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The human pluripotency gene NANOG/NANOGPS is expressed in
gastric cancer and associated with tumor development
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Abstract. It is well known that cancer cells exhibit character-
istics similar to normal stem cells. The majority of tumors
frequently overexpress genes commonly found in embryonic
stem cells. To determine whether the pluripotency gene
NANOG and its retrogene, NANOGPS, play a role in gastric
cancer, we analyzed the NANOG/NANOGPS8 expression
profile at the mRNA and protein level in primary gastric
tumors. Our data demonstrated that overexpression of
NANOG/NANOGPS was consistently detected in primary
tumors (75%, 30/40) compared to adjacent normal tissues
(12.5%, 5/40). Furthermore, NANOG/NANOGPS8 was highly
expressed in the intestinal metaplasia (60%, 24/40) and
dysplasia tissues (66.7%, 20/30) compared to normal tissues.
These results suggest that NANOG/NANOGPS exhibits
potential as a biomarker and its expression may play an impor-
tant role in gastric cancer development.

Introduction
Recently, substantial evidence has shown that cancer cells

exhibit morphological, biological and phenotypical character-
istics similar to normal stem cells. Previous research provided
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substantial support for the hypothesis that cancer stem cells
contribute to tumorigenesis (1-3). The self-renewal of stem and
cancer cells may be regulated by similar signaling pathways
(4). Notably, certain poorly differentiated tumors frequently
overexpress genes preferentially enriched in embryonic stem
(ES) cells, such as NANOG, OCT4 and SOX2 (5-9).

NANOG is a transcription factor that plays a vital role
in maintaining the pluripotency and self-renewal capacity of
ES cells (10,11). It is well known that NANOG is highly and
specifically expressed in ES cells (10,11) and human germ cell
tumors (12-14). Recent studies indicated that NANOG is also
highly expressed in certain somatic tumors, such as breast (5,8),
prostate (6) and cervical cancer (15). Of note is that NANOG
has 11 highly homologous pseudogenes (16), some of which
are normally expressed in tumors (17-20). Our previous study
showed that NANOGPS, a retrogene of NANOG, is expressed
in several tumor tissues and cell lines together with NANOG
(20). Notably, only one amino acid differs between NANOG
and NANOGPS; thus, the two proteins perform similar activi-
ties in promoting cell proliferation (20,21). Jeter et al (22)
recently reported that in cancer cells, NANOG is derived
predominantly from a retrogene locus termed NANOGPS.

Gastric cancer (GC) is one of the most common types of
cancer and the second highest cause of cancer-related mortality
in the world (23,24). Studies have strongly indicated the exis-
tence of cancer stem cells in GC (25,26). Investigation of ES cell
gene expression in GC tissues may be helpful in understanding
the molecular mechanism for the stem cell theory of carcino-
genesis. To determine its involvement in GC development, this
study analyzed the NANOG/NANOGPS expression profile
in GC and the correlation between the NANOG/NANOGP8
expression and clinicopathological features.

Materials and methods

Tissue specimens. GCs, as well as their corresponding
adjacent non-neoplastic tissues, intestinal metaplasia and
dysplasia tissues were obtained from the tumor bank of the
Beijing Cancer Hospital and Institute. Each gastric tissue was
collected following patient consent and the approval of the



458

ACTIN

ACTIN

9N - 9T - 10N - 10T

NANOG+Pg

ACTIN

ZHANG et al: NANOG IS EXPRESSED IN GASTRIC CANCER

1MN - 11T - 12N - 12T -

396 bp

545 bp

Figure 1. RT-PCR detection of NANOG or its pseudogenes in normal and GC tissues. PCR products indicate the presence of NANOG, NANOGPS8
or other pseudogenes of NANOG. Lanes 1-12 represent pairs of specimens from 12 GC patients. Detection of -actin was used as a positive control.
Products were confirmed by sequencing analysis. T, GC tissue; N, corresponding adjacent normal tissues; -, RT-PCR carried out without reverse tran-

scriptase; Pg, pseudogenes.

ethics committee of the Beijing Cancer Hospital and Institute.
The cancer tissues were excised from the central section
of the GC. As a control for each GC patient, normal tissue
was excised at least 5 cm from the border of the GC. The
specimens were routinely diagnosed by senior pathologists
according to pathological biopsy and Lauren's classification.
The stage of GC was determined according to the tumor-
node-metastasis (TNM) classification of the American Joint
Committee on Cancer. Follow-up interviews were conducted
with patients for at least 5 years or until the patient succumbed
to the disease. For tissue microarray analysis, 40 pairs of GC
samples, 40 metaplasia tissues and 30 dysplasia tissues were
fixed in formalin and embedded in paraffin. For RT-PCR
experiments, 12 pairs of samples were frozen in liquid
nitrogen within 30 min after surgery and then stored at -70°C
until required.

Total RNA extraction and RT-PCR. Total RNA from gastric
samples was extracted using TRIzol reagent (Invitrogen,
USA) following procedures described by the manufacturer. To
remove any DNA contamination, total RNA was treated with
RNase-free DNase I (Takara Bio Inc., Japan). The reverse tran-
scription (RT) reaction was carried out with 2 ug total RNA
in a 25-ul reaction containing M-MLV reverse transcriptase
(Promega, USA) using oligo dT primers. An RT reaction was
carried out without reverse transcriptase as a negative control.
The PCR for NANOG/NANOGPS8 was carried out using
LATaq® DNA polymerase with GC buffer (Takara Bio Inc.)
in a 50-ul volume. The NANOG/NANOGPS primers were:
forward, 5-CCTACCCCAGCCTCTACTCT-3"' and reverse,
5-CGTCTTCAGGTTGCATGTTC-3. This pair of primers
were able to identify not only NANOG/NANOGPS, but also
other pseudogenes of NANOG. Amplification of B-actin was
used as a normalizing control. The [-actin primers were:
forward, 5-CGGGACCTGACTGACTACCTC-3' and reverse,
5"TCGTCATACTCCTGCTTGCTG-3" PCR was performed
with the following cycling profile: 5 min denaturation at 94°C
followed by 38 (NANOG/NANOGPS) or 30 cycles (B-actin) of

30 sec at 94°C, 30 sec at 55°C and 50 sec at 72°C, with a final
extension step at 72°C for 10 min. Products were analyzed by
electrophoresis on a 1.2% (w/v) agarose gel and the fragments
extracted using a gel extraction kit (Omega, USA). Six clones
of each specific PCR product were verified by sequencing
analysis.

Tissue microarray analysis with immunohistochemistry
staining. Tissue microarray blocks of gastric tissues were
constructed for immunohistochemistry staining. For each
case, five tissue cylinders (0.6 mm diameter, 1 mm high) were
removed from individual GC or adjacent normal tissue. The
tissue array blocks were arranged using a puncher (Beecher
Instruments, Micro-Array Technologies, USA). Sections
(4 pm) were obtained from the block and transferred to glass
slides. The block contained a representative control of well-
matched cancer and adjacent non-neoplastic tissue.

For immunohistochemical staining, the slides were baked
overnight at 60°C, deparaffinized with xylene and rehydrated
in a graded ethanol series. Antigen retrieval was carried out
by microwaving tissue in 1 mM EDTA solution (pH 8.0). The
endogenous peroxidase activity was blocked by incubation in
3% H,0, at room temperature for 10 min. After incubation
in 3% milk to prevent non-specific binding, the slides were
immunostained with mouse anti-human NANOG monoclonal
antibody (1:100; Abcam, USA) at 4°C overnight in a humidi-
fied chamber. Slides were washed in phosphate-buffered
saline and incubated with a secondary antibody conjugated
to peroxidase (Zhongshan Golden Bridge Biotechnology,
China). Immunohistochemical staining was performed
using a commercial DAB kit (Zhongshan Golden Bridge
Biotechnology) which yielded a positive brown signal. Slides
were then counterstained with hematoxylin, dehydrated in a
graded ethanol series and mounted.

Statistical analysis. The data were analyzed using the
Chi-square and Fisher's exact test. The association of NANOG/
NANOGP8 expression with clinicopathological features was



ONCOLOGY LETTERS 1: 457-463, 2010

459

Table I. Sequencing analysis of RT-PCR products from 12 pairs of specimens taken from GC patients.

Case no. NANOG NANOGPS8

NANOGP2

NANOGP4 NANOGP5 NANOGP7

T, gastric cancer tissues; N, adjacent normal tissues.

analyzed using SPSS software (version 14). The cumulative
survival curve was compared by the log-rank test. For the
analyses, P<0.05 was considered to be statistically significant.

Results

NANOG/NANOGPS8 mRNA expression in GC and normal
tissues. To compare the expression of NANOG/NANOGPS
between tumor and normal tissues of GC patients, we
initally detected mRNA expression using RT-PCR in 12
pairs of specimens. Due to the existence of many NANOG

pseudogenes, the primers used in this study were likely able
to identify these pseudogenes. Therefore, we examined the
PCR products by sequence analysis. As shown in Fig. 1, the
presence of NANOG and/or its pseudogene RNA was noted
in 10 of the 12 GC cases as compared to normal tissues
(6/12). The sequencing results obtained from the PCR prod-
ucts indicated that 4 of the 12 GC cases were specific for
NANOGPS and 2 cases contained NANOG, while only 1
of the 12 cases in normal tissues contained the NANOGP8
sequence in the PCR product (Table I). The NANOG pseudo-
genes, NANOGP2, NANOGPS, NANOGP7 and NANOGP4,
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Table II. Comparison of NANOG/NANOGPS protein expression between GC and normal matched tissues.

Histology Total cases NANOG/NANOGPS P-value
Positive (%) Negative (%)
Tumor 40 30 (75.0) 10 (25.0) <0.001
Normal 40 5 (12.5) 35(87.5)
Table III. Correlation analysis between NANOG/NANOGPS protein expression and clinicopathological features.
Clinicopathological features Total cases NANOG/NANOGPS8 P-value
Positive Negative
Differentiation 0.589
Well 13 9 4
Poor 27 21 6
LN metastasis 0.473
N 12 8 4
N, 28 22 6
Distant metastasis 1.000
M, 36 27 9
M, 4 3 1
Stage 0.915
LI 14 10 4
1L, IV 26 19 7

LN, lymph node.

were also detected in both GC (8/12) and normal tissues (6/12)
(Table I).

Detection of the NANOG/NANOGPS protein expression in
GC and normal tissues. Of note is that pseudogenes, including
NANOG, cannot be translated into functional protein products
(27). We attempted to detect NANOG/NANOGPS8 protein in
GC and normal tissues using immunohistochemical staining.
Results indicated that there was an increased NANOG/
NANOGPS8 protein expression in GC tissues compared to
normal matched tissues (Fig. 2, Table II). Positive NANOG/
NANOGPS staining was detected in 75% (30/40) of the GC
tissues and only in 12.5% (5/40) of the corresponding adja-
cent normal tissues (P<0.001). The majority of NANOG/
NANOGPS cells were diffusely localized in both the nucleus
and cytoplasm (Fig. 2A and B), whereas in other GC tissues,
NANOG/NANOGPS cells were clearly localized in the
nucleus (Fig. 2C and D).

Correlation analysis of NANOG/NANOGPS expression
and clinicopathological features. A correlation analysis
of NANOG/NANOGPS expression and the clinicopatho-

logical features of GC was conducted. NANOG/NANOGPS
protein expression did not correlate to the following clinico-
pathological features: GC histological grade (well vs. poor
differentiation, P=0.589), lymph node metastasis (N, vs. Nj,
P=0.473), distant metastasis (M, vs. M,, P=1) or stage (TNM
classification, stages I and II vs. stages III and IV, P=0.915)
(Table III). Additionally, the cumulative survival curve indi-
cated no significant difference in the survival time of patients
with higher levels vs. those with low levels of NANOG/
NANOGP8 expression (P=0.998; data not shown).

NANOG/NANOGPS in the early developmental stages of GC.
As NANOG/NANOGPS protein expression in GC did not
correlate to the afore-mentioned clinicopathological features,
we hypothesized that NANOG/NANOGPS plays a role in
the early developmental stages of gastric carcinogenesis. We
were able to detect the NANOG/NANOGPS protein in the
intestinal metaplasia and dysplasia tissues, representative
of the early developmental stages of GC (28,29). As shown
in Fig. 3, NANOG/NANOGPS8 was highly expressed in the
intestinal mucosa of the metaplasia tissues (60%, 24/40;
Fig. 3A and B). The dysplasia tissues also demonstrated high
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Figure 2. Representative images of immunohistochemical staining for NANOG/NANOGPS8 in GC and normal tissues. (A and B) GC tissues showing cyto-
plasmic localization of NANOG/NANOGPS. (C and D) GC tissues showing the localization of NANOG/NANOGPS in the nucleus. (E and F) Normal gastric
tissues. N, nucleus; C, cytoplasm. A, C and E: magnification, x10; B, D and F: magnification, x20.

Figure 3. NANOG/NANOGPS protein expression in the early developmental stages of GC. (A and B) Intestinal metaplasia and (C and D) dysplasia showing
the expression of NANOG/NANOGPS, respectively. IM, intestinal mucosa. A and C: magnification, x10; B and D: magnification, x20.
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levels of NANOG/NANOGPS expression (66.7%, 20/30),
whereas adjacent normal gastric tissues exhibited no expres-
sion (Fig. 3C and D).

Discussion

Of note is that malignant cells have a close relationship to stem
cells. It has been postulated that the self-renewal pathways in
stem cells perform a similar role in cancer cells (4,5). This
study attempted to provide evidence that the ES cell self-
renewal gene, NANOG, is also highly expressed in cancer
cells. Since NANOGPS showed similar activities to NANOG
in promoting cell proliferation (20,21), we postulated that
NANOG and NANOGPS play similar roles in maintaining the
high proliferative capacity of cancer cells. The mechanism by
which NANOG and NANOGPS8 expression is regulated may
be distinctly different. However, the effects of NANOG and
NANOGPS in carcinogenesis are the same. Furthermore, it is
difficult to distinguish the protein products of NANOG and
NANOGPS8 by immunohistochemistry due to only one amino
acid difference between them. Therefore, this study analyzed
the expression of NANOG and NANOGPS together.

We detected an increase in the level of mRNA transcripts
of NANOG, NANOGP8 and several NANOG pseudogenes in
GC vs. normal tissues. From the 10 RT-PCR-positive cases in
GC tissues, six showed an expression of NANOG/NANOGPS
at the mRNA level. The protein expression of NANOG/
NANOGPS in GC tissues was found to be significantly higher
(75%) than that of normal tissues (12.5%), supporting our
hypothesis that the gene NANOG is highly expressed in GC.

It is well known that the transcription factor NANOG,
is localized to the nucleus (21,30). The same applies to
NANOGPS8 (20). Following the exclusion of false-positive
staining, we found that in certain cancer specimens, the local-
ization of NANOG/NANOGPS is not restricted to the nucleus
but can also be observed in the cytoplasm. These results are
similar to those found in breast carcinoma samples (8) and
malignant cervical epithelial cells (15). It provides a hint that
NANOG/NANOGPS plays a more complex role(s) in cancer
than anticipated. The regulation mechanism for localization is
currently unknown and further study is required.

Investigation into the activities of these genes and their
association with cancer may result in a better understanding of
the biological characteristics of carcinoma. For the first time,
we have proven that no correlation exists between NANOG/
NANOGPS protein expression and the differentiation, lymph
node metastasis, distant metastasis, stage or survival of GC
patients. Our results suggest that NANOG/NANOGPS expres-
sion is not related to the prognosis of GC. With respect to the
theory that cancer stem cells account for carcinogenesis (1-3),
we presume that NANOG/NANOGPS8 expression may relate
to the initial stages of GC. Intestinal-type gastric tumors are
usually well-characterized by sequential developmental stages
that include chronic gastritis, atrophy, intestinal metaplasia,
dysplasia and carcinoma (28,29). We identified the expression
of NANOG/NANOGPS in the early developmental stages
of GCs, during intestinal metaplasia and dysplasia, but not
in the adjacent normal tissues. This suggests a potential role
for NANOG/NANOGPS in the early developmental stages of
gastric carcinogenesis.
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Jeter et al (22) recently reported that NANOG and/or
NANOGPS8 regulates prostate tumor development. These
authors found that the ectopic expression of patient tumor-
derived NANOGPS8 in the K14 cellular compartment of
transgenic mice disrupts tissue homeostasis associated with
hyperplasia, dysplasia and abnormal differentiation. The
results obtained by Jeter et al (22) confirm and significantly
extend our findings in GC.

In conclusion, we detected a significantly increased expres-
sion of NANOG/NANOGP8 in GC compared to normal
tissues. Our results suggest that NANOG/NANOGPS is not
related to the prognosis of GC, but to the early developmental
stages of gastric carcinogenesis. Further studies and an anal-
ysis of the NANOG/NANOGPS8 expression would provide a
better understanding of the biological characteristics of GC.
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