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Heterotopic ossification in a patient with diffuse idiopathic skeletal hyperostosis:
Input from histological findings
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A high incidence of heterotopic ossification (HO) has been reported in patients with diffuse idiopathic skeletal
hyperostosis (DISH), a metabolic disease characterized by calcifications of entheses at spine and peripheral
sites. We performed histological and immunohistochemical analyses in five different HO sites in a patient with
DISH to study a possible mutual interaction of bone morphogenetic protein 2 (BMP-2), transforming growth
factor beta (TGF-β), and decorin, crucial for bone mass increasing, matrix calcification, and endochondral bone
formation. We speculated that the surgical trauma triggered HO, inducing TGF-β release at the lesion site. 
TGF-β recruits osteoblast precursor cells and determines the overexpression of BMP-2 in the surrounding
skeletal muscle, inducing a further osteogenic differentiation, contributing to HO onset. 
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Introduction 
Diffuse idiopathic skeletal hyperostosis (DISH) is a metabolic

pathology characterized by calcifications and ossifications of the
entheses associated with cardiovascular disorders and several
metabolic factors, such as obesity, diabetes and hyperinsulinemia.1-3

Approximately, 30% of patients affected by DISH develop serious
heterotopic ossification (HO) following a hip replacement.4,5

HO process is triggered by inflammation after surgery:
immune cells infiltrate the site of the future ossification, releasing
growth factors that contribute to recruiting mesenchymal stem
cells (MSCs). These cells differentiate into chondrocytes, which
will undergo hypertrophy, leading to ossification and blood vessel
formation.1,5-7 We investigated the expression of bone morpho-
genetic protein 2 (BMP-2) and transforming growth factor β (TGF-
β), two members of the TGF-β protein family that favour the
increase of bone mass and bone matrix calcification, and decorin,
a proteoglycan widely expressed during endochondral bone forma-
tion. These molecules and their mutual interaction represent criti-
cal factors in ectopic bone formation,2,6-12 contributing to HO
pathophysiology.3-16 Here we reported a morphological investiga-
tion performed in a subject where, after lumbosacral X-ray and
right hip computed tomography (CT) analyses and according to
Resnick and Niwayama’s criteria,17 we have diagnosed DISH. Our
histological and immunohistochemical assessment analysed the
possible molecular relationship between DISH and HO onset. 

Materials and Methods

Patient and tissue collection
A 70-year-old man with a history of hypertension, diabetes

mellitus, stroke and ischemic cardiomyopathy, underwent elective
right hip arthroplasty in June 2016. The post-surgical course was
regular. After a few weeks, during rehabilitation, he started to com-
plain about a severe limitation of hip motion. In May 2019, the
patient came to our observation with a 3-year history of slowly
progressive, restricted right hip joint motion. Lumbosacral X-ray
and right hip CT showed ossification along both right- and left-side
anterolateral borders of 3 contiguous vertebrae (T10 to T12) and a
HO mass located mainly along with iliopsoas muscle, piriform,
and middle gluteus (Figure 1). After the surgical procedure for the
removing of the right hip motion limitation, tissues from five dif-
ferent HO sites were obtained. Following the Local Ethical
Committee guidelines and the 1964 Helsinki declaration, informed
consent was obtained. 

Histological and immunohistochemical analyses
Tissue specimens were fixed in 4% neutral buffered formalde-

hyde solution for 48 h, decalcified by Biodec R (Bio-Optica,
Milan, Italy) for 6 h and then routinely processed for paraffin
embedding. Six-μm-thick paraffin-embedded tissue sections were
deparaffinized and rehydrated with xylene and a graded series of
ethyl alcohols, and stained by Haematoxylin and Eosin (H&E),
Toluidine Blue or Safranin O. 

For immunohistochemistry, deparaffinized and rehydrated
slides were incubated with 3% hydrogen peroxide for 30 min to
block endogenous peroxidase activity. Antigen retrieval was per-
formed in Citrate buffer pH 6 at 70°C for 10 min (BMP-2 and
Decorin) and in 0.3% Tween 20 in 1x PBS at RT for 20 min 
(TGF-β). Sections were then incubated overnight at 4°C with anti-
BMP-2 (ab14933, Abcam, Cambridge, UK; 1:250), anti-TGF-β
(GTX21279, GeneTex, Irvine, CA, USA; 1:200) or anti-decorin

(ab175404, Abcam; 1:400) antibodies. Antigens were visualized
by Envision Dako REAL™ EnVision™ Detection System
(K5007, Dako, Santa Clara, CA, USA). Sections were counter-
stained with Mayer’s haematoxylin, dehydrated, and mounted in
Biomount HM (Bio-Optica). Healthy bone was used as positive
control. Omission of primary antibody and muscle biopsies were
used as negative controls. 

Immunostaining evaluation
ImageJ software (https://imagej.nih.gov/ij/) was used to ana-

lyse the percentage of the staining area, on four different images at
20x magnification from each tissue sample. Briefly, after color
deconvolution to examine only DAB staining, bone tissue was
selected as Regions of Interest (ROI) and the area percentage was
calculated. Statistical analyses were performed using GraphPad
Prism 7 software (https://www.graphpad.com/scientific-software/
prism/). Mann-Whitney test was used to compare the groups. A 
p-value <0.05 was considered significant. 

Results
The different HO sites showed a tissue mainly composed of

compact and trabecular bone, with a notable portion of woven
bone and a high number of osteocyte lacunae. Several osteoclasts
were located at the ossification site. A bone marrow-like structure,
blood vessels, connective tissue and muscle fibre residues in the
HO mass were observed. Toluidine Blue and Safranin O staining
pointed out the presence of cartilage, not only at the ossification
site, and the abundance of proteoglycans in the bone matrix, espe-
cially in woven bone (Figure 2).

BMP-2 immunohistochemical staining in HO was of
5.023%±0.25 in woven bone, and it significantly (P=0.002)
decreased to 0.254%±0.05 in the lamellar bone (Figure 3A,a-c)
High BMP-2 expression was detected in the muscle tissue from the
resected fragments (HO 79.575%±13.09 vs healthy 0.49%±0.05,
P=0.002) (Figure 3A,d-f), cartilage matrix and chondrocytes at the
ossification site. Approaching bone formation sites, BMP-2
expression decreased. Osteoclasts (Figure 3B) and endosteum
(Figure 3A,b) were also greatly positive for BMP-2.

Woven and lamellar bone tissues displayed abundant spots of
TGF-β stain in ECM (Figure 3Ag-i). At the ossification site, carti-
lage matrix displayed a strong TGF-β expression that decreases
approaching the bone tissue. All chondrocytes were weakly stained
(Figure 3B).

Decorin staining was present along lamellae and, at a higher
amount, in the woven bone (Figure 3A,j-l) It was also highly
expressed in cartilage matrix but not in chondrocytes and, as the
bone formation site was approached, chondrocytes expressed
decorin while cartilage lost staining (Figure 3B). 

Discussion 
DISH represents a predisposing factor for the formation of

ectopic calcification in the first months following total hip
arthroplasty.4,5 Due to soft tissue trauma, inflammatory cells infil-
trate the site of future ossification, release abundant growth fac-
tors, inducing HO development.6 Here we investigated the histo-
logical features, and the expression and localization of BMP-2,
TGF-β and decorin in HO samples from a DISH patient, to eval-
uate possible molecular crosstalk.  Histological sections dis-
played a well-structured ectopic compact and trabecular bone,
formed by endochondral ossification, rich in blood vessels and
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containing bone marrow. The abundant woven bone and carti-
lage, the high proteoglycan content in woven bone, and the pres-
ence of several osteoclasts suggested that the HO process was
still ongoing.17,18 The dissimilar immunohistochemical distribu-
tion of BMP-2, TGF-β and decorin implies their different contri-
bution to HO development. BMP-2 is involved in the differenti-
ation of MSCs into osteoblasts and regulates early osteoblast
gene expression.9 Changes in BMP-2 expression in woven and
lamellar bones and its decrease in cartilage matrix and chondro-
cytes coming close to the bone formation site support the idea
that BMP-2 exerts a key role in the early stages of bone forma-
tion in HO10-12, 20-22 also in DISH patients. BMP-2 is also involved
in osteoclast progenitor differentiation and osteoclast sur-
vival,23,24 and its high expression in osteoclasts at ossification
sites suggests the contribution to cartilage resorption during bone
formation. Elevated BMP-2 staining was also observed in mus-
cular tissues contiguous to the HO sites. Several studies revealed

that BMP-2 induces chondrogenic and osteogenic differentiation
and endochondral ossification in MSCs from skeletal muscle,
and in tendon-derived cells. Moreover, BMP-2 allows fibrob-
lasts, myoblasts, and bone marrow stromal cells to reverse-differ-
entiate into osteoblasts.13,20,21,25,26 TGF-β leads to the migration
and differentiation of bone MSCs and stimulates the synthesis of
structural ECM proteins,27,28 playing a crucial role in bone home-
ostasis.5 In bone ECM, TGF-β is stored as a latent form and
becomes active during bone resorption before being released in
the blood stream. TGF-β begins its action during the initial
inflammation stage of HO, when it is released by immune cells
that migrate at the future ossification site favouring MSCs
recruitment.6,27,29,30 We observed several spots of TGF-β in both
lamellar and woven bone; however, the presence of osteoclasts
suggests its release and activation, encouraging the HO progres-
sion. Decorin, primarily involved in Type I collagen assembly
and calcium deposition, is extensively expressed during endo-

Figure 1. Radiological and CT evidence of HO around the hip. A) Pre-operative X-rays image showing bridging ossification along T10,
T11 and T12 vertebrae. B,C) Pre-operative CT images; IP, ilio-psoas; Mg, medius gluteus; Pir, piriformis. D) Pre-operative X-rays image
showing HO at right hip. E) X-rays image taken at 1 day after surgery. e) X-rays image taken at 8 weeks after surgery.
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chondral bone formation, mainly in the osteoid, revealing the
immature stage of bone tissue.15,31 Here, the high staining for
decorin in the woven bone supports its role in the organization
and maturation of ECM during HO. Moreover, decorin may also
bind active TGF-β, enhancing its activity in bone formation and
remodelling.15,2 Despite the limitation of a case-report study, our
results are consistent with the existing literature on the role of
osteo-inductive signaling in the formation of ectopic bone.6,32 We
can speculate that the surgical trauma (e.g., hip replacement) in

patients affected by DISH triggers a release of TGF-β by inflam-
matory cells that induce the migration of bone MSCs to the future
HO sites and contributes to their differentiation into chondro-
cytes. Concomitantly, the high BMP-2 levels in the surrounding
skeletal muscle cooperate to induce osteogenic differentiation.
Additional studies are still necessary to unravel the functional
crosstalk between tissues and growth factors in HO physiopathol-
ogy, to open for potential molecular therapeutic approaches33 to
prevent and/or limit the HO onset in patients affected by DISH.

Figure 2. A-F) Haematoxylin & Eosin staining of HO. A) Compact bone with adjacent cartilage layer. Fibrous tissue and bone marrow
are also shown; scale bar 100 μm. B) Ossification site; scale bar 50 μm. C) Muscular and fibrous tissues adjacent to bone; scale bar 100
μm. D) Compact bone; scale bar 100 μm. E) Trabecular bone; scale bar 100 μm).F) Particular of ossification site, black arrowheads
indicate osteoclasts; scale bar 10 μm. G-I) Toluidine Blue staining; blue colour indicates high proteoglycan content. G) Compact bone
with adjacent cartilage layer; scale bar 100 μm. H) Compact bone; scale bar 100 μm. I) Particular of compact bone; scale bar 50 μm.
J-L) Safranin O staining; red colour indicates high proteoglycan content. J) Compact bone with adjacent cartilage layer; scale bar 100
μm. K) Compact bone; scale bar 100 μm. L) Particular of compact bone; scale bar 50 μm; W, woven bone; L, lamellar bone; B, bone;
C, cartilage; BM, bone marrow; M, muscular tissue; F, fibrous tissue; OS, ossification site.
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Figure 3. A) Immunohistochemical analysis of BMP-2, TGF-beta and decorin in healthy and HO tissues; scale bar 50 μm; BMP-2 stain-
ing in (a) healthy lamellar bone, (b) HO lamellar and woven bone (W), and (c) representative histogram of BMP-2 expression
(**p<0.01); BMP-2 expression in (d) healthy and  e) HO muscular tissue, and (f ) representative histogram of BMP-2 expression
(**p<0.01); TGF-beta staining in (g) healthy lamellar bone (arrowheads), (h) HO woven and lamellar bone (arrowheads), and (i) rep-
resentative histogram of TGF-beta expression; decorin expression in (j) healthy lamellar bone, (k) HO woven (W) and lamellar bone,
and (l) representative histogram of decorin expression (**p<0.01). B) BMP-2, TGF-beta and decorin staining in cartilage tissue in HO;
a) at the ossification site (OS), BMP-2 expression in cartilage, chondrocytes and osteoclast (arrowheads) in cartilage; b) at the ossifica-
tion site (OS), TGF-beta expression in cartilage and chondrocytes; c) at the ossification site (OS), decorin expression in cartilage and
chondrocytes.
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