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Abstract
Objective: Non-small-cell lung cancer (NSCLC) is one of the most common fatal can-
cers in the world. Although the treatment of NSCLC has been significantly improved,
there is still an unmet need to identify novel targets for developing therapeutic agents
and diagnostic/prognostic markers. The aim of this study is explore the role and
underlying mechanism of the epithelial splicing regulatory protein (ESRP1) in the
development and progression of NSCLC.
Methods: A total of 115 participants, 65 cases of NSCLC, 20 cases of precancerous
lesions, and 30 cases of benign lung nodules, were included in this study. The expressions
of ESRP1 and related transcription factor Twist in enrolled lung tissues were evaluated
by histochemistry and immunohistochemistry assay. The survival analysis and related
prognosis factors were evaluated by the Kaplan–Meier curve and Cox regression. In addi-
tion, the expression of ESRP1 and epithelial-mesenchymal transition (EMT)related tran-
scription factor Twist and EMT markers E-cadherin and N-cadherin were ascertained by
immunohistochemical and immunoblotting assay on A549 lung adenocarcinoma cell
lines that were exposed to transforming growth factor β1 (TGFβ1).
Results: Compared with normal lung tissues, the abundance of ESRP1 protein was
significantly increased in precancerous lesions and lung cancer. Correlation analysis
demonstrated that ESRP1 was an independent prognostic factor in NSCLC. The
expression of ESRP1 and Twist was positively correlated in lung tissues (r = 0.285,
p < 0.001). In vitro analysis further showed that TGFβ1 could upregulate the expres-
sion of EMT transcription factor Twist while downregulating ESRP1.
Conclusions: Our data suggest that the aberrant expression of ESRP1 is an early event
in the development of NSCLC. The ESRP1 could serve as a prognostic biomarker for
NSCLC, particularly when combined with Twist. The Twist negatively regulated the
expression of ESRP1, emphasizing the role of the TGFβ/ESRP1 pathway in the devel-
opment of NSCLC, which warrants further investigation.
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INTRODUCTION

Lung cancer remains the most common cancer-related cause
of death, accounting for about 12% of all cancer deaths.1 In

the United States, the case mortality of lung cancer is about
25.3%, first place in causes of cancer death. Among lung
cancers, non-small-cell lung cancer (NSCLC) is the main
subtype, accounting for 80–85% of the total number of lung
cancers.2 In the past decade, with the introduction of che-
motherapy, targeted therapy, and emerging immunotherapy,Jieda Cui, Peng Ren, and Yan Li contributed equally to this work.
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as well as the improvement of oncological management of
late-stage lung cancer, the 5-year survival rate in patients
with NSCLC has increased. However, survival remains poor
in most patients (�75%) with advanced disease at the time
of diagnosis (stage III/IV).3 One of the main causes of death
in patients with advanced lung cancer is distant metastasis.
It has been reported that the 5-year relative survival rate is
only 19.7% in NSCLC with distant metastasis,4 therefore
early diagnosis is necessary to reduce the high mortality in
lung cancers. Understanding the biological mechanisms of
tumor development and biomarker expression typical for
lung cancer is crucial for accurate diagnosis, prognosis, and
development of treatment regimens.

During embryonic development, cells can transition
between epithelial and mesenchymal states in a highly plas-
tic and dynamic manner. In this context, the expression of
adhesion molecules of epithelial cells is altered to adopt the
migratory and invasive behavior of mesenchymal cells.
The process of cells shifting from the epithelial state to the
mesenchymal state is referred to as epithelial-mesenchymal
transition (EMT).5 Functionally, EMT is involved in impor-
tant processes of embryonic development, wound healing,
organ fibrosis, and cancer progression.6,7 Oncogenically,
EMT commonly occurs during cancer progression, includ-
ing metastasis, cancer stem cell proliferation, and/or
acquired immune escape.7 EMT is highly regulated by vari-
ous signaling pathways and factors. Transforming growth
factor β (TGFβ) signaling is one of the best documented
pathways and plays in pivotal role in EMT. In addition, the
epithelial splicing regulatory proteins (ESRPs) are a family
of newly discovered epithelial cell-specific alternative splic-
ing regulatory proteins which are known to be involved in
cell stemness, proliferation, and resistance to chemotherapy
and radiotherapy in various cancers.8

Twist is a transcription factor able to regulate cell migra-
tion and tissue reorganization during early embryogenesis,
which also plays an important role in EMT and tumor
metastasis.9,10 Twist induces the downregulation of E-cadherin
(E-Ca) and increased expression of mesenchymal markers
such as fibronectin, vimentin, smooth muscle actin
(α-SMA), and N-cadherin (N-Ca).11 In addition to the level
of transcription and epigenetic modification, alternative
splicing (AS) of mRNA precursors has become another
important EMT regulation mechanism.12 AS regulates EMT
by modifying RNA splicing during mRNA maturation,
which can extensively affect cell morphology, adhesion func-
tion, secretion function, and biological behaviors such as cell
migration. The epithelial splicing regulatory protein
1 (ESRP1) is the key determinant protein of alternative splic-
ing. Twist, a transcription factor that induces EMT, binds to
the key cis-acting element (eg. E-box) of ESRP1 gene pro-
moter to inhibit splicing regulation, and promote and induce
EMT to occur in tumors.13 In the views of that the ESRP1 has
been used as a biomarker for the identification and a target of
treatment of a variety of cancers, however the role of Twist in
prognosis of lung cancer and potential target in lung cancer
treatment are still poorly understood. In this study, we

investigated expression of ESRP1 and EMT transcription fac-
tor Twist in NSCLC patient samples and explored its effect on
diagnostic/prognostic values in NSCLC.

MATERIALS AND METHODS

Study design

Ethics statement

Human samples were collected using a protocol approved
by the Ethic Committee for the Conduct of Human
Research at Ningxia Medical University (NXMU-2015-205).
Written consent was obtained from every participating indi-
vidual according to the Ethic Committee for the Conduct of
Human Research protocol. All participants signed an
informed consent for scientific research of clinical data dur-
ing hospitalization and provided written informed consent
for the publication of the data. The Ethic Committee for the
Conduct of Human Research approved the consent proce-
dure for this study (NXMU-2015-205).

Subjects and data collection

A total of 115 lung tissue samples were collected in the Gen-
eral Hospital of Ningxia Medical University from 1 January
2015 to 31 January 2018. The participants included 65 cases
with NSCLC who underwent pneumonectomy, lobectomy
or lung biopsy. In addition, 50 cases of lung nodules at
a suspected early stage of NSCLC who underwent
segmentectomy, in which 20 cases were confirmed by pathol-
ogy as precancerous lesions (precancerous group, n = 20) and
30 cases were confirmed by pathology as benign lung lesions
(benign group, n = 30), were also enrolled in this study. All
tissue samples were collected during the same study period.
The diagnosis of NSCLC was according to the criteria of the
National Comprehensive Cancer Network (NCCN) guide-
line.14 Patients aged under 18 and patients with other malig-
nant disease were excluded in this study (Figure 1).

Data collection and follow-up

Basic demographic information was collected through medi-
cal records, including patient age, tumor diameter, stage
determined by the International Lung Cancer Federation,
degree of differentiation, lymphatic infiltration, alveolar
infiltration, bronchial infiltration, and pathological type.
Patient follow-up was carried out through regular telephone
visits in the hospital’s outpatient clinic and clinical follow-
up department. The follow-up ran from cancer diagnosis to
the end data of the study (31 January 2020), whichever came
first. The overall survival time was defined as the date of
surgery to the date of death from any cause or the date of
the last follow-up, whichever came first.
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Immunohistochemical analysis

Hematoxylin and eosin staining was used to confirm the main
pathological diagnosis. An immunohistochemistry (IHC) test
was performed to evaluate the abundance of E-Ca, vimentin,
α-SMA, ESRP1 and Twist proteins. The primary antibodies to
E-Ca (Abcam, ab76055, dilution 1:200), vimentin (ab57595,
dilution 1:250; Abcam), α-SMA (ab5694, dilution 1:250;
Abcam), ESRP1 (ab57595, dilution 1:50; Abcam), and Twist
(ab183105, dilution 1:250; Abcam) were incubated on 4 μm
section samples at room temperature for 1.5 h. Two patholo-
gists who were unaware of the results independently assessed
protein expression according to a defined assessment system.
For each lung tissue sample, two blocks were evaluated for
each case and the average score was applied. By reassessing
and recording samples, the difference in the scores of the two
pathologists was resolved. We used the IHC scoring scale for
E-Ca, vimentin and α-SMA according to the previously publi-
shed method and scored the total score by a combination of
intensity and percentage of positive cells15 (Supporting Infor-
mation Table S2). Twist and ESRP1 are nuclear-located pro-
teins and are expressed in almost every cell. The intensities of
ESRP1 and Twist staining were graded on a scale from 0 to
3 (0 for no staining, 1 for weak, 2 for moderate, and 3 for
strong immunoreactivity). The percentage immunoreactivity
was scored on a scale from 0 to 3 (0 for no positive cells, 1 for
<30% of cells being positive, 2 for 30% to 60% of cells being
positive, and 3 for >60% of cells being positive). The two
scores were multiplied to obtain a composite expression score.
The final expression level was classified as negative (�) (score
of 0), weakly positive (+) (score of 1 to 4), or strongly positive
(++) (score of 6 to 9). E-Ca expression was considered posi-
tive (+) if >90% of tumor cells exhibited a staining pattern
similar to that in normal epithelial cells. Vimentin and α-SMA
expression was classified as positive (+) when >10% tumor
cells were stained.

Protein extraction and Western blotting
analysis

Cells were dissociated with 1 ml of trypsin-ethylenediamine
tetraacetic acid (EDTA) solution (Beyotime) and 500 μl of
Radioimmunoprecipitation assay (RIPA)lysis buffer per 100
pack cell volume (PCV) was used to lyse the cells and
extract the proteins. Western blotting was performed to
evaluate the expression of the ESRP1 and Twist proteins.
The primary antibodies to E-Ca (ab76055, dilution 1:1000;
Abcam), N-Ca (ab18203, dilution 1:1000; Abcam), ESRP1
(ab57595, dilution 1:1000; Abcam), Twist (ab32020, dilution
1:1000; Abcam), and Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (dilution 1:2000) were incubated
overnight at 4�C. Enhanced chemiluminescence（ECL,
Advansta) was employed to develop a blot of the immuno-
logical reaction of the protein of interest for visualization.
The intensity and area of the blot were analyzed using
ImageJ software for semiquantification of the expression of
proteins.

Statistical analysis

The chi-square test was used to evaluate the correlation
between IHC expression of ESRP1 or Twist and the develop-
ment of NSCLC. Bivariate correlation analysis (Spearman
coefficient) was used to evaluate the relationship between
ESRP1 or Twist expression. The Kaplan–Meier curve and
log-rank test were performed to compare the overall survival
of patients. To determine independent prognostic factors, a
multivariate analysis was performed using the Cox propor-
tional hazards model. In vitro results were given as
mean � standard error of mean (SEM) from no less three
independent experiments using Student’s t-test. Statistical
analysis was performed in SPSS 20.0 (SPSS Inc.). All

F I G U R E 1 Flowchart of materials included in the study. EMT, epithelial-mesenchymal transition; ESRP1, epithelial splicing regulatory protein 1; IHC,
immunohistochemistry; NSCLC, non-small-cell lung cancer; TGFβ1, transforming growth factor β1; WB, Western blot
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statistical analyses were two-way and p < 0.05 was consid-
ered statistically significant.

RESULTS

The expression of EMT-related proteins
was significantly different between lungs
of patients with NSCLC and precancer
or benign tumors

To explore the expression of EMT-related proteins in dif-
ferent lung samples, the expression of the EMT stromal
phenotypic marker proteins vimentin, α-SMA, N-Ca, and
E-Ca were evaluated by Western blotting assay in 65 cases
of NSCLC patients, 20 cases of precancerous tumor, and
30 cases of benign tumor (Figure 2(b)). The Western blot-
ting results show that among the 65 NSCLC samples, the
EMT marker E-Ca was significantly reduced compared to
that of the benign and precancerous tissues (p < 0.001;
Figure 2(b),(c)). In addition, vimentin and α-SMA began
to show high expression in the precancerous lesions
(p < 0.01), and expression in NSCLC tissue was signifi-
cantly higher than that in benign tissue (p < 0.05;
Figure 2(b),(c)). IHC assay results exhibited similar trends.
In the lung cancer group, the EMT-related protein E-Ca
was positively expressed in 17% (11/65) of NSCLC tissues
and as high as 70% (21/30) in the benign group
(Supporting Information Table S1). However, the expres-
sion of vimentin was higher in the NSCLC group than in
the benign group, but no statistically significant difference

between the NSCLC group and the precancerous group
was detected (Figure 2(a) and Supporting Information
Table S1).

Aberrant expression of ESRP1 and Twist
in NSCLC and precancerous lesions

Twist is considered to be an important transcription factor
for splicing protein activity, which may link to the ESRP1.
Therefore, we tested the expression of Twist and ESRP1 in
the same batch of samples (n = 115). Compared with the
benign group, Twist and ESRP1 were highly expressed in
the NSCLC group (Figure 3(a),(b)) and in the precancerous
group (p < 0.05; Figure 3(b),(c)). The expression of ESRP1
and Twist was not significant between the NSCLC group
and the precancerous group (p > 0.05; Figure 3(b),(c)).

Correlation between ESRP1 expression
and clinicopathological factors in patients
with NSCLC

To explore the clinical characteristics of NSCLC patients for
relationships with ESRP1, the correlation between ESRP1
expression and clinicopathological factors was examined
(n = 115; Table 1). The results show that low expression of
ESRP1 was correlated to poor differentiation (p = 0.01),
tumor stage (p = 0.042), and distant metastasis (p = 0.012).
In addition, no difference in ESRP1 protein expression was
determined by age (≤60 years old compared with >60 years

F I G U R E 2 An elevated expression of epithelial-mesenchymal transition (EMT) markers in lung tissues of benign, precancerous, and non-small-cell lung
cancer (NSCLC) individuals. (a) Representative image immunohistochemical staining of E-cadherin, vimentin, and smooth muscle actin (α-SMA) in lung
tissues of the benign (n = 30), precancerous lesion (n = 20), and NSCLC (n = 65) groups. (b) Protein expression of N-cadherin (N-Ca), E-cadherin (E-Ca),
vimentin, and smooth muscle actin (α-SMA) was measured by Western blotting in the lung tissues of the precancerous lesion (n = 20), NSCLC (n = 65) and
benign (n = 30) groups. (c) Densitometric analysis of Western-blot bands in b. Data are presented as mean � SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
GAPDH, Glyceraldehyde-3-phosphate dehydrogenase
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F I G U R E 3 An elevated expression of markers in lung tissue samples of the benign, precancerous lesion, and non-small-cell lung cancer (NSCLC)
groups. (a) Representative image immunohistochemical staining of epithelial splicing regulatory protein 1 (ESRP1) and Twist in the lungs of the precancerous
lesion (n = 20), NSCLC (n = 65), and benign (n = 30) groups. (b) Protein expression of ESRP1 and Twist was measured by Western blotting assay in the
lungs of the precancerous lesion (n = 20), NSCLC (n = 65), and benign (n = 30) groups. (c) Densitometric analysis of Western-blot bands in b. Data are
represented as mean � SEM. *p < 0.05, **p < 0.01, ***p < 0.001. GAPDH, Glyceraldehyde-3-phosphate dehydrogenase

T A B L E 1 Correlation between ESRP1 expression and clinicopathologic characteristics of NSCLC

Variable

ESRP1 expression

X2 p valueTotal �/+ ++

Age year

<60 30 15 (23%) 15 (23%) 0.332 0.565

≥60 35 15 (23%) 20 (31%)

Sex

Male 42 17 (26%) 25 (38%) 1.540 0.215

Female 23 13 (20%) 10 (16%)

Smoking History

Yes 34 10 (16%) 24 (37%) 8.041 0.005

No 31 20 (30%) 11 (17%)

Pathologic category

Squamous cell carcinoma 35 13 (20%) 22 (34%) 2.478 0.115

Adenocarcinoma 30 17 (26%) 13 (20%)

Differentiation

Poorly differentiated 35 11 (17%) 24 (37%) 6.616 0.010

Moderately-well differentiated 30 19 (29%) 11 (17%)

TNM Stage

T1 + T2 45 17 (26%) 28 (43%) 4.129 0.042

T3 + T4 20 13 (20%) 7 (11%)

Metastasis

M0 57 23 (35%) 34 (52%) 6.275 0.012

M1 8 7 (11%) 1 (2%)

Lymph metastasis

N0 40 21 (32%) 19 (29%) 1.685 0.194

N1 + N2 25 9 (14%) 16 (25%)

p values <0.05 was considered significant.
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old, p = 0.565), gender (p = 0.215), and type of NSCLC
(p = 0.115) (Tables 1 and 2).

Prognostic value of ESRP1 and Twist in NSCLC
patients

The prognostic value of ESRP1 expression was further con-
firmed in the 65 cases of NSCLC group. The median Overall
Survival (OS) was not reached. Survival analysis showed that

high expression of ESRP1 was significantly related to better
prognosis of NSCLC (p= 0.026; Figure 4(a)). Multivariate anal-
ysis showed that ESRP1 is an independent prognostic factor for
NSCLC patients (p = 0.008; Table 3). Twist binds to the E-boxs
of ESRP1 promoter to inhibit splicing regulation and promote
EMT in the progression of tumors.16 Both ESRP1 and Twist
were highly expressed, accounting for 37.39% (37/85) of all
patients (Table 3). Interestingly, even in the subgroup of high
expression of Twist, the expression level of ESRP1 could
improve the OS of patients (p = 0.039; Figure 4(b)).

T A B L E 2 Univariate and multivariate Cox proportional hazard regression analyses for overall survival of NSCLC

Variable

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age, ≥60/<60 0.742 (0.321–1.719) 0.487 0.511 (0.166–1.570) 0.241

Sex, male/female 1.425 (0.633–3.209) 0.392 1.130 (0.232–5.515) 0.880

Tumor location, left upper/left lower/right upper/right lower 1.077 (0.342–3.390) 0.767 2.300 (0.567–9.329) 0.073

Smoking, yes/no 2.013 (0.877–4.619) 0.099 1.384 (0.207–9.273) 0.737

Differentiation, poorly/moderately well 4.704 (1.742–1.706) 0.002 5.905 (1.506–23.149) 0.011

TNM stage, T1 + T2/T3 + T4 1.372 (0.532–3.536) 0.513 1.421 (0.323–6.251) 0.642

Metastasis, M0/M1 0.046 (0.000–881.637) 0.540 0.000 (0.000–0.000) 0.998

Lymph metastasis, N0/N1 + N2 2.023 (0.874–4.682) 0.100 1.834 (0.598–5.621) 0.289

ESRP1, �+/++ 17.501 (4.041–75.787) 0.000 20.559 (3.938–107.336) 0.000

p values <0.05 was considered significant.

F I G U R E 4 Correlation between epithelial splicing regulatory protein 1 (ESRP1) expression and survival in non-small-cell lung cancer (NSCLC) patients.
(a) Kaplan–Meier curves displaying the overall survival of NSCLC patients (n = 65) with high ESRP1 expression versus negative or low ESRP1 expression.
(b) Kaplan–Meier curves displaying the overall survival of participants with high expression of Twist and different ESRP1 expression in the NSCLC
group (n = 47)

T A B L E 3 Correlation between ESRP1 and Twist in lung tissues of patients with precancerous lesions and NSCLC group

ESRP1 expression, n (%)

�/+ ++ Total r p value

Twist expression �/+ 18 (23.48) 9 (19.13) 27 0.285 0.008

++ 21 (20) 37 (37.39) 58

Total 39 46 85

Note: Spearman correlation analysis in ESRP1and Twist between precancerous and NSCLC groups.
p values <0.05 was considered significant.
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Twist-mediated ESRP1 expression in
lung adenocarcinoma cell lines triggered
by TGFβ1

To further explore the underlying mechanism of Twist in
the regulation of ESRP1, lung adenocarcinoma cell line
A549 cells were exposed to TGFβ1 and EMT markers
were analyzed (Figure 5). Western blotting was used to
confirm the influence of TGFβ1 stimulation on the EMT
effect of cells. Under different TGFβ1 concentrations, the
expression of EMT markers in the A549 cells increased
significantly (Figure 5(b),(c)). The results showed a
dynamic induction of Twist and ESRP1 by TGFβ1 at
doses of 1–10 ng/ml. In addition, 1–10 ng/ml of TGFβ1
could induced Twist expression for the first 48 h of stim-
ulation, which inhibited ESRP1 expression for 72 h
(Figure 5(d)). Interestingly, 5 ng/ml of TGFβ1 could sig-
nificantly increase the level of Twist in A549 cells at 24 h,
but the expression waned to a normal level at 48 and
72 h and bounced again at 96 h. In contrast, the expres-
sion of ESRP1 in A549 cells was increased at 48 h and
elevated again at 96 h in the presence of 5 ng/ml of
TGFβ1 (Figure 5(e)).

DISCUSSION

The incidence of NSCLC has increased significantly in
recent years,1,2 therefore it is vital to discover the driving
factors of the development of NSCLC and identify new
potential disease markers. This study showed that the ele-
vated expression of ESRP1 in lung lesions mainly starts in
the precancerous phase and remains highly expressed
in NSCLC lungs. The high expression of ESRP1 was an
independent predictor of poor survival in NSCLC patients,
especially when it was highly expressed together with Twist.
In addition, it was found that Twist and EMT were posi-
tively correlated with the stages of NSCLC. In vitro studies
have confirmed that induction of EMT is often accompanied
by elevated ESRP1 expression. These findings indicate that
ESRP1 may be a clinical predictor and prognostic factor for
NSCLC, and it seems to be more sensitive than its transcrip-
tional regulator Twist molecule (data no shown).

EMT is an important process in tumor malignancy and
is also a driver of tumor invasion and metastasis.7,14 A very
important feature of EMT is the lack of expression of E-Ca.
Its biological significance lies in the loss of mutual anchor-
ing adhesion between tumor cells, obtaining a mesenchymal

F I G U R E 5 Effects of transforming growth factor β1 (TGFβ1) on the expression of epithelial-mesenchymal transition markers, Twist, and epithelial
splicing regulatory protein 1 (ESRP1) in A549 cells. (a) Morphological examination showed the spindle-like morphology changes of A549 cells induced by
TGFβ (5 ng/ml, 72 h). (b) Cells were incubated with TGFβ1 (72 h) for the indicated concentrations (0–10 ng/ml) and the protein expressions of N-cadherin
(N-Ca), E-cadherin (E-Ca), vimentin, and smooth muscle actin (α-SMA) were determined by Western blot. (c) Cells were incubated with TGFβ1 (5 ng/ml)
for the indicated times (0–96 h) and the protein expressions of N-Ca, E-Ca, vimentin, and smooth muscle actin (α-SMA) were determined by Western
blotting assay. (d) Cells were stimulated with various concentrations of TGFβ1 (0–10 ng/ml) for 72 h and the protein expressions of Twist and ESRP1 were
determined by Western blotting assay. (e) Cells were stimulated with TGFβ1 (5 ng/ml) for various times (0–96 h) and the protein expressions of Twist and
ESRP1 were determined by Western blotting assay. Data was represented as mean � SEM. *p < 0.05, **p < 0.01, ***p < 0.001 compared to unstimulated
control. GAPDH, Glyceraldehyde-3-phosphate dehydrogenase
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phenotype and showing strong invasion and metastasis abil-
ity. The experimental results of this study evidenced that
EMT was involved in the occurrence and development of
NSCLC. TGFβ signaling plays a key role in controlling
embryogenic development, inflammation, and tissue repair,
as well as in maintaining adult tissue homeostasis.17 It elicits
a broad range of context-dependent cellular responses and,
consequently, alterations in TGFβ signaling have been
implicated in many diseases, including cancer.15 Our data
also showed that TGFβ1 induced EMT in A549 cells in a
time- and dose-dependent manner.

ESRP1 is the key determinant of epithelial splicing regu-
lation and is mainly involved in the regulation of alternative
splicing of EMT-related genes. It regulates alternative splic-
ing during the EMT process.12 We found that ESRP1 was
associated with the malignant progression of NSCLC, as
indicated by the gradual increase in expression with the pro-
gression of cancerogeneisis, i.e. benign, precancerous lesions
and NSCLC. Interestingly, the expression of ESRP1 was neg-
atively correlated to tumor differentiation, and local and dis-
tant invasion in NSCLC, suggesting that expression of
ESRP1 might be negatively correlated with the malignancy of
cancer. These data indicate that the EMT process seems to
be an early event in the development and malignant transfor-
mation of NSCLC, during the process of EMT, there are
accompanied with ESRP1 activities triggered the splicing reg-
ulator, inhibition of EMT and the process of tumorigenesis.

Previous study showed that Twist, a transcription factor
that induces EMT, and E-box of ESRP1 promoter were
found to inhibit splicing regulation and induce EMT in
tumors. Increasing evidence shows that Twist is related to
the downregulation of ESRP1 in the process of TGF-induced
EMT.16 Mechanistical studies further demonstrated that
Twist induced and regulated the process of EMT by
inhibiting the activity of the Cadherin-1 (CDH1) promoter
and the expression of E-Ca protein.11 Our in vitro study also
showed that the TGFβ1-activated Twist in A549 was accom-
panied by downregulated expression of ESRP1. This implies
that the transcription factor Twist downregulated the
expression of ESRP1 during the EMT process induced by
TGFβ1. These results imply that Twist may bind to the
ESRP1 promoter and inhibit its transcriptional activity. The
specific molecular mechanism of the related transcription
factors Snail and Twist inhibiting ESRP1 has not yet been
fully elucidated.

In addition, the present study showed that high expres-
sion of ESRP1 is an independent predictor of better survival
in NSCLC. Patients with high expression of ESRP1 have a
better survival rate than patients with lower ESRP1. In addi-
tion, we observe slightly different but not significantly from
the correlation between high and low Twist expression
groups in NSCLC survivals, additional studies are required
to provide a further evidence of it. Indeed, ESRP1 has been
linked to the differentiation degree and overall survival rate
of a variety of tumors.18,19 For instance, the study of ESRP
involvement in tumor EMT showed that ESRP regulated the
fibroblast growth factor (FGFR) genes FGFR-IIIb (epithelial

phenotype) and epidermal growth factor receptor (EGFR)-
IIIc (stromal phenotype) through alternative splicing.20

With the expression of these subtypes, silencing ESRP pro-
moted the transformation of cells from an epithelial pheno-
type to a mesenchymal phenotype. Overexpression of
ESRP1 exhibited an opposite effect that promoted tumor
malignancies in certain cancers.21 These studies indicate that
ESRP1 may be a prognostic indicator of these cancers with
high expression of ESRP1.

The advantages of the study include rigorous clinical
data collection, and long-term systematic and prospective
follow-up analysis of the underlying molecular mechanisms.
In vitro experiments using well-known lung adenocarci-
noma cell lines have been carefully designed, and each dis-
covery has been verified through repeated repetitions,
demonstrating the reliability of the results. However, there
are some limitations that deserve attention. Although we
recruited all patients with NSCLC during the study period,
this is a single hospital-based study with a limited sample
size, which may hinder its promotion. Therefore, it is neces-
sary to conduct further prospective studies in different
populations to evaluate the clinical application of ESRP1.
How Twist interacts with ESRP1 and regulates ESRP1, and
how ESRP1 promotes the malignant phenotype of NSCLC
are under investigation.

Collectively, ESRP1 expression in precancerous lesions
and NSCLC tissues was significantly increased compared
with normal lung tissues and high expression of ESRP1
associated with better outcome in NSCLC patients
suggesting that it is an independent prognostic factor,
especially when used in combination with Twist. The two
molecules ESRP1 and Twist are positively correlated.
Importantly, an aberrant ESRP1 was observed in an early-
stage lung cancer, thus it may be a potential biomarker for
identification and prognosis of NSCLC. In addition, the
TGF-induced EMT and accompaied by decreased expres-
sion of ESRP1 and elevated expression of Twist, implied
that Twist as transcriptional repressors and decreased
expression of ESRP1. This finding indicates that Twist may
be a potential target by suppressing ESRP1 for NSCLC
treatment, but the underlying mechanism needs further
study.
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