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Effect of Angiopeptin and Aspirin on Accelerated Graft

Atherosclerosis in Transplanted Mouse Heart

In this study of the inhibitory effects of angiopeptin and aspirin on the devel-
opment of accelerated graft atherosclerosis (AGAS), 22 B10.BR mice received
intra-abdominal heterotopic heart transplants from B10.A mice, without immuno-
suppression. Group 1 (n=5) received no pharmacological intervention, Group
2 (n=6) was treated with angiopeptin, Group 3 (n=5) with aspirin, and Group
4 (n=6) with both. There was no significant difference in the incidence of AGAS
among these groups. The magnitude of intimal lesion development showed less
narrowing of large vessels (>100 ym in diameter) in groups 2 and 4 - i.e. the
groups received angiopeptin (Group 1=46.9+9.3%, Group 2 =28.5+9.2%,
Group 3=44.1+10.9%, Group 4 =24.2+59%; p<0.01). Comparison of the
fraction of fropomyosin-positive staining cells in the intima revealed a lesser
degree of staining in Group 2 (p<0.01). No intervention was effective in pre-
venting smooth muscle cell proliferation in the media or inflammatory cell infil-
tration in the adventitia. In conclusion, our data suggest that angiopeptin is effec-
tive in the direct inhibition of intimal smooth muscle cell proliferation in relatively
large vessels, whereas aspirin exhibits no inhibitory role in the progression of
AGAS. Angiopeptin appears to be a potential therapeutic agent for inhibiting
the progression of postoperative AGAS in clinical heart transplantation.
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INTRODUCTION

The development of graft atherosclerosis remains the
most setious complication of long-term sutvivors of cat-
diac transplantation. It affeces 30-50% of all cardiac
transplantation recipients (1, 2). Although the pathogen-
esis of cardiac allograft vasculopathy is not cleatly under-
stood, it is generally believed to involve an immunolog-
ical insult to the coronary endothelium. This results in
accumulation of macrophage and lymphocyte with con-
comitant smooth muscle cell proliferation in intima, often
affecting the entire length of the vessels. Angiopeptin,
a synthetic cyclic octapeptide analogue of somatostatin,
has been reported to inhibit myointimal proliferation in
expetimental heart transplantation models in rabbit and
rat (3, 4). Vascular endothelial injuries with aggregation
of platelets, formation of thrombi, and subsequent prolif-
eration of smooth muscle cells seem to be another impot-
tant factor in the accelerated graft atherosclerosis (5).
Aspirin may be beneficial by inhibition of thromboxane
production and platelet aggregation, as heart transplan-
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tation recipients exhibit a marked tendency towards
platelet aggregation and high thromboxane level, which
has been known to be tesistant to low dose aspitin thet-
apy (6-8). In this study we tested the hypothesis that
angiopeptin andfor aspirin might prevent the develop-
ment of AGAS in a murine heterotopic heart transplan-
tation model.

MATERIAL AND METHODS

Animals

Adult mice (7 to 10 weeks of age) of B10.A and
B10.BR strains, weighing 17-22 g, wete obtained from
Jackson Laboratories (Bar Harbor, ME, U.S.A.). B10.A
and B10.BR strains differ in the D locus of the class I
majot histocompatibility antigen. The mice wete housed
under conventional conditions and fed a standard diet
(Rodent laboratory chows, Ralston Purina Company, St.
Louis, MO, U.S.A.) and water ad libitum. After comple-
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tion of the heterotopic heart transplantation, the mice
wete allowed to recover with oxygen and local heat, and
wete then transferred to their cages 24 hr after surgety
with free access to food and water.

Heterotopic heart transplantation

Catdiac allografts from B10.A mice were transplanted
into B10.BR mice using standard microsurgical tech-
niques. After adequate anesthesia of 4% chloral hydrate
(0.1 mL/20 g of body weight, intrapetitoneal injection)
and methoxyflurane (inhalation), a sternal lid was lifted
upward. The right and the left supetior vena cavae were
ligated with 5-0 silk. The donor heart was atrested with
0.5 mL cold heparinized saline (100 unit/ mL of saline)
delivered via the infetior vena cava. The aorta and main
pulmonaty artery were then transected and the pulmo-
nary veins were ligated en bloc. The donor heart was
preserved in 4C cold saline solution untl the recipient
mouse was prepated.

Through a midline abdominal incision, the recipient’s
infrarenal abdominal aorta and infetior vena cava were
dissected and controlled both proximally and distally
with 5-0 silk. After a longitudinal aortic incision, an end-
to-side anastomosis between the donor ascending aotta
and the recipient abdominal aorta were petformed, fol-
lowed by an end-to-side anastomosis between the donor
pulmonaty artery and the recipient inferior vena cava
using 10-0 nylon sutures. Subsequently, the proximal
recipient aortic ligature was released first.

Experimental groups

The recipient mice were divided into four groups.
Group 1 (n=5, control) underwent no pharmacological
intervention. Group 2 through 4 received intraperitoneal
infusions by 100 pL micto-osmotic pump (Alzet, Palo
Alro, Calif.). Micro-osmotic pumps were replaced evety
15 days for a total of 45 days. Group 2 (n=6) was treated
with angiopeptin. Group 3 (n=5) was treated with aspi-
rin. Group 4 (n=6) received both angiopeptin at 80 pg/
kg/day and aspitin at 5 mg/kg/day. Similar micro-osmot-
ic pump protocols were followed for groups 2 and 4.

Tissue harvesting and histological examination

All mice were sacrificed 45 days after transplantation.
Heatts were excised distal to anastomotic sites, and the
apex removed by transverse section. The temaining 2/3
of the heart from each animal was immersed in OCT
Compound in cryomolds (Tissue Tek, Miles, Inc., Elkare,
IN, US.A) and snap-frozen in liquid nitrogen. Setial
transverse cryosections (10 pm thickness in every 100
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um) were obtained from the mid-ventricle through the
aortic anastomosis. Immunohistochemistry of the smooth
muscle cell marker tropomyosin was petformed on all
sections using an avidin-biotin-peroxidase technique. All
arteries wete assessed in each of three sections spaced at
600 um intervals, starting at the level in which mitral
valve leaflets were first visible. Vessels were considered
to be affected by accelerated graft atherosclerosis when
cells were obsetved in the intima. The percentage of
natrowing of vessels was calculated as 100 minus the
ratio of the actual lumen area to the potential lumen area
(measuted from the internal elastic lamina) as previously
described (9). The fraction of smooth muscle (tropomy-
osin positive) cells in lesions was determined by visual
inspection and scored semiquantitatively on a 0 to 3 scale
(0=no positive cell; 1 = positive cells present but <20%
of total; 2 =21-50% positive cells; 3 = >50% positive
cells). The percentage of tropomyosin positive cells was
measuted in the media. The media was regarded as being
intact when no other cell except smooth muscle (tropo-
myosin positive) cell, was obsetved in the media. Petivas-
cular inflammation was scored semiquantitatively on a 0
to 3 scale (0 = no inflammation, 1 = mild increase in peti-
vascular mononuclear cells, 2 = moderate increase, 3 =
large increase in petivascular mononuclear cells or modet-
ate increase with presence of poly-morphonuclear cells)

).
Animal care

All animals were cared for in compliance with the
“Principles of Laboratoty Animal Care” formulated by the
National Society for Medical Reseatch and the “Guide
for the Cate and Use of Laboratory Animals” prepared
by the National Academy of Sciences and published by
the National Institutes of Health (NIH Publication No.
86-23, revised 1985).

Statistical analysis

The values were reported as the mean *standard devi-
ation. The ANOVA tests and multiple compatison with
Turkey and Duncun methods were used for statistical
compatisons. A p-value of less than 0.05 was considered
to be statistically significant.

RESULTS

A mean number of 17.3 (+4.4) vessels were observed
in each mouse. Thete was no statistical difference in the
petcentage of diseased vessels among the groups (Group

1=46.2 £12.5%, Group 2=37.7 £ 10.3%, Group 3=39.6
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Fig. 1. Incidence of accelerated graft atherosclerosis, 6 weeks
after heterotopic mouse heart transplantation. The difference is
insignificant among the groups which divided by medications
after transplantation (Group 1, control; Group 2, angiopeptin;
Group 3, aspirin; Group 4, angiopeptin+asprin).

+13.3%, and Group 4=34.9 +4.8%, p=0.87) (Fig. 1,
2A). The magnitude of intimal lesion development,
which was compared between groups in three different
subgroups (less than 50, 51-100, more than 100 ym in
diameter), showed less narrowing of vessels with a diam-
etet of more than 100 ym in both groups 2 and 4 -
i.e. the groups that received angiopeptin (Group 1=46.9
+9.3%, Group 2=28.5+9.2%, Group 3=44.1 +10.9%,
Group 4=24.2+5.9%; p<0.01) (Fig. 2B, 3). Further-
mote, compatison of the fraction of tropomyosin positive
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Fig. 3. Less narrowing of the lumen of affected vessels with a
diameter of more than 100 ym was observed in group 2 and
4 (p<0.01). The percentage of narrowing of vessels was calcu-
lated as 100 minus the ratio of the actual lumen area to the po-
tential lumen area (measured from the intemal elastic lamina).

cells in the intima, revealed a lesser degree of staining
in Group 2 that received angiopeptin only (Group 1=1.4
+0.2, Group 2=0.5 £0.2, Group 3=1.7 0.2, Group 4=
1.2+0.2; p<0.01) (Fig. 4). No differences were seen in
the degree of medial integtity (Group 1=72.1+8.3%,
Group 2=73.9 +11.3%, Group 3=65.0 £16.7%, Group
4=71.7 £12.0%; p=0.89) (Fig.5), or in the degree of
petivascular inflammatory cell infiltration (Group 1=1.2
+0.3, Group 2=1.2 0.3, Group 3=1.9 +0.2, Group 4=
1.8 £0.20; p=0.09) (Fig. 6).

Fig. 2. Sections of B10.A cardiac allograft 45 days after heterotopic transplantation in B10.BR strain of mouse. A: Section of
a coronary artery with typical features of graft atherosclerosis such as intimal proliferation and perivascular inflammatory cell infiltration.
B: Section of coronary artery shows less luminal narrowing of relatively large vessels (>100 ym in diameter) in angiopeptin treated
group (Sirius red, x200).
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Fig. 4. Comparison of the tropomyosin-positive staining cells
in the intima demonstrated lesser degree of staining in Group
2 which was treated with angiopeptin only (p<0.01). The frac-
tion of the tropomyosin-positive staining cells was scored semi-
quantatively on a 0 to 3 scale (0, no positive cell; 1, positive
staining cells present but <20% of total; 2, 21-50% positive
cells; 3, >50% positive cells).
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Fig. 5. Comparison of the percentage of tropomyosin-positive
cells in the media shows no statistical differrence.

Total ischemic time ranged between 45-65 min. Non-
survival rate, defined as surviving for less than 24 hr,
was 10%. All the donor hearts tesume sinus thythm
several minutes after repetfusion.

DISCUSSION

This study demonstrates that angiopeptin, a long-
acting octapeptide of somatostatin analogue, significantly
reduces the extent of intimal proliferation but not the
frequency of the development of accelerated graft athero-
sclerosis (AGAS) in a murine cardiac transplant model.

The diagnosis of AGAS is based mainly on histology
from autopsy, tetransplantation, ot clinical diagnosis by
angiography and/ot intracoronaty-ultrasonography (10).
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Fig. 6. Comparison of histologic grades of perivascular inflam-
matory cell infliltration shows no statistical difference. The peri-
vascular inflammation was scored semiquantitatively on a 0 to
3 scale (0, no inflammation; 1, mild increase in perivascular
mononuclear cells; 2, moderate increase; 3, large increase in
perivascular mononuclear cells or moderate increase with pre-
sence of poly-morphonuclear cells).

An incomplete understanding of the pathogenesis of
AGAS has limited our ability to develop effective treat-
ment modalities. The pathogenesis of AGAS in humans
has been investigated through study of lesions obtained
from hearts removed at the time of retransplantation or
at autopsy, and mote recently, the development of ani-
mal models. Ardehali et al. developed a murine model
of AGAS which closely resembles the disease in humans
to investigate pathogenesis and potential therapy (9). In
this model, vascular smooth muscle cell activation is an
eatly and prominent feature, and smooth muscle cells
contribute significantly to the cellular mass of intimal
lesions. Although the mechanism is not clear, it appears
that smooth muscle cell migration through the internal
elastic lamina and myointimal proliferation in the walls
of the muscular arteries are the major events leading to
luminal narrowing of the coronary arteries after trans-
plantation (11). This process may teptesent a specialized
form of chronic delayed-type hypersensitivity, in which
lymphocytes activated by alloantigens in the graft vessel
wall induce macrophages to secrete smooth muscle cell
growth factors (3, 12, 13). Several peptides (insulin-like
growth factor-1, platelet-derived growth factor, epider-
mal growth factor, fibroblast growth factor) have been
shown to have such proliferative properties (14, 15).
Angiopeptin has been demonstrated to exert an anti-
proliferative effect on the vascular walls of cardiac allo-
grafts in both the rabbit and rat transplant models (3,
4, 10, 16). Also, it has been shown to inhibit myointimal
proliferation in the endothelium-denuded carotid artety
by ait-drying (15). These data suggest that angiopeptin
may inhibit myointimal proliferation by a common mech-
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anism in both AGAS and mechanical coronaty endo-
thelial injuty. Nevertheless, its exact mechanism of action
remains unknown. Possible mechanisms include a soma-
tostatin-like action in inhibiting growth hormone and
insulin-like growth factor (17, 18), direct interaction with
vascular smooth muscle cells (19, 20), or alteration of
smooth muscle cell receptor expression (21). Several in-
vestigators found that angiopeptin inhibits thymidine
uptake in the rabbit aortic wall (22) and in the rat ca-
rotid artery (23). These results imply a direct inhibitory
effect of angiopeptin on smooth muscle cell growth. In
our study, the number of tropomyosin-positive staining
cells in the intima, indicative of the proportion of smooth
muscle cell, disclosed fewer intimal smooth muscle cells
in the angiopeptin treated groups (Group 2 and 4) (Fig.
4), providing further suppott for angiopeptin’s inhibitoty
effect on smooth muscle cell proliferation. The optimal
dose of angiopeptin temains to be determined. Lundergan
et al. observed that pre- and post-treatment of endothe-
lium-denuded rabbit carotid artery with a dose of 100
uglkg/day of subcutaneous angiopeptin significantly at-
tenuated myointimal thickening as well as thymidine up-
take, while doses less than 50 pg/kg/day had no effect
(15); however, even a dose of 20 ug/kg/day inhibited cot-
onary artery myointimal proliferation in cardiac allogtafts
in the rabbit by 50% (23). In the ptesent study, a dose
of 80 ug/kg/day of angiopeptin was administered intra-
petitoneally and less luminal narrowing was observed in
the larger (>100 pm) vessels only. This may suggest a
dose dependent inhibitory effect of angiopeptin with re-
spect to different-sized vessels. Further studies with high-
et doses would result in a similar effect on the smaller
vessels.

de Lorgeril et al. reported that transplanted patients,
as compated to healthy nontransplanted subjects, show
a marked tendency for hyperaggregation of platelets (7).
Aspirin, by teducing platelet aggregation, might theo-
retically inhibit the intimal proliferation of cardiac allo-
graft cotonaty arteries. McCann et al. reported that
neointimal hyperplasia was attenuated by the combina-
tion of aspirin and dipytridamole, but not by aspitin alone
(24). de Lorgeril et al. showed that even high doses (500
mg/day) aspirin did not reduce platelet aggregation in
cyclosporin-treated heart recipients (7). Landymore et al.
observed that autologous vein grafts receiving aspirin
(650 mg/day) had mote significant intimal hyperplasia in
the canine model (8). Although the explanation for the
marked proliferative tesponse is not clear, it may be due
to the fact that high dose aspirin not only decreases
platelet synthesis of thromboxane B,, but adversely af-
fects prostacyclin biosynthesis, reducing 6-keto PGFla.
The adverse effect of aspirin on the thromboxane/ptosta-
cyclin ratio may pattly explain the marked proliferative

responses in those animals receiving high dose aspitin (8).
Our results, which show that a dose of 5 mg/kg/day of
aspitin does not teduce AGAS, ate in accordance with
previous studies as well as cotresponding to the clinical
impression that AGAS is not affected by aspirin admin-
Istration.

The mouse transplant model has several advantages in
the investigation of AGAS. First, there is ample avail-
ability of congenic and mutant strains. Second, the mouse
has a well-described genetic background. Third, certain
combinations of strains (eg, B10.A to B10.BR) allow for
long-term survival without the need for immunosup-
ptession. Finally, a number of immunochistological and
immunocytological reagents are readily available to study
AGAS in this model (9).

In summary, we have demonstrated that angiopeptin
inhibits myointimal proliferation in the coronary arteties
of cardiac allografts in the murine transplant model. This
result suggests that angiopeptin reduces the develop-
ment of post-transplantation AGAS in human clinical
heart transplantation. Further clinical ttials are warranted
to investigate this effect.
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