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Abstract. The current study investigated the effects of phased
joint intervention on clinical efficacy and Rho/Rho-associated
coil protein kinase (ROCK) expression in patients with portal
hypertension complicated by esophageal variceal bleeding
(EVB) and hypersplenism. Patients with portal hypertension
(n=53) caused by liver cirrhosis complicated by EVB and
hypersplenism treated with phased joint intervention were
assessed, and portal hemodynamics, blood, liver function,
complications, and rebleeding incidence were analyzed.
Reverse transcription-quantitative polymerase chain reac-
tion was used to measure Rho, ROCK1 and ROCK2 mRNA
expression levels in peripheral blood mononuclear cells
prior to and following phased joint intervention, and western
blotting was employed to determine the protein expression
levels of Rho, ROCK1, ROCK2, phosphorylated (p) myosin
phosphatase target subunit 1 (MYPT1) and total- MYPTI1. All
patients underwent an emergency assessment of hemostasis
with a 100% success rate. Varicose veins were alleviated, and
portal hemodynamics and liver function improved following
intervention. Furthermore, preoperative and postoperative
expression levels of Rho, ROCK1 and ROCK2 mRNA were
higher compared with the control group. Notably, the mRNA
expression levels of Rho, ROCK1 and ROCK?2 in the postop-
erative group were significantly lower when compared with the
preoperative group. Protein expression levels of Rho, ROCK1,
ROCK?2 and pMYPT1 in the postoperative group were lower,
as compared with the preoperative group. Concentration levels
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of transforming growth factor-f1, connective tissue growth
factor and platelet-derived growth factor in peripheral blood
were significantly reduced following phased joint intervention.
Therefore, the present findings demonstrated that phased joint
intervention is able to effectively treat EVB and hypersplenism,
and improve liver function. The efficacy of phased joint inter-
vention may be associated with its role in the regulation of the
Rho-ROCK signaling pathway.

Introduction

Cirrhosis is associated with portal hypertension. Esophageal
variceal bleeding (EVB) is is one of the most common and
dangerous complications of cirrhosis associated with portal
hypertension (1). The majority of patients suffer from acute
onset of the disease, which is accompanied by high mortality
rates due to the large amount of bleeding that is difficult to
stop (2). Approximately 50% of patients with cirrhosis are
diagnosed with esophageal varices at the outset, and those
with Child-Pugh Class B or C liver function are susceptible
to a higher incidence of esophageal varices (3), with 7% devel-
oping esophageal varices each year (4,5). The rate of initial
hemorrhage is ~12% in the first year (6), and the recurrence
rate of hemorrhage after 1 year is ~60% (7). Mortality rates
within 6 weeks of bleeding remain high at up to 20% (8).

Since 1974, percutaneous transhepatic variceal emboli-
zation (PTVE) has been used for the effective treatment of
EVB (9). However, its clinical application is limited to patients
with a high rate of rebleeding (10-12). Transcatheter splenic
arterial embolization can decrease portal vein blood flow
and pressure, and improve the symptoms of hypersplenism;
however, its benefits are limited as 73% of patients experience
severe complications if the embolic volume is >70% of the
vein (13). Since 2006, our group has used the improved phased
joint intervention [PTVE + staged partial splenic emboliza-
tion (PSE)] to treat portal hypertension complicated by EVB
and hypersplenism. This avoids the weaknesses of other
therapeutic methods, thus achieving satisfactory clinical effi-
cacy. In the current study the clinical applications of phased
joint intervention were explored by reviewing the case data.
However, the mechanism of action of this therapeutic method
has yet to be elucidated.

The central features of the occurrence and progres-
sion of liver cirrhosis are the activation and proliferation of
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hepatic stellate cells (HSCs). In vitro studies have revealed
that extracellular pressure promotes the proliferation of
HSCs and increase the expression levels of associated
cytokines and other extracellular matrix (ECM) components,
such as collagen (14,15). Phased joint intervention improves
liver hemodynamics, which has a major impact on liver
restructuring and alters the mechanical environment of the
HSCs (16). Rho small G proteins have an important role in
mechanical transduction. A previous study indicated that the
aforementioned proteins are able to regulate various biological
activities of HSCs by activating crucial downstream effectors,
including Rho-associated coil protein kinase (ROCK) (17).
The present study further investigated the protein and mRNA
expression levels of Rho and ROCK1/ROCK2 prior to and
following interventional embolization, and explored the
possible mechanisms underlying the effect of embolization
on the progression of liver cirrhosis.

Materials and methods

Patients and ethics statement. The present retrospective study
involved 53 cases of liver cirrhosis complicated by portal
hypertension, EVB and hypersplenism treated in Shanghai
Tongren Hospital (Shanghai, China) from October 2006 to
December 2011. Portal hypertension was predominantly
due to hepatitis (35 cases), autoimmunity (10 cases) or
alcoholic cirrhosis (8 cases), with phased joint intervention
(PTVE + phased PSE) selected as the interventional therapy.
The current study included 37 men and 16 women, with an
average age of 47.92+8.0 years (range, 44-71 years). The liver
function of the enrolled patients was classified as Child-Pugh
class A (n=15), class B (n=22) or class C (n=16). All 53 patients
had a history of =1 bleeding episodes, and received emer-
gency interventional treatment. Ethical approval was granted
by the Shanghai Changning District Central Hospital Ethics
Committee. All patients agreed to accept the intervention,
and they (or their authorized family members) provided
written informed consent. Inclusion and exclusion criteria
were performed as previously described by Wang et al (16).

Materials. Primers of RhoA, ROCK1/ROCK?2 were
designed by the current group and synthesized by Shanghai
Generay Biotech Co., Ltd. (Shanghai, China) (Table I).
Rabbit anti-ROCK1 (C8F7) monoclonal antibody (mAb;
cat. no. 4035), rabbit anti-ROCK?2 (D1B1) mAb (cat.
no. 9029), rabbit anti-RhoA (67B9) mAb (cat. no. 2117),
rabbit anti-myosin phosphatase target subunit 1 (MYPT1)
(D6C1) mADb (cat. no. 8574) and rabbit anti-phosphorylated
(p)-MYPT1 (Thr853) polyclonal antibody (cat. no. 4563) were
all purchased from (Cell Signaling Technology, Danvers,
MA, USA). Mouse anti-f-actin mAb (cat. no. A5316), goat
anti-rabbit IgG (whole molecule)-peroxidase antibody (cat.
no. A0545) and goat anti-mouse IgG (Fc-specific)-peroxidase
antibody (cat. no. A0168) were purchased from Sigma-Aldrich,
(St. Louis, MO, USA). SYBR Green Real-Time PCR Master
Mix (Toyobo Co., Ltd., Osaka, Japan); Pierce BCA Protein
Assay kit (Thermo Fisher Scientific, Inc., Waltham, MA,
USA); Amersham ECL Plus Western Blotting Detection
System (GE Healthcare Life Sciences, Chalfont, UK);
ELISA kits (cat. nos. CB5683, OK0109 and OKO0155; Assay
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Biotechnology Company Inc, Sunnyvale, CA, USA), GE3100
flat C-DSA system; and a GE730 Color Doppler ultrasound
diagnostic apparatus, all GE Healthcare Life Sciences).

Phased joint embolization. For PTVE + PSE, the PSE embo-
lization range was controlled between 30 and 40%. PSE was
conducted again three months later with an embolization
range controlled between 30 and 40%.

PTVE. Using a 21 gauge needle (Cook Medical, Bloomington,
IN, USA), the right portal vein was percutaneously and tran-
shepatically punctured with following routine sterilization
and positioning of the liver. Following successful puncture,
a guide wire was inserted into the superior mesenteric vein
along the needle, and a 5 F vascular sheath (Cook Medical)
was subsequently inserted using the guide wire. The contrast
agent (iohexol) was injected to perform splenic and portal
vein digital subtraction angiography (DSA). To visualize
the esophageal varices, the catheter tip was superselectively
inserted into the gastric coronary vein. For distal emboliza-
tion of the gastric coronary vein, 5-30 ml absolute ethanol
was injected according to the radiography situation of DSA.
In cases with particularly slow blood flow, a spring ring of
the appropriate specification (Cook Medical) was utlilized
for main vein thrombosis. In the event that the angiographic
image revealed complete occlusion of the gastric coronary
vein, short gastric vein thrombosis was treated according
to the same method. In cases with particularly rapid blood
flow, a steel ring (diameter, 5-10 mm) or gelatin sponge
particles were used for embolization to reduce the speed of
the blood flow in the thickened varicose branch. Absolute
ethanol was gradually injected until the varicose vein was
no longer visible to the naked eye. In order to determine the
embolization effect, DSA was conducted for a second time.
During this secondary DSA, the catheter tip was once again
inserted into the splenic vein to confirm whether there were
any varicose veins. If varicose veins were detected, the same
method was applied, as previously described, for complete
embolization. Following treatment, the catheter sheath was
carefully removed from the right portal vein to reduce the
risk of bleeding. In the event of bleeding, a gelatin sponge
was used to block the needle tract with a pressure dressing to
ensure no further bleeding for 48 h.

PSE. The catheter was inserted using Seldinger's technique
via the femoral artery to reach the splenic hilum, and its
medium and lower branches via the proximal splenic artery.
The splenic vessels and blood flow were assessed by DSA, and
gelatin sponge particles were injected into the splenic artery
and its branches for embolization. Splenic arteriography was
conducted, and the puncture point was subsequently subjected
to pressure dressing once the catheter had been removed.

Postoperative treatment. Vital signs and abdominal conditions
were closely observed. Patients receiving a pressure dressing
and compression hemostasis were required to have under-
gone 24 h bed rest and to have taken preventive measures,
including ceftazidime injection (2 g/day; Shandong Luoxin
Group Pharmaceutical, Co., Ltd., Shandong, China), in order
to prevent infection and other complications.
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Assessment of efficacy. Patients underwent re-examination for
routine blood tests, liver function, gastroscopy, color Doppler
ultrasound and computed tomography. Follow-up at 6 months
included routine blood tests, and assessment of liver function,
complications and rebleeding. In the event of gastrointestinal
bleeding, patients visited the doctor immediately. Postoperative
portal vein hemodynamics were evaluated by abdominal
ultrasound. Postoperative indicators of liver function included
alanine transaminase (ALT), albumin, total bilirubin (TBIL)
and prothrombin time (PT-INR); whereas the indicators for
hypersplenism improvement included white blood cell (WBC)
and platelet counts. The aforementioned indicators were
observed prior to intervention and 1, 4 (1 month after phased
PSE) and 6 months after surgery. Serum levels of transforming
growth factor (TGF)-f1, connective tissue growth factor
(CTGF) and platelet-derived growth factor (PDGF) were
analyzed using ELISA kits.

Isolation, cryopreservation and resuscitation of peripheral
blood mononuclear cells (PBMCs). Prior to surgery and
1, 4 and 6 months after intervention, 5 ml fresh blood was
collected from the patients in an EDTA anticoagulant tube,
with 32 healthy samples used as controls. The plasma was
stored at -70°C, and the remaining cells, resuspended in phos-
phate buffered saline, were carefully overlayed onto Ficoll
and centrifuged at 800 x g for 15 min at room temperature.
Finally, purified PBMCs were nitrogen-frozen in RPMI 1640
supplemented with 10% DMSO and 10% fetal serum.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Total RNA was isolated from PBMCs using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol, and treated with
DNase (Promega Corporation, Madison, WI, USA). The
purity and concentration of the RNA were determined by the
absorbance at 260 nm and 280 nm using a spectrophotometer.
RNA (2 pug) was subsequently reverse transcribed into cDNA
using PrimeScript® 1st Strand ¢cDNA Synthesis kit (Takara
Biotechnology Co., Ltd., Dalian, China). qPCR was performed
using the SYBR Green Real-Time PCR Master Mix in an ABI
PRISM 7900HT Sequence Detector (Thermo Fisher Scientific,
Inc.). The PCR conditions included an initial denaturation
at 94°C for 5 min, followed by 40 cycles at 94°C for 30 sec,
61°C for 45 sec and 72°C for 30 sec, and a final extension step
at 72°C for 5 min. Relative mRNA expression levels were
calculated using the 2244 method (18), with normalization to
B-actin. The primer sequences are displayed in Table 1. All
experiments were at least duplicated.

Western blotting. Total protein was extracted from PBMCs
using SDS cell lysis buffer (Beyotime Institute of Biotechnology,
Haimen, China) containing 1 mM phenylmethylsulfonyl
fluoride. Protein concentrations were measured using the
Pierce BCA Protein Assay kit. Equal quantities of proteins
(100 pug) were separated by 10% SDS-PAGE and subsequently
transferred onto nitrocellulose membranes. Membranes were
blocked with 5% milk in Tris-buffered saline supplemented
with Tween-20 (TBST) for 1 h at room temperature, then
incubated with rabbit anti-ROCK1 (C8F7) mAb, anti-ROCK?2
(D1B1) mAD, anti-RhoA (67B9) mAb, anti-MYPT1 (D6C1)
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Table I. Primer probe sequences used in reverse transcrip-
tion-quantitative polymerase chain reaction.

Amplicon
mRNA Sequence (5'-3") size (bp)
RhoA F: GGAAAGCAGGTAGAGTTGGCT 118

R: GGCTGTCGATGGAAAAACACAT
ROCK1 F: AAGTGAGGTTAGGGCGAAATG 219
R: AAGGTAGTTGATTGCCAACGAA
ROCK2 F: TTGCTCTGGATGCAATACACTC 223
R: TCTCGCCCATAGAAACCATCA
[-actin F: TGGAGAAAATCTGGCACCA 189

R: CAGGCGTACAGGGATAGCAC

F, foward; R, reverse; ROCK, Rho/Rho-associated coil protein kinase.

mAb and anti-p-MYPT1 (Thr853) polyclonal antibody,
and mouse anti-f-actin mAb (all 1:1,000), at 4°C overnight.
After washing three times for 10 min each with TBST, the
membranes were incubated with peroxidase-conjugated goat
anti-rabbit and goat anti-mouse secondary antibodies (1:5,000)
for 1 h at room temperature. Membranes were visualized using
the Amersham ECL Plus Western Blotting Detection System
and analyzed using ImagelJ 1.48v software (https:/imagej.nih.
gov/ij/). Relative protein expression levels were normalized to
B-actin. All experiments were repeated in triplicate.

Statistical analysis. Data were analyzed using SPSS statistical
software (version 13.0; SPSS, Inc., Chicago, IL, USA), and
expressed as mean + standard deviation. Multiple groups were
analyzed with one-way analysis of variance; pairwise compar-
ison was conducted via a least significant difference t-test, and
different groups were compared using a t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Success rate of surgery. All 53 patients successfully received
the joint intervention with emergency hemostasis (Fig. 1).
Bleeding ceased immediately following surgery with an
emergency hemostatic rate of 100%. Varicose veins were
significantly reduced in portal vein angiography after PTVE
intervention, and partial spleen embolization occurred after
PSE intervention (16). During the 6 months of follow-up, all
patients survived and none reported rebleeding. Following
phased joint interventional embolization, 32 patients exhibited
various degrees of fever with body temperatures ranging from
37.5-39.4°C, which was alleviated by symptomatic treatment.
Postoperative pain was experienced by 29 patients, and was
also relieved by symptomatic treatment. No serious complica-
tions occurred.

Quantitative determination of Rho, ROCKI and ROCK?2
expression levels by RT-gPCR. RT-qPCR analysis demon-
strated that the mRNA expression levels of Rho, ROCK1 and
ROCK?2 were significantly higher preoperatively and postop-
eratively, as compared with the normal control group (P<0.01).
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Figure 1. Changes in esophageal varices prior to and after treatment, demonstrated by digital subtraction angiography (DSA) . (A) Varicose vein as revealed by
portal vein angiography prior to intervention. (B) Percutaneous transhepatic variceal embolization varicose vein occlusion following intervention. (C) Enlarged
spleen demonstrated by DSA prior to partial splenic embolization (PSE) intervention. (D) Partial spleen embolization after PSE intervention. (E) Enlarged

spleen embolization after repeat PSE intervention 3 months later.

However, the mRNA expression levels of Rho, ROCK1 and
ROCK?2 were significantly lower in the postoperative group, as
compared with the preoperative group (P<0.01; Fig. 2).

Determination of Rho, ROCKI, ROCK2, pMYPTI and
tMYPTI protein expression levels by western blotting.
Western blotting indicated that the protein expression levels
of Rho, ROCK1 and ROCK?2 were significantly higher in the
preoperative and postoperative groups, as compared with the
normal control group (P<0.05). However, the protein expres-
sion levels of Rho, ROCK1 and ROCK?2 were significantly
decreased in the postoperative group, as compared with the
preoperative group (P<0.05). The changes in protein expres-
sion levels were consistent with those of mRNA expression
levels. Postoperative pMYPT1 protein expression levels were
significantly reduced, as compared with preoperative levels
(P<0.05), although there was no obvious change in tMYPT1
protein expression levels (Fig. 3).

Determination of TGF-f1, CTGF and PDGF in peripheral
blood by ELISA. ELISA indicated that TGF-f1, CTGF and
PDGEF concentrations in peripheral blood following phased
joint intervention were significantly lower than the preopera-
tive values (P<0.01; Fig. 4).

Discussion

PTVE predominantly embolizes the gastric coronary vein and
short gastric vein to block the blood flow of varicose veins and
stop bleeding, which is a proven method to treat portal hyper-
tension and EVB (9,19). This method may increase portal vein
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Figure 2. Rho, ROCK1 and ROCK?2 expression levels before and after treat-
ment, as determined by reverse transcription-quantitative polymerase chain
reaction. mRNA expression levels of Rho, ROCK1 and ROCK2 were higher
compared with the normal control group Prior to and after intervention
(Rho: preoperative, 10.59+0.19 vs. 1.80+0.46; postoperative, 3.29+0.47 vs.
1.80+0.46; ROCKI: preoperative, 2.79+0.27 vs. 0.44+0.08; postoperative,
1.21+0.09 vs. 0.44+0.08; and ROCK2: preoperative, 3.48+0.19 vs. 0.65+0.20;
postoperative, 1.84+0.11 vs. 0.65+0.20). mRNA expression levels of Rho,
ROCK1 and ROCK2 in the postoperative group were significantly lower com-
pared with those of the preoperative group (Rho: 3.29+0.47 vs. 10.59+0.19;
ROCKI: 1.21+0.09 vs. 2.79+0.27; and ROCK?2: 1.84+0.11 vs. 3.48+0.19).
“P<0.001, “P=0.002 and “"P=0.004 vs. the control group; “P<0.001 vs. the
preoperative group. ROCK, Rho/Rho-associated coil protein kinase.

pressure and bleeding rate, therefore, its clinical applications
are limited. PSE intervention may decrease splenic blood flow
and return flow of the splenic vein, release the high post-hepatic
pressure, reduce portal blood flow and pressure, lower the
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Figure 3. Protein expression levels of Rho, ROCK1 and ROCK2 prior to and
after treatment, as determined by (A) western blotting and (B) densitometry.
Protein expression levels were normalized to f-actin. 1, normal control
group; 2, preoperative group; 3, postoperative group. Data are presented
as the mean =+ standard deviation. "P<0.05, “P<0.01 vs. the control group;
"P<0.05, "P<0.01 vs. the preoperative group. ROCK, Rho/Rho-associated
coil protein kinase; p phosphorylated; t, total; MYPTI, myosin phosphatase
target subunit 1.

recurrence of esophageal and gastric variceal bleeding, and
improve symptoms of hypersplenism (20).

Previous studies have suggested that it is difficult to
return blood flow to normal levels if the splenic embolization
area is <40%, and serious adverse reactions may occur if the
embolization area is >80% (21). Palsson et al (22) reported
that the embolization area is associated with an increased
platelet count. In addition, Tajiri er al (23) observed that
the significant increase in postoperative red blood cell and
platelet counts may be maintained for 7.5-8 years following
PSE if the degree of embolization approaches 70%. Based
upon previous results, the present study was conducted to
investigate phased joint intervention with a small PSE area
of 30-40% and a total embolization area of 60-80%, which
ensured efficacy and minimized the incidence of complica-
tions.

In the current study, phased joint intervention led to the
immediate cessation of bleeding in 53 patients with an emer-
gency hemostasis rate of 100%, and led to the disappearance
or significant relief of varices. A previous study reported
that portal hemodynamics were improved and the number of
WBCs and platelets were increased significantly following the
intervention (16). The optimum range of splenic artery embo-
lization was determined to be 60-80%, as it did not result in
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Figure 4. TGF-p1, CTGF and PDGF concentrations in the peripheral
blood of the preoperative and postoperative groups, determined by ELISA.
TGF-p1, CTGF and PDGF concentrations in the peripheral blood following
intervention were significantly reduced compared with the preoperative
parameters (TGF-f1, 552.89+69.49 vs. 837.19+99.14; CTGF, 147.68+7.62
vs. 190.94+9.66; and PDGF, 454.30+57.74 vs. 638.74+66.68). "P<0.001 vs.
the preoperative group. A, preoperative group; B, postoperative group; TGF,
transforming growth factor; CTGF, connective tissue growth factor; PDGF,
platelet-derived growth factor.

severe adverse reactions. The majority of patients experienced
low/medium fever for a short duration.

The present study consolidated upon the recent obser-
vations regarding the efficacy of joint interventional
embolization. However, the cellular and molecular biological
mechanisms related to improvement of liver function have yet
to be elucidated.

The principal feature of hepatic fibrosis is hypothesized
to be the activation of HSCs into myofibroblasts in the area
of tissue inflammation and necrosis (24). HSCs are able to
activate, synthesize and secrete ECM components (25). HSCs
of the liver sinusoid have contractile activity similar to that of
smooth muscle cells, and have an important role in the regula-
tion of hepatic blood circulation (26,27). The myofibroblast
effect of activated HSCs is one of the most important features
of portal hypertension (28). We envisage that phased joint
intervention improves liver hemodynamics, thereby affecting
the biological behavior of HSCs, including their prolifera-
tion and expression of cytokines and ECM components. The
present study further investigated the effect of Rho-ROCK
expression on phased joint interventional embolization, and
explored the possible mechanisms of the effect of emboliza-
tion on liver hemodynamics.

Rho small G proteins are associated with cell adhesion
and cytoskeletal proteins, and belong to the small G protein
superfamily, serving an important role in force transduction.
Critical molecules of the Rho-ROCK signaling pathway
include Rho, ROCK and myosin phosphatase target subunit 1
(MYPT1). ROCK receives activation signals from Rho and is
phosphorylated at multiple amino acid sites for activation (29).
Activated ROCK is associated with a number of diseases
such as organ fibrosis through multiple cascade reactions that
cause biological effects such as cell contraction, migration,
adhesion, growth and division, production of stress fibers,
movement of smooth muscles, and collagen synthesis (30,31).
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The specific ROCK inhibitor Y-27632 is able to inhibit HSC
activation, thus preventing rat liver fibrosis (32,33). Y-27632 is
also able to inhibit endothelin-induced HSC contraction and
formation of portal hypertension (34).

The current study determined that mRNA expression
levels of Rho, ROCK1 and ROCK?2 were higher compared
with the normal control group prior to and after phased joint
embolization, indicating that the Rho-ROCK pathway is asso-
ciated with the development of cirrhosis. mRNA expression
levels of Rho, ROCK1 and ROCK2 following embolization
were lower, compared with the preoperative levels. Protein
expression levels were consistent with the mRNA expression
levels. Postoperative pMYPT]1 protein expression levels were
significantly reduced, whereas tMYPT1 protein expression
levels were not significantly affected. This indicates that
phased joint embolization lowers Rho and ROCK expression
levels and affects their activation.

TGF-f1 is a critical cytokine in promoting liver fibrosis,
and is able activate and transform HSCs into myofibroblasts,
resulting in the production of ECM components and liver
fibrosis (35). CTGF is a downstream effector of TGF-f3, and
mediates TGF-f} to promote cell proliferation and synthe-
size ECM (36,37). Hahn et al (37) have indicated that Rho
proteins and the entire cytoskeleton have an important
role in the expression of CTGF and TGF-f in fibroblasts.
Sakata et al (14) used the Flexercell loading unit FX-2000
to prolong the cycle of artificially cultured human HSCs to
decrease the TGF-P concentration and mRNA expression
levels. The negative mutant of transfected Rho factor is able
to inhibit stretch-induced TGF-f synthesis, which indicates
that Rho is associated with stretch-induced TGF-3 synthesis
in HSCs. Mechanical force is able to rapidly induce phosphor-
ylation of the PDGF receptor, activation of integrin receptors,
and stretching of activated cation channels and G proteins.
The aforementioned proteins may serve as mechanical
sensors, thereby activating signal transmission pathways of
growth factors (38).

The present study revealed that TGF-1, CTGF and PDGF
concentrations in peripheral blood after phased joint interven-
tion were significantly reduced in the postoperative group,
compared with preoperative levels. Furthermore, the present
findings indicated that phased joint embolization improves
liver hemodynamics, reduces mRNA expression levels of Rho
and ROCK, and inhibits the production of TGF-p1, CTGF,
PDGF and other cytokines, thus inhibiting the activation and
proliferation of HSCs, thereby improving liver function and
delaying the progression of cirrhosis.

The present preliminary study also confirmed that
joint intervention is able to treat EVB and improve hyper-
splenism and liver function, effectively and safely without
complications. Phased joint embolization improves liver
hemodynamics, which may have a significant impact on
the activation and proliferation of HSCs, as well as expres-
sion levels of ECM. This effect may be associated with
the Rho-ROCK signaling pathway. However, the present
study had an insufficient number of cases to be conclusive,
with short-term follow-up and a limited assessment of the
long-term outcomes subsequent to surgery. Therefore, further
studies are required with a greater number of cases and a
longer period of follow-up.
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