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Inhibition of left ventricular hypertrophy and expression of
proto-oncogenes ¢c-myc other than c- fos in myocardium
by early captopril treatment in SHR rats’

CHEN Song-Cang. CHEN Da-Guang®, BAO You-Di', JING Xue-Qing. LIN Ying-Qiang®,
WANG Hua-Jun {Hvpertension Division, First Affiliated Hospital, Fujian Medical College;
*Laboratory of Genetic Engineering , Fujian Medical College., Fuzhow 350005 , China)

AIM: To explore the mechanisms by which
inhibitor
(ACEI) prevents the development of left ven-
tricular hypertrophy (LVH). METHODS.
Captopril (Cap 100 mg+kg™'+d™') was given

angiotensin  copverting enzyme

orally to § spontanecusly hypertensive rats
from intrauterine period to 16 wk of age. Ex-
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periments were performed at 40 wk of age.
SBP, left ventricular weight to body weight
ratic (LYW /BW} were assessed. The levels of
c-myc and ¢ fos mBRNA in the left ventricle
RESULTS:
therapy significantly de-

were measured by Northern blot,
Early-onset Cap
creased SBP. After discontinuance of treat-
ment {or 24 wk. SBP of SHR.., was still main-
tained at a lower level. LVW/BW in SHR.,
was markedly reduced. The expression of
myocardial c-mye mRNA was decreased by
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72 % in SHR.,, compared with that in the un-
treated SHR , but the expression of myocardial
c-fos mRNA was not different between the
untreated SHR, SHR,.. and WKY rats.
CONCLUSION: Early Cap treatment may
permanently prevent the development of
hypertension, inhibit LVH. Furthermore, the
prevention of LVH is associated with a de-
levels, and the

crease in c-myc mRNA

development  and  regression of  left
ventricular hypertrophy may be irrelevant 1o

c- fos expression,
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Left ventricular hypertrophy (LVH) may
respond to various stimuli such as mechanical
load, agonists‘’,
myotrophin'”, and angiotensin II (AII)™,

They elicited the “immediate early genes” eg,
4 2

a,-adrenergic  receptor

proto-oncogenes, c-fos and c-myc transcript,
and “late responsive genes” eg, fetal contrac-
tile protein genes for f-myosin heavy chain
and a-skeletal actin expression, subsegquently
leading to increase in fetal contractile protein
synthesis and myocardial cell size, as well as
LVH development. Some authors suggested
that changes in expression of c-myc and c-fos
might be 2 part of a sequence of events result-
ing in myocyte hypertrophy',

Angiotensin converting enzyme inhibitor
{ACEID), Cap, lowered kblood pressure and in-
hibited cardiac hypertrophy. So far, no study
on the relation between the change in cardiac
proto-oncogene expression and LVH inhibition
by chronic administration of Cap has been re-
ported. The purpose of this study is to inves-
tigate the changes in cardiac c-fos and c-myc
mRNA levels during LVH inhibited by early
Cap treatment. in the hope of cbtaining an un-

derstanding of the mechanism by which Cap
inhibits LVH.

MATERIALS AND METHODS

Chemicals snd DNA probes Chemicals {or RMA
extraction and standard Chemicals used in the experi-
ments were purchased from Sigma Co Agarose, Ran-
dom primer Kit and T, polynuclectide kinase were put-
chased from Promege Co (Madison Wi, USA ). Mops
and nylon membranes were bought from Boehinger Co
(Germany ). Muctrap™ Push Columns came f(rom
Stratagene Co (LaJolla CA 3 [o-¥* P ACTP and
[*-*PJdATF were bought from Beijing Furei Co. Rat
¢-fos and c-myc cDNA probes were obrained from In-
stitute of Cardiovascular Basic Research ., Beijing Medi-
cal University. 188 Oligonucleotide probe was & kind
gilt from Dr Yiu-Fai CHEN (University of Alabama,
Birmingham AL, USA). Other chemicals were either
AR or molecular biology grade. Cap was bought from
Sino-American Shanghdi Squibb Pharmaceutical. Ltd.

Rats and treatment  All rats were offsprings of
breeders derived [rom Shanghai Institute of Hyperten-
sion. Once parental 4 and ¥ SHR of 16 wk old were
put together in cages, Cap (100 mg+kg™'+d™',) was
given once a day orally in mixture with small amount
of milk powder. The ¥ SHR were maintained on this
dosage throughout pregnancy and lactation. The %
weaned pups continued to be treated until 16 wk of
age. 3 . age-matched untreated SHR and WKY con-
trols were given only milk powder. The rats were
housed in groups of 3—4 each cage ar constant temper-
ature 2243 C . humidity 6015 % and a 12 h light/
dark cycle. Water and standard laboratory rat chow
were consumed ad fib. Experiments were periormed
on 40-week-old 3 rats.

Blood pressure measurement Systolic blood
pressure (SBP) and heart rate {HR) were measured
using tail-cull technique (MRB- E A computer control
sphygmomanometer for rats. Shanghai Institute ol
Hypertension ). After drug withdrawal, SBP in
Cap-treated SHR (SHR..}, unireated SHR. and
WEKY, were measured every § wk.

Mensurement of left vemtricle weight (LYW) to
body weight (BW ) ratio
were decapitated, The bearts exeised, great vessels,

After weighed. the rats

atria and right ventricular free walls were removed.
The ventricles with the interventricular seprum were
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derermined. LVH was assessed by LVW/BW.

RNA extraction and Northern blet A block of
left ventricles was immediately homogenized by using a
palytran homogenizer on ice. Subsequent exiraction of
tatal cellular RMA followed the acid guanidinium thio-
cyanate-phenalchloroform procedure®’. Tatal RNA
was dissoloved in 0. 1 % DEPC-treated water contain-
ing 1. 5¢10° U RNasin-L~'. The guantity and purity
of the RNA were determined by measuring the A
and Azp. Total RNA was separated by elerraphoresis
through agarase gel. and transferred to nylon mem-
branes by capillary blotiing. The quantity of RNA in
each track was verified by ethidum bromide staining
before and after the transfer. The RNA was fixed to
the membrane by the exposure to uv rays. The mem-
brane was prehybridized at 42 T for at least 2 h. Hy-
bridization was performed ar 42 C for 24 h using the
same buffer containing the appropriate * P-labeled
DMA probe prepared by random-priming precedure.
[e-* PJACTF was separated from the * P-labeled
probe by Mucirap™ Push Column. Specific radicactivi-
ties were 1. 9 10" dpm /g DNA. Unhybridized probes
were removed from the nylon membrane with S8C/
SDS. The membranes were then exposed to Fuji X-ray
film (Fuj-phoro-film, Japan} for 2—3 d Cup 1o 7 d for
c-myc » with an iniensifying screen ar —70 T. Alter
autoradiography. the membranes were washed in
0.1 % S8C/0,1 % SDS for at 95 ¢ 3—5 min. To
control the possible sample variability . the membranes
were rehybridized with a 185 oligonucleatide probe as
an internal standardization, The piobe was radiola-
beled by using T, polynucleotide kinase and [¥-**F]
ATP. Relative amounts of RMA were determined by
densitomerric scanner { Beckman Appraise™ Densito-
meter, USA ), The densitomerric scores of specific
mRNA were normalized by that of 188 TRNA.

Statistical aoalysis Data were expressed as T+
5 ANOVA with Mewman Kuels procedure was used
to evaluare the differences hetween the 3 groups.

RESULTS

1 Cap prevented the development of hyper-
tension in SHR, even after removal of treat-
ment.

2 Cap sustainedly inhibited LVH, even after
withdrawal of treatment.

3 Cap reduced caidiac expression of c-mye
proto-oncogene. Inhibition of LVH was asso-
ciated with the attenuation of cardiac c-myc
expression.

4 Cap did not change cardiac c-fos expres-
sion. The expression of cardiac c-fos was not
essential for the development and inhibition of
cardiac hypertrophy.

At 16 wk of age, when the medication
was remaved, SBP of SHR.,.. untreated SHR
and WKY were 19.54+1.2, 27.241. 3, 16. 8
+ 0. 8 kPa, respectively. SHR,, had a signif-
icant decrease in SBP (7. 74+ 1. 2 kPa) com-
pared with untreated SHR. After withdrawal
of treatment, SBP in SHRcap slightly rose
with age. but still maintained a relatively low-
er level than that of age-matched SHR (20. 9
+1.2vs 28.31+1. 3 kPa, P<0.01). Only a
1.5+ 1. 2 kPa increase in SBP from 16 wk to
40 wk was found in SHR.., group (Fig 1).
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Fig 1. Systolic blood pressure of treated (m=29) and

untreated (= 28) SHR and WKY (a=23%) from 16
until 40 wk of age, Captopril treatment (100 mg
kg™'-d"") was removed in SHR.., at 16 wk of age.

Mo significant changes were seen in HR
among the 3 rat groups. However, at 40 wk
of age. the BW of WKY was significantly
greater than that of untreated and treated
SHR. Cap therapy did not affect BW. LVH
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was found in untreated SHR ©»s WKY (P <C
0. 01). LVW/BW was markedly reduced in
the treated group and almost reversed the lev-
el of WKY rats {Tab 1),

Tab 1. Characteristics of treated and untreated spon-
tanseously hypertensive rats (SHR) and Wistar-Kyoto
rats (WKY) at 40 wk of age. “P<CD. 05 as compared
with SHR. "P<(. 05 as compared with WKY.

%  SHR SHR..; WKY
H‘;;;}“‘e” 28 358433 359432 35628
Body wt/g 28 3331200 326x21°  380=41"
L“;i’:ﬂw 22 3.5840. 2 2. 56+0.18" 2. 3340, 2°

Northern hybridization demonstrated that
both the c-mype and c- fos probes reacted with
single RINA species in preparation of total
RNA from LV of the 3 groups of rats (Fig 2},
two known sizes being 2. 4 kb {or c-myc
mRNA and 2. 2 kb {or ¢~ fos mRNA, LV sam-
ple from SHR expressed 3. 8-{old (P<C0. 017

SHR.w,
r T T 1
X K K XL N I N N Ll rtEea-) Ly
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Fig 2. MNortherm blot showing the levels of proto-
oncogenes c-mye and ¢-fos mRNA e LYV in SHR.
SHR., . WKY at 40 wk of age. Rehybridization of the
same blot with 18§ oligomucletide probe indicated that
equal amouats of RINA were loaded in each lane tbot-
tom>. Similar results were obtained from 2 and 3 sddi-
tional experimnts. respecilvely.

WKY SHR

higher c-myc mRNA /188 rRNA ratio. in com-
(Fig 23.
There was a decrease in c-myc mRNA in the
LV sample in SHR,,, compared with that in
SHR (0. 57+ 0.13 ws 2. 07+ 0. 16, c-mw
mRNA/185 rRNA ratio, arbitrary densito-
metric units,» P<70.01). Quantification of the

parison with that from WKY rats

extent of the hybridization showed no signifi-
cant difference in the c-myve mRNA levels be-
tween LV sample from WKY and SHR..,.
Compared with c-myc expression. c-fos ex-
pression was not different in LV in the three
groups of tats. The magnitude of LV c-fos
mRNA in 40-week-old SHR was similar to
that in age-matched WKY (1.01 0. 16 s
1.01 &= 0. 17 c-fos mRNA/188 rfRNA. P~
MNS). Although early Cap treatment prevented
LVH in SHR, visual inspection of the autora-
diographs indicated that Cap therapy did not
affect c-fos expression of myocyte. MNo sub-
stantially different expression of c-fos was
found between LY in SHR,,; and in SHR of the
same age (Tab 2),

Tab 2. C-myc and c-fos transcript levels corrected
for 185 rRNA level. “P<(0. 05 vs SHR.

mRNA/

L8S sRNA " SHR SHR.., WKY
c-myc 5 2.07=0.16 0.57+0.13 0. 5440 11°
o fos 7 1.01+£0.16 1.05+0.15 1.01+0.17
DISCUSSION

It has been demonstrated that during the
development of genetic hypertension there is a
critical phase of sensitivity to pharmaceutical
interference™™, Recent study by Wu and Bere-
cek‘” showed that intrauterine treatment with
Cap prevented the development of hyperten-
sion in SHR. the effect even being maintained
after cessation of therapy. Our results cor-

roborated their observation. Although the
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exact mechanism resulting in the prolonged
hypotensive effect following Cap therapy re-
mains obscure. gurs {data not published) and
other data showed the Cap’s ability to block
All-induced vascular contraction and hyper-
trophy which may amplify vasoconstriction:”
and its ability to suppress degradation of
bradykinin and kinin which is a potent activa-
tor of nitric oxide (NO) endothelium-derived
relaxing factor (EDRF), a powerful vasodila-
tor®’, both the properties of Cap contributing
greatly to preventing BP elevation for a long
fime.

The proto-oncogene c-mvc encodes trans-
criptional factor and regulates celluar prolifer-
ation and differentiation. There was evidence
that the expression of c-myc gene was detected
in the heart of both necnatal and adult rats,
and its expression gradually decreased after
birth**'. Furthermore, an increase in the cell
size of nondividing cardiac myocytes induced
by A I, norepinephrine(NE) was preceded by
rapid and transient increased expression of
c-myc gene. Cardiac hypertrophy induced by
mecHhanical averload sn vsive also exhibited sim-
ilar results. Excess c-myc expression in trans-
genic animals also induced an increase in heart

Y99 Our results showed that the expres-

size
sion of c-myc gene was markedly increased in
LV of SHR at 40 wk of age compared with
that of age-matched WKY. These results
demonstrated that the proto-oncogene c-myc
expression may play a significant role in the
development of hypertrophy. Recently. Shi ef
al'’"” showed that antisense c-myc oligomers
exhibited a significant antiproliferative effect
on smooth muscle cells in witre and in vive.
Their findings support a role {or c-mve gene
product in mediating a hypertrophic response.
Several data in vivo showed that AII plays a
critical role in pathophysiclogy and mainte-
nance of LVH""", ACEI was sufficient to re-

duce LVH in SHER, concomitant administra-
tion of AII with ACEI prevented the effect of
ACEIY"™, Another dara showed that treatment
with ACEI in SHR lowered LVW and LV AII
content, and a significantly positive correla-
tion betrween them*'"'. Even more intriguing
were our results, which revealed a marked de-
crease in c-mve mRNA 1n SHR,,, with reversed
LVH compared with that in SHR, and also
showed the c-myc mENA expression levels in
SHR,, to be almost the same as those in
WEKY. Inhibition of LVH by Cap therapy may
result from the atrenuation of local AIl con-
tent, and All-induced sympathetic drive,
which result in supression of c-myc expression
and subsequently preventing the fetal contrac-
tile protein synthesis. The proto-oncogene
c- fos also encodes nuclear protein and control
cellular proliferation and differentiation. In
contrast ta c-myc, in the intact animal c-fos
expression in cardiac muscle gradually in-
creased with age™. Like c-myc gene, in acute
expetiments. a variety of humoral or mechani-
cal stimuli inducing cardiac hypertrophy in
witro and fn vive elicit rapid and transient ex-
pression of ¢-fos gene preceding expression of
fetal contractile protein gene. However, it is
still unknown whether c- fos gene stimulation
is essential for the development of ventricular
hypertrophy. Our study showed that levels of
c- fos mRNA were not appreciably increased in
intact LV of 40-wk-old SHE compared with
that of age-matched WKY,

chronic administration of Cap did not change

Interestingly,

the expression of ¢- fos gene even if LVH had
been inhibited. It seems that no c- fos expres-
sion may be needed for development of cardiac
hypertrophy in vive although we can not ex-
plain the phenomenon in detail.

Clinical Implications: Our study demon-
strated that enhanced expression of c-myc is
essential for the development of LVH, LVH
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inhibition may be mediated by decreased ¢-mye
expression. It is anticipated that the c-myc
antisene oligomers may have therapeutic role
in the reversal of LVH.
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