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Abstract
Background

The abnormal expression of C-terminal of the E1A binding proteins (CtBPs) was is observed to be
involved in several human tumors. This study aims to investigate the expression of CtBPs and their
potential underlying mechanisms in the most common metastatic skin cancer, keratinocyte-derived
cutaneous squamous cell carcinoma (cSCCs) patients and their evaluation value in clinical diagnosis
and prognosis.

Methods

In the present study, the expression levels of CtBPs in cSCCs and actinic keratosis tissues were examined
by immunohistochemical assay. To discover the effects of CtBP2 on the metastatic phenotype of cSCCs,
a stably expressing plasmid was transfected into keratinocyte cells in order to initiate CtBP2
overexpression. The endogenous protein gp130, which is a signal-transducing subunit associated with
the ligand-occupied interleukin receptor was silenced in these cells using short hairpin RNA (shRNA)
sequences. Moreover, the endogenous expression of CtBP2 in cSCCs cell lines was also silenced.
Transfection e�ciency was validated by western blotting and immuno�uorescence assays, and the
malignant phenotype of these cells was evaluated by various assays including the CCK8, colony
formation, transwell, and cell scratch assay. Furthermore, the activation state of the gp130/JAK2/Stat1
signaling pathway was further discovered via western blotting.

Results

The observation discovered that the mean levels of CtBP2 expression, not noted for CtBP1, were elevated
in 104 cSCCs tissue samples compared with those noted in 102 actinic keratosis tissue samples. The
upregulated expression levels of CtBP2 were remarkably associated with tumor metastasis. CtBP2
promoted the malignant phenotype of keratinocyte cells, and gp130 knockdown (k/o) notably reduced
this effect in keratinocyte cells by inhibiting the activation of the JAK2/Stat1 pathway. In addition, the k/o
of CtBP2 notably reduced the ability of cSCCs cells to metastasize by suppressing the gp130/JAK2/Stat1
pathway.

Conclusions

The present data revealed that CtBP2 promoted cSCCs cell metastasis via the gp130/JAK2/Stat1
pathway, suggesting that targeting of CtBP2 or gp130 is a promising anti-tumor tactics to impede tumor
progression in cSCCs.

Introduction
Keratinocyte-derived cutaneous squamous cell carcinoma (cSCCs) is the most common metastatic skin
cancer, and its incidence is augment as a result of augmented sunlight exposure and the elderly of
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population [1]. Therapies intended to control the metastasis and recurrence of cSCCs has been found to
be insu�cient in the treatment of this disease, and cSCCs in immunosuppressed patients was appeared
to be associated with higher ratio of mortality [2]. The C-terminal of the E1A binding proteins (CtBP) was
formerly acknowledged based on its function as bind partner with the adenovirus E1A oncoprotein via the
carboxyl terminus [3]. Lately, CtBPs have also been implied as transcriptional co-repressors which exert
diverse functions with regard to tumorigenesis processes [4]. CtBPs, including CtBP1 and CtBP2, were
reported to be highly expressed throughout development and revealed as vital supervisors of tissue
morphogenesis and organogenesis [5, 6]. As an example, CtBP2-null mice exerts a embryonic lethality
and often present heart �aws, and insu�cient neural development [7, 8]. Gain- and loss-of-function
assays have suggested that CtBP proteins regulated the function of sequence-speci�c DNA-binding
transcription factors that regulate the cell segmentation, apoptosis, and metastasis [9–11]. The
signi�cance of the CtBP co-repressor composite in manifold developmental processes implies that the
dysregulation of CtBPs expression in certain human tissues may be involved in oncogenesis [6].
Additionally, recent study implied that the CtBP protein was frequently hyper-activated in various types of
tumor cells [12]. It is previously exposed that CtBPs comprise amino acid sequence homology with NADH-
dependent dehydrogenases. As it is well acknowledged that tumor cells often exert raised NADH levels
owing to NADH production underneath hypoxic and pseudohypoxic environments [13–15]. A previous
study have implied that NADH can interact CtBP with a high a�nity, contribute to a modi�cation in the
protein structure that empowers its communication with transcriptional suppressors [16–18]. Moreover, it
has been suggested that high NADH levels under hypoxic environments lead to an abridged E-cadherin
expression level in tumors cells, contribute to the oncogenic role of CtBP in human manligancies [19].
These possessions offer an inimitable chance for the expansion of cancer-speci�c treatments that can
theoretically spare noncancerous tissues. However, to date, the impact of CtBP proteins on the
oncogenesis of cSCCs has not been well explored. Hence, the present study aims to investigate the
expression pattern of CtBPs in cSCCs and the impact of CtBP contribution to the malignant progression
of cSCCs.

Materials And Methods
RNA extraction and reverse transcription-quantitative PCR (RT-qPCR). Total RNA extraction from cells and
cDNA synthesis were performed as above. Quantitative polymerase chain reaction was performed on an
ABI StepOne real-time PCR system (Applied Biosystems) using cDNA as the template with Forget-Me-Not
qPCR Master Mix (Biotium). The conditions were as follows: 95°C for 2 min, followed by 35 cycles of
95°C for 5 s and 60°C for 30 s. The RT-qPCR primers included: for CtBP1 forward, 5’-
TCACAGGCCGGATCCCAGACAG-3’, and reverse, 5’- GGTACCTATAGGCAGCCCCATTGAGC-3’; CtBP2
forward, 5’-ATCCACGAGAAGGTTCTAAACGA-3’, and reverse: 5’-CCGCACGATCACTCTCAGG-3’; and β-actin
forward, 5’- CTCCATCCTGGCCTCGCTGT-3’, and reverse, 5’- GCTGTCACCTTCACCGTTCC -3’.

Western blotting. Total proteins were extracted from the cells and separated by SDS-polyacrylamide gels,
and transferred to PVDF membrane. The membranes were blocked with 3% BSA. Target proteins were
detected by incubating the membranes with the following primary antibodies at 37˚C for 2 h: anti-human
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CtBP2 (#8684), anti-human CtBP2 (#13256), anti-human phospho-Stat1 (p-Stat1) (#9167), anti-human
Stat1(#14995), anti-human phospho-JAK2(P-JAK2) (#74129), anti-human gp130 (#3732) and anti-
human JAK2 (#3230). The antibodies were raised in rabbits and were purchased from Cell Signaling
Technology. Following washing 3 times with PBST, the membranes were incubated with horseradish
peroxidase (HRP)-conjugated secondary antibodies (Cell Signaling Technology, Inc.) at a 1:1,000 dilution
for another 2 h. Finally, the proteins were visualized using the Pierce ECL western blotting substrate
(Thermo Fisher).

Patients and tissue specimens. The current study was performed with the approval of the Research
Ethics Committee of the First Hospital of Jilin University. The participants signed written informed
consent prior to their participation in the current study. The tissues including 25 cases of normal human
skin, 102 cases of actinic keratosis (AK) specimens and 104 cases of cSCCs specimens were gathered
from patients who underwent surgical resection at the First Hospital of the Jilin University between June
2005 and July 2012. The patients were selected based on the following criteria: pathological diagnosis of
cSCCs; absence of prior and/or second tumor; no history of chemotherapy and radiotherapy. All excised
tissues were immediately frozen in liquid nitrogen and stored at -80˚C. The clinicopathological
parameters of the cSCCs patients were clari�ed in Table I.

Immunohistochemistry. An immunohistochemical assay was carried out as described previously [20].
The antibodies used were as follows: rabbit anti-human CtBP2 (#13256, Cell Signaling Technology, Inc.)
and rabbit anti-human p-Stat1 (#9167, Cell Signaling Technology, Inc.). The negative control sample was
incubated with isotype antibodies at the same dilution (1:400) as that used for the CtBP2 and the p-Stat1
antibodies. The expression levels of CtBP2 and p-Stat1 in the nucleus were considered as positive
expression of CtBP2. Staining was assessed, and scoring of CtBP2 and p-Stat1 protein expression levels
was semi-quanti�ed based on the total combined percentage of positively stained tumor cells and the
staining intensity, as previously described [21]. All patients who underwent surgery or adjuvant
chemotherapy were followed up for a period of 5 years on an outpatient basis or by telephone interviews
to con�rm the life status of each patient. These data were assessed by Kaplan-Meier survival analysis,
which evaluated the 5-year survival rate. Patients who died due to diseases other than cSCCs were
excluded from the present study.

Cell culture and transfection. Human benign epidermal keratinocyte cell line (HEKa), and cSCC cell line
(A431) were seeded in DMEM containing 10% FBS. All cells were cultured at 37˚C in 5% CO2. CtBP2
vector and control vector were bought from Shanghai Genechem Co., Ltd. CtBP2 vectors were transfected
into cSCC cells and using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scienti�c, Inc.) following the
manufacturer’s instructions. G418 (Sigma-Aldrich; Merck KGaA) was used to expand G418-resistant
clones in culture as a monoclonal population.

The transfer plasmid pCDH-ECMV-MCS-3×FLAG-EF1α-ZsGreen1-T2A-Puro, the pCDH-CtBP2 transfer
plasmid, the helper plasmids psPAX2 and pMD2.G were purchased from MiaoLingBio, Wuhan, China. To
product the CtBP2 overexpression lentivirus, the pCDH-CtBP2 transfer plasmid, the helper plasmids



Page 5/18

psPAX2 and pMD2.G were transfected into HEK-293T cells by using Lipofectamine 3000 (Invitrogen)
according to the manufacturer's instructions. Two days after transfection, the supernatant of the cell
culture was collected and �ltered through 0.45 μm �lter membrane (Millipore) to obtain the packaged
lentivirus particles. The HEKa cells were infected using the packaged lentivirus particles in the presence
of 6 μg/ml polybrene (Sigma). After infection for 24 h, the medium was changed to RPMI-1640 with 4
μg/ml of puromycin. In the next week, the medium was changed to RPMI-1640 with 2.5 μg/ml of
puromycin. The CtBP2-overexpression stable cells (named CtBP2) were obtained after �ve passages. The
HEKa cells infected with the empty lentivirus were used as the control.

Immuno�uorescence. The cells were washed 3 times with PBS, �xed with 4% paraformaldehyde for 10
min at room temperature, permeabilized with 0.1% Triton X-100, and blocked in PBS with 2% bovine
serum albumin for 1 h. The staining was performed with a rabbit anti-human CtBP2 antibody. Images
were obtained using an Olympus IX81 microscope with an MT20/20 illumination system.

Cell Counting Kit-8 (CCK8) assay. Cell proliferation was analyzed using a CCK-8 kit (Beyotime). In brief,
cells were cultured in 96 well culture plates. After certain time periods, 10 μl-aliquots of the CCK-8 reagent
were added to the wells and incubated at 37°C for 2 h. The absorbance values were then measured at
450 nm using a Multiskan GO microplate reader (Thermo Scientific).

Colony formation assays under 2D culture conditions. Colony formation assays were carried out as
described previously [20]. The cells were maintained in 60-mm cell dishes at a density of 600 cells per
dish until visible colonies had formed.

Transwell matrix penetration assay. The cell invasive activity was evaluated using transwell chambers
(BD Biosciences) in 24-well plates. Brie�y, A431, Huh1 and HEKa cells supplemented with serum-free
medium were added into the upper chambers, which were pre-coated with Matrigel (BD Biosciences;
#356234) and incubated at 37C for 30 min. The bottom chambers were �lled with complete medium
containing 10% FBS. Approximately 16 h after the initial incubation, the cells on the top side of the
membrane were removed with a cotton swab, and those on the basal side were �xed and stained with
hematoxylin & eosin (Sigma). Subsequently, the invaded cells were counted in six random visual �elds
using a microscope (Olympus).

Cell Scratch assay. The cells were incubated in RPMI 1640 medium (Gibco) containing 10% FBS (Gibco)
at 37˚C. The monolayer was cultured to 90% con�uence in 6-well plates (Costar). Subsequently, the
monolayer was scratched using a 20 μl pipette tip and washed three times with PBS. The scratches were
imaged in the same �eld of view at 0, 12 and 24 h using a light microscope (E100; Nikon Corporation;
magni�cation, x200).

Short hairpin RNA (shRNA) transfection. Silencing of CtBP2 or gp130 in cSCCs cells was conducted using
shRNA. The pGCSIL-CtBP2-shRNA or pGCSIL-gp130-shRNA plasmid was used to silence the expression
of CtBP2 or gp130, and the pGCSIL-scramble plasmid was used as negative control. The pGCSIL-CtBP2-
shRNA, pGCSIL-gp130-shRNA, pGCSIL-scramble, pGCSIL-green �uorescent protein (GFP), the VSVG
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expression plasmid, the virion-packaging elements (pHelper 1.0), and the frozen glycerol bacterial stocks
were purchased from Shanghai GenePharma Biotech Co., Ltd. Transfection was performed as described
previously [22].

Statistical analysis. P<0.05 was considered to indicate a statistically signi�cant difference. The data are
presented as the mean ± standard deviation. The comparisons between the two groups were assessed
using a Student’s t-test. One-way analysis of variance followed by a
Dunnett's multiple comparison test were used for multiple group comparisons. The association between
the survival rate of cSCCs patients and CtBP2 expression levels was investigated using Kaplan-
Meier survival curves and the log-rank test. The χ2 test was used to assess the association of clinical
case indicators with the survival rate of the patients.

Results
CtBP2 expression is upregulated in cSCCs patients and is associated with disease prognosis. The
expression levels of CtBP2 were investigated in samples from normal human skin (n=25), actinic
keratosis (AK) (n=102), cSCCs in situ (cSCCIS, n=32) and sporadic cSCCs (n=72) specimens were
explored via immunohistochemical assays (Fig. 1A). CtBP2 expression levels in cSCCs tissues and AK
tissues was primarily localized in the cell nuclei. CtBP2 protein was expressed in 71.2% (74/104) of
cSCCs tissues, 36.0% (9/25) of normal skin tissues and 34.3% (37/102) of actinic keratosis tissues.
CtBP2 was notably overexpressed in cSCCs tissues compared with the corresponding actinic keratosis
tissues (Table I). Moreover, the expression levels of CtBP2 were not associated with clinical factors, such
as patient age (P=0.258), sex (P=0.682), or the TNM stage (P=0.792) of patients with cSCCs. However,
CtBP2 expression levels were signi�cantly associated with distant tumor metastasis (P=0.001; Table I).
Semi-quantitative immunoblotting analysis was further performed in order to analyze the differences in
the expression levels of CtBP2 between actinic keratosis and cSCCs tissues (Fig. 1B). CtBP2 was
upregulated in cSCCs tissues compared with the expression levels in actinic keratosis tissues (P=0.0034).
The association between CtBP2 expression and survival time was analyzed using Kaplan-Meier survival
curves and the log-rank test. Patients with tumors that were positive for CtBP2 protein expression
(median survival, 35.73 months) exhibited signi�cantly lower survival times than those with tumors that
were CtBP2-negative (median survival, 43.27 months; P =0.0064; Fig. 1C).

Overexpression of CtBP2 signi�cantly enhances the malignant phenotype of human HEKa cells. Given
that low CtBP2 expression levels were detected in the human keratinocyte cell line HEKa, the impacts of
CtBP2 overexpression on the malignity phenotype of these cells were investigated. HEKa cells with CtBP2
overexpressing was termed as CtBP2 group. The expression of CtBP2 and changes in the activation state
of the gp130/JAK2/Stat1 pathway was analyzed via western blotting. The expression levels of p-JAK2
(P=0.0003) and p-Stat1 (P=0.0011) proteins were signi�cantly increased in HEKa cells that overexpressed
CtBP2. Moreover, immuno�uorescence analysis revealed that CtBP2 was primarily expressed in the cell
nucleus (Fig. 2C). The CCK8 assay was used to estimate the growth potential of HEKa cells. The aim of
these experiments was to assess the impact of CtBP2 on the malignant phenotype of HEKa cells (Fig.
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2D). The proliferation rate of HEKa-CtBP2 cells was signi�cantly higher than that of the vector-
transfected cells (Fig. 2D). Furthermore, the ability of CtBP2-overexpressing cells to form colonies in 2D
monolayer cultures was also determined (Fig. 2E). The number of colonies formed by CtBP2-
overexpressing cells was meaningfully higher than vector group (P=0.0011). Transwell assays and cell
scratch assays (Fig. 2F-H) indicated that cell migratory and invasive capacities were evaluated owing to
overexpression of CtBP2 in HEKa cells. In summary, the results suggested that CtBP2 expression
exhibited an ameliorative effect on the malignant phenotype of cSCCs cells.

K/o of gp130 decreases the migratory and invasive capacities of HEKa cells that overexpress CtBP2. The
effects of gp130 k/o on cell progression were explored in HEKa cells that overexpressed CtBP2. The
activation state of the JAK2/Stat1 pathway was determined using western blotting (Fig. 3A and B). The
ratios of the p-Stat1 and JAK2 proteins (P = 0.0003 and P = 0.0011, respectively) were meaningfully
reduced in the CtBP2-transfected gp130 k/o HEKa cells (Fig. 3A).

To investigate the effect of gp130 on the malignant phenotype of HEKa cells overexpressing CtBP2, the
CCK8 assay was used to assess the growth potential of the cell line. The proliferation rate of gp130-
shRNA-transfected cells was meaningfully lower than that of the scramble-shRNA-transfected cells
(P=0.0013 and P=0.0025, respectively; Fig. 3C). The ability of gp130 k/o cells to form colonies in 2D
monolayer cultures was also determined (Fig. 3D). The number of colonies formed by gp130 k/o cells
was meaningfully lower than that formed by the scramble-shRNA-transfected cells (P=0.0032). Moreover,
cell migratory and invasive activities were reduced following induction of gp130 expression in HEKa cells
(Fig. 3E-G). Collectively, the results suggested that gp130 k/o inhibited cell migration and invasion in
human keratinocyte cells.

CtBP2 k/o decreases the migratory and invasive capacity of cSCCs cells. Following CtBP2 overexpression
in cSCCs cells, the effects of CtBP2 k/o on cSCCs progression were investigated. The activation state of
the Stat1 pathway in the cSCCs A431 cell line was determined by western blotting (Fig. 4A and B). The
ratios of the p-Stat1 and JAK2 proteins (P = 0.0003; P = 0.0011, respectively) were meaningfully declined
in the CtBP2 k/o A431 cells (Fig. 4A and B). Furthermore, immuno�uorescence assays revealed that
CtBP2 expression levels in the CtBP2-shRNA-transfected groups were notably lower than those in the
scramble-shRNA groups (Fig. 4C).

The CCK8 assay was used to assess the proliferation of A431 cells. The proliferation rate of CtBP2-
shRNA-transfected cells was meaningfully reduced than that of the scramble-shRNA-transfected cells
(P=0.0013 and P=0.0023, respectively; Fig. 4D). The ability of CtBP2 k/o cells to form colonies in 2D
monolayer cultures was further determined (Fig. 4E). The number of colonies formed by CtBP2 k/o cells
was meaningfully reduced than the scramble-shRNA-transfected cells (P=0.0012, respectively). Cell
scratch and transwell assays (Fig. 4F-H) suggested that cell migratory and invasive capacity was reduced
following induction of CtBP2 expression in A431 cells. Collectively, the evidences suggested that CtBP2
k/o inhibited cell migration and invasion in the human cSCCs cell line A431.

 



Page 8/18

Discussion
The development of detection techniques for cSCCs has enabled the timely treatment of this disease,
resulting in an increase in the survival rate of patients with cSCCs [23]. Recently, the dysregulation of
CtBP expression has been considered a key step in the formation of various human tumors [24–26]. K/o
of CtBP can increase the induction of apoptosis and inhibit tumorigenesis in vivo [27, 28]. Hence, the
suppression of CtBPs is acknowledged as a promising anti-tumor therapeutic treatment, although the
functions of CtBPs have not been targeted for cSCCs treatment to date. Overall, additional studies on the
expression and the roles of CtBPs in cSCCs are required.

Previous studies have demonstrated that CtBP acts as a transcriptional co-repressor, whereas quite a few
studies have exposed context-speci�c of CtBPs in transcriptional activation [12]. For instance, CtBP2 has
been shown to increase the expression level of Tiam1 in an NADH-dependent manner, and to activate the
transcription factor 4 signaling pathway [29, 30]. CtBP2 has been shown to directly activate the
expression of the multidrug-resistant 1 (MDR1) gene, thereby evaluating the expression levels of the P-
glycoprotein and inducing drug resistance in human cancer MDR cell lines [31]. It is interesting to note
that the NADH-unbound form of CtBP has also been displayed in diverse transcriptional activities that are
unique to apo-CtBP, comprising the binding with speci�c transcriptional regulators [32]. Therefore, CtBP
co-repressors serve various context-dependent characters in tumor progression [8, 33]. Therefore, further
research aims to enlarge current understandings of the contribution of transcriptional co-repressors to
cSCCs oncogenesis could in�uence the future expansion of new treatments for the disease. In the present
study, it is indicated that CtBP2 knockdown leads to the reduction of the JAK2/Stat1 signaling pathway
and decreased the malignancy phenotype of cSCCs cells, which was in agreement with the �ndings noted
in keratinocyte cells. Our observation veri�ed that in cSCCs, the CtBP2 contributed to the evaluation of
cell migration via the gp130/JAK2/Stat1 signaling pathway. However, there are certain unanswered
questions in the present data. Firstly, the detailed mechanism of the signal transduction from nuclear-
anchored CtBPs to JAK2 proteins need to be elucidated. Secondly, the results derived from the cell culture
assays were not con�rmed in vivo. Thirdly, the small sample size was a disadvantage; furthermore, the
function of CtBP2 as a biological target may be considered furtherly by collecting both a bigger size of
samples, inpatient and outpatient data, and. In future, the effects of CtBP2 on cSCCs will be investigated
using animal models, in order to fully address the speci�c mechanism by which CtBP2 affects the
malignant and oncogenic phenotype of cSCCs. Additionally, we aim to expand the sample size in future
studies in order to further investigate the application of CtBP2 as a biomarker of cSCCs.

Conclusion
In conclusion, the data presented in the present study proposed that CtBP2 obviously promoted the
migratory activity of cSCCs cells, and that CtBP2 was able to activate JAK2/Stat1 signaling via gp130,
eventually enhancing the migration of cSCCs cells.
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Table
Table I. Expression levels of CTBP2 and summary of the clinicopathological characteristics of cSCCs
patients. 

Variable Patients, N CTBP2

(+)

CTBP2

(-)

P-Value

cSCCs tissues 104 74 30 <0.01

AK tissues 102 26 76  

Age (years)        

≤60 71 54 17 0.258*

>60 33 20 13  

Sex        

Male 56 38 18 0.682*

Female 48 36 12  

Distant metastasis        

+ 72 60 12 <0.01

- 32 14 18  

TNM stage (AJCC)         

I-II 62 44 18 0.792*

III-IV 42 30 12  
*No statistical signi�cance was found with the χ2 test/χ2 Goodness-of-Fit Test. CTBP, C-terminus of the
E1A binding protein; TNM, Tumor-Node-Metastasis; 

Figures
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Figure 1

Expression levels of CtBPs in cSCCs cells. (A) Representative �gure of the detection of CtBP2 in cSCCs,
normal skin and actinic keratosis tissue samples. (B) Protein expression levels of CtBP2 in 104 cSCCs
and 102 actinic keratosis tissue samples. Student’s t-test; **P<0.01, compared with actinic keratosis
tissues. (C) Kaplan-Meier survival curves and the log-rank test were used to determine the association
between CtBP2 expression and survival time. CtBP, C-terminus of the E1A binding protein; cSCCs,
keratinocyte-derived cutaneous squamous cell carcinoma; cSCCIS, cSCCs in situ.
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Figure 2

Overexpression of CtBP2 signi�cantly promotes the malignant phenotype of keratinocyte cells. (A)
Western blotting was utilized to examine the expression levels of CtBP2 and the activities of JAK2/Stat1
signaling pathway proteins. (B) Statistical analysis of protein expression, normalized to β-actin. (C)
Expression and localization of CtBP2 was determined by immuno�uorescence. (D) Growth curve of HEKa
cells. The viability of the cells was estimated using the Cell Counting Kit-8 assay. (E) The ability of HEKa
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cells to form colonies under a 2D culture condition was determined by colony formation assay. (F) The
transwell chamber method was used to assess the impact of CtBP2 overexpression on the invasiveness
of HEKa cells in vitro. (G) Statistical analysis of invaded HEKa cells. (H) Cell scratch assay for the
migratory activity of HEKa cells in vitro. CtBP, C-terminus of the E1A binding protein; cSCCs, keratinocyte-
derived cutaneous squamous cell carcinoma.

Figure 3
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Loss of gp130 decreases the migratory and invasive capacities of HEKa cells that overexpress CtBP2. (A)
Western blotting was used to examine the effects of gp130 k/o and the activation of the JAK2/Stat1
signaling pathway in HEKa cells. (B) Statistical analysis of protein expression. normalization with β-actin.
(C) The growth curve of HEKa cells was estimated using the Cell Counting Kit-8 assay. (D) The ability of
HEKa cells to form colonies under 2D culture conditions was determined by the colony formation assay.
(E) Transwell chambers were used to explore the effect of gp130 k/o on the invasive activity of HEKa
cells in vitro. (F) Statistical analysis of the number of invaded cells. (G) Cell scratch assays were used to
determine the migratory activity of A431 cells in vitro. One-way analysis of variance followed by a
Dunnett's multiple comparison test; **P<0.01, compared with the scramble group. CtBP, C-terminus of the
E1A binding protein; cSCCs, keratinocyte-derived cutaneous squamous cell carcinoma.
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Figure 4

Loss of CtBP2 decreases the migratory and invasive activities of the cSCCs cell line A431. (A) Western
blotting was used to determine the effects of CtBP2 k/o and the activation of the JAK2/Stat1 signaling
pathway in the A431 cell line. (B) Statistical analysis of protein expression, normalized to β-actin. (C) The
expression and localization of CtBP2 using immuno�uorescence assays. (D) The growth of the A431
cells was assessed by the Cell Counting Kit-8 assay. (E) The ability of A431 cells to form colonies under



Page 18/18

2D culture conditions was determined by the colony formation assay. (F) Transwell chambers were
utilized to explore the impact of CtBP2 k/o on the invasive activity of A431 cells in vitro. (G) Statistical
analysis of the number of invaded cells. (H) Cell scratch assays were utilized to explore the migratory
activity of A431 cells in vitro. One-way analysis of variance followed by a Dunnett's multiple comparison
test; **P<0.01, compared with the scramble group. CtBP, C-terminus of the E1A binding protein; cSCCs,
keratinocyte-derived cutaneous squamous cell carcinoma.


