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Abstract—MC 903 is a new structural analog of the naturally occurring, biologically active 1,25-
dihydroxyvitamin Dj [1,25(OH),D4]. MC 903 and 1,25(OH),D; have shown similar receptor binding
properties and comparable effects on leukemic cell differentiation. However, MC 903 is at least 100
times less potent in influencing calcium metabolism than 1,25(0H),D,. We have therefore studied, how
MC 903 competes for the binding sites of 1,25(OH),D;, influences the 1,25(OH),D; induced synthesis
of the most abundant bone non-collagenous protein, osteocalcin, and induces the activity of alkaline
phosphatase in MG-63 human osteosarcoma cells. We found that the new compound binds to
1,25(OH),D; receptors and regulates receptor mRNA levels essentially like the natural ligand. Qur
results also indicate that MC 903 induces the synthesis of osteocalcin and the activity of alkaline
phosphatase in MG-63 cells through a receptor-mediated process almost identically with 1,25(OH),D ..
Growth of the MG-63 cells was inhibited slightly more with MC 903 than with 1,25(0H),D;.

1,25-Dihydroxyvitamin D [1,25(OH),1D37], the hor-
monal form of vitamin D3, functions in its target cells
through a receptor-mediated process [1]. It is an
important factor in the regulation of bone and min-
eral metabolism {2]. 1,25(0OH),D; also induces cell
differentiation and inhibits cell proliferation [3, 4],
which has led to efforts of using 1,25(OH),D; in the
treatment of proliferative disorders, e.g. psoriasis
[5, 6]. Difficulties have, however, been encountered
in using highly active vitamin D; derivatives because
of their potent effects on calcium metabolism [7, 8].
For example, hypercalcemia and hypercalciuria are
often induced by systemic doses higher than a few
micrograms per day [6].

MC 903 is a new synthetic analog of 1,25(0OH),D,
with a potent activity on differentiation without
inducing hypercalcemia in vivo and in vitro [9, 10].
The secretion of bone non-collagenous protein, oste-
ocalcin, by osteoblasts is induced by 1,25(OH),D;
[11]. We have therefore studied how MC 903 influ-
ences the synthesis of osteocalcin in a human osteo-
sarcoma cell line (MG-63). Alkaline phosphatase
activity, which is also induced by 1,25(OH),D; [12],
has been a further parameter when comparing the
biological effects of MC 903 and the natural vitamin
D metabolite. The ability of MC 903 to compete with
1,25(OH),D; in binding to the 1,25-dihydroxy-
vitamin D receptor [hVDR] was determined in
uptake studies and the compound was also compared
with the natural hormone in the regulation of hVDR
and osteocalcin mRNA levels as well as cell growth.

* To whom reprint requests should be addressed.

+ Abbreviations: 1,25(0H),D;, 1,25-dihydroxyvitamin
D;; FCS, fetal calf serum; hVDR, human 1,25-di-
hydroxyvitamin D receptor; RIA, radicimmunoassay.

MATERIALS AND METHODS

Cell culture. MG-63 human osteosarcoma cell line
was obtained from American Type Culture Col-
lection (Rockville, MD, U.S.A.). The cells were
cultured in Dulbecco’s modified Eagle’s medium sup-
plemented with 10% fetal calf serum (irradiated),
2 mM vL-glutamine, 100 units/mL peniciilin, 0.1 mg/
ml streptomycin, 0.1 mg/mL kanamycin, and non-
essential amino acids (Gibco, Paisley, U.K.) in a
humidified 95% air: 5% COQ, incubator. The culture
medium was replaced 24 hr before each study with a
medium containing 2% charcoal-treated FCS.
1,25(0H),D; and MC 903 were also added in this
medium.

Chemicals. 1,25(OH),D; was from Hoffmann-La
Roche (Basel, Switzerland). MC 903 (Fig. 1) was a
gift from Dr Lise Binderup, Leo Pharmaceutical
Products Ltd, Ballerup, Denmark. The double-anti-
body radioimmunoassay kits for determination of
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Fig. 1. The chemical structures of 1,25(0OH),D, and MC
903.
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osteocalcin were obtained from Immuno Nuclear
Co. (Stillwater, MO. U.S.A.) [26,27-methyi-
H]1,25(0OH),D; (180 Ci/mmol), [a-*?P]dCTP
(>3000 Ci/mmol), and [a-*?P]ddATP (>5000 Ci/
mmol) were purchased from Amersham Interna-
tional (Amersham, U.K.). Nick-translation kits and
3’-end labelling kits were from Boehringer
Mannheim GmbH (F.R.G.).

Effects of the hormones on growth of MG 63 cells.
The MG-63 cells were seeded at 1 x 10* cells per well
onto 4-well plates and incubated in DME containing
10% FCS for 24 hr. The medium was changed into
a medium containing 2% charcoal-treated FCS plus
the hormone, and the cells were cultured for the
times indicated. Cell numbers after each treatment
were determined by a hemocytometer.

Induction of osteocalcin synthesis and secre-
tion. Culture plates (60-mm) were treated with a
medium containing increasing concentrations of
1,25(0H);D; or MC 903 (1 pM to 1 uM) up to 48 hr
or with a constant concentration (10 nM) up to 96 hr.
After each treatment, the secreted osteocalcin was
measured by RIA.

Determination of 1,25(OH),D; uptake. The
uptake studies were performed as described pre-
viously [13]. The confluent plates were incubated
in culture conditions for 2 hr at 37° in a medium
containing 0.8 nM [26,27-methyl-*H]1,25(OH),D;
with or without unlabelled 1,25(OH),D; or MC 903
(concentrations 0.1 uM, 1 nM or 1 pM). After incu-
bation, unbound and bound radioactivity were deter-
mined.

Determination of alkaline phosphatase activity. For
determination of alkaline phosphatase activity, the
cells were treated up to 72 hr with a medium con-
taining 10nM of 1,25(OH)-D; or MC 903. The
activity was measured as described by Murray et al.
[14] by determining spectrophotometrically (410 nm)
the release of p-nitrophenol from p-nitrophenyl-
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Table 1. Growth inhibitory activity of 1.25(OH),D; and
MC 903 in MG-63 cells

Time 1,25(0OH),D vs control MC 903 vs control
72 hr 0.85 £ 0.16 0.74 £ 0.06
120 hr 0.59 = 0.04 0.42 £ 0.06

The cells were treated for the indicated times with 10°* M
1.25(0H),D; or MC 903 before determination of cell num-
bers. Data are expressed as means = SE (N = 4).

phosphate. Total protein was measured with a Bio-
Rad protein assay kit (Bio-Rad Laboratories, Rich-
mond, CA, U.S.A.).

Slot blot hybridization analysis. For the RNA
experiments, the cells were treated for 48 hr with a
medium containing 10 nM of 1,25(OH),D; or MC
903. Total RNA was prepared according to the
method of Anderson et al. [15] and the RNA samples
were applied onto nylon membranes. Filters were
prehybridized, hybridized with probes, and washed
as described previouslty [13]. The probe for hVDR
was a cDNA clone (hVDR 1/3) containing the entire
coding sequence of the hVDR. The probe for oste-
ocalcin was a synthetic oligonucleotide complemen-
tary to the human mRNA sequence coding for amino
acids 20-32 of the mature protein.

RESULTS

Table 1 shows the effects of 10 nM 1,25(0OH),D;
and MC 903 on the growth of MG-63 cells. Both
hormones inhibited cell growth significantly at 72
and 120 hr. The magnitude of the inhibition at 72 hr
was —15% and —26%, respectively, after
1,25(0OH),D;- and MC 903-treatment. At 120 hr,
the decrease in cell numbers was —41% after
1,25(0OH),D;-treatment and —58% after MC 903-
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Fig. 2. Secretion of osteocalcin by MG-63 cells during a 48 hr-treatment with 1,25(OH),D; or MC 903
at increasing hormone concentrations (1 pM to 1 uM). Vertical bars indicate means + SE from three
experiments.
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Fig. 3. Secretion of osteocalcin up to 96 hr by MG-63 cells treated with 1,25(0OH),D; or MC 903 at a
constant concentration (10 nM). Vertical bars indicate means + SE from three experiments.

treatment. The differences between the treatment
groups were not significant.

The ability of MC 903 to induce the synthesis of
osteocalcin was compared with that obtained with
1,25(0H),D;. The secretion of osteocalcin was
induced dose-dependently with 1,25(OH),D; and
MC 903 (from 1 pM to 1 uM) (Fig. 2). The secretion
was first detected at 10 pM hormone concentration
and it reached a maximum at 0.1 yM. At a constant
concentration (10nM), the stimulation was first
shown at about 24 hr and it continued up to 96 hr
(Fig. 3). The results indicate that there are no signifi-

cant differences between 1,25(0OH),D; and MC 903
ininducing the synthesis and secretion of osteocalcin.

The results in Fig. 4 demonstrate that
1,25(0OH),D; and MC 903 increase alkaline phos-
phatase activity almost identically in MG-63 cells.
The activity raised to a 2.4-fold and 2.1-fold level
48 hr after the administration of 10 nM 1,25(OH),D;,
or MC 903, respectively. At 72 hr, the increase was
2.8-fold and 2.5-fold, respectively.

In binding studies, a half maximal displacement
from the hVDR was obtained with 1,25(OH),D; at
0.25 x 1071 M and with MC 903 at 0.40 x 107'°M
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Fig. 4. Alkaline phosphatase activity in MG-63 cells during a 48 hr- or 72 hr-treatment with 1,25(0H),D,
or MC 903 (10 nM). Vertical bars indicate means + SE from triplicate determinations.
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Fig. 5. Displacement of [*H]1,25(OH).D; by unlabeiled 1.25(OH).D; or MC 903 (1 pM, 1 nM, or
0.1 uM). The values represent means of two to three experiments.

hormone concentration (Fig. 5). Thus, the binding
of MC 903 to the hVDR is almost as effective as that
of 1,25(OH)2D3

Our previous study has suggested that
1,25(0OH);D; is able to regulate mRNA levels of its
own receptors and those of osteocalcin in human
osteosarcoma cells [13]. The ability of MC 903 to
affect the mRNA levels was determined by treating
the MG-63 cells with 10nM hormone analog for
48 hr. The hVDR and osteocalcin mRNA levels were
elevated to a 1.7-fold and 1.6-fold level, respectively,
after the MC 903-treatment (Fig. 6). With
1,25(OH),D;-treatment, the cells responded with a
2.1-fold increase in hVDR mRNA levels and a 1.6-
fold increase in osteocalcin mRNA levels.

DISCUSSION

Efforts of using the natural metabolite of vitamin
D;, 1,25(OH),Da, in the treatment of disease states
characterized by excessive cell proliferation and
incomplete cell differentiation have often failed
because of the compound’s profound influence on
calcium homeostasis [7]. Alterations in the structure
of the vitamin D5 molecule have yielded important
information on the structural features of the sterol
required for biological activity. This has stimulated
efforts of synthesizing analogs with potent effects on
cell proliferation and differentiation, while having a
weak effect on calcium metabolism [16]. MC 903 is
a cyclopropyl derivative, which differs from
1,25(OH);,D; in having a 25-hydroxyl group at posi-
tion 24 and a cycloalkane ring consisting of carbons
25, 26 and 27 [17]. This structure is thought to be
responsible for the ability described above [17]. Pre-
vious studies by Kragbelle [18] have demonstrated
that topical application of MC 903 provides an effec-
tive and well-tolerated treatment of psoriasis
vulgaris. In view of those results, we were interested
in studying the effects of MC 903 and 1,25(OH),D;

in cultured osteoblast-derived human cells. As a
biochemical marker related to calcium metabolism
in osteoblast-like cells, we studied the synthesis
and secretion of the bone calcium-binding protein,
osteocalcin. The growth inhibitory activity of
1,25(0OH),D; and MC 903 revealed that MC 903 may
have a slightly better differentiating effect compared
with 1,25(OH),D;in human osteosarcoma cells. This
agrees with the result of Zhou et al. [16], who showed
that MC 903 is more potent than 1,25(OH),D; in
modulating leukemic cell growth and differentiation.

The effects of MC 903 on osteocalcin secretion
are essentially similar to those produced by
1,25(0H),D3;. MC 903 and 1,25(0OH),D; caused an
identical dose-dependent increase in osteocalcin pro-
duction reaching saturation at 0.1 4uM hormone con-
centration and being about 70-fold at 96 hr. The
values were similar to those found in human bone
cell cultures after 1,25(OH),D;-treatment [19]. The
response of the cells to both hormones was also seen
in similarly increased levels of osteocalcin mRNA.
Franceschi et al. [20] and Mulkins et al. [21] have
shown that treatment of human osteoblast-like oste-
ogenic sarcoma cells with 1,25(OH),D; increases the
specific activity of alkaline phosphatase. We
observed similar elevations in alkaline phosphatase
activities in MG-63 cells treated either with MC 903
or 1,25(0OH),D;. Therefore, the effects of MC 903
on osteocalcin synthesis and alkaline phosphatase
activity seem to be almost identical with those
obtained by 1,25(OH),Ds.

1,25(0OH),D; functions by binding to specific
nuclear receptor proteins in target cells [1]. The
specificity of various derivatives of vitamin D in
inducing differentiation is correlated with their
association with the receptor [22]. MC 903 is similar
to 1,25(OH),D; when tested in the MG-63 cell line
displaying receptors for 1,25(OH),D; [20]. Accord-
ing to our studies, MC 903 binds to the hVDR
at least as effectively as 1,25(OH),D; and elevates
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Fig. 6. Elevation of hVDR and osteocalcin mRNA levels after a 48 hr-treatment with 1,25(0OH),D; or
MC 903 (10 nM). (A} Autoradiogram of a slot blot hybridization with hVDR ¢DNA. (B) Mean values
of autoradiograms of hVDR and osteocalcin mRNA levels quantified by densitometric scanning.

mRNA levels of hVDR essentially like the natural
ligand.

In view of its strong effects on cell proliferation,
cell differentiation, osteocalcin production, alkaline
phosphatase activity, and its affinity for the hVDR,
the low activity of MC 903 in calcium mobilization
[10] is somewhat surprising. MC 903 binds, however,
less efficiently than 1,25(OH),D; to serum proteins
[9], suggesting that the affinity of MC 903 for the
vitamin D binding protein in serum is lower than
that of 1,25(OH).D; [10]. In our cell culture experi-
ments, we used charcoal-stripping of serum, which
nonspecifically may remove, e.g., binding proteins.
These conditions may explain, why we did not see
differences in the effects of 1,25(0OH),D3 and MC
903, which would be caused by different affinity of
the hormones for the vitamin D binding protein
in serum. Also, MC 903 has a shorter half-life in

BP 40:8-K

circulation than 1,25(0OH),D; being about 7 min
{Lise Binderup, personal communication). This sup-
ports the view that MC 903 has a shorter time of
influence in the human body. On the other hand,
local application of MC 903 to the skin will assure
an efficient contact with skin target cells, because the
less efficient protein binding may result in decreased
rate of clearance from the site of application into
circulation. These observations thus support the con-
clusion that MC 903 is a new vitamin D metabolite,
which may have value over the natural metabolite,
€.g., in the treatment of proliferative disorders such
as psoriasis [18].
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