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Abstract

Objective: Apolipoprotein B mRNA-editing enzyme catalytic polypeptide-Like 3B (APOBEC3B) is involved in
innate immune response, exhibiting insertion—deletion polymorphism across the world in human population. A naturally
occurring 29.5 kb deletion removes complete APOBEC3B gene. Human APOBEC3B family of proteins restricts HIV-
1 replication. Very few studies have been conducted on this subject and the deductions regarding the effects of
APOBEC3B deletion on HIV-1 susceptibility and pathogenesis have been largely inconsistent. Therefore, we studied
the association of APOBEC3B deletion with HIV-1 in the North Indian population.

Methods: Insertion (I)/Deletion (D) APOBEC3B polymorphism was analyzed using Polymerase chain reaction.
Infection rates as wells as stages of HIV were compared among the three genotypes: deletion-homozygous (D/D), Insertion-
homozygous (I/I) and hemizygous (I/D) in 150 HIV-1 seropositive (HSP) and 250 HIV-1 seronegative (HSN) subjects.

Results and discussion: The genotypic analysis revealed insignificant associations among homozygous
deletion (D/D) genotype (P=0.130, OR=1.93, 95% CI=0.95-4.30) and moderate associations among hemizygous (I/D)
genotypes (P=0.057, OR=1.56, 95% CI-1.03—-2.44) with HIV-1 susceptibility and also the single copy of variant allele
was more susceptible to HIV-1 infection. The severity of HIV-1 infection on the basis of CD4 count was not associated
significantly with the disease progression to AIDS.

Conclusion: In conclusion, we found that the deletion genotype of APOBEC3B gene polymorphism does not play
any significant role on HIV-1 susceptibility. Hence, further studies with the expansion of sample size are needed to

validate the results.
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Introduction

Human immunodeficiency virus (HIV) is the cause of Acquired
Immuno Deficiency Syndrome (AIDS) infection, that targets the
immune system guiding to a state of immunodeficiency in setting of
immune activation, and the course of the disease is deeply influenced
by inter-individual variability [1]. The acute phase of HIV infection is
characterized by a substantial drop in CD4+ T cell count [2,3].

The APOBEC (Apolipoprotein B mRNA-editing enzyme-catalytic
polypeptide) serves as a shield to retro elements [4] belonging to
cytidine deaminases family [5], comprising of seven host restriction
factors (APOBEC3A-H) and has the ability to edit DNA/RNA which
constitute an innate barrier to retroviruses, endogenous retro-elements
and DNA viruses [6-8] and thus functions as DNA mutators, thereby,
forming an important part of immune system, acting in both adaptive
and innate immunity [9]. These cytidine deaminases object the genome
of both the host and its invading pathogens [10]. APOBEC3 genes are
located on chromosome 22 [11] and these proteins acts upon viral
nucleic acids as a form of intrinsic host defense [12].

A3 (APOBEC3) enzymes are capable of editing single-stranded
DNA and recognize specific target sequences [13-16]. It plays an
important role in the innate immune system and acts upon host defense
against exogenous viruses and endogenous retro elements [17-20].

For HIV-1 to successfully infect humans, it must overcome
numerous physical and immunological barriers [21,22]. Within cells,

HIV must overcome a network of restriction factors that are able to
block specific replication steps of the virus, including A3 Enzymes [23].

Viral infectivity factor (Vif) plays a role in HIV-1 to overcome
A3 enzymes [13,23-26]. By disrupting the Vif-host cell interactions
through novel pharmaceuticals, A3 enzymes can be used to suppress
HIV-1 infection. APOBEC3B is resistant to Vif-mediated degradation
[16] and is able to suppress the infectivity of both Vif-deficient and
wild-type HIV-1 with equal efficiency [27]. These in vitro evidences
suggest APOBEC3B as a potential strong inhibitor of HIV-1 in vivo.
A segment spanning 29.5 kb between the fifth exon of APOBEC3A
and eighth exon of APOBEC3B in chromosome 22 is deleted, which is
frequently present among Asians [11].

Previous studies shows that the rate of progression of the disease
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varies in HIV-1 infected individuals and several SNPs are responsible
for it at different clinical stages of HIV-1/AIDS [28]. The mutation
frequency of HIV-1/AIDS varies significantly depending upon the
global, ethnic regional variations, giving each different population and
region a different susceptibility profile pattern to HIV-1 infection and
disease progression. Therefore, in the present study, we tried to find the
association between APOBEC3B variants genes and the susceptibility
to the HIV-1 infection.

Materials and Methods

Study design and study subjects

The study consists of 150 HIV-1 seropositive patients (HSP),
enrolled from the outpatients attending the clinics of Sanjay Gandhi
Post Graduate Institute of Medical Sciences, Lucknow India, during
2013-2014. Written information consent was taken through a
questionnaire from the patient regarding the clinical information
and their residing areas. Therefore, according to the questionnaire,
only those who belong to North Indian ethnicity were included in the
present study. The HIV-1 seropositive subjects were in different stages
of disease progression and had no history or a less than 6 week prior
history of antiretroviral therapy. HIV-1 seropositive patients (HSP)
were divided into three subgroups as per the criteria of the Center for
Disease Control and Prevention (CDC) based on CD4+ T-cell counts,
clinical symptoms and disease severity [29,30]. The three groups were
as follows: Stage I (n=48; asymptomatic HIV-1 patients in category
Al to A3), Stage II (n=72 symptomatic HIV-1 patients without AIDS,
category Bl to B3) and Stage III (n=30; symptomatic HIV-1 patients
with AIDS). Only individuals who had a minimum follow-up time of
at least 6 months were included in the study. The control population
(HIV-1 seronegative, HSN) was a group of healthy volunteers with
HIV-1 seronegative status coming to the blood bank of SGPGIMS,
Lucknow. They all belong to the same ethnicity, age and gender. The
mean age of 150 HSP subjects was 34.17 + 13.23 years and mean 440.02
+ 407.9 CD4+ count with male to female ratio 14:11 and that of 250
HIV-1 seronegative (HSN) was 30.72 + 8.38 years with male to female
ratio 76:49. After receiving the information consent from HSP and
HSN, 5 ml whole blood was collected to evaluate the APOBEC3B gene
deletion polymorphism. This study was approved by the Institutional
Ethics Committee, SGPGIMS, Lucknow.

Determination of HIV-1 status and CD4+ cell count

All individuals were primarily screened for their HIV-1 status by
primary screening, through ELISA (Vironostika, HIV Uni-FormII
Ag/Ab, Biomerieux, Netherlands) and subsequently confirmed
with Western Blot (LAV Blot I, BioRad, France). CD4 T-cell counts
were measured by flow cytometer FAC Scan (Becton Dickinson
Immunocytometry systems, San Jose, CA, USA) using fresh EDTA-
treated whole blood at the time of recruitment.

Genotyping of APOBEC3B (A3B) polymorphism

The genomic DNA was extracted from 0.2-0.3 ml peripheral
blood leukocytes pellet using the standard salting out method [31].
In the present study, polymerase chain reaction (PCR) was performed
to amplify Insertion (I) and deletion (D) regions of the APOBE3B
gene, using genomic DNA extracted from HIV-1 infected patients
and seronegative subjects. Genotyping for the APOBEC3B variants
was carried out using polymerase chain reaction (PCR) followed by
gel electrophoresis analysis. The primer sequences for APOBEC3B
(A3B) were: A3B (Deletion) sense 5'-TAGGTGCCACCCCGAT-3'
and antisense 5- TTGAGCATAATCTTACTCTTGTAC -3’ and A3B

(Insertion) sense 5'- TTGGTGCTGCCCCCTC -3 and antisense
5-TAGAGACTGAGGCC-CAT-3' [32,33]. Finally, the Insertion
and Deletion reactions were performed separately in 20 pl volume
containing 10 pl 2X PCR master mix (Fermentas, Vilnius, Lithuania),
0.1 mM of each primer and 100 ng of extracted DNA. DNA was
amplified for initial denaturation at 95°C for 3 min, followed by 35
cycles of 95°C for 30 s 56°C for 40 s and 72°C for 35 s and final extension
at 72°C for 5 min. The amplified products were subjected to 2% agarose
gel electrophoresis at 80 V stained with ethidium bromide. The 700 bp
corresponds to Insertion (I) and 490 bp to Deletion (D).

Statistical analysis

Statistical analysis was done by SPSS software version 11.5 (SPSS,
Chicago, IL, US.A). The distribution of genotypic and allelic frequencies
between case and control was measured using X test or Fisher’s exact test.
Odds ratios (OR) and its 95% confidence interval (C.I.) were calculated to
assess the risk conferred by a particular allele and genotype. Observed and
expected genotype frequencies were compared by x* test to check deviation
from Hardy Weinberg Equilibrium. P value < 0.05 was considered to be
statistically significant. The sample size was calculated using the QUANTO
ver. 1 program (http://hydra.use.edu/gxe).

Results and Discussion

Demographic characteristics of HSP patients and HSN
control subjects

To determine the frequency of Insertion (I) and deletion (D)
alleles of APOBEC3B in North Indian population, we studied 150 HSP
patients which included 84 (56%) males and 66 (44%) females. The
HSN group consisted of 250 healthy individuals, including 152 (60.8%)
male and 98 (39.2%) female subjects. The mean + SD values for CD4
count of the three stages were (Stage I=777.69 + 564.1, Stage 1I=351.76
+ 81.67, Stage I1I=112.3 + 58.61). The demographic characteristics of
the studied subjects are mentioned in Table 1.

Characteristics Mean + SD P-value Male/Female
Ratio

HIV-1 seronegative (HSN; n=250)

Age 30.72 £ 8.38 Ref 76:49

Sex (M/F ratio)

CD4 counts/pl ND*

HIV-1 seropositive (HSP; n=150)

Age 34.17 £13.23 0.347

Sex (M/F ratio) 14:11

CD4 counts/ul 440.02 £ 407.9

Stage | (n=48)

Age 31.29 + 14.10

Sex (M/F ratio) 0.485 7

CD4 counts/pl 777.69 +564.13 <0.0001

Stage Il (n=72)

Age 35.13+13.72

Sex (M/F ratio) 1.00 7n

CD4 counts/pl 351.76 + 81.67 | <0.0001

Stage Il (n=30)

Age 36.5+9.74

Sex (M/F ratio) 2/3

CD4 counts/ul 112.3 + 58.61 Ref

Unpaired t-test was applied to compare the mean of multiple variables in HSP and
HSN, and P <0.05
*ND: Not Detected

Table 1: Demographic and clinical characteristics of the HIV-1 seropositive (HSP)
and HIV-1 seronegative (HSN) individuals.
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Association of APOBEC3B insertion/deletion polymorphism
and disease susceptibility with HSP (HIV-1 seropositive) and
HSN (HIV-1 seronegative) subjects

The observed and expected frequencies for the homozygous wild,
heterozygous and homozygous variants did not deviate and were
consistent with HWE in HIV-1 cases (HSP) and control subjects
(HSN) (For HSP,, . P=0.053; HSN, . P=0.079). The gel pattern of
A3B Ins/Del genotypes has been depicted in Figure 1. For APOBEC3B
hemizygous Ins/Del genotype was 27.3% in HSP and 35.2% in HSN and
a single copy of variant D allele was 19.7% in HSP and 27.2% in HSN.
The logistic regression analysis revealed that on comparison of HSP
with HSN (control) subjects, the data reveals that the hemizygous Ins/
Del genotype was associated with a moderate risk of HIV-1 infection
with a borderline statistical significance (P=0.057, OR=1.56) in
comparison with homozygous Ins/Ins genotype. However, homozygous
variant Del/Del genotype of HSP subjects was not associated with the
disease susceptibility (P=0.130) when compared with HSN subjects.
Similarly, individuals who have at least a single copy of variant D allele
were more susceptible to HIV-1 infection on comparing HSP with HSN
(control) subjects (P=0.017, OR=1.53, 95% CI=1.08-2.16) (Table 2).
Furthermore, on comparing HSP with HSN subjects it was illustrated
that the dominant model (I/I vs. I/D+D/D) increased the risk of HIV-
1 infection (P =0.027, OR=1.62, 95% CI=1. 07-2.47) respectively.

dominant

Association between APOBEC3B genotypes with disease
severity and progression to death on the basis of CD4 count

To evaluate the influence of APOBEC3B genotypes/alleles with

disease progression, analysis was performed among HSP individuals
classified into Stage I (n=48), Stage II (n=72), Stage III (n=30) on
the basis of disease severity and CD4+ T-cell count. Frequency of
hemizygous I/D genotype was almost similar in all the three stages:
Stage I, Stage IT and Stage III and also the genotype was not significantly
associated with the risk of disease progression, when Stage I and II was
compared with Stage IIT as depicted in Table 3. Similarly, the frequency
of homozygous variant D/D genotype was almost similar in Stage
I and Stage II as compared to Stage III with no statistical difference
(Pstagel=0.299, OR=3.10, 95% CI=0.61-15.91 and Pstage =0.719,
OR=1.92, 95% CI=0.38-9.67). Also, the frequency of single copy of

Genotype HSP HSN P-value OR 95% CI
(n=150) (%) (n=250) (%)

A3B Ins/Del

Ins/Ins (I/1) 100 (66.7) = 138 (55.2) Ref

Ins/Del (I/D) 41(27.3)  88(35.2) 0.057 1.56 | 1.03-2.44

Del/Del (D/D) 9(6.0) 24 (9.6) 0.130 1.93 | 0.95-4.30

[ 241 (80.3) | 364 (72.8) Ref

D 59 (19.7) | 136 (27.2)  0.017 1.53 | 1.08-2.16

Dominant model

I/l vs. /D+D/D 0.027 1.62 | 1.07-2.47

Recessive model

I/1+1/D vs. D/D 0.260 1.67 | 0.78-3.68

P-value was determined by x? test. OR: Odds Ratio; Cl: Confidence Interval

Table 2: Association between APOBEC3B deletion polymorphism and HIV-1
susceptibility and progression among the studied subjects.

A

I/l 1/1 neg

D/D

Figure 1: (a) Lane 1 and 2 - I/l; lane 3 — negative; 1 (b) Lane 1-5 — D/D; 1 (c) Lane 1 — marker; lane 2 and 4 — D/D; lane 3 — I/D.

i

D/D D/D D/D D/D

—=> 700bp
—> 490bp

1/D D/D

J AIDS Clin Res, an open access journal
ISSN: 2155-6113

Volume 8 - Issue 1+ 1000653



Citation: Kakkar K, Sharma S, Rathore A, Singh SK, Nyari N, et al. (2017) Association between Apolipoprotein B mRNA-editing Enzyme Catalytic
Polypeptide-Like 3B (APOBEC3B) Deletion with HIV-1 Acquisition and AIDS among North Indian Population. J AIDS Clin Res 8: 653. doi:

10.4172/2155-6113.1000653

Page 4 of 5

Genotype Stage | Stage Il Stage Il
(n=48) (n=72) (n=30)
APOBEC3B Ins/Del
n 29 (60.4) 47 (65.3) 20 (66.7)
IID 10 (20.8) 16 (22.2) 8(26.7)
D/D 9(18.8) 9 (12.5) 2 (6.6)
1 68 (70.8) 110 (76.4) 48 (80.0)
D 28 (29.2) 34 (23.6) 12 (20.0)

Stage lll vs. Stage | Stage lll vs. Stage |

P value OR C.1(95%) P value OR C.1 (95%)
Reference Reference
0.788 0.86 (0.29-2.57) 0.799 0.85 (0.31-2.31)
0.299 3.10 (0.61-15.91) 0.719 1.92 (0.38-9.67)
Reference Reference
0.259 1.65 (0.76-3.56) 0.713 1.24 (0.59-2.59)

Table 3: Distribution of A3B Gene/alleles among HIV seropositive North Indian individuals classified on the basis of severity of the disease and progression to AIDS.

variant D allele was similar in Stage I and Stage II when compared to
Stage III and was not associated with the HIV-1 disease progression
(Table 3).

Conclusion

The APOBEC3B deletion, which results in the loss of at least one
copy of the unique coding portion of APOBEC3B, ranges in frequency
from 0 to 43% in Indian populations with the lowest deletion frequency
seen in populations inhabiting in malaria endemic regions of India [32].
This is the only human APOBEC3 protein with intrinsic anti-HIV-1
activity that is resistant to HIV-1 Vif [16,20,27,34]. Recent studies have
indicated that APOBEC3B mRNA expression is inactivated in CD4+
T-cells and lymphoid cells [20,35]. The consistency of the associations
between the null genotype (D/D) and acquisition of HIV-1 infection,
progression to AIDS, supports an active role for APOBEC3B against
HIV-1 in vivo [33].

In this population based case-control study, we investigated the
influence of APOBEC3B gene polymorphism on HIV-1 susceptibility
in a North Indian population. Our finding suggests that the APOBEC3B
gene polymorphism was moderately associated with susceptibility to
HIV-1 infection. However, the low incidence of deletion allele in certain
populations around the world is because of insignificant association of
APOBECS3B deletion polymorphism [11].

Also, as depicted from the present study, the frequency distribution
of APOBEC3B genotypes was fairly similar in Stage I and Stage II
as compared with Stage III and there was no statistical significant
difference in the distribution of APOBEC3B genotypes in Stage I and
Stage IT when compared with Stage III.

The APOBEC3 gene family encodes cytosine deaminases which
have been implicated in innate cellular immunity by restricting
retroviruses, mobile genetic elements like retro-transposons and
endogenous retroviruses [24,36]. Furthermore, the APOBEC3 genes
may play a role in carcinogenesis by triggering DNA mutation through
dC deamination [37]. Moreover, expression of the APOBEC3 genes
is regulated by estrogen [38], a hormone that plays a central role in
the etiology of breast cancer. APOBEC3B genes are induced during
the acute stage of HIV-1 infection but returns to baseline levels in the
asymptomatic stage [35]. APOBEC3 gene family encodes proteins that
exhibits intracellular defense against viral infection [39].

However, in a study by Rezaei on Southeast Iranian population,
showing that I/D as well as I/D+D/D genotype increased the risk of BC
in comparison with I/I genotype, thus suggesting that the APOBEC3
deletion polymorphism increased the risk of Breast Cancer in Iranian
population which is similar to the results of the present study [40].

Also, a study by Jha et al. depicts a strong association of deletion
allele with susceptibility to falciparum malaria in endemic regions [32],
which was in corroboration with our study.

Similarly, early reports suggests that genome-wide association
study performed by Long et al. on Chinese population depicts a
strong association between common deletion in the APOBEC3 gene
and Breast cancer [41]. Their findings showed the ORs of 1.31 (95%
CI=1.21-1.42) for a one-copy deletion and 1.76 (95% CI=1.57-1.97)
for a two-copy deletion. The result was also replicated among women
of European ancestry and the findings showed that the deletion was
significantly associated with breast cancer risk, with ORs and 95% ClIs
of 1.21 (1.02-1.43) for one copy deletion and 2.29 (1.04-5.06) for two-
copy deletion in comparison with no deletion [42].

Also, in a study by Qi et al., they investigated the possible association
between APOBEC3 gene deletion and risk of epithelial ovarian cancer
(EOC) in Chinese population [43]. They found that one copy deletion
as well as two-copy deletion of APOBECS3 significantly increased the
risk of EOC in comparison with subjects with no deletions.

Similarly, in a study by Itaya et al., which revealed no association
of deletion allele and homozygous genotype between non-progressors
and slow progressors of HIV-1 infected subjects? Also, no effects of
HIV viral load and CD4+ T-cell count characterizing different stages
of the disease severity were seen in association with the APOBEC3B
polymorphism was in corroboration with our results [44].

Our results were also similar with the study by Ping et al., which
showed that there is no association of hemizygous (Ins/Del) genotype
compared to reference I/I genotype on the progression of HIV-1 to
AIDS/Death, when HSP subjects were compared to HSN (control)
subjects [33].

The varied frequency of the APOBEC3B deletion shows considerable
range and population stratification. However, study by Kidd et al. [11]
reported that the clinical increase in deletion frequency in HGDP
populations as one moves eastward from Africa, following the route
of human migration. However, pairwise F_ (fixation index statistic)
estimates in their study differentiated Amerindian, Oceanic and some
East Asian populations from other populations based on the frequency
of the deletion in comparison to other in del polymorphisms and
SNPs. This indicated that the pattern of distribution of the APOBEC3B
deletion is not the result of demographic history alone [45].

The present study has a few limitations. Firstly, our HIV-1
seropositive sample size was relatively small and therefore the study’s
statistical power may have been limited. Also, it may be important to
continue our study with a larger sample size and with ethnic variations
as it would be further helpful to investigate the role of APOBEC3B
gene with the risk of the disease and also with other pathogens. In
conclusion, we infer that the deletion polymorphism of APOBEC3B
gene is not involved with the risk of HIV-1 disease susceptibility and
AIDS among the North Indian population. But still further studies for
the expansion of this study is needed to validate the results and also
designing therapeutics aimed at APOBEC3-Vif axis.
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