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Abstract. Liver fibrosis is a pathological process of chronic 
liver diseases. In particular, epithelial‑mesenchymal transi-
tion (EMT) is a major source of myofibroblast structure in 
liver fibrosis. The present study investigated the effects of 
recombinant truncated transforming growth factor‑ß receptor 
II (rtTGFβRII) on EMT and liver fibrosis in a carbon tetra-
chloride (CCl4)‑induced rat model. A total of 24 rats were 
randomly separated into three groups: Normal control (NC), 
model (CCl4) and treatment (CCl4 + rtTGFβRII) groups. 
Histological methods, including hematoxylin and eosin, 
Masson's trichrome and Sirius red staining were conducted. 
The activities of serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were measured using 
an automatic biochemical analyzer. The mRNA expres-
sion levels of fibroblast specific protein‑1 (FSP‑1), α‑smooth 
muscle actin (α‑SMA), fibronectin, collagen I, vimentin and 
E‑cadherin were detected using reverse transcription‑quan-
titative polymerase chain reaction analysis. The protein 
levels of fibronectin, collagen I, E‑cadherin, Smad2/3 and 
phosphorylated (p)‑Smad2/3 were detected using western blot 
analysis. The expression of α‑SMA, fibronectin, vimentin and 
E‑cadherin in the liver tissue was detected using immuno-
fluorescence staining. The results demonstrated that in vivo, 
rtTGFβRII significantly reduced the degree of liver injury, 
serum ALT and AST activities and liver fibrosis. These 
factors were associated with reduced expression of FSP‑1, 

α‑SMA, fibronectin, collagen I, vimentin and p‑Smad2/3, and 
increased expression of E‑cadherin. The results of the present 
study suggest that rtTGFβRII may inhibit EMT processes in 
CCl4‑induced liver fibrosis in rats and alter the expression of 
epithelial and myofibroblast markers. Therefore, rtTGFβRII 
may be considered a possible treatment for preventing liver 
fibrosis via EMT processes.

Introduction

Liver fibrosis is a complex pathophysiological process 
characterized by the production and excessive deposition 
of extracellular matrix (ECM) (1‑3), leading to loss of liver 
function, remodeling of liver blood vessels and destruction 
of liver structures. Liver fibrosis is generally considered a 
reversible wound healing response following liver injury. This 
process occurs in all chronic liver diseases, and can eventually 
lead to irreversible cirrhosis and liver failure (4,5); therefore 
preventing and reversing liver fibrosis is a primary measure for 
the treatment of liver diseases (6).

Epithelial‑mesenchymal transition (EMT) refers to a 
process in which epithelial cells lose their typical epithelial 
properties and become motile as mesenchymal cells (7). The 
EMT process is accompanied by a loss of epithelial charac-
teristics, including E‑cadherin expression, and an increase in 
mesenchymal cells and fibroblast markers, including α‑smooth 
muscle actin (α‑SMA) (8,9). EMT has been reported to be 
associated with liver fibrosis. Previous studies have suggested 
that activation of collagen‑producing myofibroblasts can be 
enhanced by hepatocytes and biliary epithelial cells via EMT 
during liver fibrosis  (10,11), which can result in excessive 
deposition of ECM in the liver (12).

Transforming growth factor‑β (TGF‑β) is a principal 
profibrotic cytokine  (13), which can induce EMT during 
liver fibrosis. It has previously been suggested that EMT 
is regulated by various profibrotic cytokines, with TGF‑β1 
considered the most important (14). TGF‑β1 has been reported 
to initiate and finalize EMT processes in animal disease 
models and patients (15). Growing evidence has indicated that 
the prevention of EMT development may control and reverse 
liver fibrosis (16).
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Blocking TGF‑β signal transduction and understanding 
the mechanism underlying EMT has great significance for 
the development of novel effective therapies for the treatment 
of EMT‑associated fibrosis diseases (17). A novel truncated 
(27‑123 residues) type  II TGF‑β receptor (tTGFβRII) was 
designed and constructed, which works as a dominant‑negative 
receptor. A previous study demonstrated that recombinant 
tTGFβRII (rtTGFβRII) can efficiently trap TGF‑β1 from 
access to wild‑type receptors and can prevent TGF‑β1‑triggered 
signals (18). Therefore, the present study aimed to determine 
whether rtTGFβRII ameliorates liver fibrosis by inhibiting 
EMT.

Materials and methods

Expression and purification of rtTGFβRII protein. The 
tTGFβRII sequence was amplified by reverse transcrip-
tion‑polymerase chain reaction (RT‑PCR) and cloned into the 
pET‑28a vector prior to transformation into Escherichia coli 
BL21 cells. Briefly, the tTGFβRII sequence was synthe-
sized from the RNA of human peripheral blood using the 
Catrimox‑14 reagent (Takara Biotechnology, Co., Ltd., Dalian, 
China). Informed consent was obtained for the collection of 
blood sample from a healthy volunteer, and this study was 
approved by the Ethics Committee of Mudanjiang Medical 
University (Mudanjiang, China). The total RNA (1 µg) was 
reverse transcribed to cDNA using the First‑Strand cDNA 
Synthesis kit (Roche Diagnostics, Indianapolis, IN, USA) 
according to the manufacturer's protocol. The 10X polymerase 
chain reaction buffer and dNTP mixture were purchased from 
Takara Biotechnology Co., Ltd. The primers (synthesized by 
Sangon Biotech Co., Ltd., Shanghai, China), were as follows: 
Forward, 5'‑CCG​GAA​TTC​CAC​GTT​CAG​AAG​TCG​GTT​
AA‑3' and reverse, 5'‑TTG​CGG​CCG​CCA​TAA​TGC​ACT​TTG​
GAG​AAG‑3'. The PCR conditions were as follows: 94˚C for 
5 min, 30 cycles of 94˚C for 30 sec, 55˚C for 30 sec and 72˚C 
for 30 sec, and a final extension of 72˚C for 10 min.

The recombinant plasmid pET‑28a/tTGFβRII contained 
6 histidine tags, and was grown overnight in lysogeny broth 
(LB) medium that contained 50 µg/ml kanamycin at 37˚C, 
with agitation at 210  rpm. Subsequently, the culture was 
diluted 1:100 in fresh LB medium that contained 50 µg/ml 
kanamycin and was cultured at 37˚C until optical density at 
600 nm values of the media reached 0.6. Afterwards, 1 mmol/l 
isopropyl β‑D‑thiogalactopyranoside was added for induction 
at 37˚C and the cells were harvested after 12 h. Purification was 
completed using Ni‑NTA agarose affinity chromatography. 
The expression and purity of rtTGFβRII was analyzed by 15% 
SDS‑PAGE with Coomassie brilliant blue staining. The puri-
fied recombinant protein was measured using a bicinchoninic 
acid (BCA) protein assay kit according to the manufacturer's 
protocol and stored at ‑80˚C until further use.

Animals and treatment. All experimental protocols were 
approved by the Mudanjiang Medical University Animal 
Care and Veterinary Services Committee (Mudanjiang, 
China). The methods were carried out in accordance with the 
Guidelines for the Care and Use of Laboratory Animals (19). 
A rat model of liver fibrosis was induced using carbon 
tetrachloride (CCl4). A total of 24 male Sprague Dawley rats 

(age, 10 weeks; weight, 200‑250 g) were obtained from the 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). The 
animals were maintained under a 12 h light/dark cycle at 
22˚C with free access to food and water. After acclimation 
for 1 week, the rats were randomly divided into three groups 
(n=8 rats/group): Normal control (NC), model (CCl4), and 
treatment (CCl4 + rtTGFβRII) groups. The NC group received 
an intraperitoneal (i.p.) injection of 2 ml/kg body weight 
(b.w.) pure olive oil twice a week for 8 weeks and were then 
administered 2 ml/kg b.w. pure olive oil (i.p.) once a week for 
4 weeks. The CCl4 group received 2 ml/kg b.w., CCl4 solution 
(40% CCl4 in pure olive oil, i.p.) twice a week for 8 weeks 
and afterwards were administered a CCl4 solution 2 ml/kg 
b.w. once a week for 4 weeks. The treatment group (CCl4 + 
rtTGFβRII) received 2 ml/kg b.w. CCl4 solution (40% CCl4 in 
pure olive oil, i.p.) twice a week for 8 weeks and once a week 
for 4 weeks. Once the rats had been treated for 8 weeks they 
were administered 1 mg/kg b.w. rtTGFβRII (i.p.), two times a 
week, over a total of 4 weeks. All of the rats were sacrificed 
under anesthesia with an i.p. injection of 10% chloral hydrate 
(3 ml/kg b.w.), and blood and liver samples were collected. 
Blood samples were centrifuged at 1,500 x g for 10 min at 4˚C 
to separate serum; the serum activities of ALT and AST were 
then detected by the Hongqi Hospital of Mudanjiang Medical 
University using a fully automatic biochemical analyzer 
(AU640; Olympus Corporation, Tokyo, Japan). A portion of 
the liver was immediately fixed in 10% formalin for histo-
logical analyses. The rest of the liver tissue was rapidly frozen 
and maintained at ‑80˚C until assessed. Liver samples were 
acquired for analyses of liver function, and the detection of 
mRNA and protein expression levels of fibrosis‑associated 
factors by RT‑quantitative (q)PCR, histology, immunofluores-
cence and western blot analysis.

RNA extraction and RT‑qPCR analysis. Total RNA was 
extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. Total RNA (1 µg) was reverse transcribed 
to cDNA using the First‑Strand cDNA Synthesis kit (Roche 
Diagnostics) according to the manufacturer's instructions. Gene 
expression was measured by RT‑qPCR using a SYBR Green 
RT‑qPCR Master Mix and a StepOne Real‑time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The ther-
mocycling conditions were as follows: 95˚C for 10 min, followed 
by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. PCR primer 
sequences were as follows: β‑actin forward, 5'‑GGA​GAT​TAC​
TGC​CCT​GGC​TCC​TA‑3' and reverse, 5’‑GAC​TCA​TCG​TAC​
TCC​TGC​TTG​CTG‑3'; vimentin forward, 5'‑TGA​CAT​TGA​
GAT​CGC​CAC​CT‑3' and reverse, 5'‑TCA​TCG​TGG​TGC​TGA​
GAA​GT‑3'; fibroblast‑specific protein (FSP‑1) forward, 5'‑ATG​
TAA​TAG​TGT​CCA​CCT​TCC‑3' and reverse, 5'‑ACT​TCA​
TTG​TCC​CTG​TTG​CT‑3'; fibronectin forward, 5'‑CCG​AAT​
CAC​AGT​AGT​TGC​GG‑3' and reverse, 5'‑GCA​TAG​TGT​CCG​
GAC​CGA​TA‑3'; E‑cadherin forward, 5'‑TCA​TCA​CAG​ACC​
CCA​AGA​CC‑3' and reverse, 5'‑GAT​CTC​CAG​ACC​CAC​ACC​
AA‑3'; collagen I forward, 5'‑CTG​CTG​GTG​AGA​GAG​GTG​
AA‑3' and reverse, 5'‑GGA​AAC​CTC​TCT​CGC​CTC​TT‑3'; and 
α‑smooth muscle actin (α‑SMA) forward, 5'‑CAT​CAT​GCG​
TCT​GGA​CTT​GG‑3' and reverse, 5'‑CCA​GGG​AAG​AAG​AGG​
AAG​CA‑3'. β‑actin was used as an internal control and relative 
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quantification of gene expression was performed using the 2‑ΔΔCq 

method (20).

Histological analysis. The liver tissues were fixed in 10% 
neutraformaline for 24  h at room temperature and were 
embedded in paraffin. Tissue sections (5  µm) underwent 
hematoxylin and eosin (H&E), Masson's trichrome (MTS; 
cat no. D026; Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China) and Sirius red staining (cat no. ab150681; 
Abcam, Cambridge, MA, USA) to study morphological altera-
tions. All histological analyses were performed according 
to the manufacturer's instructions. For semi‑quantitative 
morphometry, fibrotic areas stained with MTS and Sirius red 
staining were detected and calculated with ImageJ v1.42q 
software [National Institutes of Health (NIH), Bethesda, MD, 
USA] in eight randomly selected micrographs.

Immunofluorescence staining. Immunofluorescence analysis 
was performed on 5 µm liver sections that were dewaxed 
with xylene and hydrated using sequential ethanol and 
distilled water. The sections were permeabilized in 0.1% 
Triton X‑100/PBS for 10 min, blocked with 1% bovine serum 
albumin (BSA)/PBS containing 0.1% Tween (both from 
Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China) for 60 min at room temperature and were incubated 
with antibodies against E‑cadherin (1:100 dilution; cat 
no. sc‑7870), fibronectin (1:100 dilution; cat no. sc‑69682) 
(both from Santa Cruz Biotechnology, Inc., Dallas, TX, USA), 
α‑SMA (1:200 dilution; cat. no. ab5694; Abcam) and vimentin 
(1:100 dilution; cat. no. sc‑7558; Santa Cruz Biotechnology, 
Inc.) at 4˚C overnight. Samples were washed with PBS prior to 
incubation with fluorescein isothiocyanate‑ (1:500 dilution; cat 
nos. ab97063 and ab6881; Abcam) and Cy3‑ (1:500 dilution; 
cat no. ab97035; Abcam) labeled secondary antibodies for 1 h 
at room temperature. Subsequently, 1 µg/ml DAPI was used 
to stain for 10 min in the dark. Images were observed under a 
laser scanning confocal microscope (Olympus Corporation). 
For semi‑quantitative morphometry, immunofluorescence 
staining was detected and calculated with ImageJ v1.42q 
software (NIH) in eight randomly selected micrographs.

Western blot analysis. Liver tissues were lysed in radioim-
munoprecipitation assay buffer (P0013B; Beyotime Institute of 
Biotechnology, Shanghai, China), supplemented with protease 
inhibitor 1 mM phenylmethylsulfonyl fluoride for 30 min 
on ice and were centrifuged at 7,000 x g at 4˚C for 15 min. 
Protein concentration was detected by a spectrophotometer 
using a BCA protein assay kit according to the manufacturer's 
protocol. The protein samples (50 µg) were separated by 8‑10% 
SDS‑PAGE and were transferred to polyvinylidene difluoride 
membranes. Membranes were blocked in 5% BSA/PBS 
containing 0.1% Tween for 1 h at room temperature, and were 
then incubated with primary antibodies against E‑cadherin 
(1:500 dilution; cat no. sc‑7870), fibronectin (1:200 dilution; 
cat no. sc‑69682) (both from Santa Cruz Biotechnology Inc.), 
collagen I (1:5,000 dilution; cat no. ab34710), Smad2/3 (1:500 
dilution; cat no.  ab217553), phosphorylated (p)‑Smad2/3 
(1:1,000 dilution; cat no.  ab63399) and GAPDH (1:5,000 
dilution; cat no.  ab181602) (all from Abcam) at 4˚C over-
night. GAPDH was used as an internal control. Horseradish 

peroxidase‑conjugated goat anti‑rabbit IgG (1:5,000 dilution; 
cat no. ab97051) or goat anti‑mouse IgG (1:5,000 dilution; 
cat no. ab97023) (both from Abcam) antibodies were used 
as secondary antibodies for 1 h at room temperature. Protein 
bands were detected using the 0.01% diaminobenzidine (cat 
no. PA110; Tiangen Biotech Co., Ltd., Beijing, China) chro-
mogenic reagent and the signal intensity was semi‑quantified 
using ImageJ v1.42q software (NIH).

Statistical analysis. The results of each experiment are repre-
sentative of at least three independent experiments. Data were 
analyzed using a one‑way analysis of variance with Tukey's 
multiple comparison test using GraphPad Prism 5.0 software 
(GraphPad Software, Inc., La Jolla, CA, USA) and were 
expressed as the mean ± standard error of the mean. P<0.05 
was considered to indicate a statistically significant difference.

Results

Purification of rtTGFβRII protein. As shown in Fig. 1, the puri-
fied rtTGFβRII exhibited a single band following SDS‑PAGE 
with Coomassie brilliant blue staining. The molecular weight 
of rtTGFβRII was ~13 kDa.

Activities of serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) activities. As shown in 
Fig. 2, the serum activities of ALT and AST were markedly 
increased (P<0.001) in the CCl4 model group compared with 
those in the normal control group. Treatment with rtTGFβRII 
had a beneficial effect on ALT and AST activities; decreased 
ALT and AST activities (P<0.05) were detected in the 
CCl4 + rtTGFβRII group compared with in the CCl4 model 
group.

Histopathological alterations in the liver. H&E staining 
detected pathological alterations in the CCl4 model group, 
including prominent hepatocyte degeneration, necrosis, 

Figure 1. Expression and purification of rtTGFβRII in Escherichia coli BL21 
cells by SDS‑PAGE analysis. Lane M, protein marker; lane 1, rtTGFβRII 
purified protein. rtTGFβRII, recombinant truncated transforming growth 
factor β receptor II.
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inflammatory cell infiltration, periportal expansion and 
formation of pseudolobules (Fig. 3A). MTS and Sirius red 
staining detected a large amount of collagen fiber prolif-
eration in the CCl4 model group compared with in the 

NC group (Fig. 3B and C); however, and the surrounding 
fibrous tissue was significantly reduced (P<0.05) in the 
rtTGFβRII treatment group compared with the CCl4 model 
group (Fig. 3D and E).

Figure 3. rtTGFβRII attenuates CCl4‑induced liver injury, fibrosis and collagen deposition. (A) H&E, (B) MTS and (C) Sirius red staining (magnification, x100) 
were performed on liver sections. Scale bars, 50 µm. (D and E) Semi‑quantitative analysis for MTS and Sirius red staining, respectively. Data are presented 
as the mean ± standard error of the mean, n=8. *P<0.05, **P<0.01, ***P<0.001 compared with the NC group; #P<0.05 compared with the CCl4 group. H&E, 
hematoxylin and eosin; MTS, Masson's trichrome; NC, normal control; rtTGFβRII, recombinant truncated transforming growth factor β receptor II.

Figure 2. Effects of rtTGFβRII treatment on serum levels of ALT and AST in rat liver. Serum (A) ALT and (B) AST levels were measured by an automatic 
biochemical detector. Data are expressed as the mean ± standard error of the mean, n=8. *P<0.05, **P<0.01, ***P<0.001 compared with the NC group; #P<0.05 
compared with the CCl4 group. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CCl4, carbon tetrachloride; NC, normal control; rtTGFβRII, 
recombinant truncated transforming growth factor β receptor II.
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Effects of rtTGFβRII on ECM deposition and EMT 
expression in liver fibrosis. To evaluate whether rtTGFβRII 
modulates the accumulation of ECM and EMT expression in 
liver fibrosis, the mRNA expression levels of EMT‑associated 
markers were investigated by RT‑qPCR. A significant 
decrease in mRNA expression levels of the epithelial marker 
E‑cadherin, and an increase in the mRNA expression levels 
of the mesenchymal cell markers fibronectin, α‑SMA, 
vimentin, FSP‑1 and collagen I were detected in the CCl4 
model group. However, rtTGFβRII treatment downregulated 
mesenchymal cell marker mRNA expression and slightly 
upregulated E‑cadherin expression compared with the 
CCl4 model group  (Fig. 4). Immunofluorescence staining 
analysis indicated that the rtTGFβRII group exhibited 
reduced vimentin, α‑SMA and fibronectin expression, and 
increased E‑cadherin expression compared with the CCl4 
model group (Fig. 5). The present study further evaluated 
the expression of E‑cadherin, collagen I, fibronectin and 
p‑Smad2/3 via western blotting. There results demonstrated 
that collagen I, fibronectin and p‑Smad2/3 protein levels were 
significantly higher in the CCl4 model group compared with 
in the control group. Treatment with rtTGFβRII significantly 
decreased collagen I, fibronectin and p‑Smad2/3 expression 
and increased the expression of E‑cadherin (Fig.  6). The 
results indicated that rtTGFβRII could prevent the expression 
of fibroblast and mesenchymal markers, thus slowing down 
the progression of EMT in liver fibrosis.

Discussion

The present study is the first, to the best of our knowledge, 
to demonstrate that rtTGFβRII may ameliorate CCl4‑induced 
liver fibrosis through the inhibition of EMT. The anti‑EMT 

effects of rtTGFβRII may be mediated by inhibition of 
TGF‑β1 activation.

Liver fibrosis is marked by the accumulation of collagen and 
associated molecules in the liver. EMT is a process accompa-
nied by a loss of epithelial markers, including E‑cadherin, and 
a concurrent increase in mesenchymal and fibroblast markers, 
including α‑SMA, collagens and FSP‑1 (21,22). CCl4 is widely 
used to generate animal models of liver fibrosis, and is a potent 
hepatotoxin that results in centrilobular hepatic necrosis (23). 
Altering the balance of ECM synthesis and degradation may be 
a key factor in the development of liver fibrosis (24). The role 
of TGF‑β1 as a fibrogenic factor has been reported to trigger 
fibrogenesis. TGF‑β1 promotes fibronectin and fibrillar colla-
gens, inhibits ECM degradation through the expression of tissue 
inhibitors of matrix metalloproteinases and regulates ECM 
deposition. It has been demonstrated that myofibroblasts can be 
generated from parenchymal epithelial cells in the liver during 
fibrogenesis (25). In particular, it is accepted that hepatocyte 
EMT serves a key role in the perpetuation of liver fibrosis.

TGF‑β is a highly pleiotropic cytokine. Mammals have three 
different forms of TGF‑β: TGF‑β1, TGF‑β2 and TGF‑β3 (26). 
These three TGF‑βs bind to similar receptors: TGFβRI; 
TGFβRII and TGFβRIII, respectively (27,28). TGFβRI and 
TGFβRII are endowed with similar transmembrane serine/thre-
onine kinases activity (29,30). In the TGF‑β signaling pathway, 
signaling is initiated through binding to TGFβRII and TGFβRI 
serine/threonine kinases by active TGF‑β1 ligands. This is a 
critical event in the TGF‑β signaling pathway, which serves as 
the initiation point for downstream events.

TGF‑β is considered a key mediator of fibrosis that 
induces EMT. TGF‑β1 is an important cytokine that induces 
fibrosis and the profibrogenic pathway in the liver. Smad2/3 
are important molecules of the TGF‑β/Smad signaling 

Figure 4. Effects of rtTGFβRII treatment on the mRNA expression levels of EMT markers. The mRNA expression levels of (A) α‑SMA, (B) vimentin, 
(C) FSP‑1, (D) collagen I, (E) fibronectin and (F) E‑cadherin were detected by quantitative polymerase chain reaction analysis. mRNA expression levels were 
normalized to β‑actin. Data are presented as the mean ± standard error of the mean, n=8. *P<0.05, **P<0.01, ***P<0.001 compared with the NC group; #P<0.05 
compared with the CCl4 group. α‑SMA, α‑smooth muscle actin; EMT, epithelial‑mesenchymal transition; FSP‑1, fibroblast specific protein‑1; rtTGFβRII, 
recombinant truncated transforming growth factor β receptor II.
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Figure 6. Effects of rtTGFβRII treatment on the protein expression of fibronectin, collagen I and E‑cadherin, Smad2/3 and p‑Smad2/3 in rat liver. (A) Western 
blot analysis of fibronectin, collagen I and E‑cadherin protein levels. (B‑D) Semi‑quantitative data from densitometric analysis of fibronectin, collagen I and 
E‑cadherin presented as the relative ratio of each protein to GAPDH. (E) Western blot analysis of p‑Smad2/3 protein levels. (F) Semi‑quantitative data from 
densitometric analysis of p‑Smad2/3 presented as the relative ratio of protein to Smad2/3. Data are presented as the mean ± standard error of the mean of the 
optical density of each band, n=8. *P<0.05, **P<0.01, ***P<0.001 compared with the NC group; #P<0.05, ##P<0.01 compared with the CCl4 group. p‑Smad2/3, 
phosphorylated Smad2/3; rtTGFβRII, recombinant truncated transforming growth factor β receptor II.

Figure 5. rtTGFβRII decreased CCl4‑induced α‑SMA, vimentin, and fibronectin expression, and increased the expression of E‑cadherin. Immunofluorescence 
staining (magnification, x100) was performed for (A) α‑SMA, (B) vimentin, (C) fibronectin and (D) E‑cadherin. Scale bars, 100 µm. (E‑H) Semi‑quantitative 
analysis for immunofluorescence staining. Data are presented as the mean ± standard error of the mean, n=8. **P<0.01, ***P<0.001 compared with the NC 
group; #P<0.05, ##P<0.01, ###P<0.001 compared with the CCl4 group. α‑SMA, α‑smooth muscle actin; rtTGFβRII, recombinant truncated transforming growth 
factor β receptor II.
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pathway. It has previously been suggested that overexpression 
of TGF‑β1 is associated with chronic liver fibrosis in patients 
and in various animal disease models, whereas inhibition 
of TGF‑β1 has been revealed to reduce the development of 
fibrosis in experimental animal disease models (31). TGFβRII 
is a member of the serine/threonine kinase receptor family 
that includes activin receptors. The cytoplasmic region of 
these receptors contains the apparent kinase domain. Active 
TGF‑β binds to TGFβRII, triggering the kinase activity of 
the cytoplasmic domain that in turn activates TGFβRI. 
The truncated 27‑123 residues of TGFβRII are a partial 
fragment of the TGFβRII extracellular domain, which can 
efficiently trap TGF‑β1; however, a lack of a kinase domain 
achieves the purpose of blocking TGF‑β1‑triggered signals. 
Glutathione‑S‑transferase‑pull down assays and a yeast 
two‑hybrid screening experiment were performed to verify 
the affinity of tTGFβRII to TGF‑β1. A previous study demon-
strated that rtTGFβRII is able to bind to ligands and associates 
with TGFβRI, but is unable to activate TGFβRI (18), thus 
blocking TGF‑β1 activation and achieving the purpose of 
treating liver fibrosis by inhibiting EMT.

The present study investigated the effects of rtTGFβRII on 
liver fibrosis using an experimental CCl4‑induced rat model. 
The results demonstrated that rtTGFβRII exerted its effects 
by reducing the serum levels of ALT, AST and the degree of 
liver fibrosis in rats. Enzyme serum levels are markers of liver 
damage and are key biomarkers reflecting the degree of liver 
function and liver fibrosis. H&E, MTS and Sirius red staining 
indicated that treatment with rtTGFβRII could alleviate liver 
fibrosis. RT‑qPCR, immunofluorescence staining and western 
blotting results also demonstrated that rtTGFβRII induced 
inhibition of ECM component deposition, which was associ-
ated with the reversion of EMT.

In conclusion, the results of the present study indicated 
that rtTGFβRII may alter the balance of EMT in vivo via 
the inhibition of TGF‑β1 activation. Inhibition of TGF‑β1 by 
rtTGFβRII may lead to the attenuation of liver fibrosis and 
improvement of liver function. This study demonstrated that 
rtTGFβRII may represent a novel therapeutic approach for the 
treatment of EMT‑associated diseases.
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