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Diminished expression of the costimulatory ligand CD80
(B7.1) gene correlates with antigen-specific cellular
unresponsiveness in rhesus monkeys with lymphatic filariasis
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Lymphatic filariasis, caused by Wuchereria ban-
crofti and Brugia malayi, affects an estimated 120
million people in the tropical and subtropical
regions of the world. The disease persists as a
major cause of morbidity in these regions (Ottesen
and Ramachandran, 1995). The clinical manifes-
tations of lymphatic filariasis are very broad, and
they are considered, at least in part, a reflection of
the type of immune response mounted by the host
against the parasite and parasite products (Ot-
tesen, 1992). One of the hallmarks of lymphatic
filariasis is antigen-specific cellular unresponsive-
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ness that is typically seen in patients that are
asymptomatic and microfilarameic or in those
that are circulating antigen positive and microfi-
laremic (Dimock et al., 1996). Cells from these
patients are also unable to produce IL-2 (Dimock
et al.,, 1996) and IFN-y (Freedman 1998) as in-
duced by filarial antigens.

Our laboratory has actively characterized a
non-human primate model of filariasis namely
rhesus monkeys infected with B. malayi. Salient
findings of these studies showed that chronic in-
fection was established in these animals and, simi-
lar to chronic infection in humans, the monkeys
exhibit pathological, parasitological and immuno-
logical responses (Dennis et al., 1998; Giambar-
tolomei et al., 1998). Two clinically distinct
groups can be identified, one being asymptomatic
and essentially microfilaremic. Another group of
chronically infected monkeys display lymphedema
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and the majority of the animals within this group
are amicrofilaremic. Nevertheless, we were unable
to determine the infection status of the amicrofi-
laremic or microfilaremic animals using a circulat-
ing antigen detection assay (unpublished data).
Corresponding to these clinical observations, the
first group of monkeys showed a characteristic
lack of antigen specific proliferative responses
(non-responders, NRM) whereas the second
group showed vigorous proliferative response to
antigen (responder, RM). Our laboratory further
correlated the lack of response with diminished
production of IL-2 and IFN-y and lack of induc-
tion of IL-2R* on T cells in NRM (Giambar-
tolomei et al., 1998).

The CD28/B7 receptor/ligand system is one of
the most important costimulatory pathways (re-
viewed by Lenschow et al., 1996). B7, which is
present mainly on antigen-presenting cells (APC)
is a ligand for CD28 expressed on T cells. The B7
antigen is present in at least two isoforms on
APC, B7.1 (CD80) and B7.2 (CD86). Both CD80
and CD86 can provide costimulation to T cells for
proliferation and IL-2 production. These ligands
play a crucial role in the establishment of antigen-
driven immune responses. The significance of cos-
timulatory signals is emphasized by the induction
of antigen-specific unresponsiveness or anergy
when T cells encounter antigens in the absence of
costimulation (Lenschow et al., 1996). It also has
been shown that immunoregulatory cytokines
may influence the development of the Thl versus
Th2 immune responses by altering the level of
expression of costimulatory ligands on APC
(Kuchroo et al., 1995).

This study was initiated to assess the role that
costimulatory ligands may play in the parasite-
specific cellular unresponsiveness in rhesus mon-
keys with lymphatic filariasis. Using RT-PCR, we
measured the relative expression of CDS80 and
CD86 in PBMC that were stimulated in vitro with
B. malayi antigens (BmA). Nine monkeys chroni-
cally infected with B. malayi and three uninfected
monkeys (UM) were studied. Animal infection, as
well as their clinical and parasitological status
were reported elsewhere (Giambartolomei et al.,
1998). At the initiation of the experiment, five
animals had been chronically infected for 288
weeks, and four animals for 192 weeks.

The procedures for PBMC isolation, BmA
preparation and blastogenesis have all been previ-
ously published (Dennis et al., 1998; Giambar-
tolomei et al., 1998). Briefly, PBMC were isolated
on Ficoll-Hypaque gradients and final cell suspen-
sions were made in RPMI-1640 supplemented
with 10% heat inactivated human AB serum. For
blastogenesis assays, PBMC (2 x 10° per ml) were
cultured with either BmA (10 ug/ml) or Con A (8
ug/ml). Control media only cultures (unstimu-
lated) were run simultaneously. Results were ex-
pressed as stimulation index (counts per min
(CPM) of stimulated cultures divided by CPM of
unstimulated cultures). Stimulation indices > 2
were considered as a positive specific response.

PBMC (2 x 10° cells) were cultured in round-
bottom polypropylene tubes (Sarstedt, Nim-
brecht, Germany) in the presence of RPMI 1640
containing 10% heat-inactivated fetal calf serum,
BmA (10 pg/ml) or Con A (8 pg/ml) in a volume
of 1 ml. Cultures were incubated at 37°C in a
humidified atmosphere (5% CO,) for 24 h. At the
end of the incubation cells were centrifuged at
400 x g at 4°C and processed immediately for
RNA extraction. Each RT-PCR was performed
from 250 ng of total RNA as previously described
(Giambartolomei et al., 1998). Primer and probe
sequences specific for macaque glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) have been
published elsewhere (Villinger et al., 1995). The
primers and probes used for the costimulatory
ligands were as follows:

CDS80(B7.1), 5-TATGGGCCACACACGGA-
GGCAGG-3" and

5-TTCAGGATCTTGGGAAACTGTTG-3'

5"-TCACCTCTCCTGGTTGGAAAATGG-
3" (probe)

CD86(B7.2), 5-TTCAGATCAAGGACAAG-
GGCTT-3' and

5-GGGAATGAAACAGACAAGCTGA-¥

5-CATTCCTGTGGGC(T/C)TTTTGTG-3
(probe).
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Results (net intensity of the amplified frag-
ments) were expressed relative to (fold increase)
the results obtained from cells cultured in the
absence of antigen. Increases > 2 were considered
positive. All data were analyzed using the non-
paired Student’s f-test. Significance was assessed
at the 0.05 level.

Infected monkeys were divided according to the
ability of their PBMC to proliferate in vitro to
BmA. Three of these monkeys were classified as
responder (RM) (S.I. > 2) and six as non-respon-
ders (NRM) (S.I. <2). PBMC from UM showed
no response to BmA. In contrast, PBMC from all
monkeys proliferated in response to the mitogen
Con A with no significant difference observed
among the three groups of animals (Fig. 1). CD80
mRNA gene expression was significantly induced
by BmA restimulation of cells from 3/3 RM [geo-
metric mean fold increase (GMFI) of 33.88 (24—
54) over unstimulated cells] (Fig. 2). However,
BmA stimulation of PBMC from 3 NRM failed
to induce the expression of CD80 mRNA and
only marginally induced it in PBMC of the re-
maining 3 NRM [GMFI of 2.02 (0.7-6.0)]. Over-
all, CD80 gene expression in cells from RM was
17-fold greater than those of NRM (P < 0.001)
(Fig. 2). BmA did not induce CD80 gene tran-
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Fig. 1. In vitro blastogenesis of PBMC from rhesus monkeys
chronically infected with B. malayi to BmA (A) and Con A
(B). Each data point represents triplicate responses from indi-
vidual uninfected (open circles), responder (closed triangles)
and non-responder (open squares) rhesus monkeys. Results are
expressed as stimulation index, which is the CPM of stimu-
lated cultures divided by the CPM of unstimulated cultures.
(Data published previously: Giambartolomei et al., 1998).
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Fig. 2. BmA-induced CD80 (B7.1) mRNA expression in
PBMC from rhesus monkeys chronically infected with B.
malayi. PBMC (2 x 10° per ml) from uninfected (open circles),
responder (closed triangles) and non-responder (open squares)
rhesus monkeys were stimulated with BmA (10 pg/ml) or Con
A (8 ng/ml) for 24 h. The induced mRNA levels of CD80 were
determined by RT-PCR. Responses are shown as fold increase
over unstimulated PBMC. Each symbol represents the re-
sponse of PBMC from an individual monkey. All values were
normalized with respect to GAPDH mRNA levels.

scription in PBMC from control animals. Con A
induced CD80 transcripts in cells from all ani-
mals. However, albeit not statistically significant,
CD8O0 expression level in Con A stimulated RM
PBMC was higher [GMFTI of 28.00 (20—-50)] than
in NRM PBMC [GMFI of 16.82 (10-36)] and
UM PBMC [GMFI of 19.57 (15-25)] (Fig. 2). In
contrast, high levels of CD86 mRNA transcripts
were constitutively expressed in PBMC from all
groups of monkeys irrespective of stimulation or
absence thereof (ratios < 1.0). Unfortunately,
very limited availability of samples for these retro-
spective analyses precluded the performance of
additional assays to adjust the amount of sample
for the quantitative range of the CD86 mRNA
determination. A new cohort of monkeys is cur-
rently being infected to better address the modula-
tion of costimulatory molecules such as CDSO0,
CD86, CD40, CD154 and CTLA-4 in RM versus
NRM monkeys.

Antigen specific responses are initiated via the
engagement of the T-cell receptor on the surface
of specific T cells with its cognate antigen peptide
presented within the context of autologous MHC
molecules. Full activation of responder T cells
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however requires a secondary signal which is most
often delivered via CD28, after its engagement by
CD80 or CD86, leading to T cell proliferation and
IL-2 production (Lenschow et al., 1996). In addi-
tion, the relative density of CD80 and/or CD86
present on the APC is also a determinant of the
nature, quality and extent of the immune response
generated (Freeman et al., 1995). Yet, CD80 and
CD86 expression has been only poorly investi-
gated in antigen specific unresponsiveness during
chronic filariasis. Ravichandran et al. (1997) re-
ported no differences in CD80 mRNA levels be-
tween microfilaremic patients and individuals with
W. bancrofti lymphatic obstruction. Baize et al.
(1997) also reported similar B7 mRNA levels
between microfilaremic and amicrofilaremic pa-
tients infected with Loa Loa, albeit this study
failed to discriminate between CD80 (B7.1) and
CD86 (B7.2). Using the rhesus macaque model of
lymphatic filariasis, our study clearly demon-
strates a strong association between BmA-induced
proliferative responses and expression of CD80
but not of CD86. The differences observed be-
tween the various studies are unclear at present,
but may be partially explained by differences in
parasites, clinical status, host species and/or assay
setup.

CD&86 is considered to be a more effective cos-
timulator of T cells involved in cellular mediated
responses (Buelens et al., 1995). The results of the
present study, however, indicate high constitutive
levels of CD86 expression, even in the absence of
antigenic stimulation in PBMC from both RM
and NRM. Indeed monocytes/macrophages have
been shown to constitutively express CD86 but
not CD80 (Azuma et al., 1993). In addition, mon-
keys may be further prone to relatively elevated
constitutive CD86 expression given the finding of
a general higher frequency of activated circulating
T-cells in PBMC of even healthy non-human pri-
mates (Ansari et al., 1994 Bostik et al., 1999).
Thus, it is possible that within a background of
high levels of CD86 expression, modulation of
CD80 expression actually dictates or is associated
with efficient T cell response or lack thereof.

CD80 and CD86 expression patterns have been
shown to dictate the activation of Th1/Th2 path-
ways (Kuchroo et al., 1995). These observations

are in line with our previous report about RM
PBMC secreting IL-2/IFN-y in response to anti-
genic stimulation whereas most NRM PBMC re-
sponded mainly with I1L-4 and IL-10
(Giambartolomei et al., 1998). However, while
IL-10 has been reported to down-regulate the
expression of CD80 and CDS86 (Buelens et al.,
1995), our results did not suggest any correlation
between elevated IL-10 production (Giambar-
tolomei et al., 1998) and CD80/CD86 expression
in RM and NRM animals. One caveat of the
studies reported herein is that the kinetics of
expression of the cytokines and costimulatory
molecules have not been addressed. Such analyses
will however be performed on a new set of mon-
keys currently being inoculated with Brugia
malayi. In conclusion, our findings suggest that
diminished CD80 gene expression may be another
determinant factor in the antigen-specific cellular
unresponsiveness of rhesus macaques with chronic
lymphatic filariasis.
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