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Pediatric glioma is a devastating brain tumor. Serine threonine tyrosine kinase 1 (STYK1) is a member of 
the protein tyrosine kinase family and plays a significant role in the formation of several malignant tumors. 
However, the expression pattern and role of STYK1 in glioma are not yet clear. The aim of this study was to 
investigate the role and molecular mechanism of STYK1 in glioma. The results showed that STYK1 was highly 
expressed in glioma cell lines. We also found that knockdown of STYK1 inhibited cell proliferation, migra-
tion, and invasion in vitro as well as tumorigenesis in vivo. Furthermore, knockdown of STYK1 significantly 
decreased the expression levels of phosphorylation of PI3K and Akt in glioma cells. Taken together, our data 
suggest that STYK1 plays an important role in the development and progression of glioma. Therefore, STYK1 
may represent a novel therapeutic target for the treatment of glioma.
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INTRODUCTION

Pediatric glioma is a devastating brain tumor and is 
highly aggressive, resistant to treatment, and prone to 
recurrence1. Despite recent advances in the diagnosis 
and therapy of pediatric glioma, the general survival rate 
of patients with pediatric glioma is less than 2 years2–4. 
The molecular mechanisms underlying pediatric glioma 
metastasis remain unclear. Therefore, there is an urgent 
need to explore the molecular mechanisms responsible in 
order to find novel treatments for pediatric glioma.

Serine threonine tyrosine kinase 1 (STYK1), a mem-
ber of the protein tyrosine kinase family, contains a sin-
gle putative transmembrane domain and an intracellular 
domain possessing tyrosine kinase activity. However, it 
lacks an extracellular domain for binding specific ligands5. 
Increasing evidence has reported that STYK1 was impli-
cated in the development and progression of several 
types of cancers including ovarian cancer, intrahepatic 
cholangiocarcinoma, lung cancer, and breast cancer6–9. 
For example, Wang et al. confirmed that the expression 
of STYK1 was significantly upregulated in human hepa-
tocellular carcinoma (HCC) tissues and cell lines, and 
overexpression of STYK1 promoted cell proliferation, 
migration, and invasion in vitro as well as tumorigenesis 

and metastasis in vivo10. However, the expression pattern 
and role of STYK1 in glioma are not yet clear. The aim of 
this study was to investigate the role and molecular mech-
anism of STYK1 in glioma. Our data demonstrated that 
STYK1 plays an important role in glioma development 
and progression, and knockdown of STYK1 inhibited the 
migration and tumorigenesis in glioma cells.

MATERIALS AND METHODS

Cell Culture

Human glioma cell lines (U87MG, U251, and LN229) 
were purchased from the American Type Culture Collec-
tion (ATCC; Manassas, VA, USA) and cultured in Dul-
becco’s modified Eagle’s medium (DMEM; Bio-Rad, 
Hercules, CA, USA) supplemented with 10% fetal bovine 
serum (FBS), 100 U/ml penicillin, and 100 mg/ml strep-
tomycin. Cells were incubated in an atmosphere of 37°C 
with 5% CO2.

Short Hairpin RNA and Cell Transfection

Short hairpin RNA targeting STYK1 (sh-STYK1) and 
empty vector (vector) were purchased from Invitrogen 
(Carlsbad, CA, USA). For STYK1 silencing, U87MG 
cells were transfected with sh-STYK1 or a vector using 
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Lipofectamine 2000 (Invitrogen), according to the manu-
facturer’s protocols.

RNA Extraction and Quantitative Real-Time  
PCR (qRT-PCR)

Total RNA was prepared from glioma cells using the 
TRIzol reagent (Invitrogen). RNA (1 µg) was utilized 
to synthesize cDNA using the SuperScript First-Stand 
Synthesis system (Invitrogen). qRT-PCR was performed 
using a 7500 Real-Time PCR system (Applied Biosys-
tems, Foster City, CA, USA) with FastStart Universal 
SYBR Green Master (Roche, USA). The following primer 
sequences were designed according to the corresponding 
human genes: STYK1, 5¢-AAA TCT AGA ATG GGC 
ATG ACA CGG ATG-3¢ and 5¢-AAA GCG GCC GCT 
CAA AGC ATG CTA TAG TTG TAG AAG-3¢; b-actin, 
5¢-TGG CAC CCA GCA CAA TGA A-3¢, and 5¢-CTA 
AGT CAT AGT CCG CCT AGA AGC A-3¢. Reaction 
specificity was confirmed by analyzing melting curves 
and by electrophoresis on 2.0% agarose gel analysis of 
products. Subsequently, the relative expression of target 
genes was analyzed by the DCt method and expressed as 
the fold changes.

Western Blot

Total protein was extracted from glioma cells using 
RIPA lysis buffer (Beyotime, Nantong, P.R. China). 
Equal amounts of protein were loaded, separated by 10% 
sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE), and transferred to nitrocellulose 
membranes (Millipore, Bedford, MA, USA). After the 
nitrocellulose membranes were blocked by 5% nonfat 
dry milk in TBST, they were incubated overnight with 
STYK1, E-cadherin, N-cadherin, p-PI3K, PI3K, p-Akt, 
Akt, and GAPDH antibodies (1:20,000; Santa Cruz Bio-
technology, Santa Cruz, CA, USA). Membranes were 
then rinsed and incubated with goat anti-mouse horse-
radish peroxidase-conjugated IgG (Santa Cruz) for 1 h 
at room temperature. Protein bands were detected using 
enhanced chemiluminescence (ECL) reagents (Pierce, 
Rockford, IL, USA).

Cell Proliferation Assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT) assay was used to detect cell prolif-
eration. Briefly, U87MG cells at a density of 1 ́  104 cells/
well were plated in 96-well plates and transfected with sh-
STYK1 or vector. Then 100 µl of MTT (0.5 mg/ml) was 
added to each well at different time points, and cells were 
incubated at 37°C for 4 h. The medium was then care-
fully removed, and dimethyl sulfoxide (DMSO; 150 µl) 
was added into each well. The absorbance of solubilized 
blue formazan was read at a wavelength of 450 nm using 
a microplate reader.

Cell Migration and Invasion Assays

Cell migration assay was performed using Transwell™ 
chambers (Costar, Washington, DC, USA). The transfected 
cells were seeded into the upper chamber of the Transwell 
plates; the lower wells of the plates were filled with 600 µl 
of DMEM supplemented with 10% FBS as an attractant. 
After 24 h, cells that transferred to the lower surface of the 
filter were fixed, stained with Giemsa, and counted under a 
microscope (magnification: ́ 100). The invasion assay was 
done by the same procedure, except that the membrane 
was precoated with Matrigel (BD Biosciences, Bedford, 
MA, USA) to form a matrix barrier.

In Vivo Experiment

The animal study was approved by the Institutional 
Animal Care and Use Committee of the Second Affiliated 
Hospital, Medical College of Xi’an Jiaotong University 
(P.R. China). Female nude mice (4–6 weeks, 18–22 g) 
were purchased from the Laboratory Animal Center of the 
Medical College of Xi’an Jiaotong University. U87MG 
cells (1 ́  106 cells/0.1 ml) transfected with sh-STYK1 or 
vector were injected subcutaneously into the flank of nude 
mice (n = 5 per group). Tumor size was measured every 
5 days using a caliper and calculated using the formula: 
volume = length ́  width2 ́  p/6. After 20 days, the mice 
were sacrificed, and tumors were excised and weighed.

Statistical Analysis

All values were expressed as mean ± SD. Statistical sig-
nificance was analyzed with one-way factorial ANOVA 
or Student’s two-tailed t-test. A value of p < 0.05 was con-
sidered to be statistically significant.

RESULTS

STYK1 Is Highly Expressed in Glioma Cell Lines

We first determined the mRNA expression of STYK1 
in human glioma cell lines by qRT-PCR. The results dem-
onstrated that the mRNA expression levels of STYK1 
were remarkably increased in all cell lines compared with 
that in the microglia cells (Fig. 1A). We then analyzed 
the protein expression of STYK1 in human glioma cell 
lines. The results of the Western blot indicated that, com-
pared to the microglia cells, the protein expression levels 
of STYK1 were significantly elevated in human glioma 
cell lines (Fig. 1B).

Knockdown of STYK1 Inhibits the Proliferation 
of Glioma Cells

To investigate the effect of STYK1 on cell prolifera-
tion in vitro, we stably transfected U87MG cells with  
sh-STYK1 for establishing STYK1-silencing glioma 
cells. Transfection efficiency was confirmed by qRT-PCR 
and Western blot. After transfection, the expression levels 
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of STYK1 of both mRNA (Fig. 2A) and protein (Fig. 2B) 
were obviously downregulated in U87MG cells. The 
effect of STYK1 on glioma cell proliferation was then 
detected using the MTT assay. Compared with the vector 
group, knockdown of STYK1 markedly suppressed the 
proliferation of U87MG cells (Fig. 2C).

Knockdown of STYK1 Inhibits the Migration and 
Invasion of Glioma Cells

We next evaluated the effect of STYK1 on glioma 
cell migration and invasion. The number of migrated 
U87MG cells was greatly decreased after transfection 
with sh-STYK1 when compared with the vector group 

(Fig. 3A). Similarly, the results of the Matrigel invasion 
assay demonstrated that knockdown of STYK1 signifi-
cantly reduced the invasion of U87MG cells (Fig. 3B). 
Furthermore, we detected the effect of STYK1 on EMT-
related marker expression in U87MG cells. The results 
of the Western blot assay indicated that knockdown of 
STYK1 significantly upregulated the protein expression 
of E-cadherin and downregulated the protein expression 
of N-cadherin in U87MG cells, compared with the vector 
group (Fig. 3C).

Knockdown of STYK1 Inhibits the Activation  
of PI3K/Akt Pathway in Glioma Cells

To explore the molecular mechanisms by which STYK1 
affected these malignant features, we examined the effect 
of STYK1 on the phosphorylation levels of PI3K and Akt 
in U87MG cells. The Western blot revealed that knock-
down of STYK1 markedly inhibited phosphorylation 
levels of PI3K and Akt in U87MG cells when compared 
with those transfected with vector alone (Fig. 4A and B).  
An Akt inhibitor (wortmannin) was used to observe the  
effects on U87MG cell proliferation and invasion. Because 
administration of 100 nM wortmannin had no significant 
effect on cell viability, 100 nM wortmannin was chosen 
for additional experiments (Fig. 4C). Furthermore, we 
observed that wortmannin significantly enhanced the 
inhibitory effects of sh-STYK1 on U87MG cell prolifera-
tion (Fig. 4D) and invasion (Fig. 4E).

Knockdown of STYK1 Attenuates Tumor Growth  
in a Xenograft Model

To further explore the role of STYK1 on glioma 
growth in vivo, the xenografted tumor in nude mice was 
employed. The experiment in vivo showed that, com-
pared with the vector group, knockdown of STYK1 sig-
nificantly suppressed tumor volume (Fig. 5A) and weight 
(Fig. 5B).

DISCUSSION

In this study, we showed that STYK1 expression is 
upregulated in human glioma cell lines. Knockdown of 
STYK1 inhibited cell proliferation, migration, and inva-
sion in vitro and tumor growth in vivo. Furthermore, 
knockdown of STYK1 markedly inhibited phosphoryla-
tion levels of PI3K and Akt in U87MG cells.

Previous studies have shown that STYK1 has been 
identified as an oncogene and promotes proliferation in 
vitro and tumor growth in vivo in many types of cancers. 
Jackson et al. confirmed that the expression of STYK1 
is higher in malignant ovarian tissues than that of normal 
ovarian tissues6. Kimbro et al. reported high levels of 
STYK1 expression even in the early stages of breast can-
cer11. Furthermore, a recent study demonstrated that down-
regulation of STYK1 was closely related with decreased 

Figure 1. STYK1 is highly expressed in glioma cell lines. 
(A) The mRNA expression levels of STYK1 in human glioma 
cell lines were detected by qRT-PCR. (B) The protein expres-
sion levels of STYK1 in human glioma cell lines were evaluated 
by Western blot, and GAPDH served as the loading control. The 
values shown represent the mean ± SD. *p < 0.05.
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proliferation of intrahepatic cholangiocarcinoma cells, as 
well as decreased tumor volume and weight in vivo12. In 
accordance with previous observations, the current study 
demonstrated that the expression levels of STYK1 in both 
mRNA and protein were obviously upregulated in human 
glioma cell lines. In addition, we observed that knockdown 
of STYK1 inhibited glioma cell proliferation in vitro and 
tumor growth in vivo. These data from in vitro and in vivo 

models suggest that STYK1 may behave as an oncogene 
in the development and progression of glioma.

Metastasis and invasion are thought to be responsible 
for ~90% of glioma-associated mortality13. EMT is a 
complex process, which involves cytoskeletal remodel-
ing and cell–cell and cell–matrix adhesion, leading to the  

Figure 2. Knockdown of STYK1 inhibits the proliferation of 
glioma cells. U87MG cells were transfected with sh-STYK1 
or vector for 24 h. (A) The mRNA expression level of STYK1 
in U87MG cells was detected by qRT-PCR. (B) The protein 
expression level of STYK1 in U87MG cells was evaluated by 
Western blot. (C) Cell proliferation was detected using the MTT 
assay. The values shown represent the mean ± SD. *p < 0.05.

Figure 3. Knockdown of STYK1 inhibits the migration and 
invasion of glioma cells. U87MG cells were transfected with 
sh-STYK1 or vector for 24 h. (A) Cell migration was evalu-
ated by the Transwell migration assay. (B) Cell invasion was 
evaluated by the Matrigel invasion assay. (C) The protein 
expression levels of E-cadherin and N-cadherin were measured 
using Western blot analysis. The values shown represent the 
mean ± SD. *p < 0.05.
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Figure 4. Knockdown of STYK1 inhibits the activation of the PI3K/Akt pathway in glioma cells. U87MG cells were transfected with 
sh-STYK1 or vector for 24 h. (A) The protein expression levels of PI3K, p-PI3K, Akt, and p-Akt were determined by Western blot. 
(B) Quantification analysis was performed using Gel-Pro Analyzer version 4.0 software. (C) U87MG cells were treated with different 
concentrations of wortmannin for 24 h, and cell viability was detected. U87MG cells were transfected with sh-STYK1 or vector in the 
presence or absence of the wortmannin (100 nM) for 24 h. (D) Cell proliferation was detected by the MTT assay. (E) Cell invasion was 
evaluated by the Matrigel invasion assay. The values shown represent the mean ± SD. *p < 0.05.
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transition from a polarized, epithelial phenotype to a highly 
motile mesenchymal phenotype14. E-cadherin is often lost 
in cancer progression, and loss of E-cadherin can pro-
mote invasive and metastatic behavior in many epithelial 
tumors15,16. The current study demonstrated that knockdown 
of STYK1 significantly suppressed glioma cell migration 
and invasion, upregulated the expression of E-cadherin, and 
down regulated the expression of N-cadherin in U87MG 
cells. These data suggest that STYK1 positively regulates 
the EMT phenotype, consequently affecting glioma cell 
migra tion and invasion in vitro.

The PI3K/Akt signaling pathway plays an impor-
tant role in human cancer initiation and progression17,18. 
Previous studies reported that the PI3K/Akt pathway is 

Figure 5. Knockdown of STYK1 attenuates tumor growth in a 
xenograft model. U87MG cells (1 ́  106 cells/0.1 ml) transfected 
with sh-STYK1 or vector were injected subcutaneously into the 
flank of nude mice. (A) The tumor volumes were calculated 
every 5 days. (B) After 20 days, the mice were sacrificed, and 
tumors were excised and weighed. The values shown represent the 
mean ± SD. *p < 0.05.

constitutively upregulated in the majority of gliomas19–21. 
Moreover, the phosphorylation of Akt activates down-
stream target genes involved in proliferation, cell cycle 
progression, and migration of tumor cells, as well as the 
EMT process22–24. Thus, inhibition of the PI3K/Akt sig-
naling pathway may represent a promising approach to 
the treatment of glioma. It was reported that buparlisib, 
a PI3K inhibitor, effectively inhibits glioma cell prolif-
eration in vitro and growth of glioma xenografts in nude 
rats25. The current study demonstrated that knockdown 
of STYK1 markedly inhibited phosphorylation levels 
of PI3K and Akt in U87MG cells. These results suggest 
that knockdown of STYK1 inhibited the proliferation, 
invasion, and tumorigenesis partly via the inactivation of 
PI3K/Akt signaling pathway in glioma cells.

In conclusion, we demonstrated for the first time that 
STYK1 plays an important role in the development and 
progression of glioma. Knockdown of STYK1 inhibited 
the proliferation, invasion, and tumorigenesis in glioma 
cells. Thus, our findings suggest that STYK1 may serve as 
a potential therapeutic target for the treatment of glioma.

ACKNOWLEDGMENTS: This study was partially supported by 
the Shaanxi Provincial Scientific and Technological Research 
Projects (No. 2016SF-263), the Natural Science Foundation 
of China (No. 30901600), and the Young Talent Project of 
Shaanxi Province Natural Science Foundation Research (No. 
2013JQ4003). The authors declare no conflicts of interest.

REFERENCES
Qaddoumi I, Sultan MD, Gajjar A. Outcome and prognos- 1. 
tic features in pediatric gliomas: A review of 6212 cases 
from the Surveillance, Epidemilology, and End Results 
Database. Cancer 2009;115:5761–70.
Bax DA, Gaspar N, Little SE, Marshall L, Perryman L,  2. 
Regairaz M, Vianapereira M, Vuononvirta R, Sharp SY, 
Reisfilho JS. EGFRvIII deletion mutations in pediatric high-
grade glioma and response to targeted therapy in pediatric 
glioma cell lines. Clin Cancer Res. 2009;15:5753–61.
Lam C, Bouffet E, Bartels U. Nimotuzumab in pediatric  3. 
glioma. Future Oncol. 2016;5:1349–61.
Haynes HR, Camelo-Piragua S, Kurian KM. Prognostic and  4. 
predictive biomarkers in adult and pediatric gliomas: Toward 
personalized treatment. Front Oncol. 2014;4:47–58.
Ye X, Ji C, Huang Q, Cheng C, Tang R, Xu J, Zeng L, Dai  5. 
J, Wu Q, Gu S. Isolation and characterization of a human 
putative receptor protein kinase cDNA STYK1. Mol Biol 
Rep. 2003;30:91–6.
Jackson KA, Oprea G, Handy J, Kimbro KS. Aberrant  6. 
STYK1 expression in ovarian cancer tissues and cell lines. 
J Ovarian Res. 2009;2:1–7.
Chen MY, Zhang H, Jiang JX, Sun CY, Yu C, Tian S.  7. 
Depletion of STYK1 inhibits intrahepatic cholangiocarci-
noma development both in vitro and in vivo. Tumour Biol. 
2016;37:14173–81.
Chen P, Li WM, Lu Q, Wang J, Yan XL, Zhang ZP, Li XF.  8. 
Clinicopathologic features and prognostic implications of 
NOK/STYK1 protein expression in non-small cell lung 
cancer. BMC Cancer 2014;14:1–7.



THE ROLE AND MOLECULAR MECHANISM OF STYK1 IN GLIOMA 937

Kimbro KS, Duschene K, Willard M, Moore JA, Freeman  9. 
S. A novel gene STYK1/NOK is upregulated in estrogen 
receptor-alpha negative estrogen receptor-beta positive breast 
cancer cells following estrogen treatment. Mol Biol Rep. 
2008;35:23–7.
Wang Z, Qu L, Deng B, Sun X, Wu S, Liao J, Fan J, Peng 10. 
Z. STYK1 promotes epithelial-mesenchymal transition 
and tumor metastasis in human hepatocellular carcinoma 
through MEK/ERK and PI3K/AKT signaling. Sci Rep. 
2016; 6:33205–16.
Kimbro KS, Duschene K, Willard M, Moore JA, Freeman 11. 
S. A novel gene STYK1/NOK is upregulated in estrogen 
receptor-alpha negative estrogen receptor-beta positive 
breast cancer cells following estrogen treatment. Mol Biol 
Rep. 2008;35:23–7.
Chen MY, Zhang H, Jiang JX, Sun CY, Yu C, Tian S. 12. 
Depletion of STYK1 inhibits intrahepatic cholangiocarci-
noma development both in vitro and in vivo. Tumour Biol. 
2016;1–9.
Fan S, Sun Z, Jiang D, Chao D, Ma Y, Zhao Z, Hui L, Wu 13. 
Y, Cao Z, Li W. BmKCT toxin inhibits glioma proliferation 
and tumor metastasis. Cancer Lett. 2010;291:158–66.
De CB, Berx G. Regulatory networks defining EMT during 14. 
cancer initiation and progression. Nat Rev Cancer 2013; 
13:97–110.
Suriano G, Correia J, Machado J, Seruca R. E-cadherin 15. 
trafficking deregulation: A new mechanism of E-cadherin 
loss in epithelial cancer progression. Cancer Res. 2007;67: 
500–11.
Catalano M, D’Alessandro G, Lepore F, Corazzari M, 16. 
Caldarola S, Valacca C, Faienza F, Esposito V, Limatola 
C, Cecconi F. Autophagy induction impairs migration and 
invasion by reversing EMT in glioblastoma cells. Mol 
Oncol. 2015;9:1612–25.
LoPiccolo J, Blumenthal GM, Bernstein WB, Dennis 17. 
PA. Targeting the PI3K/Akt/mTOR pathway: Effective  

combinations and clinical considerations. Drug Resist 
Updat. 2008;11:32–50.
Fresno Vara JA, Casado E, de Castro J, Cejas P, Belda-18. 
Iniesta C, Gonzalez-Baron M. PI3K/Akt signalling path-
way and cancer. Cancer Treat Rev. 2004;30:193–204.
Jiang L, Wang C, Lei F, Zhang L, Zhang X, Liu A, Wu 19. 
G, Zhu J, Song L. miR-93 promotes cell proliferation in gli-
omas through activation of PI3K/Akt signaling pathway. 
Oncotarget 2015;6:1236–43.
Wei Y, Jiang Y, Zou F, Liu Y, Wang S, Xu N, Xu W, Cui 20. 
C, Xing Y. Activation of PI3K/Akt pathway by CD133-p85 
interaction promotes tumorigenic capacity of glioma stem 
cells. Proc Natl Acad Sci USA 2013;110:6829–34.
Jiang H, Shang X, Wu H, Gautam SC, Al-Holou S, Li C, 21. 
Kuo J, Zhang L, Chopp M. Resveratrol downregulates PI3K/
Akt/mTOR signaling pathways in human U251 glioma cells. 
J Exp Ther Oncol. 2009;8:25–33.
Kim D, Kim S, Koh H, Yoon SO, Chung AS, Cho KS, Chung 22. 
J. Akt/PKB promotes cancer cell invasion via increased 
motility and metalloproteinase production. FASEB J. 2001; 
15:1953–62.
Yuan D, Xia H, Zhang Y, Chen L, Leng W, Chen T, Chen 23. 
Q, Tang Q, Mo X, Liu M. P-Akt/miR-200 signaling regu-
lates epithelial-mesenchymal transition, migration and 
invasion in circulating gastric tumor cells. Int J Oncol. 
2014;45:2430–8.
Yoeli-Lerner M, Yiu GK, Rabinovitz I, Erhardt P, Jauliac 24. 
S, Toker A. Akt blocks breast cancer cell motility and 
invasion through the transcription factor NFAT. Mol Cell 
2005;20:539–50.
Netland IA, Førde HE, Sleire L, Leiss L, Rahman MA, 25. 
Skeie BS, Miletic H, Enger PØ, Goplen D. Treatment with 
the PI3K inhibitor buparlisib (NVP-BKM120) suppresses 
the growth of established patient-derived GBM xeno-
grafts and prolongs survival in nude rats. J Neuro-oncol. 
2016;129:57–66.




