Journal of Steroid Biochemistry & Molecular Biology 121 (2010) 399-402

Contents lists available at ScienceDirect

Steroid
Biochemistry &
Molecular

Journal of Steroid Biochemistry and Molecular Biology "

L
S

journal homepage: www.elsevier.com/locate/jsbmb

Antitumor properties of (5E,7E) analogs of vitamin D3™
B. Filip?, M. Milczarek?, J. Wietrzyk®*, M. ChodynskiP, A. Kutner®

2 Department of Experimental Oncology, Ludwik Hirszfeld Institute of Inmunology and Experimental Therapy, Polish Academy of Sciences,
12 Rudolf Weigl Street, 53-114 Wroclaw, Poland
b Pharmaceutical Research Institute, 8 L. Rydygier Street, 01-793 Warsaw, Poland

ARTICLE INFO ABSTRACT

Article history:

Received 26 October 2009

Received in revised form 1 March 2010
Accepted 5 March 2010

Geometric isomers (5E,7E) of major active metabolites of vitamin D3 [1a,25(0OH);D3; and (24R)-
1,24(0OH),D3] were synthesized by a new convenient procedure. Vitamin D triene system of the
metabolites was first derivatized as a Diels-Alder adduct. Removal of the triene protecting group, in
a key synthetic step, yielded the title compounds PRI-2208 and PRI-2209, respectively. The analogs
were examined for their antiproliferative activity in vitro against human breast cancer cells (MCF-7) and

g(fwa’gds" promyelocytic leukemia (HL-60) cells. The activity was compared with one of the parent compounds.
Cael?i)tlriol Both analogs examined revealed similar or higher antiproliferative activity compared to 1a,25(0OH); D3

or to (24R)-1,24(0OH),Ds. The studies of calcemic activity in vivo showed that analogs PRI-2208 and PRI-
2209 did not influence the serum calcium level in doses, in which 1,25(0OH),D3 or (24R)-1,24(0H), D3
significantly increased this level. The antitumor activity of these analogs in the LLC mice tumor model was
studied. Analog PRI-2208 was found to be more active in inhibiting LLC tumor growth than 1¢,25(0H), D3,

(15,24R)-1,24-dihydroxyvitamin D3
(5E,7E) analogs antitumor activity
Calcemic effect

as well as than PRI-2191 and PRI-2209.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The physiological level of the steroid hormone 1,25-(OH),D3
(1,25-dihydroxyvitamin D3 (calcitriol) — the most potent metabo-
lite of vitamin D3) is important mainly not only in regulation of
calcium homeostasis and bone metabolism [1], but also in preven-
tion of cancer. Epidemiological data suggest an inverse correlation
between the serum level of 1,25-(OH), D3 or sunlight exposure and
incidence of some cancers such as prostate, colon, skin and breast
[2-6]. In our previous studies, analogs of 1,25-dihydroxyvitamin
D3 with reversed configuration at C-1 or C-24 and E or Z geome-
try of the double bond at C-22 in the side-chain or at C-5 in the
triene system were examined for their biological properties. On
the basis of the in vitro antiproliferative activity, the effect of cell
cycle in vitro, toxicity and antitumor activity in vivo we selected
new vitamin D analogs with favorable biological profile. Selected
analogs PRI-2191 and PRI-2205 are potent inhibitors of cancer
cell proliferation both in vitro and in vivo with lowered toxicity
[7-12].

Literature data [13,14] and our previous finding [12] of the
enhanced biological activity of vitamin D (5E,7E) analog (PRI-2205)
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have further stimulated our interest in the other vitamin D com-
pounds with the reversed geometry of the triene system. In this
paper we communicate our evaluation of the anticancer activ-
ity of further 5,6-trans analogs of natural active metabolites of
vitamin Ds, i.e. (5E,7E)-1,25-(0OH), D3 (PRI-2208) and (5E,7E,24R)-
1,24-(OH),; D3 (PRI-2209), as well as their new straightforward
syntheses [Schemes 1 and 2].

2. Materials and methods
2.1. Chemistry

Both analogs were prepared through the intermediate SO,
Diels-Alder adducts, 2 and 3, respectively [Schemes 1 and 2].
Removal of the triene protecting group in alkaline ethanol gave
the 5,6-trans analogs of interest, PRI-2208 and PRI-2209 [Fig. 1].

The starting (24R)-1,24-(OH),D3 (PRI-2191) was obtained by
our convergent strategy (5,6) from the vitamin D synthon (C-22
sulfon 4). Deprotonated sulfon 4 was alkylated with tosylate 5 and
the resulting 3-hydroxysulfone 6 was desulfonylated with sodium
amalgam in buffered methanol to give alcohol 7. Desysilation of 7
yielded the analog PRI-2191 [Scheme 3], used as a starting material
in our preparation of target analog PRI-2209 [Scheme 2].

Samples of the compounds were stored in amber ampoules,
under argon at —20°C. Prior to usage, the compounds were dis-
solved in 99.8% ethanol then diluted in 80% propylene glycol to
reach the required concentrations, and administered to mice in a


http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:wietrzyk@iitd.pan.wroc.pl
dx.doi.org/10.1016/j.jsbmb.2010.03.017

400 B. Filip et al. / Journal of Steroid Biochemistry & Molecular Biology 121 (2010) 399-402

%,

HOY OH
PRI-2208

Scheme 1. Synthesis path of analog PRI-2208.
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Scheme 2. Synthesis path of analog PRI-2209.

volume 5 pL/1 g of body weight. For in vitro studies the compounds
were diluted in culture media.

2.2. Cell lines

Human HL-60 (leukemia), MCF-7 (breast) cancer cell lines were
obtained from American Type Culture Collection (Rockville, Mary-
land, USA). Both cell lines are being maintained in the Institute of
Immunology and Experimental Therapy, Wroclaw, Poland.

Leukemia cell line HL-60 was cultured in RPMI 1640 medium
(Gibco, Scotland, UK) with 2 mM L-glutamine adjusted to contain
1.5g/L sodium bicarbonate, 4.5 g/L glucose, and 1.0 mM sodium
pyruvate, 10% fetal bovine serum. MCF-7 cells were cultured in
Eagle medium (IIET, Wroclaw, Poland) supplemented with 2 mM

OH
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PRI-2205
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Fig. 1. (5E,7E) analogs of vitamin D3-PRI-2208 and PRI-2209.

L-glutamine and 1.0 mM sodium pyruvate, 10% fetal bovine serum
and 0.8 mg/L of insulin (all from Sigma-Aldrich Chemie GmbH,
Steinheim, Germany). All culture media were supplemented with
100 units/mL penicillin, and 100 p.g/mL streptomycin (both from
Polfa Tarchomin S.A., Warsaw, Poland). Cell lines were grown at
37 °C with 5% CO, humidified atmosphere.

2.3. An anti-proliferative assay in vitro

24 h before addition of the tested compounds, the cells were
plated in 96-well plates (Sarstedt, Germany) at density of 1 x 10%
for cells per well. An SRB assay was performed after 72 h exposure to
varying concentrations of the tested agents as described previously
[12]. The optical densities of the samples were read on a Multiskan
RC photometer (Labsystems, Helsinki, Finland).

The results were calculated as an ICsq (inhibitory concentration
50) - the dose of tested agent which inhibits proliferation of 50% of
the cancer cell population. Each compound in each concentration
was tested in triplicate in a single experiment, which was repeated
four times.

2.4. Mice

C57Bl/6 female, supplied from the Mossakowski Medical
Research Centre Polish Academy of Sciences, Warsaw, Poland,
were maintained in standard laboratory conditions. All experi-
ments were performed according to Interdisciplinary Principles
and Guidelines for the Use of Animals in Research, Marketing and
Education issued by the New York Academy of Sciences’ Ad Hoc
Committee on Animal Research and were approved by the 1st Local
Committee for Experiments with the Use of Laboratory Animals,
Wroclaw, Poland.

2.5. Calcemic activity

Mice were s.c. injected with calcitriol, PRI-2191, PRI-2205,
PRI-2208 or PRI-2209 for two consecutive days at the dose of
10 pg/kg/day. The control group was treated with 80% propylene
glycol. Animals were sacrificed three days after the first injection
of the compound, and blood sera were collected. The calcium level
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Scheme 3. Synthesis path of PRI-2191 (no. 3 in Scheme 2).

was measured in each individual serum sample using the photo-
metric Arsezano 3 method (Olympus AU400; Olympus America
Inc., Melville, NY, USA).

2.6. Antineoplastic effect

Mouse Lewis Lung Carcinoma LLC was obtained as a gift from Dr.
I. Wodinsky from the Southern Research Institute in Birmingham,
Alabama, USA. The cell line was cultured in vitro in the Cell Cul-
ture Collection of the Institute of Immunology and Experimental
Therapy, Wroclaw, Poland.

Mice were subcutaneously inoculated in the right flank of the
abdomen with a suspension of 3 x 10°cells per mouse. Mice were
injected s.c. with one of the agents: calcitriol, PRI-2191, PRI-2208
or PRI-2209, according to following schedule: 1pg/kg/day for
calcitriol and PRI-2191 and 1 or 10 p.g/kg/day for PRI-2208 and PRI-
2209 from day 4 to 15 (three times a week, at days: 4, 6, 8, 11, 13,
15).

Tumor volume was calculated using the formula (a? x b)/2,
where a is the shorter tumor diameter in mm and b the longer
tumor diameter in mm. Inhibition of tumor growth was cal-
culated from the following formula: TGI [%] (tumor growth
inhibition) = (Wy/W¢) x 100 — 100%, where Wr is the median tumor
weight of treated mice and W¢ - that of untreated control animals.

2.7. Statistical analysis

Kruskal-Wallis ANOVA and median test followed by a
Mann-Whitney U-test was applied. p values lower than 0.05 were
considered as a significant.

Table 1
Antiproliferative activity in vitro of calcitriol and its analogs against human promye-
locytic leukemia cell line HL-60 and human breast cancer cell line MCF-7.

Compound ID50 nM [mean + SD]

HL-60 MCEF-7
Calcitriol 8.59 £ 3.82 210 + 53.52
PRI-2208 26.276 + 11.83 425.09 + 90.08
PRI-2191 6.379 + 1.484 483.24 + 147.7
PRI-2209 22.906 + 0.323 354.30 + 65.42

3. Results and discussion

In this paper we present new straightforward syntheses and pre-
liminary evaluation of the anticancer activity of 5,6-trans analogs of
natural active metabolites of vitamin Ds, i.e. (5E,7E)-1,25-(OH), D3
(PRI-2208) and (5E,7E,24R)-1,24-(OH), D3 (PRI-2209).

3.1. In vitro antiproliferative activity

Both analogs showed a significant proliferation inhibition of HL-
60 and MCF-7 cells. In the case of human MCF-7 breast carcinoma
cells the antiproliferative effect of PRI-2208 was two times lower
than this of calcitriol. However, the antiproliferative effect of PRI-
2209 was about 1.5 times higher than this of PRI-2191 [Table 1].
Focusing on human leukemia HL-60 cells proliferation, the ICsq for
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Serum calcium levels in [mEq/L] (mean £ SD)

control PRI-2191 10uglkg PRI-2208 10ug/kg

calcitriol 10ug/ka PRI-2205 10pg/kg PRI-2209 10pgikg

Fig. 2. Serum calcium level of healthy mice after vitamin D analogs treatment.
Kruskal-Wallis multiple comparison test, nonparametric, p <0.05. *: Calcitriol in
comparison to control group (propylene glycol), PRI-2208 in comparison to cal-
citriol, **: PRI-2205 in comparison to calcitriol and PRI-2191. Calcium levels were
measured in serum of healthy mice after two days treatment with 10 pg/kg/day of
calcitriol, PRI-2191 or their analogs: PRI-2205, PRI-2208, PRI-2209. Control group
was treated with 80% propylene glycol.
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Table 2

The effect of PRI-2208 and PRI-2209 on the growth of mouse Lewis lung cancer LLC inoculated s.c.

Treatment Tumor weight (mg) TGI (%) No. of mice with lung Serum calcium level
metastases/no. of all
mice in group
Day 13 Day 15 Day 13 Day 15 Mean + SD
Mean + SD Median  Mean =+ SD Median
Calcitriol 1 pg/kg 433.8 + 143 414 495.8 + 136 458 3 30 3/5 (60%) 7.3 +£0.312
PRI-2191 1 pg/kg 409.7 £ 103 425 5288 + 187 592 -3 9 1/3(33.3%) 502 +138
PRI-2208 1 pg/kg 3922+ 154 330 5452 + 172 497 20 23 1/6 (16.67%) 512 + 0.26°
: 10pg/kg 503.8 + 66 531 671.8 £ 154 615 -28 5 2/5 (40%) 5.43 + 0.12
PSR 1 pg/kg 480.6 + 177 389 662.8 + 98 644 6 1 2[5 (40%) 5.2 + 0.15P
: 10pg/kg 4342+ 196 462 538.2 + 99 573 -11 12 1/4 (25%) 474 £ 1.1
Control (80% propylene glycol) 4578 £ 124 414 628.8 £ 168 650 - - 4/5 (80%) 5.09 + 0.2

(Schedule: single therapy with either PRI-2208 or PRI-2209, from day 4 to 15, three times per week. Calcitriol and PRI-2191 were used as control vitamins for PRI-2208 and
PRI-2209 appropriately.) Calcemic activity: Kruskal-Wallis multiple comparison test, nonparametric. Calcium levels were measured in serum of tumor bearing mice after 20
days treatment with 1 pg/kg/day of calcitriol, PRI-2191 or their analogs: PRI-2208, PRI-2209 (1 or 10 pg/kg/day).

2 Calcitriol in comparison to control group.
b PRI-2208 1 pg/kg and PRI-2209 1 pg/kg in comparison to calcitriol.

PRI-2208 and PRI-2209 was about four times lower than ICsq for
calcitriol or PRI-2191.

Comparing these results and our previous findings obtained
for PRI-2205 we can conclude, that the analogs with the reversed
geometry of the triene system have similar, high antiproliferative
potential, especially on HL-60 cells [12].

3.2. Calcemic activity of PRI-2208 and PRI-2209 in healthy mice

The results of the serum calcium level evaluation after two daily
s.c. injections of calcitriol or its analogs (10 g/kg/day) are pre-
sented in Fig. 2. The calcium level in the serum of healthy BDF;
mice treated with PRI-2208, PRI-2205 and PRI-2209 was similar to
the serum calcium level in control group. In mice treated with PRI-
2208 or PRI-2205, the serum calcium level was significantly lower
than that in animals treated with calcitriol (p <0.05) or PRI-2191
[Fig. 2].

3.3. Antitumor and calcemic activity of PRI-2208 and PRI-2209 in
LLC tumors bearing mice

The antitumor activity of these analogs in the LLC tumor model
was tested. PRI-2208 in the dose of 1 jLg/kg/day inhibited the tumor
growth evidently when compared to the control group or to cal-
citriol [Table 2]. Moreover, this effect was observed even after
we finished the administration of compounds. In all other treated
groups an increase in tumor volume was observed after day 15
(data not shown). We did not observe a tumor growth inhibition
in groups treated with PRI-2209. Both analogs exhibit a tendency
to diminish the number of LLC lung metastases, but these results
need to be confirmed.

The analog PRI-2208 reveals lower anticancer activity than PRI-
2205 [10], but it shows no toxicity which usually reveals oneself in
loss of body weight and high serum calcium level. Only calcitriol
treated group exhibits a loss of body weight and statistically sig-
nificant increase in calcium level (used even in the smaller dose of
1 pg/kg/day). PRI-2208 and PRI-2209 used in both concentrations
(1 or 10 pg/kg/day) did not influence the serum calcium level in
comparison to control group [Table 2].

A serious limitation to the clinical use of calcitriol is hypercal-
cemia as theresult of application of higher than physiological doses.
The undesired hypercalcemia after calcitriol application explains
the motivation to develop analogs which could enable differen-
tiation of the calcemic and bone metabolism effects from the
antiproliferative activity [15,16]. Our data demonstrate that the
analogs PRI-2208 and PRI-2209 are non-toxic and potent inhibitors
of cancer cell proliferation in vitro. The antitumor activity of these

analogs tested in the LLC mice tumor model, show that the analog
PRI-2208 appears to be more effective than calcitriol. It revealed
no calcemic activity in the dose which inhibits tumor growth or
at higher dose. In particular, their effect in a combined treatment
protocol with cytostatics should be considered for further study.
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