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A B S T R A C T

Objective: To investigate the protective effects of DAla2GIP against the apoptosis and inflammatory factor se-
cretion in H2O2-induced chondrocyte, and explore the possible mechanisms of DAla2GIP underlying its pro-
tection.
Methods: The chondrocytes were divided into the following four groups: Control, 300 μM H2O2, 100 pM
DAla2GIP and 300 μM H2O2+ 100 pM DAla2GIP. The apoptosis of chondrocyte was measured by using mi-
tochondrial membrane potential assay kit (JC-1) and TUNEL assay, the inflammatory factor secretion were
assessed by ELISA assay, and the cellular and molecular mechanisms of DAla2GIP protection were investigated
by using Real time-PCR, flow cytometry, Non- invasive calcium detection and western blotting techniques.
Results: (1) DAPla2GIP prevents apoptosis of chondrocyte induced by H2O2. (2) DAla2GIP alleviated the in-
flammation of chondrocyte induced by H2O2. (3) DAla2GIP prevents chondrocyte apoptosis by inhibiting cal-
cium influx of chondrocyte and regulating expression of Bcl-2 and Caspase-3induced by H2O2. (4) DAla2GIP
inhibited the H2O2 mediated inflammation by up- regulating the expressions of Sox9 and Col2a1 and inhibiting
PI3K/Akt/NF-κB pathway.
Conclusion: Our experimental results revealed that DAla2GIP prevents chondrocyte apoptosis by inhibiting
calcium influx of chondrocyte and induced regulating expression of Bcl-2 and Casp ase-3by H2O2. Further,
molecular biology experiments confirmed that DAla2GIP inhibited the H2O2 mediated inflammation vis up-
regulating the expressions of Sox9 and Col2a1 and inhibiting PI3K/Akt/NF-κB pathway. The results demonstrate
that DAla2GIP has protective properties in H2O2-induced chondrocyte injury, this finding shows that novel GIP
analogues have the potential as a novel therapeutic for osteoarthritis patients.

1. Introduction

Osteoarthritis (OA) is a progressive and degenerative joint disease,
with a strong impact on individual and population health. OA is a
clinically heterogeneous disease presenting with different clinical
phenotypes and local risk factors [1]. Clinical features of OA mainly
include gradual degradation of articular cartilage, synovial inflamma-
tion and pain, resulting in significant disability. Studies have shown
that chondrocytes apoptosis and degradation of the extracellular matrix
(ECM) are involved in pathogenesis of OA [2,3]. Chondrocytes are the
only residing cell type in cartilage and have low mitotic activity, poor
intrinsic self-renewal, and inefficient healing capacity [4]. And ab-
normal catabolism and differentiation of chondrocytes leads to

degradation of the ECM [5]. The apoptosis of chondrocytes as well as
the dysregulation of ECM homeostasis have been widely considered as
the main factors that cause the dysfunctions of articular cartilage.
Chondrocyte apoptosis would be a valid target to modulate cartilage
degeneration, because the loss of chondrocyte vitality is a significant
hallmark of human OA.

Glucose-dependent insulinotropic peptide (GIP), also known as
gastric inhibitory polypeptide, is secreted by intestinal enteroendocrine
K cells in a nutrient-dependent manner [6]. GIP receptors are widely
expressed throughout the intestine including the gut, pancreas, adrenal
cortex, and adipose tissue, and in addition it is present in vascular
tissue, brain, and bone [7,8]. GIP has been reported to exert an anti-
apoptotic and stimulating effect on osteoblasts in vitro [9–11]. In
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animal models, increased numbers of osteoblasts and increased serum
concentrations of osteocalcin, a bone formation marker, were observed
in response to GIP over expression [12]. But the rapid degradation of
GIP in plasma by dipeptidyl peptidase-IV (DPP-IV) precludes to its use
as a therapeutic approach [13]. DAla2GIP is the analogue of GIP, which
could enhance the resistance to degradation by DPP-IV and prolong the
half-life to 5–6 h in the body. However, this novel GIP analogue has not
been tested whether it has protective properties in cultured chon-
drocytes.

Therefore, the aims of the present study were to investigate whether
DAla2GIP directly inhibit the apoptosis and the secretion of in-
flammatory factors of chondrocytes, and to decipher what molecular
pathways were necessary for such effects.

2. Material and methods

2.1. Experimental reagents

DAla2GIP was purchased from Qiangyao Biotech Inc. (Su Zhou/
Shang Hai, China). Primary antibodies (Anti-PI3K p85; ab189403; Anti-
AKT1-phosph S473, ab66138, Abcam; Anti-NF-κB p65 (Ser468), 3039,
Cell Signaling Technology; USA, Anti-Collagen II antibody ab34712,
Abcame, UK), secondary antibodies (Biotin-Goat anti-Mouse IgG,
BST10G22C01, Biotin-Goat anti-Rabbit IgG, BST10G22C03, Boster
Biological Technology, China) as well as fluorescent labelled primary
antibodies (FITC Rabbit Anti-Active Caspase-3, 559,341; FITC Hamster
Anti-Mouse Bcl-2 Set: 554221, BD Pharmingen™) were used for western

Fig. 1. The regulation effects of H2O2 or DAla2GIP on the expression levels of Sox9 and Col2a1 in chondrocytes. A: Histograms showing the differential regulation of
H2O2 or DAla2GIP on the Sox9 and Col2a1 mRNA. **P < 0.01 vs control group, #P < 0.05 and ##P < 0.01 vs H2O2 group. B: The protein band with western-
blotting. Loading control was settled with β-actin. And Statistical analysis bar chart to show the protein level of Col-II in different groups. **P < 0.01 vs control,
##P < 0.01 vs H2O2 group.

Fig. 2. Effects of DAla2GIP to mitochondrial membrane potential induced by H2O2. A: Representative cell distribution plots in four groups. Cells were measured by
flow cytometry. Skew box outside: from JC-1 aggregates in normal cells with high polarized mitochondrial membrane potential. Skew box inside: from JC-1
monomers in apoptotic cells with depolarized mitochondrial membrane potential. B: Histograms showing statistical analysis to compare the membrane potential
among different groups. ** P < 0.01 vs control; ## P < 0.01 vs H2O2 group.
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blot assay and flow cytometry respectively. ELISA kit for Tumor
Necrosis Factor-α (TNF-α) (SEA133Mu) and ELISA kit for Matric
Metalloproteinase 13 (MMP13) (SEA099Mu) were purchased from
CLOUD-CLONE CORP. (CCC, USA). For Real-time PCR, Trizol reagent
was purchased from Carlsbad (Carlsbad, Carlsbad, USA), GoScript™
Reverse Transcription Mix (A2791) and GoTaq® qPCR Master Mix
(A6001) were purchased from Promega (Promega, USA). All reagent
used for cell culture was purchased from Gibco Inc. US. CCK- 8 kit used
for cell validity assay was obtained from Dojindo Inc. JC-1 kit, which
used for mitochondrial membrane potential detecting was obtained
from Beyotime Inc., Shanghai, China. In the experiment, Dala2GIP was
dissolved into saline with concentration of 10 nM and stored in −20 °C.

2.2. Chondrocyte culture

7-day-old mouse was sacrificed after anesthesia with 1.0ml ether
and disinfected with 75% alcohol for 15min. Thorax was separated and
transferred into sterile PBS. The cartilage tissue attached on the thorax
was carefully extracted with scissor and washed with PBS. The cartilage
tissue was digested with 0.25% trypsinase and chondrocytes were in-
oculated into dish. Chondrocytes were subcultured when the cells fused
to 80–90%, and the third generation chondrocytes were used for ex-
periments. The cultured chondrocytes were divided in the following
four groups according to different drug treatments: (1) normal control
(Saline 10 μl); (2) 300 μM H2O2 group; (3) 100 pM DAla2GIP treatment
alone; (4) 300 μM H2O2+100 pM DAla2GIP treatment. The sample
size of all groups was 6.

2.3. Real time polymerase chain reaction (PCR)

Total RNA was isolated from cultured chondrocytes using Trizol
reagent and was reverse-transcribed with the GoScript™ Reverse
Transcription Mix. Real-time quantitative PCR amplification was per-
formed using the GoTaq® qPCR Master Mix (A6001). mRNA levels were
normalized to GAPDH and calculation of mRNA values was performed
as previously described [14]. The cycle threshold (Ct) values for
GAPDH and that of samples were measured and calculated using
computer software (IQ50, Bio-Rad, USA). Expression levels were cal-
culated as x=2−△△Ct, in which △ △ Ct=△ E- △ C, and △
E=Ctexp-CtGAPDH; △C=Ctctl-CtG. The sequences of the primers
were as follows: Sox9 forward primer 5′-TCCAAGCGCATTACCCA
CTT-3′ and reverse primer 5′-GTTGATTTCGCTGCT CCATTTA-3′,
Col2a1 forward primer 5′-GGCAATAGCAGGTTCACGTACA-3′ and re-
verse primer 5′-CGATAACAGTCTTGCCCC ACTT-3′, GAPDH forward
primer 5′-GGTGAAGGTCGGAGTGAACG-3′ and reverse primer 5′-AGT
TAAAAGCAGCCCTGGTGA-3′.

2.4. Itochondrial membrane potential detection

The 3rd chondrocytes were seed in 6-well plate and incubated for
72 h. Drug treatment lasted for 24 h. The chondrocytes were washed
with D-Hanks solution and then mixed with 1mL JC-1 working fluid.
The cells were incubated at 30 °C for 30min. After incubation, the su-
pernatant was removed and the chondrocytes were washed twice with
JC-1 staining buffer. Subsequently, 0.25% trypsinase digested cells to
obtain cell suspension and mitochondrial membrane potential was de-
tected with flow cytometry (BD inc. FACS Calibur).

2.5. TUNEL assay

The 3rd chondrocytes were seeded in 6-well plates pre-loaded with
coverslips, after treatment with the drugs for 48 h, the coverslips were
removed and naturally dried, and fixed in 4% paraformaldehyde for
30min at room temperature. After fixation, cells were washed with PBS
for three times, cells were washed with PBS with 0.3% TritonX-100 for
5min. TUNEL staining reagent (C1088, Beyotime Inc., Shanghai,
China.) was added on the coverslip and incubate for 60min at 37 °C in
the dark. After incubation, cells were washed with PBS for three times
and nucleis were stained with DAPI for 10min. Slice was prepared with

Fig. 3. DAla2GIP treatment reduced chondrocytes apoptosis. A: Photographs showing TUNEL staining of chondrocytes treated with H2O2 or DAla2GIP. Apoptotic
chondrocytes were stained with fluorescein-dUTP (green) and cell nuclei were stained with DAPI (blue), the photographs were 20× 10 fluorescence microscope
image. B: Histograms showing statistical analysis of TUNEL staining among different groups. **P < 0.01 vs control; ## P < 0.01 vs H2O2 group. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 1
Secretion Level of TNF-α and MMP13 in Different Groups (mean ± SD, n= 6).

Group TNF-α (ng/ml) MMP-13 (ng/ml)

Control 9.0077 ± 2.0282 11.3107 ± 1.8697
300 μM H2O2 18.9028 ± 2.9716⁎⁎ 20.2224 ± 2.4453⁎⁎

100 pM DAla2GIP 9.5787 ± 2.2672 9.5557 ± 1.5146
H2O2 ± DAla2GIP 10.5155 ± 2.0084## 10.3192 ± 1.0290##

F value F=23.391 F= 46.136

⁎⁎ P < 0.01 vs Control.
## P < 0.01 vs 300 μM H2O2.

Y. Wang, et al. Bone 127 (2019) 656–663

658



mountain medium after coverslip was washed with PBS. Cell apoptosis
was detected by fluorescence microscopy.

2.6. LISA assay

Cultured medium of each group was collected for ELISA assay.
ELISA detection for TNF-α and MMP-13 was performed following the
product introduction. Briefly, 5 concentrations of standard were added
with 3 repeat wells (50 μl per well). 50 μl dilute buffer was used for as
blank control. 50 μl sample was added (3 repeats per sample) into each
well. Detecting buffer A (50 μl) was added into each well and shaking
for 1 h at 37 °C. Then remove the supernatant in the well and wash for 3
times and added detecting buffer B (100 μl) per well and shaking for
30min at 37 °C. Remove detecting buffer B and wash the wells for 5
times, and add TMB substance 90 μl per well and incubate at dark for
20min under 37 °C. The OD value was detected with plate reader at
450 nm after added the stop solution 50 μl per well.

2.7. Low cytometry

Chondrocytes were inoculated in 6-well plates and treated with
drugs for 48 h. Briefly, cells were washed twice with D-Hanks solution
and digested with 0.25% trypsin, cell suspension was obtained and
centrifuged for 5min at 1000 r/min. Cells were collected and added to
Binding Buffer to make cell suspension with a density of 1× 107 cells/
ml. 5 μl primary antibodies (FITC rabbit active Caspase-3, FITC hamster
Bcl-2) with 5 μl PI staining buffer was added into cell suspension. Cell
was labelled by incubation for 20min in the dark at room temperature.
Flow cytometry was then performed to detect the positive cell popu-
lation.

2.8. Non-invasive micro-test calcium detection

Detection of cellular calcium was performed in 25mm dish. Briefly,
glass microsensor (dimeter of the tip is 1–2 μm) was filled with

100mmol/L CaCl2 (with length of 1 cm) and pushed into the end. Then
Ca2+ ion exchange buffer LIX (XY-SJ-Ca, Younger USA, Amherst, MA,
US) was sucked into the end of microsensor (with length of 40–50 μm).
The Ag/AgCl electrode was inserted into the detector within the de-
tection buffer. Then the microsensor was connected to voltage detector.
Ag/AgCl electrode (DRIREF-2; World Precision Instruments) is settled
as reference, which was attached in the perfusion buffer and connected
to ground. Different concentration of Ca2+ (3 and 0.3mmol/L) dis-
solved in the aCSF (NaCl 10mmol/L, KCl 3mmol/L, NaH2PO4
1.25mmol/L, NaHCO3 25mmol/L, D-glucose 10mmol/L, MgCl2
1mmol/L, CaCl2 2.5 mmol/L, pH 7.3–7.4) was used as correction
buffer. The cellular detecting was started when logarithm of voltage/
concentration reached 22mV/decade. The electrode was attached into
the aCSF with the distance to cell around 20 μm, which was used for
assess near and far position. The movement frequency of electrode was
settled as 0.3 Hz and the difference of voltage (dv) between two posi-
tions could be recorded. Then the difference of Ca2+ concentration (dc)
could be obtained from the logarithm of voltage/concentration. Ca2+

diffusion J could be calculated with the algorithm (J= -D×dc/dx D:
ion/molecular specific diffusion constant), which reflects the flow of
Ca2+ at certain area during certain time (pmol·cm−2·s−1). Positive J
value means the extracellular flow of Ca2+, while the negative value
stand for the intracellular flow.

2.9. Western blot assay

Chondrocytes protein lysate was prepared with RIPA buffer. Protein
concentration was measured using bicinchoninic acid (BCA) protein
assay kit. A total of 50 μg of protein from each sample was used. Sample
proteins in all groups were separated on 12% SDS-PAGE. Proteins was
transferred into PVDF membrane and nonspecific binding was blocked
with 5% BSA in Tris-buffered saline containing 0.05% Tween-20 (TBST)
for 2 h. Membrane was then incubated with primary antibodies (anti-
PI3K p-85 1:3000; anti-Akt-pS473 1:600; anti-NF- κB-p65 1:1000; anti-
Collagen II antibody 1:6000; β-actin 1:3000) overnight at 4 °C. After

Fig. 4. Flow cytometry to show the positive chondrocyte ratio with Bcl-2 and/or Caspase-3. A: Spot chart of the flow cytometry to show the positive ratio of Bcl-2 and
Caspase −3. In each plot, the lower left quadrant (P3) represents viable cells, and the lower right quadrant (P4) represents early apoptotic cells. The quadrant of
P1+P2 represents positive chondrocyte ratio with Bcl-2, and the quadrant of P1+P2 represents positive chondrocyte ratio with Caspase-3. B: Bar chart to show the
statistical analysis among different groups. **P < 0.01 vs control; ##P < 0.01 vs H2O2 group.
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incubation, membrane was washed with TBST for 3 times (5min per
time) and incubated with secondary antibody (Goat-anti-rabbit-HRP,
1:3000) for 2 h at 4 °C. Then wash the membrane with TBST for 3 times
and protein bands were obtained with ECL reagent in the imager. Alpha
view SA software was used for analyze the density of the bands. β-actin
was utilized as an internal control for sample loading, and each blot was
normalized to its corresponding β-actin value.

2.10. Statistic

All values are expressed as means± SD, and all other data were
analyzed by One-way ANOVA (Tamhane's T2 test was performed with
heterogeneity of variance). Statistical significance was defined as
P < 0.05, and all statistical analyses were performed using the statis-
tical software packages SPSS 18.0.

3. Results

3.1. The effect DAla2GIP treatment on the expression of chondrogenic
markers

To investigate the effect of DAla2GIP treatment on the expression of
chondrogenic markers, we examined the expression level of chon-
drocytes Sox9 and Col2a1. As shown in Fig. 1A, compared with control
group, the level of Sox9 (0.71 ± 0.09) and Col2a1 (0.67 ± 0.07)
mRNA significantly decreased (P < 0.01) in H2O2 alone group, DA-
la2GIP pretreatment effectively reversed H2O2-induced changes in the
gene expression, the mRNA expression of Sox9 (0.93 ± 0.11,
P < 0.05) and Col2a1 (0.98 ± 0.08, P < 0.01) significantly in-
creased compared to H2O2 alone group. We next examined the type II
collagen (Col-II) protein levels of all groups, as shown in Fig. 1B, the
protein level of Col-II (65.37%±13.25%) was markedly reduced in

Fig. 5. Measurement of Ca2+ fux of chondrocytes by using NMT. A: A diagram showing the principle of NMT ion flux measurements. Ca2+ sensitive microelectrode
(silver gray) flled with Ca2+ LIX and 100mmol/L Ca2+ electrolyte oscillated between far and near positions, with a fixed distance (30 μm). The reference electrode
(blue) was in the same dish. B: Screen-printed pictures showing that the microelectrode located at the margin of the chondrocytes. C and D: After acute application of
H2O2 or DAla2GIP, the transmembrane Ca2+ influx in the chondrocytes, B, Plots showing the time courses of chondrocyte net Ca2+ flux in the chondrocytes. A basic
Ca2+ flux was first recorded for 120 s (−120 to 0 s) before drug application. Negative deflection of curves indicates Ca2+ influx. C, Histograms showing the statistical
analyses of average Ca2+ influx during 300 s following drugs application. Columns and error bars represent means± SD. **: P < 0.01 vs control, ##: P < 0.01 vs
H2O2 group. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2
Gray Value of the Phosphorylated Proteins in Different Groups (mean ± SD, n=6).

Group PI3K (p85) p-AKT1 (S473) NF-κBp65 (Ser468)

Control 100.0000 ± 22.2973 100.0000 ± 12.1636 100.0000 ± 35.8122
300 μM H2O2 149.6431 ± 42.0818⁎⁎ 152.5396 ± 27.6287⁎⁎ 192.7055 ± 66.2714⁎⁎

100 pM DAla2GIP 99.4858 ± 18.7873 107.8813 ± 18.9316 104.5209 ± 36.3023
H2O2 ± DAla2GIP 112.6689 ± 27.8656# 115.5871 ± 18.0251## 113.1659 ± 41.0497##

F value 3.933 8.133 5.293

⁎⁎ P < 0.01 vs Control.
# P < 0.05.
## P < 0.01 vs 300 μM H2O2.

Y. Wang, et al. Bone 127 (2019) 656–663

660



H2O2 alone group compared to control group (102.7% ± 2.22%,
P < 0.01), DAla2GIP incubation effectively counteract H2O2-induced
disruption in the levels of Col-II, the protein level of Col-IIin H2O2+
DAla2GIP was 95.73%±6.3%, significantly higher than the value in
H2O2 group (P < 0.01), there were no significant statistical difference
(P > 0.05) of the protein level between control group and DAla2GIP
alone group.

3.2. DAPla2GIP prevents apoptosis of chondrocyte induced by H2O2

At the early onset of apoptosis, an increasing of permeability of
mitochondrial membrane presents in the cell. For detecting the effects
of DAla2GIP to H2O2 induced apoptosis, we performed the mitochon-
drial membrane potential test (JC-1). As shown in Fig. 2B, compared
with control group (△ Ψm, 15.4317% ± 1.4866%), 300 μM H2O2

treatment caused the increasing mitochondrial membrane potential
depolarization cell ratio (△Ψm, 20.4150% ± 0.8536%, P < 0.01).
While treatment of 100 pM DAla2GIP presented the alleviated mi-
tochondrial membrane potential depolarization cell ratio (△ Ψm,
16.2117% ± 1.1533%, P < 0.01) in comparing with H2O2 model
group. Additionally, administration with 100 pM DAla2GIP alone
(△Ψm, 12.7867% ± 2.8340%) did not show significant different
compared with control. Meanwhile, we also performed TUNEL staining
to confirm the apoptotic conditions. As shown in Fig. 3A and B, 300 μM
H2O2 treatment (6.8133 ± 0.7151) presented a remarkable higher rate
of apoptosis compared with control group (3.5967 ± 0.3223,
P < 0.01). Likewise, combination treatment with 100 pM DAla2GIP
reduced the apoptosis (3.1717 ± 0.457, P < 0.01). While treatment
of DAla2GIP alone (3.3917 ± 0.5037, P > 0.05) did not affect the
apoptotic rate compared with control.

3.3. DAla2GIP alleviated the inflammation of chondrocyte induced by
H2O2

To observe the effect of DAla2GIP to inflammatory reaction induced
by H2O2, we detected the level of TNF-α and MMP13 in cultural
medium with ELISA assay. As shown in Table 1, incubation with
300 μM H2O2 for 24 h induced the significant increasing of TNF-α and
MMP13 compared with control group (P < 0.01). While pre-treatment
with 100 pM DAla2GIP resulted in the remarkably decreased secretion
of these two inflammatory factors to medium compared with 300 μM
H2O2 group (P < 0.01). Treatment of 100 pM DAla2GIP alone showed
no significant difference in comparing with control group (P > 0.05).

3.4. DAla2GIP prevents apoptosis by regulating expression of Bcl-2 and
Caspase-3

To exploring the mechanism of DAla2GIP in inhibiting apoptosis,
we employed flow cytometry to test positive ratio of Bcl-2 and Caspase-
3 in chondrocytes. As shown with Fig. 4, compared with control (Bcl-2:
3.2833 ± 0.6395, Caspase-3: 3.2667 ± 0.6075), 300 μM H2O2 in-
duced dramatic decreased ratio of Bcl-2 (0.2833 ± 0.0872, P < 0.01)
and increasing of Caspase-3 (27.1667 ± 3.8388, P < 0.01). Com-
pared with H2O2 group, pre-treatment of 100 pM DAla2GIP attenuated
the alteration of Bcl-2 (3.1167 ± 0.8396, P < 0.01) and Caspase-3
(2.5000 ± 0.5808, P < 0.01). While single group of DAla2GIP
showed no significance statistical difference compared with control
group (P > 0.05).

Fig. 6. The effects of DAla2GIP to protein phosphorylation in different groups. A: The phosphorylated protein band images in different groups. DAla2GIP reversed the
changes of phosphorylated protein content in H2O2-induced disruption in the levels of protein. Loading control was settled with β-actin. B, C, D: Statistical analysis
bar chart to show the relative gray values on protein level of pPI3K, pAkt and pNF-κB in different groups. **P < 0.01 vs control, #P < 0.05 vs H2O2 group,
##P < 0.01 vs H2O2 group.
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3.5. DAla2GIP inhibits calcium influx of chondrocyte induced by H2O2

Influx of Ca2+ was widely considered as the early onset of apoptosis
of chondrocytes. Therefore, we detected the Ca2+ dynamics with non-
invasive detection. As shown in Fig. 5, the average current velocities of
calcium ions within 5min were recorded in different groups. The results
show that the Ca2+ influx has no significant different between DA-
la2GIP treatment alone (−1.94 ± 0.04) and control (−1.42 ± 0.08).
After 300 μM H2O2 treatment leaded to the obvious intracellular Ca2+

influx (−139.61 ± 23.27, P < 0.01). Combination treatment of DA-
la2GIP with H2O2 results prohibited the H2O2 increased Ca2+ influx,
which reflected by significant low speed of Ca2+ influx speed
(−26.68 ± 6.43, P < 0.01) compared with H2O2 group.

3.6. DAla2GIP inhibited the H2O2 mediated inflammation vis PI3K/Akt/
NF-κB pathway

As shown in Table 2 and Fig. 6, incubation with 300 μM H2O2 in-
duced the remarkable elevated intensity of p-PI3K, p-Akt and NF-κB
(Ser468) in comparing with control (P < 0.01). While after pre-treated
with 100 pM DAla2GIP, the intensity of protein band of p-PI3K, p-Akt
and NF-κB (Ser468) underwent the remarkable decrease, which present
the significance difference compared with 300 μM H2O2 group
(P < 0.01). Additionally, compared with control group, treatment with
DAla2GIP alone group did not affect the protein level of these three
signaling factors (P > 0.05).

4. Discussion

OA is characterized by progressive destruction of articular cartilage,
resulting in significant disability. Chondrocytes, the only cells in ar-
ticular cartilage, are critical in the pathological progression of OA via
apoptosis and cytokine production [15]. The survival of the chon-
drocytes is important for the maintenance of proper cartilage matrix,
and the compromising of chondrocyte function and survival would lead
to the failure of the articular cartilage [16]. Apoptosis clearly occurs in
osteoarthritic cartilage, however, the relative contribution of chon-
drocyte apoptosisin the pathogenesis of OA is difficult to evaluate. GIP
is widely expressed in multiple tissues including cartilage tissue and has
wide range of physiological functions. It has been reported that GIP
prevents serum deprivation-induced apoptosis in human bone marrow-
derived [17]. Mabilleau et al. [18] confirmed that GIP dose- depen-
dently reduces osteoclast differentiation and resorption. GIP directly
affects collagen fibril diameter and collagen cross-linking in osteoblast
cultures [10]. Aleksandra et al. found that GIP receptor deletion leads
to reduced bone strength and quality [19]. All those lines of evidence
suggest that GIP plays crucial roles in regulating bone growth. In the
present study, our results of mitochondrial membrane potential and
TUNEL shown that GIP agonist DAla2GIP effectively inhibited H2O2-
induced mitochondrial membrane potential depolarization (△Ψm) and
reduced chondrocytes apoptosis. These results are consistent with
previous reports, Maneiro et.al [20] found that chondrocytes from OA
cartilage showed a significant decrease in the mitochondrial membrane
potential, which is related to mitochondrial swelling and damage of the
outer mitochondrial membrane.

Mitochondria play a key role in cellular function and survival, and
oxidative stress and disrupted mitochondrial respiration were reported
to promote cell death and degeneration. Mitochondrial membrane po-
tential abnormally elevated the early onset of the apoptosis [21]. De-
polarization of the mitochondria leads to the release of apoptotic fac-
tors, such as cytochrome c (cyt c), apoptosis-inducing factor and
caspase-9, from the mitochondrial inter membrane space to the cyto-
plasm, and then caspase-9 activates caspase-3, the most important ex-
ecutioner caspase, and leads to apoptosis [16]. The Bcl-2 family
members control mitochondrial apoptotic signaling by modulating
mitochondrial membrane permeability. Bcl- 2 exerts anti-apoptotic

effect by inhibiting the release of cyt c [22]. We employed flow cyto-
metry to test positive ratio of Bcl-2 and Caspase-3 in chondrocytes, our
results found that Bcl-2 was significant decrease and caspase-3 was
significant increase in 300 μM H2O2- induced group, and 100 pM DA-
la2GIP pretreatment reversed the H2O2-induced change in Bcl-2 and
Caspase-3. Calcium ion (Ca2+) is important for many cellular events,
such as proliferation/growth, differentiation, development and cell
death [23]. Tagliarino et al. found elevation of intracellular Ca2+ acts
critically in trigger the early signaling of mitochondrial apoptosis and
finally result in the program cell death [24]. In the present study, we
confirmed that the intracellular Ca2+ influx in H2O2 group was ob-
viously higher than that in control group, however, DAla2GIP treat-
ment attenuated the increase of intracellular Ca2+ influx induced by
H2O2. In general, our results suggested that DAla2GIP effectively in-
hibits H2O2-induced chondrocyte apoptosis. The possible mechanism is
that DAla2GIP attenuates mitochondrial membrane damage by in-
hibiting intracellular calcium overload, which improve the inhibitory
effect of Bcl-2 on mitochondrial release cyt c, caspase-3 activation and
chondrocyte apoptosis were inhibited.

Chondrocytes are responsible for the maintenance of the highly
specialised extracellular matrix (ECM) of articular cartilage, the tran-
scription factor Sox9 plays an essential role in determining the fate of
several cell types and is a master factor in regulation of chondrocyte
development. High expression levels of Sox9 are associated with en-
hanced levels of Col2a1, which is an essential components for cartilage
ECM [25]. The matrix metalloproteinase 13 (MMP13) is considered to
perform a key role in the non-reversible destruction of the type II col-
lagen network in OA [26]. Conventional inflammatory factors, such as
IL-1β and TNF-α, can leads to cartilage ECM degradation via increased
expression of MMPs [27]. In vitro study shows that TNF-α could pro-
mote chondrocytes to produce of MMPs, PGE2 and NO, all of which
could inhibit the synthesis of type II collagen and aggrecan [28]. It was
reported that NF-κB pathway is another important pathway which is
closely related to inflammatory diseases including OA [29]. Meanwhile,
stimulating of NF-κB signaling promote the self- synthesis of TNF-α
[30]. In the present study, our results confirmed the level of Sox9 and
Col2a1 mRNA significantly decreased in H2O2 alone group compared to
control group, DAla2GIP pretreatment effectively reversed H2O2-in-
duced changes in the gene expression, the mRNA expression of Sox9
and Col2a1 significantly increased compared to H2O2 alone group. At
the same time, we examined the type II collagen (Col-II) protein levels
of all groups, we found that the change of Col-IIprotein levels in all
group was parallel to the expression of Sox9 and Col2a1. Our ELISA
experiment results shown that treatment with 300 μM H2O2 increased
the level of TNF-α and MMP-13 in medium, while 100 pM DAla2GIP
attenuated such elevation. These results confirmed the protective effect
of DAla2GIP on H2O2-induced chondrocyte inflammation response.
Next, our western blotting showed that 300 μM H2O2 increased the
activity of PI3K, Akt and NF-κB by detecting their phosphorylation
level. While, treatment of 100 pM DAla2GIP reduced the phosphor-
ylation of the above-mentioned proteins. NF-κB signaling is involved
with regulating the growth, differentiation and apoptosis of the chon-
drocytes, and acts critically in development of OA. NF-κB is ubiqui-
tously expressed and can be activated by multiple factors. Previous
study suggests mild stimulation of NF-κB could inhibit apoptosis, while
an over activation could increase the expression of many inflammatory
factors and promote apoptosis [31]. Recent study also indicates that
PI3K/Akt pathway is closely related with the occurrence of apoptosis
and development of OA [29]. In current study, we found the increased
inflammatory factors in medium was due to the over activity of the
PI3K/Akt/NF-κB. Stimulated NF-κB triggers the vicious circle and en-
hances the inflammation response, while DAla2GIP prevents the in-
flammatory reaction by inhibiting such signaling.
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5. Conclusions

In summary, the present study indicates that DAla2GIP prevents
chondrocyte apoptosis by inhibiting mitochondrial damage caused by
intracellular calcium overload, which promotes the inhibitory effect of
Bcl-2 on mitochondrial release cyt c, caspase-3 activation were in-
hibited. Further, molecular biology experiments confirmed that
DAla2GIP inhibited the H2O2 mediated inflammation by up-regulating
the expressions of Sox9 and Col2a1 and inhibiting PI3K/Akt/NF-κB
pathway. The results demonstrate that DAla2GIP has protective prop-
erties on in H2O2-induced chondrocyte injury, this finding shows that
novel GIP analogues have the potential as a novel therapeutic for OA
patients.
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