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Background We have previously shown that prolifera-
tion in primary cultures of human osteoblast-like cells
is lower after exposure to synovial fluid from patients
with aseptic prosthesis loosening than after exposure to
synovial fluid from patients with osteoarthrosis.

Materials and methods Insulin-like growth factors
(IGF) I and II and IGF binding proteins (IGFBP) 3-6,
were measured with radioimmunoassy in synovial fluid
and in serum from patients with aseptic prosthesis loos-
ening or osteoarthrosis. Proliferation in osteoblast-like
MG-63 cells was studied with the CyQUANT assay.

Results IGF-I and IGFBP-4 concentrations were
lower whereas the concentration of IGFBP-6 was higher
in synovial fluids from patients with prosthesis loosening
than in synovial fluid from patients with osteoarthrosis.
IGF-I concentrations in serum from patients with
prosthesis loosening were also lower than in the
osteoarthrosis group, and were even below the normal
range in most cases (72%). Synovial fluid from patients
with aseptic loosening had a weaker stimulatory effect
on MG63 osteoblast-like cell proliferation than synovial
fluid from patients with osteoarthrosis, but there was no
difference between the two groups when a human IGF-I
antibody was added.

Interpretation Low levels of IGF-I in synovial fluid
possibly result from low serum levels and may be a
mechanism leading to aseptic prosthesis loosening.

We have previously shown that synovial fluid from
patients undergoing revision surgery after total hip
arthroplasty due to aseptic prosthesis loosening

has an inhibitory effect on normal human osteo-
blast-like cell proliferation, and that synovial fluid
from patients with osteoarthrosis has a stimulatory
effect (Andersson et al. 2000). These observations
imply that synovial fluid may play a role in the
pathogenesis of aseptic loosening. Other studies on
cytokines in synovial fluid (Sabokbar and Rushton
1995) and periprosthetic pseudomembranes (Kim
et al. 1993, Chiba and Rubash 1994, Atkins et al.
1997, Matsui et al. 1997) also suggest that the
characteristics of the synovial fluid may be impor-
tant for aseptic loosening.

Insulin-like growth factors (IGF) I and II are
important for formation and growth of bone, and
are produced in many tissues, including bone itself
(Bautista et al. 1991, Mohan and Baylink 1991).
The biological effect of IGFs is regulated by 6
IGF binding proteins (IGFBP) (Shimasaki and
Ling 1991, Hwa et al. 1999). The most prevalent
IGFBPs in human bone are IGFBP-3, 4, 5 and 6
(Malpe et al. 1997). IGFBP-3 generally has a stim-
ulatory effect on bone cells (Schmid et al. 1996),
while IGFBP-4 usually inhibits the stimulatory
effect of IGFs (Schlitz et al. 1993, Mohan et al.
1995b). IGFBP-5 mainly enhances the effects of
IGF on both bone in animal models and normal
human osteoblasts (Schmid et al. 1995). However,
in a study published by Kiefer et al. (1993) IGFBP-
5 reduced IGF-induced DNA synthesis in osteo-
blast-like cells. The effects of IGFBP-6 on bone
are not as well characterized, but it is generally
regarded to have mainly inhibitory effects (Srini-
vasan et al. 1996, Yan et al. 2001). Thus, the regu-
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latory effects of IGFBPs on IGF activity are com-
plex and pleiotropic. Since the levels of IGFs and
IGFBPs are altered in synovial fluid from patients
with osteoarthrosis (Schneiderman et al. 1995,
Kanety et al. 1996, Matsumoto et al. 1996), IGFs
and IGFBPs in synovial fluid may be important for
periarticular bone turnover in joint disease.

We determined the levels of IGF-I and -II and
IGFBP 3-6 in synovial fluid and IGF-I in serum
from patients with aseptic prosthesis loosening
undergoing revision surgery. Furthermore, we
investigated the specific role of IGF-I in synovial
fluid-induced osteoblast proliferation.

Material and methods
Synovial fluid and serum samples

Synovial fluid samples were obtained from
14 patients who underwent revision total hip
arthroplasty due to aseptic prosthesis loosening
and who had primary surgery for osteoarthrosis
(Table 1). All the cases had radiographic peripros-
thetic bone loss varying from grade 1 to 3 accord-
ing to the Endo Clinic classification (Engelbrecht
and Heinert 1987). These samples were compared
with synovial fluid from 12 patients who underwent
total hip arthroplasty because of primary advanced
osteoarthrosis. Synovial fluid samples were aspi-
rated intraoperatively and before incision of the
joint capsule. All samples were centrifuged and
aliquoted before storage at —70°C. Serum samples
were obtained from 18 patients undergoing revi-
sion surgery and 35 patients with osteoarthrosis
(Table 1). These patients had the same inclusion
criteria as was the case with those who donated
synovial fluid. The serum samples were collected
prior to surgery, centrifuged and immediately
stored at —70°C. Before analysis, the samples were
dissolved in acetic acid, and subjected to acid gel
filtration using the Bio-spin protocol as previously
published to remove IGFBP artifacts (Mohan and
Baylink 1995). The ethical committee of Karolin-
ska University Hospital approved the study.

Radioimmunoassay for IGFs and IGFBPs

Before radioimmunoassay, the IGF pool was neu-
tralized by addition of 0.05 mL of 1.2 M Tris base.
IGF-I was measured using recombinant human

Table 1. Clinical data regarding patients with osteo-
arthrosis of the hip and patients undergoing revision
total hip arthroplasty, from whom serum and synovial
fluid was obtained. There was no significant age dif-
ference between the two groups. Numbers are mean
(SEM)

Diagnosis No. of Age Years
patients (years) in situ
Serum
Osteoarthrosis 35 68 (6) -
Revision 18 71 (12) 8 (4)
Synovial fluid
Osteoarthrosis 12 71 (14) -
Revision 14 77 (9) 10 (4)

IGF-I (a gift from Ciba-Geigy, Basel, Switzerland)
as tracer and standard, and rabbit polyclonal antise-
rum (obtained from the National Hormone and Pitu-
itary Program, Baltimore, MD) as described earlier
(Mohan et al. 1990). IGF-II was determined using
human IGF-II (Bachem Chemicals, Torrance, CA)
as standard and tracer, and a monoclonal antibody
against IGF-II (Amana International, Troy, VA)
(Mohan et al. 1990). IGFBP-3 was measured using
rabbit polyclonal antibody against human IGFBP-
3 (a gift from Dr. V. Mukku, Gentech, South San
Francisco, CA) and recombinant human IGFBP-
3 (a gift from Dr. A. Sommer, Celtrix Corp., Palo
Alto, CA) as tracer and standard as described ear-
lier (Mohan and Baylink 1995, Kanety et al. 1996).
IGFBP-4 was determined using guinea pig antibod-
ies and recombinant human IGFBP-4 (expressed
in E. coli) as standard and tracer as previously
described (Mohan and Baylink 1995, Honda et
al. 1996). IGFBP-5 was measured using guinea
pig antibody against recombinant human IGFBP-
5 together with recombinant human IGFBP-5 (a
gift from Drs. C. Dony and K. Lang, Boehringer
Mannheim, Mannheim, Germany) as standard
and tracer (Mohan and Baylink 1995, Mohan et
al. 1995a). IGFBP-6 was determined using guinea
pig antibodies and recombinant human IGFBP-6
as standard and tracer (Yan et al. 2001). 251 for
radiolabeling was purchased from the International
Chemical and Nuclear Corporation (Irvine, CA).

Cell culture and proliferation assay

MG63 human osteosarcoma cells were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM)
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containing penicillin (100 U/mL),
streptomycin (100 pg/mL), fun-
gizone (0.25 pg/mL) and 10%
fetal bovine serum (Gibco, Grand
Island, NY). The cells were incu-
bated at 37°C in 5% CO2 with
saturated humidity. After reach-
ing sub-confluency, the cells were
detached  with  trypsin-EDTA
(Gibco) and plated at a density of 1
000 cells/well in 96-well plates in
serum-free DMEM supplemented
with 0.1% bovine serum albumin
(Gibco). The cells were then cul-
tivated for 24 h before addition of

Table 2. Concentrations of IGFs and IGFBPs (ng/mL) in synovial fluid
from patients with osteoarthrosis of the hip and from patients undergo-
ing revision total hip arthroplasty. Numbers are mean (SEM)

Osteoarthrosis n Revision n P-value
IGF-I 127 (53) 12 80 (29) 14 0.001
IGF-II 208 (101) 7 220 (69) 7 0.8
IGFBP-3 2965 (1381) 6 2833 (1249) 6 0.9
IGFBP-4 3150 (833) 7 1725 (958) 7 0.02
IGFBP-5 375 (75) 7 320 (47) 7 0.2
IGFBP-6 595 (207) 6 997 (483) 6 0.05

Table 3. Serum levels of IGF-I in patients with osteoarthrosis of the hip
and in patients undergoing revision total hip arthroplasty. Numbers are
mean (SEM)

synovial fluids etc. After another

24 h of incubation, the cell medium Diagnosis n IGF-I Below normal Within normal

was removed and the plates were (ng/mL) range (< 85) range (85-220)
o . .

stored at —70°C. Cell proliferation  ogeqarnrosis 35 117 (39) 3 (9%) 32 (91%)

was measured with the CyQUANT Revision

18 73(20) 13 (72%) 5 (28%)

cell proliferation assay kit (Molec-
ular Probes, Eugene, OR).

To evaluate the role of IGF-I in
synovial fluid-induced cell proliferation, MG63
cells were incubated for 24 hours with 10% pooled
synovial fluid from the osteoarthrosis group or 10%
pooled synovial fluid from the revision surgery
group, or with 10 ng/mL recombinant human IGF-
1. The experiments were performed in the presence
or absence of an antibody against human IGF-I at a
concentration of 50 ug/mL (Sigma-Aldrich, Stock-
holm, Sweden).

Statistics

The data are presented as mean (SEM). Student’s
t-test was used to determine statistical significance.
P-values less than 0.05 were considered to be sig-
nificant. We used Sigma-Stat software (Jandel
Corp., Sausalito, CA) for all calculations.

Results

Patient characteristics (Table 1)

There was no significant difference in age or body
mass index (data not shown) between patients with
osteoarthrosis and patients with prosthetic loosen-
ing. No bacterial growth was found in the syno-
vial fluid samples from the patients with prosthetic
loosening.

P-value < 0.001

IGF-I, -1l and IGFBP 3-6 levels in synovial fluid
and serum (Table 2)

IGF-I and IGFBP-4 concentrations were sig-
nificantly lower, whereas IGFBP-6 was higher in
synovial fluid from patients undergoing revision
surgery than in synovial fluid from patients with
osteoarthrosis. The serum levels of IGF-I followed
the same pattern, with a significantly lower IGF-
I level in serum from patients undergoing revi-
sion surgery than in serum from patients with
osteoarthrosis. In addition, most patients in the
revision group had serum IGF-I levels below the
normal range. There were no differences in IGF-II,
IGFBP-3 and 5 levels in synovial fluid between the
two patient groups.

Synovial fluid-induced cell proliferation
(Figure 1)

Proliferation was significantly higher in MG63
cells incubated with 0.1-10% synovial fluid from
patients with osteoarthrosis than in cells treated
with the same concentrations of synovial fluid
from patients undergoing revision surgery. The
experiment shown represents 1 of 8 performed
with synovial fluid from different patients, with
similar results.
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Figure 1. Proliferation in osteoblast-like MG63 cells
exposed to 2 typical synovial fluid samples for 24 hours
(8 cell culture wells), one from a patient with aseptic pros-
thesis loosening undergoing revision surgery (REV) and
one from a patient with osteoarthrosis (OA). P-values
for comparison between the two patient groups were
between < 0.001 and 0.03 (* =p <0.05, ** = p <0.01, ***
=p < 0.001), except for 0.6% and 2.0% synovial fluid (p =
0.2 and p = 0.1, respectively). Bars indicate SEM.

Role of IGF-I in cell proliferation induced by
synovial fluid (Figure 2)

The stimulatory effect of 10% pooled synovial fluid
from 7 patients with osteoarthrosis on MG63 pro-
liferation was significantly higher than that of 10%
pooled synovial fluid from 7 patients with aseptic
prosthesis loosening undergoing revision surgery.
When human IGF-I antibody was added, there was
no significant difference between the two groups.
Human recombinant IGF-I at 10 ng/mL also had a
significant stimulatory effect on MG63 prolifera-
tion compared to unstimulated cells and this effect
was also inhibited by human IGF-I antibody. The
experiment shown represents 1 of 2, both of which
gave similar results.

Discussion

Synovial fluid from patients with aseptic prosthesis
loosening had a significantly lower content of IGF-
I and IGFBP-4, but a higher level of IGFBP-6 than

Figure 2. Changes in cell proliferation in MG63 cells (8
cell culture wells) incubated for 24 hours with 10% pooled
synovial fluid from 7 patients with osteoarthrosis (OA), or
from 7 patients with aseptic prosthesis loosening under-
going revision surgery (REV). The experiments were con-
ducted in the presence or absence of 50 pg/mL human
IGF-I antibody. Without the antibody there was a difference
between the two patient groups, but there was no differ-
ence between the two groups in the presence of the anti-
body (p = 0.1). Proliferation was also inhibited by human
IGF-I antibody in cells incubated with 10 ng/mL IGF-I. Bars
indicate SEM.

synovial fluid from patients with osteoarthrosis.
Synovial fluid from patients with prosthesis loos-
ening had a weaker proliferation-inducing effect
on MG63 osteoblast-like cells than synovial fluid
from patients with osteoarthrosis. Since there was
no significant difference in proliferation when
IGF-I antiserum was added, we suggest that the
lower levels of IGF-I in the prosthesis loosening
group account for the weaker effect. Both IGFBP-
4 and IGFBP-6 mainly inhibit the effect of IGF-I.
The lower IGFBP-4 content in synovial fluid from
subjects with prosthesis loosening may therefore
be compensated by a correspondingly higher con-
centration of IGFBP-6, which implies that the rela-
tive ratio of inhibitory to stimulatory IGFBP may
not be different between the two patient groups.
In addition to IGF-1, other cytokines and growth
factors may also be important for synovial fluid-
induced osteoblast proliferation (Sabokbar and
Rushton 1995), since proliferation increased also
in the presence of IGF-I antiserum. The compari-
son in this study between synovial fluid from loose
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prostheses and true synovial fluid from joints with
osteoarthrosis is an intriguing issue. The former
type of joint does not have the same type of bio-
logically active surface as the later. Thus, it would
be interesting to also study synovial fluid from
prostheses without loosening, but the acquisition
of such samples is controversial.

We did not study the exact in vivo role of IGF-
I in synovial fluid on bone turnover. However,
synovial fluid should reach the periprosthetic bone
through discontinuities in the pseudomembrane
around a loose prosthesis. We therefore specu-
late that a relative lack of IGF-I in synovial fluid
could be important for the net loss of bone matrix
around prostheses with aseptic loosening. Since
IGF-I appears to have a key role for the difference
of effect of synovial fluid on osteoblasts, serum
IGF-I was also measured. Somewhat unexpectedly,
the serum IGF-I levels were not only significantly
lower in patients with aseptic loosening than in the
osteoarthrosis group, but they were also below the
normal range in most cases. The low IGF-I serum
levels in patients with prosthesis loosening were
probably not due to malnutrition, because there
was no difference in body mass index between the
two patient groups. These observations and the
similarity between the levels of IGF-I in serum and
synovial fluid in numerical terms indicate that the
sub-normal serum levels of IGF-I in these patients
may induce decreased bone formation around the
prosthesis via the synovial fluid. This possible
mechanism, together with other events leading to
increased bone resorption, could explain some of
the pathophysiology in aseptic prosthesis loosen-
ing. IGF-I has been suggested to play a role in sev-
eral pathological conditions (Juul 2003), includ-
ing for example growth hormone disturbances,
osteoporosis and hepatic disorders. In comparison
to such disease, aseptic loosening may appear to
have more “focal” than systemic characteristics.
Our finding of low serum IGF-I in this condition
suggests the opposite. Whether it is a low systemic
IGF-I level that induces aseptic loosening, or the
opposite, is unknown.

The key finding of this study is that the IGF-I
concentration is lower in synovial fluid and serum
from patients with aseptic prosthesis loosening
than in subjects with osteoarthrosis. The lower
stimulatory effect of synovial fluid on osteoblast

proliferation in the aseptic loosening group seems
to be dependent on IGF-I. Prospective studies of
serum IGF-I should be performed to determine
whether patients who subsequently develop pros-
thesis loosening are in a catabolic condition, with
low serum IGF-I levels already at primary surgery,
and are thus susceptible to future loosening of the
prosthesis.
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