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Abstract
NANOG is an important stem cell transcription factor involved in human development and

cancerogenesis. Its expression is complex and regulated on different levels. Moreover,

NANOG protein might regulate hundreds of target genes at the same time. NANOG is crucial

for preimplantation development phase and progressively decreases during embryonic stem

cells differentiation, thus regulating embryonic and fetal development. Postnatally, NANOG is

undetectable or expressed in very low amounts in the majority of human tissues. NANOG re-

expression can be detected during cancerogenesis, already in precancerous lesions, with

increasing levels of NANOG in high grade dysplasia. NANOG is believed to enable cancer

cells to obtain stem-cell like properties, which are believed to be the source of expanding

growth, tumor maintenance, metastasis formation, and tumor relapse. High NANOG expres-

sion in cancer is frequently associatedwith advancedstage, poor differentiation, worse overall

survival, and resistance to treatment, and is therefore a promising prognostic and predictive

marker. We summarize the current knowledge on the role of NANOG in cancerogenesis and

development, including our own experience. We provide a critical overview of NANOG as a

prognostic and diagnostic factor, including problems regarding its regulation and detection.
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Introduction

NANOG was originally described in 2003 and named
after the mythological Celtic land, ‘Tir Na Nog’, land of
the ever-young.1,2 NANOG is an official gene symbol that
corresponds to full gene name Nanog homebox and it has
two alias symbols FLJ12581 and FLJ40451.3 It is a stem cell
transcription factor that plays a major role in regulation of
human development; it is involved in cell fate determina-
tion, proliferation, and apoptosis.4–7 In embryonic stem
cells (ESCs), it is crucial for the maintenance of the pluri-
potency.8 After birth, NANOG expression is very low or it
is silenced and remains in that state in physiological con-
ditions in most tissues through life-span.9 However,
NANOG expression might be detectable in cancer cells
exhibiting stem cell-like properties (cancer stem cells,

CSCs) which are believed to be the source of malignant
transformation, progression of cancer and development of
metastases. Cancer of various origin show detectable levels
of NANOG.8–11

Regulation of NANOG

NANOG expression is complex and regulated on different
levels, including DNA (e.g. copy number variation,
methylation), mRNA (e.g. miRNAs), and protein level
(e.g. protein regulators). Moreover, it has been suggested
that NANOG as a protein might regulate expression of
hundreds of target genes by binding to their promoter
regions.7,9,12–15

Various pathways and consequences of tumor develop-
ment (e.g. hypoxia) have been identified as modulators of
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NANOG expression. OCT4 and SOX2 are one of the most
important and investigated protein regulators of NANOG;
they form complex with KLF4 and bind to the OCT4/SOX2
motif upstream of the transcription start site of NANOG
promoter.8 In addition,NANOG expression may be directly
regulated by TCF3 and P53, in a negative manner, while
BM-1 and SNAIL regulate it in a positive manner.
Phosphorylation of NANOG protein by PKCe or FAK
enhances its activity.5,6

Along the protein regulators, NANOG expression is
also regulated by epigenetic mechanisms, e.g. miRNAs
and methylation, as well as by various post-translational
modifications.8,9,16 Despite extensive research, molecular
regulation of NANOG in cancer cells is not completely
understood yet.7

The results of our previous study provided further evi-
dence about regulation of NANOG expression in cancer
(Figure 1). In oral squamous cell carcinoma (OSCC),
NANOG was in positive correlation with its protein
regulators, OCT4, SOX2, KLF4, AGR2, NOTCH1, and
miR-34a. Our results also suggest that copy number varia-
tion, methylation of its promoter and other tested miRNAs
have a minor, if any, role in the regulation of NANOG.17

NANOG in development

The detailed description of embryogenesis is beyond the
scope of the current review and can be found else-
where.4,5,18 Development of multicellular organisms from
a single-cell zygote (fertilized oocytes) is precisely regulat-
ed by many genes, including NANOG.18 NANOG is a core
transcription factor for preimplantation development
phase and in embryonic and fetal development. During
this process, NANOG maintains pluripotency, regulates
other pluripotent-related genes, and progressively
decreases as ESCs differentiate.5–9,19

Mouse models

Data on gene expression during development are available
mainly from mouse models, whereas they are limited in
human. Expression of Nanog and Oct4 in preimplantation
phase in mouse is crucial for inner cell mass (ICM) and
trophectoderm (TE) formation. During this process, level
of Nanog mRNA increases at the 4- and 8-cell stage, is
the highest at the morula stage, where it is polarized in
the center of the morula, and then decreases.
Furthermore, Nanog is restricted to ICM.1,18–20 Precise
localization and regulation of these transcription factors
are very important for competent blastocyst formation.18

Nevertheless, although Oct4 is believed as one of the
major Nanog regulators, Nanog in ICM is not dependent
on Oct4 expression.21 It is also interesting that maternal
Nanog and Oct4 proteins are maintained until the 4-cell
stage and start decreasing at the 8-cell stage; after that
only embryonic proteins are expressed.20

In post implantation period of a mouse embryo devel-
opment, Nanog and Oct4 are both crucial, as suggested
from the Nanog and/or Oct4 knockout mouse models, in
which embryos developed into a normal blastocyst, but
thereafter, developmental arrest occurred. Similarly,
Nanog-null embryos models were not able to develop into
viable epiblast.20,22

Human development

There are limited data on gene expression in human devel-
opment. In contrast to mouse models, studies on humans
showed that NANOG mRNA expression was absent in
2-cell, 4-cell, and 8-cell stages of preimplantation phase.
However, NANOG mRNA was detected from the 8-cell
stage in some cells of compacted morula (eccentric locali-
zation), in the epiblast cells during their transformation
from ICM, and in the ICM of a blastocyst. Moreover,

Figure 1. Regulation of NANOG expression in carcinoma. Dashed arrows show predicted regulatory functions. (A color version of this figure is available in the

online journal.)
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it was absent in the TE.5 In contrast, another study showed
that NANOG and OCT4 cDNA expression was detected in
all blastomeres from the 5-, 6- and 8- cell stage embryos,
regardless of the developmental stage.23

There are also limited data about NANOG expression in
fetal development. During ovary development, NANOG
was expressed from 5.5 to 15weeks post fertilization,
although the expression level decreased in the later
stages.4 NANOG was also strongly expressed in most of
the fetal gonocytes in testes up to gestational week 20,
after that only single positive cells were observed and in
week 42 no NANOG was detected.6,16 NANOG protein
was also detected in the cells of a tooth germ of fetuses of
both genders and at different gestational periods.19 Cardiac
mesenchymal stem cells (MSCs) isolated from 14 to 16week
old fetuses also expressed NANOG, OCT4, and SOX2.24

MaternalNANOG expression during pregnancy has also
been analyzed. NANOG mRNA and protein expression
were detected in MSCs, isolated from different parts
of the umbilical cord, from amniotic fluid, placenta, and
chorionic villi.25,26 Human amniotic fluid stem cells express
NANOG mRNA in the 1st trimester, but not in the
2nd trimester.27

We analyzed immunohistochemical expression of
NANOG in various organs and tissues of 15 human fetuses
and found NANOG expression only in the testes and ova-
ries (Figure 2), regardless of the gestational age.

Detection of NANOG in human tissues

After birth, NANOG is expressed in a limited number of
tissues and cells. NANOG detection has been described in
ESCs and MSCs. NANOG protein can be detected in
healthy testis after birth; however, mRNA showed weak
NANOG expression in adult testis. Some weakly positive
single cells for NANOG protein have been described
in small intestine, thyroid gland, and in glandular cell of
uterine cervix. However, in most of the normal adult tissue,
NANOG protein cannot be detected.5,6,8,9 Similarly, we did
not findNANOG protein in normal mucosa of the head and
neck. However, we did detect some mRNA expression of

NANOG.17 We found expression of NANOG in the ovary
and testis, regardless of age (Figure 2).

The discrepancies between certain studies might be
also explained by differences in expression of mRNA and
protein of NANOG. First, different regulatory mechanisms
influence mRNA (transcription level) and protein (transla-
tional level) expression. Second, there are numerous meth-
odological differences in detecting protein (e.g. detection
systems, clones of antibodies, and scoring) as well as in
detecting mRNA (sample processing, e.g. formalin-fixed
paraffin-embedded or fresh tissue, primers or probes, nor-
malization). Different function of NANOG protein might
result in either cytoplasmic (translated protein with minor
influence on other genes) or nuclear reaction (fully activat-
ed NANOG influencing the transcription of other genes).
Both cytoplasmic and nuclear staining were detected in our
study using immunohistochemistry (Figures 2 to 6).
Differences in sensitivity and specificity of detection meth-
ods are another issue, besides the inter- and intratumor
heterogeneity.28

NANOG in human cancerogenesis

NANOG is believed to be one of the crucial transcriptional
factors enabling cancer cells to obtain stem-cell like prop-
erties. CSCs are similar to normal stem cells, they can dif-
ferentiate and have abilities for self-renewal. CSCs manifest
stem cell-like properties from oncogenic reprogramming of
different self-renewal and other stem cell-related genes,
miRNAs, cell surface proteins, and transcription factors.
Moreover, CSCs are immortal and as such persist in
tumors, usually in pools, representing the source for
expanding growth of the tumor, tumor maintenance,
metastasis formation, and tumor relapse.7,8,29

NANOG in precancerosis

NANOG can be expressed already in precancerous lesions
suggesting that it should be considered as a diagnostic
marker, enabling to distinguish between true dysplasia
and reactive lesions. In the head and neck mucosa, for
example, NANOG cytoplasmic protein was expressed in

Figure 2. Fetal ovary, 36weeks of gestation (a). Immunohistochemistry for NANOG shows positive reaction in oocytes (b). (A color version of this figure is available in

the online journal.)
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Figure 3. Dysplasia of the oral mucosa – transition of the normal squamous epithelium to dysplastic epithelium (a). Dysplastic squamous epithelium stains immu-

nohistochemically for NANOG, there is no staining in the normal epithelium (b). (A color version of this figure is available in the online journal.)

Figure 4. Tubular adenoma of the colon (a). Focally positive immunohistochemical reaction for NANOG in dysplastic glands of adenoma (b). (A color version of this

figure is available in the online journal.)

Figure 5. Adenocarcinoma of the colon – neoplastic glands show marked cellular atypia and focal necrosis (a). Immunohistochemical reaction for NANOG is positive

in the majority of tumor cells (b). (A color version of this figure is available in the online journal.)
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60% of laryngeal dysplasias; in 27% of lesions, the expres-
sion was strong and it was negligible in normal adjacent
epithelia and in stromal cells. Importantly, 55% of patients
with laryngeal precancerous lesions with strong cytoplas-
mic NANOG reaction developed laryngeal cancer in com-
parison to only 20% of patients with negative to moderate
NANOG expression, five years after the initial diagnosis.
Similarly, in the oral mucosa, epithelial dysplasia expressed
cytoplasmic and nuclear NANOG in 16% and 4% of cases,
respecitvely.10,28 NANOG expression increased with the
grade of dysplasia. Significant correlation with a higher
risk of progression to invasive carcinoma was observed in
oral dysplasia with a positive NANOG expression.
Interestingly, strong cytoplasmic NANOG expression was
in significant correlation with a higher cancer incidence in
comparison to nuclear NANOG expression.10,28,29

In the uterine cervix, NANOG expression progressively
increased from normal mucosa to cervical intraepithelial
neoplasia, and it was significantly higher in cervical
carcinomas.30

In the stomach, NANOG protein was detected in dys-
plasia (67%) and intestinal metaplasia (60%) but not in the
normal mucosa.31 A higher NANOG mRNA expression
was also found in colorectal adenoma in comparison to
normal colon mucosa.32

NANOG in cancer

NANOG expression has been described in various human
cancers. High NANOG expression was frequently associat-
ed with more advanced stage, poor differentiation, and
a worse overall survival. In some studies, correlation
of NANOG expression with resistance to therapy was
found. NANOG is therefore believed to be a prognostic
and predictive marker. The significant role of NANOG
in cancer development has been further supported by an
experimental finding of NANOG inhibition resulting in
inhibition of tumor initiation.6–9,11,16

In head and neck squamous cell carcinoma (HNSCC),
studies showed a negligible or absent NANOG protein
expression in normal adjacent epithelia and in stromal

cells. In OSCC, NANOGmRNA expression was significant-
ly higher in tumor samples and non-tumoral margins
(expressed in 100% and 80%, respectively) compared to
healthy normal mucosa. NANOG protein was detected in
71–100% of tested OSCCs with various intensity of reaction
(strong in 32–59%, moderate in 16–35% and weak or nega-
tive in 31–35%). Expression of both, protein andmRNAwas
associated with stage, grade, lymph node metastasis, and
worse prognosis.7,10–13,33–35 Significant up-regulation of
NANOG expression was observed in cisplatin-resistant
patients with OSCC after therapy.36

In salivary gland mucoepidermoid carcinoma, NANOG
was mainly expressed in ductal structures and associated
with perineural invasion and desmoplasia when compared
with normal salivary gland. Two studies showed strong
NANOG protein expression in 26–46%, weak to moderate
expression in 29–42%, and negative expression in 25–30%
of all mucoepidermoid carcinomas.37,38

In gliomas, expression of NANOG was up-regulated
compared to normal brain tissue and showed a positive
correlation with malignancy, and expression was signifi-
cantly higher in high-grade compared to low-grade glio-
mas. NANOG mRNA and protein expression showed
positive reaction in nuclei and cytoplasm in 95% of primary
glioma samples. NANOG protein expression was detected
in 95% of astrocytomas, in 96% of oligodendrogliomas, in
94% of oligoastrocytomas, and in 100% of glioblastomas.
Patients with astrocytomas and glioblastomas showed
significantly shorter survival rate when high levels of
NANOG protein were detected. Another study showed
that in a group of patients that did not respond to chemo-
radiotherapy, mean expression of NANOG mRNA
was higher, compared to responders, after threemonths
of therapy.39–41

In lung cancer, overexpression of NANOG was signifi-
cantly related to TNM stage and differentiation, to the pres-
ence of pleural and vascular invasion, and a decreased
overall and disease-free survival.42–44 Various studies
showed NANOG expression in 30–93% of lung cancer
specimens.44–46 In squamous carcinoma, low NANOG
expression was found in 72% and high in 27% of patients.

Figure 6. Mixed germ cell tumor of the testis, consisting of embryonal carcinoma and choriocarcinoma (a). Immunohistochemical reaction for NANOG is positive in

embryonal carcinoma and negative in choriocarcinoma (b). (A color version of this figure is available in the online journal.)
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In adenocarcinoma, low and high expression was found in
67% and 33% of cases, respectively.45 In another study, cyto-
plasmic NANOG protein was observed in 43% of adeno-
carcinoma and in 92% of squamous cell carcinoma.
No expression was found in healthy lung tissue.43 In
poorly differentiated lung cancers, nuclear NANOG
expression was high.44 Another study showed NANOG
overexpression as a predictive marker, since NSCLC
patients treated with platinum-based chemotherapy with
NANOG overexpression showed association with short
overall survival and poor prognosis.47

In urinary system, NANOG was analyzed in renal cell
carcinoma (RCC) and in urothelial carcinoma. In RCC,
NANOG mRNA expression was significantly higher in
RCC compared to tumor-adjacent tissue and was also in
correlation to higher TNM stage, histological grade, and
significantly lower survival rates.48–50 NANOG protein
was expressed in 80–98% of all RCCs, and in only 9% of
normal-adjacent tissue samples.48,49 In another study, sig-
nificant differences in NANOG expression were found
in RCC subtypes. NANOG cytoplasmic expression was
suggested to be a prognostic predictor of RCC.49 In urothe-
lial carcinoma, NANOG mRNA was expressed in 90% of
cases.51 All urothelial carcinomas showed NANOG protein
expression; 85% showed high and 15% showed low expres-
sion. NANOG was detected in the nuclei and cytoplasm in
53%, only in the cytoplasm in 36%, in the nuclear mem-
brane in 6%, and only in nuclei in 5% of samples.
Percentage of cancer cells with high NANOG expression
was 91% in muscle invasive bladder cancer and in non-
muscle invasive bladder cancer 74%.50

In colorectal, gastric, and esophageal carcinomas,
meta-analysis on NANOG expression showed positive
correlation to TNM stage, differentiation, gender, depth of
infiltration, and poor overall survival. In gastric cancer,
mRNA expression of NANOG was significantly higher in
tumor tissue compared with paired adjacent normal tissue,
and was associated with TNM stage, tumor grade, and
shortened overall survival. Similarly, NANOG protein
expression was positive in 10–26% of gastric cancers.52–55

In 83% of tumor-adjacent tissue samples, NANOG expres-
sion was low or absent. NANOG was correlated with
advanced clinical stage, with lymph node status, tumor
differentiation and poorer prognosis. However, NANOG
protein was absent in gastric signet-ring cell carcinoma.56

In colorectal carcinoma, NANOG mRNA expression was
detected in all cancer samples and was absent in all
tumor-adjacent normal tissue samples.51 NANOG protein
wasmainly expressed in the cytoplasm and had significant-
ly higher expression in tumor samples (40%) compared to
tumor-adjacent tissue samples (18%).57

In pancreatic carcinoma, the intensity of NANOG
immunoreactivity was significantly stronger in the meta-
plastic ducts than in normal acini or in pancreatic carcino-
ma tissue, where only weak expression was observed.
NANOG protein was detected in the nuclei and cytoplasm
in 38–54% cancer samples and in 19% of tumor-adjacent
tissue samples.58,59 NANOG up-regulation was correlated
with TNM stage in pancreatic duct adenocarcinoma.
NANOG protein was expressed in 81% of cancer tissue;

expression was strong in 26%, moderate in 32%, weak in
23% and it was absent in 19% of samples.60 NANOG might
thus be associated with the early stages of pancreatic cancer
and might be used as a potential prognostic marker.58,59

In hepatocellular carcinoma (HCC), NANOG expression
showed positive correlation with TNM stage, vascular
invasion (when co-expressed with OCT4) and differentia-
tion, and predicted a worse clinical outcome. NANOG pro-
tein was expressed in 32% and was co-expressed with
OCT4 in 14% of HCC cases in the nucleus and cytoplasm
of HCC cells. Nanog expression was significantly higher in
HCC tissue compared to tumor-adjacent tissue.61,62

In breast cancer, NANOG protein expression was
mainly detected in the nuclei, and in lower amount in the
cytoplasm, too. It was higher in the majority of tumor tissue
samples compared with paired adjacent normal tissue and
was significantly related to stage of the disease, lymph
node metastasis, poor differentiation, and a worse overall
survival. NANOG protein was detected in 28–56% cases of
breast carcinoma. Expression was high in 9–36% and low or
absent in 72–91% of tumors. Tumor-adjacent tissue
expressed NANOG in 14% of cases.63–66

In ovarian cancer, NANOG mRNA and protein were
increased and in positive association with clinical
stage, differentiation, and with poor overall survival.67–69

Ovarian serous carcinoma expressed NANOG protein in
cytoplasm in 22% and in cytoplasm and/or nucleus
in 70%.67,68 NANOG-positive carcinomas are usually
high-grade, whereas low-grade, borderline, and benign
tumors do not express NANOG.68 Another study on ovar-
ian tumors showed NANOG expression in 64% of samples:
in 49% of normal ovarian tissue, in 65% of borderline serous
cystadenomas, and in 85% of serous cystadenocarcino-
mas.69 In the ovarian serous cystadenoma, results on
NANOG expression are controversial, from completely
negative to detected expression in 48% of samples.67,69

There are very limited data on NANOG expression in
prostatic and cervical cancer. NANOG mRNA expression
was detected in 80% of the prostate cancer samples.51

Needle biopsy tissue containing prostatic adenocarcinoma
and benign prostatic hyperplasia expressed nuclear and
cytoplasmic NANOG protein.70 Squamous cancer of the
cervix also expressed NANOG protein in 33% of patients;
moderate to strong expression was detected in 24% of pos-
itive samples.71

Testicular germ cell tumors also express NANOG
mRNA and protein; NANOG protein and mRNA were
expressed in all seminomas and embryonal carcinomas,
but not in teratoma, yolk sac tumor, and choriocarcinoma.16

NANOG as a treatment target

NANOG is a potential candidate for gene therapy due to its
involvement in a variety of oncogenic pathways. Since
there is no expression of NANOG in most healthy tissues,
targeting NANOG has potentially very limited off-target
effects. Specific suppression of NANOG when re-
expressed in precancerosis and different tumors could
affect different NANOG downstream effectors, prevent
chemo-resistance, reduce metastasis and tumor growth,
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and enhance immune surveillance. There is evidence
demonstrating therapeutic effect of targeting NANOG
using different approaches in cell lines and mouse
models of different cancer types. Other studies investigated
synergistic therapeutic effect of targeting NANOG with
cancer vaccination or with chemotherapeutic drugs,
where an increased sensitivity for drugs and an induced
cell apoptosis was observed.72–75 Information regarding
Nanog-targeting therapy in human cancer is limited, i.e.
there is an ongoing clinical trial (phase 2) with NANOG
inhibitor in combination with sorafenib in adult patients
with hepatocellular carcinoma.76

Conclusions

NANOG is an important stem cell transcription factor with
a complex regulation, and it is involved in human devel-
opment and cancerogenesis. Being associated with an
aggressive course, poor prognosis, and resistance to thera-
py, it can be used as prognostic and predictive factor
in various cancers. The fact that it is also re-expressed in
precancerosis but not in the majority of the normal adult
tissues and in other pathologic conditions makes it a perfect
candidate marker for distinguishing between precancerosis
and reactive conditions in ambiguous cases.
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