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Cutaneous carcinoma is one of the most common neoplasm tumors in the West. 
Its incidence rate is one of the fastest growing tumors in China. The Krüppel-like 
factor 6 (KLF6) is a latent tumor suppressor. Decreased KLF6 is related to the oc-
currence and progression of many cancers in human. Our previous studies have 
demonstrated that KLF6 was down-regulation in cutaneous malignant melano-
ma (CMM), and was significant correlated with ulcer, lymph node metastasis 
and clinical stage, suggesting that KLF6 loss is expected to become a biological 
indicator of poor prognosis in CMM patients. In this research, we would further 
study the features of KLF6 in the malignant progression of CMM. The expression 
of  KLF6 was up-regulated by lentivirus infection containing KLF6, and short 
hairpin RNA (shRNA) was used for knockdown of KLF6 in CMM cells. West-
ern blot, RT-qpcr, CCK8 assay, transwell migration assays, wound healing assay 
and flow cytometry were used to test the role of KLF6 in the CMM. We found 
that reduced expression of KLF6 significantly enhanced proliferation, migration 
and invasion. Moreover, KLF6 induced CMM cell apoptosis and G1 cycle arrest. 
The decreased KLF6 expression is expected to be a biological indicator of poor 
prognosis in CMM patients.

Key words: Krüppel-like factor 6, cutaneous malignant melanoma, proliferation, 
migration, invasion.
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Introduction

Cutaneous carcinoma has become the most com-
mon malignant tumor in the West, and the overall 
5 year survival rate is 95% [1]. However, cutaneous 
malignant melanoma (CMM) is associated with much 
greater morbidity and mortality, accounting for 65% 
of all skin cancer deaths [1]. Its incidence rate is one 
of the fastest growing tumors in China. At present, 
TNM stage is still the  main index for clinicians to 

judge the prognosis of CMM patients. However, due 
to the  heterogeneity of  tumors, patients with sim-
ilar differentiation or the  same TNM stage some-
times have different prognosis. Therefore, there are 
still some limitations in using the above indicators to 
judge the prognosis of patients.

The development of  tumor molecular biology 
provides a new means for the  study of  the progno-
sis of  tumor patients. If we can explore the  chang-
es of genes related to CMM invasion and metastasis 
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at the molecular level, look for sensitive and specific 
prognostic indicators, combine multiple factors and 
multiple indicators, and comprehensively analyze 
the prediction of CMM patients, we can make up for 
these limitations to a certain extent, comprehensively 
and accurately reflect the actual situation of patients, 
which is of great significance for clinicians to identi-
fy high-risk CMM patients with metastasis, deteri-
oration or recurrence and implement individualized 
treatment.

The complete form of Krüppel-like factor 6 (KLF6)  
is a tumor suppressor. Loss of heterozygotes, somatic 
mutations, transcriptional silencing, and alternative 
splicing dysregulation are important causes of KLF6 
inactivation  [2-8], which regulates cancer develop-
ment and progression  [9]. KLF6 expression is sig-
nificantly associated with the  prognosis of  prostate 
cancer  [10], pancreatic cancer, pulmonary carcino-
ma  [11] and squamous cell carcinoma of  head and 
neck  [12]. Although KLF6 is known to play a key 
role in CMM, its specific role in CMM remains un-
known. Whether inactivation of  KLF6 is involved 
in the occurrence and development of CMM has few  
reported at home and abroad.

Firstly, lentiviruses overexpressing KLF6 was used 
to increase its expression in the CMM cell line A375 
and M14; KLF6 silencing in A375 and M14 cells 
was achieved by transfection with KLF6 shRNA. We 
examined the  cell survival, growth and migration 
of KLF6-overexpresing and KLF6-silenced A375 and 
M14 cells. 

Material and methods

Cell culture

A375 (Procell, Wuhan, China) and M14 (BeNa 
Culture Collection, Jiangsu, China) were placed in 
the DMEM medium serum (Procell, Wuhan, China) 
which was added 10% FBS (Thermo Fisher Scientific, 
USA). Then it was incubated in an  incubator con-
taining 5% CO2 at a temperature of 37℃, changing 
fresh medium daily. The logarithmic growth cells was 
taken for experimentation.

Lentivirus containing KLF6 was used to infecte 
A375 and M14 cell line. A375 and M14 were trans-
fected with lipofectamine containing specific shRNA. 

Real-time quantitative-PCR (RT-qPCR)

Ultrapure RNA Kit was used to extract mRNA 
from cells (ComWin Biotech Co., Ltd, Beijing). To-
tal RNA was extracted with trizol and standard phe-
nol-chloroform extraction methods from CMM cells. 
Reverse transcription of  the  same amount of  RNA 
was carried out, and quantitative real time PCR was 
carried out using the SYBR ® Green qPCR kit (Ac-

curate Biotechnology Co., Hunan). The  following 
primer (Beijing Dingguochangsheng BIOTECH-
NOLOGY Co., Ltd, Beijing) were used; KLF6 sense 
primer (5’GTGACAAGGGAAATGGCGATG3’) 
and KLF6 antisense primer (5’CTCACACCCTTC-
CCATGAGC3’ ).

Western blot analysis 

The cells were dissolved for 30 minutes on ice, then 
centrifuged to remove the  supernatant. The  BCA 
protein quantitation was used for the  preparation 
of the protein sample, which was then transferred to 
the PVDF membrane by SDS-polyacrylamide gel elec-
trophoresis (PAGE). After sealing with 5% skimmed 
milk, primary antibody against KLF6 (1:1000; rabbit; 
proteintech) and GAPDH (1:5000; rabbit; Abclonal) 
were added at 4℃ overnight, then adding secondary 
antibody with peroxidase-labelled (1:1000; HRP la-
beled Goat anti rabbit; ZSGB, Beijing, China). Deter-
mination of KLF6 protein by chemiluminescence assay 
system (Tanon, Shanghai, China).

CCK8 assay

To evaluate the  proliferation of  cells, the  cell 
counting kit-8 (CCK-8) was used (Servicebio, Wu-
han, China). At one, two, three, and four days after 
transfection, each well was adding 10 μl CCK-8 re-
agent and measurement of  absorbance at 450 nm, 
the mean values of the 5 wells were calculated, and 
the test was repeated 3 times.

Transwell migration assay

The CMM cells after treatment were diluted to 10 
× 105/ml. The upper transwell chamber was adding 
200 μl cell suspension, and a 500 μl culture medium 
containing 10% FBS was added in the lower cham-
ber. The  upper chamber was steeped in the  liquid 
of the lower chamber and incubated for 24 hours in 
37℃ incubator. 24 hours later, the upper chamber 
was put into an container containing 600 μl of PBS 
three times. Under the electron microscope, the up-
per chamber was observed and the image was taken 
after crystal violet staining. Each experiment make 
three replicates.

Wound healing assay

Cells were placed in a twelve-well plate with a cell 
density of 1.5 × 105/well. The cells were attached to 
the wall in a single layer, and the six well plates were 
cut vertically with a 10 μl tube tip. PBS was used to 
clean the suspension cells, and the culture was carried 
out in 5% carbon dioxide incubator at 37℃. Photo-
graphs were taken at 0, 12, 24, and 48 h, and repeated  
3 times.
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Flow cytometry

Cell Cycle Analysis kit (cat. no. MA0334; Meilune) 
was used to detect cell cycle. After two PBS washing, 
the cells were subjected to trypsin treatment and centri-
fuged. After washing with D-Hanks, Cells were fixed at 
4 ℃ with 70% alcohol for 1 hour. The cells were stained 
with the addition of RNase A for 30 minutes at room 
temperature. The  FACScan flow cytometer (ACEA 
NovoCyte, China) was used to assess the cell cycle and 
the CellQuest software was used to analyze.

Cell apoptosis was analyzed with Annexin V-PE/7-
AAD (Meilunebio). After PBS washing, the  cells 
were treated with trypsin and centrifuged. The cells 
were diluted in 1 × binding buffer to 1 × 106 

cells. The  binding buffer was incubated with 5 μl 
of PE-conjugated Annexin V (BD) and 5 μl 7-AAD 
(BD) at room temperature for 15 minutes. The flow 
cytometer (ACEA NovoCyte, China) was used to an-
alyze the sample and the NovoExpress (ACEA No-
voCyte) was used to analyze. Based on the  double 
labeling of Annexin V-PE and 7-AAD, it is possible 
to distinguish early apoptosis (PE positive, 7-AAD 
negative), late apoptosis, and death cells (PE positive, 
7-AAD positive).

Statistical analysis

The statistical analysis was carried out with SPSS 
software (SPPS, Inc.). Data are presented as the mean 
± standard deviation. The difference of p < 0.05 was 
regarded as statistically significant.

Results

KLF6 expression in CMM cell lines 

We established A357 and M14 cell lines which 
overexpressing KLF6. The KLF6 protein and RNA 
of  lentivirus-infected cells are significantly overex-
pressed compared to control cell lines (Fig. 1A). In-
hibition of KLF6 in A375 and M14 cells by shRNA. 
Compared to control cell lines, KLF6 were signifi-
cantly inhibited in shRNA transfected cells (Fig. 1B). 

KLF6 modulates Proliferation, migration, and 
invasion of cells

The purpose of this study was to study the influ-
ence of KLF6 on the growth of CMM cells. Firstly, 
the  cell viability of  A375 cells and M14 cells were 
detected by CCK8 method. The cell viability of cells 
overexpressing KLF6 was significantly reduced com-
pared with control cells (Fig. 2A). In contrast, KLF6 
inhibited cells were significantly more viable than 
control cells (Fig. 2B). 

Next, We examined whether over-expression or 
suppression of KLF6 might affect the migration and 

invasion of A375 and M14 cells. Compared with NC 
cells, over-expression of KLF6 significantly inhibited 
A375 and M14 cells (Fig. 3A); conversely, knock-
ing out KLF6 could enhance the migration of A375 
and M14 cells (Fig. 3B). We also analyzed the effect 
of KLF6 overexpression or silencing on the invasive 
capacity of  CMM cells. Compared to the  NC con-
trol cells, the KLF6 overexpression cells were less ag-
gressive (Fig. 3C). The KLF6 inhibitor cells exhibit-
ed higher aggressiveness than NC control cells (Fig. 
3D). It was concluded that over-expression of KLF6 
could inhibit the proliferation, migration and inva-
sion of A375 and M14 cells, whereas KLF6 silencing 
could promote the proliferation, movement and inva-
sion of CMM cells.

KLF6 induces CMM cell apoptosis and G1 cycle 
arrest

It was found that over-expression of KLF6 increased 
the apoptosis of A375 and M14 cells (Fig. 4A, B). In 
contrast, the KLF6 suppression cells showed decreased 
apoptosis compared with NC control cells (Fig. 4C, 
D). Flow cytometry to detected the cell cycle. The re-
sults indicated that the  over-expression of  KLF6 in 
G1 cell cycle stage was higher than that of the control 
group (Fig. 4E, F). In summary, KLF6 can induced 
apoptosis and G1-stage cell cycle block in CMM cells.

Discussion

Cutaneous malignant melanoma (CMM) is a highly 
aggressive cutaneous tumor originating from mela-
nocytes  [13, 14], which is the  most life-threatening 
tumor in the skin. CMM is also seen as a major health 
problem, with both incidence and death rates in-
creasing. KLF6 is a tumor suppressor gene. Although 
the precise mechanism of action of KLF6 is not fully 
understood, a number of highly correlated and over-
lapping pathways have been described: p21 performed 
reverse transcriptional activation in a p53-independent 
manner [15], reduced the cyclin D1/cdk4 complexes 
by interacting with cyclin D1 [16], inhibited the ac-
tivity of c-Jun protooncoprotein, reduced the expres-
sion of VEGF [17], and induced apoptosis [18]. Loss 
of  heterozygotes, somatic mutations, transcriptional 
silencing, and alternative splicing dysregulation are 
important causes of KLF6 inactivation [2-8]. Recent 
studies have found that the splicing variant KLF6-SV1 
of KLF6 can resist the growth inhibition of KLF6 and 
promote the growth and proliferation of tumor cells. 
Our past research has demonstrated high expression 
of KLF6-SV1 in non-small cell lung cancer (NSCLC), 
especially lung adenocarcinoma, and is significantly  
associated with tumor progression  [19]. KLF6 as 
an indicator of tumor prognosis has also been gradually  
revealed in recent years of research. The expression 
of KLF6 in prostate  [10], lung [11], head and neck 
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Fig. 1. Expression of KLF6 in cutaneous malignant melanoma cell line. A) Western blot and RT-qpcr detected that 
the expression of KLF6 was upregulated by lentivirus transfection into A375 cells and M14 cells. A375 OE-NC and M14 
OE-NC were used as negative controls. B) The expression of KLF6 was down regulated by transfecting A375 cells and 
M14 cells with shRNA-KLF6. A375 KD-NC and M14 KD-NC were used as negative controls. OE, cells were transfect-
ed with LV-KLF6 as the overexpression group (OE); OE-NC, cells were transfected with LV-NC as the negative control 
(NC); KD, cells were transfected with shRNA-KLF6 as the knockdown group (KD); KD-NC, cells were transfected with 
a scramble sequence as the negative control. Data are expressed as the mean ± SD from three independent experiments. 
**p < 0.01 vs. the control group

Fig. 2. Low expression of KLF6 can increase the survival rate of CMM cells. Cells were transfected for 24 h. A and B. 
CCK8 assay was used to assess cell viability in KLF6 overexpression (A) and KLF6 low expression (B) cells. Data are ex-
pressed as the mean ±SD from three independent experiments; *p < 0.05 vs. the control group
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squamous cell cancer [12], and pancreatic cancer [13] 
is related to poor prognosis. Our study also demon-
strated that high levels of KLF6-SV1 is closely relat-
ed to poor prognosis in NSCLC [20]. The biological 
complexity of CMM makes it very difficult to study 
the  prognosis. It is one-sided and limited to judge 
the prognosis only by a certain biological phenomenon 
or a single molecular index. Although many proteins 

have been identified as prognostic markers of CMM, 
they lack high sensitivity and specificity. Therefore, 
new CMM combined targets with high sensitivity and 
specificity need to be discovered. At present, there are 
few studies on whether the inactivation of KLF6 is re-
lated to the prognosis of CMM at home and abroad. 
In our previous studies, it was found that the decrease 
of  KLF6 in CMM was associated with ulcer, lymph 
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Fig. 3. Low expression of KLF6 promotes the invasion and migration of CMM cells in vitro. Cells were transfected for 
24 h. A, B) Transwell migration assay was used to detect the migration ability of overexpressing (A) or inhibiting (B) 
KLF6 in A375 and M14 cells in vitro. C, D) The ability of overexpression (C) or inhibition (D) of KLF6 on the migration 
of A375 cells and M14 cells in vitro was evaluated by wound healing assay. Data are expressed as the mean ± SD from 
three independent experiments; *p < 0.05 vs. the control group
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Fig. 4. KLF6 induces CMM cell apoptosis and G1 cycle arrest. A-D) The effect of overexpressing (A, B) or inhibiting 
(C, D) KLF6 in A375 and M14 cells apoptosis with Annexin V-PE/7-AAD stained flow cytometry method. E, F) Cell 
cycle distribution was determined via flow cytometry and quantified. Data are expressed as the mean ±SD from three 
independent experiments; *p < 0.05 vs. control group
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node metastasis and clinical stage. CMM patients with 
low KLF6 had a  lower survival rate than that with 
high KLF6 [21]. However, it is not known how KLF6 
is regulated in cutaneous melanoma cells. The purpose 
of this study was to investigate the molecular mecha-
nism of KLF6 in cutaneous malignant melanoma.

Firstly, we infected A375 and M14 cell lines with 
lentivirus containing KLF6 and KLF6 protein levels 
increased significantly. Then, the  effects of  the  ex-
pression of  KLF6 on proliferation, migration, inva-
sion and survival in CMM cells were investigated. We 
also designed shRNA to inhibit KLF6 expression and 
the effects of KLF6 silencing on A375 and M14 cells 
were investigated.

Our data indicate that over-expression of KLF6 in 
A375 and M14 cells is effective in inhibiting the pro-
liferation, migration and invasion of cells, which has 
few reported in CMM. Conversely, KLF6 silencing 
showed the opposite result in A375 and M14 cells.

Many studies have shown that KLF6 was in-
volved in cancer cell cycles and apoptosis. Our stud-
ies showed that overexpression of KLF6 could induce 
apoptosis in A375 and M14 cells. In addition, we 
further demonstrated that overexpression of  KLF6 
could also induce G1 cell cycle block.

Finally, we provide evidence for the detailed mech-
anisms of KLF6 in regulating growth, migration, in-
vasion and survival of CMM. Our research indicates 
that KLF6 is important in CMM and provides a new 

evidence for the  study of  the  prognosis of  CMM 
patients at the  cell level. Detecting the  expression 
of  KLF6 may be a  prognostic index of  CMM and 
intervention strategies for the  inactivation of KLF6 
might be one approach to the treatment of sponta-
neous malignant melanoma.
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