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ABSTRACT

AIM: To evaluate the role of angiotensin II receptor 1 antisense oligodexynucleotides (AT1R-AS-ODNs) on physi-
ological and pathophysiological growth of cardiomyocytes from normotensive rats.  METHODS: Cardiomyocytes
were transfected with AT1R-AS-ODNs (200 nmol/L) followed by treatment with or without angiotensin II (1 µmol/L).
In situ hybridization and Western blot were used for AT1R mRNA and protein detection, respectively.  c-Jun N-
terminal protein kinase (JNK) activity was characterized by immune complex kinase assay.  c-Jun protein expres-
sion was examined by immunocytochemistry.  DNA content was detected by flow cytometric assay.  Atrial natri-
uretic factor (ANF) expression was identified by radioimmunoassay.  RESULTS: Treatment with AT1R-AS-ODNs
for 24 h resulted in 51.2 % decrease in AT1R mRNA and 60.7 % in protein (P<0.05 vs control).  However, the basal
level of JNK activity, c-Jun protein expression, and DNA content were not altered by AT1R-AS treatment in absence
of overactive hormonal system.  After treatment with angiotensin II for 30 min, both p46JNK and p54JNK were
robustly activated.  By 2 h, c-Jun protein expression was increased.  By 24 h, angiotensin II caused a marked
increase both in G0/G1 and G2/M DNA content, and increased ANF expression by 1.8-fold.  All these were inhibited
by AT1R-AS-ODNs pretreatment.  In contrast, sense sequence was ineffective.  CONCLUSION: Decrease of
AT1R expression by AS-ODNs did not interfere with normal growth, but protected cardiomyocytes from angio-
tensin II-dependent pathophysiological growth.

INTRODUCTION

Renin-angiotensin system (RAS) plays a crucial

role in the initiation and development of cardiac remo-
deling[1].  Despite great success with traditional therapy,
such as angiotensin converting enzyme inhibitors (ACEI)
and angiotensin II receptor 1 (AT1R) antagonists, there
are still many patients with poorly controlled high blood
pressure and target organs dysfunction due to many
inherent disadvantages including compliance, side
effects, and lack of complete reversal of pathophysi-
ological aspects of this disease[2].  Recently, several stud-
ies have shown that delivery of angiotensin II type re-
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ceptor 1 antisense (AT1R-AS) by nonviral or viral vec-
tor mediated-systems resulted in an impressive lower-
ing of blood pressure accompanied by attenuation of
some pathophysiological events observed in the target
organs in hypertensive rats[3,4], but did not reduce blood
pressure in normotensive individuals[5,6].  It is likely that
antisense is useful for reducing overactive hormonal
systems, but does not interfere with the normal physi-
ological functions of RAS.  However, the underlying
cause for such differences remains obscure.  Moreover,
little is currently concerning the precise mechanism of
AT1R-AS on physiological and pathophysiological
growth of cardiomyocytes from normotensive rats.

The present study was designed to explore whether
angiotensin II receptor 1 antisense oligodexynucleotides
(AT1R-AS-ODNs) would protect cultured cardiomyo-
cytes of normotensive rats from developing Ang II-de-
pendent hypertrophy by suppressing AT1R-associated
signal transduction and transcription factor overexpres-
sion, and whether the transfection would interfere with
the normal growth of these myocytes.

MATERIALS  AND  METHODS

Cell culture  Cardiac myocytes were dissociated
from 1-d-old neonatal Sprague-Dawley rat hearts as
described before[7], and plated on either gelatin-coated
glass coverslips or 6-well plates (Corning Costar) at
high density (1000-2000 cells/mm2).  The cells were
kept in DMEM/F12 (GIBCO, USA) medium, supple-
mented with 10 % fetal calf serum (GIBCO, USA),
benzylpenicillin (100 kU/L), streptomycin (100 g/L) and
5-bromo-2'-deoxyuridine (1 mmol/L, BrdU, Sigma,
USA) for 72 h.  Before the start of each experiment,
cells were incubated for 24 h with serum-free opti-MEM
(Life Technology, USA), supplemented with 1% bo-
vine serum albumin (Sigma, USA).

Cell treatment  Antisense oligodexynucleotides
(5'-GTCGAATTCCGAGACTCATA-3'), targeted to bases
+821 to +840 of AT1

 R mRNA according to the base
sequence of Ho[8], and the sense sequence (5'-TATGA-
GTCTCGGAATTCGAC-3') was synthesized by a DNA
synthesizer (TaKaRa Biotechnology, Japan) and puri-
fied for HPLC assay.  The sequence was marked by
fluorescent isothiocyanate (FITC) at 5', and all the bases
were phosphorothioated.  Transfection was carried out
according to the manufacturer’s instruction when the
cells reached 30 %-50 % confluence.  For transfection,
ODNs 200 nmol/L and liposome 8 mg/L (oligefectamine,

Life Technology, USA) were used.  Unless otherwise
stated, the cells were incubated with the liposome-ODNs
complexes for 24 h at 37 ºC in a CO2 incubator, after
that time the cells were either harvested or continuously
cultured with Ang II (1 µmol/L), until indicated time.

MTT assays  Cells seeded in 96 well plates with
2×104 cells per well were incubated with liposome-
ODNs complexes for 48 h.  Then, 3-(4,5-dimethylthia-
zol)-2,5-diphenyl tetrazolium bromide solution (MTT,
2 g/L, Sigma, USA) was added into cardiomyocytes
and incubated for 4 h.  After that, the cells were solubi-
lized with Me2SO (Sigma, USA).  The purple formazane
crystals were measured at 590 nm with a spectrophoto-
meter.  Cardiomyocytes cultured in a serum-free me-
dium without transfection complex were acted as the
control.

Uptake experiment  After an incubation with li-
posome-ODNs complexes for 0 min, 30 min, 60 min,
120 min, 240 min, and 24 h, respectively, myocytes
were harvested and fixed with 4 % paraformaldehyde
for 30 min, then mounted on slides of fluorescent mi-
croscopy (Olympus, Japan) for the examination of fluo-
rescence uptake.  Transfection efficiency was repre-
sented by the percentage of fluorescence stained
myocytes.  Ten different views were selected and the
average efficiency was counted.

In situ hybridization for AT1R mRNA  The probes
labeled with digoxigenin-UTP and in situ hybridization
detection kit were purchased from Boster (China).  The
myocytes were fixed in 4 % paraformaldehyde for
10 min and digested with proteinase K (5 mg/L) in Tris-
edetic acid (pH 8.0) for 60 min at 37 ºC.  Pre-hybridiza-
tion buffer (NaCl 0.3 mol/L, Tris 20 mmol/L, pH 8.0,
edetic acid 5 mmol/L, 5×formamide, 1×Denhardt’s
solution) was applied for at least 2 h at 55 ºC.  The
myocytes were then hybridized in the denatured probe
mixture (20 ng of probe, 6 mg of salmon sperm DNA,
and 3 mg tRNA) overnight at 42 ºC.  After the hybridiza-
tion, myocytes were washed four times in laddered stan-
dard saline citrate (SSC), and once in SSC with 1 %
BSA at 55 ºC for 20 min.  Staining was visualized with
the StrepAvilin-Biotin immunoperoxidase reaction
(HistostainTM-plus SP Kit) using diaminobenzidine (Fast
DAB tablets, Sigma) according to the manufacturer’s
instructions.  The image analysis was carried out with
HPLAS-2000 analysis software.

Western blot analysis of AT1R protein  Cardio-
myocytes were washed with PBS buffer, and then
scratched off with a rubber scraper in presence of 0.5
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mL buffer A (10 % glycerol, Tris-HCl 20 mmol/L, NaCl
100 mmol/L, phenylmethylsulfonyl fluoride 2 mmol/L,
edetic acid 2 mmol/L, egtazic acid 2 mmol/L, leupeptin
10 mg/L, pepstatin A 10 mg/L).  The lysate was incu-
bated on ice for 1 h and centrifuged (12 000×g, 4 ºC)
for 30 min.  The protein concentration was measured
according to the method of Lowry et al[9].  For immuno-
blotting, 9 % SDS-PAGE was performed, and 50 µg
protein was loaded per gel.  The resolved proteins were
transferred onto PDVF membranes at 15 V for 20 min.
The membranes were blocked in 5 % BSA in TBS-T
(pH 7.6) for 1 h and then incubated with a polyclonal
antibody to AT1R (Santa Cruz, USA) at a dilution of
1:1000 for 1 h at room temperature.  The membranes
were washed with TBS-T and then incubated with the
secondary anti-rabbit antibody for 1.5 h.  After a final
wash in TBS-T, the membranes were treated with
LumiGLO reagent (Cell Signal Technology, USA), and
chemiluminescence was detected by an exposure to
Hyperfilm-ECL for 15 min.  The intensity of the bands
was quantified with HPLAS-2000 analysis software.

Immune complex kinase assay  Cardiomyocytes
lysed in lysis buffer containing Tris 25 mmol/L, pH 7.4,
Na3VO4 1 mmol/L, NaCl 150 mmol/L, edetic acid
1 mmol/L, egtazic acid 1 mmol/L, 1 % Triton, sodium
pyrophosphate 2.5 mmol/L, leupeptin 10 mg/L, and
β-glycerol phosphate 1 mmol/L.  Then, the protein was
extracted by centrifugation (14 000×g, 4 ºC, 20 min).
Immunoprecipitations were performed by incubating 20
µg protein extracts with 2 µg of c-Jun fusion protein
beads (Cell Signaling Technology, USA) and gentle rock-
ing overnight at 4 ºC.  The precipitates were incubated
with ATP 100 µmol/L  for kinase reaction at 30 ºC for
30 min, and denatured in Laemmli sample buffer, then
resolved in SDS-PAGE [12 % (w/v) gel], later were
transferred on PVDF membranes at 20 V for 5 h.  The
membranes were probed with anti-phospho-c-Jun
(Ser63) antibodies (1×3000 diluted, Cell Signaling
Technology, USA), stained with LumiGLO at room tem-
perature for 2 min, and exposed to X-ray film for 20
min.  The intensity of bands was quantitatively scanned
using HPLAS-2000 analysis software.

Immunocytochemistry  Cardiomyocytes were
fixed as described before.  The endogenous peroxidase
was quenched with 3 % H2O2 in methanol, and the non-
specific binding sites were blocked with 10 % normal
goat serum.  After that, myocytes were incubated with
rabbit  anti- c-Jun (1:100 diluted, Santa Cruz, USA) over-
night at 4 ºC.  Staining was visualized with the Strep-

Avilin-Biotin immunoperoxidase reaction (HistostainTM-
plus SP Kit) using diaminobenzidine (Fast DAB tablets,
Sigma) according to the manufacturer’s instructions.
The image analysis was carried out with HPLAS-2000
analysis software.

DNA synthesis assay  Cells were harvested with
0.08 % trypsin (Sigma, USA), and washed twice with
PBS.  Prior to flow cytometric assay analysis (Beckman
Coulter Epics XL) the cells were incubated with a solu-
tion containing propidium iodide (100 mg/L, Sigma,
USA), RNase A (100 mg/L, Sigma, USA), Triton X-
100 (0.1 %, Sigma, USA) and edetic acid (0.01 %) for
30 min at 37 ºC and then analyzed by Multi-cycle
software.

Measurement of atrial natriuretic factor  The
culture medium was harvested, and added into 7.5 %
sodium edetic acid and trasylol.  Radioimmunoassay kit
(DongYa Technology, China) and SN-682Bγ-radioim-
munoassay counter was used to measure the content
of atrial natriuretic factor (ANF).

Statistical analysis  Data are expressed as
mean±SD.  Statistical analysis was assayed by ANOVA
or t-test.  A value of P<0.05 was considered statistically
significant.

RESULTS

Cardiomyocyte toxicity of transfection complex
After 48-h incubation with AT1R-AS-ODNs, AT1R-S-
ODNs, or serum-free medium, cell viability was as-
sessed by the MTT assay.  No significant difference
was observed among the three groups (Fig 1).

Time course of oligodeoxynucleotide-liposome
complexes uptake  Myocytes were incubated with
fluorescein-labeled ODNs from 0 to 24 h.  At time 0

Fig 1.  Cytotoxic effects of angiotensin II receptor antisense
oligodeoxynucleotides (AT1R-AS-ODNs) and AT1R sense
ODN on cardiomyocytes.  n=12.  Mean±SD.  C:normal
control; AS: AT1R-AS-ODNs; S: AT1R-S-ODNs.  aP>0.05 vs C.
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min no cellular fluorescence was detected.  Partial cell
surface was stained brightly at 30 min, showing the
start of uptake.  After 60 min incubation, ODNs rapidly
migrated into myocytes and mainly accumulated into
the nucleus.  By 120 min, more than a half was stained
yellow by fluorescein-labeled ODNs.  This staining pat-
tern did not change appreciably after an additional 2 h,
except that less nucleus became positively stained with
ODNs.  By 24 h, ODNs still could be seen both in cyto-
plasms and nucleus (Fig 2).

AT1R gene expression in cardiomyocytes  Treat-
ment with AT1R-AS-ODNs for 24 h resulted in 51.2 %
decrease in AT1R mRNA and 60.7 % in protein (P<0.01
vs control), while sense sequence was ineffective.  When
cultured with Ang II for 24 h, both cardiomyocytes
pretreated with serum-free medium and AT1R-AS-ODNs

got a 75 % decrease in AT1R mRNA expression (P<
0.05) after a single administration.  Equivalent results
were seen in protein expression (Fig 3).

Effect of AT1R-AS-ODNs on JNK pathway  In
the basal state, little JNK activation, but some c-Jun
protein expression was detectable in cardiomyocytes.
Neither sense nor antisense treatment caused a signifi-
cant change in JNK activation and c-Jun expression in
absence of Ang II.  However, at 30 min after the addi-
tion of Ang II, p46JNK and p54JNK were markedly
activated by 2.5- and 3.1-fold, respectively (P<0.01 vs
control).  After 2 h, Ang II stimulation resulted in a
robustly increased c-Jun protein expression in nucleolus.
Compared with Ang II group, AT1R-AS-ODNs pretreat-
ment significantly decreased the activity of p46JNK and
p54JNK by 40.2 % and 45.2 % (P<0.05), respectively,

Fig 2.  A) Fluorescent microcopy images (×200) obtained from myocytes incubated with FITC labeled ODNs at time 0.5 h (a),
2 h (b), 4 h (c), and 24 h (d).  B) Time course of FITC labeled ODNs uptake.  n=10.  Mean±SD.
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and c-Jun protein level decreased by 39.3 % (P<0.05).
Sense sequence was ineffective (P>0.05, vs Ang II
group) (Fig 4, 5).

Effect of AT1R-AS-ODNs on DNA synthesis
Neither AT1R-AS-ODNs nor sense sequence altered the
amount of basal DNA content in absence of Ang II.

Ang II treatment caused a marked increase both in G0/G1

and G2/M DNA content (P<0.05 vs control), which was
significantly reduced by AT1R-AS-ODNs pretreatment
by 14.2 % and 9.5 %, respectively (P<0.05 vs Ang II
group).  Sense sequence was ineffective (P>0.05 vs
Ang II group, Tab 1).

Fig 3.  AT1R mRNA expression detected by in situ hybridization (×200) (A).  AT1R protein expression determined by Western
blot (B).  Representative results of AT1R mRNA (n=6) and protein (n=3) was expressed as % vs control (C).  Mean±SD.
Myocytes treated with serum-free medium (1), AT1R-AS-ODNs (2), or AT1R-S-ODNs (3) for 24 h, and then each stimulated
with Ang II (4, 5, 6) for 24 h.  aP>0.05, bP<0.05, cP<0.01 vs group 1.  dP>0.05, fP<0.01 vs group 4.
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Effect of AT1R-AS-ODNs on ANF protein ex-
pression  There were no significant changes in ANF
protein expression following AT1R-AS-ODNs and AT1R-
S-ODNs treatment.  By comparison with control cells,
ANF expression increased by 1.8-fold after 24 h treat-
ment with Ang II.  This value was decreased by 32.4 %
after AT1R-S-ODNs pretreatment (P<0.05).  However
the sense sequence was ineffective (P>0.05 vs Ang II
group, Fig 6).

DISCUSSION

The most significant finding of this study is that
AS-ODNs targeting AT1R mRNA protects cardiomyo-
cytes from developing Ang II-dependent pathophysi-
ological growth, but it does not interfere with normal
growth.

The rationale for us choosing AT1R as a target were
of threefold: (1) AT1R was shown to be up-regulated in

Tab 1.  DNA content in cardiomyocytes treated with serum-
free medium (1), AT1R-AS-ODNs (2), or AT1R-S-ODNs (3)
for 24 h, and then each stimulated with Ang II (4, 5, 6) for 24 h.
n=3.  Mean±SD.  aP>0.05, bP<0.05 vs 1.  dP>0.05, eP<0.05
 vs 4.

     Group                                 DNA content/mg·kg-1

                          G0/G1                      G2/M

1    120±4a 237±5a

2    118±4a 234±4a

3    123±6a 241±6a

4    155±7b 305±7b

5    133±6be 276±6be

6    158±4d 308±4d

Fig 4.  JNK activity was detected by immune complex ki-
nase assay (A) and the results were expressed as % vs con-
trol (B).  n=3.  Mean±SD.  Myocytes were treated with se-
rum-free medium (1), AT1R-AS-ODNs (2), or AT1R-S-ODNs
(3) for 24 h, and then each stimulated with Ang II (4, 5, 6) for
30 min.  aP>0.05, bP<0.05, cP<0.01vs group 1.  dP>0.05,
eP<0.05 vs group 4.

Fig 5.  Light photomicrograph of c-Jun protein expression
de tec ted  w i th  immunocytochemis try  (×200)  in
cardiomyocytes (A) and data were expressed as % vs control
(B).  n=6.  Mean±SD.  Myocytes were treated with serum-
free medium (1), AT1R-AS-ODNs (2), or AT1R-S-ODNs (3)
for 24 h, and then each stimulated with Ang II (4, 5, 6) for 2
h.  aP>0.05, bP<0.05, cP<0.01 vs group 1.  dP>0.05, eP<0.05 vs
group 4.
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hypertrophic myocardium of several hypertensive mod-
els[10]; (2) overexpression of AT1R in cardiomyocytes
played a crucial role in the development and establish-
ment of cardiac hypertrophy[11]; (3) AT1R antagonist was
a proved traditional pharmacological strategy for the
control of hypertension[12].  Despite great success with
traditional therapy, chronic treatment with such agents
has been shown to induce the upregulation of AT1R[13],
which is disadvantageous to hypertrophy reversion.
Therefore, interruption in the AT1R expression by
antisense becomes an available selection.

In the present study, encapsulated by liposome,
AT1R-AS-ODNs were delivered into cardiomyocytes
triumphantly.  Fluorescent microscopy showed rapid
uptake of the AS-ODNs into cells within 120 min, where
they migrated to the nucleus quickly and stayed there at
least for 24 h.  In order to avoid nonspecific effects
and other artifacts, AS-ODNs were used at low con-
centrations (200 nmol/L).  However, such concentra-
tion of AS-ODNs resulted in a significantly decreased
AT1R gene expression.  Previous studies showed that
this could occur by the hybridization of AS-ODNs with
target mRNA, preventing the passage of the mRNA
though the ribosome.  Alternatively, DNA hybridization
to RNA will stimulate the production of RNase H, which
destroys the RNA and thereby releases the oligo for
further hybridization.  This recycling action induced by
RNase H may account for the long action of AS-ODNs[14].

It is worth pointing out that, in this study, Ang II
is a potent negative regulator of the AT1R gene in
cardiomyocytes.  This result is consistent with Everett’s[15],
who proved that incubation of cardiomyocytes with Ang
II resulted in a time- and dose-dependent decrease in
AT1R mRNA levels, and co-incubation with Ang II and

losartan prevented the decrease in AT1R mRNA whereas
the AT2R antagonist PD123319 was ineffective, sug-
gesting Ang II induced AT1R gene downregulation is
mediated through the AT1R.  In contrast to losartan,
AT1R-AS-ODNs pretreatment did not block, but super-
induced the downregulation of AT1R by Ang II, whereas
AT1R-S-ODNs was ineffective.  These results indicate
that AS-ODNs block AT1R expression with precise
specificity based on the genetic design, but not inter-
fere with AT1R activity, which is extremely different
from traditional AT1R antagonists.

The mechanisms of Ang II-induced cardiac hy-
pertrophy remain unknown.  Several signal transduc-
tion pathways including PKC[16], ERKs[17], and tyrosine
kinase[18], have been reported to be involved in Ang II
dependent cardiac hypertrophy.  However, the data here
showed that JNK pathway, another major subtype of
the MAPKs family, was also activated by Ang II.  This
was in agreement with the results observed by Murasawa[19].
Up to now, at least ten JNKs, derived from alternative
splicing of three genes, have been identified.  The mo-
lecular mass of these isoforms is about 46 or 54 kDa
(p46JNK or p54JNK), depending on the absence or
presence of a c-terminal extension[20].  It is still not clear
which of the individual isoform presents and plays an
important role in the myocardium growth.  In this study,
Ang II significantly activated both p46JNK and p54JNK,
because JNK is the predominant c-Jun kinase and the
potent activator of AP-1[21], we also examined c-Jun
expression, and found that it was significantly increased
by Ang II stimulation via AT1R, following the activation
of JNK, but preceding the onset of DNA synthesis and
ANF reexpression.  Interestingly, various cardiac hy-
pertrophy related genes, such as ANF, skeletal α-actin,
and even c-jun itself have the AP-1 consensus subse-
quent in their promoter regions[21].  Thus, it is postu-
lated that Ang II triggered the activation of JNK in
cardiomyocytes, which induced c-Jun gene expression
and the subsequent hypertrophy.  Although it is well
established that ERK, another subfamily of MAPKs,
plays an important role in cardiac hypertrophy induced
by multiple growth factor[17], Ang II induced cardiac
activation of JNK in vivo occurs in a more sensitive
manner than that of ERK[22].  Therefore, the activity of
JNK, together with the level of c-Jun expression could
be taken as valuable indicators representing the reactiv-
ity of cardiomyocytes to Ang II stimulation.

In this study, AT1R-AS-ODNs pretreatment signi-
ficantly, but partially, suppressed Ang II-induced JNK

Fig 6.  ANF protein expression detected by RIA.  n=6.
Mean±SD.  Myocytes treated with serum-free medium (1),
AT1R-AS-ODNs (2), or AT1R-S-ODNs (3) for 24 h, and then
each stimulated with Ang II (4, 5, 6) for 24 h.  aP>0.05,
bP<0.05 vs group 1.  dP>0.05, eP<0.05 vs group 4.
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activation and subsequent pathophysiological growth.
It is possible due to that not all the receptors were blocked
by antisense, and these receptors remnant mediated the
remaining actions of Ang II.  In contrast, the sense
sequence was ineffective.  These results support the
concept that AT1R contributes to the JNK pathway ac-
tivation during Ang II-dependent cardiomyocytes
growth.  These findings also suggest that interruption
of AT1R expression by AS-ODNs makes cardiomyocytes
less sensitive to Ang II stimulation by suppression of
AT1R associated signal transduction pathway, such as
JNK.

It is worth pointing out that, in this study, AT1R-
AS-ODNs did not suppress Ang II associated gene ex-
pression in parallel.  It was possible due to that not all
the non-cardiomyocytes, such as fibroblasts, were re-
moved from cardiomyocytes during the experiment, and
the extracellular matrix derived from these fibroblasts
remnant interfered with the actions of Ang II.  Because
several studies have shown that enhanced expression
of extracellular matrix components, such as collagen
III, fibronectin, osteopontin, and integrin subunits cor-
relate with advancement of cardiomyocytes hypertro-
phy[23].

In contrast to the prevention of Ang II-dependent
pathophysiological growth, AT1R-AS-ODNs failed to
alter basal JNK activity, c-Jun expression, and DNA
synthesis in myocytes in absence of overactive hor-
monal stimulation, despite the evidently inhibitory ef-
fect on AT1R expression, showing that the suppression
of AT1R expression was unable to reduce the physi-
ological growth in myocytes.  Therefore, these results
are consistent with previous studies in vivo that the
expression of AT1R-AS mediated by retroviral vector
prevented SHR from developing hypertension[24], but was
unable to reduce blood pressure in normotensive rats[5].
These observations are compatible with the traditional
pharmacological strategy in which AT1R antagonists
express little or no effect in normal individual[25].  It
further supports a long-held view that the RAS is of
little relevance in the control of normal BP as the result
of the existence of many other interacting physiological
mechanisms[26,27].  These views led us to propose that
the role of AT1R-AS-ODNs in the normal myocytes
would only come into play when the RAS was chal-
lenged.

In conclusion, we have obtained the first evidence
indicating that AT1R-AS-ODNs protects cardiomyocytes
from developing Ang II-dependent pathophysiological

growth by suppression of AT1R associated signal trans-
duction pathway, but it does not interfere with normal
growth.  Taken together with recent in vivo evidence
that interruption in the expression of AT1R prevents the
SHR from developing hypertension, our present study
supports the notion that antisense-targeting AT1R is use-
ful in the prevention of AT1R-mediated cardiomyocytes
hypertrophy.
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