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Background: Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-

related death. MicroRNA-942 (miR-942) plays a critical role in promoting proliferation

and metastasis of cancer cells and is associated with poor prognosis in some types of cancers.

However, the prognostic value of miR-942 and its functional role in HCC remain unclear.

Materials and methods: Real-time PCR (RT-PCR) was used to detect the expression of

miR-942 in HCC tissues and adjacent normal liver tissues. Next, the correlations between

miR-942 expression and clinicopathological parameters including the survival rate were

analyzed. Interaction between miR-942 and ribonucleotide reductase regulatory TP53 indu-

cible subunit M2B (RRM2B) was determined by RT-PCR, Western blot and luciferase assay.

The biological influence of miR-942 on HCC cell lines was studied using CCK-8 assay,

colony formation assay and transwell assay in vitro. Western blot and RT-PCR were used to

analyze the change of downstream genes after miR-942 mimics transfection.

Results: miR-942 was significantly up-regulated in HCC. Its high expression was associated

with serum alanine transaminase level (P=0.0350), tumor size (P=0.0195), T stage

(P=0.0045) and lymphatic metastasis (P=0.0013). High expression of miR-942 was asso-

ciated with shorter overall survival and disease-free survival time of HCC patients. RRM2B

was validated as a target gene of miR-942. miR-942 mimics markedly promoted the

malignant phenotypes of Huh7 and MHCC97H cell lines, while its inhibitor had the opposite

effect. miR-942 can regulate the downstream genes of RRM2B including Egr-1 and PTEN,

markers of epithelial-mesenchymal transition and matrix metalloproteinases.

Conclusion: miR-942 may serve as a potential biomarker for HCC and its inhibitor may be

a therapeutic agent for the treatment of this deadly disease.
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Introduction
Liver cancer is one of the most common malignancies. According to statistics, in

every year, there were about 800,000 new cases of liver cancer and the number of

deaths due to liver cancer was approximately 700,000 all over the world, and China

accounted for 50% of the total number of new cases and deaths.1,2 Hepatocellular

carcinoma (HCC) is the main type of liver cancer, which accounts for 70–90% of

liver cancer.1,2 However, the underlying pathological mechanisms of HCC progres-

sion remain unclear and there is a lack of effective treatment for it. At present,

surgical resection is still the preferred method for the treatment of HCC. However,

the high 5-year recurrence and metastasis rate of patients after radical resection are
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the difficult problems in the clinical treatment of HCC.

Therefore, studying the mechanism of HCC at the mole-

cular level and looking for effective treatment measures

have become the focus and difficulty in the research

of HCC.

microRNA (miR) is a non-encoding single-stranded

RNA consisting of about 20 nucleotides.3 Accumulating

evidence suggests a role for microRNAs in human carci-

nogenesis as novel tumor suppressors or oncogenes.4–6

miR-942 is a newly discovered miR, and previous studies

have reported that it can regulate the development of a

variety of tumors.7–9 However, there are few reports on the

expression, clinical significance and function of miR-942

in HCC.

Ribonucleotide Reductase (RR), ubiquitous in a variety

of cells, participates in the process of ribose nucleotide

reduction into deoxyribose and plays a central role in

nucleoside metabolism.10 It is the only enzyme that trans-

forms ribose nucleotides into deoxyribose nucleotides.10

Deoxyribonucleotides are raw materials for DNA synth-

esis and repair, so this enzyme is a rate-limiting enzyme

for repair and synthesis in DNA pathway.11 The whole

structure of RR includes large-subunit α and small-subunit

β, and only the formation of α2β2 heterotetramer structure

can be activated.11,12 In human cells, RR consists of 3

subunits, 1 large-subunit [ribonucleotide reductase M1

(RRM1)] and 2 small-subunits (RRM2 and RRM2B).10

Because RR plays a key role in the synthesis of DNA, it

has important effects on the biological behaviors of cancer

cells. Existing studies have indicated RRM1, RRM2 and

RRM2B, as oncogenes or tumor suppressor, have been

implicated in multiple malignancies.13–16 Specifically,

RRM2B can inhibit the metastasis of HCC by activating

Egr-1/PTEN/Akt1 signaling pathway, suggesting that

RRM2B plays a role of tumor suppressor gene in HCC.17

In this proof-of-principle study to identify potential

biomarkers for HCC, we carried out the study on the

expression of miR-942 and its clinical significance for

HCC patients. We found that miR-942 was highly

expressed in HCC, whose association with poor prog-

nosis of patients was verified in the present study.

RRM2B was predicted as a target gene of miR-942.

Taken together, miR-942 could repress the expressions

of Egr-1 and PTEN via regulating RRM2B. Our results

provide robust evidences that miR-942 functions as a

potent enhancer of HCC cell proliferation via modulat-

ing RRM2B.

Methods and materials
Patient specimens and cell lines
The study was approved by the Ethics Committee of the

Nanfang Hospital of Southern Medical University. Sixty sam-

ples of HCC tissues and their corresponding adjacent tissues

were obtained from the Southern Medical University. All

patients provided written informed consent for their tissues to

be used in this study, which was in accordance with the

Declaration of Helsinki. All of the specimens were confirmed

by histopathological examination by two pathologists. 293T

and HCC cell lines, including Hep3B, Huh7, SMMC-7721,

Bel-7402,MHCC97L andMHCC97Hwere obtained fromour

lab conservation. Immortalized normal liver cell line L02 was

purchased from the Chinese Academy of Sciences Committee

TypeCulture Collection cell bank. The use of the cell lines was

also approved by the Ethics Committee of the Nanfang

Hospital of Southern Medical University. Cells were grown

inDulbecco’sModified Eagle’sMedium (DMEM; Invitrogen)

in humidified air at 37°C with 5% CO2. The media were

supplemented with 10% fetal bovine serum (10% FBS), 100

U/mL penicillin and 100 mg/mL streptomycin (Invitrogen,

Shanghai, China). In subsequent experiments, cells in logarith-

mic growth phase were used. miR-942 mimics, inhibitors and

irrelevant sequences (negative control group) were transfected

into cells using liposome Lipofectamine 3000, which referred

to the reagent instructions for the procedure.

Real-time quantitative PCR
The total RNA of tissues and cells was extracted by Trizol

method. For the quantification of miR-942, reverse transcrip-

tion reaction was carried out using TapMan MicroRNA

Reverse Transcription kit (Invitrogen, Shanghai, China). The

reaction conditions were: 16°C for 30 mins, 42°C for 30 mins

and 85°C for 5 mins. The quantitative amplification reaction

was carried out using the TapMan MicroRNA Assays Real-

time PCR kit (Invitrogen, Shanghai, China). The reaction

conditions were: 95°C for 5 mins; 95°C for 15 s, 62°C for

30 s, for a total of 40 cycles. For the quantification of mRNA,

reverse transcription reaction was using High Capacity cDNA

Reverse Transcription Kit (Thermo Fisher, Shanghai, China).

RT-PCR analyses were performed with the SYBRGreen PCR

Master Mix (TaKaRa, Otsu, Shiga, Japan) in accordance with

the manufacturer’s instructions. The primers were listed in the

supplementary materials. Three replicate experiments were

conducted for each test index, and the expression levels of

miR-942, RRM2B and other genes were relatively quantified

by the 2−ΔΔCt method.
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Reporter gene assay
293T cells were seeded in 24-well plates (1.5×105/well),

and the cells were grown to about 80%. miR-NC + pGL3-

RRM2B-wt, miR-942 mimics + pGL3-RRM2B-wt, miR-

942 mimics + pGL3-RRM2B-mut were co-transfected into

293T cells, respectively, and fresh medium was replaced

after 6 hrs. After 48 hrs of transfection, each group of cells

was lysed and manipulated according to the Dual-

Luciferase Reporter Assay System instructions, and the

fluorescence intensity of each group of cells was expressed

as the ratio of firefly luciferase activity to Renilla lucifer-

ase activity.

Proliferation experiment
Each group of cells was trypsinized with 0.25% trypsin.

After resuspending the cell suspension, the cells were

seeded in a 96-well plate at a density of 1000/well, and

the volume was 100 μL per well, and the culture was

continued in an incubator. Cell viability was measured

by CCK-8 method on days 1, 2, 3, 4 and 5, respectively.

The cell growth curve was plotted with time as the

horizontal axis and 490 nm absorbance as the vertical

axis.

Colony formation experiment
Each group of cells was trypsinized with 0.25% trypsin.

The cell suspension was prepared in complete medium,

seeded in a 12-well plate at 1000/well, and each group

of cells was made into 3 replicate wells, and then placed

in an incubator to continue the culture. After the culture

for 14 days, the culture was terminated, and the culture

solution was aspirated, washed three times with PBS

solution, and then stained with 0.1% crystal violet and

10% methanol at room temperature for 20 mins, and

then washed with running water slowly. After drying,

the number of colonies visible to the naked eye was

counted.

Transwell experiments
The transwell chamber was using a polycarbonate filter

of 8 μm size (Corning, Beijing, China) for migration

experiments. Each group of cells was made into a cell

suspension of 1*105/mL density in serum-free medium,

and 200 μL of the cell suspension was inoculated into the

upper chamber of the Transwell chamber, and 500 μL of

10% fetal bovine serum was added to the lower chamber.

There are 3 duplicate holes in each group. After

incubating in an incubator for 24 hrs, the upper uncoated

cells were gently wiped off with a cotton swab. The cells

were fixed with 4% paraformaldehyde for 10 mins and

stained with 0.1% crystal violet for 10 mins. The number

of cells was then counted under a microscope. The

chamber of the invasion experiment was covered with

matrigel, and the other steps were the same as the migra-

tion experiment.

Western blot
Anti-RRM2B antibody (abcam, ab8105, 1:1000), anti-

Vimentin antibody (abcam, ab92547, 1:500), anti-N-cadherin

antibody (abcam, ab18203, 1:1000), anti-ZO-1 antibody

(abcam, ab96587, 1:1000), anti-E-cadherin (abcam, ab40772,

1:500), anti-MMP-2 antibody (abcam, ab37150, 1:500), anti-

MMP-9 antibody (abcam, ab137867, 1:500), anti-PTEN anti-

body (abcam, ab170941, 1:1000), anti-Egr-1 antibody (abcam,

ab55160, 1:1000) and anti-GAPDH antibody (abcam,

ab181602, 1:100) were used in Western blot. The cells were

lysed on ice for 30 mins using RIPA lysate, and the protein

concentration was quantified by the BCA protein quantifica-

tion kit (Thermo Fisher, Shanghai, China). Gel electrophoresis

was performed using 12% SDS-PAGE gel, and the protein

loading per lane was 20 μg. The gel was electrophoresed at 60

V for 1 hr, and the gel was separated by electrophoresis at 100

V for 2 hrs, and transferred to nitrocellulose membranes by a

conventional wet transfer method for 90 mins. Then the mem-

branes were blocked with 5% defatted milk in TBST for 1 hr,

and added to the corresponding primary antibodies at 4°C

overnight. After washed for 3 times, the membranes were

incubated with corresponding secondary antibodies at room

temperature for 2 hrs. At last, the membranes were washed 3

times with TBST, and the signals were detected by chemilu-

minescence phototope-HRP kit (Pierce Biotechnology, USA)

according to the manufacturer’s instructions.

Statistical analysis
Kmplotter (http://kmplot.com) was used to conduct

Kaplan-Meier survival analysis.18 The correlation

between miR-942 expression and the clinicopathologic

features was analyzed by Chi-square test. All experi-

ments were repeated 3 times and the experimental data

were expressed as mean ± standard deviation (x ± s).

Statistical analysis was performed using SPSS 17.0

software, and P<0.05 was considered statistically

significant.
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Results
miR-942 is highly up-regulated in HCC

tissues and associated with worse prognosis
The expression of miR-942 was investigated in 60 pairs of

HCC tissue and adjacent normal tissues by qRT-PCR. The

results revealed that miR-942 was significantly (P<0.001)

up-regulated in the HCC tissues relative to the normal

tissues (Figure 1A). To investigate the clinical significance

of up-regulation of miR-942 in HCC, we equally divided

the 60 HCC samples into two groups (high expression vs

low expression) according to the results of qRT-PCR, and

carried out χ2 analysis to determine the relationship

between miR-942 expression and clinicopathologic fea-

tures. As shown in Table 1, statistical analysis indicated

that there was a significantly positive correlation of miR-

942 expression with higher serum alanine transaminase

(ALT) level (P=0.0350), larger tumor size (P=0.0195),

higher T stage (P=0.0045) and higher probability of lym-

phatic metastasis (P=0.0013). These results implied that

miR-942 may promote tumor growth and metastasis of

HCC. Importantly, Kaplan-Meier survival analysis showed

the patient survival time (both overall survival time and

disease-free survival time) in miR-942 high expression

group was significantly shorter than in the low expression

group, and this conclusion was validated in 2 different

cohorts (Figure 1B–D). These results further implied that

miR-942 positively relates to tumor progression. We also

detected miR-942 expression in HCC cell lines (Hep3B,
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Figure 1 miR-942 is up-regulated in human HCC samples and associated with worse prognosis. (A) Expression of miR-942 in 60 paired primary HCC samples was

determined by RT-PCR. miR-942 was found to be significantly up-regulated in HCC tissues (Paired t-test). (B) Higher expression level of miR-942 was associated with

shorter overall survival time in TCGA cohort. (C) Higher expression level of miR-942 was associated with shorter overall survival time in GSE31384 cohort. (D) Higher

expression level of miR-942 was associated with shorter disease-free survival time in GSE31384 cohort.

Abbreviation: HCC, Hepatocellular carcinoma.
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Huh7, SMMC-7721, Bel-7402, MHCC97 and MHCC97H)

and an immortal normal liver cell line (L02) by qRT-PCR.

As illustrated (Figure 2), the expression levels of miR-942

were significantly higher in most HCC cell lines, espe-

cially MHCC97L and MHCC97H, which were considered

as cancer cell lines with high potential of metastasis.

Collectively, these data suggested that miR-942 is highly

up-regulated in HCC and associated with worse prognosis.

miR-942 modulates the proliferation of

HCC cells
To decipher the role of miR-942, we, respectively, trans-

fected its mimics and inhibitor into Huh7 and MHCC97H

cells, and then observed the change of phenotypes of the

cells. CCK-8 assays demonstrated that miR-942 caused

significant increase in the viability of both Huh7 and

MHCC97H cells, while miR-942 inhibitor had the

opposite effects (Figure 3A). We also conducted colony

formation assays. As shown (Figure 3B), suppression of

miR-942 caused significant decline in the colony forma-

tion of HCC cells, while its mimics promoted the colony

formation ability of HCC cells. Taken together, we con-

cluded that the up-regulation of miR-942 in HCC tissues

could enhance the growth of tumor.

miR-942 modulates migration and

invasion of HCC cells by regulating

epithelial-mesenchymal transition and

matrix metalloproteinases
In order to further assess the effects of miR-942 dysregulation

on HCC cells, we conducted transwell assays to determine the

ability of migration and invasion, which were two key factors

of metastasis. As shown, overexpression of miR-942 led to

Table 1 Correlation between the miR-942 expression and the clinicopathologic features of hepatocellular carcinoma

Characteristics No. of patients miR-942 expression Chi-square value P-value

High Low

Age

≤55 37 18 19 0.0705 0.7906

>55 23 12 11

Gender

Male 41 22 19 0.6932 0.4051

Female 19 8 11

AFP, ng/mL

≤200 28 11 17 2.4107 0.1205

>200 32 19 13

ALT, U/L

≤50 24 8 16 4.4444 0.0350*

>50 36 22 14

Tumor size, d/cm

<5 27 9 18 5.4545 0.0195*

≥5 33 21 12

AJCC T stage

T1 and T2 31 10 21 8.0756 0.0045**

T3 and T4 29 20 9

Lymphatic metastasis

Yes 22 17 5 10.3349 0.0013**

No 38 13 25

Note: *p <0.05; * *p <0.01.

Abbreviation: ALT, alanine transaminase.
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significantly enhanced migration, invasion and the ability of

wound healing in both Huh7 and MHCC97H cells; conver-

sely, the suppression of miR-942 inhibited the migration,

invasion and wound healing (Figure 4A, Figure S1A and B).

Epithelial-mesenchymal transition (EMT) endows cells with

migratory and invasive properties and is thought to play cru-

cial roles in tumor progression and metastasis; matrix metal-

loproteinases (MMPs) are involved in the degradation of

extracellular matrix, and are related to the development, inva-

sion, metastasis and occurrence of cancers.19,20 So we also

detected the markers of the EMT and MMP-2/9 by Western

blot after miR-942 overexpression. As shown (Figure 4B),

miR-942 mimics induced the expression of mesenchymal

markers N-cadherin and vimentin, MMP-2 and MMP-9,

while the epithelial markers E-cadherin and ZO-1 were
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Figure 2 miR-942 was up-regulated in human HCC cell lines. RT-PCR was used

to analyze the expression of miR-942 in HCC cell line Hep3B, Huh7, SMMC-

7721, Bel-7402, MHCC97L, MHCC97H and normal liver cell line L02. The bars

represent the mean values of three independent tests (mean ± SD).

Abbreviations: HCC, Hepatocellular carcinoma; RT-PCR, Real-time PCR.
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transfection on colony formation abilities of Huh7 and MHCC97H cells were examined. The bars represent the mean values of three independent tests (mean ± SD).

*, ** represent P<0.05, P<0.01, respectively.
Abbreviation: HCC, Hepatocellular carcinoma.
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inhibited. Collectively, these results suggested that miR-942

was a modulator of HCC metastasis.

miR-942 directly targets 3ʹUTR of RRM2B

and negatively regulated its expression
In this study, we searched TargetScan database to look for

potential novel target genes of miR-942, and RRM2B

caught our attention (Figure 5A), for that the decrease of

RRM2B in HCC is reported to contribute to poor prog-

nosis of patients.17 We demonstrated that miR-942 trans-

fection into HCC cells resulted in a profound reduction of

RRM2B expression at both mRNA and protein levels;

however, miR-942 inhibitors had an opposite effect.

Consistent results were obtained from Huh7 and

MHCC97H cells (Figure 5B and C), which indicated the

negative regulation of RRM2B by miR-942. RRM2B was

further confirmed to be the target of miR-942 by luciferase

reporter assay (Figure 5D). Additionally, expressions of

RRM2B and miR-942 were inversely correlated in the

60 HCC samples (Figure 3E). Taken together, our data

suggested that miR-942 may exert oncogenic function via

inhibiting RRM2B in HCC.

Up-regulation of mir-942 may be involved

in cancer progression via regulating

RRM2B/Egr-1/PTEN pathway
It is reported that RRM2B inhibits HCC progression

through regulation of the early growth response protein 1

(Egr-1)/phosphatase and tensin homolog (PTEN)/Akt

pathway.17 As mentioned previously, we had proven that

RRM2B was a target gene of miR-942. So we made a

hypothesis that miR-942 could indirectly regulate the

expression of Egr-1 and PTEN, and in turn change the

expression of EMT makers and MMPs. Consistent with

our expectations, in both Huh7 and MHCC97H cells,

transfection of miR-942 mimics reduced the expression

levels of Egr-1 and PTEN on protein levels, while trans-

fection of miR-942 inhibitors increased the expression
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Abbreviation: HCC, Hepatocellular carcinoma.
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levels of Egr-1 and PTEN (Figure 6A). What is more, in

Huh7 cell, qRT-PCR showed that miR-942 mimics inhib-

ited the expression of PTEN, Egr-1, E-cadherin, ZO-1,

TIMP-1 and TIMP-3, while inducing the expression of

vimentin, N-cadherin, MMP-2 and MMP-9, and the effects

of miR-942 mimics could be revered by co-transfection of

RRM2B (Figure 6B). In contrast, compared with miR-942

mimics, miR-942 inhibitor had opposite effects (Figure

6B). Based on these results, we considered that miR-942

promoted HCC progression through regulating RRM2B/

Egr-1/PTEN pathway.

Discussion
The oncogenic role of miR-942 has been reported in

several studies. The expression of miR-942 in bladder

cancer tissues is significantly higher than that of normal

tissues, and its expression level is closely related to clin-

ical staging.7 In metastatic renal carcinoma, miR-942 can

increase the secretion of MMP-9 and VEGF, promoting

the angiogenesis of tumor tissue and the migration of

cancer cells, enhancing the resistance of cancer cells to

schunitinib.8 In colorectal cancer, negatively regulated by

LINC00675, miR-942 is involved in regulating prolifera-

tion and metastasis of cancers.9 In esophageal squamous

cell carcinoma, miR-942 can up-regulate the activity of

wnt/β-catenin signaling pathway by targeting genes such

as sFRP4, GSK3β and TLE1, to promote cancer stem cell-

like traits.21 miR-942 can also inhibit the endogenous

expression level of ISG12a, thereby inhibiting

TRAIL-induced apoptosis of cancer cells.22 Consistent

with previous studies, our results validated the involve-

ment of miR-942 in HCC. It is worth mentioning that we
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further demonstrated the detailed mechanism of HCC, that

is, miR-942 could inhibit the expression of tumor suppres-

sor genes RRM2B and PTEN to facilitate HCC

progression.

RRM1,RRM2andRRM2Bhave beenwell documented to

be involved in diverse cancers. For instance, RRM1 might

inhibit the migration, invasion and metastasis of lung cancer

cells through the expression of PTEN.14 It is also found that in

patients with non-small cell lung cancer, RRM1 expression is

closely related to the expression of PTEN and RRM2, and

patients with high expression of RRM1 have better prognosis.-
14,23 Therefore, RRM1 is considered to be a suppressor gene

for tumor metastasis. Several studies have shown that RRM2

may play a role similar to oncogenes in the development and

progression of tumors. RRM2 expression is reported to elevate

in the bulk of cancers, like gastric cancer, colon cancer and

esophageal cancer, which is verified to be closely linked to

tumor staging and patient prognosis.15,24,25 RRM2B was

originally used as the target gene for tumor suppressor protein

p53, also known as p53R2. The expression ofRRM2B is found

to be positively correlated with unfavorable prognosis in stu-

dies on esophageal cancer, oral cancer, small cell lung cancer

and others.26–28

However, in colon cancer and HCC, it was found that

the expression of RRM2B is down-regulated, and was

negatively correlated with metastasis, and in these tumors,

RRM2B is believed to be a tumor suppressor.17,29 Our

research confirms that the abnormally high expression of

miR-942 is one of the mechanisms for the decreased expres-

sion of RRM2B in HCC. Combined with previous reports,

We assume that miR-942/RRM2B/Egr-1/PTEN pathway

may be an important mechanism in the progression of

HCC. Of course, the abnormal expression of miR-942 and

RRM2B may affect malignant phenotypes of tumor cells in

other ways. It has been reported that RRM2B inhibits the

phosphorylation level of extracellular signal-regulated

kinase by interacting with mitogen-activated protein kinase
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2, up-regulates p21 expression and down-regulates cyclin

D1 expression, thus inhibiting tumor cell proliferation.30,31

In HCC, whether there is a similar mechanism needs to be

further explored in the future.

In conclusion, our data show that miR-942 expres-

sion is higher in HCC and associated with worse prog-

nosis. By inhibiting RRM2B/Egr-1/PTEN, miR-942

accelerates HCC proliferation and metastasis. Thus,

miR-942 may serve as a potential biomarker for HCC

and its inhibitor may be a therapeutic agent for the

treatment of this deadly disease. In the future, in vivo

studies are needed to further verify its role in HCC and

other target genes should be screened and validated.
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