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Synthetic analogues of 1,25-dihydroxyvitamm D3 (1,25(OH):D3) were examined for their biological ac- 
tivities in four assay systems: (a) inhibition of proliferation and stimulation of terminal differentiation in 
cultured normal human keratinocytes, (b) intestinal calcium absorption and bone calcium mobilization 
in vitamin D-deficient rats, (c) competitive binding to the rat intestinal 1,25(OH)2D3 receptor, and (d) 
induction of differentiation of human HL-60 leukemia cells. Six analogues were found to have minimal 
activity in enhancing intestinal calcium absorption and bone calcium mobilization while retaining at least 
the same activity as 1,25(OH)zD3 in inhibiting proliferation and inducing terminal differentiation of 
cultured keratinocytes. Evidence suggests that it may be possible to dissociate antiproliferative activity 
from differentiation-inducing activity and calcium metabolism by specific modifications of the 1,25 ( OH)2D3 
molecule. The uncoupling of these activities could potentially create an ideal analogue to treat psoriasis 
that should have potent antiproliferative activity with minimum effects on differentiation and on calcium 
metabolism. 
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Introduction 

During the past decade, there was abundant evidence 
discovered indicating that 1,25-dihydroxyvitamin D 3 
(1,25(OH)2D3) has other  functions that are not related 
to calcium and phosphorus metabolism. 1,2 Stumpf et 
al., using an autoradiographic technique, first reported 
the specific nuclear localization of  3H-1,25(OH)2D3 in 
a variety of tissues that were not directly associated 
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with mineral metabolism. 3.4 These included the pitu- 
itary gland, pancreas, parathyroid glands, gonads, 
stomach, and skin. Later,  receptor-like macromole- 
cules specific for 1,25(OH)2D3 were characterized in 
many of those tissues. 5,6 Cultured human and mouse 
keratinocytes and fibroblasts, and malignant melanoma 
cells all possess nuclear receptors for 1,25(OH)2D3, 
which strongly suggested that the skin was a target 
organ for 1,25(OH)2D3 in addition to being the site of 
vitamin D3 synthesis. 6-11 Incubation of cultured normal 
human and murine fibroblasts and keratinocytes with 
1,25(OH)2D3 resulted in time- and dose-dependent de- 
creases in their proliferation. 6,xz,~3 1,25(OH)2D3 also 
stimulated terminal differentiation in cultured keratin- 
ocytes as evidenced by a dose-dependent  increase in 
the proportion of the differentiated desquamated cells 
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in the  cul ture .  12A3 In add i t i on ,  the  h o r m o n e  p r o m o t e d  
t ime-  and  d o s e - d e p e n d e n t  inc reases  in the  in t r ace l lu l a r  
ca lc ium c o n c e n t r a t i o n J  4 in t r a n s g l u t a m i n a s e  act ivi ty  
and  in corn i f i ed  e n v e l o p e  fo rma t ion .  7.~2 ,3 T h e  obse r -  
va t ion  tha t  1,25(OH)2D3 inh ib i t ed  p ro l i f e r a t i on  and  
i nduced  t e rmina l  d i f f e ren t i a t ion  of  cu l tu red  h u m a n  
ke r a t i nocy t e s  p r o m p t e d  the  use of  this  h o r m o n e  in a 
cl inical  t r ia l  for  the  t r e a t m e n t  of  the  c o m m o n  hyper -  
p ro l i f e ra t ive  e p i d e r m a l  d i so rde r ,  psor ias is .  N u m e r o u s  
r epo r t s  have  ind i ca t ed  tha t  top ica l ly  o r  o ra l ly  admin -  
i s t e red  1,25(OH)2D3 and  its ana logues  are  effect ive in 
a l lev ia t ing  m a n y  of  the  man i f e s t a t i ons  of  psor ias is .  15-20 
H o w e v e r ,  because  1,25(OH)2D3 affects ca lc ium me-  
t abo l i sm,  it cou ld  be  po ten t i a l l y  toxic  when  adminis -  
t e r e d  ora l ly  in t h e r a p e u t i c  doses  to pa t ien t s  with 
psor ias is .  T h e r e  con t inues  to be a need  to deve lop  
ana logs  of  this h o r m o n e  tha t  have  po t en t  an t ip ro l i fe r -  
a t ive act ivi ty  on  e p i d e r m a l  cells while having  min imal  
act ivi ty  on ca lc ium m e t a b o l i s m .  In this r epo r t ,  chem-  
ical ly syn thes ized  ana logs  of  1,25(OH)2D3 were  ex- 
a m i n e d  for  the i r  b io logica l  act ivi t ies  in a var ie ty  of  
assays inc luding:  (a) inh ib i t ion  of  p ro l i f e ra t ion  and 
s t imu la t ion  of  t e rmina l  d i f f e ren t i a t ion  in cu l tu red  nor-  
mal  h u m a n  ke ra t i nocy t e s ,  (b) in tes t ina l  ca lc ium ab-  
so rp t ion  and  bone  ca lc ium mob i l i za t ion  in v i t amin -D  
def ic ien t  ra ts ,  (c) compe t i t i ve  b ind ing  to the  rat  intes-  
t inal  1,25(OH)2D3 r e c e p t o r ,  and  (d) induc t ion  of  dif- 
f e r en t i a t ion  of  h u m a n  HL-60  l e u k e m i a  cells.  

Materials and methods 

Keratinocyte culture 
Keratinocytes were grown in culture using a modification of 
the method of Rheinwald and Green 2'.22 as previously de- 
scribed.'2 Briefly, keratinocytes were obtained from neonatal 
foreskin after overnight trypsinization at 4 ° C. Keratinocytes 
were plated on the lethally irradiated 3T3 feeder cells in 
serum-free Dulbecco's modified Eagle's medium (DMEM) 
with 1.8 mmol/L calcium and growth factors: epidermal growth 
factor (25 ng/mL); hydrocortisone (200 ng/mL); insulin (5 
Ixg/mL); transferrin (5 ixg/mL); prostaglandin E1 (50 ng/mL); 
and cholera toxin (0.1 ixg/mL) and incubated at 37 ° C. The 
medium was changed three times per week. When primary 
culture reached 50-80% confluency, cells were subcultured 
to 35 mm dishes and cultured at 37 ° C in the same medium 
except that cholera toxin and hydrocortisone were removed 
from the medium. 

Quantitation of morphologic changes during 
keratinocyte differentiation 
Beginning at 1 week in culture, groups of triplicate plates of 
keratinocytes were incubated with fresh medium containing 
1,25(OH)2D~ (10 10 M-10 6 M), its analogues (10 1o M-10 ' 
M) or vehicle alone. Cells were fed and dosed three times 
per week. After  1 week of dosing, the medium was removed 
from each culture. The attached cells were then trypsinized 
for 30-40 minutes with 0.1% EDTA and 0.1% trypsin and 
then neutralized with medium. The keratinocytes were spun 
down and resuspended in a known volume of medium. Tri- 
plicate aliquots were taken for counting the basal (small, 
rounded) and squamous (larger, irregular-shaped, flattened) 
cells. The remaining cells were spun down and treated with 

10 mmol/L Tris-HCl (pH 7.4) with 1% 13-mercaptoethanol 
and 1% sodium dodecyl sulfate (SDS) at room temperature 
for 10 minutes. 23 Only cells with cornified envelopes were 
present after this treatment. The concentrations of analogues 
and 1,25(OH)2D3 that caused 50% of the maximal activity 
(ED~0) were obtained from the dose-response curves per- 
formed in the same experiment and were used to calculate 
the percent relative potencies of the analogues as compared 
with 1,25(OH)2D3 which was designated as 100%. 

Intestinal calcium absorption and bone 
calcium mobilization 
Intestinal calcium absorption and bone calcium mobilization 
were determined according to the methods described previ- 
ously. 2' Weanling rats were fed a diet adequate in calcium 
and phosphorus, but deficient in vitamin D, for 2 weeks and 
were then switched to a diet deficient in vitamin D and low 
in calcium (0.02%) for an additional 2 weeks. Groups of six 
rats receiving intravenously either 95% ethanol alone or 30 
pmol of 1,25(OH)2D~ or analogues in ethanol were sacrificed 
18 hours after the administration and their duodena and 
blood were collected. Intestinal calcium transport activity 
using "~Ca was measured by the everted gut sac technique. 25 
One hundred txL of samples from both the inside and outside 
of the duodenal sac were counted as described 2" to obtain 
'~Ca-serosal (inside)/'sCa-mucosal (outside). The ratio is con- 
sidered to be a measurement for calcium transport activity. 

The blood from the rats described above was centrifuged, 
and 0.1 mE of serum was mixed with 0.1% LaCI~ solution. 
Serum calcium concentration was determined with a Perkin- 
Elmer atomic absorption spectrophotomer, model 303 as 
described. 24 The percent relative potencies of analogues as 
compared to 1,25(OH)2D3 were calculated by dividing the 
analogue-induced changes in intestinal calcium transport or 
serum calcium concentration over control animals by that 
induced by 1,25(OH),D~ and multiplied these ratios by 100. 

Determination of the 1,25(0t-I)2D3 receptor 
binding activity 
The binding of ~H-I,25(OH)2D3 to its rat intestinal receptor 
was carried out as previously described. 2~ Analogues of 
1,25(OH)2D3 were examined at multiple concentrations and 
their ability to compete with the ~H-1,25(OH)2D3 for rat 
intestinal receptor binding was assessed. A standard curve 
for nonradioactive 1,25(OH):D3 was generated with each 
assay and the concentration that caused 50% displacement 
of the radioactive 1,25(OH)2D~ was obtained. Similarly, the 
concentration of an analogue that caused 50% displacement 
was determined and compared with that of 1,25(OH)2D3 to 
calculate the percent relative potency of the analogue. 

Differentiation of human HL-60 cells 
Differentiation of human HL-60 leukemia cells was deter- 
mined by phagocytic activity as described. 27 Cells obtained 
from control and 1,25(OH)2D3 (0.1 nmol/L to 100 nmol/L)-  
or analogue (0.01 nmol/L to 1 ixmol/L-treated HL-60 cul- 
tures were suspended at a concentration of 1 x 100 cells/mL 
in RPMI 1640 medium (Gibco, Grand Island, NY USA) 
supplemented with heat-inactivated 10% fetal calf serum. 
Candida albicans were washed with saline and added to the 
cell suspension at a final concentration of 4 x 106 fungi/mL. 
The suspension was incubated at 37 ° C for 30 minutes and 
the percentage of cells that had phagocytosed at least one 
fungus was determined with a hemocytometer. The EDso for 
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1,25(OH)zD3 and its analogues obtained from their dose- 
response curves were used to calculate their relative poten- 
cies. For example, if an analogue had an EDs0 of 1 nmol/L 
and the EDs0 for 1,25(OH)2D3 was 10 nmol/L, the analogue 
was therefore 10-fold more active than 1,25(OH)2D3. 

Results 

A comparison of the biologic activity of 1,25(OH)2D3 
and its analogs with an additional hydroxyl group or 
a double bond in the side chain of the molecule is 
shown in Figure 1. 1,24R,25-Trihydroxyvitamin D 3 ( R O  
21-7729) was equally active as 1,25(OH)2D3 in inhib- 
iting proliferation and inducing differentiation of hu- 
man normal keratinocytes. Although this analogue 
competed poorly against 1,25(OH)2D3 for the rat in- 
testinal 1,25(OH)2D3 receptor, it had comparable in- 
testinal calcium absorption activity as 1,25(OH)2D3. 
However, its bone calcium mobilization activity was 
only one-sixth of that found for 1,25(OH)2D3. The 
compound was also 80% less active than 1,25(OH)2D3 
in inducing HL-60 leukemia cell differentiation. Sim- 

1,25(OH)2D3 analogues: Chen et al. 

ilarly, 1,23R,25 trihydroxyvitamin D 3 (RO23-5112) and 
its S epimer (RO23-2019) were found to be as potent 
as 1,25(OH)2D3 in inducing cornified envelope for- 
mation and in the antiproliferative assay. Interestingly, 
neither of them showed any significant activity in en- 
hancing intestinal calcium absorption and bone calcium 
mobilization. Furthermore, the two trihydroxylated 
analogues competed poorly against 1,25(OH)2D3 for 
binding to rat intestinal 1,25(OH)2D3 receptor. Thus, 
additional hydroxylation at C23 or C24 did not signif- 
icantly alter the hormone's ability to inhibit cell growth 
and to promote differentiation of cultured keratino- 
cytes. However, an additional hydroxylation at either 
of these two positions decreased their ability to induce 
the differentiation of HL-60 cells 50-86% as compared 
with 1,25(OH)2D3. 

The effects of placing a double bond at different 
positions of the side chain were also studied (Figure 
1). 22-Dehydro-l,25-dihydroxyvitamin D 3 (RO23-6710) 
had much less anti-proliferative and differentiation- 
inducing activities than 1,25(OH)2D3 in the keratino- 
cyte cell cultures. However, the compound was almost 
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Figure 1 The biological activities of 1,25(OH)2D3 analogues with an additional hydroxy group or a double bond in the side chain of the 
1,25(OH)2D3 molecule 
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as active as 1,25(OH)2D 3 in stimulating intestinal cal- 
cium absorption and bone calcium mobilization. In 
spite of a 99% decrease in the induction of keratinocyte 
differentiation, as compared with 1,25(OH)2D3, RO23- 
6710 had activity similar to the natural hormone in the 
induction of HL-60 cell differentiation. Modification 
of the side chain of 1,25(OH)2D3 by the introduction 
of a double bond between C25 and C26, and the 
hydroxylation at C23 produced RO23-5084 (Figure 1), 
which had the same antiproliferative activity as 
1,25(OH)2D3, whereas its differentiation-inducing ac- 
tivity was reduced to 0.1% of the hormone's activity. 

la-Hydroxy-25-fluorovitamin D 3 was initially syn- 
thesized to study the importance of the 25-OH function 
in the biological activity of 1,25(OH)2D3 because of 
the stable carbon-fluoride bond and similar atomic 
dimension between hydrogen and fluorine. Several an- 
alogues of 1,25(OH)2D3 with fluorine substitution on 
the side chain or on the A-ring were synthesized and 
tested for their biological activities and possible ther- 
apeutic applications. 28-3° Along this line, we examined 

the biological activities of seven fluorinated vitamin D 
compounds in cultured keratinocytes (Figure 2). The 
results indicate that fluorine substitution at C24, C26, 
or C27 position (RO23-0233,RO22-9343,RO23-6889, 
and RO23-4194) did not significantly alter the hor- 
mone's antiproliferative and differentiation-inducing 
activities. However, the presence of a double bond 
between C22 and C23 and a total substitution of the 
hydrogen atoms by fluorine at C26 and C27 (RO23- 
6536) greatly reduced its differentiation-inducing abil- 
ity without affecting its antiproliferative activity. The 
dissociation of the two activities was also found when 
a fluorine was substituted for the 25-OH group of 
1,24(R)25(OH)3D3 (RO21-7729). The resulting fluoro- 
analogue (RO22-4913) had the same antiproliferative 
activity as 1,25(OH)2D3 and its differentiation-inducing 
activity was reduced to 1% of the activity of 
1,25(OH)2D3. In most, but not all cases, fluorination 
at the side chain increased its ability to absorb calcium 
from the intestine, to mobilize calcium from bones, 
and to bind to the intestinal 1,25(OH):D3 receptor 
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Figure 2 The biological activities of 1,25(OH)2Da analogues with fluorine substitution in the side chain and ring A of the 1,25(OH)2Da molecule. 
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(Figure 2). On the other hand, substitution of the la- 
OH group by fluorine produced an analogue (RO23- 
5338) that was as active as 1,25(OH)2D3 in inhibiting 
keratinocyte proliferation and in promoting differen- 
tiation. Most interestingly, this analogue had no effect 
on intestinal calcium absorption and bone mineral mo- 
bilization. The effects of fluorine substitution on HL- 
60 cell differentiation were more variable, ranging from 
a 66% decrease to a 30-fold increase in activity. In the 
case of RO23-6536, the induction of cornified envelope 
formation was decreased to 0.1% of the 1,25(OH)2D3 
activity, and the induction of HL-60 cell differentiation 
was increased 30 fold. 

Introduction of a double bond to ring D at the C16- 
17 position of 1,25(OH)2D3 structure decreased the 
antiproliferative activity 90%. On the other hand, it 
did not alter the analogue's differentiation-inducing 
activity (RO24-2637, Figure 3). Its binding to the 
1,25(OH)2D3 rat intestinal receptor was increased 240% 
as compared with 1,25(OH)=D3. Further addition of a 
double bond at C23-24 position (RO24-2201), how- 
ever, restored the antiproliferative activity to the same 

1,25(OH)2Da analogues: Chen et al. 

level as 1,25(OH)2D3. Interestingly, the binding of 
RO24-2201 to the rat intestinal receptor was reduced 
to 80% of 1,25(OH)2D3 activity. Removal of 1a-hy- 
droxyl group from this series of analogues (RO24-2287, 
RO24-2648, and RO24-2090) did not affect their ability 
to induce differentiation of cultured keratinocytes. 
However, the effects on keratinocyte proliferation were 
more variable. There was a 90% decrease for RO24- 
2648; whereas, no changes were observed for RO24- 
2287 and RO24-2090. As expected, the removal of let- 
hydroxyl group greatly reduced the analog's ability to 
bind to 1,25(OH)2D3 receptors (Figure 3). In the ab- 
sence of the la-OH group, the addition of a triple 
bond between C23 and C24 to this A 16 analog did not 
have any impact on both activities examined in the 
keratinocyte assay systems (RO24-2090) (Figure 3). 
The two activities were enhanced 100 fold, however, 
when both the 1a-OH group and the triple bond were 
present (R023-7553) (Figure 3). The elimination of the 
double bond from the D-ring of RO23-7553 drastically 
reduced the antiproliferative and differentiation induc- 
ing activities of the resulting analog (RO23-7498) to 
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Figure 3 The biological activities of 1,25(OH)aD3 analogues with the addition of a double bond in ring-D and with or without an additional 
double bond or a triple bond in the side chain of the 1,25(OH)2D3 or 25-OH-D3 molecule. 
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the level of 1,25(OH)2D3 (Figure 4). Further removal 
of the lo~-OH group from RO23-7498 did not cause 
any additional reduction of the two activities examined 
(R023-9375) (Figure 4). RO23-7553, RO23-7498, RO24- 
2090, and RO23-9375 exhibited very low to no bone 
calcium mobilization ability while retaining more than 
half of its intestinal calcium absorption activity and no 
more than 51% of its receptor binding activity, as 
compared with 1,25(OH)zD3. 

The biological activities of two deuterated com- 
pounds were examined (Figure 4). RO21-5535/2 and 
RO21-5535/3 had the same activities as 1,25(OH)zD3 
in inducing the differentiation of human HL-60 leu- 
kemia cell line, in the cultured human keratinocyte, 
in the binding to rat intestinal 1,25(OH)2D3 receptor 
preparation and in rat intestinal calcium absorption 
tests. In the bone calcium mobilization experiment 
however, RO21-5535/2 showed about 66% of the 
1,25(OH)2D3 activity, while RO21-5535/3 was 50% 
more active than the natural hormone (Figure 4). Al- 
though the analogues (except RO23-7553) shown in 
Figures 3 and 4 had the same activity as 1,25(OH)2D3 
in inducing keratinocyte differentiation, they differed 
greatly in their ability to induce HL-60 leukemia cell 
differentiation; three analogues had a three- to five- 

fold increase, two had no change and four had only 
0.5-3% of the 1,25(OH)2D3 activity. 

Discussion 

Several interesting results have emerged from this study. 
First, six analogues of 1,25(OH)2D3 (RO23-2019, RO23- 
5112, RO23-5338, RO23-0233, RO23-7553, and RO23- 
9375) were found to be at least as potent as the natural 
hormone in inhibiting proliferation and inducing ter- 
minal differentiation of cultured human keratinocytes, 
while having minimal activity in enhancing intestinal 
calcium absorption or bone calcium mobilization. These 
analogues could be candidates as antipsoriatic drugs 
that would not alter calcium metabolism. One of the 
most promising compounds is RO23-7553, which was 
found to be about 100 times more potent than 
1,25(OH)2D3 in inhibiting keratinocyte proliferation, 
while having only 50% of its activity in intestinal cal- 
cium transport. 

Specific side chain modifications by the introduction 
of a double bond and an additional hydroxyl group 
(e.g., RO23-5084) and by fluorine substitution of either 
the 25-OH group (e.g., RO22-4913) or the hydrogen 
atoms at C26 and C27 (e.g., RO23-6536) greatly re- 
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Figure 4 The biological activities of 1,25(OH)2D3 analogues with the addition of a triple bond to the side chain of 1,25(OH)2D3 or 25-OH- 
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duced the differentiation-inducing activity to 0.1-1% 
of the activity of 1,25(OH)2D3 without affecting anti- 
proliferative potency (Figure 1 and 2). It may be pos- 
sible to dissociate antiproliferative activity from 
differentiation-inducing activity by specific modifica- 
tions of the 1,25(OH)2D3 molecule. The uncoupling of 
the two activities could potentially create an ideal an- 
alogue that could have potent antiproliferative activity 
with minimum effects on differentiation and on calcium 
metabolism. Among the three analogues that were 
shown to have minimal differentiation-inducing po- 
tency, RO23-6536 had high intestinal calcium absorp- 
tion activity and therefore, the analogue would not 
offer any advantage over 1,25(OH)2D3 in treating pso- 
riasis or other hyperproliferative disorders such as leu- 
kemia. The calcium transport and bone calcium 
mobilization activities of the other two analogues 
(RO22-4913 and RO23-5084) are not known at the 
present time. Thus, this report does not provide any 
ideal analogues that have only antiproliferative activity 
present. Experiments are underway to determine their 
activities on calcium metabolism. 

A series of vitamin D compounds that contain A- 
ring, D-ring, and side chain modification of 
1,25(OH)2D3 were studied for their abilities to bind 
nuclear receptors and to stimulate transmembrane cal- 
cium influx in ROS 17/2.8 cells. 3~ It was found that 
while some analogs stimulated Ca 2÷ channel opening 
without significant nuclear receptor binding activity, 
other analogs displayed little or no activity in opening 
Ca 2+ channels but bound very well to the nuclear 
receptors. Thus, it appears possible to modify 
1,25(OH)2D3 so that it can preferentially affect rapid 
cytosolic activities, while having minimum binding to 
its nuclear receptor. 

The l~-hydroxy group may not be essential for 
affecting the differentiation and proliferation of the 
cultured human keratinocytes. This conclusion is de- 
rived from the finding that le~-fluorinated analogue 
(RO23-5338, Figure 2), which can not be hydroxylated 
at the 1~ position, had essentially the same potency 
as 1,25(OH)2D 3. 

MC903 and 1,25(OH)2D3 have been studied in the 
laboratory, as well as in clinical trials. Like 
1,25(OH)2D3, these two analogues inhibit the prolif- 
eration of cultured human keratinocytes. 32,33 
1,24(OH)2D3 is equally effective as 1,25(OH)2D3 in 
inhibiting proliferation of cultured human keratino- 
cytes, however, MC903 is about 100 times less effec- 
tive. Clinical results are in good agreement with the 
in vitro observations. 2°.34 Although 1,25(OH)2D3 and 
1,24(OH)2D3 are effective in treating psoriasis, both 
agents also affect calcium metabolism and induce ter- 
minal differentiation of cultured human keratinocytes. 
MC903 also induces terminal differentiation, however 
it has minimal calcemic effect. ~ Is it possible that 
1,25(OH)2D3 receptors in the skin are different from 
the intestine so that analogues such as MC903 work 
specifically in the skin while having no effect on the 
intestine? This possibility appears unlikely because there 
is strong evidence that the nuclear receptor for 

1,25(OH)2D 3 analogues. Chen et al. 

1 ,25(OH)2D 3 in all tissues examined are the same. 6,35,36 
There is firm evidence that MC903 is rapidly degraded 
and therefore has less calcemic action in vivo. When 
we examined the effect of various analogues on the 
intestinal calcium absorption, we found that in many 
instances their calcium transport activity did not cor- 
respond to their binding ability to the intestinal 
1 ,25(OH)2D 3 receptor (RO21-7729, Figure 1; RO23- 
4194, RO23-6536, Figure 2; RO23-7498, Figure 4). A 
simple explanation for this discrepancy is that these 
analogues may have different clearance rates in vivo 
by being metabolized to more active metabolites or 
being degraded to inactive compounds and excreted. 
An alternative explanation is that some analogues may 
act more specifically on the plasma membrane than on 
nuclear receptor-mediated gene expression to induce 
calcium transport. 31 It has been demonstrated by sev- 
eral investigators that 1,25(OH)2D 3 may cause intes- 
tinal calcium transport by changing the membrane lipid 
composition, and therefore, the membrane f luidi ty.  37,38 
It should be noted that analogues, such as RO21-7729, 
RO23-7553, RO23-9375, and RO24-2090, possess 
greater intestinal calcium transport activity than bone 
calcium mobilization activity. This preferential action 
on the intestine has been demonstrated previously in 
the case of 5,6-trans-25-OH-D3. 39 Thus, when judging 
different biologic activities of 1,25(OH)2D3 analogues, 
such as calcemic versus antiproliferative activity, it is 
imperative to evaluate these compounds parenterally 
to evaluate both effects in vivo. At the present time, 
all reports, including this one, that evaluated 
1,25(OH)2D3 analogues for their antiproliferative ac- 
tivity, were conducted in vitro, while the calcemic 
effect was studied in vivo. 

The ability of 1,25(OH)2D 3 to stimulate cell differ- 
entiation was first demonstrated in human promyelo- 
cytic leukemia cells (HL-60) in 1982. 27 In this cell line, 
the cultured cells were differentiated into mature mac- 
rophages in the presence of 1,25(OH)2D3. Since then, 
this assay system has been used as a method to deter- 
mine the differentiation-inducing activity of various 
1,25(OH)2D3 analogues. The promotion of cornified 
envelope formation by 1,25(OH)2D3 in cultured human 
and mouse keratinocytes 12,13 provided a new and reli- 
able assay system to study cellular differentiation ac- 
tivity of 1,25(OH)2D3 analogues. In this report we 
compared the differentiation-inducing activity of nine- 
teen synthetic 1,25(OH)2D3 analogues in these two 
different cell culture systems. Among them, only two 
analogues (RO21-5535/2, RO21-5535/3, Figure 4) 
showed consistent potency in both assay systems as 
compared with 1,25(OH)2D3. The activity of the other 
17 analogues when assayed in HL-60 cells were very 
different from that obtained by counting cornified en- 
velopes in cultured keratinocytes. For example, RO23- 
4194, RO23-6536, (Figure 2), and RO23-6710 (Figure 
1) were less active than 1,25(OH)2D3 in inducing ker- 
atinocyte differentiation, while they were more active 
than the natural hormone in inducing HL-60 differ- 
entiation. Because HL-60 cells were cultured in the 
presence of 10% heat inactivated fetal bovine serum 
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in RPMI, and keratinocytes were grown on serum-free 
DMEM, it is possible that the difference in culture 
conditions may affect the differentiation activity of 
1,25(OH)2D3 and its analogues. Nevertheless, the dis- 
crepancy strongly suggests that the mechanism of 
1,25(OH)2D3 and its analogue-induced differentiation 
in these two cultured cell systems may be different. 

It is well established that cultured keratinocytes are 
sensitive to calcium in the medium and will differen- 
tiate in the presence of a high calcium (e.g., 1.2 mmol/ 
L), whereas, low calcium (e.g., 0.15 mmol/L) favors 
proliferation. 4°,41 Recent evidence has indicated that 
1,25(OH)2D3 enhances a rapid hydrolysis of phospha- 
tidyl inositol phosphate and consequently increases the 
intracellular concentrations of calcium in a variety of 
cultured cells including keratinocytes.14.42 If this mem- 
brane effect is found to be related to the hormone's 
differentiating/antiproliferative activity, it may be pos- 
sible to develop analogues that have selective mem- 
brane- and nuclear-related biologic activities. Studies 
are underway to determine the activity of some of the 
most promising analogues on intracellular calcium and 
phosphatidyl inositol metabolism. 
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