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Objective: To understand the role of ANP mRNA transcription regulation in gp130—-mediated
cardiomyocyte hypertrophy, and the involved mitogen—activated protein kinase kinase (MEK)—
extracellular signal-regulated kinase (ERK, also called p42/p44 MAPK) signaling pathway.
Methods: Tsolated neonatal ventricular myocytes were treated with different concentrations of
CT-1 (107, 10 and 107" mol/L). MTT was used to analyze the viability and RT-PCR was used to
detect ANP mRNA levels in cardiomyocyte. To inhibit p42/p44 MAPK activity in hypertrophic
cardiomyocytes, the cells were pretreated with a specific MEK1 inhibitor. Results: CT-1
significantly induced ANP mRNA expression and the viability of cardiomyocytes in a dose—
and time—-dependent manner. Furthermore, blocking p42/p44 MAPK activity by the special
MEKI1 inhibitor upregulated the ANP mRNA. Conclusions: p42/p44 MAPK have an important
role in suppressing ANP mRNA transcription and cell activity in gp130—mediated hypertrophic

ventricular myocytes.

1. Introduction

Under normal physiological circumstances, atrial
natriuretic peptide (ANP) is almost exclusively found
in the atrium and is only in the ventricle during
embryonic development. During periods of sustained
increase in blood pressure and associated compensatory
left ventricular hypertrophy, ANP is induced more in
ventricular myocardial cells. Overexpression of ANP is

an adaptation of cardiomyocyte, and multiple evidence
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has shown that increasing expression of ANP is associated
with the inhibition of hypertrophyll.2l. ANP inhibits
cardiomyocyte size increase and protein synthesis in
cultured cardiomyocyte when stimulated by angiotensin
IT or endothelin 1 (ET-1)341. Evidence for ANP inhibition
has also been observed in genetic models of spontaneous
hypertension and related conditions of pressure and
volume overload. The adaptation of myocardium is initially
associated with an increase in gene transcription of ANP in
vivol5-71.

The mitogen—activated protein kinase (MAPK) is a family
of serine—threonine protein kinases that are activated by a
number of extracellular stimuli. Three major subfamilies
have been characterized, including extracellular signal—
regulated kinase (ERK), also called p42/44 MAPK, p38
MAPK, and JNK, which mediate downstream effects via
activation of appropriate transcription factors and play role

in cellular roliferation, differentiation, and apoptosis(8.9l.
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Although it has been reported that p38 MAPK pathway
is involved in ANP transcription(10l, furthermore, MAPK
kinase (MEK) and p42/p44 MAPK are potential activators of
hypertrophyl9.11], little is known as to whether p42/p44 MAPK
is involved in the expression of ANP gene.

Cardiotrophin—1(CT-1), as a 21.5 kDa protein, was identified
by expression cloning based on its ability to induce
cardiomyocyte hypertrophy, and characterized as a member
of the TL—6 family and a factor to induce cardiomyocyte
hypertrophy12.13].

The binding of CT-1 to its receptor activates Janus kinases
(JAKs) which then phosphorylate gp130, producing binding
sites for proteins with scr homology 2 (SH2) domains, such as
growth factor receptor bound protein2 (GRB2). This is then
the starting point for a Ras/Raf/MEK/ERK/p90 RSK cascade
[14].

In this study, CT-1-stimulated hypertrophic ventricular
myocytes were used for studying ANP mRNA transcription
under the suppression of the MEK/ERK (p42/p44 MAPK)
pathway.

2. Materials and methods
2.1. Chemical compounds and reagents

Dulbecco’s modified eagle medium (DMEM) medium
(Boehringer Mannheim GmbH) prepared with positive
pressure filtration sterilization and adjusted to pH 7.2 was
kept at 4 ‘C. D-Hanks plus enzyme solution was prepared
with pancreatin (DIFCO", Becton Dickinson and Company;
dilution 1:250), diluted to 0.8 g/L (pH 7.2, Ca’™ and Mg”
free), filtrated through a microporous membrane (0.22 ¢ m)
and stored at —20 ‘C. 5-Bromodeoxyuridine (BrdU, SERVA
Co. Ltd) was diluted to 10 mmol/L, then filtrated through
a microporous membrane and stored at —20°C. 3—(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) (Sigma— Aldrich, St Louis, MO, United States)
was dissolved at a concentration of 5 mg/mL in DMSO. MEK/
ERK1/2 activation inhibitor (PD098059, Sigma—Aldrich Co.)
was prepared at a concentration of 5 mmol/L. Calphostin C
(Cal C, a PKC inhibitor, Sigma—Aldrich Co.) was prepared
at a concentration of 1 mmol/L. CT-1 (Alomone Labs Ltd.,
Jerusalem, Tsrael) was prepared at 5 mmol/L, 1 mmol/L. and
10 £ mol/L.

RNA extraction reagents were TRIzol reagent (Life
Technologies, Carlsbad, CA, USA), lower melting point
agarose (Promega Co., Madison, W1, USA); Tris—boric acid
(TBE) electrophoresis buffer (10x): 108 g Tris base, 55 g
boric acid and 40 mL of 0.5 mol/L. EDTA, pH 8.0; 10 mg/mL
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ethidium bromide (Sigma—Aldrich Co.). Before use, the

agarose was diluted in 1XTBE.
2.2. Neonatal ventricular myocytes preparation and culture

Primary cultures of ventricular myocytes were prepared
from 1-day—old Sprague—Dawley neonatal rats using an
established lab protocol. The isolation procedure uses 0.8 g/L.
pancreatin, pH 7.2 (DIFCO™
Company, Franklin Lakes, NJ, USA) and 0.08% trypsin

solution for 10 min to produce separated cells, which were

, Becton Dickinson and

seeded on glass coverslips (3 mm diameter), and beat
spontaneously. Cells were incubated at 37 °C in air with
5% CO, and 98% humidity. The culture medium (DMEM)
was changed every other day. After incubation, ventricular
myocytes were seeded at a density of 3x10° cells/mL in 25—
mL culture flasks. Culture media were initially treated
with 0.1 mmol/L. bromodeoxyuridine (BrdU) for inhibition
of non—cardiomyocyte proliferation. All rats were treated
according to the Regulations for the Administration of
Affairs Concerning Experimental Animals (State Science and

Technology Commission, People’s Republic of China).
2.3. Colorimetric MTT cell viability assay

The colorimetric MTT assay was used to assess the viability
of isolated ventricular myocytes. After treatment with
different concentrations of CT-1, hypertrophic ventricular
myocytes mixed with 10 # L of MTT (5 mg/mL) were
incubated for 4 h at 37 °C and 5% CO, (myocyte density was
10° cell/L). Then, 150 £ L of DMSO (0.05 mol/L) were added
with vibration for 10 min. The optical density (OD) value of
each well was measured by a microplate spectrophotometer
(Multiskan EX Primary EIA V.2.1-1) using a test wavelength

of 570 nm and a reference wavelength of 630 nm.

2.4. Extraction of total RNA from cultured ventricular
myocytes and RT-PCR

Cultured ventricular myocytes were treated with 1 mL of
TRIzol reagent for 5 min at room temperature. Purified total
RNA was measured with an ultraviolet spectrophotometer
by adjusting the OD,,/OD,, ratio between 1.8 and 2.0. RNA
concentrations were calculated by spectrophotometry at
0D, 2 M g of total RNA was used as template to generate
first strand ¢DNA by random priming using Promega RT
System. ANP primers were: forward 5'—CAT CAC CAT
CTT CCA GGA GCC-3"; reverse 5'—=CCC CGC TTC ATC
GGT CTG-3" (cDNA fragment with an amplified length of
186 bp). GAPDH was used as an internal control with the
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following primers: forward 5'—~CAT CAC CAT CTT CCA GGA
GCC-3’; reverse 5'=TGA CCT TGC CCA CAG CCT TG-3’
(cDNA fragment with an amplified length of 443 bp). The
products of PCR were separated by 1.5%—-2.0% agarose
gel electrophoresis 0.5% (w/v) ethidium bromide (EB) and
visualized under UV using gel imaging system (Bio—Rad Gel
Doc1000, Bio—Rad). The ANP ¢DNA to GAPDH ¢DNA ratio
was calculated based on the optical density of the bands. All

measurements were repeated three times.
2.5. Statistical analysis

All results are presented as meanzstandard error of the
mean (SEM). All statistical analyses were performed using
Sigma Plot for Windows, Version 10.0 (Systat Software, INC).
Differences between experimental groups were analyzed
using the Mann—Whitney U-Test. Values of P<0.05 between

groups were considered significant.

3. Results

3.1. CT-1 induced neonatal ventricular myocytes hypertrophy

and viability

Compared with control ventricular myocytes on day
3, there was no change in the surface area of CT-1-
treated ventricular myocytes at 107" mol/L (Figure 1A),
but it increased when the cells were treated with 10~ mol/
L CT-1 (Figure 1B). A significant increase was observed
with concentrations of 10™ and 10~ mol/L (Figure 1C and
D, respectively) on day 3. Further studies revealed that
the effect of CT-1 on cardiomyocytes viability was time—
dependent by the MTT assay (Figure 1E). Moreover, when
ventricular myocytes were incubated with 1x10~, 107 or
107 mol/L. CT-1 for 72 h, significant differences were found
compared with the control group (Figure 1F), and the effect

was dose—dependent.

3.2. ANP mRNA expression in CT—I-induced hypertrophic

ventricular myocytes

After a 24 h incubation with serum—free DMEM, ventricular
myocytes were incubated with 10~, 10™ or 107 mol/L CT-1.
In the control group D—Hanks solution was added instead of
CT-1. Total RNA was amplified by RT-PCR and ANP mRNA
levels were analyzed. ANP mRNA levels increased to 146%
and 213% in ventricular myocytes that were treated with 10~
and 107 mol/L CT-1, respectively (Figure 2A and C). Next,

total RNA of ventricular myocytes was extracted after 24,
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72 and 120 h incubation with 10™ mol/L. CT-1 and analyzed
by RT-PCR. The optical densities of the product bands
were 1.16+0.18, 1.47+0.17 and 1.97+0.24, respectively. A
significant difference was found between the 72 h group and
the 120 h group (P<0.01, Figure 2B).
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Figure 1. A) Isolated, cultured neonatal cardiomyocytes with culture
medium only (day 3, 40x). B-D) Cardiomyocytes incubated with 107,
10™ or 107 mol/L Cardiotrophin—1 (CT-1) (day 3, 40x). E) CT-
1(10°mol/L) increased cardiomyocyte viability in a time—dependent
manner. ) CT-1 enhanced cell viability in a dose—dependent
manner. Control means cells were treated with D-Hanks solution. *
means P<0.05 vesus control, ** means P<0.01 vesus control , **

means P<0.001vesus control.
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Figure 2. A) ANP mRNA level from ventricular myocytes with CT-
1-mediated hypertrophy (443 bp = GAPDH mRNA band, used as the
internal control; 186 bp = ANP mRNA band). Lane 1: DNA maker
(100-1000 bp), lane 2: mRNA from untreated ventricular myocytes;
lanes 3-5: mRNA from ventricular myocytes treated with 107 mol/
L, 10™* mol/L or 10° mol/L CT-1 for 72 h. B) Time course of ANP
mRNA expression in CT-1(10"* mol/L)-treated ventricular myocytes.
Lane 1: DNA maker (100-1000 bp); Lanes 2, 4, 6: controls (untreated
cultured myocytes); Lane 3: 24 h treatment with CT-1; Lane 5: 72
h treatment with CT-1; Lane 7: 120 h treatment with CT-1. C) ANP
mRNA increased in CT-1-treated cultured cardiomyocytes in a dose—
dependent manner. * means P<0.05 vesus control, ** P<0.01 vesus

control.
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3.3. PD098059 inhhibited MEK/ERK pathway to increase
ANP mRNA expression and cell viability in cultured

cardiomyocyles

To explore whether CT-1 induced ANP mRNA upregulation
through the MEK/ERK—dependent pathways in ventricular
myocyles, the specific inhibitor PD098059, was tested for
the effect on CT-1-mediated ANP mRNA expression. To
compare effects of different pathways, a protein kinase C
(PKC) inhibitor calphostin C was used.Ventricular myocytes
were pretreated with 5 mmol/L. PD098059 or 1 mmol/L
calphostin C for 30 min, followed by incubation with 107
mmol/L, CT-1 for 72 h. The PD098059 group (n=3) showed
a significant increase in ANP expression (187%) compared
with the control group (Figure 3A and B). In contrast, the
calphostin C group showed no significant difference in ANP
expression compared with the control group (n=3, ANP/
GAPDH ratio was 1.27+0.17 and 1.04£0.17, respectively,
Figure 3B).
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Figure 3. Effect of MEK1 inhibitor PD098059 and PKC inhibitor
calphostin C on the CT-1-induced ventricular myocytes. A) Lane
1: Maker (100-1000 bp); Lane 2: cultured myocytes treated with
calphostin C and CT-1 (10™ mol/L); Lane 3: cultured myocytes treated
with PD098059 and CT-1 (10™ mol/L); Lane 4: control (cultured
myocytes treated with 10™° mol/L. CT-1 only. B) Quantification of the
results shown in A, normalized against APDH. ** means P<0.01

vesus control.

4. Discussion

ANP gene transcription is active both in atrial and
ventricular myocytes during embryonic and fetal
development, but is switched off in the ventricular cells
in the later stages of fetal development. The ANP—(4-28)
and ANP—(5-28) peptides are the main ones expressed in
myocardium granules(!5l. Normally, only minor amounts

of ANP are produced in ventricular cells, but it can be
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overexpressed during left ventricular hypertrophy under
hemodynamic overload of pathogenic or sustained physical
fitness(16.17]. Previous studies have indicated that ventricular
cardiomyocyte hypertrophy is associated with activation of
ANP mRNA transcription, when stimulated by angiotensin,
epinephrine or endothelin in vivol18] and in cultured neonatal
ventricular myocytes in vitrol19]. The expression of ANP
increases quickly within the initial period of experimental
mechanical overload|201.

As the factor responsible for initiating hypertrophy during
continuous stimulation, in the current study, ANP mRNA
transcription was detected via CT—1-induced hypertrophy.
CT-1 is known as a IL—6-related cytokines and a potent
candidate to induce cardiac myocyte hypertrophy. CT-1
initially binds to membrane receptors that activate JAKs,
which then phosphorylate gp130, producing binding sites for
proteins with Src homology 2 (SH2) domains. Then, the Ras/
Raf/MEK/ERK(p42/44 MAPK) /p90RSK cascade is activated,
and subsequently phosphorylated and translocated into
the nucleus(21-231. The result from our study revealed that
the transcription of ANP mRNA in hypertrophic ventricular
myocyte is significantly affected by the concerntration and
incubation time with CT-1.

Furthermore, to test the MEK and p42/p44 MAPK signaling
pathway may also play roles in CT—1-mediated ANP mRNA
expression, the specific inhibitor of p42/p44 MAPK PD098059
was used. Our present results showed that inhibition of
p42/p44 MAPK enhanced the transcription of ANP mRNA,
wherease, the CT-1-induced ANP mRNA expression can not
be influenced by calphostin C, a specific inhibitor of PKC.
In conclusion, our study suggests that ANP mRNA
transcription is inhibited by MEK—induced p42/p44 MAPK
phosphorylation. Hence, p42/p44 MAPK may act as an
inhibitor of ANP mRNA transcription in gpl30-mediated
ventricular hypertrophy.
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