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Abstract

Osteoarthritis is a common problem in daily veterinary practice with insufficient knowledge about disease mechanism.
Because fibrosis is a part of the alteration in the effected joints, we investigated the transforming growth factor beta 1
(TGF-B1) as an important regulation molecule of tissue fibrosis. We chose Osteoarthritis following a cruciate ligament
rupture (CLR) because it is a common model of osteoarthritis. A total of 13 healthy dogs and 38 dogs suffering from
CLR were included in this prospective study. The concentration of TGF-B1 was measured in synovial fluid using the
“Quantikine Human TGF-B1 Immunoassay” (Fa. R & D Systems, Minneapolis, USA). There was a significant
difference in the TGF-B1 concentration of the synovial fluid of healthy compared to affected patients (p < 0.001). The
synovial TGF-B1 concentration also correlated significantly (p = 0.0147) with the synovial viscosity of the affected
patients. No significant correlations could be observed to duration of disease, severity of lameness and degree of joint
swelling, but also to joint capsule sickness, osteophyte development and degeneration of joint cartilage. The results
of our study show an increased TGF-B1 concentration in knees affected with osteoarthritis as consequence of CLR.
So we can conclude that TGF-B1 takes part at the osteoarthritic remodelling process, but different phases of the

remodelling process cannot be distinguished by the measurement of TGF-B1.
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Introduction

Osteoarthritis has an occurrence of more than 20 % in
dogs older than one year and 80 % in geriatric dogs
older than eight years (Johnston, 1997). The high
prevalence of this condition in canines demonstrates its
relevance and the need of further research into this
topic. Cruciate ligament rupture (CLR) is the main
cause of osteoarthritic changes in the canine knee joint
(Pond and Campbell, 1972; Hayashi et al., 2004). The
result of the damage of the cruciate ligament (CL) is
always the development of osteoarthritis (Tirgari and
Vaughan, 1975).

Osteoarthritis  is  defined as a  primary,
noninflammatory, painful, degenerative disease of the
joint, that leads to progressive changes in the structure
of the cartilage and bone after a prolonged period of
continuous inappropriate biomechanical stress of the
joint (Brandt et al., 2006).

The joint capsule also experiences a fibrotic
redevelopment process which becomes clinically
apparent through the restricted mobility of the joint
(Solimeno et al., 2010). Fibrosis is characterized by a
pathologic increase of connective tissue, caused by
chronic damage (Wynn, 2008). This goes along with
proliferation and activation of fibroblasts that
synthesise high amounts of altered extracellular matrix
(Krieg et al., 2007). Individual components of the
extracellular matrix, such as collagen and fibronectin,

are increasingly produced during fibrosis (Wynn,
2008). Furthermore, the degradation of the extracellular
matrix is reduced through the inactivation of matrix
metalloproteinases (MMPs) (Eddy, 1996).
Cytokines play a key role in fibrosis (Borthwick et al.,
2013). Especially the cytokine transforming growth
factor beta 1 (TGF-B1) plays a decisive role in the
fibrotic changes of tissue (Murakami et al., 1995;
Branton and Kopp, 1999; Zeichen et al., 2008).
Through the overexpression of TGF-B1 it comes to an
increased synthesis of collagen type 1 and 3, as well as
fibronectin (Ignotz and Massagué, 1986; Varga et al.,
1987; Lafyatis et al., 1989). TGF-B1 diminishes the
expression of MMPs and inducing an accumulation of
extracellular matrix (Edwards et al., 1987).
Thus, the aim of this study was to evaluate the
relevance and possible diagnostic utility of TGF-B1 in
canine osteoarthritis. Therefore, TGF-B1 was measured
in synovial fluid of dogs with osteoarthritis as a
consequence of CLR and a possible connection
between the cytokine levels, morphologic and
functional alterations of the joint was analysed.
Materials and Methods
Animals and Samples
A total of 51 dogs, patients of the Small Animal Clinic
of the University of Géttingen, were included in this
prospective study. Thirteen patients were free of
orthopaedic conditions of the knee and 38 dogs had a
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CLR. The 13 dogs without clinical-orthopaedic reports
were used as a control group. These dogs were
euthanized due to different medical conditions. Post
mortem, synovial fluid of one knee joint was drawn,
medio-lateral and cranio-caudal x-rays of the punctured
knee joint were made and the knee was inspected. The
examination of the knee joint showed no pathologic
changes and the macroscopic examination of the
synovial fluid was normal.

The presumptive diagnosis of CLR in the 38 diseased
patients was made by palpatory examination via the
“Anterior-Drawer-Test” or the “Tibial-Compression-
Test” (Johnson and Johnson, 1993). A definitive
diagnosis was made during the intraoperative
evaluation of the ligament. The presence of other
pathologies was ruled out by a detailed anamnesis,
clinical examination, complete blood cell count (CBC)
and serum chemistry. The synovial fluid was drawn
under anaesthesia by puncturing the unopened knee
joint, which had been previously prepared for surgery
of the CLR. After its macroscopic evaluation, the
synovial fluid of both groups was centrifuged and the
supernatant extracted and frozen at < -70 °C until
needed for the analysis of TGF-B1. The affected
patients were divided into different groups according to
the disease severity that was determined through the
orthopaedic examination, the evaluation of the synovial
fluid and the intraoperative inspection of the knee joint.
The whole evaluation was performed by the same
veterinary surgeon. All samples were acquired with the
owner’s consent, and the procedure was in accordance
with the German Protection of Animals Act and carried
out under the supervision of the animal welfare officer
of the Faculty of Agriculture, University of Goettingen.
TGF- pI ELISA

The “Quantikine Human TGF-f1 Immunoassay” (Fa.
R & D Systems, Minneapolis, USA) is a Sandwich-
ELISA that can measure TGF-B1 in serum. The
antibodies bound to the plate are monoclonal for TGF-
B1. There is no information from the manufacturer
about its applicability for synovial fluid, but this ELISA
has already been used successfully for the examination
of synovial fluid in humans (Pagura et al., 2005). The
assessment of TGF-B1 was done according to the
manufacturer’s instructions.

In summary, the diluted standards, controls and
samples were applied in triplicates to the coated
microtiter plate. The prepared plates were incubated for
two hours and then rinsed to remove any unbound
material. A conjugate of TGF-Bl antibodies was
applied to the plates and incubated for two hours
followed by rinsing. A substrate solution was added and
the plate was incubated for 30 minutes. During this
time, the substrate solution developed colour
depending on its TGF-B1 content. Applying a stop
solution terminated this process. The optical density of

the developed colour was determined photometrically
with a TECAN GENios Pro (Fa. TECAN Austria
GmbH, Grodig, Austria) at a wavelength of 450 nm and
a correcting wavelength of 570 nm. According to the
manufacturer the smallest detectable dose of human
TGF-B1 is 4.61 pg/mL.
Statistical analysis
A Mann-Whitney U-Test was used to determine
differences between the TGF-B1 concentrations in the
synovial fluid of healthy and affected patients. A
correlation between the synovial TGF-f1 levels and the
different characteristics previously described was
determined using a Spearman's rank correlation
coefficient. The correlation was analysed among each
characteristic. All statistical analysis was done in IBM
SPSS Statistics 22.0 (IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 22.0. Armonk,
NA:IBM Corp.). The level of significance was p = 0.05.
TGF- B1 concentration above 3ng/dl were set as >3.
Results

The TGF-B1 concentration in the synovial fluid of
healthy patients was between 0.78 and 1.39 ng/ml
(median: 1.20 ng/ml). Dogs with CLR showed a
median concentration of TGF-B1 of 2.13 ng/ml (range,
0.92 — > 3 ng/ml) in their synovial fluid. There was a
significant difference (p < 0.001) between the synovial
fluid TGF-B1 concentrations of healthy and affected
dogs (Fig. 1). According to the duration of lameness
four groups were. Patients with lameness for 1 to 15
days were assigned to group 1. Patients with lameness
for 16 to 30 days were assigned to group 2 and with
lameness for 31 to 45 days were assigned to group 3.
All patients with lameness for longer than 45 days were
assigned to group 4. There was no significant
correlation between the TGF-B1 concentrations in
synovial fluid and the duration of lameness (p>0.05)
(Table 1).
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Fig. 1. Stacked bar chart of the TGF-B1 concentrations in the

synovial fluid of healthy dogs (n = 13) and dogs with CLR (n

=38). The synovial fluid of dogs with CLR had a significantly

higher TGF-B1 concentration than the synovial fluid of

healthy dogs (p < 0.001). Dogs with TGF-B1 concentrations

> 3 ng/ml were set at 3 ng/ml.
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Table 1. TGF-B1 and orthopedic investigation.

oot Moo o i
median
1-15 days 21 1.98 0.98->3
16-30 days 6 2.78 1.52->3
31-45 days 2 25 1.99 - >3
> 45 days 9 2.11 0.92- >3
Degree of lameness
grade 1 5 211 1.64->3
grade 2 9 231 1.4->3
grade 3 14 2.33 0.92->3
grade 4 10 1.94 0.98- >3
Degree of joint swelling
grade O 15 2.05 1.4->3
grade 1 7 2.55 1.64- >3
grade 2 8 2.18 0.92- >3
grade 3 8 2.08 0.98- >3

Affected dogs were also grouped in accordance to the
severity of their lameness following the classification
scheme of Arnoczky and Tarvin (Arnoczky and Tarvin,
1981). Patients classified as group 1 showed very slight
signs of lameness of the affected limb. Patients
assigned to group 2 showed clear signs of lameness but
still put pressure on the affected limb, while patients in
group 3 rarely put weight on the affected limb. Patients
that avoided completely the use of the affected limb
were classified as group 4. There was no significant
correlation between the TGF-B1 concentrations in
synovial fluid and the severity of lameness (p>0.05)
(Table 1).

Moreover, patients were grouped according to the
degree of periarticular swelling of the joint. Dogs
classified as group 0 did not present any swelling. In
group 1 a mild periarticular swelling could be detected
by palpation.

A moderate periarticular swelling was allocated into
group 2 and a severe periarticular swelling was
classified as group 3. There was no significant
correlation between the TGF-B1 concentrations in
synovial fluid and the severity of lameness (p>0.05)
(Table 1).

In summery no significant correlation between the
TGF-R1 synovia concentrations and clinic symptoms of
the investigated dogs could be found.

Four groups were established based on the viscosity of
the synovial fluid. Synovia with a very high viscosity
and ropy to a length > 5 cm was classified as group 0.
In group 1 the synovia had a high viscosity, forming
ropy of 2—-5cm.

Group 2 presented a reduced viscosity with < 2 cm ropy
and in group 3 the patients synovia showed a very low,
liquid viscosity that did not ropy.

Regarding the synovial viscosity, a significant positive
correlation was detected between group 1 (median:
1.96 ng/ml) and group 2 (median: 2.55 ng/ml) in the
synovial TGF-B1 concentrations (p = 0.0147) (Fig. 2).
So TGF-R1 synovia concentration increases in cases of
reduced synovia viscosity.

The intraoperative examination included the following
parameters: changes of the joint capsule and the
synovial membrane, osteophyte formation and
degeneration of the joint cartilage.

Dogs were also separated into different groups based
on changes of the joint capsule and the synovial
membrane. Patients with a thin joint capsule and a
moist, smooth and shiny synovial membrane were
classified as group 0.

Group 1 patients had a slightly thickened joint capsule
and a beginning hyperaemia of the synovial membrane.
Patients with a moderate to highly thickened joint
capsule as well as a hyperaemic synovial membrane
were allocated to group 2. All patients in group 3
showed a fibrotic joint capsule and a hyperaemic
synovial membrane. There was no significant
correlation between the groups according to the joint
capsule (p=0.794) (Table 2).

In all patients the formation of osteophytes was
documented. Patients lacking the formation of
osteophytes were allocated to group 0. In group 1
patients showed a slight development of flat
osteophytes. Dogs with a moderate to high osteophyte
formation were allocated to group 2 and patients
presenting an osteophyte wall were put into group 3.
The correlation between the different groups based on
the osteophyte formation was not significant
(p=0.9958) (Table 2).

In terms of degradation of the joint cartilage, patients
were allocated to group O if they had a bluish white,
smooth and moist cartilage. A slightly yellow to brown
cartilage with the onset of roughness was classified as
group 1 and patients with a spotty, fraying cartilage
were allocated to group 2. Patients with an ulceration
of the cartilage and subchondral bone exposure are put
into group 3. No significant correlation between the
different groups could be observed (p=0.422) (Table 2).
In summery the TGF-R1 synovia concentration is not
directly associated with different degrees of joint
capsule fibrosis, osteophyte development and cartilage
degeneration.
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Fig. 2. Box plot of the TGF-B1 concentration in synovial fluid
of dogs with cruciate ligament rupture, allocated to degrees 0
to 3 based on the viscosity of the synovial fluid (n = 26, degree
0; n =8, degree 1; n =6, degree 2; n = 0, degree 3). In grade
1 and grade 2, a significant correlation with the TGF-B1
concentration in the synovial fluid was detected using
Spearman's rank correlation test (p = 0.0147). Observations
among other groups had no significant correlation using the
same test (p > 0.05). Dogs with TGF-B1 concentrations in
synovial fluid of > 3 ng/m were set at 3 ng/ml. (*p < 0.05).

Table 2. TGF-Bland surgical investigation.

fontcapeule _patients | mecian MM
group 0 16 2.08 0.98- >3
group 1 12 191 1.37->3
group 2 8 2.22 0.92->3
group 3 2 2.66 2.31->3
Osteophyte formation

grade O 17 2.05 0.92->3
grade 1 9 2.15 1.40- >3
grade 2 10 2.16 1.37->3
grade 3 2 2.08 1.84- >3
cartilage degeneration

group 0 30 2.08 0.92- >3
group 1 7 2.44 1.37- >3
group 2 1 231 =
group 3 - - -

Discussion

Due to the clinical relevance of osteoarthritis in
veterinary medicine and the variable prognosis
depending on the severity of the condition there is an
intensive research about the mechanisms of the disease.

Nevertheless, cytokines like TGF-B1 that are known to
be involved in fibrotic processes, have not been
examined sufficiently in veterinary medicine.
Especially for dogs literature about this cytokine is
scarce. Therefore, we evaluated the concentration of
TGF-B1 in synovial fluid of dogs with CLR in
association with local osteoarthritic changes that
usually develop in the presence of this condition. The
aim of this study was to analyse the potential role of
TGF-B1 during the pathogenesis of osteoarthritis.

The cytokine TGF-B1 is known to play an important
role in the metabolism of bone and cartilage, but also
influences the pathogenesis of fibrosis in humans.
Bones have the highest TGF-B1 concentration within
the body (Bonewald and Mundy, 1990). High
concentrations can also be detected in all zones of the
cartilage (Fukumura et al., 1998). TGF-B1 stimulates
the growth, proliferation and biological activity of
osteoblasts and plays a central role in the growth and
differentiation of chondrocytes (Centrella et al., 1988;
Frenkel et al., 2000). TGF-B1 also has a stimulating
effect on the synthesis of extracellular matrix through
chondrocytes and influences the homeostasis of the
mature joint cartilage (Redini et al., 1988; Yang et al.,
2001). On the other hand, osteoclasts are known to be
blocked by TGF-B1 (Pfeilschifter et al., 1988).

Dogs with a CLR were chosen for this study, as this
condition induces abnormal movement and weight
distribution consequently leading to osteoarthritis
(Hasler et al., 1998). Due to increased irritation the
joint cartilage is damaged. The break down products of
the cartilage enter the synovial fluid causing
inflammation of the synovial membrane, which then
becomes hyperplastic. The joint capsule becomes
increasingly fibrotic, subsequently decreasing the
instability of the joint (Marshall and Olsson, 1971).
Subchondral bone sclerosis occurs after ulceration of
the cartilage and puts further pressure on the joint.
Finally, marginal osteophytes develop.

After a CLR, osteophytes and erosion of the cartilage
develop in all compartments of the canine knee joint
within eight weeks (Vavken et al., 2013). First damage
to the cartilage has already occurred at the time of the
CLR diagnosis because the degenerative changes that
lead to a CLR also affect other structures of the knee
joint. Osteoarthritic changes could be observed in a
number of the dogs included in this study. Yet, in 12
patients no changes to the knee joint besides the rupture
of the ACL could be detected during surgical
examination. A possible reason could be that the
changes were only microscopic at the time of surgery
due to an early diagnosis and treatment of the CLR.
These patients showed lameness for less than 15 days.
In our study, dogs with a CLR had significantly higher
synovial TGF-B1 concentrations than healthy dogs. The
human TGF-B1 ELISA has never been used for the
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determination of TGF-Bl in canine synovia and
reference values are not available. In humans with
rheumatoid arthritis higher levels of synovial TGF-f
were found in contrast to patients with osteoarthritis
(Fava et al. 1989). A comparison between healthy and
osteoarthritic patients was performed and a higher
concentration of TGF-B1 in patients with osteoarthritis
was given (Ping-Ke et al., 1999). In another study,
osteoarthritic changes were observed after multiple
intra-articular TGF-B1 injections (van Beuningen et al.,
2000). On the other hand, the administration of TGF-
B1 antibodies into the synovial fluid can in turn prevent
osteoarthritis (Wahl et al., 1993). Chondrocytes are
known to contain high concentrations of TGF-f1 and to
influence its levels in the joints (Fukumura et al., 1998).
Due to its known fibrotic effect in other organs it is
assumed, that this cytokine can be secreted into the
synovial fluid in response to biochemical stress within
the joint generating fibrosis. When analysing synovial
TGF-B1 in relation to the synovial viscosity, patients
with a reduced synovial viscosity presented higher
TGF-B1 than patients with a high synovial viscosity.
Synovial fluid is known to be produced by the synovial
membrane and its primary lubricant molecule is
hyaluronan (Ogston and Stanier, 1953). The
concentration of this molecule determines the viscosity
of the synovia. In an osteoarthritic joint the hyaluronan
concentration is lower compared to a normal joint
causing a decrease of the synovial viscosity (Belcher et
al., 1997). It has been shown, that hyaluronan has a
stimulating and inhibiting effect on cytokines (Stern et
al., 2006). However, the relationship between TGF-$1
and hyaluronan or the synovial viscosity are not
sufficiently described. In one study, TGF-B1 was
shown to enhance the production of hyaluronan in the
synovial membrane and to probably contribute in the
production of hyaluronan in the joint fluid (Tanimoto et
al., 2004). No significant link was found between
synovial TGF-B1 and changes of the joint capsule and
synovial membrane, the formation of osteophytes and
the degeneration of the joint cartilage. Other studies
found elevated levels of TGF-B1 in the joint cartilage
of mice with osteoarthritis and that the repeated
application of TGF-B1 in a healthy mouse joint causes
synovial hyperplasia and the onset of osteophyte
formation (van Beuningen et al., 1994; Chambers et al.,
1997). In another study, a three to four fold increase of
TGF-pl1 was found in the subchondral bone of
osteoarthritically impacted joints compared to healthy
joints (Mansell and Bailey, 1998). Regarding humans,
osteophytes in osteoarthritically impacted joints show a
higher TGF-B1 expression (Verdier et al., 2005).
Higher TGF-B1 concentrations have also been detected
histologically in the Hoffa-fatty particle after a rupture
of the ACL in humans (Murakami et al., 1995).

In Conclusion of our results, an effect of TGF-R1 in the

pathogenesis of osteoarthritis in dogs is probable. The

concentration is elevated after the trauma and was

present during the total period of investigation, which

was 45 days. So we can further conclude that the

alteration in the effected joint which goes throw an

osteoarthritis starts directly after the trauma.
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