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2

Abstract:1

2

Bone marrow-derived mesenchymal stem cells (MSCs) are widely used as a cellular model of bone3

formation, and can mineralize in vitro in response to osteogenic medium (OM). It is unclear however4

whether this property is specific to cells of mesenchymal origin. We have analysed the OM response in three5

non-osteogenic lines, HEK293, HeLa and NTera, compared to MSCs. Whereas HEK293 cells failed to6

respond to OM conditions, the two carcinoma-derived lines NTera and HeLa deposited a calcium phosphate7

mineral comparable to that present in MSC cultures. However, unlike MSCs, HeLa and NTera cultures did8

so in the absence of dexamethasone. This discrepancy was confirmed as BMP inhibition obliterated the OM9

response in MSCs but not in HeLa or NTera, indicating that these two models can deposit mineral through a10

mechanism independent of established dexamethasone or BMP signalling.11
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Abbreviations:1

2

3

ALP alkaline phosphatase4

BMP bone morphogenetic protein5

CLATH clathrin6

CTRL control medium7

DEX dexamethasone8

DORSO dorsomorphin9

ECM extra-cellular matrix10

ELISA enzyme-linked immunosorbent assay11

ESEM Environmental Scanning Electron Microscopy12

MSC mesenchymal stem cell13

OM osteogenic medium14

OS osteogenic supplements15

XRD X-ray diffraction16

17
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Introduction:1

2

Research into bone metabolism represents an important area of research with wide-ranging biomedical3

applications for conditions including osteoporosis, orthopaedic repair and genetic disorders [Kimelman et al.,4

2007; Khosla et al., 2008]. The process of bone formation is studied extensively in vitro, using cellular5

models to analyse the mechanisms regulating bone formation and bone repair. Beyond their use to elucidate6

fundamental aspect of developmental bone biology or to screen pharmacological regulators of bone7

metabolism, in vitro models of osteogenic differentiation are increasingly used for the development of new8

translational strategies combining cell progenitors and tissue engineering approaches for bone repair9

[Cancedda et al., 2003; Marie and Fromigue, 2006]. In vitro osteogenic differentiation studies routinely10

involve the use of primary progenitors and cell lines.11

Mesenchymal stem cells (MSCs), which can be isolated from bone marrow aspirates, represent the12

established model of choice for the study of postnatal osteogenesis [Beresford et al., 1993; Cheng et al.,13

1994; Jaiswal et al., 1997; Pittenger et al., 1999; Sottile et al., 2002]. MSCs can be expanded and14

differentiated in vitro using established an osteogenic medium (OM), which includes dexamethasone,15

ascorbic acid phosphate and -glycerophosphate. In vitro osteogenesis has also been observed in other cell16

systems such as embryonic stem cell cultures from both mouse and human origin [Buttery et al., 2001;17

Sottile et al., 2003; zur Nieden et al., 2003] and osteosarcoma cell lines such as SaOS [Clover and Gowen,18

1994; Pautke et al., 2004], despite notable biological differences [Tang et al., 2008; Palmieri et al., 2009].19

Although the efficiency of this OM-based differentiation protocol is well established in these models, it is20

unclear whether the potential to deposit mineral is restricted to osteogenic cell types and multipotent21

progenitors, or whether common cellular models and cancer cell lines originating from outside the bone22

lineage could respond to this OM. This has not been formally investigated, and would highlight cell sources23

which could reliably act as negative control when analysing OM-treated progenitor cultures, in order to24

adequately appraise their osteogenic potential and rule out artefactual deposition of mineral as previously25

described in some non-osteogenic cellular models [Khouja et al., 1990]. Here we report the assessment of the26

mineral deposition obtained in 4 cultures of cells from osteogenic and non-osteogenic origin. The OM27

response observed in NTera [Andrews et al., 1984], HeLa [Gey et al., 1952] and HEK29 [Graham et al.,28

1977] cells was compared to that of bone marrow-derived MSCs [Okamoto et al., 2002; Sottile et al., 2003]29

at molecular and cellular levels. Levels of OM-induced mineral deposition and changes in marker expression30

were measured over time, and the nature of mineral deposits obtained in vitro were analysed. Our study31

highlights major differences in the pathways regulating the mineralizing response across cell lines in vitro.32

33
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Materials and Methods:1

Reagents were purchased from Invitrogen (Paisley, UK) unless otherwise stated.2

3

Cell Culture:4

Human bone marrow-derived mesenchymal stem cells (MSCs) [Okamoto et al., 2002; Sottile et al., 2003],5

human cervical carcinoma cells (HeLa) [Gey et al., 1952], human embryonic kidney cells (HEK293)6

[Graham et al., 1977; Thomas et al. 2005], and human embyonal carcinoma cells (NTera-2) [Andrews et al.,7

1984] were grown on tissue culture plastic in control medium (‘CTRL’) containing DMEM supplemented8

with 10% FCS, 1 mM L-glutamine, 1% nonessential amino acids and antibiotics, and maintained at 37 ºC in9

a humidified atmosphere containing 95% air and 5% CO2. Cell stocks were passaged with Trypsin/EDTA10

and split 1:4 for routine culture. For osteogenic assays, cells were plated in control medium at 5 × 10411

cells/well in 12-well tissue culture plates and grown to confluence. The medium was then changed12

(considered as ‘day0’) and cells were subsequently grown in CTRL or osteogenic medium (‘OM’)13

containing 100 nM Dexamethasone (‘Dex’, Sigma-Aldrich, Gillingham, UK), 10 mM β-glycerophosphate 14

(Sigma-Aldrich) and 0.05 mM L-ascorbic acid-2-phosphate (Sigma-Aldrich) [Jaiswal et al., 1997; Bruder et15

al., 1998; Pittenger et al., 1999; Jaiswal et al., 2000; Halleux et al., 2001; Sottile et al., 2002].16

17

Quantification of mineralization and alkaline phosphatase activity:18

For detection of mineralized nodules, cells were washed with PBS and fixed in 4% (v/v) paraformaldehyde19

at room temperature for 15 min. The wells were then washed twice with excess dH2O prior to incubation20

with 1.5 mL of 1% Alizarin-Red S solution for 15 min. The quantitative measurement of mineral deposition21

was performed by extraction of the incorporated stain [Gregory et al., 2004; Tataria et al., 2006]. A 96-well22

plate reader (BioTek ELx800, Fisher Scientific, Loughborough, UK) was used to measure absorbance of23

triplicate samples during the assay. The mineral content was normalised to the DNA content per well [Rago24

et al., 1990], and measurements of alkaline phosphatase activity were performed using SIGMAFAST pNPP25

reagents (Sigma) according to manufacturer’s instructions. Data represent mean ± SEM (n= 3).26

27

ESEM and XRD mineralization analysis:28

For Environmental Scanning Electron Microscopy (ESEM), samples were fixed with ice-cold 4%29

paraformaldehyde for 15 min, and then washed in 0.1M cacodylate buffer containing 7% sucrose. Images30

were obtained using an environmental scanning electron microscope (Philips FEG ESEM) equipped with a31

Trecor detector set at an accelerating voltage of 10 kV under a vacuum of 4.0-5.8 torr and 6% humidity. X-32

ray diffraction measurements were carried out as previously described [Sottile et al., 2003].33

34

Flow cytometry:35

Cells harvested using trypsin/EDTA were pelleted by centrifugation 5 min at 200 g, and incubated with36

CD29 (Abcam), CD105 (AbSerotec), CD106 (AbSerotec), p75 (Abcam), CD90 (eBiosciences), CD4437
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(eBiosciences), SSEA4 (eBiosciences) conjugated antibodies at room temperature for 30 min. Samples were1

washed in PBS and stored on ice until FACS analysis on a Beckman-Coulter Altra flow cytometer.2

3

Osteocalcin protein assay:4

Confluent cells were treated for 21 days and osteocalcin concentrations present in the cultures were5

measured by enzyme-linked immunosorbent assay (ELISA) using the Invitrogen Osteocalcin Human Direct6

ELISA Kit according to the manufacturer’s instructions. Data represent mean ± SEM (n= 4).7

8

Reverse Transcription-Polymerase Chain Reaction (RT-PCR):9

RT-PCR was carried out as described elsewhere [Sottile et al., 2002], using the following primers10

(forward/reverse): clathrin (Clath): ttataatgggggaaaacagg / ttgtctttgttggcactga ; bone specific alkaline11

phosphatase (bALP): gcagccactgagcgttc / gtgggagtgcttgtatctc. The PCR reactions were heated at 95 ºC for12

5min, before undergoing 30 cycles of [95 ºC for 30 s, 60 ºC for 45 s and 72 ºC for 1min].13

14
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Results:1

2

Mesenchymal marker expression in multi- and nulli-potent cell types:3

To compare the cellular characteristics of the HEK293, NTera and HeLa cells analysed with those of MSCs,4

we first evaluated the expression levels of a panel of surface markers CD29, CD105, CD106, p75, CD90,5

CD44 known to be expressed on mesenchymal progenitors [Mareschi et l., 2006; Jackson et al., 2007;6

Spiropoulos et al., 2010], as well as a surface marker associated with both MSCs and embryonal carcinoma7

cells SSEA4 [Gang et al., 2007; Andrews, 2002]. Analysis of cell suspensions by flow cytometry indicated8

that whereas control MSCs showed positive expression of mesenchymal markers9

(CD29hi/CD105hi/CD106/p75/CD90hi/CD44hi/SSEA4hi) as expected (Fig.1), NTera cells and HeLa cells10

exhibited lower CD105 expression, undetectable CD106 expression and variable CD90 and CD4411

expression. By contrast, HEK293 cells did not show detectable expression for CD105, CD106, CD90 and12

CD44, and low CD29 expression, revealing a profile significantly different from that of control MSCs. Only13

MSCs and NTera cells showed high SSEA4 expression.14

15

Mineral deposition potential of osteogenic and non-osteogenic cells:16

To assess the response to pro-osteogenic medium in HEK293, HeLa, and Ntera cell lines, we treated the cells17

with standard OM for up to 4 weeks and compared the outcome to MSC controls. This experiment showed a18

differential response to OM for the different cultures analysed. Bone nodules were visible by phase19

microscopy in the treated MSCs as expected, and the formation of mineral deposits could also be observed in20

HeLa and NTera cells. To confirm this observation, each cell type was evaluated by Alizarin Red S staining21

at various time-points to assess the extent of mineral deposition in each well (Fig.2). When exposed to OM22

for 2 to 3 weeks, the cell types analysed showed an ability to deposit mineral as highlighted by Alizarin Red23

staining, with the exception of HEK293 (Fig.2A-B). None of the cell types analysed showed any significant24

mineral deposition in the absence of OM treatment over the 28 days. To better compare the cell lines25

analysed, the amount of Alizarin Red staining was quantified at regular time-points over 4 weeks in vitro to26

establish the kinetic of mineral deposition (Fig.2C). In order to account for differences in growth27

characteristics, DNA content was used as normalisation parameter. HeLa cultures were the first to show28

visible mineral deposits as early as day 4-7, while both MSC and NTera cells showed noticeable staining at29

day 14. Expression of osteocalcin, an established osteogenic marker [Aubin et al., 1995], was measured in30

order to assess whether exposure to OS conditions triggered osteogenic differentiation the cultures31

undergoing mineral deposition. An Elisa assay carried out after 14 days (Fig.2D) showed that whereas no32

osteocalcin expression could be detected in HEK293 or NTera cells, HeLa cells were seen to express33

osteocalcin upon treatment, as seen in MSC controls.34

35

Alkaline phosphatase expression in cell lines after treatment:36



8

Changes in alkaline phosphatase activity, an assay widely used for osteogenic cultures [Aubin et al., 1995;1

Jaiswal et al., 1997], were analysed in the 4 cell lines considered to determine whether this parameter was2

affected by exposure to OM treatment. While MSCs showed extensive up-regulation of alkaline phosphatase3

activity upon OM exposure as expected, none of the 3 other cell types showed a similar response (Fig.4

3A,B). Both NTera and HeLa cells showed high basal alkaline phosphatase activity in control conditions,5

which was not significantly affected by exposure to OM treatment. The alkaline phosphatase activity6

observed in HEK293 cells was found to be below detection levels in both control and OM conditions.7

Since the alkaline phosphatase activity assay cannot discriminate between the various isoenzymes present in8

the cell, and to further characterise the nature of the cellular response observed under OM conditions, we9

analysed the presence of transcript for the bone/liver/kidney alkaline phosphatase (‘bALP’) in the cell10

models studied, in the presence or absence of OM. Expression of bALP, which typically increases in11

osteogenic cultures, was differentially regulated in the cell types studied. In MSCs, a significant upregulation12

of bALP mRNA was observed in OM conditions, whereas there was no detectable increase in bALP mRNA13

upon treatment of HeLa, NTera or HEK293 cells (Fig.3C). Whilst levels of bALP were below detection in14

HEK293 and HeLa cells, steady levels of bALP mRNA were detected in NTera cultures under both control15

and OM conditions.16

17

Mineralization analysis:18

To better characterise the material deposited in the cultures, environmental scanning electron microscopy19

(‘ESEM’) analysis was carried out for OM-treated cultures from the different cell lines (Fig. 4A-B). The20

spectral analyses obtained by ESEM measurements showed that the material collected in NTera and HeLa21

cells exposed to OM was composed of calcium phosphate mineral, as observed in MSCs cultures (Fig. 4B),22

while HEK293 cells did not show such deposits. Calcium phosphate ratios measured in MSCs and HeLa23

cultures (1.4) were higher than for NTera ccultures (1.2), lower than that of physiological calcified tissue24

(1.6). The nature of the mineral collected was further evaluated by X-ray diffraction analysis of the deposits25

harvested from OM-treated HeLa and NTera cultures (Fig. 4C). The results for both NTera and MSC showed26

strong diffraction patterns with peaks corresponding to hydroxyapatite [Markovic et al., 2004], whereas the27

HeLa-derived sample showed a weaker crystalline signal with limited detectable rings compatible with an28

apatite structure, suggesting a more amorphous nature.29

30

Dexamethasone- and BMP-dependence:31

To determine whether the induction of mineral deposition observed in HeLa and NTera was comparable to32

that observed in MSCs, we tested the effect of two regulators of osteogenic differentiation on the different33

cultures. Cells were first treated in the presence and absence of dexamethasone (‘Dex’), a glucocorticoid34

known to increase mineralization in osteogenic cultures [Iba et al., 1995; Jorgensen et al., 2004] and35

routinely included in osteogenic treatments [Jaiswal et al., 1997; Pittenger et al., 1999; Sottile et al., 2002].36

Alizarin red staining and subsequent quantitation revealed significant differences between the cultures37

(Fig.5A): while exposure to Dex was required for MSC mineralization in vitro, both NTera and HeLa cells38
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achieved significant mineralization when treated in the absence on Dex. In HeLa cell cultures, in vitro1

mineralization appeared significantly higher in the absence of Dex compare to full OS conditions.2

A similar analysis was carried out in the presence or absence of dorsomorphin (‘dorso’), a small molecule3

inhibitor of the BMP pathway [Yu et al., 2008] (Fig.5B). This assay showed that whereas OM-triggered4

mineralization in MSCs was negatively affected by inhibition of the BMP pathway, in line with the known5

pro-osteogenic effect of BMP signalling [Seib et al., 2009], both NTera and HeLa cells were able to6

efficiently deposit mineral despite BMP inhibition.7

8
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Discussion:1

2

MSCs provide an efficient in vitro model for OM-induced mineralization, with a time-dependent increase in3

mineral deposition, upregulation of alkaline phosphatase activity and osteocalcin expression as decisive4

hallmarks of differentiation [Jaiswal et al., 1997; Halleux et al., 2001; Sottile et al., 2002]. The mineral5

deposition kinetics obtained for the MSC culture used here showed a sharp increase throughout the6

treatment, in line with previous reports [Okamoto et al., 2002; Sottile et al., 2003]. In addition, our results7

confirmed the dexamethasone-dependency of in vitro mineralization [Cheng et al., 1994; Jaiswal et al., 1997;8

Eijken et al., 2006], and the requirement for BMP signalling [Seib et al., 2009] in MSC cultures. MSCs9

formed calcium phosphate deposits throughout the ECM and the cell layer, as shown by the ESEM analysis,10

and produced an X-ray diffraction pattern characteristic of hydroxyapatite [Jaiswal et al., 1997; Sottile et al.,11

2003]. By contrast, our results establish HEK293 cells as a reliable negative control for osteogenesis12

research: HEK293 cells were shown to lack detectable expression of the mesenchymal markers CD29,13

CD105, CD106 and CD90, and we confirmed that this cell line is unable to mineralize in response to pro-14

osteogenic conditions in vitro. Our study further establishes that HEK293 cells do not show detectable15

alkaline phosphatase activity, even after exposure to OM conditions. In line with their lack of mineral16

deposition ability, HEK293 failed to display any basal or OM-induced osteocalcin expression, confirming17

their suitability as negative control for in vitro experiments. These results corroborate recent in vivo18

observations that HEK293 cells implanted in a diffusion chamber model lacked osteogenic potential even19

when the cells were exposed to OM conditions prior to injection [Tremoleda et al., 2008].20

21

HeLa cells on the other hand emerged as an unsuitable negative control for osteogenic treatments. HeLa cells22

exhibited substantial mineral deposition in vitro in response to osteogenic medium. HeLa cells have23

previously been reported to have an indirect osteogenic effect when implanted in a mouse model of24

heterotopic bone formation [Ostrowski et al., 1975; Izbicka et al., 1997; Kochanowska et al., 2002b],25

however this was shown to result from paracrine BMP production which had an osteogenic effect on the26

surrounding host cells [Kochanowska et al., 2002a] and HeLa had not so far been reported to deposit mineral27

in vitro. The nature of the deposits collected in OM-treated HeLa cultures showed a calcium phosphate28

component, however the mineral did not seem to be as crystalline or ECM-bound as observed in MSC29

cultures. In addition, HeLa cells were shown to be strongly positive for alkaline phosphatase activity, in line30

with reports that they express several alkaline phosphatase isoforms [Boylan et al., 1996; Kniss et al., 2002].31

This could explain the substantial mineral content observed under OM conditions, as high alkaline32

phosphatase activity has been reported to contribute to unspecific mineral deposition in other systems33

[Russell et al., 1986; Khouja et al., 1990, Hui et al. 1997]. The presence of osteocalcin was also detected in34

OM-treated cultures, which was unexpected. Although HeLa cells represent a widely used model as negative35

control for molecular and cellular analyses, the present observations indicate that these cells do not constitute36

an inert model for osteogenic treatment and mineralization studies.37
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Similarly, NTera-2 cells were also able to deposit phosphate calcium mineral in culture in response to OM1

conditions. These observations on an established human EC line are in line with previous reports of2

osteogenic characteristics in mouse EC-derived lines [Poliard et al., 1993; Shukunami et al., 1997]. The3

differentiation ability of existing human EC lines is heterogeneous [Pera et al., 1989; Duran et al., 2001].4

NTera-2 cells originate from a human testis embryonal carcinoma and have been well characterised,5

including their propensity to form neuroectodermal lineages in response to retinoic acid [Andrews et al.,6

1984; Andrews, 2002]. Injections into mouse models indicate that human EC lines can form tumours7

containing a broad range of tissues, occasionally including cartilage [Pera et al., 1989; Andrews, 2002].8

However, this differentiation has not been widely reported for NTera-2 [Duran et al., 2001], and so far9

reports describing their in vitro potential suggest a limited range of mesodermal cell types in NTera-210

cultures [Chadalavada et al., 2005; Pal and Ravindran, 2006; Simoes and Ramos, 2007]. Our study provides11

new evidence that NTera-2 cultures can deposit mineral in vitro after OM treatment. NTera cells are known12

to express the bALP [Draper et al., 2002], and as discussed in the case of HeLa cells, high alkaline13

phosphatase activity could contribute to this process. Although advanced analysis of the calcium phosphate14

deposits revealed a mineral structure compatible with that collected from osteogenic cultures, it is interesting15

to note that this phenomenon is not dependent on the presence of dexamethasone or BMP signalling, which16

are known to support mineralization in osteoprogenitor cultures [McCulloch et al., 1986; Cheng et al., 1994;17

Iba et al., 1995; Jaiswal et al., 1997; Eijken et al., 2006]. The absence of osteocalcin detection further brings18

into question the biological basis of this cellular response, and calls for further investigation to analyse the19

nature of this process.20

β-glycerophosphate is widely used in osteogenic media as a source of organic phosphate known to support21

mineralization in vitro [Tenenbaum, 1981]. Although a high concentration is thought to play a role in non22

physiological responses in vitro [Khouja et al., 1990], the addition of 10mM β-glycerophosphate to the 23

osteogenic supplements has remained routinely used by a wide range of groups performed differentiation24

assays with MSC cultures and other cellular models [McCulloch & Tenenbaum, 1986; Blumberg et al.,25

1997; Jaiswal et al., 1997; Bruder et al., 1998; Peter et al., 1998; Pittenger et al., 1999; Jaiswal et al., 2000;26

Halleux et al., 2001; Lin et al 2001, Sottile et al., 2002, Maeda et al., 2004; Rodriguez et al., 2004; Boland et27

al., 2004; Zayzafoon et al., 2004; Kasten et el., 2008; Park et al., 2009; Song et al., 2009; Briggs et al., 2009].28

Previous reports have suggested that the combination of high β-glycerophosphate levels, as used here, and 29

high alkaline phosphatase activity is conducive to the appearance of mineral in culture [Hui et al., 1997]. It is30

interesting to note that as previously reported for embryonic stem cell cultures [Gentleman et al., 2009], both31

NTera and HeLa cultures observed in this study to have high mineral levels in response to OM also exhibited32

high alkaline phosphatase activity. It will therefore be of interest to next evaluate the OM response achieved33

for these cultures in parallel with MSCs when using more physiological conditions, in order to further34

explore possible differences between these cultures. It is perhaps not uncharacteristic that HeLa and NTera35

cells, both cancer cell lines, could display some degree of mineral deposition. Indeed, the occurrence of36

mineral deposition outside of the normal osteogenic differentiation process has been observed in other37

contexts such as cancer. Cancer models and cell lines such as prostate or breast cancer cells are known to38
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have osteomimetic properties, including upregulation of osteoblast-associated genes [Koeneman et al., 1999;1

Lin et al., 2001; Amatschek et al., 2004; Liu et al., 2008]. Adenomas and adenocarcinomas sometime contain2

mineralized derivatives and calcium phosphate deposits with hydroxyapatite characteristics [Ilse et al., 1980;3

Andrews, 2002; Morgan et al., 2005], which would be compatible with our in vitro observation that non-4

osteogenic cells such as HeLa cells are capable of mineral deposition. However, the pathways driving this5

mineralization event in vivo are still unclear. In vitro models such as these could be useful for the6

characterization of cancer-related mineral deposition pathways, which could lead to the development of new7

prognostic tests.8

These results point to the need for advanced tests for mineralization beyond histochemical staining, which9

has already been highlighted for osteogenic cultures [Bonewald et al., 2003; Declercq et al., 2005].10

Observations on OM-treated HeLa cells and NTera cells suggest that more advanced physical techniques11

such as ESEM and XRD are also unable to dependably distinguish the osteogenic origin of the mineral12

deposited in vitro, underlining the value of diagnostics involving biological criteria. In this context, infrared13

spectroscopy may represent an interesting tool to further characterise differences the mineral found in14

different cultures [Boskey & Mendelsohn, 2005]. The use of high resolution transmission electron15

microscopy could also enable the evaluation of structural features of osteoblast-related mineralization such16

as extracellular matrix association [Boskey & Roy, 2008]. Our study suggests that another avenue of17

investigation that would supplement the existing data set could focus on testing the specific osteogenic18

regulators, such as dexamethasone or BMP pathway regulators, in cell cultures.19

In conclusion, we have shown that both HeLa and NTera cultures can deposit mineral in vitro. HEK293 cells20

can be used as a reliable non-mineralizing control, with no detectable alkaline phosphatase activity or21

osteocalcin expression even in the presence of a high level of β-glycerophosphate as used here. Our results 22

underline that reliance on mineral deposition as the main phenotypical trait on which to evaluate osteogenic23

differentiation is precarious. Responsiveness to Dex and BMP treatment provides a useful criterion to24

discriminate between MSC-like osteogenic response to osteogenic conditions, and unrelated cellular25

mineralization. The origin and physiological relevance of the mineral deposition observed in the non-26

osteogenic cell lines analysed here remain to be determined, and may contribute to the elucidation of27

calcification events associated with some cancers.28

29
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Figure Legend:1

2

Fig.1: Analysis of mesenchymal marker expression in human cell cultures by flow cytometry shows different3

expression levels for CD29, CD105, CD106, p75, CD90, CD44 and SSEA4 highlighting divergent surface4

marker expression between MSCs and the other cell types. ++: high expression level, +: clear expression5

level, +/-: dim expression level, -: no detectable expression.6

7

Fig.2: Time-course of mineral deposition in response to OM treatment (added at day0) analysed by Alizarin8

red S staining in wells (A) and viewed under microscope at day28 (B). (C) Corresponding staining9

quantification values for the time-course normalised to DNA content. (D) ELISA assay measuring10

osteocalcin expression in the cell lines analysed at day21. Bar = 100m.11

12

Fig.3: Alkaline phosphatase (ALP) activity measured in cell lines treated with control and OM for 14 days.13

The enzymatic reaction was carried out in cultures (A) and the staining intensity was quantified (B). (C)14

Expression of bone/liver/kidney alkaline phosphatase mRNA (bALP) detected by RT-PCR, using Clathrin as15

housekeeping gene control.16

17

Fig.4: Analysis of mineral deposits present in the different cultures. (A) ESEM analysis of cultures treated in18

CTRL or OM conditions (B) EDX spectrum analysis for cultures treated in OM for 21 days. (C) X-ray19

diffraction patterns of the mineral deposited after 4 weeks.20

21

Fig.5: Effect of dexamethasone and BMP inhibition on mineral deposition in cell lines analysed at day 21.22

(A-B) Alizarin red S staining performed in cultures maintained in OM in the presence (‘OM +Dex’) or23

absence (‘OM -Dex’) of dexamethasone at day 21 (A) and corresponding quantitation (B). (C-D) Effect of24

the absence (‘OM’) or presence (‘OM+Dorso’) of dorsomorphin treatment on the mineral deposition25

analysed after 14 days of OM exposure, measured by Alizarin red staining (C) and corresponding26

quantitation (D). Data representative of 3 independent experiments.27

28
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