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Overexpression of serine-arginine protein kinase 1 and 
transforming growth factor-β1 were associated with 
poor prognosis of patients with non-small  
cell lung cancer
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Abstract: Objective: The aim of present study was to investigate the mRNA and protein expression levels of serine-ar-
ginine protein kinase 1 (SRPK1) and transforming growth factor-β1 (TGF-β1) in Non-Small Cell Lung Cancer (NSCLC) 
and to determine the relationships of SRPK1 or TGF-β1 expression with clinicopathological characteristics and prog-
nosis in NSCLC patients. Methods: The expression levels of SRPK1 and TGF-β1 were detected by real-time quan-
titative PCR and Western blot in NSCLC tissues and adjacent non-tumor tissues. In addition, SRPK1 and TGF-β1 
expressions were analyzed by immunohistochemistry in formalin-fixed samples from 105 NSCLC patients. Results: 
We found the mRNA and protein expression levels of SRPK1 and TGF-β1 expression was significantly up-regulated 
in NSCLC tissues compared with adjacent non-tumor tissues. There was a significantly positive correlation between 
SRPK1 expression and TGF-β1 expression in NSCLC tissues. In addition, smoking status, histological subtype and 
N stage were identified as the relative factors of SRPK1 expression, while T stage and N stage were identified as 
the relative factors of TGF-β1 expression in NSCLC tissues. Multivariate Cox analysis indicated that T stage, N stage, 
SRPK1 expression and TGF-β1 expression were independent prognostic indicators for NSCLC patients. Conclusions: 
SRPK1 and TGF-β1 were over-expressed in NSCLC and may be promising indicators of prognosis for NSCLC patients.
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Introduction 

Lung cancer was the most common fatal malig-
nancy worldwide [1]. According to different 
tumor biology, therapy and prognosis, the lung 
cancer was divided into non-small-cell lung 
cancer (NSCLC) and small cell lung cancer 
(SCLC) [2]. NSCLC accounted for approximately 
85% of all lung cancers [3]. Recent progress in 
early diagnosis, surgical techniques, periopera-
tive management, radiotherapy and chemo-
therapy had improved patient satisfactions and 
outcomes; However, the long-term survival rate 
was still dismal [4]. Thus, exploring novel and 
special promising predictive factors were 
urgent needed to improve the prognosis of 
NSCLC.

Serine-arginine protein kinase (SRPKs) were 
the major regulators of splicing regulators. SR- 

PKs were mainly sequestrated in the cytoplasm 
by binding with the chaperones [5, 6]. SRPK1 
comprised with a PKC superfamily kinase do- 
main and a spacer region that divides the kin- 
ase domain by half [7]. Numerous studies dem-
onstrated that SRPK1 overexpression played 
vital roles in multiple pathophysiological pro-
cesses. Wu et al. [8] showed evidences that 
knocking down SRPK1 gene drastically inhibit-
ed the invasion, migration of glioma cells, which 
indicating SRPK1 played important roles in glio-
ma progression. In NSCLC, Liu et al. [9] found 
SRPK1 positively regulated NSCLC cell growth, 
migration and tumorigenicity, and they deduced 
that SRPK1 might played an oncogenic role in 
NSCLC.

Transforming growth factor-beta (TGF-β) played 
complex roles during carcinogenesis [10]. As 
one of TGF-β family members, transforming 
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growth factor-β1 (TGF-β1), played important 
roles in cell proliferation, adhesion, differentia-
tion, and migration [11]. Many studies had 
showed that TGF-β1 overexpression was corre-
lated with tumor progression and poor progno-
sis. Liu et al. [12] reported the TGF-β1 expres-
sion levels in NSCLC tissues were higher than 
those in non-tumor tissues; further they found 
positive TGF-β1 expression was correlated with 
more lymph node metastasis. Ma et al. [13] 
demonstrated that TGF-β1 was markedly upreg-
ulated in NSCLC tumor tissues. Other studies 
also demonstrated that positive correlations 
existed between TGF-β1 levels and clinical 
stages in lung cancer [14]. 

Ren et al. [15] found SRPK1 mediated TGF-β-
induced proliferation and apoptosis in esopha-
geal squamous cell carcinomas (ESCC). How- 
ever the roles of SRPK1 and TGF-β1 in the 
development and progression of NSCLC had 
not yet been studied. In present study, we 
detected the mRNA and protein expression lev-
els of RSRPK1 and TGF-β1 in NSCLC tissues 
and adjacent non-tumor tissues. Additionally, 
we examined the relationships between RSR- 
PK1 or TGF-β1 expression and clinicopathol- 
ogical characteristics. Lastly, we investigated 
the prognosis value of RSRPK1 and TGF-β1 in 
NSCLC patients.

Materials and methods

Tissue samples

A total of 105 NSCLC patients at Tianjin Nankai 
Hospital from February 2006 to December 
2010 were eligible for this study. The inclusion 
criteria for this study included: (1) patients who 
underwent radical surgery; (2) patients who 
pathologically confirmed patients with NSCLC; 
(3) patients who had matched fresh surgical 
specimens and adjacent normal tissues; (4)  
the patients were diagnosis as I-IIIA stage acc- 
ording to 7th TNM classification. The exclusion 
criteria included: (1) patients who underwent 
palliative surgery; (2) patients who received 
treatment, such as chemotherapy, or radiation 
therapy prior to radical surgery. To analysis the 
mRNA and protein expression levels, fresh 
NSCLC tissues and adjacent non-tumor tissues 
were collected from 30 NSCLC patients bet- 
ween January 2015 and July 2015. 

Evaluated variables

Data obtained from the registry were listed as 
follows: gender (male or female), age (≤60 or 
>60), smoking status (yes or no), histological su- 
btype (squamous or adenocarcinoma+others), 
tumor location (left or right), lesion (peripheral 
or central), T stage (T1, T2 or T3-T4), N stage 
(N0, N1 or N2), adjuvant chemotherapy (yes or 
no), SRPK1 expression (positive or negative), 
and TGF-β1 expression (positive or negative).

Extraction of total RNA and real-time quantita-
tive PCR

Total RNA was isolated from the 30 matched 
tumor specimens and adjacent normal tissues 
using Trizol reagent (Invitrogen) according to 
the manufacturer’s instruction. qRT-PCR was 
performed using SYBR Green polymerase chain 
reaction master mix according to the manu- 
facturer’s instructions (Applied Biosystem). The 
primers were as follows: SRPK1: forward (5’- 
CCAGAATCTCCTCTTCCTGC-3’), and reverse (5’- 
CAAGAAGGACAAAGCCCAAA), TGF-β1 forward 
(5’-CTCAAGTTAAAAGTGGANSCLCANSCLC ACG-
3’) and reverse (5’-GTCACAGGACCAGTGGGN- 
SCLCNSCLCTAAGG-3’); GAPDH forward (5’-ATT- 
CAACGNSCLCACAGTCAAGG-3’) and reverse (5’- 
NSCLCAGAAGGGNSCLCGGAGAT GA-3’). The re- 
lative quantification of SRPK1 and TGF-β1 
mRNA expression was normalized to GAPDH 
value (2-ΔΔCT method). Experiments were repe- 
ated three times.

Western blot analysis

The 30 frozen tissue samples from patients 
with NSCLC were homogenized in RIPA lysis 
buffer for 30 min, and the lysates were cleared 
by centrifugation (12,000 rpm) at 4°C for 15 
min. Total protein extracts were separated on a 
10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and were electrotransferred to 
PVDF membranes. After blocking nonspecific 
binding sites for 60 min with 5% nonfat milk, 
the membranes were incubated overnight at 
4°C with a primary rabbit anti-SRPK1 (sc-
50343, 1:1,000 dilution; Santa Cruz) and rab-
bit anti-TGF-β1 (#5154, 1:1,000 dilution; Cell 
Signaling) polyclonal antibody. The membranes 
were then washed 3 min × 15 min with PBS-T 
and probed with horseradish peroxidase (HRP)-
conjugated anti-rabbit immunoglobulin anti-
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bodies (SP-9001, 1:2,000 dilution; ZhongShan 
Biotechnology) for 60 min at room tempera-
ture. The membranes were then washed three 
times with PBS-T for 10 min. The immunocom-
plexes were visualized by enhanced chemilumi-
nescence system. 

Immunohistochemistry analysis

Formalin-fixed tissues were embedded in par-
affin, sectioned at 4 μm, and mounted on si- 
lane-coated slides for immunohistochemistry 
analysis. The sections were deparaffinized with 
dimethylbenzene and rehydrated through 100, 
95, 90, 80, and 75% ethanol. Antigen retrieval 
treatment was done at 95°C for 20 min in 0.01 
mol/L sodium citrate buffer (pH 6.0), and en- 

dogenous peroxidases were blocked using 3% 
hydrogen peroxide for 15 min at room tempera-
ture. They were washed in PBS and blocked 
with 10% goat serum (ZhongShan Biotechno- 
logy, China) for 30 min, then incubated with 
rabbit anti-SRPK1 (sc-50343, 1:50 dilution; 
Santa Cruz) and rabbit anti-TGF-β1 (#5154, 
1:50 dilution; Cell Signaling) in a humidified 
chamber at 4°C overnight. Following three addi-
tional washes in PBS, the sections were incu-
bated with HRP-conjugated secondary antibody 
(diluted 1:1,000; ZhongShan Biotechnology, 
China) for 1 h at room temperature. Finally, the 
visualization signal was developed with 3, 3’-di- 
aminobenzidin solution, and all of the slides 
were counterstained with 20% hematoxylin. 
The slides were dehydrated and mounted on 
cover slips. For general negative controls, the 
primary antibody was replaced with PBS.

Evaluation of immunohistochemical variables

All sections were assessed blindly by two inde-
pendent observers, and in case of assessing 
disagreement, a third independent assess-
ment was performed. The staining score in 
NSCLC cells in each slide was assessed accord-
ing to the staining intensity and the percentage 
of the positive cells. For SRPK1, The proportion 
of tumor cells was scored as follows: 0 (no posi-
tive tumor cells), 1 (<10% positive tumor cells), 
2 (10-50% positive tumor cells), 3 (50-75% pos-
itive tumor cells), and 4 (>75% positive tumor 
cells). The intensity of staining was graded as 
following: 0 (no staining); 1 (weak staining), 2 
(moderate staining), and 3 (strong staining). 
The slide with a final staining score of more 
than 3 was defined as positive expression [16]. 
For TGF-β1, the positive cell percentage was 
scored 0-3 from <5%, 5-25%, 26-75%, to >75% 
in order. The staining intensity was scored 0-2 
from none and faint to strong staining, in order. 
The grading criteria for TGF-β1 expression were 
determined by the scores given as the sum of 
positive cell percentage and staining intensity 
scores: ≤1.9 points being “I”, 2-2.9 points being 
“II”, 3-3.9 points being “III”, and ≥4 points being 
“IV”. “III and IV” were the positive expression 
[12].

Statistical analysis

The statistical analyses were performed using 
SPSS version 17.0 (SPSS, Chicago, IL, United 
States). Differences in the different variables of 

Table 1. Clinicopathological characteristics of 
NSCLC patients
Variables Cases (%)
Gender
    Male 63 (60.0)
    Female 42 (40.0)
Age (years)
    ≤60 57 (54.3)
    >60 48 (45.7)
Smoking status
    Yes 42 (40.0)
    No 63 (60.0)
Histological subtype
    Squamous 38 (36.2)
    Adenocarcinoma+others 67 (55.2)
Tumor location
    Left 47 (44.8)
    Right 58 (55.2)
Lesion
    Peripheral 77 (73.3)
    Central 28 (26.7)
T stage*
    T1 34 (32.4)
    T2 54 (51.4)
    T3-T4 17 (16.2)
N stage*
    N0 58(55.2)
    N1 9 (8.6)
    N2 38 (36.2)
Adjuvant chemotherapy
    Yes 60 (42.9)
    No 45 (57.1)
*7th TNM classification.
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NSCLC patients were estimated using indepen-
dent paired Student’s t test for continuous vari-
ables. X2 test analysis was adopted as the 
quantitative detection method for various clini-
copathological characteristics and biomarkers. 
The Kaplan-Meier method and log-rank tests 
were performed to compare survival curves. 
Furthermore, the Multivariate analyses were 
conducted to identify significant independent 
prognostic factors for the prognosis. Hazard 
ratios (HR) were generated. Significance was 
defined as p-values <0.05.

Results

Patient characteristics

The 5-year survival rate (5-YSR) of all NSCLC 
patients was 49.5%. When follow-up was over, 
68 patients (64.8%) were dead, and 37 (35.2%) 
were alive. The clinicopathological factors of 
NSCLC patients were shown in Table 1.

SRPK1 and TGF-β1 expression levels in NSCLC 
tissues and adjacent non-tumor tissues

SRPK1 and TGF-β1 mRNA and protein expres-
sion levels were respectively detected in NSCLC 

tissues and adjacent non-tumor tissues from 
30 NSCLC patients. The relative mRNA expres-
sion values of SRPK1 and TGF-β1 in NSCLC tis-
sues were higher than those in adjacent non-
tumor tissues (SRPK1, 0.38 ± 0.13 vs. 0.15 ± 
0.08, P<0.001; TGF-β1, 0.40±0.21 vs. 0.22± 
0.09, P<0.001) (Figure 1). Consistent with 
mRNA expression, the relative protein expres-
sion values of SRPK1 and TGF-β1 in NSCLC tis-
sues were higher than those in adjacent non-
tumor tissues (SRPK1, 1.23 ± 0.54 vs. 0.53 ± 
0.29, P<0.001; TGF-β1, 1.56 ± 0.76 vs. 0.62 ± 
0.32, P<0.001) (Figure 2).

Correlation between SRPK1 and TGF-β1 ex-
pression in NSCLC tissues

We analyzed the correlation between SRPK1 
expression and TGF-β1 expression (immunohis-
tochemical staining)in NSCLC tissues. SRPK1 
and TGF-β1 were mainly localized in the cyto-
plasm of NSCLC cells (Figure 3). There were 57 
SRPK1 positive expression patients and 45 
TGF-β1 positive expression in present study. 
There was a positive correlative between 
SRPK1 expression and TGF-β1 expression in 
NSCLC tissues (R=0.215, P=0.027).

Figure 1. A. Real-time qRT-PCR of SRPK1 mRNA expression in NSCLC tissues and adjacent non-tumor tissues. B. 
Real-time qRT-PCR of TGF-β1 mRNA expression in NSCLC tissues and adjacent non-tumor tissues.

Figure 2. A. Western blot analysis of SRPK1 and TGF-β1 protein expression in NSCLC tissues and adjacent non-tu-
mor tissues. B. Relative protein expression of SRPK1 in NSCLC tissues and adjacent non-tumor tissues. C. Relative 
protein expression of TGF-β1 in NSCLC tissues and adjacent non-tumor tissues.
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Relationships between SRPK1 or TGF-β1 
expression and various clinicopathological 
characteristics

SRPK1 expression and TGF-β1 expression lev-
els (immunohistochemical staining) in differe- 
nt gender, age, smoking status, histological 
subtype, tumor location, lesion, T stage, N sta- 
ge and adjuvant chemotherapy were analyzed. 
The relationships between SRPK1 or TGF-β1 ex- 
pression and various clinicopathological char-
acteristics were shown in Table 2. Ultimately, 
smoking status (P=0.013), histological subtype 
(P=0.022) and N stage (P<0.001) were identi-
fied as the relative factors of SRPK1 expression 
in NSCLC tissues, while T stage (P=0.047) and 
N stage (P<0.001) were identified as the rela-
tive factors of TGF-β1 expression in NSCLC 
tissues.

Survival analysis for NSCLC patients

Univariate analysis showed significant relation-
ships between the overall survival (OS) and T 
stage, N stage, adjuvant chemotherapy, SRPK1 
expression and TGF-β1 expression (P<0.05), 
but not with gender, age, smoking status, histo-
logical subtype and tumor location, lesion 
(P>0.05). Furthermore, T stage (HR=1.674; P= 
0.007), N stage (HR=1.704; P=0.001), SRPK1 
expression (HR=0.513; P=0.019) and TGF-β1 
expression (HR=0.558; P=0.036) were identi-
fied as the independent factors of the OS (Table 
3). In clinical, NSCLC patients with SRPK1 neg-
ative expression or TGF-β1 negative expression 
had significantly longer OS than those with 
SRPK1 positive expression or TGF-β1 positive 
expression (Figure 4).

Figure 3. (A) SRPK1 was positively expressed in NSCLC tissues. (B) SRPK1 was negatively expressed in NSCLC tis-
sues. (C) TGF-β1 was positively expressed in NSCLC tissuess. (D) TGF-β1 was negatively expressed in NSCLC tissues. 
Magnification is ×400 (A-D).
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Further analysis using the Kaplan-Meier meth-
od showed that 30 patients with both SRPK1 
and TGF-β1 positive expressions simultaneous-
ly had the shortest OS than the 42 patients 
with either SRPK1 or TGF-β1 positive expres-
sion and 33 patients with both SRPK1 and TGF-
β1 negative expressions simultaneously (P< 
0.001). However, we also found that no OS dif-
ference existed between patients with 27 SR- 
PK1 positive plus TGF-β1 negative expression 
and 15 patients with SRPK1 negative plus TGF-
β1 positive expression (P=0.891) (Figure 5).

Discussion

RS domain proteins, which were rich in serine-
arginine repeats, were involved in precursor 

mRNA translation, processing and splicing, ch- 
romatin reconstruction, cell cycle progression 
and remodeling of cellular structures [17]. SR- 
PK1 palyed key roles in phosphorylation of RS 
domain proteins [18].

Up-regulation of SRPK1 had been observed in 
various cancer types, including breast cancer, 
esophageal squamous cell carcinoma, ovarian 
cancer, prostate cancer and hepatocellular car-
cinoma [19, 20]. Nowak et al. [21] had reported 
that inhibition of SRPK1 could reduce the phos-
phorylation of ASF/SF2 in epithelial cells and 
then reduced angiogenesis. Changet et al. [22] 
found SRPK1 influenced apoptosis, metasta-
sis, and angiogenesis through the PI3K/Akt sig-

Table 2. Relationships between SRPK1 or TGF-β1 expression in NSCLC tissues and clinicopathologi-
cal characteristics

Variables SRPK1-positive 
Cases Univariate p value TGF-β1-positive 

cases Univariate p value

Gender 0.749  0.999
    Male 35 27  
    Female 22 18
Age 0.711 0.865
    ≤60 30 24
    >60 27 21
Smoking status 0.013 0.687
    Yes 29 19
    No 28 26
Histological subtype 0.022 0.178
    Squamous 15 13
    Adenocarcinoma+others 42 32
Tumor location 0.848 0.734
    Left 26 21
    Right 32 24
Lesion 0.092 1.000
    Peripheral 38 33
    Central 19 12
T stage* 0.173 0.047
    T1 14 9
    T2 33 26
    T3-T4 10 10
N stage* <0.001 <0.001
    N0 23 15
    N1 4 3
    N2 30 27
Adjuvant chemotherapy 0.309 0.909
    Yes 30 19
    No 27 26
*7th TNM classification.
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naling pathway under normoxia in gliomas. 
Bullock et al. [16] demonstrated the SRPK1 
expression level was upregulated in prostate 
cancer and overexpression of SRPK1 was cor-
related with advanced stage and tumor inva-
sion. Zhang et al. [23] found mRNA and protein 
expression levels of SRPK1 were significantly 
upregulated in hepatocellular carcinoma cell 
lines or hepatocellular carcinoma tissue sam-

pared to patients with benign liver disease, 
TGF-β1 expression levels were significantly 
higher in patients with hepatocellular carcino-
ma. In the current study, the mRNA and protein 
expression levels of TGF-β1 in NSCLC tissues 
were both higher than those in adjacent non-
tumor tissues; positive TGF-β1 expression was 
correlated with advanced T stage and N stage. 
We demonstrated that TGF-β1 was aberrantly 

Table 3. Survival analysis of NSCLC patients

Variables 5-YSR 
(%)

Univariate analysis Multivariate analysis
X2 value p value HR value p value

Gender 0.045 0.832
    Male 50.8
    Female 47.6
Age 0.255 0.614
    ≤60 43.7
    >60 56.2
Smoking status 2.568 0.109
    Yes 40.5
    No 55.4
Histological subtype 2.230 0.135
    Squamous 43.2
    Adenocarcinoma+others 57.9
Tumor location 2.112 0.146
    Left 44.7
    Right 53.3
Lesion 1.049 0.306
    Peripheral 53.2
    Central 39.3
T stage* 10.733 0.005 1.674 0.007
    T1 58.8
    T2 49.9
T3-T4 29.4
N stage* 47.741 <0.001 1.704 0.001
    N0 69.0
    N1 50.0
    N2 15.8
Adjuvant chemotherapy 4.146 0.042
    Yes 54.9
    No 42.2
SRPK1 expression 19.458 <0.001 0.513 0.019
    Negative 74.8
    Positive 28.1
TGF-β1 expression 21.751 <0.001 0.558 0.036
    Negative 63.2
    Positive 31.1
*7th TNM classification.

ples. In present study, mR- 
NA and protein expression 
levels of SRPK1 were sig-
nificantly higher in NSCLC 
tissues than in adjacent 
non-tumor tissues, further 
we found SRPK1 expres-
sion was correlated with 
smoking status, histologi-
cal subtype and N stage. 
These results suggested th- 
at SRPK1 was likely involv- 
ed in NSCLC progression 
and metastasis.

TGF-β1 played different ro- 
les at different stages of 
cancer, during early stages 
of carcinogenesis, TGF-β1 
may be a potent inhibitor of 
epithelial cell proliferation 
and at later stages of carci-
nogenesis, TGF-β1 may ex- 
ert tumor promoter activi-
ties [24]. Increased TGF-β1 
expression levels had been 
reported in various cance- 
rs. In head and neck epi-
thelia, overexpression of 
TGF-β1 could cause severe 
inflammation and angioge- 
nesis [25]. Liu et al. [26] de- 
monstrated that the expre- 
ssion level of TGF-β1 incre- 
ased as NSCLC clinical st- 
age progressed, and they 
further found TGF-β1 levels 
were higher in stages III-IV 
than stages I-II. Zhang et al. 
[27] found TGF-β1 regulat-
ed tumor aggressiveness 
by regulating DNA methyl-
transferase expression in 
prostate cancer. Dong et al. 
[28] also found when com-
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activated in NSCLC tissues, which also indicat-
ed that TGF-β1 played important roles in the 
carcinogenesis of NSCLC. 

that the combination of SRPK1 and TGF-β1 
may promote the invasion and progression of 
NSCLC. 

Figure 4. A. Survival curve of 105 NSCLC patients according to SRPK1 expression (negative or positive). B. Survival 
curve of 105 NSCLC patients according to TGF-β1 expression (negative or positive).

Figure 5. Survival curve of 105 NSCLC patients according to SRPK1-TGF-β1 
co-expression. [SRPK1 (-)-TGF-β1 (-), SRPK1 (+)-TGF-β1 (-), SRPK1 (-)-TGF-β1 
(+), SRPK1 (+)-TGF-β1 (+)].

There were few studies in 
exploring the prognosis of 
SRPK1 expression in NSCLC 
patients. To assess the prog-
nostic value of SRPK1 and 
TGF-β1 expressions in NSCLC, 
we adopted the Cox regres-
sion analysis. Our results 
showed that SRPK1 expres-
sion and TGF-β1 expression,as 
well as T stage, N stage, were 
independent prognostic indi-
cators for NSCLC patients. 
Additionally, we demonstrat-
ed that patients with SRPK1 
or TGF-β1 positive expression 
had less OS than those with 
SRPK1 or TGF-β1 negative ex- 
pression. These findings sug-
gested that NSCLC patients 
with SRPK1 or TGF-β1 overex-
pression may be a type of 
aggressive disease group and 
may require more systemic 
therapy after surgery. Mean- 
while we found patients with 
positive co-expression of SR- 
PK1 and TGF-β1 had the 
shortest OS, which suggested 



Serine-arginine protein kinase 1 and transforming growth factor-β1 in NSCLC

6865 Int J Clin Exp Pathol 2016;9(7):6857-6866

The novel finding of this study was the positive 
correlation between the expression of SRPK1 
and TGF-β1 in NSCLC patients, In this study, 
SRPK1 expression and TGF-β1 expression in 
NSCLC tissues were significantly and positively 
correlated, we deduced SRPK1 and TGF-β1 
affected each other in the develpment of 
NSCLC.

In conclusion, our study demonstrated that 
both SRPK1 and TGF-β1 were upregulated in 
NSCLC tissues, high expression levels of SRPK1 
and TGF-β were associated with disease pro-
gression and poor patient prognosis.
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