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Abstract. – OBJECTIVE: To investigate the 
influence of the Rho/Rho-associated kinase 
(ROCK) signaling pathway in rats with pulmo-
nary arterial hypertension (PAH) under the in-
tervention with transforming growth factor-be-
ta 1 (TGF-β1).  

MATERIALS AND METHODS: A total of 30 
rats were divided into three groups using a 
random number table, including control group 
(healthy rats, n=10), model group (PAH rats, 
n=10), and TGF group (PAH rats injected with 5 
ng/mL TGF-β1 recombinant protein, n=10). The 
systolic blood pressure, ventricular hypertrophy 
index, pathological changes in lung tissues, 
TGF-β1 level, protein, and messenger ribonucle-
ic acid (mRNA) expressions of RhoA and ROCK, 
as well as concentrations of serum nitric ox-
ide (NO) and endothelin-1 (ET-1) were detected 
via hemodynamics test, hematoxylin and eosin 
(HE) staining, immunohistochemical method, re-
verse transcription-polymerase chain reaction 
(RT-PCR), and enzyme-linked immunosorbent 
assay (ELISA).  

RESULTS: The results of hemodynamics test 
showed that the right ventricular systolic pres-
sure was increased markedly in model group 
(46.53±8.81) and TGF group (56.79±9.12) com-
pared with that in control group (26.03±4.21) 
(p<0.05). The mean pulmonary systolic pres-
sure in model group (25.89±1.92) and TGF group 
(29.41±1.91) was evidently higher than that in 
control group (15.77±2.71) (p<0.05). According to 
the results of heart weight measurement, model 
group (0.5118±0.1635) exhibited a higher ven-
tricular hypertrophy index than control group 
(0.2908±0.0313) (p<0.05) but a lower ventricular 
hypertrophy index than TGF group (0.7231±0.1004) 
(p<0.05). The medial thickness of the pulmonary 
artery of the rats was observed through the HE 
staining. It was found that compared with control 
group, the medial thickness of the pulmonary 
artery was increased significantly in model group 
(p<0.05), while it was raised more prominently in 
TGF group, higher than that in model group, sug-
gesting that TGF-β1 expression can increase the 
medial thickness of the pulmonary artery. It was 

manifested in immunohistochemical results that 
the protein expression of RhoA in the left lung 
tissues rose notably in model group compared 
with that in control group (p<0.05), and it was 
also raised remarkably in TGF group in compari-
son with that in model group (p<0.05), illustrating 
that the protein expression of TGF can activate 
the activity of RhoA and ROCK. The results of 
RT-PCR indicated that the mRNA expressions 
of RhoA and ROCK in the left lung tissues were 
elevated distinctly in model group and TGF group 
compared with those in control group (p<0.05), 
and the increases were more apparent in TGF 
group than those in model group (p<0.05). It was 
revealed in ELISA results that in comparison with 
control group, model group, and TGF group had 
markedly increased concentrations of serum NO 
and ET-1 (p<0.05), while the rises of serum NO 
and ET-1 concentrations in TGF group were the 
most prominent compared with those in model 
group (p<0.05). 

CONCLUSIONS: Overexpressed TGF-β1 can 
activate the RhoA/ROCK signaling pathway, 
thus promoting the occurrence and develop-
ment of PAH.
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Introduction

Pulmonary arterial hypertension (PAH) is 
a severe disease triggered by various reasons, 
whose major pathological characteristic is pulmo-
nary artery remodeling, manifested as pulmonary 
artery smooth muscle cell proliferation, extracel-
lular matrix accumulation and endothelial-mesen-
chymal transition, thereby reducing the sensitiv-
ity of the vessel wall, enhancing the contractility 
of muscle bundles, increasing the pulmonary ar-
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tery pressure and pulmonary vascular resistance, 
and ultimately inducing right heart failure1.

Transforming growth factor-β1 (TGF-β1) 
plays key roles in many diseases, such as cancers, 
autoimmune diseases, and cardiovascular diseas-
es2. TGF-β1 is able to activate the p38/MAPK and 
PI3K/Akt signaling pathways, thus accelerating 
the proliferation and differentiation of smooth 
muscle cells, inhibiting the smooth muscle cell 
apoptosis, improving the smooth muscle cell vi-
ability, promoting the endothelial-mesenchymal 
transition, finally promoting pulmonary artery 
remodeling and deteriorating PAH3.

The abnormal activation of the RhoA/
Rho-associated kinase (ROCK) signaling path-
way is closely correlated with such pathological 
processes as pulmonary vascular endotheli-
al dysfunction, increased pulmonary vascular 
contractility and pulmonary vascular remod-
eling, which plays a crucial role in the patho-
genesis of PAH4. According to current research 
findings5, the RhoA/ROCK signaling pathway 
is a hotspot target of the PAH treatment, whose 
inhibitor may serve as a new drug for PAH, 
further indicating that the RhoA/ROCK sig-
naling pathway exerts pivotal effects in PAH. 
The Rho-guanosine triphosphate (GTP) family 
is a category of small G proteins with a mo-
lecular weight of about 21 kDa and GTPase 
activity, and it is a subfamily member of the 
Ras superfamily6. The downstream signaling 
molecules of RhoA, an important biological 
signaling molecule, include ROCK which is a 
vital enzyme participating in mitosis of cells, 
cytoskeleton regulation, actin constriction, cell 
adhesion, and aggregation, as well as other cru-
cial life phenomena of cells7.

It can be seen that both TGF-β1 and the 
RhoA/ROCK signaling pathway can stimu-
late the pulmonary artery remodeling to ex-
acerbate PAH. A work4 demonstrated that the 
Rho/ROCK signaling pathway is involved in 
the TGF-β1-mediated epithelial-mesenchymal 
transition (EMT) of epithelial cells, and the 
ROCK-specific inhibitor Y-27632 can repress 
the TGF-β1-induced up-regulation of α-SMA, 
Collagen I, and Vimentin expressions, thereby 
suppressing EMT. However, the action relation 
between TGF-β1 and the Rho/ROCK signaling 
pathway in-vivo rat model of PAH still remains 
unknown. Therefore, it was basically speculat-
ed in this research that TGF-β1 can promote the 
occurrence and development of PAH by activat-
ing the RhoA/ROCK signaling pathway.

Materials and Methods

Drugs and Reagents
TGF-β1 antibody (Shanghai GeneChem Co., 

Ltd., Shanghai, China), formaldehyde fixative, 
absolute alcohol and buffer solution (Shanghai 
Shenghua, Shanghai, China), monocrotaline 
(Chengdu Desite Biotech Co., Ltd., Chengdu, 
China), reverse transcription-polymerase chain 
reaction (RT-PCR) kit and enzyme-linked immu-
nosorbent assay (ELISA) kit (Thermo Fisher Sci-
entific; Waltham, MA, USA).

Main Instruments
Microtome (Thermo Fisher Scientific; Waltham, 

MA, USA), XZ-6 low-speed centrifuge (Bio-Rad, 
Hercules, CA, USA), transmembrane appara-
tus (Agilent, Santa Clara, CA, USA), TG16WS 
table-top high-speed centrifuge (Olympus, To-
kyo, Japan), MP150 Type 16-channel multi-lead 
physiological recorder (Thermo Fisher Scientific; 
Waltham, MA, USA), automatic tissue processor 
(Bio-Rad, Hercules, CA, USA), electronic bal-
ance (Shanghai Sunny Hengping Scientific Instru-
ment Co., Ltd., Shanghai, China), vortex oscillator 
(Shanghai QiTe, Shanghai, China), and electropho-
resis apparatus (Olympus, Tokyo, Japan).

Grouping of Laboratory Animals 
and Modeling

A total of 30 healthy adult female Sprague-Daw-
ley rats weighing 180-220 g and aged 6-8 weeks 
old were offered by Shandong Laboratory Animal 
Center. This research was approved by the Ani-
mal Ethics Committee of Shanxian Central Hos-
pital Animal Center. They were raised in separate 
cages in a specific pathogen-free animal house at 
room temperature of (22 ± 2)°C, with humidity of 
50-60% and a 12/12 h light/dark cycle. Also, they 
had free access to food and water. All the 30 rats 
were divided into three groups using a random 
number table, including control group (healthy 
rats, n=10), model group (PAH rats, n=10), and 
TGF group (PAH rats injected with 5 ng/mL 
TGF-β1 recombinant protein, n=10).

The monocrotaline (1 g) was dissolved in hy-
drochloric acid (5 N) and neutralized using sodi-
um hydroxide (10 N), and the pH value was ad-
justed to 7.2. Then, the solution was prepared into 
monocrotaline stock solution (final concentration: 
100 mg/mL) with normal saline, which was di-
luted to 50 mg/kg and subcutaneously injected 
into the back of the rats in model group and TGF 
group once a day for 30 consecutive days to estab-
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lish the PAH model. Rats in control group were 
daily injected with an equal volume of normal 
saline. From the day of monocrotaline injection, 
TGF group was injected with TGF-β1 solution (5 
ng/mL) twice a week for 30 days, and the changes 
in the three indexes were observed.

Hemodynamics Test
The hemodynamic monitoring was performed 

for the three groups of rats 30 days later. The rats 
were anesthetized by 1% pentobarbital sodium 
solution (5 mL/kg) and then completely fixed on 
an operation table. Next, they were connected to 
electrocardiogram electrodes for electrocardio-
graphic monitoring. Subsequently, the neck of the 
rats was disinfected and separated layer by layer 
to expose the right external jugular vein. Later, the 
posterior region of the jugular vein was thread-
ed, a heparinized polyethylene piezometric tube 
was inserted into the jugular vein and connected 
to a transducer, and the MP150 Type 16-channel 
multi-lead physiological recorder was used for re-
cording. The right ventricular diastolic pressure 
was rolled over to “0”, and the pulmonary artery 
diastolic pressure was returned to 10 mmHg. The 
right ventricular systolic pressure of the rats was 
measured first, the waveform was analyzed, and 
the pressure value in each group was calculated.

Measurement of Ventricular 
Hypertrophy Index

The rats were killed by decapitation, the tho-
racic cavity was opened immediately, and the 
heart was taken out. The atria and great vessels 
were removed, the right ventricle and left ventri-
cle + interventricular septum were dissociated, 
and the blood was washed away using normal 
saline. After the moisture on the surface was 
absorbed by filter paper, the heart was weighed 
using the electronic balance to calculate the right 
ventricular hypertrophy index.

Hematoxylin and Eosin (HE) Staining
The left lung tissues were taken and processed 

with 4% paraformaldehyde/phosphate-buffered 
saline (PBS) (pH 7.4) at 4°C for 48 h. After wash-
ing with running water, the tissues were dehy-
drated in 70%, 80%, and 95% ethanol, and pro-
cessed with 100% ethanol. Then, the ethanol was 
eliminated using xylene. Later, the tissues were 
embedded in paraffin (2 μm), followed by stain-
ing in strict accordance with the manufacturer’s 
instructions of the HE staining kit (Beyotime In-
stitute of Biotechnology, Shanghai, China). The 

tissues were picked under a low power lens first, 
and then small pulmonary arteries in a diameter 
of 50-100 μm were selected under a high-power 
lens, followed by photography and analysis.

Immunohistochemistry
Immunohistochemistry (SABC method) was 

applied to detect the protein expression levels of 
nuclear factor-kappa B (NF-κB) and intercellular 
adhesion molecule-1 (ICAM-1) in the brain tis-
sues. The coronal sections of brain tissues were 
subjected to deparaffinization, rehydration, and 
antigen retrieval for 3 min. Later, the sections 
were flushed with Phosphate Buffered Saline with 
Tween-20 (PBST) and placed at room tempera-
ture for 10 min. After the PBST was removed, 
the sections were washed with PBS for 3 times (3 
min/time). Next, the sections were sealed in 1% 
goat serum for 2 h and incubated with primary 
antibodies (1:300) at 4°C for 12 h. After the pri-
mary antibodies were recycled, the sections were 
washed with PBS for 3 times (3 min/time). Sub-
sequently, secondary antibodies (1:3000) were 
added for incubation at room temperature for 2 
h, followed by washing with PBS for 3 times (3 
min/time), color development with diaminoben-
zidine (DAB; Solarbio, Beijing, China) for 5 min 
and flushing of DAB with distilled water for 10 
min. Finally, the sections were stained with he-
matoxylin again, followed by photography and 
preservation.

Detection Via Real Time-Polymerase 
Chain Reaction (RT-PCR)

The messenger ribonucleic acid (mRNA) ex-
pression levels of ROCK and RhoA in the rat 
brain tissues were determined via RT-PCR. The 
tissue samples were taken out from the cryotubes, 
drained, and dissected (slightly smaller than 
mung beans) into 5 mL tubes. After thorough 
homogenization in a tissue homogenizer, the liq-
uid was transferred into clean imported 1.5 mL 
Eppendorf (EP) tubes, followed by standing at 
room temperature for 5-10 min for full lysis and 
centrifugation at 1,200 rpm for 5 min. Then, the 
precipitate was discarded and chloroform (200 
μL chloroform/mL TRigol) was added, mixed 
by shaking, placed at room temperature for 15 
min, and centrifuged at 4°C and 12,000 rpm for 
15 min. Later, aqueous phase layer of the super-
natant was sucked into another centrifuge tube, 
added with isopropyl alcohol (0.7-1 times of ab-
sorbed supernatant in volume), let stand at room 
temperature for 10-30 min and centrifugation at 



TGF-β1 promotes pulmonary arterial hypertension

4991

12,000 rpm for 10 min. The supernatant was dis-
carded and the RNA was deposited at the bottom 
of the tube. Next, 75% ethanol (1 mL 75% eth-
anol/mL TRigol) was added, and the centrifuge 
tube was shaken mildly to suspend the precipi-
tate, followed by centrifugation at 4°C and 12,000 
rpm for 5 min. After the supernatant was discard-
ed as much as possible, the precipitate was blown 
dry on a super-clean bench for 10-20 min and dis-
solved in 10-50 μL of diethyl pyrocarbonate (DE-
PC)-treated double distilled water (ddH2O), and 
the concentration was detected using a OneDrop 
micro-volume spectrophotometer. After that, re-
verse transcription (RT) reaction was conducted 
using 4.5 μL of RNase-free ddH2O, 2 μL of 5×RT 
reaction buffer, 0.5 μL of Random primer, 0.5 
μL of Oligo (dT) primer, 0.5 μL of reverse tran-
scriptase and 2 μL of RNA. The complementary 
deoxyribonucleic acid (cDNA) samples were di-
vided into three parts, each of which was diluted 
at 1:20. Then, 3 μL of cDNA was taken for PCR 
amplification. Later, the amplification level of 
target genes was verified through 5% agarose gel 
electrophoresis. LabWorks 4.0 image acquisition 
and analysis software was used for data quantifi-
cation and processing. The samples in each group 
were measured three times to obtain reliable data. 
The primer sequences of NF-κB and ICAM-1 are 
shown in Table I.

Enzyme-Linked Immunosorbent 
Assay (ELISA)

According to the instructions of ELISA kits 
for nitric oxide (NO) and endothelin-1 (ET-1), 
the standard substance was diluted into different 
concentrations and placed into separate tubes. 20 
μL of standard substance and 400 μL of diluent 
were added into the first tube, from which 200 
μL of the solution was taken into the second tube, 
and so on until the sixth tube. In the seventh tube, 
the only diluent was added to set a basic concen-
tration of 0 μM. Finally, the standard substance 
in gradient concentrations (0 μM, 1 μM, 2 μM, 

5 μM, 10 μM, 15 μM, and 30 μM) was prepared. 
After spotting, 70 μL of standard substance and 
65 μL of ddH2O were taken and incubated at 
room temperature for 20 min, followed by mea-
surement of the serum samples and calculation of 
NO concentration in each group of samples. The 
diluted ET-1 washing solution was prepared, and 
20 mL of concentrated solution was injected into 
800 mL of ddH2O, which was added into the ET-1 
standard substance, shaken evenly and placed for 
5 min. The standard substance in gradient con-
centrations was prepared as per the methods for 
NO, 2 duplicated wells were set, and 50 μL of buf-
fer solution was injected and mixed, followed by 
plate sealing, antibody labeling, standing at 5°C 
for 20 min and incubation with 100 μL of TMB 
substrate for 30 min. Finally, the ET-1 concentra-
tion in each group of samples was calculated.

Statistical Analysis
All the assays were set with 3 parallel groups or 

repeated for 3 times, and the results were expressed 
by mean ± standard deviation (mean ± SD). The 
t-test was adopted for comparison of statistical dif-
ference among groups, in which p<0.05 suggested 
statistical difference, and p<0.01 suggested that the 
difference was statistically significant.

Results

Results of Hemodynamics Test 
for Each Group of Rats

The test was recorded using the 16-channel 
multi-lead physiological recorder. Results showed 
that the right ventricular systolic pressure was in-
creased markedly in model group (46.53 ± 8.81) 
and TGF group (56.79 ± 9.12) compared with that 
in control group (26.03 ± 4.21) (p<0.05). Compared 
with those in model group, the right ventricular 
systolic pressure and mean pulmonary systolic 
pressure were raised evidently after intervention 
with TGF-β1 (p<0.05) (Figure 1A and 1B).

Table I. Primer sequences.

 Gene Primer sequences  

Shaanxi
 ROCK Forward 5'-CTGCGGGTACGAAGGTATCG-3'

 Reverse 5'-AGCATCCAATCCATCCAGCA-3'
RhoA Forward 5'-ACCAGTTCCCAGAGGTGTATG-3'
 Reverse 5'-TTGGGACAGAAGTGCTTGACTTC-3'
GAPDH Forward 5'-GCCATCAACGACCCCTTCATTG-3'
 Reverse 5'-TGCCAGTGAGCTTCCCGTTC-3'
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Comparison of Ventricular 
Hypertrophy Index Among Rats

According to the results of heart weight mea-
surement, model group (0.5118±0.1635) exhibited 
a higher ventricular hypertrophy index than con-
trol group (0.2908±0.0313) (p<0.05) but a lower 
ventricular hypertrophy index than TGF group 
(0.7231±0.1004) (p<0.05) (Figure 2).

Pathological Changes in Rat Lung 
Tissues in Each Group Detected 
Via HE Staining

The medial thickness of the pulmonary artery 
of the rats was observed through the HE staining. 
We found that compared with control group, the 
medial thickness of the pulmonary artery was in-
creased obviously in model group (p<0.05), while 
it was raised more prominently in TGF group, 
higher than that in model group, suggesting that 
TGF-β1 expression can increase the medial thick-
ness of the pulmonary artery (Figure 3).

Protein Expressions of RhoA 
and ROCK in Left Lung Tissues 
of Rats Detected 
Via Immunohistochemical Method

It was manifested in immunohistochemi-
cal results that the protein expressions of RhoA 
and ROCK in the left lung tissues rose notably 
in model group compared with those in control 
group (p<0.05). Also, they raised remarkably in 
TGF group in comparison with those in model 
group (p<0.05), illustrating that the elevated pro-
tein expression level of TGF-β1 can apparently in-
crease the protein expression levels of RhoA and 
ROCK (Figure 4).

MRNA Expressions of RhoA and ROCK in 
Left Lung Tissues of the Three Groups 
of Rats

The results of RT-PCR indicated that the 
mRNA expressions of RhoA and ROCK in the 
left lung tissues were elevated distinctly in mod-
el group and TGF group compared with those in 
control group (p<0.05), and the increases were 
more apparent in TGF group than those in model 
group (p<0.05) (Figure 5).

Detection Results of Serum NO 
and ET-1 Concentrations in Rats

It was revealed in ELISA results that in com-
parison with control group, model group and TGF 
group had markedly increased concentrations of 
serum NO and ET-1 (p<0.05), while the rises of 
serum NO and ET-1 concentrations in TGF group 
were the most prominent compared with those in 
model group (p<0.05) (Figure 6).

Figure 1. Right ventricular systolic pressure and mean pulmonary systolic pressure of the three groups of rats. A, Compari-
son of right ventricular systolic pressure among the three groups of rats. B, Comparison of mean pulmonary systolic pressure 
among the three groups of rats, a: p<0.05 vs. control group, and b: p<0.05 vs. model group.

A B

Figure 2. Comparison of ventricular hypertrophy index 
among the three groups of rats. a: p<0.05 vs. control group, 
and b: p<0.05 vs. model group.
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Figure 3. Comparison of medial thickness of the pulmonary artery among the three groups of rats (200X).

Figure 4. Protein expressions of RhoA and ROCK in left lung tissues of rats. A, Protein expressions of RhoA and ROCK 
(200X). B, Relative protein expressions of RhoA and ROCK, a: p<0.05 vs. control group, and b: p<0.05 vs. model group.

A

B
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Discussion

PAH is a fairly refractory disease among car-
diovascular diseases, whose pathological charac-
teristics are dominated by pulmonary vasocon-
striction, pulmonary vascular remodeling, in situ 
thrombosis and inflammation. Zhang et al4 found 
that in the process of PAH in rats, the pulmonary 
microvascular cell damage, pulmonary vasocon-
striction, and vascular wall remodeling in rats are 
triggered by TGF-β1 which plays a critical role in 
the progression of PAH. The overexpression of 
TGF-β1 is an important factor for the occurrence 
and development of hyperkinetic PAH, which may 
jointly promote pulmonary vascular remodeling. 
TGF-β1 is known to be one of the most potent fi-
brogenic cytokines at present, and TGF-β1 in the 
cardiovascular system can accelerate endothelial 
regeneration and angiogenesis, as well as promote 
the proliferation of fibroblasts and vascular smooth 
muscle cells8. The expression of the RhoA/ROCK 
signaling pathway is up-regulated remarkably in 
the rat model of PAH, participating in the patho-
physiological processes in the pulmonary artery9.

The recording results of the 16-channel multi-
lead physiological recorder indicated that com-
pared with control group (26.03 ± 4.21), model 

group (46.53 ± 8.81), and TGF group (56.79 ± 9.12) 
had significantly increased right ventricular sys-
tolic pressure (p<0.05). The mean pulmonary sys-
tolic pressure in model group (25.89 ± 1.92) and 
TGF group (29.41 ± 1.91) rose notably compared 
with that in control group (15.77 ± 2.71) (p<0.05). 

Figure 5. MRNA expressions of 
RhoA and ROCK in left lung tissues 
of the three groups of rats. A, Elec-
trophoretogram of ROCK mRNA. 
B, Electrophoretogram of RhoA 
mRNA, 1: normal control group, 
2: model group, and 3: TGF group. 
C, Relative mRNA expressions of 
RhoA and ROCK, a: p<0.05 vs. con-
trol group, and b: p<0.05 vs. model 
group.

A B

C

Figure 6. Concentrations of serum NO and ET-1 in the 
three groups of rats. a: p<0.05 vs. control group, and b: 
p<0.05 vs.model group.
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After the intervention with TGF-β1, both right 
ventricular systolic pressure and mean pulmonary 
systolic pressure were raised remarkably. The re-
sults of heart weight measurement displayed that 
the right ventricular hypertrophy index in mod-
el group (0.5118 ± 0.1635) was higher than that 
in control group (0.2908 ± 0.0313) (p<0.05) and 
lower than that in TGF group (0.7231 ± 0.1004) 
(p<0.05). Cho et al10 indicated that PAH is a pul-
monary arterial disease characterized by vas-
cular proliferation and remodeling, progressive 
obliteration of pulmonary vascular bed and pro-
gressive increment in pulmonary vascular resis-
tance. During the development of the disease, the 
main features of pulmonary vascular remodeling 
include the change of the phenotype of vascu-
lar smooth muscle cells from contractile type to 
synthetic type, whose massive proliferation will 
cause hypertrophy of the arterial media10,11. Tho-
deti et al12 revealed that TGF-β1 probably induces 
the phenotypic transformation of vascular smooth 
muscle cells by activating the Rho/ROCK signal-
ing pathway, resulting in pulmonary vascular re-
modeling. Guo et al13 indicated that ROCK1 par-
ticipates in the incidence of TGF-β1-induced PAH 
in rats. Huang et al14 researched and discovered 
that TGF-β1 can induce the extracellular matrix 
accumulation and facilitate the proliferation of 
smooth muscle cells, thus exerting crucial effects 
in the formation and development of PAH15.

The medial thickness of the pulmonary ar-
tery of the rats was observed through the HE 
staining. Results showed that compared with 
those in control group, the pulmonary arteri-
al media were thickened remarkably in model 
group, while the increase was more evident in 
TGF group, greater than that in model group, 
suggesting that the elevated TGF-β1 expression 
can increase the medial thickness of the pulmo-
nary artery. The results of immunohistochem-
istry manifested that the protein expression 
of RhoA in the left lung tissues rose notably 
in model group compared with that in control 
group (p<0.05), and it was also raised markedly 
in TGF group in comparison with that in mod-
el group (p<0.05), illustrating that the protein 
expression of TGF can activate the activity of 
RhoA and ROCK. According to the results of 
RT-PCR, the mRNA expressions of RhoA and 
ROCK in the left lung tissues were elevated 
distinctly in model group and TGF group com-
pared with those in control group (p<0.05), and 
the increases were more apparent in TGF group 
than those in model group (p<0.05). Wang et 

al16 pointed out that the higher the TGF-β1 lev-
el is, the more apparent the increases in mRNA 
expressions of ROCK, RhoA, and ET-A will 
be. Haydont et al17, ROCK1 has a significantly 
positive correlation with TGF-β1. Zhang et al4 
indicated that ROCK1 is involved in the inci-
dence of TGF-β1-induced PAH in rats. Jiang et 
al15 proved that TGF-β1 can be implicated in the 
occurrence and development of PAH mainly by 
regulating multiple signaling pathways to pro-
mote the proliferation of smooth muscle cells, 
extracellular matrix accumulation, and other 
processes. This process is dominated by the 
pulmonary artery smooth muscle cells and en-
dothelial cells.

The concentrations of serum NO and ET-1 
were detected via ELISA. Model group and TGF 
group had higher concentration of NO than con-
trol group (p<0.05), while the increase in TGF 
group was more prominent (p<0.05). In compar-
ison with control group, model garoup and TGF 
group had markedly increased the concentration 
of serum ET-1 (p<0.05), and TGF group exhibit-
ed the most prominent increase (p<0.05). NO is 
a cardiovascular protective factor, and Samara-
koon et al18 demonstrated that NO is an endothe-
lium-derived relaxing factor that can protect the 
cardiovascular system and perform vital functions 
in maintaining the vascular endothelial structure 
and function. NO is capable of dilating the blood 
vessels and bronchi. Zhu et al19 testified that ET-1 
is a powerful endogenous vasoconstrictive factor, 
which plays a very important role in the endothe-
lial injury. It can activate the G protein-coupled 
ETA and ETB receptors, thus increasing the calci-
um level in cells, regulating vasoconstriction and 
stimulating the proliferation of smooth muscle 
cells. Cai et al20 proved that ET-1 has proangio-
genic and mitogenic properties and can accelerate 
the extracellular matrix remodeling by stimulat-
ing fibroblast-induced collagen synthesis, there-
by altering the response of the pulmonary artery 
smooth muscle cells to nerve stimulation. Hence, 
the overexpressed TGF-β1 can activate the Rho/
ROCK signaling pathway, which may be associat-
ed with the elevated expression level of ET-1 mol-
ecule that stimulates vasoconstriction.

Conclusions

We found that the overexpressed TGF-β1 can 
activate the RhoA/ROCK signaling pathway, thus 
promoting the occurrence and development of PAH.
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