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ABSTRACT

Objectives: Bone formation and bone resorption continuously
occur in bone tissue to prevent the accumulation of old bone, this
being called bone remodeling. Osteoblasts especially play a crucial
role in bone formation through the differentiation and proliferation.
Therefore, in this study, we investigated the effects of collagen
hydrolysate Glycine-Prolyl-Hydroxyproline (Gly-Pro-Hyp) on
osteoblastic proliferation and differentiation in MC3T3-E1 cells.
Methods: Four groups including control, Gly-Pro-Hyp 20 μM,
100 μM, 500 μM groups were set up in this study. Cells were
cultured with blank control medium or Gly-Pro-Hyp of the
different dosages for 24 h. CCK 8 assay was analyzed cell
proliferation. Assay of Alkaline phosphatase (ALP)activity was
analyzed osteoblast differentiation. The expression levels of ALP,
Col 1, Runx 2 and Osterix in MC3T3-E1 cells were measured by
Western blot. Results: The results indicated the treatment of Gly-
Pro-Hyp promoted the proliferation of MC3T3-E1 cells and
improved ALP activity. In addition, cells treated with Gly-Pro-Hyp
significantly upregulated protein expression of ALP, type 1
collagen, runt-related transcription factor 2 and osterix.
Conclusion: The results demonstrate that Gly-Pro-Hyp promote
differentiation inducement and proliferation of MC3T3-E1 cells,
therefore may help to elucidate the transcriptional mechanism of
bone formation and possibly lead to the development of bone-
forming drugs.

Introduction

Our skeleton is constantly updated about 10 % per year [1].
Osteoporosis is a disease resulting from decreased renewal
of bone, which leads to less dense, lose strength and
breakmore easily of skeleton [2]. With increasing age, there

has been a significant reduction in bone mass due to
tipping of this delicate balance towards increased
resorption combined with decreased formation. Also, this
can lead to net bone loss in the aging peoples that
ultimately induces as osteoporosis [3]. The balance between
bone formation and bone resorption is essential for
maintaining bone homeostasis [4]. Osteoblast
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differentiation, an importanprocess for its function,
confers marked rigidity and strength to the bone while still
maintaining some degree of elasticity. It is regulated by
the action of key transcription factors, including runt-
related transcription factor 2 (Runx 2) and osterix (Osx),
accompanied by the increased expression of bone matrix
proteins such as alkaline phosphatase (ALP) and type 1
collagen (Col 1). These osteoblast differentiation factors
stimulate differentiation and lead to bone formation [5].
Recently, there has been an increasing interest in the
utilization of natural extract in the treatment of diseases
since they are basically safe and inexpensive. Moreover,
numerous edible natural extracts are showing tremendous
potential for the treatment of bone-related diseases.
Collagen is the main extracellular matrix protein present
mainly in skin and bone [6]. It is present in fibrous tissues,
such as tendons and ligaments, as well as in cartilage,
bones and blood vessels. Collagen has a unique triple-
helix structure. Gelatin is a denatured form of collagen and
collagen-derived peptides is formed by protease hydrolysis
of this gelatin. Various di- or tripeptides are included in
collagen-derived peptides. Furthermore, it is thought that
collagen in living tissues is degraded into collagen
peptides by various enzymes secreted by osteoclasts or
osteoblasts during the process of bone metabolism [7-8].
Collagen-derived peptides can be derived not only from
food but also from collagen inconnective tissues such as
skin and bone. Several food-derived collagen
oligopeptides wereidentified in human blood after oral
ingestion of collagen-derived peptides [9-10]. Glycine-
prolyl-hydroxyproline (Gly-Pro-Hyp) is the major
constituent of collagen-derived peptides which remains
within human blood after ingestion of collagen-derived
peptides [11–12]. Gly-Pro-Hyp or hydroxyproline-containing
peptides are hard to be hydrolyzed in vivo and mayplay
important functions in target tissues [13]. It has been
reported that Gly-Pro-Hyp affects the growth of
fibroblasts and regulates the differentiation of
chondrocytes [14-15]. A previous study has shown that oral
administration of collagen-derived peptides increases
bonemineral density in calcium-deficient rats [16].
Furthermore, some studies have indicated that crude
collagen-derived peptide has a beneficial effect on the
proliferation or differentiation of osteoblastic cells [17–19].
Therefore, collagen-derived peptides may also play an
important role in bone remodeling. However, the role of
specific sequences peptide including in collagen-derived
peptides on bone metabolism is currently unclear. In this
study, we investigated the effect of Gly-Pro-Hyp on the
proliferation and differentiation of MC3T3-E1 osteoblastic
cells.

1 Material and methods

1.1 Reagents and antibodies

Dulbecco's Modified Eagle Medium (DMEM) was
purchased from Hyclone; Fetal bovine serum (FBS) was
purchased from Gibco; Cell counting kit (CCK 8) was
obtained from Beyotime Biotechnology; Antibody against
ALP, Col 1, Runx 2 and Osterix were all purchased from
Elabscience; AKP kit assay measured the activity of ALP
that was obtained from Nanjingjiancheng; BCA protein
assay kit was obtained from Beyotime Biotechnology.

1.2 Cell cultures

MC3T3-E1 cell obtained from China Center for Type
Culture Collection was used in vitro study. The mouse
osteoblastic cell line MC3T3-E1 was cultured in
Dulbecco's Modified Eagle Medium(DMEM) medium
supplemented with 10 % fetal bovine serum (FBS) and 1
% antibiotics (100 U/mL penicillin and 100 U/mL
streptomycin, pH adjusted to 7.6). Cell cultures were
maintained at 37 ℃ in a humidified atmosphere of 5 %
CO2.

1.3 Assay of cell differentiation

MC3T3-E1 cells viability were determined using CCK 8
assay. Cells were seeded on a 96-well plate at an initial
concentration of 5000 cells/well over night, then were
treated with or without Gly-Pro-Hyp at the different
concentration (20, 100 and 500 μM) for 24 h.Cultures
were washed with PBS. CCK 8 testing solution (0.1
mg/mL) were then added to each well, and the mixture
was incubated for 3h at 37 °C. The absorbance of each
well was read using a microplate plates reader at a
wavelength of 490 nm.

1.4 Assay of alkaline phosphatase (ALP) activity

Cells cultured on 96-well culture plates (1 x 104 cells/well)
for 24 h, were treated with different concentrations (20,
100, 500 μM) of Gly-Pro-Hyp, including controls, for 24 h.
Cells were cultured for an additional 48h. After incubation,
cells were fixed with 20 % formalin for 20 min and
incubated in 0.05 mol/L 2-amino-2-methyl-1-propanol
(AMP) buffer (pH 9.8), containing 10 mM naphtol AS-BI
phosphate and 1 mM fastred violet LB salt for 30 min at
37 ℃. The staining solution was aspirated and the cells
were washed with deionized water [20]. We normalized the
absorbance values to the total protein levels which were
quantified by using a BCA kit (Pierce). And detected the
absorbance at a test wavelength of 410 nm for the measure
of ALP activity, analyzed qualitatively using Image J
software.
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1.5 Western blotting

MC3T3-E1 cells were plated on 60 mm dish, then washed
with PBS after treatment Gly-Pro-Hyp (20, 100, and 500
μM) for 24 h, the concentration from each sample was
determined using a BCA protein assay kit. After
centrifuging for 20 min at 13500 rpm, equal amounts (30
μg- 50 μg) of proteins were separated by electrophoresis
on 10 % sodium dodecyl sulphate polyacrylamide gels,
and these separated protein bands were transferred to 0.45
μM PVDF membranes. The membranes were blocked
with 5 % (w/v) skimmed milk powder in Tris-buffered
saline containing 0.1 % (v/v) Tween-20 (PBST) for 2 h at
room temperature. Then all the antibodies were probed
with dilution at 1:1000 at 4 °C overnight. Primary
antibodies including ALP, Col 1, Runx 2, Osterix and
GAPDH . After washing with PBST, the membranes were
incubated with the secondary anti-rabbit antibodies or anti-
mouse IgG HRP-linked antibody at the concentration of
1:3000 for 1h at 37 ℃. After washing with PBST again,
each antigen-antibody complex was visualized using ECL
Western Blotting Detection Reagents. Band densities were
determined by an image J analyzer and normalized to

GAPDH for total protein and nuclear protein.

1.6 Statistical analysis

All data were represented as means ± standard deviation
(SD). Statistical analysis was performed using the Student
t-test for two-group comparison and the one-way ANOVA
analysis for multiple-group comparison. Statistical tests
were performed using the software SPSS 22.0. P-values of
less than 0.05 were considered as significant.

2 Results

2.1 Gly-Pro-Hyp promotes osteoblast proliferation
dose-dependently

We examined the effect of Gly-Pro-Hyp on the cell
proliferation by the assay of CCK 8. Compared to control,
the Gly-Pro-Hyp promoted osteoblast proliferation dose-
dependently, with the greatest role at the dose of 500 μM
after 24 h treatment (P < 0.05, Figure 1). Thus, these
results indicated that Gly-Pro-Hyp promoted osteoblast
proliferation.

Figure 1 Effect of Gly-Pro-Hyp on the proliferation in MC3T3-E1 cells. CCK 8 assay showed that Gly-Pro-Hyp
treated with 20, 100 and 500 μM for 24 h significantly promoted the proliferation. *P < 0.05, compared with

control. Each value is expressed as mean ± SD (n = 5).

2.2 Gly-Pro-Hyp Enhances Osteoblast
Differentiation Dose-dependently

We examined the effect of Gly-Pro-Hyp on ALP activity
as a well-recognized marker of osteoblast differentiation.
ALP activity was shown significantly increased after the
treatment of Gly-Pro-Hyp in a dose-dependent manner,
with a maximal role at a dose of 500 μM (P < 0.05) in
MC3T3-E1 cells (Figure 2). These findings suggest that
Gly-Pro-Hyp stimulates osteoblast differentiation.

2.3 Protein expression of ALP, Col 1 in MC3T3-
E1 cells

The osteoblast-associated molecules ALP, Col 1 are

considered osteoblast differentiation markers, as their
expression levels increased during osteoblast
differentiation. To investigate the effect of Gly-Pro-Hyp
on osteoblast differentiation in MC3T3-E1 cells, protein
levels of ALP, Col 1 were examined by western blot. The
protein expression levels of ALP, Col 1 were significantly
increased by Gly-Pro-Hyp treatment in a dose dependent
manner (Figure 3). These results suggest that Gly-Pro-Hyp
promotes osteogenesis by increasing markers of osteoblast
differentiation.
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Figure 2 Effect of Gly-Pro-Hyp on alkaline phosphatase (ALP) activity in MC3T3-E1 cells. Cells were treated with
Gly-Pro-Hyp at 20, 100 and 500 μM for 24 h significantly stimulated osteoblast differentiation dose-dependently.

*P < 0.05, compared with control. Each value is expressed as mean ± SD (n = 5).

Figure 3 Effects of Gly-Pro-Hyp on osteoblast differentiation in MC3T3-E1 cells. Cells were treated with Gly-Pro-
Hyp at 20, 100 and 500 μM for 24 h. The protein expression of osteoblast differentiation factors, such as ALP, Col 1
were detected by western blot. Each value is expressed as mean± SD (n = 3). GAPDH was used as loading control.

*P < 0.05, compared with control.

2.4 Protein expression of Runx2, Osterix in
MC3T3-E1 cells

To examine the effect of Gly-Pro-Hyp on osteoblastic

gene expression in MC3T3-E1 cells, MC3T3-E1 cells

were cultured with in the presence of 0, 20, 100 and 500
μM Gly-Pro-Hyp for 24 h and osteoblastic gene

expression was determined by western blot. Runx 2 and

Osterix protein expression levels were increased in a dose-
dependent manner in the presence of Gly-Pro-Hyp (p <

0.05, Figure 4).

3 Discussion

Osteoporosis is a systemic skeletal disease characterized
by decreased bone mass and loss of bone tissue that may

lead to weak and fragile bones [21]. Because new bone

formation is primarily mediated by osteoblast, agents that
act to either increasing osteoblast proliferation or inducing

osteoblast differentiation enhance bone formation [22]. A

wide variety of natural materials with therapeutic effects
on bone formation and skeleton construction have been

reported and several enhance osteogenic differentiation [23].

A decrease in osteoblastic proliferation is an important

factor in the pathogenesis of osteoporosis [24]. But the

CA B
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effects of Collagen Hydrolysate Gly-Pro-Hyp on
proliferation and differentiation of osteoblastic cells have

not yet to be determined. Therefore, in the present study,

we investigated the effect of Gly-Pro-Hyp on the
proliferation and differentiation of MC3T3-E1 cells.The

effect of Gly-Pro-Hyp on cell proliferation was assayed by

using CCK 8 assay. As shown in figure 20, 100, 500 μM
of the Gly-Pro-Hyp increased in MC3T3-E1 cell

proliferation dose dependently. Thus, these results

indicated that Gly-Pro-Hyp stimulated cell proliferation
and had no cytotoxicity toward the cells.

Figure 4 Effects of Gly-Pro-Hyp on Runx 2 and Osterix in MC3T3-E1 cells. Cells were treated with indicated
concentrations (0, 25, 50 and 100 μM) of Gly-Pro-Hyp for 24 h. The protein expression levels of Runx 2 and Osterix
were determined by western blot analysis. GAPDH was used as loading control. *p < 0.05, indicates the significant

difference compared with control group.

Therefore, further studies are necessary to investigate the

effects of other specific sequence peptides included in
collagen-derived peptides on the proliferation of

osteoblasts. During the osteoblast differentiation phase,

osteoblasts synthesize type 1 collagen, ALP, and various
non-collagen proteins that are associated with matrix

mineralization. ALP is a marker enzyme of early-stage

osteoblast differentiation [25–26]. We revealed that Gly-Pro-
Hyp could significantly increase ALP activity in MC3T3-

E1 cells compared with the control. This result suggests

that Gly-Pro-Hyp enhanced osteoblast proliferation and

differentiation.
In addition, we examined the effects of Gly-Pro-Hyp on

the regulation of osteoblast associated genes. Runx 2 is a

transcription factor that regulates the differentiation of
osteoblasts and the expression of Col 1 and other

extracellular matrix protein genes during bone formation
[27]. Osterix is also an essential transcription factor for
osteoblast differentiation [28]. We found Gly-Pro-Hyp

significantly up-regulated Runx 2, Osterix and Col 1

protein levels in MC3T3- E1 cells compared with the

control. Furthermore, Runx 2 and Osterix protein levels
were significantly increased with addition of lower

concentrations of Gly-Pro-Hyp. These results indicate that

Gly-Pro-Hyp can promote the differentiation of
osteoblasts by upregulating gene expression of Runx 2 and

Osterix. Previous reports have shown that treatment with

crude Collagen-derived peptide increases the expression of
the Runx 2 and the Col 1 genes in osteoblastic cells [29-30].

The regulation by Gly-Pro-Hyp in MC3T3-E1 cells would

explain a mechanism of the protective effect of collagen-

derived peptides in bone metabolism.
In conclusion, this study demonstrates for the first time

that Gly-Pro-Hyp, food-derived collagen hydrolysate has a

positive effect on osteoblast differentiation. These results
indicate that bone formation is modulated by collagen-

derived peptides from oral ingestion (exogenous) or bone

metabolites (endogenous). These findings may indicate the
potential utility of Gly-Pro-Hyp as a food supplement or

biomaterial in bone health. In this experiment Gly-Pro-

A B C
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Hyp also could improve the proliferation and
differentiation of MC3T3-E1 cell systems, and could be

developed as a promising drug with little toxicity to

regulate bone metabolism. But the current research is still
in the initial stage which could to be further explored.
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