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Abstract: Fibrous dysplasia (FD) as an abnormal bone growth is one of the common fibro-osseous leasions (FOL) in
oral and maxillofacial region, however, its etiology still remains unclear. Here, we performed gene expression profil-
ing of FD using microarray analysis to explore the key molecule events in FD development, and develop potential
diagnostic markers or therapeutic targets for FD. We found that 1,881 genes exhibited differential expression with
more than two-fold changes in FD compared to normal bone tissues, including 1,200 upregulated genes and 681
downregulated genes. Pathway analysis indicated that obviously activated pathways are Ribosome and ECM-recep-
tor interaction pathways; downregulated pathways are “Hepatitis C” and “cancer” signaling pathways. We further
validated the expression of ADAMTS2, one of most differentiated expressed genes, by Immunohistochemistry (IHC)
in 40 of FD cases. Results showed that ADAMTS2 was significantly overexpressed in FD tissues, but rarely expressed
in normal bone tissues, suggesting that ADAMTS2 could be a potential biomarker for FD. Thus, this study uncovered
differentially expressed candidate genes in FD, which provides pilot data for understanding FD pathogenesis, and

developing novel biomarkers for diagnosis and targeting of FD.
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Introduction

Fibrous dysplasia (FD) is a fiber, bone tissue
like proliferation, and belongs to a fibrous tis-
sue hyperplasia lesions of the bone but not a
form of cancer [18], which accounts for 2% of
bone tumors and 7% of benign bone tumors
[19]. FD is also a common benign fibro-osseous
lesion (FOL) of oral and maxillofacial region,
characterized by replacement of normal bone
tissue with fibrous bone tissue, leading to
abnormal growth or swelling of bone [5].

FD as the disorders of normal bone metabolism
usually appears in childhood or adolescence,
and its highest incidence age ranges between
11-30 years old, with clinical presentation of
asymptomatic swelling of the affected bone
[18]. It is categorized as monostotic, or polyos-
totic, or as part of the McCune-Albright syn-

drome (MAS). Monostotic fibrous dysplasia
accounts for 75% to 80% of cases. Remarkably,
FD can cause severe deformity and asymmetry
of face and jaw bones by affecting the oral and
maxillofacial region in children in their teenage
years, resulting in devastating functional and
aesthetic consequences for patients [8, 14,
15]. Kaban et al classified lesions of FD as qui-
escent, nonaggressive and aggressive accord-
ing to its clinical behavior [9].

Increasing evidence shows several possible
mechanisms causing FD, such as endocrine
disorders, developmental abnormities of bone,
and genetic factors, etc [13]. FD has generally
been considering as a “dysplastic” process, but
recent studies have identified that it is a neo-
plastic lesion [16], as evidenced by the pres-
ence of chromosomal aberrations, activating
mutations in the GNAS1 gene, overexpression
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Figure 1. Comparison of mRNA expression profiles between fibrous dysplasia and normal bone samples. A. Distribu-
tions of a dataset for mRNA profiles after normalization as measured by box plot. B. mMRNA expression variations
between fibrous dysplasia and normal bone samples as measured by scatter plot. The values of the X and Y axes
in the scatter plot are the averaged normalized signal values of the group (log2 scaled). The green lines are fold
change lines (the default fold change given is 2.0). C. Hierarchical clustering of pooled fibrous dysplasia and normal

bone samples using the 3973 differential gene sets.

of the c-fos proto-oncogene and occasional
malignant changes [25]. However, the etiology
of FD remains largely unknown.

Here, we profiled mRNAs expression profiling in
FD tissues and normal bone tissues using
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microarray analysis. We found that mRNA
expression profiles are significantly different
between normal bone tissues and FD tissues.
We also validated ADAMTS2 overexpression in
FD thus as a potential biomarker. These find-
ings suggest that altered genes may contribute
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to the initiation and progression of FD and pro-
vide new strategies for its early diagnosis and
targeting.

Materials and methods

Patient samples and RNA extraction

A total of 40 FD patients who underwent sur-
gery between Jan 1993 and June 2012 at the
Ninth People’s Hospital, Shanghai Jiao Tong
University School of Medicine (Shanghai, China)
were investigated. Patients who received pre-
operative chemotherapy were excluded. 40 FD
(17 quiescent, 11 nonaggressive, 12 aggres-
sive) paraffin blocks were available forimmuno-
histochemistry. Ten normal bone biopsy sam-
ples were used as normal controls. Total RNA
was extracted using TRIzol reagent (Invitrogen,
CA, USA). RNA quantity and quality were mea-
sured by NanoDrop ND-1000. RNA integrity
was assessed by standard denaturing agarose
gel electrophoresis. The study was approved by
the Institutional Ethics Committee, Ninth
People’s Hospital, Shanghai Jiao Tong University
School of Medicine.

DNA microarray

A pool of 3 fresh FD tissues and 1 pool of 3
normal bone tissues were randomly selected
for gene expression microarray analysis.
Microarray analysis of whole-genome gene
expression profiling was performed using
Human NimbleGen 12 x 135 K Gene Expression
Microarrays (Roche Applied Science, India-
napolis, IL, USA). About 45,033 genes were col-
lected from the authoritative data source
including NCBI with 135,000 probes targeting
the latest genome builds.

Data analysis

Double-strand cDNA (ds-cDNA) was synthe-
sized from total RNA using a SuperScript ds-
cDNA synthesis kit (Life Technologies Inc.,
Gaithersburg, Maryland, USA). ds-cDNA was
cleaned and labeled according to the
NimbleGen Gene Expression Analysis protocol
(Roche Applied Science, Indianapolis, IL, USA).
Microarrays were then hybridized with Cy3
labeled ds-cDNA in a hybridization chamber
(Roche Applied Science, Indianapolis, IL, USA).
After hybridization and washing, the slides were
scanned using the Axon GenePix 4000B micro-
array scanner (Axon Instruments, Union City,
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CA, USA). Then, all gene level files were import-
ed into Agilent GeneSpring GX software (ver-
sion 11.5.1) for further analysis. Scanned imag-
es (TIFF format) were then imported into
NimbleScan software (version 2.5) for grid
alignment and expression data analysis.
Expression data were normalized through
quantile normalization and the Robust Multichip
Average (RMA) algorithm included in the
NimbleScan software. The Probe level (*_
norm_RMA.pair) files and Gene level (*_RMA.
calls) files were generated after normalization.
Differentially expressed genes were identified
through Fold Change filtering. Hierarchical clus-
tering was performed using the Agilent
GeneSpring GX software (version 11.5.1). GO
analysis and Pathway analysis were performed
using the standard enrichment computation
method. The microarray analysis was per-
formed by KangChen Bio-tech, Shanghai,
China.

Functional group analysis

The Gene Ontology (GO) project aims to
describe gene and gene product attributes
(http://www.geneontology.org), which covers
three domains: biological process, cellular
component and molecular function. The p-val-
ue means the significance of the GO term
enrichment in the DE genes FDR stranded for
the false discovery rate. The lower the p-value
is the more significant the GO term (a p-value of
60.05 was considered statistically significant).
Pathway analysis is a functional analysis that
maps genes to KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathways (http://www.
genome.jp/kegg/). The p-value (EASE-score,
Fisher p value or Hypergeometric p value)
means the significance of the pathway corre-
lated to the conditions. The lower the p-value is
the more significant the correlation (a p-value
cut-off is 0.05.).

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was per-
formed to detected candidate genes, according
to the manufacturer’s protocol (HT7500 sys-
tem, Applied Biosytems). Total RNA extracted
from FD samples and normal bone samples
was treated with DNase |, and reverse tran-
scripted as described previously [26]. SYBR
Green master mix (Applied Biosystems, Grand
Island, NY) was used. The sequences of prim-
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ers used in quantitative RT-PCR will be provid-
ed upon request. GAPDH was used as an inter-
nal control.

Immunohistochemistry

Immunohistochemical staining was performed
on 4 um serial sections from formalin-fixed par-
affin-embedded specimens. Monoclonal anti-
bodies to ADAMTS2 (Abnova, Niehu, Taipei,
Taiwan) was used for immunohistochemistry on
formalin-fixed, paraffin-embedded sections.
Antigen retrieval was achieved with 20 min
incubation in 10 mmol/L sodium citrate buffer
at pH 6.0. Overnight 4°C incubations with a
1:100 (ADAMTS2) dilution were done. Negative
control slides were duplicate sections in the
absence of primary antibody. For evaluating
ADAMTS2 expression, an IRS scoring method
was used: IRS = Sl (staining intensity) x PP (per-
centage of positive cells). The percentage of
ADAMTS2 positively stained cells (PP): O = no
stained cells, 1 = > 0-25% stained cells, 2 = >
25%-50% stained cells, 3 = > 50%-75% stained
cells, 4 = > 75%-100% stained cells. The inten-
sity of ADAMTS2 staining (Sl) was scored as fol-
lows: O = no, -; 1 = weak, +; 2 = moderate, ++;
3 = strong, +++. Statistical significance was
evaluated by x 2 analysis and Fisher exact test.
The stained tissues were scored blindly regard-
ing clinical patient data. Scoring was done in a
blinded fashion by two experienced patho-
logists.

Results

Differential gene expression profiling by micro-
array

The whole-genome of mRNA expression profil-
ing was performed on FD and normal bone tis-
sues. A total of 12,303 mRNAs were identified
in FD samples through microarray analysis
(Figure 1A). With SAM analysis, 1,881 genes
with differential expression showed > 2-fold
changes, of these, 1,200 genes were upregu-
lated and 681 were downregulated (Figure 1B,
Supplementary Table 1). We further utilized
unsupervised two-way (genes and samples)
hierarchical clustering analysis to separate dif-
ferential expressed genes into two clusters for
distinguishing FD from normal bone tissues
(Figure 1C). Result showed that FD present a
strikingly different gene expression profile com-
pared with normal bone.
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GO and pathway analysis

Next, differentially expressed genes were fur-
ther selected for subsequent Gene Otology
(GO) terms in biological processes, cellular
components and molecular functions. We
found that the highest enriched GOs targeted
by upregulated transcripts were extracellular
matrix (ontology: cellular component), protein
binding (ontology: molecular function), and
extracellular matrix organization (ontology: bio-
logical process) (Figure 2, Supplementary Table
2); and that the highest enriched GOs targeted
by downregulated transcripts were cytoplasm
(ontology: cellular component), protein binding
(ontology: molecular function), and macromol-
ecule modification (ontology: biological pro-
cess) (Figure 3).

Pathway analysis indicated that 28 pathways
mapping upregulated transcripts and the most
two significantly disrupted pathways were
“Ribosome” and “ECM-receptor interaction”
signaling pathways. 18 pathways mapping
downregulated transcripts and the most two
significantly disrupted pathways were “Hepatitis
C” and “cancer” signaling pathways. Other
pathways and related components dysregulat-
ed in FD pathogenesis are shown in Figures 4

and 5 (Supplementary Table 3).

Validation of candidate genes by quantitative
real-time PCR (qRT-PCR)

To validate altered mRNAs in FD patients, we
randomly selected 20 genes, ten (ROR2,
CXCL14, TWIST1, MMP13, TGFBI, ADAMTS2,
ZNF521, CDK6, TIMP1 and FGFR2) for upregu-
lation, ten (WFDC2, CMTM7, ZMYND1O0,
CCDC19, WWOX, RRAD, RGS12, ZBTB16,
DAPK2 and VHL) for downregulation, to check
their mRNA expression levels by gqRT-PCR using
10 FD samples and 5 normal bone tissues. We
found significant upregulated ROR2, CXCL14,
TWIST1, MMP13, ADAMTS2, ZNF521, FGFR2
(Figure 4A) and downregulated WFDC2,
ZMYND10, CCDC19, WWOX, ZBTB16 in FD
samples, compared with normal bone samples,
which was consistent with the microarray data.

Overexpression of ADAMTS2 in FD by immuno-
chemistry

We then examined ADAMTS2 expression, one
of the differential expression genes, in 10 nor-
mal bone tissues and 40 FD tissues by immu-
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Figure 2. Functional annotation analysis of genes that were significantly differential genes including (A) overex-
pressed genes and (B) underexpressed genes between fibrous dysplasia tissues and normal bone tissues. The
ontology covers three domains: biological process, cellular component and molecular function (p < 0.05).

nochemistry to validate the microarray data.
Representative immunostaining of normal
bone tissues and FD tissues was shown in
Figure 5. ADAMTS2 was mainly localized to the
fibrous areas, with highly expressed on the
interstitial fibers, while sporadically expressed
in bone matrix. ADAMTS2 was differentially
expressed between normal bone tissues and
FD tissues (P = 0.0165) (Figure 5, Table 1).

We next analyzed the correlation between
ADAMTS2 expression and clinicopathological
features of FD patients, including gender, age,
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location and stage. However, no significant cor-
relation between ADAMTS2 expression and
clinicopathological features was found (Supp-

lementary Table 4). These data suggest that
ADAMTS2 overexpression might be a potential
biomarker during FD progression.

Discussion

FD as a benign fibrous bone disease was firstly
reported by Lichenstein in 1938 [6]. Its inci-
dence and clinical features are distinct in differ-
ent populations. A retrospective review with a

Int J Clin Exp Pathol 2014;7(12):8532-8541
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Figure 3. Pathway analysis maps differentially expressed genes including (A) upregulated genes and (B) downregu-

lated genes to KEGG pathways (p < 0.05).

small sample size in Chinese population was
conducted by our group to assess its clinical
features, radiographic findings and the associa-
tion with serum alkaline phosphotase (ALP). We
found that FD has no sex predilection, and ele-
vated ALP is closely related to the extent of FD
lesion [2]. Another retrospective review with a
larger sample size in Indian population showed
that FD has a definite male predominance with
diffuse borders, which is mainly composed of
fibrous stroma and woven bone [21]. Other spo-
radical FD cases in different population have
also been reported [1, 11, 17, 24].

FD is caused by an abnormal proliferation of
fibrous tissue in bone, thus exhibiting a rapid
growth feature [3, 25]. However, the important
molecular events for FD development are large-
ly unclear. Most of studies have been focused
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on GNAS1 mutations [13, 22], which have been
considered to be a hallmark of FD. In this study,
we investigated the mRNA expression profile of
FD using microarray analysis to explore the
molecular basis of FD development. From the
microarray expression profile, we found that
12,303 mRNAs were differentially expressed in
FD, in which 1,200 genes upregulated and 681
genes downregulated (P > 2.0-fold) in FD sam-
ples. We further selected 10 upreguated genes
and 10 downregulated genes from microarray
data for validation using qRT-PCR, and the
results were consistent.

FD is characterized by abnormal matrix over-
production and fibrous bone cell accumulation.
Extracellular matrix (ECM) plays a crucial role in
multiple cellular processes including growth,
wound healing, and fibrosis, through regulating

Int J Clin Exp Pathol 2014;7(12):8532-8541
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Figure 4. Detection of candidate genes selected from microarray by quantitative real time PCR in FD samples, and
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cell dynamic behavior and sequestering cellular
growth factors [7]. The enzymes involving ECM
destruction include serine proteases, threo-
nine proteases, and matrix metalloproteinases,
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etc. MMP9, VEGF [10] and FGF23 [23] have
been identified to be involved in FD initiation
and progression. We also uncovered differen-
tially expressed GO terms and signaling path-

Int J Clin Exp Pathol 2014;7(12):8532-8541
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Normal bone

Figure 5. Representative images o
immunostaining for ADAMTS2 on fi
brous dysplasia tissues and normal |
bone tissues. B, bone.

ways in the development of FD. Of note, ECM
was identified to be one of the highest enriched
GOs, resulting in significant deregulation of
ECM-receptor interaction signaling pathway,
supporting the importance of ECM-receptor
interaction signaling in FD pathogenesis.

ADAMTS (A Disintegrin And Metalloproteinase
with Thrombospondin Motifs) family, one of the
key components in ECM-receptor interaction
signaling, plays a crucial role in extracellular
matrix degradation and turn over, and partici-
pates in various human biological processes,
including fibrosis, angiogenesis, cell invasion
and migration [20]. We thus chose ADAMTS2,
one of the ADAMTS members, to validate micro-
array data by immunochemistry. We found that
ADAMTS2 expression was significant upregu-
lated in FD compared to normal bone tissues,
although no significant correlation between
ADAMTS2 expression and clinicopathological
features was found, which needs to be further
confirmed by large sample size study. ADAMTS2

8539

as a procollagen N-proteinase can remove the
aminopropeptide of type |, type II, and type I
procollagen. Its mutations result in Human
Ehlers-Danlos syndrome type VII C and bovine
dermatosparaxis, through generating stop
codons and decreasing its mRNA expression
level [4, 12]. Further studies are needed to
investigate the biological function and underly-
ing mechanism of ADAMTS2 in FD patho-
genesis.

In conclusion, we report for the first time that
mRNAs are differentially expressed in FD com-
pared with normal bone tissues. With some key
molecules and related signaling pathways are
uncovered, it will help in comprehending the
complex dynamics of FD development and
developing novel strategies for the early diag-
nosis and treatment of FD. Further work is
needed to understand the molecular mecha-
nisms and biological functions of differentially
expressed mRNAs in FD.

Int J Clin Exp Pathol 2014;7(12):8532-8541
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Table 1. Summary of ADAMTS2 expression by immunohisto-

chemistry in normal bone and FD samples

common polymorphisms in the
ADAMTS?2 gene. J Invest Der-

Scoring Method Normal bone

FD

P value

matol 2004; 123: 656-663.

[5] DiCaprio MR and Enneking WF.
(n=10) (n=40) Fibrous dysplasia. Pathophysi-
Positive rate () 2 4 ology, evaluation, and treat-
(+) 4 4 ment. J Bone Joint Surg Am
(+4) 3 16 2005; 87: 1848—1_864. . .
[6] Garlock JH. The Differential Di-
(+++) 1 16 agnosis of Hyperparathyroid-
Mean score 16.3 278 P=0.0187 ism: With Special Reference to
Density (+) 3 6 Polyostotic Fibrous Dysplasia.
(++) 6 13 Ann Surg 1938; 108: 347-361.
[71 Geiger B, Bershadsky A, Pan-
(+++) 1 21 kov R and Yamada KM. Trans-
Mean score 16.9 27.7 P=0.0232 membrane crosstalk between
Positive rate+density Mean score 15.8 279 P=0.0165 the extracellular matrix-cyto-
skeleton crosstalk. Nat Rev Mol
Cell Biol 2001; 2: 793-805.
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Supplementary Table 4. Correlation between clinico-
pathological parameters and ADAMTS2 protein expres-
sion in 40 FD cases

n ADAMTS2 immunostaining P value
Low (%) High (%)

Total 40

Gender

Male 17 7 (41.2) 10 (58.8) 0.6457
Female 23 16 (69.6) 7 (30.4)

Age

<30 27 10(37.0) 17 (63.0) 0.4988
> 30 13  6(46.2) 7 (53.8)
Location

maxillary bone 24 10 (41.7) 14 (58.3) 0.8725
mandibular bone 11 5 (45.4) 6 (54.6)
multiple bone 5 2 (40.0) 3(60.0)

Stage
| quiescent 17 6 (35.3) 11 (64.7) 0.8264
Il nonaggressive 12  4(33.3) 8 (66.7)
IV aggressive 11 5 (45.5) 6 (54.5)




