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Transcription factor 21 (TCF21), a member of the class A of basic helix-loop-helix family, has been widely iden-
tified as a tumor suppressor. Growing evidence has demonstrated the downregulation of TCF21 in distinct can-
cers. The aim of this study was to explore the expression and biological functions of TCF21 in esophageal squa-
mous cell carcinoma (ESCC).

TCF21 expression in esophageal cancer cell lines and carcinomas tissues were detected, and its associations
with clinical characteristics were analyzed. We carried out this study of biological functions and underlying
mechanisms using TE10 and KYSE510 cell lines.

TCF21 mRNA and protein expression were both downregulated in esophageal cancer tissues compared with
adjacent normal tissues. Low expression of TCF21 was closely correlated with N stage. In Kaplan-Meier surviv-
al analysis, patients with lower TCF21 expression had poorer prognosis. Overexpression of TCF21 greatly inhib-
ited the proliferation, migration, and invasion in both TE10 and KYSE510 cell lines. Furthermore, mechanistic
studies showed that with TCF21 gene overexpressed, the expression of tumor suppressor Kiss-1 was upregu-
lated and epithelial-mesenchymal transition (EMT) related proteins (E-cadherin, N-cadherin, Snail, Twist, and
Vimentin) which participate in cancer cell invasion and metastasis, were reversed.

TCF21 is downregulated in ESCC, and its low expression is closely correlated with N stage and predicts a poor
prognosis. TCF21 functions as a tumor suppressor in ESCC progression, and enhancement of its expression
levels may be partly through promoting Kiss-1 expression to reverse EMT by modulating EMT-related gene ex-
pression. Thus, TCF21 can potentially be used as a treatment target for ESCC.

Activating Transcription Factors ¢ Epithelial-Mesenchymal Transition ¢ Esophageal Neoplasms ¢
Genes, Tumor Suppressor ¢ Kisspeptins ¢ Prognosis
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Background
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Material and Methods

Esophageal cancer ranks eighth for cancer incidence and fifth
for mortality in developing countries [1]. In China, 206.5 thou-
sand persons have died from esophageal cancer [2]. Esophageal
cancer 5-year survival rate is very low [3]. It can be classified
into 2 major histologic types: esophageal squamous cell carci-
noma (ESCC) and adenocarcinoma [4]. Nearly 90% of the inci-
dences of esophageal cancer are ESCC [5]. Unfortunately, the
specific therapeutic targets of ESCC and its contributing mech-
anisms are still unknown.

Transcription factor 21 (TCF21, also known as capsulin, epicar-
din, and Pod1), locates at chromosome 6q23-g24 and belongs
to the basic helix-loop-helix (bHLH) family, and it has been ver-
ified as a tumor suppressor gene, and the hypermethylation
of aberrant promoter induces its low expression in tumor tis-
sues [6-8]. TCF21 encodes a bHLH transcription factor which
binds DNA as a heterodimer through the consensus E-box se-
quence (CANNTG). bHLH proteins are transcriptional regula-
tory proteins, an earlier study showed that these proteins are
essential for cell fate determination and differentiation in a
variety of tissues [9]. The normal function of TCF21 is to pro-
mote mesenchymal cells transition into epithelial cells [10].
This process is the reversal of epithelial-mesenchymal transi-
tion (EMT) which has been involved in tumor invasion and me-
tastasis [11-13]. TCF21 functions as a tumor suppressor and
has been identified in numerous malignancies such as gastric
cancer [7], colorectal cancer [14] and clear cell sarcoma of the
kidney [15]. Research indicates that poor survival is associat-
ed with downregulation of TCF21 in clear cell renal cell carci-
noma [16]. However, until now, no studies have reported on
the role of TCF21 in ESCC, and its possible molecular mecha-
nisms are still unclear.

In the present study, we analyzed the mRNA and protein levels
of TCF21 in ESCC tissues and esophageal cancer cell lines, as
well as its associations with clinical features. And we also inves-
tigated the biological functions of TCF21 in vitro. Furthermore,
we explored the potential molecular mechanism modulated by
TCF21. Our results demonstrated that the mRNA and protein
expression of TCF21 in ESCC tissues were significantly lower
than in paired normal tissues. Low expression of TCF21 was
closely correlated with N stage and predicted a poor progno-
sis. Upregulation of TCF21 inhibited tumor invasion and me-
tastasis functions greatly, which could act partly via promot-
ing Kiss-1 to reverse EMT. In conclusion, TCF21 probably can
be used as a prognostic factor, and may provide a new thera-
peutic target of ESCC in the clinic.

Tissue specimens

Sixteen fresh esophageal cancer tissues with the paired non-
tumor tissue samples and a total of 115 paraffin-embedded tis-
sues (80 ESCC and 35 normal esophageal) were selected from
esophageal cancer patients who had undergone surgical inter-
vention at the Department of Cardiothoracic Surgery of The
First Affiliated Hospital of Chongging Medical University and
the Department of Pathology of Chongging Medical University
respectively during May 2012 to February 2014. All the pa-
tients had not received chemoradiotherapy prior to operation.
Clinical features of patients are shown in Table 1. This study
was approved by the Medical Ethics Committee of our insti-
tution. All the tissues were obtained based on patients’ writ-
ten informed consents.

Real-time quantitative reverse transcription-PCR (qRT-PCR)

TRIzol (Takara, Dalian, China) was used to extract RNA from
tissues and cells. PrimeScript™ RT reagent Kit (Takara, Dalian,
China) was used to synthesize cDNA. The Applied CFX96 Touch™
Real-Time PCR Detection System (Foster City, California, USA)
was used to perform gRT-PCR following the manufacturer’s
instructions. Primers for TCF21 and GAPDH were as follows:
TCF21 forward primer, 5’-TCCTGGCTAACGACAAATACGA-3’ and
reverse primer, 5’-TTTCCCGGCCACCATAAAGG-3’; GAPDH forward
primer, 5’-ACAACTTTGGTATCGTGGAAGG-3’ and reverse primer,
5’-GCCATCACGCCACAGTTTC-3". The relative expression levels
of TCF21 and GAPDH were calculated using the 224" method.

Immunohistochemical analysis

An anti-human TCF21 antibody (dilution,1: 50; ab32981,
Abcam) was used for immunostaining. The process was simi-
lar to previously described methods [17]. TCF21 immunostain-
ing was detected in the cytoplasm and nucleus of epithelial
and tumor cells. Immunohistochemical expression was eval-
uated independently by 2 pathologists who did not know the
patient data. Specific staining intensity was scored as nega-
tive (0), weak (1), intermediate (2) and strong (3). The percent-
age of the reactivity extent was scored as 0 (0%), 1 (1-25%),
2 (26-50%), 3 (51-75%), and 4 (76—-100%). The scores for in-
tensity and percentage were added as a final score: 0-3 was
regarded as low TCF21 expression while 4-12 was regarded
as high TCF21 expression.

Cell culture and transfection

All the cells were cultured in RPMI-1640 medium (Corning, USA)
containing 10% fetal bovine serum (FBS) at 37°C and 5% CO2.
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Table 1. Relationships between TCF21 expression and clinicopathological features of the ESCC patients.
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x? test. Significant value: P<0.05.

Lentivirus RNA overexpression of TCF21 (LV-TCF21) and a negative
control lentiviral vector (LV-NC) were purchased from GeneChem
(Shanghai, China). A pre-experiment was essential to decide the
multiplicity of infection (MOI) of the TE10 and KYSE510 cell lines.
TE10 and KYSE510 cells (1x103 cells/well) were plated into 96-well
plates overnight. After that, lentivirus of 4 different gradients of
MOI (10, 20, 30, and 50) were used for infection. After 8 hours,
fresh complete medium was added. After incubating for 3 days,
a fluorescence microscope was used to determine the transduc-
tion efficiencies of the TE10 and KYSE510 cells; MOI of 50 was
chosen for further experiments. On the basis of the pre-exper-
iment, 1x10° cells were seeded into each well of a 6-well plate
overnight and then transfected with diluted lentivirus (MOI=50),
and 72 hours later, stable transfection was obtained by the use
of puromycin (1 pg/mL). RT-PCR and western blot analysis were
performed to verify the transfection efficiency of lentivirus.

Colony formation assay

About 500 lentivirus-transfected TE10 and KYSE510 cells per
well were plated into 6-well plates. Two weeks after incuba-
tion, cells were washed with 2 mL of PBS, then fixed with 4%
paraformaldehyde and stained in 0.05% crystal violet at room
temperature for 20 min. Under microscopy, images were ob-
tained and the colonies (=50 cells/well) were counted.

CCK-8 cell proliferation assay

Trypsinized and resuspended cells (2x10? cells/well) were plat-
ed per well of 96-well plates and cultured at 37°C and 5% CO?
for 12 hours. The Cell Counting kit-8 (CCK-8; Dojindo, Tokyo,
Japan) was used to measure the cell viabilities. After 24, 48,
and 72 hours, according to the manufacturer’s instructions,
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each well was added 10 pL of CCK-8 solution and cells were
cultured for another 2 hours. The absorbance at 450 nm was
read with a microplate reader (Tecan Trading AG, Switzerland).
Experiments were performed in triplicate.

Scratch assay

Cells of LV-TCF21 and LV-NC groups were seeded in 6-well plates
at a density of 5x10°/well and incubated to 100% confluence,
then wounds were made on the single layers with a 10 pL pi-
pette tip and washed with PBS 3 times. After that, these cells
were incubated at 37°C in complete medium for 24 hours.
Images of the wounds were taken at 0 and 24 hours. The ex-
periment was repeated 3 times.

Transwell assay

The migration and invasion abilities of the TE10 and KYSE510
cells were assessed using 8-um Transwell inserts (Corning, NY,
USA) with or without Matrigel (Corning) coating. Cells (1x10°
with Matrigel and 5x10* without Matrigel) were seeded in
the upper chamber, while in the lower chamber with 700 pL
RPMI-1640 medium containing 10% FBS. After 48 hours cul-
turing, noninvasive cells were removed from the upper cham-
ber while invasive cells in the lower chamber were fixed with
paraformaldehyde and stained in 0.05% crystal violet. Five
random microscopic fields were captured, and the numbers
of cells were counted under microscopy. Three independent
experiments were performed.

Western blotting

Western blotting was performed similar to methods pre-
viously described [18]. Briefly, RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) was used to extract total pro-
tein of cells, and the concentration was measured by BCA pro-
tein assay (Beyotime Biotechnology, Shanghai, China). After
that, samples containing 25% loading buffer were boiled at
100°C for 10 min. Equal amount of protein from each sam-
ple was loaded on to the well and separated using SDS-PAGE,
then transferred to a PVDF membrane. After blocking in 5%
milk blocking buffer for 2 hours, membranes were incubat-
ed at 4°C overnight with various of primary antibodies then.
The primary antibodies used were: TCF21 (1: 1000; Abcam),
E-cadherin, N-cadherin, Snail, Vimentin, Twist, Kiss-1 (1: 300;
all from Santa Cruz) and glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) (1: 1000; Cell Signaling Technology). After
washing in TBST, specific secondary antibodies were added for
incubating for 2 hours at room temperature. Protein signals
on the membrane were visualized with the use of enhanced
chemiluminescence (ECL) reagent.

LAB/IN VITRO RESEARCH

Statistical analysis

Statistical analysis was conducted with SPSS Statistics 21.0
software. The mean + standard deviation (SD) was used to
express measurement data. The results for comparisons be-
tween any 2 means were analyzed by Student’s t-test. Chi-
square test was used to analyze the correlations between
TCF21 expression and clinical features. Kaplan-Meier analysis
was used for estimating the survival curve. A value of P<0.05
was considered significant.

Results

TCF21 had a low expression in ESCC tissues and
esophageal cancer cell lines

TCF21 mRNA levels in clinical tissues derived from ESCC pa-
tients were evaluated by using qRT-PCR. We found that the
levels of mRNA in 14 of 16 tumor tissues (87.5%) had lower
levels than in adjacent tissues (Figure 1A). By the use of im-
munohistochemical staining, we found a similar result: in tu-
mor tissues, 40 of 80 specimens (50%) were positive, com-
pared to 27 of 35 samples (77.1%) in the non-cancerous tissues
(Figure 1B). Furthermore, in all assessed esophageal cancer cell
lines, TCF21 expression were significantly lower than in human
esophagus epithelial cell line, HET-1A (Figure 1C).

Correlations between TCF21 protein differential expression
and clinical features of ESCC patients

As shown in Table 1, the clinical features of the tumor tis-
sue samples revealed that no significant relationships exist-
ed among the expression of TCF21 with patient age, gender,
differentiation, T stage, and clinical stage. However, we found
that there was a significant correlation between TCF21 expres-
sion and N stage (P=0.024).

Correlations between TCF21 and survival rate

Up to the time of the present study, 37 patients had died while
43 were still alive. Kaplan-Meier analysis was used to explore
the relationship between the differential expression of TCF21
and the survival rate of ESCC patients, and the results revealed
patients with low TCF21 expression level had a worse survival
rate than patients with high TCF21 expression level (P=0.0005)
(Figure 1D). This data suggested that TCF21 low expression
level predicted a poor prognosis of ESCC patients.

Transfection verification

To explore the biological function of TCF21 in ESCC cells, we
infected TE10 and KYSE510 cells with lentivirus to overexpress
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Figure 1. Expression of TCF21 in ESCC samples and in transfected cells. (A) Relative expression of TCF21 mRNA was examined
in 16 ESCC clinical fresh specimens. The data are presented as average + standard deviation (SD); * P<0.05, ** P<0.01.
(B) Immunohistochemical assay revealed TCF21 was downregulated in most cancer tissues compared with that in the distant
tissues (magnification, 40x). (C) Expression of TCF21 in esophageal cancer cell lines ECA109, ECA9706, KYSE150, KYSE510,
and TE10, and compared to its expression in HET-1A cells; * P<0.05, ** P<0.01. (D) Overall survival rate, using Kaplan-Meier
survival analysis, was associated with TCF21 expression in 80 ESCC patients; P=0.0005. (E) Fluorescence images show high
transfection efficiency of Lentivirus in 2 esophageal cancer cell lines (TE10 and KYSE510) (magnification, 40x). (F) RT-PCR was
used to confirm the overexpression of TCF21.
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Figure 2. Expression of proteins in 2 groups of cells with overexpression of TCF21 and the empty vector. Western blot assay verified
the efficiency of target gene TCF21 and proteins regulated by TCF21.0Overexpression of TCF21 promoted the expression
of Kiss-1 and E-cadherin while downregulated the expression of N-cadherin, Snail, Twist and Vimentin. Each assay was
performed in triplicate. Data were presented as mean +SD; * P<0.05, ** P<0.01.

TCF21. The fluorescence microscopy was used to obtain the
images of 2 esophageal cancer cell lines transfected with len-
tivirus which contain green fluorescence (Figure 1E). And by
using RT-PCR and western blot analysis, we verified that the
mRNA and protein level of TCF21 were both upregulated in the
LV-TCF21 group compared with LV-NC group (Figures 1F, 2).

Upregulation of TCF21 inhibited cell clonogenicity and
proliferation

After the expressions of TCF21 in TE10 and KYSE510 were
proven to increase, we performed the colony formation as-
say and CCK-8 cell proliferation assay to investigate the sta-
tus of cell proliferation. In the colony formation assay, the
ability of colony formation in the LV-TCF21 group was great-
ly reduced in comparison with the LV-NC group (Figure 3A).
Meanwhile, the CCK-8 cell proliferation assay revealed that cell
growth was also inhibited significantly after TCF21 was over-
expressed (Figure 3B).

TCF21 suppressed cell migration and invasion

To investigate the migration ability of 2 cell lines, the Transwell
assay (without Matrigel) and the scratch assay were used. In
the Transwell assay, the number of cells penetrating the mem-
brane was drastically decreased in the group of LV-TCF21 in
comparison with the group of LV-NC (Figure 3C). Similarly, in
the scratch assay, the migration rate was inhibited in the LV-
TCF21 group (Figure 3E, 3F). In general, the ability of cell mi-
gration was repressed when TCF21 was overexpressed. The
Transwell assay (with Matrigel) was used to confirm the abil-
ity of invasion, and results showed that the number of cells
in the LV-TCF21 group were significantly less than in the LV-
NC (Figure 3D).

TCF21 increased the expression of Kiss-1 and induced
phenotypic changes in EMT markers

On the basis of our present results, our data confirm that
overexpression of TCF21 can inhibit proliferation and metas-
tasis in ESCC. Thus, we performed western blot analysis to ex-
plore the potential molecular mechanism regulated by TCF21
in ESCC. Results suggested that the Kiss-1 protein expression
level was significantly induced by TCF21. And we also detect-
ed the change in expression of some EMT markers. In com-
parison to the LV-NC group, the E-cadherin protein expres-
sion level was increased while the protein expression levels
of N-cadherin, Snail, Twist and Vimentin were all decreased
in the LV-TCF21 group (Figure 2).

Discussion

Many studies have shown that proteins of the bHLH fami-
ly can mandate cell proliferation and fate differentiation in a
variety of tissues [9,19]. TCF21 is a member of class A of the
bHLH family, and its expression is high in the mesenchyme of
developing organs such as lung and kidney [20]. TCF21 was
initially found as a tumor suppressor by the use of restriction
landmark genomic scanning which allows for DNA methyla-
tion profiling along a region that frequently lost heterozygosi-
ty [21]. Jun et al. found that miR-205 regulated cell invasion by
targeting TCF21 in human ovarian cancer [22]. Recent studies
suggest that aberrant promoter methylation of TCF21 causes
it to be frequently lost in human malignancies [7,8]. Aberrant
promoter methylation of cancer-associated genes has now
been confirmed as an alternative mechanism to heritably si-
lence gene transcription, which is a significant epigenetic pro-
cess that fundamental biological events are involved in, such
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Figure 3.

Overexpression of TCF21 decreased cell colony formation, proliferation, migration and invasion. (A) Colony formation was

inhibited in the LV-TCF21 group compared with the LV-NC group. Data are presented as mean +SD; ** P<0.01. (B) The CCK-

8 proliferation assay showed that upregulating of TCF21 inhibited the cell proliferation of the TE10 and KYSE510 cells;

* P<0.05, ** P<0.01. (C) The Transwell assay (without Matrigel) showed the migration was inhibited in the LV-TCF21 group;

** P<0.01. (D) The same results occurred in the invasion assay; ** P<0.01. The experiments were performed in triplicate, and
the data were presented as mean +SD (magnifications, 10x). (E, F) By using the scratch assay, the migration ability of the LV-
TCF21 groups were also inhibited compared with the control (LV-NC) groups. The quantitative results of migration rates are

shown; ** P<0.01 (magnifications, 40x).

as development and cell differentiation [23,24]. However, none
of studies have reported a role of TCF21 in ESCC.

In this study, we first utilized gPCR to assess the gene expres-
sion of TCF21 in 16 fresh esophageal cancer tissues with paired
non-tumor tissue samples. Our results revealed that TCF21
was significantly lower expressed in ESCC tissues compared
with normal tissues. Second, we used immunohistochemical
staining to assess TCF21 protein expression in human esoph-
ageal cancer specimens. Compared to normal adjacent tis-
sues (27 out of 35), TCF21 was significantly lower expressed
in ESCC tissues (40 out of 80). And correlations of TCF21 ex-
pression with clinicopathological characteristics of ESCC pa-
tients, as shown in Table 1, revealed that low expression of
TCF21 was closely correlated with positive lymph node metas-
tasis status (P=0.024). Furthermore, the Kaplan-Meier analysis
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demonstrated that patients with lower TCF21 levels had a pre-
dicted poorer prognosis, which indicated TCF21 could be a po-
tential prognostic factor in ESCC.

We further studied the biological function of TCF21 by the use
of lentiviral infection technology in TE10 and KYSE510 cell lines
in vitro. The success of the transfection was confirmed by flu-
orescence microscopy images. And we used RT-PCR and west-
ern blot analysis to validate the upregulation of TCF21 in the 2
transfected cell lines. After generating esophageal cancer cells
with stably overexpressed TCF21, we conducted colony forma-
tion assay, CCK-8 cell proliferation assay, scratch assay, and
Transwell assay in vitro to investigate its biological role. Our
results revealed that the abilities of colony formation, prolif-
eration, migration, and invasion were all greatly inhibited in
the TCF21 upregulated groups in comparison to the negative
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control groups. Based on these results, we believe that in ESCC,
TCF21 has tumor-prohibitive functions.

In order to evaluate the potential molecular mechanism regu-
lated by TCF21 in esophageal cancer cell lines, we used west-
ern blot analysis. Kiss-1 gene is a known metastasis inhibition
gene in a number of tissues, including ESCC [25]. Arab et al.
found that TCF21 can directly bind the promoter of the Kiss-1
and then interact with E12 and TCF12 to enhance its expres-
sion in melanomas [26]. Zhang et al. reported that Kiss-1 exert
tumor inhibition effects partly via modulation by TCF21 [27].
Dai et al. found that TCF21 can induce Kiss-1 and reduce
MMPs expression through the PI3K/Akt pathway [14]. In our
study, the expression of Kiss-1 was also upregulated signif-
icantly by TCF21. Hence, we suggest that Kiss-1 is positive-
ly regulated by TCF21 in ESCC. Loss of the TCF21 will result in
the failure of mesenchymal-to-epithelial transition, a reverse
process of EMT which has been described as an absolute re-
quirement for cell migration and invasion in many malignan-
cies [28,29]. Our data showed upregulation of TCF21 could in-
crease E-cadherin expression, however, it could decrease the
expression of N-cadherin, Snail, Twist and Vimentin. These spe-
cific EMT markers are: unique to epithelial cells (E-cadherin),
mesenchymal cells (N-cadherin, Vimentin), and others are EMT
regulators (Snail, Twist) [12,30-32]. Epithelial cells often gain
mesenchymal cell characteristics and gene expression profiles
before the invasion of a carcinoma [33]. Kiss-1 encodes sev-
eral regulatory peptides named kisspeptins (KPs). KP-54, the
largest of the 3 KPs, inhibits tumor metastasis through the
receptor GPR54 [34]. Tan et al. found that KP-54 can result in
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the PKD1 phosphorylation-dependent decrease of Slug but the
concomitant increase of E-cadherin, which has been supposed
to influence cell invasion and metastasis [35]. In the present
study, we found that overexpression of TCF21 inhibits prolif-
eration, migration, and invasion, and the expression of Kiss-1
and E-cadherin were increased while N-cadherin, Snail, Twist,
and Vimentin were decreased. These results showed that TCF21
tumor inhibitory functions may act partly via promoting Kiss-1
to reverse EMT in ESCC. Our next research step is to investigate
how Kiss-1 functions in its inhibitory effect on EMT in ESCC.

Conclusions

In conclusion, our study revealed that TCF21 expression was
significantly downregulated in cancer tissues in comparison
with adjacent normal tissues, and low levels of TCF21 were
closely correlated with N stage and indicated a poor progno-
sis. Overexpression of TCF21 greatly inhibited proliferation,
migration, and invasion of esophageal cell lines. Moreover,
we suggest that TCF21 promoted the expression of Kiss-1
which may result in the reversal of EMT to exert its inhibitory
function in ESCC. TCF21 probably can be used as a prognos-
tic factor and provide insights into a new therapeutic target
of ESCC in the clinic.
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