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ABSTRACT

AIM: To investigate the inhibitory effect of down-
regulating mitogen activated protein kinase (MAPK *on
c-prye gene expression and further on cardiac fibroblast
proliferation. METHODS: Cultured neonatal rat
cardiac fibroblasts was pretreated with a phosphoro-
thicate-protected 17-mer antisense MAPK  oligodeo-
xynucleotide { ODN) directed against the initiation of
translaticon sites of the p42 and p44 MAPK isoforms by
liposomal wansfecion. A 17-mer sense and mismatch
sequence MAPK ODN were used as controls,  After
liposomal transfecting, cells were exposed 1o
angiotensin [| (Ang II') 10 nmol-L~! for 5 min and
then harvested in lysis buffer. MAPK actvity was
measured by Western blot and P-81 phosphocellulose
filter paper method by using ( y-*PJATP and myelin
basic protein as substrates. c-myc mMRNA expression
stimulated by Ang Il for 30 min was measured by
Northem blot. DNA synthesis and collagen protein
synthesis induced by Ang I for 24 h were measured by
[*H]thymidine  incorporation and  [*H]Proline
incorporation, mespectively. RESULTS: antisense
ODN 0.2 umol- L.7! reduced Ang Il -induced MAPK
activities by 72 %, MAPK protein expression by
80 %, and suppressed c-mve mMRNA expression by
97 %, respectively. [?H]thymidine incorporation and
[H]proline incorporation in Ang Il -induced cardiac
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fibroblast were inhibited by 59 % and 58 %, respec-
tively. CONCLUSION: A 17-mer MAPK antisense
oligonucleotide directed againsts the initiation of
translation sites of MAPK could specifically inhibit Ang
[i -stimulated culmred necnatal rat cardiac fibroblast
proliferation through down-regulating MAPK activity
and further depleting c-myc mRNA expression .

INTRODUCTION

Cardiac interstitium fibrosis and hypertrophy of
cardiac myocytes were the two important pathologic
reasons for pressure overload cardiac hypertrophy.
However cardiac fibroblasts over-proliferation as well as
secretion. of large amounts of collagen protein were the
mainly pathologic event which could result in cardiac
fibrosis, cardiac remodification and further heart
failure!!', in which angiotensin Il (Ang [I ) has been
considered as an important inducement for overhyper-
plasia of cardiac fibroblasts and hypertrophy of cardiac
myocytes through autocrine or paracrine.  Although the
effect of Ang [l on cardiac fibrosis has been widely
paid attention to, the mechanism is little known. Ang
[l not only rapidly increases introcellular calcium and
activates protein kinase C but also stimulates many of
the same signal transduction events as growth factor
does, including protein-tyrosine phospharylation'? ,
stimulation of c-fos. c-myc® and mitogen-activated
protein kinase ( MAPK )-*5).  MAPK are the most
important component of transferring message in cellular
growth!®). MAPK are a family of serine/theronine
kinase, which has two isoforms: p42 and pd4 activated
as an early response to a variety of stimuli involved in
cellular growth, transformation, and differentiation. It
could be activated by growth stimuli in quiescent cells
requires phosphorylation of a dual specific protein
kinase, MEK, which is itself regulated by MEK kinase
and-or Raf kinase, and thereby to activate its
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substrates-nuclear transcription factors and upregulate
the expression of those factors to perform their effects
on biologicical regulation on cellular growth'™ . The
evidences have shown that activation of MAPK occurred
in cardiac fibroblast induced by Ang I1'* and cardiac
myocytes induced by phcnylephlinew] and hypoxia/
reoxygenation  , but little is reported about the effect
of MAPK on proto-oncogene and collagen protein
synthesis in cardiac fibroblasts.

To clucidate whether Ang [I -mediated MAPK
activity promotes cardiac fibroblast proliferation by
stimulation of c-myc gene expression, an antisense
strategies was used in the present study.  Antisense
strategies was considered as a high scientific biological
technology. Recently, a most clinical data have
shown that obvious curative effects have being obtained
for many serious diseases due to cellular overhyper-
plasia' ™. Recent evidences indicated that antisense
ODN targeting nuclear transcription factor gene ( c-
myvb, c-fos. c-jun. etc) or cell cycle gene (cycline )
had significantly inhibitory effects on VSMCs
proliferation resulted from pathobiology of vascular
injury and repairt’’'. However the using of antisense
ODM in cardiac fibrosis was rarely reported. Anlisense
oligonucleotide targeting a special mRNA could abolish
its translation and deplete biological effects of the
corresponding protein®) . We have also investigated
the inhibitory effect of MAPK antisense ODN on
cultored  vascular smooth muscle cell ( VSMc )
proliferation! *.  But it has kept unknown if MAPK
antisense ODN could inhibit proto-oncogene or nuclear
transcription factors such as c-wove, c-fos, c-junt, eic.
thereby to affect cardiac fibroblast proliferation and the
collagen protein synthesis through depleting MAPK
activity. On the basis of those findings, we
hypothesized that inhibition of MAPK activity by its
special antisense oligonucleotide might suppress cardiac
fibroblast proliferation through inhibiting c-myc mENA
expression. The purpose of this study therefore is to
examing the inhibitory effect of the translation of
MAPK mRNA on ¢-mve mRNA and further on cardiac
fibroblast proliferation and collagen protein synthesis.

MATERIALS AND METHODS

Chemicals [ Sar' | angiotensin [I . anti-phos-
pho-MAP kinase, lipofectin, myelin basic protein,
protein kinase inhibitor ( TTT AAP JAS GAT GAA AAI

HA}, leupeptin, sephadex G-25 were purchased from
Sigma Co. P-81 filter paper and glass-fiber filter were
purchased from Whatman Co. Western blot chemi-
luminescence reagent plus. { Y-“P]ATP were purchased
from NEN™ Life Science Products. RNAgents Total
RNA Isolation system kit., T, polynucleotide kinase kit
were purchased from Promega.

Synthesis of oligonucleotides  Phosphoro-
thioate-protected oligonucleotides were used to inhibit
proliferation of Ang I -stimulated cultured neonatal rat
cardiac fibroblast. The sequences of the phosphoro-
thioate-protected oligodeoxynucleotides were 17-mer rat
antisense MAPK { 3"-GCC GCC GOC GOC GCC AT-
3') directed against the initiation of translation site of
rat p42 and p4d MAPK mRNA. This ODN has been
used successfully to downregulate both isoforms of
MAPK in 3T3 cells™ and rat cardiac myocytes® .
17-mer rat sense sequence MAPK {5'-AT GGC GGC
GGC GGC GGC-3') and 17-mer mismatch sequence
{5'-0OGC GOG CTC GOG CAC CC-3") were used as
controls.  60-mer rat ¢-myc probe sequence (3'-TGA
TAG AAA TTC TCT TOC TOG TCG CAG ATG AAA
TAG GGC TGC ACC GAG TCG TAG TCG AGG-3")
was used for Northern blot. 188 rRNA probe
sequence { 5'-ACG GTA TCT GAT CGT CIT CGA
ACC-3") was used for inner marker. ODN were all
synthesized and purified at the University of Cincinnati
DNA Core.

Cell culture:'  Cardiac fibroblasts were isolat-
ed from heart ventricles of 1 — 3 d neonatal rats
{ Supplied by the Animal Center of Hunan Medical
University, grade I, Certificate 20-009) and main-
tained in MI199 supplemented with 10 % fetal calf
serum. The fibroblastic nature of cells were determin-
ed by immunohistochemistry staining with anti-human
factor VI for endothelial cells {the positive rate 3 % ),
anti-desmin for muscle cells { the positive rate 2 % )
and arti-vimentin for fibroblasts { the positive rate
95 % ). Cells used in experiments were passages 2.

Liposomal transfection® ODN 0.8 pmol *
L~! in antibiotic- and serum-free DMEM/M199 (4:1)
were vortex-mixed for 30 s, then mixed with equal
volume of DMEM-MI199 containing lipofectin 80 mg -
L~! and incubated at room temperature for 20 min.
Cardiac fibroblasts { grown to 80 % confluence ) were
washed gently 3 times in serum and antbictic free
DMEM. ODN/lipofectin mix 200 gl was added for
each well of 12-well plates, or 75 uL for each well of
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24-well plates. with equal volume of serum and
antibiotic free DMEM/M199. Cardiac fibroblasts were
incubated at 37 C in 95 % O, -5 % CO, for 10 h,
agitating the plates gently every 2 h. Medinm was
then replaced with the same volume of liposome-free
DMEM/M199 comtaining the same concentration of
ODN. Cells were incubated for another 14 h. before
adding Ang I .

Measurement of DNA synthesis'®  Cell
proliferation in terms of DNA synthesis was determined
by measuring "?H _ thymidine incorporation. Cardiac
fibrobiasts were plated in 24-well plates at 0.75 x 10°
cells* cm™. After incubation in serum-free medium
for 24 h, the cells were transfected with antisense.
sense and mismatch ODN for 10 h in DMEM/M199
and contained ancther 14 h in the same concentration of
ODN without lipofectin.  Cells stimulated with Ang [[
for 18 h, labeled with "°H | thymidine 74 kBg/well for
6 h, were washed with cold PBS( - }, trypsinized.
resuspended in 10 % richloroacetic acid ( TCA). and
vortexed vigorously to lyze the cells. The cell lysate
was vacunm-filtered through a glass-fiber filter. After
washing with cold 10 % TCA followed by 95 %
ethancl, the filter was dried. The radioactivity of
incorporated [*H ] thymidine was measured in a liquid
scintillation counter ( Beckman ). Experiments were
performed 5 times in duplicate.

Measurement of collagen protein synthe-
sis®  The treatment of cells like that of DNA
synthesis assayed. but the cells labeled with
[*H ] proline 185 kBg/well began at same time with
Ang ]I stimulated and lasted for 24 h. In addition,
after being trypsinized, cells must be stated in 4 C 10
% TCA for 60 min to precipitate protein before being
harvested onto the glass-fiber filter. The radicactivity
of incorporated [*H ] proline was measured in a liquid
scintillation counter.

Preparation of cell lysates'’™  After treat-
ment with ODN, cells were washed with PBS{ - 1,
and 0.1 mL of lysis buffer containing in mmol-L™!:
NaCl 50, NaF 50, sodinm pyrophosphate 50, egtazic
acid 5, edetic acid 5, Na; VO, 2. phenylmethylsulfonyl
fluoride 0.5, and HEPES 10 at pH 7.4. along with 0.1
% Triton X-100 and leupeptin 10 mg-L~! was added.
Cell lysates freezing on ice, scraping, and somicating,
were centrifiged at 18 000 x g for 15 min (4 T},
protein concentration was estimated by the Bradford
method-1

Westemn blot'®  SDS sample buffer _tris-HCl
0.33 mot-L-%, SDS 10 % (wt/vol), giycerol 40 %
{vol/vol), and dithiothreitol 20 % (vol/vol) contain-
ing bromophenol blue 0.4 % (wt/vol) ] of 1/4 volume
were added to cell lysates. The extracted protein 10 pg
was subjected to SDS-PAGE in a 10 % SDS gel, and
the protein were then transferred to PVDF membrane,
which was then blocked for | h with 5 9% BSA in PBST
(NaHPO, 80 mmoi - L~!, NaH,PO, 20 mmoi-L"!,
NaCl 100 mmol - L.~ ! containing 0.05 % Tween-20) .
The blots were incubated for 1 h at room temperature
with the primary monoclonal antibodies of pd4 and pd2
MAPK at a 1:1 000 dilution, followed by incubation
for 1 h with secondary antibody ( horseradish peroxidase
conjugated) at a 1:10 000 dilution. Immunoreactive
bands of p42 and p44 MAPK were visualized by nsing
enhanced chemiluminescence reagents. Quantification
of p42 and pd4 MAPK activity was made by laser
scanning  densitometry ( Pharmacia LKB } of
antoradiographs .

P81 filter paper kinase assay'’' The cell
lysates 50 L was mixed with 10 gL of 6 x assay buffer
(mmol - L~} [HEPES 120, MgCl, 60. MnCl, 12,
DTT 12. Na;VD, 3, PH 7.2, protein kinase inhibitor
(TTT AAP IAS GAT GAA AAI HA) 12, and BSA
3.6 gL', MBP 1 gL~!, [y-®P] ATP 74 kBq 50
umol* L™1] which is six times of the final concentra-
tion, then incubated at 30 T for 15 min. The
reactions, terminated by spotting 40 L. of the reacticn
mixture onto p-81 papers, which were immediately
immersed into ice-cold H;PO, 75 mmol - L™! solution
and washed 10 min for 6 times in H;PO, solution and
counted. The reaction blank was a mixture containing
all of the reagents but without cell lysate.

Northern blot'™  Cardiac fibroblasts were
seeded on the 100-mm dishes and treated with ODN as
described above before being stimuiated by Ang II for
30 min. Total RNA was extracted by vsing RNAgents
Total RNA Isolation System kit, and 20 ug per line of
total RNA was loaded on a 1 % agarose gel containing
formaldehyde for gel electrophoresis. Blois were
transferred to nylon membrane { Hybond™-N} and
baked at 80 T for 1.5 h. The transferred membrane
was prehybridized at 42 C  with prehybridization
solution supplemented with sonicated salmon sperm
DNA 100 g ml~! for 6 h. Rat c-myc and 18 S
rRNA oligo-probes were radiotabled with [ y-2P | ATP
incorporation catalyzed by T, polynucleotide kinase to a
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specific activity of 0.11 GBq - pg~!, purified on
sephadex G-25 spin columns, and then added to the
hybridization solution for 18 h. The blots were then
washed in 2 x standard saline citrate ( 8§8C)/0.1 %
sodium dodecy! sulfate ( SDS) solution at room
temperature (RT) and then changed with 1 x SSC/
0.1 % SDS solution at RT, visualized by autoradio-
graphy, and quantified by laser scanning densitometry .

Statistical analysis Values were expressed as
X + 5 and assessed by ANOVA and 1-test.

RESULTS

Effect of oligonucleotides on cardiac fibro-
blasts DNA, collagen protein synthesis and cell
number Pretreatment of cultured cardiac fibroblast
with antisense ODN 0.2 pmol - L™! significantly
reduced Ang [l -induced [*H_ thymidine incorporation.
[*H] proline incorporation and cell number by 59 %,
28 %, and 38 %, respectively. but neither sense nor
random ODN did {Tab 1}.

Tab 1. Effect of MAPK ODN on [°H] thymidine and
[*H] proline incorporation in rat cardiac Ffibroblast
induced by Ang 1. %+ s. n=5 independent experi-
ments in cultured rat cardiac fibroblasts. %P> 0.05,

%P <0.05 vs Ang T + lipofectin group. “P<0.05 vs
control.
Incorporation { Bg/well ) Cell
T - FHITdR (*H'Proline %1077
Control 330+ 48 LR 24233
Angll 800+42° 103123 38025
Angll + lipofectin 4460 10118 37329
Ang |l + antisense 208+ 52" 42x14° 29127
Ang Il + sense 698+53° 83+14* 36817
Ang I + mismatch 74171 9%6221° 36226
Western blot analysis The monoclonal
antibodies were directed against MAPK protein

identified the 42- and 44-kDa bands in extracts of rat
cardiac fibroblasts.  Antisense ODN 0.2 pmol - L™}
reduced MAPK activity by 80 % after liposomal
transfection. Cardiac fibroblasts exposed to lipofectin
in the absence of ODN had slight inhibitory effect on
phospho-MAPK  protein  compared with Ang [I-

stimulated cardiac fibroblasts alome.  Semse and
mismatch sequence ODN had no inhibitory effect
compared with Ang I + lipofectin (Fig 1. Tab 2).

Ang [l |

|
“i:gey SN BB S ur @

42 kDa
1 2 3 4 5 6

Fig1. Effect of MAP kinase amtisense ODN on the
expression of cultured rat cardiac fibroblast phospho-
MAPK protein by Western blot. 1) control.

2} Ang T -stimulated. 2} Ang I + sense.

4) Ang I + lipofectin. 5) Ang [ + antisense.

6) Ang I + mismatch.

Tab 2. Effect of antisense ODN on MAPK activity and
MAPK Western blot in cardiac fibroblast induced by
Ang I. Xz 5. a=35 independent experiments in
cultured rat cardiac fibroblasts. %P >0.05, P <0.05 vs
Ang I + lipofectin group. °F <0.05 vs control.

[¥-2PJATP incorporation

Treatment S o Peak AU/cm’
nmol “min”° *g” - protein

Control 14+3 33+5
Ang [l 65+ 12 08z 16°
Ang[l + lipofectin 60+ 10 230x25
Angll + antisense 17z6° 4529
Angll + sense 56 8 193 = 39°
Ang [l + mismatch 64 £ 11° 234 + 37

P-81 filter paper kinase assays Pretreatment
with antisense ODN 0.2 gmol - L™! significantly
reduced Ang I -stimulated phosphorylation activity of
MAPK by 72 % . Neither sense nor mismatch ODN
had significantly effect on the MAPK activity ( Tab 2) .

Northern blot amalysis The oligo probes
which directed against c-myc mRNA sequence 4201-
4260 identified the c-myc mRNA band in total RNA
extracts of cardiac fibroblasts. 18 S (RNA was used as
inner marker. Antisense MAPK 0.2 pmol « L'
reduced c-mve mRNA exi:ression by 97 % after
liposomal transfection. Lipofectin and sense’ ODN had
slight inhibitory effect on c-mw mRNA expression.
But not for mismatch, (Fig 2, Tab 3).
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Fig 2. Effect of MAP kinase antisense ODN on the
expression of cultured rat cardiac fibroblast c-mc
mRNA by Northern blot. 1) control.

2) Ang I +lipofectin. 3) Ang I -stimulated.

4) Ang T + mismatch. 5) Ang [ +sense.

6) Ang T + antisense.

Tab 3. Effect of MAPK antisense ODN on c- ¢ mRNA
expression in cardiac fbroblast induced by Ang T .
X + 8, n=3 independent experiments of Northern blot
in cultured rat cardiac fibroblasts. %P> 0.05, P <0.05
vs Ang I + lipofectin group. °P <0.05 vs control.

Treamment c-mvc mEMNA 18 § tRNA o mye 18 S
AU/ emf AU en?

Control 0 57631 0
Ang [l 878+ 50 02176 1.66+0.26°
Angll + lipofectin - 773 + 22 67921 1.14+0.13
Angll +antisense 145 #6618 0.03+0.00°
Angll +semse  3ll+do 52037  0.60£0.05"
Angll + mismatch 362+23 9+39 1.09+0.21°

DISCUSSION

It is well known that cardiac fibroblasts play an
important role in producing and maitaining the
extracellular matrix (BCM} of the heart. However.
many activated factors soch as wvascular activated
peptides, growth factors could stimulate cardiac
fibroblasts proliferation and produce ECM protein!!® .
The present study showed that DNA synthesis and cell
mumber in Ang [l -induced cardiac fibroblast were
increased significantly. This indicated that Ang [l was
a stonger mitogen 10 cardiac  fibroblast!®: .
Meanwhile Ang [ is also an inducement of collagen
protein synthesis.  All the effects were inhibited
evidently by MAPK antisense ODN. Neither mismatch

nor sense ODN had the effects. The result showed that
the inhibitory effect of MAPK antisense ODN on
cardiac fibroblast proliferation is sequence specially.
To investigate if the inhibitory effects of antisense ODN
is resulted from down-regulating MAPK activity
specifically, MAPK activity was measured by _y-*2P]
ATP incorporation combining with Western blot
simultaneously. From the result to see that Ang [l -
induced MAPK activity and Western blot were all
increased markedly. When transfected with antisense
ODN. Ang Il -induced MAPK activity and Western
blot in cardiac fibroblast were suppressed significantly.
but not for sense and mismatch ODN. This indicated
that the inhibitory effect of MAPK antisense on cardiac
fibroblast proliferation was due to down-regulating
MAPK activity specifically. MAPK could inteprate
messages transferred from several systems of response
such as receptor of tyrosine kinase, receptor of coupling
with G protein, and play an important role in the end
common pathway or conflucence of transduction of
several growth messengers'?!.  Antisense ODN just
down-regulated MAPK protein expression thereby
suppressing MAPK activity. The inhibition of MAPK
activity led to blocking of Ang [l -induced growth
signals into nucleus, and cardiac fibroblast proliferation
was prevented. MAPK was activated within very short
fime and amrived peak at 5 min'¥, but the cell
proliferation was demanded a long-time course. There
must exist a middle biologic signal magnification.
Whether proto-oncogene or immediate early gene serves
as an important role in the course, c-myc gene was
selected as downstream signal event in the present
study. It is not difficult to find that the expression of
c-myc gene occurred within 30 min stimuiated by Ang
[l in quiescent cultured rat cardiac fibroblasts, Down-
regulation of MAPK activity by antisense ODN
inhibited c¢-myc gene expression  significantly.
Misrnatch ODN had not evidently inhibitory effect.
Sense ODN had slight inhibitory effect on MAPK
expression and c-myc WRNA expression. This may be
a very complicated “unantisense effect”, and liposomal
itself has a certain inhibitory effect on cell proliferation
in addition to its enhancing cells to take up ODN and
protects them from cleaving of nucleases'®', The
results indicated that the expression of c-rmvc gene was
required for the activation of MAPK. Therefore the
activation of MAPK just triggerred off c-myvc gene
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expression which involved in Ang [ -induced rtat
cardiac fibroblast proliferation. There were evidences
showing that ¢-rpve antisense ODN could inhibit VSMc
proliferation 2!, and the data from our laboratory
suggested that c-prvc antisense ODN 12.8 gmol - L1
decreased Ang [l -induced DNA synthesis in cardiac
fibroblast by 55 % { unpublished). Therefore c-myc
gene involved directly in cardiac  fibroblast
proliferation. As stated above, the inhibitory effect of
MAPK aniisense ODN on Ang [II-induced cardiac
fibroblast proliferation and collagen protein synthesis
was through interfering translation of MAPK at the level
of mRNA to down regulate MAPK activity thereby
prevent c-myc gene expression.  All these implied that
down-regulating MAPK  activity could prevent
transduction of upstream Ang ]| -induced growth signals
into nucleus to activate nuclear transcription factors to
make cardiac fibroblast startup into dividing cycle.
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