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Abstract. We conducted this study to determine the clinical variables associated
with the production of human immunodeficiency virus type 1 (HIV-1) circulat-
ing recombinant form (CRF) 01_AE neutralizing human monoclonal antibodies
(NhMADs) using a hybridoma technique. This cross sectional study was performed
in 20 asymptomatic HIV-1-infected Thais. Peripheral blood mononuclear cells
(PBMCs) were obtained from each study participant and fused with SPYMEG
cells. Culture supernatant collected from growing hybridomas was tested for
neutralizing activity against HIV-1 CRFO1_AE Env-recombinant viruses. Fifty
hybridomas expressing anti-HIV-1 NhMAbs with strong neutralizing activity
against at least 1 CRFO1_AE Env-recombinant virus were found. A positive as-
sociation between the numbers of hybridomas produced and the CD4 counts
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of study participants (p = 0.019) was observed. NhnMAb-producing hybridomas
with strong neutralizing activity were mostly found in participants diagnosed
with HIV-1 infection within the previous 1 year. The HIV-1 viral load was not
significantly correlated with the numbers of either established hybridomas or
clones expressing anti-HIV-1 NhMAbs with strong neutralizing activity. To our
knowledge, this is the first study of NhnMAb-producing hybridomas obtained from
HIV-1 CRF01_AE-infected populations identified by antibody binding to HIV-1
V3 loop peptide enzyme-linked immunosorbent assay (ELISA) or TRUGENE
HIV-1 Genotyping Assay (HIV-1 pol sequence). It provides important criterion
to select study participants with high CD4 counts who produce large numbers of
hybridoma clones. The results are valuable for further studies related to neutral-
izing antibodies production and HIV-1 vaccine development.

Keywords: neutralizing human monoclonal antibody, HIV-1, CRF01_AE, CD4,

hybridoma

INTRODUCTION

Both cellular and humoral immune
responses occur after human immuno-
deficiency virus type 1 (HIV-1) infection.
CD8+ T cells play a major role in the
cell-mediated immune control of HIV-1
replication (Saez-Cirion et al, 2007), while
neutralizing antibodies (NAbs) may play
an important role in controlling infection.
Neutralizing human monoclonal antibod-
ies (NhMADbs) against epitopes of HIV-1
gp120 and gp41 play an important role
not only in successfully blocking viral at-
tachment to receptors expressed on CD4+
T cells, which further limit viral infection
and replication (Wyatt and Sodroski, 1990;
Lekkerkerker et al, 2004; van Montfort
et al, 2007), but also in vaccine develop-
ment (Burton et al, 2004). However, HIV-1
vaccine-induced antibodies have demon-
strated limited protection against HIV-1
infection due to lack of neutralizing activi-
ties (Gilbert et al, 2005; The rgp120 HIV
Vaccine Study Group, 2005; Pitisuttithum
et al, 2006). A recent HIV-1 vaccine study
conducted in Thailand demonstrated a
small protective effect on the acquisition
of infection. However, it did not affect
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HIV-1 viral load or CD4 counts among
study participants who became HIV-1-
infected during the course of the trial
(Rerks-Ngarm et al, 2009).

Limited numbers of NhMAb have
demonstrated potent neutralizing activity
against diverse strains of HIV-1 (Buch-
acher et al, 1994; Trkola et al, 1996; Parren
et al, 2001; Stiegler et al, 2001; Walker
et al, 2009; Wu et al, 2010). IgG1 b12 was
developed from the bone marrow of an
asymptomatic HIV-1-infected individual
(Burton et al, 1991, 1994) and was found
to be protective against simian/human
immunodeficiency virus (SHIV) infection
in macaques after passive immunization
(Parren et al, 2001). Antibodies 2G12 and
4E10 have been generated from periph-
eral blood mononuclear cells (PBMCs) of
an HIV-1-infected volunteer using a cell
fusion approach (Buchacher et al, 1994).
2G12 potently neutralized primary iso-
lates of HIV-1 subtype B and some strains
of subtype A (Buchacher et al, 1994; Trkola
et al, 1996), while 4E10 strongly neutral-
ized several subtypes of HIV-1, including
A, B, C, D, F G and CRF01_AE (Stiegler
et al, 2001). Two additional NhMAbs,
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PG9 and PG16, were obtained from an
HIV-1 subtype A-infected donor using a
short-term B cell culture. These two an-
tibodies recognized epitopes expressed
on trimeric gp120 envelope proteins and
broadly neutralized a variety of viral
subtypes (A, B, C, D, E G, CRF01_AE,
and CRF_AG) (Walker et al, 2009). Re-
cently, VRCO1 had been identified from an
HIV-1 subtype B-infected subject using a
computerized approach to design an anti-
genically resurfaced viral envelope which
was specifically recognized by NhnMAD at
the CD4-binding site. VRCO1 is another
powerful NhMAD capable of neutralizing
diverse subtypes of HIV-1 (A, B, C, D, G,
CRF01_AE, CRF02_AG, and CRF07_BC)
(Wu et al, 2010). Although HIV-1 subtype
B only represents approximately 10% of
the global prevalence (Taylor et al, 2008),
HIV-1 subtype B infected-individuals
are used as a major source for anti-HIV-1
NhMAD investigations (Burton et al, 1991;
Buchacher et al, 1994; Humbert and Diet-
rich, 2006; Wu et al, 2010).

CRF01_AE is the predominant cir-
culating form of HIV-1 in Thailand and
Southeast Asia (Osmanov et al, 2002;
Arroyo et al, 2010). In this cross-sectional
study, using a hybridoma technique we
demonstrated a significant association
between CD4 counts and numbers of hy-
bridomas established from HIV-1-infected
Thai individuals. To our knowledge, this
is the first report of anti-HIV-1 NhMAbs
generated from HIV-1 CRF01_AE-infected
cases, who were identified by antibody
binding to HIV-1 V3 loop peptide enzyme-
linked immunosorbent assay (ELISA)
or TRUGENE HIV-1 Genotyping Assay
(HIV-1 pol sequence). This data may be
useful for developing further investiga-
tions related to either the establishment
of anti-HIV-1 NhMAbs or vaccine devel-
opment.

Vol 44 No.5 September 2013

MATERIALS AND METHODS

Study participants

Asymptomatic Thai HIV-1-infected
individuals who were anti-retroviral ther-
apy naive from Bamrasnaradura Infec-
tious Diseases Institute and the Thai Red
Cross AIDS Research Center were asked to
participate in this study. The CD4 counts
of all participants were obtained from
the 6 month period prior to enrollment.
To rule out the effect of immunization,
only those who had not received any live
attenuated vaccines up to 60 days prior
to enrollment were included. Only those
who had never participated in an HIV-1
vaccine trial were included in the study.

The B cell numbers of study partici-
pant were estimated using the formula:

Number of B cells = number of lympho-
cytes — number of CD4+T cells — number
of CD8+T cells

This study was approved by the Eth-
ics Committee of the Faculty of Tropical
Medicine, Mahidol University and the
Institutional Review Boards of both
the Bamrasnaradura Infectious Diseases
Institute and the Faculty of Medicine,
Chulalongkorn University. Written in-
formed consent was obtained from all
participants.

V3 loop peptide ELISA

The antibody binding to HIV-1 V3
loop peptide ELISA was conducted as pre-
viously described (Cheingsong-Popov et al,
1994). Briefly, a 96-well microplate was
coated with B peptide (CTRPNNNTRK-
SIHLGPGKAWYTTGQIIGDIRQAH)
(QCB, Hopkinton, MA), IDU B’ peptide
(CTRPNNNTRKSIHLGPGRAWYTT-
GQIIGDIRQAH) (Biosource Interna-
tional, Hopkinton, MA), and E peptide
(CTRPSNNTRTSITIGPGQVFYRTGDI-
IGDIRKAY) (QCB, Hopkinton, MA),
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which corresponded to HIV-1 subtype
B and CRF01_AE, respectively, at a con-
centration of 0.5 mg/ml in 5% skim milk
buffer for 14-18 hours at 2-8°C. Plasma
samples were diluted 1:100 in milk buf-
fer and added to the coated microplate
for 1 hour at 37°C. Following incuba-
tion, the microplate was washed with
phosphate-buffered saline containing
0.1% Tween-20. Bound antibodies were
detected with goat anti-human immu-
noglobulin G specific peroxidase conju-
gate (EMD Biosciences, San Diego, CA).
After washing, the color was developed
with peroxidase substrate (KPL, Gaith-
ersburg, MD). The optical density (OD)
was measured at 405 nm, subtracting the
background at 650 nm. A sample was
determined to be HIV-1 subtype B or
CRF01_AE when the corrected OD of one
subtype was four times greater than the
other subtype.

TRUGENE HIV-1 genotyping assay
Plasma HIV-1 ribonucleic acid (RNA)
was extracted using an ultra-sensitive
procedure by Roche; the Amplicor HIV-1
Monitor Test, v.1.5 (Roche Diagnostics,
Branchburg, NJ). Extracted viral RNA was
reverse transcribed to viral complemen-
tary deoxy-ribonucleic acid (cDNA) and
sequenced using the TRUGENE HIV-1
Genotyping kit (Siemens Medical Solu-
tions Diagnostics, Tarry Town, NY). Se-
quence data was analyzed and compared
to the wild-type reference sequence using
the OpenGene DNA Sequencing System
(Siemens Medical Solutions Diagnostics,
Tarry Town, NY). The HIV-1 serotype in
the plasma sample was analyzed as pre-
viously described (Grant et al, 2003). The
HIV-1 pol sequence data were submitted
to GenBank (www.ncbi.nlm.nih.gov/
genbank/) to acquire GenBank accession
numbers for the nucleotide sequences.
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Establishment of hybridomas

PBMCs were obtained from 15 ml of
blood using density gradient centrifu-
gation through ficoll-paque PLUS (GE
Healthcare, Uppsala, Sweden) for 40
minutes at 560g. The PBMCs were then
fused with the SPYMEG cells, which
were used as fusion partner cells for es-
tablishing NhMAbs with polyethylene
glycol (Roche, Mannheim, Germany) as
previously described (Kubota-Koketsu et
al, 2009; Setthapramote et al, 2012). After
fusion, 1x10* fused cells were cultured
in Dulbecco’s modified Eagle’s medium
(DMEM) (Invitrogen, Grand Island, NY)
supplemented with 15% fetal bovine se-
rum (FBS) (Hyclone Laboratories, Logan,
UT) and hypoxanthine-aminopterin-thy-
midine (HAT) (Invitrogen, Grand Island,
NY) in each well of the 96-well microplate
at 37°C with 5% carbondioxide (CO,). A
growing hybridoma was observed under
microscope on day 14 post-fusion. Culture
supernatant was collected from the grow-
ing hybridomas on days 14, 17, and 20
post-fusion and independently screened
against CRFO1_AE Env-recombinant vi-
ruses for neutralizing activity.

Preparation of recombinant viruses

Two proviral DNA segments, pNL-
55PL1 and pNL-105PL3, were constructed
in 2009, and contain CRF01_AE env genes
(Genbank accession numbers EU743774
and EU743793, respectively) derived from
HIV-1-infected Thai patients (Utachee
et al, 2009a). The recombinant viruses
generated from the constructs are both
type R5, show high infectivity to U87.CDA4.
CCR5 cells, and are highly susceptible to
pooled, HIV-1-positive patient plasma
samples (ID50 >1,000). Both recombi-
nant viruses are susceptible to anti-gp41
neutralizing human monoclonal antibody
4E10, but are resistant to anti-gp120 neu-
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tralizing human monoclonal antibodies
IgG1 b12 and 2G12, which were obtained
from subtype B-infected patients (Utachee
et al, 2009b). Stocks of viral supernatant
were prepared by transfecting 293T cells
with the proviral constructs using Fu-
GENE HD transfection reagent (Roche,
Mannheim, Germany) as previously de-
scribed (Utachee et al, 2009b, 2010). At 48
hours post-transfection, the supernatant
was centrifuged at 630g for 5 minutes. The
viral titers were defined by measurement
of HIV-1 Gag p24 antigen concentration
in the viral supernatant samples using
the HIV-1 p24 ELISA kit (BioAcademia,
Osaka, Japan).

Neutralization assay

Twenty microliters undiluted culture
supernatant was collected from growing
hybridomas and pre-incubated with 80
ul viral supernatant, NL-55PL1 and NL-
105PL3, at a p24 antigen concentration of
2 nanograms (ng) at 37°C for 30 minutes
as previously described (Utachee et al,
2009b). Viral supernatant was pre-incu-
bated with DMEM supplemented with
15% FBS and HAT in a minimum of 4 wells
as a positive control to demonstrate the
infectivity of CRFO1_AE Env-recombinant
viruses and evaluate the effect of culture
medium components of recombinant vi-
ruses. Virus-free medium was employed
as a negative control to evaluate the effect
of the culture medium components on the
U87.CD4.CCRS cells. U87.CD4.CCRS5 cells
were cultured in the 96-well microplate
at a density of 5x103 cells/well in 100 ul
culture medium at 37°C with 5% CO, for
24 hours prior to the neutralization assay.
The U87.CD4.CCR5 cells were obtained
from Drs HongKui Deng and Dan R Lit-
tman through the AIDS Research and
Reference Reagent Program, Division of
AIDS, NIAID, NIH.
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Following incubation, 100 pl hybri-
doma/virus supernatant was added to the
cultures of U87.CD4.CCRS5 cells and incu-
bated at 37°C with 5% CO,. At 48 hours
post-infection, luciferase activity in the
lysates of viral-infected U87.CD4.CCR5
cells was assessed using the Steady Glo
Luciferase assay kit (Promega, Madison,
WI) with the Centro LB960 luminometer
(Berthold Technologies, Bad Wildbad,
Germany). Neutralizing activity was cal-
culated as the percent reduction in relative
luminescence units (RLUs) compared to
the positive controls after subtracting the
RLUs of the tested experiment. The aver-
age RLUs of the positive controls was
considered as 100% of the neutralizing
activity.

Percent RLUs reduction = [(Average
RLUs of the positive control - RLUs of the
tested experiment) / Average RLUs of the
positive control] x 100

Cloning and large scale production of anti-
HIV-1 NhMADb-producing hybridoma clone

A growing hybridoma with >70% cell
confluence was peeled from the original
well and diluted with DMEM supple-
mented with 15% FBS and HT supplement
(Invitrogen, Grand Island, NY) to give 1
cell per well in the 96-well microplate.
The diluted cells were cultured at 37°C in
5% CO,. When a growing single hybrid-
oma clone covered >70% of the growing
surface (>70% cell confluence), it was
passaged into 3 wells of a 96-well micro-
plate and cultured until it reached >70%
cell confluence. Then, the growing single
hybridoma clones were sub-cultured and
recloned in one well of a 24-well plate
using the same culture procedure. This
cloning procedure was conducted two
more times in two wells and one more
time in four wells of a 24-well plate.
When this was successfully completed,
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the single hybridoma clones were further
sub-cultured in a 6-well plate and 25- and
75-ml culture flasks. Following success-
ful propagation of the single hybridoma
clones, the cells were expanded and stored
cryopreservatively.

Statistical analysis

The relationship between number
of produced hybridomas and clinical
variables of the study participants (CD4
counts, HIV-1 viral loads, time since
HIV-1 diagnosis and the number of B
cells) was assessed using a nonparametic
Spearman’s rank order correlation coef-
ficient. Since the number of participants
was small, they were grouped based
on: 1). a CD4 count of 500 cells/ul, 2).
an HIV-1 viral load of 10,000 copies/ml,
and 3). 12 months since the diagnosis of
having HIV. Differences in the number
of hybridomas produced among the
participant groups were resolved using a
nonparametric Mann-Whitney U test. A
two-tailed analysis (p<0.05) was defined
as significant. All statistical analyses
were carried out using SPSS package,
version 14 (SPSS, Chicago, IL). All illus-
trations were created using GraphPad
Prism, version 5.03 (GraphPad Software,
San Diego, CA).

RESULTS

Demographics of study participants

A total of 20 participants were en-
rolled in the study; 6 from the Bamras-
naradura Infectious Diseases Institute and
14 from the Thai Red Cross AIDS Research
Center. The majority of study participants
(65%) were male (Table 1). The median
(range) age of participants was 29 (19-43)
years old. Enrolled subjects were naive to
anti-retroviral therapy and did not show
any clinical symptoms of AIDS-related
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diseases at the time of enrollment. The
medians (range) CD4 count and plasma
viral load were 572 (346-967) cells/ul
and 29,144 (1,840-222,871) copies/ml, re-
spectively. Thirteen subjects (65%) were
enrolled in the study within 12 months
of the diagnosis of HIV-1. The median
(range) time since HIV-1 diagnosis at the
time of enrollment was 2.25 (0.23-150.07)
months. Fourteen participants for whom
values were available had a median
(range) B cell count of 711 (322-1,321)
cells/ul (Table 1). No correlation between
the CD4 count and time since diagnosis
was found. As expected, CD4 counts were
significantly negatively correlated with
plasma HIV-1 viral loads (r, = -0.511; p =
0.021). A significant positive association
was seen between CD4 counts and B cell
numbers (r, = 0.534, p = 0.049).

HIV-1 serotyping

Using the HIV-1 subtype-specific
V3 loop peptide ELISA, 16 out of the 20
participants (80%) were infected with
CRF01_AE, 1 out of 20 was infected with
subtype B and in the other 3 subjects,
the infecting subtype could not be deter-
mined by the HIV-1 subtype-specific V3
loop peptide ELISA because the corrected
ODs of both subtypes were comparable.
Their subtypes were identified using
the TRUGENE HIV-1 Genotyping assay.
They were infected with HIV-1 CRFO1_AE
(Genbank accession numbers KF111717,
KF111719 and KF111720, respectively).
The participant who was identified as
having HIV-1 subtype B with the HIV-1
subtype-specific V3 loop peptide ELISA,
was confirmedly to be infected with sub-
type B by the TRUGENE HIV-1 Genotyp-
ing assay (Genbank accession numbers
KF111718).

Of the 20 participants, 19 (95%) were
infected with CRF01_AE and one was
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Table 1
Demographics and laboratory values from study participants.
Total Male Female
Number 20 (100%) 13 (65%) 7 (35%)
Age 29 (19-43) 29 (19-37) 29 (21-43)
CD4 counts (cells/ul) 572 (346-967) 571 (346-967) 572 (493-944)
Plasma viral load (copies/pl) 29,144 (1,840-222,871) 36,457 (3,880-222,871) 3,786 (1,840-92,895)
Time since diagnosis (months) 2.25 (0.23-150.07) 1.90 (0.23-46.50) 15.83 (1.67-150.07)
B cell numbers? (cells/ul) 711 (322-1,321) 573 (322-1,321) 872 (342-1,048)

Data is shown as medians with the range in parenthesis.
2 Data obtained from 14 study participants.

Table 2
Various laboratory values among study subjects.

No. hybridoma

1D HIV-1 CDA4 cell B cell No. of No. of .

. ) with =50% NT

serotypes  countsin number  hybridomas monoclones
cells/ul  in cells/ul Against1  Against 2
virus (%) viruses (%)

TMR01 CRFO1_AE 825 N/A 100 85 0 0
TMR02 CRFO1_AE 437 N/A 32 0 0 0
TMR03 CRFO01_AE 493 N/A 38 0 0 0
TMR04 CRFO01_AE 346 N/A 11 0 0 0
TMR05 CRFO01_AE 566 N/A 288 253 0 0
TMR06 CRFO01_AE 605 N/A 169 0 0 0
TMR07 CRFO1_AE 967 1,321 123 130 12 9.2) 1(0.8)
TMRO08 CRF01_AE 589 590 78 39 7 (17.9) 1(2.6)
TMR09 CRF01_AE 571 322 78 174 16 (9.2) 0
TMR10 CRFO01_AE® 944 807 36 90 0 0
TMR11 B2 701 1,106 90 104 1 (1.0) 0
TMR12 CRF01_AE 538 928 115 70 0 0
TMR13 CRFO01_AE 568 342 120 273 9(3.3) 4(1.5)
TMR14 CRF01_AE? 606 1,048 233 0 0 0
TMR15 CRFO1_AE 743 615 232 55 2 (3.6) 0
TMR16 CRFO01_AE 583 452 124 238 1(0.4) 0
TMR17 CRFO01_AE 552 553 55 76 1 (1.3) 0
TMR18 CRF01_AE 542 437 27 0 0 0
TMR19 CRFO01_AE® 572 872 66 109 1 (0.9) 0
TMR20 CRFO1_AE 563 573 14 0 0 0
Total 2,029 1,696 50 (2.9) 6(0.4)

No., number; NT, neutralizing activities; N/A, not applicable.
2HIV-1 subtype was resolved using TRUGENE HIV-1 Genotyping kit.
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Fig 1-Correlation plots between number of hybridomas and (A) CD4 counts, (B) time since HIV-1
diagnosis, (C) HIV-1 viral load, and (D) B cell numbers.

infected with HIV-1 subtype B (Table 2).

Establishment of hybridomas producing
anti-HIV-1 NhMADb

A total of 2,029 growing hybridomas
(range : 11-288; median : 84) were visually
observed under the microscope 14 days
post-fusion. Nine subjects (45%) produced
=100 hybridomas (Table 2). No differences
in the numbers of hybridomas produced
were seen between males and females.

Correlation between the number of estab-
lished hybridomas and clinical variables
in the study participants

We examined the relationship be-
tween the number of hybridoma pro-
duced and the clinical parameters of the
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study participants (CD4 counts, viral load
levels, time since HIV-1 diagnosis, and
B cell numbers) using Spearman’s rank
order correlation test. There was a statisti-
cally significant association (r,= 0.520, p
= 0.019, Fig 1A) between the number of
hybridomas and the CD4 count. There
was a trend toward a correlation between
the number of hybridomas and the time
since HIV-1 diagnosis (p = 0.058, Fig 1B).
No correlation between the HIV-1 viral
load or B cell numbers and the number
of hybridomas produced was observed
(Fig 1C and 1D).

The differences in the numbers of
hybridomas produced in each group of
study subjects was assessed by grouping
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study participants into 2 sub-sets
based on 1) a CD4 count of 500
cells/ul, 2) a plasma viral load of
10,000 copies/ml, and 3) 12 months
since HIV-1 diagnosis. A statistically
significant difference in the number
of hybridomas produced was seen
between participants with a CD4
count <and those with =500 cells/ul
(p = 0.030, Fig 2A). Subjects with a
CD4 count =500 cells/ul produced
100 (14-288) hybridomas compared
to subjects with a CD4 count <500
CD4/ul produced 32 (11-38) hybrid-
omas. This phenomenon was not
observed when study participants
were stratified by time since HIV
diagnosis or HIV-1 viral load (Fig 2B,
2C). Participants were not grouped
by numbers of B cells because the
results were not available for all
participants.

These data suggest participants
with higher CD4 counts produced
higher numbers of hybridomas.

Neutralizing activity against CRF01_
AE Env-recombinant viruses of
established hybridoma

Cultured supernatant collected
from all 2,029 identified hybridomas
were screened 3 times (14, 17, and 20
days post-fusion) for neutralizing
activity against 2 CRFO1_AE Env-
recombinant viruses, NL-55PL1 and
NL-105PL3. These are the most sen-
sitive of the 35 recombinant viruses
to neutralization by pooled HIV-1-
infected patient plasma (Utachee
etal, 2009b). Both positive and nega-
tive controls showed CRF01_AE
Env-recombinant viruses had high
infectivity and culture medium com-
ponents had no effect an CRF01_AE
Env-recombinant viruses or U87.
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among 23 selected clones. Dashed line is 50% neutral-
izing activity. 105PL3=netralizing activity against NL-
105PL3. 55PL1=neutralizing activity against NL 55PL1.

CD4.CCR5 cells (data not
show).

One hundred eighteen hy-
bridomas (5.8%) had the same
or an increase in neutralizing
activity (=35% neutralizing
activity) against at least 1
CRF01_AE Env-recombinant
virus. They were next diluted
in order to establish a single
hybridoma clone produc-
ing anti-HIV-1 NhMADb. At
14 days post-dilution, 1,696
single hybridoma clones were
identified. These were then
re-assayed at 3 different times
(days 14, 17, and 20 days post-
diluton) for neutralizing activ-
ity against NL-55PL1 and NL-
105PL3. Two hundred seventy
eight (16.4%) and 315 (18.6%)
single hybridoma clones had
the same or in increase in
neutralizing activity (=35%
neutralizing activity) against
NL-55PL1 and NL-105PL3,
respectively.

The majority of single
hybridoma clones had <50%
neutralizing activity against
CRF01_AE Env-recombinant
viruses, 265 of 278 (95.3%)
and 272 of 315 (86.3%) single
hybridoma clones had 35-
49.9% neutralizing activity
against NL-55PL1 and NL-
105PL3, respectively (Fig 3).
Overall, 50 single hybrid-
oma clones (2.9%) expressed
strong neutralizing activity
(=250% neutralizing activity)
against at least 1 CRFO1_AE
Env-recombinant virus. Of
these, 6 single hybridoma
clones (0.4%) demonstrated
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Correlation between the num-
ber of single hybridoma clones
espressing strong neutralizing
activity and clinical variables of
study participants

The association between the
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Fig 5—Correlation between the number of hybridomas ex-
pressing strong neutralizing activity against at least
1 CRF01_AE Env-recombinant virus by time since

HIV-1 diagnosis.

strong neutralizing activity against both
CRF01_AE Env-recombinant viruses
(Table 2). Of the 50 single hybridoma
clones expressing strong neutralizing ac-
tivity, 23 (46.0%) were selected for expan-
sion to establish large scale production of
an anti-HIV-1 NhMAb-producing single
hybridoma clone (Fig 4). Five (TMO04,
TM16, TM18, TM19, and TM20) of the
six single hybridoma clones expressed
strong neutralizing activity against two
CRFO01_AE Env-recombinant viruses;
all of which were obtained from HIV-1
CRF01_AE-infected individuals, whose
HIV-1 subtype was identified by antibody
binding with the HIV-1 V3 loop peptide
ELISA or HIV-1 pol sequence (TRUGENE
HIV-1 Genotyping Assay). These were
also selected for large scale production.
One of six single hybridoma clones was
lost during sub-culture.

These data demonstrate the success-
ful establishment of hybridomas produc-
ing anti-HIV-1 NhMADb from Thai HIV-1
CRF01_AE-infected individuals, whose

Vol 44 No.5 September 2013

number of single hybridoma
clones expressing strong neutral-
izing activity against CRFO1_AE
Env-recombinant virus and some
clinical characteristics of the
study participants was accessed
using the Spearman rank order
correlation test. There was a sig-
nificant inverse correlation between time
since HIV-1 diagnosis and the number
of single hybridoma clones expressing
strong neutralizing activity against at least
1 CRFO1_AE Env-recombinant virus (r, =
-0.446, p = 0.049, Fig 5). A significant as-
sociation was not observed with the CD4
count or HIV-1 viral load.

200

The data suggest an anti-HIV-1
NhMAb-producing single hybridoma
clone with strong neutralizing activity
against the CRF01_AE Env-recombinant
virus is mostly found during the first year
after HIV-1 diagnosis.

DISCUSSION

The serum of some HIV-1-infected
patients contains potent, broad NAbs (Li
et al, 2007); therefore, an understanding
of how broad the NAbs are in infected
individuals may provide valuable insight
for the development of an effective HIV-1
vaccine. Several HIV-1 vaccines globally
have been developed and evaluated for
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their safety and efficacy in clinical trials.
Two of three phase III HIV-1 vaccine clini-
cal trials have been conducted in Thailand
(International AIDS Vaccine Initiative,
2012). Type CRF01_AE accounts for ap-
proximately 80% of HIV-1-infected indi-
viduals in Thailand (Arroyo et al, 2010);
hence, the establishment of anti-HIV-1
NhMADbs in CRF01_AE-infected individu-
als may provide valuable information for
the development of an effective vaccine
against HIV-1 strains in Thailand. The
present study describes an important
criterion for selecting study participants:
high CD4 counts are important for the
development of monoclones producing
anti-HIV-1 NhMAD using hybridoma
technology from clinically asymptomatic
HIV-1 CRF01_AE-infected Thai subjects
who are naive to antiretroviral therapy.
We found a strong positive correlation
between the CD4 count and number of
hybridomas. A significant inverse asso-
ciation was seen between the length of
time since HIV-1 diagnosis and number of
monoclones expressing strong neutraliz-
ing activity. No correlation was observed
between the strength of neutralizing ac-
tivity and other clinical parameters. No
benefit exists for patient selection based
on plasma viremia to obtain monoclones
producing anti-HIV-1 NhMADb showing
strong neutralizing activity, but it is better
to select patients diagnosed with HIV-1
infection with high CD4 counts.

Ninety-five percent of our partici-
pants (19/20) were infected with HIV-1
CRF01_AE, which agrees with a previ-
ous cross-sectional study performed in
Thailand (Arroyo et al, 2010) that reported
approximately 80% of HIV-1 patients in
Thailand are type CRF01_AE. The high
percentage of patients with HIV-1 type
CRF01_AE in our study may be due to
the small sample size compared to the
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study by Arroyo et al (2010), which was
conducted on approximately 400 samples.
This study used antibody binding with
the HIV-1 V3 loop peptide ELISA and
the TRUGENE HIV-1 genotyping assay
for HIV-1 serotyping. They did not detect
the whole HIV-1 genome. Antibody bind-
ing to the HIV-1 V3 loop peptide ELISA
detects antibodies specific to the V3 loop
located on HIV-1 env glycoprotein, while
the TRUGENE HIV-1 genotyping assay
detects a genome sequence in the pol
region. They demonstrated good accu-
racy, reliability and reproducibility with
HIV-1 subtyping (Cheingsong-Popov et
al, 1994; Kuritzkes et al, 2003). Of the 19
HIV-1 CRF01_AE-infected participants in
our study, 9 generated clones expressing
strong neutralizing activity against at
least 1 CRFO1_AE Env-recombinant virus.
Interestingly, one monoclone with strong
neutralizing activity was produced by a
participant, who was infected with HIV-1
subtype B. This finding shows the pos-
sibility of anti-HIV-1 NhMADb expressing
cross-reactivity; however, an additional
confirmatory experiment should be per-
formed to prove cross reactivity of this
anti-HIV-1 NhMAD against other strains
of HIV-1.

The HIV-1 produced in cell culture
supernatant or in a patient’s plasma may
be quite heterogeneous, and only a small
part of the virus is infectious, whereas
the remaining viruses are non-infectious
(Kameoka M, personal communication).
In contrast, the recombinant viruses used
in this study were produced from 293T
cells transfected with proviral constructs;
therefore, the produced viruses were quite
homogenous and showed high infectivity
(Utachee et al, 2009a, 2010).

We found a significant positive rela-
tionship between the number of hybrid-
omas and the CD4 count in this study.
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When participants were divided into 2
groups based on a CD4 count of 500 cells/
ul, which the United States Centers for
Disease Control and Prevention (CDC)
has used as criteria for categorizing HIV-
1l-infected individuals as a non-immune
deficiency HIV-1-infected patient (Centers
for Disease Control and Prevention, 1992);
the number of hybridomas produced in
participants with a CD4 cell count =500
cells/ul was significantly higher than in
those with lower CD4 counts. This may
be explained by our finding of a signifi-
cant positive correlation between the CD4
cell count and the numbers of B cells, as
well as the observations from other stud-
ies that an effective CD4 T-cell response
played an important role in an effective
B-cell response (Chirmule et al, 1992;
Moir et al, 2003). High CD4 counts may
indirectly indicate a high B-cell response
which could result in large numbers of
hybridomas producing antibodies. Since
no correlation between the number of B
cells and the number of hybridomas pro-
duced was identified, we believe only the
CD4 counts played an important influence
on the production of hybridomas. When
comparing the number of monoclones
expressing strong neutralizing activity
between groups of volunteers with a CD4
count <500 cells/ul and =500 cells/ul, no
differences were found; this agrees with
other studies which reported no correla-
tion between declining CD4 counts in
HIV-1-infected patients, and the genera-
tion of potent, broad anti-HIV-1 NhMADbs
(Kelly et al, 2005; Rodriguez et al, 2007;
McLinden et al, 2012).

The present study demonstrated no
relationship between the time since HIV-
1 diagnosis and number of hybridomas
produced; however, there was a signifi-
cant inverse association between the time
since HIV-1 diagnosis and the number of
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monoclones expressing strong neutral-
izing activity. When study participants
were grouped into 2 subsets based on
<12 months or =12 months since HIV-1
diagnosis, participants who had been
diagnosed with HIV-1 for <12 months
produced larger numbers of clones with
strong neutralizing activity than those
who had been diagnosed with HIV-1 =12
months previously (Fig 2B). This obser-
vation could be explained by the subject
who had HIV-1 infection for a shorter time
still had high CD4 counts, which corre-
lated with large numbers of hybridomas
produced. This could result in more op-
portunities to generate more monoclones
expressing strong neutralizing activity.
Some previous studies reported the de-
velopment of a potent NAb response
against HIV-1 within the first year of
infection (Richman et al, 2003; Gray et al,
2007; Mikell et al, 2011), but other studies
reported a high level of NAb response in
chronically HIV-1-infected individuals
(Deeks et al, 2006; Euler et al, 2010; Mikell
et al, 2011).

In the present study, time since
diagnosis might not equate to time of
infection, because some people who had
recently been diagnosed might have had
the infection for years and had low CD4
counts (Ananworanich J, personal com-
munication). It could be possible some
participants enrolled in the present study
might be infected with HIV-1 for years.
This might be a reason why our findings
were discordant with previous reports. In
this study, the time since diagnosis did not
influence the production of hybridomas
but might have played a role in the mag-
nitude of the NAD response.

No correlation was seen between
the HIV-1 viral load and the number of
hybridomas, which is in agreement with
a previous report (Aasa-Chapman et al,
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2004). However, another study found a
significant association between persis-
tently low viral loads (100-10,000 copies/
ml) and the presence of broad NAbs in
plasma (Sajadi et al, 2011). For this reason,
we divided our participants into 2 groups
based on a plasma viremia of 10,000 cop-
ies/ml. Although no significant differences
in the number of hybridomas produced or
the number of clones expressing strong
neutralizing activity was seen between
the 2 groups, itis possible the participants
who had HIV-1 viremia <10,000 copies/
ml could produce larger numbers of hy-
bridomas and clone producing anti-HIV-1
NhMADs expressing strong neutralizing
activity than those who had an HIV-1 viral
load =10,000 copies/ml. This observation
could be due to impaired function of B
cells among HIV-1-infected individuals
with high HIV-1 viral loads leading to
reduced antibody responses (Moir et al,
2001; Moir and Fauci, 2009). Other stud-
ies have found an association between
plasma viral load and the number of
NAbs (Rodriguez et al, 2007; Piantadosi
et al, 2009). The discordance with other
published reports could be explained by
either the small sample size in this study
or the narrow plasma viral load range in
the subjects recruited.

The following shortcomings in our
study must be considered. First, our study
was designed to detect strong neutralizing
activity (=50% neutralizing activities) of
NhMADs obtained from the culture super-
natant of hybridomas, which is different
from studies that investigated the ac-
tivities of NAbs contained in the patient’s
serum (Subbramanian et al, 2002; Gray
et al, 2007; Rodriguez et al, 2007; Pianta-
dosi et al, 2009; McLinden et al, 2012).
Second, our study did not investigate
neutralizing activity against other strains
of HIV-1. This information is important to
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demonstrate the breadth of the activities
of our anti-HIV-1 NhMAbs, which we
could not include in the present study.
Third, we did not perform antibody iso-
type or antigen epitope mapping studies.

To our knowledge, this is the first
investigation of anti-HIV-1 NhMAbs
obtained from asymptomatic HIV-1
CRF01_AE-infected Thai individuals, in
whom their HIV-1 subtype was identi-
fied by antibody binding with the HIV-1
V3 loop peptide ELISA or HIV-1 pol
sequence (TRUGENE HIV-1 Genotyping
Assay). We also found a direct correlation
between number of hybridomas and the
CD4 count. Time since HIV-1 diagnosis
was significantly inversely correlated to
the number of clones expressing strong
neutralizing activity against CRFO1_AE
Env-recombinant viruses. We present
critical criteria for selecting study partici-
pants who have high CD4 counts to pro-
duce large numbers of hybridoma clones
expressing neutralizing activity against
HIV-1. Further studies of this monoclonal
antibody and its relationship to HIV-1 vac-
cine development are warranted.
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