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Abstract
Purpose NANOG and OCT4 are required for the mainte-
nance of pluripotency in embryonic stem cells (ESCs).
These proteins are also expressed in the inner cell mass
(ICM) of the mouse pre-implantation embryo.
Methods Immunohistochemistry was used to show the pres-
ence of NANOG and OCT4 protein, and in situ hybridization
was used to localize NANOGmRNA in human embryos from
two-cell to blastocyst stage, and in human ESCs (hESCs).
Results Nanog and Oct4 were co-localized in human em-
bryos from morula and blastocyst stages. NANOG mRNA
was detected in a group of cells in the morula, in cells of the
ICM of blastocysts, and evenly in hESCs. All non-
differentiated hESCs expressed NANOG and OCT4 protein.
Pluripotent cells expressing NANOG and Oct4 were eccen-
trically localized, probably in polarized cells in a human
compacted morula, which appears to be different from ex-
pression in murine embryos.

Conclusion In this study, we demonstrate that whole mount
in situ hybridization is amenable to localization of mRNAs
in human development, as in other species.

Keywords Pluripotency . Embryo . Embryonic stem cells .

NANOG . In situ hybridization

Introduction

Embryo development seems to be tightly regulated during
each developmental stage, although the exact mechanisms
are not completely understood. The transition from morula
to blastocyst involves segregation of the first two cell line-
ages in the pre-implantation embryo, the inner cell mass
(ICM), which forms the embryo, and the trophectoderm,
which gives rise to the trophoblast lineage. Two transcrip-
tion factors, OCT4 and NANOG, are the two most studied
factors concerning formation of the ICM in mouse embryos,
and it has been shown that these two intrinsic factors are
required for establishment of the ICM in an undifferentiated
state [3, 18, 20]. OCT4 and NANOG are expressed in
human pre-implantation embryos and human embryonic
stem cells (hESCs) and these transcription factors regulate
stem cell pluripotency and differentiation [6, 15, 28]. The
OCT4 gene is a member of the mammalian POU family of
transcription factor genes. OCT4 is expressed in both ESCs
and embryonic carcinoma cells [22, 26, 27, 33] and is
considered to be essential for pluripotency [20, 21]. Dele-
tion of the OCT4 gene allows blastocyst formation but
failure as regards pluripotency, which results in differentia-
tion into a trophectodermal lineage [20]. OCT4 is expressed
constitutively throughout the pre-implantation period [15].

NANOG is a more recently described homeodomain-
bearing protein. It acts as a transcription factor and has been

Capsule NANOG and OCT4 in human embryo and ES cells.

F. Hambiliki : S. Ström
Department of Clinical Science, Intervention and Technology,
Karolinska Institutet,
14186 Stockholm, Sweden

F. Hambiliki
e-mail: Fredham@hotmail.com

S. Ström
e-mail: Susanne.strom@ki.se

F. Hambiliki : P. Zhang :A. Stavreus-Evers (*)
Department of Women’s and Children’s Health,
Uppsala University,
75185 Uppsala, Sweden
e-mail: Anneli.Stavreus-Evers@kbh.uu.se

P. Zhang
e-mail: Pu.Zhang@akademiska.se

J Assist Reprod Genet (2012) 29:1021–1028
DOI 10.1007/s10815-012-9824-9



described in mouse pluripotent cells [3, 18]. NANOG is
expressed in a restricted number of cell types, and only in
cells that also express OCT4, including ESCs [4]. In the
mouse embryo, NANOG is localized in the centre of the
morula and in the ICM of the blastocyst [3]. NANOG-
induced self-renewal and NANOG function, but not
NANOG expression, are dependent on continued OCT4
expression. OCT4 is required for NANOG-induced self-
renewal [3, 17, 18]. Genetic deletion of NANOG in mouse
ESCs resulted in the production of primitive endoderm-like
cells, and NANOG mutant embryos were able to produce
parietal endoderm. Since embryos lacking Oct4 are unable
to develop so far this resulted in the assumption that
NANOG function is critical during a later developmental
stage than is the case for OCT4 [3, 18], and NANOG has
been shown to be expressed from the 4-cell stage onwards
[15]. Following implantation, when the ICM is developing
into epiblast and primitive endoderm, NANOG is expressed
in the epiblast cells [8].

The ability to visualize the expression of a gene in both
time and space in human pre-embryos would be an essential
tool in developmental biology. Whole-mount in situ hybrid-
ization has the advantage of showing the cellular location of
specific mRNAs. However, to our knowledge, the method
has not been used for studies on mRNA expression in
human pre-embryos. Therefore, the aim of the present study
was to optimise and use a novel whole-mount in situ hy-
bridization method to determine the mRNA expression of
NANOG in human embryos.

Materials and methods

Ovarian stimulation and in vitro fertilization

Down-regulation for ovarian hyperstimulation was achieved
by using a long protocol gonadotrophin-releasing hormone
agonist (GnRHa), nafarelin (Synarela; Syntex Nordica AB,
Södertälje, Sweden) administered intra-nasally, starting on
either cycle day 1 or 21. Following down-regulation, ovar-
ian stimulation was induced using recombinant FSH (rFSH;
Gonal-F, Serono Laboratories, Aubonne, Switzerland, or
Puregon, NY Organon, Oss, the Netherlands). The starting
dose was dependent on the subject’s age and/or previous
response to ovarian stimulation. Ovarian response was mon-
itored by serum estradiol assays and vaginal ultrasound
scans. GnRHa and rFSH were administered until the leading
follicle had a diameter of at least 18 mm. Maturation of the
oocyte was triggered by one s.c. injection of 10,000 IU of
human chorionic gonadotrophin (hCG; Profasi, Serono lab-
oratories, Aubonne, Switzerland). Thirty-seven hours after
hCG administration, oocytes were retrieved by trans-vaginal
needle aspiration under ultrasonographic guidance.

Conventional IVF was performed in 20-μl droplets of
medium (IVF medium, Vitrolife AB, Gothenburg, Sweden)
containing about 15,000 spermatozoa, under oil (Ovoil,
Vitrolife AB, Gothenburg, Sweden).

For intracytoplasmic sperm injection (ICSI), oocytes were
stripped of cumulus cells by mechanical pipetting after brief
exposure to hyaluronidase (HYAS; Vitrolife AB, Gothenburg,
Sweden). ICSI was then performed using a Nikon-Narishige
micromanipulation system. Fertilization was evaluated 18–
20 h after insemination. Following fertilization, IVF and ICSI
embryos were cultured in 10-μl droplets of medium under oil
(G.1.2; Vitrolife AB, Gothenburg, Sweden).

Embryo transfer was carried out either on day 2 or day 3.
Excess embryos, surplus to treatment, were frozen at the 2-
to 8-cell stage using a three-stage propanediol cryopreser-
vation kit (Freeze kit 1; Vitrolife AB, Gothenburg, Sweden)
according to the manufacturer’s instructions. Embryos used
for immunohistochemistry, n031, and in situ hybridization,
n089, were cyopreserved and thawed after their 5-year
storage limit in liquid nitrogen had passed. Frozen embryos
were thawed using a thawing kit (Sydney IVF thawing kit,
CooK IVF, Brisbane, Australia), and cultured to blastocysts
in 10-μl droplets under oil in either BlastAssist System
(Medicult, Jyllinge, Denmark) or blastocyst (Sidney IVF
Blastocyst medium, CooK IVF, Brisbane, Australia) se-
quential media.

Human embryonic stem cell derivation and culture

The embryos used for embryonic stem cell culture had been
donated on day 2 after fertilization after all embryos of good
quality (minimum score of 2.0 out of 3.5 according to [19])
had been transferred or frozen. From an original score of
3.5, reductions of 0.5 at a time were made on the basis of the
following features: more than 20 % cellular fragmentation,
unequal size of blastomeres, multinuclear blastomeres, or
the embryo did not fill the zona.

The blastocysts used for the present embryonic stem cell
lines had been cultured in medium designed for blastocyst
culture (MediCult, Ronnehavn, Denmark). Derivation of the
present lines was carried out as described previously [13,
14]. Separation of the ICM from the trophectoderm cells
was carried out by first removing the zona pellucida, using
0.5 % pronase (Sigma-Aldrich, Stockholm, Sweden). The
trophectoderm was removed by immunosurgery as described
earlier, using rabbit antihuman whole serum (Sigma) and
guinea pig complement serum (Sigma-Aldrich, Stockholm,
Sweden) [30]. The isolated ICMswere then placed on a feeder
cell layer.

Human foreskin fibroblasts (CRL-2429; ATCC, Mana-
ssas, VA) were used as feeder cells. The feeder cells were
mitotically inactivated using irradiation (35 Gy) and plated
onto 2.84-cm2 dishes to form a confluent monolayer to be
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used as substrate cells the following day. 150,000 fibroblasts
were plated for derivation of a new line, and for the passages
to follow, 350,000 fibroblasts were plated. Iscove’s medium
(Gibco, Invitrogen, Stockholm, Sweden) supplemented
(10 %) with FCS (Gibco, Invitrogen, Stockholm, Sweden)
was used as culture medium.

The culture medium used for derivation and culture of
hESCs consisted of Dulbecco’s modified Eagle’s medium
(Gibco, Invitrogen, Stockholm, Sweden) supplemented
(20 %) with SR medium (Knockout SR, Gibco, Invitrogen,
Stockholm, Sweden), 2 mM L-glutamine (Gibco, Invitrogen,
Stockholm, Sweden), 1 % penicillin-streptomycin (Gibco
Invitrogen Corporation), 1 % nonessential amino acids
(Gibco, Invitrogen, Stockholm, Sweden), 0.5 mM 2-
mercaptoethanol, 1 % insulin-selenium-transferrin (Sigma-
Aldrich, Stockholm, Sweden) and bFGF (8 ng/ml; R&H
Systems, Oxon, U.K.).

After an initial growth period of 12 days, the cell aggre-
gates were removed mechanically from the original plate
and transferred to fresh feeder cells. Mechanical passage
was performed by cutting the colony (approximately
2,000 μm in diameter) into eight pieces using a scalpel,
under a stereomicroscope. Mechanical splitting was then
carried out at 5- to 8-day intervals (mean, 7 days). Non-
differentiated cells, as judged by morphology, were chosen
for each further passage. The doubling time of the hESCs
was approximately 24 h. In vivo pluripotency was tested in
embryonic bodies and teratomas. The lines used in this
study were HS181, HS235 and HS237. For cryopreserva-
tion of the cells, vitrification in pulled open straws, using
ethylene glycol, dimethylsulphoxide (20 % each) and 1 M
sucrose as cryoprotectants.

In situ hybridization of NANOG in human preimplantation
embryos

A non-radioactive whole mount in situ hybridization meth-
od was used to detect the presence of NANOG mRNA in
human preimplantation embryos. The experiment was per-
formed on batches of ten or more embryos. The embryos
were placed in culture inserts, which were thereafter trans-
ferred into wells that contained the different solutions. In the
first step the embryos were washed twice in phosphate-
buffered saline (PBS), and then fixed overnight at 4 °C in
4 % paraformaldehyde. After fixation the embryos were
washed twice in PBS with 0.1 % Tween-20 (Sigma-Aldrich,
Stockholm, Sweden) (PBT). Dehydration was performed
through increasing concentrations of methanol in PBS
(25 %, 50 %, 75 %) and finally twice in 100 % methanol.
Rehydration was carried out through decreasing concentra-
tions of methanol/PBS (75 %, 50 %, 25 %). The embryos
were then rinsed three times with PBT followed by three
washes in a detergent mix of 150 mM NaCl (Sigma-Aldrich,

Stockholm, Sweden), 1 % Nonidet-P-40 (Sigma-Aldrich,
Stockholm, Sweden), 0.5 % sodium deoxycholate (Sigma-
Aldrich, Stockholm, Sweden), 0.1 % SDS (Sigma-Aldrich,
Stockholm, Sweden), 1 mM EDTA (Sigma-Aldrich, Stock-
holm, Sweden) and 50 mM Tris (Sigma-Aldrich, Stock-
holm, Sweden), pH 8.0, at room temperature. Post-fixation
was carried out in 4 % paraformaldehyde (Sigma-Aldrich,
Stockholm, Sweden), 0.2 % EM-grade glutaraldehyde (Sig-
ma-Aldrich, Stockholm, Sweden) in PBT at room tempera-
ture. Thereafter, the embryos were washed in PBT followed
by a wash in a 1:1 mix of hybridization buffer (HB; 50 %
ultra-pure formamide (Sigma-Aldrich, Stockholm, Sweden),
5 × SSC pH 4.5, heparin at 50 μg/ml, 0.1 % Tween 20) and
PBT at room temperature. Prehybridization was then per-
formed for 3 h at 70 °C in HB containing tRNA (100 μg/ml)
and sheared denatured herring sperm DNA (Sigma-Aldrich,
Stockholm, Sweden) at 100 μg/ml, followed by hybridiza-
tion overnight at 70 °C in HB containing tRNA (100 μg/ml)
and denatured digoxigenin-labelled riboprobe (100 μg/ml).
Human NANOG ORF was subcloned from IMAGE clone
664153 using ATC TCG AGG CCG CCA CCATGA GTG
TGG ATC CAG CTT GTC C and ATG CGG CCG CTC
ACA CGT CTT CAG GTT GCA TGT, subcloned into
pCR2.1 and verified to be free of mutations. After lineari-
zation with Xho I, the probe was labelled with digoxigenin
by transcription with SP6. After hybridization the embryos
were washed once in a solution containing 2 × SSC, pH 4.5,
50 % formamide and 0.1 % Tween 20 at 70 °C, then twice at
room temperature and finally three times at 65 °C. After
cooling to room temperature and three washes in TBST
(NaCl 8 g/l, KCl 0.2 g/l, 0.25 M Tris, pH 7.5, Tween-20
(1 %)), the embryos were incubated in blocking solution
(10 % heat-inactivated sheep serum) for 1 h and thereafter
incubated with anti-digoxigenin Fab alkaline phosphate con-
jugate (Roche, Stockholm, Sweden) in TBST with 1 % heat-
inactivated sheep serum. This step was followed by antibody
conjugate incubation overnight at 4 °C. The antibody conju-
gate was removed in a series of washes, first with TBST at
room temperature and then with APB. The embryos were
stained using Vectashield (Vectorlab Inc., Burlingame, USA)
and the embryos were thereafter rinsed in PBS containing 1M
EDTA (Sigma-Aldrich, Stockholm, Sweden). Morula- and
blastocyst-stage embryos incubated without the probe served
as negative controls. A total of 67 embryos were used in this
study.

In situ hybridization of NANOG in human embryonic stem
cells

Embryonic stem cells were fixed on dishes together with
feeder cells and processed in the same way as embryos.
Mouse ESCs and human skin fibroblasts served as negative
control cells.
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Immunostaining of NANOG and OCT4 in human
embryonic stem cells

Human embryonic stem cells were fixed with 4 % paraformal-
dehyde in PBS for 20 min at room temperature and thereafter
washed with PBS and blocked with 5 % goat serum in PBS.
Permeabilisation was carried out using blocking buffer consist-
ing of 0.02 % TritonX-100 in PBS. Primary antibodies—
monoclonal mouse antibodies for OCT4 (sc-5279, Santa Cruz
Biotechnologies, Santa Cruz, USA), diluted 1:80, and mono-
clonal goat antibody for NANOG (MAB1997, R&D systems,
Minneapolis, MN USA), diluted 1:200—were added in 5 %
blocking buffer overnight at 4 °C and washed three times with
PBS to remove any unbound primary antibodies. Secondary
antibodies—FITC-conjugated goat anti-mouse IgG and FITC-
conjugated bovine anti-goat IgG (both from Chemicon)—were
diluted 1:200 in 5 % blocking buffer and applied to the cells for
60 min at RT in the dark. For controls, the primary antibodies
were excluded from the staining protocol. Stained cells were
viewed with a Zeiss Axiovert 200 M inverted microscope
equipped with fluorescence optics and appropriate filters and
images were acquired using Openlab 3.1.3 software. Human
skin fibroblasts served as negative control cells.

Immunostaining of NANOG and OCT4 in human
preimplantation embryos

Human preimplantation embryos were rapidly transferred from
culture and briefly washed in PBS containing PVP (3 mg/ml)
and then fixed in 2.5 % paraformaldehyde in PBS for 15 min at
room temperature. Following fixation, the embryos were per-
meabilised in PBS/PVP buffer containing 0.25 % Triton X 100
for 30 min. The embryos were then placed in blocking buffer
containing 0.1 % BSA and 0.01 % Tween 20 in PBS for
15 min. Primary antibodies—monoclonal mouse antibody for
OCT4 (Santa Cruz Biotechnologies, Santa Cruz, USA), diluted
1:100, and monoclonal goat antibody for NANOG (R&D
systems, Minneapolis, MN USA), diluted 1:100—were added
in blocking buffer and incubated overnight at 4 °C. The em-
bryos were then washed 3 times for 15 min each in blocking
buffer to remove any unbound primary antibodies. The sec-
ondary antibodies—Alexa 568 conjugated rabbit anti-goat
(1:250) and Alexa 488 conjugated rabbit anti-mouse (1:100)
antibodies (Invitrogen, Stockholm, Sweden), respectively—
were diluted in blocking buffer and applied to the embryos
for 60 min at RT in the dark. For negative controls, the primary
antibodies were excluded from the staining protocol. After
incubation the embryos were briefly washed through a series
of 25, 50, 75 and 100 % citifluor (with DAPI) and then
mounted on slides in antifade medium under coverslips. The
coverslips were then sealed with nail varnish. Stained embryos
were viewed with an inverted microscope equipped with fluo-
rescence optics and appropriate filters.

Data from gene array studies

Data from gene array studies performed at Karolinska Institutet
[34] were used for comparison with data from the present
study.

Ethical considerations

The pre-implantation embryos used in this study were donated
with informed consent by couples undergoing in vitro fertil-
ization treatment. Only pre-implantation embryos that could
not be used in infertility treatment were used in the study. The
human embryonic stem cells were derived from the inner cell
masses of blastocysts that could not be used for infertility
treatment. Approval was obtained from the Research Ethics
Committee of Örebro University Hospital for expression stud-
ies in human pre-implantation embryos, and from the Ethics
Board of Karolinska Institutet for derivation of hES cell lines,
and studies regarding their properties. Both partners of the
couples involved signed an informed consent form after re-
ceiving oral and written information [1]. No reimbursement
was given to the couples.

Results

Presence of NANOG and OCT4 proteins in human
pre-implantation embryos

Using immunohistochemistry, we observed immunostaining
of NANOG and OCT4 in human pre-implantation embryos
(n031). This immunostaining was seen in an eccentrically
located group of cells in the morula and in part of the ICM
of blastocyst-stage embryos (Fig. 1a, b, c and d). Double
staining showed that OCT4 and NANOG were present in
the same cells of the ICM (Fig. 1d and e). There was also
some staining of OCT4 in trophoblast cells, but no such
staining as regards NANOG (Fig. 1d and e).

Expression of NANOG mRNA in human pre-implantation
embryos

Expression of NANOG mRNA in human pre-implantation
embryos was determined by using whole-mount in situ
hybridization (n089). NANOG mRNA was expressed in
some cells of the compacted morula, with eccentric locali-
zation, and in the ICM of blastocyst-stage embryos
(Fig. 2d–f). No expression was detected in 2-cell, 4-cell or
8-cell stages (Fig. 2a–c). In the blastocyst, NANOG mRNA
was confined to the ICM and absent in the trophectoderm
(Fig. 2f).
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NANOG and OCT4 in human embryonic stem cells

Immunostaining showed the presence of NANOG and OCT4
proteins in all embryonic stem cells, although the staining was
apparently weaker in the centre of the colony (Fig. 3b and g).

Nuclear Hoechst DNA staining also showed the presence of
feeder cells, which were negative for NANOG and OCT4
(Fig. 3c and g). NANOG mRNAwas evenly expressed in all
cells in the stem cell colonies. In situ hybridization showed
NANOGmRNA in a colony of HS235 hESCs on human skin

Fig. 1 Representative pictures
show double staining of OCT4
and NANOG in the human
morula and blastocyst. a
Immunostaining of OCT4 in the
morula. b Immunostaining of
NANOG in the same morula. c
DAPI staining in the morula. d
Staining of OCT4 in the
blastocyst. Immunostaining is
seen both in the inner cell mass
and the trophoblast; arrows. e
Staining of NANOG in the
same blastocyst. Staining is
seen only in the inner cell mass;
arrow. f DAPI staining in the
same blastocyst. g Exclusion of
OCT4 antibody. h Exclusion of
NANOG antibody. i DAPI
staining of the embryo without
primary antibodies present

Fig. 2 In situ hybridization of NANOG in the human pre-implantation embryo. a 2-cell embryo, day 1. b 4-cell embryo, day 2. c 8-cell embryo,
day 3. d morula, day 4. e late day 4 embryo. f blastocyst, day 5. g mouse ESCs hybridized with human NANOG primer
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fibroblast feeder cells (Fig. 3d and e). Mouse stem cells did
not show any staining after in situ hybridization with human
NANOG probe (Fig. 1f).

Gene array data

Data from gene array studies showed that NANOG mRNA is
present in pre-implantation embryos from day 2 and is highly
expressed in hESCs (Table 1). OCT4was weakly expressed in
pre-implantation embryos and highly expressed in stem cells
(Table 1). The two genes were absent in fibroblasts (Table 1).

Discussion

We localized the expression of NANOG and Oct4 in human
pre-implantation embryos and in three human embryonic
stem cell lines derived in our laboratory. The time of ap-
pearance (early morula), resembled that in mouse embryos
[3, 12, 24, 25]. We found that the expression of NANOG in
human compacted morula was not evenly distributed, but
was strictly localized in the cells which apparently form the

inner cell mass 1 day later. The expression of NANOG in
human embryos seemed to be polarized earlier than in
mouse embryos (see Fig. 2d and e and [3]).

The present study revealed NANOG and OCT4 protein
and NANOG mRNA in the morula and blastocyst stages of
human embryos. In mouse embryos, NANOG and OCT4
have also been seen in the morula to the hatched blastocyst
stage [3, 12, 24, 25].

In the present study, some OCT4 immunostaining was
also seen in the trophoblast cells of the blastocyst, although
to a lesser extent than in the ICM. This has also been seen in
bovine blastocysts [16, 32] and is in line with the results of a
previous study showing the expression of mRNA for OCT4
in human trophoblast cells [9].

Additionally, we showed the expression of NANOG in
human embryos during morula and blastocyst stages by using
a whole-mount in situ hybridization technique. This method
gave us the unique opportunity to visualize the expression of
NANOG in both time and space in single human embryos. The
protocol proved to be reliable and sensitive for visualization of
NANOG gene expression in human embryos. This novel
technique can be used to determine the precise expression

Fig. 3 Immunostaining of
OCT4 and NANOG in human
embryonic stem cells, and in
situ hybridization of NANOG
in embryonic stem cells. a Light
microscopy of human
embryonic stem cells. b
NANOG immunostaining in
embryonic stem cells. The
feeder cells do not show
staining for NANOG (red
arrow). c Nuclear staining of
embryonic stem cells and
fibroblast cells. DAPI staining
is seen in feeder cells (blue
arrow). d & e In situ
hybridization showing NANOG
mRNA in embryonic stem cells.
NANOG f Mouse embryonic
stem cells hybridized with
human NANOG primer. g
OCT4 immunostaining of stem
cell line HS426 (green). Blue
colour shows nuclear DAPI
staining

Table 1 Data from microarray
analysis of human embryos and
embryonic stem cells and fibro-
blasts. For Nanog, the average
signal intensity from one probe set
and for Oct4 the average number
of three probe sets is shown

Gene Signal intensity

Day 2 embryos Day 3 embryos Day 5 embryos Stem cells Fibroblasts

Nanog 98.6 194.6 196.8 391.8 1.3

Oct4 32.2 67.1 46.8 310.9 5.3
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pattern of a gene of interest at various stages of development.
Furthermore, it can be used to elucidate the genes and path-
ways involved in cellular processes such as differentiation,
proliferation and apoptosis.

Differently from mouse embryos, the expression of
NANOG was not centred at the middle of the morula. This
confirms that the early human embryo is polarized at early
stages, and our findings show clear polarization during the
morula stage. The concept of polarization of the early em-
bryo has been discussed in connection with the expression
of hCG in early embryos [10, 11]. The distribution of
mitochondria has been reported to be polarized in human
oocytes and early embryos [31].

Embryonic stem cells can be derived from and reintro-
duced to the ICM, but this does not necessarily mean that
these cells are exactly equivalent. The ICM exists only
transiently and does not operate as a stem cell compartment
in vivo. Stem cells might arise through selection and adap-
tation to the culture environment [2, 29]. Two transcription
factors, Oct4 and NANOG, appear to define the potency of
human and mouse ESCs. NANOG plays a fundamental role
in maintaining pluripotential properties of embryonic stem
cells. In a recent study [28], it was shown that ICM cells in
NANOG-null embryos failed to develop into viable epiblast.
NANOG Octamer and SOX elements, which control
NANOG transcription, are able to recruit OCT4 and
SOX2, respectively.

This results in upregulation of NANOG gene expression
[33]. In another study it was shown that OCT4, NANOG and
SOX2 were co-expressed in porcine epiblasts [5]. Human
embryonic stem cells were stained positive both for NANOG
and OCT4 [12]. Furthermore, Göke J et al. [7], observed that
the combinatorial binding of OCT4, NANOG and SOX2 is
critical for transcription in mouse and human ES. In the
present study, we showed immunostaining for both NANOG
and OCT4 using both immunohistochemistry and in situ
hybridisation.

Whole-mount in situ hybridization has, as far as we know,
not previously been used for detection of genes in human
embryos. This technique permits the direct observation of
the protein synthesis capacity of particular genes. Previously,
the most commonly used method has been paraffin embed-
ding and sectioning of embryos [23]. Whole-mount in situ
hybridization provides a sensitive and powerful method for
detection of expression patterns of genes within an individual
preimplantation embryo.

Gene array data showed the presence of NANOG mRNA
from D2 stage. This analysis was performed using an addi-
tional amplifying step before array analysis, showing that
this method is more sensitive in detection of a gene com-
pared with in situ hybridization. Recently it was shown that
NANOG and OCT4 cDNA are present in 4- and 8-cell
human embryos, expression being restricted to the ICM [6].

We showed that the expression profile of NANOG in
humans resembles that in mice, suggesting that NANOG
plays a physiological role in preimplantation development
of the human embryo and it also provides a useful molecular
marker of pluripotency. There is clear polarization of
NANOG-expressing cells in human compacted morula to
those cells which are probably defined to form the ICM.
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