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Original paper

The effects of EB1089 on spontaneous
mammary carcinoma (SMC) of C;H/Sy mice

Aim EB1089, 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 C;H/Sy mice
bearing SMCs. Material-Method One experimental (n=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.

[MepiAnyn Ou Opacerg tou €EB1089 Grov AuTopato KQpKivo TOU HAGTOU TTOVIIKIWY
¢ puing C;H/Sy. A. Laymadidou,' I'l. ZrpaBopdBon,' ©. Ténwou, I. Tepopixandc.” 'BSe,
PhD, °MD, PhD, *MSc, «Oeayéveios Noookoueio Qeocoalovikng, OeocoaAovikn. To Bnua tou
Ackrnmou 2003, 2(1):33-36. Zkomo¢ H Opacuikn poppn tng Birtapivng D, 1o
1a,25(0OH),D;, éxer penetnfel eXKTEVWC, KUPIWE WC TIPOC TNV QVIIKAPKIVIKR NG
opacn. Ou GXUpEg OpwC TTapevEpyEaLleg Tou mipokafouvial (ummepacBectivalpia)
amo TI¢ JOGELIG MOV arrattouvral ywa tnv emitevdn Oepamevtikov amotenécparoc,
Kafiwerouv tn Yopnynoen tn¢ amayopeutikn. Ta refdevtraia xpovia monnég penéteg
EXOUV EMKEVIPWOEL GTNV TPOTTOTIOLNGH TOU JPAGTIKOU popiov TNng Birapivng, wete
va TIPOKUYPouV evweele (avadoya tng Birapivng D) pe tig i01eg Bepamevtikég Opa-
Gelg, anna pe nmotTepeg Ewg eNayioteg mapevepyeleg. To EB1089 eivar éva térouo
véo avanoyo. Avactéffel tov moAdamAQGlacpo TwWV KAPKIVIKWV KUTTAPWV Kat
EMAYEL TN SLAWOPOTIOINGI KAl TNV AmMONTwer), TO6G0 GE KUTTAPLKECG GEIPEC, OGO Kal
GE MEIPAPATIKOUG OYKOUC. TO KUPLOTEPO OPWC Xapaktnpietiko tou E€EB1089 sivau
ott gpavilel cauwg xyapniotepn vmepacBectivalpikn dpacn amdé 1o HNIPLKO
HOpLo TNC Opactikng popenc tng Birapiving D;. H dpacn touvu €EB1089 dev €xen pene-
Ol pPEXPL GHHUEPA TMEIPARATIKA GE AUTOPATOUC OYKOUC. LNV mapouca TmEIPapa-
TIKN gpyacia gpeuviOnke n avuakapkivikn opacn tov €EB1089 e aurtoparo Kapki-
VO TOU PAGToU, GE Trovrikia tov eidoug C3;H/Sy. To eidog auto xapaktnpiderar amo
uynia mMoGOoGTA EPEPAVIGIC AUTOPNATOU KAPKIVOU TOU HAGTOU, 0 OTToiog o@elfeTal
KUPIWEG GE 10, YVWGTO0 w¢ MMTV (mouse mammary tumor virus) Kat peradideran
Kara tn yadovyia. YAiko-MeBoooc To XapakInpiGriko autou Tou £idoug tng quing
TO KAOI6TA EVOLAWEPOV MEIPAPATIKO POVIENO HEAETNC TOU KAPKIVOU TOU HAGTOU.
MNapaninida pe tnv emidopacn tou €EB1089 6ro péyedoc tov oykou pefdetnOnkav kat
Ta emimeda acBecriov 610 aipa Twv MOVIIKWY. Xpnceipomounkav cuvolika 16
OnAuka movrikwa C;H/Sy, mou xpnolpomonOnkav QuéGwg HETA TNV EVIOMIGH OYKOU
pactou pe wnaagnon. Ta meipaparodwa xwpictnkav 6e OU0 OPAJEG, TNV TTEIPQ-
patikn pe 7 {wa kat tnv opada ava@opag (paprupecg), pe 9 {wa. Ta dwa g npw-
¢ opadag énaBav 0,5 pg/kg €EB1089 kabe devutepn npépaq, £wg tn kKarainfn Toug
amo 1 voco. Ta {wa tng opadag avaopag dev élaBav Begpaneia. Oda Ta mepa-
parol{wa mapakofovBouvrav KABe Oeutepn pépQ, Evw ol OyKol perpnOnkav crig
2,5 eBOOPASEC QITO TNV EVIOIMIGH TOUG KAl Kata tn vekpotoun. Kara tn vekpotoun
AapBavovrav emicng aipa yia rov mpocotopicpuo tov achBecriov. Armorenécuara Ta
amotefAécpara pag ederfav ot to EB1089 pewwverl monu enpavrika o peyebog touv
oykou (P=0,00046 e 0,05% emimedo onuavuikotnrag), av§Avel GNRAaviika 1o xpovo
emBiwong (P=0,00029 e 0,03% emimmedo onpavukornrag), avfavel opwg Katr ta
emimeda tov acBectiov ¢ro aipa (P=0,026 ce 3% emimedo cnuavukoTnrag). Zuumepd-
oHaTa LUPTIEPAGHATIKA, Ta mpodpopa amoteflécpara pag osixvouv ot to €B1089
Ep@avi{el IGXUPN QVIIKAPKIVIKI OpAGH GTOV QUTORATO KAPKIVO TOU PAGTOU TTOVTL-
Kwv C3H/Sy, empnkuvel 1o xpovo emBiwong twv {wwv, mapaninia opwg avfavet
Ta emimeda acBecTiov 610 Aipa, av KAl GE€ | GTATIGTIKA GNUAavTika emimeda.

Corresponding author: D. Sahpazidou, “Theagenio” Cancer Hospital, 2 Al. Symeonidis street, GR-540 07 Thessaloniki, Greece

€-mail: toliou@yahoo.com
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Introduction

The hormonally active form of vitamin D, 1a,25
(OH),D3, and its analogue EB1089 are novel putative
anticancer agents with an interesting profile on the
induction of growth inhibition, difterentiation and apop-
tosis in a plethora of cancer cell lines and experimental
tumors.’

EB1089, develops lower calcemic activity than 1a,25
(OH),Ds5. It inhibits among others, the growth of breast
cancer cell lines and promotes tumor regression in
experimental rat mammary tumors.'*

We report here a pilot study on the ettects ot systemic
administration of EB1089 on spontaneous mice mam-
mary carcinomas (SMMCs) of C;H/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.” Among hor-
mones, estrogens and prolactin play the major role both
in its induction and growth.* The other factor involved is
the Mouse Mammary Tumor Virus (MMTV), which is
believed to be ubiquitous in mice of the carrier strains
and has the ability to modify the genetic machinery of
the infected mammary cells.®> Our 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 temale C3H/Sy mice, obtained from the
Experimental Department of the “Theagenio” Cancer Hospital,

were used. C3;H/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 initially 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 intraperitoneally,
every other day at a dose of 0.5 pg/kg of body weight. This
dose was already used in other trials and found to be “non cal-
cemic”.*’ 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 sacriticed 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 biologically active form of the vitamin D,
1a,25(0OH),D4, is a hormone with important roles in
inhibition of cell proliteration, induction of cellular dif-
terentiation and apoptosis,’ inhibition of angiogenesis®
and modulation of immune responsiveness.” It also
influences the secretion of prolactin and growth hor-
mone in the pituitary’ and has diverse effects on thyroid
and adrenal cells. Vitamin D receptors have been identi-
fied in most breast cancer cell lines and tumors.!"'?
Unfortunately, administration of 1a,25(OH),D5 to ani-
mals also leads to dangerous elevation of calcium blood
levels.” Therefore attempts are currently being directed
towards identification of chemically modified vitamin

D-: 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”*

number detection (weeks) administered (weeks)” volume (cm?) 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 6.43 291 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 Ca”*

number detection (weeks) (weeks) (weeks) volume (cm’) level (mg/dL)
I 32 35.0 3.0 24.50 0.56
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 34.0 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 55 57.4 2.39 12.87 11.28
SD - -~ 0.78 6.05 1.79
SEM —~ - 0.26

1a,25(0OH),D4 but are deprived of side eftects on calci-
um metabolism.

A new vitamin D analogue is EB1089 which has been
tested, among others, on breast cancer cell lines (MCF-
7) in vitro and on experimental rat mammary tumors.?
In both tests EB1089 showed strong inhibitory effects
with lower calcemic action than the 1a,25(OH),D;. 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

2.02

0.63

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 proliter-
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 ettect 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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