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Received 18 March 1996/Accepted 30 July 1996

The state of activation of the immune system may be an important factor which renders a host more receptive
to human immunodeficiency virus (HIV) and more vulnerable to its effects. To explore this issue with a
practical in vivo model, we developed a modified protocol of HIV infection in hu-PBL-SCID mice. First, we
assessed the time course of activation of human peripheral blood lymphocytes (hu-PBL) in the peritoneal
cavity of SCID mice. At 2 to 24 h after the intraperitoneal injection into SCID mice, there was a clear-cut
increase in the percentage of hu-PBL expressing early activation markers (CD69), concomitant with the release
of soluble intercellular adhesion molecule-1 (sICAM-1) and the soluble interleukin-2 receptor (sIL-2R) and
with the accumulation of mRNAs for a number of human cytokines. At 2 weeks, virtually all of the hu-PBL
expressed the memory phenotype (CD45RO) and HLA-DR antigens as well. Cells collected from the SCID
mouse peritoneum at 2 and 24 h after transplantation were fully susceptible to in vitro infection with HIV type
1 (HIV-1) in the absence of either IL-2 or mitogens. The injection of HIV into hu-PBL-SCID mice at 2 h after
reconstitution resulted in a generalized and productive HIV infection of the xenochimeras. This early HIV-1
infection resulted in a dramatic depletion of human CD41 cells and in decreased levels of sICAM-1 (in the
peritoneal lavage fluid) as well as of sIL-2R and immunoglobulins M and A (in the serum). Enzyme-linked
immunosorbent assay and/or reverse transcriptase PCR analysis showed higher levels of IL-4, IL-5, and IL-10
in the HIV-infected animals than in control hu-PBL-SCID mice, while gamma interferon levels in the two
groups were comparable. When we compared the current model of HIV-1 infection at 2 weeks after the
intraperitoneal injection of the hu-PBL in the SCID mice with the model described here, we found that the
majority of immune dysfunctions induced in the 2-h infection of the xenochimeras are not inducible in the
2-week infection. This supports the concept that the state of activation of human cells at the moment of the in
vivo infection with HIV-1 is a crucial factor in determining the immune derangement observed in AIDS
patients. These results show that some immunological dysfunctions induced by HIV infection in AIDS patients
can be mimicked in this xenochimeric model. Thus, the hu-PBL-SCID mouse model may be useful in exploring,
in vivo, the relevance of hu-PBL activation and differentiation in HIV-1 infection and for testing therapeutic
intervention directed towards either the virus or the immune system.

An in vivo acute or chronic state of activation of the immune
system may be an important factor that renders the host more
receptive to human immunodeficiency virus (HIV) and more
vulnerable to its effects. There is both in vitro and in vivo
evidence that supports this concept. Several in vitro data indi-
cate that a particular cellular activation state is required for the
establishment of a productive HIV infection (27, 28). More-
over, recent studies on African populations suggest that in vivo
immune activation, due to endemic parasitic infections, may be
an important cofactor in susceptibility to progressive HIV in-
fection and disease (26, 33). In particular, this persistent im-
mune activation seems to induce an abnormal T-cell response
(Th2/Th0) (1) in African individuals that is associated with a
worsened prognosis of AIDS in HIV-infected individuals (4).
Studies of human retrovirus pathogenesis have been limited

by the lack of suitable animal models. Two animal models
involving the introduction of human hematopoietic tissues into

severe combined immunodeficient (SCID) mice are currently
in use to study HIV pathogenesis. The SCID-hu mouse model
developed by McCune and colleagues involves transplantation
of various fetal hematopoietic tissues into the SCID mice (12,
17, 23). Mosier and coworkers have described a xenochimeric
model of SCID mice stably engrafted intraperitoneally (i.p.)
with peripheral blood lymphocytes (PBLs) (hu-PBL-SCID
mice) (18). This model proved useful in investigating in vivo
human immune development and functions under both normal
(18) and pathologic (5, 15) conditions, including HIV infection
(19, 21, 22, 32). The model of Mosier and coworkers involves
the i.p. injection of HIV into the SCID mice at 2 weeks after
the i.p. transplantation of human PBLs (hu-PBLs) (21, 22).
Recently, M. Tary-Lehmann and colleagues suggested that a
human immune response occurs in hu-PBL-SCID mice within
the first 2 to 3 weeks following PBL injection (31). Human
lymphoid cells residing in these mice are mature (mainly CD41

and CD81 cells), but the majority of these cells stain for
CD45RO and behave as anergic cells 1 to 2 months after i.p.
transplantation (29, 30). Therefore, in the present study, we
attempted to develop a modified model of the hu-PBL-SCID
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mouse for HIV infection, with the specific aim of exploring the
in vivo effects of HIV on highly activated human immune cells.
Thus, we first defined the pattern of activation and the func-
tional state of hu-PBLs in the SCID mice. We found that
hu-PBLs are highly activated after 2 to 24 h, while they become
virtually all CD45RO1 cells at 2 weeks postinjection. HIV
infection of hu-PBL-SCID mice shortly after reconstitution
(namely, at the time of maximal lymphocyte activation) re-
sulted in efficient virus infection and in marked T-cell dysfunc-
tion, while the infection at 2 weeks after reconstitution did not
markedly affect the human T-cell functions. Together these
findings suggest that the hu-PBL-SCID mouse may be a suit-
able model for studying the relationships between HIV and the
immune system in vivo and for evaluating the effects of anti-
viral and immunosuppressive therapeutic approaches.

MATERIALS AND METHODS

Subjects. hu-PBLs were obtained from the peripheral blood of healthy donors.
All donors were screened for HIV type 1 (HIV-1) and hepatitis prior to dona-
tion. The hu-PBLs were obtained by Ficoll-Paque density gradient centrifuga-
tion. Twenty million cells were resuspended in 0.5 ml of RPMI 1640 and injected
i.p. into the recipient mice.
Animals. CB17 scid/scid female mice (Charles River, Milan, Italy) were used

at 4 weeks of age and were kept under specific-pathogen-free conditions. SCID
mice were housed in microisolator cages, and all food, water, and bedding were
autoclaved prior to use.
Recovery of cells from the peritoneal cavity and organs of the SCID mice. At

different times after hu-PBL injection (i.e., 2 h, 24 h, and at weekly intervals up
to 12 to 16 weeks), SCID mice were sacrificed, and cells were collected from the
peritoneal cavity, spleen, thymus, and bone marrow. At each time, a two-step
peritoneal lavage was done. The first washing was performed with 1 ml of cold
RPMI 1640 medium. The recovered volume was centrifuged, and the superna-
tant was stored at 2208C, while the cells were pooled with those obtained with
a second, 4-ml washing. The spleen and thymus were disrupted with the blunt
end of a 5-ml syringe plunger. Connective tissue and debris were allowed to
settle, and the single-cell suspensions were washed twice in RPMI 1640 medium.
Bone marrow specimens were obtained by flushing of the marrow of both femurs
with 1 ml of RPMI medium.
PCR for human DNA and cytokine mRNAs. Amplification and detection of

the HLA-DQa gene fragment were performed with the GH26-GH27 primer pair
and the corresponding probe RH54 (8).
Total RNA was isolated by use of RNAzol B (Biotecx, Houston, Tex.) and

then subjected to phenol-chloroform extraction and isopropanol precipitation.
The RNA was resuspended and treated with RNase-free DNase (Boehringer,
Mannheim, Germany), further purified, and quantitated by UV absorbance at
260 nm. One microgram of total RNA was incubated for 5 min with oli-
go(dT)12–18 (Pharmacia, Uppsala, Sweden) at 758C, cooled at room temperature,
and reverse transcribed with 200 U of Moloney murine leukemia virus reverse
transcriptase (RT) (Bethesda Research Laboratories, Gaithersburg, Md.) for 1 h
at 378C in a final volume of 20 ml. One microliter of single-stranded cDNA was
amplified in a final volume of 20 ml (10 mM Tris-HCl [pH 8.3]; 50 mM KCl; 1.5
mMMgCl2; 0.01% gelatin; 200 mM [each] dGTP, dATP, dTTP, and dCTP; 1 mM
dUTP-digoxigenin [Boehringer] as a tracer, and 10 pmol of each primer) as
follows: 30 cycles of 40 s of denaturation at 948C, 40 s of annealing at 628C, and
1 min of extension at 728C followed by a final extension step at 728C for 10 min.
Ten microliters of each PCR mixture was run on a 2% agarose gel in 0.53
Tris-borate-EDTA buffer. PCR products were visualized by ethidium bromide
staining and UV transillumination. Gels were transferred by capillary blotting
onto a nylon membrane (Hybond-N; Amersham, Little Chalfont, United King-
dom). Membranes were incubated overnight in 100 mM Tris-HCl (pH 7.5)–150
mM NaCl–10% bovine serum albumin at 378C and then for 30 min at room
temperature with peroxidase-conjugated anti-digoxigenin antibody (Boehringer)
diluted 1:1,000. The membranes were then washed as indicated by the manufac-
turer and incubated for 1 min at room temperature with enhanced chemilumi-
nescence (ECL) detection reagents (Amersham). Chemiluminescence was de-
tected by exposure to ECL Hyperfilm (Amersham). The primers used for human
interleukin-1b (IL-1b), IL-2, IL-4, IL-5, IL-6, IL-10, tumor necrosis factor alpha
(TNF-a), TNF-b, gamma interferon (IFN-g), IL-2 receptor (IL-2R) (p55), in-
tercellular adhesion molecule-1 (ICAM-1), b-actin, and b2-microglobulin se-
quences are described elsewhere (6, 7, 14). We verified that primers specific for
human sequences did not cross-react with murine sequences (i.e., RNA extracts
from peritoneal and splenic cells of nonreconstituted SCID mice and from
mitogen-stimulated splenocytes of immunocompetent syngeneic CB17 mice). All
RT-PCR assays were performed in the linear range (25 to 30 cycles as appro-
priate). The optimal cycle number for each primer pair was previously deter-
mined by comparing amplified serial dilutions of cDNA obtained from mitogen-
stimulated peripheral blood mononuclear cells.

ELISA for human cytokines, soluble factors, and Igs. Commercially available
enzyme-linked immunosorbent assays (ELISAs) were used for determination of
human cytokines, namely, IFN-g, IL-2, IL-4, and TNF-a (Genzyme, Cambridge,
Mass.), IL-10 (Biosource Int., Camarillo, Calif.), and IL-12 (R & D Systems,
Minneapolis, Minn.) in peritoneal lavage fluids (PLs) and soluble ICAM-1
(sICAM-1) and soluble IL-2R (sIL-2R) (Genzyme) in PLs and sera of hu-PBL-
SCID mice. The detection limits were 100, 45, 15.6, 100, 90, and 500 pg/ml for
IL-2, IL-4, IL-10, IFN-g, sICAM-1, and sIL-2R, respectively. An ELISA system
was used to quantitate human immunoglobulin G (IgG), IgM, and IgA in PLs
and sera of the chimeras by using a goat anti-human F(ab9)2 Ig antibody and
peroxidase-coupled goat anti-human IgG, IgM, and IgA (Cappel-Cooper Bio-
medical, West Chester, Pa.) (2). All ELISAs were performed in duplicate, and
laboratory standards were included on each plate. PLs and sera from nonrecon-
stituted SCID mice and CB17 mice were used as negative controls for all of the
ELISA determinations.
Flow cytometric analysis. Cells recovered from the peritoneums of the hu-

PBL-SCID mice were resuspended in phosphate-buffered saline (PBS) and in-
cubated with the appropriate fluorochrome-conjugated monoclonal antibodies
for 30 min. The cells were then washed with 2% PBS–0.1% fetal calf serum–
sodium azide and fixed with 2.5% paraformaldehyde. Two-color flow cytometry
was performed on a FACSort cytometer (Becton Dickinson, San Jose, Calif.),
and stained cells were analyzed by using LYSIS II (Becton Dickinson) software.
A total of 5,000 events per sample were collected. Cells were analyzed according
to forward- and side-scatter properties to gate live cell population, allowing for
the exclusion of erythrocytes, dead cells, and cell and tissue debris.
The monoclonal antibodies used were anti-human leukocyte antigen (CD45)

(Becton Dickinson), anti-murine major histocompatibility complex class I mol-
ecule (H2-Kd) (Pharmingen, San Diego, Calif.), and anti-human CD4, CD8,
CD69, HLA-DR, CD45RA, and CD45RO (Becton Dickinson). None of the
monoclonal antibodies to human antigens showed cross-reaction with murine
epitopes (not shown).
Cytology. Cell suspensions from the PL, spleen, thymus, and bone marrow

were spun on glass slides (Shandon, Cheshire, United Kingdom) as well as
attached to L-polylysine-covered glass chamber slides (Lab-Tek, Naperville, Ill.)
(9), stained with May-Grunwald-Giemsa stain, and examined under a micro-
scope (Laborlux 12; Leitz).
Histology. The spleen, liver, lymph nodes, lung, and thymus of hu-PBL-SCID

mice were fixed in 10% formalin and paraffin embedded, and 4-mm sections were
cut, stained with hematoxylin and eosin, and examined under a microscope.
HIV-1 infection. Peritoneal cells (5 3 105) collected from SCID mice at 2 and

24 h after PBL injection were infected with 105 50% tissue culture infective doses
of viral stock (supernatant of chronically HIV-1 IIIB infected H9 cells, stored at
2808C; titers were determined by the end point dilution method) and cultured in
RPMI 1640 supplemented with 15% heat-inactivated fetal calf serum for 25 days.
The cultures were inspected daily for syncytium formation, and every 5 days 0.2
ml of medium was harvested to analyze p24 antigen levels and replaced with an
equal volume of fresh medium.
For in vivo infection, 105 50% tissue culture infective doses of HIV-1 IIIB were

injected i.p. in hu-PBL-SCID mice 2 h after reconstitution. The chimeras were
sacrificed after 4 weeks and analyzed for HIV-1 infection by (i) cocultivation of
cell suspensions from the PL, spleen, thymus, and bone marrow with human
C8166 cells; (ii) DNA PCR for virus-specific sequences as described elsewhere
(16); and (iii) p24 antigen detection in PL by ELISA (Dupont, Brussels, Bel-
gium). Positivity of cocultivation was determined by the presence of syncytia
and/or p24 antigen in culture supernatants.

RESULTS

Phenotypic and functional changes of human cells after
transplantation into SCID mice. First we characterized the
phenotypes of human cells recovered from the peritoneal cav-
ities of the SCID mice at different times after hu-PBL trans-
plantation. Cells were examined by fluorescence-activated cell
sorter (FACS) analysis with monoclonal antibodies to identify
human (i.e., CD451) and mouse (H2-Kd1) cells and to evalu-
ate the expression of activation antigens on human cells during
the engraftment. As shown in Fig. 1, the vast majority of
human CD451 cells were CD691 at 24 h after reconstitution.
At 1 to 2 weeks, the percentage of CD691 cells progressively
declined, while the percentage of CD45RO1 cells increased,
reaching 80 to 100% of the human cells (Fig. 1A). The per-
centages of HLA-DR and IL-2R (CD25)-positive cells were
examined as well. The percentage of HLA-DR1 cells in-
creased consistently with CD45RO1 cells, while the percent-
age of CD251 cells increased only slightly during the first week
and slowly declined over time (Fig. 1A). The increase in the
expression of activation antigens was associated with a pro-
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gressive increase of human IgG, IgA, and IgM (Fig. 1B). This
generalized hu-PBL activation in the SCID mice also included
a very early accumulation of a wide spectrum of human cyto-
kine mRNAs in peritoneal cells, including those for IFN-g,

IL-2, IL-4, and IL-10 (Fig. 2), together with the induction of
IL-2R and ICAM-1 mRNAs (Fig. 2) and their increased re-
lease in PLs and sera (not shown). The levels of human cyto-
kine mRNAs remained virtually unchanged at 1 to 2 weeks,
while the levels of both sICAM-1 and sIL-2R in PLs and sera
strongly increased at 1 week, dropping down at 2 weeks after
PBL transplantation (not shown).
We also evaluated the spread of the engrafted human cells

in SCID mice, by amplifying human HLA-DQa sequences with
DNA preparations from different organs of the chimeras col-
lected at various times after the i.p. transfer of hu-PBLs. Hu-

FIG. 1. FACS analysis of CD69 and CD45RO expression on human lympho-
cytes recovered from hu-PBL-SCID mice and human Ig levels in serum at the
same time points. (A) Peritoneal cells collected from hu-PBL-SCID mice at
different times after injection were examined for the expression of CD69 (E),
CD45RO (■), HLA-DR (Ç), and CD25 (F) markers by FACS analysis. Per-
centages were calculated over the total number of human CD451 cells. (B)
Human IgG (F), IgM (å), and IgA (h) levels in the sera of hu-PBL-SCID mice
at the same times after injection as in panel A. For both panels, six mice at each
time point were analyzed in three separate experiments. Each point represents
the mean 6 standard error of the mean.

FIG. 2. RT-PCR analysis of human cytokine mRNAs in peritoneal cells from
hu-PBL-SCID mice. Total RNA from peritoneal cells was retrotranscribed and
amplified by using human-specific primers as described elsewhere (7, 14). Three
mice per group were analyzed in three different experiments. The results of one
representative experiment are shown. Lanes: A, donor; B, hu-PBL-SCID mouse
2 h after PBL injection; C, hu-PBL-SCID mouse 24 h after PBL injection.

FIG. 3. Detection by PCR analysis of human DNA in organs of hu-PBL-
SCID mice sacrificed at different times after reconstitution. DNA was extracted
by standard procedures, and HLA-DQa sequences were amplified as previously
described (16). The percentages of organs positive for human sequences at the
various time points are shown. A minimum of eight animals was analyzed at each
time point. The detection limit under our experimental conditions was 1 copy of
cellular equivalents per 1.5 3 105 genomes. h, peritoneum; E, spleen; Ç, lymph
nodes.

FIG. 4. p24 antigen detection in culture supernatants of peritoneal cells
recovered from hu-PBL-SCID mice and infected in vitro with HIV-1. Peritoneal
cells were collected from SCID mice at 2 and 24 h after hu-PBL injection. Four
different experiments were performed. The results of one representative exper-
iment are shown. Ç, unstimulated donor PBLs; F, hu-PBLs 2 h postinjection; ■,
hu-PBLs 24 h postinjection.
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man sequences were detected in the spleen and lymph nodes of
the vast majority of the xenochimeras as early as 2 h after
injection (Fig. 3). Human sequences were detected up to 6
weeks (Fig. 3), progressively disappearing over time (not
shown).

HIV-1 infection of hu-PBL-SCID mice shortly after recon-
stitution. The results described above demonstrate that hu-
PBLs undergo an activation process shortly after transplan-
tation into the SCID mice and rapidly migrate from the
peritoneum to various organs. To assess the ability of early
activated human T cells to support HIV-1 replication, we first
performed ex vivo experiments with human cells collected 2
and 24 h after the i.p. injection of hu-PBLs, by infecting the
recovered cells in vitro with HIV-1 without the addition of
either phytohemagglutinin or IL-2. The input human cell num-
ber was standardized by FACS analysis of CD451 cells (5 3
106 CD451 cells per well). As shown in Fig. 4, cultures of cells
obtained at both 2 and 24 h after injection showed a rise in p24
antigen production in culture fluid 20 to 25 days after virus
exposure, suggesting that those cells could efficiently support a
productive HIV-1 infection. Only barely detectable levels of
p24 antigen were found in cultures of unstimulated donor
PBLs (Fig. 4). Therefore, we injected the chimeras i.p. with
HIV-1 at 2 h after the engraftment (i.e., time of maximal
hu-PBL activation). At 4 weeks postinjection, the animals were
sacrificed and analyzed for evidence of infection. The results,
presented as percentages of positive HIV-1-specific PCR and
coculture assays of various cells and organs, showed that a
large percentage of the chimeras exhibited a generalized
HIV-1 infection at 4 weeks after virus challenge (Table 1).
Figure 5 shows the results of a representative DNA PCR for
HLA-DQa (Fig. 5A) compared with HIV-1 (Fig. 5B) se-
quences in different organs from two HIV-infected hu-PBL-
SCID mice. Notably, p24 antigen was directly detectable by
ELISA in the PL (data not shown).
Immune dysfunctions in hu-PBL-SCID mice infected with

HIV at 2 h after reconstitution. We then compared some
immunological parameters in the uninfected and the HIV-1-
infected hu-PBL-SCID mice. As shown in Fig. 6, a severe
CD41 lymphocyte depletion was observed at 4 weeks after
virus exposure in PLs of HIV-infected xenochimeras, com-
pared with the control mice. At the same time, the percentages
of CD81 cells were roughly equal in infected and control
chimeras (Fig. 6). Consistent with this CD4 depletion, we

FIG. 5. Detection of HIV-1 proviral sequences in the tissues of virus-chal-
lenged hu-PBL-SCID mice. DNA was extracted by standard procedures, and
HLA-DQa (A) or gag-specific (B) sequences were amplified as previously de-
scribed (16). The sensitivity of the assay was tested by amplifying DNA prepared
from the 8E5 T-cell line (10), which was serially diluted into SCID mouse cell
DNA. The number of human cells (A) or proviral copy number (B) is indicated.
SP, spleen; LN, lymph nodes; 2CTR, reagent control.

FIG. 6. FACS analysis of CD41 and CD81 cells in PLs of hu-PBL-SCID
mice at 4 weeks after HIV-1 injection. The histograms represent the mean
percentages (6 standard errors of the mean) of CD41 (■) and CD81 (o) cells
with respect to CD31 cells in PLs. Twenty mice in three different experiments
were analyzed.

TABLE 1. Evaluation of HIV-1 infection in hu-PBL-SCID
mice at 4 weeks after virus challengea

Organ or cells

% Positive by:

PCR Coculture with
C8166 cells

Peritoneal cells 100 85
Spleen 85 66
Lymph node 85 NDb

Bone marrow ND 45

aMice were injected i.p. with HIV-1 at 2 h after hu-PBL transfer. At sacrifice
virus was recovered from tissue specimens by coculture and PCR. Twenty mice
in three different experiments were analyzed.
b ND, not done.

VOL. 70, 1996 T-CELL DYSFUNCTION IN HIV-INFECTED hu-PBL-SCID MICE 7961



12
12

found significantly lower levels of human sICAM-1 in PLs, and
of human IgM, IgA, and sIL-2R in sera, of the infected chi-
meras than of the controls (Fig. 7). The levels of human IgG in
sera were similar in both groups (not shown). The levels of

human cytokines in the PL differed markedly in infected and
uninfected animals (Table 2). In fact, the ELISA analysis
showed that IL-4 and IL-10 levels were markedly increased in
the PLs of HIV-1-infected chimeras, while IFN-g levels did not
differ in infected and control mice (Table 2). IL-2 was unde-
tectable in all samples, and TNF-a was weakly detected in both
HIV-1-infected and uninfected xenochimeras (Table 2). The
RT-PCR analysis of RNAs extracted from the same PL sam-
ples further suggested the presence of a Th0/Th2 profile in the
HIV-1-infected hu-PBL-SCID mice (Fig. 8). In particular,
mRNAs for both human IL-4 and IL-5 were detected only in
the HIV-1-infected xenochimeras. An IL-10 transcript was
consistently detectable in HIV-infected mice and occasionally
also detected in the control mice (Fig. 8). An IFN-g transcript
was present in both groups, while IL-2 mRNA was undetect-
able (Fig. 8). Time course experiments showed that at 1 week
after HIV-1 infection, the levels of human CD41 cells, cyto-
kines, and sICAM-1 in PLs, and of human IgA, IgM, and
sIL-2R in sera, of HIV-1-infected xenochimeras were not de-
creased with respect to those found in control mice (not
shown).
In a separate set of experiments, we compared the effects of

in vivo HIV-1 infection of hu-PBL-SCID mice at 2 h and at 2
weeks after hu-PBL injection. All of the animals were sacri-
ficed at 4 weeks postinfection. As shown in Table 3, the pattern
of immune dysfunctions induced by HIV-1 infection at 2 h was
not inducible in the 2-week infection. In particular, CD41 cell
depletion was less pronounced, no decrease of sICAM-1, sIL-
2R, IgM, and IgA was observed, and there was no increase of
IL-4. The only exception was IL-10, which was higher in
2-week-infected animals than in the controls (Table 3). In
addition, the percentages of positive HIV-1-specific PCR and
coculture assays of various cells and organs showed that while
the 2-h infection resulted in a generalized HIV-1 infection of
the xenochimeras (100% of spleen, lymph node, thymus, and
bone marrow samples were positive for HIV DNA PCR and/or
cocultivation), in the 2-week infection the thymus and bone
marrow were positive for HIV-1 infection only occasionally
(not shown).

DISCUSSION

The hu-PBL-SCID mouse model was originally developed
by Mosier and colleagues (18) and proved very useful for in
vivo studies on human immune functions under normal and
pathologic conditions (32). The HIV-1 infection of hu-PBL-
SCID mice described by Mosier and coworkers involves virus
injection at 2 weeks postreconstitution (19). This approach
provided interesting results on the differential effects of various
strains of HIV-1 on the in vivo depletion of human CD41 cells
(19, 21) and on the effectiveness of various strategies in pre-
venting and/or inhibiting HIV replication (20, 25).
In the present article, we characterize a modified model of

FIG. 7. Human sICAM-1 levels in PLs (A) and sIL-2R (B) and IgM and IgA
(C) levels in sera of hu-PBL-SCID mice at 4 weeks after HIV-1 infection, as
evaluated by ELISA. Values represent the means 6 standard errors of the mean
for 20 animals in five separate experiments. , IgM; u, IgA. Ctr, control.

TABLE 2. Human cytokine production in the peritoneal cavity of
hu-PBL-SCID mice at 4 weeks after HIV-1 infection,

as evaluated by ELISA

hu-PBL-SCID
mice

Concn (pg/ml)a

TNF-a IL-2 IFN-g IL-4 IL-10

Control ,15 ,150 56 6 17 ,45 35 6 3
HIV infected ,15 ,150 46 6 15 140 6 46 138 6 40

a Values are the means 6 standard errors of the mean for 20 animals in three
different experiments.
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HIV-1 infection of hu-PBL-SCID mice, which differs from that
described by Mosier and colleagues mainly in the state of
activation of human cells at the moment of virus challenge. In
fact, it has been reported that the SCID mouse environment
affects the functional properties of the transplanted hu-PBLs
by shaping the repertoire of CD41 T cells (30), rendering them
memory cells at 2 weeks and anergic at 1 to 2 months after
transplantation (29, 30). Thus, by injecting hu-PBL-SCID mice
with HIV-1 at 2 weeks after reconstitution, Mosier and co-
workers studied the effects of HIV infection on memory T
cells. Recently, it has been suggested that the human immune
system in this xenochimeric model is functional during the first
2 to 3 weeks after hu-PBL transplantation (31, 34). In the
present study, we first characterized the kinetics of activation
of hu-PBLs soon after their injection into SCID mice. We used
the information derived from these studies to develop a mod-
ified model of HIV-1 infection of hu-PBL-SCID mice, suitable
for the evaluation of the in vivo effects of HIV on highly
activated human immune cells. We found that hu-PBLs be-
come highly activated as early as 2 h after the i.p. injection into
SCID mice and rapidly spread from the peritoneum to popu-
late other mouse organs. HIV-1 injection at 2 h after recon-
stitution (i.e., at the time of maximal in vivo activation of
human cells) resulted in a diffuse infection of the chimeras and
in a marked impairment of human lymphocyte functions, as
represented by (i) marked CD41 cell depletion, (ii) general-
ized inhibition of the release of soluble factors and Igs, and (iii)
a Th0/Th2-type cytokine profile. When we compared the cur-
rent model of HIV-1 infection at 2 weeks after the i.p. injection
of the human PBLs in the SCID mice with the model described
here, we found that (i) the majority of immune dysfunctions
induced in the 2-h infection of the xenochimeras are not in-
ducible in the 2-week infection, with the exception only of
IL-10 induction, and (ii) the 2-h infection resulted in a more
generalized spread of the HIV-1-infected cells in the xenochi-
meras. These results strongly support the concept that the state
of activation of human cells at the moment of in vivo infection
with HIV-1 is crucial in determining the immune derangement
observed in AIDS patients, particularly when lymphocyto-

tropic HIV-1 strains are involved. In fact, Mosier and cowork-
ers have shown that with molecularly cloned viral isolates in
the 2-week model of infection, macrophage-tropic strains in-
duced extensive CD41 T-cell depletion, whereas lymphocyte-
tropic strains caused little CD41 T-cell depletion (21).
Much importance is now attributed to the state of activation

of immune cells in determining the rate of HIV replication and
disease progression in HIV-exposed individuals (1, 27, 28). It
has been hypothesized that the endemic infectious diseases
occurring in African populations may support a chronic state
of immune activation characterized mostly by a Th2 and Th0
type of response, which may account for the African pattern of
HIV infection and AIDS progression (1). As an additional
example, Folks and colleagues (11) reported that preexisting
hyperimmune activation of simian immunodeficiency virus-in-
fected rhesus macaques can speed the progression of disease.
In the light of all these data, the HIV hu-PBL-SCID mouse
model described in this article exhibits some unique features
which may allow for certain comparisons of the effects of
HIV-1 in certain patients. The general impairment of immune
functions observed in the HIV-1-infected xenochimeras (i.e.,
CD41 cell depletion and reduced secretion of sIL-2R, sI-
CAM-1, IgM, and IgA) together with the up-regulation of the
expression of certain cytokines (IL-4, IL-5, and IL-10) is rem-
iniscent of the immune dysfunctions and the Th type of cyto-
kine profile frequently observed in those HIV-1-infected pa-
tients with a more rapid progression of the disease and a worse
prognosis (4).
The immune dysfunctions observed in the HIV-1-infected

hu-PBL-SCID mice seem to be somehow linked to the reduc-
tion in the number of CD41 cells. In fact, at 1 week postin-
fection the percentage of CD41 cells did not differ in infected
and uninfected mice, and apparently no immune dysfunctions
were observed. Evidence indicating that CD81 T cells can be a
source of IL-4 directing the development of a predominant
Th2 type of immune response in HIV-1-infected individuals is
now available (24). Actually, high percentages of CD81 cells
were constantly detected in the HIV-infected hu-PBL-SCID
mice, in spite of the CD41 cell depletion. Thus, we can spec-
ulate that the CD81 cells may be responsible for the Th2 type
of response shown in the HIV-1-infected xenochimeras at 4
weeks after infection.
It has been recently reported that T lymphocytes from HIV-

infected individuals are primed to undergo apoptosis after
stimulation with anti-Fas antibodies (13). Clerici and cowork-
ers (3) suggested that the programmed cell death observed in
CD41 cells of HIV-infected individuals is not merely due to
growth factor (e.g., IL-2) starvation but reflects the change of
cytokines produced from a Th1 type to a Th2 type predomi-
nance. Thus, experiments can be designed with our HIV hu-

FIG. 8. RT-PCR analysis of human cytokine mRNAs in peritoneal cells of
HIV-1-infected (lanes B) and uninfected control (lanes A) hu-PBL-SCID mice.
The results for one representative mouse for each group are shown. b2mg,
b2-microglobulin.

TABLE 3. Effects of HIV-1 infection on human immune parameters in hu-PBL-SCID mice infected with HIV at 2 h and
2 weeks after i.p. injection of hu-PBLa

Time after injec-
tion and mice

CD4
(%)b

CD8
(%)b

sICAM-1
(pg/ml)

sIL-2R
(pg/ml)

IgM
(mg/ml)

IgA
(mg/ml)

IL-4
(pg/ml)

IL-10
(pg/ml)

2 h
Control 29 6 8 70 6 11 1,200 6 120 1,500 6 150 210 6 15 190 6 12 ,45 27 6 5
HIV infected 5 6 2c 95 6 10c 250 6 80c 510 6 110c 102 6 22c 110 6 20c 101 6 40c 130 6 35c

2 weeks
Control 31 6 12 68 6 14 1,700 6 250 927 6 180 800 6 50 220 6 15 ,45 13 6 4
HIV infected 24 6 9 75 6 8 1,780 6 290 820 6 210 1,003 6 80 450 6 90c ,45 37 6 6c

a Values are means 6 standard errors of the means for 12 animals in three different experiments.
b CD41 or CD81 cells as a percentage of human CD31 cells.
c P , 0.01 (Student’s t test).
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PBL-SCID mouse model to define the in vivo role of IL-4 and
IL-10 in CD41 cell depletion.
In conclusion, this study shows that the hu-PBL-SCID mouse

can represent a valuable model for exploring the in vivo effects
of HIV infection on activated human lymphocytes, including
cytokine production. Moreover, this HIV hu-PBL-SCID mouse
model might be particularly helpful in evaluating the use of
immunosuppressive drugs, alone or in combination with anti-
viral treatments, in modulating both HIV replication and the
effects of HIV infection on the immune response.
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