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Abstract
The role of antibodies directed against the hyper variable envelope region V1 of human
immunodeficiency virus type 1 (HIV-1), has not been thoroughly studied. We show that a vaccine
able to elicit strain-specific non-neutralizing antibodies to this region of gp120 is associated with
control of highly pathogenic chimeric SHIV89.6P replication in rhesus macaques. The vaccinated
animal that had the highest titers of antibodies to the amino terminus portion of V1, prior to
challenge, had secondary antibody responses that mediated cell killing by antibody-dependent
cellular cytotoxicity (ADCC), as early as two weeks after infection and inhibited viral replication
by antibody-dependent cell-mediated virus inhibition (ADCVI), by four weeks after infection.
There was a significant inverse correlation between virus level and binding antibody titers to the
envelope protein, (R = -0.83, p 0.015), and ADCVI (R = -0.84 p=0.044). Genotyping of plasma
virus demonstrated in vivo selection of three SHIV89.6P variants with changes in potential N-
linked glycosylation sites in V1. We found a significant inverse correlation between virus levels
and titers of antibodies that mediated ADCVI against all the identified V1 virus variants. A
significant inverse correlation was also found between neutralizing antibody titers to SHIV89.6 and
virus levels (R = -0.72 p =0.0050). However, passive inoculation of purified immunoglobulin from
animal M316, the macaque that best controlled virus, to a naïve macaque, resulted in a low serum
neutralizing antibodies and low ADCVI activity that failed to protect from SHIV89.6P challenge.
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Collectively, while our data suggest that anti-envelope antibodies with neutralizing and non-
neutralizing FcγR-dependent activities may be important in the control of SHIV replication, they
also demonstrate that low levels of these antibodies alone are not sufficient to protect from
infection.

INTRODUCTION
The HIV envelope gene encodes four variable regions (V1–V4) [1;2]. The V3 region is
important for viral infectivity and tropism and is the principal target for neutralizing
antibodies of laboratory-adapted viruses [3-8]. Similarly, the V1/V2 regions of HIV
influence viral receptor and co-receptor usage and tropism [9-15]. Selection of genotypes
with changes in V1/V2 occurs during the early phase of HIV infection [16-18]. HIV
sequences of isolates, obtained during the chronic phase of infection, have extended V1/V2
regions and a higher number of potential N-linked glycosylation sites [12;19]. The turnover
of V1 and V2, in the later stage of HIV infection, is suggestive of in vivo selection [20] and
deletion or mutations that modify glycosylation sites within these regions, affect the
neutralization susceptibility of HIV and SIV isolates in vitro [13;21-26]. In infected rhesus
macaques, the selection of SIVmac239 strains that became resistant to neutralization has been
linked to changes in N-linked and O-linked glycosylation in V1 [27]. Interestingly, deletion
of the V1 region within the SIVmac239 molecular clone, results in decreased viral fitness in
vivo and greater neutralization susceptibility in vitro [23]. Similarly, single amino acid
changes affecting N-glycans in the V1/V2 of an HIV molecular clone, impacted viral fitness
and showed resistance to antibody neutralization in vitro [28]. The plasticity of the V1/V2
region of HIV/SIV suggests its importance for viral fitness, particularly in the context of an
active host immune response. However, there is no direct evidence that supports a protective
role of antibodies to the V1/V2 region in HIV or SIV infection. Here, we used the SHIV89.6P
rhesus macaque model and investigated the role of antibody responses to V1 in the control
of viral replication. We used a vaccine based on a cDNA encoding a chimeric HIV protein,
generated by an unusual splicing of the Tat open reading frame to the V1 envelope region
and the last exon of Rev (Tat-Env-Rev=TEV) [29-31] in a DNA prime-protein boost
regimen. The combination of these vaccines induced modest T-cell responses and antibodies
to the V1 that mediated a type specific antibody-dependent cell-mediated virus inhibition in
vitro. Correlative analysis suggests that ADCVI function contribute to the control of viral
replication in animals that nevertheless, become infected. However, passive transfer of
vaccine elicited antibodies to a neonate macaque failed to protect from infection. Thus, it is
possible that other immune responses, in addition to antibodies to V1, induced by this
vaccine regimen may have contributed to control of viral replication.

MATERIALS AND METHODS
DNA plasmids and protein expression

The tev genes for the HIV-1 isolates HIVBa-L, HIVSF162, and HIV89.6 were designed [32]
using the published sequences for each isolate (Genbank M68893, M65024, and U39362,
respectively) and were based on the published HXB2 tev sequence (Genbank M37898). The
genes were synthetically constructed and cloned into pPCR-Script Amp SK (Strategene, La
Jolla, CA) cloning vectors by Geneart (Regensburg, Germany). The tev genes were
synthesized using human and E .coli codon bias to optimize translation in both systems.

DNA vaccine vectors were constructed for Ba-L, SF162, and SHIV89.6 Tev, pCMV Ba-L
Tev, pCMV SF162 Tev, and pCMV 89.6 Tev, respectively. Briefly, for each tev construct, a
SacII/EcoRI DNA fragment encoding the tev gene was ligated into a mammalian expression
vector derived from pVR1332 (Vical, San Diego, CA) [33]. These plasmids are kanamycin
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resistant, and the expression of tev is under control of the CMV immediate-early promoter.
Plasmid DNA was produced at Althea Technologies (San Diego, CA), at the concentration
of 1mg/ml in sterile water. DNA was found to be >95% circular and predominantly
supercoiled by gel electrophoresis, with endotoxin levels below 1.5 EU/mg DNA.

The tev vaccine vectors were tested and found to be functional by radioimmunoprecipitation
assay (RIPA) of transiently transfected HEK 293 cells. Transfections were performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA), according to the manufacturer’s
recommended protocol. Wells of a twenty-four-well tissue culture plate were seeded with
2×105 HEK 293 cells in 500 μl DMEM (Quality Biological, Gaithersburg, MD),
supplemented with 10% heat-inactivated Fetal Bovine Serum (FBS; Hyclone, Logan, UT)
and 2 mM L-glutamine (Quality Biological). Cultures were incubated for 18h at 37°C with
5% CO2. For each plasmid, 2.5 μl of Lipofectamine 2000 reagent was mixed with 47.5 μl
Opti-MEM Reduced Serum Media (Invitrogen) and set at room temperature for 10 min. For
each plasmid, 1 μl (1 μg) DNA was mixed with 49 μl Opti-MEM Reduced Serum Media,
and set at room temperature for 5 min. DNA and Lipofectamine 2000 solutions were
combined and set at room temperature for 20 min, then added to the 18h HEK 293 cultures.
Cultures were further incubated at 37°C with 5% CO2 for 29h.

At 29h post-transfection, transfected and non transfected HEK 293 cells as negative control,
were washed once with 1 ml D-PBS (Quality Biological) and overlaid with 500 μl L-
methionine and L-cystine free DMEM (Invitrogen) supplemented with 2% heat-inactivated
dialyzed FBS (Invitrogen), 2 mM L-glutamine (Quality Biological), 1 mM sodium pyruvate
(Quality Biological), and 30 mg/ml L-methionine (Sigma, St. Louis, MO). Cells were
labeled with 50 μCi 35 S Cysteine (Perkin Elmer, Shelton, CT) and incubated for 16h at
37°C with 5% CO2. Media was removed and cells were lysed in PBS-TD (PBS with 0.5 %
Triton-X-100 and 1% deoxycholic acid) containing 1 μl/ml benzonase nuclease (EMD
Biosciences, Madison, WI) and 1 μl/ml Protease Inhibitor Cocktail for Mammalian Cells
(Sigma) for 10 min at room temperature. Lysates were clarified by centrifugation at 10,000
× g for 5 min. Lysates were precleared by shaking with 20 μl protein. A sepharose (PAS;
Amersham Biosciences, Piscataway, NJ), and 5 μl normal rabbit serum was at room
temperature for 1 hour. Ten percent glycerol was added to the precleared lysates, and lysates
were immunoprecipitated with 20 μl PAS and 5 μl rabbit anti-HIV-1MN Rev serum
(Advanced BioScience Laboratories, Kensington, MD), or 5 μl rabbit anti-HIV-1IIIB Tat
serum (Advanced BioScience Laboratories), for 2.5h at room temperature. Precipitated
proteins were separated by electrophoresis on 10% SDS-PAGE gels. The gels were
subsequently soaked in destaining solution (40% methanol and 7 % acetic acid) for 45
minutes, and then soaked in Amplify (Amersham Biosciences) for 30 min. The gels were
dried to filter paper and exposed to x-ray film (BioMax MR, Eastman Kodak, Rochester,
NY) and developed after 20h.

Animal studies
All fifteen animals were colony-bred rhesus macaques (Macaca mulatta), obtained from
Covance Research Products (Alice, TX). The animals were housed and handled in
accordance with the standards of the Association for the Assessment and Accreditation of
Laboratory Animal Care International, and the study was reviewed and approved by the
animal care and use committees at Advanced BioScience Laboratories (Kensington, MD).
The care and use of the animals were in compliance with all relevant institutional (NIH)
guidelines. A total of eight animals were immunized in two rounds: M316, M218, M308,
M490, and M599, M600, M607, M611, using the same DNA and protein preparation. Each
immunized animal received 3 mg of the TEV89.6, TEVSF162, and TEVBa-L plasmid DNA by
the intramuscular route at weeks 0, 3, and 8. Protein boost was performed using 100μg of
the purified HIV89.6 TEV proteins in CpG (2 μg /ml; ODN 2006, Coley Pharmaceutical
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Group, Wellesley, MA). Challenge exposure of all vaccinated and control animals were
performed by the intravenous route with SHIV89.6P titer XXX, kindly provided by Dr.
Norman L. Letvin. The following groups of animals were challenged simultaneously with
identical viral stock: animals M316, M218, M308, M490, L915, M320; animals M599,
M600, M607, M611, M604; animals L941, L942, L947, and L962.

ELISA
Briefly, ELISA plates were coated overnight at 4°C with 100 μl/well 50 mM of sodium
bicarbonate buffer (pH 9.6) containing 100 ng/well BSA plus: 50 ng/well of rHIV-1HXB2
Tat, rHIV-189.6 Tev, rHIV-1MN Rev proteins, a pool of 25 ng/well of each recombinant
gp140 (from Ba-L, SF162 P3, or HIV89.6). Plates were blocked at room temperature for 2h
with 200 μl/well 5% sucrose, 1.25% nonfat dry milk and 2.5% BSA. Serum samples were
diluted in Dilsim II (BioMerieux, Durham, NC), and 100 μl/well were added to plates, in
duplicate, and incubated for 1h at 37°C. Plates were washed four times with a solution of
PBS at a 0.5% concentration of Tween 20. Plates were incubated at 37°C with 100μl/well
goat anti-human IgG HRP conjugate diluted in PBS plus 20% NGS and 0.1% Triton-X-100
for 1h. Plates were washed four times in PBS plus 0.5% Tween 20, incubated for 30 min at
room temperature with 100 μl/well TMB substrate, and stopped with 100 μl/well 2 N
sulfuric acid. Absorbance was read at 450 nm. End point titers were calculated by
determining the dilution at which a sample’s absorbance value equals two times the
absorbance of the pre-bleed sera at 1:50 dilution.

Pepscans
A library of forty-eight peptides spanning the entire length of the HIV-189.6 Tev protein was
synthesized. Peptides are fifteen residues in length and overlapped the flanking peptides by
eleven residues. Peptides 1 to 18 are derived from the first exon of Tat; peptides 16 to 28 are
derived from the Env V1 region; peptides 26 to 48 are derived from the second exon of Rev.
ELISA plates were coated at 4°C overnight with 100 μl/well 50 mM sodium bicarbonate
buffer (pH 9.6) containing 100 ng/well BSA plus 1 μg/well individual peptides. Plates were
blocked at room temperature for 2h with 200 μl/well 5% sucrose, 1.25% nonfat dry milk,
and 2.5% BSA. Serum samples were diluted 1:100 or 1:5000 in Dilsim II, and 100 μl/well
were added to plates, and incubated for 1h at 37°C. Plates were washed four times with PBS
plus 0.5% Tween 20. Plates were incubated at 37°C with 100 μl/well goat anti-human IgG
HRP conjugate diluted in PBS plus 20% NGS and 0.1% Triton-X-100 for 1h. Plates were
washed four times in PBS + 0.5% Tween 20. Plates were incubated for 30 min at room
temperature with 100 μl/well TMB substrate, and stopped with 100 μl/well 2 N sulfuric acid.
Absorbance was read at 450 nm. Absorbance values from pre-bleed samples were subtracted
as background from the absorbance values of reactive samples.

ELISPOT assay
ELISPOT assay was performed with the monkey-specific IFN-γ Millipore kit (Billerica,
Massachusetts), according to the manufacture’s specifications. Briefly, after coating with
anti-IFN-γ monoclonal antibody, plates were incubated overnight at 4°C and washed, and
wells were covered with 5% human serum in PBS at room temperature for 2 hours. After
washing, PBMCs 2×105 in 50μl of RPMI-1640 containing 5% heat-inactivated human
serum were plated in each well and stimulated in triplicate with the HIV-I89.6 Env peptide
pool at 1 μg/ml. Concanavalin A (5μg/ml) was used as a positive control. After 18h
incubation at 37°C in a 5% CO2 atmosphere, plates were washed and coated with filtered
rabbit polyclonal anti-IFN-γ biotinylated detector antibody for 2 hours. Plates were
developed with chromogen substrate activated by alkaline phosphatase in streptavidin AP
conjugate and SFC’s counted on an ImmunoSpot Analyzer (CTL LLC, Cleveland, Ohio).
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Antibody-dependent cellular cytotoxicity and cell-mediated virus inhibition (ADCC and
ADCVI) assays

Antibody-dependent cellular cytotoxicity (ADCC) was evaluated by a flow-cytometry-based
assay as previously described [34;35]. Target cells were CEMx174 T-cells infected with
SHIV89.6P and the effector cells were human PBMCs. An effector to target [E:T] ratio of
50:1 was used. Titers are defined as the reciprocal of the serum dilution at which cell killing
was greater than the mean of week 0 samples of all macaques plus 3 standard deviations.

The ADCVI assay was based on methods described previously for measles virus and HIV
[36]. Target cells consisted of CEM.NKR--CCR5 cells infected with the SHIV89.6P or the
SHIV89.6P variants. After adsorption for 1h, target cells were washed, incubated in 5% CO2
at 37°C for 72h in medium, and washed an additional two times. Infected target cells
(5×104) were next plated in 96-well round-bottom microtiter plates, to which heat-
inactivated test plasma and fresh human PBMC effector cells (E:T ratio of 10:1) were added.
Plasma in the absence of effector cells was also tested for anti-viral activity. After 8 days
incubation at 37°C in 5% CO2, supernatant fluid was collected and assayed for p27 by
ELISA (Zeptometrix, Buffalo, NY). Virus inhibition due to ADCVI was calculated as
follows: % inhibition = 100(1 - ([p27p]/[p27n])), where [p27p] and [p27n] are the
concentrations of p27 in supernatant fluid from wells containing SHIV-positive or -negative
plasma, respectively.

HIV89.6 Tev protein purification
The HIV89.6 Tev protein was produced in E. coli and purified using immunoaffinity
chromatography. The HIV89.6 tev gene was amplified from the pPCR-Script Amp SK vector
containing the synthetic HIV89.6 tev gene using the following primers: HIV89.6 tev 5’ Nde
(acttagcatatggaacctgtgaaccctagcctgga) containing the NdeI site and HIV89.6 tev 3’ Xho
(ctaagtctcgagttactccttggtgccaggttc) containing the XhoI site. The NdeI/XhoI DNA fragment
encoding the tev gene was ligated into the bacterial expression plasmid pET26 (EMD
Biosciences, Madison, WI). The resulting pET26 HIV89.6 tev plasmid is kanamycin
resistant, and the expression of tev is under control of the IPTG-inducible T7 lac promoter.
BL21 (DE3) competent cells (EMD Biosciences) were transformed with pET26 HIV89.6 tev
and the tev sequence of clones were confirmed by DNA sequence analysis.

One liter culture of the HIV89.6 tev E. coli was grown at 37°C to 0.9 OD600nm, cooled to
22°C and induced with 1 mM IPTG for 6h. Cells were harvested by centrifugation and lysed
in 40 ml of a PBS-based buffer containing 0.5 M sodium chloride, 10 mM ascorbic acid, 50
mM mannitol, 2.5 % glycerol, 0.5 % Triton-X-100, protease inhibitor cocktail, 50 μg/ml
lysozyme, 1 μl/ml benzonase nuclease (EMD Biosciences), and 5 mM DTT. Lysates were
sonicated and clarified by centrifugation. TEV was purified from the lysate on mouse
monoclonal antibody to HIV-1 Tat sepharose, using 100 mM sodium carbonate with 5 mM
DTT for elution. The eluate was buffered with phosphate buffer and the pH was adjusted to
7.4 with hydrochloric acid. Protein was passed through a goat anti-mouse IgG sepharose
column to remove any mouse antibody that may have leached off of the immunoaffinity
column. Endotoxin was reduced to about 400 EU/mg protein using Detoxigel (Pierce
Biotechnology, Rockford, IL). The final Tev product runs as a 28 kDa protein on SDS-
PAGE with a purity of about 90%. In western blot, HIV89.6 Tev reacts well with rabbit anti-
sera to HIV-1 gp120, HIV-1 Tat, and HIV-1 Rev, demonstrating that the Tat, Env, and Rev
components that compose Tev are present and recognized immunologically.

RNA extraction and RT-PCR
Viral RNA was extracted from 140 μl of plasma using a QIAamp viral RNA kit (Qiagen,
Valencia, CA) with the final elution in 60 μl of elution buffer. A Titan One-Tube RT-PCR
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system (Roche Molecular Biochemicals, Indianapolis, IN) was used for the viral RNA
reverse transcription according to the manufacturer’s protocol. The following
oligonucleotides were used for amplification of V1/V2 region: Fwd 89.6 D1 5’-
GCCACACATGCCTGTGTACCCACAGA and Rev 89.6 D2 5’-
CCAGCCGGGACACAATAATGTATGGGA. PCR product was treated with 1 μl of Taq
polymerse (New England Biolabs, Inpswich, MA) for 15 min at 72°C and purified using
QIAquick gel extraction kit (Qiagen, Valencia, CA). V1/V2 PCR products were cloned into
pCR®2.1 TA TOPO vector (Invitrogen, Carlsbad, CA) according to the manufacturer’s
protocol. QIAprep spin miniprep kit (Qiagen, Valencia, CA) was used for plasmids
isolation. Samples were sequenced by ABI dye terminator sequencing (Perkin-Elmer Corp)
and analyzed using internet available tools: http://www.expasy.ch/tools/dna.html and
http://www.ebi.ac.uk/Tools/clustalw2/index.html for translation of nucleotide sequences and
amino acids alignment, respectively.

Site-specific mutagenesis
The infectious molecular clone of SHIV89.6 was obtained as two plasmids (pSHIV-89.6 5’,
cat. number 4130, Lot number 1 and pSHIV-89.6 3’, cat. number 4131, Lot number
3041818) through the AIDS Research and Reference Reagent Program, Division of AIDS,
NIAID, National Institutes of Health from Dr. Joseph Sodroski [37].

SHIV89.6 P 3’ plasmid was used as a template for generation of envelope mutants by PCR.
The following site-specific mutagenic oligonucleotides were used and the sequence of
plasmid clones was analyzed to confirm the mutations.

SHIV89.6 3’ PtoL Fwd 5’ GAATACTACTAATCTCACTAGTAGCAGCTGG, (aa sequence
NTTNLTSSSW), SHIV89.6 3’ PtoL Rev 5’
CCAGCTGCTACTAGTGAGATTAGTAGTATTC (aa sequence NTTNLTSSSW);
SHIV89.6 3’ StoN Fwd 5’ CTACTAATCTCACTAATAGCAGCTGGGGAATG (aa
sequence TNLTNSSWGM), SHIV89.6 3’ StoN Rev 5’
CATTCCCCAGCTGCTATTAGTGAGATTAGTAG (aa sequence TNLTNSSWGM). 5 μg
of SHIV89.6 5’ cut SphI and ClaI and 5 μg of SHIV89.6 P 3’ wild type plasmid or its
envelope mutants cut SphI and AflII were purified by phenol/chloroform extraction followed
by ethanol precipitation using standard procedures and ligated using T4 DNA ligase (USB
Corporation, Cleveland, OH). 2 μg of linear DNA product were used for transfection of
293T-cells, seeded 24h earlier in 6-well plate, supplemented with Dulbecco’s modified
Eagle medium (DMEM) containing 10% of FBS, 2 mM penicillin-streptomycin and 5 mM
L-glutamine using Effectene (Qiagen, Valencia, CA) according to the manufacturer’s
protocol. 48h after transfection supernatant was collected, stored at -80°C for future p27Gag
ELISA measurements and infection of CEMx174 cells.

Luciferase assay
Supernatent fluid from SHIV89.6 wild type or envelope glycosylation mutant virus-infected
CEMx174 cells, normalized for p27 Gag content, was used for infection of TZM-bl cells.
Briefly, TZM cells were seeded in a 24-well plate and infected the following day. At the day
of infection, cells were incubated in 0.5 ml of supernatant containing SHIV89.6P wild type or
its envelope mutant viruses. After 4 hours, the cells were washed three times with PBS and
supplemented with fresh DMEM medium containing 10% of FBS, 2 mM penicillin-
streptomycin and 5 mM L-glutamine (Invitrogen, Carlsbad, CA). Cells and supernatant were
collected 48h post-infection. The Dual-Luciferase Reporter Assay System was obtained
from Promega (Madison, WI) and all measurements were performed according to the
manufacture’s protocol. Luciferase values were normalized to protein content and protein
concentration was determined using the Bio-Rad (Hercules, CA) Protein Assay.
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Kinetics assay
CEMx174 cells (2×106 cells/ml) were incubated with 2 ml of supernatant containing
SHIV89.6P virus or its envelope mutant viruses in 15 ml tubes at 37°C and 5% CO2. Every
15 minutes cells were gently swirled. After 2h, the cells were washed three times with PBS
and aliquoted. 2×105 cells were resuspended in 1 ml fresh RPMI medium containing 10% of
FBS, 2 mM penicillin-streptomycin and 5 mM L-glutamine (Invitrogen, Carlsbad, CA) and
further incubated at 37°C. Supernatant was collected daily for four days, and stored at
-80°C.

p27 ELISA
In experiments measuring the growth kinetics of SHIV variants, the SIV p27 Antigen
Capture Assay Kit (Advanced BioScience Laboratories Inc., Kensington, MD) was used to
quantify p27Gag in the supernatant. Undiluted or diluted cell culture supernatants were used
for analyses to obtain values within the standard range. Experiments were repeated three
times and all measurement performed according to the manufacture’s protocol. Results are
shown as average and standard deviation of duplicates.

Neutralization assay
Neutralization was measured as a reduction in luciferase reporter gene expression after a
single round of infection in TZM-bl cells as described [38;39]. TZM-bl cells were obtained
from the NIH AIDS Research and Reference Reagent Program, as contributed by John
Kappes and Xiaoyun Wu. Briefly, 200 TCID50 of virus was incubated with serial 3-fold
dilutions of test sample in duplicate in a total volume of 150 μl for 1 hour at 37°C in 96-well
flat-bottom culture plates. Freshly trypsinized cells (10,000 cells in 100 μl of growth
medium containing 75 μg/ml DEAE dextran) were added to each well. One set of control
wells received cells + virus (virus control) and another set received cells only (background
control). After 48-hour incubation, 100 μl of cells was transferred to a 96-well black solid
plate (Costar) for measurements of luminescence using the Britelite Luminescence Reporter
Gene Assay System (PerkinElmer Life Sciences). Neutralization titers are the dilution at
which relative luminescence units (RLU) were reduced by 50% compared to virus control
wells after subtraction of background RLUs. Assay stocks of the molecularly cloned
SF162.LS Env-pseudotyped virus and of the proviral NL-ADArs clone were prepared by
transfection in 293T cells. An assay stock of uncloned SHIV-89.6P was prepared in human
PBMC. All viruses were titrated in TZM-bl cells as described [39].

Rhesus Serum IgG Purification
IgG was purified from pooled sera collected from animal M316 at weeks 30, 34, 38 based
on methods previously described [40]. Pooled serum was heat inactivated at 56° C for 1
hour and delipidated by centrifugation at 90,000 × g for 16 hours. The lower phase was
removed from the lipid-containing upper phase and clarified with a 0.22 μm filter. The
clarified serum was buffered with PBS and bound to Prosep® Ultra Plus (Millipore,
Billerica, MA) protein A resin. Bound IgG was washed with PBS and eluted in 0.5 M
Acetate buffer, pH 3. The eluate was buffered with Tris, and the pH was adjusted to 7.2 with
3 N sodium hydroxide. The eluate was concentrated using a 30 kDa molecular weight cutoff
filter, and the buffer was exchanged with normal saline. The concentration of the purified
IgG was calculated based on the absorbance at 280 nm and the extinction coefficient of 1.35
for a 1mg/ml solution. From 102 ml of serum, 1018 mg IgG was purified (18.5 mg/ml).
Identity of purified IgG was verified by reducing and non-reducing SDS-PAGE. As
described for animal sera, binding to rHIV-189.6 Tev, pooled recombinant gp140 (from Ba-
L, SF162 P3, or HIV89.6P) and pooled rHIV-189.6 V1 peptides (peptides 16-28) was
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confirmed using ELISA. Endotoxin levels were determined to be <0.03 EU/mg using the
QCL2000 assay (Lonza, Walkersville, MD).

Statistical methods
Two-group comparisons of viral load and immune response data were made using the exact
Wilcoxon rank sum test. Correlations between these quantitative factors were assessed by
the exact Spearman rank correlation method. Tests of mutant viral replication in vitro were
performed by the analysis of variance of log-transformed activity relative to wild type. All p
values are two-tailed, and p values from simultaneous tests of three viral variants were
corrected by the Hochberg method.

RESULTS
Tev vaccines partially protect rhesus macaques from pathogenic SHIV89.6P challenge

Both the laboratory adapted HIVIIIB strain and the pHXB2 molecular clone derivative
produce Tev protein that is encoded by a doubly spliced mRNA and that juxtaposes the first
exon of Tat to the V1 region of the envelope and to the second exon of Rev [29-31]. Thus,
Tev contains only the V1 region of the HIV-1 envelope gene. We investigated whether Tev
would be a useful vaccine platform to present V1 to the host’s immune system. We have
chosen the SHIV89.6P macaque model because we wished to test the immunogenicity and
protective potential of HIV-1 epitopes within V1. In addition, it has been shown that Tat
based vaccines do not protect from SHIV89.6 high virus levels so protection in this model
would likely be due to V1 as opposed to Tat immune responses [41;42]. This model has
been criticized because the SHIV89.6P isolate uses the CXCR4 receptor for infection of
rhesus macaques, whereas most HIV-1 transmission to human occurs with HIV strains that
use the CCR5 receptor [23;24;43], However, CXCR4 user HIV strains are found during the
chronic HIV infection and can also be transmitted although rarely [44;45]. Importantly, is
the SHIV89.6P challenge model, Tat–based vaccines alone do not confer protection from a
high level of plasma virus [42;46].

We confirmed that transfection of the pHXB2 molecular clone into 293T-cells results in the
expression of the 27-28 kDa Tev protein, which occurs simultaneously with the expression
of Tat, Rev, Nef, and Env as expected [29-31] (Fig. 1A). The vaccines consisted of Tev
cDNA plasmids derived from the HIVSF162, HIVBAL, and HIV89.6 strains whose sequence
differs greatly in V1 (Fig. 1B). All three Tev cDNAs yielded the expected 28 kDa protein
upon transfection in 293T-cells (Fig. 1C). Because our aim was to induce an antibody
response to V1, we also expressed and purified the HIV89.6 Tev protein in bacteria (Fig. 1C)
and used it in a DNA prime-protein boost approach that is known to induce good antibody
responses, to vaccinate the animals with the regimen depicted in Fig. 1D.

Eight macaques were immunized with the HIV89.6, Ba-L, and SF162 Tev plasmids by the
conventional intradermal and intramuscular route (weeks 0, 3, 8), followed by two boosts
with the HIV89.6 Tev protein in CpG adjuvant at week 12 and 18 (Fig. 1D). Of seven control
animals, three were immunized with CpG (M320, L915 and M604), and four were left un-
immunized. All animals were challenged intravenously with the same stock of the highly
pathogenic SHIV89.6P virus at 22 weeks from the first immunization (Fig. 1D).

Virus levels following intravenous challenge with SHIV89.6P were measured by NASBA in
plasma of vaccinated and control rhesus macaques. The eight vaccinated macaques had
significantly lower plasma virus levels at weeks 10, 12, 14, and 16 weeks post-challenge
(p<0.013 for each) than the seven unvaccinated controls (Fig. 1E). Among the eight
vaccinated animals, four (M316, M490, M308, and M607) had significantly lower plasma
virus levels than the other vaccinated macaques over weeks 10 to 16 (p=0.029 by the
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Wilcoxon rank sum test). The remaining four vaccinated rhesus macaques also had lower
plasma virus levels than the control animals at all time points (p<0.05, data not shown).
There was a trend toward better preservation of CD4+ T-cell counts in vaccinated animals
following infection with SHIV89.6P (Fig. 1E).

Type specific antibodies to V1 but not ELISPOT inversely correlate with plasma virus
levels

Vaccination elicited low levels of ELISPOT responses against 89.6 Tev overlapping
peptides, which were negligible at the time of challenge (see week 0 in Fig. 2A and data not
shown). In some of the vaccinated macaques however, ELISPOT responses were detected
following challenge with SHIV89.6P (Fig. 2A). Animal M218 mounted a broad response to
the Tev peptides derived from HIVBa-L, HIVSF162, and HIV89.6, likely because of persistent
virus replication post-challenge; animal M308 responded better to peptides from HIV89.6
and less so to HIVBa-L and HIVSF162, whereas animal M316 had a poor response to all the
peptides in the pool, likely because viral replication was blunted early (Fig. 1E).
Interestingly, the ELISPOT responses were not elicited by infection with SHIV89.6P in the
naïve control animals, even though these animals responded to Concanavalin A (Fig. 2A and
data not shown). There was no significant correlation between plasma virus levels at any
time and T-cell responses before or after challenge (data not shown and Table 3). Because
this vaccine regimen induced poor T-cell responses, ELISPOT assays were not performed in
the remaining vaccinated or control macaques.

We measured ELISA antibody titers in sera of rhesus macaques against recombinant 89.6-
derived Tev, Tat, Rev, and a pool of recombinant Ba-L, SF162P3, and 89.6P Env proteins
purified from the conditioned media of HEK 293 Env-expressing cell lines. All vaccinated
animals developed antibody to 89.6 Tev (range of titers = 6×103 to 5×104) and to Tat (range
= 6×103 to 3.5×104) (Fig. 2B and 2C). Titers to Rev were lower and peaked at 8.3×103 in
animal M600 and at 5×103 in animal M316 (Fig. 2D). SHIV89.6P infection did not boost
secondary responses to Tat, Tev, or Rev with the exception of animal M607, which
experienced an increase in antibody titers to Rev following infection (Fig. 2D). This result
suggest that there may be an insufficient expression of Tat and Rev protein in vivo to induce
a clear secondary antibody response, as also observed by others [47]. Titers to the Env
increased above 2 × 104 by week 25 (three weeks following challenge) in the vaccinated
animals (M316, M308, M490, and M607) (Fig. 2E) and anti-Env antibody titers measured
five weeks after challenge correlated inversely with plasma viremia level obtained at the
same time (R = -0.83, p=0.015). Similarly, anti-Tev antibody titers inversely correlated with
plasma virus level five weeks post infection (R=-0.87, p=0.0079). In contrast, there were no
significant correlations between plasma virus level and titers of antibody against Tat or Rev
at any time point. These data suggest that a secondary antibody response to the V1 region of
the Env might have played a significant role in the controlling of the virus levels in the
vaccinated rhesus macaques.

To investigate this hypothesis, we first tested serum reactivity against overlapping peptides
that encompassed the entire HIV89.6 Tev amino acid sequence. Sera obtained one week after
the last immunization (week 19), recognized peptide clusters at the amino terminus region of
Tat and at least two regions within Rev (Fig. 2F and data not shown). By this time point, the
serum from animal M316 also recognized the peptide cluster 21-24 that correspond to the
V1 region. However, following challenge sera from animals M316 (weeks 24, and 27),
M308 (week 27), and M490 (week 24 and 27), also recognized peptides that spanned within
the V1 region, whereas, sera from animal M218 and all of the other vaccinated animals
bound minimally or not at all, to this amino acid stretch (Fig 2F and data not shown).
Animal M316 serum recognized V1 peptides at a 1:5000 dilution five weeks post challenge
(data not shown).

Bialuk et al. Page 9

Vaccine. Author manuscript; available in PMC 2012 December 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To further characterize the amino acids within V1 recognized by the animal sera, we used
overlapping peptides encompassing only the V1 region of HIV89.6, SF162, and Ba-L.
Interestingly, only the sera from the immunized animals that were able to contain plasma
virus levels (M316, M308, M490, and M607) recognized the overlapping peptides 21 to 23
derived from the SHIV89.6P V1 amino acid sequence (Fig. 2G). The sera of the remaining
vaccinated or control macaques did not bind or minimally bound to these peptides (Fig. 2G
and data not shown). The amino acid sequence recognized, TKNTTNPTSSSW, is depicted
in Fig. 2H and corresponds to the amino terminus of the SHIV89.6 V1 region. The antibody
response to V1 was strain–specific, as sera that recognized the 89.6V1 did not recognize the
peptides from the equivalent region of the HIVBa-L or HIVSF162 before or after challenge
exposure (Fig. 2I and data not shown). Animal M316 was an exception as its serum
recognized the V1 of SF162 at week 10 before challenge exposure (Fig. 2I).

In vitro replication of viral variants found in the plasma of vaccinated and control
macaques

Masking of B-cell epitopes by N-linked or O-linked glycosylation within V1 is thought to
favor escape from immune recognition [22;25;27]. The data presented above suggests that
antibodies to the amino terminus of the V1 region could play a role in protection from high-
level viral replication. Therefore, we studied the genetic composition of viral variants in the
plasma of vaccinated and control animals following challenge of SHIV89.6P. RNA was
obtained from longitudinal plasma samples from vaccinated and control animals and from
the cell free SHIV89.6P challenge stock. The RNA was reverse transcribed and the V1 DNA
sequence was obtained from a minimum of 6 molecular clones per sample. Genetic analysis
of the challenge virus stock demonstrated the presence of two genotype variants: the most
frequent variant has at amino acid position 143 a leucine whereas, a less frequent variant has
a proline (Fig. 3A-B), similar to the non pathogenic clone SHIV89.6. Of note, the V1
sequence included in the HIV89.6 Tev used to vaccinate the rhesus macaques has a proline at
position 143 (Fig. 1B) [37]. Importantly, the leucine to proline change at position 143
eliminates a potential N-linked glycosylation site, as the consensus sequence of putative
glycosylation sites is NXT/S and X cannot be a proline.

Analysis of the in vivo selection of these two variants in the plasma of infected macaques
demonstrated that the leucine 143 variant predominates in the plasma of most animals by the
second week of infection (Fig. 3A and B). This predominant V1 variant was substituted by
the variant that has a proline at position 143 in the plasma of animal M316 during primary
infection and in animals M607, L941, and L947 during the chronic phase (Fig. 3A and B).
We also observed a novel V1 variant with an asparagine to serine substitution at position
145. This mutation adds a potential N-glycosylation site (KNTTNLTNSSW) and this variant
was predominant by week 8 in animal L915, but constituted a small fraction of the virus
present in the remaining animals (Fig. 3A and B).

Because changes in glycosylation of the envelope protein have been associated with
differences in HIV plasma virus levels [12], we investigated whether these amino acid
changes affected viral replication in vitro. We used the non pathogenic molecular clone of
SHIV89.6 that carries the proline at position 143 and designated it as SHIV89.6P WT. The
proline at position 143 was mutagenized to a leucine and this clone was designated
SHIV89.6 L. The P to L change reconstitutes a potential glycosylation site within V1, and this
variant predominates in all animals within two weeks from infection as demonstrated in Fig.
3. In addition, we mutagenized the asparagine at position 145 to a serine in the clone
SHIV89.6LN that introduces a new potential glycosylation site within V1. These constructs
were transfected into 293T-cells, and the cell supernatant fluid, normalized for p27Gag
content, was used to infect TZM-bl cells, human PBMCs, and the CEMx174 T-cell line
[38]. Infection of the TZM cells did not reveal significant differences between the ability of
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SHIV89.6 WT, SHIV89.6 L, and SHIV89.6 LN to increase HIV-LTR driven luciferase activity
(Fig. 4A). Accordingly, production of p27Gag was not significantly different among these
viruses in the CEMx174 T-cell line (Fig. 4B), primary human PBMCs (Fig. 4C) and in
primary rhesus macaques PBMCs (data not shown).

Sensitivity to ADCVI and ADCC of SHIV 89.6 variants
Next, we investigated whether and when the sera of vaccinated macaques could mediate
antibody-dependent cell-mediated inhibition of SHIV89.6P [36]. At a serum dilution of
1:100, inhibition of viral replication was observed in five of the six animals tested at time of
challenge (Fig. 5A) and this activity was boosted following viral challenge exposure (Fig.
5B and 5C). Correlative analysis of ADCVI activity at week 4, with the antibody titers to the
Envelope, Tat, and Rev proteins indicated a correlation that approached statistical
significance only for the Envelope protein (R=0.84; p=0.067) consistent with the hypothesis
that antibodies to V1 mediate ADCVI. Importantly, analysis of the geometric mean ADCVI
titer at week 4 and 6 and plasma virus levels during the chronic phase of infection (weeks 7
to 16) revealed a significant inverse correlation, (R=-0.84; p=0.044), suggesting that this
immune response contributed to the control of viral replication observed in these macaques.

As demonstrated in Fig. 3A and 3B, the SHIV89.6P challenge stock contains at least two
major genotypes that are present at different frequency in the plasma of infected macaques.
Because these variants may vary in their susceptibility to ADCVI, we tested the ADCVI
activity in a 1:100 dilution of the sera of the vaccinated and control macaques against the
SHIV89.6 WT, SHIV89.6L, and SHIV89.6 LN viruses. As demonstrated in Fig. 5D, the sera of
vaccinated animals had significantly higher ADCVI activity than control macaques at week
5 against only the SHIV89.6 WT (p=0.024). No significant differences were observed among
vaccinated and control macaques in the ADCVI activity against all variants at week 22, (Fig.
5E). Importantly, a significant inverse correlation was found between plasma virus levels
(week 7-16 interval) and the extent of ADCVI at week five post challenge (14 macaques)
against the SHIV89.6L (R=-0.72p=0.0094), the SHIV89.6 WT (R=-0.79 p=0.0034), and the
SHIV89.6 LN (R=-0.64,p=0.017) (Table 3). This inverse correlation was significant for all
three variants also at week 22 SHIV89.6L (R=-0.85p=0.0086), SHIV89.6 WT (R=-0.76
p=0.015), and SHIV89.6 LN (R=-0.78,p=0.021). ADCC was also measured at week 2 and 10
post-challenge using CEMx174 cells infected with SHIV89.6P. As demonstrated in the Table
1, the only serum that had ADCC at week 2 was that obtained from animal M316. Thus,
animal M316 had the highest titers to V1 and controlled plasma virus level to undetectable
levels by week 6 post-infection. Only a few sera had ADCC activity at week 10 post-
challenge (Table 1).

Neutralizing antibody to SHIV89.6P is delayed compared to ADCVI
Rhesus macaques that mounted a secondary ADCVI antibody response by week 4 or 6 post-
challenge, controlled virus replication better than those which did not, suggesting a
protective role for these antibodies. To further study the functionality of these antibodies, we
performed neutralization assays using TZMb1 cells [38] that expresses the CD4 and CCR5
HIV receptors. At the time of challenge, none of the animals’ sera had detectable
neutralizing antibodies titers to SHIV89.6P, or the HIVSF162.LS and HIVNL-ADArs strains
(Table 2). By week 4, only three of the vaccinated and none of the control macaques did
develop low titers of neutralizing antibody to SHIV89.6P and none to SHIVSF162.LS (Fig. 6A-
C and Table 2). By week 6 however, most vaccinated animals developed higher titers of
neutralizing antibody to both SHIV89.6P, HIVSF162.SL (Table 2 and Fig. 6A-C), and titers to
SHIV89.6P at week six inversely correlated with plasma virus levels (R=-0.72;p=0.005)
(Table 3). Interestingly, neutralizing antibody to HIVNL-ADArs developed in most animals
(Table 2) and correlated inversely with plasma virus levels (week 7-16) at both week 4 and 6
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(R=-0.90;p=0.0001 and R=-83;p=0.0004 respectively, Table 3). HIVNL-ADArs is a CD4-
independent virus that is highly sensitive to neutralization and in particular, appears to
possess highly exposed epitopes in the V3 loop and co-receptor binding domains of gp120
[48]. Because of involvement of V1 in co-receptor usage, this virus would be expected to be
a sensitive indicator of the vaccine-elicited neutralizing antibody response and of secondary
V1-specific antibodies induced post-infection that are not necessarily capable of directly
neutralizing the challenge virus. Thus, ADCVI was elicited as early as 4 weeks from
infection, whereas a high titer of neutralizing antibody to the challenge virus SHIV89.6P,
developed two weeks later (week 6), and by then both neutralizing antibody and ADCVI
correlated with suppression of viral replication. Collectively, these data suggest that ADCVI
mediated by non-neutralizing antibodies may be important in the early control of viral
replication.

Passive transfer of immunoglobulins to naïve macaques fails to protect from SHIV89.6P
infection and high virus levels

Since we demonstrated a correlation between antibodies able to mediate ADCVI, as well as
neutralization and plasma virus levels, we wished to test whether purified immunoglobulins
(Ig) could confer some level of protection from SHIV89.6P. To do so, we obtained serum
from the vaccinated macaque M316 because this animal had ADCVI activity that was
maintained up to 24 weeks after challenge exposure (Fig. 6D) even in the absence of overt
plasma viremia (Fig. 1E).

Ig was purified from the serum collected from macaque M316 at time of euthanasia (week
24 post infection). At this time point, the serum of animal M316 still had ADCVI activity
(Fig. 5D) as well as, neutralizing antibody titer to 89.6P of 1:263 in TZM-bl cells. We
inoculated 400mg/kg of purified Ig from macaque M316 into naïve macaque P155 by the
subcutaneous route and exposed this animal by the intravenous route to SHIV89.6P six hours
following the Ig inoculation. A control naïve animal, macaque P156, was inoculated with
the equivalent amount of a commercially available human immunoglobulin preparation. At
the time of challenge the titers of neutralizing antibody and ADCVI to SHIV89.6P in the
serum of macaque P155 was 68 and 1,600 respectively. At one week after infection, the
neutralization titer dropped to 31, whereas ADCVI activity was sustained. Nevertheless,
despite the presence of ADCVI and low neutralizing antibody titers, macaque P155 became
infected following exposure to SHIV89.6P and its plasma virus level did not differ from that
of the control macaque P156 (Fig. 6E).

DISCUSSION
A protective role of CD8+ T-cells [49;50], including SIV-specific CD8+ T-cells [51], in the
control of SIV replication has been inferred by several studies in non-human primates.
However, in rhesus macaques, vaccines able to induce T-cell responses have afforded only a
limited degree of protection from high virus level and at most have delayed, rather than
prevented AIDS [52-56]. The recent partial success of a combination of vaccine able to
induce both T and B-cell response suggest the importance of antibody to the envelope
protein [57]. Thus, there is a pressing need for continued evaluation of the role of antibody
in controlling HIV/SIV replication. Early studies in chimpanzees have demonstrated that
antibodies to the V3 loop, provide type-specific immunity to laboratory isolates of HIV [58]
and that chimpanzees develop both neutralizing and ADCC antibodies to V3 [59]. The
protective role of neutralizing antibodies has also been demonstrated in macaques, whereby
passive administration of a large quantity of antibodies that neutralize a number of HIV
strains has prevented infection of non human primates exposed mucosally or intravenously
to high doses of SHIV [60;61]. Of note, passive administration of lgG1b12, a broadly
neutralizing monoclonal antibody, has protected rhesus macaques from infection. However,
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the in vivo mechanism of protection was in part, Fcγ-R receptor mediated. Thus, it appears
that antibody functions apart from neutralization contributed to protection [62]. Indeed,
vaccine studies in non human primates [34;63-66] and analyses of sera from HIV-infected
individuals [67;68] have shown an inverse correlation between the level of antibodies that
mediate either ADCC or ADCVI and virus level. Antibodies directed against HIV/SIV Env,
Tat, and Nef proteins [66;69;70] have been shown to mediate ADCC or ADCVI. We
hypothesized that the high variability and plasticity of the HIV-1 V1 envelope region may
have evolved to avoid the pressure of innate and/or adaptive host responses. Indeed, our
study suggests that pre-existing antibody to V1 may affect viral replication in the immunized
macaques, as also suggested by studies on viral fitness in vivo [27]. The notion that V1 may
affect viral fitness is also suggested by studies in humans demonstrate that, early selection of
genotypic variants in V1 occurs in humans during mucosal transmission of HIV [17;18].
Additionally, neutralizing antibodies directed to V1 have been described [71]. To test this
hypothesis, we have chosen as a vaccine platform the Tev gene which encodes the V1 region
of the HIV-1 envelope protein and the first and last exons of the Tat and Rev protein
respectively. The Tev mRNA is generated by a rare natural mutation in the HIV envelope
gene that leads to the inclusion of a cryptic exon in most HIV mRNAs and results in
decreased viral production [29-31;72]. We chose a DNA prime protein boost vaccination
regimen because the primary purpose was to elicit antibodies to V1. Furthermore, we used
the SHIV89.6P model as it has been previously demonstrated that Tat-based vaccines do not
protect rhesus macaques against SHIV89.6P challenge[41;42], and because antibodies to Rev
are not known to mediate ADCC or neutralization since Rev is nuclear/nucleolar protein.
Our results demonstrate that this vaccine platform elicited low level of cell mediated
immune responses that did not correlate with protection. Rather, we found that this vaccine
regimen induced type-specific antibody responses to the amino terminus of V1.
Interestingly, the vaccinated macaque M316 that developed the highest titers to V1 and
ADCC by week two post challenge also had a decrease in peak plasma virus levels and
controlled virus replication to undetectable levels by week six. In the remaining immunized
macaques, a substantial level of ADCVI was measured at four weeks following challenge.
Consistent with this observation, ADCVI at week 4 and 6 was not associated with a decrease
in plasma virus level during acute infection but was inversely correlated with plasma virus
level during the chronic phase of infection. These data suggest that both the extent and the
timing of the secondary antibody response to the Env may be key in curtailing primary virus
replication. While the present work does not formally demonstrate that V1 is a direct target
of ADCC or ADCVI, it demonstrates that the pre-existence of this strain-specific antibody
response to V1 significantly correlates with the development of ADCVI by 4 weeks post-
infection. ADCVI was likely directed to the envelope, as little or no secondary response to
Tat or Rev was observed in the macaques that developed ADCVI. Interestingly, we found
that the development of ADCVI was followed by the development of neutralizing antibodies
[67], similar to the detection of ADCVI before neutralizing antibody titers in macaques
immunized with adenovirus-based SIV vaccines [73]. The overall implication of our
findings is that non-neutralizing antibody to HIV envelope, and possibly to V1 may
contribute to viral control protection, as summarized in Table 3, suggesting that the envelope
protein should be a component of an effective HIV vaccine. Our result that demonstrated the
lack of protection from SHIV89.6P, mediated by the passive administration of antibody from
a protected macaque to a naïve macaque, suggests the possibility that T-cell responses
contribute together with ADCC, ADCVI, and neutralizing antibodies to protection from high
level of virus replication [74].
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Highlights

• Antibodies to the SIV V1 region

• Macaque model of HIV infection

• ADCC in protection

• ADCVI in protection
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Figure 1. Relative efficacy of Tev vaccines in macaques
(A) The expression of Env, Nef, Rev, and Tev proteins was assessed by western blot in cell
lysates at 4, 8, 14, and 18 hours post-transfection of the pHXB2 molecular clone in 293T
cells.
(B) Amino acid sequence alignment of the putative HIVHXB2, HIVBa-L, HIVSF162, and
HIV89.6 Tev proteins.
(C) HIVBa-L, HIVHXB2, HIVSF162, and HIV-189.6 Tev proteins expressed in HEK 293 cells.
The Tev proteins produced by the cDNAs were identified using antibodies to Rev. The 89.6
Tev protein was purified from E. coli using a mouse anti-HIV-1 Tat column and separated
on 10-20 % SDS-PAGE (right panel). Tev protein was recognized by Rabbit antibody to
Rev (lane 1), but not with normal rabbit serum (lane 2). Molecular weight marker is shown
in lane 3.
(D) Study design. The HIVBa-L, HIV89.6, and HIVSF162 Tev cDNAs were used in each DNA
immunization, where “prot” stands for boosts with the purified HIV89.6 Tev protein.
Challenge exposure to SHIV89.6P was performed via the intravenous route.
(E) Plasma virus levels in vaccinated and control macaques (left and center panels)
following challenge exposure to SHIV89.6P. Right panel depicts mean level for both groups.
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(F) CD4+ T-cell counts in vaccinated and control macaques (left and center panels)
following challenge exposure to SHIV89.6P. Right panel depicts median level for both
groups.
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Figure 2. Immune responses in the vaccinated/challenged macaques
(A) ELISPOTs were performed using HIVBa-L, HIVSF162, and HIV89.6 Tev peptide pools
for the stimulation of macaque blood. ELISPOT responses were also obtained using
Concanavalin A, a stimulus to control for cell viability (data not shown).
Antibody titers to Tev (B), Tat(C), Rev(D), and the pooled HIVBa-L, SHIVSF162P3, and
SHIV89.6P Envelope proteins (E). The arrows refer to DNA immunizations (weeks 0, 4, 8),
protein boosts (weeks 12, 18), and challenge exposure (week 22); titers to the purified Tev,
Tat, Rev, and pooled HIVBa-L, HIVSF162P3, and HIV89.6P Envelope proteins. The weeks 0,
2, 6, and 10 refer to the weeks post challenge (p.c.). Data from control macaques are not
shown.
(F) Overlapping peptides of the entire HIV89.6 Tev protein whose sequence is depicted in
Fig. 1B were used with the sera (1:100 dilution) of the macaques after immunization (weeks
10, 19) and challenge exposure (weeks 2, 5 p.c.) in some of the vaccinated and control
macaques. The area included in the dotted line area defines the V1 peptides (16 to 23),
proceeded by the peptides derived from the first exon of Tat and followed by the peptides
derived from the second exon of Rev.
(G) Sera (1:100 dilution) of all immunized macaques after challenge exposure (weeks 2, 5
p.c.) and the two control macaques L915 and M320 were reacted with overlapping peptides
16–28 for the 89.6 V1.
(H) Amino acid sequences of the 21-24 overlapping peptides recognized by the sera of
macaques M308, M316, and M490 and M607 within the V1 region of SHIV89.6P.
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(I): Sera (1:100 dilution) of the immunized macaques M218, M308, M316, and M490
before and after challenge exposure (weeks 10 and 19 and 2, 5 respectively) and the two
control macaques. L915 and M320 were reacted with overlapping peptides 16–28 for the
SF162 V1 region.
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Figure 3. Viral variants within the V1 region following challenge exposure to SHIV89.6P
Putative amino acid sequence of the SHIV89.6P V1 region obtained by DNA sequencing of
plasma viral RNA following RT/PCR. The putative amino acid sequences of V1 in the
vaccinated (A) and control (B) macaques were aligned with the V1 region of the SHIV89.6
used in the Tev vaccine. The number of viral clones sequenced is depicted on the left of
each figure.
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Figure 4. In vitro replication and sensitivity to ADCVI of SHIV89.6 mutant viruses
The supernatant of 293T-cells transfected with the HIV89.6WT, HIV89.6L, and HIV89.6LN
mutants was normalized for p27Gag content and applied to TZM cells, CEMx174 cells, or
primary human and rhesus PBMCs. Virus production was measured as activation of the
HIV-! LTR Luciferase reporter gene in the TZM cells (A) or as p27Gag production in the
supernatant fluid within the first 4 days of infection of the CEMx174 T-cells (B) or in
human PBMCs up to day six post-infection (C).
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Figure 5. Sensitivity to ADCVI of SHIV 89.6 viral variants
SHIV89.6P-infected human CD4+ lymphocyte target cells were incubated with human
PBMC effector cells (E:T = 10:1) and with plasma at the dilutions indicated. Eight days
later, supernatant fluid p27Gag was determined by ELISA, and virus inhibition was
determined as described in the Methods. Data are representative of several experiments,
each performed in duplicate. Antibody-dependent cell-mediated virus inhibition (ADCVI)
activity in plasma (1:100 dilution) of the animals was performed at first using the SHIV89.6P
before immunization week -2 (data not shown), or at time of challenge (A), or thereafter at
week 4 (B) and 6 (C). ADCVI titers to the SHIV89.6 viral variants a week 5 (D) and 22 (E)
post challenge.
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Figure 6. Neutralizing antibody titers and passive transfer of purified Ig to a naïve macaque
Neutralization antibody titers were measured as the highest serum/plasma dilution that
induced a 50% reduction in luciferase reporter gene expression after a single round of
infection in TZM-bl cells as described [38;39] using HIV NL-ADArs(A) SF162.LS, (B) or
SHIV89.6P. (C) The data presented were obtained with plasma collected at week 4 and 6 post
challenge. (D) Titers of ADCVI in macaque M316 at 24 weeks post exposure to SHIV89.6P.
(E) Virus plasma levels in macaques challenged with SHIV89.6P following treatment with
purified Ig from macaques M316 (macaque P155) or normal human Ig (macaque P156).
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TABLE 1

Titers of sera mediating ADCC activity in vaccinated and control macaques’ post-SHIV89.6P challenge

ADCC titer post-challenge

Vaccinated Macaques Week 2 Week 10

M218 <10 10000

M308 <10 <10

M316 1000 <10

M490 <10 100

M599 <10 <10

M600 <10 <10

M607 <10 10

M611 <10 10

Control Macaques

M320 <10 <10

L915 <10 1000

L962 <10 <10
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TABLE 2

Neutralizing antibody titers at time of challenge and post infection in the sera of immunized and control
macaques.

ID50 in TZM-bl cells1

Macaque Week SF162.LS SHIV89.6P NL-ADArs

M316 -2 <20 <20 <20

0 <20 <20 <20

4 <20 48 883

6 57 50 3177

M308 -2 <20 <20 <20

0 <20 <20 <20

4 <20 29 1850

6 40 163 3,611

M490 -2 <20 <20 <20

0 <20 <20 <20

4 <20 <20 1,832

6 87 107 15,732

M218 -2 <20 <20 <20

0 <20 <20 <20

4 <20 <20 37

6 <20 <20 538

L915 * -2 <20 <20 <20

0 <20 <20 <20

4 <20 <20 <20

6 <20 47 1,949

M320* -2 <20 <20 <20

0 <20 <20 <20

4 <20 <20 <20

6 <20 <20 21

0 <20 <20 <20

M599 4 <20 <20 <20

6 <20 <20 59

M600 4 <20 <20 41

6 <20 <20 47

M607 4 <20 26 95

6 <20 446 1,752

M611 4 <20 <20 669

6 <20 <20 285

L941* 4 ND ND ND
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ID50 in TZM-bl cells1

Macaque Week SF162.LS SHIV89.6P NL-ADArs

6 <20 <20 21

L942* 4 <20 <20 30

6 <20 <20 78

L947* 4 <20 <20 <20

6 <20 <20 <20

L962* 4 <20 <20 <20

6 <20 <20 <20

1
Values are the serum dilution at which relative luminescence units (RLUs) were reduced 50% compared to virus control wells (no test sample).

ND=Not done.

*
Non vaccinated
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Table 3

Immune correlate of protection against high plasma virus levels

Immune Response Post challenge Virus in plasma Correlation

ELISA Ab titer to envelope (week 5) Week 5 Post challenge -0.83 p=0.015

ELISA Ab titers to Tat Any time post Post challenge No Correlation

ELISA Ab titers to REV Any time post Post challenge No Correlation

Week 4 / 6 ADCVI SHIV89.6 swarm Week 7 to 16 Post challenge -0.84 p -0.044

ADCV1 week 5 Week 7 to 16 Post challenge

WT SHIV89.6A -0.079 p=0.0034

Variant SHIV89.6L -0.72 p=0.0094

Variant SHIV89.6LN -0.64 p=0.017

Week 22 Week 7or 16 Post challenge

 SHIV89.6W -0.76 p=0.015

 SHIV89.6L -0.85 p=0.0086

 SHIV89.6LN -0.78 p=0.021

Neutralizing Antibodies titers to SHIV89.6P Week 6 Week 7 to 16 Post challenge -0.72 p=0.0050

Neutralizing Antibodies titers to HIV NL-ADArs Week 4 Weeks 7 to 16 Post challenge -090 p=0.0001

Neutralizing Antibodies titers to HIV NL-ADArs Week 7 to 16 Post challenge -0.83 p=0.0004
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