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Abstract In a recent study, we investigated the metabolism of 1a,25-dihydroxy-20-epi-vitamin D5 (10,25(OH),-
20-epi-D3), a potent synthetic vitamin D3 analog in the isolated perfused rat kidney and proposed that the enhanced
biological activity of 10,25(0OH),-20-epi-D3 is in part due to its metabolism into stable bioactive intermediary
metabolites derived via the C-24 oxidation pathway (Siu-Caldera et al. [1999] J. Steroid. Biochem. Mol. Biol. 71:111-
121). It is now well established that 10,,25(0OH),D5 and its analogs are metabolized in target tissues not only via the C-24
oxidation pathway but also via the C-3 epimerization pathway. As the perfused rat kidney does not express the C-3
epimerization pathway, we could not identify other possible bioactive metabolites of 1a,25(0OH),-20-epi-D5 such as
10,25(0OH),-20-epi-3-epi-Ds, derived via the C-3 epimerization pathway. Therefore, we studied the metabolism of
10,25(0OH),-20-epi-Dj3 in rat osteosarcoma cells (UMR 106) which express both the C-24 oxidation and the C-3
epimerization pathways. Our results indicate that 1a,25(0OH),-20-epi-Dj; is metabolized in UMR 106 cells into several
metabolites which included not only the previously known metabolites of the C-24 oxidation pathway but also three
new metabolites which were labeled as metabolites X, Y1, and Y2. Metabolite X was unequivocally identified as
10,25(0OH),-20-epi-3-epi-D5. Eventhough definite structure identification of the metabolites, Y1 and Y2 was not
achieved in our present study, we determined that the metabolite Y1 is produced from 1e,25(OH),-20-epi-D3 and the
metabolite Y2 is produced from 1a,25(0OH),-20-epi-3-epi-D3. We also noted the production of both 1a,25(0OH),-20-epi-
3-epi-D3 and the two metabolites Y1 and Y2 in different rat osteosarcoma cells (ROS 17/2.8) which express only the C-3
epimerization pathway but not the C-24 oxidation pathway. Furthermore, we investigated the metabolism of
10,25(0OH),-20-epi-Dj in the isolated perfused rat kidney in an earlier study. The results of this study indicated that the
rat kidney unlike rat osteosarcoma cells did not produce either 1a,25(0OH),-20-epi-3-epi-D3 or the metabolites Y1 and
Y2. Thus, it appears that the metabolites Y1 and Y2, like 1a,25(0OH),-20-epi-3-epi-Ds, are produced only in specific
tissues. Preliminary biological activity of each new metabolite is assessed by measuring its ability to generate VDR-
mediated gene transcription. 10,25(0OH),-20-epi-3-epi-D3 was found to be almost equipotent to 1¢,25(0OH),-20-epi-D3
while the metabolites, Y1 and Y2 were found to be less active. The metabolite Y1 when compared to the metabolite Y2
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has higher biological activity and its potency is almost equal to 1a,25(0OH),Ds. In summary, we report for the first time
tissue specific metabolism of 1a,25(0OH),-20-epi-D5 into several bioactive metabolites which are derived not only via
the previously established C-24 oxidation and C-3 epimerization pathways but also via a new pathway. . Cell.

Biochem. 82: 599-609, 2001. © 2001 Wiley-Liss, Inc.
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Recently numerous analogs of the secosteroid
hormone, 1a,25-dihydroxyvitamin D3 (10,25
(OH);D3) with several different side chain
modifications have been synthesized [Bouillon
et al., 1995]. One class of analogs with 20-epi
modification, have become prominent because
of their unique biological properties. These 20-
epi vitamin D analogs in which the methyl
group at C-20 is in the unnatural orientation
have been shown to decrease cell proliferation
and promote cell differentiation with a potency
several orders of magnitude greater than that of
10,25(0H)3D3 [Binderup et al., 1991; Elstner
et al., 1994,1996; Gniadecki, 1997]. One of the
several proposed mechanisms for the enhanced
biological activities of 20-epi vitamin D analogs
when compared to 1¢,25(0OH);D3 is the dif-
ferences in their target tissue metabolism
[Dilworth et al., 1994; Siu-Caldera et al., 1999a].

10,25(0H),D3 is metabolized in its target
tissues via modifications of both the side chain
and the A-ring. The C-24 oxidation pathway is
initiated by hydroxylation at C-24. This path-
way is the main side chain modification path-
way and leads to the formation of the end
product, calcitroic acid [Makin et al., 1989;
Reddy and Tserng, 1989; Bouillon et al., 1995;
Brown et al., 1999a]. The C-23 and C-26
oxidation pathways are initiated by hydroxyla-
tions at C-23 and C-26, respectively. These
minor side chain modification pathways to-
gether lead to the formation of the end product,
10,25(0H)sD3s-lactone [Ishizuka and Norman,
1987; Bouillon et al., 1995]. The C-3 epimeriza-
tion pathway is initiated by epimerization of the
hydroxyl group at C-3. This newly discovered A-
ring modification pathway leads to the conver-
sion of 1a,25(0H),D3 into 1o,25-dihydroxy-3-
epi-vitamin Dg (10,25(0H)s-3-epi-D3) [Reddy
et al., 1994, 1997, 2001].

In a recent study, we studied the metabolism
of 10,25-dihydroxy-20-epi-vitamin D3 (1,25
(OH)2-20-epi-D3) (Fig. 1), the simplest of
the 20-epi vitamin D analogs in the isolated
perfused rat kidney. The results of this study

indicated that 14,25(0OH)5-20-epi-D3 is metabo-
lized in the rat kidney into two stable, bioactive
intermediary metabolites (1a,24(R),25(0H)s-
20-epi-D3 and 1,25(0H),-24-0x0-20-epi-D3)
derived via the C-24 oxidation pathway. Thus,
we have put forward the concept that the
enhanced biological activity of 1¢,25(0H)s-20-
epi-D3 is in part due to its metabolism into
stable bioactive intermediary metabolites
derived via the C-24 oxidation pathway [Siu-
Caldera et al., 1999a]. However, in the same
study, we could not identify other possible
bioactive intermediary metabolites such as
10,25(0OH),-20-epi-3-epi-D3 derived via the C-3
epimerization pathway as the rat kidney does
not express the C-3 epimerization pathway.
Therefore, in the present study, we investigated
the metabolism of 12,25(0H)»-20-epi-D3 in two
different rat osteosarcoma cells (UMR 106 and
ROS 17/2.8) which are known to express the C-3
epimerization pathway [Siu-Caldera et al.,
1999b]. Our results indicated that 10,25(0OH),-
20-epi-D3 is metabolized in rat osteosarcoma
cells into several intermediary metabolites
which include not only the previously known
metabolites of the C-24 oxidation pathway but
also three new metabolites. In this paper, we
report the isolation and identification and the
tissue specific production of these new metabo-
lites along with the preliminary evaluation of
their biological activity.

.,

OH OH

Ho™ " YoH HO' OH
10,25(0OH)2D3 1¢,25(0OH)2-20-epi-D3

Fig. 1. Chemical structures of 12,25(0OH),D5 and 10,25(0OH),-
20-epi-Ds.
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MATERIALS AND METHODS
Materials

UMR 106 cells were purchased from ATCC
(Rockville, MD). ROS 17/2.8 cells were obtained
from M.D. Anderson Cancer Center, Houston,
TX. Streptomycin, penicillin, McCoy’s, Dulbec-
co’s modified Eagle’s media (DMEM), and
Ham’s F-12 media were obtained from Life
Technologies (Gaithersburg, MD). Fetal calf
serum (FCS) was purchased from Hyclone
(Logan, UT). Tissue culture flasks and high
performance liquid chromatography (HPLC)
reagents were purchased from Baxter (McGaw
Park, IL).

Vitamin D Compounds

10,25(0H)3D3 and 10,25(0H),-3-epi-D3 were
synthesized at Hoffmann-La Roche, Nutley, NdJ.
10,25(0H)2-20-epi-D3 and 1,25-dihydroxy-20-
epi-3-epi-vitamin D3 (1e,25(0H),-20-epi-3-epi-
D3) were synthesized at Teikyo University,
Kanagawa, Japan. All of the natural metabo-
lites of both 10,25(0H)sD3 and 1a,25(0H),-20-
epi-D3 derived via the C-24 oxidation pathway
were produced using the kidney perfusion
system as previously described [Reddy et al.,
1982, 1987]. All the vitamin D3 compounds were
quantitated by UV spectroscopic analysis
assuming an extinction coefficient (Agg5 nm) of
18300 dm®/mol/cm.

High Performance Liquid Chromatography and
Gas Chromatography/Mass Spectrometry
(GC/MS) Analysis

HPLC analysis of the lipid extracts from the
cells and media was performed with a Waters
System Controller (model 600E) equipped with
aphotodiode array detector (model PDA 990) to
monitor ultraviolet (UV) absorbing material at
265 nm (Waters Associates, Milford, MA). The
vitamin D compounds were isolated and pur-
ified using both straight and reverse phase
HPLC systems. Analysis by straight phase
HPLC involved the use of a Zorbax-SIL column
(9 x 250 mm) (Dupont, Wilmington, DE) eluted
with three different solvent mixtures at a
flow rate of 2 mL/min. The solvent mixtures
used were as follows: 10% isopropanol:hexane
(HPLC system-I); 2% isopropanol:hexane
(HPLC system-II); and 4% isopropanol:methy-
lene chloride (HPLC system-III). Analysis by
reverse phase HPLC involved the use of a
Zorbax-ODS column (4.5 x 250 mm) (Dupont,

Wilmington, DE) eluted with 25% water in
methanol at a flow rate of 1 mL/min (HPLC
system-IV).

GC/MS analysis was performed using a
Hewlett-Packard GC-MSD system which is
equipped with a 5890 series II chromatograph,
a 5971 mass selective detector and a 7673 GC
autosampler (Hewlett-Packard, Wilmington,
DE). The vitamin D compounds were trimethyl-
silylated in 30 pL of a 1:1 mixture of acetonitrile
and Power SIL-Prep (Alltech Associates, Inc.,
Deerfield, IL) and incubated at 70°C for 15 min.
The trimethylsilyl ether derivatives were ana-
lyzed in duplicate. Samples were analyzed on
an HP-5 capillary column (30 m x 0.25 mm X
0.25 um) using a temperature program ranging
from 140 to 320°C with a 20°C/min temperature
gradient. Full scan electron impact spectra (m /
z="50-650) were acquired for each experiment.

Cells and Cell Culture

UMR 106 cells were maintained in McCoy’s
culture media supplemented with 10% FCS and
antibiotics (penicillin (100 IU/mL) and strepto-
mycin (100 pg/mL)). ROS 17/2.8 cells were
maintained in DMEM and Ham’s F-12 media
(50:50; v/v) supplemented with 10% FCS and
antibiotics (penicillin (100 IU/mL) and strepto-
mycin (100 pg/mL)). Cell culture medium was
changed every 3—4 days. The cells were sub-
cultured when ~80% confluent and were not
subcultured beyond five passages. For the
metabolism studies, 3 x 10° cells were seeded
in T150 tissue culture bottles and were grown to
confluence. The incubations were carried out at
37°Cin a humidified atmosphere under 5% COs,.

Metabolism of 1,25(0OH),D5 and 1¢,25(OH),-
20-epi-D3 in UMR 106 and ROS 17/2.8 Cells

Confluent UMR 106 or ROS 17/2.8 cells were
incubated with 1 pM concentration of either
10,,25(0H)3D3 or 10,,25(0H)2-20-epi-D3in 50 mL
media containing 10% FCS. The incubations
were stopped at 24 h with 10 mL of methanol.
The lipids from both cells and media were
extracted for HPLC analysis, using the extrac-
tion procedure described earlier [Reddy and
Tserng, 1989]. Control incubations without cells
containing only media and the vitamin D
compounds were also performed.

Transcription Assay

The vitamin D receptor (VDR)-mediated
transcriptional activity of each of the new
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vitamin D compound is tested using the follow-
ingassay. ROS 17/2.8 cells were plated in 35 mm
dishes at a density of 3 x 10°/dish in Dulbecco’s
modified eagle’s medium (DMEM) (Life Tech-
nologies, Grand Island, NY) and 10% FCS
(Hyclone, Logan, UT). Forty-eight hours later,
the cells were transfected with plasmid (2 pg/
dish) containing the vitamin D response ele-
ment (VDRE) from the human osteocalcin gene
(GGTGACTCACCGGGTGAACGGGGGCATT)
[Ozono et al., 1990]. This response element was
inserted upstream of the thymidine kinase
promoter/growth hormone fusion gene. All
transfections were performed by the DEAE
dextran method [Lopata et al., 1984]. The cells
were treated for 1 min with 10% dimethyl
sulfoxide, washed three times with phosphate
buffered saline and DMEM was added contain-
ing 10% FCS and the vitamin D compounds at
the indicated concentrations. Forty eight hours
later, medium samples were collected and
growth hormone production from the reporter
gene was measured by radioimmunoassay as
described by the manufacturer (Nichols Insti-
tute, San Juan Capistrano, CA).

Statistics

Values were calculated as mean+tstandard
deviation (SD). Significance levels were deter-
mined by Student’s -test.

RESULTS

Comparison of the Metabolism of 1c,25(OH),D;
With That of 1a,25(OH),-20-epi-D3
in UMR 106 Cells

The HPLC profiles and UV spectra of
10,25(0H);D3 (Panel Al) and 1a,25(0H),-20-
epi-D3 (Panel B1) and their respective metabo-
lites produced by UMR 106 cells during a 24 h
incubation period are shown in Figure 2.
10,25(0H);D3 was metabolized into several
polar metabolites namely, 1a,25-dihydroxy-24-
oxovitamin D3 (1a,25(0H)s-24-0x0-D3), 1o,23-
dihydroxy-24,25,26,27-tetranorvitamin D3 (1o,
23(0H),-24,25,26,27-tetranor-D3 or C-23 alco-
hol), 1a,23(S),25-trihydroxy-24-oxovitamin D3
(10,,23(S),25(0H)5-24-0x0-D3) and 10,24(R),25-
trihydroxyvitamin D3 (1,24(R),25(0H)3D3) de-
rived via the C-24 oxidation pathway and the
less polar metabolite namely, 10,25(0H)2-3-epi-
D3 derived via the C-3 epimerization pathway
(Fig. 2, panel Al). These results are similar to
those reported previously [Siu-Caldera et al.,

1999b]. Unlike 10,25(0H);D3, most of 10,25
(OH)5-20-epi-D3, was metabolized by the UMR
106 cells (Fig. 2, Panel B1, peak 1) into several
metabolites which included two polar metabo-
lites (peaks 2 and 3) and three less polar
metabolites (peaks X, Y1, and Y2). Metabolite
3 was identified as 1a,24(R),25-trihydroxy-20-
epi-vitamin D3 (1,24(R),25(0H)3-20-epi-D3)
and metabolite 2 was identified as 1,25-dihy-
droxy-20-epi-24-oxovitamin D3 (1a,25(0OH)»-20-
epi-24-0x0-D3). The identity of each metabolite
was established through its coelution with syn-
thetic standard using both straight and reverse
phase HPLC systems and GC/MS (data not
shown). Like in the perfused rat kidney [Siu-
Calderaetal., 1999a], the further metabolites of
10,,25(0OH),-24-0x0-20-epi-D3 namely, 1a,23,25
(OH)3-24-0x0-20-epi-D3 and C-23 alcohol were
also not detected in UMR 106 cells indicating
partial metabolic block in the C-24 oxidation
pathway. This partial metabolic block leads to
the accumulation of 10,25(0H)5-24-0x0-20-epi-
D3 and its precursor, 1a,24(R),25(0H)3-20-epi-
D3 in UMR 106 cells. The less polar metabolites
X, Y1, and Y2 exhibited UV spectra which are
typical to vitamin D compounds (Fig. 2, panel
B1, inset). The details of the process of identi-
fication of these metabolites are described in the
sections below. The control incubation studies
indicated that both 10,25(0OH);D5 (Fig. 2, Panel
A2) and 10,25(0H),-20-epi-D3 (Fig. 2, Panel B2)
did not undergo any chemical change or break-
down either during the incubation period or
during the extraction procedure.

Metabolite X: Identification as 1a,25(OH),-20-
epi-3-epi-D; by GC/MS and HPLC

Metabolite X was purified using HPLC sys-
tems-II, III, and IV described in the Materials
and Methods section. Figure 3 shows the mass
spectrum of the trimethylsilylated metabolite X
(upper panel) which is identical to the tri-
methylsilylated 10,,25(0OH)5-20-epi-3-epi-D3
synthetic standard (lower panel). Both spectra
exhibited a molecular ion at m /z 632 and the
characteristic fragments at m /z 542 and 452
due to losses of one and two trimethylsilylated
hydroxyl groups, respectively. The loss of 131
Da from the A-ring (m / z 501) and the detection
ofion fragment at m / z 217, arising from A-ring
cleavage, indicate the presence of hydroxyl
groups at C-1 and C-3 on the A-ring. The mass
at m /z 131 represents cleavage across the C-
24/C-25 bond on the side chain. In addition to
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Fig. 2. HPLC profiles of the lipid extracts of various vitamin D
metabolites produced in UMR 106 cells incubated with either
10,25(0OH),-20-epi-D3 (Panels B1 and B2) or 1¢,25(0OH),D3
(Panels A1 and A2). HPLC was performed using a Zorbax-SIL
column (9 x 250 mm) eluted with hexane-isopropanol (90:10)
at a flow rate of 2 mL/min. The various metabolites of
10,25(0OH);»-20-epi-D3 and 1a,25(0OH),D3 were monitored by
their UV absorbance at 265 nm. Panels A1 and B1: HPLC
profiles of 1¢,25(0OH),D3 (A1) or 1a,25(0OH),-20-epi-D3 (B1)

the identical mass spectra, the retention times
(rt) on GC/MS also confirmed the identity of the
metabolite X as 1¢,25(0H),-20-epi-3-epi-Ds.
The retention time of metabolite X (rt 16.24
min) was similar to that of the synthetic
standard (rt 16.25 min). The final proof for
unequivocal identification of metabolite X was
obtained by HPLC. The retention time of the
metabolite X is compared to that of each of the
four diastereomers of 1a,25(0OH),-20-epi-Ds.
Metabolite X comigrated only with the synthetic

RETENTION TIME (min)

and their various metabolites. UV spectra of the substrate and
the metabolite peaks are shown in the inset. Panels A2 and B2:
HPLC profiles of control incubations (with no cells) using
10,25(0OH),D3 (A2) or 10,25(0OH),-20-epi-D5 (B2) as substrate.
The single asterisk (panels A1 and A2) represents pre-
10,25(0H),D3 and the double asterisk (panel B2) represents
pre-1a,25(0OH),-20-epi-Dj3. Peaks X,Y1, and Y2 (panel B1) are
the three new metabolites. All the peaks represented by ‘C” are
the lipid contaminants.

standard of 10,25(0H)»-20-epi-3-epi-D3 on both
straight and reverse phase HPLC systems
(Table I).

Metabolites Y1 and Y2: Identification of Their
Parent Substrates

The metabolites Y1 and Y2 were purified
using the HPLC systems-II and III described in
the Materials and Methods section. Each indi-
vidual metabolite was then subjected to GC/
MS. The GC/MS analysis of both metabolites Y1
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Fig. 3. Mass spectra of trimethylsilylate derivatives of the
synthetic standard of 1¢,25(0OH),-20-epi-3-epi-D3 and of
metabolite X produced in UMR 106 cells. Upper panel:
Metabolite X, retention time 16.24 min; Lower panel: Synthetic
standard of 10,25(0OH),-20-epi-3-epi-D3, retention time
16.25 min.

and Y2 indicated that these metabolites were
complex A-ring modified metabolites with an
intact 25-hydroxylated side chain (data not
shown). It was realized that "H-NMR studies
were needed for definite identification of these
metabolites. As only limited amounts of these
metabolites were available to us, we could not
perform 'H-NMR studies. However, we were
able to identify the parent substrates of the
metabolites Y1 and Y2 by performing the
following experiment.

Confluent UMR 106 cells were incubated with
either 10,25(0H)5-20-epi-D3 or 1¢,25(0H)5-20-
epi-3-epi-Ds at 1 uM substrate concentration for
8 h. Figure 4 shows the HPLC profiles and UV
spectra of 10,25(0H)5-20-epi-D3 (panel A) and
10,,25(0OH),-20-epi-3-epi-D3 (panel B) and their
respective metabolites produced by UMR 106
cells during an 8 h incubation period. The
present 8 h incubation study like our prior 24 h
incubation study also indicates that 10,25
(OH)5-20-epi-D3 is metabolized into 10,24(R),
25(0H)3-20-epi-D3, 10,25(0H)5-24-0x0-20-epi-
D3, and 10,25(0H)5-20-epi-3-epi-D3 derived via
both C-24 oxidation and C-3 epimerization
pathways and into metabolites Y1 and Y2
derived via the new pathway. On the contrary,
UMR 106 cells incubated with 10,25(0OH)»-20-
epi-3-epi-D3 produced only metabolite Y2 in
significant amounts. This finding indicates that
10,25(0OH),-20-epi-3-epi-D3 is the parent sub-
strate for the metabolite Y2. Thus, we were able
to conclude that metabolite Y1 is produced from
the parent, 10,25(0H)5-20-epi-D3, and the me-
tabolite Y2 is produced from 1a,25(0OH),-20-epi-
3-epi-Ds. The results of these studies for the first
time provided evidence to indicate that 1,25
(OH)5-20-epi-D3 is metabolized in UMR 106
cells through three different pathways as shown
in Figure 5.

Relative Amounts of Unmetabolized Substrate
and the Metabolites of 1¢,25(0OH),D; and
1e,25(0H),-20-epi-D; Produced by UMR

106 Cells

Metabolism studies were performed in tripli-
catein order to calculate the relative amounts of
unmetabolized substrate and the metabolites of
10,,25(0H),D3 and 14,25(0H),-20-epi-D3. The
UMR 106 cells were incubated with either
10,25(0H)5D3 or 10,25(0H)2-20-epi-D3 at 1 uM
concentration for 24 h. The results are
shown in Figure 6. It can be seen that the

TABLE 1. Retention Times of 1«,25(0H)»-20-epi-Dj3, its Three

Diastereomers and Metabolite X

Retention time (min)

A-ring Hydroxyl Straight phase Reverse phase
Vitamin D compounds group orientation HPLC HPLC
10,,25(0H)5-20-epi-D3 10,38 24.96 24.44
10,,25(0OH)5-20-epi-3-epi-D3 1a,3a 21.93 23.19
18,25(0H)5-20-epi-Ds 1B,3p 25.10 24.40
1B,25(0H),-20-epi-3-epi-Dj 1B,30 23.08 26.49
Metabolite X 21.91 23.08
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Fig. 4. HPLC profiles and UV spectra of various vitamin D
metabolites produced in UMR 106 cells incubated with 1 pM
concentration of either 10,25(0OH),-20-epi-D3 (Panel A) or
1a,25(0OH),-20-epi-3-epi-D; (Panel B) for 8 h. HPLC analysis
was performed under the same chromatographic conditions as
described in the legend for Figure 2.

amount of unmetabolized 1a,25(0H),D3 (Fig. 6,
panel A) was about six times greater than that
of the unmetabolized 10,25(0H)5-20-epi-D3
(P <0.001) indicating greater metabolic stabi-
lity for 10,25(0OH)2D3. There was no significant

New Pathway f

l L

10,25(0H)2-20-epi-D3 {

C-3 Epimerization C-24 Oxidation
Metabolite Y1 Pathway

} Pathway

Metabolite Y2

difference between the amounts of the metabo-
lites of 1¢,,25(0H)5D3 and 1,25(0H)5-20-epi-D3
derived via either the C-24 oxidation pathway
or the C-3 epimerization pathway (Fig. 6, panel
B). However, due to the selective metabolism of
10,,25(0H)5-20-epi-D3 into less polar metabo-
lites Y1 and Y2 (LPMs) a significant difference
is noted between the amounts of the total
metabolites of 1¢,25(0H),D3 and 1o, 25(0OH),-
20-epi-D3. The amount of LPMs produced from
la, 25(0OH),-20-epi-Ds (Fig. 6, panel B) was
about four times greater than the amount of
remaining unmetabolized substrate, and about
eight times greater than either the C-3 epimer
or the amount of the total metabolites derived
via the C-24 oxidation pathway (P <0.001).
Furthermore, the formation of LPMs was not
detected when 10,25(0OH);D3 was used as the
substrate indicating that 1a,25(0H),-20-epi-Ds
is the preferred substrate for the enzyme(s)
responsible for the production of the LPMs.

Tissue Specific Metabolism of
1(x,25(OH)2-20-epi-D3

The metabolism of 14,25(0H),-20-epi-D3 was
examined in ROS 17/2.8 cells to determine the
existence of the new pathway in tissues in which
the C-24 oxidation pathway is not expressed. It
has been shown before that ROS 17/2.8 cells do
not express the C-24 oxidation pathway but
express the C-3 epimerization pathway [Siu-
Calderaet al., 1999b]. Figure 7 shows the HPLC
profile of 10,25(0H)»-20-epi-D3 and its metabo-
lites produced by ROS 17/2.8 cells duringa 8 h
incubation period. As reported previously, ROS
17/2.8 cells produced none of the metabolites of
the C-24 oxidation pathway. However, these
cells like the UMR 106 cells, were able to meta-
bolize 10,25(0H),-20-epi-D3 into 1a,25(0H),-
20-epi-3-epi-D3 and the two metabolites (Y1 and
Y2). The identity of all the three metabolites

10,25(0OH)2-20-epi-3-epi-D3 ‘
New Pathway P P

10,24(R),25(0H)3-20-¢pi-D3

10,25(OH)2-20-epi-24-oxo0-D3

Fig. 5. Pathways of 10,25(0OH),-20-epi-D;

metabolism in UMR 106 cells.
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Fig. 6. Relative amounts of unmetabolized substrate and the
various metabolites of 10,25(0OH),-20-epi-D5 (hatched bars)
and 10,25(0OH),D3 (open bars) produced in UMR 106 cells
incubated with 1 pM concentration of each compound for 24 h.
Panel A: Unmetabolized substrates of 1a,25(0OH),D; and
10,25(0OH),-20-epi-D3. Panel B: Various metabolites of
1a,25(0OH),-20-epi-D3 and 1a,25(0OH),D3. Each value repre-
sents the mean+SD (n=3) (*P< 0.001).

produced by ROS 17/2.8 cells was established as
described earlier.

The results of our present study together with
the results of our previous study investigating
the metabolism of 12,25(0H)»-20-epi-D3 in the
perfused rat kidney [Siu-Caldera et al., 1999a]
can be summarized as follows: UMR 106 cells
metabolize 10,25(0H),-20-epi-Ds via all the
three pathways (C-24 oxidation, C-3 epimeriza-
tion, and the new pathways). ROS 17/2.8 cells,
which do not express the C-24 oxidation path-
way metabolize 1a,25(0H),-20-epi-D3 via both
the C-3 epimerization pathway and the new
pathway. The perfused rat kidney, which does
not express the C-3 epimerization pathway,
metabolizes 14,25(0H),-20-epi-D3 only via the
C-24 oxidation pathway. Thus, these results
when put together led us to develop the concept
that the metabolism of 14,25(0OH)5-20-epi-Ds is
tissue specific.

Transcriptional Activity

The biological activity of each new metabolite
(10,,25(0OH),-3-epi-D3, metabolites Y1 and Y2),
was assessed by its ability to induce VDR-
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Fig. 7. HPLC profiles and UV spectra of various vitamin D
metabolites produced in ROS 17/2.8 cells incubated with 1 pM
concentration of 1a,25(0OH),-20-epi-D; for 8 h. HPLC analysis
was performed under the same chromatographic conditions as
described in the legend for Figure 2.

mediated transcription using ROS 17/2.8 cells
which had been transfected with a growth
hormone reporter gene containing a VDRE from
the human osteocalcin gene (ocVDRE/GH). At
maximum concentration (1x 10~ M), 10,25
(OH)»-3-epi-D3 expressed 25% of the transcrip-
tional activity exerted by 12,25(0H),D3 (Fig. 8).
Unlike the 10,25(0H)s-3-epi-D3, 10,25(0H),-
20-epi-3-epi-D3 and the metabolite Y1 exerted
similar transcriptional activity as their parent,
10,,25(0OH),-20-epi-D3, while the metabolite Y2
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Fig. 8. Transcriptional activity of vitamin D compounds. ROS
17/2.8 cells were transfected by the DEAE-dextran method with
a thymidine kinase-growth hormone (TK/GH) fusion gene
containing the osteocalcin VDRE (ocVDRE). Immediately after
transfection, medium containing 10% FCS and the respective
vitamin D compounds (1 x 107”M) were added to the cultures.
Forty-eight hours later, medium samples were collected and
growth hormone levels were determined by radioimmunoassay.
Each value is the average of duplicate transfections.
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Fig. 9. Dose-response of transcriptional activity of vitamin D
compounds in ROS 17/2.8 cells. Dose-response effect on
transcription of the vitamin D compounds was determined in
ROS 17/2.8 cells as described in the legend for Figure 8. Each
point of the dose-response curve is the average of duplicate
transfections.

expressed only 25% of the activity exerted by the
parent compound (Fig. 8).

Since 10,25(0H)sD3, 1a,25(0H),-20-epi-Dsg,
10,,25(0OH)5-20-epi-3-epi-D3 and metabolite Y1
exhibited significant transcriptional activities
at maximum concentration, we next examined
the transcriptional activities of these metabo-
lites in a dose-response study. Figure 9 shows
that the VDR-mediated transcriptional activity
was dose-dependent for all the metabolites
tested and the EDjq for transcriptional activity
of 10,25(0H)sD3, 10,25(0H)2-20-epi-D3, 10,25
(OH),-20-epi-3-epi-D3, and metabolite Y1 were
5x107'1° M, 2x10"2 M, 9x10 " M and
3x1071% M, respectively. Thus, 10,25(0H).-
20-epi-3-epi-D3 was almost as active as its
parent, 10,25(0H)s-20-epi-D3 in its ability to
induce VDR-mediated transcription and both of
these compounds are about 100-fold more
potent than 14,25(0OH);Ds3. Also, although the
metabolite Y1 was not as active as its parent,
10,,25(0H),-20-epi-D3 in its ability to induce
VDR-mediated transcription, the metabolite
still retained significant biological activity and
it was almost equipotent to 1o,25(0OH)5D3.

DISCUSSION

In our present study, we report the meta-
bolism of 10,25(0H)»-20-epi-D3 into several

bioactive intermediary metabolites in rat osteo-
sarcoma cells. These metabolites are derived
not only via the previously established C-24
oxidation and C-3 epimerization pathways, but
also via a new pathway (Fig. 5). 1o,25(0H)»-20-
epi-3-epi-D3, the C-3 epimer of 14,25(0H),-20-
epi-D3, was unequivocally identified using the
techniques of UV absorption spectrophotome-
try, GC/MS analysis and co-elution with syn-
thetic standard on both straight and reverse
phase HPLC systems. As described in results
section it was not possible to identify definitely
the structures of metabolites Y1 and Y2 because
of limited amounts of these metabolites avail-
able to us. Recently, we incubated UMR 106
cells with a different 20-epi vitamin D analog
namely 10,25(0OH),-16-ene-20-epi-D3 and found
that this vitamin D analog is also metabolized
into less polar metabolites. With the availability
of milligram quantities of 1¢,25(0H)s-16-ene-
20-epi-D3 and its C-3 epimer, we were able to
generate sufficient quantities of the less polar
metabolites for 'H-NMR analysis. The preli-
minary results suggested that the less polar
metabolites are formed as a result of esterifica-
tion of la-hydroxy group of the two 16-ene-20-
epi vitamin D analogs with fatty acids [Reddy
et al., unpublished observations]. Presently, we
are in the process of identifying the chemical
structures of the fatty acids. From these
preliminary results, we assume that the less
polar metabolites Y1 and Y2 are indeed C-1
fatty acid esters of 10,25(0OH)»-20-epi-D3 and its
C-3 epimer, respectively.

Less polar metabolites, especially fatty acid
esters of other steroid hormones have been
identified in various tissues. This subject is
recently reviewed [Hochberg, 1998]. At present
we do not have enough information about the
enzyme(s) responsible for the production of
these LPMs. However, we noted that like the
C-3 epimerization pathway, which is target
tissue specific [Reddy et al., 1994, 1997, 2001;
Bischof et al., 1998; Brown et al., 1999b; Siu-
Caldera et al., 1999b; Sunita Rao et al., 2001],
the new pathway is also tissue specific, as the
formation of LPMs was only observed in rat
osteosarcoma cells but not in the rat kidney
[Siu-Caldera et al., 1999a]. Furthermore, like
the C-3 epimerization pathway [Siu-Caldera
et al., 1999b], the new pathway is also expressed
in some tissues like, ROS 17/2.8 cells in which
the C-24 oxidation pathway is not expressed
(Fig. 7).
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In our present study, we have shown that the
VDR-mediated transcriptional activity of 1¢,25
(OH)2-3-epi-D3, the C-3 epimer of the natural
hormone, is significantly reduced when com-
pared to its parent, 10,25(0H)sD3. 10,25(0H)4-
3-epi-D3 was found to exhibit only 25% of
the VDR-mediated transcriptional activity of
its parent. Unlike 12,25(0H)s-3-epi-D3, 1,25
(OH)2-20-epi-3-epi-D3 was found to exhibit
similar potency in inducing VDR-mediated
transcriptional activity as its parent, 1o,25
(OH)5-20-epi-D3. This finding suggests that
the “3-epi” modification with the combination
of “20-epi” modification does not significantly
reduce the VDR-mediated transcriptional activ-
ity. Further, in the present study we also show
that the two new metabolites, Y1 and Y2, when
compared to their respective parent com-
pounds, 1a,25(0H),-20-epi-D3 and 10,25(0H)4-
20-epi-3-epi-D3, are less active in inducing
VDR-mediated transcriptional activity. Out of
the two metabolites, Y1 has higher biological
activity and its potency is almost equal to
10,,25(0H),D3. Thus, these results suggest that
unlike the rat kidney in which 1¢,25(0H),-20-
epi-D3 is metabolized into bioactive intermedi-
ary metabolites only via the C-24 oxidation
pathway [Siu-Caldera et al., 1999a]; the rat
osteosarcoma cells metabolize 14,25(0H)5-20-
epi-D3 into additional bioactive intermediary
metabolites derived not only via the previously
established C-3 epimerization pathway but also
via the new pathway described in this study.

In summary, we report for the first time tissue
specific metabolism of 1,25(0H),-20-epi-Ds
into several bioactive metabolites. These bioac-
tive intermediary metabolites derived not only
via the previously established C-24 oxidation
and C-3 epimerization pathways but also via a
new pathway together contribute significantly
to the enhanced expression of the final biological
activities attributed to their parent, 10,25
(OH),-20-epi-D3. Furthermore, our results
also suggest for the first time that the tissue
specific metabolism and accumulation of the
bioactive intermediary metabolites in signifi-
cant amounts in only some tissues can result in
obvious tissue specific differences in the potency
of 10,25(0H)2-20-epi-Ds.
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