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Abstract

Background/Aims: To investigate whether nucleosome assembly protein 1-like 1 (NaplI1)
regulates the proliferation of induced pluripotent stem cells (iPSC) and the potential
mechanisms. Methods: Naplll-knockdown-iPSC and Naplll-overexpression-iPSC were
constructed by transfection of lentiviral particles. The proliferation of iPSC was detected by
MTT analysis, and cell cycle was analyzed by flow cytometry. Results: Napll1l overexpression
promoted iPSC proliferation and induced G2/M transition compared to their control iPSC while
Napll1l-knockdown-iPSC dramatically displayed the reduced proliferation and accumulated
G2/M phase cells. Further analysis showed that Naplll overexpression in iPSC increased the
expression of cyclin B1, downregulated the expression of p21 and p27, while knockdown of
Naplll showed the opposite effects. In addition, overexpression of Naplll promoted the
phosphorylation of AKT and ERK in iPSC, while knockdown of Naplll inhibited the effects.
However, these effects displayed in Naplll-overexpression-iPSC were greatly suppressed by
the inhibition of AKT or ERK signaling. Conclusions: The results indicate that Nap1l1 promotes
the proliferation of iPSC attributable to G2/M transition caused by downregulation of p27 and
p21, and upregulation of cyclin B1, the activation of AKT or ERK is involved in the process. The
present study has revealed a novel molecular mechanism involved in the proliferation of iPSC.

© 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

The generation of induced pluripotent stem cells (iPSC) by the forced expression of four
special transcription factors (Oct3/4, Sox2, KIf4, and c-Myc) into somatic cells, provides new

Y. Yan and P. Yin contributed equally to this work.

Hui Gong, PhD Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital and Institutes of

Biomedical Sciences, Fudan University, 180 Feng Lin Road, Shanghai 200032, (China)
KARGER

Tel. +86-21-54237970, E-Mail gong.hui@fudan.edu.cn


https://core.ac.uk/display/192813924?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Cellular Physiology Cell Physiol Biochem 2016;38:340-350

DOI: 10.1159/000438634 © 2016 The Author(s). Published by S. Karger AG, Basel

and BiOChemIStry Published online: January 29, 2016 |www.karger.com/cpb

Yan et al.: The Effect of Nap1l1 on the Proliferation of iPSC

prospects for disease-related basic research and regenerative medicine [1-3]. These cells
and embryonic stem cells (ESC) share many similarities, including self-renew and multi-
lineage differentiation [4-8]. Cell-based therapy with healthy iPSC-derived cells holds great
promise for repair of diseased tissue. As compared to ESC, iPSC show more advantages such
as avoiding ethical concerns and immune rejection problems of cell-based transplantation
[1, 5]. With the development of iPSC research, patient-specific iPSC not only provide
an autologous cell source, but also become disease models in vitro for drug screening or
understanding of molecular mechanisms [9]. However, iPSC technology still faces some
challenges such as high variability and low efficiency. It is a time-consuming process to get
enough number of patient-specific iPSC for therapeutic applications. So how to enhance the
rapid proliferation of iPSC are of great interest.

Nucleosome assembly protein-1 (Nap1) and the related Nap1 family have been reported
to be involved in nucleosome assembly as well as cell cycle progression or cell proliferation
[10,11]. Nap1 overexpression also lead to increase in endothelial growth [10]. In Drosophila
melanogaster, Nap1l deletion causes early embryonic lethality, although the underlying
mechanism has not been determined [12]. Nap1-like 1(Nap1l1), one of Nap1-like proteins,
has some similar activities to Napl such as nucleosome assembling, however, it shows
higher nucleosome disassembly activity [11]. Previous reports have shown that Nap1l1 and
Nap1l2 are required for root growth in Arabidoposis [13]. Nap1l1 mRNA and protein level
in T-cells both are rapidly increased in response to mitogenic stimulation [14]. Recently, we
observed that Nap1l1 promoted mesodermal induction and cardiomyocytes differentiation
[15]. Some studies have identified that Nap1l1 is highly expressed in some tumor tissues
such as hepatoblastomas [16] and small intestinal carcinoid [17]. Cancer cells and iPSC are
known to share some common characteristics with regard to self-renew, rapid proliferation
and indefinite growth. Therefore, Nap1l1 might also be involved in the regulatory network
for proliferation of iPSC.

To address this issue, we constructed Naplll-knockdown-iPSC and Nap1l1-
overexpression-iPSC to examine its effect on the proliferation of iPSC. The present study will
be helpful to clarify a novel mechanism for the proliferation of iPSC.

Materials and Methods

iPSC Culture

The murine iPS clone iPS-MEF-Ng-20D-17 (APS0001), reprogrammed by the transduction with
retroviral vectors encoding the 4 transcription factors Oct 4, Sox 2, c-Myc, and KIf 4, was obtained from RIKEN
BioResource Center, Japan. Cells were grown on mitotically inactivated murine embryonic fibroblasts (MEFs)
in 6-well culture plates and cultured in Knockout Dulbecco's modified Eagle's medium (DMEM) (Invitrogen,
Carlsbad, CA, USA), supplemented with 20% Knockout serum replacement (Invitrogen, Carlsbad, CA, USA),
1% nonessential amino acids (Invitrogen, Carlsbad, CA, USA), 0.1 mM (-mercaptoethanol (Sigma-Aldrich,
St. Louis, MO, USA), 0.2 mmol/L L-glutamine (Invitrogen, Carlsbad, CA, USA) and 1000 units/ml murine
leukemia inhibitory factor.

Generation of Nap1l1-knockdown-iPSC and Nap1l1-overexpression-iPSC

Generation of Naplll-knockdown-iPSC and Naplll-overexpression-iPSC was described in our
previous study [11]. In brief, mouse Nap1lll short-hairpin RNA (shRNA) construct was developed by
subcloning the sequence (5’-CCG GCG ATC CAG ACT ATG ACC CAA ACT CGA GTT TGG GTC ATA GTC TGG ATC
GTT TTTG-3") into the MISSION-shRNA vector (derived from pLKO.1-puro; Thermo Fisher Scientific Inc,
Waltham, MA, USA). The pLOC vector encoding the full length of the Nap1l1 gene (NCBI reference sequence
ID, NM_001146707.1) was constructed by Thermo Fisher Scientific Inc (Waltham, MA, USA). A lentiviral
shRNA-sramble-pLKO.1 vector and pLOC vector were used as a control, respectively. Lentiviral particles
were generated and transfected into iPSC, and these cells were selected with 2 pg/ml of puromycin for one
week.
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Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from iPSC using Trizol reagent (Invitrogen, Carlsbad, CA) and convert into
cDNA as described previously [15]. Quantitative Real-Time PCR was performed with Power SYBR Green
PCR Master Mix (TaKaRa, Shiga, Japan) in the iCycler System (Bio-Rad, Philadelphia, PA, USA). Relative levels
of gene expression were normalized to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene by
using the comparative Ct method according to the manufacturer’s instructions.

Western blot analysis

Cells and tissues were lysed in radioimmunoprecipitation (RIPA) buffer. Protein concentration
was determined by bicinchoninic acid (BCA) assay (Thermo Fisher Scientific Inc, Rockford, IL USA). The
proteins were resolved in 12% SDS polyacrylamide gels and transferred onto nitrocellulose membrane.
The membranes were then incubated overnight at 4°C in blocking solution containing 5% nonfat dry milk
in PBS with 0.1% Tween-20. Subsequently the membranes were incubated with primary antibody against
Nap1l1 (Abcam, Cambridge, MA, USA), extracellular signal-regulated kinase (ERK), p-ERK, p-AKT, AKT (Cell
Signaling, Danvers, MA, USA), or GAPDH (Kangcheng, Shanghai, China) followed by incubation with HRP
(horseradish peroxidase)-conjugated second antibodies (DINGGUO Biotechnology, Beijing). Detection of
HRP was performed by Las3000 (FUJIFILM Inc., Tokyo, Japan).

Cell viability assay

Cell viability was assessed using the 3-(4, 5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay as previous study [18]. Cell lines were plated at a density of 5 x 103cells per well on
96-well plates in 100 pl of culture medium. At the indicated time, MTT labeling mixture (10 pL, 5 mg/mL)
was added to each well and incubated for an additional 4 h. The formazan precipitate was dissolved in 150
uL dimethyl sulfoxide and measured with a DTX-880 Multimode Detector (Beckman Coulter, USA) at 570
nm. Assays were performed in triplicate.

Alkaline phosphatase staining

Cells were seeded at a density of 2000 per 6-cm dishes. After 7 days, the colonies were fixed with 50%
acetone and 50% methanol at room temperature for 2 minutes and stained using an alkaline phosphatase
(AP) staining kit (Vector Laboratories, Burlingame, CA) according to a standard protocol.

Flow cytometric analysis

For cell-cycle analysis, cells (1 x 10° cells in 1 mL of medium) were fixed with 70% ethanol at 4°C
for at least 12 h as previous study [19]. The cells were incubated in RNase A (50 pg/mL) at 37°C for 30
min. Intracellular DNA was labeled with propidium iodiode (PI) (50 ug/mL) and the cell-cycle profile was
analyzed with a fluorescence-activated cell sorter (FACS) using Expo32 software (Expo32 Multi COMP and
V1.2 Analysis).

Immuofluorescence staining

Cells were fixed using 4% paraformaldhyde, permeated using 0.25% Triton X-100 and blocked with
10% goat serum (Gibco, Carlsbad, CA USA). The cells were incubated overnight at 4°C with rabbit polyclonal
IgG anti-Nap1l1 antibody (1:200, Proteintech, Chicago, IL, USA), then rinsed 3 times for 10 min. Further
incubation was performed with the FITC-conjugated anti-rabbit secondary antibody (1:1000, Invitrogen,
Carlsbad, CA) for 1h at room temperature. The cells were rinsed once more, counterstained with 4
6’-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St. Louis, MO, USA), and analyzed with Axio Observer
A1 fluorescence microscope (Zeiss, Munich, Germany).

Statistical analysis

All data were showed as mean + SEM. Any differences between Nap1l1-knockdown-iPSC or Nap111-
overexpression-iPSC and their control-iPSC were analyzed using an unpaired t-test as previous study
[20]. Differences in the Nap1l1-overexpression-iPSC and control-iPSC with or without U0126 or MK2206
treatment were determined using a two-way analysis of variance. All the experiments were repeated at least
three times.
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Results

Nap1l1 overexpression promotes the proliferation of iPSC

Our recent study revealed that Nap1l1 is expressed at high level in murine iPSC and ESC
[15]. Nap1l1 is localized predominantly in the cytoplasm but sporadically in nucleus of iPSC
[15]. To explore the role of endogenous Nap1l1 in the proliferation of iPSC, we established
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Fig. 1. Nap1l1 promotes the proliferation of iPSC. Nap111 mRNA and protein expressions were detected by
gRT-PCR (A) and Western blot analysis (B) in Nap1l1- knockdown-iPSC, Nap1l1-overexpression-iPSC and
their control iPSC. GAPDH expression was used as a loading control. Nap1l11 mRNA expression was showed
as folds of value obtained in shRNA-control-iPSC. (C) Immunostaining of Nap1l1 in Nap1l1-knockdown-iP-
SC, Nap1l1-overexpression-iPSC and control iPSC with antibodies to Nap1l1 (green). Nuclei were stained
with DAPI (blue). (D) Morphology of Nap1l1-knockdown-iPSC and Nap1l1l-overexpression-iPSC was ob-
served under optical microscope after cultured 5 days. (E) The growth rate of Nap1l1-knockdown-iPSC
and Nap1l1-overexpression-iPSC was measured by MTT assay. (F) The colony number from Nap1l1-knock-
down-iPSC, Nap1l1-overexpression-iPSC and their control iPSC was quantified by AP staining. Left upper
panel: photographs of the colonies. Left lower panel: high-magnification images of AP-staining. The graph
showed the AP-positive numbers per field of view (n = 3/well). Murine iPSC were dissociated and then pla-
ted on a feeder cell layer at a clonal density for 5 days in the presence of LIF. Then, the colonies were stained
with AP (dark purple). AP: alkaline phosphatase. Nap111- knockdown-iPSC: shRNA-Nap1l1, Nap1l1-overex-
pression-iPSC: pLOC-Nap1l11. Control iPSC: shRNA-control or pLOC. Scale bars = 200pum. Values are means
+ S.E.M; *p < 0.05 (shRNA-Nap1l1 vs. shRNA-control); # p < 0.05 (Nap1l1 vs. pLOC ). Any experiment was
repeated independently at least 3 times.
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Fig. 2. Effect of Nap1l1 on the progression of iPSC cycle. (A) Cell cycle distributions were monitored by flow
cytometric analysis with PI staining in Nap1l1-knockdown-iPSC, Nap1l1-overexpression-iPSC and control
iPSC. (B) The graph displayed the percentage of G1 phase, G2/M phase and S phase of iPSC. (C) Cell cycle re-
gulatory proteins, cyclin B1, p21 and p27, were detected by western blot analysis in iPSC. GAPDH was used
as an internal control. Nap1l1- knockdown-iPSC: shRNA-Nap1l1, Nap1ll-overexpression-iPSC: pLOC-Na-
p1l1. Control iPSC: shRNA-control or pLOC. Each column was normalized by GAPDH. Values are means
+ S.EM; *p < 0.05 (shRNA-Nap1l1 vs shRNA-control); # p < 0.05 (Nap1ll vs pLOC ). Any experiment was
repeated independently at least 3 times.

Nap1l1-knockdown- or overexpression-iPSC as our recent study [15]. The shRNA-scramble
vector or empty lentiviral vector was transfected into iPSC as control, respectively. Realtime
RT-PCR and western blot analysis showed that the levels of Nap1l1 mRNA and protein were
dramatically decreased in Nap1l1-knockdown-iPSC, while the expressions were significantly
increased in Nap1l1l-overexpression-iPSC compared with their control cells, respectively
(Fig. 1A, 1B).

To evaluate the effect of Nap1l1 on proliferation in vitro, iPSC were cultivated in the
presence of LIF and MEF. After cultured for 5 days, Naplll-knockdown- and Nap1l1-
overexpression-iPSC both showed typical oval-shaped compact colonies (Fig. 1C, 1D).
Knockdown of Nap1l1 reduced, while, overexpression of Nap1l1 increased, the number and
size of colonies from iPSC compared with control iPSC, respectively, suggesting that Nap111
might be involved in the control of cell proliferation in iPSC. We then performed MTT assay
to measure the growth rate of iPSC. Nap1l1-knockdown-iPSC showed a decrease in growth
rate and Nap1l1l-overexpression-iPSC displayed an increase in growth rate compared to
their control cells, respectively (Fig. 1D,1E).

We then performed a colony forming assay to examine the effect of Nap1l1 on self-
renewal ability of iPSC. iPSC were seeded at low density (1000 or 2000 cells per 35-mm
dish) in the presence of LIF and cultured for 7 days to form cell colonies. We evaluated
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Fig. 3. Nap1l1 is involved in AKT and ERK signaling pathways. (A) Expressions of p-AKT and AKT were ana-
lyzed by western blot analysis in iPSC. The graph displayed the ratio of p-AKT to total AKT. (B) Expressions
of p-ERK1/2 and ERK1/2 were analyzed by western blot analysis in iPSC. The graph showed the ratio of
p-ERK to total ERK. GAPDH was detected as internal control. Nap111- knockdown-iPSC: shRNA-Nap1l1, Na-
p1l1-overexpression-iPSC: pLOC-Nap1l1. Control iPSC : shRNA-control or pLOC. Each column was normali-
zed by GAPDH. Values are means #* S.E.M; *p < 0.05 (shRNA-Nap1l1 vs shRNA-control); # p < 0.05 (Nap1l1
vs control ). Any experiment was repeated independently at least 3 times.

colony morphology and AP (alkaline phosphatase) activity in iPSC cultured in the presence
of LIE. The AP-staining, which is indicative of the undifferentiated property of ESC or iPSC,
was not affected by knockdown or overexpression of Nap1l1 in iPSC. However, the number
of colonies declined drastically in Nap1l1-knockdown-iPSC but greatly increased in Nap111-
overexpression-iPSC in comparison with their control iPSC (Fig. 1F).

Taken together, our results indicate Nap1l1 promotes the proliferation of iPSC.

Nap1l1 regulates the progression of the iPSC cycle

Ithas been reported that Nap1 exerts biological effects on cell cycle progression [21-24].
To test whether Nap1l1 is involved in the progression of the iPSC cycle, flow cytometry was
used to analyze the cells cycle profile of Nap1l1 knockdown- and Nap1l1-overexpression-
iPSC. The control-iPSC showed normal cell cycle profile. Nap111 knockdown in iPSC induced
a higher number of cells in G2/M phase while Nap1l1 overexpression resulted in fewer cells
in G2/M phase (Fig. 2A, 2B). Thus, it suggests that Nap1l1l overexpression enhances the
proliferation of iPSC by promoting cell cycle progression in G1 phase.

To further understand how Nap1l1 regulates the cell cycle progression, we performed
western blot analysis of iPSC for cyclin B1 (G2/M phase-specific cyclin), p21 and p27 levels
(inhibitors of cyclin-dependent kinase). Knockdown of Nap1l1 in iPSC reduced the level
of cyclin B1 and upregulated the levels of p21 and p27, while overexpression of Nap1l1l
increased the level of cyclin B1 and decreased the expression of p21 and p27 in iPSC (Fig.
2C).

These results reveal that Nap1l1 promotes G2 /M transition and subsequently enhances
the proliferation of iPSC by regulating the expression of cyclin B1, p21 and p27.

Nap1l1 induces the phosphorylation of AKT and ERK in iPSC

PI3K/AKT and MEK/ERK signals have been shown to play key roles in proliferation and
apoptosis of cells [25, 26]. To investigate the underlying pathways which are involved in the
regulation of Nap1l1 on iPSC proliferation, we detected the levels of phosphorylation of AKT
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and ERK in iPSC. Nap1l1 knockdown significantly decreased phosphorylation levels of AKT
and ERK, whereas Nap1l1 overexpression showed opposite effects in iPSC (Fig. 34, 3B).

Therefore, our results suggest that Nap1l1l possibly modulates proliferation of iPSC
through AKT and ERK pathways.

Inhibition of AKT or ERK activation greatly reverses the proliferous effect of iPSC induced

by Nap1l1 overexpression

To explore whether Nap1l1 regulates the proliferation of iPSC by ERK or AKT pathway,
we inhibited the activation of ERK or AKT in Nap1l1-overexpression-iPSC or control-iPSC to
detect the proliferous effect. Here, we used the U0126, a specific inhibitor of MEK, which can
efficiently inhibit the MEK-mediated phosphorylation of ERK [27], to inhibit ERK activation
as previous study [28], while MK2206 was used as the AKT inhibitor in the present study:.
The results showed that U0126 or MK2206 greatly reversed the proliferous effect induced by
Nap1l1 overexpression in iPSC. They both showed the inhibitory effect on the proliferation
in control iPSC (Fig. 44, 4B).

We then explored the expression of cyclin B1, p21 and p27 in iPSC with or without
inhibition of AKT or ERK activation. In control-iPSC, U0126 or MK2206 increased the
expression of p21 and p27 while they both decreased the expression of cyclin B1. The
upregulation of cyclin B1, downregulation of p21 and p27 induced by Nap1l1-overexpression
in iPSC were partly abolished by MK2206 or U0126 treatment (Fig. 5A, 5B). These data
suggest that Nap1l1 overexpression regulates cell cycle proteins by activation of ERK or AKT
to promote the proliferation of iPSC.

Discussion

Here, we present evidence demonstrating that murine iPSC express Nap1l1 and Nap1l1
is critical for the rapid proliferation of murine iPSC under non-stressful conditions. The
downregulation of Nap1l1 leads to reduction of iPSC proliferation, which is probably due
to G2/M phase arrest, while overexpression of Nap1l1l has shown opposite results. These
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Fig. 5. The effect of MEK or AKT inhibitor on expression of the cell cycle regulatory proteins in Na-
p1l1-overexpression-iPSC. (A) Western blot analysis of cyclin B1, p21, p27, p-ERK, ERK, p-AKT and AKT in
Nap1l1-overexpression-iPSC and control-iPSC treated with U0126 or DMSO. (B) Western blot analysis of
cyclin B1, p21, p27, p-ERK, ERK, p-AKT and AKT in Nap1l1l-overexpression-iPSC and control-iPSC treated
with ME2206 or DMSO. GAPDH served as an internal control. Graphs showed these proteins level expressed
as ratio of value from control iPSC treated with DMSO. *p < 0.05; **p < 0.01 vs DMSO+pLOC group. # p < 0.05;
## p < 0.01 vs DMSO+Nap1l1-pLOC group. Any experiment was repeated independently at least 3 times.

findings strongly support that cytoplasmic expression of Nap1l1 in iPSC is critical for rapid
proliferation of iPSC.

Nap1, as conserved histone chaperone protein, is involved in the dynamical regulation of
the histone H2A-H2B dimer. It has been reported to regulate DNA replication and chromatin
formation which contribute to multiple process including the growth of cells [14, 21, 29].
Nap1l1, highly homologous to Nap1, plays overlapping roles in regulation of nucleosome
assembly [30] and DNA replication [31]. It suggests Nap1l1 plays an important role in the
process of cell proliferation. Overexpression of Nap1l1 has been reported to promote the
proliferation of neuroendocrine neoplasms [32]. Our recent study revealed that Nap111 was
expressed in iPSC at high level [15]. Whether Nap1l1 regulates the proliferation of stem cells
especially iPSC hasn’t been reported to date. The present study showed that knockdown of
Nap1l1 reduced proliferation rate of iPSC, while overexpression of Nap1l1 increased their
growth potential. These findings directly indicate that Nap1l1 is involved in the regulation
of iPSC proliferation.

We next examined the cell cycle profile in Naplll-knockdown-iPSC or Naplll-
overexpression-iPSC. Cell cycle analysis using PI revealed knockdown of Nap1ll in iPSC
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delayed the cell cycle in G2 /M phase, whereas its overexpression promoted G2 /M transition.
It is well known that the major regulator of the G2 to M transition is the MPF (M-phase
promoting factor), which comprises the catalytic subunit Cdc2 and the regulatory subunit
cyclin B1 [33]. Cyclin B1, an important G2/M checkpoint regulator, usually induces cells
from G2 to M phase [34]. The present study showed that Nap1l1 positively regulated cyclin
B1 expression in iPSC. It suggests that overexpression of Nap1l1 induced G2/M transition
by the upregulation of cyclin B1 in iPSC. Nap1 in the Xenopus embryo has been observed to
interact with cyclin B1 [21], but the function is unclear. Whether Nap1l1 could interact with
cyclin B1 to promote iPSC proliferation needs further study to elucidate.

P21 or p27, cyclin/cyclin-dependent kinase (CDK) inhibitor, has been reported to
cause cell-cycle arrest and inhibit the proliferation of mammalian cells [35, 36]. It is known
that p21 or p27 binds to cyclin, CDK subunits or cyclins-CDK complexes to inhibit their
activities which are involved in cell cycle progression including G2/M arrest [35-37]. The
expression of p21 or p27 has showed a negative correlation to the levels of some cyclins or
CDKs in cancer cells [35, 38]. The present results showed that knockdown of Nap1l1 led to
a significant increase in p21 and p27 expression while Nap1l1 overexpression resulted in
the opposite effects in iPSC. These data imply that Nap1l1 inhibits the expression of p21 or
p27 and subsequently promotes the activation of CDKs or the expression of cyclins to induce
G2 /M transition which results in the proliferation of iPSC.

P21 or p27 has been reported to be degraded by ubiquitination through interaction
with Skp2, an E3 ubiquitin ligases. Skp2 recognizes Thr187-phosphorylated p27 to
promote poly-ubiquitination and subsequent degradation [35]. Whether Nap1l1 increases
phosphorylation of p21 or p27 and enhances Skp2-p21 or Skp2-p27 association in iPSC needs
further investigation. Huang et al. reported that activation of p53 and p21 was related to the
inactivation of PI3K/AKT and ERK signaling pathways during virus replication [39]. PI3K/
AKT or MEK/ERK pathways, has been reported to control proliferation and differentiation of
stem cells [26-28]. The present study suggests that Nap1l1 activates ERK or AKT pathway to
promote the proliferation by downregulation of p21 and p27 and upregulation of cyclin B1
in iPSC. Su CC reported that Tanshinone IIA inhibits the proliferation of human gastric cancer
cells by G2 /M phase arrest which results from inhibition of ERK [26]. Chang CH reported that
hydronephrotic urine promotes urothelial carcinoma cell proliferation or migration through
the activation of AKT and ERK signaling pathway to decrease the expression of p21 and p27
[40]. These results are similar to our study. It suggests that Nap1l1 activates AKT or ERK,
the activation of AKT or ERK signaling induces the degradation of p21 or p27 which results
in G2/M transition and the proliferation of iPSC. Schimmack et al. reported that Nap1l1
enhanced p57 (another CDK inhibitor) promoter methylation and subsequently induced the
protein degradation to promote the pancreatic neuroendocrine neoplasm proliferation [32].
Whether Nap1l1 regulates the proliferation of iPSC by the methylation of p57 is unclear.
In addition, there is a dynamic equilibrium between cellular proliferation and apoptosis
under physiological conditions. Inhibition of cellular apoptosis can cause induction of cell
growth. However, few studies report the effect of Nap1ll on cellular apoptosis. Whether
Nap1l1 overexpression promotes the proliferation of iPSC partly results from the inhibition
of apoptosis needs further study to clarify. The limitation of this study is that we didn’t
explore how Nap1l1 regulates the activation of ERK or AKT or whether Nap1l1 promotes
the proliferation of iPSC by inhibition of cellular apoptosis.

In summary, Nap1l1 activates AKT or ERK signaling, then downregulates the expression
of p21 and p27 and subsequently upregulates the expression of cyclin B1 which contribute
to the proliferation of iPSC. The present study has revealed a novel molecular mechanism
involved in the proliferation of iPSC.
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