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CUTL1 induces epithelial-mesenchymal transition
in non-small cell lung cancer
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Abstract. The homeobox transcription factor CUTL1 has been
associated with cellular proliferation and cell cycle progres-
sion, and CUTLI1 functions as an oncogene. The aim of the
present study was to investigate whether CUTLI participates
in epithelial-mesenchymal transition (EMT). The expression
levels of CUTLI1, E-cadherin, N-cadherin and Snail were
determined by immunohistochemistry assay, immunofluo-
rescence assay or real-time quantitative reverse transcription
PCR. Their roles in non-small cell lung cancer (NSCLC)
were assessed by functional analyses. Protein expression
was detected by western blot analysis. The CUTLI expres-
sion levels are higher in non-small cell lung cancer (NSCLC)
tissues. High CUTLI1 expression in NSCLC is associated with
the mesenchymal-like phenotype. Mechanistically, CUTLI1
upregulates transforming growth factor p receptor I (TER-I)
expression, and the TPR-I inhibitor SB431542 abolishes EMT
elicited by ectopic CUTLI expression. Transforming growth
factor § (TGF-P) signaling is essential for CUTL1-induced
EMT in NSCLC cells. CUTL1 is downstream of TGF-f3
signaling and CUTLL is involved in the expression of the
TPR-I. This study indicates that CUTLI may be a potential
target for anti-lung cancer therapy.

Introduction

Lung cancer is the leading cause of cancer mortality world-
wide (1), and non-small cell lung cancer (NSCLC) is the most
common type of lung cancer. Approximately 85% of lung
cancers are NSCLC, and the subtypes of NSCLC include
squamous cell carcinoma, adenocarcinoma and large cell
carcinoma. When diagnosed, most NSCLC patients are at
an advanced and inoperable stage and therefore have limited
therapeutic options (2). Moreover, the metastatic phenotype
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is a major cause of lung cancer mortality. Therefore, earlier
detection and prevention of metastasis is very important to
prevent the progression of NSCLC (3).

The homeobox transcription factor CUTLI1, also known
as CutX1 or CCAAT displacement protein (cux/CDP), plays
a key role in the control of normal embryonic development,
differentiation and cell growth (4). CUTL1 is known as a
transcriptional activator or as a transcriptional repressor (5,6).
CUTLI is associated with cellular proliferation and cell cycle
progression (7,8), and it functions as an oncogene because its
increased expression promotes the growth and migration of
cancer cells (9-11). Epithelial-mesenchymal transition (EMT)
is a key process that facilitates cell invasion and metastasis
and is characterized by a convergent loss or relocalization of
epithelial markers such as E-cadherin and -catenin and gain of
mesenchymal markers such as N-cadherin and vimentin (12).
Accumulating evidence suggests that EMT is important for
the initial step of tumor metastasis (13,14); however, whether
CUTLI participates in EMT is currently unknown.

Materials and methods

Ethics statement. Patient information and samples were
obtained with written informed consent. Each patient in
the study gave written informed consent to publish the case
details. The study was approved by the ethics committee of
Harbin Medical University Cancer Hospital.

Cell lines, cell culture and transfection. The human NSCLC
lines (H292, H358, H322, A549, Calul, Calu6 and H23) and
human embryonic kidney cell line 293T were purchased from
the American Type Culture Collection (ATCC; Manassas, VA,
USA) and maintained in Dulbecco's Modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS;
Invitrogen, Carlsbad, CA, USA) containing 100 units/ml peni-
cillin and 100 units/ml streptomycin (Sigma-Aldrich, St. Louis,
MO, USA) at 37°C with 5% CO,. A549 and H322 cells were
transfected using X-tremeGENE (Roche Applied Science,
Indianapolis, IN, USA) and HEK293T cells were transfected
using Lipofectamine 2000 (Invitrogen) according to the manu-
facturer's directions. Human CUTLI siRNA (sc-35051; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was transfected
into cells for 24 h using Lipofectamine RNAiMAX reagent
(Invitrogen). TRR-I inhibitor SB431542 (10 pM) was from
R&D Systems (Minneapolis, MN, USA).
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Western blot analysis. Total cellular proteins were extracted
using lysis buffer and 40 ug of total proteins was used for
western blot analysis. The polyvinylidene difluoride membranes
were probed with antibodies against CUTL1 (1:1,000 dilution)
(Novus Biologicals, Littleton, CO, USA); E-cadherin (1:1,000
dilution), N-cadherin (1:1,000 dilution), Snail (1:1,000 dilu-
tion), p-Smad3 (1:1,000 dilution) (Cell Signaling Technology,
Danvers, MA, USA); or GAPDH (1:1,000 dilution). The blots
were subsequently developed using the enhanced chemilu-
minescence method (Millipore, Billerica, MA, USA). The
GAPDH signal was used as a control.

Transcription reporter assay. Cells were treated with or
without 2 ng/ml TGF-f1 20 h after transfection. The cells
were then harvested and analyzed with the Dual-luciferase
reporter assay system (Promega, Madison, WI, USA). All
assays were performed in triplicate, and all values were
normalized for transfection efficiency against Renilla lucif-
erase activities.

Real-time RT-PCR (qRT-PCR). Total RNAs were obtained
using the TRIzol reagent (Invitrogen). Reverse transcription
of the RNA was performed using the ImProm-II reverse tran-
scription system (Promega) according to the manufacturer's
instructions. Quantitative reverse transcriptase (QRT)-PCR
was performed using an ABI PRISM 7500 sequence detector
system (Applied Biosystems, Foster City, CA, USA) with
gene-specific primers.

Immunofluorescence. A549 and Calul cells were cultured
in a 12-well plate and transfected with siCUTLI. The cells
were then fixed with 4% paraformaldehyde, permeabilized
with 0.1% Triton X-100, and incubated with primary antibody
against E-cadherin or N-cadherin for 1 h at 37°C. The cells
were then incubated with Alexa Fluor 488 for 30 min at 37°C.
The fluorescent images were captured using a confocal laser-
scanning microscope.

Immunohistochemistry. Tissue specimens were embedded in
paraffin. The sections were then deparaffinized in xylene and
rehydrated in an ethanol gradient. After antigen retrieval, the
sections were treated with 3% H,0, for 10 min followed by 5%
bovine serum albumin (BSA) for 30 min. Then, the sections
were incubated with primary antibodies against CUTL1 (1:200
dilution), E-cadherin (1:100 dilution), N-cadherin (1:100 dilu-
tion) or Snail (1:100 dilution) overnight at 4°C. Visualization
of antibody binding was performed using DAB staining. The
nuclei were stained with hematoxylin, and the immunostaining
results were independently assessed by two pathologists. The
percentage of the positive cancer cells: 0, no positive cells; 1,
<10% positive cells; 2, 10-50% positive cancer cells; 3, 51-75%
positive cancer cells; and 4 =75% positive cancer cells. The
staining intensity: 1, no staining; 2, weak staining; 3, moderate
staining; and 4, strong staining. The final score was equal to
the area score and the intensity score. A final staining score
>4 was considered overexpression, and score <4 as not over-
expressed.

Patients. Lung cancer specimens (n=57) were collected from
patients with NSCLC at Harbin Medical University Cancer

3069

Table I. Expression of CUTL1 in NSCLC tissues and their
adjacent normal tissues.

CUTLI1
Variables n Overexpression, n (%)* P-value
Cancer tissue 57 40 (70.18 <0.001
Adjacent tissue 39 12 (30.77)

A final staining score =4 overexpression, and a final staining score
<4 not overexpressed.

Hospital from 2009 to 2012. The tissues were stored at -80°C
until use. All samples were from patients who had not under-
gone preoperative radiotherapy or chemotherapy.

The pathological staging of the 57 tumors was performed
according to the tumor node metastasis (TNM) staging system.

Cell migration and invasion assay. Migration assays were
performed with 8-um filters (BD Biosciences, San Jose, CA,
USA). Each well was loaded with ~1x10° cells. After incuba-
tion for 20 h, the cells passing through the filter into the bottom
wells were fixed in formalin and stained with crystal violet.
The cells in 10 randomly selected fields (x200) from each
well were counted. Transwell invasion assays were performed
under the same conditions as the Transwell migration assays,
but before the invasion assays, the polycarbonate filter was
coated with Matrigel.

Statistical analyses. All statistical analyses were performed
using SPSS 17.0 software. The ¥ test was used to analyze the
expression of CUTL1 in NSCLC tissues and their adjacent
normal tissues. Other statistical analyses were performed by
Student's t-test. The data are shown as the mean + SD from
3 independent assays. A statistically significant difference was
considered at P<0.05.

Results

The CUTLI expression levels are higher in clinical NSCLC
tissues. To explore the roles of CUTLI1 in lung cancer, we
first tested the CUTLI expression in NSCLC tissues and their
corresponding normal tissues by IHC assays. The results are
summarized in Table I. Specimens overexpressing CUTLI
accounted for 70.18% of the cancer samples, and most of these
samples exhibited intermediate to strong staining. However,
specimens overexpressing CUTL1 accounted for only 30.77%
of the adjacent normal lung tissues and most of the samples
exhibited weak to moderate staining. The expression of
CUTLI1 was significantly higher in the NSCLC specimens
than in the normal lung tissues (Fig. 1A). CUTLI expression
was mainly localized in the nucleus of the NSCLC tumor
cells (Fig. 1A). To study the roles of CUTLI in metastasis,
we investigated the role of CUTLI1 in EMT. First, E-cadherin,
N-cadherin and Snail were detected in the lung cancer tissues
and in their corresponding normal lung tissues using IHC
assays (Fig. 1A). The expression of E-cadherin decreased
in the cancer tissues compared to their adjacent normal
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Figure 1. The expression of CUTLI, E-cadherin, N-cadherin and Snail in normal lung tissues and lung cancer tissues. (A) Immunohistochemistrical analysis of
CUTLI, E-cadherin, N-cadherin and Snail (magnification, x400). (B) Real-time PCR analysis of CUTL1 mRNA. The level of CUTL1 mRNA was significantly

higher in the lung cancer tissues than in the normal lung tissues.

“P<0.01. (C) Kaplan-Meier survival curves for NSCLC patients with CUTL1 higher or

lower expression. The difference in postoperative survival between NSCLC patients with CUTLI1 higher expression and with CUTLI lower expression was

significant (P=0.0236 by log-rank test).

tissues, but the expression of N-cadherin and Snail increased
in the cancer tissues compared with their adjacent normal
tissues (Fig. 1A). The levels of CUTLI in 8 lung cancer
tissues and their corresponding normal lung tissues were
further detected using real-time PCR analyses. The results
showed that CUTL1 mRNA was increased in the lung cancer
tissues (Fig. 1B). The Kaplan-Meier survival curves showed
that patients with CUTLI higher expression were at a notably
greater risk of an earlier death than those with CUTLI1 lower
expression (P=0.0236) (Fig. 1C).

High CUTLI expression in NSCLC is associated with its
mesenchymal-like phenotype. To establish the relationship
between CUTLI expression and the NSCLC cell phenotype,
a panel of human NSCLC cell lines was screened for CUTL1
expression. CUTL1 was highly expressed in cell lines that
were characterized as mesenchymal-like cell lines (Fig. 2A).
In contrast, epithelial-like cells almost completely lacked
CUTLI1 (Fig. 2A).

The cellular migratory behavior of the A549 cells were
studied using migration and invasion assays. Compared
to the control group, fewer A549 cells passed through the
Matrigel after depletion of CUTLI1 (Fig. 2B). Consistently,
there were fewer A549 cells that migrated when CUTL1 was
downregulated (Fig. 2C), but the number of migrated H322
cells was significantly increased after the overexpression of
CUTLI (Fig. 2D and E). In A549 cells, CUTL1 knockdown
resulted in a morphological switch from a migratory,

mesenchymal-like phenotype to a resting, epithelium-like
phenotype (Fig. 2F). These data suggest that CUTLI is
involved in an EMT-like switch and facilitates cell migration
in vitro.

Effects of CUTLI on EMT in NSCLC cell lines. To further
confirm the effects of CUTL1 on EMT, we detected the
expression of CUTLI, E-cadherin, N-cadherin and Snail using
western blot analysis. The expression of CUTLI, N-cadherin
and Snail increased, whereas the expression of E-cadherin
decreased in H322 and H292 cells transfected with the
pcDNA3-HA-CUTLI plasmid (Fig. 3A). Moreover, the A549
and Calul cells exhibited lower levels of CUTL1, N-cadherin
and Snail proteins and higher levels of the E-cadherin protein
when transfected with CUTL1 siRNA (Fig. 3B). Finally, we
determined the expression of E-cadherin and N-cadherin by
immunofluorescence staining. As shown in Fig. 3C and D,
treatment with siCUTLI significantly increased E-cadherin
expression and decreased N-cadherin expression in A549 and
Calul cells. These data suggest that CUTL1 may induce EMT
in NSCLC cell lines.

CUTLI induces EMT through the TGF-{ signaling pathway.
It is well known that the TG-Ff signaling pathway plays a
key role in EMT (15-17). To test whether CUTLI1 regulation
of EMT is associated with the TGF-f signaling pathway, we
overexpressed CUTLI1 in H322 cells and then treated them
with the TPR-I inhibitor SB431542. The morphology of the
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Figure 2. High CUTLI1 expression in NSCLC is associated with its mesenchymal-like phenotype. (A) Western blot analysis of the CUTLI1 protein expression
in a panel of human NSCLC cell lines. (B) Upper panel: Transwell invasion analysis (magnification, x200); lower panel: the number of invaded A549 cells.
(C) Upper panel: Transwell migration analysis; lower panel: the number of migrated A549 cells. (D) Upper panel: Transwell invasion analysis; lowe panel: the
number of invaded H322 cells. (E) Upper panel: Transwell migration analysis; lower panel: the number of migrated H322 cells. (F) Phase-contrast microscopy

shows the cell morphological changes in siCUTL1 A549 cells.

control groups treated with or without SB431542 remained
unchanged (Fig. 4A). In contrast, the mesenchymal-like
morphology of CUTLI-overexpressing H322 cells was
reverted back to epithelial-like morphology upon treatment
with SB431542 (Fig. 4A). Western blot analysis further showed
that SB431542 treatment restored E-cadherin expression and
abolished N-cadherin expression in CUTLI1-overexpressing
H322 and H292 cells (Fig. 4B). Moreover, TGF-f-mediated
E-cadherin and N-cadherin expression at the protein level was
inhibited in A549 and Calul cells following CUTLI1 depletion.
These data suggest that CUTL1-induced EMT depends on the
TGF-p signaling pathway.

CUTLI promotes TBR-I expression to positively regulate the
TGF-f signaling pathway. To identify the TGF-f} signaling
pathway component that is critical for CUTL-mediated EMT,
we analyzed the mRNA levels of TRR-I, TBR-II and TER-III in

H322 cells ectopically expressing CUTL. Among the TPRs, the
amount of TPR-I increased >7-fold in H322 cells upon ectopic
CUTLI1 expression, but no significant change was detected for
TPR-II or TRR-III (Fig. 5A). CUTLI knockdown in A549 cells
impaired Smad3 phosphorylation in response to TGF-f§ expo-
sure (Fig. 5B). In addition, knockdown of CUTLI in A549
cells resulted in reduced activity of TGF-/Smad3-driven
SBE4-luciferase transcriptional reporter activity (Fig. 5C).
These results indicate that CUTL promotes TPR-I expression
to positively regulate the TGF-f§ signaling pathway in lung
cancer cell lines.

Discussion
The homeobox transcription factor CUTLI is evolutionarily

highly conserved and known to regulate cell growth and
differentiation in mammals (4,5). CUTLI1 has been shown to
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Figure 3. Effects of CUTL1 on EMT in NSCLC cell lines. (A) Western blot analysis of CUTLI, E-cadherin, N-cadherin and Snail expression in H322 (left
panel) and H292 (right panel) cells. (B) Western blot analysis of CUTLI1, E-cadherin, N-cadherin and Snail expression in A549 cells. (C) siCUTLI1 A549 and
(D) Calul cells were subjected to immunofluoresence staining with E-cadherin or N-cadherin antibody. DAPI was used to visualize the nuclei.
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Figure 4. CUTLI induces EMT through the TGF-f signaling pathway. (A) Effect of SB431542 on morphology of siControl and siCUTL1 A549 cells.
(B) Western blot analysis was used to determine the effect of SB431542 on E-cadherin and N-cadherin expression in CUTLI-overexpressing H322 (upper
panel) and H292 (lower panel) cells. GAPDH was used as control. (C) Western blot analysis was used to determine the E-cadherin and N-cadherin expression
in A549 (left panel) and Calul (right panel) cells following CUTL1 depletion. GAPDH was used as control.
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Figure 5. CUTLI promotes TPR-I expression to positively regulate the TGF-f3
signaling pathway. (A) gRT-PCR was used to determine the effect of ectopic
CUTLI1 expression on TRR-I, TRR-II and TRR-III expression in H322 cells.
(B) A549 cells transfected with siControl and siCUTL1 were stimulated
with 2 ng/ml of TGF-f1 for 1 h and then harvested. The expression levels of
p-Smad3 proteins were examined by western blotting. (C) A549 cells were
transfected with the reporter p3TP-Lux plasmid in the absence and presence
of siCUTLI. The cells were harvested at 36 h after transfection and assayed
for luciferase activity. The data are the means + SD.

be an important mediator of tumor cell motility and invasive-
ness in many types of tumors. The molecular mechanism
for promoting migration by CUTLI1 has been reported.
For instance, CUTLI accelerates tumor cell migration via
decreasing proteasome-mediated Src degradation (9), and
CUTLI uses WNTS5A as an important target to promote
invasiveness and tumor progression in pancreatic cancer (11).
However, it is unknown whether CUTLI plays a key role in
the EMT process (18,19). In the present study, we provide
evidence that CUTLI induces EMT in NSCLC. CUTLI1 may
facilitate tumor progression, and targeting its expression will
be a promising strategy for cancer therapy (6). In this study,
we detected the expression of CUTLI in NSCLC tissues.
The results showed that CUTL1 was overexpressed in human
NSCLC. Additionally, the effects of CUTL1 on the migration
and invasion of lung cancer cells were studied, and we found
that CUTLI could enhance NSCLC cellular migration and
invasion. These data suggest that CUTLI is an oncogene and
provide a strategy for cancer treatment.
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EMT plays a pivotal role in cancer metastasis. During
this process, tumor cells derived from epithelial cells lose
their epithelial features and acquire mesenchymal features to
escape from the primary tissue and invade the surrounding
stroma (12,20,21). E-cadherin is a cell adhesion molecule
involved in maintaining the epithelial phenotype. The loss of
E-cadherin often results in a loss of epithelial morphology (22).
Notably, the decreased expression of E-cadherin is often
accompanied by upregulation of the expression of N-cadherin,
which promotes tumor cell invasiveness (23). Snail is another
important EMT marker that is well known to enhance tumor
invasion (24). In this study, CUTL1 was shown to decrease
the expression of E-cadherin and increase the expression of
N-cadherin and Snail. These results suggest that CUTLI is
able to induce EMT. Moreover, the migration and invasion
assays further confirm that CUTL1 promotes cell migration
and invasion in vitro.

CUTLI1 (CCAAT displacement protein 1) belongs to the
homeodomain transcription factor family. Because the tran-
scription factor CUTLI contains the DNA-binding domain, we
speculated that CUTLI1 interacts with TBR-I promoter through
its DNA-binding site, which facilitates CUTL promoting TPR-I
expression. We show that CUTLI directly facilitates TPR-I
expression by activating TBR-I gene transcription, indicating
that activation of the TGF-f signaling network may be related
to CUTLI1-induced EMT. This is clearly supported by the
observation that CUTLI-induced EMT in epithelial-like lung
cancer cells was reversed by the TPR-I inhibitor SB431542. It
is well-known that TGF-f functions as a characterized inducer
of EMT during cancer progression and metastasis (25). TGF-§
signaling is activated through a heteromeric complex of type I
and type II transmembrane serine/threonine kinase receptors.
Then, the receptor complex results in the activation of Smad?2
and Smad3. Next, phosphorylated Smad2/3 and Smad4 trans-
locate to the nucleus, where they cooperate with transcription
factors such as Snail to inhibit the expression of epithelial
markers and promote the expression of mesenchymal markers
at the mRNA level (26,27).

Tumor cells induced by TGF-f§ become invasive
concomitant with the loss of epithelial characteristics (28).
TGF-p-induced EMT leads to cadherin switching, i.e., the
loss of E-cadherin and the increased presence of N-cadherin,
which results in cells becoming more motile and inva-
sive (29,30). Tumor cells often secrete active TGF-f3; therefore,
the measurement of the serum concentration of TGF-f3 has
been a complementary diagnostic method in lung cancer
detection (31). Our experiments showed that CUTL1 induced
EMT in NSCLC. All of these studies indicate that CUTLI is a
potential target for anti-lung cancer therapy.
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