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This study is to elucidate the functions of miR-100 in hepatocellular carcinoma progression and to explore the underlying
mechanisms. Expression levels of miR-100 in normal-cancer hepatocellular carcinoma tissues were measured using quantitative
real-time PCR (qRT-PCR). The invasive and proliferative abilities of hepatocellular carcinoma cell lines transfected with mimic-
NC or mimic-miR-100 were measured using transwell, CCK-8, and colony formation assays. The binding sites between CXCR7
and miR-100 were determined using luciferase reporter assays. The correlation of CXCR7 and miR-100 in hepatocellular
carcinoma progression was further confirmed by cotransfection assays. Our results showed that miR-100 was significantly lower
expressed in hepatocellular carcinoma tissues and negatively associated with CXCR7 expression. Cell functional assays’ results
found that upregulation of miR-100 inhibited the proliferative, invasive, and migrative abilities in hepatocellular carcinoma cells.
Luciferase reporter assay suggested that CXCR7 mRNA and miR-100 bound one another. Increasing CXCR7 expression
reversed the inhibitive effects of upregulated miR-100 in hepatocellular carcinoma cells. Further study showed that miR-
100/CXCR?7 played a role in hepatocellular carcinoma progression by regulating metalloproteinase-2 (MMP2) and vascular
endothelial growth factor (VEGF). Conclusively, miR-100 exerts antitumor effects on hepatocellular carcinoma. Overexpression
of miR-100 attenuates the invasive and proliferative abilities of hepatocellular carcinoma cells by targeting CXCR?7.

1. Introduction

Cancer has threatened public health for a long time, and liver
cancer is one type of malignant tumors with high mortality
[1,2]. As the main subtype of liver cancer, hepatocellular car-
cinoma accounts for 75-85% approximately, much more
than other types [1]. Furthermore, the morbidity of hepato-
cellular carcinoma trends to increase in the future [3].
Although tremendous advances have been completed in the
therapy for hepatocellular carcinoma, there is no significant
decline in the death rate of hepatocellular carcinoma patients
because of the frequently occurred tumor metastasis [4]. The
increased detection rate of hepatocellular carcinoma has
improved patients’ survival [5]. Nevertheless, it remains dif-

ficult to treat hepatocellular carcinoma diagnosed at
advanced stages, and the survival rate for these patients
remains low. Thus, it is imperative to explore the molecular
mechanisms underlying hepatocellular carcinoma progres-
sion to find novel strategies for treatment.

MicroRNAs (miRNAs), containing less than 22 nucleo-
tides, are the main type of noncoding RNAs (ncRNAs) and
can modulate the progression of various cancers. Increasing
studies have reported that numerous functional miRNAs
are dysregulated in tumor tissues and cell lines and exert cru-
cial effects in the initiation and progression of various
tumors. For example, low expression of miR-329 and miR-
362-3p exerts an oncogenic effect in human breast cancer
[6]. Given that downregulation of Y-box binding protein 1
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(YBX1) played an inhibitive role in malignant pleural meso-
thelioma (MPM), miR-137 can suppress MPM progression
by targeting YBX1 [7]. The vital roles played by miRNAs in
hepatocellular carcinoma progression were also reported by
many studies. miR-206 can bind to the 3'-UTR of the cMET
gene to downregulate its expression and further exert antitu-
mor functions in hepatocellular carcinoma [8]. miR-302b is
dramatically downregulated in hepatocellular carcinoma tis-
sues, and overexpression of miR-302b can promote the pro-
liferation and invasion of hepatocellular carcinoma cells [9].

Among all these miRNAs, miR-100 is a well-studied one.
miR-100 has been found to exert an antitumor function in
some cancers, including esophageal squamous cancer [10],
colorectal cancer [11], breast cancer [12], and nasopharyn-
geal carcinoma [13]. Besides, the antitumor role of miR-100
was also observed in hepatocellular carcinoma [14-16].
However, the underlying mechanisms of miR-100 in hepato-
cellular carcinoma progression have not been reported. Thus,
we aim to explore the expression and function of miR-100 in
hepatocellular carcinoma and analyze the underlying mecha-
nism in this present study.

2. Materials and Methods

2.1. Clinical Samples. In our present study, a total of 42 paired
specimens, including cancerous tissues and the matched nor-
mal tissues from the same hepatocellular carcinoma patients,
were collected. The diagnosis of hepatocellular carcinoma
was confirmed by postoperative pathology. Before the collec-
tion of these specimens, no participant has received radio-
therapy or chemotherapy. Written consents have been
provided by all patients, and the Ethics Committee of Central
Hospital of Enshi Autonomous Prefecture approved this
study.

2.2. Cell Culture and Mice. The HEK293 cells and hepatocel-
lular carcinoma cell line LM3 were purchased from the
Shanghai Cell Bank. Dulbecco’s Modified Essential Medium
(DMEM), supplemented with 10% foetal bovine serum
(FBS) and 100 ug/ml penicillin/streptomycin, was used to
incubate these cells. A special incubator with a temperature
of 37°C and 5% CO, was utilized to incubate target cells.
BALB/C nude mice (28-35 days old) were provided by the
Animal Core Facility (Shanghai, China) and housed at 25°C
under pathogen-free conditions.

2.3. Plasmid Construction and Transfection. The miR-100
precursor (mimic) was provided and transferred into
pcDNA6.2-GW/EmGFP-miR vector by Genepharm com-
pany (Hangzhou, Zhejiang, China). A miRNA with the
sequence of “5'-AGGTACGAAACGCTAAGAAT-3"" was
used as the control [10]. The guidelines of Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) were used to perform
transfection. LM3 cell line was transfected with pcDNA6.2/-
miR-100 to construct overexpressing miR-100 cell line. Sim-
ilarly, the full-length CXCR7 sequence was subcloned into
pBabe-CXCR?7 retroviruses vectors, provided by Genepharm
company (Hangzhou, Zhejiang, China), to construct overex-
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pressing CXCR7 LM3 cell line. All transfected cells were
selected with 2.0 pg/ml puromycin for 7 days.

2.4. qRT-PCR. Total RNA was extracted from tissues of hepa-
tocellular carcinoma patients and the control healthy persons
and LM cells using TRIzol reagent (Invitrogen, USA), based
on its instruction. Reversing 1 pug total RNA to cDNA was
done using the NCode™ VILO™ miRNA c¢DNA synthesis
kit (Invitrogen). qRT-PCR was performed following its man-
ufacturer’s protocol using SYBR II Premix Taq (Takara,
Japan). U6 mRNA was applied as the endogenous reference.
The PCR primers were purchased from Sangon Company
(Shanghai, China).

Several computational prediction databases (PicTar, Tar-
getScan, and miRanda) were used to screen the downstream
targets of miR-100. CXCR7 which contains a putative target
sequence of miR-100 in 3'-UTR was identified. To investi-
gate the expressed association between miR-100 and CXCR?7,
the expression levels of CXCR7 were also analyzed with
primers as follows: forward primer: 5'-GGCTATGACAC
GCACTGCTACA-3' and reverse primer: 5'-TGGTTGTGC
TGCACGAGACT-3". The sequences of other specific
primers were as follows: Ki-67 forward primer: 5 -AAT
TCAGACTCCATGTGCCTGAG-3" and reverse primer: 5'
-CTTGAC ACACACATTGTCCTCAGC-3'; proliferating
cell nuclear antigen (PCNA) forward primer: 5 -CACCTT
AGCACTAGTATT CGAAGCAC-3' and reverse primer:
5'-CACCCGACGGCATCT TTATTAC-3". B-Actin was
applied as an endogenous reference with the used primers:
B-actin  forward 5 '_AGAAAATCTGGCACCACACC-3'
and B-actin reverse: 5 -TAGCACAGCCTGGATAGCAA-
3'. Finally, the expression levels of target genes were calcu-
lated by the 2"4““" method.

2.5. CCK-8 Assay. The CCK-8 assay was performed to evalu-
ate the promotive ability of LM3 cells with or without trans-
fection. Briefly, LM3 cells were placed into a 96-well plate
with a density of 2000 cells/well and cultured with DMEM,
added with 10% FBS. The OD value was measured to evaluate
proliferation using Cell Counting Kit-8 (CCK-8), while a
microplate reader (PerkinElmer, USA) was used to measure
the OD value of LM3 cells at 450 nm.

2.6. Invasion and Migration Assays. The invasion of LM3
hepatocellular carcinoma cells transfected with miR-NC or
miR-100 mimics was examined by transwell assays with 8
um pore chambers (Corning, NY, USA), precoated with
Matrigel (BD, USA) in the upper chamber. First, 1 x 10° tar-
get cells were transferred into an upper chamber and incu-
bated with a serum-free medium. The lower chamber was
added with 20% FBS supplemented medium to play the role
of chemoattractant. After that, noninvading cells were
removed with a cotton swab, while invasive LM3 cells were
stained with hematoxylin-eosin. Finally, invasive LM3 cells
were counted by a light microscope.

Wound healing assays were carried out to assess the
migrative ability of transfected LM3 cells. Target cells were
seeded into 6-well plates and cultured up to 80-90%
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confluence. After that, a 20ul pipette tip was used to
scratch a straight line on the bottom. After culturing for
24 hours in an incubator at 37°C, target cells were
observed using an optical microscope to measure the
migration distance.

2.7. Flow Cytometry. The target cells (2 x 10°) were collected
and fixed in 70% ethanol for 12 hours. After that, these cells
were washed three times with PBS and the supernatant was
discarded. Then, we added 100yl RNase ribonuclease I
(100 ug/ml) into the centrifuge tubes for 30 min at 37°C.
Subsequently, propidium iodide (PI) was added and cul-
tured at 20°C for 10 min. The samples were transferred into
Falcon tubes and analyzed by FACScan, and the CellQuest
software (BD Biosciences) was used to calculate the percent-
ages of cells occupying the G0/G1, S, and G2/M phases.

2.8. Luciferase Reporter Assay. The mutant-type and wild-
type vectors of pMIR-CXCR7-3'-UTR were purchased from
GenePharma (Hangzhou, China). LM3 hepatocellular carci-
noma cells were cotransfected with mimic-miR-100 or
mimic-NC and CXCR7 mutant-type or wild-type vector.
After 48 hours of incubation at 37°C, luciferase activity of
these cells was measured by a Dual-Luciferase Assay Kit
(Promega, Madison, Wisconsin) based on its manufacturer’s
protocol.

2.9. Western Blot. Total proteins from overexpressing miR-
100 or the control LM3 cells were extracted using radioim-
munoprecipitation assay lysis buffer (KeyGen Biotech, Nan-
jing, China) based on the manufacturer’s instructions. A
bicinchoninic acid protein assay kit (KeyGen Biotech, Nan-
jing, China) was used to determine protein concentrations.
Subsequently, electrophoresis was carried out to separate
proteins, and then, the proteins were transferred onto polyvi-
nylidene fluoride (PVDF) membranes (Millipore, Billerica,
MA, USA) at 300mA for 1.2h. Membranes were then
blocked using 5% skim milk for 1.5h at 20°C. They were
incubated into primary antibodies overnight at 4°C. Primary
antibodies included CXCR7 (1:1000, Cell Signaling Tech-
nology, Danvers, USA), Ki-67 (1:1000, Abcam Inc., Cam-
bridge, MA, USA), PCNA (1:1000, Abcam Inc,
Cambridge, MA, USA), VEGF (1:1000, Abcam Inc., Cam-
bridge, MA, USA), MMP2 (1:1000, Abcam Inc., Cambridge,
MA, USA), and GAPDH (1:1000, Santa Cruz). Thereby, the
membranes were incubated with anti-mouse secondary
antibodies for 1 hour at 20°C. Signals were examined using
a chemiluminescence detection kit (Thermo Fisher, USA)
after these membranes were washed by TBS-T (10min/-
time) three times.

2.10. Subcutaneous Metastasis Model in Nude Mice. Ran-
domly, 12 mice were separated into two groups. miR-NC-
or miR-100-transfected LM3 cells were seeded into the
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F1Gurk 2: Upregulation of miR-100 suppressed hepatocellular carcinoma cell proliferation. (a) Relative expression levels of miR-100 in LM3
cells transfected with miR-NC or miR-100 mimics. (b) CCK-8 results showed that miR-100 overexpression inhibited the proliferation of
hepatocellular carcinoma cells. (c-g) Western blot and qRT-PCR assays found that miR-100 overexpression reduced the protein and
mRNA levels of Ki-67 and proliferating cell nuclear antigen (PCNA). *p < 0.05.

subcutaneous area of the necks of the nude mice. The tumors
were dissected from the mice, and the tumor volumes were
measured from 12 days to 27 days at 3-day intervals. Tumor
volume was calculated by the formula (height x width x
length)/2. The Institutional Committee for Animal Research
approved the animal experiments.

2.11. Statistical Analysis. Data analysis was performed using
SPSS 19.0 software (IBM, Chicago, IL, USA), and the results
were expressed as means + standard deviation. Significant
differences between the two groups were analyzed by Stu-
dent’s t-test. p<0.05 was determined as a statistical
significance.

3. Results

3.1. miR-100 Was Downregulated in Hepatocellular
Carcinoma Tissues and Negatively Associated with CXCR7.
The expression levels of miR-100 and CXCR7 were detected
in 42 paired hepatocellular carcinoma and the matched nor-
mal tissues using qRT-PCR. The results showed that the
expression levels of miR-100 in hepatocellular carcinoma tis-
sues were significantly lower than those in the control group,
whereas CXCR7 expression was higher in cancerous tissues
(Figures 1(a) and 1(b)). Further, Pearson analysis found that
there was a negative correlation between miR-100 and
CXCRY expression (Figure 1(c)).

3.2. miR-100 Suppressed Hepatocellular Carcinoma Cell
Proliferation, Invasion, and Migration. LM3 cells were trans-
fected with miR-100 mimics to construct miR-100-
overexpressing cell lines, while the control group was trans-
fected with empty plasmid. Subsequently, qRT-PCR was per-
formed and a higher expression of miR-100 was observed in
the miR-100 mimic group (Figure 2(a)). Then, CCK-8 assays
were performed and the results (Figure 2(b)) showed that
miR-100 upregulation inhibited the proliferation of LM3
hepatocellular carcinoma cells. The proliferation-inhibitory
effect of miR-100 was further confirmed by cell proliferation
markers, Ki-67 and PCNA. The results of western blot and
qRT-PCR showed that miR-100 overexpression reduced the
protein (Figures 2(b)-2(d)) and mRNA (Figures 2(e) and
2(f)) levels of Ki-67 and PCNA.

Besides, the effects of miR-100 on the migration and
invasion of LM3 cells were also examined by wound healing
and transwell assays and the results showed miR-100 upreg-
ulation inhibited the migration (Figures 3(a) and 3(b)) and
invasion (Figures 3(c) and 3(d)) of LM3 hepatocellular carci-
noma cells. Furthermore, nude mice were implanted subcu-
taneously with transfected LM3 cells to investigate whether
miR-100 suppresses LM3 cell growth in vivo. The results
demonstrated that miR-100 overexpression suppresses the
tumorigenesis of hepatocellular carcinoma in vivo.

3.3. miR-100 Targets CXCR7. PicTar, TargetScan, and
miRanda databases were used to investigate the downstream
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target of miR-100. Among these predicted proteins, we
observed that there were binding sites between miR-100
and CXCR? (Figure 4(a)). After that, we performed a lucifer-
ase assay to confirm the direct binding sequences between

miR-100 and CXCR7 3'-UTR region and the results showed
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that luciferase activity was significantly decreased in 3'-UTR
wild type of CXCR?7 (Figures 4(b) and 4(c)). After transfect-
ing with miR-100 mimics in LM3 cells, relative CXCR7
mRNA and protein levels were examined, and the results
suggested that CXCR7 was markedly reduced in mRNA
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and protein levels after upregulating miR-100 expression
(Figures 4(d)-4(f)). All of these results suggested that
CXCR?7 was a direct target of miR-100.

3.4, miR-100 Suppressed Hepatocellular ~ Carcinoma
Progression via Modulating CXCR7. To confirm whether
miR-100 exerted antitumor functions in hepatocellular carci-
noma by targeting CXCR?7, cotransfection of miR-100
mimics and CXCR7-overexpressing vector was performed
in LM3 cells. After transfection of the CXCR7-
overexpressing vector, the protein levels of CXCR7 were
markedly increased (Figures 5(a) and 5(b)). Furthermore,
CCK-8 assay results showed that CXCR?7 overexpressing par-
tially reversed the suppressive effects of miR-100 on LM3 cell
proliferation (Figure 5(c)). Next, the cell cycle was analyzed
to determine whether miR-100 inhibited cell proliferation
by altering the cell cycle. The results demonstrated that
upregulation of miR-100 altered the cell cycle by arresting
the GO/GI1 to S phase transition, while CXCR7 overexpress-
ing partially reversed this alteration (Figures 5(d) and 5(e)).
Besides, a transwell assay was performed to analyze the role

of miR-100/CXCR?7 in hepatocellular carcinoma cell inva-
sion. The results showed that increasing CXCR7 expression
could reverse the suppressive effects of miR-100 on LM3 cell
invasion. The expression levels of two invasive markers,
VEGF and MMP2, were examined by western blot assay,
and the results showed that miR-100 upregulation reduced
the protein levels of VEGF and MMP2 (Figures 5(f) and
5(g)), whereas reverse effects were observed after overex-
pressing CXCR7 (Figures 5(h) and 5(i)). Taken together,
these findings suggested that miR-100 suppressed hepatocel-
lular carcinoma cell proliferation and invasion by targeting
CXCR?.

4. Discussion

In the present study, we found miR-100 was downregulated
in hepatocellular carcinoma tissues and exerted antitumor
functions on hepatocellular carcinoma progression via regu-
lating CXCR?7. Over the past decades, miRNA has attracted
the growing attention of researchers as the posttranscrip-
tional regulators and numerous studies have verified that
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miRNA plays a vital role in disease development, including
cancer [17, 18]. For example, miR-342-3p inhibits the initia-
tion and progression of hepatocellular carcinoma by regulat-
ing MTC1 [19]. miR-199a-3p inhibits the oncogenesis of
hepatocellular carcinoma and hepatic apoptosis via targeting
programmed cell death 4 [20]. As a newly identified miRNA,
miR-100 also regulated tumor initiation and progression. For
example, Peng and colleagues found that miR-100 sup-
pressed the proliferation and induced apoptosis of gastric
cancer cells by targeting BMPR2 [21]. However, there are
no reports that revealed the specific role and mechanism
between miR-100 expression and the biological progression
of hepatocellular carcinoma up to date. The role of miR-
100 in regulating hepatocellular carcinoma and the potential
molecular mechanism might provide a novel direction in the
study of hepatocellular carcinoma progression.

CXCR?7, also termed as named receptor dog cDNA 1
(RDC1), was the seventh reported of chemokine receptor
family CXC class [22, 23]. Chemokine receptors are respon-
sible for the running status of various singling pathways in
cell biology [24], and a growing amount of studies has sug-
gested that chemokines and their receptors exert important
functions in the growth, angiogenesis, lymphatic metastasis,
and osseous metastasis of tumors. For example, expression

levels of CXCR3, CXCR4, and CXCR5 displayed a marked
increase in gastric cancer and were significantly correlated
to the prognosis of patients [25]. CXCR?7 can induce the acti-
vation of the MAPK signaling pathway and then lead to resis-
tance to second-generation antiandrogen therapy in prostate
cancer [26]. In hepatocellular carcinoma, CXCR7 can also
promote tumor progression by activating MAPK signaling
[27]. Moreover, recent studies and bioinformatic databases
identified that CXCR7 was an important downstream target
of miR-100. For example, miR-100 suppressed the prolifera-
tion of gastric cancer cells by binding to the 3'-untranslated
region of CXCR7 [28]. Besides, the inhibitive role of the
miR-100/CXCR?7 axis was also observed in esophageal squa-
mous cancer and ductal carcinoma [10, 29].

Then, we detected the expression levels of miR-100 and
CXCR?7 in 42 paired hepatocellular carcinoma and the
matched normal tissues using QRT-PCR. The results revealed
that miR-100 had a low level in hepatocellular carcinoma tis-
sues and was negatively associated with CXCR7 expression.
To further explore the roles of miR-100/CXCR7, we con-
structed miR-100-overexpressing cell lines of hepatocellular
carcinoma and performed a series of functional experiments.
The results showed overexpressed miR-100 weakened the
proliferative and invasive abilities of hepatocellular
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carcinoma cells. Mechanistically, miR-100 exerted anticancer
effects by targeting CXCR7. We found that miR-100 sup-
pressed LM3 cell proliferation by altering the cell cycle,
which could be reversed by simultaneous upregulation of
CXCR?7. Besides, miR-100 overexpression reduced protein
levels of VEGF and MMP?2, whereas the reverse effects were
observed in CXCR7 upregulation.

Although our results well revealed the antitumor role of
the miR-100/CXCR?7 axis in hepatocellular carcinoma, there
were several issues that need to be improved in our future
study. First, more hepatocellular carcinoma tissues and con-
trol tissue samples should be used to confirm the miR-100
expression levels in hepatocellular carcinoma. Second, miR-
100 silencing in hepatocellular carcinoma cells should be per-
formed and subsequent changes in biological behaviors of
hepatocellular carcinoma cells should be examined. Third,
the roles of the miR-100/CXCR?7 axis in hepatocellular carci-
noma should be reconfirmed in more cell lines.

5. Conclusions

This study suggested that miR-100 can function as a tumor
suppressor by inhibiting the proliferation, migration, and
invasion of LM3 hepatocellular carcinoma cells. miR-100
suppressed hepatocellular carcinoma progression by target-
ing CXCR?7. Therefore, the miR-100/CXCR7 axis might
become an attractive therapeutic target for hepatocellular
carcinoma treatment.
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