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ABSTRACT

Purpose: Multiple cellular functions are stimulated
by a Insulin-like Growth Factor-1 (IGF-I). The
biological activity of IGF-I is modulated by IGF-
binding proteins (IGF-BPs) and at the same time, the
availability of IGF-BPs may be regulated by the
proteolytic activity of some metalloproteinases
(MMPs). The aim of the present study was to
compare the amounts of IGF-I and IGF-BPs in
relation to the activity of MMP-9 in serum and knee
synovial fluid from patients with Lyme arthritis (LA)
and post-traumatic damage (PTD).

Material and methods: Serum and synovial fluids
were taken from knee joints of patients with PTD
and LA. ELISA (for IGF-1 assay), polyacrylamine
gel electrophoresis following Western immune-
blotting (for IGF-I and IGF-BPs expression), and
zymography (for metalloproteinases detection),
were used.

Results: The concentration of IGF-I in serum and

synovial fluid from LA patients were significantly
lowered in comparison to PTD patients. Interesting,
the synovial fluid /serum ratio of IGF-I
concentrations was also lower in LA patients. Low
expression IGF-BP3 and high activity of MMP-9
were detected in the LA synovial fluid.
Conclusions: The high proteolytic activity of MMP-
9 results in a cleavage of both IGF-I and IGF-BP3
causing a decrease in content of these substances in
LA synovial fluid. In addition, the reduction in IGF
and IGF-BP amounts may affect the repair processes
in joint tissues of LA patients. The low concentration
of IGF-1 and IGF-BP3 slows down the repair
processes in the joint tissues of LA patients.
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INTRODUCTION

Most typically, Lyme arthritis (LA) evoked
by Borrelia burgdorferi is an oligoarticular process
affecting knees of Lyme disease patients. In septic
arthritis caused by other bacteria, a combination of
bacterial proteases and host proteases from
neutrophils has been postulated to lead to rapid
destruction of the articular cartilage. In contrast,
Lyme arthritis results from a very slowly occuring
process, with synovial fluid studies, typically
revealing only moderate elevations in the number of
inflammatory cells. It has been previously shown
that Borrelia burgdorferi does not secrete proteases
capable of digesting extracellular matrix proteins
[1,2]. Instead, it has been suggested that B.
burgdorferi utilizes proteases from its mammalian
hosts to degrade these proteins [3,4]. Left untreated,
B. burgdorferi infection can eventually lead to the
development of an erosive arthritis  with
histopathological similarities to rheumatoid arthritis
[5]. It has been reported that an imbalance in the
production of matrix metalloproteinases (MMPS) is
likely to be responsible for degradation of articular
cartilage proteins in patients with rheumatoid
arthritis [6]. The main enzymes involved in cartilage
destruction in rheumatoid arthritis and LA are
collagenases (MMP-1, MMP-13) gelatinases
(MMP-2, MMP-9) and stromelysins (MMP-3,
MMP-10) [6,7]. It has also been reported that
synovial fluid from patients with LA contains at least
4 MMPs: MMP-1, MMP-2, MMP-3 and MMP-9
[4,8]. Previous studies have shown that MMP-9 is
not required for the dissemination of the Spirochete
to distant sites [9]. However, it does play an
important role in the regulation of inflammation in
Lyme arthritis, potentially through the cleavage of
collagen type 1. Furthermore, collagen type |
degradation products after MMP-9 action result in
increased monocyte chemoattraction [9]. Recently
we reported on the high proteolytic activity of MMP-
9 in juvenile idiopathic arthritis patients with low
amount of IGF-binding protein 3 (IGF-BP3),
possibly by impairing the reparation processes
stimulated by Insulin-like Growth Factor-1 (IGF-I)
[10]. It is well known that increased activity of
metalloproteinases is responsible for the intensified
degradation that occurs, whereas the lack of anabolic
action of growth factors would be responsible, at
least in part, for the decreased reconstruction of
extracellular matrix.

Peptide growth factors, especially IGF-I and
IGF-BPs, are known to play an important role in
regulation of cell division and in maintaining
equilibrium between synthesis and degradation of
extracellular matrix components [11].

IGF-I is an important metabolic and
mitogenic factor involved in cell growth and
differentiation. It is also recognised as a stimulator
of collagen and sulphated glycosaminoglycans

biosynthesis [12,13]. IGF-I forms complexes with
binding proteins which are important regulators of
its biological activity in plasma and other tissues. At
least six different high-affinity IGF-BPs have been
identified in humans and other species [11]. Under
normal conditions most IGF-I circulates in high
molecular weight complex (150 kDa), containing
IGF-BP3 and acid labile subunit [14, 15]. It has been
suggested that such a complex prolongs the half-life
of IGF-I and increases cell responsiveness to IGF-I
stimulation. Bioavailability of IGF-I regulated by
IGF-BPs may contribute to the remodelling of
extracellular matrix in articular tissues. They may
also be involved in reparation of inflammation-
induced damage of synovial tissue [16, 17].

Therefore, the characterisation of IGF-I, IGF-
BPs and IGF-BP-cleaving proteases in synovial fluid
is important for understanding the modulation of
synovial fluid metabolism in inflammatory
processes affecting the knee joints.

The aim of the present study was to measure
the concentration of IGF-I, expression of IGFBP-1
and IGFBP-3, and to evaluate gelatinolytic activity
in both articular exudates and serum of patients with
Lyme arthritis (studied group) and compared with
those of patients with post-traumatic damage
(control group).

MATERIAL AND METHODS

All the protocols in this study that involved
human patients were conducted in accordance with
the Declaration of Helsinki and were accepted by the
Committee for Ethics and Supervision of Human and
Animal Research of the Medical University of
Biatystok, Poland.

Patients and sample collection

Serum was collected from patients of the Medical
University of Biatystok. Shortly, after the first
admission of the patients to the hospital, synovial
fluid was collected during routine diagnostic or
therapeutic arthrocentesis. A total of 30 patients
were included in this study, 15 (9 males and 6
females, between 9-48 years old) with post-
traumatic damage (PTD) of the knee joints were
considered as a control group and those, diagnosed
with Lyme arthritis, (8 females and 7 males, between
58-68 years old) were the studied group. The
diagnostic of Lyme arthritis (LA) was based on
clinical findings (e.g. inflammation of knee joint
with exudate) and immunoblot testing on serum
samples. All LA patients had tick-bite history and/or
erythema migrans. The Lyme arthritis patients were
treated with the regular antibiotic regime indicated
in these cases, tetracycline and ampicillin. The PTD
patients received non-steroid anti-inflammatory
drugs. None of the patients included in the study
received intra-articular injection of corticosteroids.
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Samples processing

The samples of blood were collected into
glass test tubes and allowed to clot at room
temperature. The retracted clot was removed by
centrifugation. The serum was collected and stored
at —70°C until further use.

The samples of synovial fluid were taken
from the knee joints of both groups of patients during
the arthrocentesis performed for diagnostic or
therapeutic purposes. They were centrifuged, and the
supernatants were collected and stored at —70°C
prior to further use.

Sodium dodecyl sulphate / polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE was performed according to the
Laemmli method [18] using molecular weight
standards (Bio-Rad).

Gelatin zymography

To detect metalloproteinase activity, gelatin
zymography was performed by the method
described by Unemori and Werb [19]. The serum
and synovial fluid were mixed with a Laemmli
sample buffer [18] containing 3.0% SDS (without
reducing agent). Equal amounts (10 pg) of protein
were electrophoresed under no reducing conditions
on 7.5 % polyacrylamide gel containing gelatin in a
concentration of 1 mg/ml.

After electrophoresis, the gels were
submitted to extraction of SDS with 0.25% Triton X-
100 (2 x 15 min) at room temperature and then
transferred into 0.05 M Tris/HCI, pH 7.5, containing
10 mmol/l CaCl,, 1pumol/l ZnCl,, 0.02% NaNs; and
1% Triton X-100. The gel was then incubated in
buffer for 16 hours at 37°C.

After incubation, the gels were stained with
1% Coomassie Brilliant Blue R-250 for 14 hours and
distained with 10% acetic acid plus 25%
isopropanol. The position of gelatin-degrading
enzymes present in the serum and synovial fluid
became visible as clear zones on a blue background.
A representive zymogram was presented.

IGF-I assay

The content of IGF-1 in the studied materials
was determined with quantitative assay, Human
IGF-I Quantikine ELISA Kit provided by R&D
Systems according to the manufacturer’s instruction.

Western blot analysis

After SDS-PAGE, the gels were allowed to
equilibrate for 5 min in 25 mmol/l Tris, 0.2 mol/l
glycine in 20% (v/v) methanol for 5 min. The protein
was transferred to 0.2 um pore-sized nitrocellulose
membranes at 100 mA for 1 hour using Bio-Rad
Mini-Protean 3.The membranes were incubated with
specific primary monoclonal antibodies against
investigated proteins diluted 1:500 in 5% dried milk
in TBS-T (20 mmol/l Tris-HCI buffer, pH 7.4,

containing 150 mmol/l NaCl and 0.05% Tween 20)
for 1 hour, followed by alkaline phosphatase -
conjugated secondary antibody against mouse Fc
IgG, added at a concentration 1:2 000 in TBS-T.
Incubation was continued for 30 minutes with slow
shaking. Then the nitrocellulose was washed with
TBS-T (5 times for 5 minutes) and submitted to the
action of Sigma - Fast BCIP/NBT reagent for band
visualization.

Detection of IGF-1, IGF-BP1 and IGF-BP3

IGF-I, IGF-BP1 and IGF-BP3 were detected
by Western immunoblot analysis with the use of
respective specific primary monoclonal antibody
(Sigma-Aldrich).  Representative  blots  were
presented.

Determination of protein concentration

Protein concentration in serum and synovial
fluid samples was measured by Bradford method
[20].

Statistical analysis

The mean values for IGF-I concetration +
standard deviations (S.D.) were calculated. The
results were submitted to statistical analysis with
Student’s “t” test, accepting p < 0.05, as significant.

RESULTS

Zymography technique with gelatin as a
substrate indicated that both the serum and the
synovial fluid of all investigated patients contain
matrix metalloproteinase 2 and 9 (Fig. 1). Serum of
control (PTD - lane 1) and studied group (LA — lane
3) demonstrated two light bands corresponding to
active form of MMP-9 (82 kDa) and latent form of
MMP-2 (72 kDa). No active form of MMP-2 and
latent form of MMP-9 was detected for both
investigated groups of patients. Those bands were
more intensive for serum of LA patients (lane 3).

It is of interest that the synovial fluid of PTD
patients demonstrated only a trace amount of active
form of both MMPs (lane 2). In contrast, an intensive
band corresponding to latent MMP-2 was visible
(lane 2). No latent form of MMP-9 was observed for
PTD patients (lane 2). Conversely, the synovial fluid
of LA patients demonstrated the presence of
intensive bands corresponding to an active form of
MMP-9, a latent form of MMP-2, and a week band
corresponding to active form of MMP-2 (Fig. 1, lane
4).

The concentrations of IGF-1 in the serum and
synovial fluid of both groups of patients measured
by ELISA technique was showed on Figure 2a and
ratio of IGF-I concentration in synovial fluid and
serum was presented on Figure 2b. Large amount of
investigated peptide growth factor was found in
serum of PTD patients (about 320 ng/ml). Distinctly
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lower concentration of IGF-1 was determined in
serum of LA patients (about 240 ng/ml).
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Figurel. Gelatinolytic activity of synovial fluid and
serum of PTD (control) and LA patients. Lanes: 1 —
serum of PTD patient, 2 — synovial fluid of PTD
patient, 3 — serum of LA patient, 4 — synovial fluid
of LA patient. The same amount of protein (10 pug)
was applied on each lane

The synovial fluid taken from PTD patients
contained about 170 ng /ml IGF-l. Whereas the
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material taken from LA patients contained distinctly
less of that growth factor, about 90 ng/ml.
Interestingly, both the serum and synovial fluid of
the LA patients contained distinctly less IGF-1 than
respective samples of the PTD patients (Fig. 2a).

As could be seen from Figure 2b, not only
values of IGF-1 concentrations was distinctly lower
in LA compared to that of PTD patients, but also
synovial fluid/serum ratio of IGF-1 concentrations of
LA patients was significant lower (Fig. 2b).

Western Immunoblot with the use of specific
anti-IGF-I antibody showed on Figure 3 indicated
that the synovial fluid and serum of both PTD and
LA patients contained investigated growth factor.

During the electrophoresis in reducing
conditions two bands appeared. One of them (the
less intensive band) of the molecular weight around
7.5 kDa, corresponded to free IGF-1. The other one
(the distinctly more intensive band) of molecular
weight about 40 kDa, indicated that IGF-I was in
complex with other protein. No differences between
PTD-serum (lane 1) and LA-serum (lane 3), PTD-
synovial fluid (lane 2) and LA-synovial fluid (lane
4) were found (Fig. 3).

0,6

L5 #

PTD LA

Figure 2. a - Concentration of IGF-I in serum [ o ] and synovial fluid [ m ] and b — synovial fluid / serum ratio

of IGF-I concentrations of those patients (p<0.05)]
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Figure 3. Western immunoblot analysis for IGF-1 in
reducing conditions. Lanes: 1 — serum of PTD
patient, 2 — synovial fluid of PTD patient, 3 — serum
of LA patient, 4 — synovial fluid of LA patient. The
same amount of protein (10 ug) was applied on each
lane

Figure 4 showed IGF-BP3 presence in both
serum and synovial fluid of PDT and LA patients. A
homogenous, high molecular weight complex (about
170 kDa) that interacted with anti-IGF-BP3 antibody
was detected for all investigated samples without
reduction of disulfide bonds (Fig. 4a, lanes 1-4).
Notably, the intensity of 170 kDa band for synovial
fluid of LA patients was weaker (Fig.4a, lane 4) than
of that for PTD patients (Fig. 4a, lane 2).

Under the reducing action of p-
mercaptoethanol the homogenous 170 kDa band
disappeared and few narrow bands with lower
molecular weight were visible. Week band of 35
kDa, corresponding to a free form of IGF-BP3, was
observed for all investigated materials (Fig.4b, lanes
1, 2, 3, 4). As in the case of high molecular complex
(170 kDa), the intensity of bands corresponding to
complexes with lower molecular mass was weaker
for LA patients (lane 4) in comparison to those of
PTD patients (Fig. 4b, lane 2).
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Figure 4. Western immunoblot analysis for IGF-BP-
3 in non-reducing (a) and reducing (b) conditions.
Lanes: 1 — serum of PTD patient, 2 — synovial fluid
of PTD patient, 3 —serum of LA patient, 4 — synovial
fluid of LA patient. The same amount of protein (10
ng) was applied on each lane

It was evident from the immunoblot
presented on Figure 5 that both the serum and the
synovial fluid from PTD and LA patients contained
a proteins which interacted with anti-IGF-BP1
antibody. After electrophoresis in non-reducing
conditions there were visible one band of the
molecular weight about 170 kDa with similar
intensity for all investigated samples (Fig. 5a, lane 1
- 4).

It could be seen from Fig. 5b that the action
of B-mercaptoethanol resulted in a dissociation of
high molecular weight complex into components of
lower molecular weight. Only trace amounts of free
form of IGF-BP1 (29 kDa) were detected. No
differences between compared samples was found.
Some bands of higher molecular weight (in the range
of 65 -120 kDa) were visible. No differences
between PTD and LA serum as well between PTD
and LA synovial fluid were found (Fig. 5b).
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Figure 5. Western immunoblot analysis for IGF-BP-
1 in non-reducing (a) and reducing (b) conditions.
Lanes: 1 — serum of PTD patient, 2 — synovial fluid
of PTD patient, 3 —serum of LA patient, 4 — synovial
fluid of LA patient. The same amount of protein (10
ug) was applied on each lane

DISCUSSION

Metabolism of fluid in joint cavity is
directly dependent on the pathological processes
taking place within the joint. This allows us to
suggest that both trauma and inflammatory
processes induce a local increase in IGF-I production
by damaged tissues and its secretion into synovial
fluid. Higher amounts of IGF-I may promote the
repair process in the injured knee joint by stimulation
of cell divisions and anabolic processes. By formal
and ethical reasons, acquisition of classic control
group - synovial fluid from healthy individuals is not
possible. Collection of control material of synovial
fluids from dead people would not create a good
comparison group, because of the changes resulting
from intensified proteolysis after death [21].
Because of that we decided to use synovial fluid of
patients with post-traumatic disease (PTD) as a
control material. Additionally, PTD seems to be a
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good choice because it has different etiology than
Lyme disease.

The arthritis evoked by B. burgdorferi
infection leads to the development of
histopathological changes similar to rheumatoid
arthritis [5]. Studies on patients with rheumatoid
arthritis have shown that an imbalance in the
production of proteolytic enzymes, such as MMPs
and peptide growth factors including IGF-1 is likely
to be responsible for degradation of the articular
cartilage, thereby impairing the reparation processes
[6]. Although the pathogenesis of rheumatoid
arthritis and LA is different, the final pathway of
joint destruction in each of them seems to be similar.
A disruption of homoeostasis occurs between the
synthesis and the degradation favouring the
catabolic processes. Consequently, this leads to a
loss of cartilage.

It is generally known that the activity of
metalloproteinases is modulated, at least in part, by
the peptide growth factors, including IGF-I [11, 22-
24].

According to some authors [3,4,8,9] LA
patients demonstrate elevated pro-MMP content in
their serum and synovial fluid. In contrast to findings
of those authors [3,4], we show that synovial fluid
obtained from LA patients demonstrates distinctly
higher amounts of active forms of both MMP-2 and
MMP-9 in comparison to control materials. Higher
activity of those matrix metalloproteinases may
promote degradation of IGF-I and its binding
proteins and may lower their content.

Little is known about the involvement of the
IGF-I in pathomechanism of LA. We found that the
knee synovial fluid taken from patients with LA
contained lower amounts of IGF-I compared to PTD
synovial fluid. No data concerning IGF-I content in
the synovial fluid of patients with LA have been
published. Matsumoto et al. [23] demonstrated that
synovial fluid of healthy adult subjects collected
after death, contains about 20 ng of IGF-1 in 1 ml,
corresponding to about 10% of the concentration of
this factor in plasma [10]. It can be calculated that
the synovial fluid/serum ratio of IFG-I contents
equals about 0.1. From our studies, it appears that the
corresponding ratios in PTD and LA patients are
distinctly higher (from 0.53 in PTD patients to 0.4 in
LA patients). Higher values of synovial fluid/serum
IGF-I content ratio come off that Matsumoto and
colleagues [23] have used synovial fluid samples
after death.

The decrease in synovial fluid/serum ratio of
IGF-I concentrations seems to be specific for LA
patients. We have reported previously that the
corresponding ratio in juvenile idiopathic arthritis
was distinctly higher, about 0.45 [10]. We therefore
suggest that the destruction process in LA patients is
more intensive than that causing juvenile idiopathic
arthritis, and that lower amounts of IGF-I in synovial

fluid of LA patients may stimulate the reparation
processes in joint tissues in lesser degree.

The main part of this factor is bound to high
molecular weight complexes that interact with anti-
IGF-BPs antibodies. In our study, we have found
both IGF-BP1 and IGF-BP3. The bands
corresponding to IGF-BP3 in LA synovial fluid are
weaker in comparison to those observed in PTD
synovial fluid. The expression of IGF-BP1 is similar
in both groups of patients.

We have found that in both synovial fluid and
serum IGF-lI is complexed with IGF-binding
proteins. Such a phenomenon is important for IGF-I
stability. The half-life of free IGF-1 equals 10
minutes, whereas that of IGF-1/IGF-BP3 complex is
10 to 15 hours [25].

The lower amounts of IGF-I and IGF-BP3 in
LA synovial fluid co-exist with a high activity of
MMP-9 and also MMP-2. We acknowledge that
several metalloproteinases digest IGF-binding
proteins, including IGF-BP3 [11,23,24]. It is very
likely that the proteolytic action of MMP-2 and
MMP-9 results in a cleavage of both IGF-1 and IGF-
BP3, causing a decrease of these substances content
in LA synovial fluid.

It seems that the high activity of both
metalloproteinases in LA synovial fluid causes a
destruction of cartilage and synovial tissues [26, 27].
Low concentration of IGF-I and IGF-BP3 slow
down the repair processes in the joint tissues of LA
patients.

CONCLUSIONS

The high proteolytic activity of MMP-9
results in a cleavage of both IGF-1 and IGF-BP3
causing a decrease in content of these substances in
LA synovial fluid. In addition, the reduction in IGF
and IGF-BP amounts may affect the repair processes
in joint tissues of LA patients. The low concentration
of IGF-1 and IGF-BP3 slows down the repair
processes in the joint tissues of LA patients.
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