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Background: Although elevated expression of NanogP8 has been detected in many human 

tumor tissues, its role in gastric tumorigenesis remains unclear. Therefore, this study aimed to 

investigate the function and regulatory mechanism of NanogP8 in gastric cancer.

Methods: In this study, NanogP8 cDNA was amplified by real time polymerase chain reaction 

from the human gastric cancer cell line SGC-7901. The shRNA for RNA interference was 

established. The NanogP8, pAkt, Akt, pERK, ERK, p-mTOR, and mTOR proteins were detected 

by using the Western blot assay. Cell viability was evaluated by using the CCK-8 assay. Cell 

migration and invasion were also examined by using the transwell assay.

Results: The results indicated that the NanogP8 overexpression promoted proliferation and migra-

tion of SGC-7901 cell line, whereas its ablation exerted opposite effects. Interestingly, NanogP8 

activated Akt, a key mediator of survival signals, and without affecting total Akt protein level. 

The NanogP8-increased gastric cell proliferation was downregulated by Akt inhibition. Our results 

further showed that increasing NanogP8 expression in human gastric cancer cells promoted cell pro-

liferation by activating the AKT/mTOR pathway and further maintained gastric cell survival.

Conclusion: Our findings extend the knowledge regarding the oncogenic functions and proved 

that the NanogP8 regulates cell proliferation and migration by Akt/mTOR signaling pathway 

in human gastric cancer SGC-7901cell line.
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Introduction
Gastric cancer is one of the most common malignancies worldwide with a high rate of 

metastasis.1 Despite enormous progress in the pathogenesis of gastric cancer,2 many 

issues still remain to be defined. Therefore, understanding the molecular mechanisms 

underlying the pathogenesis of gastric cancer will provide potential therapeutic targets 

for gastric cancer treatment.

Nanog is closely associated with the maintenance of self-renewal and pluripotency 

in embryonic stem cells.3 The regulation of Nanog and the nature of its target genes have 

gained prominence in the recent years.4–8 Besides embryonic Nanog gene, human Nanog 

has eleven pseudogenes.9 Among the pseudogenes, NanogP8, has a complete open reading 

frame and an ALU series in the 3′-untranslated region (3′-UTR) that is highly homologous 

to Nanog.3,10 Recent studies suggested that high levels of Nanog expression are positively 

correlated with advanced stages of cancer and a poor prognosis,11–13 indicating that Nanog 

is of vital importance in tumor transformation and progression. Given that only one amino 
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acid differs between Nanog and NanogP8, the two proteins 

may perform similar activities in some ways.14

Growing evidences have shown that NanogP8 is 

expressed in many tumor cells and tumor tissues. The over-

expression of NanogP8 promotes the proliferation of tumor 

cells in vitro.14,15 In vivo functional studies have shown that 

cancer-specific NanogP8 has biological (or oncogenic) 

functions in transgenic animals.16 However, the molecular 

mechanism by which NanogP8 mediates tumor development 

has not been investigated. Serine/threonine protein kinase, 

Akt, is a key mediator of survival signals in response to a 

range of extra- and intracellular stimuli.17 Once activated, Akt 

can phosphorylate many substrates to exert its functions. The 

best-characterized substrate of Akt is the serine/threonine 

kinase mTOR (mammalian target of rapamycin).18,19 

Therefore, inhibition of Akt perhaps provides a potential 

strategy against tumor progression. It is established that the 

activation of the Akt/mTOR pathway can increase cell sur-

vival and apoptosis resistance.18,19 However, whether there 

is a connection between NanogP8 and Akt/mTOR pathway 

has not been elucidated in human gastric cancer.

In the present study, in order to investigate the role of 

NanogP8 in tumor development, the pGFP-NanogP8 and 

pshRNA-NanogP8 recombinant plasmids were constructed for 

the overexpression and inhibition of NanogP8, respectively. 

We found that NanogP8 regulates tumor growth and progres-

sion in human gastric cancer cells. These events were highly 

correlated with the activation of Akt/mTOR signal pathway. 

Therefore, our results extend the knowledge about the onco-

genic functions of NanogP8 in human gastric cancer.

Materials and methods
Materials
Cell Counting Kit-8 (CCK-8) was purchased from 

(Beyotime, Haimen, Jiangsu, People’s Republic of China). 

Lipofectamine™ 2000 reagent was obtained from Invitrogen 

Company (Carlsbad, CA, USA). PD98059 (PD) and API-2 

were purchased from Santa Cruz Company (Santa Cruz, CA, 

USA). The concentrations of PD and API-2 used in this study 

were 1 and 2 μM, respectively. Rapamycin was obtained from 

Calbiochem (Gibbstown, NJ, USA). The antibodies against 

NanogP8 (purchased from Abcam, Cambridge, UK), β-actin, 

Akt, p-Akt, ERK, p-ERK, mTOR, and p-mTOR (purchased 

from Cell Signaling Technology, Danvers, MA, USA) were 

used in Western blotting assay. The plasmids pEGFP-N1 

and pGenesil-1 were kindly provided by Prof Tingxiu 

Xiang (The First Affiliated Hospital of Chongqing Medical 

University, Chongqing, People’s Republic of China).

cell culture and transfection
Human gastric cancer cell lines SGC-7901 were cultured 

in RPMI 1640 medium (Gibco, Grand Island, NY, USA), 

supplemented with 10% fetal calf serum, and maintained 

with 5% CO
2
. Transient transfection of SGC-7901 cells was 

performed with Lipofectamine 2000 (Invitrogen, Thermo 

Fisher Scientific, Waltham, MA, USA) according to the 

manufacturer’s protocol. The use of the commercial human 

cell line, SGC-7901, was approved by the the ethical commit-

tee of Chongqing Medical University, Chongqing, People’s 

Republic of China.

Plasmids and rna interference
Total RNA was extracted from SGC-7901 cells and cDNA 

was synthesized using reverse transcriptase. NanogP8 cDNA 

was amplified by real time polymerase chain reaction tech-

nique using the specific primers P1, P2, P3, and P4 as follows: 

the inner primers P1 – 5′-CAGGCAACTCACTTTATCC-3′, 
P2 – 5′-TTAGGCTCCAACCATACTC-3′; the outer primers 

P3 – 5′-CCGCTCGAGATGAGTGTGGATCCAGCTTG- 

3′, P4 – 5′-CGGGGTACCTCAGGTTGCATGTTCATGG-3′. 
The DNA products were digested with KpnI and XhoI and cloned 

into pEGFP-N1 to generate GFP-NanogP8. All constructs were 

verified by sequencing. For shRNA, the PCR products were 

digested with BamHI and HindIII and cloned into pGenesil to 

generate shRNA products and the functional shRNA constructs 

used in the present work include the following: shNanogP8: 

5′-AACAAAGCACATCTTGCCAGGA-3′; negative control: 

5′-GAATCACGCACTACTCCTTACA-3′. The specificity of 

the oligonucleotides was confirmed by comparison with all other 

sequences in the National Center for Biotechnology Information 

(NCBI) database using Nucleotide BLAST.

Western blotting
Western blotting assay was performed as described 

previously.20 Cells were washed twice with ice-cold phosphate-

buffered saline and prepared in radioimmunoprecipitation 

assay (RIPA) lysis buffer with 100 μg/mL phenylmethylsul-

fonyl fluoride (PMSF) and protease inhibitor cocktail set I for 

30 minutes on ice. The proteins were loaded on SDS-PAGE, 

transferred to polyvinylidene fluoride (PVDF) membranes 

(Merck Millipore, Billerica, MA, USA), and blotted with 

indicated primary antibodies, followed by secondary antibod-

ies. Immunoreactive bands were visualized with a Bio-Rad gel 

imaging instrument (Bio-Rad, Hercules, CA, USA).

cell viability assays
After transfecting with indicated plasmids for 24 hours, 

cells were cultured in a 96-well microplate at a density of 
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1,000 cells/well for another 24 hours. Then the cell viability 

was assessed with CCK-8 according to the manufacturer’s 

instructions. The cell viability and proliferation were observed 

under the microplate reader at a wavelength of 450 nm.

Detection of cell migration and cell 
invasion by transwell assay
Cell migration and invasion assays were performed by tran-

swell assay as previously described with a slight modification.21 

Six millicell (Millipore) inserts with 8 μm diameter pores were 

placed into a 24-well plate planted with 5×104 cells in RPMI 

1640 containing 1% fetal bovine serum. The lower chambers 

were filled with medium that contained 10% fetal bovine 

serum as the chemoattractant. For the invasion assays, the 

inserts were coated with 50 μL Matrigel (1:3 dilution; BD 

Biosciences, Franklin Lakes, NJ, USA). After culturing for 

24 hours, the cells on the upper membrane surface were 

removed by scraping with a cotton swab. The cells that passed 

through the filter were fixed with 4% paraformaldehyde for 

20 minutes, and then 0.1% crystal violet staining solution was 

added to stain the cells for 30 minutes. The invading cells were 

counted in five randomly selected high-power fields using a 

microscope. All the experiments were performed in triplicate 

with three replicates and the mean was calculated.

statistics analysis
All assays were repeated independently for a minimum 

of three times. Data were represented as mean ± standard 

deviation (SD). Statistical analysis was performed with Stu-

dent’s paired t-test. Differences were considered statistically 

significant at P0.05.

Results
nanogP8 expression promotes tumor 
growth and progression in sgc7901 cells
To begin dissecting the function of NanogP8, SGC7901 cells 

were transfected with pEGFP-N1-NanogP8 and pshRNA-

NanogP8. The empty vectors pEGFP-N1, pGenesil-1, and 

pshRNA-negative control were used as controls. At 48 hours 

of post-transfection, the efficiency of transient transfection 

was determined by assaying green fluorescent protein (GFP) 

expression by fluorescence microscope and comparing with 

non-transfected cells. Fluorescence microscope analysis of 

GFP expression showed that the transfection efficiency was 

higher, while no green fluorescence was observed in non-

transfected SGC-7901 cells (Figure 1A). Next, NanogP8 

expression was detected by Western blotting. As shown 

in Figure 1A, compared with non-transfected and control 

cells, cells transfected with pEGFP-N1-NanogP8 resulted 

Figure 1 nanogP8 expression promotes sgc-7901 cell proliferation.
Notes: (A, B) sgc-7901 cells were transfected with indicated plasmids for 48 hours. (A) Fluorescence microscopy identification of green fluorescent protein expression 
(plasmid Genesil-1 with an enhanced green fluorescent protein [EGFP] label) in SGC-7901 cells. Western blotting was performed to determine the effect of recombinant plasmids 
for nanogP8 expression in sgc-7901 cells. (B) cell viability was examined by ccK8. Data represent mean ± sD of three independent experiments. *P0.05 vs indicated cells.
Abbreviation: sD, standard deviation.
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in a GFP-NanogP8 fusion protein, while shRNA-NanogP8 

significantly decreased endogenous NanogP8 protein. There 

were no significant difference in NanogP8 protein levels 

between non-transfected, empty vectors, and shRNA-nega-

tive-control-transfected cells (Figure 1A).

Subsequently, we examined the oncogenic functions 

of NanogP8 in human gastric cancer cells. To address the 

effects of NanogP8 in cell proliferation, SGC-7901 cells were 

transfected with indicated plasmids for 48 hours overexpres-

sion and cell viability was determined by CCK8. Similar to 

the previous findings,13,14 the result showed that cell viability 

significantly increased in GFP-NanogP8-transfected cells 

compared with GFP-transfected cells (Figure 1B). In addi-

tion, knockdown of NanogP8 by shRNA exerted opposite 

effects (Figure 1B). We then examined whether NanogP8 

affects cell migration and invasion using a transwell plate. 

As shown in Figure 2A and B, overexpression of NanogP8 

significantly increased SGC-7901 migration. The number of 

GFP-NanogP8-transfected SGC7901 cells that migrated to 

the lower chamber was 95.2±2.77 compared with 73.2±3.2 

for the GFP-transfected SGC7901 cells. Simultaneously, 

pshRNA-NanogP8-transfected SGC7901 cell migration 

Figure 2 nanogP8 expression promotes sgc-7901 cell migration and cell invasion. 
Notes: (A) sgc-7901 cells were transfected with indicated plasmids, and transwell migration was performed after 48 hours of transfection. statistical analysis of migration 
was also performed. (B) cell invasion assays of invasion in sgc-7901 cells were performed after 48 hours of transfection. statistical analysis of invasion was also performed. 
Data represent mean ± sD of three independent experiments. *P0.05 represents the cell migration vs non-transfected cells.
Abbreviation: sD, standard deviation.
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greatly decreased compared with that of pshRNA-negative-

control-transfected and pGenesil-1-transfected cells. The 

mean number of shNanogP8 cells that migrated to the lower 

chamber was 49.8±1.92 compared with 74.8±2.38 for the 

pGenesil-transfected cells and 70.6±6.4 for the pshRNA-

negative-control-transfected cells (Figure 2A).

For the invasion assay, the cell invasion of GFP-

NanogP8 expressing cells was significantly enhanced 

compared with that of the GFP expressing cells (84.2±3.11 

vs 63.6±3.20). Moreover, compared with pshRNA-negative-

control-transfected (60.8±2.38) and pGenesil-1-transfected 

(61.8±3.11) cells, knockdown of NanogP8 showed reduced 

invasion (35.8±3.27) (Figure 2B). No significant differences 

were observed among the pEGFP-N1, pshRNA-negative 

control, and pGenesil-1 cell groups. These results suggested 

that NanogP8 plays important roles in tumor development.

nanogP8 activates akt, but not erK, in 
sgc7901 cells
It has been shown that phosphorylation of ERK and Akt is 

an important cellular signaling event for cell survival and 

proliferation. We next sought to investigate the mechanism, 

by which NanogP8 confers a growth and survival advantage. 

SGC-7901 cells were transfected with indicated plasmids, 

and the effects of NanogP8 on the phosphorylation of Akt and 

ERK were determined by Western blot analyses. We found 

that knockdown of NanogP8 decreased the level of Akt 

phosphorylation without affecting total Akt protein level 

(Figure 3A, B). In addition, knockdown of NanogP8 did 

not affect the level of ERK phosphorylation and total ERK 

protein level (Figure 3A). Together, these results indicate that 

NanogP8 activates Akt, but not ERK, in SGC7901 cells.

nanogP8 promotes sgc-7901 cell 
proliferation via the akt-dependent 
signaling pathway
To examine the functional involvement of ERK and Akt in 

NanogP8-mediated cell proliferation, we examined the effect 

of the chemical inhibitors of ERK inhibitor PD98059 (PD) 

and Akt inhibitor API-2, respectively. Initially, we found that 

NanogP8-mediated Akt activation was inhibited by API-2 

(Figure 4A). We next examined the effects of these inhibi-

tors on SGC-7901 cell proliferation and found that NanogP8 

overexpression promotes SGC7901 cell proliferation, which 

was reversed by treatment with API-2 but not PD (Figure 4B). 

This result suggests that NanogP8 mediates the prosurvival 

of tumor cells, at least in part, through the Akt pathway.

nanogP8 promotes sgc7901 cell 
proliferation through akt/mTOr pathway
We speculated that the enhanced SGC7901 growth and 

survival conferred by NanogP8 may be due to its effects on 

Figure 3 nanogP8 affects the phosphorylation of aktin sgc-7901 cells.
Notes: (A) sgc-7901 cells were transfected with indicated plasmids and the levels of pakt, total akt, perK, and total erK were examined by Western blotting analysis. 
β-actin was used as an internal loading control. (B) Quantitative analysis of relative protein levels. Data represent mean ± sD of three independent experiments. *P0.05 
represents the relative pakt/akt levels in shnanogP8 group compared to shnc group.
Abbreviations: shnc, negative control shrna; sD, standard deviation.
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proteins involved in the Akt signaling pathway. Previous 

study has been proposed that activated Akt can phosphorylate 

many substrates to exert its functions. The best-characterized 

substrate of Akt is the serine/threonine kinase mTOR.22 It 

is possible that activation of this pathway contributes to 

SGC-7901 cell proliferation. However, whether mTOR is 

involved in NanogP8-mediated cell proliferation in gastric 

cancer cells remains unclear. To test this possibility, we 

transfected GFP-NanogP8 in SGC-7901 cells for 48 hours, 

and then examined the activation of the Akt/mTOR signaling 

pathway. As shown in Figure 4A, the levels of phosphorylated 

Akt were significantly increased by NanogP8 overexpres-

sion. Such activation was not due to an increase in the total 

Akt protein. Importantly, mTOR, a downstream signaling 

molecule of Akt, was also activated by NanogP8 overexpres-

sion (Figure 5A). Inhibition of mTOR (by using rapamycin) 

suppressed NanogP8-mediated cell proliferation in SGC7901 

cells (Figure 5B), which indicates a direct link between 
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Figure 4 nanogP8 promotes sgc-7901 cell proliferation via the akt-dependent signaling pathway.
Notes: (A) sgc-7901 cells were transfected with pegFP-n1 and pegFP-n1-nanogP8 for 48 hours. Then the cells were treated with the akt inhibitor (2 μM, aPi-2) for 
30 minutes and the level of pakt and akt was determined by Western blot. (B) sgc-7901 cells transfected with the indicated plasmids for 36 hours and then treated with 
the akt inhibitor (2 μM, aPi-2) and erK inhibitor (1 μM, PD98059). after 30 minutes of incubation, the cell viability was detected by ccK8. Data represent mean ± sD of 
three independent experiments. *P0.05 represents cell viability in gFP-nanogP8 group compared to gFP group and gFP-nanogP8+aPi-2 group, respectively.
Abbreviation: sD, standard deviation.
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Akt/mTOR pathway and NanogP8. Therefore, our findings 

demonstrate that NanogP8 promotes cell proliferation through 

Akt/mTOR pathway in human gastric cancer cells.

Discussion
Gastric cancer is one of the most common malignancy in the 

world.1 Although the overall 5-year survival rate in patients 

can reach 50%,2 there was no apparent improvement in thera-

peutic effectiveness for years. Despite enormous progress in 

the pathogenesis of gastric cancer,2 many issues still remain 

to be addressed. Therefore, the identification of biomarker 

is of great importance in the early diagnosis and prognosis 

judgment, especially for a disease with poor outcome such 

as gastric cancer.

Previous studies have been aimed to assess the role 

of Nanog as a potential biomarker in several cancers.23–25 

NanogP8 gene, a retro-gene of Nanog, is highly expressed 

in several tumor tissues and cell lines together with Nanog.14 

A recent study demonstrated that NanogP8 can substitute for 

Nanog in directly promoting stemness in human colorectal 

cancer,5 suggesting that the two proteins may perform similar 

activities in tumor development. Although growing evidence 

has shown the key role of Nanog in tumorigenesis, the onco-

genic functions of NanogP8 and the molecules involved in 

human gastric cancer are not well defined. In order to further 

investigate the role of Nanogp8 in tumor development, the 

pGFP-NanogP8 and pshRNA-NanogP8 recombinant plas-

mids were constructed in this study.

It has been reported that NanogP8 overexpression signifi-

cantly promotes the proliferation of tumor cells in vitro and 

in vivo.14,15 Recent study also showed that NanogP8 knock-

down retards tumor cell proliferation and clone expansion of 

tumor cells.26 These results are consistent with our observa-

tions. However, the mechanism by which NanogP8 confers 

a growth and survival advantage has not been investigated. 

Several studies have reported that the Akt/mTOR pathway 

plays a critical role in tumor growth and survival. However, 

whether there is a connection between Akt/mTOR pathway 

and NanogP8 has not been elucidated in human gastric cancer. 

In this study, we uncovered the Akt signaling as the down-

stream component of NanogP8. We found that the knock-

down of NanogP8 decreased the level of Akt phosphorylation 

without affecting total Akt protein level. Notably, NanogP8 

overexpression promotes tumor cell proliferation, which was 

reversed after the inhibition of Akt, but not ERK, suggesting 

that the Akt pathway is the key underlying the prosurvival 

function of NanogP8. Importantly, mTOR, a downstream 

signaling molecule of Akt, was also activated by NanogP8 

overexpression. Inhibition of mTOR (by using rapamycin) 

suppressed NanogP8-mediated cell proliferation in SGC7901 

cells, suggesting a direct link between Akt/mTOR pathway 

and NanogP8. Moreover, we did not detect any influence of 

NanogP8 on the expression or activation of ERK, although 

we cannot exclude possible contributions from other signal-

ing cascades. However, it remained to be determined as the 

process by which NanogP8 triggers the Akt pathway.
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Figure 5 nanogP8 promotes sgc7901 cell proliferation through akt/mTOr pathway.
Notes: (A) Western blot analysis of expression of indicated proteins in pegFP-n1 and pegFP-n1-nanogP8-transfected sgc-7901 cells. (B) sgc-7901 cells were 
transfected with pegFP-n1-nanogP8 for 24 hours and then treated with mTOr inhibitor rapamycin (50 nM) for another 24 hours. The cell viability was detected by ccK8. 
Data represent mean ± sD of three independent experiments. *P0.05 represents cell viability in (gFP- gFP-nanogP8+ rapamycin-) group compared to the (gFP+ gFP-
nanogP8- rapamycin-) and (gFP-nanogP8+ rapamycin+) group, respectively.
Abbreviation: sD, standard deviation.
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The metastatic tumor remains to be the major cause of 

death and poor prognosis in cancer patients, and it is a process 

involving the invasion and migration of cells and proliferation 

in a new site.27 To determine the role of NanogP8 in gastric 

cancer cell migration and invasion, transwell migration and 

invasion assays were performed. Our results firstly showed 

that NanogP8 overexpression greatly enhanced the migra-

tion and invasion in SGC-7901 cells, whereas NanogP8 

knockdown significantly reduced the migration and invasion 

of SGC-7901 cells. The mechanism that regulates NanogP8-

mediated effects on the migration and invasion of tumor cells 

is unclear and needs to be further elucidated.

In conclusion, our findings extend the knowledge regard-

ing the oncogenic functions and proved that NanogP8 regu-

lates cell proliferation and migration by Akt/mTOR signaling 

pathway in human gastric cancer SGC-7901cell line.
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