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Infection of genetically susceptible CS7BL/6 mice with the LP-BMS5 isolate of murine retroviruses causes
profound splenomegaly, hypergammaglobulinemia, lymphadenopathy, and an immunodeficiency syndrome
which includes the development of terminal B-cell lymphomas. Because many of these and the other mani-
festations of LP-BMS virus-induced disease are similar to those seen in AIDS, this syndrome has been named
murine AIDS, or MAIDS. Previous reports have shown that the onset of MAIDS depends on the presence of
both CD4* T cells and B cells and have suggested that CD4™" T-cell-B-cell interactions are important to disease
pathogenesis. Here, we assessed the possibility that interactions between CD40 and its ligand on activated
CD4™" T cells, CD40 ligand/gp39, are involved in the development of MAIDS. To test this hypothesis, LP-BMS5-
infected B6 mice were treated in vivo with anti-gp39 monoclonal antibody. As a result, MAIDS-associated
splenomegaly, hypergammaglobulinemia, germinal center formation, and the loss of in vitro responsiveness to
the T- and B-cell mitogens concanavalin A and lipopolysaccharide were inhibited. Anti-gp39 monoclonal
antibody-treated LP-BMS5-infected mice were also able to mount essentially normal alloantigen-specific cyto-
lytic T-lymphocyte responses. These results support the possibility that molecular interactions between CD40
and gp39 are critical to the development of MAIDS.

A murine retrovirus isolate, LP-BM5, causes a murine im-
munodeficiency syndrome in certain mouse strains, such as the
highly susceptible C57BL/6 strain. LP-BMS5 is a retrovirus com-
plex containing a mixture of murine leukemia viruses, includ-
ing ecotropic, recombinant mink cell cytopathic focus-inducing
virus and replication-negative defective viruses, with the de-
fective genome serving as the proximal agent causing the im-
munodeficiency (3, 7, 15, 17, 29). Because many of the disease
features of the LP-BM5-induced syndrome resemble those oc-
curring in human AIDS, this retroviral disease has been
termed mouse AIDS, or MAIDS. Included among the similar-
ities are hypergammaglobulinemia, splenomegaly, and lymph-
adenopathy; dependence of the disease on CD4™ T cells;
severely depressed T- and B-cell responses; increased suscep-
tibility to infection, disease progression, and death when ex-
posed to environmental pathogens that normally cause limited
infections; and the development of terminal B-cell lymphomas
(4, 6, 22, 23, 25, 27, 28, 30, 34, 44).

Studies have shown that the induction of MAIDS by LP-
BMS5 depends on the presence of both CD4* T cells and B
cells (6, 44). Experiments involving in vivo depletion of CD4™"
T cells rendered LP-BM5-infected genetically susceptible mice
resistant to the development of MAIDS (44). In vivo studies
have also shown that mice depleted of B cells from birth by the
administration of rabbit antibodies to immunoglobulin M
(IgM) and then infected with the LP-BMS5 virus failed to de-
velop MAIDS (6). In keeping with the requirement for B cells
for disease, B cells have been shown to be the primary cell type
for expression of the defective retrovirus after virus infection
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(18). Furthermore, in vitro studies have shown that the
MAIDS B6-1710 terminal B-cell lymphoma expresses an anti-
gen(s) that exhibits the properties of a superantigen in that
B6-1710 cells stimulate naive T cells bearing certain V3 T-cell
receptors to proliferate (19). Evidence was provided that was
consistent with the possibility that this superantigen-like activ-
ity might be encoded by the Pr60°“¢ of the defective virus of the
LP-BMS5 virus mixture, and it was suggested that defective
virus-infected B cells present this superantigen during the
course of LP-BMS5 infection and that the ensuing response is
important to the initiation of MAIDS (19). Although subse-
quent reports have questioned the superantigen activity of the
defective gag protein and have suggested a more complex pic-
ture for superantigen-like phenomena associated with MAIDS
(13, 16, 21, 24, 26, 27, 31, 39), the lack of an agreed upon
identity for the superantigen does not compromise support for
the requirement for lymphoid cellular interactions in MAIDS.
In keeping with the concept of CD4™ T helper (Th) cell-B-cell
interactions that are important to disease pathogenesis, in vivo
experiments have shown that CD4™ T cells are necessary for
the induction of B-cell activation and differentiation to Ig se-
cretion in MAIDS (44). In addition, results from a recent
report with mice that are major histocompatibility complex
class II negative as a source of B cells, with or without trans-
ferred CD4™" T cells, were consistent with a requirement for Th
cell recognition of B-cell class II presented antigen for the
induction of MAIDS (12).

Recently, much has been published about CD4" T-cell in-
teractions with and stimulation of B cells via B-cell CD40 and
its ligand (gp39/CD40L) on activated CD4™ Th cells. Ligation
of CD40, a 50-kDa membrane protein expressed on both im-
mature and mature B lymphocytes, induces an activation signal
in a large number of B cells (41). gp39/CD40L has been shown



2570 NOTES

0.45
0.4
0.35

o
w

0.25

o
M

optical density

no infection LP-BM5 LP-BMS5,

anti-gp39 b.C

LP-BMS,
hamster Ig ad

anti-g]:)39b

il

anti-ng‘)b

LP-BMS5,
anti-gp39 be

LP-BMS,
hamster Ig 2¢

no infection ~ LP-BM5

FIG. 1. MAIDS-associated hypergammaglobulinemia is inhibited by anti-
gp39 treatment of C57BL/6 mice. LP-BMS virus and anti-gp39 MAb or Hlg were
given as indicated in the text. Serum, obtained from mice at 4.5 weeks postin-
fection with LP-BM5 virus, was diluted 1:5,000 and 1:10,000 in phosphate-
buffered saline before analysis. Each pair of solid and shaded bars represents
serum values obtained from an individual mouse such that there are four mice
per group (experiment 2 as defined in the legend to Fig. 3). This experiment is
representative of three other experiments. a, Significantly different from the
value for no infection by the Student ¢ test (P < 0.01); b, not significantly different
from the value for no infection (P > 0.05); c, significantly different from the
values for untreated LP-BMS5 infection and LP-BMS infection treated with Hlg
(P < 0.01); d, not significantly different from the value for LP-BMS infection (P
> 0.05); e, significantly different from the value for LP-BMS infection (P < 0.01).
However, purified Hlg, plated alone as a control, was found to cross-react with
the goat anti-mouse IgM capture antibody. Therefore, the serum IgM values
obtained from the LP-BMS5, Hlg-inoculated group of mice appear to be elevated
relative to those of mice given LP-BMS only, but this is artifactual because of the
presence of the HIg (bottom panel).

to be transiently expressed on CD4" T cells after activation
through the T-cell receptor for antigen (2, 33). A large number
of studies have shown that gp39/CD40 interactions are cru-
cially important to a number of immunologic responses (1, 20,
36). On the basis of requirements for both CD4™ T cells and B
cells for LP-BM5-induced MAIDS as described above, it seems
possible that gp39/CD40 interactions are also important to the
induction of this disease and that by interfering with this mo-
lecular interaction, the course of MAIDS might be altered.
Here, we addressed this question by treating LP-BMS5 virus-
infected C57BL/6 mice with anti-gp39 monoclonal antibody
(MAD). Various immune parameters were then assessed to
determine if the B-cell activation and hypergammaglobulin-
emia, if not the immunodeficiency per se, of MAIDS were
affected by such anti-gp39 therapy.

C57BL/6 mice were infected on day 1 intraperitoneally with
0.2 ml of LP-BMS5 virus, prepared as described by Klinken et
al. (22) and quantitated by XC plaque assay (38) to contain 4
X 10° PFU/ml. On days 1, 3, 5, and 7, LP-BM5-infected mice
received 250 pg of either anti-gp39 MAb or hamster Ig (HIg),
utilizing similar peaks purified by ion-exchange high-perfor-
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mance liquid chromatography from ascites obtained from
SCID mice given hybridoma cells (33) or from hamster serum
(Accurate Chemical and Scientific Corp., Westbury, N.Y.),
respectively. Another control group of mice received only anti-
gp39 MAb.

Sera were obtained from these mice at various subsequent
time points and were assayed by enzyme-linked immunosor-
bent assay (ELISA) to assess IgM and IgG2a levels, by use of
affinity-purified goat anti-mouse IgM and IgG2a capture anti-
bodies, alkaline phosphatase-labeled goat anti-mouse Ig
(Southern Biotechnology Associates), and p-nitrophenyl phos-
phate substrate (Sigma, St. Louis, Mo.), with quantitation at
405 nm by an ELISA reader (Dynatech Laboratories, Inc.,
Alexandria, Va.). IgM and IgG2a levels have been reported to
be considerably elevated as early as 3 weeks post-LP-BMS5
infection (29, 34), and thus determination of these serum Ig
levels provided a convenient measure of the B-cell activation
and hypergammaglobulinemia associated with MAIDS. At 3,
4.5, and 6 weeks post-LP-BMS infection, IgM and IgG2a levels
of the LP-BM5 infected mice were found to be severalfold
greater than those of normal mice, whereas mice that received
virus and the anti-gp39 MAb had IgM and IgG2a values ap-
proximating those of normal controls (Fig. 1 [see the legend
for statistical significance]). Infected mice that received Hlg, in
contrast, displayed elevated serum Ig levels equal to, if not
above (in the case of IgM due to a cross-reactivity of HIg with
the goat anti-mouse IgM capture antibody), those observed in
mice receiving LP-BMS5 alone. We found the same pattern of
results in three other experiments.

Histological studies have shown that early in the course of
infection (2 to 3 weeks), spleens from LP-BM5-infected mice
contain enlarged follicles made up of immunoblasts, plasma,
and plasmacytoid cells (15, 27). In keeping with this finding,
our data above, and the established parameters of B-cell acti-
vation and hypergammaglobulinemia in MAIDS, we found in
a preliminary experiment that splenic sections obtained from
mice that had received LP-BMS5 virus 12 days previously
stained positive for many germinal centers (data not shown). In
further experiments designed to evaluate the effect of treat-
ment with the anti-gp39 MAb on germinal center formation in
LP-BMS5-infected mice, LP-BMS5 virus was given on day 1,
followed by the same course of anti-gp39 MAb or HIg de-
scribed above. On day 13, splenic tissue sections were fixed
with acetone, incubated with peanut agglutinin-biotin followed
by avidin-horseradish peroxidase, and stained with diamino-
benzidine (Sigma). Consistent with our data on serum hyper-
gammaglobulinemia (Fig. 1), tissue sections from virus-in-
fected, anti-gp39-treated mice showed little or no germinal
center formation (Fig. 2B). Conversely, splenic sections from
mice that received LP-BMS virus and HIg had many germinal
centers (Fig. 2A), defined as containing clusters of peanut
agglutinin-binding, activated B cells, in contrast to poorly pea-
nut agglutinin-binding resting follicular B cells (5, 9, 11, 32,
37).

A very prominent feature of MAIDS is splenomegaly (4, 22,
23, 25, 27-30, 34, 44). Thus, the spleen weights of individual
mice sacrificed between 8 and 10 weeks after LP-BMS virus
infection from two separate experiments are shown in Fig. 3.
Mice from the two regimens that received either LP-BMS5 virus
alone or LP-BM5 plus HIg, had spleens weighing approxi-
mately four to six times those of normal, or anti-gp39 MAb-
treated but uninfected B6 mice. In sharp contrast, the LP-
BMS5-infected and anti-gp39-treated mouse groups had spleen
weights approximating the normal values, although there was
some mouse-to-mouse variation, with one of seven mice dis-
playing a somewhat enlarged spleen. The spleen weights of
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ivo treatment of LP-BMS5-infected C57BL/6 mice with anti-gp39 MAbD prevents the formation of germinal centers (gc). Mice (three per group) were
given LP- on day 1 and 250 pg of anti-gp39 MAD or HIg on days 1, 3, 5, and 7. On day 13, immunohistochemistry of splenic sections from LP-BM5-infected
mice treated with HIg displayed many germinal centers made up of cluste peanut agglutir ning B cells (A) Ti sections from LP-BM5-infected mice
receiving anti-gp39 therapy showed little or no evidence of germinal center formation (B).
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FIG. 3. In vivo treatment of C57BL/6 mice with anti-gp39 antibody inhibits
MAIDS-associated splenomegaly. Mice received LP-BM5 virus and anti-gp39
MAD or HIg as described in the text. Values, shown as spleen weight in milli-
grams, were obtained on day 56 from individual mice from two separate exper-
iments as follows (from left to right): bars 1 to 3, experiment 1; bars 4 to 7,
experiment 2. a, Significantly different from the value for uninfected mice by the
Student ¢ test (P < 0.001); b, not significantly different from the value for no
infection (P > 0.05); c, significantly different from the values for LP-BM5 infec-
tion and LP-BMS5 infection treated with HIg (P < 0.001); d, not significantly
different from the value for LP-BMS5 infection (P > 0.05).

anti-gp39-treated, LP-BM5-infected mice were significantly
different from those of both infected, nontreated and infected,
HIg-treated mice (Fig. 3, legend), and this pattern of results
was also observed in a third experiment.

To measure the effect of anti-gp39 MAD treatment on LP-
BMS5-induced immunodeficiency, a variety of immune re-
sponses were monitored, including reactivity to the mitogens
concanavalin A (ConA) and lipopolysaccharide (LPS). Briefly,
4 X 10° spleen cells from individual normal and experimental
mice were cultured with either 10 wg of LPS per ml or 2 pg of
ConA per ml (Sigma), and proliferation was assessed after 72
h by pulsing of the cells with 1 pci of [?’H]thymidine (Dupont,
NEN Research Products, Boston, Mass.). In two experiments,
it was found that the response of spleen cells to the T-cell
mitogen ConA was essentially eliminated in mice receiving
only LP-BMS virus or LP-BM5 plus HIg. In contrast, mice
receiving virus and the anti-gp39 MAb were able to mount a
response equal to about 50 to 60% of that displayed by either
normal C57BL/6 controls or C57BL/6 mice that received only
anti-gp39 MAD, but statistically different from the diminished
responses exhibited by mice that received LP-BMS5 virus only
or LP-BMS5 plus HIg (Fig. 4 [four mice per group, representing
the same mice as those of experiment 2 of Fig. 3]). In the same
two experiments, we also evaluated the response to the B-cell
mitogen LPS (not shown). As with the response to ConA,
LP-BMS5 virus infection caused a dramatic loss of response to
this mitogen. Again, spleen cells from mice receiving not only
LP-BMS virus but also anti-gp39 MAb demonstrated substan-
tially restored LPS-responsive B cells, compared with those of
mice who received only LP-BMS5 or LP-BMS5 plus HlIg. In one
experiment, the restoration of the LPS response was complete,
reaching the levels of stimulation observed for untreated
C57BL/6 mice. In the other experiment, restoration was to the
levels of the LPS response of cells from uninfected mice
treated only with anti-gp39 MAb, which were somewhat lower
than those of unmanipulated control mice. All mice from this
anti-gp39 control group displayed normal spleen size, a cellular
response to ConA, and the ability to generate an allogeneic
cytolytic T-lymphocyte (CTL) response. Thus, anti-gp39 MAb
therapy largely restored both T-cell and B-cell mitogen re-
sponses in LP-BMS5-infected, MAIDS-susceptible C57BL/6
mice.

J. VIROL.
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FIG. 4. Response to the mitogen ConA is retained in LP-BM5-infected mice
by in vivo treatment with anti-gp39 MAb. Shown are the mice of experiment 2
(Fig. 3) that received LP-BMS virus and anti-gp39 antibody or Hlg as described
in the text. Spleen cells from individual mice were obtained on day 56 and
assessed for their response to ConA stimulation. All values are shown as delta
counts per minute obtained by subtraction of values for responder cells cultured
in media alone from values obtained when cells were cultured in media contain-
ing ConA. The results of this experiment are representative of a second repeat
experiment. a, Significantly different from the value for no infection by the
Student ¢ test (P < 0.001); b, not significantly different from the values for no
infection (P > 0.05); c, significantly different from the values for LP-BMS5 infec-
tion and LP-BMS5 infection treated with HIg (P < 0.01); d, not significantly
different from the value for LP-BM5 infection (P > 0.05).

At 8 weeks post-virus infection, C57BL/6 mice from all in-
oculation regimens were also tested for their ability to mount
allogeneic CTL responses. Spleen cells were cultured with ir-
radiated LB27.4 (H-2¢) B-cell hybridoma cells and assayed 6
days later with >'Cr-labeled P815 (H-2%) mastocytoma cells as
targets. As seen in Fig. 5 (depicting the mice from experiment
2 of Fig. 3), effector cells from all mice who received LP-BMS
virus and anti-gp39 MADb showed allogeneic lytic activity equal
to that of either normal mice or of the C57BL/6 mice treated
only with the anti-gp39 MAD. The allogeneic CTL response
was markedly suppressed in the mice injected with LP-BMS5
alone or with LP-BMS virus and HIg (Fig. 5), although one
mouse of the latter group partially retained the ability to
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FIG. 5. Allogeneic CTL generation is preserved in LP-BMS-infected
C57BL/6 mice treated with anti-gp39 MAb. Shown are the data for the mice of
experiment 2 (Fig. 3), who were given LP-BMS virus and anti-gp39 antibody or
HIg as indicated. On day 56, all mice were sacrificed, and spleen cells were
cultured with H-2-mismatched stimulators (H-2°?). Later, a >!Cr release assay
was performed with P815 (H-29) targets and effector/target ratios of 100:1 (solid
bars) and 20:1 (shaded bars). Each pair of bars represents values for percentage
of lysis obtained with effector cells derived from an individual mouse. The
percentage of spontaneous release for the P815 targets was 10%. a, Significantly
different from the value for no infection by the Student ¢ test (P < 0.05); b, not
significantly different from the value for no infection (P > 0.05); c, significantly
different from the values for LP-BMS5 infection and infection treated with Hlg (P
< 0.05); d, not significantly different from the value for LP-BMS infection (P >
0.05).
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mount an allospecific CTL response. The resistance of one of
four Hlg-treated control mice to LP-BM5-induced depression
of CTL responsiveness is perhaps explainable by the published
observation that allogeneic responses are relatively more re-
sistant to disease pathogenesis than, for example, mitogen re-
activity and major histocompatibility complex-restricted
responses (6, 14, 28). This pattern of substantial restoration of
allogeneic CTL responsiveness in LP-BM5-infected mice by
anti-gp39 MADb, but not Hlg, treatment was observed in two
repeat experiments.

These results are consistent with a requirement for an inter-
action between the B-cell signaling molecule CD40 and its
ligand, gp39, on activated Th cells for the development of
MAIDS. An alternative explanation that the anti-gp39 MADb
simply removes CD4" Th cells that have been shown to be
necessary for MAIDS induction (12, 44) seems unlikely for the
following reasons. First, after in vivo anti-gp39 administration,
antigen-specific Th cells from anti-gp39-treated immune ani-
mals readily transfer helper function to recipients (10). This
result indicates that Th cells are neither functionally silenced
nor physically deleted as a consequence of in vivo anti-gp39
administration. Second, in situ, the frequencies of interleukin
2-, interleukin 4-, and gamma interferon-producing T cells in
immune mice are identical to those in anti-gp39-treated or
untreated mice, thus demonstrating that anti-gp39 does not
interfere with the frequency of lymphokine-producing cells
(42). Third, in vivo administration of anti-gp39 does not di-
minish the humoral response to T-cell-independent antigens, a
response shown to be dependent on endogenous T-cell lym-
phokine production for maximal responsiveness (10, 42).
Fourth, previous observations have shown that in vivo anti-
gp39 does not diminish the in vitro proliferative response of
lymph node T cells to challenge with antigen, which suggests
that anti-gp39 does not exert a negative signal to and does not
block the expansion of antigen-specific T cells (32a). Finally, in
preliminary experiments, we compared the extent of LP-BM5
virus-induced immunodeficiency in homozygous gp39/CD40L
knockout (—/—) mice with that in heterozygous gp39/CD40L
knockout (+/—) mice carrying a single copy of the gene by
monitoring several immune responses known to be indepen-
dent of the expression of gp39/CD40L in normal mice. The
data from assessment of splenomegaly, ConA responsiveness,
LPS responsiveness, and the generation of allospecific (H-2?
anti-H-2¢) CTLs indicated that +/— but not —/— knockout
mice were susceptible to LP-BMS5-induced MAIDS. Because
the gp39/CD40L molecule is not expressed in the —/— mice,
but otherwise functional T and B lymphocytes are present (as
evidenced by the positive immune responses seen here and in
reference 43), these data were incompatible with a mechanism
involving anti-gp39 MADb depletion of CD4" T cells as an
explanation for the MAb therapy experiments discussed above.

As to the precise mechanism by which a disruption of gp39/
CD40 interaction inhibits LP-BMS5 virus-induced MAIDS
pathogenesis, a simple, although unlikely, explanation would
be the inhibition of virus infectivity. We feel that this is not the
case. First, in the germinal center experiment mentioned
above, an additional group of mice received LP-BMS5 virus on
day 1, followed by MAb on days 14, 15, and 16 (a total of 750
pg)—i.e., MAb therapy after a time at which we have shown
extensive germinal centers exist in LP-BM5-infected mice (Fig.
2A). The spleens, sectioned and stained on day 21, from mice
receiving LP-BMS virus with subsequent administration of an-
ti-gp39 antibody showed no or only an occasional remnant of
germinal center formation, whereas on day 21, sections taken
from mice receiving LP-BMS5 on day 1 and treated with HIg
still had many germinal centers present. Clearly, at least ini-
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FIG. 6. Anti-gp39 MAD treatment of LP-BMS5 virus-infected mice does not
cause substantial inhibition of defective Gag mRNA expression. RNA samples (1
wg) from individual mice were either reacted with reverse transcriptase (RT)
(odd-numbered lanes) or not reacted (even-numbered lanes) as indicated, with
the resulting cDNA product split for amplification by either defective Gag™ or
hypoxanthine phosphoribosyltransferase (HPRT)-specific primers for 25 cycles.
On the basis of size markers, the bands for defective Gag or HPRT product
appeared on a 3% agarose gel at the expected migration points corresponding to
245 and 163 bp, respectively. (A) Lanes 1 to 6 represent samples from three mice
infected with LP-BMS virus and given anti-gp39 MAD treatment; lanes 7 to 12
correspond to three mice receiving LP-BMS5 virus plus HIg. Background sub-
tracted PhosphorImager values for defective Gag, normalized to the HPRT
signal, were 1.7, 1.6, and 1.4, respectively, for lanes 1, 3, and 5 compared with 1.5,
1.8, and 1.4 for lanes 7, 9, and 11. (B) Specificity controls are shown, with lanes
1 to 4 corresponding to two mice infected with BMS5 ecotropic helper virus only,
lanes 5 to 8 corresponding to two uninfected mice, and lanes 9 and 10 corre-
sponding to a single LP-BM5-infected mouse. Results are representative of a
total of two to eight mice analyzed for each group with the same results.

tially and subsequently through day 13, virus infection occurred
in these mice, and yet anti-gp39 MADb therapy inhibited this
manifestation of MAIDS. Second, and more incisively, defec-
tive gag mRNA expression has been semiquantitatively as-
sessed by reverse transcriptase PCR. As shown in a represen-
tative experiment (Fig. 6), defective gag mRNA was found not
to vary significantly in spleen cells from LP-BM5-infected, anti-
gp39-treated mice versus that in spleen cells from infected
mice that were either untreated or treated with HIg. The
defective gag mRNA was quantitated by the use of defective
gag-specific PCR primers (12), with specificity verified by size,
differential Smal restriction endonuclease digestion, and se-
quencing of the PCR product (the latter two properties distin-
guishing defective versus ecotropic helper gag). Quantitation
of defective gag mRNA included normalization to amplifica-
tion of hypoxanthine phosphoribosyltransferase message (12,
40). Specific detection of defective gag was further confirmed
by the failure to amplify mRNA in mice that were uninfected
or were infected by the BMS5 ecotropic helper virus only (Fig.
6B). With respect to input cDNA and number of PCR cycles,
the conditions for both defective gag and hypoxanthine phos-
phoribosyltransferase were experimentally verified to be those
that achieved a detectable amount of product that was well
below saturating conditions.

The effectiveness of anti-gp39 MAb therapy in preserving
the ability of LP-BM5-virus infected mice to exhibit nearly
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normal levels of serum Ig, spleen weights, responses to mito-
gens, and allogeneic CTL generation appears to confirm the
earlier conclusions that Th cell-B-cell interactions are critical
for MAIDS pathogenesis and provides some mechanistic in-
sight by defining a crucial role for a gp39/CD40 molecular
interaction. In that it has been reported that the defective virus
of the LP-BMS5 complex may also be expressed in infected
macrophages (8), it is possible that gp39/CD40 interactions
involving Th cells and CD40™ macrophages are important in
MAIDS in addition to, or instead of, Th cell-B-cell interac-
tions. Along these lines, a recent report demonstrated the
importance of CD40 on dendritic cells for the dendritic cell-
dependent infection of CD4* T cells by human immunodefi-
ciency virus. These findings were interpreted to suggest that
human immunodeficiency virus infection in vivo might be de-
pendent in part on interactions between CD40 and CD40L
(gp39) (35). The precise nature of the Th cell-B-cell and/or Th
cell-macrophage interactions, including whether the initial ac-
tivation of Th cells required for gp39 expression is due to
superantigen recognition, will require additional investigation.
A thorough understanding of gp39/CD40 interactions in
MAIDS may provide a useful paradigm to be tested in other
retrovirus-induced immunodeficiencies, including AIDS.

We thank Herbert C. Morse and Janet W. Hartley for kindly pro-
viding the original stock of the G6 cell line and for advice on reverse
transcriptase PCR and Richard A. Flavell and Jianchao Xu for pro-
viding the gp39/CD40L knockout mice. We also thank Jay Dunn and
Robert Rich for technical assistance and David Bzik for helpful sug-
gestions.

This work was supported in part by Public Health Service grant
CA50157 to William R. Green.

REFERENCES

1. Allen, R. C., R. J. Armitage, M. E. Conley, H. Rosenblatt, N. A. Jenkins,
N. G. Copeland, M. A. Bedell, S. Edelhoff, J. Disteche, D. K. Simoneaux et
al. 1993. CD40 ligand gene defects responsible for X-linked hyper-IgM
syndrome. Science 259:990-995.

2. Armitage, R. J., W. C. Fanslow, L. Strockbine, T. A. Sato, K. N. Clifford,
B. M. Madcuff, D. M. Anderson, S. D. Gimpel, T. Davis-Smith, C. R. Mal-
iszewski, E. A. Clark, C. A. Smith, K. H. Grabstein, D. Cosman, and M. K.
Spriggs. 1992. Molecular and biological characterization of a murine ligand
for CD40. Nature (London) 357:80-82.

3. Aziz, D. C., Z. Hanna, and P. Jolicoeur. 1989. Severe immunodeficiency
disease induced by a defective murine leukemia virus. Nature (London)
338:505-508.

4. Buller, R. M. L., R. A. Yetter, T. N. Fredrickson, and H. C. Morse IIL 1987.
Abrogation of resistance to severe mousepox in C57BL/6 mice infected with
LP-BMS5 murine leukemia viruses. J. Virol. 61:383-387.

5. Butcher, E. C., R. V. Rouse, R. L. Coffman, C. N. Nottenberg, R. R. Hardy,
and I. Weissman. 1982. Surface phenotype of Peyer’s patch germinal center
cells: implications for the role of germinal centers in B cell differentiation. J.
Immunol. 129:2698-2703.

6. Cerny, A., A. W. Hugin, R. R. Hardy, K. Hayakawa, R. M. Zinkernagel, M.
Makino, and H. C. Morse IIL. 1990. B cells are required for induction of T
cell abnormalities in a murine retrovirus-induced immunodeficiency syn-
drome. J. Exp. Med. 171:315-320.

7. Chattopadhyay, S. K., H. C. Morse III, M. Makino, S. K. Ruscetti, and J. W.
Hartley. 1989. A defective virus is associated with induction of a murine
retrovirus-induced immunodeficiency syndrome, MAIDS. Proc. Natl. Acad.
Sci. USA 86:3862-3866.

8. Cheung, S. C., S. K. Chattopadhyay, J. W. Hartley, H. C. Morse III, and
P. M. Pitha. 1991. Aberrant expression of cytokine genes in peritoneal
macrophages from mice infected with LP-BM5 MuLV, a murine model of
AIDS. J. Immunol. 146:121-127.

9. Coico, R. F., B. S. Bhogal, and G. J. Thorbecke. 1983. Relationship of
germinal centers in lymphoid tissue to immunologic memory. VI. Transfer of
B cell memory with lymph node cells fractionated according to their recep-
tors for peanut agglutinin. J. Immunol. 131:2254-2260.

10. Foy, T. M., A. Aruffo, J. A. Ledbetter, and R. J. Noelle. 1993. In vivo
CD40-gp39 interactions are essential for thymus-dependent immunity. IL
Prolonged in vivo suppression of primary and secondary humoral immune
responses by an antibody targeted to the CD40 ligand, gp39. J. Exp. Med.
178:1567-1575.

11. Foy, T. M., J. D. Laman, J. A. Ledbetter, A. Aruffo, E. Claassen, and R. J.

J. VIROL.

Noelle. 1994. Gp39-CD40 interactions are essential for germinal center for-
mation and the development of B cell memory. J. Exp. Med. 180:157-163.

12. Giese, N. A., T. Giese, and H. C. Morse III. 1994. Murine AIDS is an
antigen-driven disease: requirements for major histocompatibility complex
class II expression and CD4" T cells. J. Virol. 68:5819-5824.

13. Gilmore, G. L., C. Cowing, and D. E. Mosier. 1993. LP-BMS5 murine retro-
virus-induced immunodeficiency disease in allogeneic SCID chimeric mice.
J. Immunol. 150:185-189.

14. Green, W. R., K. A. Green, and K. M. Crassi. 1994. Adoptive transfer of
polyclonal and cloned cytolytic T lymphocytes (CTL) specific for mouse
AIDS-associated tumors is effective in preserving CTL responses: a measure
of protection against LP-BMS5 retrovirus-induced immunodeficiency. J. Vi-
rol. 68:4679-4684.

15. Hartley, J. W., T. N. Fredrickson, R. A. Yetter, M. Makino, and H. C. Morse
III. 1989. Retrovirus-induced murine acquired immunodeficiency syndrome:
natural history of infection and differing susceptibility of inbred mouse
strains. J. Virol. 63:1223-1230.

16. Huang, M., and P. Jolicoeur. 1994. Myristylation of Pr605* of the murine
AIDS-defective virus is required to induce disease and notably for the ex-
pansion of its target cells. J. Virol. 68:5648-5655.

17. Huang, M., C. Simard, and P. Jolicoeur. 1989. Immunodeficiency and clonal
growth of target cells induced by helper-free defective retrovirus. Science
246:1614-1617.

18. Huang, M., C. Simard, D. G. Kay, and P. Jolicoeur. 1991. The majority of
cells infected with the defective murine AIDS virus belong to the B-cell
lineage. J. Virol. 65:6562-6571.

19. Hugin, A. W., M. S. Vacchio, and H. C. Morse III. 1991. A virus-encoded
“superantigen” in a retrovirus-induced immunodeficiency syndrome of mice.
Science 252:424-427.

20. Hugo, P., J. W. Kappler, and P. C. Marrack. 1993. Positive selection of TcR
ab thymocytes: is cortical epithelium an obligatory participant in the presen-
tation of major histocompatibility complex protein? Immunol. Rev. 135:134—
155.

21. Kanagawa, O., B. A. Nussrallah, M. E. Wiebenga, K. M. Murphy, H. C.
Morse III, and F. R. Carbone. 1992. Murine AIDS superantigen reactivity of
the T cells bearing VB5 T cell antigen receptor. J. Immunol. 149:9-16.

22. Klinken, S. P., T. N. Fredrickson, J. W. Hartley, R. A. Yetter, and H. C.
Morse III. 1988. Evolution of B cell lineage lymphomas in mice with a
retrovirus-induced immunodeficiency syndrome, MAIDS. J. Immunol. 140:
1123-1131.

23. Klinman, D. M., and H. C. Morse III. 1989. Characteristics of B cell prolif-
eration and activation in murine AIDS. J. Immunol. 142:1144-1149.

24. Koch, S., G. Muralidhar, and S. L. Swain. 1994. Both naive and memory
CD4 T cell subsets become anergic during MAIDS and each subset can
sustain disease. J. Immunol. 152:5548-5556.

25. Legrand, E., R. Daculsi, and J. F. Duplan. 1981. Characteristics of the cell
populations involved in extrathymic lymphosarcoma induced in C57BL/6
mice by RadLV-RS. Leuk. Res. 5:223-233.

26. Makino, M., Y. Tang, D. B. Murphy, T. N. Fredrickson, Y. Okada, M.
Fujiwara, S. K. Chattopadhyay, T. Mizuochi, K. Komuro, H. C. Morse III,
and J. W. Hartley. 1994. Influence of H-2 class II antigens on the develop-
ment of murine AIDS. J. Immunol. 152:4157-4164.

27. Morse, H. C., II1, S. K. Chattopadhyay, M. Makino, T. N. Fredrickson, H. W.
Ambros, and J. W. Hartley. 1992. Retrovirus-induced immunodeficiency in
the mouse: MAIDS as a model for AIDS. AIDS (Philadelphia) 6:607-621.

28. Morse, H. C,, III, R. A. Yetter, C. S. Via, R. R. Hardy, A. Cerny, K. Hay-
akawa, A. W. Hugin, M. W. Miller, K. L. Homes, and G. M. Shearer. 1989.
Functional and phenotypic alterations in T cell subsets during the course of
MAIDS, a murine retrovirus-induced immunodeficiency syndrome. J. Im-
munol. 143:844-850.

29. Mosier, D. E., R. A. Yetter, and H. C. Morse IIL. 1985. Retroviral induction
of acute lymphoproliferative disease and profound immunosuppression in
adult C57BL/6 mice. J. Exp. Med. 161:766-784.

30. Mosier, D. E., R. A. Yetter, and H. C. Morse III. 1987. Functional T lym-
phocytes are required for a murine retrovirus-induced immunodeficiency
disease (MAIDS). J. Exp. Med. 165:1737-1742.

31. Muralidhar, G., S. Koch, M. Haas, and S. L. Swain. 1992. CD4 T cells in
murine acquired immunodeficiency syndrome: polyclonal progression to an-
ergy. J. Exp. Med. 175:1589-1599.

32. Nieuwenhuis, P., F. G. M. Kroese, D. Opstelten, and H. G. Seijen. 1992. De
novo germinal center formation. Immunol. Rev. 126:77-90.

32a.Noelle, R. J. Unpublished results.

33. Noelle, R. J., M. Roy, D. M. Shepherd, I. Stamenkovic, J. A. Ledbetter, and
A. Aruffo. 1992. A novel ligand on activated T helper cells binds CD40 and
transduces the signal for the cognate activation of B cells. Proc. Natl. Acad.
Sci. USA 89:6550-6554.

34. Pattengale, P. K., C. R. Taylor, P. Twomey, S. Hill, J. Jonasson, T. Beardsley,
and M. Haas. 1982. Immunopathology of B cell lymphomas induced in
C57BL/6 mice by dualtropic murine leukemia virus (MuLV). Am. J. Pathol.
107:362-377.

35. Pinchuk, L. M., P. S. Polacino, M. B. Agy, S. J. Klaus, and E. A. Clark. 1994.
The role of CD40 and CD80 accessory cell molecules in dendritic cell-



VoL. 70, 1996

36.

37.

38.

39.

40.

41.

dependent HIV-1 infection. Immunity 1:317-325.

Ranheim, E. A., and T. J. Kipps. 1993. Activated T cells induce expression of
B7/BB1 on normal or leukemic B cells through a CD40-dependent signal. J.
Exp. Med. 177:925-935.

Rose, M. L., M. S. C. Birbeck, V. J. Wallis, J. A. Forrester, and A. J. S.
Davies. 1980. Peanut lectin binding properties of germinal centres of mouse
lymphoid tissue. Nature (London) 284:364-382.

Rowe, W. P., W. E. Pugh, and J. W. Hartley. 1970. Plaque assay techniques
for murine leukemia viruses. Virology 42:1136-1139.

Selvey, L. A.,, H. C. Morse III, L. G. Granger, and R. J. Hodes. 1993.
Preferential expansion and activation of V beta 5+ CD4+ T cells in murine
acquired immunodeficiency syndrome. J. Immunol. 151:1712-1722.

Svetic, A., F. D. Finkelman, Y. C. Jian, C. W. Dieffenbach, D. E. Scott, K. F.
McCarthy, A. D. Steinberg, and W. C. Gause. 1991. Cytokine gene expres-
sion after in vivo primary immunization with goat antibody to mouse IgD
antibody. J. Immunol. 147:2391-2397.

Uckun, F. M., G. L. Schieven, 1. Dibirdik, L. M. Chandan, A. L. Tuel, and

42.

43.

44,

NOTES 2575

J. A. Ledbetter. 1991. Stimulation of protein tyrosine phosphorylation, phos-
phoinositide turnover, and multiple previously unidentified serine/threonine-
specific protein kinases by the pan-B-cell receptor CD40/Bp50 at discrete
developmental stages of human B-cell ontogeny. J. Biol. Chem. 266:17478—
17485.

Van den Eertwegh, A. J. M., R. J. Noelle, M. Roy, D. M. Sheperd, A. Aruffo,
J. A. Ledbetter, W. J. A. Boersma, and E. Claassen. 1993. In vivo CD40-gp39
interactions are essential for thymus-dependent immunity. 1. CD40-gp39
interactions are essential for thymus dependent humoral immunity and iden-
tify sites of cognate interactions in vivo. J. Exp. Med. 178:1555-1565.

Xu, J., T. M. Foy, J. D. Laman, E. A. Elliott, J. J. Dunn, T. J. Waldschmidt,
J. Elsemore, R. J. Noelle, and R. A. Flavell. 1994. Mice deficient for the
CD40 ligand. Immunity 1:423-431.

Yetter, R. A., R. M. L. Buller, J. S. Lee, K. L. Elkins, D. E. Mosier, T. N.
Fredrickson, and H. C. Morse III. 1988. CD4" T cells are required for
development of a murine retrovirus-induced immunodeficiency syndrome
(MAIDS). J. Exp. Med. 168:623-635.






	Dartmouth College
	Dartmouth Digital Commons
	4-1996

	Antibody to the Ligand for CD40 (gp39) Inhibits Murine AIDS-associated Splenomegaly, Hypergammaglobulinemia, and Immunodeficiency in Disease-Susceptible C57BL/6 Mice.
	Kathy A. Green
	Karen M. Crassi
	Jon D. Laman
	Arjan Schoneveld
	Rendall R. Strawbridge
	Recommended Citation
	See next page for additional authors

	Authors


	tmp.1519413938.pdf.K2JUp

