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Abstract. To test the hypothesis that growth factors medi-
ate the stimulatory effect of 1,25(OH),vitamin D,
[1,25(0OH),D5] on bone remodeling in osteoporosis, the au-
thors studied the effect of the secosteroid administration in
two doses (1 pg/day and 2 pg/day) for 14 days on circu-
lating insulin-like growth factor-I (IGF-I), 3, microglobu-
lin, and osteocalcin in 18 osteoporotic women. The biologi-
cal effectiveness of the treatment was controlled by a de-
cline of serum intact parathyroid hormone. Compared with
the values before treatment, 1,25(OH),D; increased means
of plasma IGF-I, 3, microglobulin, and serum osteocalcin
significantly; however, the effects were only apparent after
the higher dose of the drug (169 £ 26 versus 134 + 28 ng/ml,
P <0.01;2.08 £0.1 versus 1.92 £ 0.1 pg/ml, P <0.05; and
8.5 + 1.3 versus 5.4 £ 1.1 ng/ml, P < 0.01, respectively).
The authors conclude that exogenous 1,25(OH),D; pro-
motes the production of IGF-I and 3, microglobulin in os-
teoporotic patients in parallel to the marker of osteoblastic
function, osteocalcin, which supports the tested hypothesis.
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Insulin-like growth factor-I (IGF-I) is synthetized by mul-
tiple tissues, predominantly the liver and bone [1-4]. The
peptide is believed to be one of the most prevalent auto-
crine/paracrine activators of osteoblast function [1, 5-7]. It
is proposed that IGF-I mediates the anabolic effects of im-
portant skeletal hormones such as parathyroid hormone
(PTH), androgens, and estrogen [8—13]. Another bone-
derived growth factor is 3, microglobulin [14]. However,
data on the effect of 1,25(OH),D5 on the production of the
latter peptide in patients with osteoporosis are missing,
although the vitamin is used in the treatment of the dis-
ease. Bone remodeling is effectively stimulated also by
1,25(0H),D; [8, 15]. The action of the secosteroid might be
direct, through the specific receptors on osteoblasts [8], as
well as mediated by growth factors [16].

The objective of the study was to determine whether
exogenous 1,25(0OH),D; influences IGF-I and 3, micro-
globulin in plasma of osteoporotic patients.
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Materials and Methods

Subjects

Eighteen otherwise healthy white European osteoporotic women
participated in the study. All had been without medication for at
least 1 month and had never been treated with bisphosphonates,
calciferol, or estrogen. None had compressive fractures. Osteopo-
rosis was diagnosed by dual energy X-ray densitometry (DXA,
Hologic VQDR-2000, USA, mean Z score of the axial skeleton in
L,-L, region was —1.46 £ 0.33 and of the hip —1.54 £ 0.22). The
women were divided into two groups. The first group contained
nine women (two with senile osteoporosis and the remainder with
postmenopausal) treated with 1,25(OH),D; (Rocaltrol, F. Hoffman
La-Roche, Switzerland) in doses of 1 pg/day; mean ages 56.0 +
2.3 (£SEM). The second group also comprised nine women (two
with senile osteoporosis, the remainder with postmenopausal), to
whom 2 pg/day of the secosteroid was prescribed; mean ages 58.3
+ 3.0 (SEM). All of the subjects were fully informed as to the
purpose of the study and gave their written consent. The protocol
was approved by the local Ethical Committee of the Institute of
Endocrinology in Prague.

Protocol

Blood samples for the estimation of IGF-I, 3, microglobulin, os-
teocalcin, intact PTH, 250HD; and total calcium were collected
after fasting in the morning. The same procedure was followed
once more after the oral administration of 1,25(OH),D; for 14
days.

Laboratory Methods

Plasma IGF-I concentrations were assessed by a commercial ra-
dioimmunoassay (RIA) kit (Amersham, England). Plasma 3, mi-
croglobulin levels were also estimated by an RIA method (IM-
MUNOTECH, Czech Republic). Immunoradiometric estimations
were provided for PTH and osteocalcin (Allégro Intact PTH and
Human Osteocalcin Kit also from the Nichols Institute, USA).
Serum 250HD; was assessed after extraction radioimmunologi-
cally using a 250HD; 60T kit from the Nichols Institute. Serum
calcium was measured automatically on Merck VitaLab by a kit
from Merch, Germany. Duplicate determinations were used to
form mean values. All hormonal specimens from each given par-
ticipant were included in the same assay. The intraassay coeffi-
cients of variation were 5% for IGF-I, 3.2% for 3, microglobulin,
4.7% for osteocalcin, 3.0% for PTH, 3.5% for 25OHD;, and 4.9%
for calcium. The interassay coefficient of variation for calcium was
5.4%.

Calculation and Statistics

The results presented are means + SEM. Because data were found
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to be normally distributed, the Student’s paired two-tailed #-test
was used to compare the values of the investigated parameters
before and after treatment. Student’s unpaired -test was used to
compare the initial values of the investigated parameters between
both groups.

Results

Plasma IGF-1

After 1 pg/day of 1,25(0OH),D;, IGF-I levels increased in
three patients, decreased in another three, and were un-
changed in the remaining women (Fig. 1). Mean values of
the parameter before and after treatment did not differ sig-
nificantly (Table 1). The 2 pg/day dose of the secosteroid
elevated IGF-I concentrations in all of the investigated
women (Fig. 1). An increase in means of peptide levels was
noted (P < 0.01 as compared with the values before the
treatment; Table 1).

Plasma (3, Microglobulin

After 1 pg/day of 1,25(0OH),D5, B, microglobulin concen-
trations increased in four women, decreased in another
three, and remained the same in two (Fig. 1). Mean values
of the peptide after treatment were not altered by the ad-
ministration of the secosteroid (Table 1). A two times higher
dose of the vitamin stimulated 3, microglobulin levels in
eight patients and decreased them in one woman (Fig. 1).
Mean values of the peptide were higher after 1,25(0OH),D,
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Fig. 1. Plasma IGF-I, 3, micro-
globulin, and serum osteocalcin
levels of individual osteoporotic
women before and after 1 pg or 2
wng/day of 1,25(0OH),D;.
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administration (P < 0.05 compared with the values before
the treatment; Table 1).

Serum Osteocalcin

Although an increasing tendency was documented in osteo-
calcin levels after treatment with 1 pg/day of 1,25(0OH),Ds,
significant elevation was documented only after the higher
dose in all but one patient (P < 0.01 as compared with mean
values before treatment, Table 1, Fig. 1).

Serum PTH, 250HD;, and Calcium

A decline in PTH concentrations was apparent in all inves-
tigated women after both the higher and lower sterol doses
(P < 0.01 for means after both doses of 1,25(OH),D; com-
pared with the values before treatment). Mean serum
250HD; was of low normal value (Table 1), which was a
result of subnormal levels of the parameter in three patients
from each group. Means of serum calcium levels after both
doses of the secosteroid were elevated, however, signifi-
cantly only after the higher dose (P < 0.05 as compared with
the values before the treatment) (Table 1).

No differences were observed in the initial values of all
of the investigated parameters between both groups.

Discussion

The present study revealed that the systemic administration
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Table 1. Mean values of the parameter before and after treatment with 1,25(OH),D5*

(1,25(0H),Ds) 1 pg/day

(1.25(0H),Ds) 2 pg/day

Normal range Before After Before After
IGF-I ng/ml 20-200 181 +£32 167 +17 134 +28 169  +26°
B, Microglobulin p.g/ml 1.0-2.4 1.57+ 0.09 1.57+ 0.08 1.92+ 0.1 2.08+ 0.1°
Osteocalcin ng/ml 2.4-11.7 516+ 0.84 6.89+ 1.36 536+ 1.12 847+ 1.33*
PTH ng/liter 10.0-65.0 28.7 £ 3.8 20.0 + 2.8* 25.1 + 22 150 + 1.9*
250HD ng/ml 16.0-74.0 21.6 + 438 18.1 + 3.6 192 + 2.7 175 £ 2.3
Total calcium mmol/liter 2.25-2.60 242+ 0.03 245+ 0.05 237+ 0.04 253+ 0.06°

* In doses of 1 pg/day and 2 pg/day for a month in two groups of osteoporotic women, evaluated by Student’s paired #-test (means +
SEM). Initial values of all parameters did not differ significantly in both investigated groups (evaluated by Student’s unpaired #-test).

2P <0.01; ® P <0.05 (versus values before treatment)

of 1,25(0OH),D; in patients with osteoporosis stimulates cir-
culating IGF-I, as well as 3, microglobulin, in parallel with
serum osteocalcin. The effect was documented at the higher
dose of the secosteroid. The results concerning IGF-I are
contradictory to the data of Finkelman et al. [17], which
indicated that implants of bone matrix prepared from vita-
min D-deficient rats had no effect on IGF-I production, as
well as implants from vitamin D-replete animals. Moreover,
Antoniazzi et al. [18] reported that serum IGF-I did not
change in children with growth hormone deficiency after a
4-day treatment with 1,25(OH),D; (in doses of 1.5 pg/day),
although serum osteocalcin rose significantly. The incon-
sistent data may therefore be explained by the different
sensitivity of osteoblasts to the sterol, dependent on species,
age, dose, and the route of administration of vitamin D, as
well as on the duration of vitamin D deficiency or treatment
with sterol. Moreover, growth hormone status may also be
of some importance for permission of the secosteroid action.

The present study was performed in winter, which ex-
plains the low normal means of 250HD; levels. Addition-
ally, in three patients from each investigated group this
parameter was below the lower limit of the normal range.
Although vitamin D deficiency may alter the responsiveness
of IGF-I and {3, microglobulin to 1,25(OH),D;, the patients
with low 250HD; did not differ in this respect from other
participants. Thus, the sensitivity of the investigated sys-
tems to 1,25(OH),D; seems to be independent of initial
vitamin D status in the current study.

Bone-derived growth factor, which is also produced by
hemopoietic cells, has been isolated from rat calvariae and
identified as (3, microglobulin [14]. The mediating role of
this minor polypeptide in the action of bone anabolics has
not previously been sufficiently investigated. In the isolated
study by Cantatore et al. [19], a significant increase in se-
rum (3, microglobulin was observed after anabolic steroid
decadurabolin. The authors postulated that androgens influ-
ence bone turnover at least partly via stimulation of serum
vitamin D metabolites and subsequent increasing produc-
tion of 3, microglobulin by mononuclear cells. Therefore,
the current data support this hypothesis.

An important stimulating effect of PTH on IGF-I pro-
duction by osteoblasts has also been shown [10]. The rela-
tive decline of PTH levels is therefore effectively counter-
balanced by the higher dose of 1,25(OH),D;, which
strengthens the obtained data.

Response of bone-derived growth factors to osteotropic
hormones is conditioned by the existence of specific recep-
tors in skeletal tissue. The saturable high-affinity receptors
for 1,25(0OH),D; have been found in human osteoblast-like

cells or osteoclasts [8] (for review see [20]). It is known that
the administration of 1,25(OH),D; up-regulates these recep-
tors in different tissues [21, 22] and stimulates serum os-
teocalcin levels, which is in agreement with the dose-
dependent effect of the sterol shown by this study.

To conclude, it has been observed that 1,25(OH),D; ef-
fectively stimulates the production of IGF-I and 3, micro-
globulin, in parallel with osteocalcin, in a dose-dependent
manner in patients with osteoporosis, a result not previously
reported. The authors’ data appears to support the hypoth-
esis that IGF-I and 8, microglobulin may partially mediate
the bone remodeling effect of 1,25(OH),D; in human po-
rotic bones. As this effect occurs only with the higher thera-
peutic dose, a similar response could be attained by a long-
term treatment with a lower dose; this remains to be con-
firmed.
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