ISSN (2539756 Acta Pharmucol Sin & B 3% 32 540
www _chinainfo, gov, en/'periodical - 795 -

hitp: ./ wwW. SImm. & . Con;

1999 Sep; 20 (9, 795 - 70

Inhibitory effect of recombinant TGF ,-PE4(
on vascular smooth muscle cell proliferation!

WANG Bing®, GUAN Zhan-Jun, ZHANG Guo-Yuan, WU Zong-Gui

( Department of Cardiology . Changzheng

Hospitul , Second Military Medical University, Shanghai 200003 . China)

XU Yong-Hua, JIANG Wan-Li

( Shunghat Institue of Cell Biology, Chinese Academy of Sciences ., Shanghai 200031, China }

RUI Yao-Cheng’, CHU Zhi-Yong
Medical University, Shanghai 200433, China)

KEY WORDS
growth factor-urogastrone  receplors;

growth alfa;

exotoxins; cultured cells

vascular smooth muscle; epidermal
transforming

facior Pseudononas  aeruginosa ;

ABSTRACT

AIM: To study inhibitory effect of recombinant
transforming growth factor e- Pseudomonas  exotoxin
fusion protein ( TP40) on proliferation of the cultured
vascular smooth muscle cells (SMC). METHODS:
Expression of epidermal growth factor receptor ( EGFR)
mRNA and EGFR in cultured proliferating and
quiescent SMC was analyzed with Northemn blot and
immunchistochemistry.  Inhibitory eftects of TP40 on
SMC proliferation and protein synthesis were analyzed
with crystal violet staining and [*H]leucine incorpora-
tion. Competition assays were performed by the addi-
tion of 100-fold excess of EGF. RESULTS: Expres-
sion of BGFR mRNA and EGFR in rapidly proliferating
SMC increased than that in quiescent SMC.  When the
concentration of TP40 was 10 or 100 pg'L‘l.
inhibitory effects of TP40 on rapidly proliferating SMC
proliferation and protein synthesis were much higher
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than that on quiescent SMC ( P <0.01}, and the ICy,
of [*H]leucine invorporation against rapidly prolifera-
ting and quiescent SMC were 8.01 {5.05—12.69) and
121,95 (90.98 — 163.47) pg*L™'. FExcess EGF
completely blocked inhibitory effects of TP4OD.
CONCLUSION: The rapidly proliferating SMC
express EGFR at a high level. TP40 selectively
inhibited the proliferation of rapidly proliferating SMC.
The cytotoxic effects of TP40 were specifically
mediated by EGFR.

INTRODUCTION

Percutaneous transluminal coronary angioplasty
{PTCA ) has become a successful and widely used
treatment for patients with coronary artery disease.
Nevertheless, its major limitation lies in restenosis,
which occurs in 30 % — 50 % of the patients within 6
months'"?',  One of the primary mechanisms respon-
sible 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 continne to proliferate and secret
extracellular matrix, with ultimate encroachment on the
vessel lumen'*'.  Despite intensive clinical and
experimental investigations over the past decade, the
attemnpts to inhibit the events leading to this proliferation
have met little svccess. There is no drug that
consistently inhibits this response clinically. Once
vascular SMC are activated postinjury, they overexpress
several cell surface growth factor receptors than
nonactivated SMC.  This differential expression of
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growth factor receptors provides a raticnale for the uvse
of growth factor receptor-specific cytotoxic agents 1o
target the activated, proliferating SMC that typically
constifute a restenotic lesion. It was the purpose of the
present investigation to dctermine whether epidermal
growth factor ( EGF) receptor-directed cytotoxicity,
using the recombinant transfonming growth factor o-
Pseudomonas exotoxin 4) ( TPA)) fusion protein, could
inhibit the proliferation of SMC.

MATERIALS AND METHODS

SMC culture Cultured SMC were isolated from
New Zealand white rabbits (2.5 - 3.5 kg) by explant
method*?, identificated by typical morphological
characteristics and immunchistochemical staining for
antimuscle actin.

EGFR expression of SMC  Rapidly proliferat-
ing SMC compared with guiescent SMC were obtained
using SMC ( passage 3) grown in MEM ( Gibco )
supplemented with either 20 % or 0.5 % calf serum,
The twotal BNA was extracted from SMC  using
guanidinium isothiocyanate method. EGFR mRNA
expression in SMC was examined by Northem blot
analysis using a random-primed [P ] DNA probe'®
The plasmid (Ph EGFR,,} was kindly supplied by Dr
Richard POULSON, Laboratory of ICEF Histopatho-
logy, UK. «[®P]-dATP was obtained from Amer-
sham Corp. After SMC were fixed with 4 % poly-
formaldehyde, they were stained with a polyclonal
antibody to EGFR {kindly presented by Dr XU Yong-
Hua} with immunohistochemical ABC method.

Effect of TP40 on SMC proliferation SMC
(passage 4 and 5) at confluence were seeded in 96-well
plates at a desity of 5 x 10°/well (6 wells each group}
in MEM supplemented with 20 % calf seum after
trypsinization and incubated at 37 C in 5 % CO, for
24 h to permit attachment. Quiescent SMIC were
incubated in MEM supplemented with 0.5 % calf
seum for another 72 h. The medium was replaced
with medium containing TP40 (0.1, 1, 10, and 100
pg' L™ contructed and supplied by Dr XU Yong-
Hua). After incubation for 48 h, cell number was
measured by using a modification of Flick's
procedure™ . Inhibitory rate was calculated: Inhibi-
tory tate (%) = [{ A of the control group-A of the
TP40 group)/A of the control group] x 100 %

Effect of TP40 on SMC protein synthesis
SMC ( passage 4 and 5) seeding and concentration of
TP40 were the same as those described above. After
SMC were incubated with TP40 for 48 h, [*H]lencine
( Amersham Corp} 18.5 kBq/well was added to cach
well. SMC were incubated at 37 C for 4 h. washed 3
times with PBRS, and extracted with a cell harvester.
Radioactivity was measured by a liquid scintillation
counter { Shanghat Instimte of Nuclear Research,
Chinese Academy of Sciences ). The results were
expressed as a % of control without toxin.

Competition assay of EGF to TP40 SMC
(passage 4 and 5) were seeded in 96-well plates at a
density of 5 x 10°/well in MEM supplemented with
20 % calf serum (6 wells each group).  After
incubation for 24 h, excess EGF and acidic fibroblast
growth factor { aFGF) {the gift of Dr ZHANG Jian-
Jun, Department of Cardiology, Shanghai First People
Hospital) 1000 ug-L~'(100-fold) were added. TP40
10 ug"L ™" was then added after incubation for another
2h, Only TP40 was added in positive control,
medium without TPA) and other growth factors was
added in negative comtrol. Afier a 48-h incubation
period, synthesis was estimated by the
[*H]leucine incorporation assay .

Statistical analysis Between-group comparisons
were made with the ! test at the same concentrations .

protein

RESULTS

EGFR expression of SMC There was very
little expression of EGFR mRNA in quiescent SMC.
The expression of EGFR mRNA increased in rapidly
proliferating SMC. The rapidly proliferating SMC
exhibited the brown immunoperoxidase reaction
indicative of EGFR. The reaction product was located
mainly on the membrane of the SMC. The quiescent
SMC showed no immunoreactivity (Fig 1, 2).

Inhibition of SMC proliferation by TP40
When the concentration of TP40 was 0.1 or 1 peg+L7!,
growth suppression to rapidly proliferating SMC was
slightly higher than that to quiescent SMC { P >0.05) .
When the concentration of TPA) was 10 or 100 pg-
L-!, growth suppression to rapidly proliferating SMC
was much higher than that to quiescent SMC ( P <
0.01) (Fig 3}.

Inhibition of SMC protein synthesis by
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Fig 1.
cultured SMC by Northern blot.
2) Rapidly proliferative SMC.

Detection of EGFR mRNA expression in
1] Quiescent SMC.

25 um

\\’

EGFR expression of culowred proliferating

SMC by immunohistochemical staining. x 400.

TP4A0 When the concentration of TP40 was 0.1 or 1
ng L™', the inhibitory effect of TP40 on rapidly
proliferating SMC protein synthesis was slightly higher
than that on quiescent SMC protein synthesis ¢ P >
0.05). When the concentration of TP40 was 10 or
100 ug L, the inhibitory effect of TP40 on rapidly
proliferating SMC protein synthesis was much higher
than that on quiecent SMC protein systhesis { P <
0.01). The ICs, values (95 % confidence limits )
against rapidly proliferating and quiescent SMC were
8.01 {5.05~12.69) and 121.95 {90.98—163.47)
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Fig 3. Inhibitory effects of TP40 on rapidly pro-

liferating and quiescent SMC proliferation, and pro-
tein synthesis. n=6. xxs. “P<0.01 vs quies-
cent SMC.

ug L1, respectively {Fig 3}.

Competition assay of EGF to TP40
[*H|leucine incorporation of the excess EGF group
which approached that of blank control { £ >0.05) was
much higher than that of excess aBGF and TP40 groups
(P <0.01). It illustrated that excess EGF completely
blocked inhibitory effects of TP40 and pointed out that
the cytotoxic effects of TP4) were specifically mediated
by its binding to the EGFR (Tab 1).

Tab 1. Competition of cytotoxicity of TP40 by coincuba-
ton with excess of EGF and aFGF. n =6 wells.

xts, P>0.05, ‘P<0.01 vs EGF/TP40.
[*Hleucire incorporation/Bg
Blank control 65.9+4.8°
TP 26.3x1.6°
aFGE/ TP B.3+2.4°
EGF/ TP} 61.9x+3.3
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DISCUSSION

A key feature of restenosis in many patients is the
accumulation of intimal vascular SMC.  Although it is
is initiated,
substantial in virre data as well as indirect evidence
from the study of human atherosclerotic arteries support
the concept that growth factor play an important role in
this process. Crowth factors such as EGF. FGF,
platelet-derived growth factor ( PDGF ), transforming
growth factor beta ( TGF,), insulin-like growth factor
[ (IGF-[ ) and IGF-1l may be involved in this
processlsw. Many studies have provided evidence that
proliferating SMC express a high number of receptors
for EGF, FGF, PDGF, and IGF-1 than quiescent
SMC. In the present smdy. we found that
proliferating SMC expressed high levels of EGFR
mRNA and its protein. This increase in EGFR gene
expression and function may play an important role in
the proliferation of SMC that follows angioplasty. We
have attempted to take advantage of this increase in the
EGFR by 1argeting a cytotoxic agent to the proliferating
SMC.

Transforming growth factor a ( TGF,) has a 30 %
amino acid homology to EGF including conservation of
all six cysteines. The two ligands are recognized by
the binding site of the EGFR with practically identical
affinities’™ . They both activate EGFR protein kinase
activity and stimulate cell growth.  Pseadomonas
exotoxin { PE) is an extremely potent toxin,
cytotoxicity mediated by its three domains. Although
the intact exotoxin molecule is cytotoxic to virtually all
cells. its cytotoxic effects are remarkably reduced when
its cell binding-domain { domain [ } is deleted to
produce a H0-kDa protein ( PE40)-*°'.  When the
gene encoding TGF, is fused to the gene encoding
PEA), a fusion protein containing TGF, and PE) is
produced. The recombinant protein termed TP can
be made in £ coli*>'").  TP40 has the ability to target
cells bearing BEGFR. The steps involved in TP40
mediated cytoxicity include; ([} hinding of the TGF,-
toxin complex to EGFR; (2) translocaton of the entire
complex to the cytosol in clathrin-coated vesicles; (3)
cleavage of the toxin into the translocation domain
{domain |} } and the protein inhibition domain
(domain [l ); and (4} ADP-ribosylation of elongation
factor 2 by domain [l . an effect that inhibits protein

not known how SMC proliferation

synthesis and thereby causes cell death''' . The issue
whether TP40 can induce proliferating SMC apoptosis
remains coniroversial.

The activities of inhibition to cell proliferation by
TP40 depend on the amount of EGFR on larget cell
surface’™ . In this smdy, we observed that TP40
inhibited cell protein synthesis and proliferation after it
was added to cultured rapidly proliferating SMC which
expressed EGFR at a high level, an effect greater than
that seen against quiescent SMC that expressed EGFR at
4 low level, Competition studies using excess EGF
indicated that cytotoxic effects of TP4) were specifically
mediated by the BEGF receptor. According to the
different EGFR expression in proliferating SMC and
quicscent SMC, there is a possibility to sclect a suitable
dose which can kill proliferating SMC and less influence
quiescent SMC. TP40 that selectively targets actively
proliferating SMC might be applied t©o preventing
restenosis after PTCA .
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By, Wit EAEAEES KE T S0 T84
BERAED (TP40) 3 11 & T # UL 41 B (SMC) 1
WAAMER. HiE. I RNA BRI R4k
i B T SMC B A IEH SMC £ & %
KEF 4k (EGFR) ) ik, M ER R
PH]ZE SRS A4 TP #IEH 4 SMC fl %
1EHH SMC W R B B A AR fE R, Hit&
EGF(TP40 7 B 7 100 %) T $ 4550 TP40 A9 40 i 5
fER]. 8. MW SMC EGFR #9 mRNA K Z &
HORMRERED TH LY SMC. TR0 W
#7110 B 100 peg-L7'BT, WIETHHR SMC HEH R EQ
WA B A 40T PR R 1L B SMC 3 (P < 0.01).
[ H]EBBEE AIPH B IC, & K 95 % i {FH 7
B4 8.01 (5.05 - 12.69) FI 121.95 (90.98 —
163.47) pg+L~'. i & BGF fE 72 2953 TP40 A9 40
WMEEH. ik, HEY SMC RER KT i %k
EGFR, TP40 114 5 #] SMC #1385 B 4 5 17§10 i
fER . fERIER{Y B4 A FGFR.
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