Bone 121 (2019) 68-71

ne

Contents lists available at ScienceDirect

Bone

I

journal homepage: www.elsevier.com/locate/bone —

Full Length Article

Serum periostin levels and severity of fibrous dysplasia of bone R

Check for
updates

H. Guerin Lemaire™*, B. Merle”, O. Borel®, D. Gensburgerb, R. Chapurlat”

2 Department of Rheumatology, Edouard Herriot University Hospital, 5 Place d'Arsonval, 69003 Lyon, France
" INSERM UMR 1033, Université de Lyon, Division of Rheumatology, Edouard Herriot University Hospital, 5 Place d'Arsonval, 69003 Lyon, France

ARTICLE INFO ABSTRACT

Keywords: Fibrous dysplasia of bone (FD) is a rare congenital bone disease, characterized by a fibrous component in the
Fibrous dysplasia of the bone bone marrow. Periostin has been extensively researched because of its implication in various fibrotic or in-
Periostin flammatory diseases. Periostin may be associated with the burden or the severity of FD.

Bisphosphonates

The case control PERIOSDYS study aimed at assessing serum periostin levels in FD patients. Sixty four pa-
tients with monostotic or polyostotic disease were included, in order to evaluate whether the concentrations
were greater in patients than in 128 healthy age, BMI and sex-matched controls and if they were more elevated
in patients with the more severe phenotypes.

We found that periostin levels were greater in patients with FD compared to controls (mean = 1085 vs
958 pmol/l, p = 0.026), especially in those with a history of fracture (mean = 1475 vs 966 pmol/], p = 0.0005),
polyostotic forms (mean = 1214 vs 955 pmol/l, p = 0.004) or McCune-Albright syndrome (mean = 1585 vs
1023 pmol/1, p = 0.0048). In contrast, high pain levels were not associated with periostin levels (mean = 1137
vs 1036 pmol/1, p = 0.445). Furthermore, patients undergoing bisphosphonate therapy had significantly lower
levels than treatment naive patients (mean = 953 vs 1370 pmol/], p = 0.002).

In conclusion, periostin may be a biochemical marker indicative of the most severe forms of FD and could be
used to monitor patients treated with bisphosphonates.

McCune-Albright syndrome

1. Introduction

Fibrous dysplasia of bone (FD) is a rare bone disease, congenital but
not hereditary, due to a somatic mutation of GNAS [1]. Its histologic
hallmark is the replacement of normal bone by a proliferation of fibrous
connective tissue with woven bone trabeculae [2]. The clinical pre-
sentation of FD is extremely variable among patients: some will have a
mild if not asymptomatic form, whereas some will present with severe
impairment [3]. FD may either occur as an isolated condition or as part
of the McCune-Albright syndrome (MAS), which is characterized by the
following triad: FD, hyperfunctioning endocrinopathies (mainly per-
ipheral precocious puberty), and/or café-au-lait spots. A sizeable
number of patients have renal phosphate wasting because mutated cells
produce excess amounts of the phosphate-regulating hormone fibro-
blast growth factor-23 (FGF23), leading to loss of phosphate in the
urine.

To date, it has been challenging to determine the prognosis of a
given patient. We know that patients with the highest burden of disease
- e.g., those with polyostotic disease - have more fractures [4], as this is
also the case for those with renal phosphate wasting [5]. Nevertheless,
there is no specific serum marker for FD, and the existing biochemical
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markers of bone turnover show little correlation with the prognosis [6].
A scintigraphic skeletal burden score has been developed, able to pre-
dict functional outcome [7]. This score is essentially based on the initial
spread of the disease, but does not account for the intrinsic biological
activity of some bone lesions. In addition, the occurrence of bone pain
has been considered largely unrelated to the disease burden [4].

Given the broad clinical spectrum of the condition, developing
simple markers of disease severity is warranted. Periostin is an extra
cellular matrix protein [8]. It has been shown to be involved in a variety
of conditions where dysregulated inflammation leads to the develop-
ment of fibrosis, partly mediated by this protein [9]. Furthermore, it is
known to be overexpressed in the cells of patients with FD, and it is
found in the pathologic fibrous component of the bone of patients with
FD [10]. Periostin has also been associated with bone fragility in a
cohort of healthy postmenopausal women [11] and the progression of
knee osteoarthritis [12]. So, periostin may be of interest in exploring
the bone consequences of FD. Therefore, we sought to determine
whether serum periostin was associated with the severity of FD. We
conducted a case-control study, the PERIOSDYS study, in order to assess
the relationship of serum periostin with the characteristics of the dis-
ease in patients with FD.
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2. Material and methods
2.1. Study design and participants

In this case-control, monocentric study, conducted at a national
reference center for FD (the Edouard Herriot University Hospital in
Lyon, France), we have recruited 64 patients between May 2016 and
May 2018. Eligible participants were adults over the age of 18, diag-
nosed with FD and able to understand and sign the consent forms. The
main exclusion criteria were pregnancy and history of another condi-
tion known to increase serum periostin levels (such as severe allergic
asthma, metastatic cancer, or scleroderma). The recruitment was con-
ducted either during a hospitalization or during a simple consultation.
Controls were drawn from preexisting population-based cohorts of
healthy patients currently on follow-up in our research group: the
OFELY [13], MODAM [14] and STRAMBO [15] cohorts.

The PERIOSDYS study was sponsored by Hospices Civils de Lyon
and received IRB approval (CPP n°15/075, April 5th, 2016).

2.2. Measurements

Patients were included after signing informed consent forms. Two
blood samples were taken for each patient and then frozen for later
analysis of the serum. We used a sandwich ELISA (enzyme-linked im-
munosorbent assay) which can measure equally every known isoform of
periostin (Biomedica, Vienna, Austria). The intra assay coefficient of
variation is inferior to 3%, and the inter assay inferior to 6% with this
kit. Results are expressed in pmol/l. Sub groups of patients were also
formed using: form of the disease (polyostotic vs monostotic), pain > 3
using the numerical pain scale (in which the patient selects a whole
number between 0 and 10 that best reflects the intensity of his pain),
history of fracture, previous treatment with bisphosphonate, associated
McCune-Albright syndrome. FGF23 levels were also collected when
available.

2.3. Outcome measures

The primary endpoint was the concentration of serum periostin in
FD patients and healthy controls, to examine the association between
this marker and the disease. The secondary endpoints were the con-
centrations of periostin in the various forms of the disease (mono versus
polyostotic), fractured vs non fractured, painful vs non painful and in
the presence of an associated MAS.

2.4. Statistical analysis

Serum periostin level for each patient was compared to that of two
healthy controls, matched for age, sex and BMI. We used a student t-test
to test the significance of differences in mean concentrations of peri-
ostin. We then carried out a linear regression analysis in order to assess
the relationship between serum periostin, MAS, prior treatment with
bisphosphonates and age. Then a multivariate analysis was performed
to insure that each previous variable was independently associated with
an increased concentration. All analyses were performed using STATA
12.

3. Results

We enrolled 64 patients with FD, 69% women and 31% men, in-
cluding 7 patients with MAS, 2 with Mazabraud syndrome and 3 with
renal phosphate wasting. The mean age was 44.5. Half of the patients
presented with a monostotic form of the disease, the other half with a
polyostotic form. Twenty four percent of patients had prevalent frac-
ture, but only three had fractured during the previous year, and 68%
were on IV bisphosphonate therapy (Table 1). The majority of patients
(91%) were treated with pamidronate, and only 9% were treated with
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Table 1
Patients characteristics.
Controls Patients
Number 128 64
Age, mean (year) 429 44.5
BMI, mean 27.3 28.1
Women, n (%) 88 (69%) 44 (69%)
Form, n (%)
Polyostotic 32 (50%)
Monostotic 32 (50%)
Bisphosphonate therapy, n (%) 44 (68%)
Prevalent fracture, n (%) 16 (24%)
McCune-Albright, n 7
Phosphate wasting, n 3
Mazabraud, n 2
Bone pain (VAS > 3), n (%) 28 (44%)

zoledronic acid. Patients in the treated group were either currently
under treatment or had received bisphosphonate therapy in the pre-
vious year. Patients in the untreated group were either treatment naive
or had not received bisphosphonate for at least five years. Among
polyostotic patients, 12 had a history of fracture (37%) and 53% were
undergoing bisphosphonate therapy. Among fractured patients, 75%
had a polyostotic form. Among the treated patients, 8 had a history of
fracture (18%) and 18 (40%) had a polyostotic form.

Periostin concentrations were significantly greater in FD patients
than in controls (1085.2 pmol/1 vs 9584, p = 0.026), as shown in Fig. 1.
Among patients, periostin levels were significantly more elevated in
patients with previous fracture (1475pmol/l1 vs 966, p = 0.0005,
n = 64), as shown in Fig. 2. Most of these fractures were not recent
(only 3 had occurred in the year before the periostin measurement).
Periostin was also increased in those with a polyostotic form
(1214 pmol/1 vs 955.7, p = 0.004) as shown in Fig. 3, and in those with
MAS (1585.1 pmol/l vs 1023.8, p = 0.0048). Periostin was not sig-
nificantly increased in patients presenting with pain > 3 using the
numerical pain scale, as well as in patients presenting with clinically
more severe forms of FD, defined by a composite endpoint comprising
pain, polyostotic form and fracture. Periostin levels were significantly
lower in patient receiving bisphosphonate therapy (953.6 pmol/l vs
1370.7, p = 0.002).

The regression analysis showed that history of fracture
(p = 0.0005), ongoing bisphosphonate therapy (p = 0.0020), MAS
(p = 0.0048) and polyostotic form (p = 0.040) were significantly
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Fig. 1. Serum periostin in controls (blue box, n = 128) and in patients (red box,
n = 64) showing that periostin concentrations were significantly greater in FD
patients than in controls (p = 0.026). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)
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Fig. 2. Serum periostin in non-fractured (blue box, n = 48) and fractured pa-
tients (red box, n = 16) showing that the concentrations were significantly
greater in fractured patients than in non-fractured patients (p = 0.0005). (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 3. Serum periostin in controls (blue box, n = 128), monostotic patients
(red box, n = 32) and polyostotic patients (green box, n = 32) showing that the
concentrations were significantly greater in polyostotic patients than in controls
(p = 0.004). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

associated with serum periostin level, whereas age was not (p = 0.98).

The multivariate analysis showed that a history of fracture was in-
dependently associated with a greater concentration after adjustment
for the form of the disease, and the association with MAS (p = 0.015).

Furthermore, CTX levels were correlated to periostin levels with a
Pearson correlation coefficient r = 0.4561 (p = 0.004). But this asso-
ciation was found neither in the subgroup of treated patients
(p = 0.119) nor in the subgroup of treated patients (p = 0.18). FGF23
levels were available for only 33 patients. There was no correlation
between periostin and FGF23 levels with a Pearson correlation coeffi-
cient r = 0.071 (p = 0.69).

Lastly, periostin levels were also strongly correlated to the number
of bone lesions in patients (r = 0.599, p < 0.001).

4. Discussion

We found that serum periostin was increased in FD patients com-
pared with healthy controls, especially those with the most severe
forms, including a polyostotic disease and prevalent fracture. There was
no association with bone pain.
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In healthy individuals, periostin has been shown to be physiologi-
cally involved in tissue reparation after an injury (e.g., myocardial in-
farction and fracture [9]) and in fibrotic or inflammatory diseases, such
as scleroderma or severe allergic asthma [16] [17]. An inappropriate
tissue remodeling occurs through a sustained upregulation of periostin
in response to a recurring stimulus, leading to fibrosis. No studies were
conducted in FD patients so far, even though it has been proven to be
involved in the cellular pathways leading to the disease [10]. In the
case of FD, the genetic abnormality itself is responsible for the increased
production of periostin by the mutated osteoblasts.

Serum periostin was greater in patients with a history of fracture.
Now a prospective study would be warranted to prove that periostin
could be a predictive marker of the risk of fracture in those with FD. Of
note, periostin has already been shown to be associated with the risk of
fragility fracture in postmenopausal women [11] but in our younger
patients the mechanism is likely to be different and linked to the pa-
thophysiology of FD. Periostin may ultimately have a negative impact
on bone strength and fracture repair. Our result is unlikely to be in-
fluenced by recent fractures, which were a small minority (n = 3). In
those three cases, it is then difficult to assess whether the high levels
were due to the disease or the fracture, since periostin is known to be
increased after a fracture [18].

Interestingly, our study also shows that periostin levels are sig-
nificantly lower in patients undergoing bisphosphonate therapy. Of
note, one study in mice and another one in post-menopausal women
showed that periostin levels were not affected by these therapies [19]
[20]. In addition, periostin has been shown to be degraded by cathepsin
K during the bone resorption process [21]. So, one could expect that
periostin is not decreased in patients with FD on bisphosphonates. The
decrease we observed suggests that bisphosphonates might have an
effect on the pathophysiology of the disease. It was previously sus-
pected that bisphosphonates were effective in the treatment of FD
through their antiresorptive action, as mutated osteoblasts produce IL-6
and RANKL which activate osteoclasts [22]; but this pathway does not
involve periostin, and therefore does not explain the lower levels ob-
served in treated patients. Compounds that increase bone formation -
such as parathyroid hormone and teriparatide - increase serum peri-
ostin [23], but these drugs are contraindicated in FD owing to the in-
creased risk of sarcoma.

Moreover, increased periostin is also associated with tumor pro-
gression, poorer prognosis and a trend to increased incidence of me-
tastasis in a large variety of cancers. It is believed to play a role during
invasion, angiogenesis, and metastasis [9]. More specifically, it has
been proven to be an independent prognostic factor in osteosarcoma
patients, correlated to poor survival [24]. Likewise, one study showed
that periostin is elevated in the serum and bone marrow plasma of
patients with myeloma and correlates with advanced disease features,
pathological fractures, diffuse MRI pattern of marrow infiltration and
LDH at diagnosis [25]. Furthermore, it is increased in patients with
bone metastasis, especially in breast cancer, with poor clinical outcome
[26] [27]. All of the above support the influence of elevated periostin in
the progression of the tumor, and more broadly in the disease activity.
It may have the same consequences on FD lesions, which to some extent
might behave as bone tumors.

There was no significant correlation between pain and periostin
levels. It is nevertheless a major concern for FD patients, as up to 81%
of adult patients report suffering from pain [28], which can sometimes
be intense and severely hamper the patients quality of life. To date,
pathophysiology of pain in FD remains unclear. It was shown to have a
tendency to increase with time, and not to be correlated to the skeletal
burden of the disease [28]. It has been suggested that bone remodeling
is not the only cause, but that modification of nerve fibers that in-
nervate the bone may be involved as well [29], which may explain the
lack of correlation between bone markers and pain evaluation. Other
leads have to be explored to have a better understanding of pain me-
chanisms in FD.
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Lastly, we found a correlation between periostin and CTX levels.
This association, however, was found neither in the subgroup of treated
patients nor in the subgroup of non-treated patients, probably due to a
lack of statistical power. There was no correlation between periostin
and FGF-23 serum levels. FGF-23 is a circulating factor, mainly syn-
thesized by osteocytes, that negatively regulates serum levels of in-
organic phosphorous and 1,25(0H)2D3, and is not captured within
bone [30]. Its production by the abnormal osteogenic precursors is
increased in FD, and it has also been shown that its processing is
modified, with increased proteolysis and increased circulating inactive
forms [31]. While significant hypophosphatemia is rare and correlated
with disease severity and tissue burden [32], minimal phosphate
wasting is quite common. In that regard, one could have expected to
find a correlation to periostin levels, both being produced by the mu-
tated cells and linked to disease severity. The small number of patients
might be a reason why we were unable to show such correlation.

The limitations of this study were the small number of patients, and
the fact that this case control study did not allow us to carry out a
kinetic analysis of the periostin concentrations, which would be war-
ranted to get a better understanding of the responsibility of periostin in
fractures, and on a possible role of bisphosphonates on the intrinsic
activity of the lesions. Lastly, the assay used in this study measured all
isotypes of periostin. Given the new data on the degradation of peri-
ostin by cathepsin K during bone resorption and the broad expression of
periostin in various tissue and diseases, it would be interesting to use an
assay with a better specificity for periostin originating from bone.

5. Conclusion

In conclusion, serum periostin levels were significantly greater in
patients with FD compared with healthy controls, particularly in pa-
tients with history of fracture, polyostotic forms and MAS. Interestingly,
patients undergoing bisphosphonate therapy had significantly lower
levels than treatment naive patients. Prospective studies will determine
whether periostin could become a prognostic marker of FD and whether
it can be used as a monitoring tool.
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