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miR-4262 promotes the proliferation of human cutaneous
malignant melanoma cells through KLF6-mediated
EGFR inactivation and p21 upregulation
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Abstract. Alterations in the levels and functions of microRNAs
(miRs) have been associated with carcinogenesis. In this
study, we investigated the role and underlying mechanism of
miR-4262 in the proliferation of human cutaneous malignant
melanoma (CMM) cells. The expression levels of miR-4262
were significantly upregulated in cancerous tissues compared
with those in matched adjacent normal tissues from 110 CMM
patients. miR-4262 was also regulated in five types of CMM
cell lines, displaying an opposite expression pattern to that of
Kruppel-like 6 (KLF6), a proven tumor suppressor in several
cancers other than CMM. KLF6 overexpression sharply
reduced A375 cell proliferation, suppressed the activation
of epidermal growth factor receptor (EGFR) and increased
p21 expression levels, while knockdown of KLF6 by siRNA
transfection had an opposite effect. Furthermore, KLF6 was
proven to be a direct target gene of miR-4262 by bioinformatic
analysis and KLF6-3'UTR luciferase reporter assay. Finally,
our data on miR-4262 mimic and inhibitor transfection
indicated that miR-4262 could markedly reduce the expres-
sion of KLF6 protein and had a stimulatory effect on A375
cell proliferation. Our findings indicate that KLF6 acts as a
tumor suppressor in CMM cells and miR-4262 promotes the
proliferation of CMM cells through KLF6-mediated EGFR
inactivation and p21 upregulation.

Introduction

Cutaneous malignant melanoma (CMM) is a type of cancer
that develops from melanocytes and includes four subtypes
according to clinical organization criteria: malignant nevoid
lentigo maligna melanoma (LMM), superficial spreading
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melanoma (SSM), acral lentiginous melanoma (ALM), and
nodular melanoma (NM). Environmental factors, such as ultra-
violet irradiation and family heredity, have been regarded as
high-risk factors for the incidence of CMM (1). An increasing
number of studies reveal that mutation or aberrant activation
of certain signaling pathways also contributes significantly
to the incidence and progression of CMM, including the
anti-oncogene p53, the p2l/cyclin Dl/cyclin-dependent
kinase 4 (CDK4) pathway, and the epidermal growth factor
receptor (EGFR)/Akt pathway (2,3).

The transcription factor Kruppel-like 6 (KLF6) is an anti-
tumor member of the KLF zinc finger DNA-binding protein
family that plays an important role in the regulation of cell
proliferation, migration, and apoptosis (4). Inactivation and
downregulation of KLF6 have been regarded as an impor-
tant sign of tissue carcinogenesis (5). In many parenchymal
carcinomas, KLF6 suppresses activation of the EGFR/Akt
pathway or the p21-mediated expression of cyclin D1/CDK4,
and functions as a tumor suppressor (6-8). However, its role
and underlying mechanism in the regulation of malignant
melanoma are not yet fully understood. Several recent studies
demonstrated that the expression level of KLF6 in patients
with malignant melanoma is significantly decreased, and its
level is negatively correlated with the size and metastasis of
the tumor (9-11). Thus, KLF®6 is likely to play a negative regu-
latory role in the development of melanoma.

MicroRNAs (miRNAs) are involved in cancer initiation,
progression, and treatment response. miR-4262 is a newly
identified miRNA and a provisional family member predicted
in human embryonic stem cells and neural precursors (12),
the function of which has not been well studied. Recent
research has shown that miR-4262 expression is aberrantly
expressed in patients with prostate cancer (13). Another study
on adenocarcinoma pathogenesis indicated that miR-4262
expression was dysregulated and had an effect on cisplatin
resistance of adenocarcinoma cells (14). These clues suggest
that miR-4262 may play a role in the regulation of cancer
initiation or progression.

In this study, we found that miR-4262 was markedly
upregulated in various types of human CMM tissues and
cell lines, displaying an opposite expression pattern to
that of KLF6. We then explored the roles of KLF6 and
miR-4262 in the proliferation of CMM cell lines, as well as
their interaction.
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Materials and methods

Ethics statement and sampling. The study enrolled 110 CMM
patients of stages I and II, including 30 LMM (mean age
45+9.2 years), 30 SSM (mean age 47+9.8 years), 30 ALM
(mean age 46+9.5 years) and 20 NM (mean age 45+9.4 years)
cases, with an equal number of males and females. The patients
had no evidence of lymph node metastasis and their tumor
diameters were <2 cm. Moreover, none of the patients had
received preoperative anticancer treatment. CMM tissues and
matched adjacent normal epithelial tissues were obtained from
each subject by minimally invasive surgery. The study was
approved by the Ethics Committee of The Second Affiliated
Hospital of Xi'an Jiao Tong University. The donors and their
guardians were previously informed of the experimental
details and provided written consents.

Cell culture and transfection. Normal human melanocytes
HACAT and foreskin fibroblasts HFFs, as well as human
CMM cell lines A375, Malme-3M, SK-MEL-2, SK-MEL-5,
and M14 were cultured in a 5% CO, atmosphere at 37°C in
Dulbecco's modified Eagle's medium (DMEM) with 10%
fetal bovine serum (FBS), and 100 mg/ml penicillin and
100 U/ml streptomycin (all from Gibco, Rockville, MD, USA).
All cell lines were purchased from the American Type Culture
Collection® (ATCC; Rockefeller, MD, USA).

When the cell density reached approximately 70% conflu-
ency, the pcDNA-KLF6 expression vector, KLF6 siRNA, or the
single-stranded oligo miRNA inhibitors or mimics (designed and
synthesized by Gene Pharma, Shanghai, China) were transfected
into the cells with Lipofectamine® 3000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer's instructions.

3'-UTR luciferase reporter assay. The wild-type 3'-UTR of
human KLF6 mRNA was amplified by PCR, and a truncated
3'-UTR with deletion of the miR-4262 targeting site was ampli-
fied by nested PCR, using primers linked with the X#ol and
Nofl restriction sites at the beginning and end, respectively. All
primers were designed and synthesized by GenScript Co., Ltd.
(Nanjing, China). The PCR products were excised with NotI and
Xhol and inserted into the psiCHECK™-2 vector (Promega,
Madison, WI, USA) at the 3' end of the Renilla gene CDS.
Firefly luciferase activity was used as the internal control. The
WT/truncated 3'-UTR dual-luciferase vectors were transfected
or co-transfected with the miR-4262 mimic into 293T cells
(100% confluence; ATCC) using X-tremeGENE 9 DNA trans-
fection reagent (Roche, Basel, Switzerland). The medium was
changed 6 h later. Cells were incubated for another 48 h with
commercial cell lysis buffer (Merck & Co., Inc., Whitehouse
Station, NJ, USA). The luciferase activity was measured using
a luminometer (Promega) according to the manufacturer's
instructions.

Real-time gPCR. Total RNA of the tissues or cells was
extracted with TRIzol reagent (Takara, Dalian, China)
according to the manufacturer's instructions. After quality
and integrity were checked, ~1,000 ng of total RNA was used
in the first-strand cDNA synthesis reaction. The miR-4262
stem-loop primer and quantitative primers, as well as the
pre-miR-4262 quantitative primers, were designed and
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produced by Invitrogen. Each individual sample was run in
triplicate wells. PCR amplification cycles were performed
using the iQTMS5 Multicolor Real-Time PCR detection
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and
SYBR Premix Ex Taq II kit (Invitrogen). The reactions were
initially denatured at 95°C for 3 min followed by 40 cycles
of 95°C for 10 sec, 55°C for 30 sec, and 72°C for 20 sec. U6
RNA was used to normalize the expression of miR-4262, and
[B-actin was used to normalize the expression of other RNA
transcripts. The 244¢ method was used to evaluate the rela-
tive expression level of the RNA transcripts.

Western blotting. Cells were lysed in lysis buffer (Beyotime
Institute of Biotechnology, Shanghai, China) containing 1 mM
PMSF. The concentration of total protein was determined
using the BCA protein assay (Tiangen Biotech Co., Ltd.,
Beijing, China). Fifty micrograms of protein in each sample
was separated by 12% SDS-PAGE and then transferred
to PVDF membranes (Millipore, Boston, MA, USA) for
immunoblotting analysis. The following primary antibodies
were used: anti-KLF6 (1:300), anti-EGFR (1:400), anti-p21
(1:300), anti-cyclin D1 (1:300), anti-CDK4 (1:200) (Abcam,
Cambridge, MA, USA), and anti-GAPDH (1:800; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), which was used
as the internal reference. After incubation with the appro-
priate HRP-conjugated secondary antibody, the proteins were
detected using a ChemiDoc XRS imaging system and analysis
software Quantity One (Bio-Rad Laboratories, Inc.).

Detection of cell proliferation. The cell proliferation assay
was performed using the CellTiter-Blue H cell viability assay
kit (Promega) and the MTT method (Sigma-Aldrich, St. Louis,
MO, USA) according to the manufacturer's instructions.

Online website. The targeting relationship between miR-4262
and KLF6 was evaluated by the online server TargetScan (http://
www.targetscan.org/cgi-bin/targetscan/vert_70/view_gene.gi?r
s=ENST00000542957.1&taxid=9606&members=&showcnc=
0&shownc=0&showncf&subset=1).

Statistical analysis. Each experiment was carried out for a
minimum of three independent replicates, and each replicate
experiment was performed in triplicate. Data are represented
as mean + SEM. Statistics were calculated using SPSS 19.0
(SPSS Inc., Chicago, IL, USA). Multiple comparisons were
assessed by one-way ANOVA followed by Dunnett's tests.
Differences between groups were considered statistically
significant at P<0.05.

Results

miR-4262 is upregulated in different types of human CMM
tissues and multiple human CMM cell lines. To explore the
potential role of miR-4262 in the progression of human CMM,
the levels of miR-4262 were first examined in cancerous
epithelial tissues and matched adjacent normal epithelium of
the CMM patients, including 30 LMM, 30 SSM, 30 ALM, and
20 NM patients. The results showed that miR-4262 expres-
sion was upregulated in all of the cancerous tissues compared
with that noted in the matched tissues (Fig. 1A-D). Then, the
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Figure 1. miR-4262 is upregulated in human cutaneous malignant melanoma tissues. (A) miR-4262 was upregulated in human LMM tissues compared with
matched adjacent normal tissues. (B) miR-4262 was upregulated in human SSM tissues compared with matched adjacent normal tissues. (C) miR-4262 was
upregulated in human ALM tissues compared with matched adjacent normal tissues. (D) miR-4262 was upregulated in human NM tissues compared with
matched adjacent normal tissues. Cancerous epithelial tissues and matched adjacent normal epithelium were sampled from 110 CMM patients, including
30 LMM, 30 SSM, 30 ALM and 20 NM patients. Total RNA was extracted from the samples and the expression levels of miR-4262 were detected with
real-time qPCR. CMM, cutaneous malignant melanoma; LMM, lentigo maligna melanoma; SSM, superficial spreading melanoma; ALM, acral lentiginous
melanoma; NM, nodular melanoma. Differences between the tissues were considered statistically significant at P<0.05.

levels of pre-miR-4262 and miR-4262 were detected in two
types of normal human melanocytes and five types of CMM
cell lines. Our results showed that, compared with the normal
melanocytes, pre-miR-4262 and miR-4262 were both robustly
upregulated in the CMM cell lines (Fig. 2A and B). These data
suggest that miR-4262 may be involved in the regulation of
CMM progression.

KLF6 is identified as a target gene of miR-4262.Recent studies
indicate that the transcription factor KLF6 is downregulated
in patients with malignant melanoma and negatively corre-
lated with melanoma growth and metastasis. The expression
levels of mRNA and protein were detected in the CMM cell
lines in this study. Our results showed that KLF6 mRNA and
protein were also significantly downregulated in the CMM
cell lines (Fig. 2C and D), displaying an opposite expression
pattern to that of miR-4262. Then the targeting relationship
between miR-4262 and KLF6 was evaluated using the online
server TargetScan. The output showed that the miR-4262 seed
sequence completely matched bases 2955-2962 of the KLF6
mRNA 3'-UTR (Fig. 3A). 3-UTR luciferase reporter assay
revealed that the miR-4262 mimic markedly reduced fluores-
cence intensity in the psiCHECK-WT 3'-UTR group but had
no effect on that of the mutant 3'-UTR group (with a deletion
of bases 390-420; Fig. 3B). Moreover, the miR-4262 mimic
and inhibitor were respectively transfected into the CMM
A375 cells, and western blotting showed that the miR-4262

mimic sharply reduced the expression of KLF6 protein while
the miR-4262 inhibitor had an opposite effect (Fig. 3C). The
above data demonstrated that miR-4262 directly targets and
negatively regulates the expression of KLF6.

KLF6 suppresses the proliferation of A375 human CMM
cells. To explore the exact role of KLF6 in the proliferation
of CMM cells, a pcDNA-KLF6 expression vector and KLF6
siRNA were individually transfected into A375 human
CMM cells. Cell proliferation was evaluated using the MTT
and CellTiter-Blue H assays. The results showed that A375
cell proliferation was notably reduced by pcDNA-KLF6
transfection and increased by the KLF6 siRNA transfec-
tion (Fig. 4A and B). Simultaneously, KLF6 overexpression
significantly reduced the level of the pro-tumorigenic protein
EGFR, increased that of the tumor suppressor p21, and caused
adecrease in the levels of cyclin D1 and CDK4 (Fig. 4C). KLF6
siRNA transfection had an opposite effect on the expression of
the above proteins when compared to the results from KLF6
overexpression (Fig. 4C). These data indicate that KLF6 has a
negative effect on CMM cell proliferation.

miR-4262 suppresses KLF6 expression and promotes the
proliferation of A375 cells. Finally, the role of miR-4262
in the proliferation of CMM cells was explored. A single-
stranded oligo miR-4262 mimic and inhibitor were transfected
individually into the A375 cells. Our data from the MTT and
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Figure 2. miR-4262 is markedly increased and KLF is decreased in human CMM cell lines. (A) The expression levels of pre-miR-4262 were markedly
increased in human CMM cell lines. (B) The expression levels of mature miR-4262 were markedly increased in human CMM cell lines. (C) The levels of
KLF6 mRNA were decreased in human CMM cell lines. (D) The levels of KLF6 protein were decreased in human CMM cell lines. Total RNA and total
protein were respectively extracted from the HACAT normal human epithelial cell line, HFF precursor skin fibroblasts and 5 human CMM cell lines including
A375,Malme-3M, SK-MEL-2, SK-MEL-5 and M14 when they grew to 100% confluency. The expression levels of precursor miR-4262 (pre-miR-4262), mature
miR-4262 and KLF6 mRNA were detected with real-time qPCR, and KLF6 protein expression was detected using western blotting. "P<0.05 vs. HACAT,
“P<0.01 vs. HACAT. CMM, cutaneous malignant melanoma; KLF6, Kruppel-like 6.
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Figure 3. KLF6 is targeted by miR-4262 at the mRNA 3'UTR. (A) The seed sequence of miR-4262 was found to be completely matched with mRNA 3'UTR
in various mammals. (B) KLF6 was identified as a target gene of miR-4262 by KLF6 mRNA 3'UTR luciferase reporter gene assay. The miR-4262 mimic was
transfected alone or co-transfected with WT KLF6 mRNA 3'UTR reporter or the reporter with a truncated KLF6 mRNA 3'UTR lacking bases 390-420. After
incubation for 72 h, the luciferase intensity was detected with a luminometer. (C) KLF6 protein expression was sharply decreased by the miR-4262 mimic and
increased by the miR-4262 inhibitor. The miR-4262 mimic and inhibitor were transfected into A375 CMM cells at 80% confluency. After incubation for 72 h,
the KLF6 protein expression was detected using western blotting. “P<0.01 vs. psi-CHECK-WT 3'UTR, or control. KLF6, Kruppel-like 6.
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Figure 4. KLF6 suppresses A375 cell proliferation and the expression levels of EGFR and p21-mediated CDK4. (A) A375 cell proliferation was suppressed
by KLF6 overexpression and increased by KLF6 knockdown as detected by MTT assay. (B) A375 cell proliferation was suppressed by KLF6 overexpression
and increased by KLF6 knockdown as detected with CellTiter-Blue H assay. (C) KLF6 suppressed the protein levels of EGFR and p21-mediated CDK4. The
pcDNA-KLF6, KLF6 siRNA, or relative negative control vector or siRNA were transfected into the CMM A375 cells at 80% confluency. After incubation for
72 h, the protein expression levels of KLF6, EGFR, p21, cyclin D1 and CDK4 were detected using western blotting. "P<0.05, “P<0.01. KLF6, Kruppel-like 6;
EGFR, epidermal growth factor receptor; CDK4, cyclin-dependent kinase 4.
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Figure 5. miR-4262 promotes A375 cell proliferation. (A) A375 cell proliferation was increased by the miR-4262 mimic and decreased by the miR-4262
inhibitor as detected by MTT assay. (B) A375 cell proliferation was increased by the miR-4262 mimic and decreased by the miR-4262 inhibitor as detected
by CellTiter-Blue H assay. (C) miR-4262 increased the protein levels of EGFR and p21-mediated CDK4. The miR-4262 mimic and inhibitor were transfected
into the CMM A375 cells at 80% confluency. After incubation for 72 h, the protein expression levels of KLF6, EGFR, p21, cyclin D1 and CDK4 were detected
using western blotting. "P<0.05, “P<0.01. EGFR, epidermal growth factor receptor; CDK4, cyclin-dependent kinase 4; KLF6, Kruppel-like 6.

CellTiter-Blue H assays showed that A375 cell proliferation by the miR-4262 inhibitor (Fig. 5A and B). Moreover, the
was markedly promoted by the miR-4262 mimic and reduced = miR-4262 mimic significantly increased the level of EGFR,
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reduced that of p21, and caused an increase in the protein levels
of cyclin D1 and CDK4 (Fig. 5C). The miR-4262 inhibitor
had an opposite effect on protein expression (Fig. 5C). These
results demonstrated that miR-4262 promoted the prolifera-
tion of CMM cells.

Discussion

miR-4262 was found in SOLiD ultra-deep small RNA
sequencing of the Ago2 complex in human embryonic stem
cells and neural precursors in 2009 (12), suggesting a poten-
tial regulatory role of miR-4262 in cell differentiation and
proliferation. From then on, several studies have revealed that
miR-4262 is dysregulated in several pathological processes,
including tumor drug resistance, cancer metastasis and tissue
fibrosis (14-16). In this study, we assessed the expression of
miR-4262 in human CMM tissues and cell lines, as well as in
matched normal epithelial tissues and cell lines. Our results
showed that both pre- and mature miR-4262 were upregulated
in the CMM tissues and cell lines, suggesting that miR-4262
may promote the progression of CMM.

As a newly discovered miRNA, the role of miR-4262
has been poorly studied. Here, we explored the effect of
miR-4262 on the proliferation of CMM cell lines. Our data
on miR-4262 overexpression and silencing both indicated
that miR-4262 had a positive effect on the proliferation
of CMM A375 cells. However, existing research results
indicate that miR-4262 mainly plays a suppressive role in
cancer progression. Song et al reported that the levels of
miR-4262 were significantly decreased in osteosarcoma
specimens and the 5-year survival of osteosarcoma patients
with lower miR-4262 was reduced (17). Moreover, miR-4262
was found to target the 3'-UTR of osteopontin (OPN) mRNA
and inhibit OPN-mediated cell invasion (17). A study on
sequence matching between zinc finger E-box-binding
homeobox 2 (ZEB2) and its targeting miRNA showed that
miR-4262 potentially targets ZEB2, which was proven to
be an E-cadherin repressor, and may play a negative role
in larynx carcinoma progression (16). Another study on
acute lung injury also indicated that miR-4262 targets the
anti-apoptotic gene Bcl-2 to induce apoptosis in pulmonary
endothelial cells (18). We speculated that miR-4262 may
play multiple roles in different biological processes. In fact,
it is not a unique situation that miRNAs play versatile roles
in different types of cells, or even in the same type of cells
under different conditions. A typical example is miR-210,
an extensively investigated miRNA in cancer biology that is
regarded as a signature of hypoxia, that functions either as a
tumor promoter or a tumor suppressor, and can be a positive
or negative prognostic biomarker (19-22).

It has been proven that the function of KLF6 is determined
by the length of its splice variants (SVs). KLF6-full-length
(KLF6-FL or KLF6) protein is downregulated and functions
as a tumor suppressor in cancers, while truncated KLF6-SVs
are usually expressed at higher levels in tumors and drive
cancer growth and metastasis (5,23,24). The length of KLF6
transcripts has been associated with the DNA methylation
level in the KLF6 promoter region (25). Treatment with
the demethylating agent 5-aza-2'-deoxycytidine caused
upregulation of KLF6 expression and a relative decrease
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in KLF6 SVs (26). As a tumor growth suppressor, KLF6
promotes the transactivation of the anti-tumorigenic gene
p21 to suppress the cyclin D1/CDK-mediated cell cycle (27).
KLF6 was also found to negatively regulate EGFR signaling
in both cell culture and in vivo models and was proposed as
an anti-EGFR-based therapy for the treatment of metastatic
carcinomas (28). However, the exact role of KLF6 in human
CMM progression has not been well studied. In this study,
we reported that KLF6 was significantly downregulated in
CMM cell lines and played a negative regulatory role in the
proliferation of CMM cells. Moreover, KLF6 overexpression
in CMM cells caused downregulation of EGFR and a robust
increase in p21 expression. In contrast, knockdown of KLF6
increased EGFR and reduced p21 expression. KLF6 had a
negative effect on CMM cell proliferation through inactivation
of the EGFR/PI3K/Akt and p21-mediated cyclin D1/CDK
pathways.

In conclusion, miR-4262 was found to be upregulated
in CMM tissues and cell lines compared with these levels
in matched normal epithelial tissues and normal cell lines.
miR-4262 promoted the proliferation of CMM cells through
targeting of the tumor suppressor KLF6.
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