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ORIGINAL RESEARCH ARTICLE 2622

CD73-Generated Adenosine
Promotes Osteoblast
Differentiation

MASAHIDE TAKEDACHI,' HIROYUKI OOHARA,' BRENDA . SMITH,? MITSUYOSHI IYAMA,'
MARIKO KOBASHI,' KENICHIRO MAEDA,' COURTNEY L. LONG,* MARY B. HUMPHREY,’
BARBARA J. STOECKER,> SATORU TOYOSAWA,? LINDA F. THOMPSON,®

AND SHINYA MURAKAMI'* »

' Department of Periodontology, Osaka University Graduate School of Dentistry, Osaka, Japan

2Department of Oral Pathology, Osaka University Graduate School of Dentistry, Osaka, Japan

3 Department of Nutritional Sciences, Oklahoma State University, Stillwater, Oklahoma

4Depdrtment of Microbiology and Immunology, University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma
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CD731 is a GPl-anchored cell surface protein with ecto-5'-nucleotidase enzyme activity that plays a crucial role in adenosine production.
While the roles of adenosine receptors (AR) on osteoblasts and osteoclasts have been unveiled to some extent, the roles of CD73 and
CD73-generated adenosine in bone tissue are largely unknown, To address this issue, we first analyzed the bone phenotype of
CD73-deficient (cd73 ™) mice. The mutant male mice showed osteopenia, with significant decreases of ostecblastic markers. Lavels of
osteoclastic markers were, however, comparable to those of wild-type mice. A series of in vitro studies revealed that CD73 deficiency
resulted in impairment in ostecblast differentiation but notin the number of osteoblast progenitors. In addition, over expression of CD73
on MCIT2-El cells resulted in enhanced osteoblastic differentiation. Moreover, MC3T3-E] cells expressed adenosine Apy receptors
{(AosAR) and Agg receprors (AgpAR) and expression of these receptors increased with osteoblastic differentiation. Enhanced expression
of osteccalcin {OC) and bone sialoprotein {(BSP) observed in MC3T3-E] cells over expressing CID73 were suppressed by treatment with
an AgpAR antagonist but not with an AgaAR antagonist. Collectively, our results indicate that CD73 generated adenosine positively
regulates osteoblast differentiation via AppAR signaling. ‘

J. Cell. Physiol. 227: 2622-2631, 2012. © 2011 Wiley Periodicals, Inc.

A balanced relationship between bone resorption by and Ag receptors (AxpAR) stimulate adenylyl cyclase via
osteoclasts and bone formation by osteoblasts is essential for  activation of Gs with a consequent increase of cAMP (Ralevic
bone remodeling which maintains bone integrity. The and Burnstock, 1998). Recent reports suggested that adenosine

extracellular nucleotide ATP can be one of the key mediators in supports osteoclast formation and bone resorption. It was
bone metabolism, not only as a phosphate source, butalsoasa  shown that A|AR signaling was required for osteoclastogenesis

signaling molecule via P2 receptors. In fact, osteoblasts have in vitro (Kara et al., 2010b) and lack of A AR resulted in
been reported to release ATP into the extracellular increased bone mass in mice (Kara et al., 2010a). In addition,
environment constitutively followed by engagement of P2 Evans et al. (2006) demonstrated that AR activation inhibited
receptors (Buckley et al., 2003). The release of ATP by osteoprotegerin expression but did not affect receptor
osteoblasts could be facilitated by mechanical stress activator of NF-kB ligand expression in human osteoblasts. On
(Romanello et al,, 2001) and released ATP serves as an the other hand, several in vitro studies demonstrated the role of

autocrine or paracrine regulator of both osteoblast and
osteoclast function (Grol et al., 2009; Orriss et al., 2010).
Meanwhile, it has been reported that P2 receptor signal
transduction is rapidly inactivated by the extracellular
breakdown of ATP to adenosine by the sequential actions of
enzymes including members of the ecto-nucleoside
triphosphate diphosphohydrolase and ecto-nucleotide
pyrophosphatase/phosphodiesterase families, ecto-5'-
nucleotidase (CD73) and alkaline phosphatases (ALPase;
Yegutkin, 2008). Although the role of ATP in bone metabolism
has been revealed to some extent, functions of its metabolite
adenosine are not fully elucidated.

The biological actions of adenosine are mediated
via A, Aga, Agg, and A; adenosine receptors (AR) that are
ubiquitously expressed seven transmembrane spanning G-
protein-coupled receptors. AjAR and A3AR mediate an
inhibitory effect on adenylyl cyclase via Gi/Go, resulting in
decreasing cAMP levels, whereas, Aja receptors (AaAR)
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adenosine in osteoblasts. Engagement of AR on murine
osteoblasts induced mitogenesis (Shimegi, 1998; Fatokun et al.,
2006) and protected them from cell death (Fatokun etal., 2006).
In addition, selective agonists specific for each AR subtype
modulated proliferation and osteogenic differentiation of
human bone marrow stromal cells (Costa et al,, 2010, 201 I).
Although these reports strongly suggest that AR signaling may
play a critical role in osteoblasts, no report provides in vivo
evidence.

AR activation is believed to be regulated by the extracellular
adenosine level which is controlied by the coordinated action of
an equilibrative nucleoside transporter and ecto-nucleotidases.
CD73 is a major enzyme involved in the generation of
extracellular adenosine by the dephosphorylation of adenosine
5'-monophosphate (Thomson et al., 1990). Although
cytoplasmic nucleotidases also make a contribution to
adenosine production, recent studies utilizing cd73™'~ mice
clearly demonstrated that CD73 plays a major role in the
generation of extracellular adenosine in vivo in a number of
physiologically relevant experimental models (Thompson et al.,
2004; Volmer et al., 2006; Eckle et al., 2007; Takedachi et al.,
2008). Interestingly, CD73 expression is regulated by Wnt-§-
catenin signaling (Spychala and Kitajewski, 2004), a known
critical pathway in bone metabolism (Baron et al., 2006; Piters
et al., 2008; Williams and Insogna, 2009). It is also noteworthy
that hypoxia inducible factor-ia (HIF-la), a transcription
factor reported to be important for bone regeneration and
skeletal development (Wang et al., 2007; Wan et al., 2008), also
regulates CD73 expression (Synnestvedt et al., 2002).
Therefore, we hypothesized that CD73 may be involved in
regulating osteoblast function through modulating nucleotide
metabolism and generating extracellular adenosine that can
activate AR.

To address this hypothesis, we asked whether CD73
functionally regulates bone metabolism in vivo by characterizing
the bone phenotype of cd73™'~ mice. In addition, we
investigated the involvement of CD73 and AR signaling in
osteoblast differentiation in vitro.

Materials and Methods
Mice

¢d737'~ mice were developed as described (Thompson et al.,
2004) and backcrossed onto the C57BL/6) background for 14
generations. Genotyping was performed by polymerase chain
reaction (PCR) using DNA extracted from toes and primers that
differentiate between the wild-type c¢d73 allele and the mutated
¢d73 allele containing a neomycin resistance cassette (Thompson
et al., 2004). All mice were bred and maintained in our animal
facilities under specific pathogen-free (SPF) conditions. All
protocols were approved by the Institutional Animal Care and Use
Committees of the Oklahoma Medical Research Foundation and
Osaka University Graduate School of Dentistry.

Peripheral quantitative computed tomography (pQCT) and
micro-computed tomography (nCT)

In pQCT analyses, femurs were harvested from ¢d73** and

¢d73~'~ male and female mice at |3 weeks of age and were fixed
with 10% buffered formalin for 24 h and analyzed using an XCT
Research SA+ instrument (Stratec Medizintechnik GmbH,
Pforzheim, Germany). Voxel size was
0.08 mm x 0.08 mm x 0.46 mm. The contour of the total bone was
determined automatically by the pQCT software algorithm. The
parameters were obtained at .2 mm from the distal growth plate
using threshold values of 690 mg/cm?® for the cortical region and
395 mg/cm? for the trabecular region.

In WCT analyses, tibias from 13-week-old cd73*/* and cd737/~
male mice were scanned using wCT (.CT40, SCANCO Medic
Bruttisellen, Switzerland) to assess trabecular bone
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microarchitecture at the proximal tibia metaphysis. Scans of the
proximal tibia metaphysis were performed at a resolution of
2,048 pixels x 2,048 pixels. Analyses of the proximal tibia were
accomplished by placing semiautomated contours beginning

0.03 mm distal to the growth plate and including 2 0.6 mm volume of
interest (VOI) of only secondary spongiosa for trabecular analyses.
All samples were evaluated at a global threshold of 300 in the per
mille unit to segment mineralized from soft tissue. Trabecular
parameters evaluated included bone volume expressed per unit of
total volume (BV/TYV; %), trabecular number (TbN; |/mm),
trabecular thickness (TbTh; wm), and trabecular separation
(TbSp; wm).

Histology and immunohistochemistry

For histological analysis, tibias were dissected from |3-week-old
¢d73™" and cd73™'~ male mice and fixed overnightat 4°Cin 10%
formalin in PBS, decaicified in 10% EDTA at 4°C for 10 days, and
embedded in paraffin. Sections {4 um) were prepared and stained
with hematoxylin and eosin (H&E). For immunohistochemistry,
calvaria were collected from 3-day-old ¢d73*'* and cd73™'~ male
mice and fixed overnight at 4°C in 4% paraformaldehyde in PBS,
decalcified in 7.5% EDTA at 4°C for 14 days, and embedded in OCT
compound (Sakura Finetek Co., Ltd., Tokyo, Japan). Then 7 pm
frozen sections were prepared and treated with 2.5%
hyaluronidase (Sigma—Aldrich, St. Louis, MO) in PBSat 37°C for | h,
followed by inactivation of endogenous peroxidase with

0.3% H,O, in PBS containing 0.3% FBS (Nichirei Biosciences,
Tokyo, Japan). After blocking with 3% BSA in PBS overnight at 4°C,
sections were reacted with 5 pg/ml rat anti-mouse CD73 antibody
(TY/23; Yamashita et al., 1 998; BD Pharmingen, Franklin Lakes, NJ).
After washing, they were then incubated with biotin-conjugated
anti-rat IgG, treated with the ABC reagents (Vector Laboratories,
Inc., Burlingame, CA), developed with DAB (Dojindo, Kumamoto,
Japan) and counterstained with hematoxylin.

Serum measurements

OC, tartrate-resistant acid phosphatase isoform 5b (TRAP5b),
C-teminal telopeptide of type | collagen, and phosphate were
measured in mouse sera collected from |3-week-old cd73+/+ and
¢d737'~ male mice after an overnight fast. OC was determined by
sandwich ELISA using the mouse osteocalcin (OC) EIA kit
(Biomedical Technologies Inc., Stoughton, MA). TRAPSb level was
determined by a solid phase immunofixed enzyme activity assay
using the MouseTRAP Assay kit (IDS Ltd., Boldon, UK). C-teminal
telopeptide of type | collagen was measured by RatLaps ELISA kit
(Nordic Bioscience Diagnostics, Herlev, Denmark) using a rabbit
polyclonal antibody raised against a synthetic peptide having a
sequence specific for a part of the C-terminal telopeptide a| chain
of rat type | collagen. Serum inorganic phosphate was determined
by the improved Malachite Green method utilizing the malachite
green dye and molybdate provided by the Phosphate assay kit
(BioChain, Hayward, CA).

Reverse transcription (RT)-PCR

Total RNA was extracted from calvarial or femoral bones of |3-
week-old cd73™'~ male mice and wild-type control mice by
Tissuelyser Il (Retch, Haan D, Germany) or from in vitro cultured
cells using RNA-Bee (TEL-TEST, Inc., Friendwood, TX) in
accordance with the manufacturer’s instructions. Purified total
RNA was reverse-transcribed using M-MLV (Invitrogen, Carlsbad,
CA) reverse transcriptase with random hexamers. For
semiquantitative analysis, PCR was carried out using AmpliTaq
Gold DNA polymerase (Roche Applied Science, Indianapolis, IN).
The primer sequences used for semiquantitative PCR are
previously described (Van De Wiele et al.,, 2002). Real-time PCR
alysis was performed using Power SYBR Green PCR Master Mix

al
6 9 afd a 7300 Fast Real-Time PCR system (Applied Biosystems, Foster
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City, CA). The primer sequences used for Real-Time PCR are listed
in Table |.

Cell culture and transfection

Primary osteoblasts were isolated from 3-day-old pups by digesting
calvarial bones in PBS containing 0.1% collagenase (VWako Pure
Chemical Industries, Osaka, Japan) and 0.2% dispase (Roche
Applied Science) for 20 min at 37°C. The digestion was sequentially
performed three times and cells isolated from last two digestion
were cultured in o-MEM supplemented with 10% FBS as primary
osteoblasts. MC3T3-El cells were obtained from the Riken Cell
Bank (Tsukuba, Japan). Cells were maintained in a-MEM (Nikken
Biomedical Laboratory, Kyoto, Japan) supplemented with 10% FBS
and 60 p.g/ml kanamycin. To induce differentiation, cells were
cultured in a 24-well plates until they reached confluence and then
switched to mineralization medium (a-MEM supplemented with
10% FBS, 10 mM B-glycerophosphate, and 50 pg/ml ascorbic acid)
which was replaced every 3 days.

To produce stable transfectants, 2 x 10* MC3T3-El cells/well
were plated in a 24-well plates and after 24 h, were transfected with
the pHB Apr-1-neo-cd73 expression vector (Resta et al., [994)
using Lipofectamine 2000 (Invitrogen) in accordance with the
manufacturer’s protocol. After 24 h, the culture medium was
supplemented with 600 pg/ml geneticin (Invitrogen) to initiate drug
selection. After selection, we then established the stable
transfectant over expressing CD73 (MC/CD73). Cells used in this
study had been passaged 3-5 times.

Colony forming assay

Bone marrow cells were flushed with PBS from femurs and tibias of
13-week-old cd73™*'* and cd73~/~ mice. One million bone marrow
cells/well were plated in a 6-well plates and cultured in a-MEM
supplemented with 10% FBS for 14 days. The cells were fixed with
methanol and stained with Giemsa (Wako Pure Chemical
Industries). Colonies with >20 cells were counted as fibroblast
colony forming units (CFU-F). To enumerate osteoblast colony
forming units (CFU-OB), bone marrow cells were cultured in
mineralization media for |0 days and fixed with ethanol. Formation
of osteoblast progenitors were detected using an ALPase staining
kit (Sigma—Aldrich) and AlLPase positive colonies with >20 cells
were counted. Then Giemsa staining was performed and total
colonies were counted. CFU-OB was calculated as a ratio of
ALPase positive colonies/total colonies.

Flow cytometry analysis

Single cell suspensions of MC/CD73 or control transfectants were
prepared by trypsinization and reacted with 10 ug/ml PE-
conjugated rat anti-CD73 antibody TY/23 (BD Pharmingen) or an
isotype-matched control antibody. Data were collected with a

TABLE [. Nucleotide sequences of primers used for PCR
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FACSCalibur (BD Biosciences, San Jose, CA) and analyzed with
CellQuest software.

Proliferation assay

Proliferation of MC/CD73 and control transfectants was measured
using the nonradioactive colorimetric WST-1 Cell Proliferation
Assay (Roche Applied Science) according to the manufacturer’s
instructions. This assay is based on the cleavage of a tetrazolium salt
by mitochondrial dehydrogenases to form formazan in viable cells.
Briefly, | x 10 cells were plated in 24-well plates and culturedin a-

- MEM supplemented with 10% FBS. The number of viable cells was

determined by adding WST-1 reagent and colorimetric evaluation
of OD450/630 by a microplate reader (Bio-Rad, Hercules, CA)
after 30 min incubation.

ALPase activity

After washing twice with PBS, the cells were sonicated in 0.01 M
Tris/HCI (pH 7.4) and then centrifuged for 5 min at 12,000 x g.
Subsequently the supernatant was mixed with 0.5 M Tris—HClI
buffer (pH 9.0) containing 0.5 mM p-nitrophenyl phosphate as
substrate, 0.5 mM MgCl,, and 0.006% Triton X-100. Then the
samples were incubated at room temperature for 60 min, and the
reaction was stopped by addition of 0.2 M NaOH. The hydrolysis of
p-nitrophenyl phosphate was monitored as a change in OD410.
ALPase from bovine intestinal mucosa was used as a standard and
one unit of activity was defined as the enzyme activity hydrolyzing
| wmol of p-nitrophenyl phosphate per min at pH 9.8 at 37°C.
Protein concentration was determined by Lowry method and the
results were expressed as mU/ug protein.

Mineralization assay

Histochemical staining of calcified nodules was performed with
alizarin red S. Cell monolayers were washed twice with PBS, and
then fixed with dehydrated ethanol. After fixation, the cell layers
were stained with 1% alizarin red S in 0.1% NH4OH (pH 6.5) for
5 min, then washed with H,0.

cAMP measurement

Cells were washed with serum-free a-MEM and treated with 0.1%
DMSO (as carrier) or 10nM to | pM of the A;4AR antagonist
ZM241385 (Tocris Bioscience, Ellisville, MO) or [0nM to | M of
the A;sAR antagonist MRS1754 (Sigma—Aldrich). After 10 min
incubation, cells were stimulated with 100 .M adenosine (Sigma—
Aldrich) for 5min. Intracellular cAMP was determined by
competition between cAMP of cells and cAMP conjugated to
ALPase detected by rabbit polyclonal antibody to cAMP using a
cyclic AMP complete EIA kit (Assay Designs, Ann Arbor, MI).
Protein concentration was determined by the Lowry method and
the cAMP results were expressed in pmol/mg protein.

Gene Product size (bp) Primer sequence
Beta actin 171 F 5'-CATCCGTAAAGACCTCTATGCCAAC-3'
R 5'-ATGGAGCCACCGATCCACA-3
Runt related transcription factor 2 144 F 5 .CACTGGCGGTGCAACAAGA-3'
R 5.-TTTCATAACAGCGGAGGCATTTC-3
Bone sialoprotein 153 F 5 -ATGGAGACTGCGATAGTTCCGAAG-3’
R 5-CGTAGCTAGCTGTTACACCCGAGAG-3'
Osteocalcin 178 F 5-AGCAGCTTGGCCCAGACCTA-3
R 5.-TAGCGCCGGAGTCTGTTCACTAC-3'
Alkaline phosphatase 159 F 5'-ACACCTTGACTGTGGTTACTGCTGA-3
R 5'-CCTTGTAGCCAGGCCCGTTA-3
CD73 (5'-nucleotidase, ecto) 118 F 5-AGTTCGAGGTGTGGACATCGTG-3
R 5-ATCATCTGCGGTGACTATGAATGG-3'
Adenosine A2a receptor 172 F 5-ATTCGCCATCACCATCAGCA-3'
R 5'.ACCCGTCACCAAGCCATTGTA-3'
Adenosine A2b receptor 157 F 5'-GTCGACCGATATCTGGCCATTC-3
RAQ2D R 5.TGCTGGTGGCACTGTCTTTACTG-3
A= Loy s
JOURNAL OF CELLULAR PHYSIOLOGY 692



INVOLVEMENT OF CD73 IN BONE HOMEOSTASIS

Statistical analysis

Data were expressed as the mean = SE. Statistical analyses were
performed by Student’s t-test. In some experiments, statistical
analyses were performed by one-way ANOVA and specific
differences were identified by the Bonferroni test: P < 0.05 was
considered statistically significant.

Resulits
CD73 is expressed in periosteal osteoblasts

To determine where CD73 is expressed in bone tissue, frozen
sections of calvaria specimens from 3-day-old ¢d73*'* mice
were examined. Incubation with anti-CD73 antibody (TY/23)
demonstrated that periosteum containing osteoblast and
osteoblast precursors expressed CD73 (Fig. |A). In contrast,
no CD73 expression was observed in the periosteum of
€737~ mice.

cd73”'~ mice exhibit osteopenia

To examine the skeletal phenotype of |3-week-old cd73~/~
mice, we first evaluated the bone mineral den5|ty by pQCT.
Compared to control littermates, male cd73 ™'~ mice had
significantly lower bone mineral content in the trabecular bone
of the femur metaphysis (Table 2). No dlfferences were
observed in the trabecular bone of female cd73~'~ or cortical
bone of either male or female mice at the femur diaphysis.
Hlstologlcal evaluation of the proximal tibias showed that
¢d73™"~ male mice exhibited small and scattered bone spicules
in the proximal metaphysis area compared with sex-matched
wild-type mice (Fig. 1B).

Quantitative analyses of trabecular bone were accomplished
using uCT. Representative three-dimensional images
reconstructed from wCT scans of trabecular bone at the
proximal tlbla -metaphysis further demonstrated osteopenia in
male cd73~'~ mice (Fig. 1C). These changes were characterized
by reduced trabecular bone volume, decreased trabecular
number and thickness (Fig. 1D), and increased trabecular
separation (data not shown) in cd737™'~ mice.

¢d737'~ mice exhibit decreased bone formation and
osteoblast differentiation in vivo

We then investigated whether osteopenia in male cd73 ™~ mice
was the result of impaired bone formation or activated bone
resorption. To address this question, we measured biochemical
markers of in vivo bone turnover. As shown in Figure 2A, a
significant decrease in serum OC, a metabolic marker of in vivo
bone formatlon (Hauschka et al., 1989), was observed in
¢d73™'~ mice. In contrast, levels of the osteoclast marker
TRAP5b (Alatalo et al., 2003) and fragments of type | collagen
(C-terminal telopeptide), the products of bone resorption
{(Garnero et al,, 2003), were comparable in the two strains of
mice.

To further substantiate the mvolvement of impaired
osteoblasts in the phenotype of cd73 ™'~ mice, we investigated
the gene expression of osteoblast markers in calvarial and
femoral bones. Real-time PCR analysis demonstrated
significantly decreased expression of Runx2, ALPase, OC, and
bone sraloprotem (BSP) in calvarial and femoral bones of
cd737'~ mice (Fig. 2B,C). These results suggested that the
involvement of CD73 in bone homeostasis was directed to the
osteoblast.

Inorganic phosphate required for osteoblast differentiation
and mineralization (Beck, 2003) is produced when CD73
catalyzes the conversion of adenosine monophosphate to
adenosine. To examine if decreased inorganic phosphate
contributed to the reduction in trabecular bone volume in
¢d73™"~ mice, serum phosphate was determmed As shown i
Figure 2A, serum phosphate in cd73~
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Fig. I. Bone phenotype of ¢cd73~'~ mice. A: CD73 expression on
perlosteum Frozen sections of calvarial bones from ¢d73"'* and
cd737'~ mice at 3 days of age were incubated with anti-CD73
monoclonal antibody (TY/23) and developed with DAB, as described
in the Materials and Methods Section. P, periosteum; C, calvarial
bone; B, brain. Scale bar, 50 um. Representative images of (B) H&E-
stained medial, longitudinal sections of proximal tibias and (C) pCT
reconstruction of the proximal tibial metaphysis of cd73 **anded73”!

mice at 13 weeks of age. Scale bar (B) and (C), | mm. D:
Histomorphometric analysis of trabecular bone volume per tissue
volume (BV/TV), trabecular number (TbN), and trabecular thickness
(TbTh) of secondary spongiosa in cd73™'* and ¢d73™'~ mice (n=7-8/
each gro f,) Data are expressed as mean * SE. *P<0.05 compared
with ¢d73™"" mice.

TABLE 2. Cortical and trabecular bone mineral density at the distal femur
metaphysis and body weights of cd73~'~ and ¢d73™"* male and female mice

Bone mineral density (mgfcm?)

Genotype Trabecular bone  Cortical bone  Body weight (g)
Male CD73*"™" 2711542309 1081481877 2732+ 157

CD737~  246.13+13.78° 107055+25.78 2752+ 148
Female CD73%"  20623:+23.03  1051.62418.13 1923 +2.14

CD73™~  207.39+21.65  1055.03 +20.64 19.43 + 0.64

~ mice was similar to th% 98 0.05 compared with cd73™"* mice.
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Fig. 2. Decreased osteoblast markersin €d73~"~ mice. A: Serum OC, TRAP5Sb, C-terminal telopeptides, and inorganic phosphate in ed73™'* and
cd73"'~ miceat | 3weeks ofage. Gene expression of Runx2, ALPase, OC,and BSPmRNA infemoral (B) and calvarial (C) bonesamplesfrom ed73t
and cd73”'~ mice as determined by real-time PCR (n = 6-13 ineach group). Results were normalized to B-actin mRNA levels in the same samples.

Data are expressed as mean = SE. *P <0.05 compared with cd73™

mice.

in cd73** mice, suggesting that CD73 has a minor role in
production of phosphates.

CD73 deficiency impairs osteoblast differentiation in
vitro

Ex vivo studies were performed to identify the role of CD73 in
osteoblasts differentiation and mineralization. Primary
osteoblasts were isolated from calvarial bones of cd 73" mice
and ¢d73™'~ mice and cultured in mineralization medium to
examine the role of CD73 in osteoblast differentiation. As

shown in Figure 3A, ALPase mRNA expression and activity6 9

were significantly decreased in CD73-deficient osteoblasts
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compared to wild-type osteoblasts at 6 days of culture.
Moreover, calcified nodule formation was delayed in cultures
from cd73™' mice, suggestive of reduced mineralization
(Fig. 3B).

Because A;pAR is reported to play a role in bone marrow-
derived mesenchymal stem cell development (Katebi et al.,
2009), we assessed the number of bone marrow stem cells and
osteoblast progenitors in bone marrow of cd73™'" mice.
Colony forming assays revealed that bone marrow cells
cultured from cd73 ™'~ mice formed similar numbers of
fibroblast colonies and ALPase positive osteoblast colonies

ompared to cultures from cd73™"* mice (Fig. 3C). Taken
gether, our results suggested that CD73 plays a role in
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