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Abstract

Introduction—Joint haemorrhage is the principal clinical manifestation of haemophilia 

frequently leading to advanced arthropathy and arthrofibrosis, resulting in severe disability. The 

degree and prevalence of arthrofibrosis in hemophilic arthropathy is more severe than in other 

forms of arthropathy. Expression of connective tissue growth factor (CTGF) has been linked to 

many fibrotic diseases, but has not been studied in the context of haemophilic arthropathy.

Aim—We aim to compare synovial tissues histologically from haemophilia and osteoarthritis 

patients with advanced arthropathy in order to compare expression of proteins that are possibly 

aetiologic in the development of arthrofibrosis.

Methods—Human synovial tissues were obtained from 10 haemophilia and 10 osteoarthritis 

patients undergoing joint surgery and processed for histology and immunohistochemistry.

Results—All samples from haemophilia patients had synovitis with hypertrophy and hyperplasia 

of synovial villi. Histologically, synovial tissues contained hyperplastic villi with increased 

cellularity and abundant haemosiderin-and ferritin-pigmented macrophage-like cells (HMCs), with 

a perivascular localization in the sub-surface layer. CTGF staining was observed in the surface 

layer and sub-surface layer in all haemophilia patients, exclusively co-localizing with HMCs. 

Quantification showed that the extent of CTGF-positive areas was correlated with the degree of 

detection of HMCs. CTGF was not observed in any of the samples from osteoarthritis patients.

Conclusion—Using histological analysis, we showed that CTGF expression is elevated in 

haemophilia patients with arthrofibrosis and absent in patients with osteoarthritis. Additionally, we 

found that CTGF is always associated with haemosiderin-pigmented macrophage-like cells, which 

suggests that CTGF is produced by synovial A cells following the uptake of blood breakdown 

products.
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Introduction

Arthrofibrosis involves the formation of excessive fibrous tissue within a joint; it is a well-

known complication of trauma and orthopaedic surgery [1]. Progressive fibrosis leads to 

contracture and atrophy that further restricts motion and impairs function. Haemophilic 

arthropathy (HA), resulting in joint destruction and severe arthrofibrosis, is the most 

disabling complication, affecting 50–90% of persons with haemophilia (PWH) [2]. Even 

with administration of clotting factor, HA persists as a severe problem [3].

Haemophilic arthropathy is characterized by chronic haemorrhagic synovitis, which results 

in destruction of articular cartilage by direct invasion and enzymatic degradation [4,5]. The 

morphology of haemophilic synovitis is well established. The blood breakdown products 

haemosiderin and ferritin are taken up by phagocytic synovial type A cells and returned to 

the circulation. The number of synovial A cells in haemophilic synovitis is increased 

compared to that seen in other inflammatory synovitis conditions, such as rheumatoid 

arthritis [6]. In trauma resulting in a single haemarthrosis, this synovial cell uptake 

mechanism works well, and returns blood breakdown products to the central circulation. 

However, following recurrent haemarthrosis in PWH, hypertrophy and hyperplasia of the 

synovial membrane result in dense intracellular deposition of blood breakdown products [4].

Arthrofibrosis is generally treated with physical therapy, corticosteroid injections, anti-

inflammatory drugs and in severe cases, surgery. Surgical intervention in non-haemophilia 

patients has a higher success rate than in PWH, but recalcitrant cases exist in the non-

haemophilia patient population as well. For PWH, arthrofibrosis routinely occurs rapidly 

following joint replacement as compared to other patients [7]. This arthrofibrosis recurs 

despite complete cessation of haemarthrosis and debridement of arthrofibrotic tissue [5,8,9]. 

In PWH, arthrofibrosis is often the most severe and disabling component of their arthropathy 

and the most refractory to treatment.

The aetiology of arthrofibrosis in haemophilia is not well understood, as there have been few 

studies addressing this important issue. In non-haemophilia patients, acute intra-articular 

injuries result in transient formation of reparative fibrotic tissue that eventually is replaced 

by more normal tissue, allowing return of normal or near-normal motion. In PWH and other 

patients with recalcitrant arthrofibrosis, the fibrotic tissues do not undergo resolution and 

replacement. We have hypothesized that in PWH this failure to resolve fibrosis is the result 

of recurrent exposure to blood breakdown products giving rise to a recalcitrant form of 

arthrofibrosis. This hypothesis would explain the significant prevalence of arthrofibrosis in 

PWH compared to other arthritis patients. The goal of our study is to investigate this 

hypothesis through examination of synovial and other joint tissues from PWH with severe 

arthrofibrosis in comparison to similar tissues from non-haemophilia patients who 

underwent total joint replacement or debridement. We anticipate that this information will 

provide some insights into the pathophysiology of arthrofibrosis in general.
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Connective tissue growth factor (CTGF) is a member of the CCN (CYR61-CTGF-NOV) 

family of matricellular proteins, which includes six members in vertebrates [10–12]. Like 

other members of the CCN family, CTGF/CCN2 has five distinct domains in order: 

secretory signal peptide, insulin-like growth factor-binding protein, von Willebrand factor 

type C repeat, thrombospondin type-1 repeat and C-terminal cystine-knot-containing 

domains [11–13]. CTGF has been documented as a secreted protein that is required for the 

development of fibrotic tissues in a variety of organs [10–12]. CTGF has also been shown to 

be up-regulated in the joint capsule during joint contracture [14,15]. Here, we hypothesize 

that accumulated blood breakdown products in the synovial tissues in haemophilia patients 

result in increased pro-fibrotic signalling as compared to synovium in non-haemophilia 

patients undergoing total joint arthroplasty or debridement.

Methods

Patient samples

Human synovial tissues were obtained from patients undergoing surgery with institutional 

IRB approval (UCLA, IRB#12-001827). We obtained 10 PWH samples from patients 21 to 

59 years of age. Six of the samples were from the knee, two each from the ankle and elbow. 

Procedures included: knee replacement, radial head excision, and ankle fusion. All PWH 

had synovectomy at the time of surgery. Ten samples were obtained from non-haemophilia 

patients with osteoarthritis. This group included four males and six females with ages 

ranging from 40 to 91 years. All osteoarthritis samples were from patients undergoing hip 

(3) or knee (7) replacement. All of the PWH had arthrofibrosis preoperative. None of the 

osteoarthritis patients had arthrofibrosis pre-or postoperative.

Histology and immunohistochemistry

All specimens were fixed with 4% paraformaldehyde overnight and embedded in paraffin 

and sectioned (5 lm). General histology and immunohistochemistry (IHC) were performed 

using standard protocols. Antibodies against CTGF (Santa Cruz Biotechnology, Dallas, TX, 

USA), CD68 (Thermo Fisher, Fremont, CA, USA), vimentin (Millipore, Temecula, CA, 

USA), transforming growth factor-beta1 (TGF-β1; Thermo Fisher), proliferating cell nuclear 

antigen (PCNA; Cell Signaling, Boston, MA, USA) and a-smooth muscle actin (αSMA; 

Dako, Carpinteria, CA, USA) were used for the study.

Fluorescence detection for dual immunostaining was performed using AlexaFluor-594 and 

-488-conjugated secondary antibodies (Thermo Fisher). Slides were mounted with 

Vectashield DAPI-mounting medium (Vector Laboratories, Burlingame, CA) for 

visualization of the nuclei. Some fluorescent images were overlaid with portions of their 

corresponding bright-field (BF) images. Specifically, red-brown coloured pixels from BF 

images were selected, given false colour and subsequently overlaid with the corresponding 

fluorescent image.

Image quantification and statistics

Three separate images (10×) were taken from random regions of the sample. The total area 

of the tissue, CTGF-and HMC-positive regions were determined and the area quantified. The 
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reported data for each sample are the total of the three images. The image quantification was 

reported as mean ± standard deviation. Differences between groups were examined using 

unpaired t-test. Statistical significance was considered to be achieved if P < 0.05.

Results

Observation of PWH specimens revealed hyperplastic synovitis with an increased number of 

synovial villi and characteristic brown haemosiderin hyperpigmentation, indicative of 

recurrent bleeding into the joint. The degree of hyperplastic synovitis varied from active to 

quiescent fibrotic synovitis, which is typical of end-stage arthropathy. Gross inspection of 

synovial tissues from the non-haemophilia patients (Fig. 1a) did not reveal any visible 

brown-pigmented areas. Gross inspection of samples from patients with active haemophilic 

synovitis revealed synovial hyperplasia with uniform hyper-pigmentation (Fig. 1c). Tissues 

from patients with quiescent, fibrotic haemophilic synovitis (Fig. 1b) exhibited less 

hyperplasia and smaller patches of hyper-pigmented areas within the synovial tissue 

compared to patients with active synovitis (Fig. 1c).

More synovial hyperplasia was observed in PWH as compared to osteoarthritis patients (Fig. 

1d–f). Higher magnification images (Fig. 1g–i) demonstrated the presence of numerous 

HMCs in the surface and sub-surface layers. The number of hypertrophic villi and 

pigmented HMCs correlated with the macroscopic degree of haemophilic synovial 

hyperplasia. Synovial tissues from patients with end-stage haemophilic arthropathy (Fig. 

1b,e,h) showed less hyperplasia and smaller amounts of HMCs in both the surface and sub-

surface layers adjacent to more mature fibrous tissue compared to tissues from patients with 

active synovitis (Fig. 1c,f,i).

One indication of an ongoing fibrotic process in arthrofibrosis is the presence of αSMA 

positive myofibroblasts [16]. As expected, perivascular smooth muscle cells were αSMA 

positive. However, we did not find appreciable numbers of αSMA positive cells elsewhere in 

the synovial tissues of any patients (Fig. 2). The hyperplastic areas of synovium seen in Fig. 

1 are not associated with the presence of differentiated myofibroblasts.

Connective tissue growth factor is expressed in the initial phases of fibrosis, and is required 

for the excess extracellular matrix accumulation seen in all fibrotic conditions described. 

Given the established role of CTGF as a mediator of fibrosis [10–12,17], we hypothesized 

that CTGF would be expressed in collagen-dense regions. In PWH, CTGF staining was seen 

both in the surface and sub-surface layers, co-localizing with HMCs (Fig. 3). In the fibrous 

sub-surface layer, we observed CTGF staining only in areas directly associated with the 

presence of HMCs (Fig. 3a). Using image quantification there was 98% direct correlation 

between CTGF-positive areas and HMCs (Table 1) in all PWH samples. The per cent area of 

HMCs (Fig. 3g) and CTGF (Fig. 3f) quantified showed varying degree of HMC and CTGF 

present in PWH samples (Fig. 3g,h), while no HMCs or CTGF-positive areas were observed 

in osteoarthritis patients (Table 1).

Because transforming growth factor-β (TGF-β) is a direct inducer of CTGF and is thought 

to trigger expression of CTGF in fibrotic conditions, we also examined the presence of TGF-
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β1 in our tissue samples using immunofluorescence. The degree of TGF-β staining was 

variable but overall, not significant in osteoarthritis patients (Fig. 4a). There were relatively 

high levels of TGF-β1 staining in PWH (Fig. 4c). TGF-β1 localization was observed 

adjacent to HMCs (Fig. 4c,d). However, we also observed TGF-β1in areas devoid of HMCs 

(Fig. 4c, bottom arrow). Thus, both CTGF and TGF-β1 are co-localized with HMCs in 

tissues from PWH but are not co-localized in osteoarthritis patients. These findings are 

suggestive of an active fibrotic process in PWH.

Fibroblast proliferation is an early event in fibrosis. We examined the extent of cell 

proliferation by immunostaining for PCNA. The PCNA immunostaining did not reveal 

proliferating cells in the surface layer of the synovial membrane of PWH where there are 

abundant HMCs. However, we did observe some proliferating cells in the sub-surface layer 

of tissue from PWH, in areas containing HMCs. The areas with HMCs exhibited increased 

cellularity compared to adjacent sub-surface areas. It could not be determined whether the 

increased proliferation observed in these areas is a cause or a consequence of increased cell 

density. Overall there were few proliferating cells in all samples (Fig. 5).

In terms of arthrofibrosis, the defining characteristic of synovial tissue from PWH was the 

co-localization of HMCs with CTGF. We performed immunostaining to investigate the 

identity of the HMCs using CD68, a macrophage marker, or vimentin (VIM), a fibroblast 

marker. As seen in Fig. 6, the HMCs are indeed macrophages that are positive for CD68 and 

negative for vimentin. This is consistent with previous literature where it has been shown 

that macrophage-like synovial type A cells are CD68-positive [18] and are responsible for 

the uptake of both haemosiderin and ferritin when there is bleeding into the joint [6].

Discussion

Gross observations and general histological analysis showed increased synovial villi and 

pigmented HMCs in tissues of PWH, as is typical of chronic haemophilic synovitis [8]. Our 

study focused on synovial tissue to help determine its role in PWH, and showed that CTGF 

was almost exclusively co-localized with HMCs.

Connective tissue growth factor has been implicated in many fibrotic diseases [10–12,17] 

and has been shown in experimental animals to be up-regulated specifically in the joint 

capsule during joint contracture [14,15]. Our study focused on synovial tissue, as much less 

is known about this region and its role in arthrofibrosis in PWH, and demonstrated that 

CTGF was almost exclusively co-localized with HMCs (Fig. 3). The correlation between 

CTGF expression and the presence of HMCs was observed in all PWH and none of the 

osteoarthritis patients. CTGF is known to be an inflammatory modulator and can modulate 

macrophage adhesion [19] and migration [20]. CTGF has been shown to co-localize with 

macrophages in non-haemophilia patients [21–24] and some have postulated that 

macrophages ingest CTGF coming from a source in the surrounding environment [21,22]. 

However, other studies indicate that macro-phages themselves can produce CTGF [23,24]. 

In our samples, we identified the HMCs as macrophages that are positive for CD68. This is 

consistent with previous studies showing that the majority of the haemosiderin-and ferritin-

pigmented cells in haemophilic synovitis are CD68-positive type A synovial macrophage-
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like cells [6,18]. Looking for possible CTGF involvement, we examined two patients outside 

our study parameters. One was a patient with sickle cell anemia with osteonecrosis of the 

knee and the other a patient with an infected total knee replacement (TKR) who had a 

history of 17 prior operations and severe arthrofibrosis. In these two patients we detected 

small areas with HMCs (13.5 ± 8.0%) and a limited region of CTGF staining (12.1 

± 10.0%). In these two patients, we also observed a 97.7 ± 1.0% correlation between the 

presence of HMCs and the areas that were positive for CTGF. Based on these findings, the 

presence of HMCs, characteristic of haemophilic synovitis and other disorders where 

haemarthrosis occurs are highly correlated with the expression of the pro-fibrotic protein 

CTGF. We thus postulate that the CTGF, in association with HMCs, is directly produced by 

these macrophages in response to haemarthrosis. We plan to confirm this hypothesis with 

future experiments. Additionally, our data indicate this is not an isolated process that only 

occurs in PWH, as we showed a similar correlation between CTGF and HMCs in a patient 

with sickle cell anaemia and one with chronic joint infection with arthrofibrosis. To further 

explore the aetiology of fibrosis that develops in the non-haemophilia patient, we plan to 

examine tissues from patients with arthrofibrosis after total joint replacement as well as 

patients with arthrofibrosis following haemarthrosis such as following ACL rupture.

We did not observe extravascular myofibroblasts in any of the specimens examined. 

Additionally, we did not observe robust proliferation in our PWH samples, but we did 

observe small areas of focal proliferation in the sub-surface layer near HMCs in PWH 

samples. These observations are consistent with previous studies showing that arthrofibrosis 

might not follow the standard course seen in other fibrotic processes. Animal models of 

trauma-induced joint contracture have shown an increase in myofibroblasts in the posterior 

capsules of knees after 2 weeks [15,25], but at longer time point no changes were seen in the 

number of myofibroblasts as compared to non-operated control [26,27]. Thus, the phase 

represented by the presence of myofibroblasts in this model is likely a transient one. A 

current model of trauma-induced arthrofibrosis proposes that there is an initial inflammation 

phase, followed in order by a proliferative phase and a regenerative phase, which includes 

maturation and scar formation. During the proliferative phase of healing, fibroblasts are 

activated to become myofibroblasts, which then disappear [28]. This model works well for 

acute joint injuries and also seems to apply to the present study in PWH [26,27]. While 

myofibroblasts may play a role in the initial healing process, our data indicate that the long-

standing contractures seen in our haemophilia patients do not show significant active 

persistent myofibroblasts. Additionally, the hyperplastic villi seen in PWH showed abundant 

HMC and CTGF staining, and we did not observe any active proliferation or myofibroblasts 

in these areas. This is most likely because our haemophilia samples in this study were from 

patients with end-stage arthropathy undergoing knee replacement. Patients with end-stage 

arthropathy rarely exhibit bleeds into the joint. The synovium has involuted, and the marked 

vasodilatation and robust cell proliferation seen in earlier stages have been replaced by 

mature fibrous tissue mostly in the subsurface synovial layer and capsule. Furthermore, as 

Fig. 6 shows, the hyperplastic villi are mainly composed of CD68-positive macrophages 

with very sparse fibroblasts, which could be another reason neither proliferation nor 

myofibroblasts were observed in this area. It is important to note that the present study 

included the fibrotic sub-surface layer of the synovium, but did not include joint capsule 
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where myofibroblasts have been detected in animal studies, as the joint capsule is not 

normally removed during the surgeries performed in our study.

Because arthrofibrosis and joint contracture are fibrotic diseases mediated by progressive 

formation of fibrous tissue, we believe that in PWH, bleeding into the joint provides a pro-

proliferative and pro-fibrotic state. This is evident in our PCNA staining, where we observed 

an increase in proliferating fibroblast-like cells only adjacent to the relatively small amount 

of perivascular HMCs in the fibrous sub-surface layer. Fibroblast proliferation could be a 

direct effect of CTGF, as in other diseases where CTGF has been shown to induce fibroblast 

proliferation [29–31]. We postulate that the favorable micro-environment produced by blood 

breakdown products taken up by macrophage synovial A cells stimulates native fibroblasts 

to proliferate and enhances their function, resulting in fibrous joint adhesions, thickened 

joint capsule and contractures.

Previous studies of arthrofibrosis in non-haemophilia patients have focused primarily on the 

role of TGF-β [32–35]. We found an increased expression of TGF-β1 in PWH and most 

areas that were positive for CTGF and HMCs were also positive for TGF-β1. Studies have 

shown that both TGF-β and CTGF are required for the onset and persistent fibrotic response 

[32,36,37]. Our study demonstrates that the co-localization of TGF-β and CTGF, as 

observed in multiple fibrotic conditions, is also a defining feature of HA. Our data provide a 

molecular explanation of why arthrofibrosis in PWH is persistent and is unresponsive to 

treatment [5,7]. How these two molecules interact with each other to mediate persistent 

fibrosis is still unknown. CTGF is a direct target of TGF-β in some tissues [11,38], but other 

studies show that CTGF expression can be independent of TGF-β signalling [39]. In 

arthrofibrosis, some studies demonstrated an up-regulation of both TGF-β and CTGF 

expression in the joint capsule during joint contracture [25,26]. In another study, injection of 

TGF-β1 into the joint resulted in transient fibrotic tissue formation, but failed to 

significantly up-regulate CTGF expression [32]. As shown in the present study, TGF-β was 

detected in all areas where CTGF was identified; raising the possibility that TGF-β is a key 

regulator of CTGF expression in haemophilic arthropathy. CTGF appears to be produced by 

synovial A cell macro-phages, possibly as a response to the presence of haemosiderin and 

ferritin. How haemosiderin, ferritin and TGF-β interact to regulate CTGF expression in 

haemophilic arthropathy and the function of CTGF in this process are important issues that 

will be a topic of future investigation. Most cases of arthrofibrosis in non-haemophilia 

patients are initiated by joint injury or surgery that causes bleeding into the joint. While this 

is less blood exposure than the chronic recurrent bleeding in haemophilia patients, it is 

reasonable to assume the cellular response to the blood breakdown product by the synovial 

A cells would be similar. Thus, we believe the mechanism shown here could also be 

applicable to the development of arthrofibrosis in non-haemophilia patients. Arthrofibrosis 

in PWH is universal and recalcitrant to treatment and continuously active, which makes this 

population attractive for studying the mechanisms of arthrofibrosis. The identification of the 

relationship between hemarthrosis and arthrofibrosis in PWH supports the prevention of 

hemarthrosis through prophylactic clotting factor replacement, joint aspiration, and 

synovectomy in refractory cases.
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Regardless of mechanism, our studies show that CTGF is seen in synovial tissue in all 

patients with HA. Thus, CTGF might serve as a useful biomarker to assess risk of 

arthrofibrosis, as there currently is none, potentially allowing intervention before significant 

loss of motion has occurred. The finding that CTGF can be detected in the urine of patients 

with diabetic nephropathy using ELISA [40–43], raises the possibility that CTGF could be a 

useful marker.

Conclusion

Connective tissue growth factor has been implicated in all fibrotic conditions described to 

date, and has been detected in joint capsule tissue or contracted joints [14,15]. For the first 

time, this paper demonstrates an association of CTGF with arthrofibrosis in the haemophilia 

patient population. The increased CTGF is detected in the surface and sub-surface layers of 

the synovium in haemophilia patients. Moreover, we report that CTGF is exclusively 

colocalized with CD68-positive HMCs, synovial A cells. We found TGF-β1 is also present 

in high levels in PWH. The expression of TGF-β1 and CTGF in the same areas raises the 

possibility that TGF-β1 and CTGF cooperate to mediate persistent arthrofibrosis in PWH. 

The finding that TGF-β1 and CTGF consistently seen in joint tissues from PWH but not in 

most non-haemophilia patients provides a potential explanation for why PWH are more 

likely to experience chronic and progressive joint contractures refractory to current 

treatment.
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Figure 1. 
Representative images of the synovial tissue from osteoarthritis (a, d & g), PWH with 

quiescent fibrotic haemophilic synovitis (b, e & h) and PWH with active, hyperplastic 

synovitis (c, f & i). Gross images of synovial tissue (a, b & c) collected during surgery from 

osteoarthritis patients (a), haemophilia patient with quiescent fibrotic haemophilic synovitis 

showing small areas of dense pigment deposition (b) and active synovitis showing enlarged 

reddish brown synovial villi (c). H&E images of the cross-section of synovia tissue (d, e, f, 

g, h & i). Note the cells with dense pigment deposition (arrow) in e, h, f & i which are 

typical of haemophilia patients.
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Figure 2. 
a-Smooth muscle actin (a-SMA) IHC of synovial tissue in haemophilia patient. (a) Bright 

field image of synovial tissue showing brown HMCs in the surface layer of synovial 

membrane. (b–d) a-SMA (green) which is a marker of active myofibroblasts was not readily 

seen in the synovial tissue of haemophilia patients except surrounding blood vessels in both 

the fibrous sub-surface layer (F) and synovial villi (V). a-SMA: green; DAPI:blue; HMCs: 

red.
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Figure 3. 
CTGF immunostain of synovial tissue in osteoarthritis patient (a) and haemophilia patients 

(c & e). Bright-field images (b, d & f) showing the presence of HMCs that correspond to 

CTGF IHC (a, c & e) respectively. CTGF (green) was mainly observed at or adjacent to the 

brown HMCs (arrow) in both the fibrous sub-surface (c) and surface layer (e) of synovial 

membrane in haemophilia patients only. Quantification of the per cent area of HMCs (g) and 

CTGF-positive (h) staining showed a significant increase in PWH (n = 10) compared to 
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osteoarthritis patients (n = 10), *P < 0.001. BF: bright field; F: fibrous sub-surface layer; S: 

synovium.
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Figure 4. 
TGF-β1 immunostain of synovial tissue in osteoarthritis patient (a) and haemophilia patients 

(c). No HMCs are seen in the osteoarthritis patients (b). The corresponding immunostain (a) 

shows minute amounts of TGF-β1. Bright field image (d) shows the presence of HMCs that 

correspond to TGF-β1 immunostaining (c) in PWH. TGF-β1 was mainly observed in 

haemophilia patients in both the surface and subsurface layer. Unlike CTGF (e), TGF-b1 

was observed both near the brown colored HMCs as well as areas without HMCs (c, arrow). 

BF: bright field.
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Figure 5. 
Proliferating cell nuclear antigen (PCNA) immunostain for cell proliferation of synovial 

tissue in non-haemophilia patient (a) and haemophilia patient (c & e). Bright-field images 

(b, d & f) showing the presence of HMCs that correspond to PCNA immunostain (a, c & e) 

respectively. Proliferating cells were only observed in the fibrous subsurface layer. In 

haemophilia patients a slight increase in proliferation was observed near haemosiderin-laden 

macrophage-like cells in the fibrous sub-surface layer (c, arrow). No significant amount of 
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PCNA staining was observed in the surface layer and synovial villi of haemophilia patients 

(e).
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Figure 6. 
Double immunostain of haemophilia patients (a, c, d & f) and osteoarthritis patients (g & i). 

No HMCs are seen in osteoarthritis patients (h & i). The corresponding immunostain (g & i) 

shows the location of CD68 positive macrophages and VIM positive fibroblasts. Bright-field 

images (b & e) showing the presence of HMCs in PWH. The corresponding to immunostain 

(a, d) shows CD68 positive macrophage (a & c) and VIM positive fibroblasts (d & f) to 

identify the HMCs that are associated with the CTGF staining (a, c, d & f; green). The 
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majority of the HMCs is positive for CD68, while negative for VIM and was co-localized 

with CTGF.
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Table 1

% HMCs % CTGF % CTGF adjacent to HMCs

Haemophilia Patients (n=10) 52.2% ± 24.5% * 44.2% ± 26.6% * 98.8% ± 1.4%

Osteoarthritis Patients (n=10) 0 % ± 0% 0% ± 0% N/A

Others (n=2) 13.5% ± 8.0% 12.1% ± 10.0% 97.7% ± 1.0%

*
Significantly higher than osteoarthritis patients, n=10, p<0.001
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