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Relative reactivity of HIV-1 polyclonal plasma antibodies directed
to V3 and MPER regions suggests immunodominance of V3
over MPER and dependence of high anti-V3 antibody titers
on virus persistence
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Abstract Antibodies to two crucial regions, the third

variable loop (V3) of gp120 and the membrane-proximal

external region (MPER) of gp41 are important for HIV-1

neutralization. We here evaluated the relative binding of

polyclonal plasma antibodies from 99 HIV-1-infected

individuals from India to the consensus–C V3 and MPER

peptides and observed immunodominance of V3 over

MPER (p \ 0.0001). We further examined the V3- and

MPER-specific antibody correlates with clinical parame-

ters. Our results revealed that anti-V3 antibody titers are

significantly lower in patients on ART compared to drug-

naive individuals (p \ 0.0001), most likely due to a

decrease in plasma viral load, irrespective of their CD4

counts and total IgG. No such association was observed for

MPER, with a similar trend in four follow-up patients.

These findings strongly suggest that high titers of V3-

specific antibodies are dependent on persistence of virus in

circulation, while antibodies to MPER are probably not.

Introduction

Induction of antibodies is undoubtedly an important feature

of a prophylactic vaccine. During the natural course of

human immunodeficiency virus type 1 (HIV-1) infection, a

repertoire of virus-specific antibodies are generated against

essentially all HIV-1 proteins, but only the antibodies

directed to envelope glycoprotein gp160 are capable of

neutralizing viruses [1, 2]. The present knowledge about

HIV-1 immunology has accumulated through studies of

polyclonal and monoclonal antibodies from HIV-1-infected

individuals [3–7]. It is encouraging that humans produce

antibodies that neutralize HIV-1 [8]; however, the underly-

ing mechanism remains poorly understood. HIV-1 diversity

is one of the major obstacles for HIV-1 vaccine development

[9, 10], adding complexity to the type of immune responses

evoked during infection [11]. With the expansion of HIV-1

to 13 subtypes or sub-subtypes and more than 40 circulating

recombinant forms [12], it has become extremely difficult to

evolve strategies to combat the virus [13, 14]. HIV-1 subtype

C accounts for the majority of the global infections but is less

studied than the other subtypes, and in India, more than 90%

of individuals with HIV-1 are reported to be infected with

clade-C viruses [15].

The viral envelope glycoprotein gp160 (gp120 and gp41)

is the first virus-associated protein to encounter the immune

system, and it is involved in a series of early events leading to

conformational changes in its structure that are necessary for

successful entry of the virus into host cells [16, 17]. This

process is initiated by interaction of viral gp120 with the

primary receptor (CD4) and the coreceptor (CXCR4/CCR5)

[18–20] and, eventually, gp41-mediated fusion of the viral

membrane with the host-cell membrane [21]. Therefore, the

non-covalently associated gp120 and gp41 envelope proteins

[22] are considered potential targets for virus neutralizing
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antibodies (NtAbs) [23]. The third variable region (V3) of

gp120 and the membrane-proximal external region (MPER)

of gp41 are the most extensively studied regions in HIV-1.

V3 is highly immunodominant, and plasma from essentially

all HIV-1-infected individuals has high titers of anti-V3

antibodies [24]. Despite its sequence variability, V3 has

structurally conserved motifs that are targets of broadly

neutralizing monoclonal antibodies (bNtAbs) [25, 26]. The

MPER comprises the last 24 C-terminal amino acids of the

gp41 ectodomain, is highly conserved [27] and, importantly,

is recognized by three HIV-1 bNtAbs [28–30]. Structural

conservation and the presence of epitopes recognized by bNt

MAbs are the major attributes that make V3 and MPER

attractive targets for vaccine design.

Although both V3 and MPER have been shown to be

important for neutralization, they differ greatly in the extent

of their immunogenicity. HIV-1-infected individuals have

shown high titers of anti-V3 antibodies [31]. In addition,

antibodies directed to epitopes within the V3 and MPER

have been associated with disease progression and other

clinical factors [32, 33]. The HIV-1-specific humoral

response has not yet been assessed in detail in Indian HIV-1-

infected patients. Here, we evaluate the relative reactivity of

polyclonal plasma antibodies from 99 HIV-1-infected North

Indians that were specific for V3 and MPER. We observed

high titres of V3 antibodies compared to anti-MPER anti-

bodies. The patients were assumed to be infected with HIV-1

subtype C, which is the predominant subtype in India [34].

Indeed, the envelope sequence of a few samples confirmed

these to be subtype C (data not shown). We further assessed

the V3- and MPER-specific antibody correlates with clinical

parameters (drug status, total IgG levels, CD4 count, and

plasma viral load) in order to see whether any of these

parameters account for the difference in immunogenicity

between these two regions. This study suggests that V3 is

highly immunodominant compared to MPER, irrespective of

clinical and immunological factors, and that the anti-V3

antibody titers correlate with plasma viremia, while those of

MPER remain unaltered. This is the first report on charac-

terization of V3- and MPER-specific immune correlates and

their association with clinical variables in India. The study

provides insights into the HIV-1-specific humoral response

in Indian subjects in the context of their antibody titers to two

key neutralization targets on the envelope glycoprotein, and

this will be helpful for HIV-1 vaccine research.

Material and methods

Study subjects

Ninety-nine HIV-1-seropositive patients enrolled in this

study were recruited from the Regional STD Teaching

Training and Research Centre, Safdarjang Hospital, New

Delhi, India. Whole blood from HIV-1-seronegative heal-

thy donors was collected in EDTA vacutainers after

obtaining written informed consent from the blood bank,

C.N. Centre, AIIMS, New Delhi. The study was approved

by the institute ethics committee, and informed consent

was obtained from all the participants.

Peptides

A 35-mer consensus-C V3 (CTRPNNNTRKSIRIGPG

QTFYATGDIIGDIRQAHC) and 25-mer consensus-C

MPER (DLLALDSWKNLWNWFDITNWLWYIK) pep-

tides were synthesized by Sigma Genosys, USA. The

peptides were HPLC-purified to [95% purity (based on

information provided by company).

Determination of plasma viral load and CD4 count

The plasma viral load was determined commercially

(Lifeline Laboratories Green Park, New Delhi, India) using

a real-time-PCR-based method. The viral load was repre-

sented as RNA copies/ml of plasma. The CD4 counts were

determined by flow cytometry.

Quantitation of plasma IgG levels

The total IgG content in all plasma samples was determined

using a commercial ELISA kit from RayBiotech, Inc., USA.

Detection of anti-V3 and anti-MPER antibodies

by enzyme-linked immunosorbent assay (ELISA)

The V3 and MPER peptides were immobilized on 96-well

high-binding ELISA plates (Corning) by an overnight

incubation at 4�C of 100 ll of peptide per well, diluted at

1 lg/ml for V3 and an equimolar concentration for MPER

in 50 mM bicarbonate buffer (pH 9.6). Unbound peptides

were removed by washing three times with phosphate-

buffered saline (PBS) containing 0.2% Tween 20 (Sigma-

Aldrich) (wash buffer), and the plates were blocked with

200 ll of Roswell Park Memorial Institute (RPMI) med-

ium containing 15% foetal calf serum (FCS) (Hyclone) and

2% bovine serum albumin (BSA) (Sigma-Aldrich) and

incubated for 1 h at 37�C. Next, the plates were washed

again three times, and 100 ll of each plasma at six dif-

ferent dilutions was added (dilution range: 1/300-1/

100,000), followed by incubation for 1.5 h at 37�C. After

three washings with PBST, the plates were further incu-

bated for 1.5 h at 37�C with 100 ll of alkaline-phospha-

tase-conjugated anti-human IgG Fc (Southern Biotech)

diluted 1/2000 in phosphate-buffered saline and Tween-20

(0.05%) containing 2% BSA. Finally, the bound V3- and
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MPER-specific antibodies were detected by addition of

alkaline phosphatase substrate (Sigma-Aldrich) in 10%

diethanolamine buffer, and the colorimetric reaction was

stopped by the addition of 6 N NaOH. The optical density

was read at 405 nm. The cutoff for 50% binding of plasma

antibodies, or IC50 value, was defined as three times the

mean OD405 of the twenty healthy seronegative plasma

plus three standard deviations.

Statistical analysis

Statistical analysis was performed using Graph Pad Prism 5

for Windows, Graph Pad Software, San Diego, California,

USA. A non-linear regression curve straight line was

plotted using the method of least squares to determine the

IC50. Median reciprocal IC50 binding titers were com-

pared using the Wilcoxon matched pairs test or the Mann-

Whitney U test. The Spearman rank test was used to

determine the correlation between two variables. A p-value

less than 0.05 was considered significant for this study.

Results

Characteristics of HIV-1-infected subjects

The details of the 99 HIV-1-infected patients recruited for

this study are summarized in Table 1 (supplementary data).

The patients had been infected for different time periods,

ranging from a few days to seven years (based on time

since first diagnosis). There were 32 females and 67 males

within the age range of 20-57 years. Out of 99 patients, 65

were naive and 34 had been on antiretroviral therapy for a

period of up to two years. The viral load for the naive

patients (n = 53) ranged from 156-2,180,000 RNA copies/

ml plasma, while for patients undergoing treatment

(n = 18), it was low (range = 49.6-5750 RNA copies/ml),

showing the effectiveness of ART in suppressing plasma

viremia. A few patients in each group (naive and treated)

had a viral load below the detection limit (\47 copies/ml).

One of the patients on ART (AIIMS 261), possibly a

treatment failure case, showed a high viral load (703,000

RNA copies/ml). The mean CD4 count was 288 and 289

cells/cubic millimetre, while the median total IgG levels

were 12.31 and 12.05 mg/ml for naive and treated patients,

respectively (Supplementary Fig. 2).

Relative reactivity of polyclonal plasma antibodies

from HIV-1-infected individuals with consensus

clade-C V3 and MPER peptides

The relative antibody titers against the V3 loop and MPER

were determined by ELISA binding assays in which plasma

antibodies were titrated in a dilution range of 300 to

100,000. The 50% binding titers for both V3 and MPER

are shown in Fig. 1, which reveals a high immunogenicity

of V3 compared to MPER (p \ 0.0001) (Fig. 2). High

reactivity of anti-V3 antibodies 96.96% (96/99) was

observed in essentially all of the plasma samples with a

wide range of IC50 binding titers (446-62,225). Only

3.03% of the plasma (3/99) failed to yield an IC50 value

for V3. In comparison, 65.65% (65/99) of the polyclonal

plasma samples reacted with the MPER peptide with

comparatively lower antibody binding titers (IC50 range:

301-11,543), while 34.34% (34/99) did not yield an IC50

value. The mean IC50 values of all of the plasma samples

for V3 and MPER were 10,675 and 1122 respectively.

Association of V3- and MPER-specific antibody titers

with drug status and CD4 counts of patients

To evaluate the effect of clinical parameters on the anti-

body-mediated humoral response, we compared anti-V3

and anti-MPER IC50 antibody titers with drug status, CD4

count and total IgG levels. The total IgG levels were

comparable between the drug-naive and treated patients

(Supplementary Fig. 2). Based on drug status (naive,

treated) and CD4 count (CD4 [ 300 and \300), the patient

samples were grouped (Fig. 3), and their anti-V3 and anti-

MPER binding titers were determined separately. We

observed significantly lower (p \ 0.0001) anti-V3 antibody

titers in drug-treated patients than in drug-naive patients,

while anti-MPER antibody titers were comparable

(p = 0.3413) (Fig. 3). Furthermore, we did not observe

any association between CD4 counts and immunogenicity

of either regions (V3 and MPER; p = 0.646 and p = 0.394

for naive and treated respectively) (Fig. 3).

In addition, we did a separate statistical comparison of the

immunogenicity of V3 versus MPER using a paired t-test

(naive, n = 65, p \ 0.0001; treated, n = 34, p \ 0.0001;

CD4 \ 300, n = 58, p \ 0.0001; and CD4 [ 300, n = 41,

p \ 0.0001). We observed a complete immunodominance of

V3 over MPER, irrespective of drug status and CD4 count

(Fig. 3).

Correlation of the plasma antibodies directed to V3

and MPER with plasma viral load

The observation of lower anti-V3 antibody titers in drug-

treated as compared to drug-naive patients suggests the

influence of virus on antibody titers, since the immediate

effect of ART is to reduce the plasma viral load. We

evaluated such a possibility by correlating the IC50 titers of

both V3 and MPER with plasma viral load (Fig. 4). In

order to determine the influence of viremia (independent of

drug) on antibody titers, we compared only naive patients
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(n = 53). Statistical analysis revealed a modest positive

correlation (r = 0.2862, p = 0.0377) between titers of V3

antibodies and plasma viral load, suggesting the depen-

dence of anti-V3 antibodies on viral persistence, while

MPER-directed antibodies showed a slight negative cor-

relation (r = -0.1247, p = 0.3737).

Effect of ART on V3 and MPER-specific antibody

titers (follow-up patients)

We observed an effect of ART on anti-V3 antibody titers,

but not anti-MPER antibodies; however, the set of HIV-1-

infected individuals (naive or treated) for comparison was

different. To confirm our results, we followed up four

(AIIMS 118, 149, 151 and 154) HIV-1-infected individuals

before and after initiation of ART at three to four time

points (2-3 month intervals) for antibodies binding to V3

and MPER.

The 50% binding titers (Fig. 5) show a gradual decrease

of anti-V3 antibodies with commencement of ART with

respect to time, except in AIIMS 118, who showed an

invariable response and a decrease followed by a slight

increase at first and second follow-up respectively. The

50% anti-MPER antibody binding titers could not be
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Fig. 1 Relative anti-V3 and anti-MPER antibody titers in HIV-1-

infected plasma. 50% binding of polyclonal anti-V3 and anti-MPER

antibodies to consensus clade-C V3 loop (above) and MPER (below)

peptides. y-axis, IC50 values; x-axis, sample IDs. The total number of

samples was 99 (202-300). The IC50 values for the V3 loop and

MPER antibodies are shown in vertical bars. The striped bars are

samples from patients on ART
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Fig. 2 Wilcoxon matched pairs test. Determination of the immuno-

genicity of V3 versus MPER shows that V3 is highly immunodom-

inant over MPER (p \ 0.0001)
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measured for AIIMS 149 and 154; AIIMS 118 showed a

slight decrease, while AIIMS 151 remained relatively

constant at all time points.

Association of V3- and MPER-specific antibodies

with duration of ART and time from first diagnosis

To assess if there is any correlation between 50% binding

titers of anti-V3 and anti-MPER antibodies and duration of

ART, we compared V3- and MPER-specific antibody titers

of 33 treated patients with duration of their drug therapy

(Supplementary Fig. 1). In addition, we compared the same

with days from first diagnosis in 64 drug-naive patients

(Supplementary Fig. 1). Neither of these factors (ART

duration, days from first diagnosis) showed any correlation

with antibody titers against either region (V3 or MPER).

Discussion

Relevant information about antibody correlates specific to

important regions of HIV-1 will be crucial for a prophy-

lactic vaccine. The present study broadly focuses on the

relative antibody titers directed to V3 and MPER, the two

important targets of neutralization on the HIV-1 envelope

glycoprotein. Plasma samples from 99 HIV-1-infected

individuals from North India were tested for the presence

of anti-V3 and anti-MPER polyclonal antibodies. This is

the first study to provide an indirect estimate of the fre-

quency of V3- and MPER-specific antibody producing

B-cells in Indian HIV-1-infected individuals. Based on the

polyclonal antibody reactivity of HIV-1-infected plasma to

V3 and MPER consensus-C peptides, we observed immu-

nodominance of the V3 loop of gp120 over MPER of gp41.

Among the clinical and immunological parameters tested

(drug status, CD4 count, total IgG levels and viral load) for

association with V3- and MPER-specific antibody titers,

we observed a positive correlation of polyclonal anti-V3

Abs with plasma viremia.

V3 N
aiv

e 

V3 
Tre

at
ed

MPER N
aiv

e

MPER
Tre

at
ed

V3 C
D4>

30
0

V3 C
D4<

30
0

MPER C
D4>

30
0

MPER C
D4<

30
0

1000

10000

100000 p<0.0001

p<0.0001

p=0.3413

p=0.6468

 Drug status CD4 count

***
p<0.0001 ***

***
p<0.0001***

p<0.0001

p=0.3941

***

R
ec

ip
ro

ca
l I

C
50

 B
in

d
in

g
 T

it
er

Fig. 3 Statistical analysis. Comparison of Immunodominance of V3

versus MPER and its association with clinical parameters (drug status

and CD4 count). Anti-V3 and anti-MPER IC50 median antibody titers

were compared based on drug status (naive [n = 65] vs treated

[n = 34], left) and CD4 counts (\300 [n = 58] vs [300 [n = 41];

right) using the Mann-Whitney test. The data were further compared

using the Wilcoxon matched pairs test for immunodominance of V3

versus MPER in separate sets (naive V3 vs MPER [n = 65], treated

V3 vs MPER [n = 34], CD4 \ 300 V3 vs MPER [n = 58],

CD4 [ 300 V3 vs MPER [n = 41]). The p values for each category

are shown in the figure (numerical)

Fig. 4 Correlation of V3- (square) and MPER- (diamond) directed

antibodies with plasma viral load (naive patients only [n = 53]);

Spearman rank coefficients and p values are shown for both V3 and

MPER (top)
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The 50% binding titers of V3-specific polyclonal plasma

antibodies showed that the majority (96.96%) of the HIV-

1-infected plasma samples bound strongly (median

IC50 = 6712) to the 35-mer consensus-C V3 peptide,

consistent with previous findings [35]. Only three plasma

samples, AIIMS 256, AIIMS 268 and AIIMS 274, did not

yield an IC50 titer. Interestingly, the first two of these

patients (AIIMS 256 and AIIMS 268) were on ART, and

the third (AIIMS 274), who presumably had been infected

recently (based on days from first diagnosis; Supplemen-

tary Table 1), had a low plasma viral load (Supplementary

Table 1), which possibly might have accounted for the low

anti-V3 antibody titers. Contrary to the result with V3,

these plasma exhibited relatively low binding (median

IC50 = 552), with varying 50% binding titers to the con-

sensus-C MPER peptide, as only 65.65% yielded IC50

titers. Together, the above findings suggest a high immu-

nogenicity of V3 over MPER in Indian HIV-1 (predomi-

nantly clade C)-infected patients. Since the prevalence of

HIV-1 infection and clinical parameters associated with

HIV-1-specific antibodies in plasma have been the subject

of much interest recently [36–38], we therefore, examined

the association of the relative antibody titers to V3 and

MPER with various clinical and immunological parame-

ters. We found significantly lower anti-V3 antibody titers

in drug-treated as compared to drug-naive patients

(p \ 0.0001), while anti-MPER antibodies were compara-

ble (p = 0.3413), which indirectly suggests a dependence

of anti-V3 antibody titers, and not of anti-MPER antibod-

ies, on plasma viremia. However, it was expected that the

levels of both the anti-V3 and anti-MPER antibodies

should decrease with decreasing plasma viremia due to a

reduction in B-cell activation by the antigen. In fact, a few

studies have shown that anti-gp120 antibodies decrease

upon treatment, and a similar trend has also been observed

for anti-gp41 antibodies [39]. However, in this study, we

did not find any such association of ART with anti-MPER

antibodies, while V3 antibodies showed dependence on

antigen persistence, suggesting a relatively high exposure

of the V3 loop compared to the MPER. Furthermore, the

association of anti-MPER antibodies with viral load shows

an inverse trend (Fig. 4) to that of V3, suggesting a dif-

ferential development of antibody responses to these two

regions. Also, the existence of high titers of anti-V3 anti-

bodies against decoy epitopes may possibly make this

dependence more prominent [40]. We did not find any

association of anti-V3 and anti-MPER antibody titers with

patient CD4 counts. In addition, the total IgG levels in

naive and treated patients were comparable (Supplemen-

tary Fig. 2), suggesting a viral-antigen-specific action of

ART, unlike what was previously thought about the sen-

sitivity of non-specific B cell responses to combinational

antiretroviral therapy [41]. These results also suggest that

ART is effective without affecting the normal B-cell-

mediated humoral immune response.

The association of anti-V3 and anti-MPER antibody

titers with the plasma viral load observed in the drug-naive

patients is indicative of a positive correlation between anti-

V3 antibodies and plasma viremia. Furthermore, mea-

surement of antibody titers in four drug-naive patients and,

upon treatment, in their follow-up (3-month intervals)

revealed a marked reduction in anti-V3 antibody titers

upon drug treatment with respect to time, which implies a

strong association of anti-V3 antibody levels and viral load.

Furthermore, there was no correlation of anti-V3 antibody

titers with the duration of ART, which rules out the time

dependence factor. This suggests that the decrease in anti-

V3 antibody titers probably occurs as a consequence of
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Fig. 5 Effect of ART on V3 and MPER antibody titers (follow-up

[FU]). Four HIV-1-positive samples (AIIMS-118, 149, 151 and 154)

are presented in the figure, with 2-3-month ART depicted in bars

(naive, black filled; first FU, unfilled; second FU, gray filled; third FU,

gray striped). A Binding to V3. B Binding to MPER

1792 R. Andrabi et al.

123



reduction in plasma viremia upon treatment. However, this

hypothesis could not be confirmed, due to the unavail-

ability of viral load details for the follow-up samples.

Unlike V3, the anti-MPER antibodies did not show a

positive relationship with plasma viral load, but this

inference may not be conclusive because of the low

immunogenicity of MPER. In fact, a large sample size in

the follow-up category could have addressed that issue,

which remains a limitation of this study. Our observations

suggest the dependence of anti-V3 antibodies on persis-

tence of virus in circulation, whereas no such association

was observed for the MPER region. Although statistically

not significant, we observed that naive patients with recent

infections generally had high levels of anti-V3 antibodies.

These high antibody titers persisted throughout the infec-

tion in drug-naive patients, suggesting a high affinity

maturation of V3 antibodies with persistent virus in the

immune system.

Conclusions

Our findings of a high titre of anti-V3 antibodies in Indian

HIV-1-infected patients are suggestive of the presence of a

substantial number of V3-specific antibody-producing

B-cell clones in these patients, in contrast to MPER, pos-

sibly due to the low immunogenicity of MPER and selec-

tive deletion of B cells with MPER specificity [42, 43].

This work indirectly extends the information about the

extent of exposure of V3 and MPER on the native trimeric

spike of the virus in HIV-1 subtype-C-infected patients by

demonstrating the differential antibody response elicited in

these patients to V3 and MPER. Furthermore, it will be

interesting to study the association of these parameters with

virus neutralization, which can be important for prophy-

lactic vaccine design.
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