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a b s t r a c t

Purpose: The aim of this study is to investigate which ADAMTS genes play a major role in the devel-
opment of primary hip osteoarthritis, by comparing the tissue and blood samples in patients with hip
osteoarthritis and a control group.
Material and methods: Human articular cartilage was obtained from femoral heads of 15 patients with
end stage osteoarthritis undergoing total hip replacement. As the control group, the cartilages was
obtained from femoral heads of 15 patients, who did not have osteoarthritis or degenerative changes in
hip joint, undergoing hip replacement following the fracture of the femoral neck. After the cartilage
samples were taken from the resection materials, the DNA polymorphisms in the patients' cartilage
samples were tested by Polymerase Chain Reaction (PCR), the serum levels of aggrecanase genes were
analyzed with Enzyme-Linked ImmunoSorbent Assay (ELISA).
Results: The level of ADAMTS5 and ADAMTS9 genes were found significantly lower as a result of ELISA
analysis degenerative arthritis group than the control group (p < 0,05). ADAMTS 1, 4, 8, 15 were similar
between the two groups in ELISA analysis (p > 0,05). As a result of quantitative real time RT-PCR analysis,
the level of ADAMTS8 mRNA increased 3.5 fold in hip degenerative arthritis group when compared with
femoral neck fractures group. ADAMTS1, ADAMTS4 and ADAMTS5 expression levels in hip degenerative
arthritis group were decreased 2.5, 2 and 2.5 fold, respectively. ADAMTS9, 15 were found to be similar
between two groups.
Concluson: As a result of this study on hip osteoarthritis, the ADAMTS8 levels was found to be signifi-
cantly higher in the end stage of hip osteoarthritis. Unlike similar studies on knee osteoarthritis,
ADAMTS1,4,5 levels were found to be lower.
© 2018 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Osteoarthritis is a degenerative joint disease and characterized
by the erosion of the articular cartilage, osteophytes at the edges of
the joint, subchondral sclerosis, biochemical and morphological
changes in the synovial membrane and joint capsule and its fre-
quency increases with age. The etiology and pathophysiology of
osteoarthritis are not fully understood. However, it is known that
cs and Traumatology, Yozgat
9008.
u).
ciation of Orthopaedics and

s and Traumatology. Publishing se
genetic, metabolic, biochemical and biomechanical factors may
cause osteoarthritis via the destruction of cartilage and initiating a
chain of destruction.1,2

ADAMTS enzymes, a Disintegrin and Metalloproteinase with
Thrombospondin Motifs, are responsible for cartilage matrix
destruction in diseases such as osteoarthritis and rheumatoid
arthritis, and they are a family of extracellular protease.3 As
terminological, the protease (aggrecanase) enzymes encoded by
ADAMTS genes are called ADAMTS enzymes. The ADAMTS family
contains 20 members and the studies have put forward that the
ADAMTS 1, 4, 5, 8, 9 and 15 genes have aggrecanase activity.4

Nevertheless, which ADAMTS member is responsible for the
development of primary osteoarthritis is not clear. It is suggested
that these genes have similar aggrecanase activities in the devel-
opment of osteoarthritis. Aggrecans are made of proteoglycan, the
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Fig. 1. Obtaining the cartilage tissue from femoral neck fracture.

Table 1
The forward and reverse primers used in the real-time polymerase chain reaction
analyses for ADAMTS1, ADAMTS4, ADAMTS5, ADAMTS8, ADAMTS9, ADAMTS15,
Beta actin and GAPDH. (ADAMTS, a disintegrin and metalloproteinase with throm-
bospondin motifs; b-actin, beta actin; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase).

b-actin Forward 50- TTCCTGGGCATGGAGTCCT -30

Reverse 50- AGGAGGAGCAATGATCTTGATC -30

GAPDH Forward 50- CCTGCACCACCAACT -30

Reverse 50- TCTTCTGGGTGGCAGTGATG -30

ADAMTS1 Forward 50- GGACAGGTGCAAGCTCATCTG -30

Reverse 50- TCTACAACCTTGGGCTGCAAA -30

ADAMTS4 Forward 50- GGGATAGTGACCACATTGTT -30

Reverse 50- AGGCACTGGGCTACTACTAT -30

ADAMTS5 Forward 50- TATGACAAGTGCGGAGTATG -30

Reverse 50- TTCAGGGCTAAATAGGCAGT -30

ADAMTS8 Forward 50- GTTCCCATCGTTCTGCACAC -30

Reverse 50- ACCATGTGGTGGACTCGCCT -30

ADAMTS9 Forward 50- TTCCACAGGTCACTGAGCA -30

Reverse 50- GTTTGCAACCCTGCGAGTAT -30

ADAMTS15 Forward 50- GGTACTTGCCTTGGCTGTTC -30

Reverse 50- GTGGGGGAGACAATAAGAGC -30
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main substance of cartilage consisting of a great number of chon-
droitin sulphate chains. With the negative electric charge, these
chondroitin sulphates cause the cartilage to swell by interacting
with water molecules. Therefore, the cartilage tissue gains
absorption feature against mechanic stress. Aggrecans have a vital
role in shock absorption. The destruction of aggrecans by aggre-
canase enzymes may have a critical process seen in degenerative
diseases such as osteoarthritis.4,5 Aggrecanases are the main
enzymes responsible for aggrecan destruction.6,7

The aim of this study is to investigate which ADAMTS genes play
a major role in the development of primary hip osteoarthritis, by
comparing the tissue and blood samples in patients with hip
osteoarthritis and a control group. The data gathered from this
study will form as the basis information for the identification of the
functions of gene products to be discovered in the future for the
treatment of primer osteoarthritis and for the development of
antiproteolytic therapies.

Material and methods

The study protocol was approved by the local ethics committees
at our institutions (March 2014). 30 patients, mean agewas 67 ± 7,8
(range 60e77), were included in the study (15 study and 15 control
group) and all of the patients were selected from females. The study
group was selected among patients who received total hip pros-
thesis due to hip osteoarthritis. The control group was selected
among the patients who underwent bipolar hemiarthroplasty due
to femoral neck fracture. All patients in the study group had end
stage osteoarthritis. On the contrary, there is no evidence of oste-
oarthritis in the hip of the control group of patients. Osteoarthritis
was diagnosed by clinical history and physical examination with
radiological findings,8 and the diagnosis was confirmed by gross
pathologic changes in the femoral head at the time of joint removal.
The exclusion criteria of both groups in the study were sequelae of
avascular necrosis, developmental hip dysplasia, Perthes disease,
posttraumatic lesion, history using steroid and smoking. The pa-
tients in both groups had no complaints to suggest osteoarthritis in
other joints.

Tissue samples

Human articular cartilage was obtained from femoral heads of
15 patients with end stage osteoarthritis undergoing total hip
replacement. As the control group, the cartilages were obtained
from femoral heads of 15 patients, who did not have osteoarthritis
or degenerative changes in hip joint, undergoing hip replacement
following the fracture of the femoral neck. After the cartilage
samples were taken from the resection materials as shown in Fig. 1,
they were transferred according to the rules of the cold chain and
were stored at �80 �C. Then, the DNA polymorphisms in the
patients' cartilage samples were tested by PCR. Besides, the serum
levels of aggrecanase genes were analyzed with ELISA.

Detection of ADAMTS by ELISA

Six genes (ADAMTS 1, 4, 5, 8, 9 and 15) were analyzed and
ADAMTS were measured in serum using a human ELISA kit
(Bioassay Technology Laboratory; Shanghai, China) according to
manufacturer's instructions. Plates with 96-slots which were
pre-coated with appropriate antibodies were used. Then serum
samples were added followed by horseradish peroxidase HRP-
conjugated secondary mAb. Tetramethyl benzidine was subse-
quently added to the reaction, a colored product was formed in
proportion to the amount of human ADAMTS presence in the
sample or standard. The reaction was terminated by addition of
acid and optical density was measured by microtiter plate reader at
450 nm. Serum levels of ADAMTS (catalog number): (ADAMTS1,
E1155Hu; ADAMTS4, E1977Hu; ADAMTS8, E3481Hu; ADAMTS9,
E3558Hu; ADAMTS15, E3486Hu) were read off from a standard
curve according to the manufacturer's instruction. The intra- and
inter-assay coefficients of the variation of all kits were <8% and
<10%, respectively. Assay range is 1 ng/ml to 300 ng/ml.

Total RNA isolation

Total RNA was extracted with TRIzol (Ambion/RNA by Life
Technologies, Carlsbad, CA, USA) according to the previously re-
ported technique.9 RNA (1 microgram) was used for reverse tran-
scription using with Reverse Transcriptase (Thermo Scientific,
Waltham, MA, USA) with random hexamers (Thermo Scientific)
with random primers according to the manufacturer's instruction
(Table 1). The human housekeeping genes, beta actin (b-actin) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), were used
as a control for the Polymerase Chain Reaction (PCR). To prevent



T. Ayanoglu et al. / Acta Orthopaedica et Traumatologica Turcica 53 (2019) 140e144142
genomic DNA contamination, reverse transcriptase-deficient sam-
ples were amplified as controls. Elution of the total RNA from the
samples was accomplished by using RNase-free water. To deter-
mine RNA concentration and to check the purity of samples, UV
spectrophotometry was utilized. For that purpose, the purity was
decided from the samples that required 260/280 ratio of 2.0 and
260/230 ratio of 1.7.

Real-time PCR

Real-time PCR was performed on cDNA samples obtained
(Thermo Scientific Revert Aid First Strand cDNA Synthesis Kit) as
described in the previous report.9 The PCR mixture consisted of
SYBRGreen PCRMaster Mix, which includes DNA polymerase, SYBR
Green I Dye, dNTPs (deoxynucleotide triphosphates), PCR buffer,
forward and reverse primers (10 pmol each) and cDNAof samples in
a total volume of 20 ml/mL of PCR mixture. The amplified b-Actin
and GAPDH were used for normalizing the efficiency of cDNA syn-
thesis and the load of RNA applied. PCR conditions were as follows:
initial denaturation at 95 �C for 5minutes, followed byamplification
for 40 cycles, each cycle consisting of denaturation at 95 �C for 10
seconds, annealing at 58 �C for 30 seconds, polymerization at 72 �C
for 1 minute, and the last stage, polymerization at 72 �C for 5 mi-
nutes. The findings related to ADAMTS1, 4, 5, 8, 9 and 15 were
presented as graphics, in which the bars represent means of mea-
surements and error bars represent standard error of means (SEM).

Results

The level of ADAMTS5 and ADAMTS9 genes were found signif-
icantly lower as a result of ELISA analysis in the last stage of the hip
degenerative arthritis group than the control group (p < 0,05), as
shown in Figs. 2 and 3. ADAMTS 1, 4, 8, 15 were similar between the
two groups (p > 0,05).

Expression levels for ADAMTS 1, 4, 5, 8, 9 and 15 RNA were
analyzed in the cartilage tissue of the subjects and the Results were
represented as graphics. The error bars represent the standard
deviation of means. As shown in Fig. 4, the ADAMTS1, ADAMTS4
Fig. 2. According to the ADAMTS5 variable, the data of the experimental group were collec
There are three outliers in the experimental group and one outlier in the control group.
and ADAMTS5 mRNA expression significantly decreased in hip
degenerative arthritis group, as a result of quantitative real time
RT-PCR analysis (p < 0,05). ADAMTS1, ADAMTS4 and ADAMTS5
expression levels in hip degenerative arthritis group were
decreased 2.5, 2 and 2.5 fold when compared with femoral neck
fractures group, respectively. The level of ADAMTS8 mRNA
increased 3.5 fold in hip degenerative arthritis group when
compared with femoral neck fractures group. In addition, there was
no significant difference between the femoral neck fractures group
and the hip degenerative arthritis group in terms of ADAMTS9 and
ADAMTS15 mRNA expression (Fig. 4).

Discussion

The etiology of osteoarthritis is still not fully understood.
However, the mechanical, biochemical and enzymatic factors are
involved in pathogenesis. Determining the roles of these factors in
the pathogenesis of osteoarthritis is important for the prevention of
the disease and the development of other treatment modalities.10

The result of all these factors is the loss of the balance between
the construction-destruction of the cartilage,11 and ADAMTS genes
are considered as one of the contributing factors.12 Nevertheless,
which ADAMTS member is responsible for the development of
primary osteoarthritis is not clear. There are many studies in the
literature regarding knee osteoarthritis,11,13 yet there is only one
publication about the relationship between hip osteoarthritis and
ADAMTS genes.6 According to the literature, this study is the sec-
ond one regarding hip osteoarthritis to our knowledge. This
researchwas carried out on ADAMTS 1, 4, 5, 8, 9 and 15 genes which
are thought to be the cause of cartilage degradation.13e15

Malfait et al demonstrated in an animal study conducted in
2002 that the enzymes ADAMTS4 and ADAMTS5 have aggrecanase
enzyme activity by showing the mRNA and protein expression
levels of these genes in the cartilage tissue and the aggrecan
degradation products in the joint fluid.16 Moreover, it has been
demonstrated in ex vivo studies done on animal models that a
decrease in the expression levels of the ADAMTS-4 and ADAMTS-5
genes protects against proteoglycan degradation and reduces the
ted at low values and more homogeneous according to the data of the control group.



Fig. 3. According to the ADAMTS9 variable, the data of the experimental group were collected at low values and more homogeneous according to the data of the control group.
There are two outliers in the experimental group.
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severity of osteoarthritis in animals. In an animal study conducted
by Glasson et al in 2005, the catalytic domain of the ADAMTS5
(aggrecanase-2) of mice was firstly suppressed and knee instability
was created surgically. Thus, the severity of cartilage degeneration
was decreased significantly, compared to the control group.4

Human studies have been undertaken based on the information
obtained from animal studies, particularly on the roles of the
ADAMTS4 and ADAMTS5 genes in the development of osteoar-
thritis. In a human study conducted in 2007, the ADAMTS1, -4 and
-5 genes in cartilage samples with and without knee osteoarthritis
were analyzed using the real-time PCR and Western Blot methods.
It was demonstrated that ADAMTS-4 and ADAMTS-5 play a role in
the cartilage degeneration in human osteoarthritis and that
ADAMTS1 does not.17 All of these studies show us that both
ADAMTS-4 and ADAMTS-5 are a significant mediator of aggrecan
loss in cytokine-stimulated normal and osteoarthritic knee carti-
lage in which the degeneration continues. However, it is not
Fig. 4. Graphical representation of mRNA
entirely clear at present, which aggrecanase plays the main role in
cartilage degeneration.11

There are studies comparing osteoarthritic cartilages obtained
from the patients who underwent total knee prosthesis implanta-
tion due to knee osteoarthritis and normal cartilages obtained from
autopsies using RT-PCR analysis,18,19 and that ADAMTS5 is the
strongest aggrecanase was emphasized in these studies. Naito et al
also compared osteoarthritic cartilages which were obtained from
the knee joint with normal cartilages which were obtained from
the hip joint using RT-PCR analysis and emphasized that the main
factor causing osteoarthritic cartilage is ADAMTS4.20 In another
study conducted by rheumatologists on the knee joint, 144 patients
were divided into three groups as mild-moderate-severe and the
ADAMTS-4 and -5 levels and their relationships with degradation
products were analyzed in the synovial fluid samples using the
ELISA and Western Blot methods. They stated that the level of
ADAMTS-4 was found high particularly in the early stage of the
expression levels in RT-PCR analysis.
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disease and that it is more correlated with the degradation prod-
ucts compared to ADAMTS-5.21 The Results of these studies differ
from the findings of this research. The reason for these contradic-
tory results may be that the cartilage samples were taken from the
knee joint, that they were taken at different stages of osteoarthritis
or that exclusion criteria for primary osteoarthritis were not taken
into consideration in previous studies.s a result of RT-PCR tests, it
was observed that while the mRNA expression level of ADAMTS8
statistically increased compared to the control group, the mRNA
expression levels of ADAMTS1, 4 and 5 decreased. There are studies
in the literature that support the Results of this research. ADAMTS8
mRNA has been shown to be expressed in osteoarthritic human
cartilages.13 In a study conducted by Demircan et al on knee oste-
oarthritis, patients with early and late stage of osteoarthritis were
comparedwith a groupwith no osteoarthritis. ADAMTS8was found
to be significantly high in the group with early and late stage of
osteoarthritis. In the same study, ADAMTS4 and 5 were found to be
higher in the group with early stage osteoarthritis compared to the
control group, while no significant difference was found in the late
stage.22 In a similar manner to the present study, Kevorkian et al
conducted RT-PCR analysis on the cartilage samples that they
obtained from the patients who developed degenerative arthritis
and the patients with femoral neck fracture.6 They demonstrated
that the most significant decrease in the expression levels in
osteoarthritic cartilages was in ADAMTS-1 (p < 0.001) and that the
expression levels of ADAMTS5 (p < 0.05) and ADAMTS9 (p < 0.01)
genes had decreased compared to normal cartilages, which is
similar to our study. In addition to Kevorkian et al's study, the
reflection of these genes on proteinwas analyzed with ELISA in this
research. As a result of PCR and ELISA, only the finding of ADAMTS5
supported each other. This result is attributed to the fact that
ADAMTS mRNA expressions did not reflect on the protein level to
because it underwent post-translational modification. Since ELISA
results depend on threshold values and ready-to-use kits, PCR re-
sults may provide more reliable information. Therefore, PCR ana-
lyses may have a superior asset to this study.

Most of the human and animal studies that were based on knee
osteoarthritis investigated the relationship of ADAMTS genes and
osteoarthritis and emphasized that ADAMTS 4 and 5 in particular
play a role in the development of knee osteoarthritis. In this study,
the expression level of ADAMTS5 was found to have statistically
decreased in the osteoarthritic group, while no difference was
found for ADAMTS4 between the groups. In another study on hip
osteoarthritis, the mRNA expression levels of ADAMTS1 and 5 were
found to have decreased in the hip osteoarthritic group.6 Aggre-
canase activities have been stated to show difference at different
stages of the disease,21 and aggrecan loss is greater in the early
stage of osteoarthritis. It is thought that the reason why the
expression levels of the genes are low in this study may be because
it was conducted on the final stage of osteoarthritic cartilages.

In addition, studies revealed that there is an aggrecanase
activity in the synovium as well, and that there may be a trans-
mission from cartilage tissue to the synovium. It is thought that
these transmissions may cause the decrease in the expression
levels of ADAMTS4 and 5 genes.21,23 Nevertheless, ADAMTS8 was
found to be as high as significant and it may be more important in
the end stage of hip osteoarthritis.

As a conclusion, ADAMTS genes may have an important role in
the end stage of hip osteoarthritis. According to this study,
ADAMTS8 levels increased and ADAMTS1,4,5 levels decreased in
the end stage of hip osteoarthritis. Besides this, ADAMTS9 and
ADAMTS15 were found to be similar between two groups. Further
studies on early andmid-stage osteoarthritic cartilages will provide
more detailed and reliable information about primary hip
osteoarthritis.
The data gathered from this study will form as the basis infor-
mation for the identification of the functions of gene products. It is
important for early diagnosis, monitoring prognosis and develop-
ment of treatment options. In previous similar studies have shown
that the ADAMTS 4 and 5 genes were primarily responsible for knee
osteoarthritis. On the basis of these studies, therapeutic human
researches have been made and ADAMTS-5-selective monoclonal
antibody have been developed.24 As a result of this study on hip
osteoarthritis, the ADAMTS8 gene was found to be significantly
higher. Likewise, the result of this study will be the basis for ther-
apeutic studies on hip osteoarthritis.
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