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Abstract

In this study we attempted to develop a new xenochimeric model for HIV infection in SCID mice, characterized
by an easy engraftment of target cells, high levels of viremia and long-lasting HIV-1 infection. SCID mice were
injected subcutaneously with uninfected human U937 cells and cell-free HIV-1 (IIIB strain) or HIV-1-infected human
peripheral blood lymphocytes (PBL). Mice were evaluated for tumor growth, viral infection at the tumor level
(DNA-polymerase chain reaction (PCR), RNA-PCR) and immunostaining for the p55/p18 HIV protein) and p24
antigenemia or serum HIV-1 RNA copies. Pretreatment of mice with antibodies to either mouse-IFN a/b or
granulocytes resulted in a tumor take and levels of p24 antigenemia higher than in control mice. In mice treated with
these antibody preparations, there was a long-lasting HIV infection with the presence of high levels of circulating
infectious virus (serum p24 values up to 4000 pg/ml and serum RNA copies up to 5×107/ml over 3 months, with the
majority of the cells expressing HIV-antigens at the tumor site). Intraperitoneal treatment of SCID mice with AZT
(480 mg/kg per day) resulted in a complete inhibition of both p24 and RNA HIV-1 copies in the serum, together with
a marked reduction in the number of infected cells and the levels of virus expression at the tumor site. We conclude
that some specific features of this model (i.e. easy establishment, high reproducibility, well defined kinetics of virus
infection, massive and long persistent viremia) underline the special advantages of its use for testing new antiviral
therapies. © 1997 Elsevier Science B.V.
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1. Introduction

Over the past few years, considerable progress
has been made in increasing our knowledge of
epidemiology of AIDS, its etiologic agent
(HIV-1) and the mechanisms of HIV infection. As
a result, much research has focused on the devel-
opment of new molecules and strategies for the
therapy of infected patients. However, the defini-
tion of the potentially most effective anti-HIV
therapies has been hampered by the substantial
lack of practical and small animal models, which
allow new antiviral treatments to be evaluated
on a large scale and for a consistent period of
time.

Since the first report of the normal human cell
transplantation to severe combined immunodefi-
ciency (SCID) mice (McCune et al., 1988;
Mosier et al., 1988) and of the HIV infection of
these chimeric animals (Namikawa et al., 1988;
Mosier et al., 1991), there was a considerable
use of these models in AIDS research. SCID
mice transplanted with human peripheral blood
lymphocytes (Mosier et al., 1991; Rizza et al.,
1996) or hematolymphoid tissues (Namikawa et
al., 1988), proved to be valuable models in
AIDS research, especially for evaluating some
aspects of the pathogenesis of HIV infection, in-
cluding the virus-induced CD4 T-cell depletion
(McCune et al., 1990; Mosier et al., 1991; Rizza
et al., 1996). However, in spite of the initial
enthusiasm for the possible use of these models
for antiviral screening (McCune et al., 1990),
their applications for testing antiviral therapies
have been limited and somehow controversial.
The lack of a widespread use of these animal
models in antiviral research for HIV is largely
dependent on two major limitations: (i) the re-
striction of HIV infection to a subset of the
transplanted human cells, which does not gener-
ally result in high level virus amplification or
viremia; (ii) the relatively short persistence of
virus infection.

In this study, we describe a new chimeric
mouse/human model for HIV infection, where
multiple virus infectious cycles occur in human
target cells (i.e. human U937 cells) actively repli-
cating in vivo after subcutaneous injection in

SCID mice depleted of some residual reactivity
by treatment with either anti-mouse interferon
(IFN) a/b or anti-mouse granulocyte antibodies.
This model exhibits specific features, such as
easy establishment, high reproducibility, well
defined kinetics of virus infection, massive
viremia and long-lasting persistence of the virus
infected cells, all of which underline the special
advantages of its use for testing the effects of
single and combined drug therapies on both the
virus and the infected cells.

2. Materials and methods

2.1. Reagents

Polyclonal sheep anti-murine-IFN-a/b (sheep
1) was prepared and purified and had a neutral-
izing titer of 6.4×106 against 4–8 U of murine-
IFN-a/b (Gresser et al., 1976). Monoclonal
anti-mouse granulocyte antibodies (RB6-8C5 hy-
bridoma) was prepared as previously described
(Ferrantini et al., 1994). AZT (Sigma-Aldrich,
Milwaukee, WI) was dissolved in prewarmed
(40°C) PBS at a concentration of 9 mg/ml and
filter-sterilized. Mice were daily injected in-
traperitoneally (i.p.) with 1 ml of a freshly pre-
pared AZT solution (480 mg/kg per day
[maximal tolerated dose]).

2.2. Growth of U937 cell-tumors in scid mice and
in 6i6o HIV-1 infection

CB.17 SCID/SCID female mice (Charles
River, Milan, Italy) were used at 4–5 weeks of
age and were kept under specific pathogen-free
conditions. SCID mice were housed in microiso-
lator cages and all food, water and bedding were
autoclaved prior to use. The animal studies were
performed in biosafety level 3 facility. Mice were
injected subcutaneously (s.c.) in the shoulder
with 2×106 uninfected U937 cells (Sunstrom
and Nilsson, 1976) resuspended in 0.2 ml saline.
The two major diameters of each tumor nodule
were measured by calliper and the mean tumor
diameter of each tumor was calculated.

To deplete animals of some residual reactivity,
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SCID mice were injected i.p. with 0.2 ml of a
1:20 dilution of a polyclonal sheep anti-murine
IFN a/b (320 000 neutralizing units/mouse) or
0.2 ml (100 mg/mouse) of an anti-mouse granu-
locyte mAb as follows: (i) anti-murine IFN a/b,
3 h before, 6 and 12 days after tumor cell injec-
tion; (ii) anti-mouse granulocyte mAb, 1 day be-
fore, 3 and 7 days after tumor cell injection.

The in vivo HIV infection of U937 SCID
mice was performed using three different ap-
proaches: (i) simultaneous s.c. injection of 2×
106 uninfected U937 cells and 2×104 in vitro
HIV-1 infected normal human PBMC; (ii) simul-
taneous s.c. injection of 2×106 uninfected U937
cells with 106 TCID50 of cell-free HIV-1 IIIB;
(iii) peritumoral injection of established (20 days
post implantation) uninfected. U937 cells tumors
with 106 TCID50 of cell-free HIV-1 IIIB. In all
conditions, the HIV-infected chimeras were sac-
rificed when the tumors reached 20–25 mm
mean diameter and analyzed for the virus repli-
cation at the tumor site and p24 antigenemia.

2.3. Detection of 6iral infection

At sacrifice, the U937-cell tumors were ex-
cised, carefully minced and gently stirred for 30
min at 37°C in trypsin-EDTA solution (ICN
Pharmaceutical, Amsterdam, Netherlands) to ob-
tain cell suspensions. Cell suspensions under-
went: (i) HIV-1-DNA PCR as previously
described (Folks et al., 1986; Locardi et al.,
1992); (ii) HIV-1-RT-PCR (Santini et al., 1995),
using specific primers for HIV RNA, as de-
scribed elsewhere (Zack et al., 1990); (iii) im-
munocytochemistry for the expression of
HIV-p55/p18 (Cordell et al., 1984; Fais et al.,
1984); (iv) cocultivation with C8166 cells for
syncytium formation.

Sera of infected animals were tested for HIV
p24 antigen by an antigen capture enzyme-linked
immunosorbent assay (Dupont, B-1130 Brussels,
Belgium), HIV-1 RNA copies by Nucleid Acid
Sequence-Based Amplification assay (NASBA
HIV-1 RNA QT kit, Organon Teknika, Turn-
hout, Belgium) and also for syncytium forma-
tion in C8166 cell cultures.

3. Results

3.1. Definition of the optimal conditions for the
growth of ‘in 6i6o’ infected U937 cell-tumors
producing HIV in SCID mice

In a first set of experiments, we determined the
optimal experimental conditions for obtaining a
highly reproducible growth of human U937 cells
after s.c. transplantation into SCID mice. In par-
ticular, in order to decrease the residual mouse
resistance to human cell transplantation, we used
two approaches: (i) neutralization of endogenous
mouse IFN-a/b by the i.p. injection of a potent
polyclonal antibody (Gresser et al., 1976; Puddu
et al., 1991); (ii) neutralization and depletion of
mouse granulocytes (which actively participate in
the early phases of the SCID mouse reaction to
the engraftment of human cells (Santini et al.,
1995) by the i.p. inoculation of a specific mAb. As
shown in Fig. 1 (panel A), U937 cell tumors
appeared earlier and grew more rapidly in SCID
mice injected with either of the two antibody
preparations as compared to the control mice.
When in vivo HIV-1 infection of U937 cells was
performed, the tumors grew somewhat slower
than the uninfected controls. Here, a progressive
tumor growth was consistently observed only in
mice treated with either anti-IFN antibody or
anti-granulocyte mAb (Fig. 1B). All the HIV-in-
fected U937-SCID mice exhibited detectable
serum levels of p24, though HIV antigenemia was
directly related to the tumor growth (Fig. 1, panel
C). No major differences were observed in the
kinetics of tumor growth and p24 antigenemia
between mice treated with antibody to IFN or
with anti-granulocyte mAb. Thus, in the subse-
quent experiments, mice were treated with anti-
granulocyte antibodies in order to obtain a highly
reproducible tumor growth and p24 antigenemia.

3.2. Different approaches for HIV-1 infection of
U937-SCID mice

We used three different approaches of infection:
(i) in vitro HIV infection of PHA-stimulated hu-
man PBMC and subsequent s.c. co-injection with
U937 cells; (ii) simultaneous s.c. injection of cell-
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free virus and U937 cells; and (iii) peritumoral
HIV-1 injection in mice with established U937
cell tumors (:20 days after the s.c. tumor cell
transplantation). The HIV-1 infection of the
U937-SCID mice was evaluated by measuring:
(i) the number of proviral copies in the infected
tumors, by DNA-PCR; (ii) the levels of serum
p24 antigenemia; and (iii) the percentage of tu-

mor cells positive for the anti-HIV I p55/p18
staining, by immunocytochemistry. The results
showed that all these infection protocols gave a
high number of proviral copies in the tumor, as
well as very high levels of p24 antigenemia
(Table 1). These data were confirmed by im-
munocytochemical analysis of tumor cells (90–
98% of tumor cells were positive for
HIV-p55/p18) (Fig. 2). Moreover, the infectivity
of circulating virus was shown by both determi-
nation of serum HIV-1 RNA copy number
(Table 1) and cultivation of either tumor cells
and sera with the C8166 cell line (data not
shown). Notably, both HIV-1 infection at the
tumor level and viremia were detectable up to 3
months post-infection, which corresponds to the
mean survival time of U937-SCID mice (data
not shown).

DNA-PCR analysis for HLA-DQ and HIV-1
sequences showed that neither human nor HIV-1
DNA were detectable in the blood of the U937-
SCID mice, while low but fairly detectable hu-
man and viral DNA sequences were present in
the lung, brain and lymph nodes of the
xenochimeras (data not shown).

Fig. 1.

Fig. 1. Growth of uninfected and in vivo HIV-infected U937-
cell tumors, and analysis of the relationship between tumor
growth and HIV p24 antigenemia in SCID mice. (A) Effect of
antibodies to murine IFN a/b (purified polyclonal sheep anti-
murine-lFN-a/b with a neutralizing titer of 6.4×106 against
4–8 U of murine-IFN-a/b (Gresser et al., 1976) and to murine
granulocytes (monoclonal anti-mouse granulocyte antibodies,
clone RB6-8C5 (Ferrantini et al., 1994) on tumor growth in
SCID mice transplanted s.c. with uninfected U937 cells. (�)
Untreated U937 tumors; (�) U937 tumors treated with anti-
bodies to murine IFN-a/b (
) U937 tumors treated with
antibodies to murine granulocytes. (B) Effect of antibodies to
murine IFN-a/b (�) and to murine granulocytes (
), as
compared to untreated controls (�), on tumor growth in SCID
mice transplanted s.c. with uninfected U937 cells and infected
in vivo with HIV-1. (C) Relationship between tumor growth
(�) and p24 antigenemia (�) in SCID mice treated with
antibodies to mouse granulocytes, transplanted s.c. with unin-
fected U937 cells and infected s.c. with HIV. Data are mean of
six mice per each group9S.E.M. (where not shown, error
bars fall within the symbol height).
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Table 1
Effectiveness of different modalities of HIV-1 infection of U937 cell-tumors implanted s.c. in SCID mice

Day 0 Day 20Days after U937 cell injection:

Type of HIV infection: Cell-free virus Cell-free virusHIV infected PBMC

\104 \104 \104Proviral copy number/2×105 tumor cells
104092368439187P24 serum levels (pg/ml) 12909332

35.8×10699.8×106 N.D.Serum HIV-1 RNA (copies/ml) N.D.

The in vivo HIV-1 infection of U937 SCID mice was performed using three different approaches: (i) simultaneous s.c. injection of
2×106 uninfected U937 cells and 2×104 in vitro HIV-1 infected normal human PBMC, prestimulated with phytohemoagglutinin
(PHA) 2.5 mg/ml and 5 U/ml of recombinant human interleukin-2 (IL-2); (ii) simultaneous s.c. injection of 2×106 uninfected U937
cells with 106 TCID50 of cell-free HIV-1(IIIB) strain; (iii) injection of established (20 days post implantation) uninfected U937 cells
tumors with 106 TCID50 of cell-free HIV-1(IIIB) strain. In all conditions the UC937-HIV-SCID mouse chimeras were sacrificed
when the tumors reached 20–25 mm mean diameter (2–3 months post-infection) and analyzed for the in vivo HIV-1 infection of
U937 tumors, for p24 antigenemia end serum HIV-1 RNA.
Results derived from one representative experiment (mean9S.E.M. are calculated on five mice/group). In all conditions, cultivation
of both tumor cells and sera with C8166 cells resulted in syncytium formation. N.D., not done.

3.3. Effect of AZT treatment on in 6i6o HIV
infection of U937-SCID mice

To assess the effectiveness of typical antiviral
treatment on HIV-1 infection in this model, SCID
mice were treated i.p. with AZT for 2 days before
HIV injection and daily thereafter for 2 weeks.
This set of experiments was performed by co-in-
jecting s.c. uninfected U937 cells and HIV-1. AZT
treatment dramatically reduced the p24 antigene-
mia and the serum levels of HIV-1 RNA copies,
while, in some animals, few HIV-1 infected cells
persisted at the tumor level (Table 2). However, in
the majority of the U937-SCID mice, AZT en-
tirely suppressed HIV infection at the tumor level,
as shown by both HIV-DNA (Fig. 3A) and HIV-
RNA analysis (Fig. 3B). The AZT antiviral effect
was not due to toxicity to the implanted target
cells, since the tumor size in the AZT treated mice
was always greater than that of the untreated
animals (data not shown). Furthermore, AZT
treatment, extended over 2 weeks, did not show
any toxic effect on both SCID mice and U937
tumors (data not shown).

4. Discussion

It is generally accepted that any substance
shown to exhibit anti-HIV activity using in vitro

cell systems, before its possible clinical use, has to
be tested in an animal model, in which drug
bioavailability, metabolism, clearance, toxicity
and antiviral effectiveness can be taken into con-
sideration.

In this study, we describe a new xenochimeric
model in SCID mice, in which multiple cycles of
HIV-1 infection can occur in vivo and high virus
levels are continuously produced over a prolonged
period of time. This model exhibits some proper-
ties (low costs, reproducibility, high levels of
viremia) which render it particularly suitable for
testing new anti-HIV therapies (Namikawa et al.,
1988; Mosier et al., 1993; Alder et al., 1995;
Hesselton et al., 1995; Sato et al., 1995).

It is well known that the reproducibility of the
human cell engraftment might be impaired by the
natural residual reactivity of SCID mice against
xenotransplanted cells (Murphy et al., 1987), but
treatment with anti-mouse asialo GM-1 antibod-
ies greatly improves the engraftment of both nor-
mal and tumor human cells (Shpitz et al., 1994;
Lacerda et al., 1996). Little information is avail-
able, however, on the role of other host reactive
components which may significantly affect the
engraftment of human cells in SCID mice. We
previously described a model in which nude mice
were only successfully transplanted with chroni-
cally HIV-1-infected U937 cells by repeated injec-
tions of antibodies to mouse IFN a/b (Puddu et
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al., 1991). Moreover, we have recently shown that
SCID mice react to human cell engraftment with
an acute inflammatory response characterized by
an impressive neutrophil recruitment and mouse
cytokine production (Santini et al., 1995). Thus,
the first step of our study was to define the
optimal conditions for obtaining a continuous
growth and infection of human target cells in the
SCID mouse host by neutralizing endogenous
type I IFN and mouse granulocyte functions.

We found that injections of either antibodies to
mouse IFN a/b or an anti-mouse-granulocyte
mAb were essential to obtain high levels of p24
antigenemia, HIV production and the persistence/

growth of virus-infected cells. These results indi-
cate that a strong natural reactivity, partially
mediated by endogenous type I IFN and host
granulocytes, can strongly affect U937 cell tumor
growth, HIV-1 production and persistence of
virus-infected cells in SCID mice. The effects of
the anti-granulocyte and the anti-type I IFN anti-
bodies may be related to either a direct inhibition
of SCID mouse granulocyte recruitment (Santini
et al., 1995) or to the inhibition of type I IFN
endogenous production (conferring to mouse NK
cells or macrophages some antitumor activity), as
previously discussed elsewhere (Puddu et al.,
1991). Moreover, our results suggest that antibod-
ies to type I IFN or to mouse granulocytes can be
useful for increasing human cell engraftment in
the existing SCID mouse models.

The human SCID mouse xenochimeric model
described in our study may represent an improved
approach for the preclinical testing of some anti-
HIV treatments. In fact, in the current
xenochimeric models (Namikawa et al., 1988;
Mosier et al., 1991; Alder et al., 1995; Hesselton
et al., 1995; Sato et al., 1995) the extent and
duration of virus infection and production is lim-
ited and HIV-1 viremia has only occasionally
been described. In the present model, substantial
levels of p24 antigenemia (up to 4000 pg/ml) and
HIV-1 RNA copies (up to 50×106 ml), as well as
a consistent number of HIV-1-infected cells at the
tumor level (90–98%), can be detected in the
HIV-1-infected xenochimeras and both HIV-1 in-
fection and viremia can persist up to 3 months
post infection. In our previously described
xenochimeric model of nude mice transplanted
with chronically HIV-1-infected U937 cells
(Puddu et al., 1991), treatment with AZT did not
affect the levels of p24 antigenemia, probably
reflecting the inability of AZT to affect HIV
production in chronically infected cell systems
(Poli et al., 1989). Conversely, in the present
model of acute in vivo HIV-1 infection, i.p. injec-
tion of SCID mice with AZT resulted in a potent
systemic antiviral effect, virtually abolishing p24
antigenemia and greatly reducing the number of
HIV-1-infected cells at the tumor level (about 70%
reduction). This impressive antiviral effect was
not the result of toxicity towards the implanted

Fig. 2. Staining for HIV-1 p55/p18 matrix protein in U937
cells obtained from tumors grown and infected with HIV in
SCID mice. Poly-L-lysine coated chamber-slide preparation of
U937 cells obtained by disaggregation of tumors grown and
infected with HIV-1 in SCID mice. (Immunocytochemistry,
anti-p55/p18-alkaline phosphatase anti-alkaline phosphatase
(APAAP) complex; final magnification, ×1000). Cell suspen-
sions from the tumors were spun onto glass slides (Shandon,
Cheshire, UK) or attached to L-poly-lysine-covered glass
chamber slides (Labtek Naperville, IL) (Fais et al., 1984) and
stained by immunocytochemistry for the expression of HIV-
p55/p18 (anti HIV-p55/p18 IgG1, clone 11H9, from Medical
Research Council AIDS Reagent Project, London, UK), using
the APAAP method (Cordell et al., 1984), as described (Fais et
al., 1984).
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Fig. 3. Proviral copies and HIV-RNA at the tumor level in SCID mice transplanted s.c. with U937 cells, infected in vivo with HIV
and treated or not with AZT. Treated and control-untreated HIV-1-infected animals were sacrificed at 2 weeks and tumors analyzed
for in vivo HIV-1 infection. At sacrifice, the U937-cell tumors were excised, carefully minced and gently stirred for 30 min at 37°C
in trypsin-EDTA solution to obtain cell suspensions. Cells were counted and 2×105 and 106 cells underwent both DNA and RNA
extraction, respectively. (A) DNA extracted by standard procedures and amplified for gag specific sequences (Locardi et al., 1992),
from U937-cell tumors transplanted s.c. in SCID mice and infected with HIV-1 in vivo, untreated (A1, A2) and treated i.p. with
AZT (B1, B2). AZT (Sigma-Aldrich, Milwaukee, WI) was dissolved in pre-warmed (40°C) PBS at a concentration of 9 mg/ml and
filter sterilized. Mice were injected daily i.p. with 1 ml of a freshly prepared AZT solution (480 mg/kg per day [maximal tolerated
dose]). Data represent duplicate experiments in four different animals. Sensitivity of the assay was tested by amplifying DNA,
prepared from 8E5 T-cells (Folks et al., 1986), which was serially diluted into SCID mouse cell DNA. The proviral copy number
after amplification is indicated; (B) RT-PCR analysis of HIV-1 and human b-actin mRNAs in U937 cells obtained from the same
animals analyzed for proviral copies in (A). Total RNA was isolated by RNAzol B (Biotech, Houston, TX) and then subjected to
phenol/chloroform extraction and isopropanol precipitation. RNA was purified and quantified and 1 mg of total RNA underwent
RT-PCR as described (Santini et al., 1995). Specific primers for HIV RNA has been previously described (Zack et al., 1990). A1 and
A2 are SCID mice transplanted s.c. with U937 cells infected with HIV-1 and untreated with AZT, B1 and B2 are treated i.p. with
AZT.
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Table 2
Effectiveness of AZT treatment on HIV-1 infection of U937 cell-tumors implanted s.c. in SCID mice

Treatments

HIV/AZTHIV/PBS

3.5×10391×103\104Proviral copy number/2×105 tumor cellsa

HIV/p55/p18 +ve cellsb (% and range) 95 (98–92) 10 (7–13)
9139162 Under detection limitsP24 serum levels (pg/ml)

Serum HIV-1 RNA (copies/ml) 43.2×10699.3×106 B4×102

AZT (Sigma-Aldrich) was dissolved in prewarmed (40°C) PBS at a concentration of 9 mg/ml and filter-sterilized. Mice were injected
daily i.p. with 1 ml of a freshly prepared AZT solution (480 mg/kg per day [maximal tolerated dose]) or with PBS for 2 weeks.
Treated and control-untreated HIV-1-infected animals were sacrificed at 2 weeks and analyzed for the in vivo HIV-1 infection of
U937 tumors, p24 antigenemia and serum HIV-1 RNA. Results are derived from two separate experiments.
Mean9S.E.M. are calculated on four mice/group.
aDNA was extracted by standard procedures and amplified for gag specific sequences (Locardi et al., 1992). Sensitivity of the assay
was tested by amplifying DNA, prepared from 8E5 T-cells (Folks et al., 1986), which was serially diluted into SCID mouse cell
DNA. The proviral copy number before amplification is indicated.
bCell suspensions from the tumors were spun onto glass slides (Shandon, Cheshire, UK) or attached to L-poly-lysine-covered glass
chamber slides (Labtek Naperville) (Fais et al., 1984) and stained by immunocytochemistry for the expression of HIV-p55/p18 using
the APAAP method (Cordell et al., 1984) as previously described (Fais et al., 1984).

target cells since the AZT-treated mice always
developed greater tumors than untreated mice. In
this model, correlation between the levels of
viremia and the number of HIV-1-infected cells
can be easily performed. For example, it is of
interest to underline that the AZT treatment did
not completely eliminate HIV-1-infected cells at
the tumor level, even though it totally abolished
HIV-1 viremia. Thus, this model may offer a
useful tool for shedding some light on issues
concerning virus load viremia and blood HIV-1
clearance in treated patients, in view of the fact
that a major target in therapy should be the
source of the virus (i.e. the virus infected cells)
and not only its product (Levy et al., 1996).
Furthermore, in this model, tumor cells from
HIV-infected and antiviral drug-treated
xenochimeric mice can be serially re-implanted
into SCID mice, thus allowing investigation of the
effects of a long term (single or combined) antivi-
ral treatment on the selection of HIV-1 drug-resis-
tant mutants. Experiments are now in progress to
evaluate the possibility of infecting tumor xeno-
grafts of U937 cells and other human cells with
different strains of HIV and eventually, clinical
isolates of PBMC from AIDS patients. Lastly, in

addition to its practical use in the testing of
antiviral substances, the present xenochimeric
model (or its implemented versions) can be suc-
cessfully utilized in preclinical studies for im-
munotherapy approaches of HIV-1 infection, such
as passive (Parren et al., 1995) (or active) immu-
nization or adoptive transfer of virus-specific CTL
(Van Kuyk et al., 1994).

Acknowledgements

This work was supported in part by a grant
from the Italian Ministry of Health (9th National
AIDS Project, contract No. 940/C). We thank Dr
Sara Baccarini for experimental help, Dr. Stefano
Vella and Dr Ion Gresser for helpful discussion
and suggestions.

References

Alder, J., Hui, Y.H., Clement, J., 1995. Efficacy of AZT
therapy in reducing p24 antigen burden in a modified
SCID mouse model of HIV infection. Antiviral. Res. 27,
85–97.



C. Lapenta et al. / Anti6iral Research 36 (1997) 81–90 89

Cordell, J.L., Falini, B., Erber, W.N., Ghosh, A.K., Abdu-
laziz, Z., Mac Donald, S., Pulford, K.A.F., Stein, H.,
Mason, D.Y., 1984. Immunoenzymatic labeling of mono-
clonal antibodies using immunecomplexes of alkaline phos-
phatase and monoclonal anti-alkaline phosphatase
(APAAP complex). J. Histochem. Cytochem. 32, 219–229.

Fais, S., Capobianchi, M.R., Abbate, I., Castilletti, C., Gen-
tile, M., Cordiali Fei, P., Ameglio, F., Dianzani, F., 1984.
Unidirectional budding of HIV-1 at the site of cell-to-cell
contact is associated with co-polarization of intercellular
adhesion molecules and HIV-1 viral matrix protein. AIDS
9, 329–335.

Ferrantini, M., Giovarelli, M., Modesti, A., Musiani, P., Mod-
ica, A., Venditti, M., Peretti, E., Lollini, P.L., Nanni, P.,
Forni, G., Belardelli, F., 1994. IFN-a 1 gene expression
into a metastatic murine adenocarcinoma (TS/A) results in
CD8+ T-cell-mediated tumor rejection and development
of antitumor immunity. Comparative studies with IFN-g-
producing TS/A cells. J. Immunol. 153, 4604–4615.

Folks, T.M., Powell, D., Lightfoote, M., Koenig, S., Fauci,
A.S., Benn, S., Hoggan, M.D., Venkatesan, S., Martin,
M.A., 1986. Biological and biochemical characterization of
a cloned Leu-3-cell surviving infection with the acquired
immune deficiency syndrome retrovirus. J. Exp. Med. 164,
280–290.

Gresser, I., Tovey, M.G., Bandu, M.T., Maury, C., Brouty-
Boye, D., 1976. Role of interferon in the pathogenesis of
virus diseases in mice as demonstrated by the use of
anti-interferon serum.I. Rapid evolution of encephalomy-
ocarditis virus infection. J. Exp. Med. 144, 1305–1315.

Hesselton, R.A., Greiner, D.L., Mordes, J.P., Rajan, T.V.,
Sullivan, J.L., Shultz, L.D., 1995. High levels of human
peripheral blood mononuclear cell engraftment and en-
hanced susceptibility to human immunodeficiency virus
type 1 infection in NOD/LtSz-SCID/SCID mice. J. Inf.
Dis. 172, 974–982.

Lacerda, J.F., Ladanyi, M., Jagiello, C., O’Reilly, R.J., 1996.
Administration of rabbit antiasialo GM1 antiserum facili-
tates the development of human Epstein-Barr virus-in-
duced lymphoproliferations in xenografted C.B-17
SCID/SCID mice. Transplantation 61, 492–497.

Levy, J.A., Ramachandran, B., Barker, E., Guthrie, J., Elbeik,
T., 1996. Plasma viral load, CD4+ cell counts and HIV-1
production by cells. Science 271, 670–671.

Locardi, C., Puddu, P., Ferrantini, M., Parlanti, E., Sestili, P.,
Varano, F., Belardelli, F., 1992. Persistent infection of
normal mice with human immunodeficiency virus. J. Virol.
66, 1649–1654.

McCune, J.M., Namikawa, R., Kanemisha, H., Shultz, L.D.,
Lieberman, M., Weissman, I.L., 1988. The SCID-hu
mouse: murine model for the analysis of human hema-
tolymphoid differentiation end function. Science 241,
1632–1639.

McCune, J.M., Namikawa, R., Shih, C.C., Rabin, L.,
Kaneshima, H., 1990. Suppression of HIV infection in
AZT-treated SCID-hu mice. Science 247, 564–566.

Mosier, D.E., Gulizia, R.J., Baird, S.M., Wilson, D.B., 1988.

Transfer of functional human mmune system to mice with
severe combined immunodeficiency. Nature 335, 256–259.

Mosier, D.E., Gulizia, R.J., Baird, S.M., Wilson, D.B., Spec-
tor, D.H., Spector, S.A., 1991. Human immunodeficiency
virus infection of human PBL-SCID mice. Science 251,
791–794.

Mosier, D.E., Gulizia, R.J., MacIsaac, P., Torbett, B., Levy,
J.A., 1993. Rapid loss of CD4+ T-cells in human-PBL-
SCID mice by noncytopathic HIV isolates. Science 260,
689–692.

Murphy, W.J., Kumar, V., Bennet, M., 1987. Rejection of
bone marrow allografts by mice with severe combined
immune deficiency (SCID). Evidence that natural killer
cells can mediate the specificity of marrow graft rejection.
J. Exp. Med. 165, 1212–1217.

Namikawa, R., Kanemisha, H., Lieberman, M., Weissman,
I.L., McCune, J.M., 1988. Infection of the SCID-hu mouse
by HIV-1. Science 242, 1684–1686.

Parren, P.W.H.I., Ditzel, H.J., Gulizia, R.J., Binley, J.M.,
Barbas III, C.F., Burton, D.R., Mosier, D.E., 1995. Pro-
tection against HIV-1 infection in hu-PBL-SCID mice by
passive immunization with a neutralizing human mono-
clonal antibody against the gp120 CD4-binding site. AIDS
9, F1–F6.

Poli, G., Orenstein, J.M., Kinter, A., Folks, T.M., Fauci, A.S.,
1989. Interferon a but not AZT suppresses HIV expression
in chronicrdly infected cell lines. Science 244, 575–577.

Puddu, P., Locardi, C., Sestili, P., Varano, F., Petrini, C.,
Modesti, A., Masuelli, L., Gresser, I., Belardelli, F., 1991.
Human immunodeficiency virus (HIV)-infected tumor
xenografts as an in vivo model for antiviral therapy: role of
alpha/beta interferon in restriction of tumor growth in
nude mice injected with HIV-infected U937 tumor cells. J.
Virol. 65, 2245–2253.

Rizza, P., Santini, S.M., Logozzi, M.A., Lapenta, C., Sestili,
P., Gherardi, G., Lande, R., Spada, M., Parlato, S., Be-
lardelli, F., Fais, S., 1996. T-cell dysfunctions in hu-PBL-
SCID mice ini ected with human immunodeficiency virus
(HIV) shortly after reconstitution: in vivo effects of HIV
on highly activated human immune cells. J. Virol. 70,
7958–7964.

Santini, S.M., Rizza, P., Logozzi, M.A., Sestili, P., Gherardi,
G., Lande, R., Lapenta, C., Belardelli, F., Fais, S., 1995.
The SCID mouse reaction to human peripheral blood
mononuclear leukocyte engraftment. Transplantation 60,
1306–1314.

Sato, A., Kodama, M., Abe, K., Miki, S., Nishimura, M.,
Suyama, A., Ogata, M., Toyoda, T., Sugimoto, H.,
Yoshie, O., Fujiwara, T., 1995. A simple and rapid method
for preliminary evaluation of in vivo efficacy of anti-HIV
compounds in mice. Antiviral. Res. 27, 151–163.

Shpitz, B., Chambers, C.A., Singhal, A.B., Hozumi, N., Fer-
nandes, B.J., Roifman, C.M., Weiner, L.M., Roder, J.C.,
Galliger, S., 1994. High level functional engraftment of
severe combined immune deficiency mice with human pe-
ripheral blood lymphocytes following pretreatment with
radiation and anti-asialo GMT. J. Immunol. Methods 169,
1–15.



C. Lapenta et al. / Anti6iral Research 36 (1997) 81–9090

Sunstrom, C., Nilsson, K., 1976. Establishment and charac-
terization of a human histiocytic lymphoma cell line
(U937). Int. J. Cancer 17, 565–567.

Van Kuyk, R., Torbett, B.E., Gulizia, R.J., Leath,
S., Mosier, D.E., Koenig, S., 1994. Cloned hu-
man CD8+ cytotoxic T lymphocytes protect human
peripheral blood leukocyte-severe combined im-

munodeficient mice from HIV-1 infection by an
HLA-unrestricted mechanism. J. Immunol. 53, 4826–
4833.

Zack, J.A., Arrigo, S.J., Weissman, S.R., Go, A.S., Haislip,
A., Chen, I.S.Y., 1990. HIV-1 entry into quiescent pri-
mary lymphocytes: molecular analysis reveals a labile,
latent viral structure. Cell 61, 213–222.

..


