLA-associated substitutions in Pol correlated
positively and significantly with pVL and negatively with
CD4" Tecell counts. This suggests that Pol mutations
adapted to Vietnamese HLA may modulate clinical
markers of HIV-1 infection, an observation that contrasts
somewhat with previous subtype B and C cohort studies
that have identified Gag as a major target of CTL
responses where immune escape may herald clinical
consequences.
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