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miR-23b inhibits proliferation of SMMC-7721
cells by directly targeting IL-11
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Abstract. Hepatocellular carcinoma (HCC) is the third
leading cause of cancer-associated mortality in the 21st
century. microRNA (miR)-23b has been shown to be involved
in the pathogenesis of many cancers, including breast and
prostate cancer. However, the role of miR-23b in HCC remains
unclear. The present study revealed a negative correlation
between miR-23b expression in HCC tissues and progression
of carcinomas. Compared to normal tissues, miR-23b expres-
sion was significantly downregulated in HCC tissues, whereas
the expression of interleukin (IL)-11 and IL-11 receptor a
(IL-11Ra) was significantly upregulated, indicating that
miR-23b expression is negatively correlated with IL-11 and
IL-11Ra expression. In addition, miR-23b inhibited prolifera-
tion and promoted apoptosis of SMMC-7721 cells. This effect
was mediated by IL-11, which was found to be the direct target
of miR-23b in this study. These results indicated that miR-23b
regulates IL-11 and IL-11Ra expression, and might act as an
anti-oncogenic agent in the progression of HCC by directly
downregulating IL-11 expression.
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Introduction

Hepatocellular carcinoma (HCC) is the most common type
of liver cancer, and is a primary malignancy that originates
in the liver; it is frequently observed in patients with chronic
liver diseases, such as virus infections and cirrhosis (1,2). The
incidence of HCC is increasing yearly worldwide; in 2016,
it accounted for 224,390 new cases and 27,170 deaths in the
United States (3,4). Despite the enormous progress made in the
diagnosis and treatment of HCC, the 5-year survival rates of
patients with HCC remain dissatisfactory. Even in patients with
early-stage HCC, who undergo surgery, the 5-year survival rate
is only 47-53% (5,6). The levels of serum a-fetoprotein have
been considered as a biomarker of early-stage HCC; however,
the detection sensitivity of a-fetoprotein is only 39-65%, and
its detection specificity is also very low (7,8). Owing to the
lack of effective biomarkers of HCC, most patients are often
diagnosed at advanced stages, and are not eligible for curative
therapies (9,10). Traditional treatments for patients with HCC
mainly include surgery and chemotherapy, which have limited
efficacy (11,12). Therefore, it is essential to explore new prom-
ising therapeutic targets for treatment of such patients.

Non-coding RNAs (ncRNAs) are RNA transcripts
that do not code for proteins. These play essential roles in
numerous biological processes, including gene expression,
development, and differentiation (13-15). MicroRNAs
(miRNAs/miRs), an important subsets of ncRNAs, are
characterized by their small size (20-22 nucleotides) and are
single-stranded (16,17). miRNAs are usually involved in the
regulation of gene expression by directly binding the target
mRNA, resulting in degradation of target mRNA or suppres-
sion of its translation (18). miRNAs can also potentially
regulate other diverse physiological processes, including
lipid metabolism, cell apoptosis, immune reaction, and DNA
repair (8,19). Due to its suppressive role in many cancers,
miR-23b has been identified as a biomarker and a diagnostic
and therapeutic agent in various cancers, such as ovarian
cancer (20). Recent studies have suggested a crucial role of
miR-23b in HCC (21). However, the underlying mechanism
must be better understood.
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Interleukin (IL)-11 is a multifunctional cytokine, widely
expressed in various tissues, including the gut, brain, and
liver (22). Previous investigations have shown that IL-11 is
involved in the development of several malignant tumors,
including HCC (23). It signals via IL-11 receptor (IL-11R)
composed of a ligand-binding a subunit (IL-11Ra) and a
[ subunit, responsible for signal transduction (23,24).

In this study, we observed decreased expression of miR-23b
and increased expression of IL-11 in HCC tissues, leading
to the hypothesis that IL-11 expression might be regulated
by miRNA. Using an HCC cell line, this is the first study to
confirm that IL-11 is a direct target of miR-23b; IL-11 may
contribute to the decreased cell proliferation and enhanced
cell apoptosis mediated by miR-23b.

Materials and methods

Patients and tissue samples. We collected 20 pairs of human
HCC tissues and corresponding normal tissues from patients
with HCC at the Affiliated Hospital of Guizhou Medical
University (Guiyang, China). The patient information is
detailed in Table I. Written informed consent was obtained
from all patients, and ethical approval was granted by the
Ethics Committee of the Affiliated Hospital of Guizhou
Medical University. All tissue samples were stored at -80°C.

Cell culture. Human HCC cell lines (SMMC-7721, LM3,
and Hep3B) were obtained from American Type Culture
Collection (ATCC; Manassas, VA, USA). All HCC cell lines
were routinely cultured in complete Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% fetal bovine
serum (FBS) and 100 units/ml of penicillin or streptomycin
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and
incubated in a humidified incubator with 5% CO, at 37°C.

Cell transfection. SMMC-7721 cells were seeded in 6-well
plates at a concentration of 1x10° cells/well and cultured
in a medium without antibiotics. After 24 h of culture, the
cells were transfected with miR-23b mimic, inhibitor, or the
corresponding negative controls (NCs), using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's instructions. Additionally, pcDNA-IL-11
plasmid or siRNA was also transfected into SMMC-7721 cells,
according to the manufacturer's instructions.

Immunohistochemistry. The HCC and normal tissues
were prepared using the Histostain-Plus kit (MRBiotech,
Emeryville, CA, USA), according to the protocol provided
by the manufacturer. The tissues were cut into 4-um thick
sections. Deparaffinized sections were incubated with
normal bovine serum for 2 h at room temperature, and then
incubated overnight at 4°C with primary antibodies against
IL-11 or IL-11Ra (Santa Cruz Biotechnology, Inc., Dallas,
TX, USA). These sections were incubated with a biotinyl-
ated conjugated secondary antibody at room temperature for
at least 2 h, and the reaction signals were detected using
diaminobenzidine (DAB; Dako; Agilent Technologies, Inc.,
Santa Clara, CA, USA), as per the instructions of the manu-
facturer.
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Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR).Total RNA from the HCC tissues, the corresponding
normal tissues, and HCC cell lines was extracted using the
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), as
per the manufacturer's protocol; cDNA was then synthesized
from the extracted RNA by reverse transcription, using the
RevertAid First Strand cDNA Synthesis kit (Thermo Fisher
Scientific, Inc.). mRNA expression levels were detected using
the SYBR-Green PCR Master Mix kit (Takara Biotechnology
Co., Ltd., Dalian, China). The PCR reaction steps were as
follows: 95°C for 30 sec as the first step in a loop, followed by
40 cycles at 95°C for 5 sec and 60°C for 34 sec as the second
step. The primers of miR-23b, IL-11, IL-11Ra, GAPDH, and
U6 (miRNA as internal loading control) were designed and
obtained from Sangon Biotech Co., Ltd. (Shanghai, China).
The primer sequences were as follows: GAPDH, 5'-CCT
CGTCTCATAGACAAGATGGT-3' and 5'-GGGTAGAGT
CATACTGGAACATG-3'; U6, 5-CTCGCTTCGGCACA-3'
and 5-AACGCTTCACGAATTTGCGT-3"; miR-23b, 5'-GCC
GCTGTAAACATCCTACACT-3' and 5-GTGCAGGGTCCG
AGGT-3'"; IL-11, 5-GTTGAGGAACTGATGGAGGAC A-3'
and 5" TTGCACACATACACCAGGCTGT-3"; and IL-11Ra,
5-ACTTCCTGCTCAAGTTCCGT-3' and 5'-GGCACTGAC
TCGTACAGCAT-3". The mRNA expression levels of IL-11
and IL-11Ra were normalized to those of GAPDH, while the
mRNA expression levels of miR-23b were normalized to those
of U6. Analysis of relative gene expression data using qPCR
and the 242 method (25).

Colony formation assay. The transfected SMMC-7721 cells
were seeded in 6-well plates and maintained in DMEM
containing 10% FBS for 2 weeks. These cells were then
fixed with methanol and stained with 0.1% crystal violet. The
number of colonies was manually counted.

Cell apoptosis analysis. The apoptosis rate of the transfected
SMMC-7721 cells was measured by Annexin-V/propidium
iodide (PI) double staining (BD Biosciences, Franklin Lakes,
NJ, USA) and flow cytometry analysis. The transfected
SMMC-7721 cells were collected and re-suspended in 500 ml
binding buffer containing 5 ml Annexin V-fluorescein isothio-
cyanate (FITC) and PI at a density of 1x10° cells/ml. After
incubation at room temperature under light-protection for
about 20 min, cells were analyzed via flow cytometry.

Western blotting. SMMC-7721 cells transfected with miR-23b
mimics, mimic NC, inhibitor, and inhibitor NC were lysed by
radioimmunoprecipitation assay buffer (RIPA) buffer [0.1%
sodium dodecyl sulfate (SDS), 1% Triton X-100, I mM MgCl,,
10 mM Tris-HCI, pH 7.4], and then disrupted with an ultrasonic
cell disruptor on ice. After high-speed centrifugation, the
debris was removed and the supernatant was collected. The
total protein concentration was quantified using a protein assay
reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA), as per
the manufacturer's instructions. Proteins (50 ug) were separated
on 10% SDS-polyacrylamide gels, and transferred onto nitro-
cellulose membranes (EMD Millipore, Billerica, MA, USA).
Non-specific sites were blocked by immersing the membranes
in 5% non-fat dry milk (w/v) for 2 h at room temperature.
Membranes were incubated overnight with primary antibodies



MOLECULAR MEDICINE REPORTS 18: 1591-1599, 2018

Table I. Associations between miRNA-23b expression level
and clinicopathological variables of 20 cases of HCC.

miRNA-30c
expression
Clinicopathological variables High Low P-value
Age (years)
<50 4 5 0.767
=50 6 5
Sex
Male 5 6 0.738
Female 4 5
Tumor size (cm)
<5 7 8 0.773
=5 3 2
Tumor staging (BCLC)
A 5 4 0.801
B 4 6
C 0 1
Vascular invasion
Yes 3 9 0.016°
No 6 2

“P<0.05. miRNA, microRNA; BCLC, The Barcelona Clinic Liver
Cancer staging system; HCC, hepatocellular carcinoma.

against IL-11 (1:500; Santa Cruz Biotechnology, Inc.) or IL-11Ra
(1:500; Santa Cruz Biotechnology, Inc.) at 4°C. After washing
in Tris-buffered saline, the membranes were incubated with
corresponding horseradish peroxidase-conjugated secondary
antibodies for 2 h at room temperature. GAPDH was used as an
internal control, and signals were detected by enhanced chemi-
luminescent reagents.

Luciferase assay. HEK 293 cells were seeded into a 12-well
plate (3x10° cells/well) and transfected with 100 ng/ml UTR or
mutant UTR luciferase reporter construct using Lipofectamine
2000. After co-transfection with miR-23b mimic or inhibitor
or the controls, the cells were collected and luciferase activi-
ties were measured. The luciferase activity was normalized to
the internal control renilla luciferase activity.

The Cancer Genome Atlas (TCGA) data query. To examine
the relationship between miR-23b and IL-11 expression in
human HCC tissues, we referred to the TCGA data portal
(https://tcga-data.nci.nih.gov/tcga) for all HCC samples, and
matched normal tissues with the miR-23b and IL-11 expres-
sion data available. We filtered a data set for samples having
expression data for miR-23b and IL-11. Statistical analysis was
performed using SPSS spearman.

Statistical analysis. All results were represented as
mean =+ standard error of the mean (SEM) of at least three
independent tests, and statistical significance was analyzed
by GraphPad Prism (GraphPad Software, Inc., La Jolla, CA,
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USA) and SPSS software. Comparisons between two groups
were performed by Student's t-test or one-way analysis of
variance with the Student-Newman-Keuls test. The Pearson's
correlation algorithm was used to analyze the correlation coef-
ficient and the significance between the expression of miR-23b
and IL-11. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-23b expression is downregulated, whereas the expression
of IL-11 and IL-11Ra is upregulated in HCC tissues. To investi-
gate whether miR-23b, IL-11, and IL-11Ra are associated with
the progression of HCC, we examined the expression levels of
IL-11 and IL-11Ra in HCC and corresponding normal tissues,
by immunohistochemical analysis. We observed that IL-11
and IL-11Ra expression levels were higher in HCC tissues,
compared to those in normal tissues (Fig. 1A). To confirm
this result, RT-qPCR was performed to measure the expres-
sion level of miR-23b, IL-11, and IL-11Ra in HCC and normal
tissues. Results showed that miR-23b expression was lower in
HCC tissues than that in normal tissues, and the expression
of IL-11 and IL-11Ra was higher in HCC tissues than that in
normal tissues (Fig. 1B). A more comprehensive analysis with
TCGA database showed that in HCC tissues, miR-23b expres-
sion was significantly increased, whereas IL-11 expression was
significantly decreased, compared with that in normal tissues
(Fig. 1C and D). Furthermore, after analyzing the results
obtained from RT-qPCR and TCGA database, it was noted
that IL-11 expression decreased with the increase in miR-23b
level (Fig. 1E and F). These findings indicated that there is
an inverse correlation between miR-23b and IL-11 expression.

In addition, we analyzed the relationship between the
expression level of miR-23b and the clinicopathologic features
(age, sex, tumor size, tumor staging, and vascular invasion) of
each patient with HCC. Correlation between miR-23b expres-
sion and vascular invasion of HCC was observed (P=0.016;
Table I).

IL-11 and IL-11Ra expression in SMMC-7721 cells is down-
regulated by miR-23b. To determine the expression of miR-23b,
IL-11, and IL-11Ra in HCC cell lines, we measured the expres-
sion levels of miR-23b in the HCC cell lines, SMMC-7721, LM3,
and Hep3B. Our results showed that miR-23b expression was
relatively higher in the Hep3B cell lines, and lower in the LM3
cell line, compared to that in SMMC-7721 cell line (Fig. 2A).
We selected SMMC-7721 cells for further study, to measure the
production of IL-11 and IL-11Ra after transfection with miR-23b
mimics or inhibitor. The results of RT-qPCR showed that the
levels of miR-23b were increased, whereas those of IL-11 and
IL-11Ra were decreased in SMMC-772 cells transfected with
miR-23b mimics, compared to those observed on transfection
with the negative control miR-mimic (NC miR-mimic). The
expression levels of miR-23b were lower, whereas those of IL-11
and IL-11Ra were higher in SMMC-7721 cells transfected with
miR-23b inhibitor, compared to those in cells transfected with
negative control-inhibitor (NC-inhibitor) (Fig. 2B). In addition,
similar results were observed for western blot analysis; the
production of IL-11 and IL-11Ra was downregulated by miR-23b
mimics, and upregulated by miR-23b inhibitor in the transfected
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Figure 1. Expression levels of miR-23b, IL-11, and IL-11Ra in HCC tissues. (A) Immunohistochemical analysis was performed to detect the expression of
IL-11 and IL-11Ro in HCC and corresponding normal tissues (magnification, x200). (B) The relative expression of miR-23b, IL-11, and IL-11Ra in HCC and
normal tissues (n=20) was measured by the RT-qPCR. (C) Relative expression of miR-23b was examined by comparing the sample data with data in TCGA
database. (D) Relative expression of IL-11 was examined by comparing the sample data with data in TCGA database. Correlation analysis of miR-23b and
IL-11 expression was performed using (E) RT-qPCR and (F) data in the TCGA database. miR, microRNA; IL, interleukin; HCC, hepatocellular carcinoma;

RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

SMMC-7721 cells, compared to that in cells transfected with the
corresponding NCs (Fig. 2C and D). These results showed that
miR-23b inhibited IL-11 and IL-11Ra expression.

miR-23b inhibits proliferation and promotes apoptosis of
SMMC-7721 cells. To explore the role of miR-23b in HCC
progression, we performed the colony formation assay and

cell apoptosis analysis to measure cell proliferation and
apoptosis, respectively, in SMMC-7721 cells transfected
with miR-23b mimics or inhibitor. The results of the colony
formation assay showed that the number of colonies was
significantly lower in cells transfected with miR-23b mimics
than that in cells transfected with NC miR-mimics, whereas
the number of colonies was significantly higher in cells
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Figure 2. Effect of miR-23b on the expression of IL-11 and IL-11Ra. (A) The relative expression levels of miR-23b were measured by RT-qPCR in 4
different HCC cell lines: SMMC-7721, LM3, and Hep3B. (B) In SMMC-7721 cells, the levels of miR-23b, IL-11, and IL-11Ra were detected by RT-qPCR.
(C) In SMMC-7721 cells, the levels of IL-11 and IL-11Ra were detected by western blotting. (D) The immune-active bands of IL-11, and IL-11Ra were
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Figure 3. Effects of miR-23b on the proliferation and apoptosis of SMMC-7721 cells. Proliferation and apoptosis of SMMC-7721 cells were detected by
(A) colony formation assay and (B) flow cytometry, respectively, after transfection with miR-23b mimics, inhibitor, mimic NC, or NC-inhibitor, or without
transfection. "P<0.05, “P<0.01 vs. the control group. miR, microRNA; NC, negative control.

transfected with miR-23b inhibitor than that in cells trans-
fected with NC-inhibitor (Fig. 3A). Cell apoptosis analysis
showed that the apoptosis rate was significantly higher in
SMMC-7721 cells transfected with miR-23b mimics than that

in cells transfected with NC miR-mimics, and was signifi-
cantly lower in SMMC-7721 cells transfected with miR-23b
inhibitor than that in cells transfected with NC-inhibitor
(Fig. 3B). These results indicated that miR-23b might exert
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anti-oncogenic effects on the development and progression
of HCC.

IL-11 is a direct target of miR-23b. To confirm that IL-11
is a direct target of miR-23b, a luciferase reporter assay
system was used. The complete 3'UTR of IL-11 mRNA was
amplified and cloned into the 3'UTR of luciferase gene in the
reporter vector UTR. Using the UTR vector as a template,
a vector of mutant UTR was constructed containing the
3'UTR of IL-11 with point mutations, as shown in Fig. 4A.
As expected, the UTR luciferase activity was significantly
decreased and increased after co-transfection with mimics
and inhibitor, respectively, compared to that observed on
co-transfection with the corresponding NC. Additionally,
the luciferase activity was rescued by the mutation of the
miR-23b recognition site (Fig. 4B). These results indicated
that IL-11 is a direct target of miR-23b.

miR-23b promotes cell proliferation and inhibits cell apoptosis
by targeting IL-11. To explore whether IL-11 inhibition by
miR-23b affects cell proliferation or apoptosis, the colony
formation and apoptosis assays were employed, respectively.
As shown in Fig. 5A, the colony numbers were significantly
decreased after transfection with miR-23b mimics, whereas
a significant increase was observed after transfection with
miR-23b inhibitor. The inhibitory and promoting effects on
cell growth were significantly suppressed by IL-11 overexpres-
sion with pcDNA-IL-11 transfection and IL-11 knockdown
with siDNA transfection, respectively. Using flow cytometry,
increased cell apoptosis was observed after transfection with
miR-23b mimics, whereas cell apoptosis was significantly
inhibited by IL-11 overexpression with pcDNA-IL-11 transfec-
tion (Fig. 5B). On the contrary, decreased cell apoptosis was

noted with miR-23b inhibitor, and it was significantly inhibited
after IL-11 knockdown by siDNA. These results indicated that
miR-23b can promote cell apoptosis and inhibit cell prolifera-
tion by targeting IL-11.

Discussion

East Asia and Middle Africa have the highest occurrence
rates of HCC in the world, and the HCC incidence and
mortality rates are more than twice in males than those in
in females (26,27). Previous studies have indicated that virus
infection is one of the principle causes of HCC development,
and hepatitis B (HBV) and C (HCV) virus infections account
for approximately 60 and 33%, respectively, of the total cases
of HCC in most developing countries (28-30). Recently,
increasing evidence has shown that the aberrant expression
of miRNAs emerges as a key indicator of changes in the
corresponding expression of genes that may be involved in
virus replication (31,32). It was reported that interferon-f§
upregulates the expression of many cellular miRNAs; among
these, 8 miRNAs may bind to the HCV genomic RNA with
their specific sequences (33). Although the precise roles of
miR-122 in virus infection are not very clear, several studies
have demonstrated its participation in the replication of HCV.
For instance, Lanford et al reported that the liver-abundant
miRNA, miR-122, is indispensable for the accumulation
of HCV RNA in cultured liver cells, and that inhibition of
miR-122 expression in chimpanzees results in significant
suppression of HCV viremia (34). In addition, miRNA
expression in HCC tissues is altered, compared to that in
normal tissues, and these miRNAs might serve as critical
diagnostic biomarkers or potential therapeutic targets for
HCC treatment (35,36). Upregulated expression of miR-184
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was observed in HCC tissues, which was believed to exert
anti-apoptotic and pro-proliferative effects on HCC cells,
suggesting that miR-184 serves as an oncogenic agent in the
development and progression of HCC (37). Downregulated
expression of miR-335 was observed in HCC tissues and cell
lines; this miRNA inhibited the proliferation and migration of
HCC cells by directly targeting Rho-kinase 1 (ROCK1) (38).
However, whether miR-23b is involved in HCV infection
and HCC progression remains unknown. It is essential to
elucidate the role of miR-23b in liver cancer to facilitate the
development of new potential therapeutic targets.

miR-23b is an important member of the miR-30 family,
which consists of 5 distinct and highly conserved miRNAs,
namely, miR-30a, miR-30b, miR-23b, miR-30d, and
miR-30e (39). The miRNA, miR-23b, is encoded by two

genes (MiR-23b-1 and miR-23b-2), providing more flexibility
for tissue-specific expression, and more adaptability to the
changing environment (40). A large number of studies have
showed that alterations in miR-23b expression have been
implicated in numerous malignant tumors, including those of
the breast and prostate (41,42). However, only a few studies
on the effects of miR-23b on HCC progression have been
reported.

As a multifunctional protein, IL-11 is involved in
diverse cell signaling pathways in normal cells and various
pathologies (43,44). Its action is mediated by IL-11Ra.
Recently, IL-11 has been reported to be released directly by
some cancer cells, including breast, colon, and lung cancer
cells (45-47). Likely, IL-11Ra was reported to be overex-
pressed and associated with some cancers, such as prostate
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cancer (48), osteosarcoma (49), and gastric carcinoma (23).
Furthermore, it was revealed that the expression of IL-11
and IL-11Ra can be updated by the same regulator, such as
IL-13 (50), and can resultantly contribute to the pathogenesis
together. It has been shown that IL-11 can promote tumor
development by regulating downstream protein expression
or activating downstream pathways, such as the STAT and
MAPK pathways (23,24). Additionally, IL-11 acts on T- and
B-cells and macrophages, exhibiting anti-inflammatory
effects by reducing the production of pro-inflammatory cyto-
kines, such as TNF-a., IL-1B, and IFN-y (51). This might result
in the attenuation of inflammatory diseases and promote
tumorigenesis (52). However, the exact mechanism by which
IL-11 promotes HCC development needs to be further evalu-
ated. In our study, we found that miR-23b expression was
lower in HCC tissues than in the corresponding normal
tissues. We also found that the expression levels of IL-11
and IL-11Ra were upregulated in HCC tissues, compared
to those in normal tissues. To investigate the correlation
between miR-23b and IL-11 and IL-11Ra, we measured the
expression level of IL-11 and IL-11Ra in the HCC cell line,
SMMC-7721, transfected with either miR-23b mimics or
miR-23b inhibitor. Our results showed that miR-23b mimics
significantly inhibited the production of IL-11 and IL-11Ra
in SMMC-7721 cells, whereas transfection with miR-23b
inhibitor obviously increased their production. Furthermore,
the inverse correlation between miR-23b and IL-11 was
confirmed by a comprehensive analysis with TCGA data-
base. The luciferase assay showed that IL-11 is a direct target
of miR-23b. In addition, we explored the effect of inhibition
of IL-11 and IL-11Ra by miR-23b on the HCC cell line by
various in vitro experiments, including colony formation assay
and apoptosis analysis. Our results indicated that miR-23b
significantly inhibited the proliferation of SMMC-7721 cells.
Additionally, miR-23b promoted apoptosis in SMMC-7721
cells. But the effects of the miR-23b on the proliferation and
apoptosis only investigated on SMMC-7721 cells, and we
planned to be used more HCC cells for investigating the role
miR-23b in the future.

In conclusion, we revealed that miR-23b regulates IL-11
and IL-11Ra expression. Furthermore, it was identified as an
anti-oncogene molecule that inhibits HCC growth by directly
inhibiting IL-11 expression in HCC cells, suggesting that
miR-23b might serve as a potential therapeutic target for the
treatment of patients with HCC. In future studies, we aim to
further elucidate the mechanism by which miR-23b regulates
the expression of IL-11 and IL-11Ra in HCC.

Acknowledgements
Not applicable.
Funding

This study was supported by funds from the program
for Scientific Cooperation in Guizhou Province (grant
nos. 20147147, 20157384 and 20167405), talents in the plat-
form of Scientific Cooperation in Guizhou Province (grant
no. 20165603), and the National Natural Science Foundation
(grant nos. 81560297, 81460276 and 81460365).

JIANG et al: miR-23b DIRECTLY TARGETS IL-11 IN SMMC-7721 CELLS

Availability of data and materials

All data generated or analyzed during this study are included
in this article.

Authors' contributions

TPJ,ZH,SZ, WJZ,LX, XWW, YPS, WXL, ZZ, ASZ, SZ and
QFZ conceived and designed the study; TPJ, ZH, SZ and WJZ
performed the experiments; TPJ and ZH wrote the paper; TPJ
and ZH reviewed and edited the manuscript. All authors read
and approved the manuscript.

Ethics approval and consent to participate

Written informed consent was obtained from all patients, and
ethical approval was granted by the Ethics Committee of the
Affiliated Hospital of Guizhou Medical University.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

1. Daoudaki M and Fouzas I: Hepatocellular carcinoma. Wien Med
Wochenschr 164: 450-455, 2014.

. Liu CY, Chen KF and Chen PJ: Treatment of liver cancer. Cold
Spring Harb Perspect Med 5: a021535, 2015.

. Bruix J, Gores GJ and Mazzaferro V: Hepatocellular carcinoma:
Clinical frontiers and perspectives. Gut 63: 844-855, 2014.

. Siegel RL, Miller KD and Jemal A: Cancer statistics, 2016. CA
Cancer J Clin 66: 7-30, 2016.

. Altekruse SF, McGlynn KA, Dickie LA and Kleiner DE:
Hepatocellular carcinoma confirmation, treatment and survival in
surveillance, epidemiology and end results registries, 1992-2008.
Hepatology 55: 476-482,2012.

6. Fong ZV and Tanabe KK: The clinical management of hepa-
tocellular carcinoma in the United States, Europe and Asia:
A comprehensive and evidence-based comparison and review.
Cancer 120: 2824-2838, 2014.

7. Oka H, Tamori A, Kuroki T, Kobayashi K and Yamamoto S:
Prospective study of alpha-fetoprotein in cirrhotic patients
monitored for development of hepatocellular carcinoma.
Hepatology 19: 61-66, 1994.

8. Shen J, Wang A, Wang Q, Gurvich I, Siegel AB, Remotti H
and Santella RM: Exploration of genome-wide circulating
microRNA in hepatocellular carcinoma: MiR-483-5p as a
potential biomarker. Cancer Epidemiol Biomarkers Prev 22:
2364-2373,2013.

9. Qi XS, Guo XZ, Han GH, Li HY and Chen J: MET inhibitors
for treatment of advanced hepatocellular carcinoma: A review.
World J Gastroenterol 21: 5445-5453, 2015.

10. Harding JJ and Abou-Alfa GK: Treating advanced hepatocellular
carcinoma: How to get out of first gear. Cancer 120: 3122-3130,2014.

11. Hefaiedh R, Elloumi H, Ouakaa A, Elloumi H, Kochlef A,
Gargouri D, Kilani A, Romani M, Kharrat J and Ghorbel A:
Management of the hepatocellular carcinoma. Tunis Med 87:
721-725,20009.

12. Lau WY and Lai EC: The current role of radiofrequency ablation
in the management of hepatocellular carcinoma: A systematic
review. Ann Surg 249: 20-25, 2009.

13. Yang JX, Rastetter RH and Wilhelm D: Non-coding RNAs: An
Introduction. Adv Exp Med Biol 886: 13-32, 2016.

14. Beermann J, Piccoli MT, Viereck J and Thum T: Non-coding
RNAs in development and disease: Background, mechanisms
and therapeutic approaches. Physiol Rev 96: 1297-1325, 2016.

wm A W N



15.

16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

MOLECULAR MEDICINE REPORTS 18: 1591-1599, 2018

Peschansky VI and Wahlestedt C: Non-coding RNAs as direct
and indirect modulators of epigenetic regulation. Epigenetics 9:
3-12,2014.

Mohr AM and Mott JL: Overview of microRNA biology. Semin
Liver Dis 35: 3-11, 2015.

Hammond SM: An overview of microRNAs. Adv Drug Deliv
Rev 87: 3-14, 2015.

Kovarikova A, Hézova R, Srovnal J, Rédova-Lojovd M and
Slaby O: The role of microRNAs in molecular pathology of
esophageal cancer and their potential usage in clinical oncology.
Klin Onkol 27: 87-96, 2014 (In Czech).

Ono K: Regulation of lipid metabolism by miRNAs and tran-
scription factors. Seikagaku 87: 733-735, 2015 (In Japanese).
Yan J, Jiang JY, Meng XN, Xiu YL and Zong ZH: MiR-23b
targets cyclin G1 and suppresses ovarian cancer tumorigenesis
and progression. J Exp Clin Cancer Res 35: 31, 2016.

Grossi I, Arici B, Portolani N, De Petro G and Salvi A: Clinical
and biological significance of miR-23b and miR-193a in human
hepatocellular carcinoma. Oncotarget 8: 6955-6969, 2017.
Yoshizaki A, Nakayama T, Yamazumi K, Yakata Y, Taba M and
Sekine I: Expression of interleukin (IL)-11 and IL-11 receptor
in human colorectal adenocarcinoma: IL-11 up-regulation of the
invasive and proliferative activity of human colorectal carcinoma
cells. Int J Oncol 29: 869-876, 2006.

Nakayama T, Yoshizaki A, Izumida S, Suehiro T, Miura S,
Uemura T, Yakata Y, Shichijo K, Yamashita S and Sekin I:
Expression of interleukin-11 (IL-11) and IL-11 receptor alpha
in human gastric carcinoma and IL-11 upregulates the inva-
sive activity of human gastric carcinoma cells. Int J Oncol 30:
825-833,2007.

Lay V, Yap J, Sonderegger S and Dimitriadis E: Interleukin 11
regulates endometrial cancer cell adhesion and migration via
STATS3. Int J Oncol 41: 759-764, 2012.

Livak KJ and Schmittgen TD: Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods 25: 402-408, 2001.

Jemal A, Center MM, DeSantis C and Ward EM: Global patterns
of cancer incidence and mortality rates and trends. Cancer
Epidemiol Biomarkers Prev 19: 1893-1907, 2010.

Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 61: 69-90, 2011.
Ayub A, Ashfaq UA and Haque A: HBV induced HCC: Major
risk factors from genetic to molecular level. Biomed Res Int 2013:
810461, 2013.

Parkin DM: The global health burden of infection-associated
cancers in the year. Int J Cancer 118: 3030-3044, 2006.

Sanyal A, Poklepovic A, Moyneur E and Barghout V:
Population-based risk factors and resource utilization for HCC:
US perspective. Curr Med Res Opin 26: 2183-2191, 2010.
Banaudha K, Kaliszewski M, Korolnek T, Florea L, Yeung ML,
Jeang KT and Kumar A: MicroRNA silencing of tumor
suppressor DLC-1 promotes efficient hepatitis C virus replication
in primary human hepatocytes. Hepatology 53: 53-61, 2011.
Houzet L, Yeung ML, de Lame V, Desai D, Smith SM and
Jeang KT: MicroRNA profile changes in human immuno-
deficiency virus type 1 (HIV-1) seropositive individuals.
Retrovirology 5: 118, 2008.

Pedersen IM, Cheng G, Wieland S, Volinia S, Croce CM, Chisari FV
and David M: Interferon modulation of cellular microRNAs as an
antiviral mechanism. Nature 449: 919-922, 2007.

Lanford RE, Hildebrandt-Eriksen ES, Petri A, Persson R,
Lindow M, Munk ME, Kauppinen S and @rum H: Therapeutic
silencing of microRNA-122 in primates with chronic hepatitis C
virus infection. Science 327: 198-201, 2010.

Xie KL, Zhang YG, LiuJ,Zeng Y and Wu H: MicroRNAs associ-
ated with HBV infection and HBV-related HCC. Theranostics 4:
1176-1192, 2014.

Ge Y, Yan X, Jin Y, Yang X, Yu X, Zhou L, Han S, Yuan Q and
Yang M: MiRNA-192 [corrected] and miRNA-204 directly
suppress IncRNA HOTTIP and interrupt GLSI1-mediated
glutaminolysis in hepatocellular carcinoma. PLoS Genet 11:
¢1005726, 2015.

1599

37. Gao B,Gao K, Li L, Huang Z and Lin L: miR-184 functions as an

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

oncogenic regulator in hepatocellular carcinoma (HCC). Biomed
Pharmacother 68: 143-148, 2014.

Liu H, Li W, Chen C, Pei Y and Long X: MiR-335 acts as a
potential tumor suppressor miRNA via downregulating ROCK1
expression in hepatocellular carcinoma. Tumour Biol 36:
6313-6319, 2015.

Chang TC, Yu D, Lee YS, Wentzel EA, Arking DE, West KM,
Dang CV, Thomas-Tikhonenko A and Mendell JT: Widespread
microRNA repression by Myc contributes to tumorigenesis. Nat
Genet 40: 43-50, 2008.

Irani S and Hussain MM: Role of microRNA-30c in lipid
metabolism, adipogenesis, cardiac remodeling and cancer. Curr
Opin Lipidol 26: 139-146, 2015.

Jin L, Wessely O, Marcusson EG, Ivan C, Calin GA and
Alahari SK: Prooncogenic factors miR-23b and miR-27b are
regulated by Her2/Neu, EGF and TNF-a in breast cancer. Cancer
Res 73: 2884-2896, 2013.

Rice MA, Ishteiwy RA, Magani F, Udayakumar T, Reiner T,
Yates TJ, Miller P, Perez-Stable C, Rai P, Verdun R, et al: The
microRNA-23b/-27b cluster suppresses prostate cancer metas-
tasis via Huntingtin-interacting protein 1-related. Oncogene 35:
4752-4761, 2016.

Permyakov EA, Uversky VN and Permyakov SE: Interleukin-11:
A multifunctional cytokine with intrinsically disordered regions.
Cell Biochem Biophys 74: 285-296, 2016.

Teicher B, Ara G and Northey D: Interaction of interleukin-11
(rhIL-11) with cytotoxic therapies in the human HT-29 colon
carcinoma. Int J Oncol 10: 1081-1085, 1997.

Furugaki K, Moriya Y, Iwai T, Yorozu K, Yanagisawa M,
Kondoh K, Fujimoto-Ohuchi K and Mori K: Erlotinib inhibits
osteolytic bone invasion of human non-small-cell lung cancer
cell line NCI-H292. Clin Exp Metastasis 28: 649-659, 2011.
Morinaga Y, Fujita N, Ohishi K, Zhang Y and Tsuruo T:
Suppression of interleukin-11-mediated bone resorption by
cyclooxygenases inhibitors. J Cell Physiol 175: 247-254, 1998.
Buchert M, Burns CJ and Ernst M: Targeting JAK kinase in solid
tumors: Emerging opportunities and challenges. Oncogene 35:
939-951, 2016.

Zurita AJ, Troncoso P, Cardo-Vila M, Logothetis CJ, Pasqualini R
and Arap W: Combinatorial screenings in patients: The inter-
leukin-11 receptor alpha as a candidate target in the progression
of human prostate cancer. Cancer Res 64: 435-439, 2004.

Lewis VO, Ozawa MG, Deavers MT, Wang G, Shintani T, Arap W
and Pasqualini R: The interleukin-11 receptor a as a candidate
ligand-directed target in osteosarcoma: Consistent data from
cell lines, orthotopic models and human tumor samples. Cancer
Res 69: 1995-1999, 2009.

Chen Q, Rabach L, Noble P, Zheng T, Lee CG, Homer RJ
and Elias JA: IL-11 receptor alpha in the pathogenesis of
IL-13-induced inflammation and remodeling. J Immunol 174:
2305-2313, 2005.

Nicoletti F, Zaccone P, Conget I, Gomis R, Moller C, Meroni PL,
Bendtzen K, Trepicchio W and Sandler S: Early prophylaxis
with recombinant human interleukin-11 prevents spontaneous
diabetes in NOD mice. Diabetes 48: 2333-2339, 1999.

Lgssiar A, Hassan M, Schott-Ohly P, Friesen N, Nicoletti F,
Trepicchio WL and Gleichmann H: Interleukin-11 inhibits
NF-kappaB and AP-1 activation in islets and prevents
diabetes induced with streptozotocin in mice. Exp Biol Med
(Maywood) 229: 425-436, 2004.

This work is licensed under a Creative Commons
B Attribution-NonCommercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0) License.




