/{/ J‘ 5 6 World Journal of
Biological Chemistry

Online Submissions: http:/ /www.wjgnet.com/1949-8454office World ] Biol Chem 2012 May 26; 3(5): 93-97
wjbc@wjgnet.com ISSN 1949-8454 (online)
doi:10.4331/wjbc.v3.i5.93 © 2012 Baishideng. All rights reserved.

TOPIC HIGHLIGHT

Hui-Ling Chiang, PhD, Professor, Series Editor

Peroxisomes, oxidative stress, and inflammation

Stanley R Terlecky, Laura ] Terlecky, Courtney R Giordano

Stanley R Terlecky, Laura J Terlecky, Courtney R Giordano, Terlecky SR, Terlecky LJ, Giordano CR. Peroxisomes, oxidative
Depg@ment of Pharmacology, Wayne .State Unlvers1ty.School of stress, and inflammation. World J Biol Chem 2012; 3(5): 93-97
Medicine, 540 E. Canfield Ave, Detroit, MI 48201, United States Available from: URL: http://www.wjgnet.com/1949-8454/full/

Author contributions: Terlecky SR wrote the majority of the i i : s
review; Terlecky LJ and Giordano CR contributed to the writing, v3/i5/93.htm DOL: http://dx.doi.org/10.4331/wjbe.v3.i5.93

designed and produced the figures, and edited the manuscript.
Correspondence to: Stanley R Terlecky, PhD, Department of
Pharmacology, Wayne State University School of Medicine, 540

E. Canfield Ave., Detroit, MI 48201,

United States. srterlecky@med.wayne.edu INTRODUCTION

Telephone: +1-313-5773557 Fax: +1-313-5776739 Peroxisomes are essential organelles of human cells. In
Received: July 27, 2011 Revised: May 10, 2012

this article, we review peroxisome biology; summariz-
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Published online: May 26, 2012 ing how the organelle is formed, how it functions, and

what happens when these processes are compromised.
In addition, we describe an emergent link between the
organelle and cellular aging pathways. In the latter analy-
Abstract sis, we connect peroxisome function with the generation

and destruction of specific inflammatory mediators and

Pe.VOXiSO['neS are .intrace”l-_”ar orga_nelles me(.:liating a speculate on the organelle’s involvement in initiating and
wide variety of biosynthetic and biodegradative reac-

tions. Included among these are the metabolism of
hydrogen peroxide and other reactive species, mol-
ecules whose levels help define the oxidative state of ~ PEROXISOME FUNCTION
cells. Loss of oxidative equilibrium in cells of tissues ;
and organs potentiates inflammatory responses which Degr adatlon ) . .

can ultimately trigger human disease. The goal of this ~ Peroxisomes Synthﬁflze and degrade a Wlfle variety of
article is to review evidence for connections between  cellular compounds™. Through o.- and B-oxidations, spe-

progressing human disease.

peroxisome function, oxidative stress, and inflamma- cific long-chain, very-long-chain, and 3-methyl-branched-
tion in the context of human health and degenerative chain fatty acids are degraded. These processes may occur
disease. Dysregulated points in this nexus are identi- entirely within the organelle or may involve participation
fied and potential remedial approaches are presented. of other organelles - e.g., mitochondria. The notion that
peroxisomes shuttle metabolites for continued processing
© 2012 Baishideng. All rights reserved. and/or anaplerotic metabolism is part of an emergent
theme for the organelle; specifically, that it is integrated
Key words: Peroxisomes; Oxidative stress; Inflamma-  into a variously interacting endomembrane system re-
tion sponsible for a number of critical cellular processesm.

. ) ) The peroxisome’s handling of hydrogen peroxide, a
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Figure 1 Emergent connections between peroxisomes and cellular me-
tabolism.

marker enzyme, catalase. However, conditions exist in
which the balance of hydrogen peroxide production is
upset, and the potentially toxic metabolite accumulates” .
As discussed further below, such phenomena set cells on a
pro-aging program with potentially important health rami-
fications'”.

Other catabolic functions carried out by peroxisomes
include degradation of polyamines, glyoxylate, certain
amino acids, and several xenobiotics'!. In addition, the
organelle breaks down the arachidonic acid derivatives
known as eicosanoids. Eicosanoids are critically impor-
tant signaling molecules which exert tremendous control
over inflammatory reactions'”. Among the arachidonic
acid derivatives under consideration here are prosta-
glandins, thromboxanes, leukotrienes, and prostacyclins.
These compounds elicit broad ranging inflammatory re-
actions depending on concentration and location.

Included among the activities engendered by these
molecules are modulating vasoconstriction/vasodilation
and smooth muscle contraction/relaxation, controlling
platelet aggregation, regulating hormone release/metabo-
lism, and initiating pyrogenic (i.e., febrile) responsesm.
And these examples only partially represent the broad
physiological effects elicited by eicosanoids. The impor-
tant point is that through their ability to be metabolized by
peroxisomes - organelle function is linked to the inflam-
matory response.

Inflammation could not be a more popular topic in
current medical research. There is a sense in the clinical
community that inflammation plays a major role in aging
and in chronic diseases. Indeed, the term “inflammag-
ing” has been coined and is in use. Targeting inflamma-
tion is popularly seen as a major strategy to combat these
processes. Specific pathways involving the presence of
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reactive oxygen species and chronic activation of inflam-
matory pathways are examined further below.

Synthesis

Peroxisomes contain enzymes which contribute to the
synthesis of critical cellular constituents including bile
acids, ether phospholipids, and docosahexaenoic acids,
among others!". Bile acids, derived from cholesterol, are
important molecules involved in digestion through their
ability to emulsify fats. Ether phospholipids, including
plasmalogens, represent a vital class of membrane pro-
tective molecules, found throughout cells of the body.
Myelin, the insulating layer of nerve sheaths, contains
plasmalogens; absence of the ether phospholipid is as-
sociated with progressive neurological impairment”.
Docosahexaenoic acids, peroxisomally produced ome-
ga-3 fatty acids, are the pivotal precursors of resolvins
(“resolution-phase interaction products”), maresins
(“macrophage mediator in resolving inflammation”),
and protectins (formerly called “neuroprotectins”)!'*'?.
These molecules possess potent anti-inflammatory, in-
flammatory resolving, and immunoregulatory activities.
Importantly, conversion of docosahexaenoic acids to
these biologically active mediators is accelerated by non-
steroidal anti-inflammatory drugs, including aspirin,

which inhibits the cyclooxygenase-2 enzyme!,

PEROXISOME FORMATION

Biogenesis

From a functional perspective, the peroxisome is cleatly a
major player in cellular metabolism and a key component
of organismal physiology. As to how it acquires these ca-
pacities, the answer lies in a magnificently choreographed

series of biochemical processes which bring about its
[13]

biogenesis

Defining the origins of the peroxisome membrane
has taken some time - many years in fact. Growth and
division of existing organelles gained considerable eatly
support until evidence was obtained that the endoplas-
mic reticulum was also providing membrane”. The
current consensus is that both processes contribute to
peroxisome membrane growth and proliferation!”.
Once assembled, the peroxisome membrane acquires
additional membrane proteins including those constitut-
ing the import machinery. Although still not described
in complete detail, this apparatus is known to consist
of the following components: soluble receptors which
recognize peroxisomal targeting signals on nascent pro-
teins/enzymes; docking proteins which serve to con-
centrate and direct the receptor-ligand complex at the
organelle membrane; and several molecules involved in
facilitating the translocation process and recycling es-
sential components for additional rounds of import'.
Mechanisms are in place to recycle unneeded, damaged,
or aged import factors, as well as to degrade the entire
organelle when appropriate.
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Figure 2 Inflammation, oxidative stress, and aging as driving forces of human disease. Listed here are human diseases in which the emergent connections
displayed in Figure 1, most importantly oxidative stress and inflammation, are thought to trigger a pro-aging program in cells and initiate or progress pathology.

Redox balance

Many of the enzymes imported by peroxisomes oxidize
substrates and produce hydrogen peroxide as a metabolic
by-product. This hydrogen peroxide is normally pro-
cessed to water and oxygen by catalase or other organellar
peroxidases, thus maintaining oxidative balance. In recent
years, several citcumstances have been described in which
the balance is upset and peroxisomes begin to produce
excess hydrogen peroxide and related downstream reac-
tive oxygen species. These include certain disease states in
which catalase is either not produced or is unstable!™"",
as well as situations in which the enzyme is inactivated"”
ot mislocalized™¥. Certain xenobiotics/environmental
toxins appear to be able to inhibit activity of the enzyme,
and aging cells are progressively less able to correctly
compartmentalize the critical antioxidant enzyme.

Under conditions in which peroxisomal reactive oxy-
gen species amass, dramatic effects on cells are seen. For
example, cellular proteins, lipids, and DNA are oxida-
tively damaged, organelle function is compromised and

metabolism is slowed™ """,

Genetic disease

Peroxisomes fail to form or are deficient in one or more
of their constituent enzymes in a series of devastating ge-
netic diseases described in ever greater detail over the past
30 years or so'”. The severity of the clinical manifesta-
tions reflects the extent of the organelle’s impaired func-
tion. Many affected children die within the first decade of
life with deficits manifest in neatly all organ systems. To
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date, treatment approaches have largely been limited to
> pp gely

palliative care. Advances in gene and/or protein therapies
promise to improve clinical outcomes.

Oxidative stress, inflammation, and degenerative
disease

Oxidative stress and inflammation are inextricably tied
processes. Chronic inflammation is associated with el-
evated reactive oxygen species levels; anti-inflaimmatory
cascades are linked to diminished reactive oxygen spe-
cies concentrations. And the converse is true - elevated
oxidative stress triggers inflammation, whereas redox
balance inhibits the cellular response. Thus, oxidative
stress and inflammation may be seen as both causes and
consequences of cellular pathology. We suggest here that
through the peroxisome’s role in cellular redox balance,
as well as its ability to synthesize various anti-inflamma-
tory molecules and degrade pro-inflammatory mediators,
the organelle is part of a critical network controlling cell
function and organismal well-being (Figure 1). What is
surprising is that these vital roles for the organelle have
been unappreciated for so long,

We have previously argued that peroxisomes function
as important communication centers - integrating signals
from various sources to alter their own metabolism as
well as that of other organelles, and to initiate or inhibit
cellular aging programs”. A major redox-based interplay
exists between peroxisomes and mitochondria, a relation-
ship that warrants additional analysis. Several reports
indicate that altering peroxisomal redox balance triggers
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oxidative stress in mitochondria - resulting in reactive ox-
ygen species production, diminished membrane potential,
and compromised organelle function”?". Obviously, the
cellular consequences of diminished mitochondrial func-
tion are profound. However, restoring peroxisomal redox
balance - for example by supplementing (peroxisomal)
catalase, renews mitochondria”. Mitochondria repolarize
and aging cells delay appearance of senescence markers.
Increasing oxidative stress in peroxisomes is “progeric”
on cells; eliminating the stress revives them.

This approach of targeted antioxidant prophylaxis has
also been successful in disease models. For example, in a
human cell model for psoriasis, catalase supplementation
reduces expression of the inflammatory cytokine, tumor
necrosis factor a, that is thought to be a major initiator of
the chronic inflammation seen in psoriatic tissue™. Simi-
latly, in #n vitrd™ and in vivo (Terlecky SR - unpublished)
models of ischemia-reperfusion (heart attack), damage to
cardiomyocytes and cardiac tissue is dramatically inhib-
ited. In a rat cell model of Alzheimer’s disease, 3-amyloid
peptide-induced neuronal toxicity is significantly reduced
(Terlecky SR - unpublished). Enhancing peroxisomal
catalase also reduces inflammatory cytokine production in
appropriately challenged human fibroblasts (Terlecky SR
- unpublished). The evidence is mounting - peroxisome
redox balance is a major determinant of cell stress and the
presence or absence of cell pathology. Perhaps it is not
surprising then that epidemiological studies suggest a very
strong link exists between diminishing cellular catalase lev-
els and the onset of degenerative disease®”

CONCLUSION

The treatment of human degenerative disease requires, in
our view, a distance from the reductionist and extremely
focused approaches long applied by the scientific and
medical communities. Rather, we suggest a broader at-

tack, targeting oxidative stress, chronic inflammation, and
the resultant pro-aging programs initiated in cells and
tissues (Figure 2). There are many ways to approach this
- the direction discussed in this article focuses on the pet-
oxisome. The organelle plays a key role in controlling in-
flammation and maintaining oxidative balance in cells. By
targeting peroxisomes - perhaps a number of devastating
diseases could be more effectively treated or prevented.
We suggest enhancing peroxisome function and main-
taining the organelle’s redox balance by all means possi-
ble. Mitochondrial integtity/activity will be maintained or
enhanced, oxidative stress will be reduced, inflammation
will be held in check, and cellular pathology will be all but
eliminated. Optimistic dreams? Perhaps. But as is often
said in science, “That’s why you do the experiment”.
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