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in and Pluripotency of Human Embryonic Stem Cells
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HIV-1 Tat-interacting protein of 110 kDa [Tip110; p110(nrb)/SART3/p110] is an RNA binding nuclear protein
implicated in regulation of HIV-1 gene and host gene transcription, pre-mRNA splicing, and cancer immu-
nology. Recently, we demonstrated a role for Tip110 in regulation of hematopoiesis. Here, we show that TIP110
is also expressed in human embryonic stem cells (hESCs) and expression was decreased with differentiation of
these ESCs. TIP110 was found, through up- and down-modulation of expression of Tip110, to be important in
maintaining pluripotent factor (NANOG, OCT4, and SOX2) expression in and pluripotency of hESCs, although
the mechanisms involved and whether the Tip110 effects are direct remain to be determined.

Introduction

Embryonic stem cells (ESCs) are pluripotent, self-renew,
and can be differentiated into cells of all 3 germ layers.

Nanog, Oct4, and Sox2 form a core of the self-renewal tran-
scription network [1,2]. Nanog expression is restricted to
pluripotent cells and is downregulated upon differentiation;
little is known about its regulation [3]. Oct4, a critical regu-
lator of pluripotency, is expressed in unfertilized oocytes, the
inner cell mass and epiblasts of pregastrulation embryos and
primordial germ cells [4]. Expression of the OCT4 gene
maintains cell pluripotency via a stringent dose-dependent
regulation with OCT4 levels above or below required dosages
producing cellular differentiation; thus, maintenance of a
critical amount of OCT4 is necessary to prevent ESC differ-
entiation [5–7]. Sox2, a high-mobility group domain contain-
ing transcription factor, binds to the consensus motif
CATTGTT. OCT4 and Sox2 reciprocally regulate each other’s
transcription via the Oct4-Sox2 complex in ESCs and regulate
Nanog [8–10].

We reported that Tip110 is an essential gene expressed in
the earliest cells of adult bone marrow hematopoietic de-
velopment. Increased TIP110 expression enhanced hemato-
poietic progenitor cell (HPC) numbers, survival, and cell
cycling; decreased Tip110 expression manifested the opposite
effect, demonstrating a role for TIP110 in regulation of he-
matopoiesis [11]. Herein, we demonstrate TIP110 expression
in human embryonic stem cells (hESCs). Its expression is
decreased with ESC differentiation, suggesting that TIP110
may play a role in ESC regulation. Our results demonstrate
that TIP110 is strongly associated with and apparently nec-

essary for maintenance of expression of NANOG, OCT4,
SOX2, and for hESC pluripotency.

Materials and Methods

Human ESCs and their culture

The hESC line (H7 clone) was cultured in hESC medium
which contains Dulbecco’s modified Eagle’s medium
(DMEM):F12,4 ng/ml bFGF, 2 mM glutamine, 0.1 mM non-
essential amino acids, 50 units/ml penicillin and 50 mg/ml
streptomycin, 0.1 mM b-Mercaptoethanol, supplemented with
20% knockout serum replacement (KSR; Invitrogen), on feeder
layer of mitotically inactivated MEF (mouse embryonic
fibroblasts). ESC cultures were split using microdissection
passaging for 100–150 colonies per 35-mm dish. Cells were
seeded 24 h prior to transfection without feeder layers in 20%
KSR hESC medium without bFGF to let cells differentiate, or
in mTeSR medium (Stemcell Technologies) on Matrigel-coated
dishes (BD Bioscience) to maintain cell undifferentiation
[12]. Cells were transfected with pshTip110/empty vector or
pCSC.TIP110.GFP/empty vector by Lipofectamine 2000
(Invitrogen), and harvested 3 to 5 days after transfection.

Immunohistochemistry

Cells were fixed with 4% (w/v) paraformaldehyde for
30 min, washed with phosphate-buffered saline (PBS), and
permeabilized with 0.1% (v/v) TritonX-100 in PBS for 5 min.
Cells then were blocked in 10% (v/v) goat serum for 30 min
at room temperature, and incubated with primary anti-
bodies at 4�C overnight [13]. Primary antibodies for OCT4
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(sc-5279), Tuj1 (sc-58888), and AFP (sc-51506) were pur-
chased from Santa Cruz Biotechnology, Inc.; NANOG (Cat.
4893) was purchased from Cell Signaling Technology, Inc;
SMA (Cat. 04-1094) was purchased from Millipore, and
used at 1:100 dilution.

RNA extraction

Total RNA was extracted using TRIzol reagent (Invitro-
gen) [11]. To remove traces of DNA contamination, RNA
samples were treated with acid phenol:chloroform (Cat. No.

FIG. 1. Expression of
Tip110 and pluripotent factor
mRNA expression in hESC
line H9. ESCs were cultured
with/without MEFs and bFGF
(A); expression in undifferen-
tiated (L1) and differentiated
hESCs (L2) determined by
semi-quantitative RT-PCR (B).
Numbers to right of each bar
equal relative expression levels
of L1 versus L2. Data are rep-
resentative of 3 reproducible
experiments. hESC, human
embryonic stem cell; MEF,
mouse embryonic fibroblast;
bFGF, basic fibroblast growth
factor; RT-PCR, reverse tran-
scription–polymerase chain
reaction.

FIG. 2. Characterization of hESCs with sustained expression or knockdown of TIP110 expression. hESCs with sustained
TIP110 expression (A); ESCs with siRNA TIP110 (B). Immunocytochemistry for OCT4 (Alexa 448 or 546 nm), NANOG (Alexa
448 or 546 nm), ectodermal (Tuj1), mesodermal (a-SMA), and endodermal (AFP) proteins (all with Alexa 546 nm). Nuclei are
stained with DAPI (4¢,6-diamidino-2-phenylindole) (blue). Scale bars shown.

830 LIU ET AL.



AM9722; Ambion). Total RNA (20 ng) was used as a negative
control for polymerase chain reaction (PCR).

Primer design, semi-quantitative reverse
transcription–PCR, and real-time reverse
transcription–PCR analysis

There are many OCT4 pseudogenes in the human genome
that have high similarity to the OCT4 sequence. Specific re-
verse transcription (RT)-PCR primer design is important to
identify OCT4 from its pseudogenes. We performed multi-
ple alignment of OCT4 (NM_002701.4) and 6 other pseudo-
gene sequences. We used the same primer sequences
as others [14] to amplify OCT4A (OCT-AF and OCT-RB1).
This produced PCR products of 492 bp. Specific primers for
SOX2 and NANOG were SOX2-5¢: atgcaccgctacgacgtga,
SOX2-3¢: cttttgcacccctcccattt. This produces PCR products
of 436 bp. NANOG 5¢-ctcgctgattaggctccaacc-3¢ and 5¢-ggac
actggctgaatccttcc-3¢. RT-PCR was performed using a One-

tube Titan RT-PCR kit. The RT-PCR program consisted of 1
cycle at 50�C for 30 min and 94�C for 2 min, followed by 10
cycles at 94�C for 30 s, 60�C for 45 s, 68�C for 1 min, and
25 cycles at 94�C for 30 s, 60�C for 45 s, 68�C for 1 min plus 5 s
cycle elongation for each successive cycle, and 1 cycle at 68�C
for 7 min. For quantitative (q)RT-PCR, total RNA was
reverse-transcribed into cDNA using Takara RT reagent kit.
qPCR reactions were performed using the Agilent MX3005P
qPCR system with SYBR Green mix.

Results and Discussion

Expression of TIP110 in hESCs

TIP110 is expressed in human CD34 + cells, and its ex-
pression is decreased with differentiation [11]. Tip110 mRNA
was also expressed in phenotyped mouse marrow hemato-
poietic stem cells (HSCs) and HPCs [11]. This led us to assess
TIP110 expression in hESCs during maintenance of plur-
ipotency and after differentiation. ESCs, expressing NANOG

FIG. 3. Reduced TIP110 expression decreases pluripotent factor expression. Semi-quantitative RT-PCR (Ai, Bi) and quan-
titative RT-PCR (Aii, Bii) analysis of pluripotent-related factors and/or differentiation markers. ESCs transfected with TIP110
siRNA. Cells were cultured in full medium for 5 days after transfection (A); ESCs transfected with viral vector for TIP110.
Cells were cultured in the medium that lacks bFGF for 5 days (B). b-Actin was used as a loading control. The data are from 1
of at least 3 reproducible experiments.
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and OCT4 (assessed by staining), were cultured (Fig. 1A).
qRT-PCR showed that TIP110 as well as Nanog, Oct4, and
Sox2 were expressed in this hESC line (Fig. 1B, L1). hESCs
were removed from feeder layers and bFGF for 5 days, to
allow ESC differentiation (Fig. 1A). TIP110 expression levels
were dramatically reduced (by 77%); this was associated
with large decreases in expression of NANOG (82%), OCT4
(80%), and SOX2 (85%; Fig. 1B, L2).

TIP110 is important for maintaining
hESC pluripotency

We assessed whether TIP110 might regulate hESC plur-
ipotency. We exogenously overexpressed viral vector TIP110
in hESCs. Feeder layers and bFGF were withdrawn upon
introducing the TIP110 vector and cell cultured for 5 days to
test whether sustained TIP110 expression rendered ESCs less
sensitive to differentiation. Compared with controls, TIP110
overexpressing cells stained positive for OCT4 and NANOG
and were negative for Tuj1, SMA, and AFP (Fig. 2A), dem-
onstrating that overexpression of TIP110 rendered ESCs less
responsive to differentiation. Next, we reduced TIP110 ex-
pression by transfection of the hESCs with TIP110 siRNA.
Cells were cultured in mTeSR medium on Matrigel-coated
dishes for an additional 5 days in order to maintain cells
under undifferentiation conditions [12]. TIP110 siRNA vector
expressing cells were negative for OCT4 and NANOG, and
positive for Tuj1, SMA, and AFP expression compared with
control cells (Fig. 2B), demonstrating that enforced reduction
of TIP110 expression in hESCs causes hESC differentiation.
Together, this demonstrates that TIP110 plays an important
role in maintenance of hESC pluripotency.

TIP110 regulates levels of pluripotent factors
in hESCs

The above data demonstrated the importance of TIP110
in maintenance of ESC pluripotency. We speculated that
TIP110 maintenance of hESC pluripotency might be through
regulation of NANOG, OCT4, and SOX2. We silenced TIP110
expression in this hESC line by transfection with a TIP110
siRNA vector, previously shown to reduce TIP110 expres-
sion by 70% [11,15,16]. Cells were cultured in complete 20%
KSR hESC medium for an additional 5 days. Expression of
these transcription factors was dramatically decreased, but
differentiation markers’ levels increased (Fig. 3A). When we
overexpressed TIP110 in hESCs and withdrew bFGF with the
same culture condition for 5 days, these transcription factors
were increased to some degree, and differentiation marker
expression levels were also reduced (Fig. 3B). This demon-
strates that TIP110 is required for maintaining NANOG,
OCT4, and SOX2 levels in this hESC line. Reduction of
TIP110 expression caused hESC differentiation directly or
indirectly through downregulation of NANOG, OCT4, and
SOX2 expression.

TIP110 is preferentially expressed in the undifferentiated
state in a hESC line and plays a key role in regulating OCT4,
SOX2, and NANOG, factor required to maintain plur-
ipotency. Together, our present and previous studies [11]
suggest TIP110 expression as a useful marker to distinguish
early from more-differentiated cells. Future studies to de-
termine whether or not the Tip110 effects on these tran-

scription factors are direct, and to understand mechanisms of
TIP110 regulation of the transcriptional network that con-
tributes to pluripotency of hESCs, as well as HSCs and
HPCs, are warranted. Modulating TIP110 expression in a
controlled fashion maybe relevant for cellular engineering
and regenerative medicine.
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