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Increased expression of miR-21 predicts poor prognosis
in patients with hepatocellular carcinoma
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Abstract: Background: MicroRNAs (miRNAs) play critical roles in hepatocellular carcinoma (HCC) development and
progression. Aberrant miR-21 expression has been reported in several cancers. However, the clinical significance
of miR-21 in human HCC is still unclear. Methods: A total of 112 patients with primary HCC who underwent a cura-
tive liver resection were included in this retrospective study. The differentially expressed amount of the miR-21 was
validated by quantitative real-time PCR (qRT-PCR). Survival rate was analyzed by log-rank test, and survival curves
were plotted according to Kaplan-Meier. Multivariate analysis of the prognostic factors was performed with Cox re-
gression model. Results: As revealed by gRT-PCR analysis, miR-21 expression was significantly upregulated in HCC
tissues when compared with adjacent non-tumor tissues (P<0.05). High miR-21 expression level was observed to be
closely correlated with tumor differentiation, TNM stage and vein invasion (P<0.05). Patients who had high miR-21
expression had a shorter overall survival than patients who had low miR-21 expression (P<0.05). Moreover, multi-
variate analysis of the prognosis factors with a Cox proportional hazards model showed that high miR-21 expression
was a significant independent predictor of poor survival in HCC (P<0.05). Conclusion: Our results suggested that
increased expression of miR-21 was significantly correlated with tumor progression and could be a novel potential
biomarker for HCC prognosis.
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Introduction numerous biologic processes [5]. miRNAs are
single-stranded and highly conserved small
non-coding RNAs that recognize complementa-
ry sequences in the 3’'untranslated region of
target mRNAs, leading to the reduction of pro-
tein expression either by mRNA degradation
and/or by translational repression [6]. miRNA
deregulation is a common feature of human
malignancies as they control the expression of
oncogenes or tumor suppressors acting as
onco-miRNAs or tumor suppressor miRNAs
themselves [7].

Hepatocellular carcinoma (HCC) is one of the
most malignant solid tumors and is the second
leading cause of cancer related mortality [1].
HCC is a complex malignant tumor, and its
development and progression is influenced by
various factors. Two important risk factors for
developing HCC are cirrhosis and hepatitis B
virus infection [2]. Currently, surgery is the most
common treatment for HCC. However, the
recurrence rate is high and surgery affects
long-term recovery and survival in HCC patients

after curative resection [3]. For advanced HCC Recent studies have shown that increased

patients, several novel molecular targeted ther-
apies can be applied but with limited therapeu-
tic effects [4]. Therefore, it is urgent and neces-
sary to identify prognostic factors which could
predict recurrence, metastasis and prognosis
for patients with HCC to improve the individual
treatment.

MicroRNAs (miRNAs) are emerging as a new
class of regulatory molecules involved in

expression of miR-21 could increase cell pro-
liferation, migration and invasion in a variety
of cancer cells [8, 9]. Some studies have
found that miR-21 could serve as a diagnostic
and prognostic marker for human malignan-
cies, such as breast cancer, colorectal cancer,
lung cancer and pancreatic cancer [10-13].
However, whether the expression level of miR-
21 is associated with the prognosis of pa-
tients with HCC is still unclear. The aim of
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Table 1. Correlations between miR-21 expression and clini-

copathological features in HCC patients

Materials and methods

miR-21 expression

Patients and tissue samples

Characteristics N=112 High (n=59) Low (n=53) P value A total of 112 patients with primary
Gender 0.929 HCC who underwent a curative liver
Male 66 35 31 resection at the Affiliated Tumour
Female 46 24 22 Hospital of Zhengzhou University, were
Age (years) 0.224 included in this retrospective study.
<50 49 29 20 These patients were diagnosed as HCC
>50 63 30 33 between 2007 and 2013. The tissues
Tumor size (cm) 0.302 were immediately frozen in liquid nitro-
<5 43 20 23 gen after surgical removal and stored
5 69 39 30 at -89°C u_nt|| u_se. None of the patients
Tumor number 0.204 recruited Fn this study had undergo.ne
] preoperative chemotherapy or radio-
Solitary 62 36 26 therapy. HCC diagnosis was based on
Multiple 50 23 27 WHO criteria. Tumor staging was deter-
Serum AFP (ug/1) 0.316 mined according to the sixth edition of
<400 75 42 33 the tumor-node-metastasis (TNM)
>400 37 17 20 classification of the International Union
Liver cirrhosis 0.092 against Cancer. The characteristics of
Absence 13 4 9 patients were shown in Table 1. The
Presence 99 55 44 study was approved by the Research
Tumor differentiation 0.000 Eth|c§ Committee of Affiliated Tumgur
Well+Moderate 57 15 49 Hospital of Zhengzhou l_Jn|verS|ty.
Informed consent was obtained from
Poor 55 44 11 all Patients.
TNM stage 0.002
-l 48 17 31 RNA Isolation and qRT-PCR
-1V 64 42 22
Vein invasion 0.003 Total RNA isolation from tissues was
Presence 19 16 3 performed using mirVana miRNA
Absence 93 43 50 Isolation Kit (Applied Biosystems). RNA

AFP, Alpha Fetal Protein; TNM, Tumor/Nodes/Metastases.

5 P<0.05

Relative miR-21 expression

HCC tissues

L]
Non-tumor
Figure 1. Relative expression levels of miR-21 in 112
paired HCC and adjacent non- tumor tissues.

our study was to investigate the clinical sig-
nificance and prognostic value of miR-21 in
HCC.
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concentrations were measured using
the SPECTRAmax microplate spectro-
photometer (Molecular Devices Corp).
Primers for miR-21 and endogenous control U6
snRNA were obtained from Applied Biosystems.
cDNA was generated using the PrimeScript RT
reagent kit (Takara) in a 20 pl final reaction vol-
ume containing 0.5 pyg of RNA, 0.5 ul Prime-
Script RT enzyme mix, and 4 pl 5xPrimeScript
buffer, and 1 ul RT primer, and incubated at
42°C for 60 min and at 85°C for 5 min.
Quantitative real-time PCR assay was per-
formed to evaluate miR-21 expression using
SYBR Premix Ex Taq (Takara) and measured in
a LightCycler 480 System (Roche). The amplifi-
cation profile was denatured at 95°C for 10
min, followed by 45 cycles of denaturation at
95°C for 15 s, annealing at 60°C for 30 s, and
extension at 72°C for 1 min. The relative
expression of miR-21 was calculated and nor-
malized using the 22t method relative to U6
small nuclear RNA.
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Figure 1). The 112 HCC
patients were classified into
two groups according to the
mean of miR-21 expression
level as determined by gRT-
PCR. 59 cases were placed
in the high expression group
and 53 in the low expression
group.

Association of miR-21
expression with clinico-
pathological features of HCC
patients

Next, the clinicopathological
significance of miR-21 expre-
ssion in human HCC was
analyzed. As shown in Table
1, high miR-21 expression

T T T T
0 10 20 30 40

Month

level was observed to be
closely correlated with tumor
differentiation, TNM stage

50 60

Figure 2. Kaplan-Meier analysis of the overall survival of HCC patients depend- and vein invasion (P<0.05).
ing on the miR-21 expression level. The group with high miR-21 expression ex-  However, there were no sig-

hibited a significantly shorter survival compared with the group with low miR-21

expression.

Statistical analysis

All statistical analyses were performed using
SPSSversion 18.0software (IBM). Relationships
between miR-21 expression level and other
parameters were studied using the chi-square
test and Fisher’'s exact test or independent t
test. The Kaplan-Meier method was used to
estimate survival, log-rank test was used to
test differences between the survival curves. A
multivariate survival analysis was performed
for all parameters that were significant in the
univariate analyses using the Cox regression
model. Differences were considered statisti-
cally significant when P was less than 0.05.

Results

The expression of miR-21 is significantly up-
regulated in human HCC tissues

The qRT-PCR assay was performed to deter-
mine the expression level of miR-21 in 112
cases of HCC and their matched non-tumor tis-
sues. Our data showed that miR-21 expression
was significantly higher in HCC tissues com-
pared with adjacent non-tumor tissues (P<0.05,
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nificant correlations between
miR-21 expression level and
other clinicopathologic fac-
tors, including age, gender, tumor number,
tumor size, serum AFP level and liver cirrhosis
(P>0.05).

Association of miR-21 expression with progno-
sis of HCC patients

Considering that the level of miR-21 expression
was significantly correlated with tumor differen-
tiation, TNM stage and vein invasion, we
hypothesized that miR-21 might affect the
prognosis of HCC patients. Kaplan-Meier over-
all survival curve of the HCC patients according
to the status of miR-21 level was examined. The
results indicated overall survival of patients in
the high miR-21 group showed a poor survival
rates than those who were in the low miR-21
group (P<0.05, Figure 2), suggesting that high
expression of miR-21 is associated with poor
prognosis in HCC patients. A multivariate analy-
sis of the prognosis factors with a Cox propor-
tional hazards model showed that high miR-21
expression, poor tumor differentiation, high
TNM stage and presence of vein invasion were
significant independent predictors of poor sur-
vival in HCC (P<0.05, Table 2).
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Table 2. Univariate and multivariate analysis of parameters associated with overall survival of HCC

patients
Variable Univariate analysis Multivariate analysis

Hazard ratio 95% ClI P-value Hazard ratio 95% ClI P-value
Gender 0.583 0.312-2.657 0.383
Age 1.192 0.691-3.146 0.217
Tumor size 2.813 0.726-5.665 0.117
Tumor number 2.217 0.819-7.621 0.094
Serum AFP level 1.984 0.592-4.703 0.162
Liver cirrhosis 3.256 0.738-5.239 0.114
Tumor differentiation 2.961 0.395-5.284 0.008 2.731 0.353-4.193 0.007
TNM stage 3.941 1.987-9.758 0.001 3.305 1.721-7.841 <0.001
Vein invasion 3.642 2.283-7.981 0.004 3.185 1.893-7.059 0.002
miR-21 expression 2.417 1.522-8.467 0.011 2.275 1.394-7.924 0.005

Discussion

The dysregulation of miRNAs is common in vari-
ous carcinomas and plays an important role in
cancer progression by altering normal gene
expression [14]. It has been noted that altera-
tions in single miRNA expression correlate high-
ly with the progression and prognosis of human
tumors. Thus, identification of miRNA molecu-
lar profiles associated with the prognosis of
patients with HCC may not only elucidate the
underlying biological mechanisms involved in
the development or progression of the disease
but also provide the opportunity to identify
novel targets for HCC therapy [15, 16].

Previous studies showed miR-21 was increased
in several types of cancers, such as breast can-
cer, colon cancer, lung cancer and pancreatic
cancer [10-13]. In agreement with these stud-
ies, we confirmed that the expression levels of
miR-21 in HCC tissues. Our data showed that
miR-21 was upregulated in human HCC tissues
when compared to adjacent non-tumor tissues.
Furthermore, the high expression of miR-21
was observed to be closely correlated with
tumor differentiation, TNM stage and vein inva-
sion, indicating miR-21 may be involved in HCC
progression. Previously, Numbers studies
showed that upregulated expression of miR-21
was closely associated with poor survival out-
come in cancers. For example, Yan et al showed
miR-21 was overexpression in human breast
cancer and associated with advanced clinical
stage and lymph node metastasis. Furthermore,
the overall survival rates of patients with high
miR-21 expression were significantly worse
than those of patients with low miR-21 expres-
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sion [17]. Faltejskova et al found that miR-21
were significantly increased in colorectal can-
cer (CRC) tumor tissue and associated with
advanced clinical stage. Kaplan-Meier analysis
proved that the miR-21 expression levels are
correlated to shorter overall survival of CRC
patients [18]. Hu et al found that miR-21 were
expressed at higher levels in the laryngeal
squamous cell carcinoma samples compared
to the normal samples; furthermore, they indi-
cated that patients with high miR-21 expres-
sion in tumor tissues had poorer prognoses
compared to patients with lower miR-21 expres-
sion [19].

However, whether the expression level of miR-
21 is associated with the prognosis of patients
with HCC is still unknown. In the present study,
our data indicated that miR-21 was significantly
higher in HCC tissues compared with adjacent
non-tumor tissues. High miR-21 expression
level was observed to be closely correlated with
tumor differentiation, TNM stage and vein inva-
sion. The overall survival of patients in the high
miR-21 group showed significantly poor survival
rates than those who were in the low miR-21
group, suggesting that high expression of miR-
21 is associated with poor prognosis in HCC
patients. Furthermore, multivariate analysis of
the prognosis factors with a Cox proportional
hazards model suggested that high miR-21
expression was a significant independent pre-
dictor of poor survival in HCC.

Taken together, the current study indicated that
upregulation of miR-21 was significantly corre-
lated with tumor progression and may be a
potent prognostic marker of HCC. However, this
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study has several limits. First, as the number of
patients in this study is smaller, a larger case
population is needed to confirm the prognostic
value of miR-21 expression in HCC. Second,
further investigation of the cell biology of miR-
21 and its potential as a therapeutic target in
HCC are clearly warranted.
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