ONCOLOGY REPORTS G: 13411344, 1999

Inhibitory effect of shark liver oil on cutaneous angiogenesis
induced in Balb/c mice by syngeneic sarcoma L-1, human
urinary bladder and human kidney tumour cells
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Abstract. The effect of shark liver oil on cutaneous angio-
genesis induced in mice by intradermal grafting of tumour
cells was evaluated. It was shown that this substance
(Ecomer) suppressed neovascular response in mice grafted
with sarcoma L-1 syngeneic cells. human kidney cancer and
human urinary bladder cancer cells. [n addition, strong
stimulatory effect of this drug on mice blood granulocyte
number and their metabolic activity was observed.

Introduction

Angiogenesis, the formation of new blood vessels, is an
important step in tumour growth. invasion and metastasis
(1,2). Anti-angiogenic therapy, in addition to the traditional
reatment, is currently one of the most promising strategies
for restricting tumour growth. Many potent angiogenesis
inkibitors. more or less toxic. have recently been discovered.
some of them are tested in clinical trials, It could be of great
importance (o find new, non-toxic antj-angiogenic agents
among substances plant or animal origin, widely used in
traditional medicine.

Ether lipids (also referred to as glyceryl ethers, alkyl-
glycerols or alkoxyglycerols) and their derivatives represent
a2 new class of compounds for treatment ot experimental
tumours (3). They occur, mostly as di-esters of faty acids, in
the lipids of various animal organs. The most importent source
is the liver oil of certain elasmobranch fish, i.e. sharks and rays
(3). The ether lipid analogues are known to be incorporated
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into cell membranes. They block intracellular signaling at
several sites. including the inhibition of inositol phosphate
(IP3) formation, the i_phi!:v_il_ior_i__p_f__ the release of.iatracetlular
Ca*'by IP3, as well as inhibition of protein kinase C (5).

They are known to increase the fluidity of cell membranes
and they increase cell susceptibility to lipid peroxidation (6).
Inhibition of phosphatidylinositol-3-kinase by antitumour
ether lipid analogues contribute to their antiproliferative
activity (7). Recently, it was shown that the antineoplastic
ether lipid. s-phosphonate. selectively induces apoptosis in
human leukemic cells and exhibits anti-angiogenic and
apoptotic activity on the chonoallantoic membrane of the
chick embryo (8).

In this study. we demonstrate that shark liver oil, rich in
alkvlglycerols exhibited anti-angiogenic activity in mice,
which have been grafted intradermally with sarcoma L-1
tumnour cells, human kidney cancer cells or human bladder
cancer cells. Simultaneously, we observed strong stimulatory
effact of this drug on mice blood granulocyte number and

their metabolic activity.
Materials and methods

Studies on the effect of Ecomer (Exposan AB) were
performed in 2-month old. male inbred Balb/c mice. Mice
were of local laboratory breed, weighing 20 g each. Each
mouse received per os Ecomer in dose ot 12.5 mg/mouse/24
h. or water-during 7 days. On day Sth mice were subjected to
narcosis by means of chloral hydrate. bied from the retro-

orbital plexus and sacriticed.

The following tests were performed in the study of
heparinized blood specimens. i) Counting of granulocytes: ii)
Measurements of their merabolic activity using chemi-
luminescence stimulated by Zymosan, according to the
method described by Easmon er al (9). Chemiluminescent
activity was measured in scintiliation counter (RackBeta 1218.
LKB Wallac. Sweden) and expressed as cpm per 1000

aranulocytes.
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Tauble I. Blood granulocyte number and activity in mice fed Ecomer for 7 days.
No.of  No. of granulocytes p-value Chemiluminescence p-value
mice inmm* = SE activity cpm = SE

Control group

{water) 3 552240 8030=401

Experimental

aroup {Ecomen) 6 8§73£26 p<0.00! 128811751 p<0.03

Angiogenesis induced by cells isolared from mice tmour-
Balh/c surcoma L-1. Sarcoma cells were delivered from
Warsaw’'s Oncology Center Bank and then passaged through
several generations of locally bred Balb/c mice. Briefly,
sarcoma cells were gratted (3x10%0.1 mil) subcutaneously
into mice. After 13 days tumours were removed. weighed
and measured.

Then, each tumour was cut to smaller pieces. rubbed
through sieve and suspended in 5 ml of phosphate buffered
saline (PBS, Polfa, Kutao). The suspension was left for 135 min
in room temperature. After sedimentation the supernatant
“was collécted and centrifuged for 10 min. at 1400 rpm.
Obrained cancer cells were washed once in PBS for (0 min,
then centrifuged at 1500 rpm. Cells were suspcndcd in Parker
medium in concentration of +x 10%ml.

Multiple samples of ~200,000 sarcoma cells were
implanted (while suspended in 0.05 ml of Parker mediam)
intu partly shaved. narcotised Balb/c mice. [n order to
facilitate the localisation of cell injection sites. the
suspension was coloured with 0.1% of trypan blue. On the
day of cells grafting and on the following two days mice
were fed Ecomer [2.5 mg per mouse. per day. or water, and
angiogenesis was estimated quantitatively after 3 days of
implantation. on the inner skin surface, as described previously

(10}.

Cutancous angiogenesis induced in ntice by cells isolated
Srom hnman kidney and bladder rumours. Material was
vbtained surgically from 3 patients with kidney tumours and
5 patients with bladder tumours. About 5 g of wmour tissue
wus dispersed mechanically and subjected to enzymatic
digestion by use of collagenase 0.1 mg/ml (Sigma) and
DNAse 0.001 mg/ml (Serva) dissolved in PBS tor 43 min on
maznerte shaker in room temperature. Then obtained
suspension was filtered through a sieve, washed ruice in
FBS .and suspended in Purker medium in concentration of
- 10xi0% i, Viability of umour cells was assessed by 0.57
j iripan blue exclusion test.
Cutaneous ungiogenesis assay was performed according
[ to the method of Sidky and Auerbach with some modifications
_/LLI2). Briefly. 6w S-week-old inbred female Balb/c mice
aere anesthetized with chloral hvdrate. Cancer cells were
rrafted intradermally into shaved mice flanks (5x10¢
' eells/0.03 mi;. In order w facilitate the localisation of cell
njection sites later on e suspension was coloured with
11% of wrypan blue. Then. mice were fed Ecomer for 3 days

Table II. The influence of Ecomer on cutaneous angiogenesis
reaction induced in Balb/c mice with syngeneic sarcoma L-|
cells.

No. of Mean no. of p-value
tests newly formed
blood vessels = SE
Control group 39 19.8+0.68
Ecomer applied e A
" locally (12.5 mg
daily for 3 days) 21 14.7£0.61 p<0.001
Ecomer applied
orally (12.5 mg
daily for 3 days) 34 13.9£0.59 p<0.001

at 12.5 mg/mouse/day or Ecomer it the same dose was
applied topically in the site of cell grafting. Control mice
obtained water. After 72 h mice were sacrificed with lethal
dose of Morbital. All newly formed blood vessels were
identified and counted in dissection microscope using criteria

suggested (11).

Results

Results of the studies on mice blood are presented in Table 1.
Both number of circulating granulocytes (p<0.001) and
their chemiluminescence activity, when measured in a
scintillation counter increased significantly (p<0.05) atter
Ecomer weatment.

In the study of angiogenesis. it was shown, that
administration of Ecomer following implantation of
sarcoma L-1 cells, significantly reduced sarcoma-induced
angiogenesis (Table 11). As well, Ecomer administered to
mice per os or topically. significantly (p<0.001) inhibited
mice cutaneous angiogenesis induced by human kidney and
bladder rumour cells (Tables [TT and [V).

Discussion

The results of the performed studies indicate that Ecomer
treatment induces an increase in cell-mediated non-specific
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Table [il. The effect of Ecomer (12.5 mg/mouse/day for 3 days) on cutaneous angiogenesis reaction induced in Balb/c mice by

cancer cells isolated from human Kidney tumours.

. v .« _——_—-_-
Patients initials/ Mean number of newly p-value
Diagnosis formed blood vessels + SE

Control mice (n) Ecomer treated mice (n)
—___‘-——_
S.B. Ca.clarovellulare 14.0020.76 (12) 10.83+0.48 (12) p<0.001
W.D. Ca. claracellulare 14.58=0.48 112 [0.H2045 (18
<0.00]
11.9320.32 ([4) P
B.J. Ca. clarocellulare 15.382048 (7) 11.20=0.38 (10)* p<0.001
R.S. Ca. clarocellulare 17.8020.46 (13) 15.66+0.30 (6)* p<0.001
S\, Ca. clarocellulure 13432043 (7 12172074 (6t p<0.001

“Topical application; Meeding: n. number of tests.

Table [V, The effect of Ecomer (12,3 mg/mouse/day for 3 dayvs) on cutaneous

cancer cells isolated from human bladder wmours.

angiogenesis reaction induced in Balb/c mice by

D.S. Ca. transitionale

Patients initials/ Mean number of newly p-value
Diagnosis formed blood vessels + SE
Control mice (n) Ecomer treated mice (n)
F.S. Ca. transitionale 9.92£0.53 (12) 0.50+0.65 (10) p<0.00t
W.L. Ca. transitionale 13.3320.38 (79 §.5020.86 (4
p<0.00!
FLO320.32 14y
Z.P. Ca.ransitionale 325362121 (1 21.27£0.97 (13 p<0.001
R.R. Ca. transitionale 17.25=0.53 (8§) 13.302047 ( 10y p<0.001
12.3020.02 18 9.40=0.60 (5" p<0.00!

“Tapival applicativa: "feeding: n. number of tosts,

immunological detence mediared by granulocyvtes (the number
and activity of granulocytes which constitute the first line of
immunological defence). Ecomer seems therefore o be a
suitable preparation for patients with decreased cel]-
dependent immunological defence in the course of ditferent
diseases. in particular neoplasmatic diseascs.

The application of Ecomer in cancer disease and its
beneficial effect is indicated by its inhibitory effect on
lumour angiogenesis. [n our present studv. mean number of
newly formed blood vessels in mice treated with Ecomer was
found much lower. than in controls. for various forms of
cancer (murine L-1 sarcoma. human renal and urinary bladder
carcinoma).

Anti-angiogenic effects of substances isolated from shark
has been previously described by Sills er af (13). Some ether

lipids have been shown to exhibir anti-angiogenic activity.
An immortalised human endothelial cell line that can be
stimulated to form wbules in vitro has been used to show that
this activity is inhibited by sublethal concentration of ET-18-
OCH: (edelfosine) (14).

In addition, the drug causes downregulation of four
endothelial cell adhesion moleculas (13) and weakness in the
integrity of endothelial cell junctions. Recently. the same
group reported that edelfosin acted directly on capillary
endothelial cell, inhibiting their migration towaed the angio-
genic factor (basic fibrablastic growth factor-bFGF).

When given systematically to rats (20 mg/kg intra-
peritoneally twice daily). edelfosine was found clearly
antiangiogenic. The majority of treated animals were not able
to mount a corneul neovascular response o 4 peller releasing
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bFGF. whereas vigorous vessel growth was seen in untreated
controls (16).

Another antineoplastic ether lipid, s-phosphonate was
shown to induce apoprosis in human leukemic cells and to
exhibit anti-angiogenic activity on chorioallantoic membrane
of the chick embryo (17).

The anti-angiogenic effect of Ecomer may be connected
with its ability to induce free oxyvgen radicals and,
subsequently. apoptosis of endothelial cells. Hovewer,
substances known as free radical scavengers, for example
polyphenolics. induce apoptosis and suppress tumour
angiogenesis. Another possibility is. that Ecomer influences
activity of some enzymes involved in cellular activation and
proliferation processes, and/or that it inhibits binding of
angiogenic growth factors to their membrane receptors.
Tyrosine kinase receprors. also known as growth factor
receptors. being good candidares. They exist as monomers in
the cell membrane and when activared by ligand binding.
they form dimers. causing activation of thyrosine kinase and
autophosphorylation. Moreover, the second messengers, i.e.
diacylglycerol and inasito) triphosphate (IP3), have been
shown to be required for activation of protein kinase C and
for release of calcium from intracellular stores,
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