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MicroRNA-9 is a ponderable index for the  
prognosis of human hepatocellular carcinoma
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Abstract: Hepatocellular carcinoma (HCC) is one of the most common primary malignant tumors of the liver world-
wide; however, despite its significance, there is a lack of treatment methods and clear prognoses. MicroRNA-9 
(miR-9) is known to play an important role in tumor tumorigenesis and progression. Talin-1, which plays a signifi-
cant role in regulating the transmutation of carcinoma, has been demonstrated to be downregulated by miR-9 in 
epithelial ovarian cancer. In the present study, we researched the potential role of miR-9 in the prognosis of HCC. 
The expression levels of miR-9 and Talin-1 mRNA in HCC tissues (n = 60), adjacent non-cancerous tissues (n = 60), 
and normal liver tissues (n = 20) were detected using a real-time quantitative assay; protein expression levels of 
Talin-1 were detected using western blot. The expression levels of miR-9 were significantly higher in HCC tissues (P 
< 0.001) than in normal liver and adjacent non-cancerous tissues. These levels were significantly associated with 
tumor grade, tumor size, portal vein tumor thrombus, integral capsule, and 2.0-year disease-free survival rate (P 
< 0.05). High levels of miR-9 were strongly associated with the malignant progression of HCC, and overexpression 
of miR-9 is a risk factor that has a statistically significant effect on survival rate. miR-9 could play a role as an HCC 
tumor activator by regulating the expression of Talin-1; therefore, miR-9 might be a potentially valuable biomarker 
for the prognosis in HCC patients.

Keywords: Hepatocellular carcinoma, HCC, microRNA-9, miR-9, Talin-1, prognosis 

Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common primary malignant tumors of the 
liver, is the third largest cause of cancer-associ-
ated deaths after stomach and lung cancer, 
and is the sixth most common neoplasm world-
wide [1, 2]; however, HCC is associated with a 
poor prognosis and has finite treatment options 
[3]. Although a combination of chemotherapy 
and surgery would improve survival, HCC that is 
associated with malignant metastasis and 
migration, has an unusually poor prognosis [4]; 
therefore, several investigators have focused 
on the molecular and cellular mechanisms of 
HCC to promote the prognosis and diagnosis of 
this malignant tumor [5-8].

MicroRNAs (miRNAs) are small, non-coding 
RNAs that adjust posttranscriptional gene 
expression by matching to the 3’-untranslated 
region (3’-UTR) of target mRNAs, and regulate 
essential cellular processes, such as prolifera-

tion, diversification, and apoptosis [9, 10]. The 
connection between alterative miRNA expres-
sion and cancerogenesis is well constructed as 
well as the progress of tumor [11-13]. In addi-
tion, the expression of miRNAs and special miR-
NAs have proved to be potential prognostic or 
diagnostic instruments in different types of 
tumors, such as non-small-cell lung cancer, 
breast tumors, and colorectal cancer [14-16]. 
Until now, it has been determined from study 
data that a series of miRNA-9 (miR-9) targets, 
such as nuclear factor (NF)-κB1, caudal type 
homeobox 2 (CDX2), chromobox protein homo-
log 7 (CBX7), and methenyltetrahydrofolate 
cyclohydrolase (MTHFD2), were associated with 
cancer [17]. Previous research has shown that 
miR-9 expression is downregulated in some 
types of cancers, including gastric, ovarian, and 
neuroblastoma [18-21]; however, the levels of 
miR-9 expression have proved to be upregulat-
ed in colorectal cancer, breast cancer, lung can-
cer, and laryngeal squamous cell carcinomas 
[22-26]. These data indicate that miR-9 might 
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play a crucial role in tumor progression and 
tumorigenesis, and might also have different 
effects on multifarious carcinomas.

Talin-1, which has a molecular mass of 270 
kDa, is a cytoskeletal protein that has been 
found to play a significant role in regulating the 
development and transmutation of carcinoma 
and the overexpression of Talin-1 are related to 
decreased migration and invasion in human 
liver cancer cell lines; the low expression of 
Talin-1 promotes migration and invasion [27]. 
In addition, Talin-1 is mainly expressed in the 
liver, spleen, stomach, lung, kidney, and vascu-
lar smooth muscle [28]. 

Some studies have demonstrated that miR-9 
could downregulate the levels of Talin-1 as a 
tumor suppressor in epithelial ovarian cancer 
[17]. Nevertheless, until now, there is little 
usable research on the role of miR-9 expres-
sion and the relationship between miR-9 and 
Talin-1 in HCC tissues.

In the present study, the potential role of miR-9 
in the prognosis of HCC was researched by 
detecting the levels of miR-9 expression in HCC 
tissues, adjacent non-cancerous tissues, and 
normal liver tissues. To observe the relation-
ship between miR-9 and Talin-1, the mRNA and 
protein expression levels of Talin-1 in the abo- 
ve tissues were also examined. The results 
showed that the expression level of miR-9 was 
significantly elevated in HCC tissues when com-
pared with that in normal liver and adjacent 
non-cancerous tissues. On the contrary, the 
mRNA and protein expression level of Talin-1 in 
HCC tissues was significantly lower than that in 
the normal liver and adjacent non-cancerous 
tissues. By researching the levels of miR-9 and 
Talin-1 mRNA, the correlation between miR-9 
level and that of Talin-1 mRNA was observed  
to be inverse in HCC tissue. In addition, the lev-
els of miR-9 expression were significantly asso-
ciated with tumor grade, tumor size, integral 
capsule, portal vein tumor thrombus, and 2.0-
year disease-free survival rate; therefore, miR-9 
is potentially involved in the process of the infil-
tration, metastasis, and carcinogenesis of HCC 
by regulating the expression of Talin-1 and can 
become a valuable biomarker of tumors in a 
prognosis for HCC patients.

Materials and methods

Tissue samples

Our research was approved by the Experimental 
Ethics Committee of The First Affiliated Hospital 
of Anhui Medical University, China. Informed 
consent was received from all patients. From 
February 2012 to February 2013, 60 HCC tis-
sues and corresponding adjacent non-cancer-
ous tissues (> 2.0 cm from the tumor) were col-
lected from the operating room of First Affili- 
ated Hospital of Anhui Medical University. No 
patients had access to chemotherapy or radio-
therapy before surgery. The nature of these 
HCC tissues and corresponding adjacent non-
cancerous tissues were confirmed by patholog-
ical examination. The clinicopathological infor-

Table 1. Correlation of micorRNA-9 expres-
sion levels with clinicopathological features of 
patients with HCC
Clinicopathological 
features

Number 
of cases

miR-9 
expression P value

High 
(n, %)

Low 
(n, %)

Age (y) 1.000
    < 60 25 12 13
    ≥ 60 35 18 17
Gender 0.411
    Male 40 22 18
    Female 20 8 12
Tumor size (cm) 0.01
    < 5 28 9 19
    ≥ 5 32 21 11
Number of tumor 0.595
    Single 37 17 20
    Multiple 23 13 10
Venous invasion 0.001
    - 34 10 24
    + 26 20 6
Tumor capsule 0.034
    With integral 23 7 16
    Without integral 37 23 14
HBsAg 0.171
    - 20 7 13
    + 40 23 17
AFP (μg/L) 0.111
    < 400 37 22 15
    ≥ 400 23 8 15
Admondson stage < 0.001
    I-II 35 8 27
    III 25 22 3
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mation from these HCC patients is shown in 
Table 1. There were 20 cases of normal liver 
specimens that were obtained from liver tis-
sues with hemangiomas as controls. Part of the 
fresh specimens was used for western blot and 
the remaining specimen was frozen in liquid 
nitrogen and subsequently stored at -80°C  
for analysis using the quantitative real-time 
reverse-transcriptase-polymerase chain reac-
tion (qRT-PCR). The clinical follow-up data from 
phone interviews with patients or their family 
members and outpatient medical records were 
matched. Two-year disease-free survival was 
defined as the period immediately following 

antibodies, Goat anti-Mouse IgG (BA1050, 
1:5000 dilution, BOSTER, Wuhan, China). The 
proteins of the immunoreaction were made vis-
ible using the Pro-light HRP Chemiluminescent 
Kit (TIANGEN Biotech, Beijing, China). In addi-
tion, the levels of objective protein were nor-
malized to the expression levels of β-actin pro-
tein. The results of western blotting were ana-
lyzed using ImageJ (National Institutes of 
Health, Maryland, USA).

microRNA qRT-PCR assay

To determine the relationship between miR-9 
and Talin-1 and the expression levels of miR-9 

Figure 1. The relative expression of miR-9 in 60 pair of HCC tissues, cor-
responding adjacent non-cancerous tissues and 20 pairs of normal liver tis-
sues. Compared to adjacent non-cancerous tissues and normal liver tissues, 
the levels of miR-9 expression in HHC tissues were significantly elevated (P 
< 0.001).

Figure 2. The relative expression levels of Talin-1 mRNA in 60 pair of HCC tis-
sues, corresponding adjacent non-cancerous tissues and 20 pairs of normal 
liver tissues. Compared to adjacent non-cancerous tissues and normal liver 
tissues, the levels of Talin-1 mRNA expression in HHC tissues were signifi-
cantly depressed (P < 0.05).

surgery to the date of recidi-
vation or death. Patients were 
regarded as censored cases 
when they died of unrelated 
diseases.

Western blot analysis

Tissue samples were cut in- 
to pieces and subsequently 
ground into a corresponding 
slurry. The total protein con-
tent from the slurry was 
extracted using a cell lysis  
buffer for western blot and  
immunoprecipitation (Beyoti- 
me Institution of Biotechnolo- 
gy, Haimen, China) with 100  
mM phenylmethanesulfonyl-
fluoride. Total proteins were 
then quantified using the En- 
hanced BCA Protein Assay Kit 
(Beyotime Institution of Bio- 
technology, Haimen, China). 
The protein samples (30 µg) 
were separated in 6.0% SDS-
PAGE gels and transferred 
onto polyvinylidene difluoride 
membranes, which were bloc- 
ked in 5.0% skim milk for 1.0 
h at ambient temperatures, 
followed by incubation with 
mouse anti-Talin-1 monoclo-
nal primary antibody (ab104- 
913, 1:1000 dilution, Abcam, 
Cambridge, MA, USA) over-
night at 4.0°C. The membran- 
es were then incubated with 
the species-specific peroxi-
dase-conjugated secondary 
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and Talin-1 mRNA in HCC tissues, correspond-
ing adjacent non-cancerous tissues and nor-
mal liver tissues were detected using qRT-PCR 
assay. Briefly, total tissue RNA from samples 
was extracted with Total RNA Extractor (Sangon 
Biotech, Shanghai, China) according to the 
manufacturer’s instructions. In addition, the 

GEN Biotech, Beijing, China). qRT-PCR was exe-
cuted using specialized primers from the 
Genscript Custom Primers (Genscript Biotech, 
Nanjing, China) as follows:

Talin-1-F, 5’-TCTCCCAAAATGCCAAGAAC-3’; Talin- 
1-R, 5’-TGGCTATTGGGGTCAGAGAC-3’; miR-9-F, 

Figure 3. The expression levels of Talin-1 protein in HCC tissues, corresponding adjacent non-cancerous tissues and 
normal liver tissues.

Figure 4. Linear regression analysis indicated a significant negative correla-
tion between miR-9 and Talin-1 mRNA (r = -0.337, P = 0.003).

total RNA samples were de- 
tected with NanoDrop2000 
(Thermo Scientific, Waltham, 
MA, USA) to control the con-
centration and purification of 
the products. cDNA that was 
extracted from total RNA sam-
ples was reverse transcribed 
with miRNA-specific primers 
using a First Strand cDNA 
Synthesis Kit (Thermo Fisher 
Scientific, Waltham, MA, USA) 
according to the manufac- 
turer’s instructions. Subse- 
quently, the products of the 
first-strand cDNA were ampli-
fied directly by PCR using 
SuperReal Premix plus (TIAN- 
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5’-GTGCAGGGTCCGAGGT-3’; miR-9-R, 5’-GCGC- 
TCTTTGGTTATCTAGC-3’; U6-F, 5’-CTCGCTTCGG- 
CAGCACA-3’; U6-R, 5’-AACGCTTCACGAATTTG- 
CGT-3’.

The relative expression levels of miR-9 and 
Talin-1 mRNA were normalized to small nucleo-
lar RNA U6 and the cycle threshold (CT) was 
calculated. The relative amount of miR-9 and 
Talin-1 mRNA was quantified using the 2-ΔCT 

method (ΔCT = CTmiR-9 or Talin-1 mRNA-CTU6 

The expression levels of miR-9 in HCC tissues, 
adjacent non-cancerous tissues, and normal 
liver tissues were detected using qRT-PCR nor-
malized to U6. The results showed that the lev-
els of miR-9 expression were significantly ele-
vated in HCC tissues compared with that of 
corresponding adjacent non-cancerous tissues 
(P < 0.001) and normal liver tissues (P < 0.001) 
(Figure 1). The correlative expression levels of 
miR-9 normalized to U6 in HCC tissues (6.955 
± 2.478) were observably higher than that in 

Figure 5. Kaplan-Meier survival curves for HCC patients with high or low ex-
pression of miR-9.

Table 2. Multivariate analysis of two-year disease-free survival in 
patients with HCC
Parameter Hazard ratio 95% confidence interval P value
Age (y) 1.299 0.833-2.006 0.256
Gender 0.875 0.561-2.098 0.784
Tumor size (cm) 1.526 0.996-2.550 0.059
Number of tumor 1.535 0.936-2.516 0.090
Venous invasion 1.315 0.886-2.036 0.315
Edmondson stage 3.279 1.654-6.502 0.001*
HBsAg 1.239 0.784-1.989 0.394
Tumor capsule 1.337 0.847-2.110 0.205
AFP (μg/L) 1.500 0.987-2.469 0.078
microRNA-9 2.681 1.306-5.504 0.007*
*Statistically significant difference.

RNA). Each survey was per-
formed in triplicate.

Statistical analyses

SPSS 19.0 (IBM Corporation, 
Armonk, NY, USA) was used  
to analyze all of the data.  
The mean ± standard devia-
tion (SD) was applied to the 
expressing continuous vari-
ables. The analysis of vari-
ance and Student-Newman-
Keul test were used to assess 
the differences in the expres-
sion levels of miR-9 and Talin-
1 in HCC tissues, correspond-
ing adjacent non-cancerous 
tissues, and normal liver tis-
sues. The chi-square test was 
used for categorical variabl- 
es to show their differences. 
Linear correlation analysis 
was used to show the inver- 
se correlation between miR-9 
and Talin-1 mRNA in HCC tis-
sues. The Kaplan-Meier meth-
od and log-rank test were 
used to evaluate the differen- 
ces in 2.0-year disease-free 
survival rate of HCC patients. 
The multivariate analyses of 
prognostic values were deter-
mined using Cox proportional 
hazards regression analysis, 
and the difference was con-
sidered statistically signifi-
cant if P < 0.05.

Results

Elevated expression levels of 
miR-9 in hepatocellular carci-
noma tissues
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corresponding adjacent non-cancerous tissues 
(4.386 ± 1.784) and normal liver tissues (4.200 
± 1.848). In addition, there was no significant 
difference between the levels of miR-9 expres-
sion in normal liver tissue samples and that  
in adjacent non-cancerous tissue samples (P = 
0.734). The median miR-9 expression levels  
in all 60 patients with HCC was 6.895. Sub- 
sequently, the patients with HCC were separat-
ed into two groups based on their levels of 
miR-9 expression using the median as a cutoff: 
high levels of miR-9 expression (n = 30, 8.816 
± 1.640) and low levels of miR-9 expression (n 
= 30, 5.093 ± 1.622).

Depressed expression levels of Talin-1 in hepa-
tocellular carcinoma tissues

The levels of Talin-1 protein expression in HCC 
tissues, corresponding adjacent non-cancer-
ous tissues, and normal liver tissues were 
detected using western blot. The expression 
levels of Talin-1 mRNA in these tissues were 
also detected using qRT-PCR. The expression 
levels of Talin-1 protein in HCC tissues were sig-
nificantly lower than that in the corresponding 
adjacent non-cancerous and normal liver tis-
sues (P < 0.001). The results of the Talin-1 pro-
tein analysis are shown in Figure 3A and 3B. In 
addition, Figure 2 shows that the levels of Talin-
1 mRNA in HCC tissues were also significantly 
lower than that in the adjacent non-cancerous 
tissues (P < 0.001) and normal control tissues 
(P = 0.002), and there was no significant differ-
ence between the expression levels of Talin-1 
protein or Talin-1 mRNA (P = 0.798 and P = 
0.702, respectively) in normal liver tissue sam-
ples and that in adjacent non-cancerous tissue 
samples.

The relationship between miR-9 and Talin-1 in 
hepatocellular carcinoma tissues

The relationship between miR-9 and Talin-1 
mRNA in HCC tissues was also investigated 
using qRT-PCR. Figure 1 shows that miR-9 
expression levels in HCC tissues were elevat- 
ed; however, the levels of Talin-1 mRNA ex- 
pression in HCC tissues were reduced (Figure 
2). After the above data were analyzed, it was 
found that the miR-9 expression levels and 
Talin-1 mRNA expression levels were obser- 
ved by statistical analysis to be inversely re- 
lated in HCC tissues (r = -0.337, P = 0.003) 
(Figure 4). 

Correlation between clinicopathological fea-
tures and miR-9 expression levels in hepato-
cellular carcinoma tissues

To further delineate the possible role of miR-9 
in HCC, an investigation was designed to ana-
lyze the association between miR-9 expression 
and the clinicopathological features of patients 
with HCC. Table 1 summarizes the connections 
between miR-9 expression and the multifarious 
clinicopathological index of these patients with 
HCC; there was no significant statistical differ-
ence between the levels of miR-9 and patient 
age (P = 1.000), sex (P = 0.411), number of tu- 
mors (P = 0.595), the expression of alpha-feto-
protein (P = 0.111), and the hepatitis B antigen 
(P = 0.171); however, the expression levels of 
miR-9 were significantly associated with tumor 
size (P = 0.01), tumor grade (P < 0.001), inte-
gral capsule (P = 0.034), and portal vein tumor 
thrombus (P = 0.001).

The expression levels of miR-9 is a prognostic 
biomarker in patients with hepatocellular car-
cinoma correlated with 2.0-year disease-free 
survival rate 

Statistical analysis was used to further investi-
gate the correlation between the expression 
levels of miR-9 and 2.0-year disease-free sur-
vival rate to assess the potential role of miR-9 
in the prognosis of HCC. Intact follow-up data 
were from 60 (60/60) HCC patients; the follow 
up time was > 2.0 years. 23 cases showed died 
or disease recurrence in the 60 cases. The vari-
ant that was connected with the 2.0-year dis-
ease-free survival rate was evaluated using the 
Kaplan-Meier survival analysis and compared 
by log-rank test. In addition, the expression lev-
els of miR-9 in HCC tissues were divided into 
two groups as follows using the median as a 
cutoff: high levels of miR-9 expression (n = 30, 
8.816 ± 1.640) and low levels of miR-9 expres-
sion (n = 30, 5.093 ± 1.622). The Kaplan-Meier 
curve indicated that for HCC patients with high 
levels of miR-9, the 2.0-year disease-free sur-
vival rate was 20.8%. By contrast, the 2.0-year 
disease-free survival rate of patients with low 
levels of miR-9 was 50.8%, which indicated 
that the HCC patients with low levels of miR-9 
in their HCC tissues survived significantly lon-
ger than those with high levels of miR-9 (P < 
0.001, by log-rank test) (Figure 5). In addition, 
multivariate analysis showed that the levels of 
miR-9 (P = 0.007) and clinical stage (P = 0.001) 
were crucial autocephalous prognostic ele-
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ments for 2.0-year disease-free survival rate 
(Table 2).

Discussion

HCC is one of the most widespread and malig-
nant human tumors worldwide and its progno-
sis is not optimistic, even with a series of 
advanced treatment [29]; therefore, an HCC 
biomarker must be identified to enable clini-
cians to better determine a prognosis in HCC 
patients. The results of this study showed that 
miR-9 plays an important role in the formation, 
progress, and distant metastasis of HCC and 
could become a valuable tumor marker in its 
prognosis.

It is well known that miRNAs are connected to a 
variety of cellular mechanism and are involved 
in multifarious tumors, and that they could par-
ticipate in the regulation of cell immunity, devel-
opment, differentiation proliferation, and apop-
tosis by regulating genetic expression at the 
post-transcriptional level [30]. A previous study 
has shown different results of miR-9 expres-
sion levels in different types of carcinomas [18-
26]. These results illustrate that miR-9 might 
have different effects on multifarious carcino- 
mas.

Cell adhesion molecules are a type of mem-
brane receptor that regulate cell-cell and cell-
stroma coactions, and are necessary for the 
signaling pathway, such as invasion, migration, 
metastasis, angiogenesis, and cell adhesion 
[31]. Cell adhesion is a critical factor in cellular 
motility in embryogenesis, inflammatory res- 
ponse, wound healing, and neoplasm metasta-
sis [28]. Cell adhesion leads to a generation of 
focal adhesions that are regulatory procedures 
involved in cell movement. There are multitudi-
nous proteins included with focal adhesions, 
such as tensin, vinculin, and talin. Talin-1 is a 
type of large adaptor protein that plays a signifi-
cant role in coupling the integrin family of cell 
adhesion molecules to the actin cytoskeleton 
[32]. A preceding study demonstrated that 
miR-9 suppresses the expression levels of 
Talin-1 by targeting its 3’-UTR, indicating that 
miR-9 directly affects Talin-1 in ovarian serous 
carcinoma [17]; Therefore, it is hypothesized 
here that miR-9 might be involved in metasta-
sis and adhesion by regulating Talin-1 expres-
sion levels in HCC and could become a signifi-
cant biomarker for the prognosis of HCC.

There are a limited number of studies on the 
role of miR-9 expression levels in HCC tissues. 
In this research, our data reveal that the expres-
sion levels of miR-9 in HCC tissues is signifi-
cantly higher than that in normal liver and adja-
cent non-cancerous tissues. On the other hand, 
the expression levels of Talin-1 protein and 
mRNA was observably decreased in HCC tis-
sues compared with those in normal liver and 
corresponding adjacent non-cancerous tis-
sues. In addition, the miR-9 and Talin-1 mRNA 
expression levels were observed to be an 
inverse relationship in HCC tissues, and the up-
regulation of miR-9 in HCC tissues was signifi-
cantly associated with invasive clinicopatho-
logical features, including integral capsule, 
tumor size, tumor grade and portal vein tumor 
thrombus. These results suggest that miR-9 
might play a crucial role in HCC invasiveness, 
carcinogenesis, and infiltration. One of the 
most characteristic features of HCC is its dis-
tant metastasis. Our research further reveals 
that the expression levels of miR-9 is signifi-
cantly lower in tissue specimens without portal 
vein cancer emboli than in tissue specimens 
with portal vein cancer emboli. The data indi-
cate that high levels of miR-9 might increase 
the risk of tumor breaking away from the carci-
noma in situ for lack of cell adhesion, eventu-
ally leading to tumor metastasis and invasion. 

In previous studies, Shihong Xu et al. [33] found 
that the levels of miR-9 were increased in 
osteosarcoma. Comparatively, our results like-
wise proved that miR-9 expression in HCC tis-
sues is higher than that in the normal liver and 
adjacent non-cancerous tissues. In addition, 
our study demonstrates that miR-9 levels were 
directly correlated with the 2.0-year disease-
free survival rate. The data were further sup-
ported using the Cox proportional hazards 
regression model, indicating that the expres-
sion levels of miR-9 could be used as an inde-
pendent risk factor and serve as a biomarker to 
estimate a prognosis in HCC patients. This con-
clusion has been proved in previous studies of 
osteosarcoma, glioma, lung cancer, cervical 
cancer, and laryngeal squamous cell carcinoma 
[24, 30, 33-35]. 

The results of our research suggest that high 
levels of miR-9 expression is strongly associat-
ed with malignant progression of HCC and that 
the overexpression of miR-9 is a statistically 
significant risk factor that affects survival rate. 
Our study also indicates that miR-9 might play a 
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critical role as a tumor activator in HCC by regu-
lating the expression of Talin-1 and might serve 
as a potential tumor marker for HCC prognosis; 
however, further studies are needed to illumi-
nate the detailed molecular mechanism by 
which miR-9 plays a role in HCC. 

Study limitations

Because of the relatively small number of bio-
logical tissue samples in the current research, 
additional research is necessary using a larger 
sample of HCC patients over a longer time-
frame to confirm the prognostic significance of 
miR-9 expression.
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