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Background: Increasing evidence has revealed that SPANX family members have been
proved to play an important role in cancer progression. SPANXN2, a cancer-testis antigen
(CTA), is a testis-specific gene. There was no study about the role of SPANXN2 in testicular
germ cell tumors (TGCTs). TGCT is one of the most common solid tumors among young
men, which has increasing incidence and could occur distant metastases easily in men
with poor prognosis. Therefore the aim of our study is to clarify the role of SPANXN2 in
TGCT development. Methods: In order to clarify the role of SPANXN2 in TGCT
development, firstly, we performed quantitative real-time polymerase chain reaction (qRT-
PCR) analyses of fourteen TGCTs samples and five adjacent normal tissue samples to
validate the expression level of SPANXN2 in TGCTs. Secondly, the experiments in vitro
were used to explore the function of SPANXN2 in TGCT cells. Transwell assay was used to
detect the effect of SPANXN2 on cell migration. Colony formation assay was used to detect
the effect of SPANXN2 on cell clone ability. MTT assay and cell cycle analysis were used to
detect the effects of SPANXN2 on cell proliferation. Lastly, western blot was performed to
detect the expression levels of EMT-related proteins and AKT-related proteins in SPANXN2
overexpression cells. Results: SPANXN2 expression level was lower in TGCTs than in
adjacent normal tissues, which was consistent with the result of the Gene Expression
Profiling Interactive Analysis database. Experiments in vitro demonstrated that SPANXN2
overexpression significantly inhibited the TGCTs cell migration and colony formation
capability. SPANXN2 inhibited the expression levels of EMT-related proteins and AKT-
related proteins, Vimentin, Snail, AKT, and p-AKT. Conclusion: Our results showed that
SPANXN2 inhibited migration and colony formation of TGCT cells. And in TGCT cell
overexpressing SPANXN2, the expression levels of EMT-related proteins and AKT-related
proteins have been changed. It suggested that the migration of TGCT cells may regulate
by EMT and AKT related molecules in TGCT cells overexpressing SPANXN2. Further
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research should be conduct to verify whether SPANXN2 would be a potential diagnostic
biomarker or novel therapeutic target in TGCTs.
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18 Abstract

19 Background: Increasing evidence has revealed that SPANX family members have been proved 

20 to play an important role in cancer progression. SPANXN2, a cancer-testis antigen (CTA), is a 

21 testis-specific gene. There was no study about the role of SPANXN2 in testicular germ cell 

22 tumors (TGCTs). TGCT is one of the most common solid tumors among young men, which has 

23 increased incidence and could occur distant metastases easily in men with poor prognosis. 

24 Therefore the aim of our study is to clarify the role of SPANXN2 in TGCT development.  

25 Methods: In order to clarify the role of SPANXN2 in TGCT development, firstly, we performed 

26 quantitative real-time polymerase chain reaction (qRT-PCR) analyses of fourteen TGCTs 

27 samples and five adjacent normal tissue samples to validate the expression level of SPANXN2 in 

28 TGCTs. Secondly, the experiments in vitro were used to explore the function of SPANXN2 in 

29 TGCT cells. Transwell assay was used to detect the effect of SPANXN2 on cell migration. 

30 Colony formation assay was used to detect the effect of SPANXN2 on cell clone ability. MTT 

31 assay and cell cycle analysis were used to detect the effects of SPANXN2 on cell proliferation. 

32 Lastly, western blot was performed to detect the expression levels of EMT-related proteins and 

33 AKT-related proteins in SPANXN2 overexpression cells. 
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34 Results: SPANXN2 expression level was lower in TGCTs than in adjacent normal tissues, which 

35 was consistent with the result of the Gene Expression Profiling Interactive Analysis database. 

36 Experiments in vitro demonstrated that SPANXN2 overexpression significantly inhibited the 

37 TGCTs cell migration and colony formation capability. SPANXN2 inhibited the expression 

38 levels of EMT-related proteins and AKT-related proteins, Vimentin, Snail, AKT, and p-AKT.  

39 Conclusion: Our results showed that SPANXN2 inhibited migration and colony formation of 

40 TGCT cells. And in TGCT cell overexpressing SPANXN2, the expression levels of EMT-related 

41 proteins and AKT-related proteins have been changed. It suggested that the migration of TGCT 

42 cells may regulate by EMT and AKT related molecules in TGCT cells overexpressing 

43 SPANXN2. Further research should be conduct to verify whether SPANXN2 would be a 

44 potential diagnostic biomarker or novel therapeutic target in TGCTs.

45 Introduction

46 Testicular germ cell tumor (TGCT) is one of the most common solid tumors in young men 

47 aged between the ages of 15 and 40 (Rijlaarsdam & Looijenga, 2014). The incidence of TGCTs 

48 has increased globally in recent years, that approximately 1.3/100,000 men in China and about 

49 7.8/100,000 men in Western Europe (Shanmugalingam et al., 2013; Le Cornet et al., 2014; 

50 Znaor et al., 2014). Histologically, TGCTs include two main subtypes, i.e. seminoma and non-

51 seminoma (Lobo et al., 2018). Both seminoma and non-seminoma carry risks of vascular 

52 invasion and the development of distant metastases (Yilmaz et al., 2013). Seminoma is distinctive 

53 in its sensitivity to cisplatin-based chemotherapy and radiation, and 1/5 of them are destined to 

54 relapse (Schmidberger et al., 1997; Classen et al., 2003; Facchini et al., 2019). About 30% of 

55 patients with clinical first-stage non-seminoma have subclinical metastases in retroperitoneal 

56 lymphatic stations and lung metastasis after chemotherapy (Yilmaz et al., 2013; Albers et al., 

57 2003)Moreover, the occurrence and treatment of TGCTs are associated with severe opposite 

58 effects on the sexual function, fertility, and quality of life, especially in young patients (van den 

59 Belt-Dusebout et al., 2007; Albers et al., 2015). However, the underlying mechanism of TGCTs 

60 development remains unclear. Therefore to further clarify the molecular mechanisms referring to 

61 the pathogenesis and development of TGCTs is critical.  

62 Cancer-testis antigens (CTAs), the expression in normal tissues seems to be testis-specific, 

63 have been widely investigated as targets for anticancer vaccines (Whitehurst, 2014). SPANX 

64 multigene family is a representative CTA, which has two subfamilies, SPANX-A/D and 
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65 SPANXN (Kouprina et al., 2004; Kouprina et al., 2007). SPANX-N genes consist of five 

66 members, SPANXN1 (-N2, -N3, -N4, and -N5). Even though there have been several studies on 

67 SPANX family members in cancer, such as breast cancer, colorectal cancer and lung 

68 adenocarcinoma (Chen et al., 2010; Maine et al., 2016; Hsiao et al., 2016). No researches on 

69 SPANX family members in TGCTs at present. SPANX-N can be detected in human sperm cell 

70 precursors (Kouprina et al., 2007). The SPANXN2 gene is localized on chromosome Xq27, a 

71 region of susceptibility gene localization for TGCTs and prostate malignancy (Rapley et al., 

72 2000; Kouprina et al., 2007; Lutke et al., 2006). So in this study, we aimed to explore the role of 

73 SPANXN2 in TGCTs progression. It was significant to understand the importance of the 

74 SPANXN2 gene in TCGTs and provided a novel insight concerning the role of SPANXN2 in the 

75 progression of TGCTs.

76 In our study, we had validated the expression level of SPANXN2 in TGCTs, firstly. 

77 Secondly, the effect of SPANXN2 on TGCTs progression was conducted by assays in vitro. 

78 Finally, we explored the underlying mechanism by Western-Blotting analysis. Taken together, 

79 our findings may in favor of discover novel TGCTs biomarkers or targeted therapies.

80

81 Materials & Methods

82 Human testicular samples

83 The adjacent normal testicular tissue and TGCTs tissue samples used in this study were obtained 

84 from the Affiliated Cancer Hospital of Central South University (Changsha, China). Five 

85 adjacent normal tissue samples had been removed during para-testicular tumor surgery and the 

86 TGCTs tissue samples were obtained from eleven testicular seminomas and three non-

87 seminomas. Fresh tissues were collected and frozen in liquid nitrogen for storage at -180°C. And 

88 all the tissues were confirmed by histopathological examination. The patients provided written 

89 informed consent to tissue sample collection, which was performed with the authorization of the 

90 Ethics Committee of Central South University (Approve No.: LLSB-2017-002). 

91

92 Quantitative RT-PCR
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93 The total RNA was extracted using TRIzol reagent (Invitrogen, USA). The amount and purity of 

94 each RNA sample were quantified by Agilent2100 (Agilent, Wilmington, DE, USA). The cDNA 

95 was synthesized from 1μg RNA using the Transcriptor First Strand cDNA Synthesis Kit (Roche, 

96 USA). The real-time PCR system (LightCycler480, Roche, USA) was used to measure the 

97 relative expression level of the SPANXN2 gene and the β-actin was used as the housekeeping 

98 gene for normalization. Amplification was performed with the following thermos-cycling 

99 conditions: initial denaturation at 95°C for 5 min, followed by 45 cycles of 95°C for 10s and 

100 60°C for 10 s, and a final extension at 72°C for 10 s. The LightCycler480 software and 2-∆∆CT 

101 method were used to analyze the threshold cycle (CT) values. The gene-specific primers used 

102 were as follows: 

103 SPANXN2 forward: 5'-GTGTATTACTACAGGAAGCATACG-3'; 

104 reverse: 5'-CTCCTCCTCTTGGACTGGATT-3' 

105 β-actin      forward: 5'-TCACCAACTGGGACGACATG-3';

106 reverse: 5'-GTCACCGGAGTCCATCACGAT-3'

107 Cell culture

108 The human TGCT cell line NCCIT was bought from the American Type Culture Collection 

109 (ATCC, VA, USA) and the human TGCT cell line TCAM-2 was obtained from Dr. Yuxin Tang 

110 (Peng et al., 2019; Gan et al., 2016). NCCIT cells were cultured in RPMI-1640 medium 

111 (GIBCO, USA), and TCAM-2 cells were cultured in Dulbecco’s Modified Eagle’s Medium 

112 (DMEM, GIBCO, USA). All cells were cultured in medium containing 10% fetal bovine serum 

113 (FBS, GIBCO, USA), 100 U/ml penicillin and 100 µg/ml streptomycin (GIBCO) and were 

114 incubated at 37°C under 5% CO2.

115 Cell transfection

116 Cells were cultured as mentioned above and divided into negative control (NC), and test group 

117 (SPANXN2 group). The sequence of SPANXN2 was cloned into the CMV-MCS-DsRed2-

118 SV40-Neomycin-GV147 vector. The GV147 empty vector (NC) and the GV147 vectors 

119 expressing the SPANXN2 were transfected into cells. Cells were seeded in a 6-well culture plate 

120 (5×105 cells/well) and transfected at 70% confluence. Cells were transfected with 2.5 µg of the 

121 GV147 empty vector and 2.5 µg of the GV147 vectors expressing SPANXN2 using DNA 

122 Lipofectamine 3000 (Invitrogen, USA) according to the manufacturer’s instructions. Cells were 

123 harvested 36 h or 48 h after transfection to perform the following experiments.
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124 Plate colony formation assay

125 Cells were seeded in a 6-well plate (300 cells/well) and incubated at 37°C under 5% CO2 for 12–

126 14 days when most single-cell colonies consist of >50 cells. The cells were washed three times 

127 by phosphate-buffered saline (PBS) and fixed in 4% paraformaldehyde for 30 min and then 

128 stained for 15 min with 0.5% crystal violet. After staining, colonies containing >50 cells were 

129 observed under a microscope and the colony number (a single colony with >30 cells) was 

130 counted using Adobe Photoshop CC 2018. 

131 MTT assay

132 The proliferation of TGCT cells was evaluated by MTT assay. The cells were seeded into 96-

133 well plates at 5×103 cells/ml (200 µl/well). After 6 h, 20 µl MTT solution (5 mg/ml) (3-(4, 5-

134 dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, MTT) reagent (Sigma Chemicals, St 

135 Louis, MO, USA) was added to the 96-well plates. After incubation for 6 h at 37°C, the 

136 supernatant was discarded from each well and 200 µl DMSO was added to each well. The 

137 absorbance at 492 nm was measured using a Nanodrop 1000 spectrophotometer (Thermo Fisher, 

138 USA). This process was repeated every 24 h for 1, 2, 3 and 4 days.  

139 Flow cytometric cell cycle analysis

140 After transfected 48 h, firstly, cells were enzymatically dissociated into single cells by 0.05% 

141 trypsin and then fixed with 75% cold ethanol in PBS overnight at 4℃. Secondly, the cells were 

142 washed with PBS three times. Finally, the cells were double-stained with a propidium iodide 

143 solution (PI, 50 µg/mL) and treated with RNase (1 mg/mL) at 37℃ for 30 min in the dark. 

144 Subsequently, samples were analyzed using an Accuri C6 flow cytometer (BD) with the Accuri 

145 software. For each sample, data from approximately 20,000 cells were acquired in list mode 

146 using logarithmic scales. FlowJo7.6.2 was used for analyzing the cell cycle distribution 

147 according to the guideline.  

148 Transwell migration assay

149 Transwell Cell Culture Inserts (8 µm pore size, FALCON, USA) were used to measure cell 

150 migration capacity in 24-well plates. In brief, TCAM-2 and NCCIT cells (2×104 cells in 200 µl 

151 of 2% FBS medium) were added to the upper chamber, and 800 µl 15% FBS medium was added 

152 to the lower chamber. After incubation at 37°C under 5% CO2 for 48 h, the cells on the upper 

153 surface were wiped with cotton swabs, while the cells that migrated through the filter pores were 

154 fixed in 4% paraformaldehyde for 30 min. After staining with 0.5% (w/v) crystal violet (Sigma) 
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155 in PBS (GIBCO) for 15 min, cells were observed and photographed under an inverted 

156 microscope. Cells were counted in five randomly selected fields of view. 

157

158 Western Blot analysis

159 Cells were collected and lysed with RIPA lysis buffer (Co Win Biosciences, China) according to 

160 the manufacturer’s instructions to harvest proteins. Protein quantification was performed using a 

161 BCA Protein Quantification Kit (Thermo, USA), and samples were adjusted to the same 

162 concentration. After boiling in 6×Loading Buffer for 5 min, the proteins were separated by SDS-

163 PAGE and transferred to polyvinylidene fluoride (PVDF) membranes (Millipore, USA). The 

164 membrane was incubated overnight at 4℃ with the appropriate primary detection antibodies: 

165 GAPDH (Sigma, 1:1000 dilution), α-Tubulin (Sigma, 1:600 dilution), Snail (Cell Signaling 

166 Technology, 1:1000 dilution), and Vimentin (Cell Signaling Technology, 1:1000 dilution); AKT 

167 (ProteinTech, 1:1000 dilution) and p-AKT (ProteinTech, 1:1000 dilution). After washing three 

168 times with TBST for 5 min, the membrane was incubated with secondary antibodies（Cell 

169 Signaling Technology, 1:1000 dilution） for 1 h at 37℃. After washing three times with TBST 

170 for 15 min each time, the protein bands were visualized by fluorography using an enhanced 

171 chemiluminescence system (Millipore, USA). The expressions of α-Tubulin and GAPDH were 

172 used as internal reference.

173 Statistical analysis

174 All assays were repeated three times and all samples were analyzed in triplicate.  The data were 

175 expressed as the mean ± SD or mean ± SEM of at least three independent experiments. Student’s 

176 t-test or a two-way ANOVA was used to determine the significance of differences between 

177 groups, and P＜0.05 was deemed statistically significant. Curve fitting analyses were performed 

178 with GraphPad Prism Software5.0 (GraphPad Software, USA).

179

180 Results

181 Validation of SPANXN2 expression in TGCTs

182 To verify the reliability of differential SPANXN2 expression, we analyzed its expression in 

183 TGCTs in the GEPIA database (Tang et al., 2017) (http://gepia.cancer-pku.cn/index.html), and 

184 the results showed that SPANXN2 was significantly downregulated in TGCTs tissues (Fig. 1A). 
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185 Subsequent qRT-PCR analysis of TGCTs samples and normal samples also confirmed the 

186 differential expression of SPANXN2 (Fig. 1B). These results revealed that TGCTs tissues 

187 express a lower level of SPANXN2 relative to those detected in normal tissues. 

188 Transfection of TGCT cell lines

189 As shown in Figure 2A, 2B, most cells (>75%) showed red fluorescence that means transfection 

190 with plasmids targeting SPANXN2, or an empty-plasmid control. Quantitative RT-PCR was 

191 used to detect the relative expression of SPANXN2 in these two transfected TGCTs cell lines 

192 (TCAM-2, NCCIT), using β-actin as a reference (Fig. 2C and 2D). The results confirmed the 

193 relative overexpression of SPANXN2 in the SPANXN2 group compared with that in the NC 

194 group, laying the foundation for the study of its function.

195 SPANXN2 upregulation inhibited colony formation ability with no effect on cell 

196 proliferation

197 The effect of SPANXN2 on the ability of TGCTs cells to form colonies was investigated in 

198 colony formation assays. The colony formation ability of TGCTs cells overexpressing 

199 SPANXN2 was significantly decreased compared with that of the cells in the NC group (P < 

200 0.05, Fig. 3A and 3B). 

201 To investigate the effect of SPANXN2 overexpression on TGCT cell proliferation. NCCIT and 

202 TCAM-2 cells were transfected with SPANXN2 plasmid and their negative control plasmid. The 

203 MTT assay results revealed that it had no significant difference in the cell proliferation rates of 

204 the NC and SPANXN2 groups (P> 0.05, Fig. 3C and 3D). Furthermore, flow cytometric analysis 

205 carried out 48 h after transfection showed that there were no significant differences in the cell 

206 cycle distribution of TGCTs cells overexpressing SPANXN2 compared with the cells in the NC 

207 group (P> 0.05, Fig. 4A-4F). In addition, no marked cell apoptosis was observed at 24 h and 48 

208 h after transfection with the SPANXN2 plasmid. These results indicated that SPANXN2 

209 overexpression inhibited the colony formation ability of TGCTs cells, but has no significant 

210 effect on the cell cycle distribution and apoptosis.

211 SPANXN2 negatively regulates TGCTs cell migration

212 The effect of SPANXN2 overexpression on the migration of TGCTs cells was investigated in 

213 Transwell assays. At 48 h after transfection, the cell number that migrated was significantly 

214 fewer in the SPANXN2 group compared with that in the NC group (P < 0.05, Fig. 5A and 5B). 

215 The results indicated that SPANXN2 overexpression inhibited the migration of TGCT cells.
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216 SPANXN2 influences EMT-related proteins and AKT-related proteins

217 EMT describes the transition of epithelial cells into mesenchymal cells, some molecules of 

218 which will be changed during the process of metastasis of many tumors. To explore how 

219 SPANXN2 inhibited TGCTs cell migration, the expression levels of EMT-related proteins were 

220 detected by western blot analysis. These results revealed that the expression levels of the EMT 

221 proteins, Vimentin and Snail was decreased (Fig. 5C), suggesting that SPANXN2 regulates the 

222 EMT-related proteins. Similarly, the AKT related molecules had also detected. AKT and p-AKT 

223 protein expression levels were lower after SPANXN2 overexpression (Fig. 5D). The results 

224 above showed that SPANXN2 overexpression regulated EMT-related proteins and AKT-related 

225 proteins in TGCT cells.

226

227 Discussion

228 TGCTs are one of the major male reproductive tumors in young men (Rijlaarsdam & Looijenga, 

229 2014). The clinical treatment of TGCTs is mainly orchiectomy supplemented with chemotherapy 

230 and radiotherapy (Greene et al., 2010). Data showed that the incidence of TGCTs has increased 

231 globally in recent years (Shanmugalingam et al., 2013; Le Cornet et al., 2014; Znaor et al., 

232 2015). Despite encouraging progress for diagnosing and treating TGCTs, TGCT patients still 

233 have a high risk of relapse with poor prognosis (Qin et al., 2020). The underlying mechanisms of 

234 TGCTs development have yet to be fully elucidated (Kalavska et al., 2017).

235 The results of our analysis of clinical TGCTs specimens were consistent with those of the 

236 GEPIA database, in which SPANXN2 expression was lower in TGCTs at the mRNA level. Until 

237 now, some researches that explored the role of the non-coding RNAs in TGCTs have been 

238 conducted. A profiling study of the small RNA populations in TGCTs showed the global loss of 

239 piwi-interacting RNA (Rounge et al., 2015). In a gene expression profiling study of TGCTs 

240 samples, Siska et al. demonstrated that activated T-cell infiltration and PD-1/PD-L1 interaction 

241 are closely correlated with seminoma histology and good prognosis (Siska et al., 2017). To our 

242 knowledge, this is no report that SPANXN2 plays a role in TGCTs and based on assays in vitro. 

243 So far it is not yet clear if SPANXN2 acts as tumor suppressor genes or oncogenes in TGCTs. 

244 Previous studies have shown abnormal SPANX gene expression in many cancers, which may 

245 promote or inhibit tumor invasion (Yilmaz-Ozcan et al., 2014; Maine et al., 2016). But the role 

246 of SPANXN2 in TGCTs progression has not yet been elucidated. The differential expression of 
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247 SPANXN2 between TGCTs tissues and adjacent normal testicular tissues suggests that 

248 SPANXN2 might play a role in the progression of TGCTs.

249 In our study, no significant effects of SPANXN2 on proliferation activity and cell cycle 

250 distribution in TGCT cell lines were observed. However, we found that SPANXN2 significantly 

251 inhibited the colony formation and migration abilities of TGCT cells. These findings suggested 

252 that the inhibitory effects of SPANXN2 on the colony formation and migration of TGCT cell 

253 lines are not influenced by cell proliferation and maybe in some other ways.

254 Metastasis is an important aspect of cancer progression and may cause a poor prognosis in 

255 tumor patients. In addition to SPANXN2, other SPANX gene family members also play 

256 important roles in tumors metastasis. A research showed that SPANX expression was 

257 significantly correlated with the migration of colorectal cancer to the liver with poor prognosis 

258 (Chen et al., 2010). SPANXA/D was required for spontaneous metastasis of breast cancer cells 

259 to the lung and elevated SPANXA/D expression in breast cancer patient tumors correlated with 

260 poor outcome (Maine et al., 2016). Similar to our study, SPANXN2 inhibited migration in 

261 TCGTs cells. It suggested that SPANXN2 might be a tumor suppressor gene in TGCTs and 

262 related to the poor prognosis of TGCT patients. Functional investigations of SPANXN2 are 

263 restricted by the high homology among SPANX family members. The mechanism of SPANXN2 

264 dysregulated in TGCTs is still need further research, although our results showed that SPANXN2 

265 inhibited the colony formation and migration abilities of TGCTs cell lines. To our knowledge, 

266 our study is the first study to characterize the functional role of SPANXN2 in TGCTs.

267 EMT is critical for local invasion and cell dissemination, which in cancer, are associated 

268 with tumor initiation and progression, stemness, survival, and resistance to therapy (Mitschke et 

269 al., 2019). Epithelial cells convert to interstitial phenotypes, characterized by the up-regulation of 

270 interstitial proteins, such as Vimentin (Mitschke et al., 2019; Jolly et al., 2019). EMT 

271 transcriptional drivers like Snail (Thiery et al., 2009). In our study, we found that SPANXN2 

272 suppressed the metastasis of TGCTs cells and made changes in EMT-related proteins, Vimentin, 

273 Snail. This result is similar to the study of Hsiao et al, who reported that SPANXA inhibits the 

274 invasion and metastasis of lung cancer cells in vitro and in vivo by inhibiting the EMT pathway 

275 of lung adenocarcinoma (Hsiao et al., 2016). Previous studies have also been suggested that 

276 CTAs, such as the SPANX protein family, induced the EMT signaling pathway in cancer stem 

277 cell-like cells, and led to the occurrence of cancer (Yang et al., 2015). Therefore, we speculated 
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278 that SPANXN2 suppressed the metastasis of TGCT cells by regulating the EMT-related proteins 

279 in TGCTs. 

280 The AKT is activated in many cancers, such as thyroid carcinomas (Chen et al., 2018). A 

281 previous study showed that activation of AKT expression drives the EMT phenotype and 

282 enhances the proliferation and invasion of seminoma (Chen et al., 2018). The AKT pathway is 

283 involved in cellular processes, particularly in cell proliferation and migration, and has a pivotal 

284 role in human tumorigenesis (Chen et al., 2018; Minna et al., 2016). In our study, the AKT 

285 proteins were downregulated in the TGCT cells of SPANXN2 overexpression. Above all, these 

286 results suggested that SPANXN2 might suppress tumor cell migration and colony formation and 

287 regulated by the EMT-related proteins and AKT-related proteins.

288 Certain limitations of qRT-PCR analysis should be noted. Due to clinical specimens are 

289 hard to come by, we included biological tissues from only thirteen cases, comprising a 

290 population including both metastatic and chemotherapy-refractory tumors, and all were obtained 

291 from a single institution. In addition, further studies are required to confirm the molecular 

292 mechanisms by which SPANXN2 inhibited tumor cell migration regulating by the EMT 

293 signaling pathways and the AKT/p-AKT signaling pathways. On the other hand, the protein level 

294 of SPANXN2 is failed detected due to its sufficient homology among SPANX gene family 

295 members. The available antibody is the non-specific binding of SPANXN2, which is a limitation 

296 of our current study. Finally, the functions of these molecules in the progression of TGCTs 

297 remain future works to be elucidated. According to large-scale sequencing studies of testicular 

298 germ cell tumors, there is no major high-penetrance TGCTs predisposition gene (Crockford et al., 

299 2006; Litchfield et al., 2018). It is likely to be due to the involvement of many genes in the 

300 occurrence and development of TGCTs.

301

302 Conclusions

303 In summary, this is the first report about the role of SPANXN2 on TGCTs. Assays in vitro 

304 demonstrated that SPANXN2 significantly inhibited the migration and colony formation of 

305 TGCTs cells. SPANXN2 regulated the expression of EMT-related proteins and AKT-related 

306 proteins. It needs further experiments to prove that SPANXN2 may suppress tumor cell 

307 migration and colony formation regulating by EMT signaling pathway and AKT signaling 
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308 pathways. Our results indicated that SPANXN2 has the potential to become therapeutic targets 

309 for TGCTs. It will facilitate accurate and effective treatment for TGCTs. 

310  
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464

465  Figure legends
466

467 Figure 1. SPANXN2 is downregulated in TGCTs relative to normal tissues. (A) The GEPIA 

468 database shows the mRNA levels of SPANXN2 expression was significantly downregulated 

469 in TGCTs tissues compared to normal tissues. TPM=Transcription per million. (B) 

470 Independent quantitative RT-PCR validation of TGCTs tissue samples and normal samples. 

471 “T” indicates TGCTs specimens, “N” indicates normal specimens.

472

473 Figure 2. Transfection of TGCT cell lines. (A, B) Plasmid transfection efficiency evaluated by 

474 fluorescence microscopy. (C, D) Relative expression of SPANXN2 in TCAM-2 and NCCIT 

475 cells was measured by qRT-PCR in the NC and SPANXN2 groups using β-actin as a 

476 reference. Data represent the mean ± SEM and *P < 0.05, **P < 0.01, ***P < 0.001. Scale 

477 bar in A and B, 100μm.

478

479 Figure 3. SPANXN2 upregulation demised the colony formation ability but had no effect 

480 on cell proliferation. (A) Colony formation ability was evaluated in colony formation 

481 assays. (B) Relative cell colony formation rate; *P < 0.05, **P < 0.01 compared with the 

482 NC group. (C, D) Cell proliferation was evaluated in MTT assays. 

483

484 Figure 4. The cell cycle distribution. (A, B，D，E)The cell cycle distribution was analyzed by 

485 flow cytometric analysis and FlowJo7.6.2. (C, F) The bar graphs of each cell phases.

486

487 Figure 5. Effects of SPANXN2 on cell migration and the related proteins of EMT and AKT.  

488 (A) Image showing migration of TGCTs cells overexpressing SPANXN2. (B) The relative 

489 number of migrated cells in the NC and SPANXN2 groups; *P < 0.05 compared with the 

490 NC group. (C) Expression of Vimentin and Snail proteins detected by western blot analysis. 

491 (D) Expression of AKT and p-AKT proteins detected by western blot analysis. Scale bar in 

492 A, 100μm.

493
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Figure 1
SPANXN2 is downregulated in TGCTs relative to normal tissues

(A) The GEPIA database shows the mRNA levels of SPANXN2 expression was significantly
downregulated in TGCTs tissues compared to normal tissues. TPM=Transcription per million.
(B) Independent quantitative RT-PCR validation of TGCTs tissue samples and normal samples.
“T” indicates TGCTs specimens, “N” indicates normal specimens.
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Figure 2
Transfection of TGCT cell lines

(A, B) Plasmid transfection efficiency evaluated by fluorescence microscopy. (C, D) Relative
expression of SPANXN2 in TCAM-2 and NCCIT cells was measured by qRT-PCR in the NC and
SPANXN2 groups using β-actin as a reference. Data represent the mean ± SEM and *P <
0.05, **P < 0.01, ***P < 0.001. Scale bar in A and B, 100μm.
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Figure 3
SPANXN2 upregulation demised the colony formation ability but had no effect on cell
proliferation

(A) Colony formation ability was evaluated in colony formation assays. (B) Relative cell
colony formation rate; *P < 0.05, **P < 0.01 compared with the NC group. (C, D) Cell
proliferation was evaluated in MTT assays.
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Figure 4
The cell cycle distribution

(A, B，D，E)The cell cycle distribution was analyzed by flow cytometric analysis and
FlowJo7.6.2. (C, F) The bar graphs of each cell phases.
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Figure 5
Effects of SPANXN2 on cell migration and the related proteins of EMT and AKT

(A) Image showing migration of TGCTs cells overexpressing SPANXN2. (B) The relative
number of migrated cells in the NC and SPANXN2 groups; *P < 0.05 compared with the NC
group. (C) Expression of Vimentin and Snail proteins detected by western blot analysis. (D)
Expression of AKT and p-AKT proteins detected by western blot analysis. Scale bar in A,
100μm.
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