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Abstract
Glioma is among the ten most common causes of cancer-related death and has no effective
treatment for it, so we are trying to find a new target for anticancer treatment. This study investigates the different expression of SRPK1 as a novel protein in glioma, which can influence
tumor cells biological characteristics in normoxic and hypoxic environment. The expression levels
of SRPK1 protein in glioma cell lines transfected with siSRPK1 or not were examined using immunofluorescence, RT-PCR and Western blot analysis, respectively. The impact of SRPK1 on the
biological characteristics of U251 cells was further studied using methylthiazol tetrazolium assays,
flow cytometry, and Transwell invasion chamber assays. The results showed that knockdown of
SRPK1 inhibited tumor cells growth, invasion and migration in normoxic condition, but portion of
the effect could be reversed in hypoxia. SRPK1 expression was induced in glioma cells by DDP
treated, but not TMZ, in both normoxia and hypoxia conditions. We propose SRPK1 as a new
molecular player contributing to the early treatment of glioma.
Key words: SRPK1, glioma, growth, metastasis, chemosensitivity.

Introduction
Gliomas are the most common primary intracranial tumor [1]. The incidence of primary brain tumors is estimated to be 6 per 100,000 persons per year
in China; despite aggressive treatment efforts patients
are dead at a median of 14 months after diagnosis [2].
According to the World Health Organization classification, gliomas are graded from I to IV based on their
degree of malignancy [3], about half of malignant
gliomas in adults are glioblastomas multiforme
(GBM) [4]. Unfortunately, a combination of radiation
and chemotherapy to treat GBM is used and the median survival for GBM patients is still about 15

months [5]. Moreover, many of the patients have
chemo- and radiotherapy resistance, causing very
poor prognosis [6]. At this stage, we are not sure about
of the glioma pathogenesis [3]; so many researchers
have studied on the growth mechanism of malignant
gliomas and try to find new effective methods for
treatment.
Serine/arginine(SR/RS) protein kinases[7] family(SRPK) represent a class of enzymes that can specific bind SR/RS dipeptide motifs, phosphorylate SR
splicing factors in cells[8] and mediate splicing factor
redistribution during the cell cycle[9]. Human SRPK1,
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the most intensive researched member of this family,
is located on chromosome 6p21.2-p21.3, which is expressed in many normal tissues, such as testis and
pancreas [10]. SRPK1 has been shown to regulate angiogenesis by interacting with SRSF1 (human SR
protein, ASF/SF2) and phosphorylating its RS domain [11]. Phosphorylated SRSF1 is indicative of an
angiogenic phenotype as it results in proximal splicing and production of angiogenic VEGF isoforms
(VEGF-A165) [12, 13]. It is well known GBM is a highly
vascularised tumour, the growth of which needs sufficient oxygen and nutrients from the newly formed
blood vessels [14]. The growth of blood vessels is regulated by the the balance between angiogenic factor
and anti-angiogenic factor. However, this balance has
been destroyed in tumor tissue [15]. The rapid growth
of tumor tissue leads to tumor cells living in the state
of oxygen hunger and thirst (hypoxia) that can
prompt hypoxia inducible factor-1 (HIF-1) activity
and induce high expression of HIF-1α protein[16].
HIF-1α induces the expression level of its downstream target genes, such as vascular endothelial
growth factor VEGF [17].
In a present review, here is no report about the
expression of SRPK1 in glioma and its performance
under the hypoxic condition. Here, we found that
SRPK1 is expressed in glioma and can promote the
growth of U251 cells, even if SRPK1 is present only in
neurons and not in glia [18]. More interesting SRPK1
and SRSF1 expression in hypoxic condition can be
inhibited and knockdown SRPK1 can inhibit cells
invasion, migration and sensitivity to chemotherapy
drugs. Also it is significantly higher expressed in
low-grade gliomas than in high-grade gliomas, suggesting that SRPK1 as a new molecular player contributing to the early treatment of glioma.

Materials and Methods
Cell lines and treatments
Human glia HA, human lung adenocarcinoma
cell A549 and glioma cells U251 and U87 were maintained at 37°C in 5% CO2 (normoxic conditions, 20%
O2), in DMEM medium(HyClone) supplemented with
10% fetal bovine serum (FBS, HyClone). Hypoxia
treatments, cells were cultured in a tri-gas incubator
(HERAcell 150i, Thermo Scientific), which was filled
with a 1% O2-5% CO2-94% N2 gas mixture, and stored
at 37°C [19]. For DDP or TMZ treatment, cells were
cultured in medium with 200 μM TMZ or 20ug/ml
DDP in 6 orifice plates for 24h and 48h, respectively.

Glioma tissue
The study included 75 patients who underwent
primary surgical resection between 2005 and 2011 at
the Linyi People's Hospital; all the diagnoses were
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made based on the Pathology and Genetics Tumors of
Central Nervous System [20] by three pathologists. The
clinical information including sex and age was obtained from clinical records. This study was admitted
by the Moral and Ethical Committee of the Binzhou
Medical University.

Western Immunoblotting
Cells were washed in PBS and then collected in
RIPA lysis buffer (Beyotime Biotechnology, China) for
protein quantification followed by addition of sample
buffer and then heat denatured at 95°C for 10 minutes.
Protein lysates were separated using 12%
SDS-polyacrylamide gel electrophoresis (PAGE) gels
and transferred to Immobilon-P polyvinylidene fluoride (PVDF) membranes (Beyotime Biotechnology).
Membranes was blocked with 5% dry non-fat milk,
followed by incubation with rabbit Abs against
SRPK1 antibody (1:1000, BD Biosciences), mouse anti-SF2/ASF (1:500, SRSF1, Invitrogen), rabbit anti-GAPDH (1:300, Boster Biotechnology), overnight at
4°C. After TBST washing, PVDF membranes were
incubated with HRP-conjugated anti-rabbit (Beyotime
Biotechnology) or anti- mouse IgG Abs (Boster Biotechnology) for 1h at room temperature (22°C). The
immune complexes were visualized by enhanced
chemiluminescence using an ECL kit (Beyotime), and
detected using ChemiScope3400 Mini (Clinx Science
Instruments Co., Ltd, China).

Immunohistochemistry and Immunofluorescence
For immunohistochemical detection of SRPK1
(1:100, Santa Cruz) and CD31 (1:50, Boster), tissue
sections were routinely processed and subjected to
antigen retrieval. Specimens were then blocked and
further incubated with a rabbit monoclonal antibody
raised against human SRPK1 or CD31 at a final dilution of 1:200 at 4°C for 12h. The reaction was developed using a DBA chromogenic kit (Boster) at room
temperature, and Harris hematoxylin for nuclear
staining. Scoring was as follows: 0 (negative), 1+ (
<10-25% of cells weakly positive), 2+ ( >25% of cells
weakly positive or <10-25% of cells strongly positive),
and 3+ (>25% of cells strongly positive). Cells were
fixed with 4% paraformaldehyde 40min at 4°C,
washed, permeabilized with 3%TritonX 100 for
20min, incubated with rabbit anti-SRPK1(1:100, Santa
Cruz) and mouse anti-SRSF1(1:200, Invitrogen) antibodies for 2h, and mounted in 1:50 goat anti-rabbit
TIRTC and goat anti-mouse FITC (Boster Biotechnology) in mounting medium. Images were acquired
with a DBI 4000B microscope (Leica)at the Imaging
LAS V4.0.
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Migration and invasion assays
U251 and U87 cells of nontransfected group,
SRPK1 siRNA transfected group (siSRPK1), and
siRNA-C (control) transfected group were detached
from culture plates in the absence of trypsin (HyClone). Cells were resuspended at a density of
2 × 105/ml in DMEM, 200 μl of the cell suspension
was added to the upper chamber of an 8 μm pore size
Transwell insert (Corning) in triplicate. DMEM culture solution (600 μl) containing 10% FBS was added
to the lower chamber of each well and incubated for
24 h at 37°C. Removed the nonmigratory cells on the
upper surface of the membrane and stained cells in
0.1% crystal violet. To count the migrated cells in five
random high-power fields, invasion assays were carried out in a similar manner to migration assays.
Transwell inserts with 8-μm pores (Corning) were
coated with 100 μl Matrigel (Becton Dickinson), which
was diluted 1:4 in ice-cold DMEM, and allowed to gel
at 37°C, resuspended cells in DMEM and 200ul 5 × 105
/ml cells were seeded in the upper chamber. Culture
plates were incubated for 48 h at 37°C, and the cells
were stained, and counted as described above.

Quantitative real-time RT-PCR
Total mRNA was extracted by RNAiso Plus
(Takara Biotechnology) and 2 ug of mRNA was reverse transcribed using Reverse Transcriptase
M-MLV (RNase H-) (Takara). PCRs were performed
with the cDNA, specific primers (Takara) and PCR
master mix (Takara). The cDNA products were separated by electrophoresis on 1.5% (w/v) agarose gels,
visualised under UV following ethidium bromide
staining. Quantitative real-time PCR (qRT-PCR) was
performed on a iQTM5 Real-Time PCR Optical System
(Bio-Rad, USA) with the software version 2.1 following the cycling protocol (at 95°C f or 30 seconds, followed by 40 cycles of 95°C for 10 seconds, and 58°C
for 5 seconds). Fluorescence readings were taken
during the 60°C step. Measured using SYBR
green(Takara) with the following primers: SRPK1
5'-TTCCTCAACTGTAGGTCAGTCATTC-3'(forward,
5'-TGTTCTTGCTCTTGTTCATCTTCAC-3' (reverse),
and SRSF1 5'-TTCCTGCCCCAACCAAAC-3' (forward), 5'-AAGGGCTCCAATCGTCAAAA-3'
(reverse). Quantitaive real-time PCR was carried out at
least 3 times, and a no-template control was included
as a negative control.

MTT test, Cell cycle and apoptosis flow cytometry
The cells were firstly seeded in 96-well plates
and incubated in the culture medium for 12 h. Next,
the cells were exposed to increasing concentrations of
TMZ (15-500uM, Xiya Reagent Co. China) or
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DDP(2.5-80ug/ml, Jinan Qilu-pharma. China) for 24h,
48h or 72 h. Thereafter, the cells were incubated in the
culture medium with 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide (MTT) solution at the
final concentration of 0.5 mg/ml for 4h to allow the
conversion of MTT into formazan. Then the medium
was replaced with dimethyl sulfoxide and absorbance
was read at 570 nm using Elisa Bio-Rad Microplate
Reader. Cell apoptosis was finally evaluated using the
Annexin V-FITC/PI apoptosis detection kit (KeyGEN,
China) and cell cycle kit (KeyGEN, China) according
to the manufacturer’s instructions. Flow cytometry
analyses were also performed on Epics XL (Beckman
Coulter) and processed using its software.

SRPK1 knockdown in glioma cells
A549, U87 and U251 cells were transfected with
siRNA targeting SRPK1 (siRNA438, siRNA716, siRNA1132, Shanghai GenePharma Co.,Ltd) and silencer
siRNAs for SRPK1 were selected. The scrambled
nontargeting siRNA (GenePharma) was used as a
control,. All transfections were carried out using Xfect
siRNA transfection reagent (Clontech) according to
the manufacturer’s instructions. Final concentrations
of 300 and 400 pmol siRNA were used in 6-well plate.
In all experiments levels of knockdown by RNAi were
assessed at the RNA and protein level by PCR and
immunoblotting.

Statistical analyses
SPSS16.0 statistical analysis software was used to
analyze the experimental data. Student’s t-test was
used to compare data between two groups
(two-tailed, unequal variance). Analysis of variance
was conducted to compare data of more than two
groups. Chi-square test and one-way analysis of variance (OANOVA). The significance of differences was
considered significant when P<0.05 and highly significant when P<0.005.

Results
Overexpressing SRPK1 and SRSF1 in Glioma
cells
To investigate whether SRPK1 expression in the
glioma cells, we chose HA, A549, U251 cells as negative control, positive control and experiment specimens, respectively. Tissue immunofluorescence was
carried out for localization the expression of SRPK1
and SRSF1 (Fig.1A). The results showed us that SRSF1
was expressed in glioma nucleus and SRPK1 expressed in glioma cytoplasm and nucleus, and there
was a significantly different expression levels of
SRPK1 between normal glial and glioma cells by
Western bloting (P<0.01) (Fig.1B). Also we found that
the expression of SRPK1 and SRSF1 were lower in
http://www.jcancer.org
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hypoxic condition than in normoxic condition
(Fig.1C). So abnormal expression of SRPK1 and SRSF1
in gliomas may have some roles in cell physiological
function.

SRPK1 influences glioma cells growth in vitro
We designed and synthetized siRNA to target
SRPK1 (Fig.2A and 2B) and studied whether knockdown SRPK1 influences the growth of glioma cells by
flow cytometry. We found that targeting SRPK1 by
siRNA had an obvious effect on the cells proliferation
in vitro (Fig. 2C). Cell cycle showed the rate of U251
and U87 cells in G1 and G2 phase were significantly
higher in the siSRPK1 transfected group than that in
the control group (P<0.01) in normoxia and hypoxia
(Fig.2D). The rate of glioma cells in S phase was significantly lower than that in the control group
(P<0.01) in normoxia and hypoxia (Fig.2C). These
results suggest that inhibition of SRPK1 expression
can reduce the activity of glioma cells proliferation by
causing G0-G1 and G2/M phase arrest either in
normoxia or in hypoxia.

SRPK1 can enhance the migration and invasion of glioma cells in normoxic condition
After SRPK1 gene had been inhibited, the migration capacity of U251 and U87 declined, with the
cell population coming through the artificial membrane being less than that of the non-transfected
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group in normoxia (145.3±31.5 vs. 292±38.1, P<0.01,
Fig.3A and 3B) and in hypoxia (150.1±25.9 vs.
251.3±31.6, P<0.01, Fig.3A and 3B). No statistical difference in trans-membrane cells was found between
the negative control group and the non-transfected
group in normoxia (257.7±36.4 vs. 292±38.1, P>0.05,
not show) or in hypoxia (236.8±29.8 vs. 251.3±31.6,
P>0.05, data not show). The tumor cell invasion
through the ECM is an important step in tumor metastasis and we used Matrigel serves as a reconstituted basement membrane matrix. The number of
cells migrating to Matrigel was counted. Compared
with non-transfected cells, SRPK1 silencing cells decreased invasion significantly in normoxia (20±4.3 vs.
62.8±9.1, P < 0.01, Fig.3C and 3D) and in hypoxia
(44±6.1 vs. 85.3±6.4, P<0.01, Fig.3C and 3D). No statistical difference was found between the negative
control group and the non-transfected group in
normoxia (58.4±6.2 vs. 62.8±9.1, P>0.05, not show) or
in hypoxia (79.3±5.8 vs. 85.3±6.4, P>0.05, not show).
We found that the invasive ability would be receded
in hypoxia compared with in normoxic condition
(P<0.05). These results implicate that inhibition of
SRPK1 expression can bring down the migration and
invasion capacity of glioma cells in normoxia and
hypoxia, but the invasion can be restored in hypoxic
condition.

Fig 1. Overexpression of SRPK1 and SRSF1 in
glioma cells. (A) Observed HA, U251 and A549 under
fluorescence microscope by Hoechst staining of nuclei
(blue), immunostaining for SRPK1 (red) and SRSF1
(green), scale bars: 100μm. (B) Western blot results
showed the levels of SRPK1 and SRSF1 in U251, U87 and
HA cells, β-Actin was used as an internal loading control.
(C) Bar graph showing summary analyses of SRPK1 and
SRSF1 with U251 cells by qRT-PCR (# and * P<0.05, n=3,
ANOVA) in normoxic and hypoxic condition, compared
with HA cells respectively.
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Fig 2. Targeting SRPK1 inhibits tumor growth in vitro. (A) Western blot results showed the protein levels of SRPK1 in U251 and U87 cells after
48h transfected with siRNA and siRNA1132 was the best one, β-Actin was used as an internal loading control. (B) RT-PCR detected the mRNA levels of
SRPK1 in U251 and U87 cells after 24h transfected with siRNA and siRNA1132 was also the best one, * P<0.05, ** P<0.01. (C,D) The effect of SRPK1 on
cell cycle profile was examined by flow cytometric analysis under normal or hypoxic oxygen. G0-G1 and G2-M cell cycle arrest were suggested in SRPK1
siRNA transfected U251 or U87 cells. # and * P<0.05.

Fig 3. Targeting SRPK1 inhibits tumor migration and invasion in vitro. (A) Crystal violet staining of glioma cells that crossed the polycarbonate
membrane of the Transwell chamber to detect the migration of cells (100× magnification). (B) Number of cells that crossed the Transwell migration
chamber in normoxic and hypoxic condition, * P<0.01. (C) Crystal violet staining of glioma cells that crossed the Matrigel coated polycarbonate membrane
of the Transwell chamber to detect the invasion of cells (200× magnification). (D) Number of cells that crossed the Transwell invasion chamber in
normoxic and hypoxic condition, * P<0.01.
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Inhibition of the SRPK1 gene of U251 cells induces Cisplatin resistance in normoxic and
hypoxic condition
Some researchers have used ovarian, pancreatic
carcinoma and male germ cell tumors as a model to
elucidate downregulation of the SRPK1 protein conferred resistance to platinum drugs [21,22,23], but in colon and breast carcinoma were reversely[24]. These
data indicate that SRPK1 is a cisplatin-sensitive gene,
which might potentially play a role in glioma cells. To
further evaluate temozolomide(TMZ) effected on the
scramble or siSRPK1 U251 cells and investigated cisplatin(DDP) in comparison with TMZ through flow
cytometry (Fig.4D). In order to quantify the magnitude of SRPK1’s ability to induce chemosensitivity,
median lethal dose of DDP and TMZ was firstly identified. A range of 0–80 ug/ml of DDP was determined
by MTT and half of cell viability was measured at a
concentration of 20 ug/ml (Fig.4A). Similarly, 0–500
uM of TMZ was tested for its effects on half of U251
cell viability and the half lethal concentration was 125
uM of TMZ (Fig.4B). Furthermore, siSRPK1 was
added 24h prior to addition of the chemotherapeutics,
and the results showed that the inhibited SRPK1 expression could decrease the cells apoposis caused by
DDP and TMZ in normoxic condition (P<0.05, Fig.4C
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and 4D). Interestingly, this role was reversed in hypoxic condition (P>0.05), especially for cells treated by
DDP (Fig.4C and 4D).
To further validate SRPK1 impacts on the sensitivity of drugs in glioma cells, we studied the changes
of SRPK1 and SRSF1 after cells treated by DDP and
TMZ in normoxic and hypoxic condition at mRNA
and protein levels. RT-PCR analysis was performed to
detect the up-regulated SRPK1 mRNA levels that are
presented in normoxia after DDP and TMZ treatment
(Fig.5A). SRSF1 mRNA was increased by TMZ treatment more than DDP treatment in normoxic condition
(Fig.5A). However SRPK1 mRNA levels were mildly
elevated, but SRSF1 gene transcription was still inhibited by TMZ treatment in hypoxia (Fig.5B). Western blot results showed that DDP treated cells could
promote the release of SRPK1 and SRSF1 protein in
nomoxia, while SRPK1 expression was inhibited and
the expression of SRSF1 was increased in hypoxia
(Fig.5C). SRPK1 was obvious inhibited by TMZ
treatment in nomoxia or hypoxia and had little impacts on the whole expression of SRSF1 (Fig.5C).
Therefore, SRPK1 can be regarded as a cisplatin-sensitive gene but not as a temozolomide
-sensitive gene.

Fig 4. Downregulated SRPK1 increases chemotherapeutic drug resistance of glioma cells in normoxic and hypoxic condition. (A)
Viability of U251 cells exposed to different concentrations of DDP for 24,48,72 h. The results are presented as percentage (mean±SD). Cell viability was
evaluated by MTT assay. (B) Viability of U251 cells exposed to different concentrations of TMZ for 24,48,72 h. The results are presented as percentage
(mean±SD). Cell viability was evaluated by MTT assay. (C) Bar graph showing the different of cell apoptotic rates between the control and siSRPK1 (*
P<0.05, ** P<0.01, n=3, ANOVA) U251 cells treated by DDP or TMZ in normoxic or hypoxic condition(compared with no treatment). (D) U251 cells
were transfected for 24h with scramble SRPK1 siRNAs and treated or not for an additional 48 h with 200 uM TMZ or 20ug/ml DDP. Cell apoptotic rates
were analyzed by flow cytometry.

http://www.jcancer.org

Journal of Cancer 2013, Vol. 4

733

Fig 5. To explicit SRPK1 can increase DDP resistance of glioma cells in molecular levels. (A) The relative expression of SRPK1 and SRSF1
mRNAs in U251 cells treated by DDP or TMZ compared with control group in normoxic condition (*P<0.05). (B) RT-PCR detected SRPK1 and SRSF1 of
U251 cells treated by DDP or TMZ compared with control group in hypoxic condition (*P<0.05, ** P<0.01). (C) The picture showed the expression of
SRPK1 and SRSF1 in U251 cells by Western blot after 24h transfected with siRNA and treated or not with TMZ or DDP, β-Actin was used as an internal
loading control.

Table 1. SRPK1 expression in glioma tissue with different grades.
Cases

(75)

SRPK1 protein expression P value
(n)
Negative Weak Strong
(28)
(25)
(22)

P = 0.655

Sex
Female
35
14
Male
40
14
Age
≤ 59 Y
45
17
≥ 60 Y
30
11
WHO classification of glioma
Grade I
8
1
Grade II
19
3
Grade III
25
11
Grade IV
23
12

11
14

10
12

16
9

12
10

3
6
9
7

4
10
5
4

P = 0.922

P = 0.004*

* Compared with Grade I–II and Grade III–IV, the low-grade gliomas have more
positive expression of SRPK1 than high-grade gliomas.

SRPK1 has different expression levels in different classification of Glioma tissues
Recent studies have identified SRSF1 is phosphorylated by SRPK1 [25] and nuclear SRSF1 can regulate proximal splicing of angiogenic VEGF isoforms
[12].To further assess if SRPK1 protein expression has a
relationship with glioma angiogenesis, we performed
SRPK1 and CD31 IHC on 75 clinical pathological
specimens from patients with primary glioma. The
results showed SRPK1 was weakly expressed in neuron at the adjacent normal tissue of glioma (Fig.6A),
and little CD31 staining was observed (Fig.6B).
However, SRPK1 and CD31 were strongly expressed
in the different gliomas (Fig.6C-6F). SRPK1 was significantly upregulated in 62.67% (47 of 75) of glioma
tissues, and was more expressed in low-grade (I,II)
gliomas than in high-grade (III,IV) gliomas (Table 1).
There is no significant difference in sexuality and age
from grade I to IV (P>0.05, Table 1). Also, we found

that SRPK1 had a more obvious positive expression
around the vascular area than away from the vascular
area (85±8.6 vs. 49.3±6.9, P<0.05). In summary, consistent with our prior analysis, SRPK1 is significantly
upregulated in glioma tissues and expressed more in
low-grade gliomas than in high-grade gliomas. SRPK1
expression may affect the prognosis of patients glioma. Furthermore, SRPK1 is more distributed in the
surrounding blood vessels and this kind of phenomenon maybe more conducive to promoting glioma
angiogenesis.

Discussion
In this study, we the first time describe the
knockdown SRPK efficiently can inhibit the growth,
migration invasion and chemosensitivity of glioma
cells in normoxic and hypoxic condition.
SRPK1 can regulate the activity of RS proteins to
control cell-cycle at G2/M phase mainly in vitro [12,26],
although our findings are generally consistent with
these studies, but glioma cells arrest in G0/G1 phase
is significantly increased. Maybe siSRPK1 affects the
activity of SRPK2 (one of SR/RS protein kinases family) which can bind and phosphorylate acinus, low
expression SRPK2 arrests cells at the G1 phase [27].
Some studies also show that SRPK1 can through Akt
phosphorylation to link with PI3K/Akt signaling,
accordingly affect the cells proliferation [28]. And there
is no significant different after transfected siSRPK1
between at normoxic or hypoxic condition, even if in
hypoxic conditions can promote the synthesis of
HIF-1α which contributes to tumor cell survival[29]
and activation of oncogenic pathways (PI3K/Akt) in
cancer cells could result in an increased expression of
HIF-1α[30]. In addition, GBMs are characterized by a
high degree of migration and invasion [3, 31]. We controlled the expression of SRPK1 by siRNA, the results
http://www.jcancer.org
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showed that SRPK1 low expression in glioma cells
could distinctly reduce their invasion and migration
capability no matter in normoxia or hypoxia. In spite
of there has no any studies about SRPK1 impacts on
tumor migration and invasion. It is interesting that
hypoxia can reduce SRPK1 knockdown-induced tumor cell migration and invasion ability. Jeon et al
demonstrated that hypoxia induced accumulation of
HIF-1α which could augment levels of MMP-2,
MMP-9 or uPA [32, 33] through the MAPK signalling
pathway [34] to affect tumour angiogenesis, metastasis
and growth factor release from the extra-cellular matrix (ECM) [35]. So we consider that SRPK1 may be
through MAPK [14] or PI3K/Akt signaling pathway to
play corresponding roles in metastasis and this influence can be turned by hypoxia. Therefore this will
become a new research hotspot.
In the present review, tumor hypoxia present a
highly malignant phenotype and is associated with
resistance to many chemotherapeutic drugs[36], which
limits the ability of drugs to penetrate tumor tissue in
a potentially lethal concentration[37]. Also hypoxia
induces the activation of VEGF gene transcription
through an HIF-dependent mechanism[38] and the
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high level of VEGF is believed to be responsible for
the glomeruloid microvascular proliferation that is
characteristic of GBM[39] leads to tumor growth and
angiogenesis. Meanwhile, the activation of SRPK1
affects the chemotherapy sensitivity of tumor cells,
such as enhance cisplatin sensitivity in retinoblastoma
and ovarian carcinoma [40,41], but can be conversely in
colonic and pancreatic carcinomas[14]. And SRSF1 can
be phosphorylated by SRPK1 to monitor the different
expression of VEGF as well. SRPK1 plays a major role
in normoxic conditions, whereas in a hypoxic environment, inhibition of SRPK1 and its downstream
proteins expression may be caused by the low
ATP/ADP exchange rates [42]. Furthermore, SRPK1 is
regarded as platinum drugs sensitivity gene in
normoxia and can be abolished in hypoxia, hypoxic
cells present more resistant to cisplatin in some cell
lines [43] but also showing cisplatin to be a HIF-1 inhibitor[44] that can encourage SRPK1 expression. But
TMZ as a kind of new alkylating agent can clearly
inhibit SRPK1 expression in protein level, so SRPK1 is
not regarded as TMZ drugs sensitivity gene even if
siSRPK1 can slightly effect of cells apoposis.

Fig 6. SRPK1 and CD31 immunohistochemistry(IHC) in glioma tissues. (A, B) SRPK1 and CD31 IHC
staining in normal brain tissues around the
excision of tumor tissue. (C, D) IHC
staining for SRPK1 and CD31 staining in
glioma I-II tissues. (E, F) IHC staining for
SRPK1 and CD31 staining in glioma III-IV
tissues. All photomicrographs were taken
at 200× magnification; haematoxylin
counterstain. Arrows indicate the positive
expression areas.
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In summary, SRPK1 has more performance at
low-grade glioma that can furnish sufficient blood to
tumors against hypoxia and maintain sensitivity to
chemotherapeutic drugs. With the elevated of tumor
grade, the roles of SRPK1 are diminishing and the
roles of HIF-1 are gradually appeared in hypoxic situation. In addition, HIF-1α is primarily localized in
pseudopalisading cells around areas of necrosis[45],though we can find new blood vessels around of
HIF-1α and SRPK1, they have some different parts of
glioma tissues. So we need to further discussion the
relationship between SRPK1 and HIF-1, and find
more precise theoretical basis for the treatment of
gliomas.
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