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Abstract
Cleidocranial dysplasia (CCD) is an autosomal dominant skeletal dysplasia characterized by hypoplastic or aplastic clavicles, dental abnormalities, and delayed closure of the cranial sutures. In
addition, mid-face hypoplasia, short stature, skeletal anomalies and osteoporosis are common. We
aimed to evaluate osteoclastogenesis in a child (4 years old), who presented with clinical signs of
CCD and who have been diagnosed as affected by deletion of RUNX2, master gene in osteoblast
differentiation, but also affecting T cell development and indirectly osteoclastogenesis. The results
of this study may help to understand whether in this disease is present an alteration in the
bone-resorptive cells, the osteoclasts (OCs). Unfractionated and T cell-depleted Peripheral Blood
Mononuclear Cells (PBMCs) from patient were cultured in presence/absence of recombinant
human M-CSF and RANKL. At the end of the culture period, OCs only developed following the
addition of M-CSF and RANKL. Moreover, real-time PCR experiment showed that freshly isolated
T cells expressed the osteoclastogenic cytokines (RANKL and TNFα) at very low level, as in
controls. This is in accordance with results arising from flow cytometry experiments demonstrating an high percentage of circulating CD4+CD28+ and CD4+CD27+ T cells, not able to produce osteoclastogenic cytokines. Also RANKL, OPG and CTX serum levels in CCD patient are
similar to controls, whereas QUS measurements showed an osteoporotic status (BTT-Z score
-3.09) in the patient. In conclusions, our findings suggest that the heterozygous deletion of RUNX2
in this CCD patient did not alter the osteoclastogenic potential of PBMCs in vitro.
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1. Introduction
Cleidocranial dysplasia (CCD, MIM#119600) is a
rare skeletal disorder affecting both membranous and
endochondral bone formation. Although whole skeletal system may be affected, the main clinical manifestations of CCD are malformations of the skull and
clavicles which lead to the typical appearance of the
face and shoulders [1]. In addition, multiple dental
abnormalities, osteoporosis, delayed and deficient

ossification of long bones are common [2]. The phenotypic variability observed in CCD patients is related to heterozygous alterations of Runx2 gene, a transcription factor with a prominent role in bone biology
[3,4, 5]. In particular, it is essential for the commitment
of pluripotent mesenchymal cells towards osteoblasts
(OBs), the bone forming cells. Runx2 gene expression
must be tightly regulated to support skeletal health:
http://www.medsci.org
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while sufficient activity is necessary for adequate osteogenesis, reduced or excessive Runx2 activity may
lead to osteoporosis [6]. Accordingly, single nucleotide polymorphism in the human Runx2 locus has
been associated with variations in bone mineral density [7]. In addition to its key role in OB differentiation, the expression of this gene has been described in
T cells, as regulator of their development. In particular, in Runx2-/- embryos the development of T cells
was normal in the thymus, although the number of
thymocytes was significantly fewer than in wild type
and heterozygous embryos [8]. Runx2 overexpression
leads to an accumulation of cells at the CD8+ immature stage that were delayed in advanced differentiation [9] and predisposes to T-cell lymphomas [10].
Moreover, several in vitro studies demonstrate
that Runx2 indirectly affects osteoclast (OC) formation, through the regulation of the expression of
receptor activator of nuclear factor-B ligand (RANKL)
and/or Osteoprotegerin (OPG) in OBs as well as in
cancer and vascular smooth muscle cells [13-15]. In
fact, OCs do not show significant Runx2 expression,
but in Runx2-/- embryos few OCs appeared at the
perichondrium, in addition their size and nuclei
number are reduced in comparison with those in
wild-type embryos [8]. OCs derived from the fusion
of mononuclear phagocytes, the OC precursors
(OCPs) [16], under the influence of two cytokines,
namely macrophage-colony stimulating factor
(M-CSF) and RANKL [17]. RANKL expressed on OBs
and stromal cells promotes differentiation and activates mature OCs to reabsorb bone by binding to its
specific receptor RANK [17]. OPG, a soluble decoy
receptor secreted by OBs and bone marrow stromal
cells, competes with RANK in binding to RANKL,
preventing its osteoclastogenic effect [17]. RANKL
and OPG are also secreted by activated T cells [18],
which are critical regulators of bone turnover [19]. In
particular, resting T cells have a protective role on
bone as it has been shown to blunt OC formation in
vitro and bone resorption in vivo [19]. In contrast, activated T cells may contribute to pathological bone
loss [20-25], however distinct functions have been
recognized to the different T cell subsets. In detail,
CD4+ cells may sustain or inhibit osteoclastogenesis
whereas, activated CD8+ cells inhibit OC formation
[19, 26, 27].
Thus, because OCs can be generated from peripheral blood mononuclear cells (PBMCs) in the
presence of M-CSF and RANKL, and Runx2 affect T
cell development, the aim of this paper was to highlight the osteoclastogenic potential of unstimulated
and unfractionated PBMCs from a 4 year old subject
affected by CCD, whose we performed Runx2 genetic
analysis, and to evaluate the presence of circulating
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OCPs as well as the role of T cell in OC formation in
this skeletal disease.

2. Patient and Methods
2.1 Clinical brief
The index case was a 4-year-old male patient referred for short stature to the Endocrinology Unit of
the Pediatric Clinic “B. Trambusti”, University of Bari,
Italy. He was born at 35 weeks’ gestation by caesarean
section following an uncomplicated pregnancy. At
birth: weight 2230 g (<25th percentile), length 45 cm (≤
25th percentile), relative macrocrania (37 cm; >97th
percentile) with open sutures and fontanelles (anterior fontanelle: 3·4 cm). He developed normally until 1
year of age, when his growth velocity started to decrease. Dentition was delayed (12 months of age).
Psychomotor development has been normal and no
apparent health problems have so far been apparent.
When he presented to our observation (4 year of age)
he showed a phenotype suggestive for CCD: a short
and broad body build (height 91 cm, <3th percentile),
a brachycephal aspect of the face with mild dysmorphisms, moderate micrognathia and a high palatal
vault, persistence of large anterior fontanelle with
diastasis of the sagittal suture, and sloping shoulders.
A radiological survey showing a wide sagittal suture
of the skull, Wormian bones near the lambdoid suture, a dysplastic right clavicle with discontinuity of
the middle part with a gothic shaped thorax and hypoplastic pubic bones. Screening laboratory test for
alkaline phosphatase, magnesium, free thyroxine (T4),
thyroid-stimulating hormone (TSH), and calcium resulted all within normal limits. The family history
identified the patient’s mother with bony abnormalities, delayed ossification, and short stature (height 137
cm), who had never been undergone genetic testing
for suspected CCD. A complete heterozygous gene
deletion, supporting the diagnosis of CCD, was found
in both mother and son. After genetic diagnosis, peripheral blood was collected from the patient to carry
out cell cultures, flow cytometry analysis, real timePCR and serum measurements of RANKL, OPG and
C-terminal telopeptides of Type I collagen (CTX). The
study was approved by the Ethics Committee of our
Institute and informed consent was given from the
patient’s parents.

2.2 Bone mineral measurements
Bone quality was assessed in CCD patient and in
10 age and sex-matched healthy controls recruited
from relatives of our medical staff, by quantitative
ultrasound (QUS) measurements performed with a
DBM Sonic 1200 bone profiler (Igea S.r.l., Carpi, MO,
Italy) employing a sound frequency of 1.25 MHz. QUS
is an easy, cheap and radiation-free technique to
http://www.medsci.org
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evaluate bone mineral status at peripheral skeleton
through amplitude-dependent speed of sound
(Ad-SoS), that expresses the ultrasound velocity inside the bone, and bone transmission time (BTT), reflecting the bone characteristics without the interference of the soft tissue. The International Society for
Clinical Densitometry (ISCD) 2007 Position Development Conference (PDC) addressed clinical applications of QUS for fracture risk assessment, diagnosis of
osteoporosis, treatment initiation, monitoring of
treatment, and quality assurance/quality control [28].
QUS was performed on the second to the fifth
proximal phalanges of the non-dominant hand and
the mean value was calculated. Measurements were
performed by the same operator and the coefficient of
variation was 0.73%, determined by repeated measurements in the group of the 10 control subjects (three
measurements per person on three different days).
Ad-SoS and BTT results were expressed as Z-scores
calculated on the basis of the normal values for age
and sex obtained in a large Italian population sample
[29].

2.3 Osteoclastogenesis
PBMCs from the CCD patients and 10 male controls (median age 4.5 ± 1.2) were isolated by gradient
centrifugation with Histopaque 1077 (Sigma Aldrich,
Milan, Italy), and plated at a density of 1.5 × 106
cells/cm2 in α-minimal essential medium (Gibco
Limited, Uxbridge, UK), supplemented with 10% fetal
bovine serum. To obtain fully differentiated human
OCs, PBMCs were then cultured for about 21 days in
the presence or absence of 25 ng/ml recombinant
human macrophage colony stimulating factor
(rh-MCSF) and 30 ng/ml rhRANKL (R&D Systems
Inc, MN, USA). At the 21th day of culture, mature OCs
were identified as tartrate-resistant acid phosphatase
positive (TRAP +) multinucleated cells (Sigma Aldrich) containing three or more nuclei. Moreover,
their resorbing activity was demonstrated by plating
the cells on multiwell slides (4 × 105 cells/well) coated
with a calcium phosphate film (Millenium Osteologic;
Millenium Biologix Inc, Ontario, Canada). This system incorporates a resorbable artificial bone in the
form of submicron calcium phosphate films. To visualize the resorption areas formed by the OCs, after 21
days of culture, the cells were removed by adding
NaOCl to each well. The slides were washed with
double distilled water (pH 7) three times. This procedure was repeated three to five times until the slides
were completed cleaned of cell fragments, then the
percentage of mineral surface resorbed by the OCs
was quantified with an image analyser. The photomicrographs of OCs in cultures were obtained using a
Nikon Eclipse E400 microscope equipped with a Ni-
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kon plan fluor 10 × /030 DICL. The microscope was
connected to a Nikon digital camera (DXM 1200); the
acquisition was performed using the software LUCIA
G version 4.61 (BUILD 0.64) for Nikon, Italy. T
cell-depletion was performed using anti-CD2 antibody coated immunomagnetic Dynabeads (Dynal,
Lake Success, NY, USA). T cell-depleted PBMCs were
cultured with or without exogenous cytokines. The
degree of T cell-depletion was checked by flow cytometry analysis.

2.4 Flow cytometry analysis
Freshly EDTA peripheral blood from controls
and patients were stained with suitable conjugated
antibody:
APC-CD8,
FITC-CD4,
PE-CD28,
Pe-Cy-5-CD27, Pe-Cy-5-CD25, PE-CD62L, PE-CD69,
Pe-Cy-5-CD14 and PE-CD16 (all Beckmann Coulter,
Milan, Italy). Cells were incubated for 15 min at room
temperature and for other 10 minute with VersaLyse
reagent (Beckmann Coulter) to lyse red blood cells.
Data were acquired using a FC500 (Beckmann Coulter) flow cytometer and analyzed using Kaluza software. The area of positivity was determined using an
isotype-matched mAb, a total of 104 events for each
sample were acquired.

2.5 RNA isolation and real-time PCR
Total RNA was extracted from CD2+ and CD14+
cells isolated from controls and CCD patient using
spin columns (RNeasy, QIAGEN, Hilden, Germany),
according to the manufacturer’s instructions. The extracted RNA was reverse-transcribed using the Super
Script First-Stand Synthesis System kit for RT-PCR
(Life Technologies, Carlsbard, CA, USA): an RT mixture containing 1µg total RNA, dNTPs (deoxyribonucleoside triphosphates), Oligo(dT), RT buffer, MgCl2,
DTT (dithiothreitol), RNaseOUT, SuperScript II RT,
DEPC (diethyl pyrocarbonate)–treated water to final
volume 100µL was prepared, according to the manufacturer’s instructions. cDNA was amplified with the
iTaq SYBR Green supermix with ROX kit (Bio-Rad
Laboratories, Bio-Rad Laboratories Inc., Hercules, CA,
USA) and the PCR amplification was performed using
the Chromo4 Real-Time PCR Detection System
(Bio-Rad Laboratories). The following primer pairs
were used: RANKL S: CGTTGGATCACAGCACAT,
RANKL AS: GCTCCTCTTGGCCAGTC; TNF-alpha S:
ATCTACTCCCAGGTCCTC, TNF-alpha AS: GATGC
GGCTGATGGTGT; RANK S: CAGGATGCTCTCATT
GGTCAG, RANK AS: AGAAAGGAGGTGTGGATT
GC; c-fms S: GTGGCAGGAAGGTGATGTC, c-fms
AS: GCTTGGTGTTGTTGTGTTGG; Ciclophylin S:
5’-CAGGTCCTGGCATCTTGTCC-3’; Ciclophylin AS:
5’-TTGCTGGTCTTGCCATTCCT-3’.
The running conditions were as follows: incubahttp://www.medsci.org
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tion at 95°C for 3 min, and 40 cycles of incubation at
95°C for 15 s and 60°C for 30 s. After the last cycle, the
melting curve analysis was performed into 55-95°C
intervals by incrementing the temperature of 0.5°C.
The fold change values were calculated by Pfaffl’s
method [30].

2.6 ELISA
sRANKL, OPG (Biomedica, Vienna, Austria),
bone-specific alkaline phosphatase (Dade Behring Inc,
Newark, DE) and C-terminal telopeptides of Type I
collagen (CTX) (Serum CrossLaps, Immunodiagnostics Systems Inc, Fountain Hills, AZ, USA) were
measured in the sera obtained from CCD patient as
well as in the sera of aged-matched healthy donors
using commercially available ELISA kit, according to
the manufacturer’s instructions. The absorption was
determined with an ELISA reader, 550 Microplate
Reader (Bio-Rad), and the results were expressed as
mean ± SE. Parathyroid hormone (PTH) (IMULITE,
American System), bone alkaline phosphatase (Dade
Behring Inc, Newark, DE) and osteocalcin (IBL International GMBH, Hamburg, Germany) were also
measured.

2.7 Statistical analyses
Statistical analyses were performed by student T
test with the Statistical Package for the Social Sciences
(spssx/pc) software (SPSS, Chicago, IL, USA). The
results were considered statistically significant for
p<0.05.

3. Results
3.1 Osteoclastogenesis in CCD patient
The unfractionated PBMCs from CCD patient
and controls were cultured without or with the osteoclastogenic cytokines MCSF and RANKL. Few small
TRAP+ OCs were identified in the unstimulated
PBMC cultures from controls and CCD patient (Figure 1A, 1B). Although the OC number is higher in
patient than in the controls, the difference did not
reach a statistical significance (OC average number/well = 15 ± 5 and 10 ± 3, respectively, p<0.19).
Moreover, the addition of MCSF and RANKL to
PBMC cultures from control and CCD patient significantly increased the OC number (OC average number/well = 73 ± 4 and 69 ± 6, respectively; P < 0.02;
Figure 1C, 1D), compared with the parallel unstimulated cultures. No statistical significant differences in
the OC number was measured in PBMC culture
treated with MCSF and RANKL between the two
groups. Moreover, the OCs formed in the presence of
the osteoclastogenic cytokines are active in bone resorption for both controls and CCD patient (Figure
1E, 1F).
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3.2 Monocytes and T cells in CCD patient
Peripheral blood cells from CCD patient and
controls were subjected to flow cytometry analysis to
evaluate the immunophenotype of monocytes and T
cells. In particular, in the patient we found a percentage (1.7 ± 0.5%) of CD14+/CD16+ cells, which can
be considered committed OC precursors [31], that are
absent in controls (P < 0.01), Figure 2A-2B. Moreover,
we characterized both CD4+ and CD8+ T cells focusing on markers of T-cell activation, proliferation, and
differentiation. No significant differences for
CD4+CD25high population were observed between
patient and controls (Figure 2C-2D). Staining of
freshly peripheral blood T cells revealed that costimulatory molecules (CD28, CD27, CD62L, CD69) were
highly expressed on both CD4+ and CD8+ T cells cells
from CCD patient (Figure 3-4). Moreover, we also
showed that in CCD patient the subset CD4+/CD28is smaller than controls (Figure 3). This is an important finding because this subset is involved in the
production of TNFα, and consequently supporting
osteoclastogenesis. Similarly, we also found that the
subset CD8+/CD27- include a small percentage of
cells in patient (Figure 4). This is relevant because this
subset is involved in the production of inflammatory
cytokines.
On monocytes we also evaluated at mRNA level
the expression of c-fms and RANK, respectively receptor for MCSF and RANK, and we did not find
differences between patient and controls (Figure
5B-5C). According to these results, cultures of T
cell-depleted PBMCs from CCD patient required
MCSF and RANKL to lead OC formation, as in controls (data not shown). Additionally, we analyzed the
expression of the osteoclastogenic factors by T cells
and monocytes. In CCD patient and controls, fresh T
cells purified from PBMCs, expressed similar RANKL
and TNFα levels as demonstrated by real time PCR
(Fig. 5D-5E) and flow cytometry (data not shown).
Monocytes from CCD patient, also expressed TNFα at
the same levels respect to the controls (Fig. 5A).

3.3 Bone and Serum measurements
As for the results of QUS, mean Ad-SoS Z-score
as well as mean BTT Z-score were normal in healthy
controls (0.01 ± 1.0 and −0.03 ± 0.8, respectively). In
CCD patient AdSos Z-score was -1.56, and BTT
Z-score was −3.09, thus revealing osteoporosis. The
quantification of CTX (0.691 ± 0.005 vs 0.411 ± 0.09
ng/mL, range 0.151-0.870 ng/mL), indicator of bone
resorption, as well as of PTH (20 ± 0.020 pg/ml vs 23 ±
5.62) indicated that patient had similar levels to the
control group. We found that sRANKL levels are undetectable, as in many controls; however lower respect the complete control group (0.05 ± 0.02 pmol/L).
http://www.medsci.org
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Otherwise, in CCD patient OPG level is comprised in
the range of the control group (0.45 ± 0.02 pmol/L vs
0.50 ± 0.22 pmol/L). In CCD patient, serum levels of
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osteocalcin and bone alkaline phosphatase, markers of
OB activity, were in the normal range, 18.5 ± 0.03 U/L
and 139 ± 5.6 U/L, respectively.

Figure 1. Osteoclastogenesis in CCD patient. OCs were obtained from unfractionated PBMCs of controls (A, C, E) and CCD patient (B, D, F). Rare
and small-sized OCs were observed in the unstimulated cultures from controls (A) and patient (B). Exogenous M-CSF and RANKL were essential to
triggering the OC formation in controls (C) and patients (D). Multinucleated (> 3 nuclei per cell) and TRAP+ cells were identified as OCs (magnification,
× 200). Photomicrographs of the pits formed on Millennium Osteologic slides by the OCs (E, F). Large resorption areas were observed in both control (E)
and patient (F) cultures treated with M-CSF and RANKL.

http://www.medsci.org
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Figure 2. CD14+/CD16+ and CD4+/CD25high cells in CCD patient. Flow cytometry analysis of CD14+/CD16+ and CD4+/CD25high cells in peripheral blood cells revealed that CD14+/CD16+ was significantly higher in patient (B) compared with the age-matched normal controls (A), whereas no
significant differences were detected in CD4+/CD25high cells among patient (D) and controls (C).

Figure 3. Immunophenotype of CD4+ T cells. Flow cytometry analysis of CD28, CD69, CD62L and CD27 in CD4+ cells from CCD patient and
controls.

http://www.medsci.org
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Figure 4. Immunophenotype of CD8+ T cells. Flow cytometry analysis of CD28, CD69, CD62L and CD27 in CD4+ cells from CCD patient and
controls.

Figure 5. Monocyte and T cell characterization by real-time PCR. TNFα, c-fms and RANK expression was evaluated in monocytes (A, B, C) by
real time PCR. RANKL (D) and TNFα (E) mRNA levels were assessed in T cells from patient and control No significant differences were detected in their
expression among CCD patient and controls.

http://www.medsci.org
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4. Discussion
The current study demonstrated that in a young
CCD patient, with serious osteoporosis, numerous
skeletal abnormalities and complete heterozygous
deletion of Runx2 gene osteoclastogenesis in vitro occurred as in controls. These results suggest that the
deletion of Runx2 directly does not impair OCPs, OC
formation and activity in vitro. However, we cannot
completely exclude that osteoclastogenesis might be
indirectly affected by this deletion in vivo, as OBs
supported this process, although we found that serum
levels of CTX, bone resorption marker, are in the control range. On the other hand, although the patient
has the complete heterozygous deletion of Runx2,
master gene of OB differentiation, we found that serum markers of OB activity as bone alkaline phosphatase and osteocalcin are in the control range. According to our results, other authors demonstrated
that alkaline phosphatase function is disturbed in
only serious cases, in which CCD is also associated to
hypophosphatasia [32, 33]. The major limitation of our
study is that the results refer to a single patient, seeing
as the CCD is a rare skeletal dysplasia.
In literature, there are few data about bone cells
activity in CCD patients; however interesting findings
are available on in vivo and in vitro models. In detail,
the OC formation and activity was evaluated in heterozygous Runx2 mice that mimicked most of the
abnormalities of CCD patients [34]. In fact, they have
delayed tooth eruption that appear to be linked to the
fact that heterozygous mice cannot recruit sufficient
OCs for the alveolar bone resorption, which is essential for tooth eruption. In particular, the authors
showed that the values of Oc.S/BS in these mice were
lower than that of wild-type mice only in the eruption
area and not in femora [35]. Gao YH et al., using a
murine culture system of calvarial and spleen cells
treated with 1α,25(OH)2vitaminD3 and dexametasone,
reported that co-culture of Runx2-/- calvarial cells
generated a significantly lower number of osteoclastic
cells in comparison with those generated in
co-cultures with wild-type calvarial cells [36]. Accordingly, in Runx2-/- embryos few and small OCs
appeared at the perichondrium in comparison with
those in wild-type embryos [8]. In periodontal ligament (PDL) cells from CCD patients there was a reduced basal expression of mRNA for the key regulatory gene for bone remodeling RANKL [37]. Furthermore, compared to the control cells from healthy
donors, it was less inducible by stimulation of the
cultures with 1α, 25(OH)2D3 [37]. Moreover, compared
to the control group of healthy donors, the PDL cells
of the patients with CCD showed a comparable
mRNA expression of OPG, as well as an inhibitory
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effect of 1,25(OH)2D3. Consequently, the ratio of
RANKL to OPG was decreased in the cultures of the
patients with CCD, thus leading to the inhibition of
bone resorption [37]. In fact, the conditioned medium
of cultures of the PDL cells of patients with CCD lead
to reduced differentiation of TRAP-positive multinucleated cells and the data of co-culture experiments
showed inhibited expression of typical OC markers
when PDL cells of patients with CCD were
co-cultivated with RAW cells and stimulated with
1,25(OH)2D3 [37]. These findings were in line with our
findings showing undetectable sRANKL levels in patient serum respect to OPG, thus the RANKL/OPG
ratio shifted in favor of OPG, even if this condition is
also typical of controls.
Interestingly, in our CCD patient although
monocytes express c-fms and RANK at the same level
of controls, CD14+/16+ monocytes, OCPs with a
prominent role in erosive arthritis [31], are increased
respect to the controls, however, in vitro this condition
is not sufficient to drive OC formation in absence of
osteoclastogenic cytokines. In fact, spontaneously
they did not differentiate in OCs because T cells did
not produce cytokines, such as RANKL or TNFα,
sustaining the process. These findings are supported
by the evaluation of immunophenotype of T cells,
which highlight an activation status of T cells, but not
of subsets involved in osteoclastogenesis support. In
detail, in CCD patient the subset CD4+/CD28- is
smaller than in controls. This is an important finding
because this subset is involved in the production of
TNFα [38]. Similarly, the subset CD8+/CD27- include
a small percentage of cells in patient [39]. This is significant because this subset might be involved in the
production of inflammatory cytokines, with a prominent role in sustaining osteoclastogenesis. However,
activated CD8+ cells inhibit OC formation or activity
[26, 27], according to our findings. It seems that the
heterozygous deletion of Runx2 has a protective role
towards osteoclastogenesis driven by T cells in the
patient. Consistent with these observations, it is
known that there is a site for Runx2 binding in the
regulatory region of many T cell specific genes with
consequent Runx2-linked T cell-specific transcriptional regulation.

5. Conclusion
The present study showed for the first time that
in a young CCD patient with serious osteoporosis,
numerous skeletal abnormalities and complete Runx2
heterozygous deletion osteoclastogenesis in vitro occurred as in controls, suggesting that this deletion
directly does not alter the osteoclastogenic potential of
PBMCs in vitro. However, we cannot exclude that in

http://www.medsci.org
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vivo the impairment of OBs from CCD patient, might
indirectly also alter OC activity.
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