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Yuan Li1*, Yong Fu2*, Yu Gao1, Haiying Li1, Lei Ma1, Chunmen Shu1, Na Li1, Chong Ma3

Departments of 1Dermatology, 2Burns and Plastic Surgery, 3Colorectal and General Surgery, Binzhou Medical 
University Hospital, Binzhou, Shandong, China. *Co-first authors.

Received May 18, 2018; Accepted June 29, 2018; Epub September 1, 2018; Published September 15, 2018

Abstract: Melanoma, a malignant tumor of melanocytes, is considered to be the most aggressive of skin cancers 
and its incidence keeps increasing worldwide. miR-134 and CTHRC1 have been demonstrated to be involved in the 
occurrence and development of various tumors. However, their roles are still elusive in the progression of mela-
noma. qRT-PCR and western blot (WB) were used to examine the expressions of miR-134 and CTHRC1 in clinical 
specimens of melanoma patients and melanoma cell lines. Dual-luciferase reporter assay was applied to verify the 
target interaction between miR-134 and CTHRC1. The mRNA and protein expressions of CTHRC1 were measured 
by qRT-PCR and WB after treatment by miR-134 inhibitor and mimic. Subsequently, CCK8, colony formation assay, 
and flow cytometry were utilized to assess the influences of miR-134 and CTHRC1 on cell growth of melanoma. Cell 
migration and invasion experiments were performed to evaluate the effects of miR-134 and CTHRC1 on metastasis 
of melanoma. It was shown that CTHRC1 was up-regulated and miR-134 was down-regulated in melanoma patients 
and cell lines. CTHRC1 was demonstrated to be a direct target of miR-134. Ultimately, we also found that up-regu-
lated miR-134 expression and down-regulated CTHRC1 expression could suppress cell proliferation and cell colony 
formation, promote apoptosis, delay the cell cycle, and hinder cell migration and invasion. Our findings suggest that 
miR-134 could inhibit the growth and metastasis of melanoma by negatively regulating CTHRC1.
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Introduction

Melanoma is the most lethal form of skin can-
cer and is the second leading cancer in adoles-
cents and young adults aged 15-29 years [1]. 
Historically, melanoma was a rare cancer, but 
in the last 50 years, the annual incidence has 
increased as rapidly as 4~6% in many regions 
of fair-skinned populations, such as New 
Zealand, Northern Europe, North America and 
Australia, which is faster than any other cancer 
[2]. Currently, surgery remains the main and 
definitive treatment for early-stage melanoma 
to significantly enhance the proportion and 
duration of objective responses and to provide 
extended prolongation of patient survival [3]. 
However, melanoma, as a highly aggressive 
malignancy, easily tends to metastasize beyond 
its primary site, thereby making it difficult to 
treat the advanced stages of melanoma [4, 5]. 

Although there are 2 FDA-approved chemother-
apy drugs (i.e., fotemustine and dacarbazine) 
which were used in the past for the treatment of 
metastatic melanoma, they are still not satis-
factory curative approaches to improve the sur-
vival rate and ameliorate life quality of patients 
[6]. Therefore, seeking new high sensitivity and 
specificity biomarkers that run through the 
steps of initiation, promotion, and progression 
of melanoma is an urgent need for establish-
ment of early screening or identification strate-
gies and in-depth investigating the molecular 
basis, pathogenesis, and biological features of 
melanoma occurrence and development are 
also of utmost importance for better selection 
of new effective agents for targeted treatment. 
Accumulating evidence has demonstrated that 
epigenetic events, including methylation of the 
promoter regions, histone modification, chro-
matin remodeling, the positioning of nucle-
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osomes, and non-coding RNAs (ncRNAs) aber-
rant changes, were closely associated with the 
initiation and progression of melanoma [7, 8]. 
Hence, in this study, we primarily focused on 
the genesis mechanism of melanoma.

microRNAs (miRNAs) are characterized as a 
group of short (generally 18-22 nucleotides in 
length), endogenous, single stranded, and non-
protein-coding RNA molecules that are involved 
in the post-transcriptional regulation of gene 
expression and exert significant roles in various 
human physiological and pathological condi-
tions [9]. By base-pairing with imperfect com-
plementary sites in the 3’-untranslated region 
(3’-UTR) of the message RNA (mRNA), miRNAs 
modulate target genes by translational inhibi-
tion and mRNA destabilization [10]. Given the 
tremendous impact of miRNA-guided gene reg-
ulation on almost all aspects of cellular pro-
cesses, such as cell development, differentia-
tion, proliferation, apoptosis, cell fate determi-
nation, and signal transduction, it is not surpris-
ing that abnormal miRNA expression is inti-
mately related to the molecular mechanisms  
of many human tumors, including bladder can-
cer, lung cancer, hepatocellular carcinoma, 
gastric cancer, and melanoma [11]. Initial data 
on miRNA expression in malignant melanoma 
samples were included in an article published 
by Lu et al who showed the miRNA expression 
profiles to reflect the developmental lineage 
and differentiation state of melanoma [12]. 
Subsequently, Zhang et al found that miR-610 
functioned as a tumor suppressor in inhibiting 
tumor growth of melanoma by targeting lipopro-
tein receptor-related protein 6 (LRP6), which 
might represent a novel potential therapeutic 
target and prognostic marker for melanoma 
[13]. Cirilo et al verified that miR-195 acted as 
an anti-proliferative miRNA in human melano-
ma cells by negatively regulating Prohibitin 1 
[14]. Thus, these publications supported that 
miRNAs play a crucial role in melanoma cancer 
development. 

Recent research has manifested that miR-134 
is essential for human carcinoma and partici-
pates in tumor cell proliferation, apoptosis, 
metastasis, drug resistance, as well as cancer 
diagnosis, treatment, and prognosis [15]. For 
example, Su et al demonstrated that miR-134 
could target Kirsten rat sarcoma viral oncogene 
homolog (KRAS) to suppress breast cancer cell 
proliferation, migration, and invasion [16]; Qin 

et al found that miR-134 could restrain non-
small cell lung cancer (NSCLC) growth by target-
ing the epidermal growth factor receptor (EGFR) 
[17]. However, the detailed function of miR-134 
in melanoma is not elucidated. In our previous 
study, we predicted the potential targets of 
miR-134 by TargetScan and miRDB online soft-
ware. We discovered that collagen triple helix 
repeat containing-1 (CTHRC1) might be a target 
gene of miR-134. Nevertheless, CTHRC1, main-
ly expressed in adventitial fibroblasts and neo-
intimal smooth muscle cells of balloon-injured 
vessels, has been confirmed to enhance the 
migratory and invasive ability of various tumor 
cells [18]. For instance, Wang et al revealed 
that CTHRC1 in a hepatocellular carcinoma cell 
line activated cell migration and invasiveness 
in vitro, and promoted tumor metastasis in a 
lung metastasis mouse model [19]. Therefore, 
the functional roles of miR-134 and CTHRC1 
were investigated in melanoma growth and 
metastasis in the present study. 

Materials and methods

Patients and tissue samples

The study was performed following the guide-
lines set forth in the Declaration of Helsinki. All 
patients with histologically confirmed melano-
ma gave their informed consent, and experi-
ments were approved by the Clinical Manage- 
ment Committee of Binzhou Medical University 
Hospital. Tissue samples were obtained from 
melanoma patients (7 males, 11 females; age 
range, 47-67 years) that underwent surgical 
resection at the Department of Oncology of 
Binzhou Medical University Hospital between 
January 2016 and December 2017. In addition, 
18 matched adjacent non-tumorous normal  
tissues 5 cm away from the cancer lesion were 
also collected from these patients. None of the 
patients received any pre-operative chemo-
therapy or radiotherapy. All tissue samples 
were immediately frozen in liquid nitrogen and 
stored at -80°C for further examination by 
quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) assay and Western 
blot (WB) analysis for detection of CTHRC1 and 
miR-134.

Cancer cell lines and culture

The melanoma cell lines (BT549, MB-231, 
MB-486, MCF7 and SK-BR-3) and 293T cell 
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line used in the present study were supplied by 
American Type Culture Collection (ATCC). All 
cells were maintained in a medium containing 
Dulbecco’s modified Eagle’s medium (DMEM, 
USA), 10% fetal bovine serum (FBS; Gibco, 
USA), and 80 U/mL penicillin and 80 µg/mL 
streptomycin under an incubator at 37°C, with 
90% humidity and 5% CO2. 

The medium was replaced every 2-3 days, and 
the melanoma cell lines were digested with 
0.25% trypsin/EDTA solution (Invitrogen, USA) 
and passaged. The third passage was selected 
for the examination of CTHRC1 and miR-134 
expression using qRT-PCR and WB. However, 
the 293T cells were mainly applied to the dual-
luciferase reporter assay.

RNA extraction and qRT-PCR

Total RNA containing miRNA was isolated from 
clinical specimens and cultured cells using 
TRIzol Reagent (Tiangen, China) following the 
manufacturer’s protocols. The concentration 
and purity of RNA was determined spectropho-
tometrically. The target gene (i.e., CTHRC1) and 
miRNA (i.e., miR-134) were reverse transcribed 
to complementary DNA (cDNA) with M-MLV 
reverse transcriptase Kit (Promega, USA) and 
the miRcute miRNA First-Strand cDNA Syn- 
thesis Kit (TIANGEN, China) as recommended 
by the manufacturer, respectively, using 200 ng 
of RNA from each sample. Then, real-time PCR 
was carried out using SYBR Green I Fluorescent 
Assay kit (TAKARA, Japan) and quantified in an 
ABI PRISM® 7500 Sequence Detection System 
(Applied Biosystems, USA). The temperature 
protocol for real-time PCR was as follows: pre-
denaturation at 95°C for 2 min, then 40 cycles: 
95°C, 15 s; 60°C for 32 s, with data collection 
after each cycle, followed by a melting curve. 
The sequences of primers used for this study 
were including: CTHRC1, forward: 5’-ATAATGG- 
AATGTGCTTACAAGG-3’ and reverse: 5’-TTCCC- 
AAGATCTATGCCATAAT-3’; GAPDH (as an internal 
control for GTHRC1), forward: 5’-GAGAAGGCT- 
GGGGCTCATTT-3’ and reverse: 5’-AGTGATGGC- 
ATGGACTGTGG-3’ (reverse); U6 (as a loading 
control for miR-134), forward, 5’-GCGCGTCGT- 
GAAGCGTTC-3’; universal reverse primer, 5’- 
GTGCAGGGTCCGAGGT-3’. Normalized to the 
corresponding endogenous control, the relative 
quantification values of CTHRC1 and miR-134 
were computed by the 2-ΔΔCt method. 

Preparation of cell extracts and analysis by WB

Total protein was extracted from clinical speci-
mens and cell lines samples using a radioim-
munoprecipitation (RIPA) buffer (Beyotime, 
China) and collected following centrifugation  
at 13000 rmp at 4°C for 20 min. The protein 
concentration was measured using a BCA kit 
(Thermo Fisher Scientific, USA) in accordance 
with the manufacturer’s instructions. A total of 
2 µg protein/per lane was separated by 10% 
sodium dodecyl sulfate-polyacrylamide gels  
for electrophoresis (SDS-PAGE) followed by 
transfer onto a polyvinylidene difluoride (PVDF) 
membrane (Thermo Fisher Scientific, USA). The 
membranes were blocked with 5% nonfat dry 
milk suspended in Tris-buffered saline contain-
ing 0.1% Tween-20 (TBST) for 1 h at room  
temperature and then incubated with primary 
antibodies against CTHRC1 (1:1000 dilution; 
Abcam, USA) and GAPDH (as an endogenous 
control, 1:500 dilution; Abcam, USA) overnight 
at 4°C. extensive washing with TBST, the mem-
branes were further incubated with horserad-
ish peroxidase (HRP)-conjugated anti-immuno-
globulin G (1:5000 dilution; Zhongshan Gold 
Bridge Biological Technology Co., China) for 2 h 
at room temperature. Finally, the bands were 
visualized using an enhanced chemilumines-
cence kit (Beyotime, China) and the images 
were captured by an ChemiDoc™ XRS imaging 
system (Bio-Rad Laboratories, USA). The rela-
tive protein expression levels were analyzed by 
Quantity One software version 4.62 (Bio-Rad 
Laboratories, USA).

Dual-luciferase reporter assay

The human CTHRC1 3’-UTR oligonucleotides 
containing the wild-type (WT) or mutant (Mut) 
miR-134 binding sites were designed according 
to the target interaction prediction between 
CTHRC1 and miR-134 and then synthesized  
by Ribobio Co. (Guangzhou, China). The synthe-
sized fragments were inserted into the down-
stream of the firefly luciferase reporter genes  
in the psiCHECK-2 plasmid (Promega, USA) be- 
tween the Xho I and Not I sites to generate the 
recombinant vectors WT-CTHRC1 and Mutant-
CTHRC1 and the insertions were verified by 
DNA sequencing. For dual-luciferase reporter 
assay, 293T cells were seeded in 96-well cul-
ture plates and cultured for 24 h and transfect-
ed with the WT or Mut CTHRC1 3’-UTR con-
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struct along with miR-134 mimic, miR-134 
inhibitor, negative control (NC) plasmid, or NC 

later, colonies were fixed with 4% paraformal-
dehyde (Solarbio, China) and stained with 1% 

Figure 1. CTHRC1 and miR-134 expression in tumor tissues of melanoma 
patients. A. qRT-PCR examination showed that CTHRC1 mRNA expression 
was remarkably increased in carcinoma tissues. B. WB showed that CTHRC1 
protein expression was markedly elevated in carcinoma tissues. C. qRT-PCR 
analysis revealed that miR-134 was significantly decreased in carcinoma 
tissues.

inhibitor using Lipofectamine 
2000 (Thermo Fisher Scienti- 
fic, USA) following the manu-
facturer’s recommendation. 
Firefly and renilla luciferase 
activities were determined at 
48 h post-transfection using 
the Dual-Luciferase Reporter 
Assay kit (Promega).

Cell counting Kit-8 (CCK8) test

The CCK8 test was used acc- 
ording to the manufacturer’s 
manual to evaluate the prolif-
eration of MB-231 cells which 
were treated with NC plasmid, 
miR-134 mimic, CTHRC1 over-
expression plasmid and CTH- 
RC1-siRNA purchased from 
Sangon Biotech, Shanghai, 
China. Briefly, the transfected 
MB-231 cells were seeded in 
96-well plates at a density of 
5.0×104 cells/well. At the in- 
dicated time points (0 day, 1 
day, 2 day and 3 day), the cells 
were incubated with 10 μl 
CCK-8 reagent at 37°C for 
another 2 h. Eventually, the 
optical density (OD) was mea-
sured at an absorbance wave-
length of 450 nm on an en- 
zyme immunoassay analyzer 
(Bio-Rad, USA). The experi-
ments were performed in trip- 
licate.

Colony formation assay

MB-231 cells were plated into 
35 mm plates at a density of 
3000 cells. When cells were 
reached 80% confluence, NC 
plasmid, miR-134 mimic, CTH- 
RC1 over-expression plasmid, 
and CTHRC1-siRNA were tra- 
nsfected into cells with Lipo- 
fectamine 2000 following the 
manufacturer’s recommenda-
tion. The culture medium was 
replaced with fresh DMEM 
every 3 days and two weeks 



miR-134 targets CTHRC1 as a tumor suppressor gene

4323 Int J Clin Exp Pathol 2018;11(9):4319-4330

crystal violet (Sigma, USA) for 30 min. The num-
ber of clearly visible colonies (diameter > 50 
µm) in three random microscopic fields were 
counted, and the images were captured under 
a microscope and analyzed using Image J 
software.

Flow cytometry

Approximately 5×105 MB-231 cells per well 
were plated in 6-well plates and cells grown to 
80% confluence were transfected with NC plas-
mid, miR-134 mimic, CTHRC1 over-expression 
plasmid and CTHRC1-siRNA. After 48 h incuba-
tion, the cells with different treatments were 
harvested for cell apoptosis and cell cycle 
measurement by flow cytometry. 

Annexin V FITV/propidium iodide (PI) double 
staining was conducted to determine cell apop-
tosis. The collected cells were washed with PBS 
at 4°C twice and added 250 μl Annexin V bind-
ing buffer followed by thorough mixing. Then, 
the cells were stained with 5 μl of AnnexinV-
FITC and 5 μl of PI per sample for 15 minutes at 
room temperature in the dark. Finally, samples 
were analyzed within 1 h on a FACScan flow 
cytometer. In the apoptosis scatter diagram, 
the left lower quadrant (Annexin V-negative/
PI-negative) was recorded as normal cells; the 
right lower quadrant (Annexin V-positive/PI- 
negative) was considered as early apoptotic 
cells; the right upper quadrant (Annexin V- 
positive/PI-positive) was scored as advanced 
cell apoptosis and necrosis; and the left upper 
quadrant (Annexin V-negative/PI-positive) was 
regarded as dead cells. 

Cell cycle was analyzed by staining with PI. The 
collected cells were similarly washed with cold 
PBS and fixed with 1 ml ice-cold 75% ethanol at 
-20°C overnight. After centrifugation at 3000 
rpm for 5 min, the supernatant was removed 
and cells were resuspended in 0.5 ml PI for  
30 min incubation. The samples were exam-
ined with a fluorescence activated cell sorting 
(FACS) analyzer FACSVerse (BD Biosciences, 
USA) and the DNA content distribution curve 
was obtained by measuring the DNA content of 
each cell in the population. 

Cell invasion and migration measurement

Cell invasion and migration were studied using 
transwell inserts (8-μm pore filter, 24-well cell 
clusters; Millipore, USA). For cell invasion exper-
iment, approximately 2×105 MB-231 cells were 
seeded in the upper chamber with 2 ml serum 
free DMEM culture and transfected with NC 
plasmid, miR-134 mimic, CTHRC1 over-expres-
sion plasmid or CTHRC1-siRNA, whereas fresh 
medium containing 20% FBS was plated in the 
lower chambers as a chemoattractant. After  
24 h of transfection at 37°C with 5% CO2, the 
upper chamber was removed, the medium was 
discarded and the non-invasive cells attached 
to on the apical side of each transwell mem-
branes were carefully scraped off with a sterile 
cotton swab. The invasive cells on the other 
side of the membrane were fixed with 4% para-
formaldehyde at room temperature for 30 min, 
stained with 0.5% crystal violet (dissolved in 
10% acetic acid) for 15 min, rinsed with PBS 

Figure 2. CTHRC1 and miR-134 expression in mel-
anoma cell lines. A. Relative mRNA expression of 
CTHRC1 in five melanoma cell lines, as determined 
using qRT-PCR. B. Relative protein expression of 
CTHRC1 in five melanoma cell lines, as identified by 
WB. C. Relative expression of miR-134 in five mela-
noma cell lines, as measured by qRT-PCR.
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three times and dried at 80°C for 30 min. 
Finally, the number of invasive cells went 
through Matrigel were obtained from five ran-
domly selected fields per membrane under a 
light microscope (×200 magnification; Nikon, 
Japan). However, for cell migration experiment, 
assays were conducted as above except  
that the MB-231 cells in each group was  
adjusted to 1×105 cells/well and cultivated on 
top of uncoated (Matrigel-free) filters, and the 
other procedures were similar to invasion 
experiment. 

Statistical analysis

Statistical testing was conducted with the 
assistance of Statistical Product and Service 
Solutions (SPSS) 17.0 software (IBM SPSS, 
USA). All of the results are depicted as mean ± 
standard deviation (SD) from at least three  
biological repeated experiments. Differences 
between 2 groups were analyzed via the Stu- 
dent’s t-test and differences among > 2 groups 
were analyzed using one-way analysis of vari-

These results indicated that dysregulated ex- 
pressions of CTHCR1 and miR-134 might play 
an important role in progression of melanoma.

CTHCR1 and miR-134 expressions in human 
melanoma cell lines

In order to further confirm the above results, we 
subsequently examined the expressions of 
CTHCR1 and miR-134 under an in vitro level. 
Five human melanoma cell lines were harvest-
ed to measure. As illustrated in Figure 2A, 2B, 
it was found that the mRNA and protein levels 
of CTHRC1 were lowest in MB-231 cells and 
highest in BT549 cells. Nevertheless, the miR-
134 expression presented the highest in MB- 
231 cells and lowest in BT549 cells. Therefore, 
these data suggested that miR-134 might neg-
atively regulate CTHCR1.

CTHCR1 might be the direct target of miR-134

In order to determine the fundamental molecu-
lar mechanisms of CTHCR1 and miR-134 in 
melanoma cells, we performed a literature 

Figure 3. CTHRC1 acts 
as a direct target down-
stream of miR-134. A. 
Schematic diagram of the 
presumed binding site of 
miR-134 and on the 3’-
UTR of CTHRC1 is shown 
on the upper panel, and 
the result of dual-lucifer-
ase assay is shown on the 
lower panel. *P < 0.05. B. 
The mRNA and protein ex-
pression levels of CTHRC1 
were detected by qRT-PCR 
and WB.

ance followed by post hoc 
Tukey analysis. A two-sided P 
value of less than 0.05 was 
considered a significant diff- 
erence. 

Results

The different expression of 
CTHCR1 and miR-134 in car-
cinoma tissues and para-car-
cinoma tissues of melanoma 
patients

To investigate the role of CTH- 
CR1 and miR-134 during  
the development of melano-
ma, we first compared the 
mRNA and protein levels of 
CTHCR1 between carcinoma 
tissues and para-carcinoma 
tissues of melanoma patients. 
As shown in Figure 1A, 1B, 
CTHCR1 mRNA and protein 
expressions in carcinoma tis-
sues were expressed signifi-
cantly higher than that in 
para-carcinoma tissues. How- 
ever, the expression of miR-
134 in carcinoma tissues was 
lower than that in para-carci-
noma tissues (Figure 1C). 
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search for representative target genes of miR-
134 through bioinformatic algorithms. As a 
result, CTHCR1 was shown to a be potential  
target site of miR-134 (Figure 3A). The comple-
mentary sequences between CTHRC1 and  
miR-134 were displayed and according to  
these sequences, we also constructed the 
WT-CTHRC1 3’-UTR and Mut-CTHRC1 3’-UTR 
vector. Furthermore, the data of dual-luciferase 
reporter system exhibited that the luciferase 
activity was notably decreased in WT-CTHRC1 
vector transfected with miR-155-5p mimics 
compared to the other 4 groups, while the lucif-
erase activity was not markedly changed in 
Mutant-CTHRC1 vector transfected with the 5 

CTHRC1-siRNA group (Figure 4A). Additionally, 
colony formation assay also uncovered that 
CTHRC1 over-expression elevated the forma-
tion of colonies (Figure 4B). Meanwhile, in- 
creased miR-134 and decreased CTHRC1 
expressions reduced the formation of colonies 
(Figure 4B). Hence, these results implied that 
miR-134 could inhibit MB-231 cells growth by 
targeting CTHRC1. 

miR-134 promoted MB-231 cell apoptosis 
and induced cell cycle arrest in G1/G0 phase, 
probably by CTHCR1

To confirm the effects of miR-134 on cell apop-
tosis and cell cycle in MB-231 cells, flow cytom-

Figure 4. The influences of miR-134 and CTHRC1 in cell growth of MB-231 
cells. A. Transfection with miR-134 mimics or CTHRC1-siRNA notably re-
duced the cell proliferation of MB-231 cells. *P < 0.05. B. Transfection with 
miR-134 mimics or CTHRC1-siRNA conspicuously reduced colony formation 
of MB-231 cells.

plasmids (Figure 2A). Thus, 
this result implied that CTH- 
CR1 may be the direct target 
of miR-134. To confirm this 
prediction, we checked the in- 
fluence of miR-134 on the ex- 
pression of CTHRC1 by detect-
ing the mRNA and protein  
levels after transfecting miR-
134 inhibitor and mimics. It 
was observed that knockdown 
and overexpression of miR-
134 could apparently promo- 
te and inhibit the expression 
of CTHRC1 in mRNA and pro-
tein levels. Thereby, these res- 
ults demonstrated that miR-
134a could directly regulate 
CTHCR1 by targeting its 3’- 
UTR.

miR-134 suppressed the 
growth of MB-231 cells by 
negatively regulating CTHRC1

In order to further investigate 
the biological function of miR-
134 and its target CTHRC1, 
we assessed the ability of cell 
growth in MB-231 cells treat-
ed with NC plasmid, miR-134 
mimic, CTHRC1 overexpressi- 
on plasmid, or CTHRC1-siRNA. 
The MTT assay revealed that 
upregulation of CTHRC1 rem- 
arkably enhanced the prolifer-
ation of MB-231 cells as com-
pared with NC group, whereas 
there were no significant dif-
ferences in OD450 values be- 
tween miR-134 mimic and 



miR-134 targets CTHRC1 as a tumor suppressor gene

4326 Int J Clin Exp Pathol 2018;11(9):4319-4330

etry was carried out. Our data showed that the 
late apoptosis (Annexin V+/PI+) was remarkably 

unregulated in cells transfected with miR-134 
mimics or CTHCR1-siRNA plasmid in compari-

Figure 5. The effects of miR-134 
and CTHRC1 on apoptosis and cell 
cycle of MB-231 cells. A. Overex-
pression of miR-134 or knockdown 
of CTHRC1 promoted apoptosis of 
MB-231 cells. B. Overexpression of 
miR-134 or knockdown of CTHRC1 
enhanced cell cycle arrest in G1/
G0 phase.
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son with NC and CTHCR1 groups (Figure 5A). 
Furthermore, cell cycle analysis presented that 
the percentage of cells in G1 phase was 
increased from 62.38% to 78.05% and 77.12% 
in cells transfected with miR-134 mimics and 
CTHCR1-siRNA plasmid, respectively, when 
compared with NC group, whereas the percent-
age of cells in G1 phase was reduced from 
62.38% to 60.34% in cells transfected with 
CTHCR1-overexpression plasmid (Figure 5B). 
Together with the above confirmation in this 
study that CTHCR1 may be a direct target of 
miR-134, these findings indicated the involve-
ment of miR-130a in mediating cell apoptosis 
and G1 cell cycle arrest, probably by targeting 
CTHCR1.

miR-134 limited the migratory and invasive 
ability of MB-231 cells by targeting CTHCR1

In order to further elucidate whether miR-134 
may regulate MB-231 cells migration and inva-
sion through CTHCR1, transwell assays were 
carried out in this study. As presented in Figure 
6A, 6B, the number of migratory and invasive 
cells in miR-134 group and CTHCR1-siRNA 
group was dramatically less than those in NC 
group, but the number of migratory and inva-
sive cells in CTHRC1 overexpression group was 
sharply greater than those in NC group. 
Collectively, these results implied that the regu-
latory mechanism of miR-134 in MB-231 cell 
metastasis might be by targeting CTHRC1.

Figure 6. The roles of miR-134 and CTHRC1 in cell migration and invasion of MB-231 cells. A. Up-regulation of miR-
134 or down-regulation of CTHRC1 dramatically suppressed the migratory ability of MB-231 cells. *P < 0.05. B. Up-
regulation of miR-134 or down-regulation of CTHRC1 sharply inhibited the invasive ability of MB-231 cells. *P < 0.05.
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Discussion

Melanoma, one of the most lethal human skin 
malignancies at present, represents a world-
wide public health dilemma [20]. Moreover, it 
has had a relatively steady increase, a high 
metastatic potential, and poor prognosis in the 
past decades [21]. Thus, it is important to find 
novel biomarkers to develop effective thera-
peutic strategies against this malignancy. Pre- 
vious studies showed CTHRC1 was overexpre- 
ssed in many cancers, including melanoma, to 
contribute to tumor formation [18]. Neverth- 
eless, to date, the detailed molecular mecha-
nism remains unclear. Additionally, recent work 
has revealed the existence of miRNAs, which 
have critical functions across various biolo- 
gical processes, such as cell growth, prolifera-
tion, apoptosis, metastasis, cell cycle progres-
sion, and differentiation [9]. Furthermore, evi-
dence has been provided in various studies 
highlighting the strong correlation between 
miR-134 and tumor progression [15]. For exam-
ple, miR-134 promoted p21 expression and 
inhibited cyclin D1, cyclin D2, and CDK4 pro- 
tein expression in SPC-A1 and A549 cells, 
which suggested that miR-134 could suppress 
NSCLC cell proliferation [22]. However, the role 
of CTHRC1 and miR-134 in melanoma are still 
unknown. Therefore, in this study, we firstly 
examined the expressions of CTHRC1 and miR-
134 in vivo and in vitro levels. The results ex- 
hibited that CTHRC1 and miR-134 expressions 
were significantly increased and decreased, 
respectively. Moreover, the highest CTHRC1 
expression and lowest miR-134 expression 
occurred in MB-231 cells which were chosen as 
the following experiment cells. Subsequently, 
based on the inverse expression of CTHRC1 
and miR-134, dual-luciferase assay was used 
to detect the interaction between CTHRC1 and 
miR-134. The data revealed that there may  
be a target relationship between CTHRC1 and 
miR-134. Furthermore, the knockdown and 
overexpression of miR-134 could up-regulate 
and down-regulate CTHRC1 expression, res- 
pectively, in mRNA and protein levels. Hence, 
these data further verified that CTHRC1 was 
the direct target of miR-134. 

Accumulating research has reported that miR-
134 functioned as an intrinsic suppressor in 
various cancers [15]. For instance, upregula-
tion of miR-134 inhibited the EGFR-correlated 
signal pathway in NSCLC and eventually leaded 

to cell proliferation arrest [17]. miR-134 was 
found to notably promote cell apoptosis in glio-
blastoma tumor [23]. Overexpressed miR-134 
could also stop cell metastasis in endometrial 
tumor [24]. The related results of these studies 
were identical with our results which displayed 
that overexpression of miR-134 by transfecting 
with a miR-134 mimics in MB-231 cells could 
remarkably reduce the cell proliferation and the 
colonies formation, enhance the apoptosis 
rate, delay the cell cycle in G1/G0 phase, and 
hinder the cell migration and invasion. In addi-
tion, CTHRC1 has been shown to be involved  
in vascular remodeling, bone formation and 
morphogenesis; moreover, it also acts as a 
prognostic factor in many human aggressive 
tumors, including NSCLC, hepatocellular carci-
noma, and ovarian cancer [18]. In this study,  
we applied the CTHRC1 mimics and CTHRC1-
siRNA to transfect into MB-231 cells and fur-
ther explored the effects of CTHRC1 on the cell 
growth and metastasis. Cell growth is strictly 
regulated by cell proliferation, and apoptosis, 
as well as the cell cycle [25]. Dysregulation of 
cell proliferation, apoptosis, and cell cycle origi-
nating from miRNA changes is often implicated 
in occurrence and development of cancer. 
Furthermore, metastasis, which is a key step in 
cancer progression, is usually the major cause 
of morbidity and mortality in cancer patients 
[26, 27]. Thus, the examination of cell growth 
and metastasis could further evaluate the  
role of CTHRC1. However, it was found that 
knock-down of CTHRC1 expression had similar 
effects to the miR-134 mimics group in MB-231 
cells on cell proliferation, colony formation, 
apoptosis, cell cycle, cell migration, and inva-
sion. Nevertheless, these effects were mostly 
reversed in MB-231 cells with CTHRC1 over-
expression treatment. This suggests the influ-
ence of CTHRC1 in cell growth and metastasis 
may be regulated by miR-134. 

To sum up, in this paper, we showed for the first 
time that CTHRC1 and miR-134 were abun- 
dantly expressed in melanoma patients and 
cell lines. Moreover, the abnormal expression 
of the two markers was inverse. Additionally, it 
was also demonstrated that miR-134 could 
negatively interact with CTHRC1 to regulate  
cell biologic behavior, including cell prolifera-
tion, coloniy formation, apoptosis, cell cycle, 
and cell migration and invasion. Collectively, 
these results provide a new direction in mela-
noma diagnosis and prognosis, as well as ther-
apeutic strategy. 
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