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IMMUNOSUPPRESSION

Transplantation tolerance

by a combined therapy with sulfatide,
anti-LFA-1/1CAM-1 monoclonal antibodies
and FK506 in rat cardiac transplantation

Abstract Selectins promote a roll-
ing phenomenon of leukocytes
along activated endothelial surfaces,
which is the first step in the events
that ultimately lead to leukocyte
transmigration at acute inflamma-
tory sites. Our previous study re-
vealed that sulfatide, which is one of
the selectin inhibitors, prolonged
graft survival in rat cardiac allo-
grafts. In the present study, to obtain
a longer graft acceptance, we exam-
anined a combination treatment of
sulfatide, monoclonal antibodies
(mAbs) against LFA-1/1ICAM-1,
and FK506 in a Fischer 344 (F344,
RT1™) to Lewis (LEW, RT1!) rat
heart transplantation. FK506 alone
{n = 6) and FK506/sulfatide-treated
LEW rats (n = 6) rejected F344
heart grafts with an MST of 49 and
55.2 days, respectively. Otherwise,
four out of six heart grafts treated

with sulfatide, mAbs against LFA-1/
ICAM-1, and FK506 (n = 6) sur-
vived for over 100 days after trans-
plantation. The proliferative re-
sponse of alloreactive T cells ob-
tained tfrom tolerant rats against
both F344 alloantigen and third-
party alloantigen on day 104 post-
grafting was significantly suppressed
as compared to that from naive
LEW rats. On light microscopic ex-
amination, specimens of tolerant rat
on day 104 postgrafting showed an
almost normal appearance. Our re-
sults suggested that blocking both
each step of leukocyte entry and
recognition of alloantigens by a
combination treatment of sulfatide,
mADbs against LFA-1/ICAM-1, and
FK506 could lead to tolerance.

Key words Selectin - Sulfatide -
Cardiac allografts

Introduction

Selectins and their ligands have been suggested as being
involved in inflammatory responses, including allograft
rejection [1]. Several reports have suggested that selec-
tive blocking of selectins and their ligands function by
monoclonal antibodies or competitive chemical com-
pounds could suppress the in vivo inflammatory respon-
ses [2—4]. Therefore, inhibition of interaction between
selectins and their ligands would be expected to prevent
allograft rejection. Sulfatide, which is one of the selec-
tin-reactive oligosaccharides, has been reported to sup-
press the selectin-dependent acute lung injury [4]. We
have confirmed that sulfatide has a benetfitial effect on

prolongation of graft survival in a rat cardiac transplant
model (sulfatide vs control, 18.5%2.3 days versus
11.5+ 2.1 days, P < 0.05). In the present study, to obtain
a longer graft acceptance, we used sulfatide together
with monoclonal antibodies (mAbs) against LFA-1/
ICAM-1 and FK506 in a rat cardiac allograft model.

Materials and methods

Animals

Eight-week-old inbred male rats, each weighing 250-280 g, were
used. Lewis rats (RT1!, LEW) were obtained from Charles River
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Fig.1 Graft survival (mAbs monclonal antibodies, Sulf sulfatide)

Japan (Kanagawa, Japan). Fischer 344 rats (RT1™, F344) were ob-
tained from Japan Clea (Tokyo, Japan).

Heart transplantation

Heterotopic cardiac transplantation was performed by the method
of Ono and Lindsey [5]. LEW rats were utilized as recipients, F344
rats as donors, and Buffalo (RT1", BUF) as third parties. This com-
bination has the multiple mismatches of minor histocompatibility
antigens. Rejection was defined as the disappearance of a palpable
heart beating.

Experimental groups

Allografted LEW rats were divided into three experimental groups
as follows: (a) FK506 (1 mg/kg, i.m.; day 1,0, +1; n=9), (b)
FK506 and sulfatide (4 mg/kg, i.v.; day 0, +1; n=8), and (c)
FK506. sulfatide, and anti-rat ICAM-1/LFA-1 mAbs (2.5 mg/kg,
i.p;day 0, +3;n =6).

Mixed lymphocyte reaction (MLR)
on day 104 after transplantation

For estimating the proliferative responses of alloreactive T cells,
spleen T cells (2 x 10%) from naive LEW rats or grafted LEW rats
were cultured with irradiated (2000 rads) donor-type or third-party
spleen cells (4 x 10°) in 0.2 ml 10% FCS RPMI-1640 cuiture me-
dium. The cultures were incubated for 4 days at 37°C. Then, 16 h
prior to harvest, each well was pulsed with 0.25 pCi of *H-thymi-
dine and the uptakes were measured by a jg-counter (1205 Beta-
plates, Skatron, Norway).

Histopathological examinations

Grafted hearts were harvested on day 104. Light microscopic ex-
aminations were performed in each group.

Table 1 Proliferative response of alloreactive T cells against donor
alloantigens or third-party alloantigens on day 104 (F344 Fischer
344)

Group Cpm (mean + SD)

F344 Buffalo
Naive 19876 + 592 30213+ 1389
Rejected 56468 £ 15642 35128 +1099
Tolerant 2058 £62 3649 £ 736
Statistics

Analysis of variance was used to determine the significance of the
differences between experimental groups and Student’s ¢-test was
used to ascertain the significance of the differences within groups.
Differences were considered to be statistically significant when
P <0.05.

Results

Graft survival

Figure 1 shows the graft survival time of each group.
The mean graft survival of heart grafts treated with
FK506 alone and with FK506 and sulfatide were 49 and
55.2 days, respectively. Four out of six grafts treated
with sulfatide in combination with mAbs against LFA-
1/ICAM-1 and FK506 survived more than 100 days after
transplantation.

MLR proliferative responses

As shown in Table 1 both the proliferative responses of
alloreactive T cells obtained from tolerant rats against
donor alloantigens and third-party alloantigens were
significantly suppressed.

Skin challenge test

In three out of four tolerant rats, donor skin grafts sur-
vived more than 50 days, while third-party BUF skin
grafts were rejected within 7 days.

Histopathological findings

Light microscopic examinations revealed that the speci-

mens of tolerant hearts explanted on day 104 after trans-
plantation showed an almost normal appearance.
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Discussion

In the present study, we demonstrate that sulfatide in
combination with anti-LFA-1/ICAM-1 mAbs and
FKS506 could lead to persistent acceptance of rat cardi-
ac allografts in a donor-specific manner. Our strategy
for tolerance induction in this model could be divided
into some steps in rejection responses as follows. Al-
loantigen recognition was blocked by FK506, then the
initial phase of interaction between lymphocytes and
endothelial cells was blocked by sulfatide leading to a
reduction in lymphocyte entry into allogratts. The in-
filtration of escaped lymphocytes which could not be
involved in the sulfatide effect was inhibited by anti-
LFA-1/ICAM-1 mAbs. These inhibitary effects on

cell infiltration by sulfatide or anti-ICAM-1/LFA-1
mADbs have been confirmed in histopathological exam-
ination (data not shown). As neither FK506 alone nor
FK506/sulfatide treatments could induce tolerance,
there might be regulatory mechanism of antigen-relat-
ed signal transduction in selectin-ligand interaction as
well as in LFA-1/ICAM-1 interaction in the rat sys-
tem.

In conclusion, these findings suggest that a combined
therapy with sulfatide, anti-LFA-1/ICAM-1 mAbs, and
FK506 could lead to tolerance of rat cardiac allografts,
and that sulfatide might have an additive effect in en-
hancing the conventional immunosuppressive therapy
through its protective effects against selectin-dependent
inflammatory responses {4].
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