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Prolonged Culture of HOS 58 Human Osteosarcoma
CellsWith1,25-(OH),-D;, TGF-Beta, and Dexamethasone
Reveals Physiological Regulation of Alkaline
Phosphatase, Dissociated Osteocalcin Gene Expression,
and Protein Synthesis and Lack of Mineralization
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Abstract Cultured rodent osteoblastic cells reiterate the phenotypic differentiation and maturation of osteoblasts
seen in vivo. As previously shown, the human osteosarcoma cell line HOS 58 represents a differentiated stage of
osteoblast development. The potential of HOS 58 for still further in vitro differentiation suggests the line can serve as a
model of osteoblast maturation. Using this cell line, we have investigated the influence of 1,25-(OH),-D5 (D3), TGF-beta
and Dexamethasone (Dex) on proliferation and on the protein and mRNA levels of alkaline phosphatase (AP),
procollagen 1 (Col 1), and osteocalcin (Oc), as well as mineralization during 28 days in culture. AP mRNA and protein
were highly expressed throughout the culture period with further increase of protein AP activity at constant gene
expression levels. A differentiation inhibiting effect of either TGF-beta or Dex was seen. Col 1 was investigated without
the use of ascorbic acid and showed only minor changes during culture time or stimulation. The gene expression for Oc
increased continually whereas protein synthesis peaked at confluence and decreased thereafter. TGF-beta and Dex
treatments decreased Oc mRNA and protein levels. Stimulation by D3 was maximal at day 7 with a decrease thereafter.
HOS 58 cells showed no mineralization capacity when stimulated with different agents, as measured by energy-
dispersive X-ray microanalysis. This was not due to absence of Cbfal expression. In conclusion, the HOS 58
osteosarcoma cell line represents a differentiated cell line with highly expressed and physiologically regulated AP
expression during further differentiation in culture. We observed a dissociation between osteocalcin gene expression
and protein secretion which may contribute to the lack of mineralization in this cell line. J. Cell. Biochem. 85:279-294,
2002. © 2002 Wiley-Liss, Inc.
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Rat calvarial osteoblasts maintained long- [Weinreb et al., 1990; Jingushi et al., 1992;

term in vitro [Owen et al., 1990; Stein et al.,
1990] show maturation sequences comparable
to those observed in vivo in neonatal bones
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Suva et al., 1993]. The developmental stages
are reiterated in vitro as a linear sequence
of growth- and differentiation-dependent gene
activation [Stein et al., 1990]. Although this is
an important model for in vitro studies of bone
metabolism, the direct applicability of the
system to human tissues has, to our knowledge,
not been established. It is generally assumed
that primary human osteoblasts differentiate
in a similar fashion to the rodent models, but
this has only been partly reproduced in human
calvarial cell [de Pollak et al., 1997] and primary
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iliac crest bone cell cultures [Siggelkow et al.,
1999a]. Differences between the species may be
partly explained by the variability of primary
cells from different biopsy sites and possibly by
methodological differences due to the generally
low cell yield in pHOB. Human immortalized
osteoblast cell lines and osteosarcoma cells have
inherently less methodological problems and
have been effectively used to analyze certain
aspects of differentiation of human osteoblasts
[Marie, 1994; Spelsberg et al., 1995]. Because of
the transformed nature of osteosarcoma cells,
however, a deregulation of the tightly coupled
relationship between proliferation and progres-
sive expression of genes associated with bone
cell differentiation has been suggested [Stein
et al., 1990]. However, the transformed nature
per se does not exclude the expression of certain
important aspects of the osteoblastic phenotype
in vitro. Indeed, many of the biological features
first identified using human osteosarcoma cells
have subsequently been confirmed in primary
cell cultures.

We have previously investigated the in vitro
differentiation potential of HOS 58 human
osteosarcoma cells [Siggelkow et al., 1998]. This
cell line expresses a differentiated phenotype
and continues phenoptypic maturation for at
least 14 days in culture. The developmental
sequence exhibited by HOS 58 cells was largely
comparable to that described for primary rat
osteoblasts [Owen et al., 1990], but no proper
mineralization of the collagenous matrix was
detected by electron microscopy. It was not clear
if these differences to normal bone cells are
attributable to the transformed nature of the
cells, or if they represent species differences
between rat and man. Maturating rat calvarial
osteoblasts have been shown to exhibit different
responses to stimulation by hormones and
growth factors depending on stage of differen-
tiation [Aronow et al., 1990; Shalhoub et al.,
1992; Breen et al., 1994], suggesting that these
differentiation factors may be useful for the fur-
ther characterization of the differentiation pro-
cess of HOS 58 osteosarcoma cells.

MATERIALS AND METHODS

Cell Culture

All cell culture media and fetal calf serum
(FCS) were purchased from Biochrom (Berlin,
FRG). Cell culture disposables were pur-
chased from Nunc (Wiesbaden-Biebrich, FRG)

or Greiner (Solingen, FRG) and medium supple-
ments (antibiotics, glutamine) from GIBCO/
BRL (Eggenstein, FRG). Standard laboratory
reagents were purchased from Sigma (Deisen-
hofen, FRG), if not noted otherwise.

HOS 58

The human osteosarcoma cell line HOS 58
was derived from an osteosarcoma of the leg of a
21-year-old man. Originally, the osteosarcoma
tissue was removed and transplanted into nude
mice [Groscurth et al., 1982], pieces of hetero-
transplants were repassaged and osteosarcoma
cells for suspension cultures subsequently iso-
lated. A stable cell line was established and
characterized, demonstrating a doubling time of
36 h, cAMP increase after application of PTH
and osteocalcin production after stimulation by
calcitriol [Kern et al., 1990; Schulz et al., 1993].
HOS 58 cells express a rather differentiated
phenotype with further maturation but lack
mineralization during a culture period of 21
days [Siggelkow et al., 1998].

Human Bone-Derived Cell Culture

Primary human bone cell cultures were
prepared from bone specimen as previously des-
cribed [Siggelkow et al., 1999a] based on the
original method by Beresford [Beresford et al.,
1984; Auf'm Kolk et al., 1985]. Bone cells were
grown out of explants, maintained in medium
(DMEM with 10% fetal calf serum (FCS),
glutamine (58.5 pg/ml), penicillin (100 U/ml),
and streptomycin (100 pg/ml)) at 37°C in a
humidified 95% air/5% COy atmosphere. Cul-
tures were initiated within 3 h of receiving the
bone chips and fed twice a week.

Stimulation of Cultures

HOS 58 cells from passage number 72 were
plated to reach confluence at day 7 (1.3 x 10*
cells/cm?) in 75-cm? flasks (for Northern blot),
6-well plates (for protein analysis, RT-PCR),
or 24-well plates (electron microscopy) with
ISCOVE medium supplemented with 10%
FCS, 1% glutamine, 100 U/ml penicillin, and
100 U/ml streptomycin. Cells were maintained
in a humidified atmosphere containing 5% CO,,
at 37°C. Medium was changed three times a
week and 24 h before any analysis. Gene ex-
pression by Northern blot analysis and protein
secretion/activity of AP, Oc, and Col 1 was in-
vestigated at day 7, 14, 21, and 28. At each
timepoint, the monolayer was washed twice
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with fresh DMEM medium containing 1% BSA
(Sigma), MgSQ, 0.02% and penicillin (100 U/
ml), and streptomycin (100 pg/ml)) to remove
FCS, followed by incubation with 1072 M 1,
25-(OH)2-D3 (D3, Roche, Grenzach-Wyhlen,
Germany) or solvent (ethanol < 0.01%) for 48 h
at 37°C. In addition, cells were analyzed at
identical timepoints by treatment with human
transforming growth factor beta 1 (TGF-beta,
0.1 ng/ml, PromoCell, Heidelberg) or Dexa-
methasone (Dex,10~® M, Sigma, Miinchen) for
48 h for gene expression by RT-PCR and protein
synthesis. Untreated control cultures were pre-
pared using the same manipulatons.

Mineralization was determined by energy-
dispersive X-ray microanalysis (EDX-analysis)
on day 28, after stimulation with beta-glycero-
phosphate (bGP, 2 mM), ascorbic acid (50 pg/
ml) (added after confluence (day 7) and daily
thereafter), and after addition of TGF-beta
(0.1 ng/ml), Dex (108 M), and 10 ° M D3 in
different combinations.

Cellularity Assay

Cell numbers were determined by quanti-
fying total DNA content. Cellular DNA was
measured in cell lysates using the Hoechst
fluorescent dye [Hoechst 33258; Rago et al.,
1990]. Fluorescence was quantified with a Cyto-
fluor 2300 plate reader (Millipore, Eschborn,
Germany). Cell numbers were determined by
hemocytometer counting.

Analysis of Alkaline Phosphatase,
Procollagen 1, and Osteocalcin

AP activity was assayed in cell lysates by
determining the release of p-nitrophenol from
p-nitrophenyl phosphate at 37°C and pH of
10.5 as previously described [Siggelkow et al.,
1999a]. Samples were measured in duplicate,
and activity reported as nanomole per micro-
gram DNA per minute incubation time [mod-
ified after Boyan et al., 1989]. The secreted
carboxyterminal peptide of procollagen I (CICP)
was measured by ELISA (Metra Biosystems
Palo Alto, CA) in culture supernatants harves-
ted 24 h after feeding. Collagen type I content
was calculated from the c-terminal propeptide
concentration [Melkko et al., 1990; Jukkola
et al.,, 1991] measured in duplicate samples.
Values were adjusted for the background levels
of CICP present in the culture medium. The
detection range of the kit was 1-80 ng/ml (intra-
assay precision: 5.5—6.8%, interassay precision:

5.0-7.2%). Determination of Oc was per-
formed in duplicate with animmunoradiometric
assay (Nichols, Bad Nauheim, Germany); the
detection range of the kit was 0.9—267 ng/ml
(intra-assay precision: 8—10%, interassay pre-
cision: 4.8-9.8%). Values were corrected for
interfering substances present in the culture
medium.

RNA Isolation and Northern Blot Analysis

Total RNA was prepared using the RNeasy
total RNA extraction kit from Qiagen (Hilden,
Germany). Northern blot analysis was done as
previously described [Siggelkow et al., 1999a].
32P-labeled cDNA probes were synthesized by
random priming [Feinberg and Vogelstein,
1983; Stratagene, Heidelberg]. Following hy-
bridization, blots were washed under stringent
conditions. Autoradiographs were quantified
by laser densitometry (Biometra, Goéttingen,
Germany) and calculated in arbitrary OD units
with the maximum absorbance on each blot set
at 100 U. Ethidium bromide staining of 28 S
ribosomal RNA was documented in gels before
and in nylonfilters after blotting to control for
equal loading of each transcript. Values repre-
sent the mean of three different cultures, unless
stated otherwise.

cDNA Probes

Col 1 expression was measured using the
rat proalpha(I) collagen cDNA clone pHCAL1U
[Vuorioetal., 1987] detectingboth 5.9 and 7.2 kb
transcripts. The AP human ¢cDNA probe was the
2.5-kb insert of pAT153 [Weiss et al., 1986] re-
cognizing a transcript of 2.6 kb. Oc expression
was analyzed using the human 1.2 kb-Sac I
fragment of SP 65 [Celeste et al., 1986] with a
transcript size of 0.6 kb.

RT-PCR

Total RNA was prepared using the RNeasy
total RNA extraction kit from Qiagen (Hilden,
Germany). cDNA was synthesized from 1 pg of
total RNA in a 40 pl reaction mixture containing
3 mM MgCl,, 756 mM KCl, 50 mM Tris-HCl
(pH 8.3), 10 mM DTT, dCTP, dGTP, dATP, and
dTTP each at 0.4 mM (Roche, Mannheim,
Germany), 40 U of RNase inhibitor (Roche,
Mannheim, Germany), 400 U of M-MLV
reverse transcriptase (Gibco BRL, Karlsruhe,
Germany), and 80 pmol of poly-dT15 primer
(Roche, Mannheim, Germany). Reactions were
incubated for 1 h at 38°C and 10 min at 72°C.



282 Siggelkow et al.

Aliquots of the cDNA were subsequently ampli-
fied by PCR using a 25 ul reaction mixture
containing 20 pmol of 5’ and 3’ primer each, 23 pl
Platinum® PCR SuperMIX (55 mM KCI, 22 mM
Tris-HCI (pH 8.4), 1,65 nM MgCl, and dCTP,
dGTP,dATP, anddTTPeachat0.22mM and 1 U
of Taq polymerase with Platinum Taq antibody
(Gibco BRL, Karlsruhe, Germany). Each cDNA
sample was amplified in duplicate.
Semiquantification of RT-PCR products was
done using a competitive PCR approach by in-
cluding exogenous DNA competitors (“mimics”)
as internal control [Viereck et al., 2002]. Mimic
sequences were selected that differed in size
from the target amplification product and which
competed with the target cDNA for the primers,
were synthesized using the mimic construction
kit (PCR mimic construction kit, Clontech, Palo
Alto). To quantify the amount of target cDNA
serial dilutions of the internal standard were
added to the cDNA amplification reactions. The
amount of target cDNA present in the samples
was estimated by comparing target and internal
standard amplification products using an ethi-
dium bromide staining of agarose-gel separated
PCR reaction products. RT/PCR was used to
analyze mRNA expression of AP, Col 1, Oc, L7,
a “housekeeping” ribosomal gene (primer se-
quences as published by Rickard et al. [1996])
and core binding factor alpha 1, an osteo-
blast specific transcription factor (Cbfal, sense:
5-CCACCTCTGACTTCTGCCTC-3'; antisense:
5-GACTGGCGGGGTGTAAGTAA-3'). Geneex-
pression was calculated as the ratio of signal
intensities of target to internal standard and
were normalized to L7 gene expression. PCR
was performed in a Primus PCR-Thermocycler
(MWG-Biotech, Ebersberg, Germany). PCR re-
actions were carried out in 15 pl reactions at a
cycle number ensuring a linear amplification
profile (AP: 2 min at 94°C, 28 cycles (of 30 sec at
94°C, 45 sec at 55°C, 90 sec at 72°C), 7 min at
72°C; Oc: 2 min at 94°C, 33 cycles (of 30 sec
at 94°C, 45 sec at 55°C, 90 sec at 72°C), 7 min at
72°C; Col 1: 2 min at 94°C, 33 cycles (of 30 sec
at 94°C, 45 sec at 55°C, 90 sec at 72°C), 7 min at
72°C; Cbfal: 2 min at 95°C, 30 cycles (of 30 sec
at 95°C, 30 sec at 59°C, 1 min at 72°C), 10 min at
72°C; L7: 2 min at 94°C, 22 cycles (of 60 sec
at 94°C, 1 min at 54°C, 2 min at 72°C), 10 min
at 72°C; Oligonucleotides were synthesized by
MWG-Biotech (Ebersberg, Germany). Reaction
products were analyzed by electrophoresis of
15 ul samples in 1.5% (w/v) agarose gels, and

visualized by ethidium bromide staining under
UV light. A 100-bp DNA ladder (Gibco BRL,
Karlsruhe, Germany) served as size marker. To
ensure specifity of the PCR products, sequence
analysis of the amplification product was per-
formed using the Abi Prism system from Perkin
Elmer (Weiterstadt, Germany). Gels were re-
corded by a Kodak Digital Science Kds 1d
camera system and band intensities were quan-
tified by an Electrophoresis Documentation
and Analysis System 120 (Kodak, Stuttgart,
Germany).

Scanning Electron Microscopy and
Energy-Dispersive X-ray Microanalysis (EDX)

Samples were grown in 24-well culture plates
and fixed with a fixation solution containing 3%
glutaraldehyde (w/v) and 5% formaldehyde
(w/v) in phosphate buffer for 1 h on ice. After
several washing steps with phosphate buffer,
samples were cut out of culture plates and
dehydrated with a graded series of ethanol (10,
30, 50, 70, 90, 100%) and critical-point dried
with COy (Balzers CPD030, Liechtenstein). The
dried confluent cells were then partially re-
moved by a strong air-stream passed through
a small pipette tip. This procedure allows for
detection of possible mineralization proces-
ses underneath the confluent cell layer on
the growth support or in collagen containing
matrix regions. Subsequentely, the samples
were sputter-coated with a gold film of approxi-
mately 10 nm in thickness (Bal-Tec SCD040,
Liechtenstein). Samples were examined in a
Zeiss field emission scanning electron micro-
scope DSM982 Gemini (Zeiss, Oberkochen).
Energy dispersive X-ray analysis (EDX) was
carried out with an Link-ISIS 300 system
(Si(Li)-detector, Oxford Instruments, Wiesba-
den, Germany) [Akesson et al., 1994]. Samples
were examined in the DSM982 spot-mode with
an acceleration voltage of 15 kV, a working
distance of 8 mm, an aperture of 60 um, and
using a 2 min collection time for acquisition
of spectra data. All spectra were scaled to
15 counts/sec. One has to be aware that the
detected calcium phosphate crystals do not
automatically reflect proper mineralization of
a collagenous matrix which would have to be
proven independently.

Statistical Analysis

All values are expressed as mean 4+ SEM
(standard error of the mean). Comparison
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between groups was made by using the
Wilcoxon non-parametric test unless otherwise
noted. For correlation between cell number
and DNA data Spearman’s Rank correlation
was applied. Significant differences (P < 0.05,
P <0.01, and P <0.001) are marked with *, **,
and *** respectively.

RESULTS
Proliferation of HOS 58 Osteosarcoma Cells

The adherent cell number increased steadily
during theinitial 21 days, plateauing thereafter
(Fig. 1) as already shown previously [Siggelkow
et al., 1998]. The preconfluent doubling time of
HOS 58 cells was 27 h (confluence was reached
by day 7). Postconfluent cells exhibited a doub-
ling time of 80 h. This slower growth was not
caused by an increased number of nonadherent
cells but was due to a flattening of the expo-
nential growth curve (data not shown). Values
for DNA content (r=0.99, P <0.05) and total
protein (r=0.98, P<0.05) both correlated
strongly with total cell numbers in both control
and treated cultures. We have therefore system-
atically used DNA values for the correction of
AP, Oc, and Col I protein data.

D3 significantly stimulated cell numbers at
all timepoints investigated, with the maximal
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Fig. 1. Proliferation as measured by cell count and DNA assay
in HOS 58 osteosarcoma cells at four different timepoints: day 7
(confluence), day 14, day 21, and day 28 after 48 h incubation
with 1072 M 1,25-(OH),-D5 (Vitamin D3) or solvent (control).
Data presented as mean & SEM (n = 4), signifcant differences as
calculated by Wilcoxon non-parametric test, *P < 0.05.

effect occurring on day 14 (1.8-fold) in post-
proliferative cultures compared today 7, 21, and
28 (1.4-fold) (Fig. 1). Proliferation in HOS 58
cells was significantly stimulated at all time-
points by the 48 h application of D3. There was
no influence of TGF-beta on cell proliferation at
any timepoint (data not shown). We saw a small
but significant stimulatory effect of Dex on
proliferation at day 28 (data not shown).

Alkaline Phosphatase
Gene Expression and Activity

While mRNA levels of AP were constant from
day 7—-28, the AP enzymatic activity increased
by 1.9-fold, plateauing by day 21 (P <0.05)
(Fig. 2A,C). In the developmental sequence
described by Owen et al. [1990], AP activity
increased from low levels during the phase of
rapid cell proliferation and reached maximum
expression during the phase of matrix syn-
thesis, typically decreasing sharply at the onset
of mineralization [Owen et al., 1990]. In our
experiments, we observed differences between
the AP activity and expression in 75-cm? culture
flasks (Fig. 2A,C) and 6-well plates (Fig. 2B,D).
This could be due to differences in flask size
resulting in an altered differentiation sequence.
Therefore, we analyzed AP activity and expres-
sion in HOS 58 cells under mineralizing con-
ditions by adding beta-glycerophophate and
ascorbic acid over the 4-week culture. Under
these conditions, we were able to reproduce the
developmental sequence described by Owen
et al. [1990]; data not shown.

We demonstrated an inhibiting effect of D3 on
AP mRNA and protein levels in HOS 58, an
effect still present for mRNA even at day 28 in
culture (Fig. 2A,C).

TGF-beta has been suggested to induce
matrix maturation by decreasing AP gene
expression [Lomri and Marie, 1990]. In HOS
58 cells, AP gene expression (Fig. 2D) and
activity (Fig. 2B) were both decreased by TGF-
beta in the late postconfluent stages. Gene
expression started to decrease from day 14,
falling to 66% of control levels by day 28
(Fig. 2D).

Dex significantly decreased AP activity from
day 14 with no effect thereafter (Fig. 2B). There
was no influence of Dex on AP gene expression
at confluence. At the beginning at day 14, AP
mRNA was decreased to 62% of basal values
until late in culture (Fig. 2D).
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Fig. 2. Alkaline Phosphatase (AP) activity and gene expression

during in vitro culture of HOS 58 osteosarcoma cells. Cellular
RNA from four independent experiments was isolated at the
days indicated and assayed by Northern blot analysis (C) or RT-
PCR (D). On theright, the relative gene expression in percentage
of maximum expression (mean = SEM) under the influence of
stimulating agents or control is demonstrated (C—D). Expression
was quantified by laser densitometry, results were plotted

Procollagen |

There were only minor changes in collagen
gene expression and protein secretion in un-
treated HOS 58 cells from day 7—28 in culture
(Fig. 3A,C). CICP secretion increased 1.5-fold
from day 7-14 (P<0.05) and significantly
decreased thereafter until day 28 (Fig. 3A,
P <0.05).

A small but significant inhibitory effect of D3
on collagen gene expression was detectable at
confluence. At that timepoint, CICP secretion
was significantly stimulated (Fig. 3A,C). In
HOS 58 cells, TGF-beta showed only a non-
significant stimulating effect on CICP at con-
fluence (day 7) (Fig. 3B). In contrast to the effect
on CICP, TGF-beta decreased Col I gene ex-
pression after confluence (Fig. 3D).

Dex inhibited the Col I gene expression at all
timepoints investigated, and only at day 21 the
difference between control and Dex stimulated
cultures was not significant (Fig. 3D). No signi-
ficant influence of Dex on CICP was detectable
at any timepoint investigated (Fig. 3B).

Osteocalcin

Basal Oc gene expression was detectable only
after prolonged exposure of hybridizations due
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against the maximum expression of each transcript. On the left
side, upper panel (A) AP activity under the influence of 1072 M
1,25-(OH),-D3 (Vitamin D3) or solvent (control). On the left
side lower panel (B) AP activity under the influence of TGF-beta
(0.1 ng/ml), Dexamethasone (Dex, 1 0% M) or solvent (control).
Data presented as mean £ SEM (A: n =4 or B: n=6), signifcant
differences as calculated by Wilcoxon non-parametric test,
*P<0.05.

to overall low expression (Fig. 4). From day 7 to
28, basal Oc gene expression increased signifi-
cantly by 10.4-fold (Fig. 5C,D). In contrast to
these changes in gene expression, the basal va-
lues for Oc protein were already maximal by day
7 and decreased significantly by 3.3-fold at day
14 and stayed unchanged thereafter (Fig. 5A).
D3 stimulated Oc expression showed 100-fold
increased levels at day 7 compared to control.
At day 28, a 37-fold stimulation of Oc gene
expression was still inducible (Figs. 4 and 5C).
Because a precise quantification of basal and
stimulated gene expression was not feasable
due to over and underexpression on X-ray films,
we repeated these experiments and analyzed
them by RT-PCR. The D3 stimulated cultures
showed a 21-fold increase in Oc gene expression
at day 7, decreasing to 2-fold stimulation at day
14-28 (not shown). Oc protein secretion was
maximally stimulated by D3 at day 7 at its peak
levels (7.1-fold, P <0.05) and from day 14 to
28 decreased to only 2-fold. D3 stimulated Oc
protein decreased significantly from day 7
compared to day 14 (11.2-fold, Fig. 5A). The
differences in Oc protein measurements at
the various timepoints could either be due to
changes in Oc synthesis or secretion into the
medium. We therefore measured Oc in the cell



Regulation of Marker Proteins in HOS 58 Cells

Protein
3000
2500 | A cicp
< 2000 { *
E 1500 4
2 1000 - & Controt
500 | —e— Vitamin D3
0 . . .
7 14 21 28
3500
3000 {B cicp
§ 2500 -
Q 2000
g 1500 -
1000 - DEX
500 - —&— TGF beta
0 - , .
7 14 21 28

Days in Culture

Fig. 3. Collagen protein secretion (CICP) and gene expression
during in vitro culture of HOS 58 osteosarcoma cells. Cellular
RNA from four independent experiments was isolated at the
days indicated and assayed by Northern blot analysis (C) or RT-
PCR (D). On the right, the relative gene expression in percentage
of maximum expression (mean & SEM) under the influence of
stimulating agents or control is demonstrated (C—D). Expression
was quantified by laser densitometry, results were plotted
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(OH),-D3 (Vitamin D3) or solvent (control) at the days in-
dicated (7, 14, 21, and 28 days) and assayed by Northern blot
analysis. HOS: HOS 58 pool mRNA to compare different
northern blots, HOB: pHOB pool mRNA to compare to human
osteoblasts. Representative northern blots are depicted to
illustrate alterations in mRNA expression. The osteoblast-char-
acteristic gene alkaline phosphatase (AP, 2.6 kb) is shown in the
upper panel. Osteocalcin (Oc) is depicted after 4 h and 7 days
exposition of X-rays to demonstrate the low but increasing
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demonstrated. The ethidium bromide staining (Etbr), which
shows equal gel loading, was used as reference.
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against the maximum expression of each transcript. On the left
side, upper panel (A) CICP under the influence of 1077 M 1,25-
(OH),-D3 (Vitamin D3) or solvent (control.) On the left side
lower panel (B) CICP under the influence of TGF-beta (0.1 ng/
ml), Dexamethasone (Dex,1078 M) or solvent (control). Data
presented as mean+SEM (A: n=4 or B: n=6), signifcant
differences as calculated by Wilcoxon non-parametric test,
*P<0.05.

pellet and detected a 2.2—2.8 ther increased Oc
synthesis at the four different timepoints (data
not shown). We conclude that the high increase
in Oc in culture medium at confluence (day 7) is
caused by an increase in Oc biosynthesis at day
7 rather than by a decreased secretion at other
stages of the culture.

TGF-beta did not influence Oc protein at day
7. A significant stimulating effect was detect-
able at day 21 but the overall influence on Oc
secretion was discrete (Fig. 5B). TGF-beta
stimulated Oc mRNA being significant from
day 14 to 21 when basal levels were low
(Fig. 5D). Gene expression was decreased by
47% at the latest stage and highest level (day 28,
Fig. 5D).

Dex decreased Oc gene expression signifi-
cantly from day 14 to 28, by about 80% (Fig. 5D).
Oc protein secretion was inhibited by Dex, but
only significantly at day 14 by 40% (Fig. 5B). In
our opinion, this indicates that an effect of Dex
is only present at higher levels of mRNA and
protein secretion.

Scanning Electron Microscopy and
Energy-Dispersive X-ray Microanalysis (EDX)

Figure 6 depicts electronmicropgraphs and
EDX analysis scans of HOS 58 cells treated
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Fig. 5. Osteocalcin (Oc) protein secretion and gene expression
during in vitro culture of HOS 58 osteosarcoma cells. Cellular
RNA from four independent experiments was isolated at the
days indicated and assayed by Northern blot analysis (C) or RT-
PCR (D). On the right, the relative gene expression in percentage
of maximum expression (mean = SEM) under the influence of
stimulating agents or control is demonstrated (C—D). Expression
was quantified by laser densitometry, results were plotted

with ascorbic acid, bGP, TGF-beta, and Dex for
21 or 28 days. HOS 58 cells appear irregular in
shape and exhibit different sphere-like particles
on the cell surface. No deposition of material
on the culture plate surface is visible. EDX-
analysis of these particular structures revealed
no calcium signal and only a very weak oxygen
signal. Identical results were observed after
HOS 58 cells were treated with D3, TGF-beta/
D3 or Dex/D3 in addition to ascorbic acid and
bGP (data not shown). The EDX-analysis re-
sults demonstrate that HOS 58 cells exhibit no
mineralization process. Figure 7 depicts the
mineralization process detected in control cul-
tures of pHOB. Here EDX-analysis was able to
demonstrtate the presence of calcium, oxygen,
and phosphorus signals, which is strong evi-
dence for mineralization of these cells.

Expression of Core Binding Factor Alpha 1 (Cbfa1)

To investigate if the lack of mineralization
was due to low or missing Cbfal levels, we quan-
tified Cbfal mRNA expression in HOS 58 cells
maintained in culture over 32 days. Cbfal gene
expression increased from day 1 to 4 and up to
16-fold levels at day 20 with a decrease there-
after (Fig. 8). This demonstrates that the defect

Days in Culiture

against the maximum expression of each transcript. On the left
side, upper panel (A) Oc under the influence of 107" M 1,25-
(OH),-D3 (Vitamin D3) or solvent (control). On the left side
lower panel (B) Oc under the influence of TGF-beta (0.1 ng/ml),
Dexamethasone (Dex,107® M) or solvent (control). Data
presented as mean+SEM (A: n=4 or B: n=6), significant
differences as calculated by Wilcoxon non-parametric test,
*P<0.05.

in mineralization could not be explained by lack
of Cbfal gene expression.

DISCUSSION

HOS 58 osteosarcoma cells investigated dur-
ing prolonged in vitro culture showed many
typical characteristics of normal differentiating
osteoblastic cells. In this study, we have attemp-
ted to answer two questions: (1) to what extent
are characteristic osteoblast proteins physiolo-
gically regulated in the HOS 58 cell line and
(2) can functional derangements be identified?
We give a comprehensive overview of our HOS
data in Table I. In addition, for better under-
standing of the detailed discussion, we show a
summary of the published data on primary
osteoblast differentiation systems in rat and
human in Table II. Further data on other
osteoblast systems are mentioned in the text.

The low initial doubling time (20 h) is typical
for the transformed nature of osteosarcoma cells
[Rodan et al., 1987; Fournier and Price, 1991,
Clover and Gowen, 1994] compared to primary
osteoblastic cells which double every 120—125h
[Aufm Kolk et al., 1985; Clover and Gowen,
1994]. At high levels of confluence, HOS 58 cells
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Fig. 6. EDX analysis of HOS 58 cells treated with TGFp/Dex
for 21 days (A) or 28 days (B) HOS 58 cells exhibit sphere-like
particles on the cell surface. EDX analysis of two of these
particles for each day (arrows) revealed no calcium signal and
a very weak oxygen signal most properly resulting from the
culture plate. The gold signal represents the gold film covering
the samples for conductivity.

showed a slowing down of cell doubling, pre-
sumably due to contact inhibition.

1,25 Dihydroxy-Vitamin D3 is a potent differ-
entiation factor for osteoblasts, inducing the
transition from proliferation to differentiation
[Owen et al., 1991; Bonewald et al., 1992], ac-
companied by a decrease in cell doubling [Chen
et al., 1983] while stimulating expression of
markers of DNA-synthesis in more differen-
tiated cells [Owen et al., 1991]. In pHOB, the
effect of D3 seemed to be stage dependent
because it stimulated proliferation in more
confluent cells [Siggelkow et al., 1999b]. There-
fore, the proliferation stimulating effect of D3 on
HOS 58, an already highly differentiated cell, is

i o
L

Fig. 7. EDX analysis of pHOB cells as control. EDX spectra
show strong signals of calcium, oxygen, and phosphorus
demonstrating the identical analysis settings for analysis of
HOS 58 cells.

in accordance with this biphasic effect of D3
seen in rat calvarial osteoblasts [Owen et al.,
1991].

No effect of TGF-beta or Dex on HOS 58
proliferation was detectable. TGF-beta has two
major biological effects on bone cells: growth
inhibition and the stimulation of extracellular
matrix formation [Bonewald, 1999]. ATGF-beta
mediated inhibition of proliferation has been
shown for several, mostly non-human, osteo-
sarcoma cells [Noda and G.A, 1987; Pfeilschifter
et al., 1987; Bonewald et al., 1992; Centrella
etal., 1995], as well as for primary rat osteoblast
systems [Guenther et al., 1988; Hock et al.,

L *x
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DAYS IN CULTURE

Fig. 8. Gene expression of Cbfal in HOS 58 cells during
32 days in culture. Mean 4 SEM of five different experiments
analyzed by RT-PCR as described in Materials and Methods.
Values were normalized to the house keeping gene L7. To
statistically compare the timepoints, Tukey’s multiple compar-
ison test was used. Stars represent the difference to the preceding
timepoint with ***P < 0.001, **P<0.01, and *P < 0.05.
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1990]. In contrast, proliferation stimulating
effects of TGF-beta have been reported in bone
marrow stromal cells (putative osteoblast pre-
cursors) and in pHOB cells [Ingram et al., 1994;
Liu et al., 1999; Kassem et al.,, 2000]. In a
differentiation model of rat calvarial cells, a
biphasic effect of TGF-beta has been shown,
with a negative effect on growth before and
positive effect on growth after confluency. This
phenomenon may explain the contradictory
results obtained in other models demonstrating
a differentiation-dependent difference in the
effect of TGF-beta. In osteoblast cell systems,
the long term application of Dex is frequently
used to promote the differentiated phenotype
[Wong et al., 1990] while short-term application
has variable effects [Shalhoub et al., 1992]. We
used a short-term application of Dex and com-
pare our observations only with those using
similar treatment regimens. A growth inhibit-
ing effect of Dex was reported in rodent osteo-
blasts [Chen et al., 1983, 1991; Lukert et al.,
1991], in pHOB cells [Kasperk et al., 1995a] and
in human osteosarcoma cells [Song, 1994]. The
lack of an inhibiton of cell doubling by Dex or
TGF-beta in our study of HOS 58 cells is, in
our opinion, a consequence of the transformed
tumor cell phenotype.

The AP glycoprotein is localized in matrix
vesicles and the plasma membrane, and in-
volved in matrix formation and calcification
[Bonewald et al., 1992], although the exact
function of AP in this process is still unknown.
HOS 58 cells expressed high basal AP mRNA
and enzyme activity at the beginning of culture,
which further increases in parallel to the down-
regulation of proliferation, as described for
primary cells [Owen et al., 1990; Stein et al.,
1990]. Although in these experiments, the AP
gene expression did not show exactly the same
sequence as rat calvarial cells and pHOB [Owen
et al., 1990; Siggelkow et al., 1999a], this is due
to missing bGP. The effect of D3 on AP in the
various osteoblast model systems remains con-
troversial. D3 has been shown to both positively
and negatively regulate the gene expression of
osteoblast phenotypic markers, depending on
both the duration of hormone treatment and
initial basal levels of gene expression [Owen
et al., 1991]. In the rat calvarial osteoblast
model, a decreasing effect of D3 on AP gene
expression and protein activity until day 18
(maturation stage) in culture has been demon-
strated, whereas after day 24 both mRNA and

DEX
n
S
!
I

|4>4>~>|

TGF-B

Late post confluent
D3

21 and 28
Basal
n
Max 11
7
l

|—>—>—>|

DEX

Post confluent
TGF-B
n
7

D

T

!
x36 17

14
Basal
!

1
7
l

DEX

TABLE 1. Summary of the Data in HOS 58 Cells

TGF-B

Confluence
D3
X 80_0'H
X 7.277

7
Basal

Confluence at day 7

Medium
Medium

Low
Max

Stimulation
Oc mRNA

Oc protein

Arrows from stimulated cultures compared to control, arrows of basal values compared to the timepoint before,—: no significant change, grey arrows and ns: tendancy but data not significant.

AP, alkaline phosphatase; Oc, osteocalcin, D3: 10~° M 1,25-(0H),-D3; TGF-B, human transforming growth factor beta 1 (0.1 ng/ml); DEX, dexamethasone (1078 M) for 48 h at 37°C.

Proliferation
AP mRNA
AP activity

Day



289

Regulation of Marker Proteins in HOS 58 Cells

"WIPSAS UOIIRIJUDIOJIP B UI BJEP S[R[IBAR OU ‘PU {S90UIDJAI ““JoY
‘JueOyIUIIS oIoM BIRD
o[} I9Y}OYM PIUOTIUSW SIOYINE [[B JON 1%} 93} UI PAQLIOSOP 918 9IUSNJU0I J0 INI[NO UL SWI} 0} PIJR[.I J0U BJR(] "POST SI0M S[OPOU UOTJRIJUSISIJIP W0LJ BYep ATUO d[qe) STy} J0,]

D.LE e

Y 8% 10 (JN g_0T) @uoseyowexe( ‘XHd {(Tur/3u 1°0) T BI0q J0308] Ymo13 Sururiojsues) uewiny [eanjeu ‘g- 1971, €q-4(H0)-S3‘T N 6—0T ‘€ ‘U[e203s0 0 ‘osejeydsoyd aurreye ‘qv
06661 ‘T 10 MO[o33IG ‘6
66T T8 19 MOY[ASSIS 18 ‘Z6GT T8 10 qnoY[eys L ‘T66T T8 19 UsmQ 19 ‘BGE6T T8 19 J1odsey] :g ‘F66T T8 19 Weddu] i ‘TE6T T8 19 UsyD ¢ ‘¢86T “T8 10 UsYD g ‘¥66T '[e 10 usaIg i
‘W8)SAS UOTIRTIUSISJJIP
B UI BJBP 9[(R[IBAR OU ‘PU ‘Se0UaIgjed “Joy] ‘@Furyd JueoyIusis ou ‘— ‘a10joq jutodewir) oy} 03 paredwiod SeN[BA [BSB( JO SMOLIY "[0I}U0d 03 pareduIod S8Injnod poje[NuIl}s WoIj SMOLIY

L ! 1 T 9 | 9 1 pu 1 — 9 | 9 ! pu 1 — 9 Il 9 — reg
pu pu pu 8 — pu pu 6 | 6 ! T i — 6 lletx 8 —  uewnyg urajoad 50
L ! pu 9 | 9 1 L — 1 pu 9 | 9 ! pu 1 pu 9 || 9 MO reyq
pu pu pu 8 — pu pu 6 | 6 ! pu pu 6 llogx 8 MO ueWN( VNgW 20
pu 1 T 9 | 9 T pu pu 9 T 9 Illxen pu 1 — 9 T 9 Moy ey
pu pu 6 — 8 T pu pu 6 — 8 llxew ! 14 ! 6 Il 8 Mo uewnpy  AJA1OE JV
L ! 1 T 9 | 9 T L T 1 T 9 T 9 llxew pu 1 — 9 T 9 Mo req
pu pu 8 T pu pu 6 — 6 llxen pu pu 6 — 8 MO URWN( VNgu gv
1, Aep 1e
L —l 1 ! pu 9 T L9 11 1 ! 9 | & 1 pu I T 4 T 9 eduenyuop)
0T Aep e reyq
pu pu pu g T g T pu 9 | 8 1 pu ¥ ! ¥ 1 1 edoudnpuo) uewWN}  UOIJRISJI[OI]
Ewuw%m hmwmaﬁ.ﬁmm
P XAd P 9 IHL PY ed Y [esed Y XHA Y g-IOL Y €d Y [esed Y XHAA Y d-dHL Y €A Y [esed uorjenwng
85 PU®e 1g 4! L Leq

Juenyuod jsod ajer]

Juanpguod 3so0q

QOUAN[JU00/0dUSNUO0IDL]

souaNPuo)) JI0 dININH

UI 9QWIL], U0 paseq S[[2) 9I}SB[q091S(Q ATBULIJ Ul S[OPOJ\ UOIJRIJUIIdJJI(] UBRWINY] J0 ey Uo eje( paysijqnd jo Arewrwung ‘I A'19V.L



290 Siggelkow et al.

protein levels of AP were stimulated [Owen
et al., 1991] in the presence of ascorbic acid and
bGP. In contrast, in pHOB, D3 stimulated AP
gene expression and activity during prolifera-
tion right up to the point of confluence in pHOB
[Siggelkow et al., 1999b]. Contradictory results
were also reported by other groups when D3
variously inhibited [Broess et al., 1995] or
stimulated [Bonewald et al., 1992] AP. In MG-
63 human osteosarcoma cells, AP is stimulated
by D3 [Clover and Gowen, 1994] but there is no
effectin either the OHS-4 or HOS-TE-85 human
osteosarcoma cell lines [Fournier and Price,
1991; Clover and Gowen, 1994]. Questions
remain whether the effect of D3 is dependent
on ascorbic acid and bGP, and which phenotype
should be regarded as being the most physiolo-
gical. Therefore, we do not know whether the
inhibitory effect of D3 on AP actvity and gene
expression observed in HOS 58 cells is actually
physiological. The inhibitory effects of TGF-
beta and Dex on AP expression depended on the
time of the culture and show that HOS 58 cells
at different maturation stages are differentially
regulated. In addition, the effect of both factors
corresponds to data obtained in both primary
rat and human osteoblast models [Shalhoub
et al., 1992; Breen et al., 1994; Ingram et al.,
1994; Liu et al., 1999; Kassem et al., 2000].
Therefore, in HOS 58 cells, AP seems to be
expressed and regulated in a physiological
manner.

Collagen gene expression and protein secre-
tion were not differentially expressed in the
HOS 58 system under the chosen conditions. A
biphasic gene expression profile, with an early
increase during proliferation followed by a de-
crease, has been show in other studies using rat
[Owen et al., 1990, 1991] and chick [Gerstenfeld
et al., 1988] calvaria-derived osteoblasts, and in
bovine neonatal long bone osteoblasts [Ibaraki
et al., 1992]. When HOS 58 cell cultures were
previously analyzed up to day 7, maximal
expression of Coll was detected as early as day
4, subsequently decreasing [Siggelkow et al.,
1998].

D3 had only minor effects on collagen in HOS
58 cells. Collagen mRNA and CICP levels were
are also shown to be not influenced by D3 in a
differentiation model of pHOB [Siggelkow et al.,
1999b]. In mature rat calvarial osteoblasts, in
contrast, a significant stimulatory effect on col-
lagen gene expression was reported, albeit only
when analyzing mineralized matrix in the pre-

sence of beta-glycerophosphate and ascorbic
acid in addition to D3 [Owen et al., 1991].

In contrast to our results in HOS 58, TGF-
beta was shown to stimulate matrix biosynth-
esis (procollagen I secretion) in rat calvarial
cells, and other human and rodent systems
[Hock et al., 1990; Strong et al., 1991; Bonewald
et al., 1992; Breen et al., 1994; Ingram et al.,
1994; Centrella et al., 1995; Kassem et al.,
2000]. This would appear to be dependent on D3
and cell maturity, as is not detectable in the less
differentiated bone marrow stromal cell system
[Kassem et al., 2000]. The inhibitory effect of
TGF-beta on collagen gene expression levels, we
see in HOS 58, was identical to data reported
using rat calvarial cells [Breen et al., 1994].

In contrast to the inhibitory effect of Dex in
HOS 58 cells, no influence on procollagen I
mRNA levels after 48 h stimulation with Dex
was seen in rat calvaria cells [Shalhoub et al.,
1992]. Whereas in HOS 58, there was no sig-
nificant effect on CICP levels, CICP was strong-
ly inhibited by Dex in pHOB [Kasperk et al.,
1995a] when ascorbic acid was added to induce
collagen secretion. Procollagen I expression and
CICP levels have been shown to be dependent
on ascorbic acid stimulation [Spindler et al.,
1989; Owen et al., 1990; Franceschi et al., 1994;
under these circumstances]. Most of the studies
in differentiation models used ascorbate in
additon to other factors [Chen et al., 1991;
Lukert et al., 1991; Shalhoub et al., 1992; Breen
et al., 1994; Delany et al., 1994; Lynch et al.,
1995; Kasperk et al., 1995a; Lian et al., 1997].
To summarize our gene expression and protein
data for collagen I, we conclude that in the
absence of ascorbate there was no decisive influ-
ence of time in culture or of other applied factors
on the differentiation in HOS 58 cells.

Oc, the predominant noncollagenous protein
of bone, is a negative regulator of bone forma-
tion [Ducy et al., 1996]. In rat calvarial cells, it is
expressed late in the developmental sequence,
where its expression correlates with mineral
deposition [Aronow et al., 1990; Lian and Stein,
1992]. In HOS 58 cells and pHOB basal levels
of Oc gene expression are low early in culture
[Siggelkow et al., 1999a,b] suggesting that ex-
pression at such an early stage is not per se a
tumor cell trait. In contrast to the results in
HOS 58 cells, which express maximal values of
Oc protein at confluence, other osteoblast sys-
tems show an increase of Oc protein during all
stages of differentiation and a parallel increase
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of mRNA and protein levels [Owen et al., 1990;
Siggelkow et al., 1999b]. The maximal effect of
D3 on Oc gene expression and protein synthesis
was seen at day 7 in culture. A similar stimu-
latory effect of D3 on Oc at an early develop-
mental stages has been shown for rat calvarial
cells [Owen et al., 1991] and pHOB [Siggelkow
et al., 1999b]. Although the stimulatory effect of
D3 on HOS 58 appears to be physiological, the
magnitude of the increase is much higher than
those reported in other systems.

The effect of TGF-beta on Oc in HOS 58 cells
was stimulatory at lower levels and inhibitory
at the highest level (significant only for gene
expression), suggesting a differentiation-stage
dependent effect. In rat calvarial osteoblasts,
TGF-beta not only decreased Oc gene expres-
sion at late stages of culture but also inhibited
nodule formation [Breen et al., 1994]. A nega-
tive effect of TGF-beta on Oc mRNA has also
been described for both rat [Noda and G.A,
1987] and human [Pirskanen et al., 1994] osteo-
sarcoma cells. A high Oc level seems to be a
prerequisite because TGF-beta only inhibited
the D3 stimulated Oc levels in different models
of pHOB [Ingram et al., 1994]. In the absence of
D3, no effect on Oc was seen in MG-63 cells
[Bonewald et al., 1992; Liu et al., 1999; Kassem
et al., 2000]. No stimulatory effect of TGF-beta
on Oc similar to that we report using the HOS 58
cells has been described to date.

In HOS 58 cells, the effect of Dex seemed also
to be differentiation dependent. In contrast to
thisobservation, Occould be stimulated by short-
term application of Dex (48 h) in post-confluent
fetal rat calvarial cells [Shalhoub et al., 1992],
whilst in differentiation stages of rat 17/2.8
osteosarcoma cells, Dex showed no effect on Oc
[Schepmoes et al., 1991]. This could be due to
species differences as human [Subramaniam
et al., 1992; Delany et al., 1994; Kasperk et al.,
1995a] and rodent [Lian et al., 1997] osteoblast
systems as well as human SAOS-2 osteosar-
coma cells [Rao et al., 1996] all show an inhibi-
tion of Oc secretion by Dex.

In summary, we conclude that the decrease in
Oc secretion, the level of D3 stimulated levels
early in culture, as well as the effect of TGF-beta
evident in HOS 58 cells cannot be explained by
data of other authors, and that the effect of Dex
on HOS 58 cells appears to be species dependent.

The data for Oc are also remarkable in a
different regard in HOS 58 cells. The basal gene
expression increased during culture, as shown

for primary rat cells [Owen et al., 1990] and
human osteoblasts [Siggelkow et al., 1999b].
However, in contrast to the latter models where
protein secretion parallels gene expression, in
HOS 58 cells basal Oc protein biosynthesis was
maximal at an early stage and decreased there-
after. In other words, we can show a dissociation
of Oc gene expression and Oc biosynthesis.
Furthermore, Oc mRNA and biosynthesis in
HOS cells were both stimulated by D3, as ex-
pected. Although in primary cell models, the
maximal stimulation by D3 was seen at conflu-
ence [Owen et al., 1991; Siggelkow et al., 1999b],
theincreasein HOS 58 was much higher than in
pHOB or rat calvarial cells. In addition, in HOS
58, during prolonged time in culture the stimu-
latory effect on Oc protein secretion was lower
than in the other two models. Increase of Oc
mRNA levels is normally paralleled by in-
creased levels of transcription and protein bio-
synthesis [Owen et al., 1991; Lian and Stein,
1992]. This is obviously not the case in HOS 58
cells. We suggest from our data that this cell
line might exhibit a translational defect in basal
Oc biosynthesis, which results in a decrease in
protein secretion despite the increase in gene
expression.

We demonstrated in our study that, compared
to pHOB, the HOS 58 cells show no minerali-
zation capacity even when cultured with as-
corbate, beta-glycerophosphate, D3, Dex, and
TGF-beta in various combinations. In rat cal-
varial osteoblasts, nodule formation was visible
after 35 days in culture in the presence of
ascorbic acid and bGP alone. We were not able to
induce mineralization even after 3 months of
culture [Siggelkow et al., 1998]. The previously
described inhibiting effect of TGF-beta on mine-
ralization [Kato et al., 1988; Bonewald et al.,
1992] could not be the reason for defective
mineralization because we used identical con-
ditions in the pHOB control. The AP regulation
was not altered and could not explain this
defect. In several in vitro systems, an increase
in Oc expression has been shown to parallel
the onset of mineralization [Stein et al., 1990;
Owen et al., 1991] and therefore it was assumed
for years that Oc was a prerequisite for mine-
ralization. However, it has been recently de-
monstrated that Oc-deficient mice show no
mineralization defect [Ducy et al., 1996]. There-
fore, the missing mineralization in HOS 58
cells cannot be attributed to any defect in Oc
transcription.
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Cbfal is a recently described osteoblast spe-
cific transcription factor essential for the dif-
ferentiation process of mesenchymal stem cells
into mature osteoblasts, and also for main-
taining the differentiated cell function during
bone formation and remodeling [Mundlos et al.,
1997]. Cbfal-deficient mice show complete lack
of bone formation and accompanying calcifica-
tion defects [Komori et al., 1997; Otto et al.,
1997]. In primary human osteoblasts, Cbfal
mRNA increased during time in culture but only
to 3-fold basal levels [unpublished results].
Because we can show an increasing expression
of Cbfal in HOS 58 cells, the defect in mine-
ralization could not be explained by lack of
Cbfal gene expression. We suggest that the
large increase of Cbfal mRNA in HOS 58 cells
we observe during culture might be a regula-
tory phenomenon, probably induced as a con-
sequence of the defective matrix production.

In conclusion, the HOS 58 osteosarcoma cell
line represents a differentiated cell line with a
highly expressed and physiologically regulated
AP expression, and capable of further differ-
entiation in culture. In contrast, gene expres-
sion and protein secretion for Oc are dissociated,
which could be one possible factor for the
missing mineralization in this cell line.
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