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Abstract. The aim of the current study was to determine 
the effect of parathyroid hormone (PTH) 1-34 on cartilage 
degeneration, and the association between PTH 1-34 and 
factors associated with the Wnt/β-catenin pathway following 
anterior cruciate ligament and medial meniscectomy-induced 
osteoarthritis (OA) in rats. A total of 64 Sprague-Dawley 
rats were randomly divided into the following four groups: 
Sham-operated rats with normal saline (NS)-treatment 
(n=16); anterior cruciate ligament transection with partial 
medial meniscectomy (ACLT + MMx) rats with NS-treatment 
(n=16); sham-operated rats treated with PTH 1-34 (n=16); 
and ACLT + MMx rats treated with PTH 1-34 (n=16). 
PTH (15 µg/kg/day) was administered via subcutaneous 
injection 5 days per week from the first postoperative day 
for 2 or 6 weeks. Staining with hematoxylin and eosin and 
safranin O, and a scoring system modified by Mankin were 
used to assess the histopathological features of cartilage. 
The present study detected the expression of PTH 1 receptor 
(PTH1R), sclerostin, dickkopf Wnt signaling pathway 
inhibitor 1 (DKK1), β-catenin and runt-related transcription 
factor 2 (RUNX2) in cartilage by immunohistochemical 
analysis to determine the association between PTH 1-34 
and factors associated with the Wnt/β-catenin pathway. 
Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) was performed to detect the mRNA expression 
levels of PTH1R and β-catenin in cartilage. Histological 
analysis demonstrated that cartilage degeneration was 
present post-surgery and gradually increased over time. 
PTH 1-34 reduced the Mankin scores in ACLT + MMx 
rats compared with the NS-treated ACLT + MMx rats. 
Immunohistochemistry and RT-qPCR analysis demonstrated 
that, in cartilage, PTH 1-34 treatment increased the mRNA 

expression and protein levels of PTH1R and β-catenin, and 
decreased protein levels of sclerostin, DKK1 and RUNX2 
in ACLT + MMx rats compared with the NS-treated 
ACLT + MMx group. The present study demonstrated that 
PTH 1-34 upregulated the Wnt/β-catenin signaling pathway 
and that PTH1-34 downregulated RUNX2 through an alter-
native pathway to the Wnt/β-catenin signaling pathway, in a 
rat model of OA.

Introduction

Osteoarthritis (OA) is one of the most common forms of 
arthritis. The slow development of the disease affects joint 
structures, which leads to pain and disability in the elderly. 
Various risk factors are associated with the initiation and 
progression of OA, including demographic characteristics and 
family history, obesity and metabolic syndrome, nutritional 
factors, bone density and bone mass, and smoking (1). The 
primary pathological features of OA are cartilage degen-
eration, marginal osteophyte formation and subchondral 
bone sclerosis (2). Current treatment strategies are limited to 
relieving joint pain and improving joint function, and even-
tually end in artificial joint replacement as no therapeutic 
strategies that halt the progression of the disease exist (2). 
Therefore, it is particularly important to clarify the etiology 
and pathogenesis of OA, which remain unclear. Articular 
cartilage degeneration is one of the major factors behind the 
development of OA. Chondrocytes and extracellular matrix 
are the major components of cartilage, and chondrocyte 
hypertrophy and extracellular matrix damage may lead to 
cartilage degeneration (3,4).

Parathyroid hormone (PTH) has roles in the anabolic and 
catabolic metabolism of G-protein-coupled receptor signaling 
proteins (5). PTH 1-34 (also termed teriparatide) is the only 
drug approved by the US Food and Drug Administration for 
the treatment of osteoporosis (6). Its action is mediated by the 
parathyroid hormone 1 receptor (PTH1R), which is expressed 
in chondrocytes (7). Previous studies have demonstrated that 
PTH 1-34 may prevent OA (8-10). PTH 1-34 inhibits cartilage 
degeneration and promotes cartilage regeneration following 
meniscal/ligamentous injury-induced OA in mice (9). 
PTH 1-34 also prevents the degeneration of articular cartilage 
and retains the subchondral bone microstructure in sponta-
neous OA of guinea pigs (8). Furthermore, PTH 1-34 inhibits 
the terminal differentiation of human articular chondrocytes 
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with azacytidine-induced and papain-induced OA in rats (10). 
However, the specific functions of PTH 1‑34 in OA are yet to 
be established.

Wnt/β-catenin signaling pathways have a central role in the 
maintenance of cartilage homeostasis (3). In cartilage, moderate 
activity of Wnt is essential for chondrocyte proliferation and 
the maintenance of typical cartilage characteristics (4,11,12). 
However, excessive activity of the Wnt/β-catenin signaling 
pathway may result in the hypertrophy of chondrocytes and 
the degradation of the extracellular matrix of cartilage (11). 
In cartilage, ablation of β-catenin increases aggrecan and 
collagen X (12). Therefore, excessive or inadequate β-catenin 
may damage the homeostasis of articular cartilage. PTH 
and Wnt/β-catenin exist in complex associations, which are 
important for the pathogenesis of OA (3). Sclerostin and dick-
kopf Wnt signaling pathway inhibitor 1 (DKK1) are upstream 
inhibitors of the Wnt/β-catenin signaling pathway and are 
used in the research of OA (13). Runt-related transcription 
factor 2 (RUNX2), which is highly expressed in hypertrophic 
chondrocytes, regulates the transcription of hypertrophic 
markers, including collagen X and matrix metallopeptidase 
(MMP) 13 (3). The Wnt/β-catenin pathway promotes RUNX2 
expression (14). In cartilage, the specific association between 
PTH and RUNX2 is not yet established, and its role in the 
pathogenesis of OA remains unclear. The present study was 
designed to investigated the effect of PTH 1-34 on cartilage 
degeneration and the association between PTH 1-34 and the 
Wnt/β-catenin signaling pathway following anterior cruciate 
ligament transection (ACLT) and partial medial meniscectomy 
(MMx) -induced OA in rats.

Materials and methods

Animal models and treatment. All experiments were 
approved by the Ningxia Medical University Animal Care 
and Use Committee (Yinchuan, China). All animal model 
procedures were carried out according to the principles and 
guidelines of ethical animal studies. A total of 64 healthy 
male Sprague-Dawley rats, 10 weeks old and 300-325 g were 
used in the following experiments. The animals were housed 
at 22±2˚C with 55±5% humidity, free access to food and water 
and 12-h light/dark cycle. Experiments were performed on 
the right knees of rats in this study. The rats were anesthe-
tized by an intraperitoneal injection of 10% chloral hydrate 
(0.3 ml/100 g; Tianjin Guangfu Fine Chemical Research 
Institute, Tianjin, China). In the OA animal models, the right 
knee joint cavity was exposed using the medial parapatellar 
approach. The patella was dislocated laterally when the knee 
was placed in full flexion. The ACLT in combination with MMx 
(ACLT + MMx) was performed as previously described (15) 
and confirmed with the anterior drawer test. (16) Subsequently, 
the joint surface was washed with sterile saline solution and the 
knee was closed. In the sham operation, the same procedures 
were performed with the exception of ACLT + MMx (15). Rats 
were randomly assigned to four groups: Sham-operated rats 
with normal saline (NS)-treatment (n=16); ACLT + MMx rats 
with NS-treatment (n=16); sham-operated rats treated with 
PTH 1-34 (n=16); and ACLT + MMx rats treated with PTH 1-34 
(n=16). PTH 1-34 (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) was administered by subcutaneous injection 

(15 µg/kg/day) five successive days per week (Monday‑Friday) 
from the first postoperative day until sacrifice at 2 or 6 weeks. 
Rats not receiving PTH 1-34 received NS at the same dose and 
duration. Following the sacrifice of rats with carbon dioxide, 
right knees were divided and the distal femurs were removed 
for subsequent experiments.

Histological analysis. Femurs were fixed in 4% paraformal-
dehyde for 24 h, decalcified in 10% EDTA for 6 weeks and 
embedded in paraffin. They were cut into 4 µm‑thick sections 
and mounted on common slides for staining with hematoxylin 
and eosin and safranin O. The histopathological features of 
cartilage were analyzed using the scoring system modified by 
Mankin et al (17).

Immunohistochemical staining of PTH1R, sclerostin, DKK1, 
β‑catenin and RUNX2. To investigate the association between 
PTH 1-34 and factors associated with the Wnt/β-catenin 
pathway, the present study measured the expression of PTH1R, 
sclerostin, DKK1, β-catenin and RUNX2 in cartilage by immu-
nohistochemical analysis. Paraffin sections (4 µm) of joint 
tissue were routinely deparaffinized, rehydrated and treated 
with 0.1% trypsin for antigen retrieval for 15 min at 37˚C, and 
subsequently incubated with 3% H2O2 solution for 10 min. 
Sections were blocked with normal goat serum (Wuhan Boster 
Biological Technology, Ltd., Wuhan, China) for 8 min at 37˚C 
and incubated overnight at 4˚C with anti‑rabbit sclerostin (1:50; 
ab63097), DKK1 (1:100; ab93017), β-catenin (1:100; ab16051) 
and RUNX2 (1:100; ab23981) polyclonal antibodies (Abcam, 
Cambridge, UK) and anti-rabbit PTH1R polyclonal antibody 
(1:100; BA3170; Wuhan Boster Biological Technology, Ltd.). 
Sections were then treated with the Two-Step IHC Detection 
Reagent (PV-9001; Origene Technologies, Inc., Rockville, MD, 
USA). Briefly, sections were incubated with reagent 1 (Reaction 
enhancement solution) for 20 min at 37˚C and then incubated 
with reagent 2 (Enhanced enzyme-labeled goat anti-rabbit IgG 
polymer) for 30 min at 37˚C. The color brown was developed 
using 3,3'-diaminobenzidine (Origene Technologies, Inc.). 
For negative controls, PBS without antibody was used for 
incubation. Counterstaining was carried out with hematoxylin. 
The positive cells were stained yellow or brown. All sections 
were analyzed using Image-Pro Plus 6.0 (Media Cybernetics, 
Inc., Rockville, MD, USA) at x400 magnification to quantify 
protein expression; 5 random fields were randomly selected in 
each slide and the numbers of positive cells were counted and 
expressed as a percentage of the total cells.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Femurs were thoroughly cleaned and the muscle, 
ligament and joint capsule were simultaneously removed, 
while damage to the femur was avoided. The femur was 
rapidly frozen with liquid nitrogen and articular cartilage was 
obtained for further investigation. Following treatment, total 
RNA was extracted with an E.Z.N.A Total RNA kit (Omega 
Bio-Tek, Inc., Norcross, GA, USA) from articular cartilage 
according to the manufacturer's protocol. Subsequently, total 
RNA was reverse transcribed to cDNA using RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer's protocol. 
Specific transcripts were quantified by qPCR using Maxima 
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SYBR‑Green qPCR Kit (Thermo Fisher Scientific, Inc.), and 
analyzed with an ABI 7500 Real-Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The following 
gene-specific primers were used: PTH1R, TCT CCT TAC 
CCA GGC AGA TG (forward) and CAT TGC ATC CTC TCC 
ACA GA (reverse); β-catenin, ACC ATC GAG AGG GCT TGT 
TG (forward) and CGC ACT GCC ATT TTA GCT CC (reverse); 
and GAPDH, GAA GGT GAA GGT CGG AGT C (forward) 
and GAA GAT GGT GAT GGG ATT TC (reverse). PCR was 
performed at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 15 sec, and 60˚C for 1 min. Expression of PTH1R and 
β-catenin mRNA was calculated using the ΔΔCq method (18), 
levels were normalized to the expression of GAPDH. Each 
experiment was repeated three times with each rat.

Statistical analysis. SPSS version 20.0 (SPSS, Inc., Chicago, 
IL, USA) was used for statistical analysis. Results were 
analyzed using two-way factorial design analysis of varia-
tion followed by Student-Newman-Keuls post-hoc test. Data 
are presented as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Histological assessments. The present study applied hema-
toxylin and eosin staining (Fig. 1), safranin O staining (Fig. 2) 
and the Mankin score (Figs. 1 and 2) to evaluate the effect of 
PTH 1-34 on the knee joints of ACLT + MMx rats. The articular 

cartilage in NS-treated sham rats and PTH 1-34-treated sham 
rats at 2 and 6 weeks had a normal, smooth surface and 
structure, and no abnormalities were observed. Early histopath-
ological changes were observed after 2 weeks in NS-treated 
ACLT + MMx rats, including chondrocytes with diffuse 
hyper-cellularity, a marginal reduction in matrix staining and 
destruction of tidemark integrity. After 6 weeks in NS-treated 
ACLT + MMx rats, more serious histological changes were 
observed, including structure clefts to transitional zone, 
chondrocyte clusters, a severe reduction in matrix staining 
and destruction of tidemark integrity. Histological scoring was 
performed using the modified Mankin histological scores to 
evaluate pathological changes of articular cartilage. After 2 
and 6 weeks, ACLT + MMx rats receiving PTH 1-34 treat-
ment had reduced articular cartilage degeneration, compared 
with the NS-treated ACLT + MMx rats. The present study 
also observed that there were no marked differences between 
the PTH 1-34-treated sham rats and NS-treated sham rats. 
For the ACLT + MMx rats, the Mankin score increased with 
time compared with the sham rats. The Mankin score of the 
hematoxylin and eosin (Fig. 1) and safranin O (Fig. 2) staining 
in PTH 1-34-treated ACLT + MMx rats, decreased by 31 and 
46%, and 36 and 51%, at 2 and 6 weeks, respectively, compared 
with NS-treated ACLT + MMx rats.

Immunohistochemical analysis. The expression of PTH1R, 
sclerostin, DKK1, β-catenin and RUNX2 in cartilage was 
evaluated by immunohistochemistry assays. The expression 

Figure 1. Histological analysis of the articular cartilage of the distal femur by hematoxylin and eosin staining, and Mankin score. Sham-operated rats with 
NS treatment after (A) 2 weeks and (B) 6 weeks. ACLT + MMx rats with NS treatment after (C) 2 weeks and (D) 6 weeks. Sham-operated rats with PTH 1-34 
treatment after (E) 2 weeks and (F) 6 weeks. ACLT + MMx rats with PTH 1‑34 treatment after (G) 2 weeks and (H) 6 weeks. x200 magnification. (I) Mankin 
scores from each group (5 slides/rat and 8 rats/group). ***P<0.001 vs. Sham group; &&&P<0.001 vs. ACLT + MMx group. ACLT, anterior cruciate ligament 
transection; MMx, partial medial meniscectomy; PTH, parathyroid hormone; NS, normal saline.
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Figure 2. Histological results in articular cartilage of distal femur by safranin O staining and Mankin score. Sham-operated rats with NS-treatment after 
(A) 2 weeks and (B) 6 weeks. ACLT + MMx rats with NS-treatment after (C) 2 weeks and (D) 6 weeks. Sham-operated rats with PTH 1-34-treatment after 
(E) 2 weeks and (F) 6 weeks. ACLT + MMx rats with PTH 1‑34‑treatment after (G) 2 weeks and (H) 6 weeks. x200 magnification. (I) Mankin scores from 
each group (5 slides/rat and 8 rats/group). ***P<0.001 vs. Sham group; &&&P<0.001 vs. ACLT + MMx group. ACLT, anterior cruciate ligament transection; 
MMx, partial medial meniscectomy; PTH, parathyroid hormone; NS, normal saline.

Figure 3. Immunohistochemistry analysis of PTH1R expression in cartilage. Sham-operated rats with NS-treatment after (A) 2 weeks and (B) 6 weeks. 
ACLT + MMx rats with NS-treatment after (C) 2 weeks and (D) 6 weeks. Sham-operated rats with PTH 1-34-treatment after (E) 2 weeks and (F) 6 weeks. 
ACLT + MMx rats with PTH 1‑34‑treatment after (G) 2 weeks and (H) 6 weeks. x200 magnification. (I) Protein expression of PTH1R in each group. ***P<0.001 
vs. Sham group; &&&P<0.001 vs. ACLT + MMx group; ΔP<0.05 vs. PTH 1-34-treated sham group at 2 weeks. PTH, parathyroid hormone; PTH1R, PTH 1 
receptor; ACLT, anterior cruciate ligament transection; MMx, partial medial meniscectomy; NS, normal saline.
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of PTH1R was significantly decreased (P<0.001; Fig. 3), 
while sclerostin and DKK1 (Figs. 4 and 5), and β-catenin 
and RUNX2 (Figs. 6 and 7) were significantly increased 
in the NS-treated ACLT + MMx rats compared with the 
NS-treated sham rats at 2 and 6 weeks (P<0.001). Compared 
with NS-treated sham rats, the expression of PTH1R was 
increased by 12 and 25% (P<0.001; Fig. 3), and β-catenin 
was increased by 76 and 81% (P<0.001; Fig. 7) at 2 and 
6 weeks, respectively, in the PTH 1-34-treated sham rats. 
Furthermore, the expression of sclerostin was decreased 
by 16 and 27% (P<0.01; Fig. 5), DKK1 was decreased by 
10 and 23% (P<0.05; Fig. 5), and RUNX2 was decreased by 
10 and 42% (P<0.01; Fig. 7) at 2 and 6 weeks, respectively, 
in PTH 1-34-treated sham rats compared with NS-treated 
sham rats. The expression of PTH1R was increased by 
27 and 67% (P<0.001; Fig. 3), and β-catenin was increased by 
6 and 8% (P<0.05; Fig. 7), while the expression of sclerostin 
was decreased by 16 and 54% (P<0.001; Fig. 5), DKK1 was 
decreased by 10 and 28% (P<0.001; Fig. 5), and RUNX2 was 
decreased by 9 and 19% (P<0.01; Fig. 7) at 2 and 6 weeks, 
respectively, in the PTH 1-34-treated ACLT + MMx rats 
compared with the NS-treated ACLT + MMx rats.

RT‑qPCR analysis. To further investigate the mechanism, 
RT-qPCR was performed to detect the mRNA expression 
levels of PTH1R and β-catenin in cartilage (Fig. 8). At 2 and 
6 weeks, the gene expression of PTH1R (Fig. 8) was decreased 
by 15 and 25%, respectively, in NS‑treated ACLT + MMx 
rats compared with NS-treated sham rats (P<0.001). PTH1R 
expression was increased by 20 and 40% in PTH 1‑34‑treated 

sham rats compared with NS-treated sham rats (P<0.001), 
and was increased by 24 and 51% in PTH 1‑34‑treated 
ACLT + MMx rats compared with NS-treated ACLT + MMx 
rats (P<0.001). The present study also demonstrated that 
the gene expression of β-catenin (Fig. 8) was increased by 
150 and 185% in NS‑treated ACLT + MMx rats compared 
with NS-treated sham rats (P<0.001), was increased by 101 
and 116% in PTH 1‑34‑treated sham rats compared with 
NS-treated sham rats (P<0.001), and was increased by 8 and 
9% in PTH 1‑34‑treated ACLT + MMx rats compared with 
NS-treated ACLT + MMx rats (P<0.05).

Figure 4. Immunohistochemistry assay for sclerostin and DKK1 in cartilage. Sham-operated rats with NS-treatment after (A) 2 weeks and (B) 6 weeks. 
ACLT + MMx rats with NS-treatment after (C) 2 weeks and (D) 6 weeks. Sham-operated rats with PTH 1-34-treatment after (E) 2 weeks and (F) 6 weeks. 
ACLT + MMx rats with PTH 1‑34‑treatment after (G) 2 weeks and (H) 6 weeks. x200 magnification. DKK1, dickkopf WNT signaling pathway inhibitor 1; 
NS, normal saline; ACLT, anterior cruciate ligament transection; MMx, partial medial meniscectomy; PTH, parathyroid hormone.

Figure 5. Immunohistochemistry quantification of sclerostin and DKK1 in 
cartilage (5 slides/rat and 8 rats/group). Sclerostin and DKK1 % indicate 
the percentage of positive cells in total cell count. *P<0.05, **P<0.01 
and ***P<0.001 vs. Sham group; &&&P<0.001 vs. ACLT + MMx group; 
ΔΔΔP<0.001 vs. ACLT + MMx group at 2 weeks. ACLT, anterior cruciate 
ligament transection; MMx, partial medial meniscectomy; PTH, parathyroid 
hormone; DKK1, dickkopf WNT signaling pathway inhibitor 1.



MA et al:  PTH 1-34 INCREASES β-CATENIN AND DECREASES RUNX2 OSTEOARTHRITIC RATS8804

Discussion

OA is a common degenerative disease that seriously affects 
daily life and causes an economic burden. The pathogen-
esis of OA is complex. Cartilage matrix degeneration and 
hypertrophic chondrocytes have key roles in the progression 
of OA, therefore, it is particularly important to inhibit the 
development of these factors. The present study demonstrated 
that PTH 1-34 reduced the Mankin scores and increased the 
mRNA expression and protein levels of PTH1R and β-catenin, 
and decreased protein levels of sclerostin, DKK1 and RUNX2, 

in ACLT + MMx rats with PTH 1-34-treatment compared 
with ACLT + MMx rats with NS-treatment. Similar results for 
mRNA expression and protein levels were observed between 
sham rats with PTH 1-34-treatment and sham rats with 
NS-treatment. These results have, to the best of our knowledge, 
demonstrated for the first time that PTH 1‑34 may upregulate 
the Wnt/β-catenin signaling pathway, and that PTH 1-34 may 
downregulate RUNX2 through an alternative pathway to the 
Wnt/β-catenin signaling pathway in a rat model of OA.

In OA experimental animal models, surgically-induced 
destabilization of joints is the most widely used induction 
method. These models control the timing and follow predict-
able progression of the disease. Of these OA models, the 
ACLT + MMx rat model is one of the most common (19). 
Early cartilage degradation, subchondral osteopenia followed 
by sclerosis and late osteophyte formation emerge sequentially 
in the ACLT + MMx rat model (15). In the present study, the 
ACLT + MMx rat model exhibited cartilage degeneration at 
2 weeks post-surgery, which gradually increased over time.

In guinea pigs with spontaneous OA, papain-induced OA 
in rats, meniscal/ligamentous injury-induced OA in mice or 
in osteochondral defects in rabbits, PTH1R expression gradu-
ally decreased with progression of OA. Systemic application 
of PTH 1-34 significantly upregulated PTH1R expression 
in cartilage (8-10,20). Similar to these previous results, the 
present study demonstrated that, as OA progressed, the protein 
levels and mRNA expression of PTH1R gradually declined 
and systemic application of PTH 1‑34 significantly upregulated 
them in cartilage in the ACLT + MMx rat model.

Figure 6. Immunohistochemistry assay for β-catenin and RUNX2 in cartilage (5 slides/rat and 8 rats/group). β‑catenin and RUNX2 % indicated the percentage 
of positive cells in total cell count. Sham-operated rats with NS-treatment after (A) 2 weeks and (B) 6 weeks. ACLT + MMx rats with NS-treatment after 
(C) 2 weeks and (D) 6 weeks. Sham-operated rats with PTH 1-34-treatment after (E) 2 weeks and (F) 6 weeks. ACLT + MMx rats with PTH 1-34-treatment 
after (G) 2 weeks and (H) 6 weeks. x200 magnification. RUNX2, runt‑related transcription factor 2; NS, normal saline; ACLT, anterior cruciate ligament 
transection; MMx, partial medial meniscectomy; PTH, parathyroid hormone.

Figure 7. Quantified protein levels of β-catenin and RUNX2 in carti-
lage. **P<0.01 and ***P<0.001 vs. Sham group; &P<0.05 and &&P<0.01 
vs. ACLT + MMx group; ΔP<0.05 vs. PTH 1-34-treated sham group at 
2 weeks. RUNX2, runt-related transcription factor 2; ACLT, anterior cruciate 
ligament transection; MMx, partial medial meniscectomy; PTH, parathyroid 
hormone.
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Sclerostin, a potent inhibitor of Wnt/β-catenin signaling 
that binds to LDL receptor related protein (LRP)5/6, is 
encoded by the SOST gene and is expressed by osteocytes and 
articular chondrocytes. Sclerostin is increased in OA cartilage 
compared with normal cartilage (8,21-23). In bone, inhibiting 
sclerostin increases bone formation, bone mass and bone 
strength (24). The role of sclerostin in OA progression is not 
well established. Knockout of the SOST gene promoted OA in 
mice via β-catenin-dependent and -independent Wnt pathways, 
therefore, sclerostin has a role in the maintenance of cartilage 
integrity in OA (25). However, increasing sclerostin using a 
recombinant sclerostin may retard cartilage degradation (26). 
The present study demonstrated that with the progression of 
OA, sclerostin expression gradually increases. To the best of 
our knowledge, the present study is the first to demonstrate 
that administration of PTH 1-34 reduced sclerostin expression 
in cartilage in the ACLT + MMx rat model, similar to guinea 
pigs with spontaneous OA (8).

DKK1 is a secreted protein and a member of a multigene 
family. It acts as a direct inhibitor of Wnt/β-catenin signaling 
by binding to LRP5/6 and forms a ternary complex with 
Kremen and LRP6. DKK1 is a master regulator of joint 
remodeling (27,28). Various studies have indicated that DKK1 
is associated with OA development, however, these results are 
controversial. A previous study demonstrated that, as joint 
severity was increased, DKK1 levels were decreased in plasma 
and synovial fluid, thus, DKK1 may have a role in the progres-
sion of OA (29). Previous results demonstrated that DKK1 was 
increased in OA cartilage when compared with normal carti-
lage (30). In a previous study that used the destabilization of the 
medial meniscus mouse model of OA, which was performed 
using intra-articular injection of an adenovirus expression 
DKK1 to increase DKK1 expression in chondrocytes, DKK1 
inhibited cartilage destruction (30). Increased DKK1 expres-
sion in ACLT and collagenase-induced OA rat models, via 
intra-peritoneal injection of DKK1 antisense oligonucleotides, 
was previously observed to downregulate DKK1 expression 
and subsequently ameliorate chondrocyte apoptosis and carti-
lage destruction in OA (31). The present study demonstrated 
that DKK1 expression gradually increased with OA progres-
sion, and that administration of PTH 1-34 downregulated 
DKK1 expression in cartilage in the ACLT + MMx rat model. 
A previous report demonstrated that PTH 1-34 inhibited the 
expression of DKK1 in osteoblasts (32). Although the results 

of the present study also demonstrated a similar inhibition of 
PTH 1-34 on DKK1, the results of the present study were in 
OA cartilage, and further investigation is required to deter-
mine the specific mechanisms involved.

Signaling pathways that control joint and articular 
cartilage are particularly important for the treatment of OA. 
The hypertrophy of chondrocytes and degradation of the 
extracellular matrix of cartilage lead to a loss of articular 
cartilage that is characteristic of OA (3). Wnt signaling has 
major roles in the majority of aspects of skeletal development 
and homeostasis, and abnormal signaling causes various 
human skeletal diseases (11). The Wnt pathway is a key 
regulator of joint remodeling and also has a critical role in 
OA pathogenesis. Wnt/β-catenin signaling is associated with 
a loss of differentiated phenotype and chondrocyte matrix 
catabolic action, which may contribute to cartilage destruc-
tion (33). β-catenin is a key factor of the Wnt/β-catenin 
pathway that is encoded by the CTNNB1 gene. The nuclear 
levels of β-catenin directly reflect the activation level of 
this signaling pathway. β-catenin is stable in the cytoplasm. 
Upon entering the nucleus, it interacts with a transcription 
factor and subsequently forms a complex with TCF/LEF 
transcription factors and regulates the expression of target 
genes (34). Conditional activation of the β-catenin gene in 
articular chondrocytes increases MMP-9, MMP-13, alkaline 
phosphatase and collagen X in chondrocytes, which leads 
to premature chondrocyte differentiation and the develop-
ment of an OA-like phenotype in mice (35). The results of 
the present study demonstrated that the protein levels and 
mRNA expression of β-catenin gradually increased with OA 
progression, and administration of PTH 1-34 upregulated the 
protein levels and mRNA expression of β-catenin in carti-
lage in the ACLT + MMx rat model. According to a study in 
osteoblasts, PTH activated β-catenin via recruitment of LRP6 
to the PTH/PTH1R complex (36). PTH increased β-catenin 
expression by protein kinase A (PKA) and PKC pathways, 
and SMAD3 in mouse osteoblastic cells (37). A previous 
study also demonstrated that PTH1R activated β-catenin via 
direct recruitment of disheveled segment polarity proteins, 
independent of Wnt or LRP5/6, which induced osteoclasto-
genesis (38). These studies demonstrated that PTH increases 
the expression of β-catenin in osteoblasts and osteoclasts. 
Sclerostin and DKKs negatively regulate Wnt/β-catenin 
signaling in bone formation, and PTH inhibits the expression 
of sclerostin and DKK1. The current study demonstrated 
that PTH 1-34 upregulated β-catenin in cartilage in the 
ACLT + MMx rat model. PTH may increase β-catenin 
expression by decreasing sclerostin and DKK1 expression. 
However, identification of the specific mechanism requires 
further investigation.

RUNX2, a transcription factor that belongs to the runt 
homology domain protein family, is strongly expressed in 
osteoblasts, and also in pre-hypertrophic and hypertrophic 
chondrocytes (39,40). RUNX2 is a major positive regulator 
of chondrocyte differentiation (39). RUNX2 is constitutively 
expressed in non-hypertrophic chondrocytes that induce 
hypertrophic chondrocyte differentiation and partially rescued 
the chondrocyte phenotype in RUNX2‑deficient mice (41). In 
mice, following induction of joint instability, RUNX2 may 
successively induce type X collagen and MMP-13 expression, 

Figure 8. Reverse transcription-quantitative polymerase chain reaction 
analyses of PTHR1 and β-catenin gene expression in cartilage. ***P<0.001 
vs. Sham group; &P<0.05 and &&&P<0.001 vs. ACLT + MMx group. PTH, 
parathyroid hormone; PTH1R, PTH 1 receptor; ACLT, anterior cruciate liga-
ment transection; MMx, partial medial meniscectomy.
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which contribute to chondrocyte hypertrophy and matrix 
breakdown, therefore causing the pathogenesis of OA (41). 
Inhibition of RUNX2 delayed endochondral ossification 
or chondrocyte hypertrophy in a previous study (42). The 
present study demonstrated that RUNX2 expression gradu-
ally increased with OA progression and administration of 
PTH 1-34 downregulated RUNX2 expression in cartilage 
in the ACLT + MMx rat model. The association between 
increased expression of RUNX2 in articular cartilage and 
articular cartilage degeneration was similar to a previous 
report (41). A previous study demonstrated that Wnt/β-catenin 
signaling induced chondrocyte hypertrophy through 
RUNX2 (41). The current study demonstrated that the expres-
sion of β-catenin and RUNX2 was increased in the cartilage 
of ACLT + MMx rats with NS-treatment compared with 
NS-treated sham rats. Furthermore, in the PTH 1-34-treated 
ACLT + MMx rats, the expression of β-catenin was increased, 
and the expression of RUNX2 decreased. Increasing β-catenin 
did not upregulate RUNX2, which contradicts the results of 
a previous study (14). Parathyroid hormone like hormone 
(PTHrP) and PTH have similar N-terminal regions, activate 
the same G-protein-coupled receptor, PTH1R, and also have 
similar potential effects (7). A previous study reported that 
PTHrP downregulated RUNX2 expression, which was accom-
panied by suppression of type X collagen through the PKA 
signaling pathway (43). Therefore, PTH 1-34 may decrease 
RUNX2 levels through pathways other than the Wnt/β-catenin 
signaling pathway.

In conclusion, the results of the present study indicate that 
intermittent application of the anabolic bone agent, PTH 1-34, 
reduced the Mankin scores in the OA model, ACLT + MMx, 
compared with NS‑treated ACLT + MMx rats, with no signifi-
cant effect observed in sham rats. This may be associated with 
PTH 1-34 increasing the expression of PTH1R and β-catenin, 
and reducing the expression of sclerostin, DKK1 and RUNX2 in 
cartilage. Although the experimental models used in the present 
study allowed us to control the time of disease onset and follow 
predictable progression of the disease, rats have a faster growth 
rate and higher disease severity than humans and they do not 
completely imitate OA development in humans. The present 
study investigated the association between PTH1R and the factors 
associated with the Wnt/β-catenin pathway, and did not detect 
downstream factors, including type X collagen and MMP-13. 
Therefore, further investigation is needed to determine the asso-
ciation between PTH 1-34 and downstream factors in articular 
cartilage. Additionally, integration of information from different 
signaling pathways is required, which may provide useful infor-
mation for the investigation of the pathogenesis of OA.
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