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Abstract

Oxygenases are a family of enzymes that dioxygenate unsaturated fatty acids, thus initiating membrane oxidation and signaling

molecule synthesis. The lipoxygenases (LOs), a family of lipid-peroxidizing enzymes that induce structural and metabolic

changes in the cell in a number of pathophysiological conditions, belong to the oxygenases family. This class of enzymes has

several subgroups, named 5-, 8-, 12- and 15-LOs, and these LO-isoforms are capable of oxygenating arachidonic and linoleic

acid. 15-LOs were reported to play an inhibitory role in tumor angiogenesis and, consequently, they slow down carcinogenesis. It

has been suggested that its anti-carcinogenic effect is conferred by promoting cell differentiation and apoptosis. Using transgenic

mice that over-express 15-LO-1 in endothelial cells under the regulation of the murine preproendothelin-1 promoter, we studied

its effect on tumor and metastasis growth. We found that 15-LO-1 inhibited tumor and metastasis growth in the transgenic mice in

two different models of cancer (mammary gland and Lewis lung carcinoma). This inhibition was concomitant with a higher

number of apoptotic cells in the metastases of the transgenic mice and with a complicated network of multiple small blood vessels.

This finding targets 15-LO as a new candidate in the treatment of carcinogenesis.
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1. Introduction

Oxygenases are a family of enzymes that dioxy-

genate unsaturated fatty acids, thus initiating mem-

brane oxidation and signaling molecule synthesis [1].

Cyclooxygenase (COX), a member of the oxygenase

family, is an enzyme that produces prostanoids, a

large family of arachidonic acid (AA)-derived lipid

mediators with diverse biological roles and activities

[2]. Other members of the oxygenases family include

the lipoxygenases (LOs), a family of lipid-peroxidiz-

ing enzymes that induce structural and metabolic

alterations in cells in a number of pathophysiological

conditions. When AA is used as a substrate, various

LO isoenzymes introduce a hydroperoxy group at

carbons 5-, 8-, 12- or 15 of the fatty acid backbone,

and thus, they may be designated 5-, 8-, 12- or 15-LO.

Linoleic acid (LA) is also a substrate for the LOs

family [1]. Hydroperoxidation of fatty acids by these

enzymes is potentially relevant to inflammation,

atherosclerosis, membrane re-modeling and angio-

genesis [3]. Distinct LO isoforms exist in platelets (pl.

12-LO), leukocytes (le. 12/15-LO) and epithelial cells

(ep. 8/15-LO). 5-, 8-, 12- and 15-HETE are the major

AA metabolites formed by mammalian LOs and 9-

and 13-HODE are the principle reaction products of

linoleic acid oxygenation [2]. 15-lipoxygenases

(15-LOs) can further be subdivided in two isoforms,

named 15-LO-1 and 15-LO-2 [4,5] and the intracellu-

lar activity of these enzymes is regulated at transcrip-

tional, translational and post-translational levels [3].

15-LO-1 is mainly expressed in reticulocytes, eosi-

nophils and airway epithelial cells [6–9], as well as in

macrophages and in atherosclerotic lesions [10].

Its expression in peripheral blood monocytes is

up-regulated specifically by interleukins (IL) four

and 13 [3]. The enzyme plays a role in cell

differentiation and maturation, inflammation, asthma,

carcinogenesis and atherogenesis [3]. Several lines of

experimental evidence suggested that 5- and 12-LO

metabolites promote angiogenesis and carcinogenesis

[11]. In contrast, 15-LOs may play an inhibitory role

in tumor angiogenesis and thus, may slow down

carcinogenesis [1,11,12]. Interestingly, Shureiqi and

colleagues demonstrated that NSAIDs induce 15-LO-

1 expression in colorectal cancer cells and that this

up-regulation is critical to NSAID-induced apoptosis

[13]. The mechanism by which 15-LO inhibits

carcinogenesis has not yet been elucidated in detail.

However, the major 15-LO-1 product of linoleic acid

oxygenation, 13-HODE, has been reported to impact

carcinogenesis via activation of the nuclear receptors

PPAR-g [14] and PPAR-d [15]. The major 15-LO-1

product of arachidonic acid oxygenation, 15S-HETE,

appears to bind to PPAR-g and induces apoptosis via

activation of the death receptor and caspase-3 path-

way [16]. Moreover, it was shown that upregulation of

PPARg expression suppresses tumor growth via

15-LO metabolite [17]. In a recent tumor implantation

experiment, in which prostate cancer (PC3) cells

stably expressing 15-LO-2 were injected into mouse

prostate, the tumors expressing 15-LO-2 were signifi-

cantly smaller, suggesting that 15-LO-2 suppresses

prostate tumor growth in vivo [18]. Although all the

studies mentioned above support the role of 15-LO as

an anti-carcinogenic enzyme, more detailed exper-

iments are needed to establish its effect in vivo.

In the current study we provide in vivo evidence

that over-expression of 15-LO-1, regulated by the

murine preproendothelin-1 promoter in transgenic

mice, affects angiogenesis and inhibits tumor

development.

2. Materials and methods

2.1. Mice

We used transgenic mice over-expressing 15-LO-1

under the control of the murine preproendothelin-1

promoter. These mice were prepared using cDNA of

the human enzyme and crossbred for eight gener-

ations with either C57BL/6 (15-LO/C57BL/6) or

BALB/c (15-LO/BALB/c) [19]. The transgenic mice

over-expressing 15-LO-1 in endothelial cells were

housed in the animal care facility. Control C57BL/6

and BALB/c mice were purchased from Harlan, Israel

(Harlan Laboratories, Jerusalem, Israel). All animal

procedures were in accordance with the guidelines of

the Animal Care and Use Committee at the Sheba

Medical Center.

2.1.1. Lewis lung carcinoma model

Lewis lung carcinoma cells (LLC, D122-96) were

kindly provided by Prof Lea Eizenbach of the

Weizmann Institute of Science, Rehovot, Israel.
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