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MBNL1 Suppressed Cancer Metastatic
of Skin Squamous Cell Carcinoma Via
by TIAL1/MYOD1/Caspase-9/3 Signaling
Pathways

Jiaorong Chen1 , Jiaqi Wang1 , Jingyi Qian1 , Mengying Bao1 ,
Xin Zhang1 , and Zheng Huang2

Abstract
Objective: The incidence of skin squamous cell carcinoma (SSCC) has recently been increasing, with diverse clinical manifes-
tations.SSCC could metastasize to lymph nodes or other organs, posing a great threat to life. The present study was designed to
investigate the function and underlying mechanism of muscleblind-like protein 1 (MBNL1) in skin squamous cell carcinoma.
Methods: SCL-1 cell was used for vitro model and transfected with MBNL1 or siMBNL1 plasmids. MTT Assays, LDH activity
ELISA, and Transwell chamber migration experiment were used to confirm the effects of MBNL1 on cell growth of SCL-1 cell.
Western blot analysis was used to analyze the mechanism of MBNL1 in SCL-1 cell. Results: Down-regulation of MBNL1 pro-
moted cell metastasis of SSCC, while up-regulation of MBNL1 reduced cell metastasis of SSCC in vitro. Down-regulation of
MBNL1 suppressed the protein expression of T cell intracellular antigen (TIAL1), myogenic determinant 1 (MyoD1) and Caspase-
3 in vitro. Consistent with these observations, inhibition of TIAL1 or MYOD1 expression attenuated the effects of MBNL1 in
SSCC. Conclusion: The present study revealed that MBNL1 suppressed thecancer metastatic capacity of SSCC via by TIAL1/
MYOD1/Caspase-3 signaling pathways.
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Introduction

SSCC is a type of malignant tumor that originates from the

epidermal or accessory keratinocytes.1 SSCC generally

occurs after certain types of skin diseases or precancerous

diseases, or is caused by progression from various types of

precancerous lesions.1 The incidence rate of non-melanoma

skin cancer is second only to basal cell carcinoma (CBCC),

which is rapidly increasing at a rate of 3% to 10% annually

worldwide.2 The incidence rate of SSCC is second only to

CBCC, ranking the second in non-melanoma skin cancer,

which is generally characterized by nodules and ulcers.3

SSCC mainly occurs in white population. The occurrence

of SSCC is closely associated with sun exposure.2 And the

risk of SSCC incidence is also significantly increased in

areas with strong UV rays.3

MBNL1 is a member of the MBNL protein family, which is

a class of conserved splicing factors, playing important roles in

the development of multiple tissues.4 MBNL1 and MBNL2 are

lowly expressed in embryonic stem cells and can promote the

differentiated-cell like alternative splicing and the transforma-

tion from stemness to mature splicing.5 MBNL1 is mainly dis-

tributed in adult skeletal muscle, myocardium, brain tissue,

intestinal tissue, kidney, liver, lung and placenta.6

T cell intracellular antigen (TIAL1) protein can also shuttle

from the nucleus to the cytoplasm, participating in the
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regulation of various aspects of RNA metabolism.7 TIAL1

protein intracellularly binds with its target mRNA, which gen-

erally decreases their stability or inhibits its translation and

participates in various cellular functions.7-9

Myogenic determinant 1 (MyoD1) is a class of basic helix-

loop-helix, belonging to the subfamily of myogenic regulatory

factors, which is composed of MyoD, myogenin (MyoG), Myf5

and MRF4 (Myf6, herculin).8 MyoD1 and myogenin are myo-

genic regulatory protein that is expressed in the early stage of

skeletal muscle differentiation, which is only expressed in

embryonic skeletal muscle.8,10 Zhu et al.5 reported that Long

non-coding RNA MBNL1-AS1 regulates proliferation, migra-

tion, and invasion of cancer stem cells in colon cancer. The

present study aimed to investigate the function and mechanism

of MBNL1 in skin squamous cell carcinoma.

Microarray Analysis

Microarray experiments were performed at the Genminix

Informatics (China). Gene expression was analyzed using the

Human Gene Expression 4 x 44 K v2 Microarray Kit (Agilent,

Santa Clara, CA). Data were obtained using the Agilent Feature

Extraction software.

Cell Culture and Transfection

Human skin squamous cell carcinoma SCL-1 cell was

obtained from the Cell Bank (Shanghai Genechem Co., Ltd.,

Shanghai, China). Cell was cultured in Dulbecco’s modified

eagle’s medium (DMEM, Gibco) supplemented with 10%
fetal bovine serum (FBS, Gibco) in an incubator at 37�C with

5% CO2. Cell was transfected using Lipofectamine 2000

(Invitrogen, USA) with negative (Control vectors, 5 ntrol

vectorsen, USA) 0), MBNL1 (5 0-CTCCCGCTTCTACC

GAC-3 0 and 5 0-TTGGTGCATTTAAGGCGGC-3 0) or

si-MBNL1 (50-CTCCCGCTTCTTCTACCGAC-30) mimics

(Sangon Biotech (Shanghai) Co., Ltd.).

MTT Assays and LDH Activity Levels

Cell viability was analyzed using MTT assays (Beyotime) at 0,

24, 48 and 72 h after transfection. 20 ml of MTT solution was

added to each well and cells were incubated for 4 h at 37�C.

Supernatants were removed and formazan crystals were dis-

solved in 150 ml dimethylsulfoxide (DMSO). Absorbance was

measured using a Multiskan Spectrum Microplate Spectrophot-

ometer (Thermo Scientific™, USA) at a wavelength of 492 nm.

LDH activity levels were measured using LDH activity kits

(Beyotime). Absorbance was measured using a Multiskan

Spectrum Microplate Spectrophotometer (Thermo Scientific™,

USA) at a wavelength of 450 nm.

Transwell Chamber Migration Experiment

100 ml of transfection cells (1 x 104/ml) were resuspended in

serum-free medium and were seeded onto each well of the

insert. 500 mL of media containing 20% FBS (Gibco) was

added outside the transwell culture insert (Thermo Scientific™,

USA). Transwells were washed twice with PBS and fixed with

4% formaldehyde for 15 min. Cell was stained with 0.1% of

crystal violet for 15 min at room temperature, and then

observed using a microscope (x100, Leica, Wetzlar, Germany).

Western Blot Analysis

Total proteins of cell were by using RIPA lysis buffer and

protease inhibitor cocktail (PMCF, 1:100, Beyotime) and these

protein concentration was determined by using BCA Kit

(Beyotime). 50 mg protein samples were loaded to 10% sodium

dodecyl sulphate-polyacrylamide gel electrophoresis and then

transferred onto polyvinyl difluoride (PVDF, Thermo Scien-

tific™, USA) membranes. Membranes was incubated with

MBNL1, TIAL1, MYOD1 and GAPDH at 4�C overnight after

blocking with 5% non-fat milk in tris-buffered saline with 0.1%
tween 20 (TBST). The membrane was washed with TBST and

then incubated with anti-rabbit secondary antibody (1:5000) for

2 h at room temperature. Immunoreactive bands were visua-

lized using the ECL kit (Thermo Scientific™, USA) and inte-

grated density of the bands was quantified by Quantity One

software 3.0 (Bio-Rad).

Statistical Analysis

Results are expressed as means + SEM. Student’s t-test was

used to analyze the difference between 2 independent groups.

One-way analysis of variance (ANOVA) and Tukey’s post test

was used to analyze the difference between 2 independent

groups. p values < 0.05 were considered to indicate statistical

significance.

Results

MBNL1 Suppressed Cancer Metastatic Capacity of SSCC

We examined the effects of MBNL1 in SSCC. Over-expression

of MBNL1 reduced cell growth and migration rate, and

increased LDH activity level in vitro, compared with negative

mimics group (Figure 1A-1D). By contrast, down-regulation of

MBNL1 promoted cell growth and migration rate, and reduced

LDH activity level in vitro, in comparisons with negative

mimics group (Figure 1E-1 H). In addition, this study revealed

that MBNL1 suppressed cell growth in SSCC.

TIAL1/MYOD1/Caspase-9/3 Signaling Pathways
Was the Target Spot for MBNL1

To examine the underlying mechanism of MBNL1 on cell

growth in SSCC, we firstly analyzed the destruction of MBNL1

protein (Figure 2A). Gene chip was used to scan gene expres-

sion of MBNL1 in SSCC in vitro (Figure 2B). As a result, the

results showed that TIAL1, MYOD1 and Caspase-9/3 may the

target spot for MBNL1 on cell growth in SSCC (Figure 2C). In

addition, 100 ng MBNL1 plasmid induced the mRNA expres-

sion of TIAL1 and MYOD1 in a time-dependent pattern, and
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50-200 ng MBNL1 plasmid also induced the mRNA expression

of TIAL1 and MYOD1 in a dose-dependent pattern

(Figure 3A-3B). Western blot analysis showed that MBNL1

plasmid induced the protein expression of MBNL1, TIAL1 and

MYOD1 in in vitro model of SSCC, compared with negative

group (Figure 3C-3F). Over-expression of MBNL1 increased

Caspase-9/3 activity levels, in comparison with negative group

(Figure 3G-3 H). However, 100 ng si-MBNL1 mimics sup-

pressed the mRNA expression of TIAL1 and MYOD1 in a

time-dependent pattern (Figure 4A). 50-200 ng MBNL1

mimics also decreased the mRNA expression of TIAL1 and

MYOD1 in a dose-dependent pattern (Figure 4B). Moreover,

Figure 1. MBNL1 suppressed cancer metastatic of skin squamous cell carcinoma cell growth, migration rate and LDH activity (A, B, C and D)

by over-expression of MBNL1; LDH activity, cell growth, migration rate and (E, F, G, and H) by down-regulation of MBNL1. Negative,

negative mimics group; MBNL1, over-expression of MBNL1 group; siMBNL1, down-regulation of MBNL1 group. ##p < 0.01 compared

negative group.

Figure 2. TIAL1/MYOD1/Caspase-9/3 signaling pathways is target spot for MBNL1 the destruction of MBNL1 protein (A), gene chip (B),

analysis result diagram (C). Negative, negative mimics group; MBNL1, over-expression of MBNL1 group.

Chen et al 3



si-MBNL1 mimics suppressed the protein expression of

MBNL1, TIAL1 and MYOD1 in in vitro model of skin squa-

mous cell carcinoma, compared with negative group

(Figure 3C-3F). Down-regulation of MBNL1 reduced Cas-

pase-9/3 activity levels, in comparison with negative group

(Figure 4G-4 H). Taken together, this study found that

TIAL1/MYOD1/Caspase-9/3 signaling pathway was the target

spot of MBNL1 in regulating cell apoptosis of SSCC.

The Inhibition of TIAL1 Attenuated the Effects of MBNL1
on SSCC

Next, we investigated the role of TIAL1 in the effects of

MBNL1 on SSCC. si-TIAL1 attenuated the protein expression

of TIAL1 and MYOD1 in in vitro model of SSCC by over-

expression of MBNL1, in comparison with over-expression of

MBNL1 group (Figure 5A-5C). The inhibition of TIAL1 atte-

nuated the effects of MBNL1 on the cell growth and migration

Figure 3. MBNL1 regulated TIAL1/MYOD1/Caspase-9/3 signaling pathways TIAL1 and MYOD1 mRNA expression in time-dependence (A),

TIAL1 and MYOD1 mRNA expression in does-dependence (B), MBNL1, TIAL1 and MYOD1 protein expression (C, D, E and F), caspase-3/9

activity (G and H). Negative, negative mimics group; MBNL1, over-expression of MBNL1 group. ##p < 0.01 compared negative group.

Figure 4. SiMBNL1 regulated TIAL1/MYOD1/Caspase-9/3 signaling pathways TIAL1 and MYOD1 mRNA expression in time-

dependence (A), TIAL1 and MYOD1 mRNA expression in does-dependence (B), MBNL1, TIAL1 and MYOD1 protein expression (C, D,

E and F), caspase-3/9 activity (G and H). Negative, negative mimics group; siMBNL1, down-regulation of MBNL1 group. ##p < 0.01

compared negative group.
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rate of SSCC, and increased LDH and Caspase-9/3 activity level

in vitro, compared with negative mimics group (Figure 5D-5I).

The Inhibition of MYOD1 Attenuated the Effects
of MBNL1 on SSCC

To identify the function of MYOD1 in the effects of

MBNL1 on SSCC, si-MYOD1 mimics could suppress

the protein expression MYOD1 protein expression in in

vitro model of SSCC, compared with negative group

(Figure 6A-6B). Down-regulation of MYOD1 reduced

Caspase-9/3 activity levels, in comparison with negative

group (Figure 6G-6 H) . Our results suggested that

MBNL1 suppressed the cancer metastatic capacity of

SSCC via by the TIAL1/MYOD1/Caspase-9/3 signaling

pathway.

Figure 5. The inhibition of TIAL1 reduced the effects of MBNL1 on skin squamous cell carcinoma TIAL1 and MYOD1 protein expression (A,

B and C), cell growth (D), migration rate (E and F), LDH (G) and caspase-3/9 activity (H and I). Negative, negative group; MBNL1, over-

expression of MBNL1 group; MBNL1þsiTIAL1, over-expression of MBNL1 and si TIAL1 group. ##p < 0.01 compared negative group,

**p < 0.01 compared over-expression of MBNL1 group.

Figure 6. The inhibition of MYOD1 reduced the effects of MBNL1 on skin squamous cell carcinoma MYOD1 protein expression (A and B), cell

growth (C), migration rate (D and E), LDH (F) and caspase-3/9 activity (G and H). Negative, negative group; MBNL1, over-expression of

MBNL1 group; MBNL1þsiMYOD1, over-expression of MBNL1 and si MYOD1 group. ##p < 0.01 compared negative group, **p < 0.01

compared over-expression of MBNL1 group.
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Discussion

SSCC is a malignant tumor that occurs in epithelial cells of the

epidermis.3 The carcinogenesis and progression of SSCC is a

consequence of multi-step progressive and comprehensive

effects of both internal and external factors.11 In recent years,

studies on the dysregulation of cell proliferation and division,

the inactivation of tumor suppressor genes, the activation of

oncogenes and the apoptosis of cancer cells have all become

research hotspots.11 Our results present showed that MBNL1

suppressed SSCC cell growth and metastatic. Zhu et al.5

reported that Long non-coding RNA MBNL1-AS1 regulates

proliferation, migration, and invasion of cancer stem cells in

colon cancer.

The TIAL1 protein family is another important RNA-

binding protein that has been paid great attention to.12,13

TIAL1 protein can also shuttle between the nucleus and cyto-

plasm, which is involved in the regulation of various aspects of

metabolism. TIAL1 protein binds to their target mRNA within

the cells, generally by decreasing their stability or inhibiting

their translation.14

MyoD1 gene is the decisive gene for the differentiation

of skeletal muscle cell.10,14 MyoD1 is the initiator of cell

differentiation, but it cannot directly activate downstream

genes. Instead, MyoD1 first activates the downstream

related genes to regulate cell proliferation, apoptosis,

inflammation and etc.12,15 Our results show that TIAL1/

MYOD1/Caspase-9/3 signaling pathways is target spot for

MBNL1 in SSCC. Liu et al.16 showed that TIAL1 is as a

tumor suppressor by i modulate the p53 pathway.17

The Caspase family is closely associated with the apoptotic

mechanism of eukaryotic cells and is involved in the regulation

of cell growth and differentiation.18 Caspase-9/3 are important

apoptotic executors, and are widely distributed in various types

of cells in the form of inactive zymogen, with potent pro-

apoptotic ability.19 In this study, we found that Over-

expression of MBNL1 increased Caspase-9/3 activity levels

in SSCC. Zhao et al.20 suggested that MeCP2 promoted gastric

cancer progression through regulating MYOD1/Caspase-3 sig-

naling pathways.

In conclusion, MBNL1 suppressed cancer metastatic of skin

squamous cell carcinoma, and TIAL1/MYOD1/Caspase-9/3 sig-

naling pathways is target spot for MBNL1 in skin squamous

cell carcinoma. The inhibition of TIAL1 or MYOD1 reduced the

effects of MBNL1 on skin squamous cell carcinoma. The results

of this study provide evidence that MBNL1 may be a potent

therapeutic agent for treatment of skin squamous cell carcinoma

by TIAL1/MYOD1/Caspase-9/3 signaling pathways.
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