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Mouse AIDS (MAIDS) induced in C57BL/6 mice by infection with a replication-defective retrovirus (Du5H)
combines extensive lymphoproliferation and profound immunodeficiency. Although B cells are the main target
of viral infection, recent research has focused on CD41 T cells, the activation of which is a key event in MAIDS
induction and progression. A preliminary observation of increased expression of B7 molecules on B cells in
MAIDS prompted us to address the possible involvement of the CD28/B7 costimulatory pathway in MAIDS.
Mice infected with the MAIDS-inducing viral preparation were treated with murine fusion protein CTLA4Ig
(3 3 50 mg/week given intraperitoneally), a competitive inhibitor of physiological CD28-B7 interactions. In
CTLA4Ig-treated animals, the onset of the disease was delayed, lymphoproliferation progressed at a much
slower rate than in untreated mice, and the loss of in vitro responsiveness to mitogens was reduced. Relative
expression of Du5H did not differ between treated and untreated animals. These results suggest that the
CD28/B7 costimulatory pathway contributes to MAIDS development.

Mouse AIDS (MAIDS) is induced by murine leukemia vi-
ruses present in a virus mixture recovered from a radiation-
induced lymphoma of C57BL/6 mice (28). The pathogenic
agent is a replication-defective retrovirus, designated BM5def
or Du5H, with a single open reading frame that encodes a
mutant Pr60gag protein (3). The syndrome is characterized by
rapid and persistent proliferation of B and CD41 T cells,
hypergammaglobulinemia, phenotypic abnormalities of lym-
phocyte subsets, and increasingly severe defects in both cell-
mediated and humoral immunity.

MAIDS pathogenesis clearly implies crucial interactions be-
tween B- and T-lymphocyte subsets: although B cells are the
main target of the pathogenic retrovirus (17), development of
the disease is strictly dependent on the presence of functional
CD41 T cells (41); chronic T-cell activation and induction of
anergy are considered to be major histocompatibility complex
class II antigen (Ag) dependent with virus-infected B cells
acting as viral Ag-presenting cells (APC) (9).

The activation of CD41 T lymphocytes requires two signals
from the APC (1). Ligation of the T-cell-associated receptor
(TCR) complex by Ag in association with the class II major
histocompatibility complex determines the specificity of the
response, while ligation of various accessory molecules on the
T-cell surface acts as the second nonspecific costimulatory sig-
nal (27). One of the most potent costimulatory activating sig-
nals relies upon the interaction of surface TCR CD28 with its
counterreceptors B7.1 (CD80) and B7.2 (CD86) on APC (5, 6,
11, 20, 25). Lymphocyte activation and regulation of immune
responses partly proceed through a modulation of the level of
expression of these counterreceptors. Activated T cells also
express CTLA4 as a second receptor that binds avidly to both
B7.1 and B7.2 (24); its contribution to costimulation is less well
defined than that of CD28 (23). Increased surface expression

of B7.1 and B7.2 has been detected on APC in response to
various stimuli, including mitogens and cytokines (14).

First, we examined whether B-cell expansion and activation
in MAIDS are associated with an increased level of expression
of B7 molecules. Two-color flow cytometry was performed to
demonstrate B7.1 and B7.2 on B2201 spleen cells. Briefly, 106

cells were preincubated with 1 mg of an anti-FcgRII antibody
(CD32) (Fc block; Pharmingen, San Diego, Calif.) prior to
labeling with fluorescein isothiocyanate-labeled anti-B220
(RA3-682) and a biotin-conjugated anti-CD80 (B7.1) (16-
10A1; monoclonal hamster immunoglobulin G [IgG]) antibod-
ies or an anti-CD86 (B7.2) (GL1; monoclonal rat IgG2a
kappa) antibody, all purchased from Pharmingen, and coun-
terstaining with streptavidin-phycoerythrin. Individual suspen-
sions from four controls and five mice with MAIDS (infected
for 10 weeks) were analyzed. Enhanced expression of B7.1 and
B7.2 was demonstrated on B cells from mice with MAIDS by
comparison with uninfected controls (Fig. 1). The B7.1 mole-
cule was detected on 15% of B2201 cells in controls, and this
fraction rose to 46% in infected mice (Fig. 1C and D; P ,
0.001). B7.2 had a higher basal level of expression than B7.1
and was detected on 24% of B2201 control splenocytes. In
infected mice with MAIDS, there was a significant B7.2 up-
regulation that was detected on 46% of B2201 cells (Fig. 1E
and F; P , 0.001).

Thereafter, we investigated the effect of a systemic blockade
of CD28/B7 interactions by CTLA4Ig on MAIDS develop-
ment. CTLA4Ig (prepared by Bristol-Myers Squibb Pharma-
ceutical Research Institute, Seattle, Wash.) is a fusion protein
made up of the extracellular domain of CTLA4 and the Fc
portion of a murine IgG that binds avidly to both B7.1 and B7.2
and acts as a soluble inhibitor of CD28-CTLA4/B7 interactions
(26).

C57BL/6 mice were inoculated intraperitoneally (i.p.) at 4, 5,
and 6 weeks of age with 0.5 ml of a viral preparation containing
the Du5H virus pseudotyped with the nonpathogenic G6T2
helper RadLV, obtained as a culture supernatant of Du5H-
transfected SIM.R fibroblasts chronically infected with G6T2
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(16). The viral preparation was determined by XC plaque assay
(34) to contain 10 3 103 PFU of ecotropic virus/ml. Treatment
with CTLA4Ig (three i.p. injections of 50 mg weekly) was ini-
tiated 1 week before viral inoculation and continued through-
out the observation period. Control infected and untreated
mice received i.p. injections of phosphate-buffered saline in-
stead of CTLA4Ig. Uninfected mice treated with CTLA4Ig
were also examined.

MAIDS is characterized by an early lymphoproliferative
process which can be first approximated by recording spleen
(SP) and lymph node (LN) weights. At different time points
after viral inoculation (zero time was the first injection), we
compared populations of infected mice having received
CTLA4Ig or phosphate-buffered saline and corresponding un-
infected controls (Fig. 2). Infected mice rapidly developed
significant splenomegaly, with an SP weight averaging 2.5 times
that of sham-inoculated controls at week 4. By contrast, none
of the five infected mice undergoing CTLA4Ig treatment
showed any increase in SP weight at that time. Nevertheless, at
later time points, CTLA4Ig treatment did not prevent the

occurrence of splenomegaly in infected animals, although its
amplitude remained much lower than that of untreated coun-
terparts. The inhibitory effect of CTLA4Ig treatment on
MAIDS-associated lymphoproliferation was still very signifi-
cant at week 11; at that time, the SP weights of infected,
CTLA4Ig-treated mice were more than 50% lower than those
of their untreated counterparts. The inhibitory effect of
CTLA4Ig treatment on lymphadenopathy development was in
the same range as that observed for splenomegaly (data not
shown).

Histopathological modifications observed in the SP after
Du5H/G6T2 infection were similar to those previously de-
scribed after LP-BM5 infection (12); they comprised follicular
activation and enlargement, together with a widening of peri-
arteriolar lymphoid sheaths, due to the accumulation of blastic
lymphoid cells, leading to progressive obliteration of the nor-
mal SP architecture. Paralleling the delayed occurrence of
macroscopical splenomegaly or lymphadenopathy, the histo-
logical modifications in SPs from CTLA4Ig-treated, infected
animals were delayed and encompassed a pattern of patholog-
ical changes similar to that observed in the untreated group
(Fig. 3).

To measure the effect of CTLA4Ig treatment on MAIDS-
associated immunodeficiency, proliferative responses of lym-
phocytes to different mitogens were monitored. Aliquots con-
taining 2 3 105 LN or SP lymphocytes from individual healthy
and experimental mice were cultured in triplicate in 96-well
microtest plates for 72 h with concanavalin A (ConA; Boehr-
inger, Mannheim, Germany) at 5 mg/ml or with lipopolysac-
charide (LPS; Difco, Detroit, Mich.) at 10 mg/ml. During the
last 4 h of culture, cells were incubated with 0.4 mCi of [3H]thy-
midine (6.7 Ci/mmol) (Dupont, NEN Products, Boston, Mass.)
and collected with a cell harvester (Skatron, Sterling, Va.) onto
glass fiber filters. The incorporated precursor was counted in a
scintillation analyzer (Tri-Carb; Packard, Meriden, Conn.).
Results were expressed as comparative proliferation indexes,
calculated as the ratio of the specific proliferation (counts per
minute of mitogen-stimulated culture minus counts per minute
of unstimulated culture) of cells from infected mice to the
specific proliferation of cells from uninfected controls.

Figure 4 compares the proliferative responses of LN lym-

FIG. 1. MAIDS is associated with overexpression of B7 costimulatory mol-
ecules on B cells. The staining profile of SP cells from uninfected C57BL/6 mice
(A, C, and E) and mice with MAIDS at 10 weeks postinfection (B, D, and F) are
compared. These are representative results obtained from four or five mice
analyzed separately in each group. MAIDS is associated with an expansion of B
cells expressing B220 at low densities (B220dim cells), accounting for 25% of the
lymphocyte population (B) versus 4% in controls (A). B2201 cells, contained
within the bold boxes, were evaluated for B7.1 (C and D) and B7.2 (E and F)
expression. B7.1 was expressed on 46% 6 1.22% of the B2201 cells in mice with
MAIDS (D) versus 15% 6 0.75% of those in controls (C). In mice with MAIDS,
overexpression of B7.1 was due mainly to expansion of the B7.11 B220dim

population (D, arrow). In controls (E), 24% 6 2.8% of the B2201 cells were
B7.21; in infected mice (F), this fraction rose to 46% 6 2.7%, equally distributed
between B220dim and B220hi cells. FITC, fluorescein isothiocyanate.

FIG. 2. Systemic administration of CTLA4Ig inhibits MAIDS-associated
lymphoproliferation. Each column represents the mean SP weight 6 the stan-
dard error of the mean for each experimental group. The number of infected
mice studied at each time point is indicated at the top of the corresponding
column. Administration of CTLA4Ig to uninfected controls did not induce any
variation in SP weight. In infected animals, CTLA4Ig administration delayed the
onset of the lymphoproliferative process and significantly reduced its amplitude.
Statistical significance of the differences between untreated and treated, infected
groups was tested by a two-tailed Student t test or the Mann-Whitney test. p, P ,
0.05; pp, P , 0.025.
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FIG. 3. Histologic comparisons of SPs from untreated (A and C) or CTLA4Ig-treated (B and D) mice infected for 15 weeks. Tissue samples were fixed in 4%
paraformaldehyde, embedded in glycolmethacrylate (JB Polyscience), and semithin sectioned before staining with hematoxylin and eosin. (A) SP from an untreated
infected mouse showing obliteration of the white pulp-red pulp demarcation (magnification, 3100) due to diffuse infiltration by large, blastic cells displaying
immunoblastic or plasmocytoid differentiation. (C) Several mitoses were observed (magnification, 3400). (B) SP from a CTLA4Ig-treated, infected animal showing
white pulp expansion consisting of follicular enlargement (F) and widening of the adjacent periarteriolar lymphoid sheaths (arrow) (magnification, 3100). (D) Follicular
and periarteriolar cells that are blastic, similar to those in untreated mice, and display high mitotic activity. Extension of the lymphoid infiltration around central
arterioles is much less prominent than in panel C (magnification, 3400).
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phocytes from treated and untreated, infected mice to ConA
and LPS. Uninfected, CTLA4Ig-treated controls showed mi-
togen-induced expansion in the same range as that of un-
treated controls when absolute quantification (in counts per
minute) was used. Significant anergy to both the B-cell (LPS)
and T-cell (ConA) mitogens induced in infected mice was
already noticed at week 4, with a response index of 40%, and
changed little later on. In contrast, treatment with CTLA4Ig
prevented the early anergy, which was manifest only from week
8, with response indexes intermediate between those of the
control and infected groups. Studies performed on splenocytes
led to similar observations. The beneficial effect of CTLA4Ig
was maintained until late stages of the disease (week 10 postin-
fection).

MAIDS-associated phenotypical abnormalities comprise the
expansion of a subset of CD41 T cells lacking Thy-1 expression
(15, 32). Fluorescence-activated cell sorter (FACS) analysis of
SP and LN cells stained with antibodies to CD4 and Thy-1.2
was done to assess and compare the phenotypical shifts of
lymphocytes in the different experimental groups. In
CTLA4Ig-treated, infected animals, the relative percentages of
the main lymphoid subsets did not differ significantly from
those observed in infected, untreated mice (data not shown).
The percentage of CD41 cells lacking Thy-1 was less than 10%
in SPs and LNs of control animals, and this percentage was not
modified by CTLA4Ig administration. After Du5H/G6T2 in-
oculation, this level increased rapidly to 25% in LNs at week 7,
reaching up to 50% 15 weeks after infection. In infected mice
undergoing CTLA4Ig treatment, expansion of the CD41

Thy-12 subset took place at a much lower rate, accounting for
only 27% of CD41 cells at week 15 (Fig. 5).

B cells are the primary target of Du5H infection (17), and
their expansion accounts for a large part of the lymphoprolif-
eration in MAIDS. Proliferating, infected B cells were previ-
ously described as blastlike cells with a low surface density of

B220 Ag (17). As assessed by FACS analysis, CTLA4Ig treat-
ment did not prevent the blastic shift of the B-cell subset, nor
did it affect the proportion of B220dim B cells in the entire
B-cell population (data not shown). We therefore examined
whether CTLA4Ig treatment modified the viral load, estimated
as defective gag mRNA expression.

Transcripts for Du5H Gag protein in SP cells were detected
by the reverse transcriptase (RT)-PCR technique. RNA sam-
ples were prepared from SPs of individual animals by the
RNAzol B method (Biotecx, Houston, Tex.), and 2-mg individ-
ual samples were reacted with RT. Defective Gag- or hypo-
xanthine phosphoribosyltransferase (HPRT)-specific cDNA
sequences were amplified by a 30-cycle PCR which was verified
to be below saturating conditions. The primers used for the
Gag sequence had the sequences 59-CCTCTTCCTTTATCGA
CACT-39 and 59-ATTAGGGGGGGAATAGCTCG-39, corre-
sponding to nucleotides 1282 to 1301 and 1499 to 1518, respec-
tively, of the published sequence (38). The primers used for
HPRT had the sequences 59-GTTGGATACAGGCCAGACT
TTGTTG-39 and 59-GATTCAACTTGCGCTCATCTTAGG
C-39 (39). The DNA of pDu5H was used as a positive control
for the defective Gag sequence. Quantitation of defective Gag
included normalization to the amplification of the HPRT mes-
sage.

Interestingly, defective Gag mRNA relative expression was
not found to be modified by CTLA4Ig treatment when semi-
quantitatively assessed with respect to HPRT mRNA expres-
sion (Fig. 6), and the effects of CTLA4Ig could not be ascribed
to a reduction of the viral load.

The mechanisms leading to CD41 T-cell activation in
MAIDS remain controversial. Simard et al. proposed that a
soluble factor might be responsible for the abnormal activation
process (37), whereas experiments done by Morse and his
group suggested the involvement of a “classical” TCR-medi-
ated activation pathway (9). In this study, CTLA4Ig treatment
inhibited CD41 T-cell expansion, limited the expansion of the
Thy-12 fraction, and partially preserved the ability to respond
to mitogens in vitro. This observation underlies a novel argu-
ment in favor of the concept that both T-cell activation and
induction of anergy occur as a result of abnormal signaling
through the TCR. Our findings are not inconsistent with the

FIG. 4. Chronic administration of CTLA4Ig partially preserves immune
function in Du5H/G6T2-infected mice. Proliferative responses of LN lympho-
cytes from treated and untreated infected mice to ConA and LPS in vitro are
compared. Data are expressed as comparative proliferation indexes. Columns
represent means of the data obtained from two to five mice in each group 1 the
standard error of the mean. In infected animals, the onset of immune anergy is
early, affecting both B- and T-cell responses. The short-term effect of CTLA4Ig
administration is preservation of immune responses in vitro early after infection
(week 4). At later time points, CTLA4Ig does not prevent the immune anergy
but the level of proliferative responses is higher in treated than in untreated,
infected animals.

FIG. 5. Expansion of the CD41 Thy-12 population is delayed by CTLA4Ig
treatment. LN single-cell suspensions were stained with a phycoerythrin-conju-
gated rat anti-mouse CD4 monoclonal antibody (GK 1.5) and a fluorescein
isothiocyanate-conjugated rat anti-mouse Thy-1.2 monoclonal antibody (30-H12)
(Pharmingen) as previously described (32). The fraction of CD41 cells that were
Thy-12 was determined by FACS analysis. The columns represent the mean
calculated fractions plus the standard error of the mean.

5288 NOTES J. VIROL.



hypothesis of “superantigenic” TCR triggering (18, 29), inas-
much as the role of CD28 costimulation has been demon-
strated in different superantigenic models of T-cell stimulation
in the mouse (2, 22, 33).

Blockade of CD28 cosignals to CD41 T cells may, in turn,
affect MAIDS progression in several ways. In certain in vivo
models, CD28 costimulation promotes the production of Th-2
type cytokines by naive T cells (35). MAIDS has been reported
to be associated with a Th0-to-Th2 switch (7); interference
with the Th2 differentiation by CTLA4Ig might, interestingly,
account for part of the observed effect. In an in vivo model
using CD28-deficient mice, resistance to toxic shock syndrome
is associated with nearly complete impairment of gamma in-
terferon and tumor necrosis factor alpha secretion (36). This
observation is interesting in view of the role of both cytokines
in the pathogenesis of MAIDS (8, 30, 31, 40). The expression
of CD28/B7 and that of CD40/CD40L are interdependent
(13); in vitro CD28 costimulation can, under some circum-
stances, regulate T-helper cell function for B-cell activation via
a CD40/CD40L-dependent pathway (21). Interestingly, MAIDS
development is markedly inhibited in mice treated with a
monoclonal antibody to CD40L (10). Whether some of the
effects mediated by CTLA4Ig are due to interference with
CD40/CD40L signalling or whether the two pathways have
complementary additive or multiplicative effects remains to be
determined. In addition to signals delivered to the T cell,
interaction between CD28 and B7 counterreceptors might de-
liver signals to B7-bearing APC and CTLA4Ig might inhibit
these putative signals.

CTLA4Ig has proven its efficacy as a potent immunosup-
pressor agent in diverse in vitro or in vivo models of immune
responses via inhibition or modulation of the activation of
Ag-specific, reactive, CD41 T cells (19, 26). The results re-
ported here are the first demonstration of the efficacy of
CTLA4Ig in the blockade of a clinically malignant lymphopro-
liferative process. Our findings gain relevance with regard to
the recent demonstration of an interaction between a defective
Gag protein and the proto-oncogene c-Abl, supporting the
theory that Du5H acts as an oncogene (4).
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