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Downregulation of nuclear protein-1 induces cell cycle arrest in GO/G1 phase
in glioma cells in vivo and in vitro via P27
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Nuclear protein-1 (NUPRI), also named as p8 or Com1, has been since found overexpressed in several human malignant
tumor cells, such as glioma. NUPR1 also regulates cell cycle progression, however, the role of NUPRI in regulating glioma
cell cycle remains poorly understood. Knockdown efficiency of U87 and U251 cells infected with the lentiviral vector was
detected by quantitative real-time PCR and western blot in vitro and in vivo. Flow cytometry and western blot were used to
explore a mechanism by which NUPR1 modulates cell cycle in U87 and U251 cells. Immunohistochemistry was applied to
detect expression levels of P27, CDK2, and cyclin E in human glioma tissues with NUPR1 positive expression and tumori-
genesis in nude mice. We confirmed that the downregulation of NUPRI arrested the cell cycle in the GO/G1 phase in U87
and U251 cells in vitro. Furthermore, the expression level of P27 was increased, and CDK2 and cyclin E were decreased
upon silencing NUPRI expression in vitro and in vivo. In conclusion, the knockdown of NUPR1 induces cell cycle arrest in

the GO/G1 phase in glioma cells via P27.
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Glioma, the most common and malignant primary brain
tumor, is characterized by a low cure rate and a high relapse
rate. Even considering individual treatments, the survival
time is still poor [1]. To date, more and more biomarkers were
found to be related to the occurrence, growth, invasion, and
prognosis of glioma but not be closely and highly specific,
such as isocitrate dehydrogenase (IDH), O6-methylguanine-
DNA methyltransferase (MGMT), and 1P19q (co-deletion)
loss [2].

NUPRI (p8 or Coml), detected in pancreatic acinar cells
of rats caused by acute pancreatitis, is located on human
chromosome 16p11.2 and its gene encodes a protein with
a theoretical molecular mass of 8872.7 Da [3]. NUPR1
induces some biochemical properties similar to HMG
proteins because of its structural similarity to HMG proteins
[4]. There is no significant homology between NUPRI and
other proteins of known function, such as isoelectric point,
hydrophilicity plot, resistance to denaturation after heating
at 100°C and the charge distribution along the polypeptide
[5]. NMR analyses of recombinant NUPR1 showed absence
of a stable secondary structure. NUPR1 binds DNA weakly
as shown by electrophoretic mobility shift assay, without
apparent preference for DNA sequences. It has been shown

that human NUPRI is a substrate for protein kinase A, and
phosphorylated NUPR1 has a higher content of secondary
structure and binding to DNA [4]. Based on these obser-
vations, NUPR1 plays an architectural role in transcrip-
tion. Previous studies have shown that modulating NUPR1
expression affects tumor cell proliferation, cycle or apoptosis,
such as liver cancer [6], pancreatic cancer [7], breast cancer
and glioma [8]. NUPRI also binds Jabl to form complex
as a component of COP9, which is a key factor modulating
translocation p27 CDK inhibitor from the nucleus to the
cytoplasm [9]. But the mechanism of NUPR1 in regulating
glioma cell cycle remains poorly understood.

In this study, the ability to affect glioma cell cycle was
explored by knocking down the expression of NUPR1 in U87
and U251 cells in vitro and in vivo. The role of NUPRI in the
development of human gliomas remains to be fully under-
stood, which may provide new targeted therapies.

Patients and methods

Cell culture and reagents. The human glioma U87 and
U251 cell lines were supplied by the Cell Bank of Shanghai
Institute of Cell Biology, Chinese Academy of the Sciences.
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The cells were cultured in Dulbeccos modified Eagle
medium (DMEM, Corning, USA) supplemented with 10%
fetal bovine serum (FBS, Ausbian, Australia) at 37°C in 5%
CO,. Used antibodies: rabbit anti-human NUPR1 antibody
(Cat: sc-30184, Santa Cruz, USA), anti-rabbit IgG (Cat:
7074P2, Santa Cruz, USA) secondary antibodies as well as
cell cycle regulation protein antibodies p27Kip1 (Cat: 3686p,
Cell Signaling Technology, USA), CDK2 (Cat: 2561, Cell
Signaling Technology, USA) and cyclin E (Cat: 4136, Cell
Signaling Technology, USA) and anti-GAPDH (Cat: 60004-
1-1g, Proteintech, USA).

Patients and tissue samples. All of the paraffin-
embedded samples, including glioma tissues (acquired
during glioma excision operations), were obtained from the
Department of Neurosurgery of the First Affiliated Hospital
of Dalian Medical University, Liaoning, China. This study
was approved by the Human Ethics Committee of the First
Affiliated Hospital of Dalian Medical University (approval
number: LCKY2014-20). All procedures performed in this
study involving human participants were in accordance with
the ethical standards of the institutional research committee
and the 1964 Helsinki Declaration and its later amendments;
animal ethics in accordance with the EU Directive 2010/63/
EU for animal experiments and the National Institutes of
Health guide for the care and use of laboratory animals for the
care and use of laboratory animals. This study conformed to
the institutional medical requirements and written informed
consent was obtained from all of the enrolled patients. After
resection, the frozen specimens of tumor in nude mice were
stored at -80 °C until RNA extraction.

Cells infection. Control RNA sequence (TTCTCC-
GAACGTGTCACGT) and shRNAs targeting NUPRI
(NUPR1-shRNA1: 5-CTGGTGACCAAGCTGCAGA-3;
NUPRI-shRNA2: 5-CATGCCTATGCCCACTTCA-3’)
were designed by GeneChem (shCtrl: No. LVPSC3741,
shNUPR1: No. LVpGCSIL-004PSC1501-1, GeneChem,
China). According to the infection efficiency, NUPRI-
shRNA1 was chosen for subsequent experiments. U251 and
U87 cell suspensions of 5x10* cells were cultured in six-well
plates for one day and then infected with lentiviruses at a set
multiplicity of infection (MOI). The medium was changed
after 8 h, and the cells were screened using puromycin (2
pg/ml) if there were more than 80% GFP-fluorescent cells
observed under a fluorescent microscope (OLYMPUS IX71)
after infection for three days. Knockdown efficiency of U87
and U251 cells infected with a lentiviral vector was detected
by quantitative real-time PCR and western blot.

Quantitative real-time PCR. We used the 22T method
to analyze the relative expression levels. The primer sequences
of NUPR1 were 5-AGCCTGGATGAATCTGACCTCTAT-3
(forward) and 5-GGTGTTGGCAGCAGCTTCTC-3’
(reverse). The primer sequences of GAPDH, used as an
internal control, were 5-GCACCGTCAAGGCTGAGAAC-
3v (forward) and 5-TGGTGAAGACGCCAGTGGA-3
(reverse).

Western blot. Protein quantification was measured by the
BCA method (Cat: PC0020, Solarbio, China). Equal amounts
of protein were separated by SDS-PAGE (15%), transferred to
PVDF (0.2 um, Millipore, USA), and then blocked with 5%
non-fat milk. Membranes were incubated with rabbit anti-
human NUPRI antibody overnight at 4°C and incubated
in secondary antibodies for 2 h after washing with TBS the
next day. Protein bands were detected by enhanced chemi-
luminescence (ECL) with Bio-Spectrum Gel Imaging System
(UVP, USA).

Immunohistochemistry (IHC). Paraffinized sections
were dipped in xylene for 15 min and then rehydrated in a
graded ethanol series for 5 min per solution. Antigen retrieval
was performed by heating the sections in a citrate-buffered
solution (0.01 M, pH6.0) in a microwave oven at thawing
temperature for 20 min. Endogenous peroxidase activity
was eliminated via incubation in 3% hydrogen peroxide
diluted in deionized water for 15 min. After blocking with
goat serum (ZSGB-BIO), the sections were incubated with a
rabbit anti-human P27, CDK2, and cyclin E antibody (1:100)
overnight at 4°C. The primary antibody was detected with
a biotin-labeled goat anti-rabbit antibody (ZSGB-BIO) for
20 min at room temperature after washing the slides with
phosphate-buffered saline (PBS, pH7.4). Subsequently, the
sections were incubated in horseradish peroxidase (HRP) for
15 min. Finally, chromogenic reactions were performed using
3,3’-diaminobenzidine (DAB, ZSGB-BIO) and hematoxylin,
and then, the samples were analyzed using a biomicroscope
(LEICA, DM6000-B, Germany).

Animals and tumorigenesis assay. The procedures
and animal care were in accordance with NIH Guidelines
approved by the Ethics Committee of The First Affiliated
Hospital of Dalian Medical University in China. About five
weeks old female nude mice (BALB/c-nu/nu) were bought
and raised at the Center of Experimental Animals, Dalian
Medical University (China). The tumors were removed from
the oxter of nude mice of the xenograft model established by
subcutaneous injection of SatNUPR1 U87 or shPLV-Ctrl U87
cells (about 1x107 cells) to the back after one month. Quanti-
tative real-time PCR and western blot were used to detect
NUPRI expression levels between sANUPR1 and shPLV-Ctrl
tumors.

Analysis of the cell cycle via FACS. Infected cells seeded
in the 6-well plates were digested, resuspended and then
centrifuged at 1300 rpm for 5 min when the confluence
reached 80%. After washing the cells with D-Hanks buffer
(pH ~7.2-7.4), the cells were fixed with cold 70% ethanol for
approximately 1 h, centrifuged at 1300 rpm for 5 min and
washed with D-Hanks buffer. Finally, the cells were stained
with 1 ml of propidium iodide (PI, Sigma, Cat: P4170) and
analyzed using a FACScan flow cytometer (Guava easyCyte
HT, Millipore/Becton Dickinson, USA).

Statistical analysis. The quantified data are expressed
as the means = SD of experiments performed in triplicate.
GraphPad Prism 5.0 and Excel were used for statistical
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analysis and for graph drawing. Students two-tailed t-test
or one-way ANOVA was used to evaluate the differences
between groups, and the Chi-squared test was used to analyze
the differences between classified variables. A p-value <0.05
was considered statistically significant.

Results

Stable knockdown of NUPRI1 in U87 and U251 cells by
lentiviral infection. U87 and U251 cells, both derived from
glioma, were selected to investigate the biological function of
NUPRLI in regulating the glioma cell cycle. Contrasting with
bright cells, GFP fluorescence was observed in more than
80% of the cells (Figure 1A). Real-time PCR and western
blotting were used to observe the transfection efficiency of
U87 and U251 cells infected with a lentiviral vector (shCtrl
or shNUPRI1). Compared to the shCtrl-transfected cells,
the NUPRI1-shRNA1 and NUPRI1-shRNA2 transfected
cells showed significantly reduced mRNA levels of NUPR1
(p<0.001), and NUPR1-shRNA1 indicated high transfection
efficiency (Figure 1B), also confirmed by western blotting
(Figure 1C).

Knockdown of NUPRI1 arrested the cell cycle in the
GO0/G1 phase in U87 and U251 cells via P27. The effect of
NUPRI knockdown on the cell cycle distribution in U87
and U251 cells was explored by fluorescence-activated cell
sorting plus propidium iodide (FACS-PI) staining. As shown
in Figure 2A, compared with the shCtrl group, the shNUPR1
group exhibited a greater percentage of U87 cells in the GO/
G1 phase (average 46.75% vs. 36.63%, p<0.001) and a lower
percentage of cells in the S and G2 phases (average 38.13%
vs. 41.79% and 15.12% vs. 21.58%, respectively, p<0.05),

shCtrl

suggesting that the NUPR1-silenced U87 cells were arrested
in the GO/G1 phase. In U251cells, the results revealed 48.36%
of GO/G1 phase cells in the saNUPR1 cells and 39.74% in the
PLV-Ctr cells (p<0.01), and a lower percentage of cells in the
S and G2 phases in the sShNUPRI cells (average 36.65% vs.
40.59% and 15.41% vs. 19.67%, respectively, p<0.05, Figure
2B). This result revealed that the NUPRI1-silenced U87 and
U251 cells were significantly arrested in the GO/G1 phase. The
expression levels of cell cycle regulation proteins p27Kip1,
CDK2, and cyclin E were determined using western blot
analysis (Figure 2C). Our results suggested that low NUPR1
expression could reduce CDK2 and cyclin E expression while
enhancing the expression of p27Kipl.

The expression levels demonstrate a negative correla-
tion between P27 and NUPR1 in glioma tissues. To measure
the expression of p27Kip, CDK2, and cyclin E in glioma
tissues, IHC staining was performed (Figure 3). In this study,
we found that p27Kipl was lowly expressed in high-grade
glioma tissues with positive NUPRI expression and highly
expressed in low-grade glioma tissues with negative NUPR1
expression (Figure 3A), however, the expression level of
CDK2 and cyclin E were increased in high-grade glioma
tissues with positive NUPR1 expression and decreased in
low-grade glioma tissues with negative NUPRI expression
(Figures 3B, 3C).

Establishment of nude mouse xenograft. In our previous
study, it was shown that knockdown of NUPRI suppresses
cell tumorigenicity in vivo. The tumors were removed from
nude mice after the establishment of nude mouse xenograft
for 30 days (Figure 4A). In this study, quantitative real-time
PCR and western blot were performed to detect NUPRI1
mRNA and protein expression levels in shNUPRI1 and
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Figure 1. Lentivirus-mediated gene silencing of NUPR1 in the U87 and U251 human glioma cells. A) Infection efficiency in the U87 and U251 cells is
shown by representative images of bright and GFP fluorescence after 3 days of lentiviral infection (magnification: 100x). B) The qQRT-PCR assay was
used to detect the transcriptional levels of the NUPR1 gene after U87 and U251 cells were stably infected with shCtrl or NUPR1-shRNA. C) Expression
analyses of NUPR1 protein in shCtrl group and NUPR1-shRNA group are shown by western blot assays. GAPDH was used as a loading control. The
data are presented as the means + SD for the three independent experiments (p<0.05).
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Figure 2. Knockdown of NUPR1 blocks cell cycle progression in glioma cells. The cell cycle distribution was performed via fluorescence-activated cell
sorting (FACS). A) The proportion of U87 cells in the GO/G1 phase was increased in the shNUPR1 group compared to the shCtrl group (p<0.001). B)
Compared with the shCtrl group, the population of U251 cells in the G0/G1 in the shNUPR1 group (p<0.001). C) Knockdown of NUPR1 reduced the
expression of CDK2 and cyclin E, however, P27 was highly expressed. GAPDH was used as a loading control. Data are presented for three independent

experiments.

shPLV-Ctrl tumors. The results of PCR implied that the
expression of NUPR1 mRNA in the saNUPR1-xenografted
tumors was reduced compared with the shCtrl-xenografted
tumors (Figure 4B), and western blotting indicated the same
result (Figure 4C).

Knockdown of NUPRI1 arrested the cell cycle in the GO/
G1 phase via P27 in vivo. In the xenografted tumors, the
results of IHC staining showed that the expression of p27Kip1
was low in the stNUPR1-xenografted tumors compared with
the shCtrl-xenografted tumors (Figure 5A), however, CDK2

and cyclin E showed opposite results (Figures 5B, 5C), which
correspond to the same result as glioma tissues and U87/
U251 cells.

Discussion

Previous studies revealed that the expression levels of
NUPRI are related to tumor progress and prognosis in a
variety of tumors [10]. In the nervous system, NUPR1 is a key
gene involved in sensitizing cultured serum-deprived astro-
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Figure 3. Representative glioma cases with high NUPRI1 expression showing immunohistochemical (IHC) staining for P27, CDK2, cyclin E, and
NUPRI according to the tumor WHO histological grade. A) P27 expression levels in WHOI/II glioma tissues with negative NUPR1 expression, and
P27 expression levels in WHO III and WHO IV grade glioma tissues with positive NUPR1 expression. B, C) CDK2 and cyclin E expression levels are
different in WHO I/II glioma tissues with negative NUPR1 expression, CDK2 and cyclin E expression levels are different in WHO III and WHO IV
glioma tissues with positive NUPR1 expression. D) NUPRI1 expression levels in glioma tissues. (original magnification: 100x, 50x)
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Figure 4. Cell tumourigenicity via subcutaneously injecting PLV-Ctrl-U87 and sh-NUPR1-U87 cells in female nude mice. A) The tumors were removed
from mice injected with shPLV-Ctrl and shNUPR1 U87 cells after one month. B) The tumorigenicity of shNUPRI cells was reduced in vivo compared
with the shCtrl group. C) The qRT-PCR assay was used to detect NUPR1 mRNA levels in subcutaneous tumors of mice injected with PLV-Ctrl cells and
shNUPRI1. D) Western blot assay was performed to detect NUPR1 protein in the shCtrl group and the NUPR1-shRNA group. GAPDH was used as a
loading control. Six mice were used for each treatment. Data are presented for three independent experiments (**p<0.01).
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cytes to oxidative stress [11]. Recent data from astrocytes
demonstrated that NUPRI suppression led to the induction
of heme oxygenase 1 (HO-1) [12]. In gliomas, NUPR1 was
required for the efficient induction of the endoplasmic retic-
ulum stress-related genes activating transcription factor 4
(ATF4), C-homologous protein (CHOP), and Tribbles
Homologue3 (TRB3) [13], and NUPR1 could modulate
the apoptosis of glioma C6 cells with TRB3 in a cannabi-
noid-dependent manner via the ERK pathway [14]. Taken
together, these observations suggested that NUPRI expres-
sion under non-stress conditions might be protective for the
cell, whereas its abnormal expression might result in a worse
fate for the cell. In our previous experiment about NUPR1
in glioma, it was shown that NUPR1 plays an important role
in the growth and migration of glioma cells [15], however,
the specific mechanism is poorly understood. In the present
study, FACS analysis demonstrated that LV-shNUPRI-
infected U87 cells were arrested in the GO/G1 phase (46.75%)
however, only 36.63% of the control cells were in the G0/G1
phase, and the infected U251 cells also showed the same
result (48.36% vs. 39.74%). These results revealed that low
expression levels of NUPRI significantly arrested the cell
cycle in the GO/G1 phase.

In HepG2 cells, knockdown of NUPRI expression
arrested HepG2 cells in the G1 phase [16]. A cell re-entering
the cell cycle or undergoing cell cycle arrest is depended on
the stress-associated pathways in the genetic response. As
a stress factor, NUPR1 regulates the cell cycle in fibroblasts
[17]. Comparing to NUPRI-deficient fibroblasts, normal
fibroblasts express more cell cycle arrests via serum depri-
vation. Moreover, it showed that cyclin-dependent kinase
inhibitor p27 is decreased in NUPRI-deficient fibroblasts.
Indeed, researchers found the mechanism by which NUPR1
regulates the degradation of p27. NUPRI binds Jabl to
form complex as a component of the COP9 which is a key
factor modulating translocation p27 CDK inhibitor from
the nucleus to the cytoplasm where it is degraded [9, 18]. As
we know, p27Kipl1 is a critical component of the cell cycle
machinery as an inhibitor of Cdk2-cyclin E, and it controls
cell S-phase entry and Gl-phase exit during tumorigenesis
[19, 20]. Therefore, it is suspected that NUPRI could affect
the biological functions of tumor cells by regulating cell
circle in glioma via p27.

In the present study, results of western blot showed that
the expression level of p27 was increased in U87 and U251
cells infected by shNUPRI1, while CDK2 and cyclin E were

shNUPR1
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Figure 5. IHC staining for P27, CDK2, and cyclin E in subcutaneous tumors of mice. A) IHC staining showed the P27 expression in shCtrl and shNU-
PR1 subcutaneous tumors. B) IHC staining showed the CDK2 expression in shCtrl and shNUPR1 subcutaneous tumors. C) IHC staining showed the
cyclin E expression in shCtrl and shNUPRI1 subcutaneous tumors. D) IHC staining showed the NUPR1 expression in shCtrl and shNUPR1 subcutane-

ous tumors. (original magnification: 100x, 50x)
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decreased in vitro. Also, the expressions of p27Kipl, CDK2,
and cyclin E in different WHO grade gliomas were detected
using IHC, which revealed that p27Kip1 was highly expressed
in low-grade glioma tissues with negative NUPR1 expres-
sion and CDK2 and cyclin E were lowly expressed while in
high-grade glioma tissues with positive NUPRI1 expression,
p27Kipl was lowly expressed. In the xenografted tumors,
[HC staining showed that the expression of p27Kipl was
low in the shNUPR1-xenografted tumors compared with the
shCtrl-xenografted tumors. This is in accordance with the
result of knockdown of NUPRI that induces cell cycle arrest
in the GO/G1 phase in U87 and U251 cells via increasing P27
expression in vitro. But the result in our research is different
from that p27 is expressed at a low level in NUPR1-deficient
cells in fibroblasts. The discrepancy may be a result of several
reasons. First, previous studies have shown that P27 protein
is mainly located in the nucleus [20], in gliomas, positive
nuclei expression of p27 decreased in number and staining
intensity with the increasing degree of histological malig-
nancy in gliomas [21], and increased in cytoplasm of high-
grade glioma. Second, NUPR1 binds Jab1 to form complex as
a component of the COP9, which is a key factor modulating
translocation p27 from the nucleus to the cytoplasm where
it is degraded [9], thus NUPRI1-deficiency could suppress
translocation p27 from the nucleus and p27 expression level
is increased in NUPR1-deficient glioma cells. In conclusion,
knockdown of NUPR1 induces cell cycle arrest in the G0/G1
phase in glioma cells via P27 in vivo and in vitro.
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