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Abstract 
Purpose: To determine the role of embryonal transcription factor OCT4 in cisplatin treatment of 
testicular embryonal carcinoma. 
Methods: In vitro assays were employed to assess the effect of cisplatin treatment on testicular 
embryonal carcinoma cell lines under OCT4 silencing. Following treatment with 500 ng/μL cisplatin, 
MTT assay was used to examine cell proliferation of 2012-EP and 833K-E cells with or without OCT 
silencing, while wound healing assay was used to examine cell migration ability. Transwell assay and 
crystal violet staining were employed to measure cell invasive capacity, whereas the distribution pattern 
of cell cycle was assessed by flow cytometry. The expression levels of several critical components in 
tumorigenicity related pathways with or without OCT silencing were determined by Western-blot 
analysis. 
Results: Cisplatin enhanced OCT4-silenced cell viability at all concentration (p < 0.01) when compared 
to control cells. Upon treatment with 500 ng/μL cisplatin, OCT4-silenced cells showed 2- to 3-fold 
enhancement in cell proliferation (p < 0.001), 2-fold increase in cell migration capacity (p < 0.001), and 
about 1.5-fold enhancement in invasive capacity (p < 0.001) when compared to control cells. In addition, 
OCT4 silencing upregulated the expression level of the proteins involved in cell proliferation, cell 
mobility, cancer metastasis and cell cycle control.  
Conclusion: The results suggest that OCT4 may serve as a therapeutic target for testicular embryonal 
carcinoma treatment in combination with cisplatin by modulating OCT4 expression level. This 
physiological evidence indicates that OCT4 downregulation contributes to cisplatin resistance in 
chemotherapy and subsequent disease relapse. 
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INTRODUCTION 
 
Testicular cancer is the foremost causal factor for 
cancer-related mortality in adolescents and men 
aged 15 to 40 years worldwide [1,2], and 

extensive effort has been devoted to developing 
the most effective therapeutics [1]. Currently, 
cisplatin-based chemotherapy combined with 
surgical resection (if feasible) is the most 
common strategy for treating testicular 
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embryonal carcinoma [3]. Although this strategy 
achieves high cure rates, many patients show 
resistance to cisplatin-based chemotherapy, 
which results in very poor prognosis [4,5]. 
 
The OCT4 gene is an important embryonal 
transcription factor that functions in stem cell 
pluripotency maintenance, and the expression 
level of OCT4 is precisely regulated [6]. The 
expression of OCT4 is a characteristic feature of 
testicular germ cell tumors. It has been found 
that OCT4 downregulation is involved in cisplatin 
resistance of testicular embryonal carcinoma 
[4,7]. Treatment of testicular embryonal 
carcinoma cells with cisplatin [8] or hypoxia [9] 
can result in OCT4 downregulation. 
Downregulation of OCT4 reduces the levels of 
Noxa, Puma, and microRNAs (e.g., 
miR17/106b), and increases the level of the 
cyclin-dependent kinase inhibitor p21 [10]. This 
reduces apoptosis in testicular embryonal 
carcinoma. Using immunohistochemistry, Mueller 
et al [4] did not observe any OCT4 expression in 
the residual cancer cells after cisplatin-based 
chemotherapy. Therefore, cancer cells lacking 
OCT4 or with low OCT4 expression levels may 
be the cause of cisplatin resistance and may be 
responsible for cisplatin-resistant tumor growth 
after relapse. However, the contribution and 
detailed molecular mechanism of OCT4 function 
in cisplatin resistance has not been fully 
determined [5]. The aim of this study, is to 
establish the relationship, if any, between OCT4 
and cisplatin treatment in testicular carcinoma 
cell lines using in vitro assays. The results 
expected may throw some light on the molecular 
mechanisms underlying cisplatin resistance in 
chemotherapy. 
 
EXPERIMENTAL 
 
Cell culture and transfection 
 
Human testicular germ tumor cell lines (2102EP, 
833K-E, GCT 27, GCT 35, and GCT 48, Sigma-
Aldrich, USA) were maintained in DMEM medium 
(Sigma, St. Louis, USA) with 10 % fetal bovine 
serum (Hyclone, Utah, USA) at 37 °C in a 
humidified atmosphere of 95 % O2 and 5 % CO2. 
Cells were grown to 80  90 % confluence, and 
then subjected to hypoxia conditions with about 
0.1 % O2 and 5 % CO2 in serum starvation 
medium (1 % FBS) for 4 hours. Then, the cells 
were reoxygenated by gassing with 95 % O2 and 
5 % CO2 for 5 min. 
 
Small interfering RNAs (siRNA) against OCT4 
were purchased from Genecopoeia (Guangzhou, 
China). For transfection, 1  105 cells per well 
were seeded in 6-well plates. Cells were then 

transfected via Lipofectamine 2000 (Invitrogen, 
USA). 
 
RT-PCR 
 
Total RNA was extracted from human testicular 
germ tumor cell lines using TRIzol (Invitrogen, 
CA) and a Ribolyser cell disruptor (Qbio, 
Carlsbad, CA). First-strand cDNA was 
synthesized from total RNA using a Reverse 
Transcription System kit (Promega, Madison, 
WI), and then diluted. The PCR program was as 
follows: 94 °C for 10 min followed by 40 cycles of 
95 °C for 15 sec and 60 °C for 60 sec. The 
resulting cDNA was then subjected to real-time 
PCR amplification with SYBR Green using a 
StepOne Plus Real-Time PCR system (Applied 
Biosystems, NY). The following primers were 
used:  
 
OCT4-forward, 5′-
TGGTCCGAGTGTGGTTCTGTAA-3′;  
OCT4-reverse, 5′-
TGTGCATAGTCGCTGCTTGAT-3′. 
 
Western blot analysis 
 
Protein samples were prepared from testicular 
embryonal carcinoma cells with RIPA buffer. 
SDS-PAGE gels (4 - 20 %) were adapted for 
isolating proteins via electrophoresis, and the 
products were transferred to PVDF membranes. 
The membranes were blocked with 5 % non-fat 
milk/TBST, and then incubated with primary 
antibodies at 4 °C overnight. Membranes were 
then washed and incubated with secondary 
antibody (1 : 5, 000) for 1 hour, then the protein 
signals on the membranes were detected using 
enhanced chemiluminescence system. The 
primary antibodies used are as follows: anti-
GAPDH, anti-OCT4, anti-β-catenin, anti-PCNA, 
anti-CDK1, anti-MMP-2, anti-MMP-9, anti-TCF, 
anti-NFAT, anti-BAX, anti-Bcl-2, and anti-
TWIST1. The primary antibodies were all 
purchased from Santa Cruz (CA, USA). The 
working dilution for the primary antibodies was 1 
: 1, 000 except for anti-GAPDH, which was 1 : 2, 
000. 
 
MTT assay and drug treatment 
 
Cell viability was tested with MTT assay. The 
2102EP and 833K-E cell lines were plated in 96-
well microtiter plates at 3  5  103 cells/well. 
Quintuplicate wells were prepared for each 
condition. At 48 h after transfection, cells were 
washed with PBS and incubated in MTT (1 g/L) 
containing medium for 4 h at 37 °C. Unconverted 
MTT was removed (MTT Cell Proliferation Assay 
Kit, BioVision, Inc.), and the optical density 
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values were measured using the ELISA 
Multiskan reader at 490 nm (Thermo Fisher 
Scientific). 
 
Drug sensitivity assays were conducted as 
described previously [11]. Exponentially growing 
2102EP and 833K-E cells were seeded at 40 - 
60 % confluence, and then transfected with 
OCT4 siRNA the next day. After 24 hours, the 
cells were reseeded at 3 – 5  103 cells/well and 
allowed to adhere overnight. The cells were 
treated with different concentrations of cisplatin 
(from 0 to 750 ng/μL) for an additional 72 h. 
Cisplatin sensitivity was measured with the MTT 
assay, and the IC50 of selected cells was 
determined after 24 h. 
 
Flow cytometry 
 
FACS was used to examine the cell cycle 
distribution. Cells were harvested and 
centrifuged at 500  g for 5 min at 4 °C, and the 
supernatant was aspirated overnight. Cells were 
collected, washed with PBS, incubated in PBS 
for 10 min at 37 °C, and stained with propidium 
iodide (PI) staining buffer (50 µL of PI and 2 µL 
of RNase A). The staining was measured using 
the imaging flow cytometer FlowSight (Amnis, 
EMD Millipore). 
 
Wound-healing and Transwell assays 
 
Cell migration was explored by performing a 
wound-healing assay as described previously 
[12]. The transwell assay was performed as 
described [13] to assess cell invasion. Cells in 
the lower wells of the transwell chambers were 
stained with 0.2 % crystal violet, followed by 
imaging and counting. 
 
Statistical analysis 
 
Experiments were repeated at least three times, 
and the results were displayed as mean  
standard deviation (SD). Statistical significance 
was determined with two-tailed Student’s t-test, 
Kaplan-Meier method, and log-rank test. 
Statistical analyses were performed with SPSS 
software v 16.0 (SPSS, Inc, Chicago, IL, USA) 
and GraphPad Prism 6.0 (CA, USA). 
Significance was defined as p < 0.05. 
 
RESULTS 
 
Expression levels of OCT4 in different 
testicular carcinoma cell lines 
 
As shown in Figure 1 A, different OCT4 protein 
expression levels were observed in different cell 
lines. From these cell lines, mRNAs were 

extracted and subjected to RT-PCR analysis 
using specific primers. Relative mRNA 
expression levels of OCT4 are shown in Figure 1 
B and C. These combined results indicated that 
2102EP and 833K-E displayed relatively high 
expression levels of OCT4. These cell lines were 
selected for further experiments. 
 

 
 
Figure 1: Expression level of OCT4 in different 
testicular carcinoma cell lines. 2102EP, 833K-E, GCT 
48, GCT 27, and GCT 35 testicular carcinoma cell 
lines were tested. (A) Whole cell lysates of indicated 
cell lines were subjected to SDS-PAGE and western 
blot analyses. Relative protein levels of OCT4 and 
GAPDH are shown. (B) The mRNAs of the cell lines 
were extracted and subjected to RT-PCR analysis with 
specific primers. Relative mRNA expression levels of 
OCT4 are shown 
 
OCT4 knockdown 
 
As shown in Figure 2, both protein level (Figure 2 
A) and mRNA level (Figure 2 B) of OCT4 were 
largely reduced in OCT4-silenced cells compared 
to control cells (p < 0.001). 
 
Cisplatin dosage  
 
The data for 24 h after treatment is shown as 
representative of the results (Figure 3 A to C). 
The results indicate that OCT4-silenced cells 
have greater viability after treatment with any of 
the tested concentrations of cisplatin compared 
to control cells (p < 0.01). The half-maximal 
inhibitory concentration of cisplatin were 
determined in OCT4-silenced cells and control 
cells. As shown in Figure 3 B & C, less cisplatin 
was needed for OCT4-silenced cells to achieve 
50 % cell viability when compared to the control 
group (p < 0.001). Therefore, the concentration 
of 500 ng/μL cisplatin was chosen for further 
study. 
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Figure 2: Knockdown of OCT4 in testicular embryonal carcinoma cells. (A) Whole cell lysates of siRNA-
transfected (si-OCT4) cells and non-transfected cells (control) of 2102EP and 833K-E were subjected to SDS-
PAGE and western blot analyses. Relative protein levels of OCT4 and GAPDH are shown. (B & C) The mRNA 
extracts of the indicated cells were prepared and subjected to RT-PCR analysis. Relative mRNA expression level 
of OCT4 is shown; ***p < 0.001 relative to the control group 

 
Figure 3: Determination of cisplatin dosage for in vitro assays. (A-B) The 2102EP or 833K-E cells with or without 
OCT4 silencing were treated with different concentrations of cisplatin. The apoptotic marker Apo2.7 was used to 
differentiate viable and apoptotic cells. Cell counting was carried out at 0, 24, 48, and 72 h after treatment. Data 
from the 24 h after treatment time point is shown as representative of the results. (C) The IC50 of cisplatin after 24 
h treatment was determined in the indicated cells; **p < 0.01 relative to the control group; ***p < 0.001 relative to 
the control group 
 

 
Figure 4: Tumor cell proliferation capacity under cisplatin treatment. (A & B) Cells were transfected with si-OCT4, 
and cell proliferation was measured with the MTT assay at 0, 24, 48, and 72 h after treatment with 500 ng/μL 
cisplatin; *** p < 0.001 relative to the control group 
 
OCT4 negatively regulated tumor cell 
proliferation under cisplatin treatment 
 
Cisplatin is an important and widely used 
chemotherapeutic drug for testicular tumors. To 
investigate the function of OCT4 in cisplatin 
treatment, several cancer-related processes 
were examined. First, cell proliferation in OCT4-
silenced cells treated with 500 ng/μL cisplatin 
was measured. As shown in Figure 4, in both 
2012-EP and 833K-E cell lines, silencing of 
OCT4 promoted cell proliferation (p < 0.001) 
under cisplatin treatment. This suggests that 
OCT4 expression is negatively correlated with 
cell proliferation. 
 

OCT4 negatively regulated tumor cell 
migration and cell invasion following 
cisplatin treatment 
 
Next, to assess the function of OCT4 in cell 
migration and cell invasion in response to 
treatment with 500 ng/μL cisplatin, and examine 
tumor cell migration, wound-healing assay was 
performed. As shown in Figure 5 A and B, 
wounds closed after 48 h in OCT4-silenced cells 
treated with cisplatin, whereas wounds remained 
open in control cells. 
 
To assess cell invasion, a transwell assay and 
used crystal violet staining to visualize invasive 
cells were performed. As shown in Figure 6A, 
OCT4-silenced cells treated with cisplatin had 
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more invasive cells than the control. The ratio of 
invasive cells in control versus OCT4-silenced 
cells (p < 0.001) is shown in Figure 6B. 
 

 
 
Figure 5: Tumor cell migration capacity under cisplatin 
treatment. (A) The 2102EP or 833K-E cells with or 
without OCT4 silencing were treated with 500 ng/μL 
cisplatin and subjected to the wound healing assay. 
Images of the wound regions were taken at 0, 24, and 
48 h. Representative images at 0 and 48 h are shown. 
(B) The wound opening was measured at 0, 24 and 48 
h was measured and plotted; ***p < 0.001 relative to 
the control group 
 

 
 
Figure 6: Tumor cell invasion capacity under cisplatin 
treatment. (A) The 2102EP or 833K-E cells with or 
without OCT4 silencing were treated with 500 ng/μL 
cisplatin and subjected to a transwell assay. Invaded 
cells were visualized with crystal violet staining. (B) 
The number of invaded cells was counted and plotted; 
***p < 0.001 relative to the control group 
 
OCT4 is required for G1/S cell cycle transition 
under cisplatin treatment 
 
To investigate whether OCT4 silencing altered 
the cell cycle of testicular embryonal carcinoma 
cells, flow cytometry was performed to examine 
the cell cycle distribution pattern of OCT4-
silenced and control cells treated with 500 ng/μL 
cisplatin. As shown in Figure 7, in OCT4 silenced 
cells, the cell population in OCT4-silenced cells 

increased in the G1 phase and declined in S 
phase, indicating a delay in the G1/S transition. 
These results suggest that OCT4 is required for 
the G1/S cell cycle transition in cells treated with 
cisplatin. 
 

 
 
Figure 7: Cell cycle analysis in 2102EP or 833K-E 
cells treated with cisplatin. (A to D) Cell cycle 
distribution was assessed using FACS. The number of 
cells at each cycle stage was calculated 
 
Expression level of β-catenin is positively 
correlated with that of OCT4 
 
As shown in Figure 8, both the protein (Figure 
8A) and mRNA (Figure 8B) levels of β-catenin 
were significantly reduced in OCT4-silenced cells 
(p < 0.001), indicating that β-catenin expression 
is positively correlated with OCT4 expression. 
 

 
 
Figure 8: Expression levels of β-catenin in 2102-EP 
and 833K-E cells with or without OCT4 silencing. (A) 
Whole cell lysates of the indicated cells were 
subjected to SDS-PAGE and western blot analyses. 
Relative protein levels of OCT4 and GAPDH are 
shown. (B & C) The mRNA extracts of the indicated 
cells were prepared and subjected to RT-PCR 
analysis. Relative mRNA expression levels of OCT4 
are shown; ***p < 0.001 relative to the control group 
 
Expression levels of critical components in 
tumorigenicity-related pathways negatively 
correlate with OCT4 expression 
 
The   protein   levels  of  critical   components  in  
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tumorigenicity-related pathways were determined 
by Western-blot analysis (Figure 9). Compared to 
the levels of the loading control GAPDH, the 
expression levels of PCNA, CDK1, MMP-2, 
MMP-9, TCF, and NFAT increased in OCT4-
silenced cells, whereas the expression levels of 
BAX, BCL-2, and TWIST1 remained unchanged. 
 

 
 
Figure 9: Expression levels of critical components in 
tumorigenicity related pathways negatively correlate 
with OCT4 expression. Levels of selected proteins in 
the indicated cells were assessed using western blot 
analysis 
 
DISCUSSION 
 
Up to 95 % of all primary testicular tumors are 
germ cell tumors, which are composed of 
seminoma and non-seminoma tumors. Testicular 
embryonal carcinoma is a non-seminoma tumor 
with an embryonic lineage [1]. Resistance of 
testicular germ cell tumors to cisplatin-based 
chemotherapy is responsible for the poor 
prognosis of the subgroup of patients bearing 
this kind of tumor. The expression level of OCT4 
has been closely related to cisplatin resistance of 
testicular germ cell tumors [4,7]. To define the 
effect of OCT4 expression in testicular germ cell 
tumors treated with cisplatin, tumorigenicity 
related characteristics in OCT4-silenced 
testicular embryonal carcinomas treated with 
cisplatin were examined. 
 
Consistent with previous findings [4], greater cell 
survival rate of the OCT4-silenced testicular 
embryonal carcinoma cells treated with all 
concentration of cisplatin was observed 
comparing to control cells. This indicates that 
OCT4-silenced cells display cisplatin resistance. 
We examined the tumorigenicity related 
characteristics of the OCT4-silenced cells treated 
with cisplatin, and observed enhancement of cell 
proliferation, cell migration, and cell invasion 
compared to controls. Taken together, these 

results provide physiological evidence that OCT4 
downregulation contributes to cisplatin resistance 
during chemotherapy and disease relapse. 
 
Activation of the Wnt/β-catenin signaling pathway 
is one of the most important and well-
investigated pathways in many tumor types, and 
β-catenin is responsible for the transcription 
initiation of various target genes [14]. OCT4 is a 
direct target of β-catenin/TCF-mediated 
transcription in undifferentiated embryonic stem 
cells [15]. The results showed that OCT4 
silencing reduced β-catenin expression levels, 
suggesting that a feedback loop might exist 
between these two proteins. However, a clear 
increase in TCF protein expression levels were 
subsequently examined. The β-catenin and TCF 
complex functions in initiating target gene 
transcription. Future studies should perform a 
detailed examination of β-catenin/TCF and other 
Wnt/β-catenin signaling pathway components 
(e.g., protein localization, stability, and 
posttranslational modification). 
 
The levels of several critical proteins involved in 
tumorigenicity related events were examined. 
Compared to control tumor cells, OCT4-silenced 
tumor cells had greater viability under cisplatin 
treatment, demonstrating an anti-apoptosis 
effect. In agreement, no changes in the levels of 
Bcl-2 and Bax proteins, which are critical 
regulatory factors in initiating apoptosis [16,17], 
were observed. PCNA participates in DNA 
replication and serves as a marker for cell 
proliferation [18]. PCNA expression levels 
increased in OCT4-silenced testicular tumor 
cells, consistent with enhanced cell proliferation. 
CDK1 is a cell cycle regulator, and abnormal 
CDK1 function is crucial tumorigenic events [19]. 
Accumulation of CDK1 is associated with cancer 
growth [20,21]. Enhanced protein levels of CDK1 
were consistently observed in OCT4-silenced 
cells, suggesting that these cells had enhanced 
cell proliferation comparing to control cells. MMP-
2 and MMP-9 are two matrix metalloproteinase 
family members. They function in breaking down 
the extracellular matrix and in cancer metastasis 
[22]. The NFAT is a transcription factor involved 
in breast cancer metastasis [23]. Enhanced 
levels of MMP-2, MMP-9, and NFAT proteins 
were detected, which is consistent with 
enhanced cell migration and invasion in OCT4-
silenced cells treated with cisplatin. The level of 
TWIST1 (a zinc finger transcription factor 
involved in different phases of tumorigenicity) 
was examined because TWIST was reported to 
have a critical role in lung cancer cell 
chemoresistance to cisplatin [24]. However, the 
level of TWIST1 protein remained unchanged in 
OCT4-silenced testicular embryonal carcinoma 
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cells compared to control cells, which suggested 
that cisplatin resistance in OCT4-silenced cells 
was unrelated to TWIST1. The expression levels 
of the above-mentioned proteins also should be 
examined under cisplatin treatment. 
 
CONCLUSION 
 
It is here proposed that OCT4 may serve as a 
therapeutic target for the treatment of testicular 
embryonal carcinoma in a combination therapy 
with cisplatin by modulating OCT4 expression 
level. 
 
DECLARATIONS 
 
Acknowledgement 
 
This work was funded as part of a project titled 
‘Construction of Overexpression OCT4 Gene 
Mouse Model and Its Role in Testicular Injury’ 
(grant no. Y20170191). 
 
Conflict of interest 
 
The authors declare that there is no conflict of 
interest associated with this work. 
 
Contribution of authors 
 
We declare that this work was done by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. Aihua Zhang 
and Aiwu Li designed all the experiments and 
revised the paper. Qin Le, Jie Lin, Xiaoxiao Xie 
and Xiangbo Yu performed the experiments, Qin 
Le, Jie Lin, Yang Cai and Yangping Shentu wrote 
the paper. Qin Le and Jie Lin contributed equally 
to the work. 
 
REFERENCES 
 
1. Winter C, Albers P. Testicular germ cell tumors: 

pathogenesis, diagnosis and treatment. Nat Rev 
Endocrinol 2011; 7: 43-53.  

2. Eble JN, Sauter G, Epstein JI, Sesterhenn IA (Eds), 
WHO Classification of Tumours. Pathology and 
Genetics. Tumours of the Urinary System and Male 
Genital Organs Ch. 4, 250-262. 

3. Sonpavde G, Hutson TE, Roth BJ. Management of 
recurrent testicular germ cell tumors. Oncologist 2007; 
12: 51-61.  

4. Mueller T, Mueller LP, Holzhausen HJ, Witthuhn R, 
Albers P, Schmoll HJ. Histological evidence for the 
existence of germ cell tumor cells showing embryonal 
carcinoma morphology but lacking OCT4 expression 

and cisplatin sensitivity. Histochem Cell Biol 2010; 134: 
197-204.  

5. Jacobsen C, Honecker F. Cisplatin resistance in germ 
cell tumours: models and mechanisms. Andrology 2015; 
3: 111-121.  

6. Villodre ES, Kipper FC, Pereira MB, Lenz G. Roles of 
OCT4 in tumorigenesis, cancer therapy resistance and 
prognosis. Cancer Treat Rev 2016; 51: 1-9.  

7. Mueller T, Mueller LP, Luetzkendorf J, Voigt W, Simon H, 
Schmoll HJ. Loss of Oct-3/4 expression in embryonal 
carcinoma cells is associated with induction of cisplatin 
resistance. Tumour Biol 2006; 27: 71-83.  

8. Abada PB, Howell SB. Cisplatin induces resistance by 
triggering differentiation of testicular embryonal 
carcinoma cells. PLoS One 2014; 9: e87444.  

9. Wu YC, Ling TY, Lu SH, Kuo HC, Ho HN, Yeh SD, Shen 
CN, Huang YH. Chemotherapeutic sensitivity of 
testicular germ cell tumors under hypoxic conditions is 
negatively regulated by SENP1-controlled sumoylation 
of OCT4. Cancer Res 2012; 72: 4963-4973.  

10. Koster R, di Pietro A, Timmer-Bosscha H, Gibcus JH, van 
den Berg A, Suurmeijer AJ, Bischoff R, Gietema JA, de 
Jong S. Cytoplasmic p21 expression levels determine 
cisplatin resistance in human testicular cancer. J Clin 
Invest 2010; 120: 3594-3605.  

11. Liu L, Lian J, Zhang H, Tian H, Liang M, Yin M, Sun F. 
MicroRNA-302a sensitizes testicular embryonal 
carcinoma cells to cisplatin-induced cell death. J Cell 
Physiol 2013; 228: 2294-2304.  

12. Joseph JV, Conroy S, Pavlov K, Sontakke P, Tomar T, 
Eggens-Meijer E, Balasubramaniyan V, Wagemakers M, 
den Dunnen WF, Kruyt FA. Hypoxia enhances migration 
and invasion in glioblastoma by promoting a 
mesenchymal shift mediated by the HIF1alpha-ZEB1 
axis. Cancer Lett 2015; 359: 107-116.  

13. Wang X, Li M, Wang Z, Han S, Tang X, Ge Y, Zhou L, 
Zhou C, Yuan Q, Yang M. Silencing of long noncoding 
RNA MALAT1 by miR-101 and miR-217 inhibits 
proliferation, migration, and invasion of esophageal 
squamous cell carcinoma cells. J Biol Chem 2015; 290: 
3925-3935.  

14. MacDonald BT, Tamai K, He X. Wnt / beta-catenin 
signaling: components, mechanisms, and diseases. Dev 
Cell 2009; 17: 9-26. 

15. Li J, Li J, Chen B. Oct4 was a novel target of Wnt 
signaling pathway. Mol Cell Biochem 2012; 362: 233-
240. 

16. Hassan M, Watari H, AbuAlmaaty A, Ohba Y, Sakuragi 
N. Apoptosis and molecular targeting therapy in cancer. 
Biomed Res Int 2014; 2014: 150845.  

17. Volkmann N, Marassi FM, Newmeyer DD, Hanein D. The 
rheostat in the membrane: BCL-2 family proteins and 
apoptosis. Cell Death Differ 2014; 21: 206-215.  

18. Jurikova M, Danihel L, Polak S, Varga I. Ki67, PCNA, and 
MCM proteins: Markers of proliferation in the diagnosis 
of breast cancer. Acta Histochem 2016; 118: 544-552.  

19. Asghar U, Witkiewicz AK, Turner NC, Knudsen ES. The 
history and future of targeting cyclin-dependent kinases 



Le et al 

Trop J Pharm Res, July 2018; 17(7): 1360 
 

in cancer therapy. Nat Rev Drug Discov 2015; 14: 130-
146.  

20. Xi Q, Huang M, Wang Y, Zhong J, Liu R, Xu G, Jiang L, 
Wang J, Fang Z, Yang S. The expression of CDK1 is 
associated with proliferation and can be a prognostic 
factor in epithelial ovarian cancer. Tumour Biol 2015; 36: 
4939-4948.  

21. Yang W, Cho H, Shin HY, Chung JY, Kang ES, Lee EJ, 
Kim JH. Accumulation of cytoplasmic Cdk1 is 
associated with cancer growth and survival rate in 
epithelial ovarian cancer. Oncotarget 2016; 7: 49481-
49497.  

22. Wang R, Ke ZF, Wang F, Zhang WH, Wang YF, Li SH, 
Wang LT. GOLPH3 overexpression is closely correlated 
with poor prognosis in human non-small cell lung cancer 
and mediates its metastasis through upregulating MMP-
2 and MMP-9. Cell Physiol Biochem 2015; 35: 969-982.  

23. Pan MG, Xiong Y, Chen F. NFAT gene family in 
inflammation and cancer. Curr Mol Med 2013; 13: 543-
554.  

24. Zhuo WL, Wang Y, Zhuo XL, Zhang YS, Chen ZT. Short 
interfering RNA directed against TWIST, a novel zinc 
finger transcription factor, increases A549 cell sensitivity 
to cisplatin via MAPK/mitochondrial pathway. Biochem 
Biophys Res Commun 2008; 369: 1098-1102. 

 


