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APOBEC3H polymorphisms and susceptibility to HIV-1
infection in an Indian population
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Human APOBEC3H (A3H) is a member of APOBEC cytidine deaminase family intensively constraining the HIV-1 replication.

A3H is known to be polymorphic with different protein stability and anti-HIV-1 activity in vitro. We recently reported that A3H

haplotypes composed of two functional polymorphisms, rs139292 (N15del) and rs139297 (G105R), were associated with the

susceptibility to HIV-1 infection in Japanese. To confirm the association of A3H and HIV-1 infection in another ethnic group,

a total of 241 HIV-1-infected Indian individuals and ethnic-matched 286 healthy controls were analyzed for the A3H

polymorphisms. The frequency of 15del allele was high in the HIV-1-infected subjects as compared with the controls

(0.477 vs 0.402, odds ratio (OR)=1.36, P=0.014). Haplotype analysis showed that the frequencies of 15del–105R was high

(0.475 vs 0.400, OR=1.36, permutation P=0.037) in the HIV-1-infected subjects, confirming the association of A3H

polymorphisms with the susceptibility to HIV-1 infection.
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INTRODUCTION

Human apolipoprotein B mRNA-editing catalytic polypeptide-3
(APOBEC3) gene family encodes cellular DNA cytosine deaminases
that are involved in antiretroviral activity mediated through inhibition
of viral replication.1 Expression of mRNA for a member of APOBEC3
family, APOBEC3H (A3H), is induced by interferon-α in target cells of
HIV-1 infection,2–4 although it is difficult to detect cellular protein
expression due to a low stability of A3H protein.5 The A3H protein is
highly polymorphic with amino acid changes due to sequence
variations including N15del (rs139292) and R18L in exon 2, R105G
(rs139297) and K121E/D (rs139298) in exon 3, and E178D in exon 4,
which are in linkage disequilibria with each other and composing of
several different haplotypes.4–8 It has been demonstrated that A3H
haplotypes I, III, IV and VI encode unstable A3H proteins, while
haplotype II, V and VII, which share both 15N and 105R, produce
stable protein and exert strong activity against HIV-1 replication
in vitro.4–7,9,10 Several studies in European descendant and African
subjects have revealed that the susceptibility to HIV-1 infection and/or
AIDS progression is controlled by human genetic factors.11–13 We
have earlier reported that genetic factors such as polymorphisms in
genes for HLA-B, TRIM5α and TIM1 are involved in the genetic
regulation of susceptibility to HIV-1 infection or progression to AIDS
in Asian populations including Japanese and Indian.14–18 More
recently we reported that the A3H polymorphisms rs139292 and
rs139297, and their haplotypes were associated with the susceptibility

to HIV-1 infection in a Japanese population.19 In this study, we
investigated the A3H polymorphisms in an Indian population to
confirm the association in another ethnic group.

MATERIALS AND METHODS
Blood DNA samples were obtained from 241 HIV-1-infected Indian patients
and 286 healthy Indian volunteers in the related hospitals of the All India
Institute of Medical Sciences, New Delhi, as described previously.17 Genotyping
for A3H polymorphisms was performed by a fragment length analysis for
rs139292 and RFLP analysis using FspI (New England Biolabs Japan, Tokyo,
Japan) for rs139297, respectively, of PCR products amplified by using primer
pairs described previously19 except that we used a VIC-labeled primer instead
of 6-FAM-labeled primer in the fragment length analysis. Confirmation of
genotyping data was done by direct sequencing of randomly selected (about
60%) samples. Strength of the association was expressed as odds ratio (OR)
with 95% confidence interval (95% CI) calculated from two-by-two tables and
statistical significance was evaluated by the χ2-test. Conformity of genotype
distribution to Hardy–Weinberg equilibrium was tested by comparing the
observed and expected genotype frequencies by using two-by-three tables and
the χ2-test. Estimation of haplotype frequency and haplotype association study
to obtain P-values by permutation test (n= 1 000 000) were done by using the
Haploview software (https://www.broadinstitute.org/scientific-community/
science/programs/medical-and-population-genetics/haploview/haploview).20

Because this is a replication study of the association between the susceptibility to
HIV-1 infection and recently reported HIV-1-infection-associated A3H poly-
morphisms, P-values were not corrected for multiple testing to avoid false-
negative results (type II errors). P-values o0.05 were considered to be
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significant. Appropriate informed consent was given by each subject and the
study protocol was approved by the ethics committees of the participating
institutes: Medical Research Institute; Tokyo Medical and Dental University;
and the All India Institute of Medical Sciences.

RESULTS AND DISCUSSION

To investigate the association of A3H polymorphisms and suscept-
ibility to HIV-1 infection in an Indian population, 241 patients and
286 controls were genotyped for rs139292 (N15del) and rs139297
(G105R). We found that minor allele frequencies for rs139292 (15del
allele frequency) and rs139297 (105R allele frequency) were signifi-
cantly higher in the patients than in the controls (patients vs controls:
0.477 vs 0.402; OR= 1.36; 95% CI= 1.06–1.73; P= 0.014; and 0.519 vs
0.455; OR= 1.29; 95% CI= 1.01–1.65; P= 0.038, respectively). The
association with 15del allele and that with 105R allele was consistent
with either of additive, dominant and recessive model, but was most
likely fitting to the additive model, because ORs for homozygotes were
nearly a square of OR for heterozygotes in both polymorphisms
(Table 1).
Owing to the strong linkage disequilibrium between rs139292 and

rs139297, A3H haplotypes could be inferred and categorized into three
groups: hapA (defined by 15N and 105G); hapB (defined by 15N and
105R); and hapC (defined by 15del and 105R).19 We next conducted
a haplotype association study by comparing estimated haplotype
frequencies and permutation test by using the Haploview software.

It was found that the frequency of 15del–105R haplotype (hapC)
was significantly higher in the patients than in the controls (0.475 vs
0.400, OR= 1.36, 95% CI= 1.06–1.73, P= 0.037). On the other hand,
the frequency of 15N–105G haplotype (hapA) was low in the patients
as compared with the controls although it was not statistically
significant (0.479 vs 0.544, OR= 0.77, 95% CI= 0.61–0.98,
P= 0.081; Table 2).
The higher frequency of hapC in the patients is consistent with our

previous finding in Japanese,19 thus confirming that the A3H hapC, of
which protein expression is barely detectable in primary CD4+

T cells,10 is associated with the susceptibility to HIV-1 infection.
Because hapB encodes a stable A3H protein,9 a slightly, though not
significantly, decreased frequency of hapB found in Asian Indians
might be explained by that the A3H of hapB haplotype exerted
anti-HIV-1 activity in vivo. On the other hand, the frequency of hapA,
which also encodes unstable A3H protein, was decreased in the Asian
Indian patients (OR= 0.77), as was found in the Japanese patients
(OR= 0.75).19 The reason for that the unstable A3H-encoding
haplotype showed a possible resistance against HIV-1 infection
remains to be solved in future studies.
In addition to the decreased ORs for haplotype A to similar extent

in both ethnic groups, it is interesting to note that ORs for haplotype
C were 1.36 and 1.33 in Indian and Japanese populations, respectively.
Even though there was a considerable difference in the frequencies of

Table 1 Association of APOBEC3H polymorphisms with the susceptibility to HIV-1 infection in the Indian population

Patientsa (n=241) Controlsa (n=286) OR 95% CI P b

rs139292 (N15del)
MAF (15del) 0.477 0.402 1.36 1.06–1.73 0.014

Genotype

N/N 0.274 (66) 0.357 (102) 1.00 (reference)

N/del 0.498 (120) 0.483 (138) 1.34 0.91–1.99 0.142

del/del 0.228 (55) 0.161 (46) 1.85 1.12–3.04 0.015

HWE-P 0.999 0.998

Dominant model: N/del+del/del vs N/N 1.47 1.01–2.13 0.042

Recessive model: del/del vs N/N+N/del 1.54 1.00–2.39 0.050

rs139297 (G105R)
MAF (105R) 0.519 0.455 1.29 1.01–1.65 0.038

Genotype

G/G 0.237 (57) 0.294 (84) 1.00 (reference)

G/R 0.490 (118) 0.504 (144) 1.21 0.80–1.83 0.373

R/R 0.274 (66) 0.203 (58) 1.68 1.03–2.73 0.037

HWE-P 0.956 0.967

Dominant model: G/R+R/R vs G/G 1.34 0.91–1.98 0.140

Recessive model: R/R vs G/G+G/R 1.48 0.99–2.22 0.055

Abbreviations: CI; confidence interval; HWE-P; P-value for deviation from Hardy–Weinberg equilibrium; MAF; minor allele frequency; OR; odds ratio.
Sum of the genotype frequencies may not be 1 due to the rounding at the three decimal position.
aGenotype frequencies are indicated along with the number of subjects in parenthesis.
bBecause this is a replication study, P-values were not corrected for multiple testing, but when multiple testing (n=10: 5 tests for 2 loci) is applied none of the P-values remained statistically
significant.

Table 2 Association between APOBEC3H haplotypes and the susceptibility to HIV-1 infection in the Indian population

Haplotypes Patients (2n=482) Controls (2n=572) OR 95% CI P (permutation test)

hapA (15N–105G) 0.479 0.544 0.77 0.61–0.98 0.081

hapB (15N–105R) 0.044 0.054 0.79 0.45–1.40 0.854

hapC (15del–105R) 0.475 0.400 1.36 1.06–1.73 0.037

Abbreviations: CI, confidence interval; NS, not significant; OR, odds ratio; P, P-value calculated by permutation test (n=1 000 000).
Haplotype frequencies in the patients and controls were estimated by using the Haploview program.
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hapA and hapC in the different ethnic groups, that is, 0.540 and 0.697
for hapA and 0.400 and 0.262 for hapC in the healthy Indian and
Japanese controls, respectively, suggesting that the genetic controls for
protection by hapA and susceptibility by hapC were similarly effective
in both ethnic groups, even though there is a possibility that the
variability in infected HIV-1 Vif sequences might be different in India
and Japan, because the resistance to HIV-1 infection conferred by
A3H is known to be dependent on the variations in Vif sequences.10

In conclusion, we report here that the A3H hapC (15del–105R) or
15del allele itself that are known to show relatively lower anti-HIV
activity are associated with HIV-1 infection in Indians as was found in
Japanese.
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