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Abstract: Objectives: To investigate the role of spermatogenesis-associated protein 6 (SPATA6) in the testicular germ 
cell tumors (TGCTs). Methods: Human embryonic carcinoma (EC)-derived cell line NTera2 was employed and ran-
domly divided into normal control group, SPATA6c group, siSPATA6c group, and SPATA6c + siSPATA6c group. The re-
combinant expression vector pcDNA3.1 (+)-SPATA6 and target sequence for SPATA6-specific siRNA was transfected 
into NTera2 cells in the SPATA6c group and siSPATA6c group, respectively. The SPATA6 protein levels in each group 
were determined by Western blot. Cell proliferation and apoptosis rate were assessed by 3-(4, 5-dimethylthiazol-
2-yl)-2 5-diphenyl-2Htetrazolium bromide (MTT) colorimetric assay and flow cytometry (FCM) assay, respectively. 
In addition, Western blot was performed to investigate the expression of Bax and B-cell lymphoma (Bcl)-2 in each 
group. Results: Compared with control group, protein levels of SPATA6 were significantly reduced in the siSPATA6c 
group, but were statistically increased in the SPATA6c group (P < 0.05). Similarly, the cell viability was significantly 
decreased by transfection with SPATA6 siRNA, but was increased by transfection with pcDNA3.1 (+)-SPATA6 com-
pared with the control group. Moreover, the percentages of apoptosis cell were significantly higher in siSPATA6 
group than those in the three groups. After transfection of SPATA6 siRNA, the expression of Bax was significantly 
increased, but the expression of Bcl-2 was markedly decreased than that in the control group and SPATA6c group. 
Conclusion: SPATA6 may play an important role in TGCTs, and down-regulation of SPATA6 could lead to apoptosis of 
TGCTs.
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Introduction

Testicular cancer is a frequent malignancy 
among young men aged from 15 to 44 years [1, 
2]. The incidence of this disease has gradually 
increased [3, 4], and the present frequency 
raises 50% over 30 years ago. However, the 
incidence varies significantly in diverse geo-
graphical areas and ethnic groups [5]. Testicular 
germ cell tumors (TGCTs) represent approxi-
mately 95% of the testicular tumors and 
0.005% in the general population [6, 7]. TGCTs 
are the leading causes of death ascribed to 
malignancy-related mortality and morbidity 
between 15 and 34 years of age [8-10]. Male 
patients who suffer from TGCTs have a major 
risk factor for developing a subsequent tumor 
[1]. Although TGCTs has been considered as a 
paradigm of a curable cancer, the exact patho-

genesis of TGCTs still remains unclear because 
it is occurred during fetal development [11, 12]. 
Besides, cardiac problems and second can-
cers, such as stomach cancer [13], are still 
common in the cured patients, as well as chron-
ic side effects of chemotherapy and radiothera-
py (e.g. hearing loss, and renal impairment) 
[14]. Therefore, it is imperative to understand 
the pathogenesis of TGCTs, and search for a 
more effective treatment of TGCTs.

It has been reported that male infertility is one 
of clinical risk factors for TGCTs [15, 16]. 
Recently, a study conducted by Yuan et al. sug-
gested that inactivation of spermatogenesis-
associated protein 6 (SPATA6) could result in 
male sterility and acephalic spermatozoa [17], 
which is attributable to the interrupted myosin 
based microfilament transport regulated by 
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SPATA6. Because SPATA6 plays an important 
role in the formation of segmented columns 
during the development of the connecting 
piece. SPATA6, also known as spermatogene-
sis-related factor-1 (SRF-1), is a spermatogene-
sis associated gene. It is specifically expressed 
in haploid germ cells [18]. It was first reported 
by Yamano et al. in rat [19]. SPATA6 is localized 
to chromosome 1, region p32-35 in the human, 
and localized to chromosome 5, region q34-35 
in the rat. However, this gene has rarely been 
reported in the recent years. So far, little infor-
mation is available regarding the role of SPATA6 
in TGCTs. 

Therefore, we hypothesized that SPATA6 may 
be involved in TGCTs. To confirm the hypothe-
sis, our study is aimed to explore the role of 
SPATA6 in TGCTs. Our results may provide a fun-
damental research for searching a new target 

gene of TGCTs, as well as a potential drug 
therapy.

Materials and methods

Cell culture and experimental protocols

Human embryonic carcinoma (EC)-derived cell 
line NTera2 was employed in our study. Cells 
were cultured in Dulbecco’s modified Eagle 
medium (DMEM) supplemented with 10% fetal 
calf serum (FCS), 58.5 mg/ml glutamine, 100 
U/ml penicillin and 100 mg/ml streptomycin at 
37°C in humidified atmosphere of 5% CO2. All 
cell media and reagents were obtained from 
Life Technologies. After post-culturing in 10% 
FCS/DMEM for 72 h, the cultures were random-
ly divided into four groups: (1) normal control 
group, the cultures were continuously main-
tained in 10% FBS/DMEM for 24 h; (2) SPATA6c 
group, the cultures were subjected to plasmids 
construction; (3) siSPATA6c group, the cultures 
were subjected to small interfering RNA (siRNA)
silencing approach; (4) SPATA6c + siSPATA6c 
group, combination (2) and (3).

Plasmids and siRNA transfection

SPATA6 gene was amplified by polymerase 
chain reaction (PCR) with NTera2’s cDNA, and 
the template and the fragment was combined 
with pcDNA3.1 (+). The recombinant expres-
sion vector pcDNA3.1 (+)-SPATA6 was trans-
fected into NTera2 cells. Besides, SPATA6 
expression was suppressed using the siRNA 
silencing approach with the target sequence for 
SPATA6-specific siRNA (Shanghai, China). Cell 
transfections were carried out using 

Figure 1. Effects of transfection on SPATA6 expression in NTera2 cells. A. Fold change of SPATA6 in the four groups; 
B. The picture of SPATA6 analyzed by Western blot; SPATA6, spermatogenesis-associated protein 6.

Figure 2. Effect of transfection on cell viability in 
NTera2 cells. SPATA6, spermatogenesis-associated 
protein 6.
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Lipofectamine 2000 reagent (Invitrogen) 
according to the manufacturer’s instructions. 

Cell proliferation assay

After transfection 24 h, 48 h, 72 h, and 96 h, 
the cells were harvested. Cell viability was mea-
sured by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-dip- 
henyltetrazolium bromide (MTT) colorimetric 
assay according to the manufacturer’s proto-
col. In brief, NTera2 cells were washed with 
phosphate buffer saline (PBS) and subsequent-
ly seeded in 96-well plate at a final concentra-
tion of 2×104 per mL. Then the plates were 
incubated at 37°C in humidified atmosphere of 
5% CO2. After incubation, MTT (10 μl) was 
added to each well, and the plates were incu-
bated at 37°C for another 2 h. The absorbance 
at 595 nm was determined using an ultraviolet 
spectrophotometer (SpectraMax M5, Molecular 
Device, USA). Experiments were performed at 
least 3 times.

Flow cytometry (FCM) assay

An Annexin V-fluorescein-5-isothiocyanate 
(Annexin V-FITC) apoptosis detection kit (BD 
Pharmingen) was used to assess the apoptosis 
rate according to the manufacturer’s protocol. 
Briefly, cells (1×106 cells/ml) were harvested 

and washed twice with cold PBS. After resus-
pension with 0.5 ml binding buffer, the mixture 
was incubated with 5 μL Annexin V-FITC and 5 
μL propidium iodide (PI). Then the cells were 
incubated at room temperature in the dark for 
15 min. Thereafter, the cells were read by FCM 
(Becton Dickinson, San Jose, CA, USA). The 
results were determined using CELLQuest 3.0 
software (BD Biosciences, San Jose, CA, USA). 

Western blot analysis

Twenty-four hours after transfection, cells in 
each group were harvested for protein extrac-
tion. The protein concentration was determined 
using Bio-Rad DC protein Assay kit (Bio-Rad, 
Hercules, CA, USA). Protein samples (20 µg) 
were resolved with 12% sodium dodecyl sulfate 
polyacrylamide (SDS-PAGE) gel and blotted 
onto polyvinylidene difluoride (PVDF) mem-
branes (Milipore, Bedford, MA), blocked in 5% 
defatted milk powder for 2 h at room tempera-
ture and incubated with the following primary 
antibodies overnight at 4°C: anti-SPATA6 mono-
clonal antibody (K-23, Santa Cruz Biotech), 
anti-Bax monoclonal antibody (Santa Cruz 
Biotech), and anti-B-cell lymphoma (Bcl)-2 
monoclonal antibody (Santa Cruz CA). Then an 
appropriate secondary antibody was employed. 
An anti-human β-actin antibody (Santa, Cruz 

Figure 3. Effect of transfection on apoptosis in NTera2 cells. A. Per-
centages of apoptosis cell in the four groups; B. Effect of transfec-
tion on apoptosis in NTera2 cells by flow cytometry assay; SPATA6, 
spermatogenesis-associated protein 6.
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Biotechnology) was considered as a loading 
control. Finally, the immunoreactive protein 
bands were subjected to enhanced chemi- 
luminescence. 

Statistical analysis

All data were expressed as mean ± standard 
deviation (SD). Statistical analysis was per-
formed using statistical package for the social 
sciences (SPSS) (version 17.0; SPSS Inc., 
Chicago, IL). Student’s t test was performed to 
statistical comparisons. One-way analysis of 
variance (ANOVA) was used to multiple compar-
isons. A statistical significance was defined 
when P < 0.05.

Results

Effects of transfection on SPATA6 expression 
in NTera2 cells

As shown in Figure 1A and 1B, the expression 
of SPATA6 protein in the SPATA6c group was 
significantly increased after transfection 24 h 
than that in the control group and SPATA6c + 
siSPATA6 group (P < 0.05). However, the expres-
sion of SPATA6 protein in NTera2 cells was 
markedly diminished after by transfection with 
SPATA6 siRNA.

Effect of transfection on cell viability in NTera2 
cells

There were no significant differences among 
three groups after transfection 24 h (P > 0.05). 
After 24 h transfection, the results of MTT 
showed that the cell viability was significantly 

decreased by transfection with SPATA6 siRNA, 
but was increased by transfection with 
pcDNA3.1 (+)-SPATA6 compared with the con-
trol group (Figure 2). 

Effect of transfection on apoptosis in NTera2 
cells

As shown in Figure 3A and 3B, no significance 
was observed among the control group, 
SPATA6c group, and SPATA6c + siSPATA6 group 
in percentages of apoptosis cell (P > 0.05). But 
the percentages of apoptosis cell were signifi-
cantly higher in the siSPATA6 group than those 
in the three groups. 

Effect of transfection on expression of Bax and 
Bcl-2

After transfection of SPATA6 siRNA, the expres-
sion of Bax was significantly increased, but the 
expression of Bcl-2 was markedly decreased 
than that in the control group and SPATA6c 
group. But no significant differences were 
found between the control group and the 
SPATA6c group (Figure 4A and 4B).

Discussion

SPATA6 is an evolutionarily conserved gene of 
testicle, and was expressed higher in sperma-
tids than in spermatocytes and spermatogonia. 
Inactivation of SPATA6 leads to male infertility 
and teratospermia [17]. Here we show for the 
first time that down-regulation of SPATA6 can 
induce apoptosis in TGCTs cell lines in vitro, by 
increasing the expression of apoptosis-related 

Figure 4. Effect of transfection on expression of Bax and Bcl-2. A. Fold change of SPATA6 in the three groups; B. The 
picture of SPATA6 analyzed by Western blot; SPATA6, spermatogenesis-associated protein 6; Bcl, B-cell lymphoma.
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protein, and by decreasing cell viability and cell 
survival. Our findings demonstrate that SPATA6 
plays an important role in TGCTs, and down-
regulation of SPATA6 may be a potential effec-
tive treatment of TGCTs. 

Testis malignant tumors are infrequent [11], 
but TGCTs are responsible for cancer-related 
mortality and morbidity in ages between 15 to 
34 years. Besides, the incidence is expected to 
continue to increase. The pathogenesis of 
TGCTs remains unclear, and the reported clini-
cal risk factors for TGCTs mainly include a his-
tory of cryptorchidism [20, 21] and male infertil-
ity [16]. These three disorders share the com-
mon characteristic of fetal developmental ori-
gins [22]. Moreover, TGCTs often in line with 
dysgenetic tubules exhibiting spermatogenic 
arrest and microcalcifications showed by histo-
logical investigations [23]. A previous study has 
suggested that inactivation of SPATA6 results 
in male sterility and acephalic spermatozoa 
[17]. Hence, we speculated SPATA6 may also be 
participated in the development of TGCTs. 
SPATA6 encodes a predicted protein of 488 
amino acids, and consists of 15 exons ranging 
from 40 bp to 596 bp. In addition, it encodes 
-2.6, -1.8 and -1.2 kb mRNAs [18]. The charac-
teristics of SPATA6 are similar to the motor 
domain of kinesin related proteins and the 
Caenorhabditis elegans neural calcium sensor 
protein (NCS-2). The 2.6 kb transcripts are 
expressed in testis, ovary, thymus and placen-
ta, but with low levels, while the expression of 
the 1.8 and 1.2 kb mRNA are exclusively 
detected in testis. The expression of SPATA6 
transcript is detected during embryonic devel-
opment, and the localization of SPATA6 tran-
script is found in neural tube, somites and limb 
buds of mouse embryo. In an effort to demon-
strate the more function of SPATA6, we up-reg-
ulated and down-regulated the expressions of 
SPATA6 in human EC-derived cell line NTera2 
through transfection techniques using he 
recombinant expression vector pcDNA3.1 (+)-
SPATA6 and target sequence for SPATA6-
specific siRNA, respectively. The SPATA6 pro-
tein levels were determined by Western blot. 
The results showed that the levels of SPATA6 
were significantly reduced after transfection of 
pcDNA3.1 (+)-SPATA6 compared with control 
group, but were statistically increased after 
transfection of SPATA6 siRNA, suggesting that 
the recombinant plasmid was successfully 
expressed. To explore the effect of SPATA6 

after transfection on cell proliferation and 
apoptosis rate, MTT and FCM assay were per-
formed. We found that the cell viability was sig-
nificantly reduced after transfection of SPATA6 
siRNA, but was raised after transfection of 
pcDNA3.1 (+)-SPATA6 compared with the con-
trol group. Moreover, the percentages of apop-
tosis cell were the highest after transfection of 
SPATA6 siRNA than other groups. The results 
indicated that down-expression of SPATA6 
inhibited the cell proliferation and induced cell 
apoptosis.

In addition, in order to confirm the cell apopto-
sis caused by down-expression of SPATA6, we 
explored the expression of apoptosis-related 
protein after transfection of pcDNA3.1 (+)-
SPATA6 and SPATA6 siRNA. Cell apoptosis is 
regulated by Bcl-2 family protein in many cell 
types [24-26]. Bcl-2 family protein consists of 
anti-apoptotic and pro-apoptotic members [27, 
28]. Bcl-2 is an anti-apoptotic protein, which 
controls the mitochondrial membrane potential 
and inhibits the release of cytochrome c (Cyt-c) 
and apoptosis-inducing factor into the cyto-
plasm [29]. Bax, a pro-apoptotic protein, 
belongs to Bcl-2 family protein and acts by 
blocking Bcl-2 [30]. It initiates the release of 
Cyt-c from mitochondria both in vitro and in 
vivo [31]. Cell death or survival is determined 
by the balance between pro-apoptotic and anti-
apoptotic members [32]. Our results demon-
strated that the expression of Bax was signifi-
cantly increased, but the expression of Bcl-2 
was markedly decreased after transfection of 
SPATA6 siRNA, indicating that down-expression 
of SPATA6 could induce the cell death of TGCTs. 

However, there are some limitations in our 
study. TGCTs consists of two major groups, 
pure seminoma and nonseminoma, however, 
we only selected human EC-derived cell line 
NTera2. Moreover, the possible signaling path-
ways of SPATA6 on TGCTs were not explored. 
Furthermore, the exact mechanism of apopto-
sis induced by down-regulation of SPATA6 on 
TGCTs was unclear. Therefore, further studies 
should be carried out to confirm the function 
and mechanism of SPATA6 on TGCTs, as well as 
the corresponding signaling pathways.  

In conclusion, our results showed that SPATA6 
may play an important role in the TGCTs, and 
down-regulation of SPATA6 could lead to apop-
tosis of TGCTs. 



Role of SPATA6 in TGCTs

9124	 Int J Clin Exp Pathol 2015;8(8):9119-9125

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shengtian Zhao, 
Department of Urology, The Second Hospital of 
Shandong University, 247 Beiyuan Street, Tianqiao 
District, Jinan 250100, Shandong, China. Tel: +86-
532-89751558; Fax: +86-532-89751558; E-mail: 
zhaoshengtian963@126.com

References

[1]	 Cort A, Ozdemir E, Timur M and Ozben T. 
Effects of N-acetyl-L-cysteine on bleomycin in-
duced oxidative stress in malignant testicular 
germ cell tumors. Biochimie 2012; 94: 2734-
2739.

[2]	 Rosen A, Jayram G, Drazer M and Eggener SE. 
Global trends in testicular cancer incidence 
and mortality. Eur Urol 2011; 60: 374-379.

[3]	 Bergstrom R, Adami HO, Mohner M, Zatonski 
W, Storm H, Ekbom A, Tretli S, Teppo L, Akre O 
and Hakulinen T. Increase in testicular cancer 
incidence in six European countries: a birth co-
hort phenomenon. J Natl Cancer Inst 1996; 
88: 727-733.

[4]	 Le Cornet C, Lortet-Tieulent J, Forman D, 
Beranger R, Flechon A, Fervers B, Schuz J and 
Bray F. Testicular cancer incidence to rise by 
25% by 2025 in Europe? Model-based predic-
tions in 40 countries using population-based 
registry data. Eur J Cancer 2014; 50: 831-839.

[5]	 Huyghe E, Matsuda T and Thonneau P. 
Increasing incidence of testicular cancer 
worldwide: a review. J Urol 2003; 170: 5-11.

[6]	 Zequi Sde C, da Costa WH, Santana TB, 
Favaretto RL, Sacomani CA and Guimaraes 
GC. Bilateral testicular germ cell tumours: a 
systematic review. BJU Int 2012; 110: 1102-
1109.

[7]	 Looijenga L. Testicular germ cell tumors. 
Pediatric Endocrinol Rev: PER 2014; 11: 251-
262.

[8]	 Oosterhuis JW and Looijenga LH. Testicular 
germ-cell tumours in a broader perspective. 
Nat Rev Cancer 2005; 5: 210-222.

[9]	 Chieffi P. Molecular targets for the treatment of 
testicular germ cell tumors. Mini Rev Med 
Chem 2007; 7: 755-759.

[10]	 Chieffi P, Franco R and Portella G. Molecular 
and cell biology of testicular germ cell tumors. 
Int Rev Cell Mol Biol 2009; 278: 277-308.

[11]	 Winter C and Albers P. Testicular germ cell tu-
mors: pathogenesis, diagnosis and treatment. 
Nat Rev Endocrinol 2011; 7: 43-53.

[12]	 Singh SR, Burnicka-Turek O, Chauhan C and 
Hou SX. Spermatogonial stem cells, infertility 
and testicular cancer. J Cell Mol Med 2011; 
15: 468-483.

[13]	 Hauptmann M, Fossa SD, Stovall M, van 
Leeuwen FE, Johannesen TB, Rajaraman P, 
Gilbert ES, Smith SA, Weathers RE, Aleman 
BM, Andersson M, Curtis RE, Dores GM, 
Fraumeni JF, Hall P, Holowaty EJ, Joensuu H, 
Kaijser M, Kleinerman RA, Langmark F, Lynch 
CF, Pukkala E, Storm HH, Vaalavirta L, van den 
Belt-Dusebout AW, Travis LB and Morton LM. 
Increased stomach cancer risk following radio-
therapy for testicular cancer. Br J Cancer 2015; 
112: 44-51.

[14]	 Horwich A, Nicol D and Huddart R. Testicular 
germ cell tumours. BMJ 2013; 347: f5526.

[15]	 Mancini M, Carmignani L, Gazzano G, Sagone 
P, Gadda F, Bosari S, Rocco F and Colpi GM. 
High prevalence of testicular cancer in azo-
ospermic men without spermatogenesis. Hum 
Reprod 2007; 22: 1042-1046.

[16]	 Walsh TJ, Croughan MS, Schembri M, Chan JM 
and Turek PJ. Increased risk of testicular germ 
cell cancer among infertile men. Arch Intern 
Med 2009; 169: 351-356.

[17]	 Yuan S, Stratton CJ, Bao J, Zheng H, Bhetwal 
BP, Yanagimachi R and Yan W. Spata6 is re-
quired for normal assembly of the sperm con-
necting piece and tight head-tail conjunction. 
Proc Nati Acad Sci 2015; 112: E430-9. 

[18]	 Oh C, Aho H, Shamsadin R, Nayernia K, Muller 
C, Sancken U, Szpirer C, Engel W and Adham 
IM. Characterization, expression pattern and 
chromosomal localization of the spermatogen-
esis associated 6 gene (Spata6). Mol Hum 
Reprod 2003; 9: 321-330.

[19]	 Yamano Y, Ohyama K, Sano T, Ohta M, Shimada 
A, Hirakawa Y, Sugimoto M and Morishima I. A 
novel spermatogenesis-related factor-1 gene 
expressed in maturing rat testis. Biochem 
Biophys Res Commun 2001; 289: 888-893.

[20]	 Dieckmann KP and Pichlmeier U. Clinical epi-
demiology of testicular germ cell tumors. World 
J Urol 2004; 22: 2-14.

[21]	 Wood HM and Elder JS. Cryptorchidism and 
testicular cancer: separating fact from fiction. J 
Urol 2009; 181: 452-461.

[22]	 Kristensen DG, Skakkebaek NE, Rajpert-De 
Meyts E and Almstrup K. Epigenetic features of 
testicular germ cell tumours in relation to epi-
genetic characteristics of foetal germ cells. Int 
J Dev Biol 2013; 57: 309-317.

[23]	 Hoei-Hansen CE, Nielsen JE, Almstrup K, 
Sonne SB, Graem N, Skakkebaek NE, Leffers 
H and Rajpert-De Meyts E. Transcription factor 
AP-2gamma is a developmentally regulated 
marker of testicular carcinoma in situ and 
germ cell tumors. Clin Cancer Res 2004; 10: 
8521-8530.

[24]	 Song XF, Ren H, Andreasen A, Thomsen JS and 
Zhai XY. Expression of Bcl-2 and Bax in mouse 
renal tubules during kidney development. 
PLoS One 2012; 7: e32771.

mailto:zhaoshengtian963@126.com


Role of SPATA6 in TGCTs

9125	 Int J Clin Exp Pathol 2015;8(8):9119-9125

[25]	 Shirali S, Aghaei M, Shabani M, Fathi M, 
Sohrabi M and Moeinifard M. Adenosine in-
duces cell cycle arrest and apoptosis via cy-
clinD1/Cdk4 and Bcl-2/Bax pathways in hu-
man ovarian cancer cell line OVCAR-3. Tumor 
Biology 2013; 34: 1085-1095.

[26]	 Morales-Cano D, Calvino E, Rubio V, Herráez A, 
Sancho P, Tejedor MC and Diez JC. Apoptosis 
induced by paclitaxel via Bcl-2, Bax and cas-
pases 3 and 9 activation in NB4 human leu-
kaemia cells is not modulated by ERK inhibi-
tion. Exp Toxicol Pathol 2013; 65: 1101-1108.

[27]	 Donovan M and Cotter TG. Control of mitochon-
drial integrity by Bcl-2 family members and 
caspase-independent cell death. Biochim 
Biophys Acta 2004; 1644: 133-147.

[28]	 Moldoveanu T, Follis AV, Kriwacki RW and 
Green DR. Many players in BCL-2 family affairs. 
Trends Biochem Sci 2014; 39: 101-111.

[29]	 Cory S and Adams JM. The Bcl2 family: regula-
tors of the cellular life-or-death switch. Nat Rev 
Cancer 2002; 2: 647-656.

[30]	 Antonsson B, Montessuit S, Sanchez B and 
Martinou JC. Bax is present as a high molecu-
lar weight oligomer/complex in the mitochon-
drial membrane of apoptotic cells. J Biol Chem 
2001; 276: 11615-11623.

[31]	 Eskes R, Desagher S, Antonsson B and 
Martinou JC. Bid induces the oligomerization 
and insertion of Bax into the outer mitochon-
drial membrane. Mol Cell Biol 2000; 20: 929-
935.

[32]	 Mignotte B and Vayssiere JL. Mitochondria and 
apoptosis. Eur J Biochem 1998; 252: 1-15.


