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TBL1XRI1 as a potential therapeutic target that
promotes epithelial-mesenchymal transition
in lung squamous cell carcinoma
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Abstract. Transducin (f)-like 1 X-linked receptor 1
(TBL1XR1) has been demonstrated to serve a vital role in
tumor progression. However, the biological role and molecular
mechanisms of TBL1XRI in lung squamous cell carcinoma
(SCC) remain largely unknown. The purpose of the present
study was to investigate the biological role of TBL1XR1 and
its mechanism in lung SCC. TBL1XR1 was expressed in a
human bronchial epithelial cell line and in lung SCC cell lines.
The present study analyzed TBL1XR1-induced proliferation,
invasion and migration abilities in vitro using the cell counting
kit-8 assay, cell invasion assay and wound healing assay,
respectively. This study examined the effects of TBL1XR1 on
epithelial-mesenchymal transition (EMT) in lung SCC cells and
activation of the transforming growth factor (TGF)-B/mothers
against decapentaplegic homolog (Smad) signaling pathway
by western blotting. The results indicated that TBL1XR1 was
upregulated in lung SCC cells. Overexpression of TBL1XRI1
increased the rate of cell proliferation compared with the
control group. In vitro, overexpression of TBL1XR1 promoted
cell invasion and migration ability compared with the control
group. In addition, overexpression of TBL1XRI1 produced a
mesenchymal phenotype, while cells with downregulated
TBLI1XRI1 produced an epithelial phenotype. Overexpression
of TBL1XRI1 significantly increased E-cadherin protein
expression whilst snail family transcriptional repressor 1
(SNAIl), zinc finger E-box binding homebox 1 (ZEBI1),
p-Smad2/3, Smad2 and Smad3 protein expression was
significantly reduced, compared with the control group.
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Downregulation of TBL1XR1 produced the opposite results.
The present study indicated that TBL1XR1 contributed to lung
SCC development and progression, and therefore TBL1XR1
may be a potential therapeutic target. TBL1XR1 may induce
EMT of lung SCC cells through activation of the TGF-3/Smad
signaling pathway.

Introduction

Lung cancer is the leading cause of cancer mortality and
is the most frequently diagnosed cancer in the world (1).
Annually, there are an estimated 1.8 million new lung cancer
cases, accounting for about 13% of total cancer diagnoses (2).
Historically, lung cancer has been classified as small cell
lung cancer and non-small cell lung cancer (NSCLC).
NSCLC constitutes 75% of all lung cancer cases, including
adenocarcinoma, squamous cell carcinoma (SCC) and large
cell carcinoma. SCC is the largest subset of NSCLC (3).
Although surgery and chemoradiotherapy are the primary
treatment methods for SCC, the overall 5-year survival
rate remains less than 15% (4). The complex biological
characteristics, recurrence, metastasis and low sensitivity
to chemotherapeutic drugs remain problematic issues in the
treatment of SCC (5-7). Therefore, it is necessary to explore
the potential molecular mechanisms underlying the develop-
ment and progression of SCC, and to identify new therapeutic
targets.

Transducin (f§)-like 1 X-linked receptor 1 (TBLIXR1)
is an F-box/WD-40-containing protein, a subfamily of
F-box proteins that were initially identified as core compo-
nents of the nuclear receptor corepressor 1/2 complex;
this complex serves a role in regulating the activation of
corepressors (8-11). Aberrant expression of TBLIXR1 was
associated with carcinogenesis and tumor progression by
regulating multiple signaling pathways, including the nuclear
factor-xB, nuclear receptors, Wnt/f3-catenin, and Notch
pathways (12-15). Studies have previously demonstrated
that TBL1XR1 was overexpressed in cervical cancer, naso-
pharyngeal cancer, breast cancer, hepatocellular carcinoma
and esophageal squamous cell cancer, and TBLIXRI1 was
associated with tumor proliferation, migration, invasion
and tumor drug resistance (16-19). Kuang et al (19) found
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that overexpression of TBLIXR1 was associated with the
clinicopathological features and prognosis of hepatocel-
lular carcinoma, inducing epithelial-mesenchymal transition
(EMT) through the Wnt/f-catenin signaling pathway to
promote tumor progression.

Although previous studies have demonstrated that
TBLI1XR1 was highly expressed in human primary lung SCC
tissues (3,20), the biological role of TBL1XR1 and its molecular
mechanism in lung SCC remain to be established. The present
study demonstrated that TBL1XR1 was overexpressed in
Iung SCC cells. Furthermore, overexpression of TBL1XR1
promoted cell growth, migration, invasion and EMT in lung
SCC cells through activation of the TGF-/Smads pathway.
These findings suggested that TBL1XRI1 serves a role in the
progression of lung SCC and may be a potential therapeutic
target in lung SCC therapy.

Materials and methods

Cell lines and cell cultures. The human bronchial epithelial
cell line 1 (HBEI) was provided by Xiangya Medical College
(Changsha, China) and lung squamous cell carcinoma (SCC)
cell lines (SK-MES-1 and H1703) were purchased from Cell
Bank of the Chinese Academy of Science (Shanghai, China).
Cells were cultured in Dulbecco's modified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum (FBS;
both Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), 100 ug/ul streptomycin and 100 pg/ul penicillin, and
maintained at 37°C in a 5% CO,-humidified incubator.

Plasmids and small interfering RNAs (siRNAs). The
TBLIXRI1 plasmid was purchased from Shanghai
GeneChem Co., Ltd. (Shanghai, China). The corresponding
vector was pEX-1. The TBL1XR1 plasmid and corre-
sponding empty vector were transfected into SK-MES-1
cells using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Stably transfected cells (SK-MES-1-vector,
SK-MES-1-TBL1XR1) were selected by puromycin (1 ug/ml;
InvivoGen, San Diego, CA, USA). TBLIXR1 siRNA
sequences and negative control sequences were designed
and synthesized by Shanghai GeneChem Co., Ltd. H1703
cells were cultured in six-well plates and transfected with
400 ng TBL1XR1 small interfering (si)RNA (si-TBL1XRI1-1,
5'-GCAGCAUAAAGGCCCUAUATT-3'; si-TBL1XR1-2,
5'-GCCUGAUGUAGUACA AACATT-3") using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Stable cell lines expressing TBLIXR1-siRNA [negative
control, (H1703-NC), H1703-siRNA-1, H1703-siRNA-2]
were generated with 1 ug/ml puromycin. Knockdown and
overexpression of TBL1XR1 were confirmed by western blot
analysis. Western blotting was performed as stated below.

Cell proliferation assay. SK-MES-1-vector, SK-MES-1-
TBLIXRI1, HI703-NC, H1703-siRNA-1 and H1703-siRNA-2
cells were seeded in 96-well plates at a density of 6x10°/well
and cultured for 12, 24, 36, 48, 60 and 72 h. Cells were incu-
bated with 100 ul of Cell Counting kit-8 (CCK-8) reagent
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan)

for 2 h at 37°C. The absorbance was measured at a wavelength
of 450 nm.

Transwell invasion assay.Cell invasion assays were performed
using 24-well plates and 8 ym Transwell inserts (Corning
Life Sciences, Acton, MA, USA). Transwell membrane
inserts were precoated with Matrigel® (BD Biosciences,
Franklin Lakes, NJ, CA, USA) before adding the cells. A
total of 1x10° SK-MES-1-vector, SK-MES-1-TBLI1XRI,
H1703-NC, H1703-siRNA-1, and H1703-siRNA-2 cells in
200 pl serum-free DMEM medium were added to the upper
chamber. DMEM supplemented with 10% FBS (500 pl) was
added to the lower chamber. After incubating the cells at 37°C
and 5% CO, for 48 h of culture, transfected cells remaining
in the upper side of the inserts were removed with cotton
swabs. Cells that had migrated to the lower side of the inserts
were fixed in methanol and stained with 0.1% crystal violet
for 10 min. Images of migrated cells were captured using an
inverted microscope at a magnification, x200. Six visual fields
were randomly selected to calculate the number of migrated
cells.

Wound healing assay. Transfected cells were cultured in
six-well plates until confluent. Straight lines were drawn, in
increments of 0.5 cm, on the back of the six-well plates. Cell
layers were scratched with a 20 pl pipette tip and the medium
was replaced with 2 ml of fresh DMEM. Cells were incubated
for a further 36 h at 37°C. Images were captured at 0 and 36 h
after the scratches were made using an inverted microscope
at a magnification, x40. The mean length of the wound was
calculated in Imagel] software (version 1.48U; National
Institutes of Health, Bethesda, MD, USA) by marking six to
eight horizontal lines in the wound.

Western blotting. Total protein was extracted from
transfected and non-transfected HBE1, SK-MES-1, H1703
cells using SDS-lysis buffer (Thermo Fisher Scientific, Inc.).
Total protein was quantified using the BCA protein assay
kit (Thermo Fisher Scientific, Inc.) and protein (20 ug/lane)
separated via SDS-PAGE on 10% gels. The separated
proteins were subsequently transferred onto polyvinylidene
difluoride membranes, and blocked with 5% non-fat
milk for 1 h and incubated overnight at 4°C. Membranes
were incubated with the following primary antibodies
at 1:1,000 dilution: Anti-TBL1XR1 (cat. no. ab24550;
Abcam, Cambridge, UK), anti-GAPDH (cat. no. ab32233;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA),
anti-snail family transcriptional repressor 1 (SNAII;
cat. no. ab3879), anti-zinc finger E-box binding homebox
1 (ZEB1; cat. no. ab3396), anti-E-calcium-dependent
adhesion (E-cadherin; cat. no. ab3195), anti-mothers against
decapentaplegic homolog 2 (Smad2; cat. no. ab5339),
anti-Smad3 (cat. no. ab9523), anti-phosphorylated
(p)-Smad?2/3; cat. no. ab8685; all Cell Signaling Technology,
Inc., Danvers, MA, USA). Following the primary incubation,
membranes were incubated with corresponding horseradish
peroxidase-conjugated rabbit anti-mouse and goat anti-rabbit
secondary antibodies (1:1,000; cat. no. ab6728 and
ab6721, respectively; Abcam) for 1 h at room temperature.
Protein bands were visualized with using the Enhanced
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Figure 1. TBLIXRI protein expression is elevated in lung squamous cell carcinoma cells. The protein expression levels of TBLIXR1 were determined by
western blot analysis. The data are presented as the mean + standard deviation "P<0.05 and “P<0.01 vs. HBEI. TBL1XRI, transducin (B)-like 1 X-linked

receptor 1; HBE1, human bronchial epithelial cell 1.

Chemiluminescence Western Blotting kit (Thermo Fisher
Scientific, Inc.) by exposure to film. Protein expression was
quantified using ImageJ software (version 1.48U).

Statistical analysis. All experiments were repeated at least
three times and all data expressed as the mean + standard error.
All statistical analyses were carried out using SPSS software
(version 19.0; IBM Corp., Armonk, NY, USA). Differences
between two groups were compared using Student's t-tests.
For multiple comparisons, one-way analysis of variance was
used followed by Turkey's post hoc test. A two-tailed value
of P<0.05 was considered to indicate a statistically significant
difference.

Results

TBLIXRI is highly expressed in human lung SCC cells. To
determine the biological role of TBL1XR1 in human lung SCC,
TBL1XR1 expression was first examined in lung SCC cell
lines (SK-MES-1 and H1703). TBL1XR1 protein expression
was examined in SCC cell lines and corresponding control,
HBE] cell line. Protein levels of TBL1XR1 were higher than
HBE] in both SCC cell lines (Fig. 1).

TBLIXRI promotes lung SCC cell proliferation in vitro.
To further confirm the biological functions of TBL1XR1
in lung SCC, TBL1XR1 expression in lung SCC cells was
upregulated by transfecting TBL1XR1-expressing vector
into SK-MES-1 cells expressing low levels of TBLIXR1
(Fig. 2A). Endogenous TBL1XR1 expression was silenced
by transfecting TBLIXR1-siRNA (siRNA-1, siRNA-2) into
H1703 cells expressing high levels of TBL1XRI1 (Fig. 2B).
CCK-8 assays demonstrated an increase in the number of
TBL1XR1-overexpressing cells (SK-MES-1-TBL1XR1)
compared with empty vector control cells (SK-MES-1-vector),
suggesting that TBL1XR1 overexpression increased the prolif-
erative capacity of lung SCC cells (P<0.05; Fig.2C). Conversely,
knockdown of TBLIXR1 (H1703-siRNA-1, H1703-siRNA-2)
significantly attenuated lung SCC cell proliferation, leading to
a decrease in cell number compared with H1703-NC (P<0.05;
Fig. 2D). These results indicate that TBL1XR1 promotes lung
SCC cell proliferation in vitro.

TBLIXRI promotes the migration and invasion of lung SCC
cells. The effect of TBL1XR1 on cell migration and invasion
ability was analyzed using wound healing and Transwell
invasion assays, respectively. The wounds healed better
and faster in SK-MES-1-TBL1XRI1 cells compared with
SK-MES-1-vector cells (Fig. 3A), suggesting that TBL1XR1
enhanced the migration properties of SK-MES-1 cells. Similar
results were identified in the Transwell invasion assays where
overexpression of TBLIXR1 significantly increased the inva-
sion ability of SK-MES-1 cells (Fig. 3B). The wound healing
assays and Transwell invasion assays demonstrated that
TBL1XR1 knockdown significantly decreased the migration
and invasion ability of H1703 cells (Fig. 3C and D). These
results suggest that TBLIXR1 may promote lung SCC cell
migration and invasion in vitro.

TBLIXRI promotes EMT in lung SCC cells. To investigate
the molecular mechanism of TBLIXR1 in the regulation of
lung SCC cellular migration and invasion, cell morphology
was analyzed and the levels of EMT markers were tested.
The morphology of TBL1XRI1-transfected lung SCC cells
appeared fusiform with the formation of protuberances
associated with a mesenchymal phenotype (21), compared
with vector control cells (Fig. 4A). TBL1XR1 knockdown
reduced the number of irregular branched structures in both
H1703-siRNA cells. The cell morphology appeared to be
short shuttle-like, with some round-shaped cells associated
with an epithelial phenotype, compared with vector control
cells (Fig. 4B). Western blotting revealed that overexpres-
sion of TBL1XRI1 significantly decreased the expression
level of the epithelial cell marker E-cadherin and increased
the expression levels of ZEBI transcription factor (Fig. 5).
SNALIL, a stimulator of EMT in tumors (22), was elevated in
SK-MES-1-TBL1XRI1 cells (Fig. 5A-a, b, c, g). By contrast,
downregulation of TBL1XR1 significantly increased the
expression level of E-cadherin and decreased expression
levels of both ZEBI and SNAII (Fig. 5B-a, b, c, g). Taken
together, these results suggest that TBL1XR1 may induce
EMT in lung SCC cells in vitro.

TBLIXRI induces EMT the through TGF-f/Smad signaling
pathway. Previous studies revealed that the TGF-f/Smad
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Figure 2. TBL1XR1 promotes cell proliferation of lung SCC in vitro. (A) TBL1XRI protein expression was determined by western blot analysis in SK-MES-1
cells treated with TBL1XR1-expressing vector. “P<0.05 vs. SK-MES-1-vector. (B) TBLIXRI protein expression was determined by western blot analysis
in H1703 cells treated with TBLIXR1-siRNA (siRNA-1, siRNA-2) “P<0.01 and ""P<0.001 vs. H1703-NC. (C) The effect of TBLIXR1 overexpression on
SK-MES-1 cell growth was analyzed by CCK-8 assay. ‘P<0.05 as indicated. (D) The effect of TBLIXR1 knockdown on H1703 cell growth was analyzed
by CCK-8 assay. ‘P<0.05 as indicated. The data are presented as the mean + standard deviation three independent experiments. CCK-8, cell counting kit-8;
TBL1XRI, transducin (f)-like 1 X-linked receptor 1; siRNA, small interfering RNA; H1703-NC and SK-MES-1-vector, negative transfection controls;
SK-MES-1-TBLI1XR1, TBL1XR1-overexpressing SK-MES-1 cells; H1703-siRNA-1 and H1703-siRNA-2, TBL1XR1 knockdown in H1703 cells.

signaling pathway served a key role in the process of tumor
cell migration and invasion via the induction of EMT (23-25).
Another study demonstrated that TGF-B-induced EMT in
non-small cell lung cancer (26). The present study evaluated
whether activation of the TGF-f/Smad pathway was involved
in TBLIXR1-induced EMT in lung SCC. Western blot analysis
revealed that expression levels of p-Smad2/3, Smad2 and
Smad3 were significantly increased in SK-MES-1-TBL1XR1
cells whilst these expression levels significantly decreased
following the knockdown of TBL1XR1 in lung SCC cells
(H1703-siRNA-1, H1703-siRNA-2), compared with the
H1702-NC group respectively (Fig. 5A-d,e,f, g and B-d,e,f, g).
Therefore, TBLIXR1 appears to regulate EMT to induce lung

SCC cell proliferation and invasion via the TGF-f/Smad
signaling pathway.

Discussion

TBL1XRI is a transcriptional cofactor involved in controlling
the switch between gene activation and repression in
transcriptional regulation (12). Abnormal TBLIXR1 expression
is associated with the occurrence and development of malignant
tumors (27,28). TBLIXRI1 inhibited the growth of prostate
cancer by selectively activating androgen receptor target
genes (27). Furthermore, one study indicated that TBLIXR1
promoted proliferation and tumorigenicity in breast cancer
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Figure 3. TBL1XR1 promotes the migratory and invasive ability of lung SCC cells. (A) Effects of TBL1XR1 overexpression on SK-MES-1 cell migration rates
were determined using wound healing assays in vitro. Observations were recorded at 0 and 36 h after scratching a confluent layer of cells (magnification, x40).
“P<0.05 vs. SK-MES-1-vector. (B) Effects of TBLIXR1 overexpression on SK-MES-1 cell invasion was determined using the Transwell invasion assay with
chambers precoated with Matrigel® (magnification, x200). “P<0.01 vs. SK-MES-1-vector. (C) Effects of TBLIXR1 knockdown on H1703 cell migration rates
were determined using wound healing assays in vitro. Observations were recorded at 0 and 36 h after scratching a confluent layer of cells (magnification, x40).
“P<0.05 vs. H1703-NC. (D) Effects of TBL1XR1 overexpression on SK-MES-1 cell invasion was determined using the Transwell invasion assay with chambers
precoated with Matrigel® (magnification, x200). “P<0.05 vs. H1703-NC. The data are presented as the mean + standard deviation three independent experi-
ments. TBL1XR1, transducin (3)-like 1 X-linked receptor 1; siRNA, small interfering RNA; H1703-NC and SK-MES-1-vector, negative transfection controls;
SK-MES-1-TBLIXRI1, TBL1XR1-overexpressing SK-MES-1 cells; H1703-siRNA-1 and H1703-siRNA-2, TBLIXR1 knockdown in H1703 cells.

by activating genes downstream of (3-catenin (17). Previous
studies demonstrated that TBL1XR1 was overexpressed in
human primary lung SCC cells (20). However, the exact role
of TBLI1XRI in lung SCC remained unexplored. Consistent
with previous studies, the data presented in the current study
demonstrated that TBL1XRI1 protein expression was higher in
lung SCC cells compared with human bronchial epithelial cell

lines. Furthermore, overexpression of TBL1XR1 promoted
the proliferation, invasion and migration of lung SCC cells
in vitro, while knockdown of TBL1XR1 significantly inhibited
tumorigenicity, by promoting invasion and migration, and
proliferation in lung SCC cells. Taken together, the data
presented in this study suggested an oncogenic function of
TBL1XRI1 in the development and progression of lung SCC.
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Figure 4. TBL1XR1 promotes an EMT phenotype in lung SCC cells. The effects of TBL1XR1 (A) overexpression and (B) knockdown on EMT were examined
by observing morphological changes in in lung SCC cells (magnification, x40 and x200). EMT, epithelial-mesenchymal transition; TBL1XRI1, transducin
(B)-like 1 X-linked receptor 1; siRNA, small interfering RNA; H1703-NC and SK-MES-1-vector, negative transfection controls; SK-MES-1-TBL1XRI,
TBLI1XR1-overexpressing SK-MES-1 cells; H1703-siRNA-1 and H1703-siRNA-2, TBL1XR1 knockdown in H1703 cells; SCC, squamous cell carcinoma.
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EMT, a process in which epithelial cells differentiate into
mesenchymal cells in response to a number of physiological
and pathological conditions, serves an important role in tumor
invasion and metastasis (29). In the EMT process, migratory
and invasive capabilities are acquired through the loss of
polarity and cell-cell adhesion of the epithelial cells, and as a
result, cell morphology is transformed from the low-invasive
epithelial phenotype to the high-invasive mesenchymal pheno-
type (30). Cell surface markers change correspondingly, with
the downregulation of the epithelial marker E-cadherin and
the upregulation of the mesenchymal marker N-cadherin (31).
Various transcription factors, including SNAII, twist-related
protein 1 and ZEBI are also upregulated (30,31-33). The present
study revealed that TBL1XR1-induced lung SCC cells undergo
morphological alterations caused by decreased expression
of E-cadherin and increased expression of SNAIl and ZEBI.
These findings suggested that TBL1XR1 may promote lung SCC
aggressiveness by inducing EMT, and, therefore, TBL1XR1
may be a potential therapeutic target in lung SCC therapy.

It has been reported that EMT occurs by activation of
several signaling pathways, including phosphoinositide
3-kinase/protein kinase B (Akt), TGFp/Smad, integrin-linked
protein kinase/Akt, and Wnt-f-catenin, which activate
E-cadherin repressors of the Snail family (34). TGFB-Smad
is one of the most important signaling pathways contributing
to EMT, which involves the binding of TGF-f to its receptor
(TGF-BRI/TGF-BRII) and the subsequent phosphorylation,
leading to Smad2/3 activation (35,36). Activated Smad?2/3
forms complexes with Smad4 in the cytoplasm, moving into
the nucleus where transcription factors regulate the transcrip-
tion of target genes (37). SNAII is a TGF-/Smad signaling
pathway-mediated gene that promotes EMT by repressing
E-cadherin expression and increasing invasion and metastasis
of tumor cells (25). The current study demonstrated that overex-
pression of TBL1XRI increased the expression of SNAIl and
ZEBI transcription factors, and p-Smad2/3, Smad2 and Smad3
proteins. Downregulation of TBL1XR1 gave the opposite
results. The present study indicated that TBL1XR1 may induce
EMT of lung SCC cells through activation of the TGF-/Smad
signaling pathway to promote the development of lung SCC.

Although the present study provided some understanding
of TBL1XRI1, certain limitations should be noted. TBL1XR1
was detected at a cellular level, and, therefore, an additional
histological study would be required to validate the results.
Furthermore, the current study indicated that TBL1XR1 may
induce EMT of lung SCC cells by activating the TGF-f/Smad
signaling pathway. Due to a lack of TGF-f inhibitor treat-
ment group, definite conclusions cannot be drawn and further
investigation is needed to verify this effect.

In conclusion, this preliminary study identified a biological
role for TBL1XR1 and possible molecular mechanisms in lung
SCC. First, TBL1XR1 expression was elevated in lung SCC
cells. Second, TBL1XR1 promoted proliferation, invasion
and migration of lung SCC cells in vitro. Finally, TBL1XR1
may induce EMT of lung SCC cells through activation of the
TGF-p/Smad signaling pathway.
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