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Abstract

It is well documented that Vitamin Pmetabolites and synthetic analogs are metabolized to their epimers of the hydroxyl group at
C-3 of the A-ring. We investigated the C-3 epimerization of VitamigrBetabolites in various cultured cells and basic properties of the
enzyme responsible for the C-3 epimerizatioa,25-Dihydroxyvitamin B [1a,25(0OH)D3], 25-hydroxyvitamin B3 [25(OH)Ds] and
24,25-dihydroxyvitamin B [24,25(0OH}D3] were metabolized to the respective C-3 epimers in UMR-106 (rat osteosarcoma), MG-63
(human osteosarcoma), Caco-2 (human colon adenocarcinoma), LL@Bi€ine kidney) and HepG2 (human hepatoblastoma)] cells,
although the differences existed in the amount of each C-3 epimer formed with different cell types. In terms of maximum Velggity (
and Michaelis constanKg,) values for the C-3 epimerization in microsome fraction of UMR-106 cells, 25(QH)bibited the highest
specificity for the C-3 epimerization among, P5(OH)D3, 25(0OH)D; and 24,25(0OH)D3. C-3 epimerization activity was not inhibited
by various cytochrome P450 inhibitors and antiserum against NADPH cytochrome P450 reductase. Neither CYP24, CYP27A1, CYP27B1
nor 3« — B)—hydroxysteroid epimerase (HSE) catalyzed the C-3 epimerization in vitro. Based on these results, the enzyme responsible
for the C-3 epimerization of Vitamin Pare thought to be different from already-known cytochrome P450-related Vitamin D metabolic
enzymes and HSE.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction 1a,25(0OH)D3 in inducing HL-60 cell apoptosib] regard-
less of lower VDR binding affinity and weak regulatory ac-

25-Hydroxyvitamin 3 [25(OH)Ds] and 1x,25-dihydro- tivities of cell proliferation and differentiation. 25(OH}D

xyvitamin Ds [1a,25(0OHpD3] are metabolized via C-24  24,25-dihydroxyvitamin B [24,25(OH}»D3] [6,7] and the

or C-23/26 oxidation pathways by 25-hydroxyvitamip D  synthetic analog, 22-oxacalcitriol [22-oxa;25(OH)Ds,
24-hydroxylase (240Hase, CYP24). Recently, a novel OCT][8] were also metabolized through the C-3 epimeriza-

A-ring modification metabolic pathway ofa]25(0OH)D3 tion pathway. However, little is known about the biological
was identified in a human colon adenocarcinoma-derived significance of the C-3 epimerization pathway and its re-
cell line [1] and other cultured cellR], which is initiated lated enzyme(s). We performed experiments to characterize

by epimerization of the hydroxyl group at C-3 of the A-ring. the C-3 epimerization of Vitamin Pmetabolites in various
3-Epi-10,25(0OHpD3 was also identified as a circulating cultured cells and basic enzymatic properties.
metabolite of &,25(OH)D3 in rats treated with pharmaco-

logical doses of &,25(0OHpD3 [3]. 3-Epi-la,25(OH»D3

was almost equipotent toa]25(OHpD3 in suppressing 2. Materials and methods

parathyroid hormone secretiqd] and more potent than o o
2.1. Measurement of C-3 epimerization activity

* Presented at the 12 Workshop on Vitamin D (Maastricht, The in cultured cells

Netherlands, 6-10 July 2003).
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(porcine kidney) and HepG2 (human hepatoblastoma)

cells were incubated with 10M of 1«,25(OH)Ds3,
25(0OH)D; or 24,25(0H)D3 for 48h at 37C. Lipid

was extracted from cells and medium by methanol and

dichloromethane. The lipid-soluble metabolites were pu-
rified by HPLC with photodiode array detector [Zorbax
SIL, hexane:2-propanol:methanol (88:10:2), 1.0 ml/min].

The same metabolites were also separated by second HPLC
system [Sumichiral OA-2000, 2-propanol:hexane (96.5:3.5

or 94.5:5.5), 1.0 ml/min].

2.2. Measurement of C-3 epimerization activity in
microsome fraction of UMR-106 cells

The microsome fraction containing 4.0mg of pro-
tein prepared from UMR-106 cells were incubated with
1a,25(0OHpD3, 25(0OH)D; or 24,25(0OH)D3 in the pres-
ence of NADPH-generating reagents consisting offrl
of NADP, 70pmol of glucose 6-phosphate, 121U of
glucose-6-phosphate dehydrogenase andu06l of Mg+
in 50 mM potassium phosphate buffer (pH 6.5) for 1 h at
37°C. Generated amounts of C-3 epimers were measure
by HPLC andVmax and Ky, values were calculated from
Lineweaver—Burk plot. The effect of various cytochrome
P450 inhibitors (2M) or antiserum against NADPH
cytochrome P450 reductase was also examined.

2.3. Measurement of C-3 epimerization activity in
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Fig. 1. Relative generated amounts of 25(Okl)Betabolites in UMR-106,
MG-63, Caco-2, LLC-PK and HepG2 cells. Each of the cells were
incubated with 1M of 25(OH)D; for 48 h. The results are expressed
as the total amount of product formed jg/plate/48 h and represent the
mean of three experiments (values in column).

24,25(0H»D3 was commonly lower than that of 25(OHD
and 1x,25(OH)Dj3 in all the cells tested. In UMR-106,
dMG-63, Caco-2 and HepG2 cells, 3-epi-25(OH)vas
predominantly generated, whereas 24,25(40M) was
the most major metabolite in LLC-RKcells. HepG2
cells was the most active among the cells to metabolize
25(0OH)Ds to 3-epi-25(0OH)3 and the generated amount
of 3-epi-25(0OH)} was about eight-fold larger than that of
24,25(0H)D3.

expression systems of human CYP24, CYP27A1, CYP27B1

and HSE

The expression plasmids for human CYPZJ8],
CYP27A1[10] or CYP27B1[11] were constructed, trans-
fected to Escherichia colicells and the membrane frac-
tions of recombinank. coli cells were prepared. The C-3
epimerization activity for 25(OH)BP was measured in re-

3.2. Basic properties of C-3 epimerization in microsome
fraction of UMR-106 cells

In the microsome fraction of UMR-106 cellSYmax
values for &,25(OH)D3, 25(0OH)D; and 24,25(0H)D3
were 1.52, 2.34 and 0.51 pmol/min/mg protein, respectively
(Table 3. Ky values for &,25(OHpD3, 25(0OH)D; and

constituted system consisting of the membrane fractions 24,25(0OH»D3 were 98.9, 73.7 and 200,M, respectively.

and 0.5mmol of NADPH in 100 mM Tris—HCI buffer (pH
7.4) for 1h at 37C. Cos-7 (African green monkey kid-
ney, SV40-transformed) cells were transfected with the
expression vector pcDNA 3.1 (-)&(> B)-hydroxysteroid
epimerase (HSE)[12] and incubated with 25(OH)H)
3-epi-25(OH)0, androsterone or epi-androsterone for 48 h
at 37°C. The metabolites were separated by HPLC or TLC.

3. Results

3.1. Cell specificity of the C-3 epimerization of Vitamig D
metabolite in cultured cells

All the cells exhibited the C-3 epimerization of
1a,25(OHpD3, 25(0OH)D; and 24,25(0HyD3, although
25(0OH)Ds was also metabolized to 24,25(0GiBg beside
3-epi-25(0OH)} (Fig. 1). The C-3 epimerization activity for

These results indicate that 25(OH)> the substrate with
the highest specificity for the C-3 epimerization reaction
among the three metabolites. C-3 epimerization activity for
25(0OH)Ds was not inhibited by commonly used cytochrome
P450 inhibitors (ketoconazole, 1-aminobenzotriazol, ben-
zilimidazole, methoxalen, metyrapon and SKF-525A),
CYP2D6 specific inhibitor (qunidine), CYP3A4 specific
inhibitor (troleandomycin) and antiserum against NADPH
cytochrome P450 reductase.

Table 1

Kinetic parameters for C-3 epimerization

Substrate Viax Km (uM) Vimax/Km
(pmol/min/mg (pmol/min/mg
protein) proteinf.M)

1a,25(0OHpD3 1.52 98.9 0.015

25(0OH)D; 2.34 73.7 0.032

24,25(0OH)D3 0.51 200.1 0.0025
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Fig. 2. C-3 epimerization pathway of major Vitaming Bnetabolites.

3.3. C-3 epimerization activity in expression systems of = metabolites are thought to be different from already-known
human CYP24, CYP27A1, CYP27B1 and HSE cytochrome P450-related Vitamin D metabolic enzymes and
HSE.
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