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ABSTRACT The 1,25-dihydroxyvitamin D3 [1,25-
(OH)2vitamin D3] analog KH1060 exerts very potent effects
on cell proliferation and cell differentiation via the vitamin D
receptor (VDR). However, the activities of KH1060 are not
associated with an increased affinity for the VDR. We now
show that increased stabilization of the VDR-KH1060 com-
plex could be an explanation for its high potencies. VDR
half-life studies performed with cycloheximide-translational
blocked rat osteoblast-like ROS 17/2.8 cells demonstrated
that, in the absence of ligand, VDR levels rapidly decreased.
After 2 hr, less than 10% of the initial VDR level could be
measured. In the presence of 1,25-(OH)2vitamin D3, the VDR
half-life was 15 hr. After 24 hr, less than 20% of the initial VDR
content was detectable, whereas, at this time-point, when the
cells were incubated with KH1060 80% of the VDR was still
present. Differences in 1,25-(OH)2vitamin D3- and KH1060-
induced conformational changes of the VDR could underlie
the increased VDR stability. As assessed by limited proteolytic
digestion analysis, both 1,25-(OH)2vitamin D3 and KH1060
caused a specific conformational change of the VDR. Com-
pared with 1,25-(OH)2vitamin D3, KH1060 induced a confor-
mational change that led to a far more dramatic protection of
the VDR against proteolytic degradation. In conclusion, the
altered VDR stability and the possibly underlying change in
VDR conformation caused by KH1060 could be an explana-
tion for its enhanced bioactivity.

Besides the traditional effects on calcium and phosphate
metabolism (1), the effects of 1,25-dihydroxyvitamin D3 [1,25-
(OH)2vitamin D3] on cellular differentiation and proliferation
and on immunological processes (2) might have relevance for
the treatment of hyperproliferative and autoimmune diseases.
However, the side effects (hypercalcemia and hypercalciuria)
induced by the high doses needed to achieve these effects limit
the use of 1,25-(OH)2vitamin D3 in clinical practice. This has
prompted the development of new 1,25-(OH)2vitamin D3
analogs with reduced calcemic activity.

Previous studies have shown that modifications in the side
chain of the 1,25-(OH)2vitamin D3 molecule can lead to far
more potent analogs. One of the most potent analogs until
now, 20-Epi-22-oxa-24a,26a,27a-tri-homo-1,25-(OH)2vitamin
D3 (KH1060) (3), is a strong inhibitor of tumor cell growth (4,
5) and an inducer of cell differentiation (4, 6, 7). KH1060 also
exhibits strong immunosuppressive activity in both in vitro and
in vivo studies (4, 8, 9). Furthermore, KH1060 is more potent
than 1,25-(OH)2vitamin D3 in stimulating in vivo and in vitro
bone resorption and osteoclast recruitment in murine bone
marrow cultures (4, 7, 10).
The differences in biological activity between 1,25-

(OH)2vitamin D3 and KH1060 could not be explained by an
increased affinity for the vitamin D receptor (VDR) (4, 5, 7).
However, the presence of a (functional) VDR is essential for

the biological responses of 1,25-(OH)2vitamin D3 and KH1060
(7, 11, 12). It is known that, through binding to the VDR,
1,25-(OH)2vitamin D3 stabilizes the receptor (13-15). Since
VDR stabilization might influence biological activity of the
ligand, we studied the effect of KH1060 on the VDR half-life
in ROS 17/2.8 osteoblastic cells. We examined the effect of
KH1060 on the conformation of the VDR. An 1,25-
(OH)2vitamin D3 analog with normal stereochemistry at C-20
but, like KH1060, with an oxygen atom at the C-22 position,
22-oxa-calcitriol (OCT) was used as a reference compound in
this study.

MATERIALS AND METHODS
Reagents. 1,25-(OH)2vitamin D3 and the analog KH1060

were generously provided by L. Binderup (Leo Pharmaceutical
Products, Ballerup, Denmark). OCT was a gift from N.
Kubodera (Chugai Pharmaceuticals, Tokyo). The chemical
structures of 1,25-(OH)2vitamin D3, OCT, and KH1060 are
depicted in Fig. 1. rRNasin ribonuclease inhibitor, luciferase
DNA, brome mosaic virus RNA, and the coupled in vitro
transcription and translation rabbit reticulocyte lysate system
(TNT lysate assay) were purchased from Promega. [23,24-3H]-
1,25-(OH)2vitamin D3 (120 Ci/mmol; 1 Ci = 37 GBq),
L-[35S]methionine (>1000 Ci/mmol), and Enhanced Chemi-
luminescence Western blotting reagents were obtained from
Amersham. a-Minimal essential medium (a-MEM), cyclohex-
imide, trypsin, and chymotrypsin were from Sigma. Proteinase
K was obtained from Boehringer Mannheim. N,N,N',N'-
tetramethylethylenediamine (TEMED) and ammonium per-
sulfate were obtained from Bio-Rad. Acrylamide and meth-
ylenebisacrylamide were purchased from Pharmacia. The hu-
man VDR cDNA was a generous gift from M. R. Haussler
(University of Arizona, Tucson). Nitrocellulose was from
Schleicher & Schull. Penicillin, streptomycin, and L-glutamine
were from GIBCO Life Technologies. Fetal calf serum (FCS)
was purchased from Sera-Tech (St. Salvator, Germany).

Cells. The rat osteoblast-like osteosarcoma cell line ROS
17/2.8 (kindly provided by S. B. Rodan, Merck Sharp &
Dohme) was cultured in a-MEM supplemented with 2 mM
L-glutamine, 100 units/ml penicillin, 100 ,ug/ml streptomycin,
0.1% D-glucose, and 10% FCS. Incubations with 1,25-
(OH)2vitamin D3, OCT, KH1060, or vehicle were performed
in the presence of 2% charcoal-treated FCS.
VDR Stability Study. ROS 17/2.8 cells (2.0 x 106) were

seeded in 100 x 15 mm tissue culture dishes and cultured for
2 days. Then, at 80% confluency, medium was changed to 2%
charcoal-treated FCS a-MEM containing 10 ,tM cyclohexi-
mide to block translational activity and thereby new synthesis
of VDR. Next, vehicle, 1,25-(OH)2vitamin D3, OCT, or

Abbreviations: VDR, vitamin D receptor; 1,25-(OH)2vitamin D3,
1,25-dihydroxyvitamin D3; KH1060, 20-Epi-22-oxa-24a,26a,27a-tri-
homo-1,25-(OH)2vitamin D3; OCT, 22-oxa-calcitriol; FCS, fetal calf
serum.
*To whom reprint requests should be addressed. e-mail: Vanleeuwen@
inw3.fgg.eur.nl.
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FIG. 1. Chemical structures of 1,25-(OH)2vitamin D3 and the side chain modificated analogs OCT and KH1060.

KH1060 (1 x 10-8 M) was added and, after varying incubation
periods, cell extracts were prepared by Dounce homogeniza-
tion in 500 ,lI TED buffer (50 mM Tris HCl, pH 7.4/1.5 mM
EDTA/5 mM dithiothreitol) and an equal volume of TED
buffer with 600 mM NaCl according to the method described
by Wiese et al. (14). The supernatants were frozen in liquid N2
and stored at -80°C until they were assayed for VDR content
using the immunoradiometric assay described by Sandgren and
DeLuca (16).

In Vitro Transcription and Translation. Human VDR
cDNA (1 jig) inserted into the EcoRI site of pGem 4 (17) was
in vitro transcribed with Sp6 RNA polymerase and translated
in the presence of [35S]methionine and ribonuclease inhibitor
rRNasin, using rabbit reticulocyte lysate of Promega's TNT
lysate assay according to the manufacturer's instructions.
Brome mosaic virus RNA and luciferase DNA were used as

templates in the TNT lysate assay for the production of
molecular mass markers.

Limited Proteolytic Digestion of in Vitro Synthesized VDR
Protein. The in vitro synthesized VDR protein was treated for
20 min at room temperature with various concentrations of
1,25-(OH)2vitamin D3, OCT, KH1060, the noncognate ligands
all-trans retinoic acid, 9-cis retinoic acid, 17,3-estradiol, thyroid
hormone, progesterone, or with vehicle (0.01% ethanol).
Protease solution (2 ,ul) was added to hormone/vehicle-
treated VDR (2 ,lI). Trypsin, chymotrypsin, and proteinase K
were used at concentrations of 5 to 500 gg/ml. After a

digestion period of 10 min at room temperature, 20 ,ul of
denaturing SDS/sample buffer was added and the samples
were heated for 5 min at 95°C. The samples were loaded on a
12.5% (wt/vol) SDS/PAGE and the labeled fragments were

visualized by overnight exposure to Fuji RX medical x-ray film
at -80°C.
Immunoblotting. The in vitro synthesized VDR proteins

were incubated for 20 min at room temperature with vehicle,
1,25-(OH)2vitamin D3, OCT, or KH1060 and subsequently
treated for 10 min at room temperature with vehicle or trypsin

(25 Ag/ml). After SDS/PAGE (12.5% gel), the protein frag-
ments were transferred electrophoretically to nitrocellulose.
Western blotting was performed using the IVG8C11 mono-
clonal antibody to the porcine intestinal VDR (18). Immuno-
reactive proteins were visualized using Enhanced Chemilumi-
nescence Western blotting detection reagents (Amersham).

RESULTS

Differences in VDR Affinity and in Vitro Effects Between
1,25-(OH)2vitamin D3, OCT, and KH1060. To emphasize the
differences in biological potencies between 1,25-(OH)2vitamin
D3 and the analogs a summary of two biological responses is
presented in Table 1. In addition, the relative affinity of the
analogs for the VDR is shown. The effects of OCT, KH1060,
and 1,25-(OH)2vitamin D3 on the production of the bone
matrix protein osteocalcin by the ROS 17/2.8 osteoblastic cells
and on in vitro bone resorption are shown as examples, but
KH1060 was more potent than 1,25-(OH)2vitamin D3 in other
responses, whereas OCT was equipotent (7). Despite these
increased potencies, KH1060 displayed reduced affinity for the
VDR extracted from ROS 17/2.8 cells. In other osteoblastic
cells (human osteosarcoma MG63 cells) (7) and in cells not
directly related to bone metabolism (e.g., the human breast
cancer cell line MCF-7) (5), a reduced VDR affinity of
KH1060 compared with 1,25-(OH)2vitamin D3 was observed.
VDR Half-Life in Rat Osteoblast-Like Cells. When no

ligand was present, the VDR in ROS 17/2.8 cells was almost
completely degraded within 4 hr (half-life = 1.5 hr) (Fig. 2).
However, when the cells were incubated with 1,25-
(OH)2vitamin D3, the VDR half-life was prolonged by 13.5 hr.
Less than 20% of the initial VDR level could be detected after
24 hr. A comparable result was obtained when the cells were
treated with OCT. KH1060 had a much stronger stabilizing
effect on the VDR. After 24 hr, still 80% of the initial VDR
level was detectable. After 48 hr of incubation, a rebound
effect was observed: The control-, 1,25-(OH)2vitamin D3-, and

Table 1. VDR affinity and in vitro biological effects of 1,25-(OH)2vitamin D3, OCT, and KH1060

Osteocalcin production In vitro bone resorption Relative affinity
Compound ED5o* (M) ED5o (M) for the VDR

1,25-(OH)2vitamin D3 4 x 10-12 (1)t 7 x 10-11 (1) 1
OCT 5 x 10-12 (0.8) 6 x 10-11 (1.2) 0.08
KH1060 1 x 10-13 (40) 4 x 10-12 (17.5) 0.20

These data have been presented previously in extended form (7). In short, osteocalcin production by
ROS 17/2.8 cells was measured by RIA. In vitro bone resorption was assayed by measuring 45Ca-release
from prelabeled radii/ulnae from fetal mice. Data after 6 days of culture are presented. VDR affinity was
determined in the cytosolic extract of ROS 17/2.8 cells by competitive receptor binding assays with
[23,24-3H]1,25-(OH)2vitamin D3.
*The concentration needed to achieve the half-maximal effect of 1,25-(OH)2vitamin D3 is designated as
ED50-
tThe potency of OCT and KH1060 (at EDso) was calculated in relation to that of 1,25-(OH)2vitamin D3.

Proc. Natl. Acad. Sci. USA 93 (1996)
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FIG. 2. Effect of vehicle, 1,25-(OH)2vitamin D3, OCT, and
KH1060 on the VDR half-life in ROS 17/2.8 cells. Extracts of
cycloheximide-treated ROS 17/2.8 cells were prepared after different
time periods of incubation with vehicle (0), 1,25-(OH)2vitamin D3(e),
OCT (A), or KH1060 (-) as described and assayed for VDR content
by immunoradiometric assay. Each point represents mean SE of
duplicate cultures that were measured in triplicate. Significance of the
differences between 1,25-(OH)2vitamin D3- and KH1060-incubated
cells was calculated using the paired Student's t test. *, P < 0.005; **,

P < 0.0005.

OCT-incubated cells regained their VDR synthesis, but the
VDR content was still lower than the starting level. At this time
point, KH1060-incubated cells contained VDR levels compa-
rable to the starting point levels (data not shown).

Limited Proteolytic Digestion of in Vitro Synthesized VDR
Protein. The increased VDR half-life could be the result of a

conformational change of the VDR. We used partial enzy-
matic digestion of in vitro synthesized human VDR as a means

to gain insight into ligand-induced conformational changes of
the VDR. The rationale behind this technique is that a

changed VDR conformation will lead to a changed accessi-
bility of cleavage sites within the VDR molecule. So, changes
in VDR conformation will lead to an altered VDR digestion.
In vitro synthesized [35S]methionine-labeled VDR protein was
separated by SDS/PAGE into three bands of 51, 48, and 45
kDa (Fig. 3A), probably representing different forms (e.g.,
phosphorylated) of the VDR. Immunoblot analysis revealed
that all three proteins were immunoreactive with the IVG8C1 1
antibody to the VDR (see Fig. 7). When trypsin was added, two
distinct fragments of 32 and 27 kDa appeared (Fig. 3A).
Increasing the trypsin concentration to 50 ,ug/ml led to a

complete degradation of the VDR. When VDR was incubated
with 1,25-(OH)2vitamin D3 before trypsin treatment, degra-
dation was retarded, resulting in more persistent fragments
(Fig. 3A). Compared with 1,25-(OH)2vitamin D3, VDR treat-
ment with OCT resulted in a similar protection against pro-
teolysis (Fig. 3), whereas incubation of VDR with KH1060
resulted in a dramatic increase in the resistance against
protease activity (Fig. 3). To further illustrate the large dif-
ference in potency to protect the VDR against protease
activity between 1,25-(OH)2vitamin D3 and KH1060, we ex-

tended the trypsin concentration range and found that, at a

trypsin concentration of 500 ,ug/ml, fragments were still
detectable when the VDR was incubated with KH1060,
whereas 1,25-(OH)2vitamin D3-incubated VDR was already
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FIG. 3. Effect of 1,25-(OH)2vitamin D3, OCT, and KH1060 on VDR
conformation. (A) In vitro synthesized human VDR was incubated with
vehicle, 10 nM 1,25-(OH)2vitamin D3, 10 nM OCT, or 10 nM KH1060
and subsequently was treated with increasing concentrations of trypsin.
The numbers above the lanes indicate the amount of protease added
(0-75 ,ug/ml). The fragments were analyzed by SDS/PAGE. The sizes of
the molecular weight markers are indicated. (B) Computerized scan of the
32-kDa resistant fragment at increasing trypsin concentrations. X-rays of
experiments similar to the experiment presented inA were scanned, and
the optical density of the 32-kDa fragment was expressed as percentage
of intact VDR optical density values. The Fig. was constructed with data
of 6 (OCT) to 13 [vehicle, 1,25-(OH)2vitamin D3, KH1060] different
experiments. The same symbols as in Fig. 2 were used.

completely degraded at a trypsin concentration of 150 ,ug/ml
(Fig. 4). Notice that in the KH1060-incubated VDR, a third
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FIG. 4. Comparison of the effects of 1,25-(OH)2vitamin D3
(Upper) and KH1060 (Lower) on the conformational change of the
VDR. In vitro synthesized human VDR was incubated with 100 nM
of ligand and then treated for 10 min with 0-500 ,ug/ml of trypsin.
The numbers above the lanes indicate the amount of protease added.
The degradation fragments were separated by SDS/PAGE and
visualized by autoradiography. The arrowhead marks the 24-kDa
fragment.

fragment of -24 kDa is present that could not be detected
when VDR was incubated with 1,25-(OH)2vitamin D3 or OCT
(Figs. 3A and 4). This 24-kDa fragment could be the result of
processing of the larger fragments.
The observed protection was not due to direct blockade of

specific cleavage sites of trypsin, since with chymotrypsin (Fig.
5) or with the broadband protease proteinase K (data not
shown) virtually the same observations were made: 1,25-
(OH)2vitamin D3, OCT, and KH1060 protected the VDR
against proteolytic breakdown, resulting in more preserved
fragments with KH1060 being far more effective than 1,25-
(OH)2vitamin D3 or OCT.
The ligand-induced conformational change of the VDR was

ligand-concentration dependent (Fig. 6). Furthermore, the
conformational change was ligand-specific. Incubating the
VDR with the noncognate ligands all-trans retinoic acid,
progesterone, 17/3-estradiol, thyroid hormone, and 9-cis reti-
noic acid did not result in an increased preservation of distinct
VDR fragments (data not shown).
To exclude the possibility that the observed protection was

due to direct inactivation of the protease by 1,25-(OH)2vitamin
D3 or the analogs, we performed time course studies. Adding
KH1060 and trypsin simultaneously did not result in an increased
protection against proteolytic degradation, whereas a 10 min
preincubation with KH1060 was effective (data not shown).
The observed differences in protective effect between 1,25-

(OH)2vitamin D3, OCT, and KH1060 was not specific for the
incubation temperature routinely used in this study (room
temperature). When the temperature during the ligand and the

KH1060
10 M
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FIG. 5. 1,25-(OH)2Vitamin D3-, OCT-, and KH106O-induced con-

formational changes of the VDR. In vitro synthesized human VDR was

incubated with vehicle, 10 nM 1,25-(OH)2vitamin D3, 10 nM OCT, or

10 nM KH1060 and subsequently treated with increasing concentra-
tions of chymotrypsin. The numbers above the lanes indicate the
amount of protease added (0-75 ,tg/ml). The VDR fragments were

separated by SDS/PAGE. The sizes of the molecular weight markers
are indicated.

trypsin incubation period was raised to 37°C, KH1060 was still
much more potent than 1,25-(OH)2vitamin D3 in protecting
the VDR against proteolytic breakdown (data not shown).
Immunoblot Analysis of Proteolytic VDR Fragments. To

gain insight whether the proteolytic VDR fragments and the
32-kDa product in particular contain at least part of the
DNA-binding site, we performed immunoblot analyses with
the IVG8C11 monoclonal antibody directed to the DNA-
binding site of the porcine intestinal VDR. Incubation with
1,25-(OH)2vitamin D3, OCT, or KH1060 did not affect the
immunological signal of the three main bands around 50 kDa.
Incubation with trypsin (25 ,ug/ml) resulted in a loss of immu-
noreactivity, both in the presence and absence of 1,25-
(OH)2vitamin D3, OCT, or KH1060. With all three ligands, none
of the proteolytic fragments were immunoreactive (Fig. 7).

DISCUSSION

It is known that modifications in the side chain of the 1,25-
(OH)2vitamin D3 molecule can result in analogs with increased
biological activity. One of these interesting 1,25-(OH)2vitamin
D3 analogs, KH1060, is a much more potent regulator of cell
proliferation and differentiation (4, 5, 7). However, the mech-
anism(s) underlying the differences in potency remain unclear.
The increased potency of KH1060 is not associated with an

increased affinity for the VDR (5, 7), although the presence of
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FIG. 6. Effect of ligand concentration on the presence of the 32-kDa VDR fragment. In vitro synthesized human VDR was incubated with vehicle
(shaded bar) or increasing concentrations of 1,25-(OH)2vitamin D3 (open bars) or KH1060 (solid bars) (10-l1-10-7 M) and subsequently treated
with 5 ,ug/ml of trypsin. After SDS/PAGE, the fragments were scanned from the autoradiograph and optical densities were expressed as percentage
of the intact VDR optical density values.

the receptor is essential for the effects on cell proliferation and
differentiation (7).
The present study demonstrates that, compared with 1,25-

(OH)2vitamin D3, KH1060 increases the half-life of the VDR,
which could provide an explanation for the increased biolog-
ical potencies of KH1060. Binding of KH1060 to the VDR
causes an almost complete stabilization of the VDR, whereas
with 1,25-(OH)2vitamin D3 after 24 hr only 20% of the initial
amount of VDR was present. Earlier studies showed that
1,25-(OH)2vitamin D3 or naturally occurring 1,25-
(OH)2vitamin D3 metabolites stabilized the VDR in LLC-PK1
pig kidney cells (13), mouse fibroblasts, rat intestinal epithelial
cells (14), and ROS 17/2.8 cells (15). Our data are consistent
with the VDR half-life of 2 hours in the absence of 1,25-
(OH)2vitamin D3 reported by Arbour et al. (15). They also
observed a VDR stabilization when the ROS 17/2.8 cells were
treated with 1,25-(OH)2vitamin D3. However, they were not
able to determine a VDR half-life, since the VDR content was
unchanged within the 6 hr studied. The present paper is, to our

Control 1,25(OH)2D3 OCT KH1060

- I - I + - + - +

II

kDa

-61

-35

FIG. 7. Immunoblot analysis of in vitro synthesized human VDR
and protease degradation products. Human VDR was incubated with
vehicle, 100 nM of 1,25-(OH)2vitamin D3, 100 nM OCT, or 100 nM
KH1060 and subsequently treated with vehicle (-) or with 25 ,ug/ml
of trypsin (+). The samples were separated by SDS/PAGE and then
transferred to a nitrocellulose membrane. Immunological detection
was performed with the 1VG8C11 monoclonal antibody and En-
hanced Chemiluminescence Western blotting detection reagents.

knowledge, the first report concerning the effect of 1,25-
(OH)2vitamin D3 analogs on VDR stability.

Besides VDR stabilization, the effect of 1,25-(OH)2vitamin
D3, OCT, and KH1060 on the VDR conformation was exam-
ined. As suggested by Allan et al. (19), hormone-induced
conformational changes might be crucial for DNA binding,
dimerization, and transcriptional activation, but in addition it
could also play a role in receptor stability. We used partial
enzymatic digestion of in vitro synthesized human VDR pro-
tein as a means to gain insight into ligand-induced conforma-
tional changes of the VDR. Partial enzymatic digestion has
proven to be a useful method for studying conformational
changes of the VDR (20-22) and other members of the steroid
receptor superfamily (19, 22-26). As we show here, incubation
of the VDR with ligand leads to a conformational change of
the receptor. Incubation with 1,25-(OH)2vitamin D3, KH1060,
or OCT resulted in the protection against proteolytic break-
down of specific fragments of the VDR. This protection was
not due to a direct effect of the ligand on the enzymes. In
contrast to a 10 or 20 min preincubation with ligand, simul-
taneous addition of ligand and protease did not cause en-
hanced protection against degradation of the VDR. Also, it
was not the result of blockade of specific cleavage sites by the
ligands because with three different proteases similar results
were obtained. In this respect, it is noteworthy that the ligand
binding domain of the VDR contains over 20 evenly distrib-
uted cleavage sites for trypsin. Therefore, it seems unlikely that
a relatively small molecule like 1,25-(OH)2vitamin D3 is able
to protect a 32-kDa fragment from proteolytic degradation via
direct blockade of these cleavage sites. The protection against
protease activity could only be achieved when the receptor was
incubated with its cognate ligand: VDR was not protected by
17f3-estradiol, progesterone, all-trans retinoic acid, thyroid
hormone, and 9-cis retinoic acid.

In an attempt to identify the VDR fragments that are
protected by ligand incubation, we performed immunoblot
analysis. None of the fragments were immunoreactive with the
IVG8C11 antibody, which epitope has been mapped to amino
acids 57 to 164 (27), encompassing the second zinc finger of the
DNA binding domain (amino acids 21-87) and most of the
hinge region (amino acids 88-188) (Fig. 7). Furthermore, the
theoretically calculated molecular weight of the ligand binding
domain of the VDR is about 30 kDa, which is indeed compa-
rable to the size of the major VDR degradation product. This
suggests that the protected fragments are predominantly part
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of the ligand binding domain. As we do not possess specific
antibodies against this region of the VDR, we cannot provide
proof of this. For the progesterone receptor, a progesterone-
induced 30-kDa fragment and for the estrogen receptor an
estrogen-induced 32-kDa fragment, both corresponding to
their ligand binding domains, were reported (19).
The observation that 1,25-(OH)2vitamin D3, OCT, and

KH1060 induce a conformational change of in vitro synthesized
VDR, leading to enhanced resistance against protease activity,
makes it tempting to speculate about the role of VDR con-
formation in its stabilization. As shown in Figs. 3A, 4, and 5,
KH1060 is much more potent than 1,25-(OH)2vitamin D3 and
OCT in the protection against proteolytic degradation. This is
further illustrated when the major degradation, a 32-kDa
fragment, was quantified and plotted against the protease
concentration (Fig. 3B). At high protease concentrations with
KH1060, a 24-kDa VDR fragment was found that was not
observed after incubation with 1,25-(OH)2vitamin D3 or OCT
(Fig. 4). Most of the conformational analyses were performed
at room temperature, but, at 37°C, the difference between
KH1060 and 1,25-(OH)2vitamin D3 was present, indicating
that the observed phenomenon also holds at a physiological
more relevant temperature. Together these data indicate a
different VDR conformation after binding KH1060, which can
be involved in the increased VDR stabilization observed in
cells. This is even more likely when the background of the
receptor conformational analysis is taken into account: pro-
tection against proteolytic breakdown due to reduced acces-
sibility of cleavage sites in the receptor by ligand binding.
Moreover, in the VDR conformational studies, 1,25-
(OH)2vitamin D3 and OCT showed similar effects and induced
a comparable increase in VDR half-life (Figs. 2, 3, and 5).
Based on the observed different effects between OCT and

KH1060 on VDR half-life and VDR conformation, we con-
clude that only specific alterations in the side chain structure
of the 1,25-(OH)2vitamin D3 molecule result in more potent
analogs. The reported in vitro (Table 1) and in vivo biological
effects of OCT (7, 28-31) and the data presented here with
respect to its effect on VDR half-life and VDR conformation
(Figs. 2, 3, and 5) show that substitution of the C-22 by an
oxygen atom results in an analog that mimics most of the
activities of 1,25-(OH)2vitamin D3. Therefore, we conclude
that the potent effect of KH1060 is not the result of the
substituted oxygen atom at C-22, but is probably due to
(combinations with) other modifications in the side chain.

In view of the fact that stabilization and conformational
change of the VDR could be responsible for increased recep-
tor-mediated responses in target cells (15, 19), the present
study provides a means by which KH1060 can exert biological
responses more potently than 1,25-(OH)2vitamin D3. In this
respect, the report by Sasaki et al. (32) is of interest. They
speculated that the higher biological activity of the analog
26,26,26,27,27,27-hexafluoro-1,25-(OH)2vitamin D3 could
(partly) be due to a structural change of the VDR induced by
this analog, leading to enhanced binding affinity of the VDR
for the vitamin D response element and subsequently to
enhanced transcriptional activity. It should, however, be taken
into account that in addition also pharmacokinetic aspects
(e.g., in relation to vitamin D binding protein affinity or
altered metabolism) may contribute to the increased bioactiv-
ity of KH1060 (33) and other 20-epi-analogs (34).

We thank Prof. H. F. DeLuca and Ms. J. M. Prahl for the VDR
antibodies and support with the VDR immunoradiometric assay.
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