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Expression of stem cell markers nanog and PSCA
in gastric cancer and its significance
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Abstract. The present study aimed to determine the expres-
sion of stem cell markers Nanog compared with PSCA in
gastric cancer tissues and adjacent normal tissues, and to
investigate the association between tumor stem cells and
initiation, progression, metastasis, and prognosis of gastric
cancer. One hundred chemotherapy- and radiotherapy-naive
patients with pathologically confirmed gastric cancer were
enrolled from the General Surgery Department and Surgical
Oncology Department of the Affiliated Hospital of Inner
Mongolia Medical University (Hohhot, P.R. China), between
October 2011 and June 2013. Surgically resected specimens
of cancer tissues and adjacent normal tissues (>5 cm from
the boundary of cancerous component) were collected. The
mRNA expression levels of Nanog and PSCA in those tissues
was determined by reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR). The correlation between
the expression of stem cell markers Nanog and PSCA in
gastric cancer tissues and clinicopathological factors was
analyzed. The qPCR results demonstrated that the relative
expression of Nanog was increased in gastric cancer tissues
compared with in the adjacent tissues (P<0.05); and relative
expression of PSCA was reduced in gastric cancer tissues
compared with adjacent tissues (P<0.05). The expression
of Nanog and PSCA in gastric cancer tissues was associ-
ated with tumor differentiation. The expression of Nanog
was increased in poorly-differentiated and undifferentiated
tumors compared with moderately- and well-differentiated
tumors (P<0.05). The expression of PSCA was reduced in
poorly differentiated and undifferentiated tumors compared
with moderately- and well-differentiated tumors (P<0.05).
However, the expression of Nanog and PSCA was not asso-
ciated with age, gender, tumor size, TNM stage, depth of
invasion, or lymph node metastasis. Therefore, Nanog and
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PSCA may have potential as molecular markers to reflect the
differentiation status of gastric cancer.

Introduction

Gastric cancer is the most common malignant tumor of
the digestive system in the world, and is the most common
malignant tumor in China (1). According to the cancer
control program of the World Health Organization, 7 million
patients died of cancer worldwide each year, and 700,000 of
them died of gastric cancer (2). Moreover, 934,000 new cases
of gastric cancer occur worldwide each year, 70% of them
occurred in developing countries, half of them occurred in
eastern Asia, and 42% (~400,000) of them occurred in China.
The incidence and mortality of gastric cancer in China are
>2 times the worldwide average (1,2).

Previous studies have demonstrated that location of gastric
cancer is associated with clinicopathological features. The
clinicopathological features of gastric cancer in the cardia,
the upper 1/3 stomach, and the distal stomach are quite inde-
pendent from one other (3). The clinicopathological features
of gastric body cancer and distal gastric cancer are similar in
age of onset, tumor size and other features. The clinicopatho-
logical features of gastric body cancer are in between those
of the proximal gastric cancer and distal gastric cancer (2). In
recent decades, the incidence of distal gastric cancer has been
significantly reduced, while that of proximal gastric cancer
(cardia adenocarcinoma) significantly increased in residents
of European and American countries (4,5). Gastric cancer
also varies by gender, age, ethnicity, and region (6). The
incidence of gastric cancer is higher among men compared
with women (7). The male/female incidence ratio of gastric
cancer is increased in rural areas (20.93/100,000 in men and
10.6/100,000 in women) compared with in urban areas (1).
The incidence is significantly higher in eastern coastal and
northwest regions compared with southern China (8). The
incidence of gastric cancer is higher in the elderly compared
with the young, with a trend for an increasingly higher
incidence and poor prognosis in the young (9). It has been
reported that age may be a major factor affecting early diag-
nosis of gastric cancer. Since early clinical symptoms are
similar to those of gastritis and gastric ulcer, young patients
may be discharged following treatment, leading to delayed
diagnosis and treatment for gastric cancer.
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Despite a large number of studies on the etiology and
pathogenesis of gastric cancer, these issues have not been
fully elucidated (10,11). There are numerous risk factors for
gastric cancer, including Helicobacter pylori (HP) infection,
genetic factors, environmental factors, dietary factors, history
of gastric disorders, and psychological factors (12-14). There
are various treatment methods for gastric cancer, including
surgery, chemotherapy, radiotherapy, and immunotherapy.
Numerous factors influence the survival rate of gastric cancer,
including the stage of disease, surgical treatment, tumor
size, tumor location, histological type, and particularly the
degree of differentiation (15), pathological stage, and lymph
node metastasis (16). At present, the 5-year survival rate of
middle and late stage gastric cancer is ~20%, with a trend for
increased mortality in the young (2,17). Tumor metastasis is
the most notable cause of mortality in patients with gastric
cancer. Investigating risk factors and invasion and metastasis
characteristics of gastric cancer, and providing early interven-
tion and standardized and effective combination therapy may
reduce the incidence of gastric cancer, increase survival, and
significantly improve prognosis (18,19). Investigating molec-
ular pathogenesis of gastric cancer may aid in the identification
of genes, mechanisms and other specific indicators associated
with the pathogenesis of gastric cancer at the molecular level.
These findings may have important theoretical significance
and clinical practical value for the diagnosis and treatment of
gastric cancer and provide guidance for improving the quality
of life of patients.

Stem cells are a class of cells that possess self-renewal,
proliferation and differentiation potential. They are often
classified into embryonic stem cells (ESCs) and adult stem
cells according to the stage of development (20). With recent
progress in the research of stem cells and tumor cells, there is
evidence that the process of tumorigenesis may be associated
with stem cells (20). Tumorigenic cells and stem cells share
similar characteristics in terms of their biology and growth
control mechanisms. Rare cancer cells exist that act in a similar
way to stem cells during tumor formation. Certain cancer cells
have the potential for self-renewal and differentiation, and
appear to be the root cause of tumor proliferation, growth,
invasion, metastasis, and recurrence, and thus are called tumor
stem cells (TSCs) (20). TSCs maintain the viability of tumor
cell populations through self-renewal and unlimited prolif-
eration. Moreover, their movement and migration capabilities
provide the potential for metastasis of the tumor cells. TSCs
may be senescent for a long period and contain numerous
drug-resistant molecules, and thus are less susceptible to
various external physical and chemical factors (21).

In 2008, Mani et al (22) reported that epithelial/mesen-
chymal transition (EMT) induced a proportion of tumor cells
to exhibit TSC-like characteristics. This finding indicted that
TSCs may be the basis of tumor invasion and metastasis,
promoting tumor metastasis and proliferation by acquiring
certain features of mesenchymal cells. EMT occurs in malig-
nant tumors: The process of EMT involves epithelial cells
acquiring the features of mesenchymal cells under certain
physiological and pathological circumstances, and then
leaving the primary tumor, breaking through the vessel wall,
entering the blood circulatory system, invading surrounding
tissues and metastasizing to distant sites, which often leads
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to a poor prognosis. It has been demonstrated that TSCs are
closely associated with EMT. The majority of circulating
tumor cells have characteristics of EMT and stem cells (23).
Invasion, metastasis and drug resistance are the major causes
of treatment failure in gastric cancer (24). The survival of
patients with gastric cancer may be greatly improved by detec-
tion and targeted killing of circulating TSCs.

Bonnet et al (25) first reported the presence of leukemic
stem cells specifically expressing the CD34*/CD38" pheno-
type in acute myelogenous leukemia in 1997. In recent years,
specific surface markers for TSCs have been successfully
identified and isolated in solid tumors, including breast cancer,
brain cancer, prostate cancer, ovarian cancer, melanoma, and
colon cancer (26-28), providing strong support for the TSC
theory. However, surface marker specific to TSCs in gastric
cancer have not yet been determined.

ESCs are a class of pluripotent stem cells derived from
cells within the blastocyst. They have an in vitro ability of
unlimited proliferation, self-renewal and multilineage differ-
entiation, and may be induced to differentiate into almost all
tissues and organs in vitro and in vivo. Major regulatory factors
for the maintainenance of undifferentiated ESCs are OCT?3/4,
SOX2 and homologous protein transcription factor Nanog.
The signaling pathways that maintain stemness in ESCs have
been demonstrated to include LIF/gp130-Jak-STAT3, Wnt,
bone morphogenetic protein, fibroblast growth factor and
transforming growth factor (TGF) f-activin/nodal signaling
pathways (29). Nanog is key in maintaining the pluripotency
of ESCs and may serve a role independent of the LIF signal.
It selectively inhibits the expression of differentiation genes
or promotes the expression of pluripotent genes by binding to
regulatory regions of target genes.

In 2003, Wang et al (30) demonstrated that an ENK
gene specifically expressed in ESCs during screening of the
mouse cDNA library, however its function was unknown.
Subsequently, Mitsui (31) and Chambers ez al (32) demonstrated
that this gene promoted self-proliferation and multilineage
differentiation, and named it Nanog. Nanog is a transcription
factor expressed in primordial germ cells, embryonal carci-
noma cells, testicular carcinoma in situ, breast cancer, and
gliomas (33). As an important member of the Antennapedia
(Antp)-class neurokinin (NK) family, Nanog is a homeobox
gene located in the 12p13 region of human chromosome 12.
Its cDNA consists of 2184 nucleotides, encoding a protein
of 305 amino acids, which is comprised of 3 domains: An
N-terminal domain containing 96 serine- and threonine-rich
residues; a C-terminal domain containing obvious W repeat
sequences; and a homology domain that interacts with proteins
and binds to DNA.

Nanog is an important transcription factor for maintaining
the self-renewal and pluripotency of ESCs. It regulates the
fate of inner cell mass of blastocysts in the embryo during
early development. During late development, it maintains the
pluripotency of the ectoderm by controlling the activity of
transcription factors associated with differentiation; however,
as development continues, the expression of Nanog begins to
reduce. Mitsui er al (31) investigated different stages of embry-
onic development in mice and demonstrated that the ectoderm
did not develop in a Nanog-deficient embryo. In adult tissues,
Hart et al (34) detected low expression of Nanog in the testis,
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ovary, liver, spleen, and kidney, and weak expression in the
thymus, brain, intestine, uterus, and heart by fluorescent
immunohistological analysis.

Nanog interacts with SOX2 and OCT4 in the regulation
of gene function, including its own negative feedback regu-
lation. Nanog, SOX2, and OCT4 expression are important
in early embryonic development, mainly by regulating the
TGF-p and Wnt signaling pathways (35). These molecules
serve key regulatory roles in the in vitro proliferation and
pluripotency of ESCs. They bind to the promoter of their
target genes and cooperate to form a regulation loop in
an interdependent manner, therefore inducing their own
encoding genes and genes associated with signal transduction
pathways and regulating the gene transcription in ESCs (35).
These 3 transcription factors, Nanog, SOX2, and OCT4, are
at the core of the transcriptional regulation of both mouse
and human ESCs: ESC differentiation occurs when expres-
sion of one of the 3 regulatory factors is lost (35,36). SOX2 is
a high-mobility non-histone box domain protein, and Nanog
and OCT4 are homeobox domain proteins; SOX2 stabilizes
the pluripotency of ESCs by maintaining the appropriate
expression levels of OCT4, while Nanog and OCT4 maintain
the pluripotency primarily by blocking the differentiation of
ESCs. Oct4 is a member of the family of the POU transcrip-
tion factor family, and its expression is associated with the
functions of germ cells and ESCs (35). Nanog-deficient ESCs
have a reduced potential for multilineage differentiation.
OCT4-deficient ESCs still express Nanog, however Nanog
expression alone is insufficient to maintain the undif-
ferentiated state of ESCs. Therefore, Nanog and OCT4 are
functionally associated (35).

In addition to being expressed in ESCs, Nanog is also
expressed in germ cell tumor cells, somatic cell tumor cells
and other tumor cells. A study investigating Nanog expres-
sion in tumor tissues and in normal testis demonstrated
that Nanog was highly expressed in testicular carcinoma
in situ, seminoma, and embryonal carcinoma, whereas not
expressed in normal testis, indicating that high levels of
Nanog expression may be a germ cell tumor marker (37).
Nanog was also demonstrated to be abnormally highly
expressed in bladder, breast, glioma and lung cancer tumors;
to be associated with tumor size, malignancy, and clinical
prognosis; and nanog-expressing cells exhibit features of
ESCs in high-grade tumors (38). Ye et al (39) examined the
association between Nanog expression and the development
of cervical cancer using molecular biology techniques, and
demonstrated that Nanog expression levels were reduced in
cervical squamous cell carcinoma, cervical intraepithelial
neoplasia (CIN) compared with normal cervical epithelium.
In addition the authors demonstrated that a close association
existed between reduced Nanog expression and increased
size of cervical squamous cell carcinoma. Siu et al (40) exam-
ined the expression of Nanog in gestational trophoblastic
disease, and observed abnormally high expression of Nanog
in hydatidiform mole and choriocarcinoma tissues, and that
knockout of the Nanog gene in choriocarcinoma cell line
JEG-3 cells using siRNA induced apoptosis and inhibited the
invasiveness of those tumor cells. Chen et al (41) examined
the expression of Nanog in tumor tissues and adjacent tissues
in patients with gastric cancer by qPCR and its association
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with clinicopathological parameters. It was demonstrated
that the mRNA expression levels of Nanog were increased
in the tumor tissues compared with adjacent tissues, and
that positive expression of Nanog was associated with tumor
differentiation, indicating that Nanog could be used as novel
diagnostic molecular marker for the differentiation status of
gastric cancer (41).

In 1998, while examining prostate cancer gene expres-
sion in LAPC-4 mice (a mouse model of prostate cancer),
Reiter et al (42) identified a tumor antigen associated with
prostate cancer that exhibited a 30% homology with stem
cell antigen-2 (SCA-2) by specific difference analysis, which
was therefore termed prostate stem cell antigen (PSCA).
PSCA is a glycosylphosphatidylinositol (GPI)-anchored
protein expressed in prostate epithelial cell surface, and
is a member of the Thy-1/Ly-6 family. The human PSCA
gene is located on chromosome 8q24.2 and involved in
various functions. The cDNA consists of 660 bp and
encodes a protein of 123 amino acids, which contains
highly conserved cysteine residues characteristic of the gene
family, an N-terminal signal sequence, and a C-terminal
GPI anchor sequence that anchors it to the cell surface, and
4 N-glycosylation sites. Proteins of the Thy-1 family are
associated with activation and proliferation of T cells and
survival of stem cells, and proteins of the Ly-6 family are
associated with tumorigenesis. The majority of GPI-anchored
proteins similar to PSCA are associated with activation of
T cells.

PSCA is highly expressed in tissues, such as the bone,
liver and lymph nodes, in the majority of patients with
prostate cancer and patients with metastases, while low
levels or no expression was observed in other normal tissues,
including urinary epithelium, benign prostatic hyperplasia,
normal prostate epithelium, and non-prostate tissues such
as the small intestine and kidney (43). These observations
determine the significance of measuring PSCA in guiding
early diagnosis, detection of metastasis, and determination
of prognosis for prostate cancer. Ono et al (44) identified
reduced expression of PSCA in esophageal, gastric and gall-
bladder cancer, indicating that different functions of PSCA
are associated with tissue types and the state of the cells
themselves (45).

It has been indicated that single nucleotide polymor-
phisms (SNPs) of the PSCA gene, rs2976392-A allele and
rs2294008-T allele, are closely associated with diffuse gastric
cancer in the population of Japan and South Korea (46), in
addition to the enterotype and diffuse gastric cancer in the
Chinese population (47). Qiao et al (48), also demonstrated
that the PSCA gene polymorphisms were associated with
susceptibility to diffuse gastric cancer. An in vitro study
identified that the number of colonies formed from the gastric
cancer cell line HSC57 stably transfected with PSCA cDNA
was significantly increased compared with that from the cell
line not expressing PSCA, that PSCA mRNA was highly
expressed in normal gastric mucosa, mainly in isthmus of
gastric glands, and that PSCA mRNA expression was not
detected in gastric cancer tissues (49). These findings indi-
cated that PSCA may inhibit gastric cancer cell proliferation
and that the PSCA rs2294008-T allele may reduce the inhibi-
tory effect of PSCA on gastric epithelial cell proliferation by
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downregulating the PSCA expression, thereby increasing the
risk of gastric cancer.

Patients and methods

Experimental setup. Paired samples of gastric cancer tissues
and normal adjacent tissues were collected from 100 patients
with pathologically confirmed gastric cancer who were
enrolled from General Surgery Department and Surgical
Oncology Department of Affiliated Hospital of Inner
Mongolia Medical University (Hohhot, China) between
October 2011 and June 2013. All patients treated were fully
informed of the treatment methods, characteristics, the
complications that may arise, and signed informed consent
was obtained. This study was approved by The Ethics
Committee of the Affiliated Hospital of Inner Mongolia
Medical University (no. 20130423).

Dataregarding the patients' gender, age, surgical treatment,
pathology, laboratory tests, and preoperative treatment was
collected. The 100 cases included 74 males and 26 females,
aged 31-79 years, with an average age of 60.15+9.89 years.
In terms of tumor differentiation, 37 patients had well- and
moderately-differentiated cancers and 63 had poorly-differ-
entiated and undifferentiated cancers. Adjacent tissues were
normal gastric wall tissues 5 cm from the tumor lesions and
were resected in the same surgery as the cancer tissues. All
apparatus were immersed in DEPC water to remove RNA
degrading enzymes prior to use. The specimens were placed
in cryogenic vials under liquid nitrogen within 5 min of
resection, and then transferred to a -80°C freezer. All patho-
logical specimens were confirmed by two physicians of the
pathology department.

RNA extraction procedures and cDNA first strand synthesis.
Total RNA was extracted from the 100 patient tumor samples
and adjacent non-cancerous tissues, using an RNeasy plus
universal Mini kit (Qiagen Co. Ltd. Shanghai, China)
according to the manufacturer's instructions. The extracted
RNA was stored at -80°C. The total RNA concentration and
purity was determined using a NanoDrop 2000C (Thermo
Fisher Scientific Inc., Tokyo, Japan). The RNA integrity was
determined by electrophoresis through a 2% agarose, 1.5%
ethidium bromide gel. The samples were run at 120 V for
approximately 20 min. The electrophoresis gel plate was
observed under an automatic gel imager (BG-GDSAUTO,
Baijing Biotechnology Co. Ltd. Beijing, China) and photo-
graphed. The clear presence of 18 and 28s peaks indicated
suitability for reverse transcription. cDNA was synthesized
using a TTANScript cDNA First Strand Synthesis kit (Tiangen
Co. Ltd. China) according to the manufacturer's instructions.

qPCR detection. Primers were designed according to the
complete sequences of Nanog, PSCA, and GAPDH provided
by PubMed, and synthesized by Invitrogen (Shanghai, China)
and are presented in Table I. gPCR was performed using a
QuantiFast SYBR Green PCR Kit according to the manu-
facturer's instructions. The reaction mixture contained 2 ul
each of upstream and downstream primers (Table I), 10 ul
of 2x QuantiFast SYBR Green PCR Master Mix and 2 ul
of template cDNA, and RNase-free water to a final volume
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Table I. Primers for Nanog, PSCA, and GAPDH amplification.

Primer name Primer sequence

Nanog F: 5-ACCCAGCTGTGTGTACTCAA-3'
R:5-GGAAGAGTAAAGGCTGGGGT-3'

PSCA F: 5'-CCCAGCATTCTCCACCCTTA-3'
R: 5'-TCATCTCAGCCTTTACCGGG-3'

GAPDH F: 5-CCTCAACGACCACTTTGTCA-3'

R: 5-TTACTCCTTGGAGGCCATGT-3'

Table II. Relative Nanog and PSCA mRNA expression in
cancer tissues and adjacent tissues.

Nanog PSCA
Tissue mRNA P-value mRNA  P-value
Cancer tissue 1.24+0.47 0.3620.30
Adjacent tissue  1.01£0.02  0.000 1.00+0.01 0.000

of 20 ul. The mixture was preheated at 95°C for 5 min to
avoid interference of primer dimers, followed by 40 cycles
of denaturation at 95°C for 10 sec and annealing/extension
at 60°C for 30 sec, on a Veriti 96 well thermocycler (Applied
Biosystems Life Technologies, Foster City, CA, USA). Curves
were calculated and plotted using the software provided
by the using the Real-time PCR system (7500) (Applied
Biosystems, China). Ct represents the number of amplifica-
tion cycles performed when the fluorescence signal of PCR
product reached the established threshold. Relative mRNA
expression of Nanog and PSCA genes was assessed using the
244 method.

Statistical analysis. Each sample was measured 3 times.
Relative expression in cancer tissues and adjacent normal
tissues in patients with gastric cancer, and correlation
between expression of Nanog and PSCA and clinicopatho-
logical parameters were analyzed using SPSS software,
version 13.0 (SPSS, Inc., Chicago, IL, USA) using #-test and
non-parametric rank sum test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Determination of total RNA integrity and purity and gPCR.
Total RNA extracted from gastric cancer tissues was observed
following agarose gel electrophoresis. 28s rRNA and 18s
rRNA bands were clearly visible and 5 s rRNA bands were
not distinct, with OD values (A260/A280) measured to be
1.8-2.0, indicating almost no protein contamination occurred
and a high purity of total RNA. qPCR curves, amplification
plots and melting curves of Nanog, PSCA and GAPDH genes
were generated using the software of the qPCR analyzer.
Amplification curves of each sample reached a plateau.
Melting curves demonstrated no evidence of primer dimer
signals or other unspecific fluorescence signals.
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Table III. Correlation between relative Nanog and PSCA mRNA expression and clinicopathological parameters in gastric cancer

tissues.
Clinicopathological parameters n Nanog mRNA P-value PSCA mRNA P-value
Age

<60 50 1.26+0.46 0.38+0.32

>60 50 1.24+0.45 0.824 0.33+0.27 0.833
Gender

Male 74 1.27£0.45 0.36+0.30

Female 26 1.15+0.54 0.310 0.35+0.28 0.878
Size of tumor

<5 52 1.23+0.48 0.36+0.30

>5 48 1.24+0.47 0.899 0.35+0.29 0.997
TNM stage

I+11 35 1.19+£0.54 0.35+0.28

HI+1V 65 1.26+0.44 0.484 0.36+0.30 0.990
Degree of differentiation

Moderately- and

well-differentiated 37 1.10+0.28 0.54+0.25

Poorly-differentiated

and undifferentiated 63 1.32+0.54 0.000 0.25+0.27 <0.001
Depth of invasion

T1,T2 19 1.33+0.44 0.42+0.28

T3,T4 81 1.2240.48 0.337 0.34+0.30 0.122
Lymph node metastasis

Yes 75 1.24+0.46 0.35+0.30

No 25 1.24+0.51 0979 0.36+0.28 0.950

P<0.05 for comparison between groups.

qPCR detection of nanog and PSCA mRNA expression in
gastric cancer tissues and adjacent tissues. With GAPDH
as a reference gene, the relative expression of Nanog was
1.24+0.47 in cancer tissues and 1.01+£0.02 in adjacent tissues
in the 100 patients with gastric cancer, as revealed by qPCR
analysis. The relative expression of Nanog was significantly
increased in gastric cancer tissues compared with the corre-
sponding adjacent tissues (P<0.01). The relative mRNA
expression levels of PSCA were 0.36+0.30 in cancer tissues
and 1.00+0.01 in adjacent tissues. The relative expression
of PSCA was significantly reduced in gastric cancer tissues
compared with the corresponding adjacent tissues (P<0.01).
The results are presented in Table II.

Correlation between nanog and PSCA mRNA expression
and clinicopathological parameters in cancer tissues. As
revealed by statistical analysis, the relative expression of
Nanog was significantly increased in poorly-differentiated
and undifferentiated cancer tissues (1.32+0.54) compared
with moderately- and well-differentiated cancer tissues
(1.10£0.28) (P<0.01); and the relative expression of PSCA
was significantly reduced in poorly-differentiated and
undifferentiated cancer tissues (0.25+0.27) compared
with moderately- and well-differentiated cancer tissues
(0.54+0.25) (P<0.01). The results are presented in Table III.

Discussion

Gastric cancer is the most common malignant tumor of the
digestive system, with an overall poor prognosis. The process
from normal gastric mucosa, chronic superficial gastritis,
chronic atrophic gastritis, intestinal metaplasia, dysplasia, to
gastric cancer is characterized by the presence of differentially
expressed genes. Early detection of genes associated with the
development of gastric cancers and markers is important for
the prevention of gastric cancer and early intervention in
tumorigenesis, in addition to the subsequent prevention of
malignancy development. It may provide the basis for predic-
tion of gastric cancer, efficacy analysis, and development of
prevention measures, and therefore more accurately guide
combination of clinical targeted therapy, immunotherapy, and
gene therapy, allowing individualized targeted treatment.
Nanog is an important transcription factor for maintaining
the self-renewal and multilineage differentiation capacity of
ESC:s. It is also a commonly used stem cell marker. Although
previous studies have demonstrated that Nanog is important in
maintaining and regulating the self-renewal and multilineage
differentiation capacity of stem cells, the exact underlying mecha-
nism is complicated. The 5' terminal promoter of Nanog has been
demonstrated to contain a composite Oct4/Sox2 motif-binding
site, which initiates and regulates the expression of Nanog (50).
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It has been demonstrated that Nanog and Oct-4 interact with one
another in regulating the self-renewal and multilineage differ-
entiation capacity of stem cells, but the expression of Nanog
involves many other factors. One study demonstrated that the
most common cancer-associated gene, P53, binds to the Nanog
promoter both in vivo and in vitro, and negatively regulates the
expression of Nanog (51). FoxD3 is a transcription factor of the
forkhead family, and is also an important factor that regulates
Nanog gene expression (52).

PSCA is a biological marker for diagnosis and prognosis
of prostate cancer and other tumors and may also serve as
a candidate target for cancer therapy. Increased expression
of c-myc oncogene was observed in 71% of patients with
prostate cancer that demonstrated increased expression of
PSCA (40). Both PSCA and c-myc are located on chromo-
some 8q24. Chromosome amplification is often observed in
this region during human carcinogenesis. Therefore, increased
expression of PSCA may also be observed in other tumors.
However, PSCA serves an inhibitory role in esophageal and
gastric cancers. PSCA promotes or suppresses tumorigenesis,
depending on the tissue types and pathophysiological condi-
tions, and therefore the mechanism requires further study.

In the present study, the expression of transcription factors
Nanog and PSCA in gastric cancer and adjacent normal
tissues was examined by qPCR, in order to investigate whether
expression of Nanog and PSCA is involved in gastric cancer.
Abnormally high expression of Nanog and low expression of
PSCA were observed in gastric cancer tissues. These results
indicate that Nanog and PSCA may be involved in the initia-
tion, development and differentiation of gastric cancer and
may serve as potential molecular markers of gastric cancer.

Nanog expression was significantly increased in gastric
cancer tissues compared with adjacent tissues in the present
study, indicating that high expression of Nanog may be associ-
ated with the pathogenesis of gastric cancer. PSCA expression
was significantly reduced in gastric cancer tissues compared
with adjacent tissues, indicating that downregulation of PSCA
expression may be associated with gastric cancer tissue type
and the differentiation state of the cells themselves. These
findings also provide evidence for the theory of TSC.

In the present study the expression levels of Nanog and
PSCA in gastric cancer tissues were associated with the degree
of differentiation of gastric cancer, however no significant
correlation between Nanog and PSCA expression and clini-
copathological parameters, such as age, gender, tumor size,
TNM stage, invasion depth, and lymph node metastasis., was
observed. Therefore, Nanog and PSCA may have potential as
molecular markers to reflect the differentiation status of gastic
cancer.
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