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Abstract. In the present study a cell culture model of pri- panied by a decrease of procollagen | mRNA [3] and an
mary human osteoblasts based on degrees of confluenoacrease of osteocalcin expression, a late marker of differ
was investigated by measuring basal and 1,25¢Dk)  entiated osteoblasts [4]. It is not yet clear if human osteo:
stimulated levels of the osteoblast characteristic proteinglasts behave in a similar mannervivo andin vitro, but
alkaline phosphatase (AP), procollagen I-peptide (PICP)initial studies in developing human bone appear to indicate
and osteocalcin (OC), as well as the corresponding gengn analogous process [5, 6]. Because differences in ho
expression. Primary osteoblast-like cell cultures frommonal regulation between species have been described [7
seven donors were treated in the second passage Wiltharacterization and evaluation of human osteoblast sy:
1,25(OH)Dg (5 x 1078 M for 48 hours) and investigated at tems seem to be essential for the study of human bon
four stages of confluence (stage | 50%, stage Il 75%, staggiology.

11 100%, and stage IV 7 days postconfluence). In untreated  sydies on the differentiation of human bone have beer
cultures passing through the different stages of confluenceyreatly facilitated by the recent development of culture
we saw a 1.8-fold increase of AP activity, a 2.3-fold in- methods for human bone cells [8-14]. Normal adult humar
crease of OC secretion, but a decrease of PICP levels {gy|is of the osteoblast lineage derived from various bone
0.36-fold. Gene expression showed only minor variation;ompartments are routinely established in short-term cul
between the different confluence stages. 1,25¢DiMid o5 However, over the last years it emerged that all thes
not significantly affect PICP production. Alkaline phospha- o, res are a mixture of cells, composed of different sub-
tase protein was stimulated during proliferation until con-j,, 1ations of bone cells, if not also contaminated with
fluence, with no effect thereafter. Surprisingly, OC secre-jiar cell types [10, 15]. The subpopulations seem to b
tion and mRNA expression were stimulated in all four rimary osteoblasts in varying differentiation stages, modu-
stages to the same absolute level independent of basal v ited By hormones, depending on the phenotype as well ¢
ues. We conclude that our results correspond to other stu ell density in culture [16—20] probably accounting for the
ies showing differentiation-stage dependent changes qfiqn"\ariafion in results [15, 21-23]. However, the differ-

basal levels of osteoblast-specific proteins. Howevergneog'in growth and differentiation of these cells in culture

e e i o eepacas WOUGT 0 G the most realsic nsight to he pivsi-
cin, thus leading to a more differentiated phenotype of th ology and possibly pathophysiology of bone differentiation.

osteoblast. Therefore, 1,25(0JB), stimulation might im- ®rherefore, methods were developed to compare early an

e . ' late stages of differentiation of primary osteoblasts in cul-
prove the reproducibility of results obtained at different ; i
confluence stages from cultures of clinical samples. ture. The effect of hormones was studied on different stage

of developing osteoblasts, on different clones of the sam
tumor cell line [16], on cells treated with dexamethason
[24], on osteoblasts derived from spongiosa and marrov
[25], and on cells plated at low and high densities [18, 19,
26]. In models of different cell density the influence of cell
to cell contacts onto the differentiation was investigated.
However, the possible effect of different culture time on a
L . . . defined stage of confluence was not considered. Lately, wi
Osteogenic differentiation has been extensively stuied (agted the influence of degree of confluence on the growtt
vitro using rat calvarial cells cultured in conditions that 5,4 gifferentiation of primary human osteoblagtsvitro
facilitate the formation of a mineralized bone matrix [1, 2]. 157] |n that study, we were able to show an increasing
The progressive differentiation of osteoblasts in culture isyiterentiation characterized by the increasing number o
associated with the expression of alkaline phosphatase, &{jkajine phosphatase-positive cells with decreasing prolif
early marker of the osteoblast phenotype. The subsequegiation of cultured cells in four stages of confluence. Ac-
deposition of a collagenous extracellular matrix is accoMording to results in the chicken osteogenic system [3]
collagen secretion was maximum at early proliferation, de-
_— creasing with later confluence stages.
Correspondence ta. Siggelkow 1,25(OH}D; is a hormone known to differentially in-
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fluence primary human osteoblast in culture [19] and also taleterminations were done in duplicate and are reported as units p
promote differentiation [28-30]. In this study we used Mg protein per minute incubation time (modified after [31]). Se-
the confluence model to investigate the influence ofcreted osteocalcin (OC) and the carboxyterminal peptide of pro
1,25(0OH)D; on proteins and gene expression of a|ka|inecollagen | (PICP) were measured in culture supernatants after th

? incubation wih 5 x 108 M 1,25(0OH),D, or solvent for 48 hours
phosphatase (AP), osteocalcin (OC), and procollagen t 37°C. Osteocalcin was determinedsin duplicate with an immu-

(PICP) in primary human osteoblasts. noradiometric assay (Nichols, Bad Nauheim, Germany); the de
tection range of the kit was 0.9-267 ng/ml. Values were correctec
for interfering substances present in the culture medium. Collage!

Materials and Methods type | content was calculated from the c-terminal propeptide con:
centration [32, 33] measured in duplicate samples by ELISA (Me-

All culture media and fetal calf serum (FCS) were purchased fronfra Biosystems, Palo Alto, CA, USA). Values were corrected for

Biochrom (Berlin, Germany). Cell culture disposables were pur-the presence of background levels of PICP in fresh culture me

chased from Nunc (Wiesbaden-Biebrich, Germany) or Greinedium. Results are reported as the mean of two supernatants fc

(Solingen, Germany), and medium supplements (antibiotics, glueach time point.

tamine) from GIBCO/ BRL (Eggenstein, Germany). Standard

laboratory reagents were purchased from Sigma (Deisenhofen,

Germany) if not noted otherwise. RNA Isolation and Northern Blot Analysis

Total RNA was isolated from cells by the Caesium-chloride
Cell Culture method [34]. For Northern blot analysis, 1@ per lane of total
cellular RNA was separated electrophoretically in a 1% agaros
el (2% formaldehyde, 0.3.g/ml ethidium bromide), blotted to
ylon membranes (Zeta Probe, BioRad, idhen, FRG) by cap-
lary diffusion, and immobilized by UV-crosslinking (Stra-
linker, Stratagene, HeidelbergfP-labeled cDNA probes were
nthesized by random priming (Stratagene, Heidelberg). Prehy
dization and hybridization were each performed in 50% form-
amide, 4 x SSPE5 x Dehnhardt's, 1% SDS, and 5Q0y/mi

Primary human bone cell cultures were established from bon
specimens as previously described [11, 12]. Trabecular bone se
tions, obtained during hip or knee replacement surgery, wer
treated identically. The explants were cleaned of adherent tiss
and periosteum, cut in 1-3 n¥npieces, thoroughly rinsed, and bri
maintained in Dulbecco’s Modified Eagle Medium (DMEM) con-

taining 10% FCS, glutamine (5848g/ml), penicillin (100 U/ml), salmon sperm DNA at 42°C for 24 hours. For hybridization, ap-
and streptomycin (10@.g/ml). Cultures were initiated within 24 proximateply 16 cpm/ml of 2P-labeled probé was )aildded. FoIIbWF-)

hours of bone specimen sampling. I A -
The grown cells were released from the surface of the culturétng hybridization, blots were washedrfd x 30 minutes at room

dish with n$.25% trypsin after 14-21 days. Cells were divided in eé%’f';?égg)zor 633508/8].%;%%mdp?gggsr)n;rr: l:)t'elsxatsg%’%.(lr(%
two 75 cn¥ tissue culture flasks and are referred to as 1st passa;gﬁDs_ Autoradiographs were quantified by laser densitometry (Bio-

cells. After growing near confluence, the cells were released fro o ; > h
h : ' ; etra, Gétingen, FRG) and normalized to the ethidiumbromide
the culture dish as described above, counted, plated in 7 c taining of 18S and 28S ribosomal RNA, using a negative film for

flasks at a densityfo2 x 1P cells/dish, and evenly distributed. : : ; ; .
’ ensitometric analysis. Values are expressed in relation to th
These cells are referred o as 2nd passage cells. They were a aximal absorbency of each transcript. For each mRNA the maxi

lyzed in different growth phases, defined by the extent of cell ; .
cyonfluence. We se?ected C%”S at A conﬂuencg of 50% and 75% al absorbency of stimulated and unstimulated values was set t

being in the stage of fast proliferation; cells at 100% and 7 day
100% confluence were used to describe the period of diminishegA
proliferation and increasing differentiation. To assess cell densit
daily control of all culture dishes was necessary.

Cultures were controlled every day to establish the stage o
confluence. At each time point the cells were washed twice with
incubation medium (DMEM with 1% BSA) (Sigma), MgS0
0.02% and penicillin (100 U/ml), and streptomycin (40§/ml) to
remove the FCS followed by incubation Wits x 108 M  CDNA Probes
1,25(0OH)D; or solvent (ethanol <0.01%) for 48 hours at 37°C. . .

After harvesting, cell numbers were determined for each time ponnrmco"agen type | expression was measured using the 372 b

Values represent the mean of five (OC), seven (PICP), or thre
P) independent experiments. For analysis of GAPDH mRNA
yexpression, seven experiments and two sets of blots were analyze
wo sets of Northern blots were rehybridized without stripping for
ach experiment.

by hemocytometer counting. The remaining cells were frozen affagment of the rat proalpha(l) collagen cDNA clone pHCAL1U
-20°C for determination of total protein and AP activity. All cells [33]- This fragment binds tax1(l) and «2(l) procollagen. The
were regularly tested for mycoplasma contamination by PCR (My-glycero-aldehydephosphatase-dehydrogenase (GAPDH) hume

coplasma PCR Primer Set, Stratagene, Heidelberg, Germany). z%Nﬁu%gEecVéﬁAa p}r'cz)bl:ab wgser;frg“g i'gqﬁs%"r'tcgﬁgiﬁggn%;?e

Osteocalcin expression was detected using the human 1.2 kb S

. . . | fragment of SP 65 [38].
Biosynthesis of Proteins

For the determination of total protein and AP, the medium wasgtatistical Methods and Mathematics

decanted and the adherent cell monolayer was washed with phos-

phate-buffered saline (PBS). Cells were lysed in distilled water bysatistical testing was performed with Stat Works statistical pack
repeated freeze-thawing and sonication (Ultrasonics W 185F, 40340 “syident's pairetitest, Wilcoxon, and Whitney-U-Test were
60 W, 3 x 30seconds). The lysate was clarified by centrifugation 5o \here appropriate and as noted. All values are expressed

(10 minutes at 10,000 g) and the soluble protein fraction was ; i ;
quantified using the BioRad protein assay with an albumin stan€aN * SEM. (See Figs. 3 and 4 for significant differences.)

dard (BioRad, Muachen, Germany). AP activity was assayed in
cell lysates by determining the release of p-nitrophenol from p- It
nitrophenyl phosphate at 37°C and pH of 10.5. The substrate sdResults

lution contained 8 mM p-nitrophenyl phosphate in 0.5 M AMP-

buffer (2-amino-2-methyl-1-propanol), pH 10.5, supplementedCell Culture

with 0.2 mM MgCL. After 10 minutes at 37°C the reaction (vol-

ume 110ul) was stopped with 5@ul 1 N sodium hydroxide. AP The bone used to initiate explant cultures was taken fron
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30 liferation (stages | and IIP < 0.05). There was no further
o5 change in stages Ill and IV (Figs. 4 and 5). Unstimulated
OC gene expression was detectable only in two of five
20+ cultures at confluence (stage Ill) with a further 2.2-fold

increase at stage 1V. During proliferation (stages | and Il) nc
151 basal osteocalcin expression was detectable (stages | and
104 Figs. 4 and 5). Parallel to procollagen I, AP showed an
increase to 1.5 levels of basal gene expression from stage
| to Il and stayed constant thereafter (Figs. 4 and 5).

Days

5
0

Stage 1 | 11 v

25 50 75 100 125 150
Confluence in %

Fig. 1. Stages of confluence in relation to time in culture. For Alkaline phosphatase/mg protein was increased by
reasons of presentation, stage IV is designated as 125% conflq_-'25(OHLD3, the effect being more pronounced in early
ence. SEM of days (vertical) and confluence (horizontal) are dep|iferation; the stimulation was significant only at conflu-

picted. Values are mean + SEM ¢ 7). ence P < 0_65’ Wilcoxon).

Osteocalcin greatly increased after stimulation with
1,25(OH}D; independently of the stage of confluence or
he increasing basal osteocalcin synthesis, and the maxim
gvel was similar in all stages?(< 0.05) (Figs. 3-5).

There were only minor effects on the PICP content in the

Influence of 1,25(0OHP5 on Specific Proteins

seven male patients who underwent an arthroplasty (3 hi
3 knee, 1 talus). The mean age of the patients was 62 + 4.
years, range 46—80, median 60 years. The cultures gre ¥ ; : P
predominantly homogeneous and reached the stages of co Q?ﬁ'%?g%‘; rlnggl(L(J)TQDPISErﬂrr?g egﬁ;eg)r:omgrsatligwtzg%&) to
fluence within 7.43 + 0.63 days (50%, stage 1), 9.57 + 0'49c6nfluenceP 0 058) svith no effect thereafter

days (75%, stage Il), 15.71 + 1.27 days (100%, stage III), o :

and 22.43 + 1.23 days (seven days 100%, stage V), respec-

tively, showing decreasing proliferation, as demonstrated i -

Figure 1. The morphological appearance of the four conflur—l’ZS(OHL% Influence on Gene Expression
ence phases is shown in Figure 2. During proliferation, the

cells showed a long and narrow fibroblast-like appearanc lots we found a highly significant inhibition of GAPDH

with further confluence, cells became flattened and wide- xpression by 1,25(0HD, in all stages (to 70% of control).

spread. At 100% confluence, cells changed again to a Ionep : . :
; : urthermore, expression decreased from proliferation to lat
and extended shape before they started to grow in multilay onfluence in stFi)muIated as in unstimuIaFt)ed cultures (1.2-'

formation. fold). Procollagen | gene expression increased 1.2-fold ir
stimulated cultures from early to late proliferation (stages
| to Il, P < 0.05) with no further change thereafter.
1,25(OH)D; slightly stimulated procollagen | gene expres-
. . . . . sion in all stages, the stimulatory effect being significant
Cultures showed higher proliferation while passing throughy iy at early proliferation and at confluence (1.1-fold, stage
stages | and Il and growth slowed when reaching stages Ilfj; ‘\yilcoxon, P < 0.05) (Figs. 4 and 5). Osteocalcin mRNA
and IV (Fig. 1). The secretion of PICP in the supernatanty g already stimulated by 1,25(0B), in stages | and |,
decreased from early proliferation (50%, stage 1) 0 lateyjs increase being 30-fold of the basal level at confluence
confluence (stage 1V) to 78% of the starting level (factor 3nq 12-fold thereafter (stage W, < 0.01) (Figs. 4 and 5).
0.36, P < 0.05, Wilcoxon) (Fig. 3). Alkaline phosphatase The gene expression of AP was detectable in only thret
(AP) increased from basal level at early proliferation to.|tures. We saw a stimulation of AP gene expression by

1.8-fold values at stage IV (Wilcoxo®, < 0.05). In five of 1 55(QH)D,, in all stages which was not significant due to
the cultures the unstimulated cells were already able to syngide scatter and the small number of cases.

thesize osteocalcin (OC) during proliferation, with a 2.3-
fold increase towards confluence and thereafter (1.27 ng

0.4 ng/mg total protein stage | versus 2.91 + 0.84 stage IV)influence of 1,25(0OHP, on Variation of Results
Due to high culture-dependent variance results did not reach

significance levels. Overall variation did not show a difference between un-

stimulated and stimulated cultures, the coefficient of varia-
o tion for GAPDH gene expression being 6—29% dependinc

Gene Expression in the Confluence Model on the stage of confluence. The respective values for stimt
lated OC expression were 27—44% (analysis for unstimu

To plot the mRNA content in relation to a housekeepinglated cultures not done) and 35-58% for procollagen | ex:

gene we examined GAPDH gene expression in addition t@ression. Variation of basal cell culture analysis was 47-

the specific genes. Analyzing seven experiments with @&0% for cell number, 32-120% for total protein, 39—106%

double set of northern blots we found a decrease in GAPDHor AP, 37-121% for osteocalcin, and 38-149% for PICP

gene expression from early proliferation to late confluencesalues.

in unstimulated culturesP(< 0.05) (Figs. 4 and 5). There-

fore, we adjusted the specific gene expression to the amount

of loaded mRNA depicted by the ethidium bromide stainingDiscussion

(Figs. 4 and 5). Procollagen | mRNA increased (1.3-fold)

significantly in unstimulated cultures from early to late pro- In this paper we can show decreasing proliferation and in

Analyzing seven experiments with a double set of northerr

Protein Synthesis in the Confluence Model
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Fig. 2. Representative light field microscopy of primary human osteoblast-like cells depicting the four different stages of conflu
(single culture at different time points). Stage | depicts 50% confluence, stage Il 75%, stage Il 100%, and stage IV 7 days
confluence. Bar 5Qum.

creasing differentiation in pHOB, characterized by differentconfluence-dependent differences and we conclude th
stages of confluence. The development of a more matursmRNA expression of these proteins does not contribute sy
phenotype was shown by an increase in AP activity, detematically to the characterization of differentiation stages
creasing collagen | secretion when cultures became conflun pHOB.

ent, and increasing OC secretion with further confluence. Furthermore, we investigated whether the observe
Finally, OC mRNA expression was detected at a very lowstage-dependent differences in protein expression and s
level beginning at confluence. So far, these results are ieretion could be influenced by 1,25(0Jf);, a hormone
accordance with data from other species and therefore ththat is known to regulate the differentiation of osteoblasts
regulation of synthesis of characteristic proteins seemed t@Ve found that confluence-dependent differences were a
be partly confluence dependent. Concerning the analysis dénuated by 1,25(OHIp,, because the hormone caused the
AP and procollagen | gene expression we did not find anyproliferating osteoblasts to behave like more differen-
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Fig. 4. Gene expression of osteoblast specific genes and GAPD}
in four different stages of confluence under the influence of 5 x
108 M 1,25(0OH),D, compared with control values. Stage | means
Fig. 3. Growth and specific proteins in four different stages of 50% confluence, stage Il 75%, stage Ill 100%, and stage IV 7 day:
confluence under the influencd & x 108 M 1,25(0OH),D; in 100% confluence. Cellular RNA from seven independent experi-
comparison to control values. Stage | means 50% confluencenents was isolated and assayed by northern blot analysis. Expre
stage Il 75%, stage Il 100%, and stage IV 7 days 100% conflu-sion was quantified by laser densitometry and results are plotte
ence. Procollagen | secretion measured by production of procolagainst the maximum expression of each transcript. The pane
lagen-I-peptide (PICP) in the supernatant. Alkaline phosphatasshows the mean values + SEM for each specific transetipand
(AP), osteocalcin (OC). Significant value®? ¥ 0.05, *P < 0.01,  «2 (l) procollagen (procol I, n= 7), akaline phosphatase (AP, n
** P < (0.001. = 4), osteocalcin (OC, = 7), and glycero-aldehyde phosphate
dehydrogenase (GAPDH, & 14). Significant values:P < 0.05,

** P < 0.01, **P < 0.001.

| Il Ll \%
Stage of confluence

tiated cells. In other words, the differentiating influence of

1,25(0OH)D5 was strongest during proliferation whereas

only minor effects were seen after cells became more cormmal human bone cells [26]. Most of the data concerning the

fluent and differentiated. In the following we discuss the differentiation-dependent AP regulation by 1,25(QBY)

different aspects in more detail. have been investigated in rat osteoblast or rat osteosarcon
A stimulation of AP by 1,25(0OHD; is seen in rat [16, cells. Early studies in ROS 17/2.8 cells and subclones [16

39, 40], in human osteosarcoma cell lines [41], and in nor39] showed a biphasic regulation for AP by 1,25(QBj},
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to other studies our data show that the increase was n
dependent on confluence, e.g., there were no differences |
the stimulated levels between stages [44]. This was als
evident for the mRNA expression which was not dependen
on basal expression of OC mRNA or the stage of confluenc
in our model, in contrast to published results in primary rat
osteoblasts [44]. Gene expression and protein secretion a
L o6ko AP similarly stimulated by 1,25(0OHP, supporting the hy-
| {.4kb GABDH pothesis that 1,25(OHD, controls OC protein synthesis by
direct transcriptional mechanisms [45].

Procollagen secretion was measured by a PICP-specifi
antibody, which binds the intact procollagen | molecule and
the free c-terminal propeptide which is split off during col-
.  06kb osteocalcin lagen | formation. Therefore, we only have information on

I 1] Kb oseocal the release of procollagen from the osteoblasts and the fra
tion that is transformed to collagen but not on the accumu
lation of collagen matrix. Gerstenfeld et al. [3] demon-
strated in chicken embryo osteoblasts that synthesis of ne
collagen protein increased during proliferation but de-
— 6.5kb ai (1) pracol creased thereafter, whereas collagen in the matrix furthe
5.3 kb a2 (1) procol increased [3]. Our results, showing a decrease in PICP s

cretion with further confluence, would therefore be in agree-
ment with the decrease of newly synthesized collagen see
in the chicken system. In contrast, the increasing procolla
gen | mRNA expression until confluence is surprising. In-
— ethidiumbromide deed, we have already found a similar expression sequen
under basal conditions in cultures from 10 other donors o
different ages where the decrease of PICP and increase fro
procollagen | mRNA was significant from stages | to lll

— 1.4 kb GAPDH

[ 1 I LV O T I O A l IV |— stage [27]. We assumed that the lack of ascorbate, which is ¢
prerequisite for the full expression of collagen protein, was
control 1,25-(OH)-D3 responsible for the expression sequence of procollage

] ] ) ] MRNA and protein secretion. This is supported by the find-
Fig. 5. Steady state gene expression during four different stages qhg that in pHOB, ascorbate stimulates PICP secretion up t
confluence under the influencé 5 x 10° M 1,25(0H).D; com- 5 8.fo|d values after confluence, probably by stimulating
pared with control values. Stage | means 50% confluence, stage ydroxylation and secretion of accumulated procollagen |

75%, stage Il 100%, and stage IV 7 days 100% confluence. Cel . . -
lular RNA from seven independent experiments was isolated an@€Ptides [46, 47]. In rat and chicken calvarial cells the total

assayed by northern blot analysis. Representative northern blof0llagen accumulation was increased as a function of asco
are depicted to illustrate alterations in mMRNA expression. TheliC acid concentration, with no collagen in the matrix with-

ethidium bromide staining, which shows equal gel loading, wasout the addition of ascorbate [3, 4]. Alternatively, the cul-
used as reference. Glycerol-aldehyde phosphate dehydrogenasees might not have been analyzed long enough after cor
(GAPDH), alkaline phosphatase (AP), osteocalcin (OC), and profluence to see the decrease in procollagen | mRNA.
collagen I (procol 1) are shown. Due to repeated hybridization, AP There was only a minor inhibitory effect of 1,25(0OB),
has to be shown on a blot together with GAPDH. on procollagen I-peptide secretion in the early proliferative
phase but there was no effect thereafter. We found a sma
but confluence-independent stimulation of the procollager
MRNA message by this hormone. This supports findings ir
dependent on the basal level of enzyme activity. With lowthe human osteosarcoma cell line MG 63 that the effect o
basal AP levels, a stimulation of enzyme activity and inhi-1,25(OH)D5 on collagen production is only partly regu-
bition of proliferation were seen, an effect that was invertedated by mRNA, but mainly at a post transcriptional level
with high basal AP-enzyme activity. In our confluence [28]. In rat calvarial cells, collagen | mRNA was inhibited
model, 1,25(0OH)D, stimulated AP synthesis from early by 1,25(OH)D; at its peak level during proliferation and
proliferation to confluence; after confluence, no effect of stimulated at its lowest basal level during the mineralizatior
1,25(0OH)}D; was seen. The AP mRNA expression in hu- period, demonstrating that the effect of 1,25(QBY}) is de-
man osteoblasts is known to be increased after 1,25(0®H) pendent on the proliferative and differentiated phenotype o
stimulation in pHOB [18]. However, we do not have enoughthe osteoblast [44]. In pHOB cells only marginal influence
good quality data to support these results although we say#8] or an increase independent of the seeded cell density o
an increase in one case. These data on AP protein synthegisocollagen | synthesis after 1,25(0O); stimulation [26]
support the finding that 1,25(Ok); can positively and was seen. In addition, procollagen | mMRNA was stimulatec
negatively regulate expression of osteoblast phenotypiat high cell density [18]. In human bone cells cultivated
markers as a function of basal levels of expression, which irom periosteum, 1® M 1,25(0OH),D stimulated collagen
a reflection of the differentiated state of the osteoblast. | synthesis and mRNA expression to the same extent afte
Osteocalcin protein and mRNA synthesis are highlyconfluence [49]. In immortalized human bone marrow cells,
stimulated by 1,25(OHP5, as shown in different osteo- 1,25(OH)D; stimulated collagen mRNA and protein secre-
blast-like cell models [22, 26, 42, 43]. However, in contrasttion into the same direction as proliferating and differenti-
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ating cells [50]. Regarding the differences in results be-12.

tween the rat and the human system we suggest that differ-
ences in the expression sequence of collagen | might be dli%
to species differences.

In conclusion, when regarding the basal levels of the; ,
osteoblast specific proteins in correlation to the stage o
confluence we show an increase of AP and OC and a de-

crease of procollagen | secretion, representing the develops.

ment from proliferation to differentiation. These data sup-
port the current view on osteoblast differentiation in culture.
Stimulation with 1,25(OH)D5 decreased the difference be-

tures to behave like more differentiated cells, whereas there
was little effect except on osteocalcin after confluence. In
other words, the functional status of differently differenti- 1
ated cell populations became more alike under the influence
of 1,25(OH)D. Therefore 1,25(OHP; might improve the
reproducibility of results obtained from clinical samples.
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