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Abstract
Nanog, a homeodomain (HD) transcription factor, 
plays a critical role in the maintenance of embryonic 
stem (ES) cell self-renewal. Here, we report the  
identification of an alternatively-spliced variant of 
nanog. This variant lacked a stretch of amino acids  
(residues 168-183) located between the HD and  
tryptophan-repeat (WR) of the previously-reported full 
length sequence, suggesting that the deleted  
sequence functions as a linker and possibly affects the  
flexibility of the C-terminal transactivation domain  
relative to the DNA binding domain. Expression of 
mRNA encoding the splice variant, designated as 
nanog-delta 48, was much lower than that of the full 
length version in human ES cells. The ratio of 
nanog-delta 48 transcript to full length transcript 
increased, however, in multipotent adult progenitor 
cells. EMSA analysis revealed that both forms of Nanog  

were able to bind a nanog binding sequence with  
roughly the same affinity. A reporter plasmid assay also  
showed that both variants of nanog modestly  
repressed transactivation of gata-4, whose expression  
is proposed to be inhibited by nanog, with comparable  
potency. We conclude that, despite the difference in  
primary structure and expression pattern in various 
stem cells, the alternatively-spliced variant of Nanog  
has similar activity to that of the full length version.
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Introduction
Nanog is a divergent homedomain (HD) transcrip-
tional factor that functions to maintain self-renewal of 
embryonic stem (ES) cells (Mitsui et al., 2003; 
Chambers et al., 2003). Forced expression of Nanog 
confers the undifferentiated state of ES cells in-
dependently of the LIF/Stat3 pathway, whereas 
targeted disruption of the nanog gene or removal of 
nanog expression results in loss of pluripotency, 
extra-embryonic endoderm differentiation, recovery 
of cytokine dependence, and multilineage differen-
tiation. Nanog expression is restricted to pluripotent 
tissues and ES cell lines and is dramatically reduced 
by retinoic acid-induced differentiation. In mouse 
embryos, nanog mRNA is detectable as early as the 
morula stage, is prominent in the inner cell mass of 
the blastocyst and epiblast, and is down-regulated 
by the implantation stage. Blast search of human 
dbEST reveals that nanog mRNA expression is 
found in NT2 human teratocarcinoma cells, germ cell 
and testis tumors, marrow, and other tumors (Cham-
bers et al., 2003), but not in neural or hematopoietic 
stem cells (Ramalho-Santos et al., 2002).
  The human nanog gene consists of four exons and 
maps to chromosome 12p13, along with two other 
genes (stellar and gdf3) whose expression is re-
stricted to pluripotent cells (Clark et al., 2004). 
Human and mouse Nanog consist of three parts: an 
N-terminal region rich in Ser, Thr, and acidic 
residues; a HD; and a C-terminal region. The C- 
terminal region contains two transactivation do-
mains, a tryptophan repeat (WR) and a transacti-
vation domain (CD2), and a linker (CD1) connecting 
HD and WR (Pan and Pei, 2005). Both WR and CD2 
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have been shown to separately transactivate a pro-
moter, including a putative Nanog-binding element, 
while inclusion of CD1 negatively regulates WR- 
mediated transactivation. Unlike its murine coun-
terpart, transactivation activity of human Nanog is 
confined to its C-terminal region (Oh et al., 2005).
  Here, we report an alternatively-spliced form of 
nanog whose gene product lacks a stretch of 16 
amino acid residues located between HD and WR in 
the full length sequence. The splice variant is similar 
to its full length version in its ability to bind a 
Nanog-binding element and transactivate the gata-4 
promoter, a proposed transcriptional target of Nanog.

Materials and Methods
Cell cultures
Human ES cells were maintained in 80% Dulbecco's 
modified essential medium (DMEM)/ F12 supplemen-
ted with 20% KNOCKOUT serum replacement, 0.1 
mM nonessential amino acids (Invitrogen, Carlsbad, 
CA), 0.1 mM β-mercaptoethanol (Sigma, St. Louis, 
MO), and 4 ng/ml human basic fibroblast growth 
factor (bFGF) (R&D systems, Inc., Minneapolis, 
MN). Human ES cells were grown on feeder cells 
inactivated with mitomycin C (Sigma) in 0.1% 
gelatinized tissue culture dishes. Cells were de-
tached by treatment with 1 mg/ml collagenase IV 
(Invitrogen) for 30 min at 37oC and then seeded onto 
new feeder layers once a week. All human cells 
used in this study were isolated from human 
subjects that previously gave informed consent. 
Human umbilical cord blood (CB) was centrifuged 
through a Ficoll-Hypaque cushion (Sigma), and 
mononuclear cells collected at the interface and 
were washed with PBS. These were subjected to 
RNA isolation or induced to differentiate in IMDM 
medium containing 10% FBS (Invitrogen) and 1% 
penicillin/streptomycin (Invitrogen) in the presence of 
IL-3 (10 ng/ml), IL-5 (10 ng/ml), and GM-CSF (10 
ng/ml) (R&D Systems, Minneapolis, MN) with me-
dium change once a week for 21 days. The 
CB-derived mononuclear cells were split into CD34- 
and CD34+ subsets using MACS CD34 isolation kit 
(Miltenyi Biotech, Auburn, CA), according to the 
manufacturer's instructions. The purity of freshly-iso-
lated CD34+ cells was between 70 and 80%, as 
analyzed by FACS (Becton-Dickinson, Mountain 
View, CA). Human bone marrow (BM) was obtained 
from healthy donors (ages 10 to 50 yrs) and its 
derived mononuclear cells were purified through a 
Ficoll-Hypaque cushion. To initiate human mesen-
chymal stem cell (MSC) culture, BM-derived mono-
nuclear cells were cultured in DMEM containing 10% 
heat-inactivated FBS, 1% penicillin-streptomycin, 

and 2% glutamine at 37oC in 75-cm2 tissue culture 
flask at a density of 2 × 105/cm2 under 5% CO2 for 
72 h. Non-adherent cells were removed and ad-
herent cells were kept at a density of 1 × 106 cells 
by changing the medium every 4 days. To assess 
whether the character of mesenchymal stem cells 
was maintained during culture, a fraction of the cell 
cultures was subjected to adipogenic and osteo-
genic differentiation, as previously described (Meire-
lles Lda et al., 2003).

RNA isolation, cDNA amplification, and cloning
Total RNA was isolated with the TRI-Reagent 
(Molecular Research, Cincinnati, OH) and used as 
template for cDNA synthesis with random hexamers 
and a reverse transcription kit (Invitrogen). Thirty 
cycles of polymerase chain reaction (PCR) were 
performed with an automated thermal cycler, Gene-
amp PCR system 9700 (Applied Biosystems, Foster 
City, CA) under the following cycling parameters: 
denaturation for 30 s at 95oC; annealing for 45 s at 
55oC, and extension for 60 s at 72oC. Primers for 
nanog were as follows: a, 5'-ATGAGTGTGGATCC-
AGCTTGTCCCCAAAGCTTGCC-3'; b, 5'-TGGCAG-
AAAAACAACTGGC CG-3'; c, 5'-GTTGCTCCAGGT-
TGAATTGTTCCAGG-3'; d, 5'-ACACGTCTTVAGG-
TTGCATGTTCATGGAGTAG-3'. Forward and re-
verse primers for GAPDH were 5'-CGTCTTCACCA-
CCATGGAGA-3' and 5'-CGGCCATCACGCCACA-
GTTT-3', respectively. PCR products were analyzed 
on 1.2% agarose or 6% polyacrylamide gel. Full 
length nanog and its alternatively-spliced variant 
were subcloned into T-easy vector (Promega, Madi-
son, WI), and the recombinant plasmids were used 
as templates to confirm the presence of the variants. 
The cloned sequences were confirmed by an auto-
mated DNA sequencer (Applied Biosystems). The 
coding sequence of human nanog was also cloned 
into the pcDNA3.1 vector (Invitrogen) for expression 
in mammalian cells. 

Antibody generation and Western blot
Rabbit anti-human Nanog antibodies were raised 
against the peptide (residues 168-183) lacking in 
Nanog-delta 48 (Peptron Inc, Korea). Cells were 
lysed in 20 mM HEPES, pH 7.2, 1% Triton X-100, 
10% glycerol, 150 mM NaCl, 10 µg/ml leupeptin, and 
1 mM PMSF. Protein samples (20 µg) were 
separated by 10% SDS-polyacrylamide gel electro-
phoresis and transferred to nitrocellulose filters. Blots 
were incubated with primary antibodies and developed 
using an enhanced chemiluminescence detection 
system (Amersham Pharmacia Biotech., Piscataway, 
NJ) as previously described (Shin et al., 2004).
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EMSA
293T cells were transfected with pcDNA3.1 vectors 
containing nanog or nanog-delta 48. Fifteen µg of 
nuclear extracts were solubilized in buffer containing 
50 mM HEPES, 400 mM KCl, 10% glycerol, 0.1 mM 
EDTA, 1 mM DTT, 0.5 mM PMSF, 10 µg/ml leupetin, 
and 10 µg/ml aprotinin and incubated in 10 µl reac-
tions containing 10 mM Tris-HCl, 1 mM DTT, 1 mM 
EDTA, 10% glycerol, 0.1% Triton X-100, 50 µg/ml 
poly (dI-dC), 0.1 mg/ml BSA, and 50 mM KCl for 5 
min with or without unlabeled oligonucleotide pro-
bes. A 32P-labeled wild type probe (5'-CACCCTC-
AGCCATTAACCTTTTTA-3') or a mutant probe 
(5'-CACCCTCAGCCAGGAACCTTTTTA-3') was added 
to the reaction mixture and incubated for 20 min. For 
supershift assay, anti-human Nanog or pre-immune 
rabbit serum was pre-incubated with the mixture for 
30 min before incubation with labeled probe. Reac-
tion products were resolved on a 5% polyacrylamide 
gel and visualized by autoradiography.

Transfection, construction of promoter, and reporter 
assay
The gata-4 promoter, including 1117 bases up-
stream from the transcription start site and the 
5'-UTR of gata-4, was PCR-amplified with a forward 
primer, 5'-CAAAACGCAGGATGCTGGGAAG-3', and 
a reverse primer, 5'-GGCCAAGCTCTGATACATG-
GTC -3'. The PCR product was cloned into the 
pGL3basic vector, a luciferase reporter plasmid. 
293T cells were plated at a density of 5 × 105 
cells/35 mm dish and cotransfected with 2 µg of the 
reporter plasmid and various concentrations of 
nanog-expressing vector in triplicate sets using 
lipofectamin 2000, according to the manufacturers' 
instruction (Invitrogen). The total amount of nanog- 
expressing vector and empty plasmid (pcDNA3.1) 
was adjusted to 2 µg. 
  For the luciferase assay, cell were harvested and 
lysed in 1x PLB buffer (Promega). Luciferase activity 
was measured with 2 µg of total protein using a 
TD2020 luminometer (Berthold, Germany). Fold 

induction was calculated as the ratio of gata-4 
reporter plasmid to pGL3basic vector. A Mann- 
Whitney U test was applied to compare differences 
between nanog and nanog-delta 48, with the results 
expressed as mean ± standard error of the mean 
(SEM).

Results and Discussion
Expression of the nanog gene was examined in 
several multipotent progenitor cells by RT-PCR. As 
analyzed by agarose gel electrophoresis, nanog 
transcripts were abundant in human embryonic stem 
(ES) cells (Figure 1). The nanog transcript was also 
expressed in several multipotent adult progenitor 
cells, including CB cells (both CD34- and CD34+ 
cells from CB cells), BM cells, and MSCs, although 
the expression levels in these cells were much lower 
than in ES cells. The transcript was not detectable in 
CB cells differentiated in the presence of IL-3, IL-5, 
and GM-CSF for 21 days or in HL60 promyelocytic 
leukemia cell line.
  We amplified full length nanog using primers a and 
d (Figure 2B), and then cloned and sequenced it. 
The expected size was 915 bp, corresponding to a 
polypeptide of 305 amino acid residues. Of 18 
clones sequenced, the nucleotide sequences of 16 
were identical to the published sequence of the 
nanog gene (GenBank accession no. NM024865), 
except for a few sequence variations (C381T, 
A492G, C747T, and C1014T) that did not cause 
amino acid substitutions. The remaining two clones 
were missing 48 bp at the beginning of the fourth 
exon of the gene (Figure 2A) and designated as 
nanog-delta 48 (GenBank accession no. AY578089). 
Analysis of this deleted sequence revealed the 
presence of a polypyrimidine tract followed by AG at 
the 3' end, suggesting that nanog-delta 48 had been 
generated by alternative splicing. To confirm the 
existence of the two splice variants, we carried out 
RT-PCR with total RNA from ES cells and compared 
these sequences with those of the PCR-amplified 

Figure 1. Expression of human nanog transcript. cDNA 
was synthesized from 4 µg of total RNA, amplified using 
primer pair a and d, as indicated in Figure 2B, and re-
solved on a 1.2% agarose gel. Arrow indicates expected 
size of PCR product. ES, human embryonic stem cells; 
CB, human cord blood-derived mononuclear cells; CD34+

and CD34+ cells fractionated from CB cells by MACS; BM, 
bone marrow cells; MSC, mesenchymal stem cells; HL60, 
human promyelocytic leukemia cell line; differentiated CB, 
CB cells differentiating for 21 days in the presence of IL-3, 
IL-5, and GM-CSF.
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products using the two cloned nanog variants as 
templates with two different primer pairs, b and d, 
and b and c, as indicated in Figure 2B. As resolved 
on a sequencing gel, RT-PCR with each primer pair 
gave rise to three different products. Two of these 
co-migrated as the PCR products from the corre-
sponding cloned nanog variants (Figure 2C).
  The same sequence gap of 48 bp reported here 
has also been reported from several EST clones 
derived from ES cells (GenBank accession no. CD-
642640), adult bone marrow (GenBank accession 
no. BF893623 and BF900155), and epid tumor cells 
(GenBank accession no. BF773088). It has also 
been shown that exon 4 lacking the 48 bp is present 
in one (nanogp1) of human nanog pseudogenes 
(Booth and Holland, 2004).
  After isolating the two splice variants of nanog, we 
examined their relative abundance. The transcript of 
full length nanog was expressed in ES cells to a 
much greater extent than was that of nanog-delta 48 
(Figure 2D). Heightened expression of the full length 
transcript over the nanog-delta 48 transcript was not 

observed, however, in multipotent adult progenitor 
cells. Rather, relative expression of the nanog-delta 
48 transcript to the full length nanog transcript was 
considerably increased as compared with ES cells.
  It has been reported that the relative proportion of 
two different transcripts of a gene resulting from 
alternative splicing varies during development. This 
study, by Takeda et al., demonstrated that pou-2 is a 
full length transcriptional regulator expressed in 
zebrafish from the one-cell stage until formation of 
the gastrula and that a shorter, alternatively-spliced 
variant, t-pou2, is increased in the early gastrula and 
declines in the neurula stage. Furthermore, over- 
expression of the variant in the embryo was shown 
to cause developmental retardation or arrest. The 
relative abundance of t-pou2 to pou2 transcript 
increases in early gastrula and declines in neurula 
stage (Takeda et al., 1994). It is shown that down- 
regulation of nanog is correlated with ES cell 
differentiation from early blastocyst to peri-implan-
tation and, thus, loss of pluripotency (Chambers et 
al., 2003; Mitsui et al., 2003). Hence, the expression 

Figure 2. Alternatively-spliced variant of human 
nanog. (A) A partial structure of the nanog gene that 
covers exon 3, exon 4, and an intron between them. 
The sequence of 48 nucleotides (black box) at the be-
ginning of exon 4 that is removed by alternative splic-
ing contains a polypyrimidine tract (underlined) and a 
3' splice site at the end of the sequence (italic). (B) 
Nanog protein structure. The deleted region (black 
box) resulting from the alternative splicing is indicated, 
as are the HD and WR domains and its amino acid 
sequence (residues 168-183) is also indicated. 
Arrows represent the positions of primers for RT-PCR. 
(C) Identification of alternatively-spliced transcripts of 
nanog. cDNA that had been prepared from ES cells 
was amplified using the primer sets indicated (lane 2). 
The alternatively-spliced transcript (nanog-delta 48) 
and the full length version were cloned, sequenced, 
and used as templates for PCR amplification (lanes 1 
and 3, respectively). The amplified products were run 
on a sequencing gel. The bands that did not comi-
grate with the PCR products of cloned nanog variants 
were nonspecific. (D) Relative abundance of nanog 
and nanog-delta 48 transcripts. RT-PCR was carried 
out using primer pair a and c, as indicated in Figure 
2B. Arrows indicate amplicons of 711 bp and 663 bp 
corresponding to nanog and nanog-delta 48, re-
spectively, resolved on a sequencing gel. CB, human 
cord blood-derived mononuclear cells; CD34+ and 
CD34- cells fractionated from CB cells by MACS; BM, 
bone marrow cells; MSC, mesenchymal stem cells.
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level of nanog is a critical factor to determine 
pluripotency. Given that nanog expression occurs 
during the blastocyst stage, which is believed to not 
yet be committed to a particular fate (Cavaleri and 

Scholer, 2003), the increase in the ratio of nanog- 
delta 48 to full length nanog expression in cells of 
lesser pluripotency suggests that nanog-delta 48 
may play a role in the fine control of differentiation. 
Consequently, it will be worthwhile to investigate the 
relative expression of nanog and its splice variant 
during differentiation of ES cells. Availability of the 
variant-specific antibody will help to clarify the phy-
siologic relevance of the shorter protein.
  As the sequence of 48 bp was deleted in frame, the 
alternative splicing did not alter a reading frame or 
introduce amino acid substitutions. The amino acid 
sequence (residues 168-183) corresponding to the 
deleted nucleotide sequence was positioned be-
tween those nucleotides encoding the HD and WR 
domains (Figure 2B), indicating that the deleted 
sequence acts as a linker to connect the two 
functionally important domains. Additionally, the 
deleted region largely consisted of hydrophilic amino 
acids. A comparison of deduced amino acid se-
quence revealed that the deleted region had 68% 
sequence identity to the corresponding region of 
mouse Nanog, greater sequence homology than is 
observed over the entire Nanog sequence (58%).
  When nanog and nanog-delta 48 constructs with 
Flag at their C-termini were transiently transfected 
into 293T cells, three protein species were detected. 
These included two protein species of low molecular 
mass that were considered to be degradation 
products of the largest one (Figure 3A). Nanog-delta 
48 migrated, as expected, due to the missing sixteen 

Figure 4. DNA binding of Nanog and Naog-delta 48. 293T cells were transiently transfected with vector (pcDNA3.1), nanog, or nanog-delta 48. (A) 
Nuclear extract was prepared and incubated with 32P-labeled probe. Competitor (Comp) was in 50-fold excess. Nuclear extract from F9 cells was used 
as a positive control. (B) Nuclear extract from Nanog-expressing transfectant was incubated with either wild-type (wt) or mutant (mt) probe. Competitor 
was in 50-fold excess. (C) Nuclear extract from 293T cells transfected with nanog was pre-incubated with anti-human Nanog or normal rabbit serum for 
1 h prior to incubation with labeled probe. Arrow indicates a probe-protein complex, while arrow head indicates a supershift by the addition of anti-human 
Nanog.
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residues, with a slightly smaller molecular mass than 
the full length version. Nanog-delta 48 was not 
reactive to a polyclonal antibody raised against the 
deleted sequence of 16 amino acids otherwise pre-
sent in Nanog. Nanog protein was expressed at 24 
to 48 h but disappeared at 72 h post-transfection 
(Figure 3B).
  EMSA analysis showed that Nanog-delta 48 bound 
a putative Nanog-binding sequence with apparently 
equal affinity as the full length version (Figure 4A), 
indicating that deletion of the putative linker region in 
Nanog does not affect its DNA-binding capability. In 
addition, the nuclear extract from F9 cells, which are 
murine embryonic teratocarcinoma cells and cons-
titutively expressed nanog mRNA (data not shown), 
bound the same Nanog-binding sequence as did 
human Nanog. The binding was specific, as a mu-
tant nanog probe did not form a protein-DNA 
complex (Figure 4B). A supershift was observed with 
anti-human Nanog antibody (Figure 4C).
  Pan and Pei demonstrated that Nanog has at least 
two transactivation domains (Pan and Pei, 2004), 
with both the N- and C-termini relative to HD 
(residues 95-154) having a transactivation domain. 
They further showed that the C-terminal region, 
corresponding to residues 156 to 305, contains, 
sequentially, CD1, a region between HD and WR, 
and two transactivation domains, WR and CD2. WR 
or CD2 individually function as transctivators, while 
CD1 alone does not act as a transctivator but rather 
inhibits WR-mediated transactivation (Pan and Pei, 
2005). It remains unknown, however, whether and 
how these domains function in the transcriptional 
regulation of real target genes of Nanog, because 
the transctivation activity was determined using 
GAL4-DBD fusion and reporter system, such as 
artificial promoters containing Nanog-binding ele-
ments singly or in tandem. The region that is 
removed by alternative splicing (residues 168-183) 
is within the CD1. This deleted region did not show 
any preferred secondary structure when analyzed by 
known prediction programs (www.expasy.ch), sug-
gesting that it may serve as a linker between the HD 
and the C-terminal transactivation domain. 
  As Nanog has been proposed to act as a trans-
criptional repressor for the gata-4 gene, we tested 
whether the splice variants would differentially mo-
dulate the gata-4 promoter (Mitsui et al., 2003). We 
constructed a reporter plasmid that included the 
region spanning 1117 upstream of the gata-4 
promoter and the 5'UTR of gata-4. The gata-4 
promoter construct included five ATTA sequences, a 
key nucleotide sequence for potential binding of 
HD-containing transcription factors. When individual 
sequences including the ATTA element were com-
pared with the published consensus sequence of the 

Nanog binding motif, (C/G)(G/A)(C/G)C(G/C)ATTAA 
(G/C), the sequence TCTGCATTAAC at -572 of the 
gata-4 promoter was the most similar. When the 
reporter plasmid was cotransfected into 293T cells 
with nanog- or nanog-delta 48-expressing plasmids, 
transactivation of the gata-4 promoter was inhibited 
in a dose-dependent manner, with inhibition reach-
ing 40% at a concentration of 2 µg of expression 
vector. Nanog-delta 48 tended to inhibit the gata-4 
promoter at a slightly higher level than did the full 
length version, although the difference was not 
statistically significant (Figure 5). Although our re-
sults showed no significant difference in transacti-
vation between Nanog and Nanog-delta 48, further 
study is required in order to determine whether 
Nanog and Nanog-delta 48 exhibit inhibitory activity 
against the gata-4 promoter in a physiological 
setting. Such a setting might be cells differentiating 
to endoderm, as in the case of F9 cells. In addition, 
a conventional promoter deletion experiment is 
needed to clearly demonstrate gata-4 regulation by 
Nanog.
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