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�� Cartilage

The molecular mechanism study of 
COMP involved in the articular cartilage 
damage of Kashin-Beck disease

Aims
Kashin-Beck disease (KBD) is a kind of chronic osteochondropathy, thought to be caused 
by environmental risk factors such as T-2 toxin. However, the exact aetiology of KBD re-
mains unclear. In this study, we explored the functional relevance and biological mecha-
nism of cartilage oligosaccharide matrix protein (COMP) in the articular cartilage dam-
age of KBD.

Methods
The articular cartilage specimens were collected from five KBD patients and five control sub-
jects for cell culture. The messenger RNA (mRNA) and protein expression levels were de-
tected by quantitative reverse transcription PCR (qRT-PCR) and western blot. The survival 
rate of C28/I2 chondrocyte cell line was detected by MTT assay after T-2 toxin intervention. 
The cell viability and mRNA expression levels of apoptosis related genes between COMP-
overexpression groups and control groups were examined after cell transfection.

Results
The mRNA and protein expression levels of COMP were significantly lower in KBD chondro-
cytes than control chondrocytes. After the T-2 toxin intervention, the COMP mRNA expres-
sion of C28/I2 chondrocyte reduced and the protein level of COMP in three intervention 
groups was significantly lower than in the control group. MTT assay showed that the survival 
rate of COMP overexpression KBD chondrocytes were notably higher than in the blank con-
trol group. The mRNA expression levels of Survivin, SOX9, Caspase-3, and type II collagen were 
also significantly different among COMP overexpression, negative control, and blank control 
groups.

Conclusion
Our study results confirmed the functional relevance of COMP with KBD. COMP may play an 
important role in the excessive chondrocytes apoptosis of KBD patients.
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Article focus
�� Exploring the difference of cartilage oligo-

saccharide matrix protein (COMP) mRNA 
and protein expression levels between 
Kashin-Beck disease (KBD) patients and 
control subjects.
�� Detecting the effect of T-2 toxin on C28/ 

I2 normal chondrocyte cell line.
�� Exploring the effect of COMP overex-

pression on the expression of apoptosis-
related genes.

Key messages
�� Combined with the verification of this 

experiment, we confirmed that the COMP 
gene is a susceptibility gene for KBD.

Strengths and limitations
�� Our study confirmed the implication of 

COMP in KBD development and provided 
novel evidence for understanding the 
molecular mechanism of KBD cartilage 
damage.
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�� T-2 toxin treatment experiment was only conducted 
on normal chondrocyte cell line, not on the KBD 
chondrocytes.

Introduction
Kashin-Beck disease (KBD) is an endemic and chronic 
osteochondropathy, which mainly occurs in across 
Northeast China and Southwest China, Siberia, and 
North Korea.1 Guo et al1 report that there are currently 
640,000 KBD patients in China and 1.16 million people 
live in the endemic areas with the threat of this disease. 
Multiple environmental risk factors are thought to be the 
cause of KBD, T-2 toxin being the most fully explored 
among them. Primarily, KBD affects children or adoles-
cents during the bone-joint development process. It 
mainly damages the chondrocytes of articular cartilage 
and growth plate cartilage, resulting in an impaired 
endochondral ossification.2 Typical symptoms of KBD 
include multiple enlarged and deformed joints, short-
ened fingers. long bones, joint pain, and limited joint 
motion. Some manifestations of secondary osteoarthritis 
will also appear with age.3 However, the pathogenesis of 
KBD remains unclear, and there is no effective cure.

There is increasing evidence to show that chondro-
cyte apoptosis plays an important role in cartilage devel-
opment, ageing, and disease.4 For example, increased 
chondrocyte apoptosis was reported in the cartilages of 
children with KBD by Yang et al.5 Additionally, they also 
demonstrated that T-2 toxin and selenium deficiency 
could induce chondrocyte apoptosis in cartilage damage 
and progression of KBD in a rat model.5 Other than apop-
tosis, necroptosis has also been established as a cell death 
mechanism in the middle zone of cartilage from KBD chil-
dren.6 The relationship between chondrocytes apoptosis 
and osteoarthritis (OA) has also been shown in other 
studies.7,8

Cartilage oligomeric matrix protein (COMP), also 
known as thrombospondin-5, is an extracellular matrix 
(ECM) protein primarily present in cartilage. It has been 
reported that extracellular matrix protein 1 (ECM1) 
and COMP can mediate endochondral bone formation 
together.9 An experimental study on mice suggested 
that COMP played an important role in intracellular func-
tion in assisting efficient secretion of collagens,10 which 
was a novel intracellular function required for fibrosis. 
In addition, Bai et al11 found that serum levels of type 
II collagen C-terminal peptide (CTX-II) and COMP were 
effective indicators for early OA diagnosis. The level of 
serum COMP has been considered to effectively predict 
OA progression.12 However, very few studies focus on the 
potential role of COMP in the pathogenesis of KBD.

Some substances can lead to chondrocyte damage.13,14 
T-2 toxin, believed to be one of the major risk factors for 
KBD, can induce articular cartilage degradation by inhib-
iting aggrecan synthesis, promoting aggrecanases, and 
pro-inflammatory cytokine production.15 Recent studies 
found that T-2 toxin is capable of inducing chondrocyte 

and cartilage damage through apoptosis.5,16 Further-
more, Liu et al17 demonstrated that the effect of T-2 toxin 
on human chondrocyte apoptosis may be mediated by a 
mitochondrial pathway. However, the molecular mecha-
nism of T-2 toxin involved in the development of KBD is 
largely unknown.

Based on the previous study results about KBD and 
COMP, we hypothesize that T-2 toxin reduces the expres-
sion of COMP on chondrocytes and this reduction induces 
the susceptibility to degenerative cartilage change. This 
molecule mechanism may be involved in the develop-
ment of KBD. To prove this hypothesis, the COMP expres-
sion levels between KBD and control articular cartilage 
were compared, and then the effects of T-2 toxin on C28/
I2 chondrocyte line were explored. Finally, by making a 
COMP overexpression cell model on KBD chondrocytes, 
the effects of COMP overexpression on the cell survival 
rate and apoptosis-related gene expression were inves-
tigated. This study aims to explore the role of COMP in 
KBD development and provide novel evidence for under-
standing the molecular mechanism of KBD cartilage 
damage.

Methods
Study samples.  This study was approved by the Human 
Ethics Committee of Xi'an Jiaotong University. All sub-
jects signed written consent prior to the study. Hip ar-
ticular cartilage specimens were collected from five KBD 
subjects (two males and three females) and five subjects 
with femoral neck fracture (FNF) (two males and three 
females), who were all part of the Han Chinese popula-
tion. The mean age of the KBD group was 67.2 years (SD 
7.22), and the mean age of the control group was 61 years 
(SD 19.68). KBD patients were diagnosed strictly based 
on their clinical manifestations, radiological signs of the 
hands, hip, and knees, as well as the inhabitation histo-
ry in KBD-endemic areas according to the KBD diagnostic 
criteria of China (No. WS/T207-2010).18 KBD is classified 
into three grades based on its severity (Grade I, Ⅱ, and Ⅲ, 
Grade Ⅲ being the most severe). Dwarfism (male height 
< 1.4 m, female height < 1.3 m) is the disease marker of 
Grade Ⅲ KBD with a sensitivity of 0.951 and a specificity of 
0.992.19 All patients used in this study have Grade Ⅲ KBD 
and come from the same KBD-endemic area of Yongshou, 
Linyou, and Bin counties in Shaanxi Province, China. They 
underwent the joint arthroplasty surgery because of se-
vere joint pain and movement disorder. The symptoms on 
their hip radiograph images include joint space narrowing, 
short femoral necks, and flattening of the femoral head. 
Chondrocytes were harvested from the removed femoral 
head cartilage tissue in hip arthroplasty surgery within 12 
hours. Subjects with primary OA, rheumatic arthritis, and 
hereditary bone disorder were excluded. In addition, the 
protein of chondrocytes was only extracted from four of 
the five groups because of the limited amount of cells; the 
COMP protein level of human primary chondrocytes was 
measured from the four groups.
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Culture of chondrocytes.  Articular cartilage tissues from 
KBD or control subjects were immediately placed in sa-
line and processed within 12 hours. Primary chondro-
cytes from KBD and control groups, which we used in 
all experiments, were harvested as previously report-
ed.11,20,21 The cartilage tissues were cut into 1 mm3 slic-
es and digested with trypsin (Sigma-Aldrich, St. Louis, 
Missouri, USA) for 30 minutes at room temperature. After 
washing with phosphate buffered saline (PBS) to remove 
the trypsin solution, the tissue sections were treated with 
type II collagenase (Sigma-Aldrich) at 37℃ for nine to 
11 hours. Subsequently, the cells were harvested and 
cultured in DMEM/F-12 (1:1) supplemented with 10% 
(v/v) fetal calf serum (HyClone, Logan, Utah, USA), 100 
units/ml penicillin and 100 μg/ml streptomycin at 37°C 
in 5% CO2. Non-adherent tissue pieces were carefully 
removed by replacing the medium every three to five 
days, subsequent experiments were conducted when 
the primary chondrocytes reached 80% to 90% conflu-
ence. Immunocytochemistry of type II collagen (Abcam, 
ab34712) and Safranin O staining (Solarbio, G2540) were 
conducted to identify the phenotype of seeded chondro-
cytes (seen in Supplementary figure a). Primary chon-
drocytes used in this study are first-generation cells. The 
C28/I2 normal chondrocyte cell line (donated by Mary B. 
Goldring) were used for the T-2 toxin intervention experi-
ment. Briefly, the chondrocytes were cultured in a six-well 
plate at a seeding density of 1 × 105 cells/ml in DMEM/
F12 supplemented with 10% fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Waltham, Massachusetts, USA) 
and 1% antibiotic in an atmosphere of 5% CO2 at 37°C.
Thiazolyl blue (MTT) assay.  The viability of C28/I2 nor-
mal chondrocyte cell line was determined by MTT (0793; 
Amresco, Radnor, Pennsylvania, USA) assay with differ-
ent concentrations of T-2 toxin (T002980; J&K Scientific 
Company, Beijing, China) and different time interven-
tions. The T-2 toxin intervention concentrations used in 
the MTT experiment include 0 ng/ml, 1 ng/ml, 2 ng/ml, 
and 5 ng/ml respectively under intervention time of 12 
hours, 24 hours, 48 hours, and 72 hours. Results of MTT 
assay can be seen in Table I and Supplementary figure b. 
Finally, 72 hours was decided as the intervention time in 
the following experiment. The RNA and protein of C28/
I2 normal chondrocyte cell line were extracted under dif-
ferent T-2 toxin intervention concentrations. Quantitative 
reverse transcription PCR and western blotting experi-
ments were performed to determine COMP mRNA and 
protein expression levels.
RNA isolation and qRT-PCR experiment.  Total RNA of 
chondrocytes was extracted using TRIzol (Invitrogen, 
Carlsbad, California, USA), 500 ng of total RNA was 
reverse-transcribed to synthesized complementary DNA 
(cDNA). A total 25 μl of reaction volume was used for 
the qRT-PCR, including 12.5 μl of SYBR premix EX TaqⅡ 
Mix, 1 μl of each primer, and 2 μl of diluted cDNA. The 
parameters of qRT-PCR were as follows: 30 seconds at 
95°C, followed by 40 cycles of five seconds t 95°C and 30 

seconds at 60°C. CFX96 Real-Time PCR System (Bio-Rad 
Laboratories, Hercules, California, USA) was used for re-
action. The cycle threshold (Ct) values were collected and 
normalized to the level of glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The level of relative mRNA of 
each target gene was calculated by using the 2−ΔΔCt meth-
od. Primer sequences can be seen in Supplementary ta-
ble i.
Western blot experiment.  Cells were lysed in lysis buffer 
(RIPA WB053; Xi'an Hat Biotechnology, Xi'an, Shaanxi, 
China) and centrifuged with 12,000 rpm under 4℃ for 
ten minutes. The protein samples in the supernatant 
were immediately collected, and the concentration 
was measured using the BCA Protein Assay Kit (PA115; 
Tiangen Biotech, Beijing, China). Equivalent amounts 
of protein were separated by 10% SDS-PAGE and then 
transferred onto polyvinylidene difluoride (PVDF) 
membranes (Amersham Pharmacia Biotech, Uppsala, 
Sweden). After blocking with 5% non-fat dry milk in 
PBS containing 0.1% Tween-20 for three hours at room 
temperature, the membranes were incubated at 4°C 
overnight with primary antibodies (1:1,000) against 
COMP (33060; Signalway Antibody, College Park, 
Maryland, USA) and then incubated with a secondary 
antibody (1:500) (Control Rabbit immunoglobulin; 
PeproTech, Cranbury, New Jersey, USA) at low speed 
for 1.5 hours. Enhanced chemiluminescence (ECL), us-
ing an EasyBlot ECL kit (cat. no. 36,222ES60; Shanghai 
Yeasen Biotechnology, Shanghai, China) was utilized 
for developing, and the reaction was terminated when 
the target band had clear staining. The band of west-
ern blot was scanned by the gel documentation sys-
tems (SynGene, Bangalore, India). Labworks software 
(PerkinElmer, Waltham, Massachusetts, USA) was used 
to detect and calculate the integral optical density (IOD) 
value of each band. After comparison with the IOD val-
ue of internal reference band of GAPDH, the rations of 
the protein expression level were measured.
Overexpression of COMP.  A COMP overexpression cell 
model was built up on KBD chondrocytes by lentiviral 
transfection. The KBD chondrocyte sample collection 
was described as above. Articular chondrocytes from 
KBD patients were seeded in three six-well culture plates. 
Each plate was for control group, negative virus control 
group, and COMP-overexpression group (conventional 
medium with HiTransG P). After the supernatant in each 
well was removed, 1 ml of conventional medium and 
40 µl of HiTransG P infection-enhancing solution were 
added to each well. The optimal multiplicity of infection 
(MOI) selected in this experiment was determined to be 
100 by the lentivirus infection pre-experiment. The cells 
were infected at MOI 100 for a total of 72 hours. Cells 
were collected for evaluating the change of apoptosis 
level by MTT assay, and qRT-PCR was performed to com-
pare the expression of downstream apoptosis-promoting 
genes and apoptosis-suppressing genes between COMP 
overexpression group and control group.
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Fig. 1

Relative expression ratio of cartilage oligosaccharide matrix protein (COMP) in messenger RNA (mRNA) and protein scales between Kashin-Beck disease (KBD) 
patients and controls. a) Relative expression ratio of COMP mRNA between KBD patients and normal controls. Compared with the control group, **p < 
0.01. b) Relative protein expression ratio of average integrated optical density (IOD) value extracted from western blot band of COMP between KBD patients 
and controls. IOD compared with the control group, **p < 0.01. c) The western blot band of COMP and reference protein glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) in four KBD patients and four control subjects.

Table I. The effect of T-2 toxin on the viability of C28/I2 cells was tested at 
different concentrations and different times.

Intervention time (hrs) T-2 toxin concentration, ng/ml

0 1 2 5

12 1 0.93 0.94 0.87

24 1 0.95 0.92 0.80

48 1 0.97 0.89 0.49

72 1 0.90 0.70 0.51

Statistical analysis.  Statistical analysis was conducted 
using SPSS software version 20.0 (IBM SPSS, Armonk, 
New York, USA). Data are presented as the mean and 
SD. Comparisons were made using independent-
samples and paired t-tests and one-way analysis of var-
iance (ANOVA) test. Comparison of data among exper-
imental groups and the control group was performed 
using Dunnett-t test. A p-value < 0.05 was considered 
significant in this study.

Results
Expression of COMP in the chondrocytes from KBD patients 
and control subjects.  The mRNA relative expression ratio 
of COMP in KBD chondrocytes was significantly lower 
than that in control chondrocytes (fold change = 0.14 (SD 
0.14, p = 0.009, independent-samples t-test, Figure 1a)). 
Besides, the protein relative expression ratio of COMP 
in KBD patients was also significantly lower than that 
in control chondrocytes (fold change = 0.44 (SD 0.14,  
p = 0.004, independent-samples t-test, Figure  1b, 
Figure 1c)).
Effects of T-2 toxin intervention on COMP expression.  The 
results of MTT assay showed that the viability of C28/I2 
normal chondrocytes decreased gradually with the in-
crease of T-2 toxin concentration under the same inter-
vention time (Table I, Supplementary figure b). Besides, 
the viability of the cells was also reduced with interven-
tion time increasing under the same intervention concen-
tration (Table I, Supplementary figure b).

After the T-2 toxin intervention, significant changes of 
COMP expression was observed in C28/I2 chondrocyte 
cell line. The mRNA relative expression ratio of COMP was 
found significantly different among intervention groups 
with different T-2 toxin concentrations (p = 0.046, ANOVA) 
(Figure 2a). The protein relative expression ratio of COMP 
was significantly different among intervention groups with 
different T-2 toxin concentrations (p = 0.005, ANOVA) 
(Figure 2b, Figure 2c).
Effect of COMP overexpression on the activity of KBD artic-
ular chondrocytes.  The KBD chondrocytes with COMP 
overexpression was established. Results showed a high 
fluorescence abundance of GFP (green fluorescent pro-
tein) after 72 hours of infection (Supplementary figure 
c). According to Supplementary figure c, COMP len-
tivirus was successfully transfected in chondrocytes 
(Supplementary figure c). The mRNA relative expres-
sion ratio of COMP in the overexpression cell model be-
came significant higher than that in the blank control 
group and negative control group (PCOMP-Blank < 0.001, 
Dunnett-t test, PCOMP-Negative < 0.001, Dunnett-t test ) 
(Figure  3a). Compared with the blank control group, 
the chondrocyte survival rate of COMP overexpression 
group were significantly increased (p = 0.020, Dunnett-t 
test) (Figure 3b), there was no significant difference be-
tween COMP overexpression group and negative con-
trol group (p = 0.730, Dunnett-t test) (Figure 3b).
Effect of COMP overexpression on the mRNA expression 
of Survivin (BIRC5), XIAP, and SOX9.  After transfection for 
72 hours, the relative expressionratio of downstream 
apoptosis inhibitory genes, Survivin (BIRC5), XIAP, and 
SOX9 were detected by qRT-PCR. The Survivin (PCOMP-Blank 
< 0.001 , PCOMP-Negative < 0.001 ) and SOX9 (PCOMP-Blank < 
0.001 , PCOMP-Negative < 0.001; Dunnett-t test) mRNA rel-
ative expression ratio of COMP overexpression group 
was significantly higher than that in blank control 
group and negative control group (Figure 4a and 4b). 
No statistical differences were observed in XIAP mRNA 
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Fig. 2

Cartilage oligosaccharide matrix protein (COMP) messenger RNA (mRNA) and protein relative expression ratio under different concentrations of T-2 toxin 
intervention. a) COMP mRNA relative expression ratio under different concentrations of T-2 toxin intervention. Note: Compared with the control group, 
*p < 0.05. Using Dunnett-t test, 2 ng/ml and 5 ng/ml T-2 toxin concentration intervention group were statistically significant compared to 0 ng/ml toxin 
intervention group. b) COMP protein relative expression of integrated optical density (IOD) values under different T-2 toxin concentrations. Note: Using 
Dunnett-t test, the values in 1 ng/ml, 2 ng/ml, and 5 ng/ml T-2 toxin concentration intervention groups were found to be statistically significant compared 
with the 0 ng/ml toxin intervention group, respectively, **p < 0.01. c) The western blot band of COMP and reference protein in four groups with different T-2 
toxin treatment concentrations. GADPH, glyceraldehyde-3-phosphate dehydrogenase.

Fig. 3

a) Relative expression ratio of cartilage oligosaccharide matrix protein (COMP) overexpressing lentivirus in articular chondrocytes among the blank control, 
negative control, and COMP overexpression groups. Compared with the COMP overexpression group, the mean COMP expression levels in the blank control 
group and negative control group were reduced significantly (7.25, SD 4.69 and 10.12, SD 2.86, respectively; all **p < 0.001, Dunnett-t test). b) Effect of 
COMP overexpression of lentivirus on the activity of articular chondrocytes in Kashin-Beck disease (KBD) among the blank control, negative control, and 
COMP overexpression groups. Compared with the COMP overexpression group, the mean survival rate of KBD chondrocytes in the blank control group was 
reduced (1.31, SD 0.22; *p < 0.05, Dunnett-t test).

expression level among the COMP overexpressing 
group, the blank control group, and the negative con-
trol group (p = 0.230, ANOVA) (Figure 4e).
Effect of COMP overexpression on the mRNA expression 
of Caspase 3, Bax, and Fas.  The Caspase 3 mRNA relative 
expression ratio of COMP overexpression group was 
significantly lower than that in blank control group 
and negative control group (PCOMP-Blank < 0.001, PCOMP-

Negative < 0.001, Dunnett-t test Figure 4c). The mRNA rel-
ative expression ratio of Bax (p = 0.370, ANOVA) and 
Fas (p = 0.810, ANOVA) did not show statistical dif-
ference among the COMP overexpression group, the 

blank control group, and the negative control group 
(Figure 4g, Figure 4f)
Effect of COMP overexpression on the mRNA expres-
sion of type II collagen and matrix metalloproteinase 
13.  Comparing with COMP overexpression group, the type 
II collagen mRNA relative expression ratio in the blank con-
trol group and negative control group were significantly 
lower (PCOMP-Blank = 0.033, PCOMP-Negative = 0.027, Dunnett-t test 
Figure 4d). No significant differences were observed in the 
MMP13 mRNA relative expressionratio among the COMP 
overexpression group, the blank control group, and the 
negative control group (p = 0.490, ANOVA) (Figure 4h).
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Fig. 4

Effects of cartilage oligosaccharide matrix protein (COMP) overexpression on downstream genes in Kashin-Beck disease (KBD) chondrocyte model (the COMP 
overexpression was only performed for the KBD cells) among the blank control, negative control, and COMP overexpression groups. a) Compared with the 
COMP overexpression group, the Survivin mean messenger RNA (mRNA) relative expression ratios in the blank control group and negative control group 
were reduced (8.51, SD 2.88 and 6.77, SD 3.60, respectively; all **p < 0.001, Dunnett-t test). b) Compared with the COMP overexpression group, the sex-
determining region Y-box 9 (SOX9) mean mRNA relative expression ratios in the blank control group and negative control group were reduced (5.61, SD 
0.87 and 7.71, SD 2.17, respectively; **p < 0.001 , Dunnett-t test). c) Compared with the COMP overexpression group, the Caspase 3 mean mRNA relative 
expression ratios in the blank control group and negative control group were increased (0.38, SD 0.05 and 0.38, SD 0.04, respectively; all **p < 0.001, 
Dunnett-t test). d) Compared with the COMP overexpression group, the type II collagen mean mRNA relative expression ratios in the blank control group and 
negative control group were reduced (4.72, SD 2.17 and 5.66, SD 1.72, respectively; all *p < 0.050, Dunnett-t test). e) Effect on x-linked inhibitor of apoptosis 
protein (XIAP) (p = 0.948, one-way analysis of variance (ANOVA)). f) Effect on Fas (p = 0.095, ANOVA). g) Effect on Bcl-2-associated x protein (BAX) (p = 0.347, 
ANOVA). h) Effect on MMP13 (p = 0.263, ANOVA).

Discussion
In this study, we found that the expression of COMP in 
KBD cartilage was significantly lower than that in control 
cartilage, implying the involvement of COMP in the KBD 
development. It has been found that COMP not only 
exists in the hyaline cartilage but also in serum (sCOMP) 
and synovial fluid.22 Kong et al9 have reported that 
extracellular matrix protein 1 (ECM1), as a novel COMP-
associated partner, can interact with COMP to regulate 
endochondral bone growth. In addition, COMP also has 
an important intracellular function in assisting efficient 

secretion of collagens, which was proved in COMP-null 
mice with severely attenuated fibrotic responses in skin.23 
Additionally, it has been discovered that COMP can protect 
primary human chondrocytes from death and is able to 
block activation of caspase 3, a critical effector caspase.24 
Previous evidence has showed that COMP mutations are 
associated with pseudoachondroplasia (PSACH), an auto-
somal dominant osteochondrodysplasia characterized by 
short-limb short stature, brachydactyly, and early-onset 
osteoarthropathy.25 Moreover, two novel mutations in 
the COMP gene have also been discovered in six PSACH 
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families.26 OA is a common chronic joint disease char-
acterized by chondrocyte reduction and extracellular 
matrix degradation. Bai et al27 found that early dynamic 
combined detection of serum C-telopeptides of type II 
collagen (CTX-II) and COMP concentrations is effective for 
early OA diagnosis. In addition, sCOMP has been proved 
to be one of the biomarkers in the diagnosis and prog-
nosis of knee and hip OA patients.28 The sCOMP level 
also has the potential to be used as a biological marker 
for differentiating between patients with rheumatoid 
arthritis (RA) and healthy individuals.29,30 The relevance of 
COMP and bone development or disease has been iden-
tified by previous studies.31,32 Based on our study results, 
it is necessary to further explore the potential of COMP in 
the diagnosis and treatment of KBD.

Previous studies have demonstrated the key role of 
excessive chondrocyte apoptosis in the articular carti-
lage damage of KBD.5,33 Lemarié et al34 concluded that 
chondrocyte apoptosis was a target of modulate carti-
lage degeneration in OA. In this study, we also explored 
the effects of COMP on the expression of apoptosis-
suppressing genes, including Survivin, XIAP, and 
SOX9. We observed that the mRNA expression levels of 
Survivin and SOX9 in COMP overexpression KBD chon-
drocytes were significantly higher than that in control 
group. Survivin was firstly reported by Ambrosini et al35 
in 1997, which was located on chromosome 17. It is the 
smallest member of the inhibitor of apoptosis protein 
(IAP) family. Jaiswal et al36 found that Survivin had dual 
functions of regulating cell death as well as cell mitosis, 
and also can exert an anti-apoptosis effect by inhib-
iting caspase pathway. Transcription factor SOX-9 is a 
protein which is encoded by the SOX9 gene in human 
beings. As a transcription factor, it plays an important 
regulatory role in cartilage formation. It could bind to 
the chondrocyte-specific enhancer collagen type II α 
1 (Col2α1) and regulates its expression directly.37 Guo 
et al38 found that SOX9 regulated the proliferation and 
apoptosis of human lung cancer cells through wnt/β-
catenin signalling pathway. Furthermore, Wang et al39 
observed that SOX9 was significantly up-regulated in 
KBD cartilage. The expression levels of SOX9 were also 
found to be significantly increased in the chondrocytes 
with T-2 treatment.39 Our study results suggest that 
COMP might play a role in the excessive chondrocyte 
apoptosis of KBD through decreasing the expression 
of Survivin and SOX9. Further biological studies are 
needed to clarify the molecular mechanism of COMP 
involved in the development of KBD.

In addition, we also explored the effect of overexpression 
of COMP on type II collagen. Type II collagen is the basis for 
articular cartilage and hyaline cartilage, formed by homo-
trimers of collagen type II α 1 chains. Lack of collagen II is 
considered as a signal of cartilage cell apoptosis.40 Previous 
study demonstrated that expression of collagen II decreased 
in human chondrocytes from KBD patients in vitro.41 In this 
study, the mRNA expression of type II collagen in COMP 

overexpression KBD chondrocytes was significantly higher 
than that of control group, indicating the involvement of 
COMP in the dysfunction of type II collagen synthesis and 
metabolism of KBD patients.

In this study, we also found that T-2 toxin could result 
in significant reduction of COMP expression, suggesting 
that T-2 toxin might exert an effect on KBD cartilage 
damage through COMP. It has been reported that T-2 toxin 
contamination in grains was a highly suspected factor for 
KBD development.42 For example, Li et al43 found that 
T-2 toxin accumulation was more severe in KBD endemic 
areas. In vitro, T-2 toxin could inhibit aggrecan synthesis, 
promote aggrecanases and pro-inflammatory cytokines 
production, and consequently induce aggrecan degra-
dation in chondrocytes.42 Wang et al44 found that T-2 
toxin treatment in rats could induce degenerative artic-
ular cartilage lesions similar to spontaneous OA. Inter-
leukin-1 β (IL-1β), as a kind of inflammatory factor, has 
been reported as a trigger of inflammation in chondro-
cytes.45 It was also involved in T-2 toxin-induced chon-
drocyte injury and metabolism imbalance.46 Additionally, 
increased levels of IL-6, IL-1β, and TNF-α could be induced 
in serum and cartilages under a selenium-deficient nutri-
tional status with T-2 toxin exposure, which may account 
for the pathological mechanism underlying the cartilage 
damage of KBD.47 As a target of T-2 toxin, more attention 
should be paid to COMP in the aetiological and patholog-
ical study of KBD.

However, there are some limitations of this study. 
Firstly, in the lentivirus experiment for COMP overex-
pression model of KBD chondrocytes, the factor of T-2 
toxin was not involved. T-2 toxin treatment was only 
conducted on the chondrocyte cell line. That is partly 
because of the difficulty in obtaining human primary 
chondrocytes. Such compromised design means that 
the combined effect of T-2 toxin and COMP cannot be 
observed in one experiment. Moreover, T-2 toxin treat-
ment experiments were only conducted on normal chon-
drocyte cell line, not on the KBD chondrocytes, so the 
difference in susceptibility between KBD chondrocytes 
and normal chondrocytes against T-2 toxin cannot be 
concluded from this study either. Thirdly, the histology 
work, such as the staining image of immunohistochem-
istry in cartilage tissue, was not conducted during this 
study, so the expression level and location of COMP in the 
cartilage had not been observed.

In summary, we explored the potential role of 
COMP in the articular cartilage damage of KBD. Our 
study confirmed the implication of COMP in KBD 
development and provided new evidence for under-
standing the molecular mechanism of KBD cartilage 
damage. COMP may have effects on the excessive 
chondrocyte apoptosis and dysfunction of type II 
collagen synthesis, and metabolism of KBD patients. 
Further studies are warranted to confirm our find-
ings and clarify the biological mechanism of COMP 
involved in the development of KBD.
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Supplementary material
‍ ‍Table showing the primer sequences used in this 

study for qRT-PCR, and a figure showing the mor-
phology of KBD chondrocytes, the cell viability 

changes after T-2 treatment, and fluorescence abundance 
of chondrocytes after transfection.
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