ELSEVIER

An evaluation of the biologic activity
and vitamin D receptor binding
affinity of the photoisomers of vitamin
D, and previtamin D,
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Skin is the site of previtamin Dand vitamin Dy synthesis and their isomerization in response to ultraviolet
irradiation. At present, little is known about the function of the photoisomers of previtagan® vitamin B

in skin cells. In this study we investigated the antiproliferative activity of the major photoisomers and their
metabolites in cultured human keratinocytes by determining their influendelghymidine incorporation into

DNA. Our results demonstrated that vitaming @Bnd 25-hydroxytachysterplwere effective in inhibiting
3H-thymidine incorporation at both I¢ and 10 ® M in a dose-dependent manner. Lumisterol, tachyserol
5,6-trans-vitamin Q, and 25-hydroxy-5,6-transvitamin ;Donly induced significant inhibition at IC M.
25-Hydroxytachysterglwas approximately 10- to 100-fold more active than tachysiefDehydrocholesterol

was not active even at 16 M. The dissociation constants of vitamin D receptor (VDR) for 25-hydroxytachys-
terols, 25-hydroxy-5,6-trans-vitamin Dand 5,6-trans-vitamin Dwere 22, 58, and 560 nM, respectively. The
dissociation constants for 7-dehydrocholesterol, tachysterol, and lumisterol were greater tham20n
conclusion, vitamin B, its photoisomers, and the photoisomers of previtamirh@ve antiproliferative activity

in cultured human keratinocytes. However, the antiproliferative activity did not correlate with their binding
affinity for VDR. The results suggest that some of the photoproducts may be metabolized to their 25-hydroxylated
and Ix,25-dihydroxylated counterparts before acting on VDR. Alternatively, a different receptor may recognize
these photoproducts or another mechanism may be involved in modulating the antiproliferative activity of the
photoisomers examined.(J. Nutr. Biochem. 11:267-272, 200@) Elsevier Science Inc. 2000. All rights
reserved.
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Introduction providing humans with most of their vitamin D require-
ment. During exposure to sunlight, the ultraviolet B (UVB)
portion of the solar spectrum (295-315 nm) causes the
photolysis of epidermal stores of 7-dehydrocholesterol (7-
DHC) to previtamin B. Previtamin B then thermoisomer-
izes to vitamin B, a process that is facilitated by the
lipid-membrane environmeRtAfter vitamin D, is made in
the skin or ingested in the diet, it must be hydroxylated at
carbon positions 25 and 1 in the liver and kidney, respec-
tively, to form Iu,25-dihydroxyvitamin B [l1«,25
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Vitamin D is absolutely essential for the maintenance of
calcium homeostasis and for the development and mainte-
nance of healthy bones in animal§here are two major
sources of vitamin D; one is diet and the other is the
cutaneous synthesis. However, because vitamin D is rare in
foods, it is casual exposure to sunlight that is responsible for
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maintaining a normal level of serum calcium. During the
past 20 years, it has been recognized thaR%(OH),D,

photoproducts of previtamin Pand vitamin D,, respee
tively, have a pseudo-&-hydroxyl structure due to the

also can influence a variety of other biologic processes 180-degree rotation of the 3-hydroxyl group during

through its vitamin D receptor (VDR) in tissues other than
those that regulate calcium metabolism, including skin. In
cultured human keratinocytes,a,25(OH),D5 inhibited
basal cell proliferation and stimulated differentiation to
form the cornified envelop&®

During chronic exposure to sunlight, both previtamin
D5 and vitamin DB, in the skin can be photoisomerized to
a variety of photoproducts, including 5,6-trans-vitamin
D,, tachysterol, and lumisterl’ Because the concen-
trations of these photoproducts in skin cells are likely to

be very high, it is possible that some of these photoprod-

ucts may have direct biologic properties on skin cells.
Because tachysterol and 5,6-trans-vitamiy) ®hich are
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isomerization Figure 1), it is possible that these analogs
may act like &,25(OH),D in the epidermis. It has been
previously reported that 5,6-trans-vitamin; And tach
ysterol can mimic the intestinal calcium transport activity
of 1la,25(OH),D in anephric rats and that their 25-
hydroxy derivatives were more active in the same assay
system? Therefore, we evaluated the potential antipro-
liferative activity of the major photoproducts of previta-
min Dy and vitamin B, by determining their effects on
3H-thymidine incorporation into cultured normal human
keratinocytes and compared the antiproliferative activity
with their binding to VDR using a calf thymus cytosol
receptor preparation.
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Methods and materials argon gas. The residue was redissolved in an aliquot of 0.5%
2-propanol in n-hexane and applied to HPLC using an Econo-
Cell cultures sphere Sil silica column (b, 250 X 4.6 mm; Alltech Associates)

with a flow rate of 1.6 mL/min. The fraction containing lumisteyol
was dried and redissolved in 100% ethanol. The UV absorption
spectrum and the concentration were determined using a Perkin-
Elmer 552A spectrophotometer (Norwalk, CT USA). The yield
was approximately 40%. 5,6-Trans-vitamin, Bnd 25-hydroxy-
5,6-transvitamin Q were prepared from vitamin Dand 25-

- . . hydroxyvitamin 25(0OH)D,], respectively, as previousl
3H-Thymidine incorporation d)e/scribyed’. B [25(0H)Dd P Y P y

When the second-passage cells grown on 24-well plates reached
approximately 40% confluency, they were fed with basal MCDB- Materials
153 medium supplemented with amino acids without growth
factors!® Two days later, cells were incubated with epidermal
growth factor (EGF; 25 ng/mL) and with or without
1a,25(0OH),Dg, vitamin D;, 7-DHC, and photoisomers of vitamin
D, and previtamin R (10 *°, 10 8, and 10°® M), as indicated in

Normal human keratinocytes were obtained from neonatal fore-
skins as described previougly. Keratinocytes were plated and
grown on lethally irradiated 3T3 fibroblast feeder layer in a
serum-free basal medium supplemented with amino acids and
growth factors as previously describt.

Crystalline 7-DHC was obtained from Salsburg Laboratories Inc.
(Charies City, IA USA) and vitamin BPwas purchased from Sigma
Chemical Co. (St. Louis, MO USA). 25-Hydroxy-7-DHC and
1a,25(0OH),D, were gifts from Dr. R. Gray of Amoco BioProducts

: ; . Corporation (Naperville, IL USA) and Dr. M. Uskokovic of
the figure legends. Eighteen hours later, the medium was replaced . .
with 0.5 mL of fresh basal medium containinguCi of [methyl- Hoffmann-La Roche Inc. (Nutley, NJ USA), respectively. Tissue

SH]thymidine and incubated at 37°C for 3 htH-Thymidine culture media, insulin, hydrocortisone, and prostaglandimeére
incorporation into DNA was stopped by placing the 24-well plates obtalr?ed Ejrofm Sl%ma C_lr_‘en;:ci C?(‘ E“mﬁlg rSgoArbr:b_ll_rrl]ant'ls_GF was
on ice; unincorporatedH-thymidine was removed and the cells purc _af_se tf.o.ft" 762‘)[__? Ce_/c ( loc i, hased f yml\ll |neE
were washed three times with ice-cold phosphate-buffered saline.(s|oecI ic activity, 72.5 Ci/mmol) was purchased from New En-

T L . "gland Nuclear (Boston, MA USA)3H-1a,25(0OH),D; [1a,25-
2g§r:]a;ﬁ|§§ \;V's”:j ei g%?&d[;r::v\?éiilix”amed by the perchloric dihydroxy(26,27-methyPH)cholecalciferol] with a specific activ

ity of 180 Ci/mmol (TRK 656) was obtained from Amersham

L Arlington Heights, IL USA).
Receptor binding assay (Arling 9 )

The binding of vitamin Q and the photoisomers of previtaminD  Statistics
and vitamin D, to VDR was performed using a nonequilibrium
binding assay in which calf thymusa25(OH),D receptor was

used*! The procedures for the determination of binding affinity
for calf thymus &,25(OH),D receptor have been described in
detail elsewheré? The K, was defined as the concentration at

Results are reported as meanSEM, and the unpaired Student’'s
t-test was used to calculakevalues.

which it caused a 50% reduction in the binding #i-labeled Results

1o, 25(OH),D; to thymus receptor. Figure 2 demonstrates thatal25(0H)D, was highly
effective in inhibiting *H-thymidine incorporation in a

Synthesis of photoisomers dose-dependent manner as reported previofsht con-

H 10 —8 6
Tachystero] was prepared by irradiating 7-DHC solution in centrations of 107, 107 and 10° M, 10"2.5(O.|—.|).2D3
methanol c()J50|uug/mL) in a quartz tube placed on ice at 254 nm caused a 48+ 2, 65 * 3, and 85* 1% inhibition,
using a monochromatic light source (Oriel Corp., Stamford, CT respectively, ir"H-thymidine incorporation compared with
USA) for 9 min. The irradiated solution was dried under a stream the control. Lumisterq| tachystera}, 5,6-trans-vitamin B,
of nitrogen gas and redissolved in 20Q of 1.2% 2-propanol in and 25(0H)5,6-trans-vitamin [at either 10'° or 108 M
n-hexane. The solution was then applied to a high performance did not cause any significant inhibition ifH-thymidine
liquid chromatography (HPLC; Waters Associates, Milford, MA incorporation. Only at 10° M did lumisterok, tachystera),
USA) using a preparative Econosphere silica column (10 5 g-trans-vitamin R, and 25(0OH)5,6-trans-vitamin Jin-
particle size, 250X 10 mm; Alltech Associates, Deerfield, IL duce a 27+ 3 (P < 0.01), 58+ 3 (P < 0.001), 64+ 2 (P <
USA) with a mobile phase of 1.2% 2-propanol in n-hexane and a 0.001), and 67+ 3% (P ’< 0.001) inhibition,, respectively.

flow rate of 2 mL/min. The fraction containing tachysteralas . :
dried under a stream of nitrogen gas, redissolved in 0.1% 2-pro- ON the other hand, vitamin{and 25(OH)tachystergivere

panol in n-hexane, and applied to HPLC using SB-CN column active |n6|nh|p|t|ng3H—thym|d|ne incorporation at both 16
(250 X 4.6 mm; MAC MOD Analytical Inc., Chaddsford, PA and 10> M in a dose-dependent manner, with no signifi
USA) with a mobile phase of 0.1% 2-propanol in n-hexane and a cant inhibitory effect found at 10:° M. Vitamin D, caused
flow rate of 1 mL/min. The fraction containing the purified a 25% 8 (P < 0.01) and 55+ 3% (P < 0.001) inhibition
tachystero] was dried under a stream of nitrogen gas and redis at 10°® and 10° M, respectively; 25(OH)tachysterpl
solved in 100% ethanol, and its quantity was determined. The jnduced a 33+ 6 (P < 0.01) and 81+ 2% (P < 0.001)
“_'“%Vio'et (Uv) absorptiont Slpec”su(;g/ShO"gﬂﬁng 279t “"r:- Tthe | inhibition at 10° & and 10°® M, respectively. 25(OH)Tachy
yleld = was  approximately =~ obvo. -Hlydroxytachyslerol  giarpl was approximately 10- to 100-fold more active than
[25(CH)tachysterq] was synthesized from 25-hydroxy-7-DHC 5oy sterol and vitamin Din this respect. There was no

by a procedure similar to that used for tachystgralimisterol T S 3 T
was prepared by exposing 7-DHC solution in methanol (400 inhibition in *H-thymidine incorporation induced by 7-DHC

wg/mL) in a quartz tube to a UVB light box (National Biological &t doses ranging from _IGO to 10 ° M. _

Corp., Cleveland, OH USA) containing FS-40 fluorescent tubes  Because the biologic activity ofal25(0OH),D; is be
with a spectral output of 280 to 450 nm for 30 min at room lieved to be mediated by VDR, we next determined the
temperature. The exposed solution was dried under a stream ofbinding affinity of 1a,25(OH),D5, vitamin D;, and selected
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Figure 2 Dose-dependent inhibition of ®H-thymidine incorporation into keratinocytes in the presence of vitamin D5 and its related compounds. After
keratinocytes were fed with basal medium without growth factors for 2 days, cells were incubated with fresh basal medium containing 25 ng/mL of
epiderman growth factor (EGF) and 0, 107'°, 1078, or 107® M of vitamin D, or its related compounds for 18 hr at 37°C. At the end of incubation period,
3H-thymidine incorporation was performed. The results are presented as the percent of control in the absence of test compounds. Each value is the
mean * SEM of six to eight determinations. *P < 0.01, **P < 0.001 compared with respective controls. 7-DHC, 7-dehydrocholesterol; L, lumisterol;
T, tachysteroly; 25(0OH)T5, 25-hydroxytachysterols; 5,6-trans-Dg, 5,6-trans-vitamin Dg; 25(0H)5,6-trans-D5, 25-hydroxy-5,6-trans-vitamin Dg;

1et,25(0H),Ds, 1a,25-dihydroxyvitamin Ds.

photoisomers of vitamin Dand previtamin Q to VDR
using a calf thymus cytosol preparatidrigure 3. The K;s
for VDR were 3.8 pM, 22 nM, 58 nM, and 560 nM for
1a,25(0OH),D5, 25(0OH)tachysterg] 25(OH)trans-vitamin
D5, and 5,6-trans-vitamin D respectively. The ks for
7-DHC, vitamin D;, tachysteral, and lumisterg] were all
greater than 2QuM with the following order of decreasing
binding affinity: 7-DHC > vitamin D; > tachysterg] >
lumisterok,.

Discussion

Our results demonstrate that vitamin Dself and some of
the photoisomers of vitamin Pand previtamin B includ-
ing tachysterqg), 5,6-trans-vitamin B, and their 25-hy

droxylated metabolites are active in inhibitifig-thymidine
incorporation into cultured normal human keratinocytes
(Figure 2. The activity found for vitamin B could be
attributed to its metabolism tood25(OH),D5 in cultured
keratinocytes, which have been shown to possess both
vitamin D-25-hydroxylase and 25(OH)Dxihydroxylase
activities!*~1> The recent demonstraton of vitamin D-25-
hydroxylase activity in keratinocytes suggests that the
photoisomers of previtamin ) such as tachysterglmay
be substrates for this enzyme and be hydroxylated to
25(0OH)tachysterg| which is a pseudo«l,25(OH),D; ana
log. Thus, 25(OH)tachysterptould be recognized by the
VDR in keratinocytes and cause a direct biologic response.
The antiproliferative activity of the photoisomers did not
correlate with their binding affinity for VDRRigure 3). For

100 = 12,25(0H),D, 25(OH)-5,6-Trans-D, L,
80 |- T,
(=) P,
g 60 - 7-DHC
m 40 |
25(0H)T,
20 5,6-Trans-D,
0 Ll Ll Ll Ll Ll Ll ) Ll Lt
1012 1011 1010 10° 108 107 106 10° 104

Conc. of compound (M)

Figure 3. Competition for ®H-1a,25(0H),D4 binding to the thymus 1a,25(0H),D receptor by nonradioactive 1a,25(0H),Ds, vitamin D, and vitamin

Ds-related compounds. 1a,25(0H),Dg,

1a,25-dihydroxyvitamin Dg; 25(0OH)5,6-trans-Ds, 25-hydroxy-5,6-trans-vitamin Dg; 25(0OH)T5, 25-hy-

droxytachysterols; 5,6-trans-Dg, 5,6-trans-vitamin Dg; 7-DHC, 7-dehydrocholesterol; L, lumisterols; T, tachysterol,.
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example, the binding affinity of 25(OH)tachystejob calf the incubation media or derived from the 25-hydroxylation
thymus VDR was at least 1,000-fold higher than that of photoisomers during the incubation, may be further
between the receptor and tachystgeoid yet only a 10-fold ~ metabolized to their respectivex 25-dihydroxylated com-
difference in their antiproliferative activity was found. pounds by the d-hydroxylase present in keratinocytes,
Likewise, although 25(OH)5,6-trans-vitamingand 5,6- which in turn acted on VDR to exert their biological
trans-vitamin B bound to thymus VDR with a 10-fold  activity. This possibility is strengthened by the observation
difference in binding affinity, both compounds were only that dihydrotachysterol, which has an A-ring orientation
active in inhibiting keratinocyte proliferation at 16 M. similar to that of tachysterol and 5,6-trans-vitamig, Dan
Furthermore, 7-DHC bound to thymus VDR better than be hydroxylated at the C-1 position to forna,25-dihy-
tachystera), yet tachysteralhad much higher antiprolifera  droxy-dihydrotachysterol and p125-dihydroxy-dihydro-
tive activity than did 7-DHC. tachysterol in vive?©

There are several possible explanations for the discrep- Thus, the present study suggests that sunlight is not only
ancy between the antiproliferative activity and VDR bind- the major provider of vitamin Dfor humans for maintain
ing affinity. First, it is possible that VDR might be different ing calcium and phosphorus homeostasis, but also provides
among different species or different tissues. Thus, the vitamin D; and photoproducts that may act directly to
binding affinities of various photoproducts to calf thymus regulate epidermal proliferation. The amounts of vitamin D
may not reflect the biologic activity in human skin. At the and tachysterglthat can be made in the epidermal cell

present time, there is no evidence to support this. during solar irradiation are much higher than the picogram
Second, the effect of vitamin D1«,25(0OH),D5, and the guantities of &,25(OH),D5 that are exposed to the epider
photoisomers of vitamin Pand previtamin Q on inhibiting mis from the circulation. Thus, the results suggest the

keratinocyte proliferation may be mediated by a receptor possibility that vitamin Q and some of the photoproducts of
other than the classic VDF.Recent evidence suggests that previtamin D, such as tachysterglcan regulate epidermal
different 1n,25(OH),D, receptor forms may be responsible proliferation and differentiation under physiologic condi-
for the signal transduction processes associated withtions.

genomic and nongenomic actions ok,25(OH),D,. For UVB phototherapy has been used to treat psoriasis since
example, #&,25(0OH),D, rapidly increases intracellular 1925 when Goeckermahobserved the benefit of combined
C&* in osteoblast-like cells (ROS 17/2.8) that lack VDR. treatment using tar and UV light. New developments in
The effect can be inhibited by its inactive epimer phototechnology during the past decade have made UVB
18,25(0OH)D5, which does not displace oa125(0OH)D, phototherapy alone emerge as a reasonably effective and
from VDR.1® The rapid action of &,25(OH),D on calcium fairly practical treatment for psoriasté The mechanisms of
transport was also observed in perfused duodena of normalhe therapeutic effect of UV radiation on psoriasis are not
chicks!” This non-nuclear action has been shown to be well understood? Most hypotheses have focused on a
mediated by a plasma membrane receptor and not Y¥DR. direct effect of UV radiation on inhibiting DNA synthesis in
Norman et af® synthesized &,25(0OH)-9,14,19,19,19- the hyperproliferating cells. Alternatively, it has long been
pentadeuterio-pre-Ppto investigate whether it had any suspected that during UV radiation therapy some photo-
biological activity. The presence of the deuterium atoms in products that are produced were having therapeutic bene-
the molecules of &,25(0H)-9,14,19,19,19-pentadeuterio- fits.” Our present results strongly suggest that the formation
pre-D; suppressed its isomerization from the previtamin to of vitamin D; and previtamin Q photoisomers could be a
the vitamin form and thus functioned primarily as an analog major factor in the therapeutic benefit that UVB photother-
of the 6-s-cis form of &,25(OH),D5. They demonstrated  apy provides for psoriasis.

that both nongenomic actions were equally responsive to

1a,25(0OH)D; and Xx,25(0H)-9,14,19,19,19-pentadeu

terio-pre-D,, whereas &,25(0H),-9,14,19,19,19-pentadeu  Acknowledgments

terio-pre-Dy was  significantly less — active  than  tpe york was supported in part by grants RO1-AR36963,
1o, 25(OH),D; in the genomic induction of osteocalcin - po1.pK43690, and MO1RR00533 from the National In-
gene. stitutes of Health and from a generous gift from California

Third, the biologic activity may be determined by the 1,410 and the Heliotherapy, Light and Skin Research
availability of receptors induced by different ligands. This  center. The authors would like to thank David Jackson for
possibility is supported by a recent report indicating that the preparation of the graphics.

antiproliferative and the differentiation effect of vitamin D
analogues in skin is determined by the ability of the
compounds to induce VDR transcription rather than the References
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