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Aim EBIO89, a vitamin D analogue, induces growth inhibition, differentiation and
apoptosis In tumor cells in vitro and in vivo. In this preliminary report we present
the effects of EB1089 on tumor size and blood calcium levels, on 16 C3H/Sy mice
bearing SMCs. Material-Method One experimental (nh=7) and one control groups
were formed when a palpable tumor was evident. The former group received 0.5
pg/kg EB1089 every other day, the latter received no treatment. Tumor size was
measured at 2.5 weeks after treatment initiation, for both groups. Blood was
taken before sacrifice for calcium measurements. Results Our results show that
EB1089 statistically decreases the tumor size and prolongs survival, causing also
calcium elevation. Conclusions The findings suggest that EB1089, might be a
promicing antitumor agent, provided that monitoring of doses will be attended.

Nepidnyn O dpaocelc touv €B1089 oTOV OULTOUATO KAPKIVO TOL HOOTOU TIOVTIKIWV
NG PULANC C3H/Sy. A. Zaxttalidov,' M. ItpaBopaBon,10. ToAlov, 2l NepouIxardc.3'BSc,
PhD, 2VID, PhD, IMSc, «O¢eayévelo» NoCOKOMEio @eooalovikng, ©Oeococaiovikn. To Brjya Ttou
AcKANTIov 2003, 2(1):33-36. 2komo6c¢ H opactikny pop@ry t™N¢ Brtauivng D, TO
la,25(0OH)2D3 €xel HEAETNOEl EKTEVWC, KULUPIWC WC TIPOC TNV AVTIKAPKIVIKN TNG
opaon. Ol 10XUPEC OPWC TIOPEVEPYELIEC TIOU TIPOKOAOLVTOL (LTtEpaocBeoTIVALUiO)
OTIO TIC OOCEIC TIOL ATIOITOUVTOL YIO TNV ETUHTEVLEN BEPATIELTIKOU ATIOTEAECHOATOC,
KOaB1oToUV TN Xopnynor] TG AarmayopeLTIKN. Ta TEAELTAIO XPOVIO TIOAAEC MEAETEC
EXOUV ETIKEVTPWOEL OTNV TPOTIOTIOINON TOUL OPACTIKOU POPIioL TNC Brtapivng, wote
va TIPOKLYP oLV evwoelg (avaAoya NG Bitapivng D) pE TIC I01EC BEPATIEVTIKEC OPA-
OEIC, AAAQ HE NTIOTEPEC €WC EAAXIOTEC TtapeEVEPYELIEC. To GB1089 sival va TETOILO
VEO OVOAOYO. AVOOTEAAEL TOV TIOAAATIAQCIOOHMO TWV KOAPKIVIKWY KUTTOPWVY KAl
ETIAYEL TN OLA@POPOTIOINCN KOl TNV ATIOTITWON, TOOO 0 KUTTAPIKEC OEIPEC, OO0 KAl
OE€ TIEIPAMATIKOUC OYKOUG. TO KUPIOTEPO OUMWC XAPOKTNPIOTIKO Touv CB1089 eival
OTl gp@avidel ca@WC XOUNAOTEPN UTIEPACBECTIVAIMIKI dpACN dATIO TO MNTPIKO
HMOPIO TNC OPOCTIKNG pHoPEnC TNC Bitapivng D3 H dpdon tou CBIO89 dev £XEl PEAE-
TNOEl PEXPL ONUEPA TIEIPAMATIKA OE AUTOUMOTOUC OYKOUC. 2TNV TtapoLod TIEIPAUOA-
TIKI €PYOOiO EPELVINONKE N OVTIKAPKIVIKI dpacon tou 6BI089 og auTOpATO KOPKI-
VO TOU HPOOTOU, O TIOVTIKIA ToL £€idoug C3H/Sy. To €idoC avTo XapakKtnpiletal Ao
LPYNAAQ TTOOCOOTA EPPAVIONC OUTOMOTOU KOPKIVOU TOU HMOOTOUL, O OTIOIOC O@EIAETAL
KUPIWCG OE 10, YVWOTO w¢ MMTV (mouse mammary tumor virus) Kol HETadIOETAl
KOTA TN yoAouXxia. YBIKO-M€B0do¢ To XOPOAKTNPIOTIKO ALTOL TOU €100LC TNC PUANC
TO KOOIOTA €VOLA@PEPOV TIEIPAUATIKO MOVTEAO HEAETNC TOL KAPKIVOL TOU HOOTOV.
[MTapaAANAG pE TNV €TTiIdOpacn Tou GB1089 oto PYEYEBOC TOU OYKOUL PEAETNONKOV KAl
TA ETUHTEON ACBECTIOL OTO AIPA TWV TIOVTIKWVY. XPNOIYOTIOINONKAv OUVOALIKA 16
OnNAuLKa TovTtiKia C3H/Sy, TTou XPNOIMOTIONINBNKAV APECWC META TNV EVTOTIION OYKOU
HaoTOU PE YnAapnon. Ta meipapatoldwa XwplotnkKav o€ dV0 OUAdEC, TNV TIELPOA-
MOTIKN PE 7 {wa KAl TNV opada ava@opac (MAPTLPECR), PE 9 (wa. Ta {wa TNE TMPW-
™G opadag eAafav 0,5 pgZkg CB1089 kKaBe deLTEPN NUEPA, EWC TN KATAANEN TOULC
OTIO TN VOoo. Ta {wa NG opadag avagopag oev eAafBav Bepareia. OAd Ta TTEIPA-
HOTO{Wwa TIOPAKOAOLBOOUVTAOV KOBE OeVTEPN MEPA, EVW Ol OYKOl METPNONKOV OTIC
2,5 eBOOUADEC ATIO TNV EVTOTIION TOUC KOl KATO TN VEKpOoTour). Katd tn VEKPOTOMN
AouBavovtav €miong aipa yia Tov TIpoodlopIouo TOU aoBeoTiov. ATtotensopata Ta
ATIOTEAECHATA pag €detéav OoTI To GB1089 petwvel TTOAD onuUAVTIKO TO PEYEBOC TOU
oykou (P=0,00046 oe 0,05% 1tIiTtEd0 ONUAVTIKOTNTOC), ALEAVEL ONUOVTIKA TO XPOVO
eTiBiwoncg (P=0,00029 oe 0,03% EeTTIEDO OCNUAVTIKOTNTOC), ALEAVEL OPWC KOl TO
ETHTIEDA TOL aofeoTtiov oto aipa (P=0,026 oe 3% £TTTEOO CNUAVTIKOTNTAC). ZUUTIEPA-
OUOTO ZUUTIEQACHOTIKA, TA TIPOOPOMA ATIOTEAECHOTA PAC OeiXvouv OTL To CB1089
EMPAVICEL 1OXLPN AVTIKAPKIVIKI] dpA0cn OTOV OQUTOMOTO KOPKIVO TOU POOTOU TIOVTI-
Kwv C3H/Sy, ETTIUMNKUVEL TO XPOVO eTRIWwoNC Twv (WwV, TIAPAAANAA OPWC avéavel
TA ETUTIEdN OOCBECTIOL OTO AipO, OV KOl OE PN OTATIOTIKO ONUOVTIKA ETTIEDQ.
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INntroduction

The hormonally active form of vitamin D, la, 625
(OH)2D3, and its analogue EB1089 are novel putative
anticancer agents with an interesting profile on the
Induction of growth inhibition, differentiation and apop-
tosis In a plethora of cancer cell lines and experimental
tumors.1

EB1089, develops lower calcemic activity than la,?25
(OH)2D3. It inhibits among others, the growth of breast
cancer cell lines and promotes tumor regression In
experimental rat mammary tumors.12

We report here a pilot study on the effects of systemic
administration of EB1089 on spontaneous mice mam-
mary carcinomas (SMMCs) of C3H/Sy mice. SMMC
constitutes one of the most widely used model systems
for the study of breast cancer, In which a confluence of
hormonal and viral agents are implicated.3Among hor-
mones, estrogens and prolactin play the major role both
IN Its Induction and growth.4The other factor involved iIs
the Mouse Mammary Tumor Virus (MMTV), which is
believed to be ubiguitous In mice of the carrier strains
and has the ability to modify the genetic machinery of
the infected mammary cells.50ur purpose was to deter-
mine whether EB1089 can be used therapeutically to
reduce the size of developing mammary tumors and/or
prolong survival of the mice.

Material and method
Animals

A total of 16 female C3H/Sy mice, obtained from the
Experimental Department of the “Theagenio” Cancer Hospital,
were used. C3H/Sy mice of our colony develop an incidence of
70-80% of spontaneous mammary carcinomas between 8-12
months of age. The animals were housed, just after lactation,
IN individual plastic cages under standard laboratory condi-

tions, and received commercial palleted food and tap water
“ad libidum™.

Treatments

The mice were divided into two groups when a palpable
mammary tumor was evident: (a) experimental animals (n=7)
receiving EB1089 (Leo Pharmaceuticals) (tabl. 1), (b) controls
(n=9) receiving no treatment (tabl. 2).

EB1089 stock solution was Iinitially diluted in absolute
ethanol (Baker, The Netherlands) to produce a working so-
lution renewable every week. A proper volume of the working
solution was diluted and administered in normal saline. After
the detection of tumor, EB1089 was given Iintraperitoneally,
every other day at a dose of 0.5 pg/Z/kg of body weight. This
dose was already used in other trials and found to be “non cal-
cemic” .67 It was also suggested by the producers of EB1089
(for Leo Pharmaceuticals, Dr. L. Binderup). The mean num-
ber of doses administered was 21, raging from 11 to 30 (tabl.
1). Animals, In both groups, were sacrificed when they
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appeared moribund. The control animals were sacrificed 2.4
weeks (mean survival period) after tumor detection while the
experimental animals 6.4 weeks (mean survival period) after
tumor detection (tables 1 and 2).

For reasons of comparison, tumor size was measured In
both groups 2.5 weeks after treatment Initiation, using a
micro-Vernier and the average tumor volume was calculated
using the formula axb /2 cm , where a=length, b=width. The
tumor size of the experimental animals was measured again

when the animals were necrotomized (tabl. 1).

Blood samples were taken by cardiac puncture just before
sacrifice In both groups, and calcium concentrations were
measured by an automatic electrolyte system (Beckman
Synchron Eli-se).

Statistical analysis

Data used for experimental analysis were expressed as
mean SEM (standard error of the mean), while SD (standard
deviation) values were also Incorporated In tables 1 and 2.
The significance of differences between drug-treated group
and controls was assessed by Student’s t-test and a difference
was considered statistically significant when P<0.05.

Results

The systemic administration of 0.5 pg/kg of body
weight of EB1089 every other day did not cause any
deaths and serious side effects in the animals and was
generally well tolerated.

Our results show that EB1089 causes: (a) a very statisti-
cally significant increase of the survival time (P =0.00029
at 0.03% level of significance), (b) a very statistically sig-
nificant decrease In the tumor size (P =0.00046 at 0.05%
level of significance) and (c) a statistically significant In-
crease In blood calcium level (P=0.026 at 3% level of sig-
nificance). Our results are analytically shown In tables 1
and 2.

Discussion

The Dbiologically active form of the vitamin D,
la,25(0OH)2D3, Is a hormone with important roles In
Inhibition of cell proliferation, induction of cellular dif-
ferentiation and apoptosis,linhibition of angiogenesis8
and modulation of ImMmmune responsiveness.9 It also
Influences the secretion of prolactin and growth hor-
mone In the pituitaryDand has diverse effects on thyroid
and adrenal cells. Vitamin D receptors have been identi-
fled In most breast cancer cell lines and tumors.1112
Unfortunately, administration of la,25(OH)2D3 to ani-
mals also leads to dangerous elevation of calcium blood
levels.I3Therefore attempts are currently being directed
towards identification of chemically modified vitamin
D3 analogues which have the above properties of
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Table 1. Survival time, tumor volume and calcium levels in mice treated with EB1089.

Animal Age of tumor Age of death Nr of doses Survival period Average tumor Blood Ca?2+

number detection (weeks) administered (weeks)* volume (cm3 level (mg/dL)***
(weeks) (at 2.5 weeks)*™ (at death)

1 38.0 44.0 17 6.0 5.00 21.4 14.76

2 44.0 53.0 30 9.0 0.75 6.0 12.64

3 48.0 56.0 27 8.0 2.00 23.3 14.08

4 43.0 47.0 11 4.0 6.00 5.0 —

5 53.0 60.0 22 7.0 2.20 8.0 —

6 39.5 44.0 13 4.5 2.20 2.8 —

7 40.5 47.0 25 6.5 2.20 24.5 13.69

Mean 43.7 50.1 21 6.43 2.91 13.0 13.79

SD 1.79 1.87 0.89

SEM 0.68 0.71 0.44

* Values are very statistically significant different (P=0.00029 at 0.03% significance level) vs survival data shown on table
2 (t=-6.109 with 14 degrees of freedom)

** Values are very statistically significant different (P=0.00046 at 0.05% significance level) vs data shown on table 2
(t=4.179 with 14 degrees of freedom)

*** Values are statistically significant different (P=0.026 at 3% significance level) vs data shown on table 2 (t=-2.600 with
10 degrees of freedom)

Table 2. Survival time, tumor volume and calcium levels In non-treated mice.

Animal Age of tumor Age of death Survival period Average tumor Blood Ca2+
number detection (weeks) (weeks) (weeks) volume (cm3 level (mg/dL)
1 32 35.0 3.0 24.50 9.56

2 36 39.0 3.0 12.50 13.87

3 58 60.0 2.0 8.60 10.23

4 63 66.5 3.5 13.50 12.69

5 81 84.0 3.0 12.50 10.71

6 58 60.0 2.0 11.90 8.83

7 65 67.0 2.0 14.90 13.14

8 69 70.0 1.0 1.69 :

9 33 35.0 2.0 15.75 11.21
Mean o5 o7.4 2.39 12.87 11.28
SD — — 0.78 6.05 1.79
SEM — — 0.26 2.02 0.63

la,25(0OH)2D3 but are deprived of side effects on calci-
um metabolism.

A new vitamin D analogue I1s EB1089 which has been
tested, among others, on breast cancer cell lines (MCF-
/) in vitro and on experimental rat mammary tumors.?2
In both tests EB1089 showed strong inhibitory effects
with lower calcemic action than the la,25(0OH)2D3. No
reports exists, however, confirming its efficacy on spon-
taneous mouse mammary carcinomas.

In the present study we examined the effects of sy-
stemic administration of EB1089 on C3H/Sy mice bear-
INg spontaneous mammary carcinomas. Our prelimi-
nary results showed that EB1089 causes a very statisti-
cally significant decrease In tumor size. Our present
experiments, however, cannot possibly give answers

about the mode of action of EB1089. Further studies,
which are now underway using both immunohistologi-
cal and biochemical methods, are necessary to clarify
whether the decrease of tumor size Is due to the induc-
tion of apoptosis or/and inhibition of tumor cell prolifer-
ation and neoangiogenesis. The very statistically signifi-
cant increase of the survival time of treated mice, which
was also noted, could be partially attributed to the de-
creased tumor size. The increase of calcium levels In the
blood of experimental mice appear to be statistically sig-
nificant compared to calcium blood levels of controls. It
IS Important to note, however, that the mean value of
calcium In the experimental group (13.79 mg/dL) falls
within the range of calcium levels recorded for the con-
trol group (9.56-13.87 mg/dL).
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In conclusion our preliminary results show that the
synthetic analogue of vitamin D, EB1089, exerts strong
antitumor effect on spontaneous mouse mammary car-
cinoma In doses of relatively low calcemic activity. This
action makes EB1089 an Interesting candidate for
breast cancer management.
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