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Alternative splicing of spleen tyrosine kinase differentially
regulates colorectal cancer progression
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Abstract. Spleen tyrosine kinase (SYK) has been reported
as a potential tumor suppressor in colorectal cancer (CRC).
However, the role of alternative splicing of SYK in carci-
nogenesis remains unclear. In the present study, SYK
isoforms were overexpressed in the human CRC HCT 116
cell line using lentiviral expression vectors to investigate the
biological functions of full length SYK [SYK(L)] and short
form SYK [SYK(S)] in CRC. Real-time cellular analysis and
the 5-ethynyl-2-deoxyuridine assay were used to detect the
effects of SYK(L) and SYK(S) on cell proliferation. Cell cycle
progression and migration were assessed via flow cytometry
and Transwell assays, respectively. The results revealed that the
recombinant lentivirus with SYK(L) overexpression signifi-
cantly suppressed the proliferation and metastasis of CRC cells,
while SYK(S) overexpression did not. In addition, MTS assays
demonstrated that SYK(L) and SYK(S) increased the cellular
sensitivity to 5-fluorouracil (5-FU), suggesting that SYK(L)
and 5-FU produce a significant synergistic effect on CRC cell
proliferation, while SYK(S) has an effect on modulating CRC
5-FU sensitivity. Furthermore, quantitative polymerase chain
reaction results revealed that SYK(L) was downregulated in
69% of 26 pairs of CRC and adjacent non-cancerous tissues,
whereas SYK(S) exhibited no significant differences between
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tumor and normal tissues. Overall, the present data provides
evidence that SYK(L) is a tumor suppressor in CRC, and both
SYK(L) and SYK(S) may serve as important predictors in the
chemotherapeutic treatment of CRC.

Introduction

Colorectal cancer (CRC) is one of the most common human
cancers worldwide, accounting for 1.2 million novel cases and
600,000 mortalities per year (1). Despite the great progress
in current therapeutic options, including surgery and chemo-
radiotherapy, the incidence and mortality of CRC remains
high (2). Novel strategies require investigation not only to
enhance the efficacy of currently available agents, but also to
identify novel therapeutic targets for CRC patients. Therefore,
there are concerted efforts to identify gene expression patterns
that may be used for early detection and improved prognosis
prediction for CRC.

Spleen tyrosine kinase (SYK) is a 72 kDa non-receptor
tyrosine kinase that contains two tandem Src homology 2
domains at the NH, terminus and a kinase domain at the
COOH terminus (3). It is widely expressed in hematopoietic
cells and was hypothesized to be a hematopoietic cell-specific
signaling molecule (4). Currently, SYK is considered to be a
potential tumor suppressor in breast carcinoma (5), and there
are a growing number of studies on SYK in non-hematopoietic
tumors (6-8). Several clinical studies have indicated that
patients with negative SYK expression have a significantly
lower overall survival rate compared with patients with
positive SYK expression (9-12). Functional studies have
demonstrated that dysregulation of SYK is associated with
cancer proliferation and metastasis (13-15). These data impli-
cate SYK as a putative tumor suppressor in cancer. However,
Luangdilok et al (16) reported that high expression of SYK was
significantly associated with recurrence and poorer survival
in squamous cell carcinomas of the head and neck, and these
results are consistent with a study concerning nasopharyngeal
carcinoma (17). Overall, the present study hypothesizes that
SYK has a complex role in multiple cancer types.

SYK has two alternatively spliced isoforms: Full-length
[SYK(L)] and short form [SYK(S)] SYK, which lacks a
69-nucleotide exon (Fig. 1A). A previous study by the present
authors revealed that SYK(L) was present in the cytoplasm
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and nucleus of breast cancer cells, and suppressed breast
cancer cell invasiveness, whereas SYK(S) was located exclu-
sively in the cytoplasm and did not affect breast cancer cell
invasion (18). Consistent with these results, recent evidence
revealed that differential expression of SYK(L) and SYK(S)
may contribute to tumor biology in different ways, and may
be clear indicators of prognosis in patients with hepatocellular
cancer (19). In addition, Prinos et al (20) have reported that
changing the SYK alternative splicing pattern alters cancer
cell survival and mitotic progression. On the basis of these
data, the present study hypothesizes that SYK alternative
splicing isoforms have different functional effects in cancer
and act as modulators of cancer.

Hypermethylation of the SYK gene promoter was demon-
strated to be associated with a loss of SYK gene expression in
a variety of malignant cancers, including breast cancer (21),
gastric cancer, nasopharyngeal carcinoma (22) and hepato-
cellular cancer (23). In CRC, the present authors previously
demonstrated that global SYK methylation was an independent
prognostic factor for overall survival (12), but the expression
and biological functions of alternative splicing SYK isoforms
in CRC remain unclear. The present study aimed to investigate
the functional impact of SYK(L) and SYK(S) in CRC. The
present study evaluated the effect of SYK(L) and SYK(S) on
proliferation, metastasis and 5-fluorouracil (5-FU) resistance
in CRC cells by overexpressing SYK(L) and SYK(S). In
addition, the expression pattern of SYK isoforms was also
confirmed in CRC tissues.

Materials and methods

Clinical samples and cell lines. In total, 26 CRC samples and
matched adjacent normal samples were obtained from the
Tissue Bank of The Sixth Affiliated Hospital, Sun Yat-sen
University (Guangzhou, China) between March 2010 and
July 2010. All the samples were obtained with the written
informed consent of the patients and were histologically
confirmed. The Institutional Review Board of Sun Yat-sen
University approved the study.

Seven human CRC cell lines (HCT 116, SW480, RKO,
HCT-8, LoVo, HCT-15 and Caco-2) were obtained from
Shanghai Cell Collection, Chinese Academy of Science
(Shanghai, China). HCT 116, SW480, HCT-8 and HCT-15
were maintained in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), whereas RKO,
LoVo and Caco-2 were maintained in Dulbecco's Modified
Eagle's Medium (DMEM; Thermo Fisher Scientific, Inc.). All
cells were cultured in recommended medium containing 10%
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.), and
maintained at 37°C with 5% CO, in a humidified incubator.
The cell lines were routinely authenticated (once every year)
using DNA-fingerprinting analysis, identity verification using
short tandem repeat profiling analysis, cell morphology moni-
toring, growth curve analysis and mycoplasma contamination
checks.

Lentiviral vector construction and stable cell lines. The
lentiviral plasmid pLVX-EGFP-3FLAG alone (negative
control) or with SYK(L) or SYK(S) cDNA were constructed
by Sunbio (Shanghai, China). The SYK(L) and SYK(S) gene
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cDNA were verified by DNA sequencing and polymerase
chain reaction (PCR). The lentiviral vectors expressed green
fluorescent protein (GFP); therefore, viral titer was determined
by the method of end point dilution by counting the numbers of
infected green cells at magnification x100 under a fluorescence
microscope (Leica Microsystems GmbH, Wetzlar, Germany).
HCT 116 cells, which expressed low detectable SYK(L) and
SYK(S), were used to generate stable cells by lentiviral infec-
tion, according to the manufacturer's protocol. The same
amount of negative control vector was also infected in HCT 116
cells. A total of 12 h later, the virus-containing medium was
replaced with fresh complete medium. Following a 72 h infec-
tion, 1 pg/ml puromycin was added to the culture medium for
selection of stable cells. The fluorescence of GFP in stable cell
lines was observed by fluorescence microscopy to achieve
over 100% transfection. The expression levels of SYK(L) and
SYK(S) in stable cells were evaluated by quantitative (q)PCR.

Reverse transcription-qPCR. Total RNA was extracted
from tissues and transfected cells using TRIzol Reagent
(Invitrogen™; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. Reverse transcription was
performed using 0.5 g RNA and the ReverTra Ace® qPCR
RT kit (cat. no. FSQ-301; Toyobo, Co., Ltd., Osaka, Japan)
containing DNase I, according to the manufacturer's protocol.
gPCR was conducted on an ABI 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using the SYBR
Green Real-Time PCR Master Mix (Thermo Fisher Scientific,
Inc.), with the following cycling conditions: 95°C for 10 min;
and 40 cycles of 95°C for 15 sec; 60°C for 1 min. qPCR
was performed in triplicate, including no-template controls.
In each qPCR assay, amplification of the reference gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
performed as the internal control. The PCR primers were as
follows: SYK(L), forward 5-GCTCTGGCAGCTAGTCGA
-3"and reverse 5'-GCTTTGGGAAGGAGTATGA-3"; SYK(S),
forward 5'-AAAGCAGATGGTTTGTTAAGAGTTC-3' and
reverse 5-CTTGGGCAGGGGAGGACGCAGGATG-3';
GAPDH, forward 5-GACAGTCAGCCGCATCTTCTT-3' and
reverse 5'-"AATCCGTTGACTCCGACCTTC-3'". The relative
amount of SYK(L) and SYK(S) to GAPDH were calculated
using the quantitative cycle threshold (22Cq) method (24).

Western blot. The cells were lysed in RIPA lysis buffer (DingGuo
Biotechnology, Co., Ltd., Beijing, China) supplemented with
phenylmethanesulfonyl fluoride (DingGuo Biotechnology,
Co., Ltd.) and centrifuged at 10,000 x g for 5 min at 4°C.
The protein samples were separated by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and the products
were electrotransferred to nitrocellulose filter membrane
(GE Healthcare Life Scientific, Chalfont, UK). Rabbit anti-SYK
polyclonal antibody (cat. no. sc-1077; dilution, 1:700; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) and mouse anti-GAPDH
monoclonal antibody (cat. no. 60004-1-1g; dilution, 1:4,000;
Proteintech, Rosemont, IL, USA) were used for immunode-
tection. Following incubations with primary antibodies at
4°C overnight, IRDye® 800CW-conjugated goat anti-rabbit
and IRDye® 680RD-conjugated goat anti-mouse secondary
antibodies (cat. nos. P/N 925-32211 and P/N 925-68070,
respectively; dilution, 1:10,000; LI-COR Biosciences, Lincoln,
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NE, USA) were incubated with the membranes for 1 h at room
temperature. Proteins were detected using the Odyssey® CLx
Imaging System (LI-COR Biosciences), and the band intensi-
ties were analyzed using the Odyssey Application 3.0 software
(LI-COR Biosciences).

Cell proliferation assays. Cell proliferation was measured
using the xCELLigence Real Time Cell Analyzer (RTCA)
(ACEA Biosciences, San Diego, CA, USA). Briefly, cells were
seeded in E-plates at a density of 6,000 cells per well and
incubated at 37°C and 5% CO,. The cell growth curves were
automatically monitored and recorded every 15 min for a total
of 120 h. Cells adhered to the bottom of each well and cell
index values were measured by monitoring cells that covered
the surface of the sensor. Experiments were repeated indepen-
dently three times.

Cell proliferation was also measured by 5-ethynyl-2-deoxy-
uridine (EdU) assay using an EdU Assay kit (Guangzhou
Ribobio, Co., Ltd., Guangzhou, China), according to the
manufacturer's protocol. Briefly, cells were cultured in 96-well
plates and then exposed to 50 mM EdU for 2 h at 37°C.
Subsequently, the cells were fixed with 4% formaldehyde
for 30 min at room temperature. Cells were washed with
phosphate-buffered saline (PBS) and incubated with 100 ul
1X Apollo® reaction cocktail for 30 min. The DNA contents
of cells were stained with 100 x1 Hoechst 33342 for 30 min
and viewed under a fluorescent microscope.

Cell cycle assay. Cells were stained using Cell Cycle Staining
kit (Lianke Bio, Hangzhou, China) and analyzed by flow
cytometry. In brief, a pellet of ~2x10° cells was formed by
centrifugation and the cells were washed with PBS. Subse-
quently, 1 ml cold 75% ethanol was added to the cells at -20°C
overnight. Subsequently, the cells were rehydrated with PBS
for 15 min and incubated with 1 ml DNA staining solution
at room temperature. The cells were examined using a flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). The
results were analyzed using the ModFit version 3.0 software
(Verity Software House, Topsham, ME, USA).

Cell migration and invasion assays. Cell invasion assays were
performed using a 24-multiwell insert plate with an 8.0 ym
pore size membrane chamber (BD Biosciences) containing
a Matrigel-coated membrane. Cells were suspended in
serum-free DMEM and added to apical chambers. Cells at a
density of 40,000 cells/100 ul of DMEM media were placed
into the upper chamber of the Transwell plate and 700 ul
DMEM medium containing 20% FBS was added to the basal
chambers. Following a 48 h incubation, the cells in the basal
chamber were stained with 4',6-diamidino-2-phenylindole,
dihydrochloride (Roche Diagnostics GmbH, Mannheim,
Germany) and counted using a fluorescence microscope. The
cell migration assay was performed in the same way without
Matrigel. Three independent experiments were conducted.

Cell viability assay. 5-FU resistance was measured by a
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-

(4-sulfophenyl)-2H-tetrazolium (MTS) assay (Promega,
Madison, WI, USA), which assesses the reduction of MTS to
formazan in viable cells. Briefly, cells were seeded in 96-well
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plates at a density of 5,000 cells/100 ul/well. Subsequent to
24 h, cells were treated with various concentrations of 5-FU
0,0.1, 1.0, 10.0, 20.0, 50.0, 100.0 and 200.0 xM). Following a
72 h incubation, 20 pl of the combined MTS/phenazine metho-
sulfate solution was added to the medium and the mixture was
incubated at 37°C for 1.5 h. The absorbance was measured at
490 nm using Varioskan™ Flash multimode reader (Thermo
Fisher Scientific, Inc.).

Statistical analysis. Statistical analysis was performed
with SPSS version 16.0 software (SPSS, Inc., Chicago, IL,
USA). Data are presented as the mean + standard deviation.
Differences between groups were compared using paired
or unpaired Student's t-tests or the Mann-Whitney U test.
P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Stably transfected cells overexpress SYK isoforms. To
examine the biological impact of SYK splice isoforms in
CRC cells, the present study first identified the expression of
SYK splice isoforms SYK(L) and SYK(S) in 7 CRC cell lines
(HCT 116, SW480, Caco,, LoVo, RKO, HCT-8 and HCT-15)
using western blot analysis and qPCR (Fig. 1B). Western
blot analysis revealed that SYK(L) was highly expressed in
SW480, LoVo, HCT-15 and RKO cell lines, with low or no
expression in HCT 116, Caco, and HCT-8. SYK(S) protein
was detected in SW480 and Caco, cells, and was almost
undetectable in other cell lines. Subsequently, mRNA levels
of SYK(L) and SYK(S) in the 7 cell lines were identified
by qPCR. The alterations in the mRNA expression of SYK
isoforms between cell lines was consistent with the protein
levels in these cells.

HCT 116 cells were selected as the target cells for trans-
fection with the pLVX-EGFP-3FLAG-SYK(L)/SYK(S)
recombinant lentiviral vector or empty vector. Although the
expression of SYK(L) and SYK(S) was negligible in both
HCT 116 cells and HCT-8 cells, the biological functions
of these isoforms of SYK were more obvious and stable in
HCT 116 cells, as compared with HCT-8 cells; thus HCT 116
cells were selected for further studies. Results of this transfec-
tion revealed that the transfected HCT 116 cells expressed GFP
following transfection and green fluorescence was detected
using a fluorescent microscope (Fig. 1C). gPCR demonstrated
that the relative expression levels of SYK(L) and SYK(S) were
markedly increased in the SYK(L) and SYK(S) overexpres-
sion cells compared with those in the negative control group
(Fig. 1D).

SYK(L), but not SYK(S), suppresses the proliferation of CRC
cells via cell cycle arrest. To investigate the potential effects of
SYK isoforms in CRC cells in vitro, transfected HCT 116 cells
underwent RTCA and EdU assay. As shown in Fig. 2A, the
RTCA revealed that the SYK(L) overexpression group clearly
suppressed cell proliferation compared with the negative
control group (P=0.004), whereas the SYK(S) overexpression
group did not significantly affect HCT 116 cell proliferation
(P=0.063). These findings were further confirmed by an EdU
assay (Fig. 2B); the percentage of EdU-positive cells was
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Figure 1. Human CRC HCT 116 cells transfected with recombinant lentiviral vectors with SYK(L) or SYK(S). (A) Domain structure of SYK(L) protein and its
alternative splicing variant SYK(S). (B) Analysis of SYK(L) and SYK(S) expression in 7 CRC cell lines by qPCR and western blot analysis. (C) Identification
of positive clones with recombinant lentiviral vectors with SYK(L) or SYK(S). (D) Detection of SYK(L) and SYK(S) expression levels in HCT 116 cells by
qPCR. SYK, spleen tyrosine kinase; CRC, colorectal cancer; SYK(L), SYK full length; SYK(S), SYK short form; SH2, Src homology 2.

significantly lower in cells expressing SYK(L) (P=0.020).
However, there was no significant difference between SYK(S)
overexpression group and the negative control group (P=0.054).
Overall, these findings suggest that SYK(L), and not SYK(S),
suppress the cell proliferation capability of HCT 116 cells.
Fluorescence-activated cell sorting analysis was conducted
to analyze the effect of the SYK splice isoforms on cell cycle
progression. As shown in Fig. 2C, the percentage of cells in the
G2M-phase of the SYK(L) overexpression group was signifi-
cantly increased compared with those of the negative control
group (P=0.018), whereas SYK(S) overexpression did not signif-
icantly alter the percentage of cells in the G2M phase (P=0.617).
Collectively, these results suggest that SYK(L) inhibits the
proliferation of HCT 116 cells via inducing G2M phase arrest.

SYK(L) not SYK(S) suppress metastasis in CRC cells. Subse-
quently, whether SYK(L) and SYK(S) had an effect on the
migration and invasion ability of HCT 116 cells was analyzed
by Transwell assay. Cells on the lower side of the Transwell
membrane were the migrating/invading cells. Representative
photomicrographs of Transwell assays were obtained at magni-
fication x100 (Fig. 3A). Subsequently, the number of cells were
counted in nine independent visual fields under the microscope

(magnification, x200) from three independent experiments.
Overexpression of SYK(L) significantly decreased the
migration and invasion capacity by 84% (P=0.003) and 61%
(P=0.044), respectively, in HCT 116 cells compared with
negative control cells (Fig. 3A). However, overexpression of
SYK(S) did not significantly affect the motility (P=0.325) or
invasive ability (P=0.271) of the cells. Therefore, the results
revealed that SYK(L), and not SYK(S), is involved in CRC cell
migration and invasion.

SYK(L) and SYK(S) suppress the 5-FU resistance of CRC cells.
Since 5-FU is one of the most commonly used anticancer drugs
in CRC (25,26), cell viability following 5-FU treatment of cells
overexpressing SYK(L) or SYK(S), or negative control cells,
was assessed by the present study in vitro. HCT 116 cells were
treated with 0, 0.1, 1.0, 10.0, 20.0, 50.0, 100.0 and 200.0 uM
5-FU and cell viability was measured by MTS assay. The ICy,
values for the SYK(L) and SYK(S) overexpression groups and
the negative control group were 9.241+1.552, 9.305+0.341 and
26.996+1.639 uM, respectively (Fig. 3B). The overexpression of
SYK(L) cells exhibited a significant reduction in cell viability
compared to the negative control group (P=0.026). Notably,
the overexpression of SYK(S) in HCT 116 cells exhibited a
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Figure 2. Effects of ectopic SYK(L) and SYK(S) expression on CRC tumor growth. (A) Proliferation curves of human CRC HCT 116 cells analyzed by xCel-
ligence real time cellular analysis following transfection with recombinant lentivirus vector with SYK(L) or SYK(S). Red, green and blue indicate the SYK(L)
overexpression, SYK(S) overexpression and negative control groups, respectively. (B) Cells transfected with recombinant lentivirus vector with SYK(L) or
SYK(S) were EdU-labeled and compared with control cells. Red and blue indicate EdU- and Hoechst 33342-1abeled cells, respectively. (C) Cell cycle progres-
sion analysis in HCT 116 cells following transfection with recombinant lentivirus vector with SYK(L) or SYK(S). Data are presented as the mean =+ standard
deviation. "P<0.05, “P<0.01 vs. empty vector transfected cells. SYK, spleen tyrosine kinase; SYK(L), SYK full length; SYK(S), SYK short form; EdU,

5-ethynyl-2-deoxyuridine; CRC, colorectal cancer.

higher sensitivity to 5-FU compared with the negative control
group (P=0.005). These results suggest that overexpression of
SYK(L) exerts a strong synergistic effect with 5-FU on the
growth of HCT 116 cells, and overexpression of SYK(S) has
an effect on modulating CRC 5-FU sensitivity.

Expression of SYK splice isoforms in CRC tissues. To inves-
tigate the expression pattern of SYK splice isoforms SYK(L)
and SYK(S) in CRC patients, the mRNA levels of SYK(L) and
SYK(S) were assessed in 26 tumor tissues and paired normal
tissues using qPCR. As shown in Fig. 4, the levels of SYK(L)
were significantly lower in tumor tissues compared with
normal tissues (P=0.049). However, the levels of SYK(S) had
no significant differences between tumor tissues and normal
tissues (P=0.403). Therefore, SYK(L) may be recognized as a
potential tumor suppressor in CRC.

Discussion

Alternative splicing allows pre-mRNA to be spliced into
multiple mRNAs and protein variants, which exhibit distinct

functions (27). Splice variants have been identified for a series
of functionally associated cancer genes (28-30), suggesting
that alterations in alternative splicing isoforms may contribu-
tion to cancer biology or carcinogenesis. A previous study
performed a high-throughput survey of 600 alternative splicing
cancer-associated genes in breast cancer, and revealed that
41 ductal breast cancer-specific markers may be function-
ally associated with tumor biology (31). Miura et al (32)
reported that systematic dysregulation of alternative spliced
isoforms, including vascular endothelial growth factor A
and uridine-5'-diphosphate glucuronosyltransferase family 1,
are crucial for the development of novel therapeutic targets
for CRC. Splice isoforms often have distinct functions and
even exhibit antagonistic properties of oncogenes and tumor
suppressors. Thus, it is important to understand how alternative
splicing isoforms contribute to the progression of cancer.

SYK is indispensable in inflammatory responses (33) and
has been identified as an oncogenic driver in a broad spectrum
of hematological malignancies (34). Accumulating evidence
revealed that SYK is also required for non-hematopoietic
tumors (35-39), including colorectal, breast and hepatocellular
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cancer. In contrast to the possible tumor-promoting functions
for SYK in hematological tumors (4), global SYK inversely
inhibits tumor progression in the majority of non-hematopoietic
tumors (6,8). The present authors previously demonstrated that
an aberrant expression of SYK(L) and SYK(S) exhibits a differ-
ential phenotypic response, due to their different subcellular
localization in breast cancer (18). Hong et al (9,19) reported
that phosphorylation of Ser295 in SYK(L) was regulated by
checkpoint kinase 1, and observed that SYK(L) and SYK(S)
have opposing functions in hepatocellular carcinoma. The
present study investigated the biological functions of the two
isoforms SYK(L) and SYK(S) in CRC. In agreement with the
results in breast cancer and hepatocellular cancer, the present
study demonstrated that overexpression of SYK(L) could
suppress the proliferation and invasion of CRC cells. However,
unlike the results with hepatocellular cancer, the present study
revealed that overexpression of SYK(S) resulted in no differ-
ence in the capability of cells to proliferate and metastasize
compared with negative control in CRC. Furthermore, the
present results revealed that SYK(L) was downregulated in
69% of 26 pairs of CRC tissues, and the expression of SYK(S)
had no significant difference between CRC tissues and
adjacent normal tissues. The differences in SYK behavior in
various cancer types has been reported to be due to the differ-
ences in the contribution of SYK to tumor biology (19,20). The
present results indicate that splice isoforms of the SYK gene
have complex mechanisms in cancer.
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Figure 4. Expression of SYK isoforms in CRC tissues. SYK(L) and SYK(S)
mRNA expression was detected by quantitative polymerase chain reaction
in 26 pairs of CRC tissues and matched adjacent non-cancerous tissues.
Glyceraldehyde 3-phosphate dehydrogenase was used as an endogenous
control. SYK, spleen tyrosine kinase; SYK(L), SYK full length; SYK(S),
SYK short form.

5-FU is a commonly used chemotherapeutic agent in CRC;
however, drug resistance is a major reason for the failure of
this drug in the treatment of CRC patients. The present study
revealed that SYK(L) and SYK(S) increased the sensitivity
of CRC cells to 5-FU. Although overexpression of SYK(S)
did not alter cell proliferation and metastasis under normal
growth conditions, unlike SYK(L), it decreased cell viability
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following treatment of CRC cells with 5-FU. These findings
suggest that SYK(L) and SYK(S) have clinical value in 5-FU
cancer therapeutics. Further studies are required to investi-
gate the potential mechanism of SYK in 5-FU resistance in
CRC cells.

In conclusion, the present results demonstrate that SYK(L)
and SYK(S) have different expression and biological func-
tions in CRC. SYK(L) not only acted as a tumor suppressor
in CRC, but also had effects on chemotherapy resistance.
Similarly, SYK(S) is important in chemotherapeutic treat-
ment of CRC. The present study concerning the impact of
alternative splicing in cancer biology provides important
insights in identifying potential biomarkers and therapeutic
targets for CRC.
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