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Figure 4. The effects of miR155 and CTHRC1 on M21 apoptosis and cell cycle determined by flow cytometry. A. The apoptosis of M21 cells transfected with NC,
miR155, CTHRC1 and si-CTHRC1 vectors. B. The cell cycle of M21 cells transfected with NC, miR155, CTHRC1 and si-CTHRC1 vectors.
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Figure 5. The effects of miR155 and CTHRC1 on cell migration and invasion of M21 treated with NC, miR155,
CTHRC1 and si-CTHRC1 vectors. A and C. The migration assay of M21 cells. B and D. The invasion assays of M21
cells. Data shows the representative of the three independent experiments, *P<0.05, **P<0.005.

miR155 or downregulation of CTHRC1 lowered
the OD450 values, inhibited the cells prolifera-
tion and promoted the cells inhibition rate. All
these results suggested that CTHRC1 promot-
ed the cells proliferation. Knockdown of CTH-
RC1 by siRNA could inhibit the cells prolifer-
ation.

To further investigate the effect of miR155 and
CTHRC1 on cell growth and proliferation, the
clonogenic capacity of M21 cell was evaluated
by colony formation assay (Figure 3D and 3E).
Overexpression of CTHRC1 significantly enhan-
ced M21 colony establishment. Downregulation
of CTHRC1 (si-CTHRC1 group) with siRNA or
overexpression of miR155 obviously inhibited
the cells clonogenic capacities. CTHRC1 impr-
oved M21 cell holoclone formation and clono-
genic capacity, which was consistent with that
CTHRC1 could promote the cells proliferation.
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Investigating the effects of CTHRC1 on cell
apoptosis and cell cycle

To determine the effect of miR155 and CTHRC1
on cell death, the apoptosis of M21 cells trans-
fected with NC, miR155, CTHRC1 and si-
CTHRC1 vectors were determined by flow
cytometry (Figure 4A). The shifts in cell popula-
tion with the different treatments clearly indi-
cated that apoptotic rate of the si-CTHRC1-
treated or miR155 group was higher than that
of the CTHRC1 group and the NC group. The
apoptotic rate of the si-CTHRC1-treated group
and miR155 group was 1.9 and 1.6 times high-
er than that in NC group, respectively. CTHRC1
overexpression decreased the apoptotic rate to
84% of NC group. All these results suggested
that downregulating the expression of CTHRC1
or overexpressing miR155 promoted the cells
apoptosis, while overexpression of CTHRC1
prevented the cells from apoptosis.
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cells. The migration capacity
of M21 cells was shown in
Figure 5A and 5C. The inva-
sion capacity of M21 was
showed in Figure 5B and 5D.
The migrated and invaded
cell number in CTHRC1 group
were obviously higher than
that in control group and si-
CTHRC1 group, which sug-
gested that overexpression of
CTHRC1 enhanced the migra-
tion and invasion of cells
(Figure 5). The migrated and
invaded cell number in si-
CTHRC1 and miR155 group
were lower than that in NC
group, which indicated that
downregulation of CTHRC1 or
overexpression of miR155 re-
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Figure 6. Luciferase reporter assay. A. Sequence alignment between miR155
and the 3’-UTR of CTHRC1 mRNA seed-matching region or seed-mutated re-
gion. B. Relative luciferase activity was calculated as follows: (Rluc miRNA/
Luc miRNA)/(Rluc no-target/Luc nontarget). The data are presented as the

average of triplicate values.

We further examined the effect of miR155 and
CTHRCL1 on the cell cycle of M21 cells by flow
cytometry (Figure 4B). The percentage of G1 in
CTHRC1 group was lower than that in NC group
miR155, and si-CTHRC1 group. The percentage
of S and G2 phases in CTHRC1 group were
higher than that in NC group, miR155, and si-
CTHRC1 group. The percentages of G1 in
miR155 and si-CTHRC1 group were higher than
that in NC group. All of the results suggested
that overexpression of CTHRC1 promoted the
cell cycle process, while miR155 or downregu-
lation of CTHRC1 arrested the cell cycle in G1
phase. The result was further verified that
CTHRC1 promoted the cells proliferation, while
miR155 inhibited the cell proliferation.

Discovering effects of CTHRC1 on the cell mi-
gration, invasion and adhesion

The migration and invasion assays were per-

formed to study the effects of miR155 and
CTHRC1 on migration and invasion of M21
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To determine the molecular
mechanism by which CTHRC1
promoted cells growth, cell
migration, cell invasion and
cell survival. We used open-
target prediction programs,
such as picTar, TargetScan and miRanda, to
predict that CTHRC1 was a target gene of miR-
155. To confirm our previous hypothesis, we
compared the sequence of 3-UTR of CTHRC1
with miR155. The 3-UTR of CTHRC1 mRNA
contained a complementary site for the seed
region of miR155 (Figure 6A). CTHRC1 was a
notably attractive candidate because it plays
important roles in the development and pro-
gression of melanoma.

To determine whether CTHRC1 was the direct
target gene for miR155, a dual-luciferase
reporter system was employed, the results
showed in Figure 6B. The luciferase reporter
assay indicated that the luciferase activity of
reporter containing the CTHRC1 gene’s wide-
type 3-UTR decreased by 71% following treat-
ment with miR155 mimics. By contrast, the
inhibitory effect of miR155 mimics was abol-
ished in the mutated construct. Moreover,
miR155 inhibitor treated in CTHRC1 group
induced the increase of luciferase activity

Int J Clin Exp Pathol 2017;10(8):8199-8210
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(increased by 31% compared with the blank).
The luciferase activity between mutCTHRC1-
3'UTR groups had no difference. The results
indicated that miR155 most likely suppresses
gene expression of CTHRC1 through miR155-
binding sequence at the 3’-UTR of CTHRC1.
Therefore, the data indicated that miR155
reduced CTHRC1 expression by inhibiting trans-
lation and/or causing mRNA instability.

Discussion

Melanoma, which is known as a heterogeneous
and invasive malignancy, remains need more
attention to uncover more target genes and
understand its molecular mechanism [3]. In
recent years, more and more reports have
shown that miRNA play important roles in can-
cer tumorigenesis and development via mediat-
ing its target genes [25, 26]. miR21, miR155,
miR211 and so on have been verified to be
associated with the human melanoma [10, 14,
27]. CTHRC1 has been demonstrated to expr-
ess aberrantly and be involved in the cancer
cell migration and invasion [18]. The CTHRC1 is
upregulated in melanoma and further promotes
the invasion of melanoma [22]. The relation-
ship between miR155 and CHTRC1 in melano-
ma has not been studied.

In our research, we aimed to discover the rela-
tionship between miR155 and CTHRC1 in mela-
noma and further understand the functions of
miR155 and CTHRC1 in melanoma. We first
predicted that miR155 probably regulate the
CTHCR1, then we studied the effects of miR155
and CTHRC1 on melanoma cell proliferation,
apoptosis, migration and invasion. The CTHCR1
was upregulated in the human melanoma can-
cer tissues compared with that in correspond-
ing paracancer tissues, which was consistent
with the previous results [18, 21, 22]. CTHRC1
promoted the M21 cell cycle process, cell
migration and cell invasion and cell survival,
which was also demonstrated in previous
results [22]. The miR155 was downregulated in
human melanoma cancer tissues, which was
contradictory with the previous result [11].
MiR155 inhibited the M21 cell migration, cell
invasion and promoted the cell apoptosis,
which was consistent with the previous results
[14]. The luciferase reporter assay showed that
miR155 bound to the 3-UTR of CTHRC1 and
affected the luciferase intensity. We concluded
that CTHRC1 promoted the development of
melanoma, which was mediated by miR155.
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In melanoma, the expression of CTHRC1 was
upregulated by TGF-B [21]. The activin/trans-
forming growth factor-3 (TGF-B) pathway played
an important role in tumorigenesis by its tumor
suppressor or tumor promoting effect [28, 29].
TGF-B signaling facilitated metastasis in adva-
nced malignancy, and CTHRC1 also participat-
ed in the invasion of cancer [29]. Therefore, the
TGF-B and CTHRC1 synergistically affect the
invasion and metastasis of melanoma. Previous
reports also have shown that miR155 is upreg-
ulated by TGF-B in breast cancer and miR155
plays a key role in breast cancer metastasis
and cell migration and invasion induced by
TGF-B [30]. Another report has shown that
TGF-B increases the expression of miR155 in
intestinal T cells [31]. In this paper, we found
that the miR155 decreased the expression of
CTHRC1 via direct binding to the 3-UTR of
CTHRC1 in melanoma. The expression of
miR155 and CTHRC1 in melanoma tissues and
cells are converse, being consistent with the
results that miR155 is downregulated in mela-
noma while CTHRC1 is upregulated in melano-
ma. However, it is contradictory with the previ-
ous results that TGF-B positively regulated the
expression of CTHRC1 or miR155. The relation-
ship between CTHRC1, miR155 and TGF-3 and
their functions in melanoma needs further
investigation.

Conclusion

Melanoma remains one of the refractory can-
cers to be treated. Investigating the molecular
mechanism and discovering more target genes
of melanoma is still urgent. Both CTHRC1 and
miR155 are associated with the melanoma.
Herein, we further investigated the relationship
between CTHRC1 and miR155 in melanoma,
then found that CTHRC1 facilitated the devel-
opment of melanoma and the expression of
CTHRC1 was regulated by miR155.
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