
Observational Study Medicine®

OPEN
Investigation of the clinical significance and
prognostic value of microRNA-145 in human
hepatocellular carcinoma
Ping Li, MD, Hua Fan, MD, Qiang He, MD

∗

Abstract
We aimed to investigate the clinical significance and prognostic value of miR-145 in hepatocellular carcinoma (HCC).
HCC tissue samples and adjacent normal liver tissues were obtained from 139 patients diagnosed with HCC. The relationships

between the expression level of miR-145 and clinicopathologic factors were evaluated by Chi square test. Kaplan–Meier survival
analysis with the log-rank test was used to evaluate the association between miR-145 expression and HCC prognosis.
miR-145 was significantly down-regulated in HCC tissues compared with the adjacent noncancerous tissues (P< .001). Its

expression level was significantly correlated with tumor size (P= .010), tumor number (P= .033), lymph node metastasis (P< .000),
TNM stage (P< .001) and tumor differentiation (P< .001). Kaplan–Meier curves with log rank test showed that the overall survival of
the patients with low miR-145 expression was significantly shorter in comparison with the high miR-145 expression patients
(P= .043). Furthermore, multivariate analysis using the Cox proportional hazards model for all variables showed that miR-145
expression was an independent prognostic factor for overall survival (P= .033).
Our results indicate that low expression of miR-145 is an independent poor prognostic factor for patients with HCC. Further

investigations are needed to confirm our findings.

Abbreviations: cDNA= complementary DNA, HBV= hepatitis B virus, HCC = hepatocellular carcinoma, HCV= hepatitis C virus,
IRS1 = insulin receptor substrate 1.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer in men and the seventh in women.[1,2] It is the third leading
causes of cancer-related death in the world. Chronic infection
with hepatitis B virus (HBV) or hepatitis C virus (HCV) has a
major role in the development of the disease, therefore, the
diagnosis of hepatic fibrosis and inflammation in patients with
chronic hepatitis is essential for therapeutic and prognostic
implications[3–6,7] Recently, new markers, including specific gene
signatures, have been explored to stratify the risk of recurrence
and to improve management of HCC, however, predictive
biomarkers are still urgently needed.
MicroRNAs (miRNAs) are a class of endogenous, small non-

coding RNAs (19–22 nucleotides in length) that regulate gene
expression at post-transcriptional level. MiRNAs are found to be
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involved in many important functions in development, cell
differentiation, and regulation of cell cycle and apoptosis, and
their expression is abnormally regulated in cancer by a variety of
mechanisms, including amplification, deletion, mutation, and
epigenetic silencing.[8,9]

MicroRNA-145 (miR-145) is commonly down-regulated in
various malignancies, and it is considered as a tumor suppressor
miRNA.[10–13] In addition, data from clinical studies indicate that
low miR-145 expression correlates with poor prognostic
outcomes.[14] Previously, Ding et al investigated the role of
miR-145 in the progression of HCC. Their results showed that
miR-145 was frequently down-regulated in HCC tissues and cell
lines. Over-expression of miR-145 in HCC cell lines significantly
inhibited cell proliferation, migration, and invasion in vitro,
suggestingmiR-145 as a potential new diagnostic and therapeutic
target for the treatment of HCC.[15] However, the clinical
significance and prognostic value of miR-145 in HCC have not
been investigated. In the present study, we investigate the clinical
significance of miR-145 in HCC.
2. Materials and methods

2.1. Patients and tissue samples

HCC tissue samples and adjacent normal liver tissues were
obtained from 139 patients diagnosed with HCC who had
undergone a routine hepatic resection between May 2009 and
February 2016. None of the patients had received preoperative
radiotherapy or chemotherapy prior to surgical resection. In this
study, the duration of overall survival was defined as from the
date of the initial treatment completion to the date of death or last
known date alive. HCC tissues and tissues from the surrounding
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non-cancerous liver were immediately transferred to Allprotect
tissue reagent (Qiagen, Hilden, Germany) and stored at �80 °C
until further examination. The study was approved by the Ethics
Committee of Beijing Chaoyang Hospital affiliated to Capital
Medical University. And all the patients provided written
informed consent.
Figure 1. miR-145was significantly down-regulated in HCC tissues compared
2.2. RNA Isolation and qRT-PCR

Total RNA was extracted from tissues with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer
instructions. miRNAs were reverse transcribed to complementa-
ry DNA (cDNA). Quantitative mRNA analysis was performed
using real-time PCR analysis (TaqMan, PE Applied Biosystems,
Foster City, CA, USA). Reaction conditions included: 95 °C for
10min, followed by 40 cycles of 95 °C for 10 s, 57 °C for 20s, and
72°C for 15s. Relative expression was calculated using the
comparative Ct. Each sample was carried out in triplicate. U6
small nuclear RNA was used as an endogenous control. The
following primers were used: miR-145, forward 5’-GTC CTC
ACG GTC CAG TTT-3’ and reverse 5’-TTT GGC ACT AGC
ACATT-3’; U6, forward 5’-CTC GCT TCG GCA GCACA-3’
and reverse 5’-AAC GCT TCA CGA ATT TGCGT-3’.
with the adjacent noncancerous tissues. HCC = hepatocellular carcinoma.

Table 1

The associations between miR-145 expression and clinicopatho-
logical parameters in 139 patients with HCC.

miR-145 expression level
Clinical variables Case (n) Low (n=69) High (n=70) P value

Gender
2.3. Statistical analysis

Statistical difference between two groups was analyzed using a
student t test. The relationships between the expression of miR-
145 and clinicopathologic factors were evaluated by Chi square
test. Kaplan–Meier survival analysis with the log-rank test was
used to evaluate the association betweenmiR-145 expression and
HCC prognosis. Hazard ratios (HRs) and 95% CIs for miR-145
expression were calculated from univariate and multivariate Cox
regression model. In this study, a P-value of less than .05 was
considered statistically significant. All analyses were performed
with the statistical package for social science (SPSS) version 18
(SPSS Institute, Chicago, IL, USA).
Male 68 36 32 .499
Female 71 33 38

Age
�60 64 29 35 .396
>60 75 40 35

HBsAg status
Positive 72 39 33 .310
Negative 67 30 37

Serum AFP (ng/L)
�400 48 19 29 .109
>400 91 50 41

Tumor size (cm)
�5.0 78 31 47 .010
>5.0 61 38 23

Tumor number
Solitary 91 39 52 .033
Multiple 48 30 18

Lymph node metastasis
Absent 106 40 66 <.001
Present 33 29 4

TNM stage
I 53 11 42 <.001
II/III 86 58 28

Differentiation
Well 60 19 41 <.001
Moderate/Poor 79 50 29

HCC=hepatocellular carcinoma.
3. Results

3.1. miR-145 is down-regulated in HCC

To analyze the expression of miR-145 in HCC, we collected 139
pairs of human HCC samples and their adjacent non-tumorous
liver tissues. The expression level of miR-145 was detected by
qRT-PCR. As shown in Figure 1, miR-145 was significantly
down-regulated in HCC tissues compared with the adjacent
noncancerous tissues (P< .001), suggesting that miR-145 may
play antitumor suppressor role in HCC.

3.2. Correlation of miR-145 expression with
clinicopathological characteristics of HCC

The associations of miR-145 expression with various clinico-
pathological parameters of HCC are summarized in Table 1. The
median expression level of miR-145 was used to classify the
patients with HCC into two groups. The expression level of
miR-145 was significantly correlated with tumor size (P= .010),
tumor number (P= .033), lymph node metastasis (P< .000),
TNM stage (P< .001) and tumor differentiation (P< .001).
However, no significant correlation was observed between miR-
145 expression and other clinicopathologic characteristics (all
P> .05).
2

3.3. Low expression level of miR-145 was associated with
shorter overall survival in HCC

To further investigate the correlation between miR-145 expres-
sion level and prognosis of HCC, we followed up the overall



[16,17]

Figure 2. Kaplan–Meier survival curve in relation to miR-145 expression level in patients with HCC. HCC = hepatocellular carcinoma.
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survival of the HCC patients. Kaplan–Meier curves with log rank
test showed that the overall survival of the patients with lowmiR-
145 expression was significantly shorter in comparison with the
high miR-145 expression patients (P= .043, shown in Fig. 2).
Furthermore, multivariate analysis using the Cox proportional
hazards model for all variables showed that miR-145 expression
was an independent prognostic factor for overall survival
(P= .033, shown in Table 2).

4. Discussion

Despite the tremendous efforts by physicians and researchers to
develop early diagnostic methods or innovative treatment
strategies to improve the clinical outcomes in patients with
HCC, the majority of the HCC patients, especially those in the
developing countries such as China, still experience very poor
Table 2

COX regeression regression analysis on the relationship of clinicopa

Clinical variables Univariate

HR 95% CI

Gender 1.261 0.578–2.998
Age 1.899 0.785–3.881
HBsAg status 1.282 0.571–1.926
Serum AFP 3.845 0.833–6.675
Tumor size 3.395 0.733–6.745
Tumor number 3.758 1.564–8.483
Lymph node metastasis 4.911 2.839–10.923
TNM stage 4.283 3.291–11.225
Differentiation 3.283 1.203–12.238
miR-145 expression 2.937 1.677–9.231

CI= confidence interval, HR=hazard ratio.
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prognosis. Thus, it is critical to elucidate the underlying
molecular mechanisms of human HCC, search novel biomarker,
and develop efficient treatment plans to suppress tumor growth,
recurrence or metastasis in patients with HCC.
miRNAs are small non-coding RNAs involved in several

physiological and pathological processes, such as cell growth and
differentiation, inflammation, and carcinogenesis by regulating
gene expression on a post-transcriptional level.[18] Recently,
miRNAs are found to be promising biomarkers for cancer
diagnosis and prognosis, and increasing studies on miRNAs as
biomarkers have been reported.[19,20]

miR-145 is commonly down-regulated in various malignan-
cies, and it is considered as a tumor suppressor miRNA. Zheng
et al found that miR-145 acted as a tumor suppressor in breast
cancer and its down-regulation in tumor tissues might contribute
to the progression of breast cancer through a mechanism
thologic characteristics and prognosis.

Multivariate

P-value HR 95% CI P-value

.693

.128

.711

.089

.097

.042 2.197 0.971–7.972 .067

.011 5.955 3.001–10.823 .009

.007 4.887 3.883–11.117 .005

.012 3.373 1.782–11.592 .011

.027 2.126 1.529–10.273 .033
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involving ROCK1, suggesting miR-145 as a potential new
diagnostic and therapeutic target for the treatment of breast
cancer.[21] Li et al found that miR-145 down-regulation was
remarkably related with the occurrence of a phenotype of
osteosarcoma with more aggressiveness. The univariate analysis
showed that a lower miR-145 level was associated with
unfavorable prognosis in osteosarcoma patients. In osteosarco-
ma cells, cell proliferation, motility, and invasion were inhibited
by ectopic over-expression of miR-145 in vitro. These results
indicate miR-145 plays a crucial role in inhibiting invasive and
metastatic of osteosarcoma.[22]

Several studies have identified a significant relationship
between miR-145 expression levels and the prognosis of various
malignant cancers. For example, Zhang et al found that miR-145
expression was significantly associated with lymph node
metastasis, metastasis stage, and distant metastasis. Furthermore,
patients with low miR-145 expression had poorer overall
survival time than those with high miR-145 expression.
Moreover, univariate and multivariate Cox analysis showed
that miR-145was an independent prognostic indicator for gastric
cancer, indicating that miR-145 can be used as a marker of poor
prognosis in gastric cancer patients.[23] Shen et al found that miR-
145 was down-regulated in NSCLC tissues, and down-regulation
of miR-145 was correlated with late clinical stage and poorly
differentiated carcinoma. Furthermore, low expression level of
miR-145 could also predict chemotherapy resistance and shorter
disease-free survival. These findings indicated that miR-145
expression might be a useful prognostic marker that could be
used for predicting poor differentiation, chemo-resistance, and
shore disease-free survival.[24] Wang et al found that miR-145
expression was significantly down-regulated in cervical cancer
tissues when compared with corresponding adjacent normal
tissues. Furthermore, Kaplan–Meier analysis showed that
cervical cancer patients with low miR-145 expression had
shorter overall survival time than those with high miR-145
expression. When analyzed with a multivariate Cox regression
model, miR-145 was identified as an independent prognostic
factor for overall survival.[25]

Previously, Ding et al investigated the role of miR-145 in the
progression of HCC. Their results showed that miR-145 was
frequently down-regulated in HCC tumors and cell lines. Over-
expression of miR-145 in HCC cell lines significantly inhibited
cell proliferation, migration, and invasion in vitro. ROCK1 was
identified as a target of miR-145, and ectopic expression of miR-
145 down-regulated ROCK1. Together, these findings indicate
that miR-145 acts as a tumor suppressor and its down-regulation
in tumor tissues may contribute to the progression and metastasis
of HCC through a mechanism involving ROCK1, suggesting
miR-145 as a potential new diagnostic and therapeutic target for
the treatment of HCC.[15] Wang et al found that miR-145
expression was down-regulated in HCC tissues. Furthermore,
miR-145 could inhibit HCC through targeting insulin receptor
substrate 1 (IRS1), and its downstream signaling, implicating the
loss of miR-145 regulation might be a potential molecular
mechanism causing aberrant oncogenic signaling in HCC.[26]

However, the clinical significance and prognostic value of miR-
145 in HCC have not been investigated. Here we investigate the
clinical significance of miR-145 in HCC. In the present study, we
collected 139 pairs of human HCC samples and their adjacent
non-tumorous liver tissues. We found that miR-145 was
significantly down-regulated in HCC tissues compared with
the adjacent noncancerous tissues, consisted with the results of
previous studies.[15,26,27] The associations of miR-145 expression
4

with various clinicopathological parameters of HCC are
analyzed. The expression level of miR-145 was significantly
correlated with tumor size, tumor number, lymph node
metastasis, TNM stage, and tumor differentiation, suggesting
that miR-145 was associated with the progression of HCC. To
further investigate the correlation between miR-145 expression
level and prognosis of HCC, we followed up the overall survival
of the HCC patients. Kaplan–Meier curves with log rank test
showed that the overall survival of the patients with lowmiR-145
expression was significantly shorter in comparison with the high
miR-145 expression patients. Furthermore, multivariate analysis
using the Cox proportional hazards model for all variables
showed that miR-145 expression was an independent prognostic
factor for overall survival. Our research has the following
limitations: Firstly, the number of enrolled patients was not
enough. Secondly, the follow-up time was not long enough.
Therefore, more studies with longer follow-up are needed in the
future to confirm our conclusions.
5. Conclusions

In conclusion, our findings indicated that miR-145 may be a
potential novel prognostic marker for HCC, and further studies
are still need to confirm our findings.
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