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ABSTRACT Immunodeficiency typically appears many
years after initial HIV infection. This long, essentially asymp-
tomatic period contributes to the transmission of HIV in
human populations. In rare instances, clearance of HIV-1
infection has been observed, particularly in infants. There are
also reports of individuals who have been frequently exposed
to HIV-1 but remain seronegative for the virus, and it has been
hypothesized that these individuals are resistant to infection
by HIV-1. However, little is known about the mechanism of
immune clearance or protection against HIV-1 in these high-
risk individuals because it is difficult to directly demonstrate
in vivo protective immunity. Although most of these high-risk
individuals show an HIV-1-specific cell-mediated immune
response using in vitro assays, their peripheral blood lympho-
cytes (PBLs) are still susceptible to HIV infection in tissue
culture. To study this further in vivo, we have established a
humanized SCID mouse infection model whereby T-, B-, and
natural killer-cell defective SCIDybeige mice that have been
reconstituted with normal human PBLs can be infected with
HIV-1. When the SCIDybeige mice were reconstituted with
PBLs from two different multiply exposed HIV-1 seronegative
individuals, the mice showed resistance to infection by two
strains of HIV-1 (macrophage tropic and T cell tropic),
although the same PBLs were easily infected in vitro. Mice
reconstituted with PBLs from non-HIV-exposed controls were
readily infected. When the same reconstituted mice were
depleted of human CD8 T cells, however, they became sus-
ceptible to HIV-1 infection, indicating that the in vivo protec-
tion required CD8 T cells. This provides clear experimental
evidence that some multiply exposed, HIV-1-negative individ-
uals have in vivo protective immunity that is CD8 T cell-
dependent. Understanding the mechanism of such protective
immunity is critical to the design and testing of effective
prophylactic vaccines and immunotherapeutic regimens.

The time course of disease progression after HIV infection varies
depending on a number of factors including viral strains and host
immune responses. While the majority of HIV-infected subjects
develop AIDS at a median of'10 years, up to 5–10% of infected
individuals do not appear to have clinical symptoms even after 10
years (1, 2). Indeed, epidemiological evidence suggests that some
individuals may be resistant to infection by HIV; despite multiple
high-risk exposures, these individuals remainHIVnegative (3–5).
Both host genetic factors and the infection-immunization

process following HIV exposure may play roles in the develop-
ment of protective immunity (6–9). The mechanism of resistance
to HIV infection in the HIV-exposed but uninfected individuals
may be associated with HIV-specific cytotoxic T cell activity (4,
10–13), a switch from Th2 to Th1 cytokine response (6, 14),
genetic loci linked to HLA, transporter associated with antigen

processing (TAP), and HIV coreceptors (9, 15, 16), or develop-
ment of anti-HLAantibodies (17).While strong indirect evidence
supports the hypothesis that these exposed but uninfected indi-
viduals have protective immunity against HIV infection, direct in
vivo experiments attesting to this hypothesis are still lacking. In an
attempt to test this hypothesis directly, we selected two highly
exposed but HIV-1 seronegative individuals, and conducted in
vivo challenge experiments in human-peripheral blood lympho-
cyte SCIDybeige (hu-PBL-SCIDybg) mice using both T cell and
macrophage tropic laboratory strains of HIV-1. This study pro-
vides direct evidence demonstrating in vivo protective immunity
in these multiply exposed, seronegative individuals.

MATERIALS AND METHODS

Study Subjects. Two individuals were identified who have
engaged in regular unprotected heterosexual or homosexual
intercourse with HIV-positive partners over a period of up to 10
years, but have remained HIV negative as determined by re-
peated serological assay, polymerase chain reaction (PCR) and
PBL cocultivation. High-risk (HR) donor 1 is the heterosexual
partner of a bisexual individual who had a CD4 count of
400–500yml at the time of positiveHIVdiagnosis in July 1992. An
estimated 144 episodes of vaginal intercourse between the HR
donor 1 and the partner took place before his diagnosis, and the
HIV-positive partner’s CD4 count has decreased to 30yml at the
time of study. HR donor 2 is the homosexual partner of an
individual known to beHIV-1 positive since 1986 andwhoseCD4
count remained in the 300–400yml range. We estimate that
unprotected anal sex took place'225 times before this study, and
unprotected sexual contact has ‘‘continued’’ since diagnosis.
Infectious virus had been isolated from phytohemagglutinin
(PHA)-blasted PBLs of both HIV-positive partners. Additional
multiply exposed, uninfected individuals who fit into the above
criteria were also included in the in vitro studies. Blood provided
by Canadian Red Cross and volunteers in the laboratory with no
prior HR exposures to HIV were the source of control PBLs.
Virus Preparation. HIV-1 strains used in this study include

laboratory-established T cell tropic (HIVNL4-3) and macrophage
tropic HIV-1 (HIVNLAD8) (18). Virus stocks were prepared from
infected peripheral blood mononuclear cells or macrophages as
described (19). The same virus stocks were used for both in vitro
and in vivo experiments. The multiplicity of infection (moi) or
tissue culture infectious dose (TCID50) was determined by serial
dilution of virus stock on HIV-1 negative, PHA-stimulated PBLs
as described previously (19, 20).
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In Vitro HIV-1 Infection. Heparinized peripheral blood was
collected from HR and low-risk (LR) HIV-negative donors.
PBLs were separated by gradient centrifugation with Histopaque
(Sigma). Infection was performed as described previously (19).
Briefly, PBLs were treated with PHA (5 mgyml, Sigma) and
infected with T cell or macrophage tropic HIV-1 at 0.2 moi. The
culturewas split at a 1:3 ratio every 3–4 days. The supernatantwas
harvested for reverse transcriptase (RT) assay, and infections
were also confirmed by immunohistochemical staining as de-
scribed (19).
Establishment of hu-PBL-SCIDybg Mice and in Vivo HIV-1

Infection. The human PBL reconstitution was established using a
new strain of SCID mouse, the SCIDybg, which lacks mature T,
B, and natural killer cells (21). C.B.17 SCIDybeige (SCIDybg)
mice, 6–8 weeks old, were purchased from Taconic Farms or
Charles River Breeding Laboratories and reconstituted with
human PBLs as described for SCID mice (22–25). Briefly, each
mouse was intraperitoneally (i.p.) injected with 2–3 3 107 PBLs
resuspended in 0.5 ml of Hanks’ balanced salt solution. A near
100% success rate had been obtained when fresh PBLs were used
(ref. 26, and C.Z. and L.-J.C., unpublished results). Two weeks
after reconstitution, mice were bled from the tail and the human
Ig level was assessed by enzyme-linked immunosorbent assay
(ELISA).Reconstituted SCIDybgmice (hu-PBL-SCIDybg)were
challenged with 100 TCID50 of T cell or macrophage tropic
HIV-1 by i.p. injection under metofane-induced anesthesia. Two
weeks after HIV-1 challenge, mice were killed, and single cell
suspensions were prepared from peritoneal lavage, spleen, and
peripheral blood and processed for immunostaining, flow cytom-
etry analysis, and PCR. All experiments were performed in a
biosafety level 3 facility and protocols were approved by the
Biosafety Committee, Research Ethics Board, and Health Sci-
ences Animal Welfare Committee at the University of Alberta.
Immunohistochemical Staining and Fluorescence-Activated

Cell Sorter (FACS) Analysis. Immunohistochemical staining was
performed as described previously (19). Briefly, the cells were
washed with phosphate-buffered saline (PBS) and attached to a
24-well plate that was pretreated with poly-D-lysine (1 mgyml,
Sigma). Nonspecific peroxidase activities were eliminated by
treating PBLs with 0.01% H2O2 at room temperature for 5 min.
Serum from an HIV-1-positive patient was used as the first
antibody and a biotinylated sheep anti-human antibody (Amer-
sham) was used as the secondary antibody. After washing, the
cells were incubated with the ABC staining solution (Pierce) and
stained with 3,39-diaminobenzidine tetrahydrochloride (DAB,
Sigma) containing 0.3%NiCl2 for 1 min. HIV-positive cells were
counted under an inverted microscope, and the percentage of
HIV-1 positive cells was determined by taking the average of
more than three representative counts of 1,000–10,000 cells. For
FACS analysis, red blood cells were lysed with ammonium
chloride solution [containing 9 ml of 0.16 M NH4Cl and 1 ml of
0.17MTris (pH 7.62 to final pH 7.2)]. The cells were stained with
PE-anti-mouse-H-2Kd (Pharmingen), fluorescein isothiocyanate
(FITC)-anti-human-CD45 (anti-HLe-1, Becton Dickinson), phy-
coerythrin-anti-human-CD4 or FITC-anti-human CD8 (Becton
Dickinson) for 30 min on ice followed by three washes with
immunostaining buffer (PBS containing 0.1% FBS, 0.02%
NaN3). Isotype-matched PE- and FITC-mouse Igs were used for
control staining. The samples were analyzed using the LYSIS II
program on a FACScan (Becton Dickinson).
ELISPOT Analysis of Interferon g (IFN-g) Production and in

Vitro Lymphocyte Depletion. ELISPOT was performed as de-
scribed (27) with the following modifications (Y.C. and L.-J.C.,
unpublished work). To quantify the IFN-g producing cells, a
96-well nitrocellulose-bottomed plate (MultiScreen-HA, Milli-
pore)was coatedwith 75ml perwellmouse anti-human IFN-g (10
mgyml, Pharmingen) at room temperature overnight. HIV-1-
infected PBLs were used as stimulators in the ELISPOT assay.
Infection was confirmed by RT assay and by immunohistochem-
ical staining (ranged 3–5% of HIV-1 positive). No difference was

observed between HR and LR individuals in either RT or HIV
antigen expression in the infected PBLs. HIV-1-infected PBLs
were treated with mitomycin C (5 mgyml) for 2.5 h, washed, and
resuspended in RPMI medium 1640 containing 10% FBS and 20
unitsyml interleukin 2 (Boehringer Mannheim), and seeded in
the anti-IFN-g-coated 96-well plate at 1 3 105 per well as target
cells (T). Frozen unstimulated autologous PBLs, which were
thawed and used as effector cells (E), were added to the wells at
EyT ratio of 0.4:1, 2:1, and 10:1 in triplicates, and incubated in
RPMI medium 1640 containing 10% FBS and 20 unitsyml IL-2
at 378C, 95% O2y5% CO2 for 24 h.
For the depletion of CD4, CD8, and CD56 cells, thawed PBLs

were incubated with mouse anti-human CD4-, CD8-, CD56-, or
mouse IgG1-labeled BioMeg magnetic beads (PerSeptive Diag-
nostics, Cambridge, MA) at 50 beads per cell on ice for 30 min.
The depletion was carried out by sorting the cells on a magnet for
5 min two times using mouse IgG1 sorting as control. After
depletion, cells were washed with culture medium and seeded in
triplicates with the HIV-1-infected autologous PBLs as target
cells in an anti-IFN-g-coated 96-well plate for 24 h as described
above. To evaluate the contribution of individual subpopulation
of lymphocytes in the IFN-g production, comparison was based
on the initial number of PBL used. Thus, the EyT ratio (10:1) was
based on the starting PBL number before depletion. After
overnight incubation, the wells were washed four times using
PBS-Tween 20 (PBS-T, 0.05%), blocked with 20%FBS in PBS-T

FIG. 1. Infection of PBLs from LR and HR seronegative individ-
uals with macrophage tropic HIV-1. Heparinized PBLs were collected
from HR and LR HIV-negative donors and infected with different
cytotropic strains of HIV-1NL4-3 as described previously (19). (a)
Infection of PBLs from two LR (LR-1 and LR-2) and two HR (HR-1
and HR-2) seronegative individuals with HIVNLAD8 (macrophage
tropic, M) at 0.2 moi. Similar result was obtained with the T-cell tropic
strain HIV-1NL4-3 (not shown). (b) Infection of PBLs from LR-1 and
HR-1 with HIVNL4-3 at moi 0.001–0.0001. The moi of 0.005 is
equivalent to a TCID50 of 100.
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at room temperature for 15 min, and incubated with 100 ml of
biotinylated-mouse-anti-human IFN-g (Pharmingen, 2.5 mgyml
in PBS-T) at 48Covernight. Each well was then washed four times
using PBS-T and incubatedwith peroxidase-labeled streptoavidin
(Caltag, South San Francisco, CA) in PBSyT at room tempera-
ture for 1 h. IFN-g-producing cells were detected as purple brown
spots afterDAB (Sigma) and 0.3%NiCl2 staining. Thewells were
washed four times with double distilled H2O and air-dried, and
the number of IFN-g producing cells was counted using a
video-imaging (Appligene, Strasbourg, France) and computer
analysis system (Y.C. and L.-J.C., unpublished work). HIV-1-
specific ELISPOTwas shown as themean6 SE in triplicate wells
after subtracting the background from controls. The control
samples were prepared using the same effector cells plus autol-
ogous PBLs that were not infected with HIV-1.
Depletion of CD8 T Cells in hu-PBL-SCIDybg Mice. CD8 T

cells were depleted as described (29) with the following modifi-
cations. Anti-human CD8 antibody was purified from ascites of
OKT8 (American Type Culture Collection) hybridoma using
protein A affinity column (ImmunoPure Plus, Pierce).Mice were
i.p. injected with 20mg of the purified antibody five times in total:
2 days before PBL reconstitution, at the time of PBL injection,

and at 1, 2, and 3 weeks after PBL injection. To confirm the
depletion of CD8T cells, hu-PBL-SCIDybgmice were killed, and
the lymphocytes were analyzed by FACS analysis as described
above. The cells were stained with PE-anti-mouse-H-2Kd
(Pharmingen) and FITC-anti-human-CD45 (Anti-HLe-1, Bec-
ton Dickinson) or with PE-anti-human-CD4 and FITC-anti-
human CD8 (Becton Dickinson) for 30 min on ice followed by
three washes with immunostaining buffer (PBS containing 0.1%
FBSand0.02%NaN3). Isotype-matchedPE-mouse-Ig andFITC-
mouse Ig were used as controls.

RESULTS

Susceptibility of HIV-1-Exposed, HR Individuals’ PBLs to
HIV-1 Infection. To determine if lymphocytes from the HR
individuals were susceptible to HIV-1 infection, their PBLs were
collected, activated with PHA in culture and then incubated with
T cell or macrophage tropic HIV-1. Infection was scored on the
basis of HIV-1 RT activity and immunohistochemical staining
with AIDS patients’ sera. Both the RT assay and the immuno-
staining results demonstrated that PBLs from these two HR,
HIV-1-seronegative individuals were as susceptible as PBLs from

FIG. 2. In vivo infection of hu-PBL-SCIDybg mice.
(a and b) Representative HIV-1-positive immuno-
staining of peritoneal lavage and splenocytes, respec-
tively, of mice reconstituted from a LR individual. (c
and d) Representative HIV-1-negative immunostain-
ing of peritoneal lavage and splenocytes, respectively,
of mice reconstituted from a HR individual. (e) T cell
and macrophage tropic HIV-1 challenge of hu-PBL-
SCIDybg mice reconstituted with LR and HR donors’
PBLs. Reconstitution of mice with PBLs from the
LR-1 donor (#1–#7), the LR-2 donor (#8–#14), the
HR-1 donor (#15–#21), and the HR-2 donor (#22–
#27)) were confirmed by ELISA for human Ig and
FACS analysis for the human CD45 leukocyte marker.
Reconstituted hu-PBL-SCIDybg mice were chal-
lenged with 100 TCID50 of T cell (T) or macrophage
tropic (M) HIV-1 by i.p. injection. All the mice were
killed 4 weeks after reconstitution, and single cell
suspensions were prepared from the three different
organ compartments for immunostaining. HIV-1-
positive cells were counted under an inverted micro-
scope and the percentage of infected cells was deter-
mined by taking the average of more than three
representative counts of 1000–10,000 cells as previ-
ously described (19).
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normal LR donors to HIV-1 infection in tissue culture (Fig. 1a).
To further examine whether the HR individuals’ PBLs were
somewhat resistant to HIV-1 infection, the tissue culture infec-
tion was performed using a series of diluted virus preparations
(frommoi of 1021 to 1024). The result showed that even with moi
of 1024, the HR donors’ PBLs were still infected (Fig. 1b). A
comparable dose-dependent kinetics of infection with different
concentrations of virus was observed between LR and HR
individuals (not shown). Similar results have been reported for
HR, HIV-1-seronegative hemophiliacs (30). However, little is
known about the possible nature of the protective immunity in
these individuals.
HIV-1 Exposed-but-Uninfected Individuals Are Resistant to

HIV-1 Infection in Vivo. To overcome the problem of the lack of
an in vivo HIV-1 infection model, we used the human PBL-
reconstituted severe combined immunodeficiency mouse model
(hu-PBL-SCID) to investigate the nature of the protective im-
munity in the HIV-exposed but uninfected individuals. We have
demonstrated that these mice can be efficiently (near 100%)
reconstituted with human PBLs by direct intraperitoneal injec-
tion (i.p.), and the reconstituted mice can be subsequently
infected with HIV-1 (26). We used this in vivo model to test the
susceptibility of the two HR, HIV-negative individuals to HIV-1
infection. PBLs were isolated and cells from each donor were
used to reconstitute 6–7 SCIDybg mice each time as described in
the Materials and Methods. Two weeks after reconstitution, the
hu-PBL-SCIDybg mice were challenged with T cell or macro-
phage tropic HIV-1 using a TCID50 of 100. Mice were killed 2
weeks after HIV-1 challenge, and peritoneal lavage, splenocytes,
and peripheral blood mononuclear cells were collected and
analyzed by flow cytometry using anti-mouse major histocom-
patibility complex class I antibody (H-2Kd) and anti-human
CD45, CD3, CD4, and CD8 antibodies. At the same time, HIV-1
infection was examined by a sensitive single-cell immunohisto-
chemical stainingmethod using eitherHIV-positive patients’ sera
or a monoclonal anti-p24 antibody as described previously (19).
The results of immunostaining demonstrated that all of the 10
hu-PBL-SCIDybg mice reconstituted with PBLs from control
individuals were infected by either T cell or macrophage tropic
HIV-1, at frequencies of about 1–4% of cells from the peritoneal
lavage (Fig. 2a), 0.8–5% of splenocytes (Fig. 2b), and 0.1–0.5%
of peripheral blood mononuclear cells (not shown). In contrast,
all nine mice reconstituted with PBLs from the two HR, HIV-
uninfected individuals were negative for the HIV immunostain-

ing (Fig. 2 c and d, peritoneal lavage and spleen, respectively), but
one of the negative mice was positive in the spleen for HIV-1
DNA sequences by PCR analysis (not shown), suggesting that
infection was established at the time of challenge. These results
are summarized in Fig. 2e. The in vivo challenge experiment was
repeated once with eight mice reconstituted for each donor’s
PBLs and similar conclusion was obtained (data not shown).
Cell-Mediated Immune Responses in the HR Individuals. To

investigate if the in vivo protection is due at least in part to
HIV-1-specific, cell-mediated immune responses in the HR,
seronegative individuals, we adapted a convenient and very
sensitive ELISPOT assay to determine the fraction of IFN-g
producing cells after HIV antigen presentation. IFN-g is pro-
duced by T cells and natural killer cells activated by antigens and
is the key mediator of CD41 Th1 cell development (31). Four LR
and three HR donors’ PBLs, unstimulated, were incubated with
mitomycin C-treated, HIV-infected autologous PBLs in a 96-well
nitrocellulose-bottomed plate that had been coated with an
anti-IFN-g antibody. Production of IFN-gwas detected 24 h later
using a secondary horseradish peroxidase-conjugated anti-IFN-g
antibody. As shown in Fig. 3, no HIV-specific IFN-g producing
responders were observed in PBLs of four LR donors except for
donor 3, who showed a frequency of IFN-g producing cells at one
in 13 106 PBLs at the highest EyT ratio. In contrast, the existence
of HIV-specific responders in the PBLs of HR seronegative
donors were easily detected; at the EyT ratio of 10:1, the
frequencies of HIV-specific IFN-g producing cells were 14, 21,
and 28 per 106 cells for the three HR donors, which was
significantly different (P , 0.05, t test) from that of the LR
donors. Even at an EyT ratio of 0.4:1, HIV-specific IFN-g-
producing cells were still detectable in all three HR donors. The
contribution of the individual subset of immune effector cells in
this HIV-specific reaction was further studied by depleting CD4,
CD8, or CD56 cells from PBLs of two of these HR donors prior
to the in vitro ELISPOT assay (not shown). Results of this
quantitative analysis indicated that CD8 T cells contributed
significantly to the production of IFN-g (48–71%).
In Vivo Resistance to HIV-1 Infection Is CD8 T Cell-

Dependent. The above information was used to further delineate
the mechanism of in vivo protection from HIV-1 in the recon-
stituted SCIDybg mice. We used HR donor 1’s PBLs and
depleted CD8 T cells from the reconstituted mice using a
monoclonal antibody (OKT8) i.p. injected before, during, and
after PBL reconstitution (CD4 cells are the targets of HIV-1

FIG. 3. ELISPOT analysis of HIV-1-specific IFN-g production in PBLs of HR and LR uninfected individuals. ELISPOT assays were performed
as described. The number of IFN-g producing cells was determined using a computerized video-imaging system as described previously (Y.C. and
L.-J.C., unpublished work). HIV-1-specific ELISPOT was shown as the mean6 SE in triplicate wells after subtracting the background from controls
that were prepared using the same effector cells incubated with autologous HIV-1-negative PBLs and went through the same treatment as described.
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infection and thus cannot be depleted in this study). Reconsti-
tution and CD8 depletion were confirmed by FACS analysis 4
weeks later. In mice receiving no antibody, we observed 14%
human CD45 cells (Fig. 4a), 7% human CD4 cells, and 8%
humanCD8 cells (Fig. 4c) in spleens 4 weeks after reconstitution.
In mice treated with anti-CD8 antibody, there were similar
numbers of CD45 cells in the spleen (12%, Fig. 4b), but the CD8
cells were virtually absent (0.1%, Fig. 4d). These mice were
inoculated with the macrophage-tropic HIV-1NLAD8 on day 14
after reconstitution and killed 14 days later for analysis as before.
Results of this study are summarized in Fig. 4e. Mice reconsti-
tuted with PBLs from HR donor 1 continued to be resistant to

HIV-1 infection as long asCD8 cells were present.However, after
CD8 cell depletion, similarly reconstituted mice became suscep-
tible to HIV-1 infection (Fig. 4e, hu-PBL-SCIDybg mice #14,
#15, and #16). These results strongly suggest that in vivo pro-
tection from HIV-1 infection in the reconstituted mice is medi-
ated by human CD8 lymphocytes.

DISCUSSION

The difference observed between the in vivo and the in vitro
studies indicates that anti-HIV-1 protective immunity cannot be
properly assessed by tissue culture infection study or by the in vitro

FIG. 4. HIV-1 infection of human lym-
phocytes in hu-PBL-SCIDybg mice
treated or untreated with anti-CD8 anti-
body. (a and c) FACS analysis of spleno-
cytes from the reconstituted hu-PBL-
SCIDybg mouse #11 immunostained with
anti-mouse H-2Kd, anti-human CD45, an-
ti-human CD4, or anti-human CD8 as
depicted; (b and d) FACS analysis of
splenocytes derived from the reconsti-
tuted hu-PBL-SCIDybg mouse #14, after
anti-CD8 antibody treatment. (e) Infec-
tion of SCIDybg mice reconstituted with
HR donor 1’s PBLs after CD8 T cell
depletion. CD8 T cells were depleted by
i.p. injection with 20 mg of purified OKT8
monoclonal antibody five times in total.
The reconstituted mice, untreated or anti-
CD8 treated as indicated, were infected
with HIV-1NLAD8, and the percentage of
infected cells was determined in the
spleen and in the peritoneal lavage 2
weeks after virus challenge as described.
The mock-infected (mk) mice were not
treated with anti-CD8 antibody.
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assays for cell-mediated immunity alone. The culture condition
used in vitro is clearly different from body fluids encountered in
vivo. An in vivo model is thus urgently needed. Here we demon-
strate that multiply exposed, HIV-1-seronegative individuals
have in vivo protective immunity againstHIV-1 even though their
PBLs are susceptible to HIV-1 infection in tissue culture. To
obtain statistically valid results, a large number of reconstituted
SCIDybg mice for each study subject is necessary. Due to the
difficulty in acquiring large volumes of blood from HR, HIV-
negative donors and the laborious nature of handling and ana-
lyzing a large number of reconstituted SCIDybeige mice, we
chose two representative HR, HIV-1-negative subjects for in vivo
infection study in depth. The reconstitution efficiency and the
percentage of infection of human lymphocytes in three different
organ compartments were analyzed for each reconstituted
mouse. Results of the in vivo HIV-1 challenge suggest that the
cell-mediated immunity developed in these HR subjects also
protects against alternative strains of HIV-1 since the challenge
strains used in this study, T cell andmacrophage tropicHIV-1, are
unrelated to the endogeneousHIV-1 strains in the corresponding
partners of these HR individuals under investigation.
Other studies have demonstrated the development of cell-

mediated immune responses in HIV-1-exposed humans (4, 7,
10–12, 32, 33). Studies of the simian AIDS models have also
suggested that cell-mediated immune responses play an impor-
tant role in protection against simian immunodeficiency virus
infection (34). It is possible that some genetic factors including
HLA haplotype may also contribute to the development of
resistance to HIV-1 infection (1, 8, 9). However, the two HR
subjects who participated in the hu-PBL-SCID mouse challenge
study do not share common HLA haplotypes (not shown).
In vivo protective immunity against HIV-1 has also been

hypothesized to involve the functions of CD8 T cells that secret
anti-HIV chemokines (35). In addition, CD4 T cells from 2 of 25
frequently exposed but uninfected individuals have recently been
shown to have relative resistance to HIV-1 infection (28); sub-
sequent genotype analysis of these two individuals by PCR and
sequencing indicates that they have homozygous defects in the
CCR-5 loci that encode the macrophage-tropic HIV-1 corecep-
tor (16). Results of PCR analysis of six multiply-exposed, unin-
fected individuals including the two HR subjects in our in vivo
study showed that one is heterozygous and five are wild type (not
shown). Both of the HR subjects participating the in vivo studies
have homozygous wild-type CCR-5 loci. This is consistent with
the result that PBLs of these two HR subjects were susceptible to
macrophage-tropic HIV-1 infection in vitro.
While the in vitro ELISPOT analysis for the HIV-1-reactive

effector functions showed that when exposed to autologous
HIV-1-infected cells, the Th1-associated, HIV-1 antigen-specific
IFN-g production was higher from CD8 cells than from CD4 or
natural killer cells in the HR donors, the possible contribution of
CD4 cells to resistance due to the loss of double positive cells
(CD41 CD81) in the depletion assay cannot be excluded. Thus,
it is possible that these two HR, HIV-seronegative individuals
participating the in vivo SCIDybeige mouse challenge study may
also have protective immunity developed in their CD4 T cell
population. Further studies are necessary to characterize the
possible mechanisms of CD4 or natural killer cell-mediated
resistance.
Our study demonstrates the usefulness of the in vivo hu-PBL-

SCIDybg mouse model for evaluating the protective immunity of
individuals exposed to HIV-1. The SCIDybg mice can be recon-
stituted with human PBLs and infected with HIV-1 at a near
100% success rate. Further studies including different doses and
different strains of HIV challenge and a large number of HR
cohort will be necessary. In addition, this model should also be

very useful for the assessment of the immune status of HIV-1
vaccinees.
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