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Treatment with monoclonal antibodies 
to ICAM-1 and LFA-1 in rat heart allograft 
rejection 

Abstract During allograft rejec- 
tion, leukocyte infiltration in the 
graft is regulated by various adhe- 
sion molecules. Treatment with 
monoclonal antibodies to ICAM-1 
and LFA-1 (CD11 a) induces spe- 
cific tolerance after murine heart 
transplantation. In this study, we in- 
vestigated the possibility of toler- 
ance induction using these antibod- 
ies in a fully incompatible rat heart 
transplant model. Heterotopic, in- 
tra-abdominal heart transplantation 
was performed using Dark Agouti 
(DA) rats as donors and Lewis 
(LEW) rats as recipients. Group A 
(n = 6) received no immunosup- 
pression and served as controls. In 
group B (n  = 6) 500 pg/kg per day 
1 A29 (anti-ICAM-1) was adminis- 
tered intravenously (i. v.) for 5 days; 
group C rats received the same dos- 
age of WT.l (anti-CD11 a) i.v. for 
5 days. In group D (n  = 6), rats re- 
ceived combined i. v. administration 
of anti-CDl1 a and anti-ICAM-1 
(500 pg/kg per day of each, for 

5 days. The antibodies used were 
monoclonal mouse anti-rat antibod- 
ies produced from hybridomas. Al- 
lograft survival was monitored by 
daily palpation of the graft. There 
was no statistically significant differ- 
ence in allograft survival between 
the groups (A: 5.7 f 0.5 days; B: 
5.7 f 0.5 days; C: 5.7 f 0.5 days; D: 
6.2 f 0.4 days). Treatment with 
monoclonal antibodies to ICAM-1 
and LFA-1 alone or in combination 
had no effect on allograft survival 
after heart transplantation between 
fully incompatible rat strains. We 
conclude that induction of tolerance 
using these antibodies seems incon- 
ceivable in human heart transplan- 
tation. 
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Introduction 

In the last 20 years, heart transplantation has emerged 
an accepted therapy for end-stage heart failure [22]. 
Acute and chronic rejection represent one of the most 
significant risk factors leading to death in the postopera- 
tive course [5] .  Adhesion molecules participate in the 
recipient’s immune response to the allograft and regu- 
late the infiltration of leukocytes [20]. Monoclonal anti- 
bodies to adhesion molecules are potential agents to 

prevent graft rejection. A combination of monoclonal 
antibodies to ICAM-1 and LFA-1 has been shown to in- 
duce tolerance in a mouse heart transplantation model 
[lo]. In this study, the effect of this monoclonal antibody 
combination after rat heart transplantation was investi- 
gated. 
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Materials and methods 

Animals 

Two fully incompatible rat strains were used. Three- to four- 
month-old inbred male Dark-Agouti (DA; RT1a) rats with a 
body weight of 160-240g served as donors, and Lewis (LEW, 
KTIl) rats wcighing 239-322 g served as recipients. The rats were 
bred and kept at the Institute of Immunology, Christian-Albre- 
chts-University, Kid, Germany. All animals received humane care 
in compliance with the “Principles of Laboratory Animal Care”, 
published by the National Institute of Health (NIH Publication 
No. 86-23, revised 1985), and the “German Law on the Protection 
of Animals”. 

Heart transplantation 

Donor cardiac grafts were transplanted heterotopically into the 
abdomen of LEW recipient rats according to the method published 
by Ono and Lindsey [15]. In short, donor rats were anesthetized 
with cthcr. Heparin, 100 IU, (Liquemin N, Hoffmann-La Roche, 
Grenzbach-Wyhlen, Germany) was administered intravenously 
(i. v.) via Ihe inferior vena cava, the venae cavae and pulmonary 
veins were ligated with 6-0 silk, and the pulmonary artery and the 
aorta wcre cut 2-3 mm above their origin in the heart. Recipients 
were anesthetized with 3 mg xylazin (Rompun, Bayer, Leverku- 
sen, Germany) and 2.5 mg ketamine (Ketanest, Parke-Davis, Ber- 
lin. Germany). A midline abdominal incision was made, the infe- 
rior vena cava and abdominal aorta were prepared free from the 
surroundings, and the graft was implanted with end-to-side anasto- 
moses of the ascending aorta of the graft to the recipient’s abdom- 
inal aorta. and the pulmonary artery to the inferior vena cava in a 
running fashion with 9-0 polypropylene (Prolene, Ethicon, Nor- 
derstedt, Germany). Total ischemic time was 30-45 min. The reci- 
pient was kept in a separate cage to allow for recovery from the 
operation. 

Monoclonal antibodies 

1A29 and WT.l were used as monoclonal antibodies. lA29 is a 
mouse IgG, antibody that is reactive against rat ICAM-I. WT.l is 
a mouse IgG, antibody that is reactive against the a-chain 
(CDI 1 a) of rat LFA-1. Both antibodies were produced from hy- 
bridomas (kindly provided by M. Miyasaka, Osaka, Japan) grow- 
ing in a microfiber system (Cellmax MPS artificial capillary mod- 
ule, Cellco, Germantown, MD, USA). The concentration in super- 
natant was adjusted to 4 mg/ml; purification was not necessary. 
Both antibodies were shown to completely suppress the stimula- 
tion index of mixed lymphocyte culture of the rat [21]. 

Experimental groups 

Allogeneic heart transplantation was performed to evaluate mono- 
clonal antibody therapy for acute rejection. In group A (n = 6), re- 
cipients received no immunosuppressive therapy and served as 
controls. In group B (n = 6), recipients received 500 pgikg lA29 
(anti-ICAM-I) i.v. on days 0 4 .  In group C (n = 6), recipients re- 
ceived 500 pgikg WT.l (anti-CD11 a) i.v. on days 0 4 .  In group D 
(n = 6 ) ,  a combination of 500 pgikg 1A29 and 500 pgikg WT.1 
were given i. v. on days 0 4 .  

The concentration of free antibody in the serum was measured 
from day 1 to day 7 in a sandwich ELISA for mouse IgG. Goat 

anti-mouse IgG-Fc serum absorbed against rat serum proteins (Di- 
anova, Hamburg, Germany) was used as a capture antibody and, 
labeled with peroxidase, as a detection antibody as well. In order 
to obtain a standard curve, purified monoclonal mouse antibodies 
were diluted in rat serum. Free antibody concentration in anti- 
body-treated animals was between 1.5 pgiml (group B, day 1) and 
18 pg/ml (group D, day 5).  In earlier experiments we found that 
i.v. but not i.p. administration of 500 pgikg 1A29 yielded a corre- 
sponding concentration of free serum antibody 24 h after injection 
(data not shown). 

Survival of cardiac allografts was assessed by daily palpation, 
and the cessation of graft beat was interpreted as the completion 
of rejection. At that point, the animals were sacrificed, and recipi- 
ent and donor hearts were explanted for histological analysis. 
Both hearts were fixed in formalin and paraffin. 

Microscopic evaluation 

Grading of heart allograft rejection was performed on conven- 
tional histological paraffin sections stained with hematoxylin and 
eosin (H&E). Rejection was graded from 0-4, according to the 
classification of the International Society for Heart and Lung 
Transplantation [2]: 0, no rejection; 1, focal, or diffuse but sparse 
infiltration without necrosis; 2, one focus with aggressive infiltra- 
tion and/or focal myocyte damage; 3, multifocal aggressive infil- 
trates and/or myocyte damage, or diffuse inflammatory process 
with necrosis; 4, diffuse aggressive polymorphous infiltration with 
or without edema, hemorrhage, or vasculitis, with severe necrosis. 

Statistical analysis 

All values are expressed as mean ? standard deviation. An ANO- 
VA was used to calculate statistical significance. A P value less 
than 0.05 was considered significant. 

Results 

The mean graft survival of untreated recipients (group 
A)  was 5.7 rf: 0.5 days. Monotherapy with anti-CD11 a 
(group C) or with anti-ICAM-1 (group B) did not show 
any prolongation of graft survival (B: 5.7 rf: 0.5 days, C: 
5.7 f 0.5 days, P = NS). The combination of anti- 
ICAM-1 and anti-CD11 a (group D)  showed a slightly, 
but not significantly prolonged survival (6.2 rf: 0.4 days). 
The survival curves are shown in Fig. 1. 

Histologically, explanted grafts from all groups 
showed severe acute rejection, grade 4. Evaluation of 
expression of adhesion molecules was not possible due 
to the necrosis of the allograft. 

Discussion 

After heart transplantation, acute and chronic rejection, 
as well as complications of nonspecific immunosuppres- 
sive therapy, are limiting factors in graft and patient sur- 
vival [5, 221. Therefore, more specific immunosuppres- 
sive drugs and/or induction of tolerance would contrib- 



143 

1.0 

0.8- 

0.6- 

0.4- 

0.2- 

0.0 

- Group A 
Group B 
Group C i i  i -+. 

I i  i - 4 -  GroupD 
I i  i 

-0: 

I ii 
I i--; 

-_ .---- ~ ---*-- :: 

I: I ,: 
I I! 

I i  
1 s  : 
I I  i 

I I L; - I 

Ute significantly to progress in clinical organ transplan- 
tation. 

Adhesion molecules play a central role in regulating 
the infiltration of leukocytes into the graft during rejec- 
tion. Lymphocyte function-associated antigen-l (LFA- 
l), which is a member of the integrin family, is expressed 
on T lymphocytes. It consists of two noncovalently 
linked polypeptide chains, an a,-chain (CD11 a) and a 
(3,-chain (CD1 8). Intercellular adhesion molecule-1 
(ICAM-1), a surface gylcoprotein of the immunglobulin 
family, is known as a ligand for LFA-1 and is expressed 
on the cell membrane of endothelial cells. LFA-1 and 
ICAM-1 are involved in adhesion of lymphocytes to en- 
dothelial cells and play an important role in antigen-spe- 
cific T-cell recognition, leukocyte migration, and target 
cell lysis [19]. 

Under normal conditions, a low level ICAM-1 ex- 
pression whas been observed on capillary and postcapil- 
lary venular endothelia of the heart [14,20]. In acute re- 
jection, expression of ICAM-1 is strongly upregulated, 
especially on postcapillary venular endothelia [14, 201. 
High numbers of LFA-l-positive graft-infiltrating cells 
are found during rejection [3].  

Blocking adhesion molecule interaction seems to be 
a promising strategy for the treatment of rejection. 
The results of various experimental studies show that 
prolongation of murine cardiac allograft survival is 
possible with monoclonal antibodies to ICAM-1, 
LFA-1 (CD11 a), CD-18, VCAM-1, and VLA-4 [4. 9, 
11, 161. A combination of two or even three mono- 
clonal antibodies seems to be additionally effective 
[13, 171. First clinical trials in human kidney transplan- 
tation using monoclonal antibodies against ICAM-1 
and LFA-1 are under way [7, 81. Isobe and coworkers 
have shown tolerance induction using anti-ICAM-l 

and anti-CD11 a antibodies in a mouse transplantation 
model [17]. 

In this study, the administration of anti-CD11 a alone 
or combined with anti-ICAM-1 had no effect on graft 
survival or on the histologic grade of rejection in a rat 
heart transplantation model. Altmann et al. reported 
synergistic action of ICAM-1/LFA-1 interaction with 
major histocompatibility complex class I1 in T-cell acti- 
vation. ICAM-1/LFA-1 interaction is only important in 
antigen-presenting cells with a low intensity of HLA- 
DR, not in cells with high HLA-DR intensity [1]. This 
may explain why the use of anti-ICAM-1 and anti- 
LFA-1 antibodies is effective in the weak rat strain com- 
bination model of Kameoka et al. but not in the fully in- 
compatible model of this study [12]. Although therapy 
with anti-VCAM-1 and anti-VLA-4 is effective in a 
weak rat strain combination, it fails in a strong combina- 
tion [17]. A combination of monoclonal antibodies with 
conventional immunosuppressive drugs seems to be 
more efficient. Harrison and Madwed reported pro- 
longed cardiac allograft survival using the combination 
of low-dose cyclosporin and anti-ICAM-1 therapy in a 
rat model [6]. However, tolerance induction by mono- 
clonal anti-adhesion molecule antibodies seems to be 
easier in a mouse model than in other animal models. 
The mechanism of action whereby monoclonal antibod- 
ies prolong allograft survival is still not precisely under- 
stood. The absence of surface expression of ICAM-1 in 
the donor allograft or in the recipient is insufficient to 
prolong cardiac allograft survival in a mouse model 
[18]. Therefore, administration of anti-ICAM-l anti- 
bodies seems to work, not only by inhibiting leukocyte 
extravasation but also by other mechanisms that remain 
unclear. 

Our results show that the effect of tolerance induc- 
tion after mouse heart transplantation cannot be trans- 
ferred across species to rat heart transplantation. There- 
fore, induction of tolerance using these antibodies 
seems inconceivable in human heart transplantation. 
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