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RANK-RANKL-OPG in Hemophilic Arthropathy:
From Clinical and Imaging Diagnosis to
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ABSTRACT. Objective. Hemarthrosis triggers hemophilic arthropathy, involving the target joints. The histopatho-
genesis of blood-induced joint damage remains unclear. The triad of receptor activator of nuclear fac-
tor-κB (RANK), RANK ligand (RANKL), and osteoprotegerin (OPG; RANK-RANKL-OPG) controls
bone turnover. Our aim was to evaluate RANK-RANKL-OPG expression in the synovium of hemo-
philic patients with severe arthropathy.
Methods. Synovial biopsies were obtained from 18 patients with hemophilic arthropathy and 16 with
osteoarthritis (OA) who were undergoing total knee replacement and synovectomy. The severity of
hemophilic arthropathy was evaluated according to ultrasonography score, the World Federation of
Hemophilia (WFH) orthopedic joint scale, and the radiographic Pettersson score. RANK-RANKL-OPG
expression was examined by immunohistochemistry and Western blotting. Serum levels of soluble
RANKL (sRANKL) and OPG from an extended group of 67 patients with hemophilic arthropathy and
30 healthy controls were measured by ELISA.
Results. The mean ultrasonography, WFH orthopedic joint scale, and Pettersson scores in patients with
hemophilic arthropathy indicated severe arthropathy. A decreased expression of OPG was found in
hemophilic arthropathy synovium compared with patients with OA. RANK and RANKL immunopos-
itivity was strong in the lining and sublining layers in hemophilic arthropathy synovial tissue. Western
blotting confirmed the immunohistological findings. Serum levels of sRANKL and OPG in patients
with hemophilia were lower than in healthy controls.
Conclusion. In hemophilic arthropathy, the synovium highly expressed RANK and RANKL, whereas
OPG immunopositivity decreased, suggesting an osteoclastic activation. Low tissue expression of OPG
paralleled the serum levels of this protein and the severity of hemophilic arthropathy assessed by ultra-
sonography, Pettersson, and WFH orthopedic joint scale scores. (J Rheumatol First Release July 1 2012;
doi:10.3899/jrheum.120370)
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Hemophilia is characterized by a deficiency or functional
defect of either coagulation factor VIII or IX, for hemophilia
A or B, respectively1. The disease affects mainly the joints,
when even a few occurrences of bleeding lead to synovial
hypertrophy and modifications of cartilage and subchondral
bone. In this microenvironment, the synovium has an invasive
and destructive interaction with bone and cartilage1,2. Ankles,
knees, and elbows are the joints most commonly affected by
hemophilic arthropathy (HAt)3.

HAt was originally described as a degenerative rather than
an inflammatory joint disease4. Recent studies indicate that
HAt not only has similarities with degenerative joint modifi-
cation such as osteoarthritis (OA), but also develops an
inflammatory process similar to that found in rheumatoid
arthritis (RA). Increased vascularity and neoangiogenesis,
with involvement of key angiogenic factors, have been impli-
cated in the development of hemophilic synovitis5. There is
also evidence that these vascular changes may be sustained by
the inflammatory stimuli due to iron deposits consequent to
hemarthrosis6. The pathogenesis of HAt has not yet been fully
elucidated.

Hemophilia can be treated either on demand to stop bleed-
ing or with prophylaxis to prevent joint damage. Primary pro-
phylaxis, defined as the start or regular continuous treatment
before the age of 2 years or after the recurrence of the first
joint bleeding3, is the “gold standard” regimen to prevent joint
bleeding and HAt. Secondary prophylaxis, defined as all
longterm regular treatments not fulfilling the criteria of pri-
mary prophylaxis, helps to prevent joint bleeding and to keep
damage from worsening7. The administration of clotting fac-
tor stops bleeding, but arthropathy remains the most common
and severe complication of hemophilia1,8.

A crucial pathway regulating bone biology is the molecu-
lar triad consisting of receptor activator of nuclear factor-κB
(RANK), RANK ligand (RANKL), and osteoprotegerin
(OPG)9, which tightly controls bone turnover. RANKL, a
member of the tumor necrosis factor (TNF) receptor super-
family, is a transmembrane ligand mainly expressed on
osteoblasts/stromal cells in the bone microenvironment.
RANKL exists either as a cell-bound form or a truncated
ectodomain variant released by enzymatic cleavage of the cel-
lular form [soluble RANKL (sRANKL)]. RANKL binds to its
receptor RANK expressed on the cell surface of osteoclast
precursors, and induces osteoclast differentiation and matura-
tion, leading to bone resorption. In the synovium, RANKL is
expressed by fibroblast-like synoviocytes (type B synovio-
cytes) and by activated T cells, and may induce osteoclasto-
genesis through a mechanism enhanced by several cytokines,
including TNF-α, interleukin 1 (IL-1), and IL-17, that pro-
mote both inflammation and bone resorption10,11. OPG,
another member of the TNF receptor superfamily, acts as a
decoy receptor for RANKL and competes for binding of
RANKL to RANK12,13,14. By this mechanism, OPG inhibits
osteoclast differentiation, activity, and survival both in vivo

and in vitro9,11,14,15,16. RANKL inhibits whereas OPG pro-
motes osteoclast apoptosis17. OPG is predominantly
expressed in macrophages of the intimal synovial lining layer
and in endothelial cells, where it is complexed with von
Willebrand factor (vWF) within the Weibel-Palade bodies16.

Any change in the balance between OPG and RANKL
leads to pathological bone conditions. In RA, characterized by
both inflammation and bone erosions, the interaction between
the RANK-RANKL-OPG system and T cells has been
demonstrated10,11. Few studies have addressed the pathologi-
cal features of HAt18,19. A high prevalence of osteoporosis
among hemophilic patients has been reported; the condition is
related to the severity of arthropathy and is enhanced by
human immunodeficiency virus (HIV) infection. Therefore,
high bone resorption seems not to be balanced by comparable
bone formation18,19.

Our aim was to analyze the expression of the RANK-
RANKL-OPG triad in synovial tissue from patients with HAt,
treated on demand (HAtOD) or with secondary prophylaxis
(HAtSP), who underwent knee joint surgery. We also evaluat-
ed the circulating levels of OPG and sRANKL in patients with
HAt. 

MATERIALS AND METHODS 
Patients. Sixty-seven patients (median age 38.6 yrs, range 10–85) affected by
severe (82%) and moderate (18%) hemophilia A (Factor VIII: C < 1 or
1%–5%, respectively) were recruited and followed up at the Agency for
Hemophilia, University Hospital, Florence, Italy. Forty-five/67 patients were
treated on demand and 22/67 with secondary prophylaxis, defined as
longterm continuous factor replacement therapy 3 times per week at a dosage
of 25 U/kg20. Secondary prophylaxis was started at an age between 16 and 68
years (median 29 yrs), when the median of total joint bleeding occurrences
per year was 9 (range 6–14), with a median of target joints of 2 per patient
(range 1–6). In patients with HAtOD, the median of total joint bleeding occur-
rences per year was 6 (range 3–12), with a median of target joints of 2 per
patient (range 1–5). All 22 patients who switched to secondary prophylaxis
are still undergoing this treatment. Fifty-one of 67 patients (76%) were posi-
tive for the hepatitis C virus (HCV). HCV viremia was present in 22/51 sub-
jects (43%) and HCV-RNA was undetectable (< 15 IU/mol) in the other 29
patients (57%); 25/29 had received anti-HCV therapy. Fourteen/67 patients
(21%) were also HIV-positive with undetectable viremia (HIV-RNA < 20
cp/ml), and were receiving antiretroviral therapy. Blood samples were col-
lected for serum measurements of circulating sRANKL and OPG from the
patients with hemophilia and 30 age-matched and sex-matched healthy sub-
jects (median age 36.5 yrs, range 18–73) used as controls.
Synovial biopsy samples. Eighteen/67 patients (median age 40 yrs, range
22–66) with severe knee HAt underwent synovectomy or arthroplasty. Ten/18
patients (56%) were treated on demand and 8/18 (44%) with secondary pro-
phylaxis. Sixteen/18 patients (89%) were HCV-positive, and 4 of them (22%)
were also HIV-positive and were treated with antiretroviral therapy. Samples
of synovial tissue from 18 patients with HAt were obtained during surgery at
the Department of Orthopedics and Traumatology, Plastic Surgery and
Rehabilitation, University of Florence. Synovial biopsies from 16 age-
matched and sex-matched patients with OA (median age 67.9 yrs, range
35–78) were used as a control group for the histopathological analysis.

All subjects gave written informed consent, and the study protocol was
carried out under the terms of the Declaration of Helsinki and approved by the
institutional medical ethics committee of the local government.
Instrumental analyses. The severity of HAt of the 18 patients who underwent
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synovial biopsy was evaluated according to the World Federation of
Hemophilia orthopedic joint scale (WFH), which consists of a physical exam-
ination and a pain scale21. Knee radiographs and ultrasonography (US) were
also scored in each joint. The radiograph score (Pettersson score) evaluates
osteoporosis, enlarged epiphysis, irregular subchondral surface, narrowing of
the joint space, subchondral cyst formation, erosions of the joint margins,
gross incongruency of articulating bone ends, and joint deformity (angulation
and/or displacement between articulating bones)22. The joint score for a sin-
gle joint ranges from zero (normal) to 13 (destroyed). US is an imaging
method for detecting joint structures, muscles, tendons, sheaths, and entheses.
Further, it is well known that power Doppler US (PDUS) may identify syn-
ovial blood flow. Sonographic score is based on a semiquantitative method,
ranging from 0–21 with a cutoff < 523.
Histochemistry and immunohistochemistry. All synovial specimens were cut
into small pieces. One part was fixed in 10% buffered formalin and, after
standard processing, embedded in paraffin and used for light microscopy
analysis. The other part was immediately frozen in liquid nitrogen for protein
extraction and Western blotting analysis.

Paraffin sections were stained with H&E and 3 randomly chosen sections
of the stained samples of 2 representative pieces per patient were scored by 2
blinded observers. For immunohistochemistry analysis, serial sections were
stained with the following primary mouse monoclonal antibodies: anti-human
RANK (Abcam, Cambridge, UK), anti-human RANKL (Abcam), and anti-
human OPG (Santa Cruz Biotechnology, Santa Cruz, CA, USA). After block-
ing endogenous peroxidase activity, immunohistochemistry analysis was per-
formed using the Ultravision Detection System (LabVision Corporation,
Fremont, CA, USA) according to the manufacturer’s protocol. The
immunopositive products were detected using 3,3’-diaminobenzidine tetrahy-
drochloride substrate (DAB kit; Vector Laboratories, Burlingame, CA, USA).
The sections were counterstained with hematoxylin and observed under a
light microscope (Eclipse E400; Nikon, Tokyo, Japan) and then photographed
with a digital camera (Coolpix 2500; Nikon, Tokyo, Japan). Negative controls
were obtained by omitting the primary antibodies.
Western blotting. Proteins were extracted from synovial specimens by
homogenization for 5 min in ice-cold lysis buffer [50 mM Tris HCl (pH 7.4),
150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.25% sodium dodecyl sul-
fate (SDS)] supplemented with the protease inhibitor cocktail (Complete;
Roche, Mannheim, Germany), followed by sonication. The solution was
cleared by centrifugation for 30 min at 4°C at 15,000 rpm and assayed for
protein content using Bradford’s method. Fifty micrograms of proteins were
electrophoresed in SDS 12%–13.5% polyacrylamide gel under reducing con-
ditions and then blotted to a nitrocellulose transfer membrane (Amersham
Biosciences, Piscataway, NJ, USA). The membranes were blocked in 5%
nonfat dry milk with 0.05% Tween-20 in phosphate buffered saline for 1 h at
room temperature, and then incubated overnight at 4°C with the following
mouse monoclonal anti-human antibodies: anti-RANK and anti-RANKL
(both 1.5 µg/ml; Abcam), and anti-OPG (1:1000; Santa Cruz Biotechnology).
After incubation with horseradish peroxidase-conjugated anti-mouse IgG
(Cell Signaling Technology, Beverly, MA, USA) for 1 h at room temperature,
immune complexes were detected with the enhanced chemiluminescence
detection system (Amersham Biosciences). The membranes were exposed to
autoradiographic films (Amersham Biosciences). Blots were stripped and
reprobed with rabbit monoclonal antihuman α-tubulin antibodies (1:1000;
Cell Signaling Technology) to confirm similar loading of the gels and effi-
ciency in electrophoretic transfer. Densitometric analysis of the bands was
performed using Image J software (US National Institutes of Health,
Bethesda, MD, USA).
ELISA. Serum levels of sRANKL and OPG were measured with quantitative
sandwich ELISA kits (Ampli sRANKL, Biomedica Medizinprodukte GmbH
& Co., Vienna, Austria; Human OPG Instant ELISA, Bender Medsystems,
Vienna), following the manufacturer’s instructions. For both sRANKL and
OPG assays, the interassay and intraassay variances were < 10%.
Statistical analysis. These analyses were performed using SPSS software for
Windows (Version 12.0). Data are shown as mean ± SD or median and range.

The nonparametric Mann-Whitney U test was used to analyze significant dif-
ferences between 2 independent groups. Spearman’s rank correlation coeffi-
cient (r) was used to analyze the relationship between 2 continuous variables.
All p values were 2-tailed and p < 0.05 was considered statistically
 significant.

RESULTS
Clinical and imaging findings.WFH clinical score, Pettersson
score, and sonographic score were evaluated in 18 patients
with HAt who underwent surgery. The mean WFH clinical
score was 39.5 ± 15.8 points for HAtOD (range 12–57) and 35
± 17.5 for HAtSP (range 19–71), with no significant differ-
ence. The mean Pettersson score was 10.4 ± 2.5 points (range
6–12) for HAtOD and 8.25 ± 2.6 for HAtSP (range 4–12),
with no significant difference.

The cutoff of the sonographic score in all patients was > 5
and the mean value was 10.4 ± 1.52 points for HAtOD and
11.5 ± 2.3 points for HAtSP. In 11/18 patients (61.1%), US
detected effusion hydrarthrosis; in 4/18 (22.2%), effusion
hemarthrosis; in 8/18 (44%), hemosiderin deposition (Figure
1A); in 5/18 (27.7%), synovial hypertrophy with flags on
PDUS (Figure 1B); in 12/18 (67%), synovial hypertrophy
without flags on PDUS (Figure 1C); in 2/18 (11%), fibrotic
septa; in 4/18 (22.2%), erosion; and in 18/18 patients (100%),
osteophytes, bone remodeling, and cartilage modifications.
Histological analysis. HAt synovial tissue showed hypertro-
phy and hyperplasia of the lining cells resulting in villi and
folds, as observed also in OA. In HAt, intracellular deposits of
hemosiderin, a breakdown product of hemoglobin, were
observed in the lining cells as discrete brown granules.
Aggregates of ferritin and iron as extracellular dense oval
bodies were present in the sublining tissue, near areas of nor-
mal appearance. The sublining was characterized by hyper-
vascularization, with inflammatory infiltrates around the ves-
sels. Some areas of the sublining layer showed vessels with a
hyperplasia of intima and media and narrowing lumen. A dif-
fuse mild infiltration of inflammatory cells was observed in
HAt synovium, different from the distinct follicular structures
observed in OA (Figure 1 E-H).
Expression of osteoclastogenesis-modulating factors in syn-
ovial tissue. RANK was strongly expressed in the lining, sub-
lining, and vascular endothelium in HAt synovium, with no
relevant differences between HAtOD and HAtSP, as shown in
Figure 2A. In OA, RANK was expressed less in the lining, but
was strongly expressed by the inflammatory infiltrates in the
sublining layer (Figure 2A). 

RANKL was expressed in the intimal lining layer and in
the sublining in HAt, as well as in OA (Figure 2A).
Reduced expression of OPG in HAt synovial tissue. In HAtOD
tissue, only a few cells of the sublining were positive for OPG,
the decoy receptor for RANKL. In tissue from HAtSP, the
positivity for OPG was increased in both the lining and sub-
lining, as well as in the vascular endothelium of some vessels
(Figure 2A). By contrast, in OA tissue, OPG was found
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strongly expressed in synovial lining cells, as well as in
endothelial cells, as shown in Figure 2A. Instrumental and
immunohistochemical data are summarized in Table 1. 
Western blot analysis. RANK, RANKL, and OPG protein
expression levels were evaluated in protein extracts from syn-
ovial tissue using Western blotting (Figure 2B). The antibod-
ies detected single protein bands with approximate molecular
weights of 97 kDa for RANK, 35 kDa for RANKL, and 60
kDa for monomeric OPG (Figure 2B). The protein expression
profiles indicated that there was a significant decrease in OPG
levels in HAtOD compared with HAtSP and OA, as well as in
HAtSP compared with OA (Figure 2B). Western blotting con-
firmed the immunohistochemical findings.
Circulating levels of sRANKL and OPG. Circulating sRANKL
was detected in 60 of 67 patients with hemophilia (89.5%) and
in all controls (100%). Serum levels of sRANKL were signif-
icantly lower in patients with hemophilia (median 0.15
pmol/l, range 0–4.91) compared to controls (median 0.225
pmol/l, range 0.05–3.8; p < 0.05; Figure 3A). In patients with
hemophilia, serum levels of sRANKL correlated inversely
with US score (r = –0.75, p = 0.012). The same direction was
observed for correlation with Pettersson and WFH scores,
although these analyses did not reach statistical significance (r
= –0.58, p = 0.079, and r = –0.49, p = 0.15, respectively).

Circulating OPG was detected in 63 out of 67 patients with
hemophilia (94%) and in all controls (100%), with a median
19.59 pg/ml (range 0–363.42) and 44.36 pg/ml (range
11.16–747.18), respectively. OPG levels were significantly

lower in patients with hemophilia compared to controls (p <
0.001; Figure 3B). In patients with hemophilia, circulating
levels of OPG showed a significant inverse correlation with
US score (r = –0.77, p = 0.009) and Pettersson score (r =
–0.73, p = 0.017). A trend toward significant association was
found with WFH score (r = –0.57, p = 0.08).

Serum levels of sRANKL and OPG were not different
between patients with HAtOD and those with HAtSP (data not
shown).

DISCUSSION
The molecular RANK-RANKL-OPG triad is involved in the
pathogenesis of bone loss and arthropathy. To date, few stud-
ies have addressed the role of these molecules in HAt19,21.

This is the first report, to our knowledge, on osteoclasto-
genesis-modulating factors in human HAt synovial tissue. Our
results showed decreased levels of OPG in all patients with
HAt, and strong expression of RANK and RANKL. We also
observed a correlation between instrumental findings and
severity of HAt, according to WFH, Pettersson, and sono-
graphic scores.

Joint bleeding, or hemarthrosis, occurs in the larger joints
of patients with hemophilia, resulting in severe arthropathy. A
single hemorrhage may lead to irreversible joint damage, as
demonstrated in previous studies24,25. Further, microhemor-
rhages are sufficient to induce severe joint damage in later
years3. Blood-induced arthropathy has characteristics of both
degenerative joint disease such as OA, and inflammation-
induced joint damage such as RA24.

4 The Journal of Rheumatology 2012; 39:8; doi:10.3899/jrheum.120370
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Figure 1. Ultrasonographic (US) and histological images of hemophilic arthropathy (HAt) synovial tissue. A-D are representative images of the knee by US. A.
Deposit of hemosiderin is visible as a little oval shape with hyperechoic surface (arrow) on the synovial tissue. B. Power Doppler US (PDUS) signal and marked
increase of the synovial tissue are visible in the box. C. Marked increase of the synovial tissue (arrow) without PDUS signal. D. Osteoarthritis (OA) of the knee
showing reduction of joint space with marked irregularity of bone profile. The cartilage structure is hyperechoic (arrow). E-H: representative images of histopatho-
logical features in synovial tissue of patients with HAt. E. Synovial villi show intracellular brown granules of hemosiderin. F. Diffuse infiltrate of inflammatory
cells in the synovial sublining layer. G. Vessels showing hypertrophy of intima and media with narrowing lumen. H. Inflammatory cells arranged in follicular struc-
tures are observed in OA synovium. H&E staining. Original magnification: E, G ×20; F, H ×10.
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An important characteristic of HAt synovial changes is the
deposition of iron (hemosiderin) in the synovium. Iron has a
double effect on synovial tissue. Hemosiderin, a breakdown
product of hemoglobin, accumulates in the synovial tissue,
causing oxidant damage that induces inflammation. The
hemosiderin cannot be fully cleared from the synovium and
this leads to an increased production of the proinflammatory

cytokines IL-1, IL-6, and TNF-α26, which are known for their
tissue-destructive properties24. Further, there is evidence for
an iron proliferative effect on synoviocytes among synovial
changes occurring during hemarthrosis1.

In our samples, synovial lining cells of both HAtOD and
HAtSP showed deposits of hemosiderin as discrete granules in
the cytoplasm, whereas dense intracellular and extracellular
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Figure 2. Immunohistochemistry and Western blotting analysis for RANK-RANKL-OPG. A. Representative micropho-
tographs of immunohistochemical staining for RANK, RANKL, and OPG in synovial tissue from patients with hemo-
philic arthropathy with on-demand therapy (HAtOD; left panels), hemophilic arthropathy with secondary prophylaxis
(HAtSP; middle panels), and patients with osteoarthritis (OA; right panels). Original magnification: Left panels: RANK,
RANKL ×20; OPG ×40. Middle panels: RANK ×20; RANKL, OPG ×40. Right panels: RANK ×20; RANKL, OPG ×40.

B. Western blotting analysis of RANK, RANKL, and OPG protein in synovial tissue samples. Blots were stripped and
reprobed with anti-α-tubulin antibodies as a loading control for normalization. Numbers on the right indicate molecular
weight. Lanes are shown in the left panel. Right panel: Bars represent intensity of bands, quantified by densitometry
(mean ± SD). Levels of RANK and RANKL in synovial tissue are elevated while OPG is significantly decreased in
HAtOD compared to OA and HAtSP and in HAtSP compared to OA. (*p < 0.05 vs OA, §p < 0.05 vs HAtSP, by ANOVA
and Tukey’s w-test). OD: optical density in arbitrary units.
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aggregates were visible in the sublining layer. The histopatho-
logical features observed in our biopsies are in agreement with
previous studies4,26,27. Further, it has also been demonstrated
that magnetic resonance imaging (MRI) and PDUS may be
important diagnostic tools in the evaluation of synovial
changes23,28. In 17/18 patients, the sonographic synovial
study showed a thickened synovium (> 2.5 mm) and in 5/18
patients, power Doppler activity was also present, with flags
scored according to validated method23. These findings are in
agreement with the evidence of hypervascularization and vas-
cular changes in the sublining, such as thickened wall and nar-
rowed lumen, suggesting vessel involvement (Figure 1).
Neovascularization and pathological vascular changes may be
induced by the continuous inflammatory stimuli due to iron
deposits. This has also been demonstrated in an animal model
of hemophilia6. In patients with HAt, a recent study demon-
strated an increase in proangiogenic factors, such as vascular
endothelial growth factor-A, stromal cell-derived factor-1,
and matrix metalloproteinase-9, together with proangiogenic
monocytes/macrophages in the synovium and peripheral
blood supporting the hypothesis of a pathogenetic role of
angiogenesis in HAt5,29.

As the iron accumulates, the metabolic properties of the
synovium are modified, thus inducing pathological events
also involving articular cartilage and subchondral bone. In
fact, inhibition of the proteoglycan synthesis rate and their
loss from the cartilage matrix occur at the articular level1. The
subchondral bone changes frequently observed in HAt joints
are osteoporosis, subchondral cyst formations, and bone ero-
sions and osteophytes leading to ankylosis1,22. In all our
patients with HAt, the US and Pettersson score values con-
firmed the presence of bone and cartilage modifications,
showing the severity of arthropathy (Figure 4). Whether such

changes are a consequence of inflammatory and degenerative
processes that may coincide with or even precede cartilage
damage is still unknown1. The mechanisms and pathways of
blood-induced damages in cartilage and bone are yet to be
completely understood.

Members of the TNF receptor superfamily such as RANK,
RANKL, and its decoy receptor OPG are involved in cartilage

6 The Journal of Rheumatology 2012; 39:8; doi:10.3899/jrheum.120370
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Table 1. Clinical, instrumental, and histological findings in 18 patients
with hemophilic arthropathy (HAt) who underwent surgery. Comparison is
between patients with secondary prophylaxis (HAtSP) and patients with
on-demand therapy (HAtOD).

HAtSP HAtOD

WFH score 35 39.5
Pettersson score 8.25 10.4
Sonographic score > 5 (11.4) > 5 (10.4)
RANK +++ +++
RANKL ++ ++
OPG + ±

Score values are calculated as mean. WFH score ranges from 0 to 86.
Pettersson score varies between zero (normal joint) and 13 (destroyed
joint). Sonographic score ranges from 0–21, with a cutoff < 5 (normal
range 0–4) and > 5 (pathological range 5–21). For immunohistochemistry
semiquantitative scoring was performed independently by 2 blinded
observers, based on immuno stained synovial sections for receptor activa-
tor of nuclear factor κB (RANK)-RANK ligand (RANKL)-osteoprotegerin
(OPG). Score definitions: +++ intense staining; ++ moderate staining; +
weak staining; ± not homogeneous positive staining. WFH: World
Federation of Hemophilia orthopedic joint scale.

Figure 3. ELISA for soluble receptor activator of nuclear factor-κB ligand
(sRANKL) and osteoprotegerin (OPG). Serum concentration of sRANKL
(A) and OPG (B) in 67 patients with hemophilia A and 30 healthy controls.
Boxes show 25th and 75th percentiles. Lines within boxes show medians.
Vertical lines below and above boxes show 10th and 90th percentiles.
Significant differences between patients with hemophilia and healthy con-
trols are indicated: *p < 0.05, **p < 0.01.
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and bone remodeling in most adult skeletal diseases, such as
osteoporosis, periodontal disease, and RA. Indeed, the bal-
ance of these proteins tightly regulates osteoclast formation
and activity, as they are the final effector proteins of osteo-
clastic bone resorption6. Several studies reported reduced
bone density among patients with hemophilia, and this is like-
ly explained by their blood-induced arthropathy, which has a
severe effect on bone mineralization30.

In our study, the expression of molecular markers of bone
turnover in the synovial tissue of patients with HAt indicates
an osteoclastic activation not counteracted by OPG. RANK
and RANKL were strongly expressed in the synovium of
patients with HAtOD and those with HAtSP. The expression
of OPG was dramatically reduced in synovial tissue of
patients with HAtOD, whereas the synovium from HAtSP
showed a higher positivity compared to the HAtOD group,
also at the endothelial level. Similarly to our findings, the
expression of OPG was found by others to be strongly reduced
in vessels of the inflamed pannus of active RA and interest-
ingly, OPG expression normalized with remission of
 arthritis16,31.

Serum levels of both sRANKL and OPG were decreased in
our cohort of patients with HAt compared to controls.
Unexpectedly, the serum levels of sRANKL in our patients
were not increased and did not reflect the expression at the tis-
sue level. This may be due to methodological aspects or to
pathophysiological factors related to this complex disease.
sRANKL levels may be influenced by several factors31.
Moreover, physiological factors such as cyclic variation, age,
and sex, and the relative instability of serum sRANKL, must
also be considered in interpretation of sRANKL assay results.
However, although serum levels may be relevant, the data on
synovial tissue are the most significant aspects of what occurs
at the joint level. RANKL was strongly expressed in our syn-

ovial HAt samples, suggesting a proactivated osteoclastic
mechanism likely induced by the inflammatory process, as
proposed by Valentino in a murine model of hemophilia and
as demonstrated in RA synovitis6.

The lower expression of OPG in HAt, in both synovial tis-
sue and serum, represents an important finding. The absence
of OPG in synovial tissue implies that the RANK-RANKL-
OPG balance is shifted toward osteoclastic activation. The
serum levels of OPG in our study reflect the tissue finding,
even though it is known that circulating OPG levels may orig-
inate from various tissues besides bone32.

The few studies that have addressed the measurement of
serum levels of sRANKL and OPG in patients with HAt have
shown varying results18,19. Several researchers have demon-
strated that serum OPG concentrations increase with age in
both women and men33,34, but in our samples there were no
differences of OPG serum levels related to age (data not
shown). 

The activity of OPG is increased by the FVIII-vWF com-
plex. This complex inhibits RANKL-induced osteoclastogen-
esis by a physical interaction between FVIII-vWF complex
and RANKL and by a synergic effect with OPG16. The
increased osteoclastogenesis in HAt may be supported by the
increased expression of RANKL and by a deficiency of FVIII-
vWF complex.

Our histological and serological results showed a correla-
tion with instrumental and clinical data. The US findings
revealed bone and cartilage involvement in addition to syn-
ovial hypertrophy and PDUS activity. Sonographic,
Pettersson, and WFH scores demonstrated severe HAt in our
patients. Ours is the first study, to our knowledge, to indicate
that osteoclastogenesis is activated in the synovial tissue of
patients with HAt and may be mediated by the inflammatory
milieu. The activated osteoclastogenesis may be responsible
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Figure 4. Representative images of ultrasonographic (US) and radiological findings of the knee in patients with
hemophilic arthropathy. A. Bone remodeling with osteophytes and calcifications (arrows) of medial femoral
condyle by US. B. Cartilage alterations, bone remodeling, calcifications, and osteophytes are shown by radiograph.
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for the severity of HAt, independently from the regimen ther-
apy with FVIII. Our data showed that even though OPG
expression was increased in synovial tissue in HAtSP com-
pared with HAtOD, patients with HAtSP developed arthro -
pathy as severe as patients with HAtOD. Assuming that low
OPG levels are indeed of pathophysiologic relevance, OPG
levels in HAtSP, although significantly higher than in
HAtOD, are still low enough to cause severe joint damage.
Therapy did not influence RANK and RANKL expression.
Our results did not show a significant difference in the syn-
ovial changes between HAtSP and HAtOD. According to the
literature3,27, the secondary prophylaxis did not slow down
the progression of the arthropathy. However, we should con-
sider that secondary prophylaxis usually starts when blood-
induced joint damage has already occurred. We cannot
exclude the possibility that earlier prophylaxis might influ-
ence the balance among bone remodeling regulators. Further
studies are needed to obtain a wide view of the pathological
mechanisms of HAt, including patients with hemophilia B,
although the importance of the RANK-RANKL-OPG triad in
the development of severe HAt in hemophilia A seems to be
corroborated by our data.
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