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AIM: To study the molecular mechanism of
captopril ( Cap) on the inhibition of left
ventricular hypertrophy ( LVH ), disclose the
expression and distribution of c-myc in different
cell types in left ventricle (LV) in spontaneously
hypertensive rats (SHR). METHODS: Cap
100 mg* kg™' * d°! was given ps to SHR.
Systolic blood pressure (SBP)}, left ventricular
weight (LVW), and body weight (BW) were
measured at 16-wk old. The level of angiotensin
I (Ang I }, c-myc mRNA, and oncoprotein
were determined by immunohistochemical me-
thod, Northem blot, and Western blot,
respectively. RESULTS: Cap reduced SBP,
LVW/BW in SHR, with a decrease of Ang I
and c-myc expression in LV. Local cardial
Ang I mainly distributed in cardiomyocytes.
Cap inhibited cardial Ang Il production and
c-myec  expression ( histochemical staining
intensity index, 0.49+0.04 u5 0.83+0.24, P
<0.01). The c-myc oncoprotein was prevail-
ingly located in cardiac fibroblasts. The c-myc
oncoprotein in Cap treated SHR was lower than
that of WKY. CONCLUSION: High expres-
sion of c-myc in fibroblasts played an important
role in the development of LVH in SHR.
Inhibitory effects of Cap on LVH was associated
with a decreased myocardial Ang I and
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interstiial fibroblasts c-myc expression. The
c-myc oncoprotein post-transcriptional translation
was also interrupted by Cap.

Left ventricular hypertrophy ( LVH) in
essential hypertension is a result of hypertrophy of
cardiac myocytes and hyperplasia of cardial
fibroblasts along with abnormal accumulation of
fibrilar collagen in extracellular space and has
been speculated as a response to abnormal
expression of a series of hypertension-related
genesm. Abnommal increasing of local cardial
angiotensin [l (Ang I ), a result of the activa-
tion of cardial renin-angiotensin system ( RAS),
plays an important role in the pathological process
of LVH. In vitro, Ang I induced an
immediately, transiently increased expression of
proto-oncogene c-myc , which had been suppos-
ed to be a common response to mitogenic
stimulation'®’, in cultured cardiomyocytes and
fibroblasts. Increasing c-myc expression resuli-
ed in hypertrophy in cultured cardiomyocytes and
hyperplasia in fibroblasts®) . The role of c-myc
in inducing LVH had been also proved by trans-
genic and antisense oligonuclectide techni-
ques'*’. The previous work'™) in our laberatory
has demonstrated that captopril ( Cap)} could
effectively reverse LVH, which is associated with
decreased c-myc but not c-fos proto-oncogene
expression in left ventricle in SHR. However, it
was yet unknown that the high expression of
c-myc orginated from cardiac myocytes or
fibroblasts. This paper was to investigate the
exact location of c-myc expression in LV, and to
disclose the effect of cap on the alteration of
c-myc expression in various types of cell
population 1n LV.

MATERIALS AND METHODS

Rats Rats were offsprings of breeders
derived from Shanghai Institute of Hypertension.
Parental ¥ and % adult SHR rats were maiched
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in cages, Cap 100 mg-kg™'-d~! was given po
in solid mixture with small amount milk powder,
the ¥ SHR rats were maintained at this dosage
throughout pregnancy and lactation. ’Iheu%
weaned pups { n = 28) continued the treatment
until 16 wk of age. Only milk was given to sex-
and age-maiched unireated SHR {n=27) and
WKY controls (n = 28). Experiments were
performed on $ rats at 16 wk.

Drugs and chemicals Cap was purchased
from Sino-American Shanghai Squibb Pharma-
ceutical I1d. Chemicals for RNA extraction and
diaminobenzidine { DAB) were purchased from
Sigma Co. Aggrose, random primer kit and T,
polynucleotide kinase were from Promaga Co
{Madison Wi, USA). 3-{ N¥-Morpholino ] pro-
pane-sulfonic acid and rylon membrane were
obtained from Boehringer Co.  Nitricellulose
(NC) membrane was from Hybond™{ Germany ) ,
Nuctrap™ Push column from Stratagene Co {La
Jolla CA), [o-*P]dCTP and [7-*P]ATP were
from Beijing Furei Co. Rat c-myc ¢cDNA probes
were obtained from Institute of Cardiovascular
Basic Research of Beijing Medical University.
185 oligonucleotide probe was a gift from Dr
CHEN Yiu-Fai (Umvermty of Alabama, USA).
Monoclonal c-myc primary antibody was from
Santa Cruz Biotechnology, Inc (USA), biotin
labeled anti-IgG and SA-HRP were from Vetor Co
(USA). Other chemmals were of either AR or
molecular biology

Blood pressure (BP) and left ventricular
weight { LVW) to body weight ( BW) ratio
measurement  Systolic BP(SBP) was measured
using tail-cuff technique (MRB-Tl A computer
controlled sphygmomanometer for rats, Shanghai
Institute of Hypertension) at 16 wk of age. Rats
were weighed before decapitation, the heart was
excised, left ventricle including interventricular
septum was weighed. LVH was assessed by
LVW/BW.

Inmunohistochemical study Tissues
from LV were fixed in 10 % formaldehyde,
paraffin embedded. Sections with 6 pm thick
were processed using streptoavidin-peroxidase
(SP) immunohistochemical method® . Result
of immunoreaction was visualized by reaction of
horseradish peroxidase { HRP) and diaminobenzi-
dine.  Sections were restained with HE and
examined under a light microscope { Olympus).

Nonspecific staining was ruled out by negativ
controls { without primary antibody) .

RNA extraction and Northern blot  Tota
RNA was prepared’’ from a block of lef
ventricle {weighed 0.6 10 1.0 g). The quantit;
and purity of obtained iotal RNA were determine
by measuring the Az and Azgp al Azep om AN
A280 nm» Tespectively., Each sample containiny
the same amount (approximate 50 pg) of tota
RNA was loaded. Denaturing gel eletrophoresi
of RNA was done to confirm the purity o
extracted RNA and for further experiments.
Then RNA was transferred onto nylor
membranes. The membranes were prehybridizex
in formamide buffer {50 % formamide, 5 x
SSPE, 2 x Dephart’s buffer, 0.1 % SDS.
SSPE: NaCl 7.5 mmol - L™!, NaH,PQ, * Hy(

0.55 mmol * L™!, edetic acid 0.1 mmol - L1,
pH 8.0. 5SDS: sodium lauryl sulfete.
Denhart’s buffer: 0.02 % Ficoll, 0.02 %

polyvinyl pyrrolidone, 0.02 % BSA) at 42 °C for
at least 2 h. Hybridization was performed a
42 °C for 24 h using the same buffer containiny
the appropriciated o2 P labeled c-myc cDNA
probe prepared by random priming procedure,
Unhybridized probe was removed from the nylor
membranes with high stringency procedure {2 x
SSCA.1 % SDS at 37 °C for 15 min, twice;
0.1x SSC/0.1 % SDS at 37 C for 15 min,
twice; 0.1 x S8SC/0.1 % SDS at 55 °C for 3(
min, twice. SSC: NaCl 150 mmol - L7!,
sodium citrate 15 mmol * L™, pH 7.0). The
membranes were exposed to Fuji X-ray Film for 2
~3 da -70°C. To conirol the possible
samples variability, the membranes were washed
in0.1xSSC/0.1 % SDS at 95 °C for 5 min tc
remove hybridized radioactive probes. The
membranes were rehybridized by [¥-¥P]labeled
185 oligonucleotide probe as an internal
standard, Relative amount of specific mRNA
was determuned by densilometric scanner
( Beckman Appraise™ Densitometer, USA ).
The densitometric scores of specific mRNA were
normalized by that of 185 rRNA.

Protein extraction and Western blot'®’
Briefly, tissue samples, placed in SDS sample
buffer (Tris 25 mmol-L~!, NaCl 50 mmol-L"!,
0.5 % sodium deoxycholate, 1 % nonidet P-
40, 0.1 % SDS, phenylmethyl sulfonyl fluoride
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1 mmol - L™!, approtinin 500 kU-L"') were
homogenized., sonicated, and then centrifuged at
30000x g, 4 C for 30 min. The supernatant
was boiled for 10 min and protein concentration
was measured, then subjected to SDS-PAGE
electrophoresis.  Samples containing equal 200
pg protein from each rat were loaded per lane.
After the transfer of protein onto nitricellulose
filters, the filters were incubated for 1 h in
phosphate-buffered saline/0.5 % Tween 20
( PBS-T, PBS: NaH,PO; 15 mmol - L71,
Na, HPO, 80 mmol * L™, NaCl 1.5 mel - L™1,
pH 7.5) containing 5 % nonfat dry milk.
Immunological evaluation was performed as
followed : filter was incubated at 25 °C for 1 h in
1 % BSA/PBS-T buffer containing mouse
monoclone antibody against c-myc protein 10 mg
L', washed with PBS-T and incubated for 30
min with biotin labeled goat anti-mouse IgG
antibody, washed again and reacted with
streptoavidin again.  After exiensive washing
with PBS-T, the immunccomplexes on the filters
were visualized for 1 min with diaminobenzidine
(DAB). Finally, the filters were photographed
and subjected to densitometric analysis { Beckman
Appraise™ Densitometer, USA) .

Statistical analysis Data were expressed
as £ + 5, Student-Newman Keuls procedure in
Statistical Package for the Social Science {SPSS)
was used to evaluate the differences between Cap
treated SHR, untreated SHR, and WKY groups.

RESULTS

Cap prevented the development of
hypertention and LVH in SHR At 16 wk of
age, SBP in Cap treated SHR (n = 28) was
lower than that of untreated SHR (n = 27),
(18.8 x2.6) ws (25.7+£2.7) kPa, (P <
0.01), but still higher than that of WKY (n =
28), (18.8+2.6) us (16.2+1.8) kPa, (P <
0.01). LVW/BW in SHR was markedly greater
than that of WKY (3.6 +0.4) us (2.5+0.3)
mgeg~!, (P <0.01). Cap prevented the
development of LVH in SHR [LVW/BW: (2.61
+0.20) us (3.620.4) mg-g™!, P<0.01]
(Tab 1).

Local cardial Ang I was mainly
produced by cardiomyocytes and was reduced
by Cap treatment Immunchistochemical
staining showed that cardial Ang Il was predo-

Tab 1. Systolic blood pressure {SBP) and left ventricular
weight to body weight ratic {LVW/BW)} in Cap treated SHR
(SHRcap) , unireated SHR, and WKY rads at 16-wk old.

Txs. “P<0.01 vs SHR. 'P<0.01 vs WKY.
SHR SHRcap WKY
(27 rats) {28 rats} (28 rats)
SBP, kPa 25.7+2.7 18.8+£2.69 6.2+ 1.8
LVW/BW, mg'g~! 3.6£0.4 2.61:0.20° 2.5:0.3
minantly localized in cardiomyocytes. In SHR,

local cardial Ang ]I was apparently higher than
that of WKY ( histochemical staining intensity
index, HSII: 0.83+0.24 s 0.45x0.03, n =
12, P <0.01). Cap inhibited cardial Ang [l
production of SHR (HSI: 0.49+0.04 vs 0.83
0.24, n=12, P <0.01) to a level approximate
to that of WKY (HSI: 0.49 + 0.04 us 0.45 +
0.03, n=12, P>0.05) (Fig 1, Plate 1).

Cap inhibited c¢c-myc mRNA expression
and oncoprotein in LV of SHR  Expression of
c-myc mRNA in LV of SHR was 2.03-fold higher
than that of WKY, Cap inhibited c-myc
expression ( arbitary OD units, 0.92 + 0.17 s
1.69+0.21, n=8, P<0.01), but it was still
higher than that of WKY (arbitary OD units,
0.92+0.17 s 0.5620.12, n=8, P<0.01)
(Fig 2).

WKY SHR,.,.

NS

Fig 2. Northern biot showing the expression of proto-
mmcogene ¢-myc mRNA inm LV in SHR, Cap treated SHR
{SHRcap) , and WKY rats at 16 wk of age. Rehybridization
of the same bint with 185 rRNA probe, serving as intermal
standard, indicated the amomnt of total RNA was loaded in
each lane (bottom). Each group n =3 rats.

SHR

c-myc(2.4 kb)

18S rRNA

Western immmnoblotting was not totally
coincident with Northern blot. Oncoprotein of
c-myc in SHRcap was lower not only than that
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of SHR, (OD value: 2.1+0.4 vs 2026, n= 2oT -
8, P<0.01), but also than that of WKY (OD N
value, 2.1 20.4 v3 10.9%x 1.4, n=8, P< :; 1.8
0.01) (Fig 3). *E
SHRcq,p SHR WKY 2 Lo
=
| | | B
1'& 3 1.4} 4
- "“ e < {
1.2L L 1

Fig 3. Westerm blot showing the levelks of omcoprotein
c-myc m LV In SHR, Cap treated SHR (SHRcap), and
WKY rats (each group n =12} at 16-wk old. Each kane
contained 200 pg total protein.

c-myc Omncoprotein mainly located in
cardiac fibroblasts c-myc Oncoprotein was
mainly located in the nuclei of fibroblasts. The
HSII of c-myc in fibroblasts was 2.61 folds of
that in cardiac myocytes ( Fig 1, Plate 1,
Tab 2}.

Tab 2. Oncoprotein c-myc in cardiomyocytes and cardiac
fibroblasts n LV of Cap trested SHR. { SHRceap), untreated
SHR and WKY rats at 16-wk old. Results were assessed by
histochermical staining intensive index ( HSI) .

Each provp n=8 rais. ¥+ s.

‘Pc@.01 vs SHR. P>0.05, [P <0.01 vs WKY.

SHR SHRcap WKY
Myacytes 1.0+0.3 0,440,239  0.6+0.4
Fibroblasts 2.61+0.11 0.21+0.10¢ 0.53+0.11

Elevated c-myc expression, critical to
the development of LVH There was a positive
correlation between LVW/BW ard e-myc mBNA
(r=0.97, P<0.01) (Fig 4). No cormelation
showed between SBP and LVW/BW (r =
0.0335, P =0.93), or c-myc mRNA and SBP
(r= -0.419, P=0.915).

DISCUSSION

Present study demonstrated the underlying
interaction between cardiomyocytes and cardial
fibroblasts in promoting LVH and the correlation
in the reversal of LVH and depressed expression
of proto-oncogene c-myc by Cap treatment. We
found that cardial Ang I was mainly located in
cardiomyocytes but little in fibroblasts. This
seemed to indicate that cardiomyocytes were more

2.8 3.0 1.z 3.4 3.6 3.8 3.9
Left ventricnlar mass to body weight ratlo/mg g~?

Fig 4. Correlation between left ventricular weight to body
welght ratio (LVW/BW |} and the arbitary OD units of
c-myc mRNA expression in LV of SHR (=9, r=0.97,
P<0.01).

critical to the development of LVH than fibro
blasts. However, the fact was that collage:
usually grew faster than cardiomyocytes in LV o
SHR, resulting in fibrosis in LV®). Ang [l
functions angiotensin type 1 recepto
(AT;)Y . In cardiac fibroblasts, but not i
myocytes, there existed high affinity and densit;
of AT receptor in relation to high level of AT
receptor mRNA expression in neonatal r=
heari!''), The different distribution in Ang [I
and its functional receptor between fibroblasts an
cardiomyocytes suggested a potential role for the
fibroblasts in mediating the effect of Ang I ir
the heart. The proliferation of candiac
fibroblasts and subsequential collagen synthesi:
may be resulted from Ang [l stimulation par-
acrined by cardiac myocytes. Increasing Ang [l
in LV, on the other hand, inhibited the activity
of collagenase, or matrix metalloproteinase, ¢
critical enzyme for degradation of collagen, whicl
eventually increased the accumulation o
collagen'?), A transiently, immediately in-
creasing expression of proto-oncogene c-mye was
demonstrated as a common response to hormonal
and mechanical stmuli®’. However, our data,
together with other investigators™’, demonstrate
that well developed LVH in SHR was accompar-
ed by persistant high expression of c-mye
mRNA. We alse confirmed this result at post-
transcriptional level and further found c-myc
oncoprotein was predominately located in the
nuclei of cardiac fibloblasts. The mechanism of
such different ¢-myc expression styles between
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myocytes and nonmyocyles remains obscure.
c-rmye had been reported to be expressed in Gy
phase in cell growth cycle!™) . Impotence in
mitosis of postnatal cardiomyocyte may be
produced by the loss of stimulating growth factor,
or transducer or acquisition inhibitary factors'® J,
thus limiting cell division and c-myc expression.
In contrast fo cardiomyocytes, cardiac fibroblasts
are undergoing constant hyperplasia responding to
Ang [l stimulation resulting in a longlasting
expression of c-myc .

Cap was effective in the reversal of left
ventricular hypertrophy, which was associated
with a decreased level of local cardial
Ang T, Our data showed a significant
decrease of Ang [l content in myocyte and
c-myc expression in fibroblasts. Decrease in
Ang I contributed to the regression of
hypertrophy in cardiac myocytes and further

prevented hyperplasia in fibroblasts. Except for -

these, the inhibitory effects of Cap on LVH may
also benifit from a descendant blood pressure and
removal of the inhibition on metalloproteinase by
Ang I . Surprisingly, c-myc oncoprotein was
inhibited to a level even lower than that of its
normotensive control. The exact mechanism of
this phenomenon remains to be further studied.

This study explored an underlying molecular
mechanism of LVH confirming that the initial
activation of cardial renin-angiotensin system
critically triggered LVH. Ang [ dominantly
induced c-myc expression in cardial fibroblasts
which resulted in heart hypertrophy. Cap
effectively inhibited Ang I production and
subsequent c-myc expression, thus preventing
the development of LVH.
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Effects of genistein on aggregation and cytosolic free calcium in pig platelets’

LIU Wen®, SONG Zhi-Juan, LIANG Nian-Ci
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KEY WORDS isoflavones; genistein; throm-
bin; platelet agpregation; calcium; protein-
tyrosine kinase

AIM: To study the effects of genistein on aggre-
gation and cytosolic free calcium concentration in
platelets. METHODS: Using turbidimetry to
analyse aggregation and using Fura-2 fluorescence
technique 1o determine Ca’* level. RESULTS;
Genistein strongly inhibited the pig platelet
aggregation induced by thrombin (250 U-L™').
When genistein concentrations were 5 and 20
pmol L™, the inhibition rates on the aggregation
were 52 % and 73 %, respectively. Genistein
inhibited the rise of cytosolic free caleium
concentration in platelets stimulated by thrombin
(500 U-L™"') in the presence of extracelluler
Ca®* 1 mmol*L™'. When genistein concentra-
tions were 10, 20, 40, and 80 pmol- L™, the
inhibition rates were 24 % , 40 %, 63 %, and
65 %, respectively, but no effect on thrombin-
induced intemal Ca®* release from dense tubular
system. CONCLUSION: Genistein is a
potential anti-platelet agent, mainly due to an
inhibition of Ca?* influx.

Genistein (4,5, 7-trihydroxyisoflavone) is a
specific inhibitor of tyrosine protein kinase
(TPK)J. It inhibits platelet shape change and

! Project supported by Guangdong Research Foundation for Key Field,
Mo G306.
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protein tyrosine phospharylation in platelet™®
In the present study, we investigated the effect «
gemustein  on  thrombin-induced pig platele

aggregation .

MATERIALS AND METHODS

Thrombin, egtazic acid, Fura 2-AM, Trito
X-100, bovine serum albumin ( BSA), RPMI
1640, and genistein were from Sigma. All othe
chemicals were AR.

Pig blood collected in plastic tubes ar
anticoagulated with 0. 15 volume of ACD (trisod
ium citrate 86, glucose 111, citric acid 53 mmo
LY.

Platelet aggregation Pig blood was spus
at 200 x g for 15 min, and the supematant wa
then spun at 800 % g for 10 min. The cells wen
resupended at 2 x 10" platelets* L' in Tyrode
HEPES buffer (NaCl 140, KCl 5, MgS0, 1.
HEPES 10, glucose 10 mmol*L~', pH 7.4}
Platelet aggregometry was carried by an SPA-
aggregometer %DShanghm) . The platelet suspen-
sions (0.2 mL) were incubated with genistein fo
2 min, and then stimulated with thrombin 250 U-
L~ for 3 min.

Cytosolic free calcimm  Suspensions of :
% 10" platelets* L~ in an RPMI-1640 (pH 7.4)
containing 0.2 % BSA and HEPES 10 mmol -
L~! were incubated with Fura 2-AM 2.5 pumol -
L™ at 25 °C for 45 min. The cell suspension
was then spun at 800 x g for 10 min. The
resuspension was of 3 x 10'° ~ 4 x 10'° platelets-
L~! in a Tyrode-HEPES buffer. Fluorescence
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