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Background: Collagen peptides (CP) have been shown to protect against osteoporosis. Yet, its mechanism
on anti-osteoporosis remains unclear.
Method: Cell viability, levels of alkaline phosphatase (ALP), reactive oxygen species (ROS), malondialde-
hyde (MDA) and superoxide dismutase (SOD) of hydrogen peroxide (H2O2)-induced oxidative stress in
Saos-2 cells pretreated with CP were examined. The effect and regulatory of CP on FBXW7-p100-NF-
jB axis and the relationship between the molecules were explored by overexpressing FBXW7, silencing
p100 or NF-jB in Saos-2 cells. Western blot and RT-PCR were performed to determine the expressions of
FBXW7, p100 and NF-jB. Hematoxylin & Eosin (H&E) staining was performed to determine morpholog-
ical indexes of bone tissues in ovariectomized-induced osteoporosis rats treated with CP.
Result: CP increased cell viability, ALP and antioxidant activities in H2O2-induced oxidative stress in Saos-
2 cells. Results on cell viability, ALP, antioxidant levels, protein and gene expression levels in FBXW7-
overexpressed, p100-silenced and NF-jB-silenced Saos-2 cells indicate that FBXW7, p100 and NF-jB
are the key regulators and CP treatment modulates FBXW7-p100-NF-jB axis in Saos-2 cells. In addition,
pretreatment and treatment with CP in ovariectomized rats improved osteoporosis.
Conclusion: CP could effectively prevent and alleviate osteoporosis. The protective effect of CP on osteo-
porosis was achieved in part by inhibiting oxidative damage of osteoblasts and promoting bone
formation.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Osteoporosis, a systemic metabolic disease that is characterized
by severe loss of bone mass and progressive bone micro-
architectural deterioration which results in the reduction of bone
strength and increased bone fragility. Osteoporosis has become a
major global health problem due to the aging population and
changes in lifestyle habits (Burge et al., 2007).

The pathogenesis of osteoporosis is intricate. Decreased levels
of estrogen and the increase of senescence, which are the two
major causes of postmenopausal osteoporosis, have been shown
to associate with excessive oxidative stress (Baek et al., 2010;
Kadenbach et al., 2009). Other risk factors of postmenopausal
osteoporosis including smoking, high blood pressure, diabetes
mellitus, can also lead to increased oxidative stress level in the
body (Altindag et al., 2008; Hamada et al., 2009). Emerging
evidence has prompted a paradigm shift from the model cen-
tered on estrogen deficiency for involutional osteoporosis to
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aging and oxidative stress (Manolagas, 2010). Oxidative stress
induced by reactive oxygen species (ROS) could cause imbalance
of bone homeostasis and lead to bone metabolic diseases
(Almeida and O’Brien, 2013; Cervellati et al., 2014; Hendrickx
et al., 2015; Wauquier et al., 2009). Therefore, supplements pro-
moting antioxidant activity may provide a novel approach to
prevent and alleviate osteoporosis or other related bone meta-
bolic disorders.

Collagen peptides (CP), as one of the functional polypeptides,
has been widely used in food additives, cosmetic makeup products
and biomedical materials. Several studies have reported that colla-
gen peptides could promote osteoblast proliferation and differenti-
ation, decreased osteoclast-mediated bone resorption, and
improved bone mineral density in ovariectomized mice
(Guillerminet et al., 2010; Kim et al., 2013; Liu et al., 2014). Yet,
the underlying molecular mechanism of collagen peptides remains
unclear.

Pathways such as BMP-Smads, Wnt/b-catenin, Notch, are
known to be involved in osteoblast differentiation and bone for-
mation either directly or indirectly through Runx2 or Osterix,
which are key transcription factors for osteoblast differentiation.
E3 ubiquitin ligase regulates osteoblast differentiation and bone
formation by mediating ubiquitination and degradation of Runx2
(Zhu et al., 2017). It has been reported that the SCF (Skp/Cullin/F-
box) family E3 ubiquitin ligase Skp2 had a negative impact on
Runx2 by promoting its polyubiquitination and proteasome-
dependent degradation (Thacker et al., 2016). F-box and WD
repeat domain containing 7 (FBXW7) is a target protein recogni-
tion component of the SCF E3 ubiquitin ligase complex. Studies
on FBXW7 had been focusing on tumor, however, a recent report
showed that FBXW7 inhibits bone formation by regulating old
astrocyte specifically induced substance expression through
ubiquitin-mediated proteasome degradation (Yumimoto et al.,
2013). p100 and NF-jB have been shown to regulate osteoblast
differentiation (Chang et al., 2009; Soysa et al., 2010). In multiple
myeloma cells, the degradation of p100 was promoted by FBXW7,
an upstream regulatory factor of p100. Moreover, p100 is an inhi-
bitor of NF-jB (Busino et al., 2012). Therefore, it was proposed
that there is a mutual regulation between FBXW7, p100 and
NF-jB in osteoblasts. In the present study, H2O2-induced oxida-
tive stress in Saos-2 cells and ovariectomized rats were used to
explore the anti-osteoporotic mechanism of CP. We investigated
the interaction between FBXW7, p100 and NF-jB in Saos-2 cells
and whether CP plays a protective role in osteoblast through
FBXW7/p100/NF-jB pathway.
2. Materials and methods

2.1. Cell culture and treatment

Human osteoblastic cell line Saos-2 was purchased from the
Chinese Academy of Sciences. The cells were cultured in a-MEM
with 10% fetal bovine serum, 100 U/ml of penicillin and
100 lg/ml of streptomycin in an incubator at 37 �C with 5% CO2.

Saos-2 cells were pretreated with or without CP (Qingdao Fush-
eng Food Co., Ltd., China) for 48 h before exposing to 300 lM H2O2

(Sigma-Aldrich) for 6 h�H2O2 was used as exogenous generator of
ROS whereas N-acetyl-L-cysteine (NAC, 1 mM) was the positive
control in the study.
2.2. Assays of cell viability

The MTT assay was used to determine cell viability. Briefly, the
cells were incubated with 100 ll of medium supplemented with
10 ll of MTT solution (5 mg/ml, Sigma-Aldrich) per well at 37 �C
for 4 h after washing the cells twice with phosphate buffered sal-
ine. Next, DMSO was added and the plates were shaken for
10 min to dissolve the formazan products. The absorbance of each
well was determined by a microplate reader at 570 nm. The cell
viability of the control group was defined as 100%.

2.3. Assays of malondialdehyde (MDA), superoxide dismutase (SOD)
and alkaline phosphatase (ALP)

MDA, SOD and ALP levels were measured by detection kits
(Nanjing Jiancheng Bioengineering Institute, China) according to
the manufacturer’s instructions. Total protein concentrations were
determined using BCA protein assay (Beyotime Biotechnology,
China). The absorbance of each sample was normalized against
the protein concentration.

2.4. Intracellular reactive oxygen species (ROS) measurement

The intracellular ROS expression level was determined using
the ROS assay kit (AAT Bioquest Inc., USA). Briefly, 100 ll of
AmpliteTM ROS Green working solution was added and the cells
were incubated for 1 h at 37 �C with 5% CO2. All treatment groups
except for the normal control group were treated with or without
CP (800 lg/ml) and H2O2. The fluorescence was detected using a
multi-detection microplate reader at 490 nm excitation and
525 nm emission.

2.5. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen). The
single-stranded cDNA was synthesized using the Fast Quant RT kit
(TIANGEN Biotechnology, China). The qRT-PCR was performed
using Superreal PreMix Plus (SYBR Green) with the 7300 Real-
time PCR System (Applied Biosystems). The expression of target
genes FBXW7, p100 and NF-jB were normalized to the reference
gene GAPDH. The 2�DDCt method was applied to calculate the
relative gene expression. The primers used in the study were as
follows: FBXW7, 50-CCGTGTTTGGGATGTG GAGA-30 (sense) and
30-CCCCCACTCTCCAATGTGAC-50 (antisense); p100, 50-CTACTCGAC
TACGGCGTCAC-30 (sense) and 30-GAGTCTCCATGCCGATCC AG-50

(antisense); NF-jB, 50-CCAGACCAACAACAACCCCT-30 (sense)
and 30-GCCTGGTCCCGTGAAATACA-50 (antisense); GAPDH,
50-GAGAAGGCTGG GGCTCAT TT-30 (sense) and 30-AGTGTGGC
ATGGACTGTGG-50 (antisense).

2.6. Western blotting

The western blotting procedure was performed as previously
described with slight modifications (Liu et al., 2016). Briefly, the
proteins were separated by SDS-PAGE electrophoresis, transferred
onto polyvinylidene fluoride membranes and incubated with the
antibodies: anti-FBXW7 (Abcam), anti-p100 (Thermo), anti-NF-
jB (Abcam), and anti-b-actin (Abcam). The protein bands
were visualized with the ECL Western Blotting kit (Shenggong
Bioengineering, China) and quantified using Quantity One analysis
software (Bio-Rad, UK).

2.7. Construction and transfection of plasmids

FBXW7 overexpression plasmids, p100 interference plasmids,
NF-jB interference plasmids, and their respective negative control
plasmids were all constructed by Shanghai Biotech Engineering
Co., Ltd. (China). Plasmids were transfected using Lipofectamine
2000 (Invitrogen). Expression of FBXW7, p100, and NF-jB mRNA
and protein levels were analyzed by qRT-PCR and western blotting,
respectively.
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2.8. Animals and experimental design

One hundred 8-week-old Sprague-Dawley female rats were
obtained from the Experimental Animal Center of the Lu Kang
Pharmaceutical Co., Ltd. (Shandong, China). The rats were housed
in a well-ventilated room at 24 ℃ with a 12 h/12 h light/dark cycle
and were given free access to food and water. The animals were
randomly divided into five groups: sham surgery group (SHAM),
ovariectomized group (OVX), CP pre-protection group (CP-P), low
concentration CP group (CP-L) and high concentration CP group
(CP-H).

The rats underwent sham surgery or bilateral ovariectomy at
the age of 12 weeks via abdominal incision under general anesthe-
sia. From the age of 18 weeks, rats in the CP-L and CP-H groups
were daily intragastrically administered with CP at a concentration
of 0.5 or 1.0 g/kg/d for 17 weeks while the OVX and SHAM groups
were given an equivalent volume of saline. Unlike other groups, the
rats in the CP-P group were administered intragastrically with CP
at a dose of 1 g/kg/d from the age of 9 weeks for 26 weeks, except
for the 3 days after ovariectomy.
2.9. Histomorphometric analyses

The right proximal tibia of each animal was fixed with 4%
paraformaldehyde, processed for decalcification in 10% EDTA-
2Na and embedded in paraffin following standard procedures.
Sections were stained with hematoxylin-eosin (H&E). The images
were captured using Olympus BX60 light microscope (Japan) and
analyzed using ImageJ 1.48v software (National Institutes of
Health, USA).
2.10. Statistical analyses

Statistical analyses were performed using SPSS version 17.0
(SPSS Inc., USA). Data were described as means ± standard devia-
tion (SD). All data were analyzed using a one-way analysis of vari-
ance (ANOVA) with a Tamhame’s multiple comparison post hoc
test. Statistical significance was defined as p < 0.05.
3. Results

3.1. Protective effects of CP on H2O2-induced cytotoxicity in Saos-2
cells

The concentration-dependent effects of CP on Saos-2 cell
viability and H2O2-induced cell death were first examined.
As shown in Fig. 1A, CP did not exhibit cytotoxic effect at
concentration �1000 lg/mL under normal condition. Instead,
it significantly increased Saos-2 cell viability at concentrations
range from 200 to 1000 lg/mL. With H2O2 treatment, the cell
viability was significantly decreased (p < 0.01, Fig. 1B). Treat-
ment with CP significantly protected Saos-2 cells against
H2O2-induced cell injury at concentrations of 400 and
800 lg/mL but not 200 lg/mL (Fig. 1B). These results suggest
that CP promotes cell viability and suppresses H2O2-induced
cell death.
3.2. CP reversed H2O2-induced inhibition of ALP activity in Saos-2 cells

ALP is a marker at the early stage of osteoblast differentia-
tion and osteogenic activity. As shown in Fig. 1C, H2O2 mark-
edly decreased ALP activity whereas CP attenuated the loss of
ALP activity induced by H2O2 in a concentration-dependent
manner (p < 0.05, CP200 versus H2O2; p < 0.01, CP400/CP800
versus H2O2), suggesting that CP promotes osteogenic
differentiation.
3.3. CP scavenged H2O2-induced ROS and MDA productions, and
promoted SOD activity in Saos-2 cells

Assessment of the antioxidant activity of CP showed that H2O2

significantly increased the production of ROS (Fig. 1D) and MDA
(Fig. 1E) while inhibiting the activity of SOD (Fig. 1F). In cells
pre-incubated with CP, the levels of ROS (Fig. 1D) and MDA
(Fig. 1E) were suppressed in a concentration-dependent manner,
whereas SOD (Fig. 1F) activity significantly increased as compared
with the H2O2-treated group. These data revealed that CP could
attenuate oxidative stress injury induced by H2O2.
3.4. CP attenuated H2O2-induced oxidative stress injury by inhibiting
FBXW7/p100/NF-jB pathway

As shown in Fig. 2A, H2O2 increased the mRNA expression of
FBXW7, suggesting that H2O2 induces oxidative stress damage
through FBXW7. The elevated expression of FBXW7 was signifi-
cantly reversed by CP. In addition, CP treatment at concentrations
400 and 800 lg/mL showed a significant reversal effect on the
mRNA expression of NF-jB (CP400/CP800 versus H2O2, p < 0.01,
Fig. 2B) and p100 (CP400/CP800 versus H2O2, p < 0.01, Fig. 2C)
induced by H2O2.

To further explore the mechanism of CP, Saos-2 cell lines over-
expressing FBXW7, silencing NF-jB or silencing p100 were estab-
lished. Their proteins and mRNAs expression levels were examined
by western blotting (Fig. 3A) and qRT-PCR (Fig. 3B), respectively.
Overexpression of FBXW7 down-regulated the expression of
p100 and up-regulated the expression of NF-jB. Interestingly, CP
significantly suppressed FBXW7 and NF-jB and promoted p100
expression in Saos-2 cells, thereby reversing the effect of H2O2

and overexpressed FBXW7 in cells (Fig. 3C). In addition, silencing
of p100 upregulate the expression of NF-jB (Fig. 3D). These data
strongly suggest that a mutual regulatory relationship between
FBXW7, p100, and NF-jB and that FBXW7 is an upstream regula-
tory factor of p100 and NF-jB while p100 is a negatively regulator
of NF-jB.

Further examination showed that the effects of CP on cell viabil-
ity, ALP and ROS were attenuated by overexpressing FBXW7 or
silencing p100 (Fig. 1B, C, D). These results further demonstrated
that the effect of CP via FBXW7/p100/NF-jB axis and that FBXW7
is a key factor in this pathway.
3.5. CP improved osteoporosis in ovariectomized rats over time

To evaluate the effect CP on oxidative stress injury in vivo,
ovariectomized rats as a model of osteoporosis was examined.
Six weeks after ovariectomy, we observed decreased in trabecu-
lar number (Tb.N) and trabecular thickness (Tb.Th), increased
trabecular separation (Tb.Sp), and interrupted continuity of tra-
becular meshwork in the OVX group as compared to the SHAM
group (data not shown), indicating that the pathological model
of osteoporosis was successfully established. Twenty-three weeks
after ovariectomy (35-week-old rats), the bone tissue
microstructure of the OVX rats were severely damaged, the
number of trabeculae and the thickness of the trabeculae were
further reduced, and the trabecular meshwork disappeared.
Compared with the OVX group, all CP-treated groups
significantly increased Tb.N, decreased Tb.Sp, and improved the
integrity of the trabecular meshwork connection integrity to
different extents (p < 0.05, Fig. 4).



Fig. 1. Effect of CP on cell viability, ALP activity and antioxidant levels in H2O2-induced oxidative stress in Saos-2 cells. (A) Effects of CP on the cell viability (B, C, D) Effects of
H2O2, CP, overexpressed FBXW7, p100 and NF-jB silencing on cell viability, ALP activity, and ROS levels in Saos-2 cells. (E, F) Effects of H2O2, and CP on MDA productions and
SOD activity in Saos-2 cells. NAC is the positive control. Data shown represent the means ± SD. *p < 0.05 and **p < 0.01 vs. control group, #p < 0.05 and ##p < 0.01 vs�H2O2

group, and &p < 0.05 and &&p < 0.01 vs. CP (800 lg/ml) group.
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Fig. 2. qRT-PCR analysis of mRNA expression of (A) FBXW7 (B) NF-jB (C) p100 in
Saos-2 cells treated with and without overexpressed FBXW7, p100 silencing, H2O2

and CP. Data shown represent the means ± SD. *p < 0.05 and **p < 0.01 vs. control
group, #p < 0.05 and ##p < 0.01 vs. H2O2 group, and &p < 0.05 and &&p < 0.01 vs. CP
(800 lg/ml) group.
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4. Discussion

Oxidative stress has been identified as important factor in the
pathogenesis of osteoporosis caused by aging and estrogen defi-
ciency (Baek et al., 2010). Several studies have reported that
H2O2-induced oxidative stress increased intracellular ROS levels
and inhibited the proliferation and differentiation of osteoblast,
which was significantly improved by giving substances with
antioxidant properties such as NAC and Rb2 (Bai et al., 2004;
Ueno et al., 2011; Huang et al., 2014). Our study demonstrated that
CP derived from walleye pollock skin showed excellent antioxidant
activity. CP significantly attenuated H2O2-induced up-regulation of
MDA and ROS, and down-regulation of SOD in a dose-dependent
manner. In addition, CP promoted cell proliferation and osteogenic
differentiation, characterized by increased cell viability and ALP
activity. Bone histomorphology also revealed that CP increased
Tb.N and decreased Tb.Sp over time, which partly improved the
integrity of the trabecular meshwork structure, especially in CP
pretreated rats. Therefore, CP has a certain degree of effectiveness
in preventing osteoporosis by protecting osteoblasts from oxida-
tive damage.

We noted a higher expression of FBXW7 in oxidatively injured
Saos-2 cells in this study. Interestingly, pretreatment with different
concentrations of CP reversed this effect. Further examination
revealed that overexpression of FBXW7 impacts cell viability, ALP
activity and ROS levels. Study found that depletion of FBXW7 pro-
moted the differentiation of mouse C2C12 mesenchymal cells into
osteoblasts (Yumimoto et al., 2013). Our study demonstrated that
overexpression of FBXW7 inhibited osteoblast viability and the
ALP activity is in line with the previous study showing that FBXW7
is a pivotal factor for osteoblast regulation.

Our results showed that NF-jB was highly expressed whereas
p100 levels was low in oxidatively injured Saos-2 cells. Overex-
pression of FBXW7 significantly up-regulated the expression of
NF-jB while inhibiting the expression of p100. In addition, result
of silencing of NF-jB reminiscent to the observation in overex-
pressing FBXW7 which significantly increased cell viability and
ALP activity, and reduced ROS production. These further suggest
that effect of FBXW7 is mediated by regulating NF-jB. We also
found p100 could regulate the expression of NF-jB negatively
and alter the cell viability, ALP activity and ROS production. These
results suggest that FBXW7, p100 and NF-jB are involved in the
regulation of H2O2-induced Saos-2 cells by CP. FBXW7 could act
as an upstream regulator of p100 and NF-jB and regulate antioxi-
dant activities in the cells.

Previous report showed that bone mineral density was
significantly reduced in p100-deficient mice (Soysa et al., 2010).
Furthermore, ALP activity and Smad phosphorylation decreased
in the primary osteoblasts of p100-deficient mice, and p100 accu-
mulation promoted osteogenic differentiation and in vivo osteoge-
nesis in aly/aly mice (Seo et al., 2012). On the other hand,
inactivation of NF-jB has been shown to enhance osteoblastic dif-
ferentiation in vitro and bone formation in vivo (Jimi and
Fukushima, 2016). Selective inhibition of NF-jB blocked the inhibi-
tory effect of TNF-a on BMP2-induced osteoblast differentiation. In
addition, inhibition of NF-jB promoted bone formation and
improved bone mass loss in ovariectomized mice (Alles et al.,
2010; Yamazaki et al., 2009). Our study provides additional evi-
dence that p100 positively regulates osteoblast differentiation
and bone formation whereas NF-jB regulates them negatively.

In summary, CP reversed the dysfunction of osteoblasts
induced by oxidative stress and protected against osteoporosis



Fig. 3. The mRNA and protein expression levels of FBXW7, p100 and NF-jB were detected by qRT-PCR and Western Blot, respectively. (A, B) Efficiency of overexpressing and
silencing of the genes. (C–E) FBXW7 regulates expression levels of p100 and NF-jB. p100 negatively regulate NF-jB protein expression. The values shown represent the
means ± SD. *p < 0.05 and **p < 0.01 vs. vector control.

Fig. 4. Representative images of H&E staining (4� magnification) and histomorphometric analyses of the right tibias of 35-week-old ovariectomized rats treated with low
concentration CP (CP-L), high concentration CP (CP-H) or pretreated with CP (CP-P). The experiments were repeated three times. Data are expressed as means ± SD. *p < 0.05,
vs SHAM group, #p < 0.05, vs. OVX group.
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due to oxidative stress and estrogen deficiency. Our study
suggests that the protective effect of CP is not only due to its
antioxidant activity, but also due to its ability to modulate
osteogenic differentiation factors and FBXW7/p100/NF-jB
pathway.
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