
ORIGINAL PAPER

Overexpression of Nanog protein is associated with poor prognosis
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Abstract Nanog, a key transcription factor in self-

renewal and pluripotency of embryonic stem cells, has

been proved to play a novel role in solid tumor develop-

ment. Here, we investigated Nanog protein expression in

retrospective clinical samples of 105 patients underwent

resective surgery for gastric adenocarcinoma. We found

that Nanog protein immunostaining in tumor tissues was

stronger than that in their corresponding non-dysplastic

tissues. However, no statistical difference of Nanog protein

expression between tumor tissues and metastatic lymph

nodes was found (P = 0.143). Interestingly, overexpres-

sion of Nanog protein was correlated with advanced clin-

ical stage of patients with gastric adenocarcinoma

(P = 0.006). And Nanog protein expression was correlated

with lymph node status (P = 0.004), infiltrating extent

(P = 0.001), and differentiation (P = 0.000) of patients

with gastric adenocarcinoma. Survival analysis showed

that overexpression of Nanog protein in gastric cancer

patients predicted a poorer prognosis (P = 0.000). Our

data first demonstrated a potential diagnostic and prog-

nostic role of Nanog for gastric adenocarcinoma.
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Introduction

Gastric cancer is the main cause of tumor-associated death

in series of cancers [1, 2] with an estimated 934,000 new

cases per year in 2002 [3]. In China, the overall 5-year

survival rate of patients with gastric cancer is lower than

40%. Most patients with gastric cancer are diagnosed at

advanced clinical stages with a high ratio (50–75%) of

lymph node metastasis. Therefore, it is very important to

find new factors for the early diagnostic and prognostic

evaluation of gastric cancer. Because adenocarcinoma

accounts for approximately 90% of gastric cancer [4],

patients with gastric adenocarcinoma (GAC) were selected

in this study.

As far as we know, gastric cancer is a multistep process

involving a number of genetic and epigenetic changes.

Molecular genetic analysis of gastric cancer has revealed

associations of certain genetic changes with pathological

features and prognosis of gastric cancer patients. Recent

study showed that molecular changes just as c-met,

c-erbB2, APC, TP53, and E-cadherin were relevant with

gastric carcinogenesis [5]. It suggests that a better under-

standing of the genetic or epigenetic changes underlying

gastric cancer will provide new perspectives for early

diagnosis and prognosis.

Nanog, one of the key homeobox transcription factors

involved in embryonic stem cells (ESCs) [5, 6], regulates

the cell fate of the pluripotent inner cell mass (ICM) by

maintaining the pluripotent epiblast and preventing dif-

ferentiation to primitive endoderm [7, 8]. Similarly, tumor
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development has long been considered as an abnormal

embryogenesis, and cancer cells share a few biological

properties with ESCs [9]. And recently, Nanog has been

shown to play a role in solid tumor development. Elevated

Nanog expressions were found in retinoblastoma, prostate

cancer, embryonal carcinoma, metastatic germ cell tumor,

ovarian cancer, breast cancer, and colorectal cancer

[10–16]. Nevertheless, there is still no report on the role of

Nanog in GAC, especially in clinical samples of GAC.

Furthermore, the diagnostic and prognostic significance of

Nanog in GAC is still unknown.

Here, we aimed to assess the diagnostic and prognostic

role of Nanog and the correlation between Nanog protein

expression and clinicopathological characteristics in GAC.

Materials and methods

Patients

A cohort of 156 GAC patients who underwent gastric

surgery at Nanfang Hospital (Guangzhou, People’s

Republic of China) was selected for this study. The study

was approved by the Ethics Committee of Southern Med-

ical University. At the beginning of the study, we followed

up all 156 GAC patients after the surgery. However, 51

patients were excluded from the study for loss of further

follow-up. The characteristics of the 105 patients are

summarized in details in Table 1.

Immunohistochemistry

Briefly, 4-lm, formalin-fixed, paraffin-embedded speci-

mens of the tissue sections from patients with GAC were

available for immunohistochemical analysis. Slides were

deparaffinized and rehydrated following standard methods.

A microwave antigen retrieval procedure was carried out for

20 min in citrate buffer (pH 6.0). Hydrogen peroxide was

used to block non-specific peroxidase reaction. After

washing with phosphate-buffered saline (PBS, pH 7.4), the

sections were incubated with Rabbit anti-human Nanog

polyclonal antibody (Biosynthesis Biotechnology Co.,

LTD, Beijing, China, 1:200) for 12 h at 4�C. After washing

three times with PBS, sections were incubated at 37�C with

HRP Goat anti-rabbit IgG Conjugated (ZYMED, San

Francisco, USA) for 20 min. The visualization was

achieved by incubation with diaminobenzidine for 10 min,

and the slides were counterstained with Mayer hematoxylin.

After hydrated in graded alcohol and cleared with xylene,

the slides were mounted with neutral gum. Seminomas,

which have been proved to overexpress Nanog [17], were

chosen as appropriate positive control, and negative controls

were performed by omitting the primary antibody.

Evaluation of Nanog protein expression

In this study, positive cells were scored based on nucleus

staining of Nanog protein. The number of positive immu-

nostained cells out of 100 in 10 random high-power fields

(X400-Zeiss microscope) was scored. The immunoassay-

ing frequency scores and stain intensity scores were ranged

from 0–4 and 0–3, respectively. An overall protein

expression score (0–12) was calculated by multiplying two

scores above. For statistical analysis, a final score of C6

was considered as a strong expression of Nanog protein,

and a score of 2, or less, was presumed as a low expression,

and scores between them were regarded as a moderate

expression. Slides were independently reviewed by two

pathologists blinded to the clinical data, and consensus

agreements were reached.

Statistical analysis

All statistical analyses were performed by SPSS13.0 soft-

ware package for Windows. The associations of Nanog

expression with different clinical parameters were per-

formed by non-parametric tests. In detail, chi-square test

Table 1 Clinical characteristics in GAC patients

Clinical characteristics N cases (%)

Gender

Male 71(67.62)

Female 34(32.38)

Age

B50 25(23.81)

[50 80(76.19)

TNM stage

I 22(20.95)

II 46(43.81)

III 20(19.05)

IV 17(16.19)

Tumor site

Corpus gastricum 40(38.10)

Fundus gastricus 29(27.62)

Sinus ventriculi 36(34.28)

Serosal invasion

Positive 71(67.62)

Negative 34(32.38)

Lymph node metastasis

Positive 71(67.62)

Negative 34(32.38)

Differentiation

Well 12(11.43)

Moderate/poor 93(88.57)
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was used for categorical variables and Mann–Whitney

U test for continuous variables. Chi-square test was also

performed to compare the expression of Nanog between

tumor tissues and adjacent benign tissues, as well

as metastasis of lymph nodes. Survival analysis was

performed by Kaplan–Meier method and compared by

Fig. 1 Expression of Nanog protein in GAC patients. a Low

expression of Nanog in normal counterpart non-dysplastic tissue

(9400). b Low expression of Nanog protein in GAC tissues (9400).

c Low expression of Nanog protein in signet-ring cell carcinoma of

gastric cancer (9400). d Moderate expression of Nanog protein

in GAC tissue (9400). e and f High expression of Nanog protein in

GAC tissue (9100, 9400). g and h High expression of Nanog protein

in metastatic lymph nodes (9100, 9400)
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log-rank test. Multivariate analysis by Cox proportional

hazard regression model was performed to find the poten-

tial independent prognosis factors in GAC. P \ 0.05 was

regarded statistically significant.

Results

We compared 105 samples of GAC tissues with 70 samples

of non-dysplastic tissues, which had enough normal

counterparts adjacent to cancer tissues from the 105 cases,

GAC tissues. Nanog protein was mainly localized in the

nucleus of the tumor cell of GAC. Negative staining could

be found in normal counterpart non-dysplastic tissue. High

and moderate staining could be found in the tumor cells of

GAC. Specially, negative expression of Nanog was found

in most of the tumor cells in the gastric signet-ring cell

carcinoma (GSRC), a special type of GAC (Fig. 1). Mod-

erate and strong expression of Nanog was found in the

majority of GAC tissues (76/105), and strong expression of

Nanog was observed in 38 cases of them. In contrast, low

expression of Nanog was found in most of non-dysplastic

tissues (58/70), and strong expression of Nanog was only

observed in 4 samples (5.71%) of them (Fig. 2a). However,

when we randomly selected 10 samples from 34 patients

with metastasis in lymph nodes to compare Nanog staining

in the primary cancers and its corresponding metastasis in

lymph nodes, no statistical difference was detected in

Nanog expression between the cancer tissues and the

metastatic lymph nodes (P = 0.143) (Fig. 2b).

In order to know the clinical role of Nanog in GAC, we

further analyzed the associations between protein expres-

sion levels of Nanog and clinicopathological characteristics

such as gender, age, location, invasion, tumor differentia-

tion, lymph nodes status, and TNM stage of patients with

GAC. No significant associations were found between

Nanog expression and age, gender, tumor location

(P [ 0.05) of GAC patients. Interestingly, Nanog expres-

sion was positively correlated with tumor invasion (P =

0.001), lymph node status (P = 0.000), and TNM staging

(P \ 0.001) of GAC patients (Table 2).

Survival analysis using Kaplan–Meier analysis method

showed that clinical stage, serosal invasion, lymph node

metastasis, and differentiation (Table 3), as well as Nanog

protein expression, could predict the prognosis of GAC

patients. Overexpression of Nanog protein correlated with

poorer overall 5-year survival in patients with GAC. The

Cox proportional hazard regression model indicated that

Nanog protein expression (P = 0.000) (Fig. 3a) and clin-

ical stage (P = 0.000) (Fig. 3b) were the two potential

independent prognostic factors in our study (Table 4).

According to the relative risk, Nanog, as well as clinical

stage, serosal invasion, lymph nodes metastasis, and

differentiation was positively related to the risk of death

from GAC (Table 4).

Discussion

Nanog, a new transcription factor reported by Chambers

and Mistsui [18], is one of the four factors to reprogram

adult cells into germ-line-competent-induced pluripotent

stem cells [19–21]. Moreover, Nanog plays a critical role in

maintaining self-renewal and pluripotent of ESCs by reg-

ulating cell fate of pluripotent ICM [22–24]. Interestingly,

the elevated expression of Nanog protein in several human

cancers was recently reported, suggesting that Nanog may

be implicated in tumor genesis and progression [25]. A

systematic study using animal model and in vitro cell

systems has supplied many evidences about the key role of

Nanog in human tumor development [26]. Recent study

showed TGFb pathway was involved in the regulation of

Nanog gene expression via binding with the Nanog prox-

imal promoter [27]. As we know, TGFb pathway is one of

the most important signaling pathways which are fre-

quently altered in human gastric cancer [28, 29].

Fig. 2 a Population pyramid of Nanog protein expression in 105

cases of GAC patients (blue color) and 70 cases of adjacent benign

tissues (green color) from GAC patients (P = 0.000). b Population

pyramid of Nanog protein expression in tumor tissues (105 samples)

and metastatic lymph nodes (10 samples) of GAC patients

(P = 0.143)
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Table 2 Correlation of

clinicopathological

characteristics of the patients

with GAC and expression levels

of Nanog protein

P value \ 0.05 was indicated in
bold

Pathological prognostic factors Expression of Nanog protein

Low (%) Moderate (%) High (%) P value

Gender

Male 20(19.05) 24(22.86) 27(25.71) 0.794

Female 9(8.57) 13(12.38) 12(11.43)

Age

B50 9(8.57) 11(10.48) 5(4.76) 0.063

[50 20(19.05) 26(24.76) 34(32.38)

TNM stage

I ? II 21(20.00) 28(26.67) 19(18.10) 0.006

III ? IV 8(7.61) 10(9.52) 19(18.10)

Tumor site

Corpus gastricum 11(10.48) 12(11.43) 17(16.19) 0.726

Fundus gastricus 10(9.53) 14(13.33) 8(7.61)

Sinus ventriculi 8(7.61) 12(11.43) 13(12.38)

Serosal invasion

Positive 17(16.19) 21(20.00) 34(32.38) 0.001

Negative 12(11.43) 17(16.19) 4(3.81)

Lymph node metastasis

Positive 14(13.33) 24(22.86) 32(30.48) 0.004

Negative 15(14.29) 14(13.33) 6(5.71)

Tumor differentiation

Well 9(8.57) 3(2.86) 0(0.00) 0

Moderate/poor 20(19.05) 35(33.33) 38(36.19)

Table 3 Relationship between

the prognosis and clinical

characteristics in GAC

P value \ 0.05 was indicated in
bold

Clinical characteristics N cases Mean 95% Confidence interval v2 P value

Gender

Male 71 34.481 29.273, 39.688 0.043 0.836

Female 34 34.624 26.569, 42.679

Age

B50 25 34.093 25.476, 42.710 0.012 0.913

[50 80 34.841 29.781, 39.901

TNM stage

I ? II 69 42.347 37.675, 47.018 32.151 0

III ? IV 36 17.730 12.022, 23.438

Tumor site

Corpus gastricum 40 35.967 28.886, 43.048 0.624 0.732

Fundus gastricus 29 35.460 27.835, 43.086

Sinus ventriculi 36 28.980 22.071, 35.889

Depth of tumor invasion

Serous membrane invasion 71 29.240 23.857, 34.623 13.372 0

Non-serous membrane invasion 34 46.341 41.057, 51.627

Tumor differentiation

Well 12 38.444 33.722, 43.167 4.633 0.031

Moderate/poor 93 32.846 28.122, 37.570

Lymph node status

Positive 71 29.048 23.478, 34.618 11.592 0.001

Negative 34 44.831 39.433, 50.228

Nanog protein expression

Low 29 50.381 44.559, 56.203 38.175 0

Moderate 37 39.970 33.500, 46.440

High 39 18.515 13.177, 23.854
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Interestingly, our previous study showed that Nanog played

as both an inducer and a receipt of epithelial–mesenchymal

transition (EMT)-related signal of colorectal cancer [16].

However, the role of Nanog in human gastric cancer is still

unclear.

Here, we aimed to find the clinical role of Nanog in

GAC. Overexpression of Nanog protein was found in 105

cases of GAC clinical samples using immunohistochemical

methods, indicating a potential diagnostic value of Nanog

protein. In our study, strong expression of Nanog protein

was found in 36% samples of cancer tissue and 60%

samples of lymph nodes with metastasis. As mentioned

before, several groups have investigated the overexpression

of Nanog protein in several types of carcinomas. Here, we

report that Nanog protein was overexpressed in GAC. As

far as we know, molecular-targeted therapy has been a hot

field for cancer therapy, and our study gives a potential

clue for clinical trials of Nanog-targeted drug which may

work in the management of GAC patients.

The results about the association between Nanog and

pathological features showed that Nanog protein expres-

sion predicted TNM stage, serosal invasion, lymph nodes

metastasis, and tumor differentiation of GAC patients. As

we know, the TNM stage system lymph node status are two

prognostic indexes widely used in clinic for GAC [30, 31],

and poorly differentiated cancer cells of gastric cancer

often show stronger aggressive and metastatic ability [32].

The relevance between Nanog expression and the above

clinicopathological characteristics indicates that Nanog

could be used as a potential factor to predict tumor pro-

gression and poor prognosis in GAC.

Our further results indicated that there was a strong

correlation between expressions of Nanog protein and a

5-year survival of the 105 GAC patients. Kaplan–Meier

analysis in this study showed that the main significant

factors that impacted prognosis of patients with GAC were

Nanog, TNM stage, invasive depth, lymph nodes metas-

tasis, and differentiation. Cox regression analysis showed

that Nanog and clinical stage were the two potential

independent factors in GAC. Therefore, Nanog protein, as

well as TNM stage, could be used as a potential prognosis

factor for GAC. Interestingly, negative staining of Nanog

protein was found in 11 of 19 cases of GSRC in this study.

Our data showed that expression of Nanog protein was not

relevant to 5-year survival of GSRC patients (P = 0.168),

and in contrast, TNM was the significant prognostic factor

of GSRC (P = 0.003) (Table 5). The reason for this out-

come needs further study, and it indicates that Nanog may

not be a suitable prognostic index for GSRC, a special type

of GAC.

In this study, we found that Nanog protein was mainly

located in cellular nucleus. So positive cells were scored

based on nucleus staining of Nanog protein, and cytoplastic

Fig. 3 a Survival curves of patients with GAC, subdivided according

to Nanog protein expression. b Survival curves of patients with GAC,

subdivided according to TNM stage

Table 4 Cox regression analysis of the prognostic factors of the

postoperative survival rate in GAC

Prognostic factor B SE Exp(B) P value

TNM stage 1.293 0.343 4.712 0

Depth of tumor invasion 0.575 0.537 1.712 0.284

Lymph node status 0.289 0.482 1.648 0.549

Tumor differentiation 0.500 1.101 1.648 0.650

Nanog protein expression 1.161 0.274 3.616 0

SE standard error, Exp(B) relative risk
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staining in a small fraction of cancer cells was considered

as non-specific expression. Both cytoplasmic Nanog and

nuclear Nanog have been observed in some cultured tumor

cells [26]. In malignant cervical epithelial cells, Nanog was

found only in cytoplasm [33]. Only nuclear Nanog was

found in both cell line and clinical samples of oral squa-

mous cell carcinoma [34]. Interestingly, a study using the

same antibody in our group found Nanog was localized in

both cytoplasm and nucleus in colorectal cancer [16]. The

significance of distribution of Nanog protein is still

unknown.

In conclusion, our study shows that overexpression of

Nanog protein correlates with TNM stage, serosal invasion,

lymph nodes metastasis, and tumor differentiation of GAC

patients. Our data first demonstrate that Nanog has a

potential diagnostic and prognostic role for GAC.
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