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Knockdown of TGIF attenuates the proliferation and
tumorigenicity of EC109 cells and promotes
cisplatin-induced apoptosis
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Abstract. A previous study has reported that frequent
amplifications of the TG-interacting factor (TGIF) were
observed in esophageal squamous cell carcinoma. The aim
of the present study was to investigate the potential role of
TGIF in the proliferation and tumorigenicity of the esopha-
geal cancer cell line EC109 and cisplatin-induced apoptosis.
Stable TGIF-knockdown EC109 cell line was established by
infecting short hairpin RNA (shRNA) lentiviral particles.
Soft agar and tumor xenograft assays were applied in nude
mice. Flow cytometry was employed to evaluate the cell cycle
and apoptosis. Western blot analysis was used to detect the
expression of proteins. TGIF knockdown suppressed EC109
cell proliferation, colony formation in soft agar and tumor
growth in nude mice, induced cell cycle arrest in the G1 phase,
and promoted cisplatin-induced apoptosis. In addition, TGIF
knockdown significantly reduced the expression of phospho-Rb
in EC109 cells. The reduced level of full length PARP expres-
sion and the increased level of cleaved caspase-3 expression
were observed in EC109 cells with the treatment of cisplatin
and TGIF knockdown. The results suggest that knockdown
of TGIF attenuated the proliferation and tumorigenicity of
EC109 cells, and promoted cisplatin-induced apoptosis.
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Introduction

Esophageal cancer, the sixth leading cause of cancer-related
death, has currently ranked the eighth in the malignant tumors
worldwide (1). There were 455,800 new esophageal cancer cases
and 400,200 deaths estimated in 2012. The incidence rates of
esophageal cancer vary internationally, the highest rates are
found in Eastern Asia and in Eastern and Southern Africa and
the lowest rates are found in Western Africa. There are two main
histological types of esophageal cancer, including squamous cell
carcinoma and adenocarcinoma (2). Although, the diagnosis and
treatments for esophageal cancer update constantly (3,4), the
overall 5-year survival rate is only around 20% (5). Therefore, it
is important and urgent to elucidate an exactly novel molecular
mechanism underlying esophageal cancer formation, which
may provide new strategies for the diagnosis and treatments of
esophageal cancer in future healthcare.

TG-interacting factor (TGIF) belongs to the three-amino
acid loop extension (TALE) subfamily of atypical homeodo-
main proteins (6). Heterozygous loss of TGIF gene causes
holoprosencephaly in humans (7). It has been reported
that TGIF is involved in at least three signaling pathways,
including retinoic acid (RA) (6), transforming growth factor §
(TGF-pP) (8), and wnt/B-catenin signaling pathways (9). A
number of studies have reported that TGIF plays an impor-
tant role in the initiation, development, and progression of
breast cancer (9), lung cancer (10-12), hepatocellular carci-
noma (13,14), upper urinary tract urothelial carcinoma (15,16),
leukemia (17-19), and oral squamous cell carcinoma (20,21).
Nakakuki et al reported that frequent amplifications of
TGIF were observed in esophageal squamous cell carcinoma
(ESCC) (22), which suggests that TGIF might be associated
with esophageal tumorigenesis. But, the potential role of TGIF
in the proliferation and tumorigenicity of esophageal cancer
cells is not clear. In the present study, we knocked down TGIF
of EC109 cells with short hairpin RNA (shRNA) lentiviruses
and observed the capabilities of proliferation and tumorige-
nicity of stable TGIF-knocked down EC109 cells in vitro and
in vivo. We also observed the effects of TGIF knockdown on
cisplatin-induced apoptosis in EC109 cells.
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Materials and methods

Cell culture and infection. The esophageal cancer cell line of
EC109 was obtained from the Cell Resource Center, Peking
Union Medical College (which is the headquarters of National
Infrastructure of Cell Line Resource in Beijing, China) and
cultured in RPMI-1640 medium with 10% of fetal bovine serum
(FBS), 100 pg/ml of streptomycin, 100 U/ml of penicillin, and
2 mM of L-glutamine at 37°C in a 5% CO, incubator. TGIF
shRNA (h) lentiviral particles (sc-36659-V) and control shRNA
lentiviral particles-A (sc-108080) were obtained from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). The infection
of lentiviral particles was performed in accordance with the
manufacturer's instructions. The infected cells were maintained
in RPMI-1640 full medium with 10 yg/ml of puromycin (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The effi-
ciency of the shRNA lentiviruses targeting TGIF was measured
at the level of protein expression. Stable clones were named
EC109-shRNA-TGIF and EC109-shRNA-control, respectively.

Measurement of cell proliferation. Cell proliferation was
measured according to the methods of our previous study (10).
Briefly, 4x10* of cells were seeded into each well of 12-well
plate in triplicate. Cells were harvested and counted by using
a CASY Cell Counter (Schirfe System GmbH, Reutlingen,
Germany) at 24,48, 72, and 96 h, respectively.

Colony formation assay. Colony formation assay in soft agar
was performed as previously described (11). Briefly, 500 cells
were suspended in 0.35% low-melting point agarose and plated
onto 0.6% low-melting point agarose in 6-well plates. Cells
were maintained at 37°C in a 5% CO, incubator for 18 days.
Colonies of ten randomly selected views were counted by an
inverted microscope (Leica DM IL LED; Leica Microsystems
GmbH, Wetzlar, Germany) at x100 magnification (11).

Tumor xenograft assay. All of the animal experiments were
conducted in the light of the Guide for the Care and Use of
Laboratory Animals. The Ethics Committee of Henan Center
for Disease Control and Prevention approved this study. Tumor
formation assay in nude mice was carried out in accordance
with our previous study (11). In brief, male BALB/c nude
mice aged 4 weeks were provided by Vital River Laboratory
Animal Technology Co., Ltd. (Beijing, China). Cells (5x10°) in
150 ul of PBS were subcutaneously injected into the back neck
of each mouse. Mice were monitored every day and sacrificed
at 14 days postinjection (11).

Cell cycle assay. The detailed methods of cell cycle assay
were described previously (10). Briefly, cells were plated
in 100-mm dishes and harvested when growing to 70-80%
confluence. Cells were washed with PBS and fixed in 70% of
ethanol at -20°C overnight, following by washing with PBS
twice, suspending in 0.5 ml of PBS containing 100 yg/ml of
RNase (Invitrogen Life Technologies, Carlsbad, CA, USA) and
50 ug/ml of propidium iodide (PI; Sigma-Aldrich, St. Louis,
MO, USA), and incubating at room temperature for 30 min
in the dark. The distribution of cell cycle was measured by
EPICS XL-MCL ADC flow cytometry (Beckman Coulter,
Inc., Brea, CA, USA).
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Cisplatin treatment. Cells were plated in 60-mm dishes and
treated with 12.5 ug/ml of cisplatin for different time-points
indicated. Cells were harvested and washed with PBS, and
then were used to analyze protein expression and apoptosis.

Detection of apoptosis. The apoptosis was detected by using
the Muse Annexin V and Dead Cell Assay kit (MCH100105;
EMD Millipore, Billerica, MA, USA) in Muse™ Cell Analyzer
according to the manufacturer's instructions. In details, cells
were detached by trypsinization and suspended in at least
1% FBS. The cell samples were incubated with Muse™
Annexin V and Dead Cell Reagent at room temperature for
20 min in the dark. The apoptosis rate was analyzed by using
the Muse Cell Analyzer.

Western blot assay. Western blot analysis was conducted as
previously described (10). The primary antibodies used were
listed as following: TGIF (sc-9084), Akt (sc-8312), B-catenin
(sc-7199), CDK4 (sc-260), cyclin A (sc-751), cyclin Bl (sc-752),
cyclin D1 (sc-718), p21 (sc-397), p53 (sc-6243), and [-actin
(sc-47778) were obtained from Santa Cruz Biotechnology, Inc.,
and Rb (#9313S), phospho-Rb (#85168S), c-Myc (#13987S), p65
(#8242S), ERK1/2 (#4695S), Axinl (#2087S), PARP (#95325),
Bax (#5023S), caspase-3 (#9664S), and caspase-9 (#9508S)
were obtained from Cell Signaling Technology, Inc. (Danvers,
MA, USA). The secondary antibodies (peroxidase-coupled
goat anti-rabbit-IgG and goat anti-mouse IgG) were obtained
from ZSGB-BIO (Beijing, China). The membrane was devel-
oped by a Bio-Rad Clarity™ Western ECL substrate in the
ChemiDoc™ XRS+ Imaging system (both from Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Numeric data were presented as
mean + standard deviation (SD) or median. Student's t-test,
one-way analysis of variance and Mann-Whitney U test were
performed to estimate statistical significance among groups by
using the SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered statistically significant. All the tests
were two-sided.

Results

The efficiency of TGIF knockdown in EC109 cells. As shown
in Fig. 1A, the expression of TGIF protein was significantly
reduced in EC109-shRNA-TGIF cells, compared with
EC109-shRNA-control cells, which suggests that a stable
TGIF-knocked down EC109 cell line was successfully
established.

Effects of TGIF knockdown on ECI109 cell proliferation.
Fig. 1B indicated that EC109-shRNA-TGIF cells grew signifi-
cantly slowly, compared with EC109-shRNA-control cells
from 72 h, which suggests that TGIF knockdown suppressed
ECI109 cell proliferation.

Effects of TGIF knockdown on colony formation. Results of
colony formation were presented in Fig. 1C, which showed
that EC109-shRNA-TGIF cells formed significantly less
colonies (17+4/10 fields) than EC109-shRNA-control cells did
(28+5/10 fields).
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Figure 1. (A) The identification of TGIF-knocked down EC109 cells. Our data indicated that shRNA significantly reduced the level of TGIF protein expression
in EC1009 cells. (B) The effects of TGIF knockdown on EC109 cell proliferation. Our results showed that TGIF knockdown inhibited EC109 cell proliferation
from 72 h ("P<0.05 vs. shRNA-control). (C) Effects of TGIF knockdown on colony formation. Our findings indicated that the ability of colony formation was
significantly decreased in EC109-shRNA-TGIF cells as compared with EC109-shRNA-control cells. (D) Effects of TGIF knockdown on tumor growth in nude
mice. Our results demonstrated that the tumor weight was significantly reduced in EC109-shRNA-TGIF cells as compared with EC109-shRNA-control cells.

TGIF, TG-interacting factor; shRNA, short hairpin RNA.

Effects of TGIF knockdown on tumor xenograft formation in
nude mice. Fig. 1D demonstrated the results of tumor xenograft
formation in nude mice. Our data indicated that the significantly
decreased tumor weight was observed in EC109-shRNA-TGIF
cells, compared with EC109-shRNA-control cells (Fig. 1D),
which suggests that TGIF knockdown significantly suppressed
tumor formation and tumor growth of EC109 cells in vivo.

Effects of TGIF knockdown on cell cycle distribution.
As shown in Fig. 2A, EC109-shRNA-TGIF cells had
the significantly increased percentage of Gl phase cells
(45.8+3.9%) accompanied with the significantly decreased
percentage of S phase cells (47.6+£2.7%) as compared with
EC109-shRNA-control cells (39.5+1.3 and 53.5+0.7%,
respectively). Our data suggested that TGIF knockdown
might induce the inhibition of EC109 cell growth by arresting
the cell cycle in the G1 phase.

TGIF knockdown suppressed the expression of phospho-Rb.
Fig. 2B presented the alterations of cell cycle-related protein
expression, while TGIF knocking down in EC109 cells. Our
findings showed that knockdown of TGIF suppressed the
expression of phospho-Rb protein. There was no obvious alter-
ations in the expression of the cyclin A, cyclin B1, cyclin DI,
CDK4 and p21 proteins between EC109-shRNA-TGIF cells
and EC109-shRNA-control cells. In addition, we did not
observe significant difference in the expression of p53, c-Myc,
p65, Akt, ERK1/2, Axinl and B-catenin proteins between
EC109-shRNA-TGIF cells and EC109-shRNA-control
cells (Fig. 2C).

Cisplatin suppressed the expression of TGIF. Fig. 3 exhibited
the effects of cisplatin on the expression of TGIF protein in
EC109 cells. Our data showed that 12.5 pg/ml of cisplatin
could suppress the expression of TGIF protein from 24 h
(Fig. 3).

TGIF knockdown promoted cisplatin-indcued apoptosis.
Results from flow cytometry indicated that the percentage of
total apoptosis (early apoptosis and late apoptosis) was signifi-
cantly higher in EC109-shRNA-control cells treated with
12.5 pg/ml of cisplatin than that in negative control (Fig. 4A),
which suggests that cisplatin could induce apoptosis in EC109
cells. When TGIF gene was knocked down by shRNA in
ECI109 cells, we observed that the percentage of total apoptosis
was significantly higher in EC109-shRNA-TGIF cells treated
with 12.5 ug/ml of cisplatin than that in EC109-shRNA-control
cells treated with 12.5 pg/ml of cisplatin (Fig. 4A), which
suggests that TGIF knockdown promoted cisplatin-induced
apoptosis in EC109 cells.

In addition, we observed the significantly decreased
expression of full length PARP in EC109-shRNA-TGIF
cells treated with 12.5 pug/ml of cisplatin as compared with
EC109-shRNA-control cells treated with 12.5 pg/ml of
cisplatin (Fig. 4B). We observed the significantly increased
expression of cleaved caspase-3 in EC109-shRNA-TGIF
cells treated with 12.5 pug/ml of cisplatin as compared with
EC109-shRNA-control cells treated with 12.5 pg/ml of
cisplatin (Fig. 4B). Our data suggested that TGIF knockdown
had effects on the expression of apoptosis-related markers in
ECI109 cells treated with cisplatin.
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Figure 2. (A) Effects of TGIF knockdown on cell cycle distribution. Data showed that TGIF knockdown increased the percentage of EC109 cells in G1 phase
and decreased the percentage of EC109 cells in S phase. (B and C) Effects of TGIF knockdown on the expression of interested proteins. Data showed that TGIF
knockdown suppressed the expression of phospho-Rb protein. TGIF, TG-interacting factor; shRNA, short hairpin RNA.
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Figure 3. Effects of cisplatin on the expression of TGIF protein. Data showed
that cisplatin could reduce the expression of TGIF protein. TGIF, TG-interacting
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Discussion

In our study, the functional role of TGIF in the proliferation
and tumorigenicity of esophageal cancer cell line of EC109
was investigated. The abilities of EC109 cell growth and
tumor formation in vitro and in vivo were inhibited when the
expression of TGIF was knocked down by shRNA specifically
targeting TGIF, which suggests that TGIF may act as an onco-
gene in the development of esophageal cancer. Knockdown of
TGIF arrested the cell cycle of EC109 cells in the G1 phase by
downregulating phospho-Rb. In addition, knockdown of TGIF
promoted cisplatin-induced apoptosis of EC109 cells.

Cell cycle arrest is one of the major causes of cancer cell
proliferation inhibition (23,24). Dysregualtion of several key
factors, including CDK4, cyclin DI, p21 and phospho-Rb
could result in G1 phase arrest (25,26). In this study, we

observed that knockdown of TGIF induced cell cycle arrest
in the G1 phase accompanied with significantly decreased
expression of phospho-Rb protein, while other proteins such as
CDKA4, cyclin D1 and p21 did not significantly change. Studies
have shown that activation of cyclin D1-CDK4 complex can
phosphorylate Rb and keep Rb inactivation, thus promote
G1/S phase transition (27,28). Our previous data showed that
silencing of TGIF induced G1 phase cell cycle arrest along
with the decreased expression of phospho-Rb, cyclin DI and
CDK4 in lung cancer cells (10). Together, the current observa-
tions suggests that knockdown of TGIF led to the decreased
expression of phospho-Rb not through regulating CDK4 and
cyclin DI expression in esophageal cancer cells. Further
studies should focus on the mechanisms linking TGIF and
phospho-Rb in esophageal cancer.

Previous studies have shown that wnt/f-catenin pathway is
involved in the development of esophageal cancer (29,30) and
[-catenin is the key regulator in the wnt/B-catenin signaling
pathway. Deng et al reported that aberrant expression of
[B-catenin was identified in 54.3% (114 of 265) of ESCC (31).
The level of B-catenin expression in ESCC was significantly
higher than that in the adjacent non-cancerous tissues (32,33).
The overexpression of [3-catenin was aggressively associated
with lymph node metastasis, advanced pathological stage
and prognosis of the patients with ESCC (32). In addition,
Xu and Lu reported that B-catenin was involved in miR-214
inhibiting esophageal cancer cell growth and invasion (33).
Jia et al found that RAP1B activated wnt/f-catenin signaling
in ESCC (34). However, in this present study, we found that
knockdown of TGIF had no obvious effects on the expression
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Figure 4. (A) Effects of TGIF knockdown on cisplatin-induced EC109 cells apoptosis. Data showed that the percentage of total apoptosis was significantly
increased in EC109-shRNA-TGIF cells treated with cisplatin compared with EC109-shRNA-control cells treated with cisplatin. (B) Effects of TGIF knock-
down on apoptosis-related markers. TGIF knockdown decreased the expression of full length PARP and increased the expression of cleaved caspase-3 in
cisplatin-treated group. TGIF, TG-interacting factor; shRNA, short hairpin RNA.

of B-catenin and Axinl proteins in esophageal cancer cells,
which suggests that the wnt/B-catenin signaling pathway might
not be involved in knockdown of TGIF inhibiting the tumori-
genicity of esophageal cancer cells. Previous studies showed
that TGIF could regulate the expression of 3-catenin protein
in breast cancer (9) and lung cancer (10,12). Taken together,
the regulation of B-catenin by TGIF might be dependent on
tumor types.

In this study, we observed that knockdown of TGIF
suppressed the tumorigenicity of esophageal cancer cell of
EC109 and cisplatin could repress the expression of TGIF
protein. We further investigated the potential role of TGIF
in cisplatin-induced apoptosis of EC109 cells. Our data
showed that knockdown of TGIF promoted cisplatin-induced
apoptosis of EC109 cells, along with the alterations of
apoptosis-related markers, such as the decreased level of full
length PARP protein expression and the increased level of
cleaved caspase-3 protein expression. Studies suggested the
cleavage of caspase-3 was an early event in apoptosis induced
by chemotherapeutic agents (35). Activation of caspase-3 was
partially or totally responsible for proteolytic cleavage of
many key proteins such as PARP (36,37). Liu er al reported
that knockdown of TGIF enhanced arsenic trioxide-induced
apoptosis in HepG2 cells (38). Together, our findings indicated

that TGIF was likely to be a potential therapeutic target for the
treatment of esophageal cancer.

To the best of our knowledge, only one published study
reported the association of TGIF amplifications with esophageal
cancer (22). Although, in this study, we primarily obtained
exciting data on the potential role of TGIF in the proliferation
and tumorigenicity of esophageal cancer cells, some limitations
should be acknowledged. First, our data are only based on one
esophageal cancer cell line, other cell lines should be applied to
verify our findings. Second, the pattern of TGIF expression in
esophageal cancer tissue should be investigated in future studies.
Third, the effects of TGIF overexpression on the proliferation and
tumorigenicity in esophageal cancer cells should be addressed
further. In addition, transgenic animal model could be applied to
assess the functional role of TGIF in esophageal tumorigenesis.

In conclusion, the present study indicates that knockdown
of TGIF induces growth inhibition of EC109 cells via arresting
cell cycle in the G1 phase by downregulating phospho-Rb. This
study also indicates that TGIF plays an important role in modu-
lating the tumorigenicity of EC109 cells and cisplatin-induced
apoptosis. Therefore, this study enriches our understanding of
the oncogenesis of esophageal cancer and suggests that TGIF
is likely to be a new therapeutic target for esophageal cancer
treatment.
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