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Overexpression of Protease Serine 8 Inhibits Glioma Cell Proliferation, 
Migration, and Invasion via Suppressing the Akt/mTOR Signaling Pathway
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Protease serine 8 (PRSS8), a serine peptidase, has a widespread expression in normal epidermal cells. Recently, 
many researchers demonstrated downregulation of PRSS8 in cancer tissues as well as its tumor suppressor role 
in cancer development. However, the biological functions of PRSS8 in glioma remain unclear. In the current 
study, we demonstrated a decreased expression of PRSS8 in glioma tissues and cell lines. PRSS8 upregulation 
inhibited glioma cell proliferation, migration, and invasion. In addition, xenograft experiments showed that 
PRSS8 overexpression suppressed glioma cell growth in vivo. We also found that upregulated PRSS8 reduced 
the protein expression levels of p-Akt and p-mTOR in glioma cells. Taken together, our study demonstrated that 
overexpression of PRSS8 inhibited glioma cell proliferation, migration, and invasion via suppressing the Akt/
mTOR signaling pathway. Therefore, PRSS8 may act as a novel therapeutic target for glioma.
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INTRODUCTION

Glioma, a common and lethal brain tumor, accounts 
for almost 70% of malignant tumors in the central nervous 
system1–3. In accordance with the WHO classification sys-
tem, glioma is divided into different types, among which 
glioblastoma multiforme (GBM) is classified as grade IV 
and is the most aggressive form4,5. Patients with GBM 
have a low survival rate, and their median survival is only 
about 15 months6–9. Despite the advancement in therapeutic 
approaches, including surgery, chemotherapy, and radio-
therapy, the situation of patients with high-grade glioma is 
not improving due to drug resistance, metastasis, and recur-
rence10–12. Thus, it is essential to identify new biomarkers 
specific to glioma stages and to improve the understanding 
of the mechanisms underlying glioma development, which 
may help to make therapies more effective.

Protease serine 8 (PRSS8), a trypsin-like serine pep-
tidase, is known as prostasin13–15. It was first identified 
in 1994 by Yu et al., who separated it from seminal fluid 
and found its localization in prostatic ducts13. There have 
been studies demonstrating that PRSS8 abundantly exists 
in normal epidermal cells and plays an important role in 
terminal epithelial differentiation16,17. In addition, PRSS8 
was found to be expressed in tissues such as kidney, bron-
chi, lung, colon, and liver, showing its role in other bio-
logical processes13. Recently, some researchers found a 

downregulation of PRSS8 in cancer tissues and its tumor 
suppressor role in various cancers18–22. However, other 
researchers suggested a contrary role for PRSS8 in can-
cer progression23,24. Despite the extensive study of PRSS8 
in cancers, the biological functions of PRSS8 in glioma 
remain unclear.

The present study investigated the expression pattern 
and biological significance of PRSS8 in glioma. The study 
results showed that PRSS8 was downregulated in glioma 
tissues and cell lines. The in vitro experiments indicated 
that PRSS8 upregulation inhibited glioma cell prolifera-
tion, migration, and invasion. The xenograft experiments 
showed that PRSS8 overexpression suppressed glioma 
cell growth in vivo. We also demonstrated that PRSS8 
exerted its inhibitory effect on glioma cells through sup-
pressing the Akt/mTOR signaling pathway.

MATERIALS AND METHODS

Tissue Samples

The study was performed with the approval of the ethics 
committee of Huai’an First People’s Hospital (P.R. China). 
Twenty pairs of glioma samples and normal brain tissues 
were acquired from patients who were hospitalized in the 
Huai’an First People’s Hospital and participated in the 
study with informed consent. No patients received radio-
therapy or chemotherapy before surgery. Tissues samples 
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were collected, frozen in liquid nitrogen, and stored at 
−80°C before use.

Cell Lines and Cell Culture

Human glioma cell lines T98G and HS683 as well 
as normal human astrocytes NHA were purchased from  
the Cell Bank of the Shanghai Branch of Chinese Acad-
emy of Sciences (Shanghai, P.R. China). Cell lines were 
cultured at 37°C in a humidified atmosphere of 5% 
CO2 in Dulbecco’s modified Eagle’s medium (DMEM; 
Sigma-Aldrich, St. Louis, MO, USA) supplemented with 
100 mg/ml streptomycin, 100 U/ml penicillin, and 10% 
fetal bovine serum (FBS; Sigma-Aldrich).

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was 
used for RNA isolation from tissue samples or cultured 
cells, PrimeScript™ RT Reagent Kit (TakaRa, Dalian, 
P.R. China) for cDNA synthesis, and SYBR Green II 
PCR Kit (TakaRa) for RT-PCR. Reaction conditions were 
95°C for 10 min, 45 cycles of 95°C for 15 s, 55°C for 
15 s, and 72°C for 10 s. The primers used were as follows: 
PRSS8, 5¢-AGAGGACATGGTGTGTGCTG-3¢ (sense) 
and 5¢-GAGGCTGGAGTTCTGTCACC-3¢ (antisense); 
GAPDH, 5¢-GTCAAGGCTGAGAACGGGAA-3¢ (sense)  
and 5¢-AAATGAGCCCCAGCCTTCTC-3¢ (antisense). 
The relative changes in the mRNA expression of PRSS8 
were normalized to the expression level of GAPDH and 
calculated through the 2−DDCT method25.

Western Blot

Total protein was extracted from tissues or cells 
using RIPA buffer. Protein samples were separated with 
10% SDS-PAGE and transferred to PVDF membranes 
(Millipore, Billerica, MA, USA). The membranes were 
incubated at 4°C overnight with primary antibodies 
against PRSS8, p-Akt, Akt, p-mTOR, mTOR, or GAPDH 
(Invitrogen). After washing three times with TBST, the 
membranes were incubated for 1 h with HRP-conjugated 
secondary antibodies (Invitrogen). The protein was visu-
alized using enhanced chemiluminescence (GE Health-
care, Milwaukee, WI, USA). Protein expression levels 
were normalized with GAPDH and quantified via ImageJ 
software.

Plasmid Constructs and Transfection

The PRSS8 expression plasmid (pcDNA3.1-PRSS8) 
was obtained from Life Technologies (Grand Island, NY, 
USA). Cells were transfected with pcDNA3.1-PRSS8 
or pcDNA3.1 (empty vector) using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s instructions. 
Forty-eight hours later, Western blot analysis was per-
formed to confirm the transfection efficiency.

MTT Assay

The MTT assay was carried out to measure cell pro-
liferation. In brief, cells were cultured in 96-well plates 
for 24 h at a density of 1 ́  103 cells/well. MTT (20 µl; 
5 mg/ml) was added to each well, and cells were fur-
ther cultured for 4 h. The medium was then discarded, 
and 100 µl of DMSO (Sigma-Aldrich) was added. The 
absorbance was measured with a microplate reader at a 
wavelength of 570 nm.

Colony Formation Assay

Cells were seeded into six-well plates at a density of 
500 cells per well. After culturing for 2 weeks, cells were 
fixed with 4% paraformaldehyde for 10 min and then 
stained with 0.1% crystal violet for 20 min. Subsequent 
to washing with PBS (Sigma-Aldrich), plates were air 
dried. The number of stained colonies containing 50 cells 
or more was counted under a microscope.

Transwell Assay

Transwell chambers (Corning Inc., Tewksbury, MA, 
USA) were used to measure cell migration and invasion. 
For the migration assay, cells were suspended in serum-
free DMEM and added to the upper chamber at a density 
of 2 ́  104 cells/well. DMEM containing 10% FBS was 
added to the bottom chamber. After cells were cultured 
for 24 h at 37°C, nonmigrating cells were removed with 
cotton wool, and cells that migrated were fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet. 
The number of migrating cells was counted under a light 
microscope. The invasion assay was performed according 
to the above procedure, except that Transwell membranes 
were precoated with Matrigel.

In Vivo Tumorigenicity Assay

Female BALB/c mice (4 to 5 weeks old) were obtained  
from the Experiment Animal Center of Nanjing Med-
ical University (P.R. China). Mice were kept under spe-
cific pathogen-free (SPF) conditions and used for studies 
with the approval of the Institutional Animal Care and 
Use Committee of Huai’an First People’s Hospital. All 
mice were divided into two groups, and each group 
contained eight mice. For the in vivo tumorigenicity 
assay, 2 ́  105 T98G cells (transfected with indicated 
plasmids) were subcutaneously injected into the right 
flank of nude mice. The tumor volume was measured 
every week with a vernier caliper. Five weeks later, 
mice were euthanized, and tumor tissues were stripped  
and weighed.

Statistical Analysis

Data are presented as means ± standard deviation 
(SD). Statistical analysis was performed using SPSS 13.0 
and GraphPad Prism 4.0 software. Comparisons between 
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different groups were made using Student’s t-test. A value 
of p < 0.05 indicated significant difference.

RESULTS

PRSS8 Was Expressed in Low Amounts in Glioma 
Tissues and Cell Lines

In order to evaluate the role of PRSS8 in glioma, we 
performed RT-PCR and Western blot assays to measure 
the expression of PRSS8 in glioma tissues and cell lines. 
The results indicated that PRSS8 was expressed in low 
amounts in glioma tissues compared with corresponding 
normal tissues (Fig. 1A and B). PRSS8 showed a lower 

expression in T98G and HS683 cells than in the NHA 
cells at both mRNA and protein levels (Fig. 1C and D).

PRSS8 Overexpression Inhibited In Vitro Proliferation 
of Glioma Cells

To investigate the role of PRSS8 in glioma cell growth, 
PRSS8 expression plasmids were transfected into glioma 
cells. The Western blot analysis was performed to confirm 
upregulated PRSS8 in T98G and HS683 cells (Fig. 2A 
and B). The effect of PRSS8 on the proliferation of T98G 
and HS683 cells was assessed by MTT and colony for-
mation assays. The MTT assay showed that PRSS8 over-
expression significantly inhibited the proliferation of 

Figure 1. PRSS8 was expressed in low amounts in glioma tissues and cell lines. (A, B) RT-PCR and Western blot analysis of PRSS8 
expression in glioma tissues compared with normal tissues (n = 20). (C, D) The mRNA and protein expression levels of PRSS8 were 
decreased in T98G and HS683 cells in comparison with the NHA cells. *p < 0.05.
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Figure 2. PRSS8 overexpression inhibited in vitro proliferation of glioma cells. (A, B) The Western blot analysis was used to detect 
the expression of PRSS8 in T98G and HS683 cells after transfection with pcDNA3.1-PRSS8 or empty vector. (C, D) PRSS8 over-
expression markedly inhibited the proliferation of T98G and HS683 cells. (E, F) PRSS8 overexpression obviously reduced the number 
of colonies formed by T98G and HS683 cells. *p < 0.05.
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T98G and HS683 cells (Fig. 2C and D). Consistently, the  
colony formation in T98G and HS683 cells was also inhib-
ited by PRSS8 overexpression (Fig. 2E and F).

PRSS8 Overexpression Inhibited In Vitro Migration 
and Invasion of Glioma Cells

The Transwell assay was performed to investigate the 
role of PRSS8 in the migration and invasion of glioma 
cells. PRSS8 overexpression significantly inhibited the 
migration and invasion of T98G cells after 24 h of cultur-
ing (Fig. 3A and B). The migratory and invasive abili-
ties of HS683 cells were similarly suppressed by PRSS8 
overexpression (Fig. 3C and D).

PRSS8 Overexpression Inhibited Glioma Development 
via Suppressing Akt/mTOR Signaling

There is evidence demonstrating the connection between 
PRSS8 and the Akt signaling in cancer progression26. 

Moreover, numerous studies have found the important 
role of Akt signaling in the development of various can-
cers, including glioma27,28. Based on the above findings, 
we supposed that PRSS8 might affect glioma development 
by regulating the Akt signaling. Therefore, we investigated  
the status of Akt and its downstream molecule mTOR. 
PRSS8 overexpression reduced the protein expression 
levels of p-Akt and p-mTOR in glioma cells, indicating 
decreased Akt signaling activity (Fig. 4A). In addition, 
we treated PRSS8-transfected T98G cells with 100 nM 
rapamycin (mTOR inhibitor) and found that treatment 
with rapamycin augmented PRSS8-suppressed glioma 
cell proliferation (Fig. 4B) and invasion (Fig. 4C).

PRSS8 Overexpression Inhibited In Vivo  
Growth of Glioma Cells

We confirmed the effect of PRSS8 on glioma growth 
in vivo. T98G cells transfected with PRSS8 expression 

Figure 3. PRSS8 overexpression inhibited in vitro migration and invasion of glioma cells. (A, B) PRSS8 overexpression significantly 
inhibited the migration and invasion of T98G cells compared with the control cells. (C, D) PRSS8 overexpression remarkably inhibited 
the migration and invasion of HS683 cells compared with the control cells. *p < 0.05.



928 YANG ET AL.

plasmid or empty vector were subcutaneously injected 
into nude mice. The tumor volume was measured every 
week. The tumor growth curves showed that PRSS8 over-
expression significantly reduced tumor growth in com-
parison with the control group (Fig. 5A). Furthermore, 
the weight of tumors formed by PRSS8-transfected T98G 
cells was smaller than that of tumors formed by the con-
trol cells (Fig. 5B).

DISCUSSION

With high morbidity, glioma features high mortality 
and the prognosis of glioma patients remains dismal. To 
improve the poor outcome of glioma patients, novel and 
effective therapeutic approaches are desperately needed.

PRSS8, a serine peptidase, has a widespread expres-
sion in normal epidermal cells. Recently, many researchers 
demonstrated a decreased expression of PRSS8 in can-
cer tissues as well as its tumor suppressor role in can-
cer development. For instance, Bao et al. suggested that 
PRSS8 was downregulated in colorectal cancer and acted 
as a tumor suppressor during the progression of colorectal 
cancer26. In our study, we similarly found that PRSS8 was 
expressed in glioma tissues and cell lines at a low level. 
Furthermore, PRSS8 upregulation inhibited glioma cell 
proliferation, migration, and invasion in vitro. We also 
performed xenograft experiments in nude mice and found 
that PRSS8 overexpression suppressed glioma growth 
in vivo. All these findings were consistent with previ-
ous studies that supported the role of PRSS8 as a tumor 
suppressor. Unlike us, Tamir et al. reported upregulation 
of PRSS8 in ovarian cancer and suggested PRSS8 to be 
a potential biomarker for the early detection of ovarian 
cancer29. In addition, PRSS8 was found to have a high 
expression in bladder cancer. These results were contrary 
to ours and revealed the relation of PRSS8 to the mecha-
nisms of tumor promotion. In combination with all these 
observations, we inferred that PRSS8 exerted different 
functions, depending on cancer type.

We also explored the mechanism underlying the inhibi-
tory effect of PRSS8 on glioma development. Considering 
that PRSS8 was found to regulate Akt signaling in order 
to effect functions in colorectal cancer and that Akt sig-
naling was reported to be involved in the progression 

FACING COLUMN
Figure 4. PRSS8 overexpression inhibited glioma development 
via suppressing the Akt/mTOR signaling. (A) Protein expres-
sion levels of p-Akt, Akt, p-mTOR, and mTOR, as determined 
by Western blot analysis, in T98G cells transfected with PRSS8 
expression plasmid or empty vector. (B, C) Transfected T98G 
cells were treated with 100 nM mTOR inhibitor rapamycin for 
24 h. The MTT and Transwell assays were performed to mea-
sure cell proliferation and invasion respectively. *p < 0.05.
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of diverse cancers including glioma, we chose, among 
multiple signaling pathways, Akt signaling as a research 
objective. Akt plays a crucial role in a number of cellular 
processes such as cell proliferation and migration30,31. In 
addition, Akt is capable of phosphorylating and activat-
ing mTOR, whose dysregulation has been reported in 
many cancers32,33. Plenty of studies have found that the 
Akt/mTOR signaling pathway is frequently activated 
and subsequently influences 30% to 50% of cancers27. 

In a previous study, liver cancer cell proliferation and 
migration were attenuated after suppression of the Akt/
mTOR signaling pathway34. This result was similar to 
that obtained by Zhang et al., who found that targeting 
the Akt/mTOR signaling pathway blocked the develop-
ment of breast cancer35. These studies demonstrated the 
important role of the Akt/mTOR signaling pathway in 
cancer progression. In this study, we examined the status 
of Akt and mTOR, aiming to observe the effect of PRSS8 
on the activity of Akt signaling. The Western blot analysis 
showed that the protein expression levels of p-Akt and 
p-mTOR in glioma cells were significantly decreased by 
PRSS8 overexpression, indicating inhibited Akt signal-
ing activity. Moreover, treatment with rapamycin (mTOR 
inhibitor) augmented PRSS8-suppressed glioma cell pro-
liferation and invasion. All these findings suggest that 
PRSS8 inhibits the glioma development via, at least in 
part, suppressing the Akt/mTOR signaling pathway. The 
additional effects exerted by rapamycin together with 
PRSS8 overe xpression indicated the involvement of other 
signaling pathways on the effect of PRSS8. Therefore, we 
need to perform further studies.

In conclusion, the current study demonstrated a 
decreased expression of PRSS8 in glioma tissues and cell 
lines. PRSS8 upregulation inhibited glioma cell prolif-
eration, migration, and invasion. In addition, the xeno-
graft experiments showed that PRSS8 overexpression 
suppressed glioma cell growth in vivo. We also found that 
upregulated PRSS8 reduced the protein expression levels 
of p-Akt and p-mTOR. Taken together, we suggest PRSS8 
as a novel therapeutic target for glioma.

ACKNOWLEDGMENT: The study was supported by the 
Science and Technology Development Foundation of Huai’an  
to Dr. L.S. Ding (China, No.  HAS2015018). The authors declare 
no conflicts of interest.

REFERENCES
Armstrong TS, Wen PY, Gilbert MR, Schiff D. Management  1. 
of treatment-associated toxicites of anti-angiogenic ther-
apy in patients with brain tumors. Neuro Oncol. 2012;14: 
1203–14.
Cai JJ, Qi ZX, Hua W, Zhu JJ, Zhang X, Yao Y, Mao Y.  2. 
Increased expression of Capn4 is associated with the 
malignancy of human glioma. CNS Neurosci Ther. 2014; 
20:521–7.
Yang T, Kong B, Kuang YQ, Cheng L, Gu JW, Zhang  3. 
JH, Shu HF, Yu SX, He WQ, Xing XM. Overexpression 
of MACC1 protein and its clinical implications in patients 
with glioma. Tumor Biol. 2014;35:815–9.
Ohgaki H, Kleihues P. Genetic pathways to primary and  4. 
secondary glioblastomas. Am J Pathol. 2007;170:1445–53.
Wen PY, Kesari S. Malignant gliomas in adults. N Engl J  5. 
Med. 2008;359:492–507.
Davis FG, Freels S, Grutsch J, Barlas S, Brem S. Survival  6. 
rates in patients with primary malignant brain tumors strati-
fied by patient age and tumor histological type: An analysis 

Figure 5. PRSS8 overexpression inhibited in vivo growth of 
glioma cells. (A) Tumor growth curves were established by 
measuring tumor volume every week after injection of T98G 
cells transfected with PRSS8 expression plasmid or empty vec-
tor. (B) Histograms showed the weight of tumors formed by 
PRSS8-transfected T98G cells and the control cells. *p < 0.05.



930 YANG ET AL.

based on Surveillance, Epidemiology, and End Results 
(SEER) data, 1973-1991. J Neurosurg. 1998;88:1–10.
Penas-Prado M, Gilbert MR. Molecularly targeted therapies  7. 
for malignant gliomas: Advances and challenges. Expert  
Rev Anti Infect Ther. 2007;7:641–61.
Van dBM, Chinot OL, Cairncross JG. Recent developments  8. 
in the molecular characterization and treatment of oligo-
dendroglial tumors. Neuro Oncol. 2003;5:128–38.
Kalpathycramer J, Gerstner ER, Emblem KE, Andronesi  9. 
OC, Rosen B. Advanced magnetic resonance imaging of 
the physical processes in human glioblastoma. Cancer Res. 
2014;74:4622–37.
Mittal S, Pradhan S, Srivastava T. Recent advances in 10. 
targeted therapy for glioblastoma. Expert Rev Neurother. 
2015:935–46.
Ellingson BM, Cloughesy TF, Zaw T, Lai A, Nghiemphu 11. 
PL, Harris R, Lalezari S, Wagle N, Naeini KM, Carrillo 
J. Functional diffusion maps (fDMs) evaluated before and 
after radiochemotherapy predict progression-free and over-
all survival in newly diagnosed glioblastoma. Neuro Oncol. 
2012;14:333–43.
Babu R, Kranz PG, Agarwal V, Mclendon RE, Thomas S, 12. 
Friedman AH, Bigner DD, Adamson C. Malignant brain-
stem gliomas in adults: Clinicopathological characteristics 
and prognostic factors. J Neurooncol. 2014;119:177–85.
Yu JX, Chao L, Chao J. Prostasin is a novel human ser-13. 
ine proteinase from seminal fluid. Purification, tissue dis-
tribution, and localization in prostate gland. J Biol Chem. 
1994;269:18843–8.
Hooper JD, Bowen N, Marshall H, Cullen LM, Sood R, 14. 
Daniels R, Stuttgen MA, Normyle JF, Higgs DR, Kastner 
DL. Localization, expression and genomic structure of the 
gene encoding the human serine protease testisin. Biochim 
Biophys Acta 2000;1492:63–71.
Yu JX, Chao L, Ward DC, Chao J. Structure and chromo-15. 
somal localization of the human prostasin (PRSS8) gene. 
Genomics 1996;32:334–40.
Leyvraz C, Charles RP, Rubera I, Guitard M, Rotman S, 16. 
Breiden B, Sandhoff K, Hummler E. The epidermal barrier 
function is dependent on the serine protease CAP1/Prss8. 
J Cell Biol. 2005;170:487–96.
List K, Hobson JP, Molinolo A, Bugge TH. Co-localization 17. 
of the channel activating protease prostasin/(CAP1/PRSS8) 
with its candidate activator, matriptase. J Cell Physiol. 2007; 
213:237–45.
Chen LM, Zhang X, Chai KX. Regulation of prostasin 18. 
expression and function in the prostate. Prostate 2004; 
59:1–12.
Takahashi S, Suzuki S, Inaguma S, Ikeda Y, Cho YM, 19. 
Hayashi N, Inoue T, Sugimura Y, Nishiyama N, Fujita T. 
Downregulated expression of prostasin in high-grade or 
hormone-refractory human prostate cancers. Prostate 2003; 
54:187–93.
Chen LM, Chai KX. Prostasin serine protease inhibits 20. 
breast cancer invasiveness and is transcriptionally regu-
lated by promoter DNA methylation. Int J Cancer 2002;97: 
323–9.

Chen LM, Verity NJ, Chai KX. Loss of prostasin (PRSS8) 21. 
in human bladder transitional cell carcinoma cell lines is 
associated with epithelial-mesenchymal transition (EMT). 
BMC Cancer 2009;9:377.
Sakashita K, Mimori K, Tanaka F, Tahara K, Inoue H, 22. 
Sawada T, Ohira M, Hirakawa K, Mori M. Clinical signifi-
cance of low expression of prostasin mRNA in human gas-
tric cancer. J Surg Oncol. 2008;98:559–64.
Sarojini S, Tamir A, Lim H, Li S, Zhang S, Goy A, Pecora 23. 
A, Suh KS. Early detection biomarkers for ovarian cancer. 
J Oncol. 2011;2012:709049.
Mok SC, Chao J, Skates S, Wong K, Yiu GK, Muto MG, 24. 
Berkowitz RS, Cramer DW. Prostasin, a potential serum 
marker for ovarian cancer: Identification through micro-
array technology. J Natl Cancer Inst. 2001;93:1458–64.
Brand TM, Iida M, Luthar N, Starr MM, Huppert EJ, 25. 
Wheeler DL. Nuclear EGFR as a molecular target in can-
cer. Radiother Oncol. 2013;108:370–7.
Bao Y, Kai L, Guo Y, Qian W, Li Z, Yang Y, Chen Z, Wang J, 26. 
Zhao W, Zhang H. Tumor suppressor PRSS8 targets Sphk1/
S1P/Stat3/Akt signaling in colorectal cancer. Oncotarget 
2014;7:26780–92.
Samuels Y, Wang Z, Bardelli A, Silliman N, Ptak J, Szabo 27. 
S, Yan H, Gazdar A, Powell SM, Riggins GJ. High fre-
quency of mutations of the PIK3CA gene in human can-
cers. Science 2004;304:554.
Wang G, Liu M, Wang H, Shan Y, Jiang Z, Sun J, Ke H, Jia 28. 
S, Zhu M, Lin Z. Centrosomal protein of 55 regulates glucose 
metabolism, proliferation and apoptosis of glioma cells via 
the akt/mTOR signaling pathway. J Cancer 2016;7:1431–40.
Tamir A, Gangadharan A, Balwani S, Tanaka T, Patel U, 29. 
Hassan A, Benke S, Agas A, D’Agostino J, Shin D. The 
serine protease prostasin (PRSS8) is a potential biomarker 
for early detection of ovarian cancer. J Ovarian Res. 2016; 
9:1–13.
Yap TA, Garrett MD, Walton MI, Raynaud F, de Bono JS, 30. 
Workman P. Targeting the PI3K-AKT-mTOR pathway: 
Progress, pitfalls, and promises. Curr Opin Pharmacol. 2008; 
8:393–412.
Manning BD, Cantley LC. AKT/PKB signaling: Navigating 31. 
downstream. Cell 2007;129:1261–74.
Korets SB, Czok S, Blank SV, Curtin JP, Schneider RJ. 32. 
Targeting the mTOR/4E-BP pathway in endometrial can-
cer. Clin Cancer Res. 2011;17:7518–28.
Kremer CL, Klein RR, Mendelson J, Browne W, 33. 
Samadzedeh LK, Vanpatten K, Highstrom L, Pestano 
GA, Nagle RB. Expression of mTOR signaling pathway 
markers in prostate cancer progression. Prostate 2006; 
66:1203–12.
Tang H, Li RP, Liang P, Zhou YL, Wang GW. miR-125a 34. 
inhibits the migration and invasion of liver cancer cells via 
suppression of the PI3K/AKT/mTOR signaling pathway. 
Oncol Lett. 2015;10:681–6.
Zhang Y, Zhang HE, Liu Z. MicroRNA-147 suppresses 35. 
proliferation, invasion and migration through the AKT/
mTOR signaling pathway in breast cancer. Oncol Lett. 
2016;11:405–10.




