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Abstract

Estradioll® (E2) and the phytoestrogens genistein (G), and daidzein (D) increase creatine kinase (CK) specific activity in primary
cell cultures of human female to a greater extent in cells from pre-menopausal than post-menopausal women. Pretreatment with the
non-calcemic analog of Vitamin D, JK 1624 F2-2 (JKF), upregulated this estrogenic response at all ages. In contrast, biochainin A (BA)
and quercertin (Qu) increased CK with no age dependence or modulation by JKF pretreatment.datidER present in the cells were
upregulated by pretreatment with JKF, as measured by Western blot analysis. Real time PCR showed no significant chang@NAER
but a marked decrease in ERIRNA in both age groups after JKF treatment. Cells from both age groups had surface binding sites for E
shown by assays using cell impermeable Europium labeled ovalbuspmioffugate (Eu-Ov-B. Binding of [BH]-E to intracellular B
receptors (ERs) was similar in both age groups with differences in phytoestrogenic competition. JKF pretreatment increased nuclear but
decreased membranal binding in both age groups. These results provide evidence for membranal, in addition to nuclear estrogen receptor:
which are differentially modulated by a Vitamin D analog.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction marker can be used to measure the response to, dh E
cells containing low concentrations of Eeceptors (ERS)

The secosteroid 1,25 dihydroxyvitamirg[{1,25) gener-  [5,6]. We found that pretreatment with the demonstrably non
ates a spectrum of biological responses via gendgijiand hypercalcemic Vitamin D analog JKF 1624 F2-2 (JHF)
nongenomic mechanisniig]. For optimal bone growth and  upregulated responsiveness and sensitivity tdrEhuman
prevention of osteoporosis in post-menopausal women, ad-bone derived cell cultures as measured by the stimulation of
equate concentrations of both B7estradiol (i) and Vita- CK [8]. This increase was accompanied by an increase in
min D3 are required3]. estrogen receptol9].

We have studied the interaction of Vitamin D analogs and  There is growing evidence that several estrogen-dependent
estrogens in arat modéd], using the increase in the specific  effects are induced via cell membrane associated signaling
activity of creatine kinase (CK) as a response marker. This rather than by the classical nuclear receptor route of steroid

hormone actiorf10]. The present study was undertaken to
¥ Presented at the 12th Workshop on Vitamin D (Maastricht, The Nether- determine whether e-StmgemC mOd-matlon of human primary
lands, 6-10 July 2003) ’ bone cell cultures involves putative mem!oranal estrogen
* Corresponding author. Tel+972-3-6973306; fax:-972-3-6974473.  leceptors, as well as changes in the classical nuclear ER
E-mail address: dalias@tasmc.health.gov.il (D. Somjen). and ERB.
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2. Materials and methods
2.1. Cdll cultures

Human bones were obtained from biopsies of patients, and
cells were isolated and cultured in DMEM medium without
C&* as described previous[it1].

2.2. Association of 3[ H]-estradiol with bone cells

Cells were incubated witB[H]-E» [12] at 37°C, and
binding was performed and analyzed by radioactivity de-
termination by scintillation counting as described elsewhere
[12,13]

2.3. Association of the membrane impermeant, Europium
labeled estradiol-Ov conjugate with bone cells

Cells were incubated with the steroid protein conjugates
(E2—Ov) [14] labeled with Eu at 4C, and binding was per-
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Fig. 1. Modulation by JKF of membranal binding, in bone cells, from
pre-menopausal (pre) and post-menopausal (post) women. Cells were
incubated in the absence or presence of 500 fold excess of estradiol-BSA
(E>—BSA), carboxy daidzein—ovalbumin (CD-Ov), raloxifene (Ral), ICI
16480 (ICl) or testosterone—-BSA (T-BSA). Results are expressed as
Eu-Ov-E binding in the presence of a defined competitor as a percentage
of binding in the absence of competitor and are mearSE.M. of

formed and analyzed by time-resolved fluorescence using angee experiments, each performed in triplicate, < 0.05, **P < 0.01

Arcus time-resolved fluorometer (Wallac, Turku, Finland)
as described beford5].

3. Results

Human female bone cells treated with 30nM estradiol
178 (E2) or 3uM genistein (G), daidzein (D), biochainin
A (BA) or quercetin (Qu), showed a significant increase
in CK activity with greater response tooEG or D in
cells derived from pre-menopausal women compared to
cells derived from post-menopausal women and an equal
response to BA or Qu . In cell cultures derived from
pre-menopausal women, 3 days pretreatment with JKF up-
regulated the CK specific activity response tpth G or
to D by 50+ 8, 85+ 5, and 120t 12% respectively, with
no effect on the response to BA or to Qu. In cells derived
from bones of post-menopausal women, JKF upregulated
CK response only to £ G, and D by 116+ 8, 110+ 5,
and 105+ 10% respectively, as in the pre-menopausal
cells.

Western immunobloting of cell extracts, detected two
forms of both ER: (32 and 67k) and ER (37 and 63k). In

pre-menopausal bone cells, JKF increased the expression

of both ER forms:a by 3- and 4.5-fold ang by 3- and
1.5-fold. In post-menopausal bone cells, the increase of
32k ERx was 2.7-fold, with no change in 67k BRBoth

37 and 63k ER forms, were increased by 11- and 4-fold,
respectively[8].

Real time PCR products of mRNA, extracted from cul-
tured bone cells, show that JKF increased mRNA foER
by 10% in cells derived from pre-menopausal bones and
by 30% in cells from post-menopausal bones. In both age
groups mRNA for ER was decreased by 60 and 50%, re-
spectively.

compared with total binding (C) by ANOVA.

3.1. Modulation by JKF of total Eu-Ov-E; binding to
putative membrane binding sites in human bone cells

Incubation of cells with Eu-Ov-E showed specific
binding in both age groups, which showed competition by
E>—BSA, carboxy genistein—ovalbumin (CG—Ov), carboxy
daidzein—-ovalbumin (CD-Ov) or ICI 16480 (ICIl) but not
with raloxifene or testosterone—BSA (T-BSA). JKF (1 nM
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Fig. 2. Modulation by JKF of specific nuclear binding §H]-E> in hu-

man bone cells from pre-menopausal (pre) and post-menopausal (post)
women. Cells were incubated in the absence or presence of 500-fold
excess of k, daidzein (D), raloxifene (Ral), ICI 16480 (ICl) or dihy-
drotestosterone (DHT). Results are expressed[ldbE, binding in the
presence of a defined competitor as a percentage of binding in the ab-
sence of any competitor, and are the mea8<£.M. of three experiments,
each performed in triplicate,P < 0.05, ** P < 0.01 compared with total
binding (C) by ANOVA.
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