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Serine/arginine (SR)-rich-specific-protein kinase 2  
promotes the epithelial-mesenchymal transition  
by upregulating Twist-related protein 1  
expression in colon cancer cells

Zhou Yang1, Xueqiang Zhu2, Hao Liu2, Bo Wang1

1Department of Gastrointestinal Surgery, Sichuan Academy of Medical Sciences & Sichuan Provincial People’s 
Hospital, Chengdu 610072, Sichuan, China; 2Department of Oncology, Sichuan Academy of Medical Sciences & 
Sichuan Provincial People’s Hospital, Chengdu 610072, Sichuan, China

Received April 24, 2017; Accepted December 1, 2017; Epub January 15, 2018; Published January 30, 2018

Abstract: Serine/arginine (SR)-rich-specific-protein kinase 2 (SRPK2), which promotes the growth and migration 
of colon cancer cells, is overexpressed in colon cancer specimens. However, the role of SRPK2 in epithelial-to-
mesenchymal transition (EMT) and its association with the transcription factor Twist-related protein 1 (TWIST1), are 
not fully understood. This study aimed to investigate the role of SRPK2, in EMT, in colon cancer and to test whether 
TWIST is involved in the process. The expression of SRPK2 in a normal colonic epithelial cell line and colon cancer 
cell lines was performed by qRT-PCR and western blot. After transfection with SRPK2 siRNA or TWIST, the cells 
were treated with or without TGF-β1 and the expression of SRPK2, TWIST, and epithelial marker E-cadherin and 
mesenchymal marker vimentin, were detected. We found the mRNA and protein expression levels of SRPK2 in colon 
cancer cell lines, was significantly higher than in the normal colonic epithelial cell line NCM460. After the expres-
sion of SRPK2 was inhibited, the expression of epithelial marker E-cadherin, was significantly increased, whereas 
the expression of vimentin, was significantly downregulated. TWIST expression was significantly inhibited, by knock-
down of SRPK2. TGF-β significantly induced the expression of TWIST, SRPK2 and E-cadherin, whereas it significantly 
downregulated the vimentin expression. TWIST Knockdown did not significantly alter SRPK2 expression, indicating 
SRPK2 is upstream of TWIST. In contrast, knockdown of TWIST, significantly upregulated the TGF-β-inhibited expres-
sion of E-cadherin, whereas it significantly downregulated the TGF-β-induced expression of vimentin. Collectively, 
SRPK2 might promote the EMT by upregulating TWIST expression in colon cancer cells, which provides a novel 
strategy and early diagnosis of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer worldwide and a major 
cause of morbidity and mortality [1-3]. Although 
witnessed advances in CRC treatment have 
been made in the past decade, with the intro-
duction of new surgical techniques, radiothera-
py and chemotherapy, such as the use of anti-
cancer drug including angiogenesis inhibitors 
and antibodies targeting cancer-associated 
proteins, the prognosis and overall survival rate 
of CRC patients, has not shown any promising 
improvement [4-6]. Metastasis plays an impor-
tant role in the poor prognosis and low 5-year 

survival rate, of cancer patients [7, 8]. Therefore, 
identification of an appropriate CRC target and 
elucidation of the mechanism underlying its 
progression, are important for the development 
of novel treatment to suppress the progression 
in CRC [9-11].

Within primary tumors, the majority of carcino-
ma cells generally exhibit predominantly epi- 
thelial characteristics. However, to invade, cir-
culate to other tissues and, ultimately, form 
metastatic colonies, neoplastic epithelial cells 
must transform, at least transitorily, into a more 
mesenchymal phenotype [12]. The epithelial-
to-mesenchymal transition (EMT), is a physio-
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logical process found in embryonic develop-
ment, tissue remodeling and wound healing 
[13, 14]. EMT mediates neoplastic cell dissoci-
ation, from primary lesions to distant organs, 
promoting cancer cell proliferation, migration 
and invasion, and resulting in increased resis-
tance to apoptosis, drug resistance, and the 
acquisition of stem cell-like properties. There- 
fore, the EMT process is an important target for 
therapy and diagnosis in CRC.

Serine/arginine (SR)-rich specific protein kinas-
es (SRPKs) are a family of cell-cycle-regulated 
kinases that specifically phosphorylate their 
substrates at Ser residues located in regions 
rich in SR dipeptides. In the cell nucleus, SRPKs 
phosphorylate SR proteins found in nuclear 
speckles, to mediate pre-mRNA splicing [15-
17]. In head and neck squamous cell carcino-
ma, SRPK2 is highly expressed and the inhibi-
tion of SRPK2, resulted in a significant decrease 
in the colony forming and invasive ability of 
head and neck squamous cell carcinoma cells 
[18]. Manipulation of the SRPK2 protein level, 
significantly affects the cell cycle profile and 
mediates cell proliferation, in human patients 
with myeloid hematological malignancies [19]. 
Overexpression of SRPK2 increases leukemia 
cell proliferation [20]. In a recent study, elevat-
ed expression of SRPK2 was observed in non-
small cell lung cancer samples [21] and in colon 
cancer samples [17]. It was demonstrated that 
overexpression of SRPK2, promoted the growth 
and migration of colon cancer cells, while, kn- 
ocking down the expression of SRPK2, inhibit-
ed the growth, migration and tumorigenesis of 
colon cancer cells [17]. However, the role of 
SRPK2 in EMT and its underlying mechanism 
remains unclear.

Twist-related protein 1 (TWIST1) is elevated in 
many primary tumors including colon, melano-
ma, prostate, breast, and gastric carcinomas 
[22-25]. In agreement with its role in embryo- 
nic cell migration, TWIST1 overexpression has 
been linked to increased tumor cell migration, 
invasion, and metastasis [26, 27]. Although the 
action of TWIST1 has been correlated with the 
changes in classical EMT markers, such as epi-
thelial cadherin (E-cadherin) and neural cad-
herin (N-cadherin), in gastric cancer cells, he- 
patocellular carcinoma, and melanoma [26-
29]. However, the association of TWIST1 with 
SRPKs is not fully understood. This study aim- 
ed to investigate the role of SRPK2, in EMT, in 

colon cancer and to test whether TWIST, is 
involved in the process. The findings are expect-
ed, to indicate a promising therapeutic target, 
for colon cancer.

Materials and methods

Cell culture

Human colon cancer cell lines HCT-15, HT-39, 
SW620 and normal human colon epithelial cell 
line NCM460 were purchased from the Institute 
of Biochemistry and Cell Biology (Chinese Ac- 
ademy of Sciences, China) and maintained in a 
Roswell Park Memorial Institute 1640 medium 
(Thermo Fisher Scientific, USA) supplemented 
with 10% (v/v) fetal bovine serum (FBS, Gibco, 
USA), 100 IU/mL penicillin and 100 mg/mL 
streptomycin (Beyotime, China), at 37°C in a 
humidified atmosphere containing 5% CO2.

Cell transfection

Cells were transfected with SRPK2 siRNA or 
TWIST siRNA in accordance with the manufac-
turer’s instructions (Invitrogen, USA). Cells were 
harvested at 48 h. The SRPK2 siRNA sequence 
was 5’-UCCCAGUACAUUGGACCUAAA-3’, and 
the TWIST siRNA sequence was 5’-CACCGGA- 
TCAAACTGGCCTGCAATTCAAGAGATTGCAGGC- 
CAG TTTGATCC-3’. The NC siRNA, used as a 
control, was 5’-UCGGCUCUUACGCAUUCAA-3’. 
After transfection, the levels of target genes 
were detected by quantitative reverse tran-
scription polymerase chain reaction (qRT-PCR), 
and the cells were treated with 5 ng/ml TGF-β1 
(PeproTech, USA) for 24 h.

qRT-PCR

Total RNA was extracted from the cells, using 
TRIzol reagent (Invitrogen, USA). Using the re- 
verse transcription kit (Promega, USA), the RNA 
was synthesized to cDNA. The qRT–PCR, was 
performed using a Stratagene MX3005P appa-
ratus (Agilent, USA). The specific primers used 
for mRNA amplification were as follows: SRPK2 
forward: 5’-GTATCATGTTATTAGAAAGC-3’; SRP- 
K2 reverse: 5’-GATACTCTTCACACAACGTA-3’; TW- 
IST forward: 5’-AGTCTTACGAGGAGCTGCAGACG- 
3’; TWIST reverse: 5’-AGGAAGTCGATGTACCTGG- 
CCG-3’; glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) forward: 5’-CGAGATCCCTCC- 
AAAATCAA-3’; GAPDH reverse: 5’-ATCCACAGTC- 
TTCTGGGTGG-3’. Gene expression was normal-
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ized to the level of GAPDH within each sample, 
using the 2-ΔΔCT methods [30].

Western blot

Following siRNA treatment, cells were pelleted 
and lysed in radioimmunoprecipitation (RIPA) 
buffer. Protein concentration was examined  
by the bicinchoninic (BCA) assay (Beyotime, 
China). Protein was separated by sodium do- 
decyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred to a polyvinyli-
dene difluoride (PVDF) membrane. Then, blots 
were blocked in non-fat milk for 1 h, and incu-
bated with primary antibody overnight at 4°C. 
The antibodies TWIST 2c1a, SRPK2, E-cadherin 
and vimentin (Santa Cruz, USA), were used at 
1:500 dilutions, GAPDH (Sigma-Aldrich, USA) at 
1:2500 dilution; and horseradish peroxidase 
(HRP) conjugated anti-mouse secondary anti-
bodies. GAPDH was used as internal control. 
The chemiluminescent substrate ECL Plus (Th- 
ermo Fisher), was used for protein detection. 
Data quantification was performed, using Im- 
ageJ software. The grayscale values were nor-
malized to GAPDH, and presented as percent-
age of GAPDH.

Statistical analysis

All experiments were repeated at least three 
times and the statistical analysis were per-
formed by Microsoft Excel (Microsoft, USA). The 

lines HCT-15, HT-39 and SW620, was signifi-
cantly higher than that NCM460, at both, the 
mRNA and protein levels. SW620 expressed 
the highest SRPK2, hence, these cells were 
used in subsequent experiments, to investigate 
the role of SRPK2 in EMT.

Knockdown of SRPK2 inhibited EMT in colon 
cancer cells

SRPK2 was knocked out in SW620 cells, to 
identify its role in EMT (Figure 2). After transfec-
tion with SRPK2 siRNA for 48 h, the expression 
of SRPK2, was significantly inhibited in SW620 
cells as shown in both qRT-PCR and western 
blot assays (Figure 2A and 2B).

By inhibiting the expression of SRPK2, the 
expression of E-cadherin was significantly in- 
creased, whereas the expression of vimentin, 
was significantly downregulated (Figure 2B), su- 
ggesting the knockdown of SRPK2, inhibited 
EMT in colon cancer cells. Furthermore, knock-
down of SRPK2 significantly inhibited TWIST 
expression, indicating the SRPK2 promotes 
EMT, by upregulating TWIST expression in colon 
cancer cells (Figure 2B).

Upregulation of SRPK2-induced by TGF-β-
promoted EMT, was inhibited by TWIST siRNA

In order to further elucidate the role of TWIST in 
EMT of colon cancer cells, TWIST siRNA, was 

Figure 1. Expression levels of SRPK2 in normal colonic epithelial cell line 
NCM460 and colon cancer cell lines HCT-15, HT-39 and SW620. A. The 
mRNA expression levels of SRPK2 in NCM460 and colon cancer cell lines 
HCT-15, HT-39 and SW620 were detected by qRT-PCR. B. The level of SRPK2 
protein was detected by western blot. The grayscale values were normalized 
to GAPDH, and presented as percentage of GAPDH. *p < 0.05.

data were presented as mean 
± SD. Two-tailed Student’s t 
test was used for the analysis. 
A p-value < 0.05, was consid-
ered statistically significant.

Results

SRPK2 overexpressed in 
colon cancer cells

In order to detect the role of 
SRPK2 in colon cancer cell 
lines, the expression of SRPK2 
in the normal colonic epitheli-
al cell line NCM460 and col- 
on cancer cell lines HCT-15, 
HT-39 and SW620, was moni-
tored by qRT-PCR and western 
blot (Figure 1). Results reve- 
aled that the expression of 
SRPK2 in the colon cancer cell 
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transfected into the SW620 cells. After treat-
ment with TGF-β for 24 h, the expression of 
SRPK2, E-cadherin and vimentin, were dete- 
cted (Figure 3). Results revealed that TGF-β  
significantly induced the expression of TWIST, 
SRPK2 and E-cadherin, whereas it significantly 
downregulated the expression of vimentin, indi-
cating TGF-β induced EMT in colon cancer cells, 
which might involve the upregulation of SRPK2 
and TWIST.

A previous study showed that the overexpres-
sion of SRPK2, induces the migration and inva-
sion of colon cancer cells [17]. In the current 
study, transfection of TWIST siRNA, significantly 
inhibited the expression of TWIST and TGF-β-
induced TWIST. Knockdown of TWIST, did not 
significantly alter the expression of SRPK2, in- 
dicating SRPK2 is upstream of TWIST. Furth- 
ermore, knockdown of TWIST, significantly up- 
regulated the TGF-β-inhibited expression of 
E-cadherin, whereas it significantly downregu-
lated the TGF-β-induced expression of vimen-
tin. In summary, SRPK2 might promote EMT, by 
upregulating TWIST expression in colon cancer 
cells.

Discussion

SRPK2 is elevated in many types of primary 
cancer including head and neck squamous  
cell carcinoma, hepatocellular carcinoma, and 

and invasive ability of various head and neck 
squamous cell carcinoma cell lines [18]. In the 
current study, the role of SRPK2 and, in addi-
tion, the involvement of TWIST, in the EMT of 
colon cancer cells were investigated.

We found that the expression of SRPK2 in col- 
on cancer cell lines HCT-15, HT-39 and SW620, 
was significantly higher than that in the normal 
colonic epithelial cell line NCM460, at both,  
the mRNA and protein levels. The SW620 cells 
expressed the highest SRPK2, hence, these 
cells were used in subsequent experiments, to 
examine the role of SRPK2 in the EMT of colon 
cancer cells. After transfection with SRPK2 
siRNA, for 48 h, the expression of SRPK2 was 
significantly inhibited in SW620 cells, and the 
expression of epithelial marker E-cadherin, was 
significantly increased, whereas the expression 
of mesenchymal marker vimentin, was signifi-
cantly downregulated, suggesting the knock-
down of SRPK2, inhibited EMT in colon cancer 
cells. TWIST expression, was significantly in- 
hibited by the SRPK2 knockdown, indicating 
SRPK2 promotes EMT, by upregulating TWIST 
expression, in colon cancer cells. 

TGF-β1 plays an important role in the EMT 
induction. It has been shown that EMT in A549 
and hepG2 cells is regulated by TGF-β1 au- 
tocrine, contributing to pulmonary fibrosis or 
hepatocellular carcinoma metastasis [7, 33]. In 

Figure 2. siSRPK2 inhibited EMT of colon cancer cells. After transfected with 
siSRPK2 in SW620 cells, the EMT marks including E-cadherin and Vimentin 
were detected by western blot, and the potential signaling pathway TWIST 
was also detected by western blot. A. The inhibition of SRPK2 by siSRPK2 
was detected by qRT-PCR. B. The expression of SRPK2, EMT marks includ-
ing E-cadherin and Vimentin, and TWIST were detected by western blot and 
data was quantified. The grayscale values were normalized to GAPDH, and 
presented as percentage of GAPDH. *p < 0.05, ***p < 0.001 vs. NC.

colon cancer [17, 18, 31]. SR- 
PK2 plays an important role  
in cancer progression. It has 
been previously demonstrat-
ed that SRPK2 binds and ph- 
osphorylates acinus, an SR pr- 
otein essential for mRNA splic-
ing, and redistributes it from 
the nuclear speckles to the 
nucleoplasm, resulting in up- 
regulation of cyclin A1, but not 
A2, in leukemia cells [20], th- 
us, contributes to leukemia 
tumorigenesis. Pharmacologi- 
cal inhibition of SRPK2, can 
trigger early and late events of 
apoptosis [32]. Moreover, reg-
ulation of alternative splicing 
by SRPK2, could be a poten-
tial therapeutic strategy in an- 
giogenic pathologies [21]. In- 
hibition of SRPK2, significan- 
tly inhibits the colony forming 
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this study, TGF-β1 induced the transition from 
an epithelial phenotype to a mesenchymal phe-
notype, thereby, the epithelial cells become 
more migratory and less adhesive. Moreover, 
TGF-β1 downregulated E-cadherin, a marker for 
the epithelial phenotype and upregulated vi- 
mentin, a marker for the mesenchymal pheno-
type, in colon cancer cells.

The transcription factor TWIST1, is elevated in 
various types of primary tumors including co- 
lon, melanoma, prostate, breast, and gastric 
carcinomas [22-25]. Consistent with its role in 
embryonic cell migration, TWIST1 overexpres-
sion has been linked to increased tumor cell 
migration, invasion, and metastasis [26, 27]. 
The action of TWIST1, has been associated 
with the changes in classical EMT markers, 
such as E-cadherin and N-cadherin in gastric 
cancer cells, hepatocellular carcinoma, and 
melanoma [26-29]. In colon cancer cells, after 
treatment with TGF-β for 24 h, the expression 
of TWIST, SRPK2 and E-cadherin, was signifi-
cantly increased, whereas the expression of 
vimentin was significantly downregulated, indi-
cating that TGF-β-induced EMT in colon cancer 
cells, which might involve the upregulation of 
SRPK2 and TWIST. This scenario concurs with 
the previous description that overexpression of 
SRPK2, induces the migration and invasion of 
colon cancer cells [17]. Transfection of TWIST 
siRNA, significantly inhibited the expression of 
TWIST and TGF-β-induced TWIST. Knockdown 
of TWIST, did not significantly alter the expres-
sion of SRPK2, indicating SRPK2 is upstream 
of TWIST. However, TWIST knockdown, signifi-
cantly upregulated the TGF-β-inhibited expr- 
ession of E-cadherin, whereas it significantly 

downregulated the TGF-β-induced expression 
of vimentin. Collectively, our results demon-
strated, for the first time that SRPK2 might pro-
mote the EMT, by upregulating TWIST expres-
sion in colon cancer cells, which provides no- 
vel insights into the oncogenic mechanism of 
SRPK2, in colon cancer and provides a novel 
strategy and early diagnosis of colon cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Bo Wang, No.32 West 
Second Section First Ring Road, Chengdu 610072, 
Sichuan, China. Tel: 13881960983; E-mail: bohr- 
wang@163.com; bvfpjt@sina.com

References

[1] Lamouille S, Xu J and Derynck R. Molecular 
mechanisms of epithelial-mesenchymal transi-
tion. Nat Rev Mol Cell Biol 2014; 15: 178-196.

[2] Li L, Jin J, Min S, Liu D and Liu L. Compliance 
with the enhanced recovery after surgery pro-
tocol and prognosis after colorectal cancer 
surgery: a prospective cohort study. Oncotar-
get 2017; 8: 53531-53541.

[3] Wang J, Du S, Wang J, Fan W, Wang P, Zhang Z, 
Xu P, Tang S, Deng Q, Yang W and Yu M. The 
prognostic value of abnormally expressed ln-
cRNAs in colorectal cancer: a meta-analysis. 
PLoS One 2017; 12: e0179670.

[4] Mosher CE, Winger JG, Given BA, Shahda S 
and Helft PR. A systematic review of psychoso-
cial interventions for colorectal cancer pa-
tients. Support Care Cancer 2017; 25: 2349-
2362.

[5] Kavousipour S, Khademi F, Zamani M, Vakili B 
and Mokarram P. Novel biotechnology ap-

Figure 3. TGF-β induced expression of SRPK2, and its mediated EMT were suppressed by siTWIST. SW620 cells 
were transfected with siTWIST, and treated with TGF-β for 24 h, then, the expression of SRPK2 and the EMT marks 
including E-cadherin and Vimentin were detected by western blot. The grayscale values were normalized to GAPDH, 
and presented as percentage of GAPDH. *p < 0.05. 

mailto:bohrwang@163.com
mailto:bohrwang@163.com
mailto:bvfpjt@sina.com


SRPK2 promotes EMT of colon cancer cell

267 Int J Clin Exp Med 2018;11(1):262-268

proaches in colorectal cancer diagnosis and 
therapy. Biotechnol Lett 2017; 39: 785-803.

[6] Choi CR, Bakir IA, Hart AL and Graham TA. 
Clonal evolution of colorectal cancer in IBD. 
Nat Rev Gastroenterol Hepatol 2017; 14: 218-
229.

[7] Zeng YE, Yao XH, Yan ZP, Liu JX and Liu XH. 
Potential signaling pathway involved in sphin-
gosine-1-phosphate-induced epithelial-mesen-
chymal transition in cancer. Oncol Lett 2016; 
12: 379-382.

[8] Campos F, Figueiredo MN, Monteiro M, Nahas 
SC and Cecconello I. Incidence of colorectal 
cancer in young patients. Rev Col Bras Cir 
2017; 44: 208-215.

[9] Nandikolla AG and Rajdev L. Targeting angio-
genesis in gastrointestinal tumors: current ch- 
allenges. Transl Gastroenterol Hepatol 2016; 
1: 67.

[10] Li H, Ma SQ, Huang J, Chen XP and Zhou HH. 
Roles of long noncoding RNAs in colorec- 
tal cancer metastasis. Oncotarget 2017; 8: 
39859-39876.

[11] Lee HS, Kim WH, Kwak Y, Koh J, Bae JM, Kim 
KM, Chang MS, Han HS, Kim JM, Kim HW, 
Chang HK, Choi YH, Park JY, Gu MJ, Lhee MJ, 
Kim JY, Kim HS and Cho MY. Molecular testing 
for gastrointestinal cancer. J Pathol Transl Med 
2017; 51: 103-121.

[12] Zeng Y, Yao X, Chen L, Yan Z, Liu J, Zhang Y, 
Feng T, Wu J and Liu X. Sphingosine-1-phos-
phate induced epithelial-mesenchymal transi-
tion of hepatocellular carcinoma via an MMP-
7/syndecan-1/TGF-beta autocrine loop. Onco- 
target 2016; 7: 63324-63337.

[13] Fan F, Samuel S, Evans KW, Lu J, Xia L, Zhou Y, 
Sceusi E, Tozzi F, Ye XC, Mani SA and Ellis LM. 
Overexpression of snail induces epithelial-me- 
senchymal transition and a cancer stem cell-
like phenotype in human colorectal cancer 
cells. Cancer Med 2012; 1: 5-16.

[14] Zhu LF, Hu Y, Yang CC, Xu XH, Ning TY, Wang 
ZL, Ye JH and Liu LK. Snail overexpression in-
duces an epithelial to mesenchymal transition 
and cancer stem cell-like properties in SCC9 
cells. Lab Invest 2012; 92: 744-752.

[15] Mathew R, Hartmuth K, Mohlmann S, Urlaub 
H, Ficner R and Luhrmann R. Phosphorylation 
of human PRP28 by SRPK2 is required for inte-
gration of the U4/U6-U5 tri-snRNP into the spli-
ceosome. Nat Struct Mol Biol 2008; 15: 435-
443.

[16] Loh BJ, Cullen CF, Vogt N and Ohkura H. The 
conserved kinase SRPK regulates karyosome 
formation and spindle microtubule assembly 
in Drosophila oocytes. J Cell Sci 2012; 125: 
4457-4462.

[17] Wang J, Wu HF, Shen W, Xu DY, Ruan TY, Tao 
GQ and Lu PH. SRPK2 promotes the growth 

and migration of the colon cancer cells. Gene 
2016; 586: 41-47.

[18] Radhakrishnan A, Nanjappa V, Raja R, Sathe 
G, Chavan S, Nirujogi RS, Patil AH, Solanki H, 
Renuse S, Sahasrabuddhe NA, Mathur PP, 
Prasad TS, Kumar P, Califano JA, Sidransky D, 
Pandey A, Gowda H and Chatterjee A. Dysregu-
lation of splicing proteins in head and neck 
squamous cell carcinoma. Cancer Biol Ther 
2016; 17: 219-229.

[19] Jang SW, Yang SJ, Ehlen A, Dong S, Khoury H, 
Chen J, Persson JL and Ye K. Serine/arginine 
protein-specific kinase 2 promotes leukemia 
cell proliferation by phosphorylating acinus 
and regulating cyclin A1. Cancer Res 2008; 
68: 4559-4570.

[20] Siqueira RP, Barros MVA, Barbosa ÉAA, Onofre 
TS, Gonçalves VHS, Pereira HS, Silva Júnior A, 
de Oliveira LL, Almeida MR, Fietto JLR, Teixeira 
RR, Bressan GC. Trifluoromethyl arylamides 
with antileukemia effect and intracellular in-
hibitory activity over serine/arginine-rich pro-
tein kinases (SRPKs). Eur J Med Chem 2017; 
134: 97-109.

[21] Gout S, Brambilla E, Boudria A, Drissi R, 
Lantuejoul S, Gazzeri S and Eymin B. Abnormal 
expression of the pre-mRNA splicing regula- 
tors SRSF1, SRSF2, SRPK1 and SRPK2 in non 
small cell lung carcinoma. PLoS One 2012; 7: 
e46539.

[22] Weiss MB, Abel EV, Mayberry MM, Basile KJ, 
Berger AC and Aplin AE. TWIST1 is an ERK1/2 
effector that promotes invasion and regulates 
MMP-1 expression in human melanoma cells. 
Cancer Res 2012; 72: 6382-6392.

[23] Ansieau S, Bastid J, Doreau A, Morel AP, 
Bouchet BP, Thomas C, Fauvet F, Puisieux I, 
Doglioni C, Piccinin S, Maestro R, Voeltzel T, 
Selmi A, Valsesia-Wittmann S, Caron de Fro-
mentel C and Puisieux A. Induction of EMT by 
twist proteins as a collateral effect of tumor-
promoting inactivation of premature senes-
cence. Cancer Cell 2008; 14: 79-89.

[24] Kwok WK, Ling MT, Lee TW, Lau TC, Zhou C, 
Zhang X, Chua CW, Chan KW, Chan FL, Glackin 
C, Wong YC and Wang X. Up-regulation of 
TWIST in prostate cancer and its implication as 
a therapeutic target. Cancer Res 2005; 65: 
5153-5162.

[25] Maestro R, Dei Tos AP, Hamamori Y, Krasno-
kutsky S, Sartorelli V, Kedes L, Doglioni C, 
Beach DH and Hannon GJ. Twist is a potential 
oncogene that inhibits apoptosis. Genes Dev 
1999; 13: 2207-2217.

[26] Yang J, Mani SA, Donaher JL, Ramaswamy S, 
Itzykson RA, Come C, Savagner P, Gitelman I, 
Richardson A and Weinberg RA. Twist, a mas-
ter regulator of morphogenesis, plays an es-
sential role in tumor metastasis. Cell 2004; 
117: 927-939.



SRPK2 promotes EMT of colon cancer cell

268 Int J Clin Exp Med 2018;11(1):262-268

[27] Yang Z, Zhang X, Gang H, Li X, Li Z, Wang T, Han 
J, Luo T, Wen F and Wu X. Up-regulation of gas-
tric cancer cell invasion by Twist is accompa-
nied by N-cadherin and fibronectin expression. 
Biochem Biophys Res Commun 2007; 358: 
925-930.

[28] Niu RF, Zhang L, Xi GM, Wei XY, Yang Y, Shi YR 
and Hao XS. Up-regulation of Twist induces an-
giogenesis and correlates with metastasis in 
hepatocellular carcinoma. J Exp Clin Cancer 
Res 2007; 26: 385-394.

[29] Koefinger P, Wels C, Joshi S, Damm S, Stein-
bauer E, Beham-Schmid C, Frank S, Bergler H 
and Schaider H. The cadherin switch in mela-
noma instigated by HGF is mediated through 
epithelial-mesenchymal transition regulators. 
Pigment Cell Melanoma Res 2011; 24: 382-
385.

[30] Liu JX, Yan ZP, Zhang YY, Wu J, Liu XH and Zeng 
Y. Hemodynamic shear stress regulates the 
transcriptional expression of heparan sulfa- 
te proteoglycans in human umbilical vein en-
dothelial cell. Cell Mol Biol (Noisy-le-grand). 
2016; 62: 28-34.

[31] Lu Y, Xu W, Ji J, Feng D, Sourbier C, Yang Y, Qu 
J, Zeng Z, Wang C, Chang X, Chen Y, Mishra A, 
Xu M, Lee MJ, Lee S, Trepel J, Linehan WM, 
Wang X, Yang Y and Neckers L. Alternative 
splicing of the cell fate determinant Numb in 
hepatocellular carcinoma. Hepatology 2015; 
62: 1122-1131.

[32] Siqueira RP, Barbosa Ede A, Poleto MD, Righet-
to GL, Seraphim TV, Salgado RL, Ferreira JG, 
Barros MV, de Oliveira LL, Laranjeira AB, Almei-
da MR, Junior AS, Fietto JL, Kobarg J, de Olivei-
ra EB, Teixeira RR, Borges JC, Yunes JA and 
Bressan GC. Potential antileukemia effect and 
structural analyses of SRPK inhibition by N-(2-
(Piperidin-1-yl)-5-(Trifluoromethyl)Phenyl)Iso-
nicotinamide (SRPIN340). PLoS One 2015; 
10: e0134882.

[33] Zeng Y, Yao X, Chen L, Yan Z, Liu J, Zhang Y, 
Feng T, Wu J and Liu X. Sphingosine-1-phos-
phate induced epithelial-mesenchymal transi-
tion of hepatocellular carcinoma via an MMP-
7/syndecan-1/TGF-β autocrine loop. Oncotar- 
get 2016; 7: 63324-63337.


