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The envelope glycoprotein (Env) of human immunodeficiency viruses (HIVs) and simian immunodeficiency
viruses (SIVs) is heavily glycosylated, and this feature has been speculated to be a reason for the insufficient
immune control of these viruses by their hosts. In a macaque AIDS model, we demonstrated that quintuple
deglycosylation in Env altered a pathogenic virus, STVmac239, into a novel attenuated mutant virus (A5G). In
A5G-infected animals, strong protective immunity against STVmac239 was elicited. These HIV and SIV studies
suggested that an understanding of the role of glycosylation is critical in defining not only the virological
properties but also the immunogenicity of Env, suggesting that glycosylation in Env could be modified for the
development of effective vaccines. To examine the effect of deglycosylation, we constructed prime-boost vaccines
consisting of Env from SIVmac239 and ASG and compared their immunogenicities and vaccine efficacies by
challenge infection with SIVmac239. Vaccination-induced immune responses differed between the two vaccine
groups. Both Env-specific cellular and humoral responses were higher in wild-type (wt)-Env-immunized
animals than in A5G Env-immunized animals. Following the challenge, viral loads in SIVmac239 Env (wt-
Env)-immunized animals were significantly lower than in vector controls, with controlled viral replication in
the chronic phase. Unexpectedly, viral loads in A5G Env-immunized animals were indistinguishable from
those in vector controls. This study demonstrated that the prime-boost Env vaccine was effective against
homologous STVmac239 challenge. Changes in glycosylation affected both cell-mediated and humoral immune

responses and vaccine efficacy.

Primate leniiviruses, human immunodeficiency viruses
(HIVs), and simian immunodeficiency viruses (SIVs) share
common genetic and biological properties. As SIVmac, origi-
nally isolated from macaques in primate research centers in the
United States, causes AIDS in macaques with remarkable sim-
ilarities to HIV type 1 (HIV-1) infection in humans, this AIDS
monkey model has been utilized to study vaccine development
and the pathogenesis of HIV infection (for reviews, see refer-
ences 10, 14, 17, 43, and 47).

HIV/SIV infection in the host consists of two phases, the
primary infection and chronic infection. During the primary
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infection, extensive viral replication and dissemination of the
infection occur. In chronic infection, viral replication continues
for a long period, eventually leading to AIDS. Due to the host
immune response against the infection, these two phases are
separated by a set point at which the viral load reaches its
lowest level. The viral loads of the set point and chronic infec-
tion are inversely correlated with the control of SIV/HIV in-
fection and predict disease progression (25, 31); however, it
remains unclear which host responses determine the viral loads
of the set point and chronic infection. Nevertheless, virus-
specific immune responses have been implicated in the host’s
control of the infection. Cellular immunity, such as that shown
by cytotoxic T lymphocytes (CTL) and helper T cells, has been
reported to correlate with the control of HIV/SIV infection
(for reviews, see references 2, 24, 28, and 39). The role of the
neutralizing antibody (NADb) in the control of infection and the
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emergence of escape mutants has also been reported previ-
ously (7, 16, 51).

Despite these immune responses against HIV/SIV infection,
humans and macaques fail to contain the infection due to the
vitus properties. HIV/SIV infects major target cells, such as
CD4" T cells and macrophages, by binding viral envelope
glycoproteins (Env) to cellular surface proteins and CD4 and
chemokine receptors (CCR5, CXCR4, or others) on target
cells (5, 32). Since viral entry consists of multiple steps (virion
binding to these viral receptors, conformational change of Env,
and fusion between the virion and the cellular membrane) and
the critical parts of Env used in these steps are exposed only
during each step, naturally generated antibodies are only partly
effective in preventing HIV/SIV infection in their hosts (7, 8).
Primary isolates can be neutralized to various degrees by HIV-
infected patient serum but not by contemporanecous autolo-
gous samples. Consequently, escape mutants against preexist-
ing NAb are selectively replicated (51). Thus, effective NAb is
rarely induced in HIV/SIV infection (8, 10). This could partly
explain the failure of Env-based vaccine trials against HIV-1
(8, 50).

The heavy glycosylation of Env is a unique feature of HIV/
SIV that is distinctive from features of other enveloped viruses
and is significantly related to their neutralization-resistant
property (8, 29, 44). We therefore assumed that the insufficient
immune containment of HIV/SIV might be due to heavy gly-
cosylation in Fnv and that the removal of some glycans might
allow the host to mount a protective immune response against
the infection. Thus, we studied the influence of deglycosylation
on the replication of SIVmac239 in a T-cell line and created a
quintuple deglycosylation mutant of SIVmac239 (A5G), which
has maximal removal of N-glycans at amino acid residues 79,
146, 171, 460, and 479 in Env and retains a replication capa-
bility similar to that of SIVmac239 in phytohemagglutinin-
stimulated rhesus peripheral blood mononuclear cells (PBMCs)
(36, 40). We then examined the infection of rhesus macaques
with AS5G; although A5G was replicated as extensively as
SIVmac239 during the primary infection, the subsequent A5G
infection was restricted to a level less than the detection sen-
sitivity of a plasma viral load assay by 8 weeks postinfection
(p.i.), in contrast to high chronic viral replication in SIVmac239
infection. Furthermore, an almost sterilizing immunity against
SIVmac239 was induced in A5SG-infected animals (36). Inter-
estingly, another quintuple-deglycosylation-mutation strain
with mutations at amino acid residues 146, 156, 184, 244, and
247 in Env was created (44) and was demonstrated to share
common features with A5G in viral replication in animals and
in functions as an attenuated vaccine (20). Since these two
viruses share only one deglycosylation mutation and other mu-
tations distributed differently in surface envelope  protein
gp120 (SU), these two studies suggest that heavily glycosylated
Env determines the pathogenicity of HIV/SIV.

To dissect the mechanism for notable containment of ASG
infection after primary infection, we hypothesized that the Env
of A5G, a viral protein that differs from that in SIVmac239,
might elicit protective immunity against SIVmac239, because
deglycosylation in Env might alter antigenic properties such as
B-cell and T-cell epitopes and enhance the protective immu-
nity against SIVmac239. For this purpose, we immunized an-
imals with Env of A5G (A5G Env) or Env of SIVmac239 (the
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wild type; wt Env), and examined the effect of these vaccina-
tions against STVmac239 infection.

MATERIALS AND METHODS

Generation of SU DNA vaccines. DNA vaccine plasmids expressing SIV
mac239 SU or A5G SU, pJWSUmac239 and pJWSUmacASG, were constructed
using the expression vector pJW4303 (45). To produce secreted SU efficiently,
the native signal sequence in the SIVmac239 SU gene was replaced with the
human tissue plasminogen activator signal in plasmid pJW4303, and a termina-
tion codon was created at the cleavage site for SU transmembrane (TM) protein
(9). An SIVmac239 SU or A5G SU DNA sequence was amplified with a pair of
primers, SUmacA (5'-TGTGCTAGCTATGTCACAGTCTTTITATGGTGTAC-
3y and SUmacB (5'-CCAGGATCCTATTIACCTCTTCACATCTGTGGGGG
C-3"). The SUmacA primer consisted of nucleotides (nt) 6923 to 6955 of the
SIVmac239 sequence (GenBank accession number M33262) and the boldface
nucleotides, which were changed to create a Nhel site; primer SUmacB consisted
of nt 8412 to 8381 and the boldface nucleotides, which were changed to create a
BamHI site, and the underlined nucleotides, which generated tandem termina-
tion codons. The PCR-amplified fragments were digested with Nhel and BamHI
and cloned into the Nhel- and BamHI-digested eukaryotic expression vector
pIW4303 to yield pJWSUmac239 and pJWSUmacA5G. These plasmids were
prepared using a Plasmid Mega kit (QIAGEN, Tokyo, Japan).

Generation of Env vaccinia vaccines. Recombinant vaccinia viruses expressing
Env of SIVmac239 or A5G, WRvvmac239 or WRvVAS5G, respectively, were
constructed using a vaccinia virus WR strain (WRvv) as described previously
(15). To excise the entire coding region of the env gene from the cloned SIV
plasmid, BamHI and Smal sites were introduced by in vitro mutagenesis at 5'-
and 3’-end-flanking sites of the env gene, respectively. Primer B-6808 (5'-GAA
AGAGAAGAAGGATCCCGAAAAAGG-3") consisted of nt 6796 to 9822 and
the underlined mutations of the BamHI site; $-9537 (5'-TATGAATACTCCC
GGGAGAAACCC-3") consisted of nt 9527 to 9550 and the underlined muta-
tions of the Smal site. DNA fragments containing the env gene of SIVmac239 or
A5G were isolated by digesting the mutated plasmids with BamHI and Smal and
were cloned into the Smal- and BamHI-digested vaccinia virus vector plasmid
PNZ68K2. To transfer the env gene from a recombinant plasmid to WRvv, the
standard homologous recombination method using CV-1 cells was performed.
Env expression in the recombinant vaccinia virus was confirmed by immunopre-
cipitation. The function of Env was confirmed by CD4- and CCR35-dependent
fusion activity. The recombinant Env-expressing vaccinia viruses obtained were
propagated and titrated in CV-1cells. The two recombinant viruses were prop-
agated with similar kinetics in CV-1 cells.

Expression of SU-expressing plasmids and Env-expressing vaccinia virus in
vitro, CV-1 cells were transfected with equal amounts of the following SU-
expressing plasmids: pJWSUmac239, pJWSUmacA5G, or the vector pJW4303.
Secreted SU metabolically labeled with 358 protein labeling mix (PerkinElmer,
Boston, MA) in culture supernatant was concentrated, immunoprecipitated with
plasma from SIVmac239-infected monkeys, and then analyzed by sodium dode-
cyl sulfate-polyacrylamide electrophoresis (SDS-PAGE) as described previously
(40). To examine Env-expressing vaccinia viruses, CV-1 cells were infected with
WRvvmac239, WRvwwASG, or WRyv at a multiplicity of infection of 10, meta-
bolically labeled with 3S protein labeling mix overnight, lysed, immunoprecipi-
tated with plasma from SIVmac239-infected monkeys, and then analyzed by
SDS-PAGE as described for the expression of SU-expressing plasmids.

Animals, immunization, and challenge. Twelve juvenile rhesus macaques from
Myanmar or Laos that were seronegative for SIV, simian T-cell lymphotropic
virus, B virus, and type D retroviruses were used. As the polymorphism of major
histocompatibility complex (MHC) genes influenced cellular immune responses
against SIV/HIV infection, MHC II haplotypes and alleles of the macaques were
determined (data not shown). All animals were housed in individual cages and
maintained according to the rules and guidelines for experimental animal welfare
stated by the National Institute of Infectious Diseases. As shown in Fig. 1, the 12
animals were divided into three immunization groups of four animals each: the
SIVmac239 (wt)-Env immunization group (Mm0005, Mm0007, Mm0010,
MmQ012), the A5G Env immunization group (Mm0001, Mm0002, MmO0003,
Mm0009), and the vector control immunization group (Mm0004, Mm0006,
MmO0008, Mm0011). All animals were inoculated with 1 mg of plasmid DNA in
1 ml of saline, one into each quadriceps femoris at 0, 4, and 8 weeks after the
initial prime immunization (weeks p.p.). The boost consisted of 5 X 107 PFU of
vaccinia virus in 1 ml of phosphate-buffered saline (PBS), administered in two
0.1-ml intradermal inoculations, one into the skin of each femur, and two 0.4-mi
inoculations, one into each quadriceps femoris at 21 weeks p.p. All animals were
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FIG. 1. Outline of immunization, challenge infection, and blood sampling. Twelve juvenile rhesus macaques were divided into three immu-
nization groups of four animals each: the wt-Env immunization group (Mm0005, Mm0007, Mm0010, and Mm0012), the A5G Env immunization
group (MmO0001, Mm0002, Mm0003, and Mm0009), and the vector control immunization group (Mm0004, Mm0006, Mm0008, and Mm0011).
Animals were inoculated with a DNA vaccine (pJWSUmac239 for the wt-Env vaccine group, pfWSUASG for the A5G Env vaccine group, and
pIW4303 for the vector control group) at 0, 4, and 8 weeks p.p. The boost vaccine consisted of vaccinia virus (WRvwENVmac239 for the wi-Env
vaccine group, WRvwENVASG for the A5G Env vaccine group, and the WR strain for the vector control group) administered at 21 weeks p.p. All
animals were challenged with 10 TCIDs, of SIVmac239 intravenously at 28 weeks p.p. w, weeks; d, day.

challenged with 10 50% tissue culture infective doses (TCIDsq) of SIVmac239
intravenously at 28 weeks p.p.

Viral load measurement. To monitor SIV infection, the plasma viral load was
measured by the real-time-PCR method described previously (36). Viral RNA
was isolated from plasma from the infected animals using a commercial viral-
RNA isolation kit (PE Applied Biosystems, Urayasu, Japan). SIV gag RNA was
amplified and quantified using a commercial RNA reverse transcription (RT)-
PCR kit (TagMan EZ RT-PCR; PE Applied Biosystems) with the two gag
primers, namely, the forward primer 1224F (5'-AATGCAGAGCCCCAAGAA
GAC-3'), the reverse primer 1326R (5'-GGACCAAGGCCTAAAAAACCC-
3"), and TagMan probe 1272T (6-carboxyfluorescein-5'-ACCATGTTATGGCC
AAATGCCCAGAC-3'-6-carboxymethylrhodamine). Purified viral RNA (10 i)
was reverse transcribed and amplified in a MicroAmp optical 96-well reaction
plate (PE Applied Biosystems) according to the manufacturer’s instructions and
with the following thermal cycle conditions: 1 cycle of three sequential incuba-
tions (50°C for 2 min, 60°C for 30 min, and 95°C for 5 min) and then 50 cycles
of amplification (95°C for 5 s, 62°C for 30 s) in a 7000 Prism sequence detection
system (PE Applied Biosystems). In vitro RNA transcripts were quantified by
optical density at 260 nm (OD,40) measurement and branched DNA assay for
SIV viral RNA (Bayer Diagnostics, Tarrytown, N.Y.). RNA equivalent to 10 to
107 copies per reaction was used as the standard for each assay. The detection
sensitivity of plasma viral RNA using this method was 1,000 copies/ml.

Flow cytometry, CD4 depletion was monitored by measuring the percentage of
CD4* T cells, memory cells (CD29 high CD4%) T cells (48) in PBMCs. PBMC
samples were purified from a citrate anticoagulant containing blood using stan-
dard Ficoll-Hypaque gradient centrifugation. For flow cytometry, 2 X 10°
PBMCs were reacted with fluorescein isothiocyanate or phycoerythrin-labeled
antibodies (anti-human CD4, Nu-Th/I [Nichirei, Tokyo, Japan]; anti-human
CD8, 1.eu2a {Becton Dickinson, San Jose, CAJ; anti-human CD29, 4B4 {Coulter,
Miami, FL]; anti-monkey CD3, FN-18 [Biosource, Camarillo, CAJ; and anti-
human CD20, Leul6 [Becton Dickinson, San Jose, CAJ) as previously described
(36, 37, 48).

Peptides, Overlapping peptides were synthesized by Emory University, Micro-
chemical Facility, Winship Cancer Center (Atlanta, GA.). All SIVmac239 viral
proteins except Env, Gag, Pol, Vif, Vpr, Vpx, Tat, Rev, and Nef were covered by
consecutive 20-mer peptides overlapped by 12 amino acids. Eav of STVmac239
was covered by 72 consecutive 25-mer peptides overlapped by 13 amino acids.
Peptides were dissolved in PBS with 10% dimethyl sulfoxide (Sigma Chemical,
St. Louis, Mo.).

rSeV. Recombinant Sendai viruses (rSeV) expressing STVmac239 Gag, SU, or
A5G SU were used to infect herpesvirus papio-transformed B-lymphoblastoid
cell lines (B-LCLs) to prepare autologous B-LCLs presenting these viral anti-
gens. 1SeV Gag expressing unprocessed STVmac239 Gag and p55 (22, 23) and
rSeV SU and 1SeV/ASG SU expressing wt SU and A5G SU were constructed as
described previously (52) and were also used to infect autologous B-LCLs.

Anti-SIV ELISA. A 1:100 dilution of each plasma sample in PBS (pH 7.4)
containing a blocking reagent (Dainippon Seiyaku, Osaka, Japan) was assayed
for SIV-specific antibody by using a standard enzyme-linked immunosorbent
assay (ELISA) technique with 96-well plates precoated with SIVmac239 virion
lysate. The OD,,, was measured using a microplate reader (range of absorbance
with linearity, 0 to 3.0; Tecan Japan, Tokyo, Japan) and utilized as a relative
measurement of the antibody titer.

ELISPOT assay. Virus-specific CD4" T cells and CD8" T cells in PBMCs
were measured using a monkey v-IFN ELISPOT assay kit (U-CyTech, Utrecht,
The Netherlands).

Cryopreserved PBMCs were thawed and cultured overnight in R-10 medium
(RPMI 1640 [Sigma)] supplemented with 10% heat-inactivated, defined fetal
bovine serum [HyClone, Logan, Utah], 55 uM 2-mercaptoethanol, 50 U/ml
penicillin, and 50 wg/ml streptomycin). PBMCs were subjected to the depletion
of CD4™ cells with magnet beads coated with anti-human CD4 Ab (Dynal ASA,
Oslo, Norway) or subjected to the depletion of CD8" cells with magnet beads
coated with anti-human CD8 Ab (Miltenyi Biotec, Bergisch Gladbach, Ger-
many). Depletion of CD4™ or CD8™ cells from PBMCs was confirmed by flow
cytometry. Using this depletion method, more than 95% of CD4* or CD8 cells
were removed from PBMCs. These PBMCs were used for ELISPOT assay for
virus-specific CD8* T cells and virus-specific CD4™ T cells. Virus-specific stim-
ulation of T cells was performed with autologous B-LCLs pulsed with pooled
peptides for Pol, Vif, Vpx, Vpr, Tat, Rev, and Nef or B-LCLs infected with an
rSeV for Gag, wt Env, and A5G Env. B-LCLs were incubated with pooled
peptides corresponding to each viral protein at a final concentration of 2 pg/ml
or infected with rSeV at a multiplicity of infection of 10 at 37°C overnight.
Peptide-pulsed or infected B-LCLs were inactivated with long-wave UV irradi-
ation (19) in the presence of 10 pg/ml psoralen (Sigma) for 10 min at a distance
of 3.5 ¢cm from a UV light, washed three times with R-10, and then used as
stimulators in an ELISPOT assay. CD4" or CD8" cell-depleted PBMCs were
cultured with these stimulators in an anti-y-IFN Ab-coated ELISPOT plate
(U-CyTech) overnight according to the protocol for the kit. Spots on the
ELISPOT plate were imaged using an Olympus model SZX12 microscope
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FIG. 2. Expression of SU and Env by SU-expressing DNA vaccines
and Env-expressing vaccinia viruses. A: SU secreted in supernatant
from CV-1 cells transfected with SU-expressing plasmids. Lane 1,
pIW4303 vector; lane 2, pfWSUmac239; lane 3, pJWSUmacA5G. B:
Env in cell lysates of CV-1 cells infected with recombinant vaccinia
viruses. Lane 1, WRvv; lane 2, WRyvmac239; lane 3, WRvwASG.

(Olympus, Tokyo, Japan) equipped with a digital camera, PDMCle/OL (Po-
laroid, Cambridge, MA), and analyzed using a personal computer with MAC
SCOPE version 2.61 (Mitani Corporation, Toyama, Japan). The results were
calculated as numbers of spot-forming cells (SFC) per million PBMCs after
subtraction of the background.

Neutralization assay. The original protocol of this neutralization assay was
reported by Means et al. (29). Plasma that was heat inactivated at 56°C for 30 min
was serially diluted and incubated with a fixed concentration of SIVmac239,
A5G, or a macrophage-tropic SIV, 239/envMERT, at room temperature for 1 h.
CEMx174/SIVLTR-SEAP cells were added to the mixture and then incubated at
37°C for 3 days. Secreted alkaline phosphatase activity in the culture supernatant
was measured using a Phospha-Light System (Applied Biosystems). Chemilumi-
nescence was detected with a Wallac Microbeta plate reader.

Statistical analysis. Statistical analysis was based on the Mann-Whitney test
and performed using GraphPad Prism 4.0 software.

RESULTS

Experimental design. We adopted a DNA prime-vaccinia
virus boost regimen to immunize rhesus macaques with wt Env
or A5G Env as shown in Fig. 1. Twelve macaques were immu-
nized at 0, 4, and 8 weeks after the initial prime immunization
(weeks p.p.) with one of three different DNA expression plas-
mids (n = 4): pJWSUmac239 expressing SU of SIVmac239,
pIWSUASG expressing SU of A5G, or the vector pJW4303. At
21 weeks p.p., all animals were boosted with recombinant WR
vaccinia viruses expressing the respective Env proteins: vac-
cinia virus expressing Env of STVmac239, vaccinia virus ex-
pressing Env of A5G, or vaccinia virus (Fig. 1).

Expression of SU DNA plasmids and Env vaccinia viruses in
vitro and in animals. Although A5G replicated similarly to
wild-type STVmac239 in animals (36), quintuple deglycosyla-
tion might affect the expression of SU in a plasmid vector and
the expression of Env in the vaccinia virus vector. Thus, we
examined the expression of these vaccines in CV-1 cells. SU
expressions in the wild-type plasmid (pTWSUmac239) and in
the deglycosylated SU plasmid (pJWSUmacA5G) were at sim-
ilar levels (Fig. 2A). The expression and processing of Env in
the wild type (WRvwENVmac239) and in the deglycosylated
Env mutant vaccinia virus (WRvwWENVASG) were also at sim-
ilar levels (Fig. 2B). The reduced molecular size of the proteins
due to deglycosylation was confirmed by PAGE (Fig. 2). As the
amount of secreted SU in the supernatant by DNA transfec-
tion was comparable to that of Env in the cell lysate from CV-1
cells infected with WRvvEnv, a high expression of SU was
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achieved in a rev-independent manner by the pJW403 expres-
sion plasmid as described previously (9).

The expression of Env vaccines in the immunized animals
was indirectly estimated by Env-specific antibody responses
measured by a peptide ELISA using overlapping Env peptides.
Env peptide-specific Ab was detected from 11 weeks p.p. after
immunization with DNA vaccines, whereas there was no sig-
nificant difference in the titers and the specificity of the re-
sponses between the two vaccine groups (data not shown),
suggesting similar amounts of Env expressed in animals immu-
nized with either Env vaccine. To examine the protective effect
of the Env vaccines, all animals were challenged with 10
TCIDs, of SIVmac239 intravenously at 28 weeks p.p.

Cellular immune responses elicited by Env vaccines. The
DNA prime-vaccinia virus boost regimen has been used in
many studies, has successfully induced a high frequency of
virus-specific CD8* T cells in macaques, and has conferred
protective immunity against chimeric simian/human immuno-
deficiency virus (SHIV) (3, 27, 45). We therefore examined the
vaccine-induced Env-specific T-cell responses by IFN-y ELIS-
POT assay. Since deglycosylation in Env might change T-cell
epitopes in SIVmac239, we measured the wt-SU and A5G
SU-specific T-cell response by using autologous B-LCLs in-
fected with recombinant Sendai viruses expressing either wt .
SU and/or A5G SU, respectively.

Although there was a tendency for more ELISPOT-positive
cells to be observed by homologous SU than heterologous SU,
comparable results were obtained by both assays (Fig. 3A and
B). As vaccinated animals were challenged with STVmac239,
the results from the wt-SU assay were subsequently used to
assess the SU-specific immune response. Immunization with
the DNA vaccine induced only marginal SU-specific CD8" T
cells or CD4™ T cells at 11 weeks p.p.; however, boost immu-
nization with recombinant WR vaccinia virus significantly in-
creased SU-specific CD8™" T cells and CD4™ T cells in PBMCs
at 26 weeks p.p. (Fig. 3A, B, and C). Notably, STVmac239 Env
(wt Env) induced twofold more SU-specific CD8 T cells (mean,
770 SFC per million PBMCs; range, 540 to 880) responding to
wt SU than A5G Env (mean, 320; range, 110 to 400) (P =
0.029) (Fig. 3A and C). Similarly, twofold more SU-specific
CD4™" T cells were observed in wt-Env vaccinees (mean, 1,260;
range, 840 to 1,710) than in A5G Env vaccinees (mean, 680;
range, 150 to 1,260} at 26 weeks p.p. (P = 0.11) (Fig. 3B and
C). Thus, a twofold-greater number of both SU-specific CD4™
T cells and CD8" T cells were induced in SIVmac239 Env
vaccinees than in A5G Env vaccinees at 26 weeks p.p. In vector
controls, only negligible SU-specific CD4" T cells and CD8* T
cells were detected in PBMCs at 26 weeks p.p. (Fig. 3A and B).

Humoral immune response elicited with Env vaccines. The
anti-Env Ab titer was examined by SIVmac239 virion lysate
ELISA. Anti-SIV Ab was detected in both wt-Env vaccinees
and A5G Env vaccinees after an rVV boost (Fig. 4) (26 weeks
p.p.). Anti-SIV Ab titers were comparable between the two
vaccine groups.

Next, we examined the NAb against either SIVmac239,
A5G, or a macrophage-tropic mutant, 239env/MERT (33, 35),
in the two vaccine groups. Macrophage-tropic SIVs were
highly susceptible to neutralization by plasma from most SIV-
infected macaques (29), whereas SIVmac239 was highly resis-
tant to neutralization as were most clinical isolates of HIV-1
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FIG. 3. Env-specific CD4" T-cell and CD8" T-cell responses in 12 macaques. A: Env-specific CD8" T cells in PBMCs were measured by
ELISPOT assay for IFN-y in three groups. B: Env-specific CD4™ T cells in PBMCs were measured by ELISPOT assay for IFN-y in three groups.
ELISPOT results are colored as follows: A5G SU-specific T cells (red), wit-SU-specific T cells (green), and TM-specific T cells (vellow). Arrows
with a dotted line, arrows with broken line, and arrows with a solid line indicate the time of the third DNA vaccination at 8 weeks p.p., the time
of the vaccine boost at 21 weeks p.p., and the time of STVmac239 challenge at 28 weeks p.p., respectively. C: Comparison of SU-specific CD8™ T cells
and CD4* T cells in PBMCs among the wt-Env vaccine group, the A5G Env vaccine group, and the vector control group at 26 weeks p.p. and 4, 7, and
12 days p.. The numbers of SFC responding to SIVmac239 SU were used to compare the effects of the two vaccines. w, weeks; d, days.

(21, 29, 30). Plasma at 26 weeks p.p. from all immunized
animals failed to neutralize not only SIVmac239 but also a
multiple-deglycosylation-mutation strain, A5G (Table 1); in
contrast, these plasma specimens did neutralize 239env/
MERT. Furthermore, a marked difference was observed be-
tween the two vaccine groups. The NAD titer in the wt-Env
vaccine group was eightfold higher than ia the A5G Env vac-
cine group (Table 1). The difference of this immune response
between the two vaccine groups was significant (P = 0.029).
SIV replication in Env-immunized animals. As described
above, wt-Env vaccine and A5G Env vaccine induced different
magnitudes of virus-specific cellular and humoral immunity in

macaques. To examine the effect of the two vaccines, we chal-
lenged the vaccinated animals with STVmac239. Viral loads in
vector controls were mostly consistent with our previous results
with SIVmac239-infected rhesus macaques (36, 48). The mean
peak viral load at 2 weeks p.i. was 1.4 X 107 copies/ml, with a
range of 0.5 X 107 to 2.2 X 107 copies/ml. Viral loads in chronic
infection diverged into two patterns (Fig. SA). Subsequent to
the set point at 20 weeks p.i., the viral loads in three animals
increased more than 10* copies/ml. In contrast, viral loads in
one animal (Mm0011) remained as low as 1,000 copies/ml up

to 45 weeks p.i.

Compared with the vector controls, viral loads in wt-Env
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FIG. 4. Humoral immune response during immunization and after challenge infection. The OD,, was used as a relative measurement of
anti-SIV ELISA antibody titer.

vaccinees were markedly reduced (Fig. 5B). Peak viral loads at
2 weeks p.i. (mean, 1 X 10° copies/ml; range, 0.8 X 10° to 1.2
X 10° copies/ml) were 1-log lower than those in the vector
controls. Furthermore, viral loads decreased to as low as 1,000
copies/ml by 8 to 20 weeks p.i., remaining low until autopsy at
45 weeks p.i.

Unexpectedly, viral loads in the ASG Env vaccine group
resembled those in vector controls (Fig. 5C). Peak viral loads
(mean, 2.4 X 10° copies/ml; range, 0.9X 10° to 4.2 X 10°
copies/ml) were slightly lower than those in vector controls. Set
points and viral loads in the chronic phase were similar to
those of vector controls.

In summary, as shown by the mean viral loads in primary and
chronic infection (Fig. 5D) and statistical analysis (Fig. 5E),
the effects of vaccination differed between the wt-Env vaccine
and A5G Env vaccine. In the effect on primary infection (up to
6 weeks p.i.), wt-Env vaccination decreased viral loads more
extensively and significantly than A5G Env vaccination (P =

TABLE 1. Neutralizing-antibody titers in the vaccinated macaques
at 26 weeks p.p.

Neutralizing-antibody titer®

Vaccine Animal Mean?
SIVmac239 A5G 239/envMERT

wt-Env Mm0005 <20 <20 800
Mm0007 <20 <20 400

400
Mm0010 <20 <20 400
Mm0012 <20 <20 200
A5G-Env Mm0001 <20 <20 100
Mm0002 <20 <20 20

50
Mm0003 <20 <20 100
Mm0009 <20 <20 50

@ Reciprocal of the dilution of plasma giving 50% inhibition of SIV replication.
®The difference in NAb levels between the two vaccine groups was significant
(P = 0.0029).

0.029 versus P = 0.057); however, in chronic infection (viral
loads after 8 weeks p.i.), significant reductions in viral loads
compared with those in vector controls were seen only in the
wt-Env vaccine group and not the A5G Env vaccine group (Fig.
5E). Collectively, wt-Env vaccination induced significantly ef-
fective immunity to control SIVmac239 infection, whereas
A5G Env vaccination induced a marginal effect seen only in
primary and not in chronic infection.

CD4* T-cell subsets in PBMCs. CD4 cell depletion is a
primary manifestation indicating immune disorder in HIV/SIV
infection. As CD4 depletion results from HIV/SIV infection in
lymphatic tissue, it correlates with the extent of viral replica-
tion. Accordingly, viral loads were correlated mostly with CD4
depletion (Fig. 5 and 6A). Despite fluctuations due to immu-
nizations and the challenge infection, the percentage of CD4™
T cells in wt-Env-immunized animals in the chronic phase
recovered to the levels at the initiation of the experiment. By
contrast, in vector controls and A5G Env vaccinees, the per-
centage of CD4™ T cells decreased in the chronic phase.
Among them, an extensive decrease in CD4* T cells occurred
in animals with high viral loads in the chronic phase (Mm0001,
Mm0008, and Mm0009) (Fig. 5 and 6A). However, in the other
animals, the levels of CD4% T cells remained as before the
challenge (Mm0003, Mm0011).

A subset of CD4™ CD29 high cells, approximately corre-
sponding to memory CD4* T cells, is useful for diagnosing a
deterioration in the immune function in animals with AIDS
(26, 38, 48). Although this parameter usually correlates with
the percentage of CD4™ T cells, remarkable differences were
noted between two Env vaccine groups after the challenge
infection. First, all animals in the wt-Env vaccine group showed
an increased percentage of this subset in the chronic phase
(Fig. 6B). Second, three of the A5G Env vaccinees had a
marked decrease after the challenge infection (MmOOOL,
Mm0002 and MmO0009), whereas the remaining animal
(Mm0003) showed an increased percentage of this subset. In
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Viral load was determined by averaging over a period of time.

vector controls, this subset remained in the range before the
challenge infection in all animals but one (Fig. 6B).
Env-specific-T-cell immunity after the challenge infection.
The magnitude of Env-specific T cells after the challenge in-
fection is assumed to be influenced not only by vaccination but
also by viral replication. Namely, SU-specific T cells at 4 days
pi. and those at 12 days pi. were likely influenced by the
former' and the latter respectively. The magnitudes of SU-
specific CD4™ T cells and CD8" T cells at 4 days p.i. were
comparable to those before challenge at 26 weeks p.p. (Fig. 3A
and B); therefore, twofold-more SU-specific CD8™ T cells and
CD47" T cells were present in wit-Env vaccinees than in ASG
Env vaccinees up to 4 days p.i. (Fig. 3C). However, this differ-
ence in the magnitudes of SU-specific CD8" T and CD4™ T
cells was not sustained at 7 and 12 days p.i. (Fig. 3C). Present
with tobust viral replication in primary infection, SU-specific
CD4* T cells immediately decreased to an undetectable level
at 12 days p.i. In contrast, SU-specific CD8" T cells increased
(Fig. 3A and B). Subsequently, SU-specific CD8™ T cells grad-
ually decreased to very low or undetectable levels by 34 weeks
p.i. (Fig. 3A). Thus, vaccine-induced SU-specific CD8™ T and
CD4™* T cells were sustained only for a short period of time
after challenge infection in both Env vaccine groups.
SIV-specific T-cell immunity after challenge infection. De-
spite an Env vaccination, robust SIV infection occurred shortly
after the challenge infection (Fig. 5B and C). Consequently,

SIV-specific CD8" T cells and CD4™" T cells were elicited not
only in vector controls but also in Env vaccine groups (Fig. 7A
and B). To examine the effect of these SIV-specific T cells on
the control of SIV infection, all animals were divided into SIV
infection-controlled (controlled) and SIV infection-uncon-
trolled (uncontrolled) animals. Viral loads in chronic infection
and the percentage of CD4" cells in PBMCs were used to
classify the animals as controlled or uncontrolled (Fig. 6A). All
animals in the wt-Env vaccine group, Mm00011 in vector con-
trols, and Mm0003 in the A5G Env vaccine group were
grouped as control animals. The remaining animals, Mm0004,
MmO0006, and MmO00O08 in vector controls and Mm0001,
Mm0002, and MmO0009 in the ASG Env vaccine group were
grouped as uncontrolled animals. Notably, SIV-specific CD4™
T cells as well as the percentage of CD4% CD29H cells re-
mained high in the chronic phase in controlled animals (Fig.
7B and 6B, respectively).

Although overall SIV-specific CD8" T cells were high in
Env-vaccinated controlled animals, such correlation was not
seen in vector controls grouped as uncontrolled animals (Fig.
7A). Therefore, to examine the relevance of virus-specific T
cells to the control of SIV infection, the magnitudes of every
viral-protein-specific T cell in controlled and uncontrolled an-
imals were compared. As shown in Fig. 7C, Gag-specific CD8™
T cells and CD4™" T cells, and Tat/Rev-specific CD4™ T cells
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FIG. 6. CD4* T cells in PBMCs from rhesus macaques during immunization and after the challenge infection. A: Percentage of CD4™ T cells

in PBMCs; B: percentage of CD4" CD2%high T cells in PBMCs.

were induced, with statistical significance (P < 0.05),. in the
contro] animals.

DISCUSSION

The heavily glycosylated structure of Env has been consid-
ered a main cause of chronically persistent viral replication and
the pathogenicity of HIV/SIV, primarily because it potentially
interferes with the development of the host immune response
associated with protective immune functions, such as NAb and
CTL (10, 36, 44). This characteristic constitutes the primary
reason for the difficulty of developing effective vaccines. We
therefore examined the efficacy of a deglycosylated-Env vac-
cine and compared it with the wt-Env vaccine. This study
showed that quintuple deglycosylation neither improved the
immunogenicity of the wt-Env vaccine nor elicited NAD
against STVmac239. This was in contrast to what occurred with
A5G infection in rhesus macaques, because the host response
elicited by A5G infection not only contained A5G infection but
also protected the animals from SIVmac239 challenge infec-
tion (36). This study therefore suggested that an almost ster-
ilizing immunity against SIVmac239 induced in A5G-infected
animals could not be explained by the immunogenicity of A5G
Env; instead, it is likely associated with the property of A5G as
an attenuated virus. In fact, A5G was more neutralization-

sensitive than SIVmac239 (36). Alternatively, the immuno-
genic property of Env in A5G could not successfully be dupli-
cated by immunization with a A5G Env DNA prime-vaccinia
virus boost regimen. Therefore, another immunization regi-
men might be able to elicit the protective immune response
induced by A5G infection.

The Env vaccine is superior to other vaccines containing
other viral proteins with respect to the induction of NADb;
however, both the A5G Env vaccine and the wt-Env vaccine
could not induce detectable NAb against either SIVmac239 or
A5G. Instead, the wt-Env vaccine induced higher NAb against
macrophage-tropic SIV than the A5G Env vaccine. Notably,
this parameter most significantly correlated with the efficacies
of the two Env vaccines. As Ab neutralized the macrophage-
tropic variant 239/envMERT, which has only four separate
amino acid substitutions distributed in env of SVmac239 (34),
it might recognize unknown epitopes conserved between
SIVmac239 and 239/envMERT. On the other hand, A5G Env
may not sufficiently present this epitope due to mutations.
Regarding the role of nonneutralizing Ab for the control of
SIVmac239 infection, it is assumed that, as the neutralization
assay did not necessarily reflect in vivo conditions, such non-
neutralizing Ab with potential virus-binding ability may inter-
fere with SIVmac239 infection in animals. Alternatively, Ab
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FIG. 7. SIV-specific CD8" T-cell and CD4™ T-cell responses in 12 animals. A: SIV viral-protein-specific CD8* T cells in PBMCs were
measured by ELISPOT assay for IFN-y in three groups: vector controls, wi-Env vaccine group, and A5G Env vaccines. B: SIV viral-protein-specific
CD4™" T cells in PBMCs were measured by ELISPOT assay for IFN-y in three groups. ELISPOT results of individual SIV proteins are colored
as follows: Gag (red), Nef (green), Tat/Rev (blue), Vif/Vpr/Vpx (vellow), and Pol (pink). C: Comparison of cumulated CD8™ T cells or CD4* T

cells specific to the viral proteins Gag, Pol, Nef, Tat/Rev, and Vif/Vpr/VpX
d, days.

might play a role in other effector functions, such as antibody-
dependent cell-mediated cytotoxicity to eliminate the infected
cells. The antibody-mediated enhancement of viral antigen
processing and cross presentation is also a mechanism poten-
tially related to the control of SIV infection in vivo (49).
Reduced immunogenicity in the A5G Env vaccine was also
noted in cellular immunity. The levels of stimulation of anti-
gen-specific CD8™ T cells and CD4™ T cells are MHC I and
MHC 11 dependent, respectively. As the macaques in this study
have different MHC haplotypes (data not shown), the magni-
tude and breadth of SIV-specific T cefls sirould vary among the
animals. Nevertheless, the magnitude of SU-specific CD8™ T
cells and CD4™ T cells in PBMCs was greater in the wt-Env
vaccine group than in the A5G Env vaccine group. Although

between SIV infection-controlled and uncontrolled animals. w, weeks;

the expression of SU by expressing plasmids and that of Env by
the vaccinia virus vector elicited by either the wt-Env vaccine
or A5G Env vaccine were indistinguishable in cultured cells
(Fig. 2), wt-Env might persist longer than A5G Env in vacci-
nated animals. T-cell epitopes in the wt-Env vaccine might
therefore be more efficiently presented on MHC molecules in
antigen-presenting cells than in the ASG Env vaccine. Differ-
ences in glycosylation levels might also affect some processes in
antigen-presenting cells associated with the presentation of
T-cell epitopes in Env.

Taking all results together, Env glycosylation might affect
the presentation of B-cell epitopes and T-cell epitopes re-
quired for Ab-mediated and T-cell-mediated immunities re-
lated to the control of SIV infection.
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As seen in viral loads and SU-specific T cell levels after
challenge infection (Fig. 3 and 5), the effect of vaccination was
limited. That seemed related to the development of escape
mutants. Therefore, distinctive cellular immune responses af-
ter the challenge infection were also implicated in the control
of SIVmac239 replication. The magnitude of virus-specific
CD8™* T cells did not always correlate with the suppression of
viral replication as reported previously (1, 6), particularly in
vector controls (Fig. 5 and 7A); however, selected epitope-
specific CTL responses might be associated with infection con-
trol. Gag-specific CTLs are such candidates, because a high
magnitude of Gag-specific CD8™ T cells was significantly elic-
ited in five control animals (Fig. 7C). The magnitude of Gag-
or Tat/Rev-specific CD4* T cells was statistically correlated
with infection control (Fig. 7C). This may simply indicate a
lower depletion of virus-specific CD4™ T cells in animals with
lower viral loads as reported previously (11). Alternatively,
these virus-specific CD4" T cells may play an important role in
protective immunity (39). Taken together, these results impli-
cated the dominant role of selected epitope-specific CD4% T
cells and CD8™ T cells for the control of SIVmac239 infection.

The challenge virus that should be used has been an impor-
tant issue in AIDS vaccine studies (8, 10, 12). Many studies
have reported impressive efficacy in a pathogenic-SHIV ma-
caque model (3, 4, 45, 46); however, pathogenic SHIVs use
CXCR4 as a coreceptor, whereas the majority of clinical iso-
Jates of HIV-1 use CCR5 (13, 27). Therefore, the challenge
virus for an AIDS vaccine study should be an R5 virus, such as
SIV (10). Consistent with this concern, a DNA prime-modi-
fied-vaccinia virus Ankara boost regimen, inducing broad SIV-
specific T-cell responses, reduced the initial viral replication
but did not prevent disease progression against SIVmac239
challenge (18). Thus, vaccine studies using pathogenic SHIV
should be reevaluated by using an RS virus (10).

Matano et al. reported that a DNA prime-Sendai virus boost
regimen induced the CTL-based control of STVmac239 in rhe-
sus macaques (27). This study demonstrated that a DNA
prime-vaccinia virus WR boost regimen expressing only Env
controlled the chronic infection of STVmac239 in rhesus ma-
caques. The relatively lower viral loads in macaques from My-
anmar or Laos than in those of Indian origin might contribute
to the control of SIVmac239 infection. Nevertheless, it is im-
portant that these two studies demonstrated the efficacies of
the two vaccine regimens against highly pathogenic SIVmac239.
In earlier studies, other RS SIVs were used as a challenge virus
for an efficacy study of vaccine candidates. An Env-based vac-
cine in vaccinia virus vector priming and subunit protein boost-
ing protected cynomologous macaques against homologous
SIVmne clone E11S (42). In recombinant modified vaccinia
virus, Ankara viruses expressing Gag-Pol and/or Env exhibited
vaccine efficacy because of reduced viremia and the increased
survival of rhesus macaques infected with uncloned
SIVsmE660 (41). Accordingly, the efficacy of vaccine candi-
dates might be influenced by the experimental conditions.
Thus, well-defined animal models with detailed virological,
immunological, and genetic information and suitable challenge
viruses are required for the evaluation of vaccine candidates
and the development of an AIDS vaccine.

This study demonstrated the importance of Env as a com-
ponent of the AIDS vaccine, and Env-specific CD8" and
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CD4™" T cells and nonneutralizing Env-specific Ab were sug-
gested as protective immunity components. Quintuple degly-
cosylation in Env reduced vaccine efficacy and Env-specific
immune responses. Env may therefore be comprised of appro-
priate antigenic properties to elicit humoral and cellular im-
mune responses required for protective immunity against ho-
mologous or allele-specific target SIV/HIV. These properties
could be modified by the alteration of glycosylation.

In conclusion, although Env is an important immunogen for
the AIDS vaccine, Env properties, including glycosylation,
should be carefully considered to design vaccines specific to the
targeted viruses.

ACKNOWLEDGMENTS

We thank Kayoko Ueda for excellent technical assistance.

This work was supported by AIDS research grants from the Health
Sciences Research Grants, from the Ministry of Health, Labor, and
Welfare in Japan, and from the Ministry of Education, Culture, Sports,
Science and Technology in Japan.

REFERENCES

1. Addo, M. M., X. G. Yu, A. Rathed, D. Cohen, R. L. Eldridge, D. Strick, M N.
Johnston, C. Corcoran, A. G. Wurcel, C. A. Fitzpatrick, M. E. Feeney, W. R
Rodriguez, N. Basgoz, R. Draenert, D. R. Stone, C. Brander, P. J. Goulder,
E. S. Rosenberg, M. Altfeld, and B. D. Walker. 2003. Comprehensive epitope
analysis of human immunodeficiency virus type 1 (HIV-1)-specific T-cell
responses directed against the entire expressed HIV-1 genome demonstrate
broadly direcied responses, but no correlation to viral load. J. Virol. 77:2081-
2092.

2. Alien, T. M., and D. L. Watkins. 2001. New insights into evaluating effective
T-cell responses to HIV. AIDS 15(Suppl. 5):8117-5126.

3. Amara, R. R, F. Villinger, J. D. Altman, S. L. Lydy, S. P. O’Neil, S. L
Staprans, D. C. Montefiori, Y. Xu, J. G. Herndon, L. 8. Wyatt, M. A.
Candido, N. L. Kozyr, P. L. Earl, J. M. Smith, H. L. Ma, B. D. Grimm, M. L.
Hulsey, J. Miller, H. M. McClure, J. M. McNicholl, B. Moss, and H. L.
Robinson. 2001. Control of a mucosal challenge and prevention of AIDS by
a multiprotein DNA/MVA vaccine. Science 292:69-74.

4, Barouch, D. H., S. Santra, J. E. Schmitz, M. J. Kuroda, T. M. Fu, W,
Wagner, M. Bilska, A. Craiu, X. X. Zheng, G. R. Krivulka, K. Beaudry, M. A.
Lifton, C. E. Nickerson, W. L. Trigona, K. Punt, D. C., Freed, L. Guan, S.
Dubey, D. Casimiro, A. Simon, M. E. Davies, M. Chastain, T. B. Strom, R. S.
Gelman, D. C. Montefiori, M. G. Lewis, E. A. Emini, J. W. Shiver, and N. L.
Letvin. 2000. Control of viremia and prevention of clinical AIDS in rhesus
monkeys by cytokine-augmented DNA vaccination. Science 290:486-492.

5. Berger, E. A., P. M. Murphy, and J. M. Farber. 1999. Chemokine receptors
as HIV-1 coreceptors: roles in viral entry, tropism, and disease. Annu. Rev.
Immunol. 17:657-700.

6. Betts, M. R, D. R. Ambrozak, D. C. Douek, S. Bonhoeffer, J. M. Brenchley,
J. P. Casazza, R. A. Koup, and L. J. Picker. 2001. Analysis of total human
immunodeficiency virus (HIV)-specific CD4(-+) and CD8(+) T-cell respons-
es: relationship to viral load in untreated HIV infection. J. Virol. 75:11983-
11991.

7. Burton, D. R. 2002. Antibodies, viruses and vaccines. Nat. Rev. Immunol.
2:706-713.

8. Burton, D. R., R. C. Desrosiers, R. W. Doms, W. C. Koff, P. D. Kwong, J. P.
Moore, G. J. Nabel, J. Sodroski, I. A. Wilson, and R. T. Wyatt. 2004. HIV
vaccine design and the neutralizing antibody problem. Nat. Immunol. 5:233-
236.

9. Chapman, B. S., R. M. Thayer, K. A. Vincent, and N. L. Haigwood. 1991.
Effect of intron A from human cytomegalovirus (Towne) immediate-early
gene on heterologous expression in mammalian cells. Nucleic Acids Res.
19:3979-3986.

10. Desrosiers, R. C. 2004, Prospects for an AIDS vaccine. Nat. Med. 10:221-
223.

11. Douek, D, C., J. M. Brenchley, M. R. Betts, D. R, Ambrozak, B. J. Hill, Y.
Okamoto, J. P, Casazza, J. Kurappu, K. Kunstman, S. Welinsky, Z. Gross-
man, M. Dybul, A. Oxenius, D. A. Price, M. Connors, and R. A. Koup. 2002.
HIV preferentially infects HIV-specific CD4+ T cells. Nature 417:95-98.

12. Emini, E. A., and W. C. Koff. 2004, AIDS/HIV. Developing an AIDS vaccine:
need, uncertainty, hope. Science 304:1913-1914.

13. Feinberg, M. B., and J. P. Moore. 2002. AIDS vaccine models: challenging
challenge viruses. Nat Med. 8:207-210.

14. Gardaer, M. B. 2003. Simian AIDS: an historical perspective. J. Med. Pri-
matol. 32:180-186.

15. Gotoh, H., T. Shioda, Y. Sakai, K. Mizumoto, and H. Shibuta. 1989. Rescue



10396

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

MORI ET AL.

of Sendai virus from viral ribonucleoprotein-transfected cells by infection
with recombinant vaccinia viruses carrying Sendai virus L and P/C genes.
Virology 171:434-443.

Haigwood, N. L., and L. Stamatatos. 2003. Role of neutralizing antibodies in
HIV infection. AIDS 17(Suppl. 4):S67-871.

Hirsch, V. M. 2004. What can natural infection of African monkeys with
simian immunodeficiency virus tell us about the pathogenesis of AIDS?
AIDS Rev. 6:40-53.

Horton, H., T. U. Vogel, D. K. Carter, K. Vielhuber, D. H. Fuller, T. Shipley,
J. T. Fuller, X. J. Kunstman, G. Sutter, D. C. Montefiori, V. Erfle, R. C.
Desrosiers, N. Wilson, L. J. Picker, S. M. Wolinsky, C. Wang, D. B. Allison,
and D. 1. Watkins. 2002. Immunization of rhesus macaques with a DNA
prime/modified vaccinia virus Ankara boost regimen induces broad simian
immunodeficiency virus (SIV)-specific T-cell responses and reduces initial
viral replication but does not prevent disease progression following challenge
with pathogenic SIVmac239. J. Virol. 76:7187-7202.

Johnson, R. P., R. L. Glickman, J. Q. Yang, A. Kaur, J. T. Dion, M. J.
Mulligan, and R. C. Desrosiers. 1997. Induction of vigorous cytotoxic T-
lymphocyte responses by live attenuated simian immunodeficiency virus.
J. Virol. 71:7711-7718.

Johnson, W. E., J. D. Lifson, S. M. Lang, R. P. Johnson, and R. C. Desro-
siers. 2003. Importance of B-cell responses for immunological control of
variant strains of simian immunodeficiency virus. J. Virol. 77:375-381.
Johnson, W. E., H. Sanford, L. Scbhwall, D. R, Burton, P. W, Parren, J. E.
Robinson, and R. C. Desrosiers. 2003. Assorted mutations in the envelope
gene of simian immunodeficiency virus lead to loss of neutralization resis-
tance against antibodies representing a broad spectrum of specificities. J. Vi-
rol. 77:9993-10003.

Kano, M., T. Matano, A, Kato, H. Nakamura, A, Takeda, Y. Suzaki, Y. Ami,
K. Terao, and Y. Nagai. 2002, Primary replication of a recombinant Sendai
virus vector in macaques. J. Gen. Virol. 83:1377-1386.

Kano, M., T. Matano, H. Nakamura, A. Takeda, A. Kato, K. Ariyoshi, K.
Mori, T. Sata, and Y. Nagai. 2000. Elicitation of protective immunity against
simian immunodeficiency virus infection by a recombinant Sendai virus ex-
pressing the Gag protein. AIDS 14:1281-1282.

Letvin, N. L., J. E. Schmitz, H. L. Jordan, A. Seth, V. M. Hirsch, K. A
Reimann, and M. J. Kuroda. 1999. Cytotoxic T lymphocytes specific for the
simian immunodeficiency virus. Immunol. Rev. 170:127-134.

Lifson, J. D., M. A. Nowak, S. Goldstein, J. L. Rossio, A, Kinter, G. Vasquez,
T, A. Wiltrout, C. Brown, D. Schneider, L. Wahl, A. L. Lloyd, J. Williams,
W. R. Elkins, A. S. Fauci, and V. M. Hirsch. 1997. The extent of early viral
replication is a critical determinant of the natural history of simian immu-
nodeficiency virus infection. J. Virol. 71:9508-9514.

Matano, T., M. Kano, T. Odawara, H. Nakamura, A. Takeda, K. Mori, T.
Sato, and Y. Nagai. 2000. Induction of protective immunity against patho-
genic simian immunodeficiency virus by a foreign receptor-dependent rep-
lication of an engineered avirulent virus. Vaccine 18:3310-3318,

Matano, T., M. Kobayashi, H. Igarashi, A, Takeda, H. Nakamura, M. Kano,
C. Sugimoto, K. Mori, A. lida, T. Hirata, M. Hasegawa, T. Ynasa, M.
Miyazawa, Y. Takahashi, M. Yasunami, A. Kimura, D. H. O’Connor, D. 1.
Watkins, and Y. Nagai. 2004. Cytotoxic T lymphocyte-based control of sim-
ian immunodeficiency virus replication in a preclinical AIDS vaccine trial. J
Exp. Med. 199:1709-1718.

McMichael, A. J., and S. L. Rowland-Jones. 2001. Cellular immune re-
sponses to HIV. Nature 410:980-987.

Means, R. E., T. Greenough, and R. C. Desrosiers. 1997. Neutralization
sensitivity of cell culture-passaged simian immunodeficiency virus. J. Virol.
71:7895-7902.

Means, R. E., T, Matthews, J. A. Hoxie, M. H. Malim, T. Kodama, and R. C.
Desrosiers. 2001. Ability of the V3 loop of simian immunodeficiency virus to
serve as a target for antibody-mediated neutralization: correlation of neu-
tralization sensitivity, growth in macrophages, and decreased dependence on
CD4. J. Virol. 75:3903-3915.

Mellors, J. W., L. A. Kingsley, C. R. Rinaldo, Jr., J. A. Todd, B. 8. Hoo, R. P,
Kokka, and P, Gupta. 1995. Quantitation of HIV-1 RNA in plasma predicts
outcome after seroconversion. Ann. Intern. Med. 122:573-579.

Moore, J. P, S. G. Kitchen, P. Pugach, and J. A. Zack. 2004. The CCR5 and
CXCR4 coreceptors—central to understanding the transmission and patho-
genesis of human immunodeficiency virus type 1 infection. AIDS Res. Hum.
Retrovir. 20:111-126.

Mori, K., D. J. Ringler, and R. C. Desrosiers. 1993. Restricted replication of
simian immunodeficiency virus strain 239 in macrophages is determined by
Env but is not due to restricted entry. J. Virol. 67:2807-2814.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

J. VIROL.

Mori, K., D. J. Ringler, T. Kodama, and R, C. Desrosiers. 1992. Complex
determinants of macrophage tropism in Env of simian immunodeficiency
virus. J. Virol. 66:2067-2075.

Mori, K., M. Rosenzweig, and R. C. Desrosiers. 2000. Mechanisms for
adaptation of simian immunodeficiency virus to replication in alveolar mac-
rophages. J. Virol. 74:10852-10859.

Mori, K., Y. Yasutomi, S. Ohgimoto, T. Nakasone, S, Takamura, T. Shioda,
and Y. Nagai. 2001. Quintuple deglycosylation mutant of simian immuno-
deficiency virus SIVmac239 in rhesus macaques: robust primary replication,
tightly contained chronic infection, and elicitation of potent immunity
against the parental wild-type strain. J. Virol. 75:4023-4028,

Mori, K., Y. Yasntomi, S. Sawada, F. Villinger, X. Sugama, B. Rosenwith,
J. L. Heeney, K. Uberla, S. Yamazaki, A. A. Ansari, and H. Rubsamen-
Waigmann. 2000. Suppression of acute viremia by shori-term postexposure
prophylaxis of simian/human immunodeficiency virus SHIV-RT-infected
monkeys with a novel reverse transcriptase inhibitor (GW420867) allows for
development of potent antiviral immune responses resulting in efficient
containment of infection. J. Virol. 74:5747-5753.

Munch, J., N. Adam, N. Finze, N. Stolte, C. Stabl-Hennig, D. Fuchs, P. Ten
Haaft, J. L. Heeney, and F., Kirchhoff. 2001. Simian immunodeficiency virus
in which nef and U3 sequences do not overlap replicates efficiently in vitro
and in vivo in rhesus macaques. J. Virol. 75:8137-8146.

Norris, P. J., and E. S. Rosenberg. 2001. Cellular immune response to human
immunodeficiency virus. AIDS 15(Suppl. 2):516-S21.

Ohgimoto, S., T. Shioda, K. Mori, E. E. Nakayama, H. Hu, and Y. Nagai.
1998. Location-specific, unequal contribution of the N glycans in simian
immunodeficiency virus gp120 to viral infectivity and removal of multiple
glycans without disturbing infectivity. J. Virol. 72:8365-8370.

Ourmanov, L, C. R. Brown, B. Moss, M. Carroll, L. Wyatt, L. Pletneva, S.
Goldstein, D. Venzon, and V. M. Hirsch. 2000. Comparative efficacy of
recombinant modified vaccinia virus Ankara expressing simian immunode-
ficiency virus (SIV) Gag-Pol and/or Env in macaques challenged with patho-
genic SIV. J. Virol. 74:2740-2751.

Polacino, P, V. Stallard, J. E. Klaniecki, D. C. Montefiori, A. J. Langlois,
B. A. Richardson, J. Overbaugh, W. R. Morton, R. E. Benveniste, and 8. L.
Hu. 1999. Limited breadth of the protective immunity elicited by simian
immunodeficiency virus SIVmne gp160 vaccines in a combination immuni-
zation regimen. J. Virol. 73:618-630.

Reeves, J. D., and R. W. Doms. 2002. Human immunodeficiency virus type 2.
J. Gen. Virol. 83:1253-1265.

. Reitter, J. N, R. E. Means, and R. C. Desrosiers. 1998. A role for carbohy-

drates in immune evasion in AIDS. Nat. Med. 4:679-684.
Robinson, H. L., D. C. Montefiori, R. P. Johnson, K. H. Manson, M. L.

" Kalish, J. D. Lifson, T. A, Rizvi, S. Lu, S. L. Hu, G. P. Mazzara, D. L.

46.

47.

48,

49,

50.

51,

52.

Panicali, J. G. Herndon, R. Glickman, M. A. Candido, S. L. Lydy, M. S.
Wyand, and H. M. McClure. 1999. Neutralizing antibody-independent con-
tainment of immunodeficiency virus challenges by DNA priming and recom-
binant pox virus booster immunizations. Nat. Med. 5:526-534.

Rose, N. F.,, P. A. Marx, A. Luckay, D. F. Nixon, W. J. Moretto, S. M.
Donahoe, D. Montefiori, A. Roberts, L. Buonocore, and J. K. Rose. 2001. An
effective AIDS vaccine based on live attenuated vesicular stomatitis virus
recombinants. Cell 106:539~549.

Stebbing, J., B. Gazzard, and D. C. Douek. 2004. Where does HIV live?
N. Engl. J. Med. 350:1872-1880.

Sugimoto, C., K. Tadakuma, 1. Otani, T. Moritoyo, H. Akari, F. Ono, Y.
Yoshikawa, T. Sata, S. Izumo, and K. Mori. 2003. nef gene is required for
robust productive infection by simian immunodeficiency virus of T-cell-rich
paracortex in lymph nodes. J. Virol. 77:4169-4180.

Villinger, F., A. E. Mayne, P. Bostik, K. Mori, P. E. Jensen, R. Ahmed, and
A, A. Ansari. 2003, Evidence for antibody-mediated enhancement of simian
immunodeficiency virus (SIV) Gag antigen processing and cross presenta-
tion in SIV-infected rhesus macaques. J. Virol. 77:10-24.

Watanabe, M. E. 2003. Skeptical scientists skewer VaxGen statistics. Nat.
Med. 9:376.

Wei, X., J. M. Decker, S. Wang, H. Hui, J. C. Kappes, X. Wy, J. F. Salazar-
Gonzalez, M. G. Salazar, J. M. Kilby, M. S, Saag, N. L. Komarova, M. A.
Nowak, B. H. Hahn, P. D. Kwong, and G. M. Shaw. 2003. Antibody neutral-
ization and escape by HIV-1. Nature 422:307-312.

Yu, D, T. Shioda, A. Kato, M. K. Hasan, Y. Sakai, and Y. Nagai. 1997.
Sendai virus-based expression of HIV-1 gp120: reinforcement by the V()
version. Genes Cells 2:457-466.



Available online at www.sciencedirect.com

SCIENCE(C%DIHEGTS

Neuroscience Letters 393 (2006) 102-107

Neurogscience
Letters

www.elsevier.com/locate/neulet

The pro-apoptotic human BH3-only peptide harakiri is expressed in
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Abstract

In the central nervous system (CNS), HIV-1 targets mainly microglia/macrophages. Like the CD4+ T cell depletion and neuronal loss in AIDS,
apoptosis-is thought to be involved in eliminating infected macrophages. In this study, we examined the expression of the pro-apoptotic BH3-
peptide harakiri (Hrk) in brain tissues of AIDS patients. Immunoreactivity against Hrk was positive in perivascular macrophages infiltrated into
some restricted lesions. Most of these immunopositive cells contained small inclusions positive for Grocott’s methenamine silver staining. Confocal
laser microscopy demonstrated that Hrk expression coincided with immunoreactivities against HIV-1 and Cryptococcus neoformans. Expression of
Hrk mRNA was demonstrated in these cells by in situ hybridization, which indicated that Hrk is not phagocytosed material. Some pro-apoptotic bel-
family members, including Hrk, may contribute to the delayed hypersensitive reactionin AIDS, in macrophages eliminating opportunistic infection.

© 2005 Elsevier Ireland Ltd. All rights reserved.
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Central nervous system (CNS) involvement in HIV-1 infectionis
represented by the “AIDS dementia complex”, which primarily
“affects subcortical white matter [13,12]. However, HIV-1 infec-
tion is restricted to capillary endothelium, macrophages, and
multinucleated giant cells (MGC) in most cases, while astro-
cytes and neurons are infected only in severe cases [20]. The
parenchymal cells (neurons and astrocytes) are probably spared
in exchange for the infected perivascular macrophages. Like
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CD4+ T cell depletion and cortical neuronal loss in AIDS, apop-
tosis may play an important role in the elimination of infected
macrophages. In fact, cell death was demonstrated in HIV-1
infected cultured microglia [19], and some TUNEL-positive
macrophages were observed in HIV encephalitis (HIVE) sam-
ples [15]. However, this mechanism is not fully understood.

Bcl-2 is an anti-apoptotic peptide cloned from human lym-
phoma with a chromosomal translocation, t(14;18) [18]. Bel-2
family members share some of the four homologous domains
with bel-2 (bel-2 homology regions 1-4; BH1-4). Of these, the
BH3 domain is closely linked to pro-apoptotic activity, and the
,BH3-only proteins Bik/Nbk, Bim, Bod, BLK, and Bnip3 have
pro-apoptotic functions.

The bel-2 family was also demonstrated in the macrophages

.in HIVE samples. Krajewski et al. reported the expression

of Bax, a pro-apoptotic bcl-family peptide, in the microglia/
macrophages in HIVE samples [10]. This expression was
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Table 1 Table 2
Clinical data of autopsied AIDS patients Control cases
Patient no. Age, sex C. neoformans Additional infection Control no. Age Sex Clinical diagnosis
1 36, M - CMYV retinitis 1 28 F Anorexia nervosa
2 20,M - Toxoplasma meningitis 2 19 M Duchenne muscular dystrophy
3 36, M - CMYV pneumonia 3 76 M Esophageal carcinoma
4 3L, F - Lung toxoplasmosis 4 55 M Cerebral infarction
5 32, M — Lung tuberculosis 5 61 M Cerebral infarction
6 66, M - Glioblastoma 6 64 F Cerebral infarction
7 69, F - PML 7 66 F Cerebral infarction
8 50, M - Lung toxoplasmosis 8 69 F Cerebral ihfarction
9 o.M + MAI pneumonia 9 73 M Cerebral %nfarcu‘on
: . 10 80 M Cerebral infarction
10 .M+ PC pneumonia 1 83 F Cerebral infarction
11 49, M + PC pneumonia, CMYV retinitis
12 30, M + Anal herpes 12 21 M Chronic encephzliliﬁs
13 38 M + N 13 43 M Neurp-Behget d{sease
14 35 M Multiple sclerosis
M 38, M * - 15 35 F Multiple sclerosis
15 34,F + -
16 37, M + CMV ventriculitis
17 30, M + CMYV retinitis
18 32,F + PC pneumonia, CMV nosis and neuroscience research with the consent of the patient’s
ventriculitis, PML family.
19 54, M + - Formalin-fixed paraffin-embedded blocks were cut into

CMV: cytomegalovirus MAL: Mycobacterium avium-intracellulare; PC: Pneu-
mocystis carinii; PML: progressive multifocal leukoencephalopathy.

prominent in the perivascular macrophages, especially in the
basal ganglia.

The human protein harakiri (Hrk) and its murine ortholog
DP5 belong to this pro-apoptotic BH3-only protein group [8,7].
Both have the cell-death promoting function and heterodimer-
ize with Bcl-2 or Bel-XL in vitro [8,7]. The expression of Hrk
has been demonstrated in lymphoid tissue, pancreas, kidney,
liver, lung, and brain. DP5 was originally isolated from an in
vitro apoptosis model of the sympathetic neuron [7], and it is
expressed in the developing nervous system [9]. Considering
these expression patterns, Hrk and DPS5 are possibly involved in
CNS pathologies. In fact, the upregulation of Hrk and its het-
erodimer formation with bcl-2 were demonstrated in the anterior
horn cells of amyotrophic lateral sclerosis patients [17].

In this study, we examined the expression of Hrk, and dis-
cussed its possible contribution to the pathophysiology of HIVE.

The brains of six successive AIDS patients collected at the
Institute of Medical Science of the University of Tokyo between
1992 and 1996 were studied. After the preliminary study, we
added 13 patients with AIDS (seven patients with opportunis-
tic Cryptococcus neoformans (C. neoformans) infection were
included) from the Brain Bank of Pitié-Salpétriére Hospital,
who died between 1991 and 2001. The clinical diagnoses were

confirmed by the clinical courses and hematological and virolog-

ical or bacteriological investigations. The clinical information
of the patients is summarized in Table 1. As control cases, we
examined 15 patients (Table 2). Controls 1-3 died from systemic

disorders and showed no remarkable CNS lesion. Controls 4—11

suffered from cerebral infarction and Nos. 12—15 from inflam-
matory CNS disorders. Unfortunately, there was no case of C.
neoformans infection without AIDS in the databases of either
institute. All samples were examined for the pathological diag-

3 pm-thick sections for the standard staining methods (hema-
toxylin and eosin (H&E), Kliiver-Barrera, and Grocott),
immunohistochemistry, and in situ hybridization. Antisera
against human Hrk was raised in immunized rabbits as described
elsewhere [7,17]. Other commercial antibodies are summarized
in Table 3.

For the immunohistochemistry of HIV core protein p24,
deparaffinized samples underwent 15min of microwave irra-
diation in citrate buffer (BioGenex, HK086-9K) for antigen
retrieval and then were incubated with 0.01% protease type
XXIV (Sigma, P8038) for 15 min.

All samples were incubated in 3% hydrogen peroxide in
methanol to block endogenous peroxide activity. After incu-
bation in 10% normal bovine serum for 30 min, primary anti-
body diluted in PBS were was applied for 14 h at 4°C. After
incubation with biotinylated secondary antibodies for 1h at
room temperature, immunoreactivity was made visible using the
ABC system (Vector, PK6100) with diaminobenzidine tetrahy-
drochloride as the substrate.

To investigate the co-localization of Hrk or C. neoformans
and other antigens (HLA-DR, HIV p24, CMV), we visualized

Table 3
Commercial antibodies
Clone Dilution
Mouse monoclonal antisera’
Anti-HIV p24 DAKO Kal-1 1:50
Anti-cytomagalovirus MONOSAN BM204 1:50
Anti-P. carinii DAKO 3F6 1:50
Auti-Toxoplasma gondii NeoMarkers RB-282-A 1:100
Anti-human HLA-DR DAKO CR3/43 1:100
Lot no. Dilution
Rabbit polyclonal antisera
Anti-C. neoformans DAKO E0123 1:100
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the immunoreactivity using laser confocal microscopy. Because
the monoclonal antibody against C. neoformans (NeoMarkers,
CSFi) did not react with our paraffin-embedded samples, we
could not confirm the co-localization of C. neoformans with Hrk
or other rabbit-derived antibodies. For double labeling, sections
were incubated with anti-Hrk and another antibody diluted in
TBS for 14 hat4 °C. FITC-conjugated anti-rabbit immunoglob-
ulin was used to visualize the immunoreactivity of Hrk, and
Cy3-conjugated anti-mouse immunoglobulin to visualize the
second immunoreactivity. Photographs were taken using a Leica
TCS 4D system.

In situ hybridization using digoxigenin-labeled probes (sense
and antisense) of human Hrk cDNA was described elsewhere
[17]. cRNA probes were labeled by the alkaline phosphatase-
conjugated anti-digoxigenin antibody, and color was developed
with NBT and X-phosphate solutions.

To quantitatively check the local expression patterns of Hrk
and its relationship with C. neoformans infection, we counted
the Hrk-positive macrophages in six cases with C. neoformans

- infection. We randomly selected five vessels with Hrk-positive

cells in each case for this purpose. Counting was done under a
light microscope instead of a confocal laser microscope, because
macrophages are easily identified as foamy cells with contin-
uous cellular membrane. And in the case of counting the C.
neoformans-positive cells, it was technically difficult to demon-
strate the co-localization of two rabbit antibodies against C.
neoformans and Hrk in single sections. C. neoformans positive

‘cells almost always showed granular materials in their cytoplasm

and negative macrophages did not contain such substances. We
therefore, counted foamy cells with granular materials as C.
neoformans-positive macrophages.

We first examined the expression of Hrk protein in six
Japanese AIDS patients by immunohistochemistry. No Hrk-
immunoreactivity was observed in the control cases (cerebral
infarction, multiple sclerosis, and encephalitis), even in
infiltrated foamy macrophages (data not shown). In contrast,
three samples (Nos. 9, 10, 11) from HIVE patients showed
strong reactivity against Hrk. Most of the cells exhibiting Hrk
immunoreactivity were accumulated around the blood vessels
(Fig. 1a). In the brain parenchyma, little immunoreactivity was

Fig. 1. Immunohistochemistry of Hrk in the basal ganglia of the AIDS patients. (patient 11): (a) immunoreactivity against Hrk was strong in the infiltrated cells
around the vessels (bar =40 p.my); (b) these Hrk positive cells had foamy cytoplasm (bar= 10 pum); (c) H&E staining of the same sample. Hrk positive cells were
large sized and have foamy cytoplasm. Many cells have small cytoplasmic inclusions (arrow heads) (bar =20 p.m) Hrk mRNA expression in the basal ganglia of
the AIDS patients; (d) in situ hybridization of Hrk. Signal was strong in the foamy macrophages around the vessels (arrowhead) (bar= 10 jum); and (e) sense probe

(bar = 10 pm).
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detected in various other cell types. Morphologically, many
of the Hrk-positive cells were relatively large with foamy
cytoplasm (Fig. 1b), and some of them were multi-nucleated.
Most of the cells contained many small cytoplasmic inclusions
that were stained clearly with H&E (Fig. 1c).

We examined the Hrk mRNA expression by in situ hybridiza-
tion. Consistent with the immunohistochemical analysis, the Hrk
mRNA signal was positive in the foamy large perivascular cells
of the cases positive for the protein expression (Fig. 1d and ).

These Hrk expressing cells were accumulated around blood
vessels and contained some inclusions within the cytoplasm.

It should be noted that the Hrk-positive cells were not always -

detected in perivascular spaces but rather were restricted to
the area around only several vessels. They often contained
inclusions, and this finding prompted us to test whether an
immune response of macrophages against opportunistic infec-
tion is involved in Hrk induction. The multiple cytoplasmic
inclusions were stained darkly by Grocott technique (Fig. 2a).
When viewed using confocal laser scan microscopy, these cells
contained immunoreactivity against C. neoformans and were
positive for HLA-DR antigen (Fig. 2b). These findings indi-
cated that Hrk immunoreactivity was positive in the perivascular
macrophages that phagocytose C. neoformans in the HIV-1-
infected CNS (Fig. 2c), but in other lesions, the expression was
faint and scant even in cryptococcus-laden macrophages. This
result was also consistent with the clinical information about
complicating opportunistic infections. Granular immunoreac-
tivity against HIV p24 was also confirmed, especially in the
large foamy cells (Fig. 2d).

However, not all the HIV-positive macrophages were dou-
bly positive for Hrk. We then counted the numbers of total
macrophages, those with Hrk immunoreactivity, and those with
C. neoformans in autopsied AIDS patients with cryptococcus
infection (Fig. 2e). Hrk-positive- macrophages almost always
contained cryptococcus inclusions, but some cryptococcus-
positive macrophages were devoid of Hrk immunoreactivity
(Fig. 2e). Close relationship between Hrk expression and oppor-
tunistic crypotococcal infection was also implied by the fact that
Hrk was virtually negative in the HIV cases without C. neofor-
mans infection (data not shown). The proportion of Hrk-positive
macrophages in cryptococcus-positive ones varied between ves-
sels and patients (Fig. 2e), suggesting that cryptococcus infec-
tion may not directly regulate Hrk expression. In immunocom-
promised hosts, opportunistic infections of Toxoplasma gondii,
Cytomegalovirus, P. carinii, and C. neoformans are frequent, but
we did not confirm the common coincident infections of toxo-
plasma, P. carinii, or CMV by immunohistochemistry (data not
shown). Some unknown factor(s), in addition to opportunistic
infection, may influence Hrk expression in macrophages.

The presence of the Hrk immunoreactivity indicated that:
(1) Hrk protein was synthesized in the infected macrophages
or (2) the macrophages phagocytosed Hrk-positive cells (e.g.,
neurons). To test these possibilities, we examined Hrk mRNA
expression by in situ hybridization. Consistent with the former
hypothesis, the Hrk mRNA signal was positive in the perivascu-
lar macrophages of the cases positive for the protein expression.

Again, although many macrophages were scattered throughout-
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macrophage cell count (/vessel)
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Fig. 2. Immunohistochemistry for infection of the Hrk expressing cells: (a)
Grocott staining in the Hrk expressing perivascular cells. Most of the cyto-
plasmic inclusions were strongly stained with Groco (patient 11: bar =20 wm);
(b) immunoreactivity against C. neoformans and HLA-DR (CR3/43). Small
circular immunoreactivity against C. neoformans (arrow head, Green fluores-
cence; FITC) was co-localized in the CR3/43 (Red fluorescence; Cy3) expressing
macrophages (patient 19: overlay image, bar = 10 pm); (c) The immunoreactiv-
ity against Hrk (Green fluorescence; FITC) in a HLA-DR (Red fluorescence:

-Cy3) presenting cell (patient 12: overlay image, bar=10 um) The immmunore-

acticity agaisnt Hrk was diffusely distributed in the cytoplasm of HLA-DR
expressing macrophages (overlay image: bar=10 wmy); (d) Co-localization of
HIV p24 and Hrk in the perivascular cells. Small granular immunoreactivity
against HIV p24 (red fluorescence; Cy3) was scattered in the Hrk positive (green
fluorescence; FITC) perivascular cells (patient 9: overlay image: bar =20 pm);
and (e) the quantitative analysis of Hrk positive cells around cerebral vessels. (A
total of six patients were subjected to the analysis. Five vessels were randomly

_ picked up from a patient. Patient’s ID numbers (11, 12, 13, 14, 16, 17) and
" vessel specimen numbers (1-5) are indicated). There is no apparent relation-

ship between the numbers of total infiltrated macrophages (total; blue column)
and the number of Hrk(+) macrophages (red column), even in the same patient.
The proportion of Hrk expressing cells (Hrk(+)) in C. neoformans-positive cells
(%Hrk = Hrk(+)/Cryp(+)) is variable in each vessels or patients.

the brain parenchyma, Hrk mRNA expression was restricted to
some perivascular lesions.

Our results demonstrate that a pro-apoptotic BH3 protein,
Hrk, is upregulated in the HIV-1 infected macrophages in HIVE.
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These macrophages were distributed around the vessels, and
Hrk mRNA expression was also demonstrated in macrophages
with the same patiern of distribution. These results indicate that
Hrk was not a phagocytosed substance but a product of the
macrophages. In addition, these perivascular macrophages con-
stituted a specific group that was co-infected with C. neoformans
and HIV-1.

In the CNS, the perivascular space is continuous with the
subarachnoid space and provides a site for antigen presentation
from macrophages to lymphocytes. Perivascular macrophages
are derived from bone marrow and have the same antigens as
peripheral macrophages, and they easily induce class II MHC
antigens [5]. In HIVE, MGCs, which are the morphological
hallmark of HIV-1 infection, and HIV-1-infected perivascular
macrophages were plentiful in perivascular spaces, especially in
the basal ganglia and white matter [12]. Therefore, these results
suggest that HIV-1-infected peripheral monocytes penetrate the
small vessels and result in the neuroinvasion of HIV-1 that causes
encephalitis.

" Immune response in C. negformans infection is classified as a
delayed hypersensitivity. In the pathogenesis of delayed hyper-
sensitivity, apoptosis also plays important roles. Macrophages
infected with some microorganisms are known to be eliminated
by apoptosis to resolve the inflammation. For example, apoptosis
was demonstrated in cultured alveolar macrophages from AIDS
patients with disseminated pulmonary tuberculosis [16] and cul-
tured macrophages with Mycobacterium avium infection [3]. In
the immuine response in C. neoformans infection, CD4+ lym-
phocytes play a major role in activating infected macrophages to
kill intracellular bacilli [2,3,5,7-10,15-18]. Experimental stud-
ies have demonsirated that macrophage activation is required
to eliminate C. neoformans infection in murine macrophages
[2,3,5,7,9,16,17], and experimental CD4+ depletion resulted in
failure to clear C. neoformans in pulmonary infection of rats
[6]. Within un-activated macrophages, C. neoformans were pro-
tected from other phagocytes and continued to replicate. After
the activation, TUNEL-positive cells were also observed in the
C. neoformans-infected macrophages in liver [11] and meningi-
tis lesions [4] in rats.

Krajewski et al. reported that the expression of the pro-
apoptotic member of the bcl-family, Bax, was prominent in
the perivascular microglia/macrophages in HIVE samples {10].
According to their description, productive HIV-1 infection ren-
ders macrophages more vulnerable to apoptosis, which is consis-
tent with the limitation of microglial proliferation and activation,
and with the spread of productive viral infection in the CNS with
HIVE [10]. In fact, Olsen reported that bcl-2 blocked influenza

virus-induced apoptosis and reduced the level of infection, virus .

production, and spread of the virus [14].

In the immunosuppressive state of AIDS, one cannot expect

the contribution of CD4+ T cells in macrophage activation.
Macrophages, charging foreign bodies for elimination, express
Fas, and CD4+ T cells expressing FasL induce apoptosis [1].
Our present study suggests that when macrophages phago-
cytose cryptococei but fail to eliminate them, Hrk might be
involved in elimination of the HIV- and C. neoformans-infected
macrophages. Further, Hrk expression may depend on the pro-

cessing stage of macrophages. Considering that some viral pro-
teins have anti-apoptotic effects, for example CMV produces
immediate-early genes, IE-1 and -2, that inhibit apoptosis, mul-
tiple pro-apoptotic factors may be required to eliminate infected
macrophages. Taken together, expression of the pro-apoptotic
BH3 peptide Hrk may contribute to the immune reaction against
C. neoformans infection under the immunosuppressive state of
HIV-1 infection.
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Unrelated cord blood transplantation for a
human immunodeficiency virus-1-seropositive
patient with acute lymphoblastic leukemia

Bone Marrow Transplantation (2005) 36, 261-262.
doi:10.1038/sj.bmt.1705028; published online 23 May 2005

The concurrent use of highly active antiretroviral therapy
(HAART) improves results’ of high-dose chemotherapy
with autologous stem cell transplantation (SCT) for human
immunodeficiency virus-1 (HIV)-associated lymphomas.!
Recently, successful allogeneic SCT from HLA-matched
sibling donors was reported in HIV-infected patients.>™
Here, we describe the first case of an HIV-infected patient
with acute lymphoblastic leukemia (ALL) who underwent
umbilical cord blood transplantation (CBT).

In July 1996, a 23-year-old Japanese woman presented
with fever and genital herpes. She was confirmed as
seropositive for HIV, probably transmitted from her
boyfriend. In March 2001, a real-time quantitative poly-
merase chain reaction (PCR) analysis showed that the
HIV-RNA level was elevated to 25000 copies/ml (lower
limit of detection, 50). The CD4 count decreased to 28/ul.

Bone Marrow Transplantation (2005) 36, 261-262
© 2005 Nature Publishing Group ~ All rights reserved 0268-3369/05 $30.00

cro

www.nature.com/bmt

Therefore, HAART consisting of 60 mg stavudine, 300 mg
lamivudine, and 600 mg efavirenz was initiated. In July
2001, the HIV-RNA level decreased to 220 copies/ml, and
the CD4 count increased to 129/ul. In May 2003, her
complete blood count tests showed a white blood cell count
(WBC) of 3990/ul with 29% lymphoblasts. Bone marrow
(BM) examination showed hypercellularity with 96%
lymphoblasts, which were positive for CD4, CDI0,
CD13, CD19, CD33, CD34, and HLA-DR. Cytogenetic
analysis disclosed the presence of 1(9;22)(q34;q11) in 12 of
20 metaphases. The p190P“R-ABL transcript was shown by a
reverse transcriptase (RT)-PCR analysis. She was diag-
nosed as Philadelphia chromosome-positive ALL. She
achieved hematological complete remission after two
courses of chemotherapy. She has been taking HAART
during and after the chemotherapy and her HIV-RNA level
continued to be below detectable levels. She was negative
for hepatitis B virus surface antigen and anti-hepatitis C
virus antibody, and positive for anti-cytomegalovirus
antibody. As she had no HLA-matched related or
unrelated BM donors, the patient underwent CBT from
an unrelated donor with mismatches at two loci (HLA-B
and DR) in September 2003 (Figure 1). The numbers of
total nucleated cells and CD34-positive cells in the cord
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Figure 1 Clinical course of the patient.
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blood (CB) unit were 2.9 x 107/kg and 0.76 x 10°/kg,
respectively. The conditioning regimen included 12Gy
total body irradiation and 120mg/kg cyclophosphamide.
Graft-versus-host disease (GVHD) prophylaxis consisted
of cyclosporine and methotrexate. The patient tolerated the
procedure well with minimal regimen-related toxicity.
Owing to possible myelosuppression, HAART was dis-
continued on day +28. On day + 33, her WBC remained
below 100/ul and all of the BM cells were shown to be
derived from the recipient. At 40 days after the first CBT,
second CBT was performed from an unrelated donor with a
one-locus mismatch at HLA-DR. The numbers of total
nucleated cells and CD34-positive cells in the CB unit were
2.1 x 107/kg and 0.46 x 10°/kg, respectively. The condition-
ing regimen included 40mg/m? fludarabine for 3 days.
Cyclosporine was administered for GVHD prophylaxis. A
neutrophil count consistently greater than 500/ul was
achieved on day +27. Full donor chimerism of BM cells
was shown on day +28. The HIV-RNA level increased to
3 % 10 copies/ml on day + 31. After the administration of
HAART from day + 38, the HIV-RNA levels returned to
below detectable levels from day + 195, and the CD4 count
increased to above 300/ul from day + 170. No bacterial or
fungal infections were documented during the first and
second CBT processes and cytomegalovirus reactivation
was successfully treated with ganciclovir and foscarnet.
Grade I acute GVHD occurred, but resolved without any
additional immunosuppressants. No chronic GVHD was
observed. An RT-PCR analysis showed continuous nega-
tive test results for the pl90PCR-*5L transcript until the last
follow-up evaluation at 15 months post-CBT.

CBT for adults has been associated with a high rate of
early transplantation-related mortality (TRM).>¢ However,
our single-institution experience showed a 1-year TRM of
9% and 2-year disease-free survival of 74% in 68 adults
after CBT.” Both CB donors and the patient in the present
study were Japanese. The lesser genetic diversity in a single
ethnic population in our studies might be associated with
the favorable outcomes of CBT, such as the lower rates of
severe acute GVHD. Although our results suggest that
CBT is feasible for HIV-infected patients on HAART,
the safety and efficacy should be further examined by
prospective studies.
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