Cellular and Molecular Biology .
E-ISSN : 1165-158X / P-ISSN : 0145-5680 M (Publisher

www.cellmolbiol.org

Original Research

Peptide 11R-VIVIT stimulates osteoblastogenesis through regulating the expression of
nuclear factor of activated T cells cytoplasmic 1

M. Li, X. Wang, Z. Bian, W. Yao, Q. He, F. Tian, J. Zhang, L. Zhu"

Department of Orthopaedic surgery, Nanjing Medical University Affiliated Hangzhou First People’s Hospital, Hangzhou 310006, Zhejiang
Province, China

Correspondence to: zhuliulong1964@126.com
Received January 1, 2016; Accepted September 20, 2016; Published April 29, 2017
Doi: http://dx.doi.org/10.14715/cmb/2017.63.4.8

Copyright: © 2017 by the C.M.B. Association. All rights reserved.
.

Abstract: Osteoporosis is characterized by the imbalance of two relatively independent processes-osteoblastogenesis and osteoclastogenesis. Calcineurin (Cn)/

nuclear factor of activated T cells (NFAT)(Cn/NFAT) signaling pathway is involved in these two processes in bone metabolism, but its potential as a target to treat
osteoporosis needs to be defined. The aim of this study is to investigate the inhibition of polypeptide 11R-VIVIT onCn/NFAT signaling pathway. Rat calvaria (RC)
cells were prepared from experimental model of osteoporosis in rat. 1 IR-VIVIT wasused to treat cultured RC cells from wide type (WT) rat or from osteoporosis
(OP) rat, we then measured the expressions of NFATc1, osteopontin (OPN), osteocalcin (OC), cytokines, NFkB subunit p65 by real time PCR, western blot or
immunofluorescence. Then ALP expression and staining, and alizarin red S (ARS) staining were employed to study the osteoblastodifferentiation. 11R-VIVIT regu-
lates the expression of NFATc1, and some other molecules in Cn/NFAT signaling pathway, such as OPN and OC, at transcriptional level and protein level. Further,
it can regulate the expression of inflammatory cytokine like IL-1beta, IL-10 and TNF-alpha and NF«B activity. Further, [ IR-VIVIT can accelerate osteoblastodif-
ferentiation of RC cells demonstrated by ALP and ARS staining.11R-VIVIT can stimulate the bone formation by decreasing NFATc1 expression and regulating the

expression of inflammation related molecules.
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Introduction and treatment of bone metabolism disorders like osteo-
porosis.

Osteoporosis is a disease with reduced bone mass Lately, calcineurin/nuclear factor of activating T
and deteriorated bone micro-architecture, clinically cell (Cn/NFAT) signaling pathway was found to play a
characterized by increased skeletal fragility and bone critical role in bone metabolism, such as in process of
ach. As a multifactorial and incurable disease, osteo- osteogenesis, for example, molecule NFAT cytoplasmic
porosis roughly comes from the imbalance of two rela- 1 (NFATc1) stimulated in Cn/NFAT signaling pathway
tively independent processes-osteoblastogenesis and inhibitsfos related antigen (Fra-2) (5), by thus, to inhibit
osteoclastogenesis. Around 200 million people are at the formation of osteoprogenitor cell. In another study
risk of osteoporosis world wide, which make it a very performed in MSCs, CyclosporinA (CsA) can promote
serious health concern. Bisphosphonates (1) are widely osteogenesis process mediated by blocking theCn/NFAT
used for the therapy of osteoporosiswith robust efficacy signaling pathways (6, 7). It should be pointed out that
in preventing fractures, rare but serious adverse events CsA and FK506 (7, 8), two classic Cn/NFAT inhibitors,
associated with bisphosphonates, such as atypical femur not only inhibit molecule NFAT, but the expression of
fractures, osteonecrosis of the jaw, and esophageal can- Cn, which may cause progressive renal failure, hyper-
cer, have been encountered. Therefore, alternative the- glycemia, and nervous lesion and increase the risk of
rapeuticsis to be defined. malignancy (9). To avoid these adverse effects, Aram-

Marrowmesenchymal stem cells (MSCs) can diffe- buru (10) constructed VIVIT polypeptide (I: ileucine,
rentiate into osteoblasts, fat cells, chondrocytes, muscle V: valine, T: threonine) based on the Cn/NFAT inte-
cells and stromal cells, and play a dominant role in pa- raction region to block specifically Cn/NFAT signaling
thogenesis of osteoporosis (2). AbnormalMSCsare attri- pathway. Later, Noguchi (11) upgraded and synthesized
butable, in a great extent, to compromised osteoblas- cell permeable NFAT inhibitor-11R-VIVIT polypeptide
togenesis, resulting indelayed fracture healing andde- (R, Arginine). 11R-VIVIT can only specifically block
creased callus quality in osteoporosis (3), which implies the expression of relevant molecules downstream of Cn/
that theinhibition of osteoporotic differentiationbe the NFAT signaling pathway, no effect on the expression of
center for developing drugs against osteoporosis. Fetal Cn, which may avoid the adverse effect seen in conven-
rat calvaria cell line (RC) mimics the functions of MSC tional inhibitors. At present, studies on 11R-VIVIT are
in many different ways, such as osteoblastodifferentia- focused on only cardiovascular diseases, neurologic
tion, and RC cell line is easy to be prepared and cultured disorders and so forth (12, 13). The effect of inhibiting
(4). Thus, RC is widely used to study the pathogenesis Cn/NFAT signaling pathway by IIR-VIVIT on fracture
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healing and osteoblastogenesis in osteoporosis needs to
be defined.

In the current study, with RC cell (mimic of MSCs)
as cellular model in vitro, we found that 11R-VIVIT re-
gulatesthe expression of genes in Cn/NFATc! signaling
pathway, thus plays a role in osteoblastogenesis, which
shape itself as a potential drug against osteoporosis.

Materials and Methods

Rat model of osteoporosis

Construct of rat model of osteoporosis was based
on the method described previously (14).Wistar rat
were obtained from the Institute of Laboratory Ani-
mal Sciences, Chinese Academy of Medical Sciences
(Shanghai, China). All of theanimal related experiments
were approved by The Institutional Animal Care and
Use Committee of Hangzhou Normal University.

Fetal rat calvaria (RC) digestion and preparation of
calvaria cells

RC cell line, one mimic of MSC models, was prepa-
red and cultured as described previously (15). Briefly,
calvariae from 24-hour-old new born healthy rats or rats
with osteoporosis were collected, minced, and digested
in a collagenase mixture (300 mg/ml collagenase, 4.5
U/ml elastase, 9.7 U/ml DNAse, 0.12 mM chondroitin
sulfate, 100 mM sorbitol, 111.2 mMKCI, 1.3 mM
MgCl,, 13 mM glucose, 21.3 mMTris-HCI, pH 7.4, 0.5
mM ZnCl)) at 37°C. The cell mixture were plated and
grown in modified essential medium (MEM) contai-
ning 15% fetal calf serum (FCS) and antibiotics (100
pg/ml penicillin G; Sigma, St. Louis, MO, USA), 50ng/
ml gentamycin (Sigma, St. Louis, MO, USA), 300ng/
ml fungizone (Flow Laboratories, Mississauga, Onta-
rio, Canada). RC cells werethen harvested with trypsin
next day, counted and seeded as the density of 5000/cm?
supplemental with vitamin C (50 pg/ml) and sodium
glycerophosphate-beta (10 mmol/L). The cultured cells
were then treated with 11R-VIVIT peptide (5uM),MEM
medium only treated RC cells functions as a control.

Preparation of RC cell nuclear protein

The isolation and preparation of RC cell nuclear pro-
tein was performed according to standard protocol. Brie-
fly, RC cells grown in large petri dish were lysed with
lysis buffer 1 (20 mMTris pH 7.5-8.0 100 mMNaCl 300
mM sucrose 3 mM MgCl2) supplemented with protease
inhibitors (Roche Diagnostics Indianapolis, IN, USA)
and subjected to centrifuge. The pellet was resuspended
in lysis buffer 2 (20 mMTris pH 8.0 300 mMNacCl 2
mM EDTA pH 8.0) followed by another centrifugation.
Aliquot supernatant were stored at -70°C for use.

Western Blot Analysis

Western blots were performed as described pre-
viously (16). Briefly, cells were lysed at 4°C in RIPA
buffer (150 mMNaCl, 0.5%. sodium deoxycholate,
50 mMTris-HCI, pH 8.0, 0.1% SDS, 0.1% NP40) sup-
plemented with protease inhibitors (Roche Diagnos-
tics Indianapolis, IN, USA). The homogenates were
centrifuged, the supernatants of whole cell lysates and
nuclear protein from previous preparationwere collec-
ted for western blots probed withpolyclonal NFATcI

antibody (1:2000 dilution, Santa Cruz Biotech, CA,
USA), monoclonal NFkB subunit p65 antibody (1:3000
dilution, Santa Cruz Biotech, CA, USA), OC antibody
(1:2000 dilution, Santa Cruz Biotech, CA, USA), OPN
(1:2000 dilution, Santa Cruz Biotech, CA, USA) or
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
monoclonal antibody (1:5000 dilution, Santa Cruz Bio-
tech, CA, USA), followed withacorresponding hor-
seradish peroxidase-conjugated secondary antibody
(1:1000; Amersham, Piscataway, NJ, USA), visualized
using enhanced chemiluminescence (ECL) according to
the manufacturer's instructions (Amersham Bioscience,
Piscataway, NJ, USA). Here, GAPDH functions as in-
ternal control for equal loading.

Real-time PCR assay

Total RNA from RC cells was extracted with TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA), reverse
transcribed using the Thermo-script™ RT-PCR Sys-
tem (Invitrogen, Carlsbad, CA, USA) and purified with
RNeasy Mini Kit (Qiagen, Germantown, MD, USA).
Real time PCRs were performed using iQ SYBR Green
Supermix kit (Bio-Rad, Hercules, CA, USA) with the
iCycler sequence detection system (Bio-Rad, Hercules,
CA, USA) with specific primers for NFATc1, Alkaline
phosphatase (ALP), Osteocalcin (OC), OPN, interleu-
kin (IL)-1beta, tumor necrosis factor (TNF)-oa and II-
10and GAPDH as shown in Table 1. Here, GAPDH acts
as internal control.

Immunofluorescence assay

To study the regulation of 11R-VIVIT on the expres-
sion of p65, one subunit of NFkB, immunostainings
were performed according to the standard protocol with
primary antibodie-p65 antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA), and Alexa Fluor® 488
secondary antibody (Molecular Probes, Carlsbad, CA)
as described previously (17). Samples were mounted in
Prolong Gold Antifade Reagent and analyzed by ZEISS
AXIOSKOP 2 PLUS Microscope (Carl Zeiss Microl-
maging, Inc. Thornwood, NY).

Osteogenic differentiation induction

RC cells were plated in 2 mIMEM medium in a
6-well plate. After overnight incubation, osteogenic dif-
ferentiation was induced performed by supplementing
medium with 10 mM -glycerophosphate and 250 uM
ascorbic acid-2-phosphate (18). ALP expression and
calcium deposit were used as early and late markers for
osteogenesis and were detected by real time PCR, ALP
and Alizarin Red Staining, respectively.

ALP staining

ALP staining was carried out based on the proto-
col described previously (19). Briefly, RC cells were
washed with PBS and stained with 5-Bromo-4-chloro-
3-indolyl phosphate/Nitrobluetetrazolium (BCIP/NBT,
Sigma-Aldrich, ST. Louis, MO, USA) for 60 min in the
dark. ALP positive cells were visualized by light mi-
croscope (dark purple color).To quantify the bone for-
mation, analytical FCM was performed using the bright
channel on FCM Canto™ (BD Biosciences, San Jose,
CA, USA).
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Figure 1. Polypeptide 11R-VIVIT regulates NFATcl expres-
sion during OP condition. RC cells were isolated and prepared
from rat with osteoporosis or wild type rat, and then subjected to
11R-VIVIT treatments. (A) In RC cells from rat with OP showed
lower NFATc1 expression at transcriptional level compared to RC
cell from WT rat, however, 11R-VIVIT stimulates significantly the
mRNA level of NFATcl in WT rat RC cells, further, 11R-VIVIT
can rescue the compromised NFATc1 expression in OP rat RC
cells to normal level. (B) By western blot, we found that there is
significant increase of the expression of NFATc1 at protein level in
comparison with that from WT rat. On the contrary, 11R-VIVIT
can regulate positively the expression of NFATc1 compared to WT
rat. Further, 11R-VIVIT can rescue the decreased expression of
NFATc1 in OP. Western blot was quantified by scanning densito-
metry. Values are representative of three independent experiments,
each bar represents mean + S.E., *: p<0.05, **: P<(.01, NS: no
significance.

Alizarin Red S (ARS) staining

ARS staining and analysis were performed accor-
ding to the methods described previously (20). Briefly,
ARS stock solution was prepared by dissolving 1mg of
alizarin red S in 100ml of 1% KOH.After two weeks of
culture in osteogenic induction medium, RC cells were
washed, fixed then stained with 40mM freshly ARS
solution (PH=4.2). Calcium deposits can be visualized
by red color under light microscope. To quantify the
staining, ARS Staining Quantification Assay (ARed-Q)
method (ScienCell Research Laboratories, Carlsbad,
CA, USA) was used based on the manufacturer instruc-
tion. Destained ARS dye was quantified by measuring
the absorbance at 405 nm.

Statistical analysis

Values are expressed as mean + SEM with unpaired
two-tailed Student’s ¢ test by InStat v3.06 (GraphPad,
San Diego, CA) software. P< 0.05 was considered sta-
tistically significant.

Results

11R-VIVIT inhibits the expression of NFATc1

To study the effect of 11R-VIVIT onosteoblastodif-
ferentiation, we first treated the RC cells with 11R-VI-
VIT for 48 hr, we found that the expression of NFATc1
is increased in OP patients, but decreasedin 11R-VIVIT
treated WT RC cells at mRNA level, further, 11R-VIVIT
can restore the inhibition of NFATc1 expression in RC

cells from OP patients (Figure 1A). To confirm our re-
sult, we did the western blots which came out with very
similar results, OPincreases but 11R-VIVIT haunted the
expression of NFATc]1 at protein level, and 11R-VIVIT
can resume the enhanced expression of NFATc1 in OP
to normal level (figure 1B). The right panel in Figure 1B
showed the percentage of density compared to control.

11R-VIVIT regulates the expression of down-stream
molecules in Cn/NFAT signaling pathways

To further investigate the effect of inhibition of
NFATc1 by IR-VIVIT on the pathogenesis of osteopo-
rosis, we then examined the expression of some mole-
cules such as OC and OPN, which are important for oste-
roblastogenesis, by both real time PCR and western blot
(Figure 2A and B). We found very opposite expression
pattern of these molecules with NFATc1. Compared to
control, 11R-VIVITincreases the expression of OC and
OPN, but significant lower expressions were seen in OP
patients. Further, 11R-VIVIT can restore their expres-
sion to normal level, even lower level at protein level.

11R-VIVITregulates the expression of cytokines re-
lated to osteoclastogenesis

Given the fact that cytokines play important roles
in the onset and development of osteoblastogenesis
and osteoclastogenesis, we examined the production
of inflammatory cytokines at mRNA level by real time
PCR (Figure 3). We found that 11R-VIVIT decreased
the pro-inflammatory cytokines IL-1beta and TNF-al-
pha, can resume the enhanced expression of IL-1 and
TNF-alpha in OP. Further, 11R-VIVIT can increase the
production of anti-inflammatory cytokine IL-10 and
restore its compromised expressionin OP. Our data indi-
cates that 11R-VIVIT may be involved in the regulation
of inflammatory cytokines.

NF-kB activity
To study further how 11R-VIVIT regulates the ex-
pression of NFATcl and affects the the expression of
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Figure 2. Polypeptide 11R-VIVIT regulates OC and OPN ex-
pression during OP condition. Real time PCR and western blot
found decreased OC and OPN expression at mRNA level and pro-
tein level in RC cells from rat with OP compared to RC cell from
WT rat, however, 11R-VIVIT stimulates significantly the mRNA
level and protein level of OC and OPN in WT rat RC cells, further,
11R-VIVIT can rescue the compromised OC and OPN expression
in OP rat RC cells to normal level. Values are representative of

OPHLIR-VIVIT Cone 11R-VIVIT

three independent experiments, each bar represents mean + S.E., *:

p<0.05, **: P<(.01, NS: no significance.
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Figure 3. Polypeptide 11R-VIVIT regulates IL-1beta, TNF-a
and IL-10 expression during OP condition. (A) and (B) Real
time PCR and western blot found decreased IL-1beta, TNF-a
expression at mRNA level and protein level in RC cells from rat
with OP compared to RC cell from WT rat, however, 11R-VIVIT
stimulates significantly the mRNA level and protein level of IL-
1beta, TNF-a in WT rat RC cells, further, 11R-VIVIT can rescue
the compromised IL-1beta, TNF-a expression in OP rat RC cells
to normal level. However, (C) Real time PCR and western blot

Normalized folds of IL-10 beta mRNA

found decreased IL-10 expression at mRNA level and protein level
in RC cells from rat with OP compared to RC cell from WT rat,
however, 11R-VIVIT stimulates significantly the mRNA level and
protein level of IL-10 in WT rat RC cells, further, 11R-VIVIT can
rescue the compromised IL-10 expression in OP rat RC cells to
normal level. Values are representative of three independent expe-
riments, each bar represents mean = S.E., *: p<0.05, **: P<(.01,

NS: no significance.

genes, cytokines and even osteoblastogenesis, we then
investigated the status of NFkB by real time PCR, wes-
tern blot and immunofluorescence (Figure 4A, 4B and
4C). We found that 11R-VIVIT cannot change the ex-
pression of p65 at both transcriptional level and protein
level in all experimental groups. Western blot demons-
trated that p65 is predominantly localized to the cytoso-
lic pool, only basal level of p65 translocate to nucleus
in RC cells. After 11R-VIVIT treatment, more p65
undergo translocation to nucleus demonstrated by wes-
tern blot and immunostaining, indicating that NFkB is
crucial for the regulation of 11R-VIVIT in osteoblasto-
differentiation, even though that the expression of total
NFKB is not changed.

11R-VIVIT accelerate bone formation

ALP is an early and sensitive marker for osteogene-
sis. By immunostaining, we found that 11R-VIVIT can
increase significantly the quantity of ALP at transcrip-
tional level (Figure 5A), indicating increased osteoge-
nesis at early stage, further it can restore compromised
ALP quantityin OP patients. ALP staining demonstrated
that 11R-VIVIT stimulates the bone formation signi-
ficantly in comparison with compromised bone in OP
patients (Figure 5B). Figure 5C shows the percentage of
area of bones. Further, calcium deposit is a late marker
for osteogenesis. ARS staining, indicator of calcium de-
posit can reflect the extent of osteogenesis. In Figure 6,
we can see that 11R-VIVIT can stimulate the osteogene-

sis dramatically in RC cells in comparison with control-
treated counterpart. In opposite, there is compromised
bone formation in OPpatients, but 11R-VIVIT can re-
sume the osteogenic process in OP patients (Figure 6A).
The percentage of the area of the bone was analyzed by
software (Figure 6B).

Discussion

In the current study, we demonstrated that 11R-VI-
VIT decreases the expression of NFATcl, by which
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Figure 4. 11R-VIVIT blocks the function of NFKB. (A) real time
PCR did not show significant different NFkB subunit p65 expres-
sion at mRNA level in all the groups tested. (B) whole lysates and
nuclear protein were isolated and prepared as described in Mate-
rials & Methods, and subjected to western blots, there are no parent
change of p35 in whole lysates of RC cells, and more p65 translo-
cate to nucleus in OP rat RC cells, but 11R-VIVIT can block this
translocation of p65 to nucleus and further haunt the translocation
of p65 to nucleus in OP RC cells. (C) immunostaining showed in
RC cells from WT rat, p65 is located at both cytosol and nucleus,
but in OP condition, p65 undergoes translocation to nucleus dra-
matically, but 11R-VIVIT can inhibit this translocation, make the
expression of p65 predominant in cytosol part, and can block si-
gnificantly translocation of p65 stimulated by OP. Data are pooled
from three independent experiments. *: P<(0.05, **: P<(0.01, NS:
no significance.
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Figure 5. ALP staining and quantification of human mesenchy-
mal stem cell (hMSC) osteogenesis. (A) Real time PCRs demons-
trate that OP and 11R-VIVIT regulate the early differentiation mar-
ker ALP in an opposite way. In comparison with WT rat, OP rat
RC cells showed compromised ALP transcription, but 11R-VIVIT
increases the expression of ALP, further restore the compromised
ALP to normal level. Data are pooled from three independent ex-
periments. *: P<0.05, **: P<(.01, NS: no significance.
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Figure 6. ARS staining and quantification of human mesenchy-
mal stem cell (hMSC) osteogenesis Human MSCs were treated
under 6 different conditions (sample 1 — 6) to induce osteogene-

sis for 18 days. ScienCell’s Alizarin Red S staining quantification
assay was applied to the treated samples and controls cultured in
the hMSC growth medium without induction. (A) Typical ARS
staining for controls (top) and treated samples (bottom); (B) ARS
quantification using the assay. Data are pooled from three inde-

pendent experiments. *: P<(.05, **: P<(.01, NS: no significance.

regulates the expression and function of osteoblasto-
differention related genes, inflammatory cytokines and
NFkB, resulting in osteoblastic differentiation. This stu-
dy shed some light on the mechanistic insight into the
perspective of treatment of osteoporosis.

Bone formation and reabsorption are dynamic and
elaborated processes resulted from coupled activation
of bone-forming osteoblasts (21)and bone-resorbing
osteoclasts (22). Osteoporosis is characterized by imba-
lanced processes, in which bone resorption dominates
over bone formation(23). In process of bone metabo-
lism, Cn/NFAT signaling pathway plays critical roles in
osteoblast and osteoclast as anindispensable transcrip-
tion factor.Treatment of receptor activator of nuclear
factor-kappa B ligand (RANKL), one major stimula-
tor of osteoclastogenesis and bone remodeling, fails
in stimulating the differentiation ofNFATc1-deficient
embryonic stem cells into osteoclasts (24). Also, Condi-
tional NFATc1-knockout mice exhibit an osteopetrotic
bone phenotype owing to a severe defect in the osteo-
clastogenesis process (25, 26). However, the ectopic ex-
pression of NFATc1 in MSCs induces osteoclast diffe-
rentiation in these cells despite the absence of RANKL
(24). All of these indicate that NFATc1 medicates the
function of RANKL in osteoclastogenesis.

Opposite toincreased NFATc1, our data showed that
the expressions of OPNand OC wereinhibitedsignifi-
cantly in OP patients, which are consistent with data
reported previously (18, 27).0PN and OC are two os-
teoblast related genes, the expression of OPN is regu-
lated by large number of factors such as cytokines (like
TGFbeta, IL-1, TNFa, IL-10) which can affect its trans-
criptional rate, mRNA processing, stability and trans-
lation, and post-translational modifications (28, 29).
Study showed that OPN can inhibit the expression of
IL-10 (29), which is consistent with our data, in which
enhanced OPN parallels with decreased IL-10. OC, ano-
ther late marker of osteoblast differentiation, is the most

abundant noncollagenous protein in bone (30). Studies
demonstrated the expression of NFATc1 is proportional
to the expression of OC by different mechanisms (18,
31).

Linkage has been established by epidemiological,
clinical and experimental studies between osteoporo-
sis and inflammatory conditions such as ankylosing
spondylitis (32), rheumatoid arthritis (32),inflammatory
bowel disease (33, 34) and systemic lupus erythemato-
sus (35). In rheumatoid arthritis, bone loss is proportio-
nal to the release of proinflammatory cytokines and C-
reactive protein (CRP), a sensitive marker of systemic
inflammation (32). Many of inflammatory mediators in
patients with inflammatory bowel disease like TNF-a,
interleukins 1a and 1B (IL-1a, IL-1pB), IL-6, IL-11, IL-
17,1L-10, transforming growth factor, epidermal growth
factor, and prostaglandin E2 are deregulated in patients
with osteoporosis(36-40). The mechanisms underlying
the involvement of inflammation in bone loss include
interfering the bone remodeling process, favoring bone
resorption activity.IL-1 plays important roles in the
pathogenesis of various diseases including osteoporo-
sis by stimulating the development of osteoclasts and
excessive bone resorption (41, 42). Besides, IL-1 beta
can also activate nuclear factor kB (NFkB) pathway to
inhibit apoptosis of osteoclast (43).TNFa is involved in
tumor-induced bone resorption and non-tumor-induced
osteopenia (44-46). It stimulates formation of osteo-
clasts by including either proliferation of osteoclast-
precursor cells or activation of differentiated osteoclasts
(47). Linkage was established between TNFa and osteo-
porosis by sib-pair analysis (48) and single nucleotide
polymorphism (SNP) assay (49). Receptor activator of
NF-kB (RANK) pathway,a new TNF family pathway,
plays important roles inbone metabolism. RANK binds
to its ligand RANKL, leading to osteoclasts differen-
tiating and maturing,increased bone loss.Interleukin 10
(IL-10) is another susceptibility gene associated with the
pathogenesis of osteoporosis with polymorphisms (39).
Interleukin-10 inhibits osteoclastogenesis by reducing
NFATc1 expression and preventing its translocation to
the nucleus (50). Interleukin-10 inhibits bone resorp-
tion: a potential therapeutic strategy in periodontitis and
other bone loss diseases (40). Besides, some other cyto-
kines were identified involved in the onset and deve-
lopment of osteoporosis. IL-6 promoted the differentia-
tion of osteoclasts from its precursor (51); transforming
growth factor 1 (TGF-B1) is linked to pathogenesis for
its polymorphism (39). Study found increased IL-31 in
osteoporosis (52).

In conclusion, 11R-VIVIT increase osteoblasto dif-
ferentiation and restore the compromised bone meta-
bolism in OP, evidenced by the facts that 11R-VIVIT
regulates osteoblast related genes, inflammatory related
cytokines and NFkB pathways.

Acknowledgements

This work was supported by the Zhejiang province health
science and technology project (No. 2012KYA146), the
Key project of health science and technology in Hangzhou
(No. 2012Z003), andZhejiang traditional Chinese medicine
science and technology project (No. 2015ZA138)

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

50



M. Li et al.

11R-VIVIT inhibits Cn/NFAT pathway in osteoporosis.

References

1. Favus MJ. Bisphosphonates for osteoporosis. N Engl J Med.
2010;363(21):2027-35.

2. Pontikoglou C, Deschaseaux F, Sensebe L, Papadaki HA. Bone
marrow mesenchymal stem cells: biological properties and their role
in hematopoiesis and hematopoietic stem cell transplantation. Stem
Cell Rev. 2011;7(3):569-809.

3. Pino AM, Rosen CJ, Rodriguez JP. In osteoporosis, differentiation
of mesenchymal stem cells (MSCs) improves bone marrow adipoge-
nesis. Biol Res. 2012;45(3):279-87.

4. Lennon DP, Edmison JM, Caplan Al Cultivation of rat mar-
row-derived mesenchymal stem cells in reduced oxygen tension:
effects on in vitro and in vivo osteochondrogenesis. J Cell Physiol.
2001;187(3):345-55.

5. Boise LH, Petryniak B, Mao X, June CH, Wang CY, Lindsten T, et
al. The NFAT-1 DNA binding complex in activated T cells contains
Fra-1 and JunB. Mol Cell Biol. 1993;13(3):1911-9.

6. Eckstein LA, Van Quill KR, Bui SK, Uusitalo MS, O'Brien JM.
Cyclosporin a inhibits calcineurin/nuclear factor of activated T-cells
signaling and induces apoptosis in retinoblastoma cells. Invest Oph-
thalmol Vis Sci. 2005;46(3):782-90.

7. Mulero MC, Aubareda A, Orzaez M, Messeguer J, Serrano-Can-
delas E, Martinez-Hoyer S, et al. Inhibiting the calcineurin-NFAT
(nuclear factor of activated T cells) signaling pathway with a regu-
lator of calcineurin-derived peptide without affecting general calci-
neurin phosphatase activity. J Biol Chem. 2009;284(14):9394-401.
8. Matsoukas MT, Aranguren-Ibanez A, Lozano T, Nunes V, Lasarte
JJ, Pardo L, et al. Identification of small-molecule inhibitors of calci-
neurin-NFATc signaling that mimic the PxIXIT motif of calcineurin
binding partners. Sci Signal. 2015;8(382):ra63.

9. Choudhary NS, Saigal S, Shukla R, Kotecha H, Saraf N, Soin AS.
Current status of immunosuppression in liver transplantation. J Clin
Exp Hepatol. 2013;3(2):150-8.

10. Aramburu J, Yaffe MB, Lopez-Rodriguez C, Cantley LC, Hogan
PG, Rao A. Affinity-driven peptide selection of an NFAT inhibitor
more selective than cyclosporin A. Science. 1999;285(5436):2129-
33.

11. Noguchi H, Matsushita M, Okitsu T, Moriwaki A, Tomizawa
K, Kang S, et al. A new cell-permeable peptide allows successful
allogeneic islet transplantation in mice. Nat Med. 2004;10(3):305-9.
12. Abdul HM, Furman JL, Sama MA, Mathis DM, Norris CM.
NFATs and Alzheimer's Disease. Mol Cell Pharmacol. 2010;2(1):7-
14.

13. Kosiorek M, Podszywalow-Bartnicka P, Zylinska L, Pikula S.
NFAT1 and NFAT3 cooperate with HDAC4 during regulation of
alternative splicing of PMCA isoforms in PC12 cells. PLoS One.
2014;9(6):¢99118.

14. Peng Z, Tuukkanen J, Zhang H, Jamsa T, Vaananen HK. The
mechanical strength of bone in different rat models of experimental
osteoporosis. Bone. 1994;15(5):523-32.

15. Bellows CG, Aubin JE, Heersche JN, Antosz ME. Mineralized
bone nodules formed in vitro from enzymatically released rat calva-
ria cell populations. Calcif Tissue Int. 1986;38(3):143-54.

16. Yan Y, Kolachala V, Dalmasso G, Nguyen H, Laroui H, Sitara-
man SV, et al. Temporal and spatial analysis of clinical and molecu-
lar parameters in dextran sodium sulfate induced colitis. PLoS One.
2009;4(6):e6073.

17. Yan Y, Nguyen H, Dalmasso G, Sitaraman SV, Merlin D. Clo-
ning and characterization of a new intestinal inflammation-associa-
ted colonic epithelial Ste20-related protein kinase isoform. Biochim
Biophys Acta. 2007;1769(2):106-16.

18. Choo MK, Yeo H, Zayzafoon M. NFATc1 mediates HDAC-de-
pendent transcriptional repression of osteocalcin expression during

osteoblast differentiation. Bone. 2009;45(3):579-89.

19. Arpornmacklong P, Brown SE, Wang Z, Krebsbach PH. Pheno-
typic characterization, osteoblastic differentiation, and bone regene-
ration capacity of human embryonic stem cell-derived mesenchymal
stem cells. Stem Cells Dev. 2009;18(7):955-68.

20. De Becker A, Van Hummelen P, Bakkus M, Vande Broek I, De
Wever J, De Waele M, et al. Migration of culture-expanded human
mesenchymal stem cells through bone marrow endothelium is regu-
lated by matrix metalloproteinase-2 and tissue inhibitor of metallo-
proteinase-3. Haematologica. 2007;92(4):440-9.

21. Harada S, Rodan GA. Control of osteoblast function and regu-
lation of bone mass. Nature. 2003;423(6937):349-55. doi: 10.1038/
nature01660.

22. Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation
and activation. Nature. 2003;423(6937):337-42. doi: 10.1038/na-
ture01658.

23. Zelzer E, Olsen BR. The genetic basis for skeletal diseases. Na-
ture. 2003;423(6937):343-8.

24. Takayanagi H, Kim S, Koga T, Nishina H, Isshiki M, Yoshida
H, et al. Induction and activation of the transcription factor NFATc1
(NFAT2) integrate RANKL signaling in terminal differentiation of
osteoclasts. Dev Cell. 2002;3(6):889-901.

25. Winslow MM, Pan M, Starbuck M, Gallo EM, Deng L, Karsenty
G, et al. Calcineurin/NFAT signaling in osteoblasts regulates bone
mass. Dev Cell. 2006;10(6):771-82.

26. Aliprantis AO, Ueki Y, Sulyanto R, Park A, Sigrist KS, Sharma
SM, et al. NFATc1 in mice represses osteoprotegerin during osteo-
clastogenesis and dissociates systemic osteopenia from inflamma-
tion in cherubism. J Clin Invest. 2008;118(11):3775-89.

27. Zetterqvist AV, Blanco F, Ohman J, Kotova O, Berglund LM, de
Frutos Garcia S, et al. Nuclear factor of activated T cells is activated
in the endothelium of retinal microvessels in diabetic mice. J Dia-
betes Res. 2015;2015:428473.

28. Denhardt DT, Noda M. Osteopontin expression and function:
role in bone remodeling. J Cell Biochem Suppl. 1998;30-31:92-102.
29. Murugaiyan G, Mittal A, Weiner HL. Increased osteopontin
expression in dendritic cells amplifies IL-17 production by CD4+ T
cells in experimental autoimmune encephalomyelitis and in multiple
sclerosis. J Immunol. 2008;181(11):7480-8.

30. Weinreb M, Shinar D, Rodan GA. Different pattern of alkaline
phosphatase, osteopontin, and osteocalcin expression in develo-
ping rat bone visualized by in situ hybridization. ] Bone Miner Res.
1990;5(8):831-42.

31. Kang JS, Alliston T, Delston R, Derynck R. Repression of
Runx2 function by TGF-beta through recruitment of class II histone
deacetylases by Smad3. EMBO J. 2005;24(14):2543-55.

32. Davey-Ranasinghe N, Deodhar A. Osteoporosis and verte-
bral fractures in ankylosing spondylitis. Curr Opin Rheumatol.
2013;25(4):509-16.

33. Lin CL, Moniz C, Chambers TJ, Chow JW. Colitis causes bone
loss in rats through suppression of bone formation. Gastroentero-
logy. 1996;111(5):1263-71.

34. Syrbe U, Siegmund B. Bone marrow Th17 TNFalpha cells
induce osteoclast differentiation and link bone destruction to IBD.
Gut. 2015;64(7):1011-2.

35. Edens C, Robinson AB. Systemic lupus erythematosus, bone
health, and osteoporosis. Curr Opin Endocrinol Diabetes Obes.
2015;22(6):422-31.

36. Redlich K, Hayer S, Ricci R, David JP, Tohidast-Akrad M, Kol-
lias G, et al. Osteoclasts are essential for TNF-alpha-mediated joint
destruction. J Clin Invest. 2002;110(10):1419-27.

37. Bernstein CN, Leslie WD, Leboff MS. AGA technical review
on osteoporosis in gastrointestinal diseases. Gastroenterology.
2003;124(3):795-841.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

51



M. Li et al.

11R-VIVIT inhibits Cn/NFAT pathway in osteoporosis.

38. Mundy GR. Osteoporosis and inflammation. Nutr Rev.
2007;65(12 Pt 2):S147-51.

39. Tural S, Alayli G, Kara N, Tander B, Bilgici A, Kuru O. Asso-
ciation between osteoporosis and polymorphisms of the IL-10 and
TGF-beta genes in Turkish postmenopausal women. Hum Immunol.
2013;74(9):1179-83.

40. Zhang Q, Chen B, Yan F, Guo J, Zhu X, Ma S, et al. Interleu-
kin-10 inhibits bone resorption: a potential therapeutic strategy
in periodontitis and other bone loss diseases. Biomed Res Int.
2014;2014:284836.

41. Pacifici R, Rifas L, Teitelbaum S, Slatopolsky E, McCracken R,
Bergfeld M, et al. Spontaneous release of interleukin 1 from human
blood monocytes reflects bone formation in idiopathic osteoporosis.
Proc Natl Acad Sci U S A. 1987;84(13):4616-20.

42. Jimi E, Ikebe T, Takahashi N, Hirata M, Suda T, Koga T. In-
terleukin-1 alpha activates an NF-kappaB-like factor in osteoclast-
like cells. J Biol Chem. 1996;271(9):4605-8.

43. Jimi E, Nakamura I, Ikebe T, Akiyama S, Takahashi N, Suda T.
Activation of NF-kappaB is involved in the survival of osteoclasts
promoted by interleukin-1. J Biol Chem. 1998;273(15):8799-805.
44. Johnson RA, Boyce BF, Mundy GR, Roodman GD. Tumors
producing human tumor necrosis factor induced hypercalcemia
and osteoclastic bone resorption in nude mice. Endocrinology.
1989;124(3):1424-7.

45. Mundy GR. Inflammatory mediators and the destruction of

bone. J Periodontal Res. 1991;26(3 Pt 2):213-7.

46. Bertolini DR, Nedwin GE, Bringman TS, Smith DD, Mun-
dy GR. Stimulation of bone resorption and inhibition of bone
formation in vitro by human tumour necrosis factors. Nature.
1986;319(6053):516-8.

47. Ralston SH, Russell RG, Gowen M. Estrogen inhibits release
of tumor necrosis factor from peripheral blood mononuclear cells in
postmenopausal women. J Bone Miner Res. 1990;5(9):983-8.

48. Ota N, Hunt SC, Nakajima T, Suzuki T, Hosoi T, Orimo H, et al.
Linkage of human tumor necrosis factor-alpha to human osteoporo-
sis by sib pair analysis. Genes Immun. 2000;1(4):260-4.

49. Ota N, Nakajima T, Ezura Y, Iwasaki H, Suzuki T, Hosoi T, et
al. Association of a single nucleotide variant in the human tumour
necrosis factor alpha promoter region with decreased bone mineral
density. Ann Hum Biol. 2002;29(5):550-8.

50. Evans KE, Fox SW. Interleukin-10 inhibits osteoclastogenesis
by reducing NFATc1 expression and preventing its translocation to
the nucleus. BMC Cell Biol. 2007;8:4.

51. Kurihara N, Bertolini D, Suda T, Akiyama Y, Roodman GD.
IL-6 stimulates osteoclast-like multinucleated cell formation in long
term human marrow cultures by inducing IL-1 release. J] Immunol.
1990;144(11):4226-30.

52. Ginaldi L, De Martinis M, Ciccarelli F, Saitta S, Imbesi S, Man-
nucci C, et al. Increased levels of interleukin 31 (IL-31) in osteopo-
rosis. BMC Immunol. 2015;16:60. 5.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

52



