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In an accompanying report (Y. Eda, M. Takizawa, T. Murakami, H. Maeda, K. Kimachi, H. Yonemura, S.
Koyanagi, K. Shiosaki, H. Higuchi, K. Makizumi, T. Nakashima, K. Osatomi, S. Tokiyoshi, S. Matsushita, N.
Yamamoto, and M. Honda, J. Virol. 80:5552-5562, 2006), we discuss our production of a high-affinity human-
ized monoclonal antibody, KD-247, by sequential immunization with V3 peptides derived from human immu-
nodeficiency virus type 1 (HIV-1) clade B primary isolates. Epitope mapping revealed that KD-247 recognized
the Pro-Gly-Arg V3 tip sequence conserved in HIV-1 clade B isolates. In this study, we further demonstrate that
in vitro, KD-247 efficiently neutralizes CXCR4- and CCR5-tropic primary HIV-1 clade B and clade B� with
matching neutralization sequence motifs but does not neutralize sequence-mismatched clade B and clade E
isolates. Monkeys were provided sterile protection against heterologous simian/human immunodeficiency virus
challenge by the passive transfer of a single high dose (45 mg per kg of body weight) of KD-247 and afforded
partial protection by lower antibody doses (30 and 15 mg per kg). Protective neutralization endpoint titers in
plasma at the time of virus challenge were 1:160 in animals passively transferred with a high dose of the
antibody. The antiviral efficacy of the antibody was further confirmed by its suppression of the ex vivo
generation of primary HIV-1 quasispecies in peripheral blood mononuclear cell cultures from HIV-infected
individuals. Therefore, KD-247 promises to be a valuable tool not only as a passive immunization antibody for
the prevention of HIV infection but also as an immunotherapy for the suppression of HIV in phenotype-
matched HIV-infected individuals.

Because most primary strains of human immunodeficiency
virus type 1 (HIV-1) are relatively resistant to neutralization,
the specificities of antibodies that confer protective immunity
against it are still not understood (22). Previously, we and
others (9, 31) have reported that chimpanzees can be protected
against infection with the T-cell-line-adapted strain HIV-1IIIB

by passive transfer of either HIV immunoglobulin (Ig) (HIVIG)
or anti-HIV-1IIIB V3 monoclonal antibodies (MAbs). Passive
administration of the anti-HIV-1 gp41 human MAb 2F5 (24)
to two chimpanzees prior to challenge with primary HIV-15016

resulted in a delay in plasma viremia and reduced viral load.
Since the chimpanzee model is limited by the failure of HIV-1
to induce disease in these animals, a pathogenic model was
developed in monkeys using a simian/human immunodefi-
ciency virus (SHIV) strain that is capable of inducing high
plasma viremia, CD4�-T-cell loss, and simian AIDS (11, 14,

15, 37). Following pathogenic SHIV 89.6P challenge, Mascola
and colleagues (20) previously noted a synergistic effect with
the passively transferred antibody HIVIG, a MAb against
membrane-proximal external region 2F5 (27), and 2G12, a
glycan-dependent MAb (41). Monkeys were afforded protec-
tive immunity against pathogenic SHIV DH12 by chimpanzee
HIVIG and provided sterile protection against the challenge
virus when given high-dose inoculations (27, 36). However,
sterile protection was strain specific, and the antiserum did not
bind a V3 loop peptide or block the interaction of gp120 with
CD4. In several passive immunization studies using MAbs, the
antibodies 2G12 and 2F5 as well as 4410, a MAb against
membrane-proximal external region 4E10 (4), have been
shown to inhibit SHIV in monkeys (2, 20, 21). Furthermore,
human MAb b12, targeting the CD4-binding domain of gp120,
has been reported to elicit complete protection against viral
challenge (29) and partial protection against MAb 2G12 (22)
in monkeys. Recently, passively transferred antibodies with
2G12, 2F5, and 4E10 were shown to delay the rebound of
HIV-1 after the cessation of antiretroviral therapy, with that
delay especially pronounced in acutely infected individuals.
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The in vivo effect of the neutralizing antibody cocktail was found
to depend on 2G12 activity by escape mutant analysis (42).

It has been established that anti-V3 antibodies, induced by
brief immunization protocols in animals, are capable of neu-
tralizing HIV-1 in cell cultures and in animal challenge studies
(13, 16, 27, 28). However, that capability has not been fully
exploited because the V3 sequence is extremely diverse, and so
the anti-V3 antibodies are extremely type specific and dis-
played little cross-reactivity. In the accompanying paper (8a),
we describe how we sequentially immunized mice with V3
peptides derived from several different HIV-1 clade B field
isolates. The antibody response could be traced to a tip se-
quence of the HIV-1 gp120 V3 domain, a relatively conserved
motif (11, 18, 45). We reshaped anti-V3 MAb C25 into KD-
247, a humanized MAb directed against the V3 tip motif Pro-
Gly-Arg of the V3 domain. KD-247 cross-neutralized primary
isolates with a matching neutralization sequence motif, sug-
gesting that it could be used to overcome the previous limita-
tions surrounding anti-V3 neutralizing antibody production by
active immunization strategies.

In this study, we show that the humanized MAb KD-247 is
suitable not only for use as a passive immunization antibody for
the prevention of immunodeficiency virus infection but also to
passively transfer antibodies for immunotherapy. Using 18 pri-
mary HIV-1 isolates, we evaluate the neutralizing capacity of
KD-247. We also assess its efficacy against ex vivo generation
of HIV from the peripheral blood mononuclear cells (PBMCs)
of four HIV-infected individuals. Finally, we examine whether
KD-247 can suppress HIV-1 replication in monkeys.

MATERIALS AND METHODS

Passive transfer of KD-247 to monkeys followed by pathogenic virus chal-
lenge. All animals used in this study were mature, cycling, male cynomolgus
monkeys (Macaca fascicularis) from the Tsukuba Primate Center, National In-
stitute of Infectious Diseases (NIID), Japan. They were free of known simian
retroviruses, herpesviruses, bacteria, and parasites. They were housed in accor-
dance with the Guidelines for Animal Experimentation of the Japanese Associ-
ation for Laboratory Animal Science under the Japanese Law Concerning the
Protection and Management of Animals (1, 38) and were maintained in accor-
dance with the guidelines set forth by the Institutional Animal Care and Use
Committee of NIID, Japan. Once approved by an institutional committee for
biosafety level 3 experiments, these studies were conducted at the Tsukuba
Primate Center, NIID, Japan, in accordance with the requirements specifically
stated in the laboratory biosafety manual of the World Health Organization
(44a).

The pathogenic SHIV strain C2/1 is an SHIV strain 89.6 variant isolated by in
vivo passage in cynomolgus monkeys (37). The original SHIV 89.6 strain was
kindly provided by Y. Lu at the Harvard AIDS Institute (Boston, MA) (19, 32).
Virus stocks of SHIV C2/1 were stored at �125°C and thawed just prior to use.
The challenge stock was provided by K. Shinohara of the National Institute of
Infectious Diseases, Tokyo, Japan. Cynomolgus monkeys injected intravenously
with SHIV C2/1 showed high levels of viremia and marked CD4�-T-cell deple-
tion within 2 weeks after inoculation (1, 34, 35, 37). Naı̈ve monkeys were intra-
venously administered 0, 15, 30, or 45 mg/kg of KD-247 along with either 45
mg/kg of purified normal human immunoglobulin (Nihon Pharmaceutical Co.,
Tokyo, Japan) or saline. Twenty-four hours after antibody transfer, the animals
were intravenously challenged with 20 50% tissue culture infective doses
(TCID50s) of SHIV C2/1.

In vitro virus neutralization assays. The primary clinical isolate HIV-1MNp

was kindly provided by J. Sullivan of the University of Massachusetts Medical
School, Worcester, MA. The virus was confirmed to be neutralization resistant
(5). Laboratory-adapted HIV-189.6 and HIV-1MN were obtained from the AIDS
Research and Reference Reagent Program, National Institutes of Health, Rock-
ville, MD. GHOST cell neutralization assays were performed as described pre-
viously (5, 38). Briefly, GHOST cells expressing either CXCR4 or CCR5 core-
ceptors were used as targets of HIV-1 infection. The cells were then analyzed by

FACSCalibur flow cytometry (Becton Dickinson, San Jose, CA). The same
concentration of either purified normal human immunoglobulin consisting pri-
marily of the IgG1 subclass (Nihon Pharmaceutical Co.) or saline was used as
control.

Neutralization activities in monkey plasma were assayed by detecting the
neutralizing titers in the assay measuring 100% neutralization against the chal-
lenge virus as described previously by Nishimura et al. (26). In brief, plasma
samples were serially diluted and incubated with 100 TCID50s of challenge virus,
and M8166 cells were then incubated as previously described (26). The neutral-
ization was expressed as the percent inhibition of simian immunodeficiency virus
p27 antigen production in the culture supernatants (38, 39). Normal monkey
plasma was used as a control.

PBMC-based virus neutralization assay. HIV-1MN (H9/HTLV-III MN) was
kindly provided by the AIDS Research and Reference Reagent Program, Na-
tional Institutes of Health, Rockville, MD (45). The WHO primary isolates
92TH002, 92TH022, 92TH023 (all clade E), and 92TH014 (clade B�) were used
as virus stocks (12). The primary isolates HIV-1JR-CSF and the CS and JCI series
of HIV-1 isolates were provided by Y. Koyanagi (40) and Y. Okamoto (27). In
vitro virus neutralization assays were performed as previously described (7, 12).
Neutralization titers are expressed as either the concentration of serum IgG
antibody or the reciprocal of the serum dilution that yielded a 50% (50%
inhibitory concentration [IC50]) or 90% (IC90) reduction in HIV-1 p24 produc-
tion over that seen in controls using purified serum IgG from healthy individuals
or preimmune mouse sera.

Ex vivo virus neutralization assays. The PBMCs of patients infected with
HIV-1 were depleted of CD8� cells by magnetic separation using polystyrene
beads coated with anti-CD8 MAb (Dynabeads M-450 CD8; Dynal, Oslo, Nor-
way). The negatively selected cells were stimulated with OKT3 antibody (1
�g/ml; Jannsen-Kyowa, Tokyo, Japan) and subsequently cultured in the presence
of interleukin-2 (20 U/ml; Boehringer, Mannheim, Germany) together with
KD-247 (60 and 240 �g/ml). The amount of HIV-1 p24 antigen in the superna-
tant was determined by enzyme-linked immunosorbent assay (ELISA) (Dain-
abot, Tokyo, Japan). Approval by the ethical committee and written informed
consent from all the human subjects were obtained according to the guidelines of
the Ministry of Health, Labor, and Welfare, Japan, and to those of the Kum-
amoto University Medical School, Kumamoto, Japan.

Competitive PCR quantitation of SHIV RNA in plasma. Quantitative com-
petitive reverse transcription-PCR was performed as described previously by
Piatak et al. (30), with both the substitution of a different competitor RNA and
a different DNA template (35). The detection limit of this assay was 500 RNA
copies/ml in monkey plasma.

Flow cytometric evaluation of cell surface antigen expression and absolute cell
count. Mouse MAbs conjugated with either fluorescein isothiocyanate, phyco-
erythrin (PE), PE-Cy5, or peridinin chlorophyll protein were used in flow cyto-
metric analyses to detect cellular expression of monkey CD3 (NF-18; BioSource
International Inc., Camarillo, CA), human CD4 (Nu-TH/I; Nichirei Co., Tokyo,
Japan), CD8 (SK-1; Becton Dickinson & Co., San Jose, CA), and CD95 (CH11
and 7C11; Becton Dickinson) (30). To determine absolute cell counts, samples of
whole blood were analyzed following the addition of fluorescein isothiocyanate-
conjugated anti-CD3 (BioSource), PE-conjugated anti-CD4 (Becton Dickinson),
and peridinin chlorophyll protein-conjugated anti-CD8 (Becton Dickinson)
MAbs as previously described (35).

Plasma concentration of KD-247. HIV-1 V3 peptide-based ELISA was used
for quantification of KD-247 antibody. In brief, 96-well ELISA plates (Maxisorp;
Nunc A/S, Roskilde, Denmark) were coated with 100 �l of a KD-247 antigen
peptide (SP1 [YNKRKRIHIGPGRAFYTTKNC]) per well in 50 mM carbonate
buffer (pH 9.3) at 1 �g/ml overnight at 4°C. KD-247 was diluted to concentra-
tions ranging from 2.5 to 40 ng/ml as a reference. Bound KD-247 was detected
with a peroxidase-conjugated anti-human IgG MAb (in-house preparation; The
Chemo-Sero-Therapeutic Research Institute). The concentrations of KD-247 in
the plasma of monkeys were determined using a calibration curve (SOFTmax;
Molecular Devices Co., Menlo Park, CA).

Statistical analysis. The plasma concentrations at various data points postdose
were applied to a two-compartment model using an automatic pharmacokinetic
analysis program (nonlinear least-squares method), and pharmacokinetic param-
eters were calculated.

RESULTS

Neutralization ability of the humanized antibody KD-247
against a panel of primary isolates as determined by a PBMC-
based study. In the initial series of the study, we showed that
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sequential immunization with synthetic V3 peptides from rep-
resentatives of primary HIV-1 clade B isolates generated cross-
reactive antisera and produced a high-affinity humanized
MAb, KD-247, directed against the tip of the HIV-1 V3 do-
main, PGR. Furthermore, the humanized antibody more ef-
fectively neutralized several primary isolates of HIV-1 clade B
than did previously reported neutralization antibodies (8a, 10,
23, 27). To further analyze the divergence of the cross-neutral-
ization ability of the antibody by a PBMC-based HIV-1 neu-
tralization assay, we used a panel of a total of 23 immunode-
ficiency viruses: 18 primary isolates of HIV-1 clade B, clade B�,
and clade E viruses; 3 laboratory HIV-1 clade B viruses; and 2
highly pathogenic SHIVs (Table 1). The KD-247 antibody ef-
fectively neutralized HIV-1MN, HIV-1SF2, and HIV-189.6, con-
taining the consensus V3 sequence of HIV-1 clade B, IGPGR
AFY, with an IC90 and IC50 from 1 to 5 and from 0.1 to 1.0
�g/ml, respectively (Table 1, laboratory isolates, clade B). We
next sought to assess whether the neutralization of primary
isolates by KD-247 required a matching neutralization se-
quence motif. As expected, KD-247 effectively neutralized pri-
mary CCR5-tropic clade B and B� isolates (IC90 and IC50 from
5 to 34 and from 0.4 to 3.2 �g/ml, respectively) and all four of
the CXCR4-tropic clade B isolates (IC90 and IC50 from 4 to 6
and from 0.2 to 0.7 �g/ml, respectively) with matching IGPGR

or V3 tip sequences. Thus, CCR5-tropic isolates with an IC90

of a mean concentration of neutralization antibody of 13.5
�g/ml were more than 2.8 times less sensitive to the neutral-
ization by KD-247 than primary CXCR4-tropic isolates with a
mean IC90 of 4.8 �g/ml. In contrast, the neutralization-resis-
tant virus CS2-2 did not match the neutralization sequence
motif, and the CS6-6 virus showed a QR insertion in the V3 tip
sequence. The HIV-1 isolates containing a glutamine (Q) res-
idue at position 20 in the V3 region, such as those of subtype
E, were also resistant to neutralization by KD-247. Therefore,
KD-247 effectively neutralizes both the CCR5- and CXCR4-
tropic primary isolates with matching neutralization motifs.

Ex vivo suppressive effects of KD-247 on the generation of
HIV-1 quasispecies from PBMCs of HIV-infected individuals.
To fully assess the antiviral efficacy of KD-247, we next sought
to determine whether it would suppress the generation of
HIV-1 from PBMCs of HIV-infected individuals and whether
it would do so as efficiently as an established anti-V3 human-
ized antibody, C�1 (23). As shown in Table 2, we investigated
the effect of KD-247 at concentrations of 60 and 240 �g/ml on
the ex vivo generation of HIV-1 using CD8�-T-cell-depleted
PBMC cultures from four Japanese individuals infected with
HIV-1 clade B (Env V3 sequence in Table 2). In the presence
of KD-247 at concentrations of 60 and 240 �g/ml, the gener-

TABLE 1. PBMC-based neutralization of primary and laboratory isolates by KD-247a

Isolate Env V3 sequenceb GHOST cell
KD-247

447-52D IC50
c

IC90 IC50

Laboratory isolates, clade B
HIV-1MN CTRPNYNKRKRIHI GPGRAFYTTKNIIGTIRQAHC X4 1 0.1 0.1
HIV-1SF2 -----N-T--G--- -------A-EK-V-D------ X4 5 1.0 1.0
HIV-189.6 -----N-T-R-LS- -------ARR----D------ R5/X4 2.5 0.2 �10

Primary isolates, clade B
HIV-1JR-CSF ----SN-K--S--- ---------GE---D------ R5 5 0.4 �10
HIV-1CS2-2 -----N-T--S--M ---K-----GD---N----Y- R5 �50 �50 ND
HIV-1CS3-5 ---I-N-T--S--- -------A-GE---N-K---- R5 10 1.4 ND
HIV-1CS4-4 -I---N-T--G--- -L-- WK--A-G--N------ R5/X4 �50 �50 ND
HIV-1CS6-6 --G--N-T--S-R-QR------V-IGK --NM----- R5 �50 �50 ND
HIV-1CS6-8 -I---N-T--G--- -------A-D----N------ R5 8 1.2 ND
HIV-1JCI-1 ----HKTI------ ----------Q-E-N----- X4 5 0.4 ND
HIV-1JCI-2 ----SN-T-R---- ---------RQ-R-D----- X4 4 0.2 ND
HIV-1JCI-3 -----N-I--H--- ---------RG -RD--K--- R5 10 0.6 ND
HIV-1JCI-5 -------T--G--- ------V---G -RD--K--- X4 4 0.2 ND
HIV-1JCI-6 ----SN-T-R---- -----S--A-Q-RGD------ X4 6 0.7 ND
HIV-1JCI-9 -------T--G--- ------V---G -RD--K--- R5 21 1.6 ND
HIV-1JCI-11 -------TS-G-R- -------ASER -RD--K--- R5 34 3.2 ND
HIV-1JCI-22 -----N-I--H--- ---------RG -RD--K--- R5 12 1.2 ND

Primary isolates, clade B�
HIV-192TH014 -----N-T--S-PL -----W---GQ---D------ R5 8 0.9 �1.5

Primary isolates, clade E
HIV-192TH002 ----SN-T-TS-T- ---QV--R-GD---D--K-Y- R5 �50 �50 ND
HIV-192TH022 ----SN-T-TS-T- ---QV--R-GD---D--K-Y- R5 �50 �50 �10
HIV-192TH023 ----SN-T-TS-N- ---QV--R-GD---D--K-Y- R5 �50 �50 ND

SHIV-B
SHIV 89.6PD -----N-T-R-LS- -------ARR----D------ R5/X4 5 0.5 ND
SHIV C2/1 -----N-T-E-LS- -------ARR----D------ R5/X4 5 0.5 ND

a The HIV-1 sequences were confirmed by proviral DNA sequencing of virus-infected cells.
b Dashes indicate sequence homology to HIV-1MN, and spaces represent the presence of a deletion.
c ND, not done.
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ation of viruses from PBMCs of KU008 was reduced in a
dose-dependent manner, with 3.56- and 3.85-log reductions in
the culture supernatants, respectively; reductions of 2.82 and
3.14 logs of virus generation from PBMCs of KU045 were also
detected in the presence of 60 and 240 �g/ml of KD-247,
respectively, KU037 showed a reduction of 3.56 logs at only
240 �g/ml. However, KU040 showed no dose-dependent sup-
pressive effects of virus generation by KD-247. When the ir-
relevant antibodies of C�1 and normal serum IgG were added
to cell cultures, they showed no suppressive effects on virus
generation (data not shown). These results demonstrate that
KD-247 effectively neutralizes nonpassage viruses generated in
the primary culture of PBMCs from individuals infected with
HIV-1 clade B with neutralization sequence motifs matching
that of the quasispecies, IGPGR.

Induction of complete protection of monkeys against a
highly pathogenic SHIV strain by a single passive transfer of
a high dose of KD-247. PBMCs from 12 juvenile male cyno-
molgus monkeys were first evaluated in vitro to establish their
susceptibility to infection with the SHIV C2/1 challenge stock
in standard viral infectivity assays (35, 37) (data not shown).
Challenge virus SHIV C2/1 originated from SHIV 89.6 but did
share an identical envelope sequence with the parental strain,
HIV-189.6, and showed 17 nucleotide mutations with amino
acid changes (1, 34). The neutralization sensitivity of SHIV
C2/1 to KD-247 was found to be similar to that of HIV-189.6,
with an IC90 and IC50 of 5 and 0.5 �g/ml in human PBMC-
based neutralization assays, respectively (Table 1, laboratory
isolates, clade B and SHIV-B), suggesting that the neutraliza-
tion potency of KD-247 in vitro might be sufficient to warrant
passive transfer experiments.

Of the 12 monkeys, 5 were inoculated with KD-247, 2 were
inoculated with control normal human IgG (NHIgG) (45 mg/
kg), and the remaining 5 were given saline alone. Of the five
animals receiving KD-247, two were given a dose of 45 mg/kg,
two received 30 mg/kg, and one received 15 mg/kg. Twenty-
four hours after antibody transfer, all 12 monkeys were given
an intravenous challenge of 20 TCID50s/ml SHIV (Fig. 1). At
the time of viral challenge, the plasma concentrations of KD-

247 were 151, 443, 496, 866, and 678 �g/ml of the antibody in
immune sera from monkeys 3968, 3969, 3972, 4092, and 4099,
respectively (Fig. 1a). The area under the plasma concentra-
tion time curve (AUC) values for monkeys 3968, 3969, 3972,
4092, and 4099 were calculated from the antibody concentra-
tion data to be 1.8, 3.5, 5.0, 6.5, and 5.6 mg · day/ml, respec-
tively.

The percentage of CD4� T cells and the levels of plasma
viremia were also monitored after SHIV challenge (Fig. 1b and
c). All monkeys that were intravenously inoculated with nor-
mal human IgG or saline showed a loss of CD4� T cells within
7 days of viral challenge, accompanied by plasma viremia
reaching 107 to 108 viral RNA copies/ml (data from the five
control monkeys that received saline alone are not shown). Of
the two control monkeys that received 45 mg/kg of NHIgG,
both seroconverted against SHIV p27 antigen (monkeys 3967
and 3974) (Fig. 1d). At autopsy, all control monkeys showed
CD4�-T-cell depletion in lymphoid organs, a finding consis-
tent with our previous observations using this model (35, 37).

Both monkeys that received a single high dose of 45 mg of
KD-247 per kg of body weight prior to SHIV challenge were
completely protected from viral challenge, maintaining stable
CD4�-T-cell counts and not seroconverting or exhibiting
plasma viremia (Fig. 1b to e, monkeys 4092 and 4099, indicated
by red lines and red characters). When evaluated at autopsy
using PCR for SHIV gag proviral DNA, their tissues showed
no sign of infection (data not shown). The titers in plasma
resulting from 100% in vitro neutralization against 100 TCID50s
of the challenge virus at the time of virus challenge were 1:160
in both monkeys 4092 and 4099. The titers in partially pro-
tected monkeys 3969 and 3972 were 1:40 and 1:80, respectively.
No neutralization activity of less than 1:10 was measured in the
animals receiving 45 mg/kg of NHIgG (monkeys 3967 and
3974). Thus, although the highest titers of neutralization ac-
tivities were detected in plasma from protected animals, the
neutralization activity was high even in animals with only par-
tial protection.

Administration of lower doses of KD-247, 30 mg/kg to two
monkeys (monkeys 3969 and 3972, indicated by blue lines and

TABLE 2. Ex vivo neutralizing activity of KD-247 against HIV-1 present in PBMC cultures established using cells
from HIV-infected individualsa

Patient HIV-1 Env V3 sequence (no. of clones) PBMCs,
(no. of cells/well) KD-247 (�g/ml) p24 (log10 pg/ml)

KU008 CTRPHNNTRKSIHIGPGRAFYATGDIIGNIRQAHC (3) 6.5 � 105 0 3.93
------------------------E---D--R-- (2) 60 0.37
------------------------E---D----- (1) 240 0.08
----------------------------D----- (1)

KU045 CTRPNNNTRKGIHIGPGRAFYGTDIVGDIRQAHC (5) 7.3 � 105 0 3.70
-----------------------E-T-N----Y- (2) 60 0.88
---------------------------N------ (1) 240 0.56

KU037 CTRPNNNTRKSIPIGPGRAFYATGDIIGDIRKAHC (3) 1.3 � 106 0 3.81
-------I-------------------------- (1) 60 3.86
-I------G------------------------- (1) 240 0.25

KU040 CTRPNNNTRKSVHIGPGRAWYATGEIIGNIRQAHC (2) 8.0 � 105 0 4.12
--------------A----F-------------- (1) 60 2.34
-----------I--------H------------- (1) 240 2.62
---H-------I-L---G--H---D--------- (1)

a Ex vivo neutralization activity was directly detected by using CD8� cell-depleted PBMCs from HIV-infected individuals as described in Materials and Methods.
b The number of analyzed DNA clones from each patient is indicated in parentheses. Dashes indicate sequences identical to those of the upper major clone from

each patient.

5566 EDA ET AL. J. VIROL.



FIG. 1. KD-247 efficiently protects monkeys from pathogenic virus challenge. A total of 12 cynomolgus monkeys were used for virus challenge
studies with SHIV C2/1. In the first group, five monkeys were intravenously inoculated with various doses of KD-247, followed by 20 TCID50s of
SHIV C2/1 challenge 24 h after antibody transfer. Monkeys in the second and third groups were injected prior to virus challenge with either 45
mg/kg of normal human immunoglobulin (two monkeys) or saline alone (five monkeys). The following parameters were measured in monkeys
given KD-247: (a) concentration of KD-247 in plasma following passive transfer, (b) CD4�-T-cell counts, (c) plasma viremia, (d) Western blot
analysis using an HIV-2 Western blot kit (Diagnostics Pasteur, Marnes-La-Coquette, France) (6) of serum samples obtained at autopsy from
monkeys given a single high dose (45 mg/kg) of KD-247 (monkeys 4092 and 4099) or NHIgG controls (monkeys 3967 and 3974), and (e) CD95
antigen expression on PBMCs from monkeys challenged with SHIV.
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blue characters in Fig. 1) and 15 mg/kg to one monkey (mon-
key 3968, indicated by green lines and green characters in Fig.
1), afforded partial protection from SHIV infection. Monkey
3972 (Fig. 1, closed triangle with blue line) showed better
partial protection than monkey 3969, which received 30 mg/kg
of antibody. That superior degree of partial protection may be
related to better blood concentration of the antibody and to
better AUC values. All three monkeys described above sero-
converted against SHIV p27 antigen (data not shown), but
their loss of CD4� T cells seemed to be inversely proportional
to the plasma concentration of KD-247 (Fig. 1a and b). Al-
though the CD4�-T-cell decline indicated minimal protection
in the monkey given 15 mg/kg of KD-247 (monkey 3968) (Fig.
1b), CD95 antigen expression, a marker for cell stimulation,
was significantly lowered in this animal and completely inhib-
ited in the other four monkeys receiving KD-247 (Fig. 1e),
suggesting that KD-247 significantly suppressed PBMC stimu-
lation by the virus challenge in these animals (monkeys 3969,
3972, 4092, and 4099).

These results therefore demonstrate that KD-247 efficiently
neutralizes primary HIV isolates regardless of cell tropism.
Furthermore, passive immunization with a single dose of 45 mg
of antibodies per kg of body weight 24 h prior to viral challenge
completely protected animals from viral challenge, showing
that at high concentrations, KD-247 lowers the viral load and
induces sterilizing immunity in the monkey model.

DISCUSSION

In this study, KD-247 proved an effective antiviral agent for
the targeting of phenotype-matched viruses, one capable of
both in vitro neutralization of primary isolates and in vivo
passive transfer of the antibody as well as of suppressive effects
against ex vivo generation of HIV from HIV-infected individ-
uals. Although it has already been established that brief im-
munizations with a V3 peptide can elicit neutralizing antibod-
ies to homologues of the CXCR4-tropic virus, the limitations
of anti-V3 antibodies have been known for over a decade (8,
13, 16, 28). Also, at reasonable IC50s, the anti-V3 antibodies
did not neutralize CCR5-tropic strains. In the accompanying
paper (8a), we described the derivation of a humanized MAb,
KD-247, that was produced by sequential immunization using
six different HIV-1 Env V3 peptides derived from HIV-1 clade
B field isolates. We suggested that KD-247 could potentially
overcome the previous limitations to immunologically exploit-
ing the anti-V3 antibody induced by brief immunization pro-
tocols, i.e., its extraordinary sequence variability and the asso-
ciated isolate specificity of anti-V3 antibodies (27, 38). The
findings of our current study suggest that KD-247 may curb the
spread of viral infection and reduce viral loads in HIV-infected
individuals who have been determined to share the V3 tip
sequence of the virus by virus neutralization phenotype-match-
ing analysis.

In vitro, KD-247 has potent neutralizing activity against a
variety of primary HIV-1 clade B isolates, including CCR5-
tropic viruses, at low concentrations. We found that KD-247
neutralized a variety of clade B primary viruses containing
IGPGR V3 sequences, although its neutralization ability was
affected by some of the surrounding amino acids of the V3 tip
region, as discussed in the accompanying paper (8a). Based

upon these results, we should be able to predict the neutral-
ization ability of KD-247 by prior sequencing of the HIV-1 Env
V3 region of the target virus. Using the previously published
sequences found in the Los Alamos HIV-1 sequence database,
we determined that the IGPGRA sequence is present in the
majority of HIV-1 clade B isolates (45) to which KD-247 would
be expected to have cross-neutralization activity. Moreover,
KD-247 significantly curbed the generation of primary HIV-1
quasispecies in ex vivo cultures of CD8�-T-cell-depleted PBMCs
from seropositive individuals. However, as described above,
the major limitation of KD-247 as an antiviral agent is its
inability to neutralize variants expressing amino acid alter-
ations in the binding site PGR motif and additional amino
acids.

What are the properties that make KD-247 an effective
neutralizer of CCR5-tropic viruses? First, the site-specific
binding of KD-247 to epitopes on the virus envelope glyco-
protein seems to be key to its virus neutralization ability. In-
deed, the results of the Pepscan analysis reported in the ac-
companying paper suggest that KD-247 can react with core V3
sequences from various HIV-1 clade B isolates (8a). The short-
est peptide that was reactive with KD-247 was IGPGR, but
that epitope was stabilized by the addition of one or more
amino acids. Furthermore, IGPGRA and GPGRAF sequences
occur in the majority of HIV-1 isolates from donors in the
United States (17). The results of Pepscan with replacement
peptides also suggest that KD-247 has broad binding activity to
HIV-1. While the number of amino acid substitutions tolerated
in the central PGR sequence of the V3 tip peptide was small,
replacement of amino acids in the flanking region was rela-
tively permissible. Second, ex vivo neutralization assays using
patient-derived isolates containing APGR and GPGG se-
quences in the V3 tip showed incomplete neutralization (Table 2,
KU040). Thus, KD-247 would be expected to bind with HIV-1
quasispecies having a recognition sequence similar to the neu-
tralization phenotype. Third, as the accompanying paper dem-
onstrates, high-affinity antibody binding is apparently required
for neutralization, because the kinetic parameters of KD-247
were identified to be fast on and slow off rates, similar to those
of a type-specific MAb, R�5.5, although the equilibrium dis-
sociation constant value of KD-247 for binding to a control
SP1 peptide was higher than that of R�5.5 (8a). This is a
reasonable assumption, since the epitope of KD-247 (IGPGR)
is shorter than that of R�5.5 (IHIGPGRAFYT). The high
association rate of KD-247 might be responsible for exerting
the observed cross-neutralization activity against various pri-
mary isolates. These results are consistent with the hypothesis
that virus neutralization can be explained by the kinetic pa-
rameters of antibody binding.

Most recent passive transfer studies with monoclonal anti-
bodies used common combinations of broadly cross-reactive
human MAbs capable of neutralizing primary HIV-1 isolates.
In monkeys, human MAbs b12 (29) and 2G12 (20) were shown
to induce complete and partial protection, respectively, against
viral challenges. In contrast, the MAb chosen for this study,
KD-247, is a humanized antibody induced by sequential im-
munization with a set of V3 peptides from primary isolates.
Because the KD-247 IC90 value from an in vitro neutralization
assay in our study, 5.0 �g/ml of the antibody, approximates that
obtained by a single antibody, b12 (3), and a combination of
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the two MAbs 2F5 and 2G12 or a triple combination of
HIVIG, 2F5, and 2G12, as previously reported (41, 43), we
postulated that KD-247 was sufficiently potent to achieve pro-
tection of monkeys against a pathogenic SHIV challenge. Since
our previous experience (9) has taught us to expect approxi-
mately 500 to 1,000 �g/ml in sera from monkeys passively
immunized with 30 to 45 mg of antibody per kg of body weight,
the potency of KD-247 should prove sufficient for passive
transfer experiments of effective antibodies in animals in vivo.
We also expected that a single passive transfer of KD-247 via
inoculation with 15 and 30 mg of antibody would result in
approximately 150 to 500 �g/ml of plasma concentration at the
time of viral challenge. As expected, we found an AUC value
of 1.8 to 5.0 mg · day/ml. Consequently, we found that animals
passively immunized with 45 mg/kg of KD-247 showed 678 and
866 �g/ml of KD-247 in plasma at the time of viral challenge
and an AUC value of 5.6 and 6.5 mg · day/ml. Those animals
were provided sterile protection against intravenous challenge
with the pathogenic virus SHIV C2/1. The protective endpoint
titers of neutralization antibodies in plasma at the time of virus
inoculation were 1:160 in both animals that elicited sterile
immunity, and a high titer of neutralization activity in plasma
was similarly detected in completely protected monkeys, as
described previously by Nishimura et al. (26) and Parren et al.
(29). Thus, the high titers of neutralization activity in plasma
confer sterile protection against viral challenge in the passively
immunized animals with neutralizing antibodies. Furthermore,
the pharmacokinetic information consisting of the plasma con-
centration of the neutralizing antibodies at the time of viral
challenge and the AUC value may be closely related to the
ability of the antibody to provide sterile protection against viral
challenge. Since those protected macaques demonstrated the
inhibition of CD4� cell loss, the pharmacokinetic properties of
KD-247 may also be closely associated with the inhibition of
CD4� cell decline in the peripheral circulation of the chal-
lenged monkeys.

In this study, we also detected lower viremia with lesser
CD4� cell decline in animals that were inoculated with inter-
mediate doses of antibody. However, we noted that the lesser
doses of the antibody provided complete protection against
enhanced rates of the CD4� CD95� cell subpopulation in the
peripheral circulation of the challenged animals, suggesting
that the reshaping MAb might be able to control the activation
of peripheral CD4� T cells in animals by its passive transfer.
Although the number of monkeys enrolled in this study was
limited, it remains noteworthy that a single inoculation with
KD-247, even at a suboptimal dose for viral protection, ap-
peared to be effective for maintaining CD4� T cells in mon-
keys inoculated with virus. Since it has been previously re-
ported that the limited effect of neutralizing antibody may be
related to the rapid appearance of an escape mutant in in-
fected individuals, high titers of neutralization activity should
be generated in the passively immunized animals (25, 33, 44).
In our preliminary study, we isolated the escape mutant from
the neutralization resistance virus HIV-1JR-FL in the presence
of KD-247: at passage 8 of the culture in the presence of 1,000
�g/ml KD-247, one amino acid substitution, GPGR to GPER,
was identified in the V3 tip (K. Yoshimura et al., unpublished
results). Collectively, these results suggest that KD-247 shows
clinical promise both for passive immunization and as a strat-

egy for preventing viral spread in phenotype-matched HIV-
infected individuals.
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