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ABSTRACT
Objectives: In this study, we aim to investigate the association between articular damage in diabetes and a disintegrin-like and metalloproteinase
with thrombospondin motifs 12 (ADAMTS12) at gene expression and protein levels.
Materials and methods: OUMS-27 human chondrosarcoma cells were used to investigate how ADAMTS12 levels changed in vitro condition in
presence and absence of insulin. The study included three groups of cells treated with 10 μg/mL of insulin, and a control group. Cells were incubated
with insulin in medium for one day, three days, and seven days. The effects of insulin on ADAMTS12 were investigated at both gene expression and
protein levels. The relationships between the variables were tested by Mann-Whitney U test.
Results: ADAMTS12 expression was significantly lower in the groups treated with insulin medium for one day and seven day periods (p=0.008 and
p=0.008, respectively) compared to the control group. No significant difference was detected in the expression level between the groups kept in
insulin medium for three days and the control group (p=0.55). In addition, protein amounts of the groups exposed to insulin medium for one, three,
and seven day periods were lower.
Conclusion: Insulin reduces the amount of ADAMTS12 which causes delayed recovery of cartilage tissue in the OUMS-27 cell lines utilized in our
study for their chondrocytic properties. This reduction due to insulin treatment may contribute to recovery of cartilage tissue.
Keywords: ADAMTS12; cartilage tissue; insulin; OUMS-27.

Progressive joint destruction is an important
criterion in predicting long-term progression of
rheumatoid arthritis and osteoarthritis. Despite
improved treatment and care options, prevention
of joint destruction may be quite difficult.1 The
pathophysiology of arthritic joint destruction
involves proteolytic breakdown of cartilage
tissue. Particularly, aggrecan breakdown in
extracellular matrix results in joint destruction.2,3
Matrix metalloproteinases and a disintegrin and

metalloproteinase with thrombospondin motifs
(ADAMTS) play role in cartilage breakdown.4
ADAMTSs belong to metzincin superfamily of
metalloendopeptidases, and involve more than
19 distinct genes.5 ADAMTS gene products
have protease activity. ADAMTS1, -4, -5, -8,
-9 and -15 have aggrecanase activity whereas
other members do not.2 The cartilage tissue of
the patients with osteoarthritis and rheumatoid
arthritis include biglycan fragments obtained due
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to breakdown of proteoglycans by ADAMTSs.6 On
the other hand, distinct ADAMTS genes play role
in etiopathology of different disorders. ADAMTS
genes are upregulated in some disorders while
they are downregulated in others.
A disintegrin-like and metalloproteinase
with thrombospondin motifs 12 has been first
reported by Cal et al.7 in 2001. ADAMTS12
gene is found in skeletal muscles, cartilage,
tendons and fetal lung.7-9 ADAMTS12 was shown
to be associated with arthritis,10 intervertebral
disc degeneration,11,12 inflammation,13,14 tumor
invasion, and metastasis.15-17 Also, high levels of
ADAMTS12 messenger ribonucleic acid (mRNA)
were detected in osteoarthritis and rheumatoid
arthritis.18,19 On the other hand, role of
ADAMTS12 in articular cartilage, and regulation
and biochemistry of ADAMTS12 at gene level
have not been clearly demonstrated.
Insulin
increases
synthesis
of
mucopolysaccharides in the chondrocytes whereas
it elevates synthesis of proteoglycans in the tumor
cells obtained from the chondrosarcoma cells. In
other respects, insulin causes a positive nitrogen
balance by elevating amino acid uptake.20,21 Insulin
binds to receptors of insulin-like growth factor 1
(IGF-1) at high concentrations such as 10 µg/mL,
and imitates its effect in cartilage tissue.22 When
used at dosages below 10 nmol/L, it causes an
increased matrix synthesis while preventing matrix
breakdown by inhibiting aggrecanase activity and
harmful effects of nitric oxide and interleukin-1
(IL-1) on cartilage tissue.23 Exact opposite events
occur in diabetes due to insulin deficiency and
hyperglycemia. Degraded structural integrity of
the articular cartilage and proteoglycan changes
in the intervertebral discs are common in diabetic
patients. Elevated cartilage loss and delayed bone
fracture healing may also occur.24-26 Despite
investigations, the degradation mechanism of the
articular cartilage has not been clearly shown.
In this study, we aimed to investigate the
association between articular damage in diabetes
and ADAMTS12 at gene expression and protein
levels. We investigated how ADAMTS12 levels
changed in vitro in presence and absence of
insulin. OUMS-27 cell lines that have been
established from chondrosarcoma cells and express
chondrocytic properties are used in investigating
pathophysiology of cartilage disorders due to the

difficulties in obtaining chondrocytes. OUMS-27
cell line secretes cartilage-specific proteoglycans,
and type-2 and -9 collagens.27 We used OUMS-27
cell line in our study as well.

MATERIALS AND METHODS
OUMS-27 human chondrosarcoma cells were
kindly provided by Dr. T. Kunisada from Okayama
University Graduate School of Medicine and
Dentistry, Okayama, Japan. Cells were cultured
in Dulbecco’s modified Eagle’s medium containing
10% fetal bovine serum and penicillin/streptomycin
at 37 °C in a humidified atmosphere of 5% CO2 in
air. The cells were subcultured at split ratios of 1:21:4 using trypsin plus ethylenediaminetetraacetic
acid every 7-10 days. Cells were used at passages
7-14 for all experiments. The medium was
changed every other day with either control media
or control media supplemented with 10 μg/mL of
insulin for a total of seven days.
Insulin powder was dissolved in 0.01N HCl
solution. The stock solution had 2 mg/mL
concentration in 0.01N HCl, and working solution
had 10 μg/mL in medium. Three groups of cells
were subjected to insulin: For one day experiment,
2x105 cells; for three days experiment, 1x105
cells; and for seven days experiment 5x104 cells
were plated in 20 mm dishes and exposed to
the different regimens of insulin. Briefly, cells
were incubated with insulin in medium for one
day, three days, and seven days. Cells were
plated in five dishes for each condition. After the
experiment, cells were harvested, and total RNA
plus protein isolations were performed.
Total RNA was extracted with TRIzol
(Invitrogen, Carlsbad, CA, USA, Cat#15596-018)
according to the manufacturer’s instructions. Two
micrograms of RNA were reverse transcribed with
RevertAid M-MuLV Reverse Transcriptase (Thermo
Scientific, Waltham, MA, USA, Cat# EP0441) and
random hexamers (Thermo Scientific, Waltham,
MA, USA) with random primers according to
the manufacturer’s instruction (Table 1). Human
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was amplified as a control for the
polymerase chain reaction (PCR). Samples lacking
reverse transcriptase were amplified as a control
for genomic DNA contamination. RNase-free
water (Qiagen GmbH, Germany) was used to elute
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Table 1. Forward and reverse primers used in the qRT-PCR analyses
for ADAMTS12 and GAPDH.
ADAMTS12
Forward
Reverse
GAPDH
Forward
Reverse

AGTGGGCAACTGGAGTGAGT
ACATGTGACACTGCGAATCC

67 bp product

CCTGCACCACCAACTGCTTA
TCTTCTGGGTGGCAGTGATG

108 bp product

ADAMTS: A disintegrin-like and metalloproteinase with thrombospondin motifs; GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase.

total RNA from each sample. Ultraviolet-visible
spectrophotometry was used to quantify and
determine the purity of each sample. Quantitative
reverse transcriptase (qRT)-PCR was performed
on cDNA samples obtained (Qiagen Rotor-Gene
Q RT-PCR, Limburg, Netherlands) as described
in a previous report.2 Total RNA RT-PCR section
uses the intercalating dye SYBR® green (Thermo
Scientific Maxima SYBR® Green/ROX qPCR
Master Mix (2X) Cat#K0221) in the presence of
primer pairs. The PCR mixture consisted of SYBR®
Green PCR Master Mix, which includes DNA
polymerase, SYBR® Green I Dye, deoxynucleotide
triphosphates including deoxyuridine triphosphate,
PCR buffer, 10 pmol forward and reverse primers,
and cDNA of samples in a total volume of 20 μL.
Housekeeping gene, GAPDH, was amplified for
normalizing the efficiency of cDNA synthesis and
the amount of RNA applied. PCR was performed
with initial denaturation at 95 °C for five minutes,
followed by amplification for 40 cycles, each
cycle consisting of denaturation at 95 °C for 10 s,
annealing at 57 °C for 30 s, polymerization at
72 °C for 30 s and, the last stage, polymerization
at 72 °C for five minutes. The results pertaining
to ADAMTS12 were represented as graphics. The
bars and error bars represent mean and standard
deviations of amplicon concentrations obtained by
PCR reaction.
Anti-ADAMTS12
primary
antibodies
were purchased from Santa Cruz (Santa Cruz
Biotechnology, Inc., CA, USA) and used at a

1:100 dilution. Cross-reactivity was confirmed
before the study to agree with that described on
the manufacturer’s data sheet. After experiment,
the cells were washed once with phosphatebuffered saline and then scraped from the plates.
Cells were solubilized in 300 μL of CelLytic M
(SigmaAldrich, St. Louis, MO, USA, Cat# C2978)
with a protease inhibitor mixture. After incubation
in a rotator at 4 °C for 15 minutes, the samples
were centrifuged, and the supernatants were
collected. The protein concentration of the
cell extracts was determined using a protein
assay kit (Thermo Scientific Bradford Assay
Kit Cat#23238) and bovine serum albumin as
standard. Protein samples were boiled at 95°C in
Laemmli sample buffer (BioRad Cat#161-0747)
and b-mercaptoethanol for eight minutes. Ten
micrograms of total protein were used for Western
blot analysis. Briefly, 10 μL of each sample
including protein marker (BioRad Precision Plus
Protein Western C Standard, Cat#161-0376)
were loaded to Western blot gel (BioRad MiniPROTEAN TGX Stain-Free Gels, 4-15%, 15-well
comb, 15 μL, Cat#456-8096) in BioRad 1X
Tris/Glycerine/SDS running buffer and run at
250 V for 20 minutes. After electrophoresis,
proteins were transferred onto polyvinylidene
difluoride membranes (BioRad Trans-Blot Turbo
Transfer Pack, 0.22 μM PVDF, Cat#170-4156) by
using transfer system (BioRad Trans-Blot Turbo
Transfer System, Singapore). Membranes were
blocked for one hour in 2.5% nonfat dried skim

Table 2. Primary and secondary antibodies used for ADAMTS12 Western blot analyses
Primary antibody
ADAMTS12
GAPDH

Primary antibody
concentration

Secondary
antibody

Secondary antibody
concentration

Reaction

kDa

1/1000
1/10000-1/50000

Goat
Rabbit

1/4000
1/4000

Mouse, rat, human
Human

80-200
36

ADAMTS: A disintegrin and metalloproteinase with thrombospondin motifs; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
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milk in Tris-buffered saline containing 0.05%
Tween 20. The membranes were incubated
overnight for 16 hours with primary antiADAMTS12 and anti-GAPDH antibodies
(Table 2) diluted in blocking buffer. After washing
with Tris-buffered saline with Tween 20 three
times for eight minute each at room temperature,
the membranes were incubated one hour with
the appropriate secondary antibodies (Table 2).
Following three successive washes with Trisbuffered saline with Tween 20, immunoreactive
bands were visualized using the enhanced
chemiluminescence system (BioRad Immun-Star
Western C kit) for 90 seconds. Signals were
detected with BioRad ChemiDoc MP Imaging
System (Singapore), and the densitometry was
performed with Image J software (W. Rasband,
Research Services Branch, NIMH, National
Institutes of Health, Bethesda, MD) and
normalized to the signal intensity of GAPDH
for equal protein loading control of each sample
in each experiment. This quantification was
performed with the linear range of the standard
1.40
1.20

Ratios

1.00

1.21
1.00

0.80

Statistical analysis
Statistical Package for the Social Sciences
(SPSS Inc., Chicago, IL, USA) version 16.0 was
used for statistical assessment. Nonparametric
Kruskal Wallis test was applied. The relationships
between the variables were tested by MannWhitney U test. P<0.05 was accepted as
significant.

RESULTS
The effects of insulin on ADAMTS12 has
been investigated at gene and protein levels.
ADAMTS12 expression was significantly lower
in the groups applied insulin medium for one day
and seven day periods (p=0.008 and p=0.008,
respectively) compared to the control group.
No significant difference was detected between
the group treated with insulin medium for three
days and the control group (p=0.548). Gene
expression was significantly higher in the group
treated with insulin for three days compared with
the group kept in insulin-medium for one day
(p=0.016) (Figure 1).
Protein levels of the groups exposed to insulin
medium for one, three and seven day periods
were lower than the control group (Figure 2).
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curve defined by the standard sample, GAPDH,
for all densitometry analysis.
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Figure 1. A disintegrin-like and metalloproteinase with
thrombospondin motifs12/glyceraldehyde 3-phosphate
dehydrogenase ratios and amplicon concentrations
according to Quantitative reverse transcriptase-polymerase
chain reaction results.
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Figure 2. Results of Western blot analysis for ADAMTS12.
ADAMTS: A disintegrin-like and metalloproteinase with thrombospondin
motifs; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
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DISCUSSION
Extracellular matrix (ECM) surrounds cells,
providing mechanical support to cells and also
mediating their functionality. The proteoglycans
in ECM serve as a bridge between cells and
matrix, and contributes to construction of
ECM by affecting collagens. The interaction
between cells and ECM is important for normal
development and functionality of the organism.
The modulation of cell-matrix interaction
is provided by the proteolytic systems that
contribute to hydrolysis of the components in
ECM. Therefore, any reduction or increase in
proteolytic activity is critical with respect to
pathophysiology of several diseases.28 Matrix
metalloproteinases and ADAMTSs are two major
protease families that play role in breakdown of
ECM.4 The breakdown of ECM by ADAMTSs
deteriorates cell-matrix interaction, and causes
formation of a new matrix with problematic
fibrillar network and changed biomechanical
properties.29 In this study, we also investigated
the changes at levels of gene expression of
ADAMTS12 and protein which may play role in
destruction of the cartilage tissue.
The pathophysiology of arthritic joint
destruction involves proteolytic breakdown of
cartilage tissue by matrix metalloproteinases
and ADAMTSs. The breakdown of aggrecan, in
particular, which is included in the extracellular
matrix, is critical in articular damage.2-4
Osteoarthritis and rheumatoid arthritis are
among joint disorders which involve cartilage
damage. Osteoarthritis is a disorder that occurs
due to impaired balance between breakdown and
repair in the articular cartilage, and characterized
with cartilage degeneration, synovitis, and
osteophytes.30 Rheumatoid arthritis, another
disorder affecting joints, is a chronic and systemic
inflammatory disease, and characterized with
inflammatory proliferation of synovial tissues,
breakdown of bone and cartilages, and disabilities.31
Impaired structural integrity of articular cartilage
is commonly observed in diabetic patients as
well as disorders such as osteoarthritis and
rheumatoid arthritis, and changes are observed in
the amounts of proteoglycans in the intervertebral
discs. Increased cartilage damage and delayed
bone fracture healing may be also monitored
in diabetes.24-26 There are ongoing studies on

molecular mechanism of cartilage damage in
diabetes. Levels of receptor activator of nuclear
factor-kB ligand and tumor necrosis factor-alpha
(TNF-a) which cause resorption of the mineralized
cartilage tissue increase in diabetes.32,33 Insulin
therapy provides integrity of the cartilage tissue
by decreasing levels of receptor activator of
nuclear factor-kB ligand and TNF-a.34 Also, levels
of ADAMTS4 which increase in diabetic rats and
show aggrecanase activities are reduced when
insulin is applied.34 Cai et al.23 have detected that
the amount of proteoglycans increases depending
on dosage when insulin is added to chondrocyte
medium of primary porcines. In the study, insulin
eliminated the negative effect of IL-1 alpha on
synthesis of proteoglycans. On the other hand,
insulin reduced levels of breakdown products due
to aggrecanases in the mediums with and without
IL-1 alpha. In the same study, insulin increased
the amounts of proteoglycans in Dunkin Hartley
guinea pigs with different levels of osteoarthritis
and different ages. The synthesis of proteoglycans
decreased inversely proportional to the severity
of diabetes in streptozotocin-induced diabetic
rats; however, it increased when insulin was
applied. When insulin and IGF-1 were applied to
cartilage tissues of patients who underwent joint
replacement, matrix synthesis increased due to
both administrations; however, a higher increase
was detected in the groups treated with insulin.
Evaluation of above data suggests that insulin
can be used as an important agent in treatment
of different stages of osteoarthritis.23 In another
study, Kayal et al.34 have investigated the effects
of diabetes and insulin therapy on cartilage tissue
on a diabetic rat model. The cartilage tissue in
the normoglycemic group, which received insulin
therapy, was 1.6-fold higher than the diabetic
group. Also, we have investigated the effect of
insulin on the cells with chondrocytic properties.
We analyzed how insulin changed levels of
ADAMTS12 which is associated with cartilage
tissue and synthesized by chondrocytes. Following
administration of insulin, gene expression of
ADAMTS12 decreased in the first and seventh
days whereas amounts of protein decreased in
the first, third and seventh days. These results
have suggested that ADAMTS12, with probably
high levels in diabetes, and which may contribute
to formation of cartilage, may be reduced with
insulin therapy.
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ADAMTS12, being a member of ADAMTSs
family, is secreted from the surface of
chondrocytes, it binds to components of ECM,
and inhibits differentiation of chondrocytes.8,35
In the cells that ADAMTS12 is overexpressed;
all of the early (collagen II and Sox9) and
late (collagen X) chondrogenic markers are
repressed.35 v-MAF avian musculoaponeurotic
fibrosarcoma
oncogene
homolog
gene
regulates transcription of ADAMTS12 gene
by binding to its “Maf recognition element”
sequence.36 ADAMTS12, whose expression is
regulated by v-MAF avian musculoaponeurotic
fibrosarcoma oncogene homolog gene, affects
chondrogenic differentiation and hypertrophy
negatively. However, normal development of
cartilage requires appropriate expression of
ADAMTS12. Abnormal level or dysfunctionality
of ADAMTS12 may cause dysregulation and
arthritis in the cartilage tissue.31 ADAMTS12
may contribute to development of osteoarthritis
by increasing breakdown of cartilage oligomeric
matrix protein.31 Oligomeric matrix protein is
one of the non-collagenous components of the
cartilage tissue and contributes to stabilization of
cartilage ECM due to its interaction with collagen
types II and IX, aggrecan, and fibronectin.37-39
TNF-a causes increased breakdown of oligomeric
matrix protein by induction of ADAMTS12.31
Some studies in the literature have shown
increased amounts of ADAMTS12 in the cartilage
and synovial membranes of the patients with
osteoarthritis and rheumatoid arthritis.18,40 The
destructive effect of ADAMTS12 on aggrecan
has been also detected.41 In our study, both
gene expressions and amounts of protein for
ADAMTS12 were lower in the insulin-applied
group compared with the control group.
Considering negative effects of ADAMTS12 on
chondrogenic differentiation and hypertrophy,
it has been concluded that this effect of insulin
may contribute positively to recovery of cartilage
tissue. The effect of insulin on ADAMTS12 may
be mediated by musculoaponeurotic fibrosarcoma
oncogene homolog. Insulin may have shown this
effect also by leading to reduction in amount of
TNF-a.
The breakdown in the cartilage tissue is one
of the earliest findings of osteoarthritis, and use
of agents for preventing this breakdown and/or
synthesis of matrix components is important in

preventing progression of the disease and for
treatment.42,43 The excessive amounts of nitric
oxide and IL-1 cause cartilage damage; therefore,
reducing or antagonizing amounts of these
biomolecules is important in preventing cartilage
damage.44,45 Growth factors are required for repair
of cartilage tissue. Bone morphogenetic protein,
IGF, and transforming growth factor beta are
required for in vivo and ex vivo repair and growth
of cartilage tissue.42,43 IGF-1 deficiency may cause
osteoarthritis, and level of IGF-1 is high in patients
with osteoarthritis.43,46 In the study of Cai et al.,23
decreased amount of IL-1 due to insulin therapy
has supported the thesis suggesting that insulin
may be useful in treatment of arthritis. Evaluation
of growth factors, inflammatory indicators, and
effects of insulin on ADAMTS12 at levels of gene
expression and amounts of protein reveal that
insulin may contribute to recovery of cartilage
tissue. Insulin may be helpful as a therapeutic
agent in several stages of articular damage.
In conclusion, insulin reduces the amount of
ADAMTS12 which causes delayed recovery of
cartilage tissue in the OUMS-27 cell lines, which
were used in our study for their chondrocytic
properties. This reduction may contribute to
recovery of cartilage tissue.
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