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Abstract: MicroRNA-126 (miR-126) has been found to promote angiogenesis, but the 

underlying mechanisms are still unclear. So, we conducted this study to explore the effect of 

miR-126 expression on angiogenesis in hepatocellular carcinoma (HCC) after transcatheter arte-

rial chemoembolization (TACE). The expression levels of miR-126 and sprouty-related, EVH1 

domain containing protein (Spred)1 in surgically resected HCC tissue, HCC tissue with TACE + 

operation, and tumor-adjacent tissues were determined by quantitative real-time polymerase chain 

reaction. The expression levels of miR-126, Spred1, and vascular endothelial growth factor were 

found by quantitative real-time polymerase chain reaction and Western blot. The microvessel 

density (MVD) of tumor tissues was determined by immunohistochemical staining. The miR-126 

and Spred1 expressions in HCC tissue with TACE + operation were elevated and decreased, 

respectively, as compared to those in surgically resected HCC tissues and tumor-adjacent tissues 

(all P,0.001), which indicated that the expression of Spred1 was negatively correlated with 

miR-126 (P,0.001, r=−0.6224). Based on the bioinformatics analysis and luciferase reporter 

gene activity detection, Spred1 was found to target miR-126 (P,0.001). Inhibition of miR-126 

expression reduces the degree of weight loss and tumor size in TACE model rats. The MVD 

in TACE + operation group was increased compared to that in the control group; inhibition of 

miR-126 expression had a reversal effect, to a certain extent, on MVD increase after TACE (all 

P,0.05). Inhibition of miR-126 expression increased Spred1 expression and decreased vascular 

endothelial growth factor expression (P,0.01). In summary, this study unveiled the potential 

mechanism by which miR-126 regulates angiogenesis in HCC tissues through embolization 

treatment by targeting Spred1, and also showed that the feasibility of TACE with the miR-126 

inhibitor has a certain value in the medical treatment of HCC.

Keywords: microRNA-126, sprouty-related, EVH1 domain containing protein 1, hepatocellular 

carcinoma, transcatheter hepatic arterial chemoembolization, animal modeling, angiogenesis, 

vascular endothelial growth factor, microvessel density

Introduction
Hepatocellular carcinoma (HCC) is currently regarded as one of the most malignant 

cancers with a high incidence.1 In the People’s Republic of China, the annual HCC 

incidence is over 300,000, comprising 60% of the world’s HCC incidence.2 The cur-

rent research suggested that the joint reactions between telomere shortening, chro-

mosomal instability, and p21WAF1/CIP1 inactivation play important roles in HCC 

formation.3 There are some histologic changes in this process, including changes 
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in blood supply, material changes of water, fat, iron, and 

other components, and changes of cell nodules in shape, 

size, and density.4 Surgical treatment is still an important 

means of HCC treatment. However, it has poor therapeutic 

effects and prognosis, mainly due to late diagnoses.1 HCC 

is a typical multivessel tumor, and antiangiogenic therapy 

has become a research focus and an important method for 

HCC treatment.5 Transcatheter arterial chemoembolization 

(TACE) therapy is a common nonsurgical antiangiogenesis 

treatment for HCC.6

MicroRNA (miRNA) is a noncoding, small-molecule 

RNA with a length of 20–24 nucleotides, which can match 

with its target genes in a 3′ noncoding region and inhibit the 

translation process of genes to accelerate its degradation.7 

A  recent study has found that miRNA can regulate the 

development of multiple generations of tumors through 

the regulation of related genes’ expression levels of cell 

proliferation and apoptosis.8 Other studies have shown 

that there are some differentially expressed miRNAs in 

HCC tissues, which might be involved in a number of 

pathological processes on the generation, development, and 

metastasis of a tumor.9–11 These studies also show that the 

miRNA abnormalities often exist before the occurrence of 

abnormal gene regulation. Therefore, adequate studies of 

different specific miRNA-targeting genes and their regula-

tory mechanisms can contribute to the diagnosis or treat-

ment of HCC.10,12 Evidence reported that sprouty-related, 

EVH1 domain containing protein (Spred) family members, 

including Spred1 and Spred2, had low expressions in 

tumor tissues, and were negatively correlated with tumor 

invasion and metastasis.13 MicroRNA-126 (miR-126), the 

angiogenesis-related miRNA, is regarded as one of the main 

regulators of physiological angiogenesis.14 Furthermore, 

miR-126 had impacts on vascularization of placenta, and 

had significant angiogenic effects both in ischemia-induced 

angiogenesis in vivo and cultured endothelial cells in 

vitro.15,16 But some results of miRNA-related target site gene 

detection declared that miR-126 was one of the potential 

target genes of Spred1,17 which has not yet been confirmed 

by other relevant studies. Therefore, this study was focused 

on verification of the target relationship between miR-126 

and Spred1, as well as their related impacts on HCC angio-

genesis after TACE.

Materials and methods
Ethical statement
This study was performed with the approval of experimental 

animal ethic committee of Wenzhou Medical University. 

Further, we conducted this experiment based on the welfare 

and ethical principles according to Welfare and Ethics of 

Medical Laboratory Animals. All the procedures involving 

subjects were performed in the study after obtaining the 

ethical approval of the Medical Ethics Committee of the 

University of Washington. All subjects provided written 

informed consent form.

Study subjects
HCC tissues that were preserved in the Department of 

Radiology, Lab-Yang, at the University of Washington from 

2012 to 2015 were selected as study samples with complete 

clinical and pathological information. There were 70 HCC 

tissues from HCC patients who had undergone surgical resec-

tion after TACE (TACE + operation group), 70 surgically 

resected HCC tissues obtained by direct surgical resection 

(operation group), and 70 tumor-adjacent tissues (1 cm from 

the tumor) (control group). The hepatitis B surface antigen 

test results were recorded and the tumor node metastasis 

staging was implemented in accordance with the standards 

of the International Union Against Cancer,18 and the Child–

Pugh classification was applied according to the hepatic 

function.19 The tissue samples were frozen in liquid nitrogen 

within 15 minutes and preserved at −80°C.

Luciferase reporter gene assay
Bioinformatics software from TargetScan and miTarget were 

used to detect target genes of miR-126. After the design 

and synthesis of reporter gene Spred1DNA fragments and 

Spred1DNA mutation fragments, the insertion of pGL4 

luciferase vector (Promega Corporation, Fitchburg, WI, 

USA) was performed. HepG2 cells were purchased from 

Shanghai Cell Bank of Chinese Academy of Sciences (Shang-

hai, People’s Republic of China). Cells were cultured in 5% 

CO
2
 incubator at 37°C and subcultured every 3 days, and then 

were subjected to 0.25% trypsin digestion when cell attach-

ment rate was up to 70%. According to the kit instructions of 

Dual-Luciferase Reporter Assay (Promega Corporation), the 

pGCsil-LV-miR126-GFP vector and the luciferase reporter 

gene vectors were cotransfected to HepG2 cells to form the 

miR-126 group; the pGCsil-LV-GFP blank vector and the 

luciferase reporter gene vectors were cotransfected to HepG2 

cells to form the miR-negative control group (miR-NC 

group); the miR-126 inhibitors (Ribobio Biotechnology 

Company, Guangzhou, People’s Republic of China) and the 

luciferase reporter gene vectors were cotransfected to HepG2 

cells to form the miR-126-I group; the miR-126 inhibitors 

and the reporter gene mutation carriers were cotransfected 

to HepG2 cells to form the miR-126-IM group; the pGCsil-

LV-miR126-GFP vectors and the reporter gene mutation 
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carriers were cotransfected to form the miR-126-M group; 

and the pGCsil-LV-GFP blank vector and the report gene 

mutation carriers were cotransfected to form the miR-NC-M 

group. Both miR-126 and miR-126 inhibitors share a com-

mon control sequence. Cells were lysed after 48 hours of 

being transfected and the lysate extraction was analyzed by 

a GloMax detection instrument (Promega Corporation).

HCC model establishment
Forty-eight healthy male Sprague-Dawley rats, aged 8 weeks 

and with body weight ranging from 175 to 220 g, were 

purchased from the Experimental Animal Center of Henan 

Province, License Number SCXK (Henan) 2005–2001. These 

rats were raised at 18°C–25°C. The healthy group consisted 

of 12 rats without any special treatment. Conventional cul-

ture of HepG2 cells was conducted, and cell suspension was 

prepared at a concentration of 1×107/mL. A cell suspension 

of 1 mL was extracted to be injected into the inside part of 

the hind leg of the remaining 36 Sprague-Dawley rats for 

subcutaneous tumor formation, which led to the formation of 

a palpable mass of size 1–2 cm after 2–3 weeks. The palpable 

tumor was removed under sterile conditions, and the tissue in 

the edge was cut into 1×1×1 mm grain sizes and reserved in 

Hanks’ solution. The Sprague-Dawley rats were anesthetized 

by intraperitoneal injection of pentobarbital (50 mg/kg) and a 

2.5 cm long incision was made on the midline of abdominal 

xiphoid under sterile conditions. Puncture of the liver cap-

sule was made using ophthalmic scissors in the thicker parts 

of liver parenchyma on the outer left lobe (with a depth of 

approximately 0.5 cm), which was followed by application of 

tumor tablet implants and 2×2×2 mm-sized gelatin sponge to 

fill the wounds. The liver was reconstructed and the abdomi-

nal cavity sutured if there was no bleeding. A small animal 

magnetic resonance imaging (MRI) scans (ASPECT Imaging 

company, Modi’in, Israel) were conducted after 18 days after 

of implantation in order to calculate the HCC modeling rate 

of HepG2 on rats, observe the tumor intrahepatic growth, 

and measure the tumor diameter. A group of 36 successfully 

modeled rats were selected to perform TACE through hepatic 

artery gastroduodenal artery retrograde intubation. The con-

trol group (A) succeeded in hepatic artery gastroduodenal 

artery retrograde intubation and was injected with 0.2 mL 

of saline. The embolization group (B) underwent hepatic 

artery gastroduodenal artery retrograde intubation and was 

injected with 20 mg/kg of 5-fluorouracil and 0.4 mL/kg of 

lipiodol and saline suspension (lipiodol:saline =1:2). The 

embolization and miR-126 inhibiting group (C) underwent 

hepatic artery gastroduodenal artery retrograde intubation and 

was injected with 20 mg/kg of 5-Fu, 0.4 mL/kg of lipiodol 

and saline suspension (lipiodol:saline =1:2), and miR-126 

inhibitor. There were 12 rats in each group, and the rats were 

euthanized within 21 days through an overdose of anesthet-

ics. The non-necrosis tumor margin tissues were extracted 

as samples for subsequent experiments.

Quantitative real-time polymerase chain 
reaction detection of mRNA expressions 
of miR-126, Spred1, and vascular 
endothelial growth factor
Trizol reagent (Thermo Fisher Scientific, Waltham, MA, 

USA) was used to extract total RNA from the tissues accord-

ing to the instructions. Then, the optical density (OD)260/280 

values of the extracted RNA samples were measured with 

an ultraviolet spectrophotometer. The RNA concentration 

was calculated and the sample was preserved at 80°C for 

future use. Basic Local Alignment Search Tool (BLAST)-

designed primers (synthesized by Thermo Fisher Scientific) 

were used, which are shown in Table 1. Experiments were 

carried out in accordance with the experimental procedure 

of the reverse transcription kit supplied by Takara Company 

(Tokyo, Japan). The Quantitative real-time polymerase chain 

reaction (qRT-PCR) method was applied with the PCR 

system from Beijing Transgen Biotech (Beijing, People’s 

Republic of China). The PCR reaction system consisted of 

a total volume of 20 μL: 10 μL of 2× SYBR Green QPCR 

master mix, 0.3 μL of diluted reference dye, 0.2 μL of 

upstream primer (10 μmol/L), 0.2 μL of downstream primer 

(10 μmol/L), 0.3 μL of complementary DNA, and 0.9 μL 

of DEPC water. The reaction conditions were as follows: 

10 minutes of denaturation at 95°C for one cycle, repeated 

for a total of 40 cycles, each with 30 seconds of denaturation 

at 95°C; 1 minute of annealing at 58°C; and 30 seconds of 

extension at 72°C. U6 was considered an internal control. 

Table 1 Primer sequences

Name Sequences

U6 For: 5′-CTCGCTTCGGCAGCACA-3′
Rev: 5′-TGGTGTCGTGGAGTCG-3′

miR-126 For: 5′-TATAAGATCTGAGGATAGGTGG 
GTTCCCGAGAACT-3′
Rev: 5′-ATATGAATTCTCTCAGGGCTAT 
GCCGCCTAAGTAC-3′

Spred1 For: 5′-GTCCTGCTGATGCTAGGGCT-3′
Rev: 5′-GCCTGGCTGACCAAATGTTA-3′

VEGF For: 5′-CGAAACCATGAACTTTCTGC-3′
Rev: 5′-CCTCAGTGGGCACACACTCC-3′

Abbreviations: For, forward; miR-126, microRNA-126; Rev, reverse; Spred1, 
sprouty-related, EVH1 domain containing protein 1; VEGF, vascular endothelial 
growth factor.
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The melting curve was applied to evaluate the reliability 

of PCR, and the average Ct value (amplified power curve 

inflection point) was chosen and used in semiquantitative 

analysis through 2−∆∆Ct to calculate the relative expression 

quantity of the target gene.

Western blot detection of the protein 
expression of Spred1 and vascular 
endothelial growth factor
Radioimmunoprecipitation assay was applied to extract the 

total protein in the tissues, the cell lysate of which was col-

lected in an Eppendorf tube, followed by a 30 min ice bath 

and under a centrifugation of 12,000 rpm for 5 min at 4°C. 

The supernatant was transferred to another Eppendorf tube 

for BCA protein quantification and the precipitate discarded. 

After the protein extraction, a sample buffer was added to cook 

for 5 minutes at 95°C and the protein was separated through 

10% volume of polyacrylamide gel electrophoresis with 30 μg 

for each protein sample. The electrophoresis was performed 

for 60 minutes; then 5% skim milk was added and preserved in 

phosphate-buffered saline (PBS) for 1 hour at room tempera-

ture, followed by the addition of Spred1 antibody (1:5,000), 

vascular endothelial growth factor (VEGF; 1:1,000), and 

β-actin antibody (1:1,000) purchased from Santa Cruz Bio-

technology Inc. (Dallas, TX, USA) for overnight incubation 

at 4°C. Then, PBS equilibration was done for 1 hour at room 

temperature, followed by a PBS tween-20 (PBST) rinse (three 

times for 5 minutes). Appropriate secondary antibodies were 

added for incubation at room temperature for 1 hour and 

then washed with a membrane (three times for 5 minutes). 

Chemiluminescent reagents were used to develop the imaging. 

β-Actin was considered an internal control. Bio-rad Gel Doc 

EZ imager (Bio-Rad Laboratories Inc., Hercules, CA, USA) 

was used to develop the imaging. ImageJ software (National 

Institutes of Health, Bethesda, USA) was applied to analyze 

the gray value of the objective bands.

Immunohistochemistry detection of 
microvessel density counting
The immunohistochemical (IHC) staining method was used 

to calculate the microvessel density (MVD) values of tumor 

tissue for each group. The IHC staining and counting method 

was applied through CD34 antibody, which can label the 

endothelial cells and detect the MVD changes of tumor 

tissues. First, the full piece was viewed at low magnification 

(100×) of a light microscope to determine the area of highest 

vascular density. Second, five horizons of each slice were 

observed at high magnification (200×) of the light microscope 

to determine five values. The average value of the five visual 

fields was the MVD value. Individual endothelial cells or 

endothelial cell clusters were counted as a blood vessel, 

regardless of whether vessel lumen was there or not. The 

confusion or blur of stained cells and red blood cells with 

lumen area over the inner diameters of eight blood vessels 

were excluded.

IHC detection of protein expressions of 
Spred1 and VEGF
The specimens were fixed in 10% neutral buffered formalin 

and then embedded in paraffin. Primary antibodies were 

Spred1 monoclonal antibody (ab77079; Abcam Company, 

Cambridge, UK) and VEGF monoclonal antibody (ab1316; 

Abcam Company), respectively. SuperPicTure™ two-step 

method was used to detect Spred1 expression and IHC 

MaxVision™ method to detect VEGF expression, both dyed 

with diaminobenzidine. The specimens were subjected to a 

microwave antigen retrieval procedure in 0.01 mol/L sodium 

citrate buffer (pH 6.0) before IHC staining. The experiment 

was conducted according to the immunohistochemical Kit. 

Also, the positive slices of HCC incubated in PBS instead 

of the primary antibody were used as negative controls, and 

the positive slices of HCC were used as positive controls. 

Eight to ten horizons of each slice were observed at high 

magnification (×200) of the light microscope.

Statistical analysis
SPSS 22.0 software (IBM Corporation, Armonk, NY, USA) 

was applied to analyze the data and the measurement infor-

mation was represented as (chi [ χ ] ±standard deviation). The 

t-test was used to compare the measurement data between 

two groups in accordance with normal distribution. One-way 

analysis of variance single-factor variance analysis was used 

to compare the counting data among multiple groups, and 

Pearson’s method was used to carry out correlation analysis. 

The counting data were represented as percentage or rate, 

which were then subjected to χ 2 test. P,0.05 was considered 

statistically significant.

Results
General condition of subjects
Comparisons of sex, hepatitis B surface antigen, tumor 

diameter, number of tumors, tumor node metastasis staging, 

and liver function grading were made among HCC tissues 

in TACE + operation group and the operation surgery group 

(Table 2). There were no significant differences and the two 

sets of data were comparable (all P.0.05).
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Expression of miR-126 and Spred1 in 
various tissues
The results of qRT-PCR test showed that the miR-126 

expression levels in HCC tissues in the TACE + operation 

group were significantly higher than those in the operation 

group, but lower than those in the tumor-adjacent tissue 

group (all P,0.05). The Spred1 expression level of HCC 

tissue in the TACE + operation group was significantly lower 

than that of the operation group, but higher than that of the 

tumor-adjacent tissue group (all P,0.001) (Figure 1). The 

correlation analysis showed that miR-126 was negatively 

correlated with Spred1 (P,0.001, r=−0.6224) (Figure 2).

Targeting relationship verification of 
miR-126 and Spred1
Bioinformatics analysis revealed that there was a comple-

mentary sequence between miR-126 and Spred1 in the 

untranslated regions region (Figure 3A). The results of 

Table 2 Comparison of general conditions of patients in the operation group and the TACE + operation group (n=140)

Clinical  
information

Operation  
group (n=70)

TACE + operation  
group (n=70)

t P-value

Sex
0.541 0.373Male 56 53

Female 14 17
HBsAg

0.365 0.546+ 65 63

− 5 7

Diameter of tumors
0.288 0.591$5 cm 48 45

,5 cm 22 25

Number of tumors
0.578 0.447Single 53 49

Multiple 17 21
TNM staging

4.822 0.089I 36 30
II 23 18
III 11 22

Liver function grading
0.170 0.680A 56 54

B 14 16

Abbreviations: HBsAg, hepatitis B surface antigen; TACE, transcatheter arterial chemoembolization; TNM, tumor node metastasis.

Figure 1 Expression of miR-126 and Spred1 in normal group, operation group, and TACE + operation group.
Notes: (A) Quantitative real-time polymerase chain reaction (qRT-PCR) detection of miR-126; (B) qRT-PCR detection of Spred1 mRNA. *Comparison with the normal 
group, P,0.05; #comparison with the operation group, P,0.05. Normal group: tumor-adjacent tissues.
Abbreviations: miR-126, microRNA-126; Spred1, sprouty-related, EVH1 domain containing protein 1; TACE, transcatheter arterial chemoembolization.
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luciferase reporter gene assay showed that the Spred 

luciferase reporter gene activity of the miR-126 group 

decreased in comparison to that of the miR-NC group, but 

the luciferase reporter gene activity of miR-I, miR-126-M, 

miR-NC-M, and miR no-126-IM groups showed no obvious 

differences (Figure 3B).

General conditions of rats in each group
HepG2 liver tumors were successfully established in all 36 

rats with 100% tumor formation rate and 100% survival 

rate. The MRI scan results showed that the tumor was on 

the left lobe of the liver with a relatively lower T
1
WI signal 

and relatively higher T
2
WI signal. The tumor size of T

1
WI 

was 1.35±0.35 cm and that of T
2
WI was 1.38±0.28 cm. The 

general conditions of the rats’ weight and diet were observed 

after TACE and results showed that rats in the normal group 

had steady weight growth. All three groups of experimental 

rats experienced a loss in appetence within 3 days. Rats in 

group A began to recover within 3 days of surgery and rats 

in group C within 4 days of surgery, while rats in group B 

showed the worst appetence and began to recover within 

5 days of surgery. Rats in each group showed decline in 

weight and appetence 14 days after surgery, wherein rats in 

group A were the worst, followed by rats in group B. Rats 

in group C showed relatively slow weight loss, which led to 

a statistically significant difference with the rats of group A 

within 21 days of surgery (P,0.05); there was no difference 

between group B and group C rats. The preoperative tumor 

sizes of each group were relatively the same, which was not 

statistically different. The results of tumor growth condi-

tions detected by MRI scan on the 7th, 14th, and 21st days 

after surgery showed that the tumor size of groups B and C 

decreased gradually when compared to that of group A. The 

tumor size in group C was significantly smaller than in group 

B, indicating that the tumor growth was inhibited in group C 

(P,0.05) (Table 3; Figure 4).

Spred1 was a direct target of miR-126
MVD evaluation of the angiogenesis degree
The CD34 staining test results of MVD indicated that the 

MVD count of group B increased in comparison with that 

of group A, and the MVD count of group C decreased in 

Figure 2 Correlation analysis of miR-126 and Spred1 mRNA expression for HCC 
patients in TACE + operation group.
Abbreviations: HCC, hepatocellular carcinoma; miR-126, microRNA-126; Spred1, 
sprouty-related, EVH1 domain containing protein 1; TACE, transcatheter arterial 
chemoembolization.

′ ′ ′

′ ′

Figure 3 Targeting verification of miR-126 and Spred1 by bioinformatics analysis and Dual-Luciferase Reporter Assay.
Notes: (A) Sequence matches of Spred1 and miR-126. (B) The luciferase activity for each experimental treatment group. *Comparison to miR-NC group, P,0.05.
Abbreviations: miR-126, microRNA-126; NC, negative control; Spred1, sprouty-related, EVH1 domain containing protein 1.
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Figure 4 The tumor volumes of rats in each group 21 days after insertion, at which time they were injected with an overdose of anesthesia leading to death.
Notes: (A) Control group; (B) embolization group; (C) embolization and miR-126 inhibiting group.
Abbreviation: miR-126, microRNA-126.

comparison with that of group B (all P,0.05) (Table 4; 

Figure 5).

mRNA and protein expression level changes of 
miR-126, Spred1, and vascular endothelial growth 
factor
The qRT-PCR test results showed that group B had the high-

est miR-126 expression levels, followed by group C and then 

group A (all P,0.05) (Figure 6), which indicated that the 

miR-126 inhibitors had successfully transfected the tumor 

tissue of the rats. The mRNA expression levels of Spred1 

was the highest in group A, followed by group C and finally 

group B (P,0.05). The mRNA expression levels of VEGF 

were significantly increased in group A in comparison to those 

in group B (P,0.001). In comparison to group B, the mRNA 

expression levels of VEGF in group C were relatively lower, 

but still higher than those of group A (P,0.05). Western blot 

and IHC staining results revealed that the changes in Spred1 

and VEGF protein levels were in accordance with the mRNA 

expression levels (Figures 7 and 8).

Discussion
In the present study, we aimed to explore the effect of miR-126 

expression on angiogenesis in HCC patients after TACE. 

We first investigated the expression level of miR-126 and 

Spred1 in various tissues, including the HCC tissues from 

patients who were treated with TACE + operation and the 

tumor-adjacent tissues, and compared the differences in miR-

126 and Spred1 expression in the patient clinical samples 

that involved TACE + operation and only operation, in order 

to explore the effects of miR-126 and Spred1 expression on 

angiogenesis in HCC after TACE. In order to better understand 

the alterations in expression levels and prognosis effect of 

miR-126 and Spred1 on angiogenesis in HCC after TACE, 

we established relevant rat models. The result of this study 

indicated that there was a significant reduction in tumor size 

and a gradual increase in weight of the experimental rats with a 

good prognosis after TACE, which could improve the efficacy 

of HCC treatment and reduce the occurrence of similar side 

effects in traditional chemotherapy. It has been reported that 

the differentiation of tumor blood vessels was uneven and they 

lacked muscular and sympathetic fibers. Chemoembolization 

can form a hypoxic environment inside the tumor, which 

accelerates the improvement of the suicide gene expression of 

VEGF promoters to achieve the killing effect.20 Meanwhile, 

this kind of mediated embolization method can be applied with 

chemotherapy to make the chemotherapy drugs release slowly 

in the local tumor so that they can play a long-term role.

Table 3 Pre- and postoperative changes in tumor size and weight

Group Pre-operation 7 days after  
surgery

14 days after  
surgery

21 days after  
surgery

Normal group Tumor size (cm3) 0 0 0 0
Weight (g) 255.72±13.60 270.55±12.98 287.14±14.24 298.83±13.03

A Tumor size (cm3) 1.79±0.18 1.81±0.15 1.98±0.16 2.15±0.22
Weight (g) 252.26±10.39 262.57±12.72 269.35±14.02 273.74±15.24

B Tumor size (cm3) 1.81±0.23 1.77±0.17 1.70±0.10* 1.62±0.18*
Weight (g) 254.63±15.37 265.36±13.34 273.57±16.83 280.32±16.77

C Tumor size (cm3) 1.82±0.14 1.75±0.21 1.61±0.19* 1.45±0.15*,#

Weight (g) 254.96±14.27 267.53±13.68 278.30±12.90 289.16±15.36*

Notes: *Comparison with group A, P,0.01; #comparison with group B, P,0.05. A, Control group; B, embolization group; C, embolization and miR-126 inhibiting group. 
Data are presented as mean ± standard deviation.
Abbreviation: miRNA, microRNA.
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Table 4 Comparison of the results of tumor tissue MVD count 
(N=10)

Group MVD

A 31.87±3.51
B 69.56±4.85*
C 55.27±4.69*,#

Notes: *Comparison with group A, P,0.05; #comparison with group B, P,0.01. 
A, Control group; B, embolization group; C, embolization and miR-126 inhibiting 
group. Data are presented as mean ± standard deviation.
Abbreviations: miR-126, microRNA-126; MVD, microvessel density.

Figure 5 Immunohistochemistry determination of MVD for miR-126 targeting Spred1 in tumor tissues of rats in each group (light microscope, ×200).
Notes: (A) Control group; (B) embolization group; (C) embolization and miR-126 inhibiting group.
Abbreviations: miR-126, microRNA-126; MVD, microvessel density; Spred1, sprouty-related, EVH1 domain containing protein 1.

Figure 6 qRT-PCR detection of miR-126, Spred1, and VEGF expressions of tumor 
tissues in rats of each group.
Notes: *Comparison with group A, P,0.05; #comparison with group B, P,0.05. 
The variable n represents the repetition number of the experiment. A, Control 
group; B, embolization group; C, embolization and miR-126 inhibiting group.
Abbreviations: miR-126, microRNA-126; qRT-PCR, quantitative real-time poly
merase chain reaction; Spred1, sprouty-related, EVH1 domain containing protein 1; 
VEGF, vascular endothelial growth factor.

On one hand, this study demonstrated that miR-126 

targeted Spred1 and inhibited its expression level. Previous 

studies also showed that miR-126 and its complement 

miR-126* were encoded by epidermal growth factor-like 

domain 7, which, by repressing inhibitors of VEGF-induced 

proliferation in endothelial cells, could mediate blood vessel 

growth, integrity, and inflammation.17,21,22 The miR-126 

and epidermal growth factor-like domain 7 are highly 

expressed in endothelial cells.23,24 Furthermore, Spred1 

has been regarded as the target of miR-126 and by inhibit-

ing Spred1, miR-126 can inhibit the VEGF pathway and, 

therefore, may promote angiogenesis.17,25,26 The previous 

study reported that the expression level of Spred1 and the 

incidence rate of tumor invasion and metastasis were nega-

tively correlated.13 The correlated experiments in vitro and 

in vivo also showed that increase in the expression level of 

Spred1 can significantly inhibit tumor cells by decreasing 

the activity of ERK.27,28 Meanwhile, high expression levels 

of Spred1 can inhibit the secretion of metalloproteinases 

MMP2 and MMP9, both of which play important roles in 

the processes of tumor invasion and metastasis.29,30 There-

fore, Spred1 can be considered a treatment site as well as a 

prognostic indicator. An increase in the expression levels 

of Spred1 can significantly inhibit the proliferation and 

invasion of HCC cells.31

On the other hand, the expression level of miR-126 

significantly increased after TACE treatment. The results 

of such upregulated expression indicated that the increased 

expression was correlated with TACE treatment and, there-

fore, associated with the intracellular hypoxic–ischemic 

phenomenon caused by the treatment process of TACE.32 In 

this situation, the high expression of miR-126 was also posi-

tively correlated with the level of VEGF, which suggested 

that there might be a defense mechanism for hepatoma cells 

regulated by miR-126, which accelerates blood transportation 

to reduce hypoxia through angiogenesis growth in order to 

resist the therapeutic effect of TACE. It has been reported 

that a single miRNA can modulate vascular function and 
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Figure 7 Immunohistochemistry detection of the protein expression of Spred1 and VEGF in tumor tissues in each group.
Notes: The positive expression of VEGF was defined as brown and brown-yellow stain, which was mainly located in the cytoplasm of cancer cells, and basically no positive 
expression of VEGF was found in stromal cells (×200). The positive expression of Spred1 was defined as brown-yellow in the cytoplasm of cancer cells, with yellowish brown 
stain in the cytoplasm, and basically no positive expression of Spred1 was found in stromal cells (×200). (A) Control group; (B) embolization group; (C) embolization and 
miR-126 inhibiting group.
Abbreviations: miR-126, microRNA-126; Spred1, sprouty-related, EVH1 domain containing protein 1; VEGF, vascular endothelial growth factor.

formation by regulating the vascular integrity and angio-

genesis.26 Previous studies showed that low expression of 

miR-126 in HCC was markedly related to tumor recurrence 

and can inhibit HCC cells’ proliferation, invasion, and migra-

tion in vitro, which means that the downregulation of miR-

126 is of great importance in HCC metastasis and has the 

advantages in prognosis prediction and HCC treatment.33,34 

Also, the antiangiogenic drugs probably can be used for 

TACE-treated HCC.35 Therefore, the expression level of 

Spred1 can be restored to normal levels by inhibiting the 

expression levels of miR-126, which significantly increases 

the inhibition of the tumor proliferation and distinctively 

improves tumor prognosis.

This study demonstrated the relative evaluation and 

assessment of miR-126 with angiogenesis and progno-

sis effect through establishment of relevant rat models. 

However, further improvements are needed in some areas 

of this experiment. First, miR-126 may express differently 

in different types of cells; but in the present study, we failed 

to analyze the specific expression of miR-126 in different 

cell types. Moreover, the sample size of the experimental 

group was rather small, experimental funds were limited, 

β

Figure 8 Western blot detection of the Spred1 and VEGF expressions of tumor tissues in each group.
Notes: *Comparison with group A, P,0.05; #comparison with group B, P,0.05. The variable n represents the repetition number of the experiment. A, Control group; B, 
embolization group; C, embolization and miR-126 inhibiting group.
Abbreviations: miR-126, microRNA-126; Spred1, sprouty-related, EVH1 domain containing protein 1; VEGF, vascular endothelial growth factor.
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and experimental periods were not enough. Also, the side 

reflection, of the angiogenesis inhibition of miR-126 through 

the VEGF expression, was not sufficiently convincing.

In summary, this study demonstrated the mechanism 

by which miR-126 regulates angiogenesis in HCC tissues 

through embolization treatment, and also showed that the 

feasibility of TACE with miR-126 inhibitor has a certain 

value in the medical treatment of HCC.
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