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Inhibitory effect of recombinant TGF,-PE40 on neointimal
proliferation after arterial balloon injury!
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ABSTRACT

AIM: To investigate inhibitory effects of recombinant
transforming growth factor o- Pseudomonas exotoxin 40
fusion protein ( TGF,-PE40; TP40) on neointimal prolif-
eration after arterial balloen injury. METHODS: Forty
male rabbits fed a cholesterol rich diet were randomly di-
vided into TP40 15 pg, 30 pg, 60 pg, physiologic saline
control, and nomnal artery groups (7 =8). Rabbils in
the treatment groups were treated by local administration
of TP4Q (15 pg, 30 pg, and 60 pg per rabbit) 24 h
postinjury, and those in the control group were treated by
physiologic saline 24 h postinjury. Remained 8 rabbits
in normal artery group were treated by TP40 (60 pg).
Optical microscope, electron microscope, and computer
image analysis were used to study arterial segments 2
weeks after treatment. RESULTS:; lrregular thickening
of the arterial intima, large amounts of smooth muscle
cells (SMC) within the neointima, and stenosis of the ar-
terial cavity were observed in the physiologic saline cott-
trol group. Great inhibition of intimal proliferation and
prevention of stenosis of the arlerial cavity were observed
in the TP40-treated groups that were examined 2 weeks
postinjury by optical microscope. The uninjured carotids
were histologically normal. Lots of destructural and
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necrotic SMC were observed in media in TP40 60 pg
group by electron microscope. Computer image analysis
showed that the neoimimal area of the TP4{-treated
groups was markedly smaller than that of the saline con-
ol group (P <0.01). CONCLUSION: Recombinant
TP40 greatly inhibited neointimal proliferation after arteri-
al balloon injury.

INTRODUCTION

Percutaneous transtuminal coronary angioplasty ( PT-
CA) has become a successful and widely used treatment
for patients with coronary artery disease. However, its
major limitation is restenosis, which occurs in 30 % -
50 % of patients within 6 months'!2),  One of the pri-
mary mechanisms responsible for restenosis was identified
as activation of medial smooth muscle cells (SMC), a
process that leads to their proliferation and migration to
the neointima, where they continue to proliferate and se-
crel extracellular matrix, with ultimate encroachment on
the vessel lumen'®*) . Once vascular SMC are activaied
postinjury, they overexpress several cell surface growth
factor receptors than nonactivated SMC. This differential
expression of growth factor receplors provides a rationale
for the use of growth factor receptor-specific cytotoxic a-
gents to target the activated, proliferating SMC that typi-
cally constitute a restenotic lesion.

Transforming growth factor o (TGF,) has 30 %
amino acid homology 1o epidermal growth factor ( EGF).
The two ligands are recognized by the binding site of the
EGF receptors (EGFR) with practically identical affini-
ties’”’ .  Pseudomonas exotoxin (PE) is an extremely
potent toxin with activity mediated by its three domains.
Domain [ is the cell binding-domain, domain [I
translocates the molecule into the cell cytosol, and do-
main JI| catalyses the ADP ribosylation of elongation fac-
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lor-2 that inhibits protein synthesis leading to cellular
death. Although the intact exotoxin molecule is cytotox-
ic to all cells virtually, when its cell binding-domain is
either deleted or mutated (PE40), its eytotoxic effects are
markedly reduced®™).  Hence, when the gene encoding
TGF, is fused to the gene encoding PEAQ, a fusion pro-
tein containing TGF, and PEA) has been expressed in £
coli.  The recombinant TGF,-PE40 (TP40) has the abili-
ty to target cells bearing EGFR and translocate PEAD into
cells. PE40 can armest protein synthesis effectively and
cause cell death™® . It has been demonstrated that pro-
liferating rabbit vascular SMC expressed 10-fold more
EGFR per cell than quiescent SMC in vitro'®' . The cy-
totoxic effect of TPA0 on proliferating SMC was much
higher than that on quiescent SMC in culture, and this ef-
fect is mediated by the EGFR'® . The purpose of the
present investigation is to determine whether TP40 could
inhibit neointimal proliferation afier arterial balloon injury

in viva .

MATERIALS AND METHODS

Animal groups Forty male New Zealand white
tabbits ( weighing 3.0 kg +0.5 kg, grade Il , certificate
No 02-64, provided by Experimental Animal Center of
Second Military Medical University) were randomly di-
vided into TP40 15 g, 30 pg, 60 ng, physiologic saline
control, and normal artery groups (2 =8). The rabbits
were fed on a cholesterol-rich diet 10 d before artery in-
jury till the end of the study. Each animal was fed 50 g
cholesterol-rich forage daily, which consisted of choles-
terol 1 g, yolk powder 10 g, lard i0 g, and ordinary
mixed forage 20 g.  Others received ordinary mixed for-
age. The total cholesterol in serum of eight rabbits se-
lected randomly was examined before and after 1 or 2
weeks on the cholesterol-rich diet.

The rabbit balloon-injury mode Anesthe-
sia was achieved with intravenous pentobarbital (30 mg/
kg). The distal right common carotid artery and the re-
gion of the bifurcation were surgically exposed under
aseptic conditions. By a small arteriotomy, a Fogarty
4F balloon dilatation catheter (3.0 mm in diameter and
20 mm in length, NAMIC Corp) was introduced through
the external carotid artery. The balloon was inflated to a
pressure of 304 kPa {3 atmosphere) and passed three
times up and down the common carotid artery to produce
a deendothelializing injury. The catheter was then re-
moved, and the extemnal carotid artery was temporatily

1[101

ligated.

Administration Twenty-four hours after balloon
injury, the injured artery was exposed again in anesthesia
and aseptic condition. A tinny catheter (Cuff tube) was
advanced into injured segment of the common carotid
artery through the external carotid artery and TP40 (con-
structed and supplied by Prof XU Yong-Hua, stored at
- 20 C, dissalved in physiologic saline and kept at 4 T
before used) 15 p1g, 30 pg, and 60 g in 30 pl. physio-
logic saline or physiologic saline 30 pL were injected.
The common carotid artery was occluded by proximal and
distal ties. TPAD or physiologic saline were incubated
for 20 min, followed by release of the ligtures. In an-
other type of control experiment, normal arterics were
treated with TP40 60 1.g according 10 the above method.
The external carotid artery was ligated and the surgical in-
cision was closed. Experimenial arterial segments were
harvested 2 weeks after treatment and histologic sections
were stained with hematoxylin-eosin.  Small arterial
pieces 2.0 mm x 1.5 mm taken from TP40 60 pg treat-
ment group and physiologic saline control group were
fixed with 2 % glutaraldehyde for electronic microscope
ultrastructural analysis.

Computer image analysis In each group, three
sections were chosen at different parts from each injured
arterial specimen. Cross-sectional area of the neointima,
cross-sectional area of the media, and the ratio of the
cross-sectional area of neointima to media of the injured
carotid artery were measured by using VIDAS Image
Analysis System (OPTON Co) .

Statistical analysis Values were given as x + 5.
Comparisons of groups were made with an unpaired :-
test.

RESULTS

Dynamic observation of total serum choles-
terol The total serum cholesterol was (1.1 = 0.4)
mmol/L before the rabbits were fed the cholesterol-rich
diet and rose to (10.4+1.8) mmol/L after 1 week on
the cholesterol-rich diet { P < 0.01), and after 2 weeks
0 {21.5+3.4) mmol/L (P <0.01).

Morphological analysis Light microscopic ex-
aminatjon demonstrated that marked intimal thickening
and lumen namrowing occured in the physiologic saline
control group 2 weeks postinjury, characterized by SMC
proliferation, accumulation of extracellular matrix, and
infiltration of many foam cells into the neointima and the
media. SMC were identified by antimuscle actin. Inti-
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mal thickness was greatly less in the TP4O-treated groups
2 weeks postinjury than in the physiologic saline control
group.  When TP4D 15 pg was locally applied. there
was 4 decrease in neointimal accumulation compared with
the physiologic saline conirol group.  In segments receiv-
ing TP40 30 peg and 60 pg. no neointima was detected .
But TP40 60 pg caused apparent SMC death i some ar-
eas in the medial layer. The inhibitry effects of TP4)
om neointimal proliferation postinjury were dose-depen-
dent. The oninjured carotids were histologically normal
gven it teated by 1P0 60 pg (Fig 1}, Electron micro-
graphs also showed ulimsstructural changes.  In physio-
lopric: saline control group, SMC in neointima had oval
nucleus.  There were many well developed rough endo-
plasmic reticulum, polyribosomes, myomerme, and large
numbers of lipid drsplets in eytoplasny.  In TP40 G0 pg-
treated group, there were lots of destructural and necrotic
SMC in media, and most of them close to intima.  Cel-
lular sruciure was ot clear and neucleus were disintegrat-
ed. The shape of endoplasmic reticulum and mitochon-
dria became vacuole, and myoneme were losi.  Some of
necrotic SMC had splitted inlo pieces {Fig 2),

Computer image analysis  Treatment with TP40
sirikingly inhibited necintimal proliferation of the rabbit
common carotid artery postinjury (Tab 1) .

DISCUSSION

The balloon-injured rbbit carotid antery model' ' ,
namely a primary injury model, has been used in this
study. Eadothelial denudation of vessel and in the sol-
ting of hypercholesternlemia wen: able to creat great inti-
mal thickening in a relatively short period of time. We
observed that proliferating SMC in injured caroid arteries
began to express high levels of EGFR 24 h lmtjnjury':'”.
When TPA0 was delivered locally to injured arteries, a
dose response effect on neointimal proliferation was ob-
served, At the 15 pp dose, there was a partial inhibition
of the profiferslive nesponse indicating the dose was not
high crough.  When 60 pg was given, thers was com-
plete inhibition of neointimal proliferation, bui some areay
of apparent SMC death wene noted in the medial layer,
imdicating that the dose was too high leading to risk of
aneurysm of rupturs. At the 30 pg dose, there was
complete inhibiton of proliferation of the neontimas
without detectable SMC damage.  So we thought that
TP 30 g was the suitable dose tor this study, In this
study, TP was given locally one time, 24 h after bal-
loon injury, Its effect was very pronounced 2 weeks

Fig 1. The photomicrograph of histologic cross-section of
rabbit common caratid artery 2 weeks after TP40 treat-
ment. (HE stain, = 200). Saline control group (A},
1140 15 pg (B), 30 pg (C}, and 60 pg (D} group.
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Fig 2. Electron micrographs of cabbil common carotid
artery 2 weeks affer treatment. A: Saline control group
{ 6000} ; B: TP40 60 pg treatment group ( = 10 000).

after treatment. 1f TP4) had been given locally several
times befon: proliferating SMC in media returned Lo qui-
escent state, the results might have been even more im-
pressive,  Because the HGHR expression of quiescent en-
dothelial cells and SMC in normal arteries was markedly
lower than that of prolilerting SMC in injured arlery,
TP40 killed proliferating SMC in balloon-injured arteries

Tab 1.
“P<{.01 vs control.

Neointimal area, medial area, and neocintimal area/medial area after TP4) treatment.

but had no apparent effeet on mmmal aneries in animals .
We observed that the uninjured cavotid arteries were histo-
logically normal even if treated with high dose of T4 &4
pg. The amount of TPH) needed (o inhibit protein syn-
thexix is dependent on the amount of EGFR on the targel
cell surface'™ . Because there is a difference in EGFR
expression in proliterating SMC compared to quiescent
SMC, it is possible {o select a suilable dose which can
kill proliferating SMC and have little effect on normal
quiescent SKMC.

Orther approaches to growth factor-targeted killing of
SMC have been investigated i vive . Pastone e al ob-
served that systemic or local administration of EGF-diph-
theria toxin fusion protein { DAB EGE} 0. 15 mg ap-
peared to inhibit injury-induced neointimal proliferation .
DABy EGF is highly cylotoxic i vascular SMC prolafer-
ating in media and this effect is mediated by BEGFR . The
mechanism of cyiotoxicity for DAB., EGE 15 1dentical to
that of native diphtheria toxin. Tt catalyzes the covalent
linkage of ADP-ribose to elongation factor-2.  This step
amests protein synthesis, causing cell death' tal They
did not further illustmle  wheather  higher dose of
DAR BGF could cause medical necrosis. Recent stud-
ies have established that proliferating SMC in culture or
i vive also express a higher number of basic fibroblast
growth factor recepiors (bRGER § than guivsoent SMC.
Casscells ef af targeted bFGFR with a fusion protein
bHGH saporin and achieved a significant reduction in
neoisimal proliferation in g dose-dependent form 1o bal-
loowrinjured rat ateries.  Saporin is a kind of vepetal
toxin, which can cause cellular ribosome mactivity .
When bFGF-saporin were given in high dose | 100 g/
kg, v, at 24, 48, and 72 b postinjury or 1-10 cp ke lo-
cally applied), however, extensive medial necrosis was
noted"'* . Both of above fusion proteins had no effect
un the uninjured anery .

n=2. x+s.

s Mepittimal area Media fmea Neoi_ntimﬂl area’
i e Media e 1% )
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Biro put forward an idea that the cytotoxic effects of the
fusion protein might cause dying SMC 1o release growth
factors which could stimulate contiguous SMC to prolifer-
ate and also saturate local growth factor receptor and
therehy inhibit the influence of the fusion protein on other
cells™*) . But his idea has not been confirmed by experi-
ment up to date. Pastore thought that this was an unlike-
ly consequence of DABgy BGF treatment. Halting pro-
tein synthesis is an attractive means of killing proliferating
SMC to inhibit necintimal proliferation, and it will lead
0 a depletion of intracellular growth factors that could
ctherwise have a mitogenic effect on nearby SMC follow-
ing lysis of the targeted SMC. The abrupt release of in-
tracellular contents of SMC may be potentially mitogenic.
In fact, the mechanism of SMC death did not appear to
involve acute disruption of cell membrane integrity.
This notion was supported by his experimental observa-
tion. The inhibitory effect of treatment with DAB,EGF
on neointimal proliferation 2 weeks was the same as 3
weeks postinjury!'?’ . Location of SMC binding TP40
and cytotoxic mechanism of TP40 are identical to those of
DARB,EGF. In this study, neointimal proliferation was
inhibited greatly in the TP40 group compared with physi-
ologic saline control group 2 weeks postinjury, and the
significant * rebound " proliferation of neointima was not
detected.

Casscells and Pastore have demonstrated thai local
delivery of fusion protein not only was superior for in-
hibiting neointimal proliferation but also avoided the dele-
terious effects associated with systemic toxicity!'2 ™,
Systemic toxicity of local delivery of TP40 60 pg was
evaluated by measurement of rabbit weight, examination
of blood cells, hepatic and renal function, and histologi-
cal observation of main organs. We did not find any ab-
nommal phenomena compared with those of physiologic
saline control group (unpublished data). So local deliv-
ery of TP4) is safe to inhibit neointitnal proliferation
postinjury in rabbits. The inhibitory effect of TP40 on
neointimal proliferation after artery balloon injury will
provide a possible new approach to the prevention of
restenosis clinically after PTCA.
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