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Abstract
Aim: To examine if cadherins are expressed constitutively in human bone marrow
stromal cells (hBMSC) and  investigate the regulation of cadherin expression by
various osteotropic hormones and local factors.  Methods: Cadherin expression
was examined in first passaged (secondary) hBMSC as well as in the conditionally-
immortalized human osteoprogenitor cell line (hOP-7).  Using a monoclonal anti-
body (MoAb C-1821) to a cytoplasmic domain common to all known cadherins
(pan-cadherin MoAb), cadherins were immunolocalized in first passaged hBMSC
as well as in hOP-7 cells.  In addition, intense immunostaining for cadherin expres-
sion was associated with alkaline phosphatase (ALP) in nodules formed in the
high density cultures of hOP-7 cells.  Human E-cadherin (HECD) was specifically
detected by Western blotting in extracts of untreated hBMSC using an anti-HECD
MoAb 004FD.  Results: Differential regulation of cadherin expression by various
osteotropic hormones and local factors (parathyroid hormone, dexamethasone,
estradiol, prostaglandin E2, basic fibroblast growth factor, and tumor necrosis
factor-β) was also observed.  In addition, blocking cadherins with the MoAb
C-1821 increased basal ALP activity and had an additive effect on 1, 25(OH)2D3-
induced ALP activity.  Conclusion: Cadherins are expressed in human osteopro-
genitor cells and are involved in the osteogenic differentiation. The differential
modulation of cadherin expression by osteotropic agents indicates that these agents
may regulate osteoprogenitor cells through different cadherins and these cadherins
may play different roles.
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Introduction
Cell adhesion molecules (CAM) are believed to play a

key role in morphogenesis by modulating cellular prolifera-
tion and differentiation through cell-cell interaction and/or
cell-matrix interactions[1].  In bones, the differentiation of
human bone marrow stromal cells (hBMSC) into mature os-
teoblasts is essential for bone formation[2].  However, the
mechanisms by which CAM modulate this process are still
poorly understood.  Cadherins, a family of transmembrane
glycoproteins, are calcium-dependent homophilic cell-cell
adhesion molecules, which have been shown to play an im-
portant role in the differentiation of a wide variety of cells
and tissues[3].

Cadherins are divided into subclasses, all of which share
a common basic structure.  Four subclasses have been well
characterized at the molecular level and they have about
50% amino acid sequence identity.  These include E-
cadherin, P-cadherin, and N-cadherin[3].  The extent of
conservation varies depending on the region of the mol-
ecule with the cytoplasmic domain being the most
conserved.  A monoclonal antibody to this cytoplasmic do-
main designated pan-cadherin MoAb was produced, which
can be used to recognize novel cadherins in a variety of cells
and tissues and displays a broad interspecies cross-reactiv-
ity[4].  The evidence that cadherin-mediated interactions can
actually modulate cell differentiation has been accumulated[5].
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For example, N-cadherin has been demonstrated to be present
in the limb mesenchyme in a development-specific manner
in vivo and in vitro.  In addition, functional N-cadherin is
necessary for limb mesenchymal cells to undergo condensa-
tion and progress through chondrogenesis in vitro and in
vivo[6].

Cadherin has recently been found in the cells of osteo-
blastic lineage[7].  E-cadherin is expressed by the UMR 106-
H5 rat osteoblastic osteosarcoma cells as well as by the
mouse calvarial MC3T3-E1 cells, and its expression is regu-
lated by PTH in the UMR 106-H5 cells[8].  E-cadherin also
plays a role in the generation of multinucleated osteoclasts
by mediating fusion of mononuclear cells in murine marrow[9].
In addition, specific osteoblast-like cadherin (OB-cadherin)
has been found to be expressed in osteoblasts[10].  However,
it remains unclear whether these or other ubiquitous cell
adhesion molecules are involved in the differentiation of
human osteoblast precursors, which are derived mainly from
hBMSC[2].  For better understanding of osteoblast lineage
differentiation, this study was to examine the cadherins ex-
pression pattern and their regulation by osteotropic agents
including systemic hormones and local growth factors in
hBMSC.

Materials and methods

Antibodies and chemicals  Mouse monoclonal antibody
to pan-cadherins (MoAb C-1821) (mouse IgG1 isotype) was
purchased from Sigma Chemical Co (St Louis, USA); Mouse
monoclonal antibody to human E-cadherin (MoAb 004FD)
(mouse IgG1 isotype) was purchased from R & D Systems
Europe Ltd (Oxon, UK).  Recombinant human (rh)-tumor ne-
crosis facotr (TGF)-β was a gift from Genentech Inc (CA,
USA).  Recombinant human basic fibroblast growth factor
(bFGF) was a gift from Schering Research Laboratories (Berlin,
Germany).  Stock concentration: 1 mg/L and it was diluted
into 1 µg/L in PBS containing 0.1% BSA and aliquots of this
was stored at -70 ºC.  1,25(OH)2D3 was a gift from Hoffmann-
La Roche, Inc  (Nutley, NJ, USA).  Dexamethasone (Dex),
parathyroid hormone (PTH) and estradiol (E2) were pur-
chased from Sigma Chemical Co.  Other chemicals were pur-
chased from Sigma Chemical Co.

Cultures of human bone marrow stromal cells  Primary
cultures of hBMSC were described previously[11].  Briefly,
when the cells became confluent (3-4 weeks after seeding) in
the primary cultures, they were subcultured onto glass
coverslips, Petri dishes, or into flasks as necessary.  At
confluence, first passage cells were treated with 1,25(OH)2D3

(50 nmol/L), PTH (100 nmol/L), E2 (10 nmol/L), Dex (10 nmol/L),

prostaglandin E2 (PGE2 10 nmol/L), bFGF (1 and 10 µg/L),
and TGF-β (1 and 10 µg/L) for 7 d.  The doses for the tested
agents were selected based on our previous works and oth-
ers were used  for examining osteogenic differentiation of
hBMSC[2,7,12–18].  The cell lysates were extracted with RIPA
buffer containing 1% NP-40, 1% Triton X-100, 2 mmol/L CaCl2,
0.5% NaCl, 0.1% SDS in PBS with fresh protease inhibitors,
including phenyl methyl sulfonyl fluoride (PMSF), pepstatin,
1,10-phenantroline and E-64.

Cultures of conditionally immortalized hBMSC  hBMSC
were transfected with a viral vector coding a temperature-
sensitive mutant of the SV40 large T antigen.  The growth
characteristic of this immortalized hBMSC is controlled by
this temperature-sensitive large T antigen.  The large anti-
gen expression was activated at 33 ºC and this allowed the
cells to proliferate, producing a large population of homog-
enous hBMSC.  While, the large T antigen was disabled at
39 ºC allowing these immortalized hBMSC to undergo osteo-
genic differentiation.  One of nine clones obtained, hOP-7,
was well characterized for osteogenic differentiation .  These
cells were induced to differentiate into osteoblasts by Dex
and 1,25(OH)2D3 at 39 ºC.  Therefore, this cell line is thought
to be a good model for the study of osteogenic differentia-
tion[19].

hOP-7 cells were seeded onto LabTek chamber slides and
maintained for 1–2 d at 33 ºC before being switched to 39 ºC
to allow osteogenic differentiation.  In some cases, cultures
were plated out initially at a higher density to allow forma-
tion of nodules.  These were also maintained at 33 ºC and
thereafter switched to 39 ºC for a further 5 d.

Immunolocalization of cadherin expression  Cells on
coverslips or on chamber slides fixed with 4% paraformalde-
hyde were incubated with 5% goat serum for 30 min to block
non-specific binding, followed by incubation with a murine
monoclonal anti-pan-cadherin antibody (MoAb C-1821)
(diluted 1:200 or 1:500) or a mouse monoclonal antibody to
human E-cadherin (MoAb 004FD) (diluted 1:200) for 1 h at
room temperature.  The mouse cavarial cell line MC3T3-E1
was used as a positive control for pan-cadherin immuno-
staining[8], and MDCK cells for E-cadherin[20].  Mouse as-
cites fluid and PBS were used to substitute primary antibod-
ies as negative controls.  Then, these cells were washed with
high salt buffer for 10 min, and twice with TBS for 15 min
each.  Thereafter, these cells were incubated with biotinylated
secondary antibody for 45 min at room temperature and then
washed as before.  Immunoreactivity was detected using the
Vectastain ABC-AP kit.  Incubation was for 45 min at room
temperature, followed by staining for alkaline phosphatase
in the presence of 1 mmol/L levamisole, to block endogenous
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alkaline phosphatase.  The cells were washed again with
TBS and the nuclei was stained with DAPI.  After the cover-
slips and chamber slides were mounted with Kaiser’s glyc-
erol  jelly, immunostaining was visualized under fluorescence-
microscopy using a filter appropriate for rhodamine and an-
other for ultraviolet, and then photographed.  Cadherin anti-
genicity appears as a red coloration, while the nuclei are
blue.

Histological staining for alkaline phosphatase (ALP)
and biochemical determination of its activity in cultured
hBMSC

Histochemical staining of ALP  At the end of the cul-
ture period, cells on chamber slides were washed twice with
PBS and fixed with 4% paraformaldehyde at 4 ºC for 30 min,
washed three times with distilled water and then air-dried for
10 min.  The cells were then stained for ALP for 30 min with
fresh naphthol AS-MX phosphatase solution (0.2 g/L) con-
taining fast red violet B salt (0.42 g/L) in 100 mmol/L Tris-HCl
(pH 0.9) at room temperature and then photographed.  Under
these conditions, ALP-positive cells were stained pink or
red.

Biochemical determination of ALP activity  At the end
of the incubation period, the culture medium was removed
from wells, and the cell layers were washed three times with
ice cold PBS (pH 7.4).  The cells were scraped off the plates
into 300–500 µL ice-cold 0.1% Triton-X100 using a ‘rubber
policeman’.  The cell lysates were transferred into plastic
tubes (LP4) on ice and subjected to mild sonication (3×5 s
bursts, peak amplitude 10 µm at a frequency of 20 kHz) to
completely solubilize these cells.  The cell lysates were stored
at -20 ºC until they were assayed.  ALP activity was mea-
sured using 2 mmol/L para-nitrophenyl phosphate (p-NPP)
in assay buffer (0.1 mol/L diethanolamine+1 mmol/L MgCl2+2
mmol p-NPP, pH  10.5) at 37 ºC for 10–60 min.  Protein content
was determined using the Bio-Rad protein assay kit using
BSA as a standard according to the manufacturer’s manual.
ALP activity was expressed as µmol⋅h-1⋅g-1 protein.

Western blot analysis  At the end of incubation with
the various hormones and/or growth factors, media were re-
moved from Petri dishes and cells were washed with PBS at
room temperature, after which the cells were scraped into
RIPA buffer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.
1% SDS, 2 mmol/L CaCl2) containing fresh protease inhibi-
tors on ice.  Cell lysates were then passed repeatedly through
a 21-gauge needle, incubated for 30 min on ice, and then
centrifuged for 20 min at 4 ºC.  Thereafter, the supernatants
were harvested and the protein content was determined us-
ing the Bio-Rad protein assay.

Protein 10 µg was loaded into each lane, separated on a

7.5% SDS polyacrylamide gel and transferred onto nitrocellu-
lose membrane in transblotting buffer containing 20 mmol/L
Tris, 150 mmol/L glycine, and 20% methanol (pH 8.0).  The
membranes were blocked with blocking buffer consisting of
1% non-fat dry milk, 1% BSA, 0.05% Tween-20 in TBS buffer
for 30 min and immunoblotted with the MoAb C-1821 diluted
1:3000 in blocking solution (Blotto B) for 45 min at room
temperature.  Thereafter, the membranes were washed three
times, incubated with biotin-conjugated rabbit anti-mouse
Ig G for 45 min, followed by incubation with streptavidin-
conjugated horseradish peroxidase (HRP) for 30 min.

At the end of this incubation, the membranes were washed
again three times and incubated with Amersham enhanced
chemiluminesence (ECL) reagents for exactly 1 min.  Excess
ECL reagents were removed and the membranes were sealed
in plastic wrap and exposed to ECL hyperfilms in a darkroom
for 30 s.  Then, the films were developed as for autoradiograph.
Finally, the intensity of the two major cadherin bands on the
hyperfilms was analyzed by scanning laser densitometry
(discovery pDi densitometer, Pharmacia, Uppsala, Sweden).
The intensity of control bands is expressed as 100%, and the
others are expressed as percentage of respective control
bands.

Membranes were also stripped of bound antibodies and
re-probed by submerging them in stripping buffer (100 mmol/L
2-mercaptoethanol, 2% SDS, 62.5 mmol/L Tris-HCl, pH 6.7)
and incubating at 50 °C for 30 min with occasional agitation.
Then, the membranes were washed twice with TBS-Tween-
20 at room temperature for 10 min.  Following this, the mem-
branes were blocked in blocking solution for 1 h after which
immunodetection of HECD was performed using MoAb
004FD as described previously.

Statistical analysis  Results of representative experiments
are presented except where otherwise indicated.  Biochemi-
cal determinations of ALP were performed in triplicate or
quadruplicate and specific enzyme activity were presented
as mean±SEM.

Statistical significance of difference within experiments
was assessed using one factor analysis of variance (one
way ANOVA).  Values of  P refer to a comparison of mea-
sured activity with that of control.

Results

Detection of cadherins expression in human bone mar-
row stromal cells  Immunolocalization was performed to de-
termine whether human bone-derived cells expressed
cadherins using MoAb C-1821 in first passaged hBMSC and
in hOP-7.  Under fluorescence microscopy, there was no
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staining for cadherins in the negative controls (such as
mouse ascites fluid and PBS), while MC3T3-E1 cells were
found to be stained for cadherin expression as a positive
control (Figure 1B).  Interestingly, strong cadherin expres-
sion was observed in first passaged hBMSC (Figure 1D) and
hOP-7 (Figure 1F).

In the high-density cultures of hOP-7 cells, discrete nod-
ules were formed and there were focal areas of intense

immunostaining for cadherins in these nodules.  However,
staining at the periphery of the nodules was much weaker
than at the center of the nodules.  In addition, there was
positive staining for ALP in the center of these nodules,
while sparse ALP staining at the periphery of the nodules.
This suggests an association between the expression of
cadherins and ALP (Figure 1G and H), in which a close inter-
action of cells at the center of the nodules stimulates osteo-

Figure 1.  Expression of cadherins in MC3T3-E1 cells, hBMSCs, and hOP-7 cells. Cells cultured in coverslips or LabTek chamber slides were
fixed with 4% paraformaldehyde, and immunolocalization was performed as described in ‘Materials and methods’. In MC3T3 cells (A and B),
hBMSC cells (C and D), and hOP-7 cells (E and F), an irrelevant isotype-matched antibody CB11 was used as control (A, C, and E) and cadherin
expression was detected by MoAb C-1821 (B, D, and F). Associated expressions of ALP and cadherins were found in the nodules formed in the
high density cultures of hOP-7 cell line. Histochemical staining for ALP (G) and immunolocalization of cadherin expression (H) using the
MoAb C-1821 were carried out in these nodules. The green arrow points to the staining for cadherin expression and the red arrow indicates the
ALP staining in a nodule. ×100
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blast differentiation.  Human E-cadherin (HECD) expression
was confirmed in the positive control cells, MDCK cells.
However, HECD was not detectable by immunolocalization
in hBMSC (Figure 2D).  To clarify the expression of cadherins
in these cells identified by immmunolocalization as described
above, Western blotting was performed using MoAb C-1821
in untreated hBMSC extracts and this revealed the presence
of two bands (139.7 kDa and 118.6 kDa), associated with
several small bands (Figure 3B).

After being stripped, the membranes previously used for
detection of cadherins were immunoblotted again with mouse
anti-human E-cadherin (MoAb 004FD).  Although human E-
cadherin was not detectable in hBMSC by immunocytochem-
istry using MoAb 004FD, it was demonstrated by
Western blot using the same antibody (MoAb 004FD) and
there was only one band with a Mr of approximately 118.6
kDa, which was corresponding to the major band detected
using anti-pan-cadherin antibody and was different from that
of cadherins (Figure 3D).  This indicates that MoAb 004FD
specifically recognizes human E-cadherin.

Figure 3. Detection of cadherin expression in hBMSCs by Western blot analysis. The cell layer was extracted with RIPA buffer and 10 µg
proteins/lane were separated by 7.5% SDS-PAGE, and immunoblotted with either MoAb C-1821 or control antibody. After detection of
cadherins using the anti-pan-cadherins MoAb, the membranes (A and B) were stripped of bound antibodies with a stripping buffer, and then
immunoblotted for human E-cadherin expression. An irrelevant isotype-matched antibody CB11, which recognizes a fragment of denatured
type II collagen, was used as a negative control (A and C). The anti-pan-cadherin MoAb C-1821 was applied to blot for cadherin expression
(B) and the anti-human E-cadherin MoAb 004FD for human E-cadherin expression (D). Lane 1: molecular weight marker and Lane 2: cell
lysates from untreated first passaged hBMSC.

Figure 2.  Expression of human E-cadherin in the kidney epithelium
cell line MDCK (A and B) and lack of expression in hBMSCs (C and
D). MDCK cells and hBMSCs cultured in coverslips were fixed with
4% paraformaldehyde, and immunolocalization was performed using
anti-human E-cadherin MoAb 004FD. An irrelevant isotype-matched
antibody CB11 was used as control (A and C) and anti-human E-
cadherin MoAb 004FD was applied to detect human E-cadherin ex-
pression (B and D).
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Regulation of cadherins expression by osteotropic hor-
mones and local growth factors  hBMSC were treated with
different agents for 7 d and the cell lysates were examined by
Western blot.  Using the ECL system, two major bands of
cadherins with Mr 139.7 kDa and 118.6 kDa were examined
using MoAb C-1821.  These two bands were diminished in
the 50 nmol/L 1,25(OH)2D3-treated cellular extracts, in com-
parison to the control (Figure 4A).  Similarly, in Dex-treated-
cellular extracts, the two major bands were also abolished
(Figure 4B).  This suggests that 1,25(OH)2D3 and Dex inhibit
cadherin expression.  With regards to 10 nmol/L PGE2, band a
(Mr about 139.7 kDa) was inhibited, but band b (Mr about

118.6 kDa) was increased nearly 1.5-fold.  The expression of
cadherins was also found an increase by PTH, E2, bFGF, and
TGF-β.  All these agents increased band a more than band b
in comparison to respective controls.  PTH increased band a
by more than 5-fold relative to the control and increased
band b by only 1-fold.  TGF-β enhanced band a by up to 3-
fold and slightly stimulated band b.  bFGF increased band a
by up to 2-fold and also slightly enhanced band b (Figures
4C and D).

Effect of pan-cadherin MoAb on ALP activity  To investi-
gate a possible role of cadherins in the osteogenic differen-
tiation of hBMSC, cadherins were blocked with MoAb C-

Figure 4.  Regulation of cadherin expression by 1,25(OH)2D3, dexamethasone (Dex), prostaglandin E2 (PGE2), tumor necrosis factor (TGF)-
β, basic fibroblast growth factor (bFGF), estradiol(E2), and parathyroid hormone (PTH) in human bone marrow stromal cells. First passaged
human bone marrow stromal cells were treated with 1,25(OH)2D3 (50 nmol/L) (A), dexamethasone (10 nmol/L), PGE2 (10 nmol/L) (B), TGF-
β (0.1 and 1 µg/L) (C), bFGF (1 and 10 µg/L), estradiol (10 nmol/L), PTH (100 nmol/L) (D) for 7 d. Two major bands of cadherins (a and b)
were examined using MoAb C-1821.
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1821 and ALP activity was examined.  In these experiments,
treatment of hBMSC with MoAb C-1821 for 48 h increased
the level of ALP activity to about 125.9% of control (P<0.05 vs
control), and it also enhanced the effect of 1,25(OH)2D3 on
ALP activity (P<0.05 in experiment 1 and P<0.01 in experi-
ment 2, compared to 1,25(OH)2D3-treated cells) (Figure 5).

Discussion

There is a repertoire of cadherins expressed in osteoblasts.
There are several subclasses of cadherins previously reported
in cells of the osteoblast lineage, including E-cadherin[8],
cadherin-4, cadherin-8, cadherin-11, protocadherin-43[14], and
specific osteoblast-cadherin (OB-cadherins)[10].  In the
present study, we demonstrated that cadherins were ex-
pressed in human osteoprogenitors.  Cadherin expression
was found to be associated with that of ALP in higher den-
sity cultures of hOP-7 cells.  Furthermore, their expressions
are regulated by osteotropic agents.  These suggest that
cadherins are involved in the process of osteogenic differ-
entiation and some of the effects of these agents on bone
are mediated, in part, via regulation of cadherins and possi-
bly other cell adhesion molecules.

In the immunoblotting experiments, there were two major
bands identified in hBMSC with molecular weights approxi-
mately 139.7 kDa and 118.6 kDa, along with several small
bands using the anti-pan cadherin MoAb C-1821 (Figure 1),
and this observation was consistent with a previous report
using the same MoAb[4].  There was only one band with a Mr

of 118.6 kDa using anti-human E-cadherin MoAb 004FD,
which was in close agreement with human E-cadherin size

(120 kDa)[21].  In this case, one of two major bands demon-
strated by MoAb C-1821 may be human E-cadherin, another
may be other cadherins, for example, osteoblast-like cadherin
or N-cadherin, which was demonstrated to be specific for
osteoblasts and its expression in the osteoblastic cells was
up-regulated during differentiation, indicating an important
role in osteogenic differentiation[10].  The results presented
here are supported by a previous report in osteoblastic
UMR106-H5 rat osteosarcoma cells[8].  It is necessary to de-
termine whether all the polypeptides identified by the anti-
pan cadherin MoAb C-1821 represent cadherin products en-
coded by distinct genes.   Although roles of N-cadherin and
osteoblast-like cadherins remains unknown, our data and
others strongly suggest they are important regulators of os-
teoblast differentiation and osteogenesis and play a role in
normal and pathological bone formation[8,10,13–18, 22].

On the basis of detecting cadherin expression in hBMSC,
we investigated the regulation of cadherin expression by
osteotropic hormones and local growth factors.   All of these
factors are thought to play important roles in bone remodel-
ing[23].  Up until now, little was known of the role of cadherins
in bone remodeling, particularly in osteogenic differentia-
tion and whether osteotropic hormones and local growth
factors regulate the expression of cadherin.  With treatments
of hBMSC with various hormones and growth factors for 7 d,
it was observed that both 1,25(OH)2D3 and dexamethasone
inhibited the expression of cadherins.  In contrast, PTH, PGE2,
estradiol, bFGF, and TGF-β increased the expression.
However, these agents are found to differentially modulate
these two bands.  In these experiments, band a was enhanced
more by certain agents than band b, and PGE2 inhibited band

Figure 5.  Effect of pan-cadherin antibody (MoAb C-1821) on alkaline phosphatase (ALP) activity in human bone marrow stromal cells
(hBMSC). First passaged hBMSC were treated with the anti-pan-cadherin MoAb (1:200 dilution), in the presence or absence of 1,25(OH)2D3

(50 nmol/L) for 48 h, in MEM containing 2% FCS. bP<0.05 vs control. eP<0.05, fP<0.01 vs 1,25(OH)2D3 treatment.
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a, but increased band b.  These results suggest that there
may be more than one subclass of cadherins expressed in
hBMSC and osteotropic hormones and growth factors may
differentially regulate these individual cadherins.  Certain
factors, such as TGF-β, PTH, and E2, had more specific ef-
fects on Band a, and these two bands may represent differ-
ent cadherin expressions.  PTH was shown to increase the
expression of E-cadherin in mouse MC3T3-E1 osteoblastic
cells[8] and increase mRNA level of the neural-cadherin-like
adhesion molecule (N-CAD) in vitro and in vivo[15].  Dexam-
ethasone was shown to decrease N-CAD and to completely
inhibit cadherin mRNA in rats[15].  In addition, dexametha-
sone was also found to increase steady state mRNA for
cadherin-4, but decrease mRNA expression for N-cadherin[14].
However, steady-state mRNA expression for protocadherin
and cadherin-11 was not affected by dexamethasone[14].  Es-
tradiol was shown to cause a rapid and significant increase
in the ovarian E- and N-cadherin mRNA levels in mice in vivo[24].
It was reported that TGF-β up-regulated N-cadherin expres-
sion at mRNA level in mesenchymal cells obtained from early
chick limb bud, which can differentiate into chondrocytes
when plated at a high density[25].

It was known that osteogenic differentiation of hBMSC
was stimulated by 1,25(OH)2D3

[12] and dexamethasone[11], and
the proliferation of these cells is inhibited by the two agents[11,12].
PTH was shown to be mitogenic for human osteoblast-like
cells[26].  Estradiol stimulates the proliferation of osteoblast-
like cells derived from explants of rat trabecular bone and the
immortalized rat calvarial RCT-3 cell line[27], mouse MC3T3-E1
osteoblastic cells[28] and human osteoblastic osteosarcoma
SAOS-2 cell line[29].  The local factor PGE2 was demonstrated
to stimulate the proliferation of bone cells[30].  In addition,
TGF-β and bFGF inhibit osteogenic differentiation of hBMSC
and stimulate cell proliferation[12,31].  Taken together, it seems
likely that the agents that promote osteogenic differentia-
tion and inhibit cell proliferation may decrease certain
cadherin expression, while other agents that inhibit osteo-
genic differentiation and stimulate cell proliferation may in-
crease certain cadherin expressions, indicating that an in-
crease in cadherin expression is associated with cell prolif-
eration and a decrease in cadherin expression with osteo-
genic differentiation at a ‘specific stage’ of differentiation.

Because the C-terminal regions of cadherins are essen-
tial domains for function, and the anti-pan cadherin MoAb
C-1821 recognizes this site, this MoAb was used as a func-
tion-perturbing antibody for examining a possible role for
cadherins in osteogenic differentiation of hBMSC.  A per-
turbing function of the cadherins with the MoAb caused the
fibroblast-like hBMSC to become more or less ploygonal

observed under microscope (data not shown here).  It was
also observed that this block with the MoAb significantly
increased alkaline phosphatase activity, and enhanced 1,25
(OH)2D3-induced increase in ALP activity in which first pas-
saged hBMSC were induced for osteogenic differentiation.
This indicates that cadherins may play a role in differentia-
tion of hBMSC.  Based on 1:500 dilution used in immuno-
localization described previously, a 1:200 dilution was used
in these experiments.  It remains possible that ALP activity
may be increased more if higher concentrations of the MoAb
are used.  However, the MoAb C-1821 is expensive, so rea-
sonable dilution 1:200 was applied to the experiments.  As
mentioned above, 1,25(OH)2D3 inhibited the cadherin expres-
sion in hBMSC and 1,25(OH)2D3 promoted osteogenic differ-
entiation[12], including enhancement of ALP activity and
osteocalcin expression.  These suggest that the role of
1,25(OH)2D3 on osteoblast differentiation may be partially
through mediating the cadherin expression.  There may be
other cell adhesion molecules involved in the mediation of
1,25(OH)2D3-induced effect on ALP activity.  A role for E-
cadherin in osteogenic differentiation had also been indi-
cated in the fetal rat calvarial (FRC) osteoblast system.  In
these FRC cultures, treatment of FRC osteoblasts with
polyclonal antibodies to murine E-cadherin significantly in-
creased mineralized bone nodule formation[32].  Taken
together, these data indicate that some specific cadherins
may negatively regulate osteogenic differentiation at a ‘spe-
cific stage’ during osteogenic differentiation.

In conclusion, the effects of osteotropic hormones and
local growth factors on osteogenic differentiation of hBMSC
may be, at least, partially via regulation of cell adhesion
molecules, such as cadherins.  Cadherins may function as
mediators of transition between proliferation and differen-
tiation and then negatively regulate osteogenic differen-
tiation.
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