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Abstract: Objective: Bone marrow mesenchymal stem cells (BMSCs) are considered a promising cell source for
tissue engineering. Methods to advance the proliferation and anti-apoptotic capacity of mesenchymal stem cells
(MSCs) are required to improve the efficiency of MSC-based therapy. In this study, we aimed to observe the effect of
nuclear receptor corepressor (NCoR) on BMSC proliferation, as well as the relationship between NCoR and insulin.
Method: Cells from Wistar rats were isolated, cultured, and transfected with three NCoR small interfering RNA (siR-
NA), and the most successful sequence was used. After cells were transfected with NCoR siRNA, we estimated cell
growth and proliferation using methyl thiazolyl tetrazolium (MTT) and cell growth curve assays. Finally, BMSCs were
treated with insulin at various concentrations (0, 5, 15, and 45 mmol/L) before the rate of cell proliferation was
examined. Result: The third sequence was the most successful. After MTT assay and cell growth curve assay, NCoR
siRNA was shown to inhibit rat BMSC proliferation after 3 days. Insulin at 15 mmol/L remarkably enhanced BMSC
proliferation. When the gene NCoR was knocked down from BMSCs, the effect of various insulin concentrations
on cell proliferation was inhibited. Conclusion: NCoR siRNA inhibited BMSC growth and proliferation. Insulin could
promote BMSC growth and proliferation. After NCoR was knocked out, the effect of insulin on cell proliferation was
inhibited. Thus, NCoR inhibited the function of insulin in cell proliferation, and PI3K signaling may play an important
role in this event. Future cell studies may seek to investigate the potential underlying mechanism.
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Introduction ganded retinoic acid and thyroid hormone
receptors and to mediate active repression of

Adult or bone marrow mesenchymal stem cells its respective target genes through the recruit-

(BMSCs) are plastic adherent stromal cells
found in special tissues and organs of human
adults. With the capacity for self-renewal and
multi-lineage differentiation, BMSCs are con-
sidered a promising cell source for tissue engi-
neering as they are easily accessible and not
associated with ethical issues in relation to
their use [1, 2]. Mesenchymal stem cell (MSC)-
based therapy has shown significant improve-
ment of tissue regeneration in pre-clinical mod-
els and clinical trials. However, many challeng-
es limit the use of MSC-based therapy [3, 4].
Thus, methods to advance the proliferation and
anti-apoptotic capacity of MSCs are required to
improve the efficiency of MSC-based therapy
[5].

Nuclear receptor corepressor (NCoR) was ini-
tially identified based on its ability to bind unli-

ment of additional corepressor molecules [6,
7]. In addition to the nuclear receptor role,
NCoR has been implicated in the pathogenesis
of resistance to thyroid hormone, hypothyroid-
ism, and certain types of leukemia [8]. In vitro
studies have suggested that NCoR can exert
various repressing functions via interactions
with numerous other transcription factors,
including NF-éB [9] and AKT [10].

NF-éB controls the expression of genes involved
in a number of physiological responses, includ-
ing immune inflammatory responses, acute-
phase inflammatory responses, oxidative stress
responses, cell adhesion, differentiation, and
apoptosis [11]. The PI3K/AKT signaling path-
way has been reported to play an important role
in MSC growth [12], and survival [13]. PI3K
plays a critical role in insulin signaling for cell
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Relationship between NCOR and insulin on BMSC proliferation

Table 1. Four pairs of siRNA squences designed
based on target genes

Name Sequence 5’ to 3’

SiNCoR-1-F GGCGGAGCAGAATTACTGCTATGCCACTGA
siNCoR-1-R TCGAGAATAAGCCGACGAGAATAACTGCA
siNCoR-2-F TGCATTGATGGCTATTATCACCTTAACTGGA
siNCoR-2-R CCGAGTTAAACGATAGATGGCTATATTCAGC
SiNCOR-3-F GATCCAGGAAGAGTGTTCCTGATTTTCAAGA
SiNCOR-3-R  GAAATCAGGAACACTCTTCCTTTTTTTGGAAA

Negative-F  TGCCCGCTTTGATGGATTGCCATGGGCGAGCG
Negative-R TGGAGTTAACGGCGCTTTGTACGAATCGGTCG

proliferation [14]. The activity of PI3K is neces-
sary to elicit many of the effects of insulin on
glucose and lipid metabolism, indicating that it
is an essential downstream effector of insulin
signaling.

In our previous study, we reported that NCoR
can negatively regulate adipogenic differentia-
tion in rat MSCs. However, little information is
available regarding the effects of NCoR on the
biological functions of MSCs. In this study, we
observed the beneficial effects of NCoR on
MSC proliferation and survival, and the role of
NCoR in insulin-enhanced BMSC proliferation.

Materials and methods
Cell isolation and culture

A total of 40 four-week-old female Wistar rats
were purchased from the Shanghai Laboratory
Animal Center, Chinese Academy of Sciences,
and maintained under pathogen-free condi-
tions for a week. All animals received humane
care in compliance with the Guide for the Care
and Use of Experimental Animals. BMSCs were
isolated from bilateral femora and tibias of rats
and incubated in medium containing a&-minimal
essential medium (Invitrogen, CA, USA) supple-
mented with 10% fetal bovine serum and 1%
penicillin-streptomycin at 37°C in 5% CO,. The
medium was changed after 2 days for the first
time and then every 3 days thereafter. When
cells were grown to 90% confluence, the cells
were expanded into dishes as the first genera-
tion. All cells used for this experiment were the
MSCs of the fourth generation.

Plasmids and small interfering RNA (siRNA)

According to the NCoR sequence from Gen
Bank (EU006039.1), we designed three se-
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quences of NCoR siRNA and a negative Non-
target control siRNA (Table 1). For transient
transfection, cells were cultured with serum-
free medium for 2 days and then transfected
with 6 ig of NCoR siRNA construct for 2 days
using HiPerFect (Qiagen) according to the man-
ufacturer’s protocols. The efficiency of NCoR
siRNA was determined by Western blot analy-
sis, and NCoR expression was detected using
Western blot assay. Gene expression of NCoR
was analyzed by real-time PCR.

Western blot analysis

For Western blot analysis, cells were collected
and incubated in RIPA buffer containing a pro-
tease inhibitor cocktail on ice for 30 min.
Proteins were separated by 10% sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis
and transferred electrophoretically to PVDF
membranes. The membranes were blocked in
5% non-fat milk for 2 h at room temperature
and incubated at 4°C overnight with polyclonal
anti-NCoR (1:1000 dilution; Sigma). After over-
night incubation, the membranes were washed
and immunoblotted with HRP-conjugated anti-
rabbit 1gG antibody (1:1000 dilution; Amer-
sham Biosciences, Tokyo, Japan) at 37°C for
1 h. The membranes were then developed
with enhanced chemiluminescence substrate
(Beyotime, Shanghai, China) and exposed to
X-ray film. &-Actin (monoclonal anti-a-actin,
1/1000, Beyotime) was used to ensure ade-
quate sample loading for all Western blots.
Band density was quantitated using Image J
software.

Real-time RT-PCR

The expression of NCoR in MSC was deter-
mined at indicated times by RNA preparation
and quantitative reverse transcription poly-
merase chain reaction (RT-PCR). In brief, total
cellular RNA was isolated from cells on six-well
plates using TRIZOL reagent following the man-
ufacturer’s instructions (Invitrogen). RNA quali-
ty was assessed by agarose gel electrophore-
sis, and complementary DNA was synthesi-
zed with a random hexamer (TaKaRa, Osaka,
Japan). Real-time PCR analysis was carried out
using the QuantiTect SYBR Green RT-PCR Kit
(Qiagen, Valencia, CA, USA) under the ABI Prism
7500 Sequence Detector (Applied Biosystems,
Foster City, CA, USA) according to the manu-
facturers’ instructions. The reaction ran at one
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siRNA. After incubation for 1,
2, 3, 4, and 5 days in medium,
cell viability was evaluated by
adding 15 iL of 5 mg/mL MTT
(Sigma-Aldrich Corp., St. Louis,
MO, USA) solution to each well
of one cell culture plate and
further incubating for 4 h. The
medium was removed, and
150 iL of dimethyl sulfoxide
was added to each well. Sub-
sequently, the plate was agi-
tated for 10 min on a shaker
to dissolve formazan. Absor-

- bance at 490 nm was de-
termined using a microplate
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siNCoR3 reader (Bio-Rad, Hercules, CA,
USA).

Cell growth curve assays

BMSCs were seeded in 60 mm
plates at a density of 1.0x10*
cells/plate for cell growth cu-
rve assay. Cells were counted
at0, 1, 2, 3,4, and 5 days after
seeding. Cells were digested
with 0.25% trypsin (Invitrogen),

Control siNCoR1 siNCoR2

Figure 1. The interference effect of NCoR siRNA on rat BMSCs. Cells were
seeded in 6-well plates and then transfected with 6 ig non-target (negative
control) or NCoR siRNA in medium for 2 d. Western blot (A) and RT-PCR (B)
were performed to determine the efficiency of the siRNA knockdown. Data
are expressed as mean * SD. *P<0.05; **P<0.01; or P>0.05 vs control.

cycle of 50°C for 2 min and 95°C for 15 min,
followed by 40 cycles of 95°C for 15 s, 60°C
for 30 s, and 72°C for 30 s. We used &-actin
expression as an internal control. Specific prim-
er sequences were synthesized in BIOSUNE
Biological Technology Corp. (Shanghai, China).
The sequences of the primers of NCoR were
TAGTCATACTTCCTGGTGAC (sense) CGATCGTG-
GAGTCAACACTG (anti-sense).

Cell proliferation assay

The endogenous effects of NCoR on cell viabil-
ity were evaluated by methyl thiazolyl tetrazoli-
um (MTT) assay. In brief, isolated and identified
rat MSCs were seeded in 96-well plates at a
density of 1.0x108/mL in medium. When cells
attained 65% confluence, cells were transfect-
ed with NCoR siRNA and non-target NCoR
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siNCoR3

resuspended in 1 mL of PBS,
and counted with an automat-
ed cell counter (TC10™, Bio-
Rad Laboratories, Hercules,
CA, USA). An equivalent vol-
ume of trypan blue was added
to the cell suspension to
exclude nonviable cells.

Insulin interference

We added 4 different concentrations of insulin
(0, b, 15, and 45 mmol/L) to the medium for
interfering with MSC growth. We added insulin
to the medium for every group, and cell viability
was evaluated by MTT and the cell counter
after incubation for 2 days.

Statistical analysis

Statistical analysis was carried out with one-
way ANOVA using SPSS17.0 software. Values
are expressed as the means * standard devia-
tion (SD). The mean values and SDs were calcu-
lated from three independent experiments.
Differences were considered statistically sig-
nificant at P<0.05.
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mary NCoR was significantly
decreased compared with the
cells that were transfected
with the control sequences.
The third sequence, siNCoR3,
has the most significant effect
of silence NCoR expression
than the first and second
sequence, so this sequence
was used in following experi-
ment (Figure 1).

Effect of NCoR on BMSC pro-
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Figure 2. Effect of NCoR siRNA on the growth of rat BMSCs. Cells attain-
ing 65% confluency in medium were transfected with NCoR siRNA, and cell
growth was determined by cell growth curve assay at 0, 1, 2, 3, 4 and 5 d.
NCOR siRNA was shown to decrease BMSC number after 2 d. Data are ex-
pressed as mean + SD. *P<0.05; **P<0.01; or P>0.05 vs control.
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Figure 3. Effect of NCoR siRNA on the proliferation of rat BMSCs. Cells at-
taining 65% confluency in medium were transfected with NCoR siRNA, and
cell proliferation was determined by MTT method at 1, 2, 3, 4 and 5 d.
NCOR siRNA was shown to inhibit rat BMSC proliferation after 3 d. Data are
expressed as mean + SD. *P<0.05; **P<0.01; or P>0.05 vs control.

Result
Efficiency of NCoR siRNA

To investigate the effects of NCoR siRNAs, cells
cultured in medium of 65% confluence were
transfected with 3 NCoR siRNAs or control
sequence. The expression of NCoR in MSCs
cultured in medium was determined by Western
blot assays and real-time PCR. Following NCoR
transfection of three different sequences of
siRNA for 2 days, the expression levels of pri-
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was shown to remarkably
enhance BMSC proliferation,
where as insulin at 45 mmol/L
had no effect on BMSC prolif-
eration. However, when the
gene NCoR was knocked down
from BMSC, the effect of vari-
ous concentrations of insulin on cell prolifera-
tion was inhibited. This result was also con-
firmed by the cell growth curve assay (Figure 4).

Discussion

BMSCs can readily be isolated and expanded
from bone marrow aspirates. Their abilities to
immunosuppress and promote tissue repair
have led to clinical trials for exploring their
broad therapeutic potential. MSCs can differ-
entiate into multiple cell lineages [15], secrete
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Figure 4. Effect of NCoR siRNA on insulin-induced cell proliferation of rat
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N quent cell trials and MSC-

based therapy in a clinical
setting.

The transcriptional activity of
NCoR and its complex is in-
volved in regulating important
pathways that set the criteria
S ommolL for tumor characteristics; the
Gy NCoR signaling cascade pro-
motes prostate tumorigenesis
[22], and NCoR controls glio-
blastoma tumor cell character-
istics [23]. Our results demon-
strated that NCoR siRNA could
inhibit BMSC growth and prolif-
eration, and cell morphology
did not change. Therefore,
NCoR played an important role
in cell growth and proliferation,
which was consistent with the
findings of other studies.

@ 15mmoll

B45mimolL
*

BMSCs. BMSC were treated with insulin at several concentrations (0, 5, 15,

and 45 mmol/L), the rate of cell proliferation was examined with cell growth

Several studies have shown

curve assay (A) and the MTT assay (B). Data are expressed as mean * SD.

*P<0.05; **P<0.01; or P>0.05 vs control.

several factors (growth factors and cytokines)
with important functions in tissue regeneration
[16], are immune privileged [17], and secrete
immunomodulatory factors [18, 19]. Therefore,
the proliferation of BMSC is critical for MSC-
based therapy or cell trials.

NCoR forms corepressor complexes with his-
tone deacetylase 3 to induce changes in the
local chromatin structure and cause transcrip-
tional repression. In vitro studies have suggest-
ed that NCoR can exert various repressing
functions via interactions with numerous other
transcription factors, including NF-€B [9], AKT
[10], and PPARa [20]. PPARa is a member of
the nuclear hormone receptor family and is
highly enriched in adipose tissue, where it plays
a critical role in adipocyte differentiation, insu-
lin sensitivity, and adipokine/cytokine secre-
tion [21]. AKT plays an important role in osteo-
genic differentiation of MSCs [10]. In our previ-
ous study, we reported that NCoR can nega-
tively regulate adipogenic differentiation in rat
MSCs. Thus, NCoR is related to cell differentia-
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that insulin therapy may in-

crease the cancer risk [24].

Hyperinsulinemia in a non-
obese mouse model of type 2 diabetes has
been reported to lead to increased mammary
tumor growth [25]. Blocking the insulin recep-
tor (IR) tyrosine kinase via the inhibitor BMS-
536924 reduces tumor growth in these mice
[25]. Moreover, reduction of circulating insulin
levels using a beta 3-adrenergic receptor ago-
nist (CL-316243) or downregulation of IR in can-
cer cells and xenografts decreases tumor
growth [26] and reduces cell proliferation and
metastasis. Our results revealed that insulin
could promote BMSC growth and proliferation,
and insulin at 15 mmol/L produced the best
effect.

The PI3K signaling pathway critically regulates
cell growth and survival, and it is necessary for
insulin action. PI3K activity is necessary to elic-
it many of the effects of insulin on glucose and
lipid metabolism, indicating that it is an essen-
tial downstream effector of insulin signaling.
Hence, insulin promotes cell growth and prolif-
eration by the PI3K signaling pathway [27]. One
study reported that NCoR, via protein-protein
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interaction, is a novel regulator of PI3K signal-
ing and can modulate thyroid tumor progres-
sion [28]. In our study, cell proliferation was
inhibited when various concentrations of insu-
lin were added to the medium for incubating
BMSCs with knocked out NCoR. This finding
indicated that NCoR inhibited the function of
insulin in cell proliferation, and PI3K signaling
may be the important link between NCoR and
insulin.

Conclusion

BMSC proliferation is critical for MSC-based
therapy or cell trials. Our results showed that
NCoR siRNA could inhibit BMSC growth and
proliferation, and cell morphology did not
change. Insulin could promote BMSC growth
and proliferation, and insulin at 15 mmol/L pro-
duced the best effect. When various concentra-
tions of insulin were added to the medium for
incubating BMSCs with knocked out NCoR, cell
proliferation was inhibited. Thus, NCoR inhibit-
ed the function of insulin in cell proliferation,
and PI3K signaling may play an important role
in the relationship between NCoR and insulin.
Future cell studies may seek to investigate the
potential underlying mechanism.
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