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The Protective Effects of Parathyroid Hormone
(1-34) on Cartilage and Subchondral Bone Through
Down-Regulating JAK2/STAT3 and WNT5A/ROR2

in a Collagenase-Induced Osteoarthritis Mouse
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Objective: To assess the effects of PTH (1-34) on bone and cartilage metabolism in a collagenase-induced mouse model of
osteoarthritis (OA) and examine whether PTH (1-34) affects the expression of JAK2/STAT3 andWNT5A/ROR2 in this process.

Methods: Eighteen 12-week-old male C57Bl/6 mice were randomly assigned into three groups as follows: sham group (Group
A), the collagenase + saline injection group (Group B), and the collagenase + PTH (1-34) treatment group (Group C). Collagenase
was injected (intra-articular) into the knee joint of Group B and C. The PTH (1–34)-treatment was started at 6 weeks after the oper-
ation and lasted for 6 weeks. Cartilage pathology was evaluated by gross visual, histological, and immunohistochemical assess-
ments. Subchondral bonewas evaluated bymicrocomputed tomography (micro-CT) and immunohistochemical analyses.

Results: The OARSI macroscopic and microscopic scores of Group B were higher than those of Group A (P = 0.026;
P = 0.002, respectively). Group C showed statistically significant differences in macroscopic and microscopic scores
from Group B (P = 0.041; P = 0.008, respectively). The results showed that the Col-II and AGG expression levels in the
cartilage tissue were significantly lower in Group B than Group A (P < 0.001; P = 0.008, respectively). The Col-II and AGG
expression levels were significantly higher in Group C than Group B (P = 0.009; P = 0.014, respectively). MMP-13,
ADAMTS-4, Caspase-3, P53, and Bax expression levels were significantly higher in Group B than the Group A (P < 0.001;
P < 0.001; P = 0.04; P < 0.001; P = 0.005, respectively); however, the cartilage tissue in Group C showed significantly
less ADAMTS-4, MMP-13, Caspase-3, P53, and Bax expression than Group B (P < 0.001, P < 0.001, P = 0.044;
P = 0.002; P = 0.005, respectively). Over-expressed JAK2/STAT3 and WNT5A/ROR2 were observed in both cartilage
and subchondral bone in this model; however, these changes were prevented by PTH (1-34) treatment. These parame-
ters (bone mineral density, bone volume ratio, trabecular bone pattern factor, and structure model index) of micro-CT indi-
cated subchondral bone loss and architecture changes in Group B, but improvements in these parameters in Group C.

Conclusions: PTH (1-34) exhibits protective effects on both cartilage and subchondral bone in a collagenase-induced
OA mouse model, and it may be involved in down-regulating the expression of JAK2/STAT3 and WNT5A/ROR2.
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Introduction

Osteoarthritis (OA) is the leading cause of disability in
the elderly population worldwide, which results in an

enormous socio-economic burden1. At present, the patho-
genesis of OA is not clear and there is no effective drug to
delay the progression of OA. Therefore, it is important to
explore the mechanism of OA and find the drugs to
delay OA.

OA is the most common joint disease that influences
the whole joint, including the articular cartilage and sub-
chondral bone2–5. Increasing evidence indicates that cartilage
damage is closely related to subchondral bone degeneration
in the development of OA1,2,6,7. Studies have shown that
changes of subchondral bone occur before pathological
changes of articular cartilage in the pathogenesis of OA8,9.
Poor subchondral bone conditions may promote cartilage
degradation6,10,11. Changes in subchondral bone include
increased remodeling (bone loss) and altered subchondral
trabecular bone architecture in the early stage of OA and
subchondral densification (osteophytes) in the late stage of
OA12. Changes in the articular cartilage include extracellular
matrix (ECM) homeostasis imbalance and chondrocyte apo-
ptosis, which gradually lead to surface irregularities, fissures,
and even denudation of cartilage13–16. Cartilage and sub-
chondral bone degeneration are important causes of
OA. These pathological changes provide a direction for us to
find drugs to treat OA.

The American Academy of Orthopaedic Surgeons
(AAOS) has formulated OA treatment guidelines and recom-
mends the use of celecoxib (CLX) for the relief of pain and
other symptoms; however, clear clinical evidence that CLX
can delay the progress of OA is not available. Therefore, it is
particularly important to find drugs that delay the progres-
sion of OA. Intriguingly, recent research found that parathy-
roid hormone (PTH) (1-34), which is used for the treatment
of osteoporosis, may have a therapeutic benefit in the treat-
ment of OA17,18. PTH (1-34) has been reported to not only
maintain bone mass but also improve articular cartilage sur-
face architecture and integration18,19. Previous studies have
revealed that PTH (1-34) activates multiple pathways by
binding to parathyroid hormone/parathyroid hormone-
related peptide receptor (PTH1R) and thus exerts important
effects on chondrocytes, osteocytes, osteoblasts, and osteo-
clasts17,20–22. Therefore, PTH (1-34) may represent a drug
that delays OA. However, the effects of PTH (1-34) on carti-
lage and subchondral bone in collagenase-induced OA
mouse models have not been previously reported.

The mechanism of action of PTH (1-34) on cartilage
and subchondral bone of OA is unclear. Growing evidence
suggests that JAK2 and STAT3 are over-expressed in carti-
lage and subchondral bone during the development of OA23–

26. Previous studies have shown that the expression of
WNT5A is up-regulated in cartilage degradation and sub-
chondral bone changes in the pathogenesis of OA27–29. The
increased JAK2/STAT3 and WNT5A may be involved in the
occurrence and development of OA. However, in terms of

current knowledge, the effect of PTH (1-34) on the expres-
sion of JAK2/STAT3 and WNT5A/ROR2 has not been
reported.

Therefore, the purposes of the present study were:
(i) to observe the effect of collagenase on the knee joint in
mice; (ii) to evaluate the effects of PTH (1-34) on cartilage
and subchondral bone in a collagenase-induced OA mouse
model; and (iii) to provide some primary data focused on
the expression of the JAK2/STAT3 and WNT5A/ROR2 path-
ways in this process.

Materials and Methods

Animals
The experiment was approved by the Institutional Animal
Care and Use Committee. Eighteen 12-week-old male
C57Bl/6 mice (Vital River Experimental Animal Technical
Co., Ltd., Beijing, China) were fed a standard rodent diet and
housed in the Medical Research Animal Center. The mice
were randomly assigned into three groups as follows: sham
group (Group A), the collagenase + saline injection group
(Group B), and the collagenase + PTH (1-34) treatment
group (Group C). All mice were housed under standard lab-
oratory conditions in a temperature-controlled room (21
�C � 1 �C) and maintained on a 12 h light/12 h dark cycle.

Induction of Experimental OA and Drug Treatment
The induction of experimental OA was carried out using
previously validated procedures30. Briefly, collagenase (type
VII, Sigma-Aldrich) was injected (intra-articular) into the
patellar ligament of the Group B and C using a microsyringe
on days 0 and 2 and saline was administered to Group
A. Animals in Group C received subcutaneous injections of
40 μg/kg/day (5 days weekly) of PTH (1-34) (Sigma-Aldrich
Corp, US). Mice in Group A received the same surgical pro-
cedures as the collagenase injection mice but the micro-
syringe did not puncture the patellar ligament and then the
skin was closed. This treatment was started at 6 weeks after
the operation and lasted for 6 weeks. Finally, all animals
were euthanized with CO2 to harvest the entire knee joint.
The experimental process is shown in Fig. 1.

Macroscopic Findings
After separating at the joints, both the femur and tibia were
cleaned and the appearance was recorded with a digital cam-
era (Canon, Tokyo, Japan). Gross morphologic grading of
the medial tibias was examined according to the Osteoarthri-
tis Research Society International (OARSI) score system as
follows: grade 0 (normal cartilage surface); grade 1 (surface
roughening); grade 2 (fibrillation and small cartilage ero-
sions); grade 3 (large erosions extending down to the sub-
chondral bone); and grade 4 (larger erosions down to the
subchondral bone)31.
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Histology
The left knees were fixed in 4% formalin solution for 48 h
and decalcified with 10% Na2EDTA (PH = 7.4) for 7 weeks.
The tibias and femurs were dehydrated, embedded in paraf-
fin, and cut to 6 μm in thickness. The coronal sections from
each sample were stained with toluidine blue. Then,
section images were recorded under an optical microscope
(Olympus BX53, Olympus, Japan). Semi-quantitative histo-
pathological analyses established five characteristics
according to the OARSI score system: articular cartilage
structure, chondrocyte density, cell cloning, tidemark integ-
rity, and interterritorial toluidine blue32.

Immunohistochemical Assessments
Immunohistochemistry was performed with primary anti-
bodies to collagen type II (Col-II) (1:300; DSHB Hybridoma
Product II-II6B3, Linsenmayer TF), metalloproteinase-13
(MMP-13) (1:1000; Gene Tex Inc., USA), aggrecan (AGG)
(1:200; Abbiotec LLC, USA), a disintegrin and
metalloproteinase with thrombospondin motifs type
4 (ADAMTS-4) (1:500; Abclonal, China), Caspase-3 (1:300;
Boster Co. Ltd., China), Bax (1:200; Proteintech, China), P53
(1:200; Proteintech, China), WNT5A (1:100; Abcam, UK),
ROR2 (1:200; Affinity Biosciences, USA), JAK2 (1:100; Pro-
teintech, China), and STAT3 (1: 100; Proteintech, China).
Briefly, all sections were deparaffinized, rehydrated and
repaired with 0.05% trypsin, endogenous peroxidases were
inactivated with H2O2 at room temperature for 10 min, and
incubation was performed with the previous target protein
overnight at 4�C. Finally, the remaining experimental proce-
dures were performed using the PV-6000 DAB detection kit
and the ZLI-9018 DAB kit (both from ZSGB-BIO Corp.,
China). In the cartilage tissue of the tibia plateau, the average
intensity of optical density (IOD), given in IOD/mm2, was

defined as the sum of the integrated optical density divided
by the area of cartilage tissue in the region of interest (ROI)
under a magnification of 10×. In subchondral bone, the IOD
was evaluated under a magnification of 40×. All sections
were measured by Image Pro Plus (IPP) version 6.0 software
(Media Cybernetics, Rockville, Maryland, USA).

Micro-Architecture Parameters of Subchondral Bone
To investigate alterations in the subchondral bone micro-
architecture, the left knees were imaged using micro-
computed tomography (micro-CT) (SkyScan1176 Software:
Version 1.1, build 6, Bruker, Kontich, Belgium), with a reso-
lution of 9 μm per voxel. Data were collected at 50 KeV of
energy, with a 270-μA current and 8.96580-μm cubic resolu-
tion. For the bone histomorphometry analysis, the ROI was
defined as the trabecular bone of the tibia subchondral bone
at the cross-sectional level, excluding the cortical shell6,25.
The bone mineral density (BMD), bone volume ratio
(BV/TV), trabecular bone pattern factor (Tb.Pf), and Struc-
ture Model Index (SMI) were calculated to describe the bone
mass and structure.

Statistical Analysis
All data were expressed as the mean � standard deviation
(SD), and all statistical analyses were performed using SPSS
version 19.0 (SPSS Inc., Chicago, IL, USA). One-way analysis
of variance (ANOVA) was performed to confirm the differ-
ences in data with a normal distribution among groups, and
it was followed by Fisher’s least significant difference (LSD)
test or Dunnett’s T3 test to perform pairwise comparisons.
The differences in OARSI scores among groups were deter-
mined with the Kruskal–Wallis H test, and pairwise compar-
isons were performed with the Mann–Whitney U test. The
level of statistical significance was established at P < 0.05.

Fig 1 Experimental flowchart. Eighteen 12-week-old male C57Bl/6 mice were randomly assigned to three groups. Sham group (Group A, n = 6)

underwent a sham surgical procedure. The collagenase + saline injection group (Group B, n = 6) and the collagenase + PTH (1-34) treatment group

(Group C, n = 6) were injected collagenase. Saline and PTH (1-34) injection was started at 6 weeks after the operation and lasted for 6 weeks.

Finally, all animals were euthanized and analyzed. The analysis included macroscopic, histology, immunohistochemistry, and micro-computed

tomography (micro-CT). PTH, parathyroid hormone.
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Results

OARSI Scoring of Cartilage
The experimental operation significantly impaired the articu-
lar cartilage of the medial tibial plateau (Fig. 2). The OARSI
macroscopic scores of Group B were higher than those of
Group A (2.2 � 0.8 in Group B vs 1 � 0.6 in Group A,
Group B significantly increased [120%], P = 0.026). Group C
showed statistically significant differences in macroscopic
score from Group B (1.2 � 0.4 in Group C vs 2.2 � 0.8 in
Group B, Group C significantly decreased [45.5%],
P = 0.041).

The histological evaluation of the medial tibial plateau
showed that the cartilage of Group B was severely injured
(Fig. 3). The total scores in Group B were significantly higher
than those in Group A (10 � 1.8 in Group B vs 3.7 � 2 in
Group A, Group B significantly increased [170.3%],
P = 0.002), while those of Group C were lower than those of
Group B (6.7 � 1 in Group C vs 10 � 1.8 in Group B,
Group C significantly decreased [33%], P = 0.008).

Immunohistochemical Analysis of Cartilage
Expression of the following proteins in the cartilage samples
was evaluated by an immunohistochemical assay: Col-II,
AGG, MMP-13, ADAMTS-4, Caspase-3, P53, Bax, JAK2,
STAT3, WNT5A, and ROR2. Proteins expressed in each car-
tilage sample and the average IOD are shown in Figs 4–7.

Col-II and AGG Expression Levels
The results showed that the Col-II and AGG expression
levels in the cartilage tissue were significantly lower in Group
B than Group A (285462.8 � 163776.3 in Group B vs
1089319.5 � 424125.4 in Group A, the Group B significantly
decreased [73.8%], P < 0.001; 21558.3 � 14394 in Group B
vs 108705.1 � 64813.9 in Group A, the Group B significantly
decreased [80.2%], P = 0.008, respectively). The Col-II and
AGG expression levels were significantly higher in Group C
than Group B (796834.5 � 439610.3 in Group C vs
285462.8 � 163776.3 in Group B, Group C significantly
increased [179.1%], P = 0.009; 100213.5 � 53506.2 in Group

C vs 21558.3 � 14394 in Group B, Group C significantly
increased [364.8%], P = 0.014, respectively).

ADAMTS-4 and MMP-13 Expression Levels
ADAMTS-4 and MMP-13 were mainly expressed in the car-
tilage underneath the damaged area in the cartilage.
ADAMTS-4 expression level was significantly higher in
Group B than Group A (129716.8 � 40346 vs
10186.6 � 6466.4, Group B significantly increased
[1173.4%], P < 0.001); however, the cartilage tissue in Group
C showed significantly less ADAMTS-4 expression than
Group B (29208.3 � 18815.4 vs 129716.8 � 40346, Group C
significantly decreased [77.5%], P < 0.001). The mean MMP-
13 expression level was 289897.5 � 108314.4 in Group B
and 62795.7 � 33870.6 in Group A, this increase (361.7%)
was also significant; however, Group C (57332.5 � 31975.7)
showed significantly less expression than Group B (Group C
significantly decreased [80.2%], P < 0.001).

Caspase-3, P53, and Bax Positive Expression
Caspase-3, P53, and Bax positive cells were observed in the
area beneath damaged cartilage, while the Caspase-3, P53,
and Bax levels were significantly higher in Group B than
Group A (210626.4 � 123946.8 in Group B vs
28690.6 � 16985.3 in Group A, Group B significantly
increased [634.1%], P = 0.04; 128087.3 � 69480.9 in Group
B vs 10737.2 � 8256.6 in Group A, Group B significantly
increased [1092.9%], P < 0.001; 14881.2 � 5702.7 in Group
B vs 2012.2 � 1626.8 in Group A, Group B significantly
increased [639.5%], P = 0.005, respectively). The Caspase-3,
P53, and Bax levels were significantly lower in Group C than
Group B (33348 � 19677 in Group C vs
210626.4 � 123946.8 in Group B, Group C significantly
decreased [84.2%], P = 0.044; 38388.9 � 14088.4 in Group C
vs 128087.3 � 69480.9 in Group B, Group C significantly
decreased [70%], P = 0.002; 2235.6 � 2011 in Group C vs
14881.2 � 5702.7 in Group B, the Group C significantly
decreased [85%] P = 0.005, respectively).

Fig 2 Macroscopic view of the right tibial plateau of the samples, and OARSI macroscopic scoring between groups. White arrows show damage to

the tibial plateau. Data are presented as the mean � SD. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the

collagenase + PTH (1-34) treatment group. PTH, parathyroid hormone.
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JAK2 and STAT3 Expression Levels
The JAK2 and STAT3 expression levels in the cartilage tis-
sue were significantly higher in Group B than Group A
(64355.2 � 43547.1 in Group vs 7957.9 � 6506.5 in
Group A, Group B significantly increased [708.7%],
P = 0.002; 101041 � 43835.2 in Group B vs
18065.6 � 16451.2 in Group A, Group B significantly
increased [459.3%], P = 0.012, respectively) but was signif-
icantly lower in Group C than Group B (12448.2 � 9161.5

in Group C vs 64355.2 � 43547.1 in Group B, Group C
significantly decreased [80.7%], P = 0.003;
28882.9 � 18789 in Group C vs 101041 � 43835.2 in
Group B, Group C significantly decreased [71.4%],
P = 0.022, respectively).

WNT5A and ROR2 Expression Levels
The WNT5A and ROR2 expression levels in the cartilage tis-
sue were significantly higher in Group B than Group A

Fig 3 OARSI microscopic scoring between groups (toluidine blue staining). Toluidine blue stain of the medial tibial plateau of samples. Black arrows

indicate lesions of the tibial plateau, and red triangle indicate matrix loss. Data are presented as the mean � SD. Group A, sham group; Group B,

the collagenase + saline injection group; Group C, the collagenase + PTH (1-34) treatment group. PTH, parathyroid hormone.

Fig 4 Immunohistochemical staining of groups (20×). This figure demonstrates the expression of collagen-II (Col-II) and aggrecan (AGG) in load-

bearing areas of cartilage among groups. The positive expression of Col-II and AGG was defined as brown-yellow stain. Data are presented as the

mean � SD. Scale bars = 100 μm. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the collagenase + PTH (1-34)

treatment group. PTH, parathyroid hormone.
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(12205.9 � 1824 in Group B vs 5270.5 � 4698.9 in Group A,
Group B significantly increased [131.6%], P = 0.006;
4942.9 � 1534.9 in Group B vs 1729.7 � 415.9 in Group A,
Group B significantly increased [185.8%], P = 0.008, respec-
tively) but significantly lower in Group C than Group B
(6885.6 � 4101 in Group C vs 12205.9 � 1824 in Group B,
Group C significantly decreased [43.6%], P = 0.027;
2234.6 � 844.1 in Group C vs 4942.9 � 1534.9 in Group B,

Group C significantly decreased [54.8%], P = 0.016,
respectively).

Immunohistochemical Analysis of Subchondral Bone
The JAK2 and STAT3 expression levels in the subchondral
bone were significantly higher in Group B than Group A
(32780.8 � 9239.5 in Group B vs 13996 � 1897.9 in
Group A, Group B significantly increased [134.2%],

Fig 5 Immunohistochemical staining of groups (20×). This figure demonstrates the expression of matrix metalloproteinase-13 (MMP-13), a

disintegrin and metalloproteinase with thrombospondin motifs-4 (ADAMTS4), Bax, P53, and Caspase-3 in load-bearing areas of cartilage among

groups. The positive expression of MMP-13, ADAMTS4, Bax, P53, and Caspase-3 was defined as brown-yellow stain. Data are presented as the

mean � SD. Scale bars = 100 μm. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the collagenase + PTH (1-34)

treatment group. PTH, parathyroid hormone.
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P < 0.001; 10175.2 � 5256.5 in Group B vs 2172.8 � 1267.5
in Group A, Group B significantly increased [368.3%],
P = 0.002, respectively) but were significantly lower in Group
C than Group B (8802.6 � 2192.7 in Group C vs
32780.8 � 9239.5 in Group B, Group C significantly
decreased [73.1%], P < 0.001; 1844.4 � 872.6 in Group C vs

10175.2 � 5256.5 in Group B, Group C significantly
decreased [81.9%], P = 0.001, respectively) (Fig. 8).

The WNT5A and ROR2 expression levels in sub-
chondral bone were significantly higher in Group B than
Group A (3318.7 � 1397.6 in Group B vs 635.7 � 458 in
Group A, Group B significantly increased [422.1%],

Fig 6 Immunohistochemical staining of groups (20×). This figure demonstrates the expression of JAK2 and STAT3 in load-bearing areas of cartilage

among groups. The positive expression of JAK2 and STAT3 was defined as brown-yellow stain. Data are presented as the mean � SD. Scale

bars = 100 μm. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the collagenase + PTH (1-34) treatment group.

PTH, parathyroid hormone.

Fig 7 Immunohistochemical staining of groups (20×). This figure demonstrates the expression of WNT5A and ROR2 in load-bearing areas of cartilage

among groups. The positive expression of WNT5A and ROR2 was defined as brown-yellow stain. Data are presented as the mean � SD. Scale

bars = 100 μm. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the collagenase + PTH (1-34) treatment group.

PTH, parathyroid hormone.
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P = 0.011; 3806.4 � 1780.8 in Group B vs 802.3 � 320.3
in Group A, Group B significantly increased [374.5%],
P = 0.023, respectively) but were significantly lower
in Group C than Group B (693.6 � 525.7 in Group C
vs 3318.7 � 1397.6 in Group B, Group C significantly
decreased [79.1%], P = 0.012; 899.4 � 380.2 in Group C
vs 3806.4 � 1780.8 in Group B, Group C significantly
decreased [76.4%], P = 0.025, respectively) (Fig. 8).

Micro-architecture Parameters of Subchondral Bone
As shown in Fig. 9, the results indicated that the BMD
and BV/TV were significantly lower in Group B than
Group A (448.2 � 27.1 mg/cm2 in Group B vs
517.1 � 40.2 mg/cm2 in Group A, Group B significantly

decreased [13.3%], P = 0.003; 25.6% � 2.6% in Group B vs
31.7% � 4.2% in Group A, Group B significantly
decreased [19.5%], P = 0.009, respectively) but were sig-
nificantly higher in Group C than Group B (597.6 � 30.1
mg/cm2 in Group C vs 448.2 � 27.1 mg/cm2 in Group B,
Group C significantly increased [33.3%], P < 0.001;
40.7% � 3.7% in Group C vs 25.6% � 2.6% in Group B,
Group C significantly increased [59.2%], P < 0.001,
respectively). Other subchondral bone micro-architecture
parameters (trabecular bone pattern factor (Tb.Pf) and
structure model index (SMI)) indicated subchondral bone
loss and architecture changes in Group B but significant
improvements in bone loss and micro-architecture in the
PTH (1-34) group.

Fig 8 Immunohistochemical staining of groups (40×). This figure demonstrates the expression of JAK2, STAT3, WNT5A, and ROR2 in load-bearing

areas of subchondral bone among groups. The positive expression of JAK2, STAT3, WNT5A, and ROR2 was defined as brown-yellow stain. Data are

presented as the mean � SD. Scale bars = 50 μm. Group A, sham group; Group B, the collagenase + saline injection group; Group C, the

collagenase + PTH (1-34) treatment group. PTH, parathyroid hormone.
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Correlation Analysis
Significant negative correlations were observed between the
expression of Col-II and the expression of JAK2, STAT3,
WNT5A, and ROR2 (r = 0.526, 0.53, 0.504, 0.643, respec-
tively; P = 0.025, 0.024, 0.033, 0.004, respectively); between
the expression of Caspase-3 and the expression of JAK2,
STAT3, WNT5A, and ROR2 (r = 0.616, 0.72, 0.47, 0.75,
respectively; P = 0.006, 0.001, 0.049, <0.001, respectively);
and between the expression of BMD and the expression of
JAK2, STAT3, WNT5A, and ROR2 (r = 0.632, 0.601, 0.509,
0.654, respectively; P = 0.005, 0.008, 0.031, 0.001, respec-
tively). Significant positive correlations were observed
between SMI and JAK2, WNT5A, and ROR2 (r = 0.724,
0.566, 0.568, respectively; P = 0.001, 0.014, 0.014,
respectively).

Discussion

In the present study, we found that PTH (1-34) plays an
important role in maintaining cartilage metabolism, reduc-

ing chondrocyte apoptosis and inhibiting subchondral bone
microstructure deterioration in a collagenase-induced OA
mouse model by down-regulating the expression of JAK2/
STAT3 and WNT5A/ROR2.

This study demonstrates that Group B experienced
cartilage damage, including the formation of fissures and
defects on the surface of the cartilage and the loss of local
matrix. These findings were consistent with some previous
studies30,33,34. We observed that systemic application of PTH
(1-34) directly prevented cartilage damage progression. In

our research, PTH (1-34) treatment dramatically down-
regulated MMP-13 and ADAMTS-4 expression in the carti-
lage and up-regulated the expression of Col-II and AGG in
the cartilage. Col-II is an important component in cartilage
that can maintain the elastic strength and smooth surface of
the entire cartilage7. AGG is also one of the main compo-
nents of the extracellular matrix, and its main role is to bind
water molecules, thereby providing shock absorption and
compression resistance for articular cartilage35. MMP-13 and
ADAMTS-4 are important catabolic enzymes responsible for
the degradation of the extracellular matrix, and greater
expression of these enzymes correlates to higher OA sever-
ity6,7. The inhibition of MMP-13 and ADAMTS-4 were
thought to have a protective effect on articular cartilage1,6.
Consistent with these assumptions, the present findings
suggested that PTH (1-34) treatment can protect the integ-
rity of the extracellular matrix in the progression of OA in
this model. In addition, cartilage degeneration caused by
chondrocyte apoptosis plays an important role in the devel-
opment of OA36,37. P53 is a transcriptional regulator that
plays an important role in the initiation of apoptosis because
it can stimulate Bax gene expression, thereby promoting apo-
ptosis. Caspase-3 is also a key apoptotic executive factor. The
expression of Caspase-3, P53, and Bax has been reported to
be upregulated via OA models24,38. In our study, we found
that the expression of Caspase-3, P53, and Bax was
upregulated in the collagenase-induced OA mouse model;
however, these changes were prevented by the PTH (1-34)
treatment. In brief, the findings of this study showed that

Fig 9 Histomorphometric parameters of subchondral bone by microcomputed tomography (micro-CT) analysis. Data are presented as the

mean � SD. Group A, sham group; Group B, the collagenase + saline injection group;. Group C, the collagenase + PTH (1-34) treatment group. PTH,

parathyroid hormone.
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PTH (1-34) could preserve the balance of cartilage metabo-
lism and decrease the apoptosis of chondrocytes in the OA
model.

Recent observations have suggested that a loss of bone
occurs in the early stage of OA12. Bone loss in the sub-
chondral bone may lead to abnormal stress on the cartilage,
and the altered mechanics may lead to OA by changing the
cartilage matrix or damaging the integrity of cartilage11. In
our study, bone mass decreased in Group B but was signifi-
cantly increased in the PTH (1-34)-treated animals. Thus,
previous results and the results of the current study support
that PTH (1-34) may have a beneficial effect on cartilage by
inhibiting subchondral bone remodeling and preserving sub-
chondral bone micro-architecture6,7,39.

To further study the mechanism of PTH (1-34) on car-
tilage and subchondral bone, we observed the expression of
JAK2, STAT3, WNT5A, and ROR2 in the cartilage and
subchondral bone.

JAK/STAT is an important family of intracellular sig-
naling pathways, and the JAK2/STAT3 signaling pathway is
involved in OA progress and over-expressed in OA cartilage
and subchondral bone23,24. Importantly, JAK2 and STAT3
are related to MMPs and Caspase-3 in primary cho-
ndrocytes40,41 and enhance osteocyte-mediated osteoclastic
differentiation in vitro42 and mineralization disorder
in vivo23. These findings are consistent with early OA patho-
logical features, including cartilage damage and bone mass
loss. In the current study, JAK2 and STAT3 were over-
expressed in OA cartilage and subchondral bone; however,
PTH (1-34) down-regulated JAK2 and STAT3 expression in
OA cartilage and subchondral bone. According to our study
and other results, we presumed that increased JAK2 and
STAT3 expression can lead to cartilage matrix damage (due
to decreased Col-II), increased chondrocyte apoptosis (due
to increased expression of Caspase-3), and subchondral bone
structure changes (mainly caused by increased SMI and
decreased BMD)23,24,40–43, but PTH reversed these changes.
Therefore, we speculate that the protective effect of cartilage
and subchondral bone by PTH (1-34) may be due to down-
regulating the expression of JAK2 and STAT3 in this OA
model.

The Wnt family can be divided into two categories: the
canonical class and the non-canonical class. Two of the best
characterized non-canonical Wnt signaling pathways are the
Wnt/Ca2+ and Wnt/planar cell polarity (PCP) pathways.
Increasing evidence suggests that aberrant Wnt signaling
contributes to cartilage damage and subchondral bone
changes in OA29,44,45. WNT5A expression was detected at

increased levels in OA cartilage28,46. A previous study
reported that WNT5A/ROR2 signaling can reduce bone den-
sity in early OA29. Moreover, WNT5A inhibits anabolic gene
expression and promotes MMP production in human cho-
ndrocytes28. Our data along with these previous reports sug-
gest that WNT5A and ROR2 expression levels were
increased in OA cartilage and subchondral bone. Based on
these findings, we infer that over-expression of WNT5A and
ROR2 mainly causes cartilage destruction (because of the
reduced Col-II and increased Caspase-3) and subchondral
bone structure damage (mainly due to decreased BMD and
increased SMI)28,29,44–46. However, PTH (1-34) significantly
down-regulates the expression of WNT5A and ROR2 in the
development of OA, thereby preserving the cartilage and
subchondral bone.

Conclusions
In the present study, PTH (1-34) was shown to prevent the
further aggravation of cartilage degradation in a collagenase-
induced OA model, and this beneficial effect on cartilage was
accompanied by increases in subchondral bone mass and
further protection of the subchondral micro-architecture
from deterioration. The molecular mechanisms underlying
the protective effect of PTH (1-34) on cartilage and sub-
chondral bone may be the down-regulated expression of
JAK2, STAT3, WNT5A, and ROR2.
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