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Abstract

MicroRNAs (miRNAs), a subgroup of small noncoding RNAs, play critical roles in tumor growth and metastasis. Accumulating
evidence shows that the dysregulation of miRNAs is associated with the progression of hepatocellular carcinoma (HCC).
However, the molecular mechanism by which miR-942-3p contributes to HCC remains undocumented. The association between
miR-942-3p expression and the clinicopathological characteristics in HCC patients was analyzed by The Cancer Genome Atlas
data set. The targets of miR-942-3p were identified by bioinformatic analysis and dual luciferase report assay. 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and Transwell assays were performed to assess the functional role of miR-
942-3p in HCC cells. Consequently, we found that miR-942-3p expression level was elevated in HCC tissues and cell lines as
compared with the normal tissues and was associated with the pathological stage and tumor node metastasis (TNM) stage, acting
as an independent prognostic factor of poor survival in patients with HCC. Ectopic expression of miR-942-3p enhanced the
proliferation and invasive potential of HCC cells, but inhibition of miR-942-3p expression had the opposite effects. Mannose-
binding lectin 2 (MBL2) was further identified as a direct target of miR-942-3p and possessed a negative correlation with miR-942-
3p expression and unfavorable survival in patients with HCC. Restoration of MBL2 inhibited the progression of HCC cells and
attenuated the tumor-promoting effects induced by miR-942-3p. In conclusion, miR-942-3p may act as an oncogenic factor in
HCC cells by targeting MBL2 and provide a potential marker for patients with HCC.
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Introduction MicroRNAs (miRNAs), a subgroup of small noncoding
RNAs, function by binding to the 3’-untranslated region (3’-UTR)
of their target messenger RNAs (mRNAs).* Increasing data show
that the dysregulation of miRNAs is associated with the progres-
sion of HCC.>7 MiRNAs act as oncogenes®'® or tumor
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suppressors,''% involved in the pathogenesis of HCC. But, little
knowledge is known about the role of miR-942 in cancers. Some
studies show that miR-942 has an increased expression in Hun-
tington disease and influences its progression'* and Kaposi’s
sarcoma-associated herpes virus lytic replication.'> Moreover,
miR-942 expression is upregulated in metastatic renal cell carci-
noma (MRCC)'®'” and lung adenocarcinoma'® and predicts poor
survival in patients with MRCC.'®'” miR-942 facilitates MRCC
cell migration'” and cancer stem cell-like traits in esophageal
carcinoma via activation of the Wnt/B-catenin pathway'® and
induces cell apoptosis in cancers.”! These studies suggest that
miR-942 acts an oncogenic factor in cancer cells.

However, the functional role of miR-942 in HCC remains
unclear. In the present study, we found that increased expres-
sion of miR-942-3p was associated with the pathological stage
and TNM stage, acting as an independent prognostic factor of
poor survival in patients with HCC. Reexpression of miR-942-
3p promoted the proliferation and invasive potential of HCC
cells by targeting mannose-binding lectin 2 (MBL2) and might
be a potential prognostic marker for HCC.

Materials and Methods

Clinical Data

The data including 276 cases of patients with HCC, overall
survival (OS) time and status, recurrence time and status, and
miR-942-3p and MBL2 expression levels were downloaded
from The Cancer Genome Atlas (TCGA) Liver Cancer data-
base (https://genome-cancer.ucsc.edu).

Identification of the Target Genes of miR-942-3p

The target genes of miR-942-3p were identified by using the
prediction tool TargetScanHuman7.1 (http://www.targetsca-
n.org/vert_71/), and according to the cumulative weighted text
score, 14 target genes of miR-942-3p were selected for further
investigation.

Cell Culture

Normal liver tissue and HCC cell lines (Huh7, SMMC-7721,
SK-hep-1, HepG2, LO2, and Huh6) were purchased from Chi-
nese Academy of Sciences Cell Bank and were cultured in
Dulbecco Modified Eagle medium supplemented with 10%
heat-inactivated fetal bovine serum in a humidified atmosphere
containing 5% CO, at 37°C.

Quantitative Real-Time Polymerase Chain Reaction

The total RNA of HCC cells was extracted by using TRIzol.
Reverse transcription was performed by universal RT-PCR kit
(M-MLV) and complementary DNA amplification using the
SYBR Green Master Mix kit (Takara, Otsu, Japan). Total RNA
for miRNAs was isolated using a High Pure miRNA isolation
kit (Roche) and reverse transcription-polymerase chain
reaction (RT-PCR) using a TagMan MicroRNA Reverse

Transcription kit (Thermo Fisher Scientific, Shanghai, China).
Data were analyzed using the comparative Ct method
(2722Y, Three experiments were performed for each clone.
The primers were listed in Supplementary Table S1.

Western Blot Analysis

LO2 and HepG2 cell lines were harvested and extracted using
lysis buffer. Cell extracts were boiled in loading buffer and equal
amounts of cell extracts were separated on 15% sodium dodecyl
sulfate -polyacrylamide gel electrophoresis (SDS-PAGE) gels.
Separated protein bands were transferred into polyvinylidene
fluoride membranes. The primary antibodies against MBL2
(24207-1-AP, rabbit polyclonal antibody; Proteintech, Rose-
mont, [llinois) and B-actin (ab16039, rabbit polyclonal antibody;
Abcam, Cambridge, Massachusetts) were diluted at a ratio of
1:1000 according to the instructions and incubated overnight at
4°C. The specific details were described as previously reported.'!

Luciferase Reporter Assay

LO2 and HepG2 cell lines were seeded into 96-well plates and
were cotransfected with a mixture of 60 ng of luciferase, 6 ng
of pRL-CMV Renilla luciferase reporter, and miR-942-3p
mimic or inhibitor. After 48 hours of incubation, the luciferase
activities were measured with a dual-luciferase reporter assay
(Promega, Madison, Wisconsin).

Plasmid, siRNAs, and miR-942-3p Mimic and Inhibitor

Plasmid-mediated pcDNA3.1-MBL2 (MBL2), small interfer-
ing RNA (siRNA) targeting MBL2 (si-MBL2), miR-942-3p
mimic and inhibitor, and the control vectors were purchased
from Genepharma (Shanghai, China). LO2 and HepG2 cell
lines were planted in six-well plates 24 hours prior to si-
MBL2, pcDNA3.1-MBL2, miR-942-3p mimic or inhibitor
transfection with 50% to 70% confluence and then were trans-
fected with Lipofectamine 2000 (Invitrogen, Carlsbad, Califor-
nia), according to the manufacturer’s instructions.

Cell Viability and Invasion Assays

Cell viability was analyzed by using the 3-(4,5-Dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, and
cell invasive potential was conducted by using Transwell assay.
The specific details were described as previously reported.'!

Statistical Analysis

Statistical analyses were conducted by SPSS 20.0 (IBM, SPSS,
Chicago, Illinois) and GraphPad Prism. Student ¢ test, % test,
and analysis of variance were used to evaluate the statistical
significance for the comparisons of the groups. Pearson corre-
lation coefficient analysis was used to analyze the correlations
of miR-942-3p with its target genes in HCC tissues. The OS
and recurrence curves were analyzed with the Kaplan-Meier
and log-rank test. Univariate or multivariate analysis was
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Figure |. The expression of miR-942-3p was associated with poor survival in patients with hepatocellular carcinoma (HCC). A and B, The
Cancer Genome Atlas (TCGA) analysis showed that the expression level of miR-942-3p was increased in paired and unpaired HCC tissues as
compared with the normal tissues. C, Receiver operating characteristic (ROC) curve was used to obtain a cutoff value of miR-942-3p in patients
with HCC. D, Patients with HCC were divided into high or low miR-942-3p expression group according to the cutoff value. E and F, Kaplan-
Meier analysis demonstrated that the patients with high miR-942-3p expression displayed a poorer survival but had no difference in tumor
recurrence as compared with those with low miR-942-3p expression in patients with HCC.

performed by using a Cox proportional hazards regression
model. P < .05 was considered statistically significant.

Results

Upregulation of miR-942-3p Expression Was Associated
With Poor Survival in Patients With HCC

Out results showed that miR-942-3p expression level was
increased in paired (Figure 1A) and unpaired HCC tissues
(Figure 1B) in comparison with the adjacent normal tissues
by using TCGA data set. According to the OS time, survival
status, and miR-942-3p expression level, we obtained a cutoff
value of miR-942-3p in HCC tissues (Figure 1C) and divided
the patients into 2 groups: high miR-942-3p expression and low
miR-942-3p expression (Figure 1D). We further analyzed the
association between miR-942-3p expression and the clinico-
pathological parameters in patients with HCC and found that
high expression of miR-942-3p was associated with the patho-
logical stage (P = .047) and TNM stage (P = .037), but had no
association with other factors (each P > .05; Table 1). Kaplan-
Meier analysis showed that the patients with high miR-942-3p
expression displayed a poorer survival (Figure 1E), but had no

Table I. The Association of miR-942-3p Expression With Clinico-
pathologic Characteristics in Patients With HCC.

miR-942-3p

Variables Cases (n) High Low P Value
Total 260 14 246
Age (years)

>60 136 6 130

<60 124 8 Ié 325
Gender

Male 173 10 163

Female 87 4 83 469
Pathological stage

i 191 7 184

117\% 69 7 62 .047
TNM stage

TIT2 194 7 187

T3/T4 66 7 59 .037
Lymphatic invasion

Negative 191 I 180

Positive 69 3 66 465
Distant metastasis

Negative 206 I 195

Positive 54 3 51 .585

TNM: tumor node metastasis.
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Table 2. Cox Regression Analysis of miR-942-3p Expression as Survival Predictor.

Univariate Cox Regression Analysis

Multivariate Cox Regression Analysis

Variables RR (95% Cl) P Value RR (95% ClI) P Value
Age (years)

> 60 vs <60 1.192 (0.775-1.833) 423 NA NA
Gender

Male vs Female 0.922 (0.593-1.434) 718 NA NA
Pathological stage

AV vs 11 2.919 (1.892-4.530) <.0001 1.689 (0.232-12.318) .605
TNM stage

T34+ T4vs Tl +T2 2.967 (1.920-4.584) <.0001 1.654 (0.225-12.174) 621
Lymphatic invasion

Positive vs negative 1.109 (0.675-1.824) .683 NA NA
Distant metastasis

Positive vs negative 1.289 (0.778-2.135) 324 NA NA
miR-942-3p expression

High vs low 3.774 (1.981-7.191) <.0001 3.127 (1.629-6.002) .001

NA: not analyzed; TNM: tumor node metastasis.

difference in tumor recurrence (Figure 1F), as compared to
those with low miR-942-3p expression. Univariate and multi-
variate Cox regression analyses revealed that high miR-942-3p
expression was an independent prognostic factor of poor sur-
vival in patients with HCC (Table 2).

MiR-942-3p Promoted the Proliferation and Invasion
of HCC Cells

We detected the expression levels of miR-942-3p in different
HCC cell lines by quantitative polymerase chain reaction
(qPCR) analysis, indicating that miR-942-3p had a lower
expression level in LO2 and Huh6 cell lines but a higher
expression level in HepG2 and SK-hep-1 cell lines, as com-
pared with the normal liver tissue (Figure 2A). The transfection
efficiency of miR-942-3p mimic in LO2 and Huh6 cell lines
and miR-942-3p inhibitor in HepG2 and SK-hep-1 cell lines
were respectively validated by qPCR analysis (Figure 2B). To
investigate the function of miR-942-3p in HCC cells, we
performed the MTT and Transwell assays and found that
miR-942-3p mimic increased the cell viability (Figure 2C) and
invasive potential (Figure 2E) in LO2 and Huh6 cell lines,
while miR-942-3p inhibitor had the opposite effects in HepG2
and SK-hep-1 cell lines, as compared with the control group
(Figure 2D, F).

Mannose-Binding Lectin 2 Was Identified to Have
a Negative Correlation With miR-942-3p Expression
in Patients With HCC

According to the cumulative weighted text scores, we used the
prediction tool TargetScanHuman?7.1 to identify14 target genes
of miR-942-3p and detected their expression levels in paired
HCC tissues (n = 23), which indicated that 5 genes (MBL2,
ROS4, GNG12, SASHI, and SOS2) had a significantly

decreased expression in HCC tissues (Figure 3A), and only
MBL2 displayed a negative correlation with miR-942-3p
expression in HCC tissues (Figure 3B, C). We further obtained
a cutoff value of MBL2 in HCC tissues (Figure 3D) and divided
the patients into high and low MBL expression groups
(Figure 3E). We found that MBL2 expression was associated
with the pathological stage (P = .001) and TNM stage
(P = .004), but had no association with other factors (each
P > .05, Supplementary Table S2). Kaplan-Meier analysis
demonstrated that the patients with high MBL2 expression
exhibited a better survival but had no difference in tumor
recurrence as compared with those with low MBL2 expression
(Figure 3F). Multivariate Cox regression analyses revealed
that MBL2 expression was not an independent prognostic
factor of OS in patients with HCC (Supplementary Table S3).

Mannose-Binding Lectin 2 Was Validated as a Direct
Target of miR-942-3p in HCC Cells

MR-942-3p mimic and inhibitor were respectively transfected
into LO2 and HepG2 cell lines. After transfection for 48 hours,
gPCR and Western blot analysis indicated that miR-942-3p
mimic dramatically decreased the mRNA and protein levels
of MBL2 in LO2 cells, but miR-942-3p inhibitor increased
their expression levels in HepG2 cells (Figure 4A, B). Further-
more, luciferase reporter vector containing the wild-type (WT)
or mutant (Mut) 3'-UTR of MBL2 (Figure 4C) was cotrans-
fected with miR-942-3p mimic or inhibitor in LO2 or HepG2
cell line. The results showed that the luciferase activity of WT
3’-UTR of MBL2 was decreased by miR-942-3p mimic in LO2
cells but increased by miR-942-3p inhibitor in HepG2 cells
(Figure 4D). However, the luciferase activity of Mut 3’-UTR
of MBL2 was not affected by miR-942-3p mimic or inhibitor in
HCC cells (Figure 4D).
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Figure 4. Identification of mannose-binding lectin 2 (MBL2) as a direct target of miR-942-3p in hepatocellular carcinoma (HCC) cells. A and B,
Quantitative polymerase chain reaction (QPCR) and Western blot analysis of the effects of miR-942-3p mimic or inhibitor on the messenger
RNA (mRNA) and protein levels of MBL2 in LO2 or HepG2 cell line. C, The binding sites of miR-942-3p with wild-type (WT) or mutant (Mut)
3’-untranslated region (3’-UTR) of MBL2. D, The luciferase activities of WT or Mut 3’-UTR of MBL2 after cotransfection with miR-942-3p mimic
or inhibitor and WT or Mut 3’-UTR of MBL2 in HCC cells. Data were given as mean + standard error of the mean of 3 experiments. *P< .05.

Mannose-Binding Lectin 2 Reversed the Tumor-
Promoting Effects of miR-942-3p in HCC Cells

To verify the functional association between miR-942-3p and
MBL2 expression in HCC cells, we conducted the MTT and
Transwell assays. The transfection efficiency of MBL2 plas-
mid in LO2 cells or si-MBL2 in HepG2 cells was determined
by qPCR and Western blot analysis (Figure 5A). Then, we
found that MBL2 overexpression inhibited the cell viability
and invasive potential and reversed the tumor-promoting
effects induced by miR-942-3p in LO2 cells (Figure 5B, D),
while knockdown of MBL2 enhanced cell viability and inva-
sive potential and reversed the tumor suppressive effects
caused by miR-942-3p inhibitor in HepG2 cells (Figure 5C, E).

Discussion

Some studies have shown that miR-942-3p expression is
increased in multiple malignancies'®'® and is associated with
poor prognosis in patients with MRCC.'®!” Interestingly, it has
been reported that activation of ERK pathway can downregu-
late the miRNAs through phosphorylating exportin-5** and
Pinl impairs the biogenesis of miRNAs by mediating confor-
mation change of XPO5 in HCC,* indicating that these path-
ways may explain the downregulation of miRNA expression in
HCC, but miR-942-3p is not regulated by these pathways.**>

The clinical significance of miR-942-3p in HCC is also
unclear. In our study, miR-942-3p expression was found upre-
gulated and associated with the pathological and TNM stages
in patients with HCC. Multivariate Cox regression analysis
revealed miR-942-3p as an independent prognostic factor of
poor survival in patients with HCC. These findings indicated
that miR-942-3p might be a potential biomarker of HCC.
Functionally, some studies have shown that miR-942-3p
promotes cell proliferation and invasion and induces cell apop-
tosis in several cancers.'*! We also assessed the role of miR-
942-3p in HCC cells and found that miR-942-3p mimic
enhanced cell proliferation and invasion, whereas its inhibitor
had opposite effects in HCC cells. Our results suggested that
miR-942-3p might act as an oncogenic factor in HCC cells.
Furthermore, we identified the target genes of miR-942-3p
and found that MBL2 was downregulated and had a negative
correlation with miR-942-3p expression in HCC tissues. Low-
risk genotype of MBL2 is associated with increased risk of
bacterial infections in children with B acute lymphoblastic
leukemia.?* The serum levels of MBL2 are decreased in colon
and lung cancers and exhibit a negative correlation with miR-
27a expression and an increased cancer risk.>>*® The poly-
morphism of MBL2 gene is associated with the risk of gastric
cancer.”” In our study, high MBL2 expression was associated
with pathological and TNM stages and a favorable survival in
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patients with HCC. Mannose-binding lectin 2 activates the
classical apoptosis signaling and associates with breast cancer
following the treatment of doxorubicin and cyclophospha-
mide.”® We further confirmed that miR-942-3p downregulated
MBL2 expression by binding to its 3’-UTR, and MBL2 inhib-
ited the proliferation and invasion of HCC cells and reversed
the tumor-promoting effects of miR-942-3p. These findings
indicated that miR-942-3p might promote the proliferation and
invasion of HCC cells by targeting MBL2.

Conclusions

Our findings demonstrated that miR-942-3p expression was
upregulated in HCC tissues and acted as an independent prog-
nostic factor of poor survival in patients with HCC. Further
investigations showed that miR-942-3p promoted the prolifera-
tion and invasion of HCC cells by targeting MBL2 and might
be a potential prognostic marker for HCC.
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