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a b s t r a c t

15-Deoxy-D12,14-prostaglandin J2 (15d-PGJ2) has been known to display multifaceted cellular

functions, including anti-inflammatory and cytoprotective effects. However, depending on

the concentrations and intracellular microenvironment, this cyclopentenone prostaglandin

can exert opposite effects. Because of the a,b-unsaturated carbonyl moiety present in its

cyclopentenone ring structure, 15d-PGJ2 can act as a Michael reaction acceptor and readily

interacts with critical cellular nucleophiles, such as cysteine thiol groups in proteins. Many

of the biological effects induced by 15d-PGJ2 involve redox-transcription factors as the

potential targets. Thus, 15d-PGJ2 can modulate the transcriptional activities of nuclear

factor-kB (NF-kB), activator protein-1 (AP-1), nuclear factor-erythroid 2p45 (NF-E2)-related

factors (Nrf2), hypoxia inducible factor (HIF), etc. 15d-PGJ2 is also well known as an

endogenous ligand of peroxisome proliferator-activated receptor g (PPARg). However, the

regulation of the aforementioned redox-sensitive transcription factors by 15d-PGJ2 is not

necessarily mediated via PPARg activation, but rather involves covalent modification or

oxidation of their critical cysteine residues acting as a redox-sensor. This commentary

describes the biological and physiological functions of 15d-PGJ2 and underlying biochemical

and molecular mechanisms with emphasis on the modulation of redox-sensitive transcrip-

tion factors and their regulators.
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1. Introduction

Prostaglandins (PGs) are a family of biologically active

autacoids synthesized from 20 carbon-containing polyunsa-

turated fatty acids, principally arachidonic acid generated

from membrane phospholipids [1], and exert a vast variety of

physiological functions [2]. Members of the J2 series cyclo-

pentenone PGs (cyPGs), characterized by the presence of an

electrophilic carbonyl moiety in their cyclopentenone ring,

have a unique spectrum of biological effects. 15-Deoxy-D12,14-

prostaglandin J2 (15d-PGJ2), one of the most-well defined

cyPGs, functions as an endogenous ligand of peroxisome

proliferator-activated receptor g (PPARg) and has not only anti-

inflammatory and cytoprotective activities, but also pro-

apoptotic and anti-proliferative properties depending on cell

types and concentrations [2]. 15d-PGJ2 is a dehydration

derivative of PGD2, and its synthesis initially depends upon

the enzymatic machinery for PGD2 generation [3]. Due to its

electrophilic a,b-unsaturated carbonyl group in the cyclopen-

tenone ring, 15d-PGJ2 can form covalent adducts with cysteine

thiols via Michael addition [4]. This may result in the alteration

of cellular redox status and/or functions of target proteins,

many of which play pivotal roles in fine-tuning of cellular

signaling network.

A wide array of intracellular signal transduction cascades

converge with distinct sets of transcription factors. Abnormal

activation or improper silencing of transcription factors is

implicated in many disorders, such as cancer [5]. Pro-oxidants

and electrophiles can modulate redox-sensitive transcription

factors, such as peroxisome proliferator-activated receptor

(PPAR), nuclear factor-kB (NF-kB), activator protein-1 (AP-1),

p53 and nuclear factor-erythroid 2p45 (NF-E2)-related factors

(Nrf2). It is conceivable that 15d-PGJ2 with both electrophilic

and pro-oxidant properties can directly or indirectly interact

with the aforementioned redox-sensitive transcription fac-

tors, thereby modulating their transcriptional activities. The

purpose of this review is to summarize recent findings on the

cellular functions of 15d-PGJ2, particularly those exerted by

targeting redox-sensitive transcription factors or their mod-

ulators.

2. Formation and chemical properties of 15d-
PGJ2

The first step in PG synthesis is the release of arachidonic acid

from membrane phospholipids by phospholipase A2. Arachi-

donic acid is then converted by cyclooxygenase (COX; also

known as PGH synthase) to PGH2. This unstable intermediate

is converted enzymatically to a series of biologically active

prostanoids, including PGD2, PGE2, PGF2a, PGI2, and thrombox-

ane A2, each of which has its own specific receptor. Among

these, PGD2 spontaneously undergoes chemical dehydration

to form PGJ2. PGJ2 can undergo further dehydration by loss of

the 15-hydroxyl group, which, coupled with migration of the

13,14-double bond, results in the formation of 15d-PGJ2 (Fig. 1).

These reactions are promoted by albumin but proceed at a

relatively slow rate compared to the very rapid formation of

PGs from PGH2 by prostanoid synthases [4]. Recently,

Brummond et al. [6] reported the total synthesis of 15d-PGJ2
by utilizing an allenic Pauson-Khand-type reaction.

15d-PGJ2 has multifaceted biological properties that are

uniquely different from other components of the PG family.

These include anti-neoplastic, anti-inflammatory, and anti-

viral activities that are likely to be mediated by interaction

with cellular signaling molecules, such as transcription factors

[2]. Due to its characteristic a,b-unsaturated carbonyl moiety,

15d-PGJ2 can readily react with cellular nucleophiles, such as

cysteinyl thiol groups of proteins. Such reactions are termed

Michael addition reactions and may occur in one or both of

two electrophilic centers of 15d-PGJ2 (Fig. 1; box). Several

studies have shown that 15d-PGJ2 has the most potent

biological activity among cyPGs [7–9]. Kondo et al. [7] reported

that the intracellular production of reactive oxygen species

(ROS) was strongly induced by 15d-PGJ2 in neuroblastoma

cells. In addition, the reduced glutathione (GSH) levels and

GSH peroxidase activity were significantly lowered by treat-

ment with 15d-PGJ2. Likewise, 15d-PGJ2 has been reported to be

the most potent inducer of endothelial apoptosis, which is

attributed to its electrophilic cyclopentenone moiety [8].

Moreover, 15d-PGJ2 induced the expression of heme oxyge-

nase-1 (HO-1) to a greater extent than did PGA2 and a simple
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