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ORIGINAL PAPER

Transformer 2f (Tra2p/SFRS10) positively regulates
the progression of NSCLC via promoting cell proliferation
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Abstract Transformer 2f (Tra2f), a member of the ser-
ine/arginine-rich-like protein family, is an important RNA-
binding protein involved in alternative splice. Deregulation
of Tra2f has been observed in several cancers. However,
the detailed role of Tra2f in non-small cell lung cancer
(NSCLC) has not been elucidated. In this study, the con-
tribution of Tra2P to NSCLC development was investi-
gated. On histological level, the expression of Tra23 was
determined by Western and immunohistochemistry assays.
It demonstrated that Tra23 was expressed higher in
NSCLC tumor tissues compared with adjacent non-tumor
tissues. In addition to confirm the association of Tra2f3
expression with histological differentiation and clinical
stage (p < 0.05), we also confirmed significant positive
correlation between the expression level of Tra23 and that
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of Ki67 (p < 0.05, r = 0.446) by Spearman rank correla-
tion test. Moreover, high expression of Tra2f predicted
poor prognosis by Kaplan—Meier survival analysis. And
Tra2P among with other clinicopathologic variables was an
independent prognostic indicator for patients’ overall sur-
vival by multivariate analysis. On cellular level, Tra2f}
expression was demonstrated to promote proliferation of
NSCLC cells through a series of assays, including serum
starvation and release assay, Western blot assay and flow
cytometry analysis. Moreover, knockdown of Tra2f3 was
confirmed to inhibit proliferation and to induce apoptosis
of NSCLC cells through flow cytometry analysis, western
analysis, cell counting kit-8 assay and Tunnel assay. Our
results indicated that Tra23 was involved in the tumori-
genesis of NSCLC and might be a potential therapeutic
target of NSCLC.

Keywords NSCLC - Tra2f - Prognosis - Proliferation -
Apoptosis
Introduction

Lung cancer is one of the most common causes of cancer
death in the United States (Siegel et al. 2013). Among all
lung cancer cases, non-small cell lung cancer (NSCLC)
accounts for more than 80 %, which including adenocar-
cinoma, squamous cell carcinoma, adenosquamous cell
carcinoma, and large cell carcinoma (Buyukcelik et al.
2004; Zhang et al. 2014). Despite advances achieved in
lung cancer treatment and tumor molecular biology,
prognosis of this disease remains still poor. Comprehensive
analysis of NSCLC with all stages and subtypes revealed
that the overall 5-year survival rate of NSCLC remains less
than 15 % (Cai et al. 2013; Jemal et al. 2011). Therefore, it
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is urgent to identify new molecular targets of lung cancer
which will benefit both diagnosis and treatment of NSCLC
(Kim et al. 2006).

Transformer 2f (Tra2f), also known as RA301 and
SFRS10, is a serine/arginine-rich (SR)-like protein. It was
originally cloned as a novel RNA-binding protein in rat
astrocytes exposed to hypoxia followed by reoxygenation
(Matsuo et al. 1995). Tra2 belongs to the SR-like protein
family and has an RRM and two RS domains (Best et al.
2013). Tra2p protein is encoded by the TRA2B gene on
human chromosome 3. The TRA2B gene consists of 10
exons and 9 introns, and generates 5 transcripts (Tra231-5)
by alternative splicing (Nayler et al. 1998). Alternative
splicing of pre-mRNAs is a powerful mechanism to regu-
late gene function, and the majority of protein-coding
genes undergo alternative splicing (Tazi et al. 2009). As a
RS domain-containing splicing factor, Tra2f is structurally
and functionally related to the classical SR proteins, and it
has been reported to influence alternative splicing of tran-
scripts essential for the proper functions of multiple tissues
(Roberts et al. 2014). Tra2p was shown to play an
important role in normal development and is essential for
the development of normal mouse embryonic and brain.
Tra2f deficiency in mice resulted in early embryonic
lethality (Grellscheid et al. 2011; Mende et al. 2010).
Besides, Tra2 has been reported to be associated with
several pathologic conditions: including stroke, tumori-
genesis, silicosis, nerve injury and arteriosclerosis (Best
et al. 2013; Daoud et al. 2002; Kiryu-Seo et al. 1998; Se-
gade et al. 1995; Tsukamoto et al. 2001). Tra2f is now
considered as one of the important splicing regulators that
are involved in the progression of several diseases
including cancer (Takeo et al. 2009).

Deregulation of Tra2f has been observed in several
cancers, including breast cancer, cervical cancer, endo-
metrial cancer, gastric cancer cells and colon cancer cells
(Gabriel et al. 2009; Kajita et al. 2013; Ouyang et al. 2011;
Watermann et al. 2006). Tra21 was over-expressed in
breast cancer and it could facilitate alternative splicing of
the CD44 gene via binding to CD44 exons v4 and v5
(Watermann et al. 2006). In endometrial cancer, Tra21
protein levels were elevated in poorly differentiated cases
and it was an independent prognostic factor for endometrial
cancer (Ouyang et al. 2011). Tra23 was regulated by Etsl
and heat shock factorl in colon cancer cells. Silencing of
Tra2f inhibited proliferation of HCT116 cells and caused
apoptotic cell death (Kajita et al. 2013). By genome-scale
co-expression network analysis, Tra23 was identified to be
involved in lung cancer (Bidkhori et al. 2013). However,
the detailed role of Tra2f in NSCLC has not been
elucidated.

In this study, we aim to investigate the role of Tra2f in
NSCLC’s progression. Expression level of Tra2f in eight
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paired tumor and adjacent non-tumor tissues were assessed
by Western blot analysis. Immunohistochemistry (IHC)
assay was performed in 83 NSCLC samples. We also
investigated the association of Tra2f} expression with
clinical and pathologic parameters, as well as its implica-
tion for clinical prognosis. Moreover, Tra2f siRNA
transfection was used to explore the effects of on NSCLC
cell proliferation and apoptosis.

Materials and methods
Patients and specimens

NSCLC cancer specimens were collected of 83 patients
who underwent salvage ectomy in Affiliated Hospital of
Nantong University from the period of 2006-2009. This
study was approved by the ethics committee of Affiliated
Hospital of Nantong University and written informed
consent was obtained from all patients. Patients who had
received chemotherapy or radiotherapy prior to surgery
were excluded. All samples were classified according to
the World Health Organization classification guidelines.
The main clinical and pathologic variables of patients
were shown in Table 1. In addition, eight paired tumor
and adjacent non-tumor specimens were snap-frozen in
liquid nitrogen and stored at —80 °C for specific
analysis.

Western blotting

Tissue and cell protein were immediately homogenized in a
in RIPA buffer [50 mM Tris—Cl (pH 7.5), 120 mM NaCl,
10 mM NaF, 10 mM sodium pyrophosphate, 2 mM
EDTA, 1 mM Na3;VO,, 1 mM PMSF, and 1 % NP-40]
containing a protease inhibitor cocktail (Roche, Basel,
CH), and then centrifuged at 12,000g for 20 min to collect
the supernatant. The protein content of the lysates was
measured with a Bio-Rad protein assay (BioRad, Hercules,
CA, USA). The supernatant diluted in 2x SDS loading
buffer and boiled for 15 min. Proteins were resolved by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
and then transferred to polyvinylidene difluoride filter
(PVDF) membranes (Millipore, Bedford, MA, USA).
Membranes were blocked in 5 % non-fat milk. The pri-
mary antibodies used included anti-Tra2f (1:1,000, Ab-
cam), anti-PCNA (1:1,000, Santa Cruz Biotechnology),
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH,
1:1,000 Santa Cruz Biotechnology.), anti-Cyclin A
(1:1,000, Santa Cruz Biotechnology), anti-caspase 3
(1:500, Santa Cruz Biotechnology). The peroxidase-linked
species-specific antibody (Amersham, Arlington Heights,
IL, USA) was used as secondary antibody.
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Table 1 Tra2f and Ki-67 expression and clinicopathologic parame-
ters in 83 NSCLC specimens

Parameters Total Tra2f expression  p value
Low High

Age (years)
<60 33 19 14 0.748
>60 50 27 23

Gender
Male 46 26 20 0.822
Female 37 20 17

Histological type
Adenocarcinoma 30 16 14 0.914
Squamous cell carcinoma 38 21 17
Adenosquamous carcinoma 15 9 6

Clinical stage
I 28 22 6 0.009*
I 30 14 16
I 25 10 15

Histological differentiation
Well 13 9 0.001*
Mod 35 26 9
Poor 35 11 24

Lymph node status
0 38 25 13 0.081
>0 45 21 24

Ki-67 expression
Low 35 26 9 0.003*
High 48 20 28

Statistical analyses were performed by Pearson y” test

* p < 0.05 was considered significant

Immunohistochemistry

All samples were fixed in 10 % formalin, then embedded
in paraffin, and sectioned consecutively at 4 pm. All
sections were deparaffinized and dehydrated. Antigen
retrieval was performed by heating for 20 min at 121 °C
in citrate buffer (0.01 mmol/L, pH 6. 0). After antigen
retrieval, the slides were washed with phosphate-buffered
saline (PBS) and incubated with normal goat serum to
block nonspecific staining. Tissue sections were then
incubated with Tra2f and Ki-67 primary antibody at 4 °C
overnight. Following washing in PBS, the slides were
treated with goat anti-rabbit antibody (Zhongshan Jingiao
Biotechnology Co., Ltd.). After rinsing in PBS, the sec-
tions were visualized with diaminobenzidine solution
(DAB). Then the slides were counterstained with hema-
toxylin, dehydrated, and coverslipped. Immunohisto-
chemical evaluation was performed as previously
described (Lv et al. 2014).

Cell culture and transfections

The human lung cancer cell line A549 was purchased from
China Academy of Science cell library. A549 was main-
tained in Nutrient Mixture F-12 Ham (SIGMA,USA) sup-
plemented with 10 % fetal bovine serum (FBS), 2 mM L-
glutamine and 100 U/mL penicillin—streptomycin mixture
(GibCo BRL, Grand Island, NY) at 37 °C and 5 % CO..
Human bronchial epithelial cell line BEAS-2B was gifted
from Department of Pathology of Nantong University, and
cells were cultured in high-glucose DMEM (GibCo BRL,
Grand Island, NY, USA) supplemented with 10 % fetal
bovine serum, 100-U/mL penicillin—streptomycin mixture
(GibCo BRL, Grand Island, NY, USA) at 37 °C and 5 %
CO? The shRNA targeting Tra2B sequences were: 5'-AGC
TAAAGAACGTGCCAAT-3', 5-CCGATGTGTCTATTG
TATA-3', 5-ACGCCAACACCAGGAATTT-3 and 5'-GA
GTATTTGGGCTGAGCTT-3'. Cell transfections were
performed as previously described (Wang et al. 2013).

Cell viability assay

After treatment according to the protocols, cells were seeded
at2 x 10* per well in 100 puL medium in 96-well plates and
incubated overnight. Then Counting Kit-8 reagents (Dojin-
do, Japan) was added to each well, and incubated at 37 °C for
2 h. The absorbance was recorded at 450 nm.

Flow cytometric analysis

For cell cycle analysis, cells were collected and fixed with
70 % cold ethanol at —20 °C overnight. Then cells were
incubated with 1 mg/mL RNase A for at 37 °C 30 min.
Subsequently, cells were stained with propidium iodide
(50 pg/mL PD) in PBS, 0.5 % Tween-20, and analyzed
using a Becton-Dickinson flow cytometer BD FACScan
(San Jose, CA, USA).

Terminal deoxynucleotidyl transferase-mediated
biotinylated-dUTP nick-end labeling

A549 cells were seeded in 24-well plates on coverslips for
24 h incubation, and then transfected with control-shRNA
and Tra2f-shRNA for 48 h. Then cells were subjected to
TUNEL staining by using an In Situ Cell Death Detection
Kit (Roche, Mannheim, Germany) according to the man-
ufacturer’s protocols. Cells were fixed in 4 % paraformal-
dehyde at 4° C for 30 min, then treated with 0. 1 %
TritonX-100, and labeled with fluorescein-12-dUTP using
terminal deoxynu-cleotidyl transferase. Photographs were
detected by fluorescence microscopy (Leica, DM 5000B;
LeicaCTR 5000; Germany).
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Statistical analysis

To analyses the association between Tra23 expression and
clinicopathological features x> test was used. Survival
curves were calculated by the Kaplan—-Meier method, and
the log-rank test was used. Multivariate analysis was per-
formed using Cox’s proportional hazards model (Hu et al.
2014). Relationship between Tra2f and Ki-67 expression
in NSCLC was measured using the Spearman rank corre-
lation test. Other data were analyzed with Students ¢ test.
p < 0.05 was considered to be statistically significant. All
statistical analyses were performed using SPSS 13.0
software.

Results

Tra2f was over-expressed in human NSCLC tissues
and NSCLC cell line

Western blot analysis was performed to detect different
expression level of Tra2f in eight paired tumor and
adjacent non-tumor tissues of NSCLC, and in two cell
lines including NSCLC cell line A549 and normal
human bronchial epithelial cell line BEAS-2B. As shown
in Fig. la, in most cases, Tra2f} expression was signifi-
cantly higher in tumor tissues than in peritumoral tissues.
Moreover, the expression pattern of Tra2f in NSCLC
was similar to that of PCNA, which is a proliferation
marker. Consistent with its expression pattern in NSCLC
tissues, Tra2f} expression was higher in A549 cells than
in BEAS-2B cells (Fig. 1b). To further evaluate Tra2f
expression and its clinical significance in NSCLC, THC
assay was performed to determine the expression of
Tra2f and Ki-67, which is also a cell proliferation index,
in 83 NSCLC samples. Immunoreactivity of Tra2f3 and
Ki-67 was seen predominantly in the nucleus (Fig. 2).
Moreover, the expression of Tra2f and Ki-67 also
showed the same stain tendency. Both of their expression
was up-regulated in NSCLC tissues compared with non-
tumor tissues, which showed rare or almost none
expression. In addition, less differentiated tumor tissues
showed much significant higher expression of Tra2f
(Fig. 2).

Correlation of Tra23 expression with clinicopathologic
variables in NSCLC

To further explore the role of Tra2p in NSCLC, Pearson x>
test was performed to analyze the association of Tra2f
expression with clinicopathologic variables. Clinicopatho-
logic data of the patients were summarized in Table 1.
Consistent with its expression results showed in Fig. 2, the
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Fig. 1 Tra2B was over-expressed in human NSCLC tissues and
NSCLC cell line. a Western blot was performed to detect expression
of Tra2P and PCNA in eight representative paired NSCLC tumor
tissues (T) and adjacent non-tumor tissues (N). GAPDH was used as a
loading control. The bar chart demonstrates the relative levels of
Tra2P protein to GAPDH by densitometry. The data are mean +
SEM (*p < 0.05, compared with adjacent tumor tissues). b Western
blot was performed to determine Tra2fexpression in NSCLC cell line
(A549) and human lung epithelial cell line (BEAS-2B). The bar chart
demonstrates the relative level of Tra2f protein to GAPDH by
densitometry. The data are mean & SEM. The same experiment was
repeated at least three times (*p < 0.05, compared with BEAS-2B
cells)

expression level of Tra2p was associated with histological
differentiation and clinical stage (p < 0.01, Table 1).
Moreover, there was significant positive correlation
between the expression level of Tra2f and that of Ki67
(p = 0.003, Table 1). In addition, the correlation between
Tra2p and Ki67 expression in NSCLC was further evalu-
ated by Spearman rank -correlation test (p < 0.05,
r = 0.446, Fig. 3). However there was no significant rela-
tion between Tra2f3 expression and other clinical factors
(Table 1).
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Fig. 2 Immunohistochemical
stain of Tra2f and Ki-67 in
NSCLC tissues. Paraffin-
embedded tissue sections were
stained for Tra2f and Ki-67.
Tra2f and Ki-67 expression in
adjacent non-tumor tissues (a,
b), well differentiated (c, d),
moderate differentiated (e, f),
and poor differentiated (g,

h) NSCLC tissues (x200)

High expression of Tra2f predicted poor prognosis

of NSCLC patients

To evaluate the prognostic significance of Tra2f expres-
sion, Kaplan—Meier analysis was performed. The result

Ki-67

showed that high expression of Tra2ff was significantly
associated with poor overall survival rate of NSCLC
patients (p = 0.034, Fig. 4). Additionally, multivariate
analysis using the Cox proportional hazards model dem-
onstrated that Tra2f expression (p = 0.041), histological
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Fig. 3 Correlation between Tra2f and Ki-67 expression in NSCLC
samples. The correlation between Tra2f and Ki67 expression in
NSCLC was further evaluated by Spearman rank correlation test,
which was shown as Box-plot (p < 0.05)
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Fig. 4 Kaplan—Meier survival analysis of Tra23 expression status.
Cumulative overall survival differences between patients with high
and low level of Tra2f protein expression. Patients within the high
expression group show worse overall survival

differentiation (p = 0.003), clinical stage (p = 0.009),
lymph node status (p = 0.03) and Ki-67 expression
(p = 0.029) were independent prognostic factors of overall
survival (Table 2).

Tra2f expression promoted proliferation of A549 cells

It was reported that Tra2f3 was associated with cell pro-
liferation and survival (Takeo et al. 2009). Therefore, we
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Table 2 Contribution of various potential prognostic factors to sur-
vival by Cox regression analysis in 83 NSCLC specimens

Hazard 95.0 % confidence p
ratio interval
Age 0.641 0.368-1.118 0.117
Gender 0.882 0.509-1.531 0.656
Histological type 1.245 0.845-1.833 0.268
Clinical stage 1.557 1.119-2.168 0.009*
Histological 1.856 1.238-2.781 0.003*
differentiation
Lymph node status 1.840 1.042-3.250 0.036*
Tra2f expression 1.771 1.023-3.066 0.041%*
Ki67-expression 1.929 1.068-3.485 0.029*

Statistical analyses were performed by the Cox regression analysis

* p < 0.05 was considered significant

further evaluated the expression of Tra2f during cell cycle
progression in A549 cells. A549 cells were cultured in
serum-deprived condition for 72 h and then recovered
serum refeeding. Flow cytometry analysis was performed
to analyze the cell cycle progression of A549 cells. It
showed that after serum starvation, cells were arrested in
the GO/G1 phase. The percentage of cells in the GO/G1
phase was more than 70 %. Then upon serum refeeding,
cells in the GO/G1 phase decreased, with concomitant
increase of cells in the S phase (Fig. 5a). Next, Western
blot assay were performed to analyze the expression of
Tra2f3, PCNA and Cyclin A. As expected, Tra2} expres-
sion was increased as early as 4 h and reached the highest
level 12 h after serum re-addition, which was consistent
with PCNA (a marker of proliferation) and Cyclin A (a
marker of cell cycle) (Fig. 5b, c¢). Thus, these results
indicated that Tra2ff might have an impact on the prolif-
eration of NSCLC cells in a cell cycle-dependent pathway.

Knockdown of Tra2f inhibited proliferation
and induced apoptosis of A549 cells

To further investigate the effects of Tra23 expression on
NSCLC cell proliferation, A549 cells were transiently
transfected with Tra2-shRNA and control-shRNA. The
efficiency of Tra23-shRNA was confirmed by Western blot
assay 48 h after transfecting. As shown in Fig. 6a, Tra2f3
protein level decreased maximally in Tra2B-shRNA#4
transfected A549 cells. So Tra2-shRNA#4 got the best
interference efficiency. Therefore we wused Tra2p-
shRNA#4 for subsequent experiments. Following Tra2f-
shRNA#4 transfection, expression of PCNA and cleaved-
caspase3 was determined by Western analysis. It revealed
that knockdown of Tra2f resulted in decrease of PCNA
with concomitant increase of cleaved-caspase3 (Fig. 6b).
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Fig. 5 Tra2P expression A 100
promoted proliferation of A549
cells. a Flow cytometry
quantitation of cell cycle
progress in A549 cells. Cells
were synchronized at G1 after
serum starvation for 72 h, then
progressed into cell cycle by
adding medium containing

10 % FBS for the indicated
times (R4 h, R8 h, R12 h,

R24 h). b The cells were
harvested and analyzed for
Tra2f, PCNA and cyclin A

80

60

40

% of cells in the phase

. G0/G1

expression by western blot.

¢ The bar graph indicates
density of Tra23/PCNA/Cyclin
A versus GAPDH at each time B
point. Data are presented as
mean = SEM of three
independent measurements

* #, Ap < 0.05, compared with
control cells serum starved for
72 h)

S72h  R4h

GAPDH wetr e e e s

Cell vitality was determined by CCK-8 assay at indicated
times, and the data showed that cell proliferation was
inhibited due to down-regulation of Tra2f (Fig. 6¢). Fur-
thermore, flow cytometry analysis of cell cycle distribution
revealed a significant increase of cells in the GO/G1 phase
(from 58.29 to 78.24 %), with a concomitant decrease of
cells in S phase (from 32.72 to 14.64 %) compared with
control-shRNA#4 (Fig. 6d). Finally, to evaluate the effect
of Tra2} expression on cell apoptosis, Tunnel assay was
performed. The result showed that knockdown of Tra2f
induced apoptosis of A549 cells (Fig. 6e).

Discussion

The initiation and progression of NSCLC is a compre-
hensive pathologic process involving complex alterations
in oncogenes and tumor suppressor genes that play roles in
cell proliferation and cell apoptosis. In spite of the devel-
opment in therapy methods such as surgical resection,
chemotherapy and radiation therapy, this disease is rarely
curable and prognosis is poor (Sun et al. 2007). A deeper
understanding of the genes associated with NSCLC
development is of great necessity. In this study, we aimed
to investigate the role of Tra2f, a SR-like splicing factor, in
the development of NSCLC.

Tra2f is an important splicing factor that involved in
alternative splice. Splicing activation by Tra2f} protein is a
concentration dependent. Thus, Tra2 must be maintained
at a proper level (Kajita et al. 2013). Previously, it has been

S72h R4h R8h R12h R24h
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PCNA cr e e e
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Y petl £ 8

- Tra2p * * A
1 PCNA *
B gycinA A
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reported that dysregulation of Tra2f is closely linked to
various human diseases, including cancer. However, the
role Tra2f in NSCLC is still unclear. In this study, we first
analyzed Tra2f expression in lung caner tissues and cell
lines by Western blot analysis. It showed that Tra2f}
expression was up-regulated in NSCLC tumor tissues and
NSCLC cell line compared with adjacent non-tumor tissues
and normal bronchial epithelial cell line (Fig. 1). In addi-
tion, we performed IHC assay in 83 paraffin-embedded
NSCLC samples and analyzed the association of Tra2f
expression with clinicopathological variables as well as
clinical prognosis. We found that Tra2f} expression was
associated with histological differentiation and clinical
stage of NSCLC. Multivariate analysis indicated that Tra2f3
could be an independent prognostic factor for the survival
of NSCLC patients and Survival curve revealed that high
expression of Tra2f was associated with poor prognosis of
NSCLC samples.

Previous studies have shown that Tra2f} participated in
various cellular processes such as cell proliferation,
diversification and apoptosis (Kajita et al. 2013; Roberts
et al. 2014; Shukla and Fisher 2008). However, the effect
of Tra2f expression on NSCLC is still unknown. We
wonder whether Tra2f could influence proliferation and
apoptosis of A549 cells. We knocked down the expression
of Tra2p by shRNA, the data showed that knockdown of
Tra2f inhibited proliferation of A549 and induced cell
apoptosis with concomitant decreased expression of PCNA
and increased expression of cleaved-caspase3. Alternative
splicing is considered as an important mechanism in
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Fig. 6 Knock down of Tra2f expression inhibited A549 cell
proliferation and induced apoptosis. a Tra23 expression was deter-
mined by Western blot following Tra23-shRNA transfecting in A549
cells. The bar chart below demonstrated the ratio of Tra2f to
GAPDH by densitometry. The data are mean & SEM (*p < 0.05
compared with the control). b The expression of Tra2f, PCNA,
caspase3 and cleaved-caspase3 was determined following control-
shRNA and Tra2p-shRNA#4 transfection. ¢ CCK-8 assay was

regulating gene expression and associated with tumori-
genesis and metastasis of a wide variety of human cancers
(Ouyang et al. 2011; Stickeler et al. 1999). Tra2f belongs
to SR-like protein family, it binds to the highly degenerated
purine-rich sequence motif (GAARGARR) and influences
various alternatively spliced exons (Mende et al. 2010).
Tra2f is related to multiple biological processes and vari-
ous diseases by alternative splicing of target mRNA (Best
et al. 2013). Target mRNAs of Tra2f including CD44
(Takeo et al. 2009; Watermann et al. 2006), liver scavenger
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Tra2B-shRNA#4

performed to determine cell vitality of A549 cells transfected with
Tra2-shRNA#4 exhibited significantly weakened proliferation.
d Flow cytometric analysis of cell cycle distribution following
control-shRNA and Tra2B-shRNA#4 transfection. e Tunnel assay was
performed to evaluate the effect of Tra2f} expression on cell apoptosis
following control-shRNA and Tra2p-shRNA#4 transfection. The
experiment details were described in “Materials and methods”. All
these data are representative of at least three independent experiments

receptor class B (SRB) (Zhang et al. 2007), tau (Kondo
et al. 2004), homeodomain-interacting kinase 3 (HipK3)
(Venables et al. 2005), fibroblast growth factor receptor 2
(FGFR2) (Chen et al. 2004), glutamate receptor subunit B
(GluR-B) (Chen et al. 2004), calcitonin/calcitonin gene-
related peptide (CGRP) (Tran et al. 2003), survival motor
neuron 2 (SMN2) (Hofmann et al. 2000), and nuclear au-
toantigenic sperm protein (Nasp-T) (Grellscheid et al.
2011). CD44, HipK3 and Nasp-T are known pro-oncogenic
splicing targets. Tra23 enhances the inclusion of CD44
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exons v4 and v5 and acts synergistically with YB-1 in
breast cancer (Watermann et al. 2006). Tra2f} is up-regu-
lated in several different cancers, but the detailed mecha-
nism is unknown. Keisuke et al. reported that in colon
cancer cells transcription of Tra2f3 was regulated by heat
shock factor 1 and proto-oncogene Etsl (Kajita et al.
2013). Our results suggested that high expression of Tra2f3
might play an important role in the development and pro-
gression of NSCLC. However, further studies are necessary
to elucidate the molecular mechanisms of Tra2f3 in NSCLC
pathogenesis.

In summary, our studies showed that Tra2f was up-
regulated in NSCLC and associated with poor prognosis.
Downregulation of Tra2f inhibited proliferation and
induced apoptosis of A549 cells. Therefore, Tra23 might
serve as a novel molecular target for the diagnosis and
treatment of NSCLC.
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