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Forum Editorial

The Many Nuances of Oxidative Stress and Proteolysis

JEFFREY N. KELLER

OXIDATIVE DAMAGE IS NOT
SYNONYMOUS WITH OXIDATIVE STRESS

ELEVATIONS IN OXIDIZED macromolecules can promote po-
tentially deleterious alterations in cellular homeostasis,
ultimately placing cells in a condition commonly referred to
as oxidative stress (2—4, 7). It is becoming increasingly clear
that evidence for oxidative stress is found in a variety of para-
digms and experimental settings, with oxidative stress likely
to play a role in the cellular dysfunction that occurs in those
conditions. Because of these observations, understanding the
mechanism(s) responsible for inducing oxidative stress, and
understanding the downstream events responsible for mediat-
ing oxidative stress-induced cytotoxicity, are of fundamental
importance.

The role of oxidative stress in mediating cellular dysfunc-
tion is not as straightforward, or as simple, as it may first ap-
pear. Immediately one must be concerned with the multitude
of questions that readily become evident. How much oxidative
damage must occur in order to alter the function of a given
cellular component? Are elevations in oxidative damage the
result of increased reactive oxygen species (ROS) or the re-
sult of decreased repair/removal/synthesis? How many macro-
molecules must be damaged in order to induce oxidative
stress? The answer to each of these questions depends on a
variety of factors including which cell type is involved, the
mitotic status of the cell, and additionally what stressor(s) the
cell is encountering. In addition to these relatively straight-
forward questions, potentially more abstract and difficult ques-
tions also arise. For example, is the toxicity of oxidative stress
a direct result of the increase in oxidative damage, or is it an
indirect result of cells attempting to compensate for the pres-
ence of oxidized moieties? Regardless, what clearly emerges
from a critical assessment of the field of oxidative stress re-
search, is the fact that oxidative damage is not synonymous with
oxidative stress. Clearly, oxidative damage is a component of

oxidative stress, but the ultimate ability of oxidative damage
to induce oxidative stress is absolutely dependent on a variety
of cell type specific factors.

Although there are many types of cellular components which
can be oxidized, numerous lines of evidence suggest that pro-
tein oxidation may be one of the most important forms of ox-
idative damage (3, 11). As much as 30%—-40% of all proteins
may exhibit protein oxidation as part of normal aging (3, 11),
and increased protein oxidation being one of the first events
observed in a variety of pathological conditions (3, 4, 9), with
elevations in protein oxidation tightly linked with increased
cellular toxicity. In this line of thinking, the oxidation of pro-
teins is believed to promote the loss of normal protein function,
as well as promote a variety of deleterious alterations ranging
from protein fragmentation to protein aggregation (3, 4, 9).
Yet even with regards to the role of protein oxidation as a me-
diator of oxidative stress, several nuances and important ques-
tions remain. For example, how much oxidation must occur to
be deleterious to protein function? Is the elevation in protein
oxidation the result of increased ROS or decreased repair/
removal/synthesis? How many proteins must be oxidized in
order to induce oxidative stress? And perhaps most impor-
tantly, is oxidative stress due to increased levels of oxidized
proteins, or the cellular attempts to compensate for the pres-
ence of oxidized proteins?

OXIDATIVE STRESS AND PROTEOLYSIS

In this collection we focus on the nuances and controver-
sies that surround the current understanding of the role prote-
olysis plays in oxidative stress, which ultimately is centered
on the relationship between altered rates of proteolysis and
elevations in protein oxidation. In these articles it is clear that
the proteasomal (4—8) and lysosomal (7, 10, 12, 13) proteolytic
pathways are critical to regulating oxidative stress, with the
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preservation or enhancement of these proteolytic pathways
sufficient to ameliorate increases in protein oxidation and
thereby suppress oxidative stress (1, 7, 8, 13). Conversely, in-
hibition of these pathways appears to be sufficient to induce
elevations in protein oxidation and promote oxidative stress
(4, 7,9, 12). As such, it is clear that proteolysis is a central
mechanism for both the promotion and inhibition of oxidative
stress. Articles within this issue describe evidence for protea-
some inhibition alone being sufficient to increase ROS for-
mation (4), while the presence of excessively oxidized pro-
teins is observed to be sufficient to inhibit proteolytic pathways
(4, 7, 13), thus clouding the relationship between proteolysis
and oxidative stress. Additionally, evidence for cross talk be-
tween the proteasomal and lysosomal pathways is emerging,
and is discussed in this collection of articles (4, 7, 13).

FUTURE DIRECTIONS

It is hoped that these articles will stimulate an intelligent,
critical, and careful analysis of the interplay between proteol-
ysis and oxidative stress. The ultimate goal of this forum is to
stimulate many investigators to pursue research that ulti-
mately answers the many important questions that remain in
this active area of research. In particular it is hoped that stud-
ies in the near future will elucidate how proteolysis is im-
paired by oxidative stressors, and how the inhibition of these
proteolytic pathways contributes to altered turnover (i.e.,
degradation) of specific proteins. Once these protein targets
of proteolysis are identified (both oxidized and nonoxidized),
it is likely that a new and more accurate picture of oxidative
stress-induced toxicity will emerge. For example, it is likely
that such studies will identify new cellular pathways and cel-
lular functions which are negatively impacted by oxidative
stressors. Such findings may then open the door to new thera-
peutic interventions designed to maintain proteolysis during
conditions of oxidative stress, or therapies designed to specif-
ically address the protein targets of proteolysis which exhibit
altered turnover during conditions of oxidative stress. Addi-
tionally, such studies may allow for the identification of novel
biomarkers, which can be used in a variety of disorders to
identify the onset of the earliest stages of pathology. I want to
personally thank each of the authors who contributed to this
collection, and the timely efforts of the many reviewers with-
out whom this collection could never have been possible.

ABBREVIATIONS

CNS, central nervous system; ROS,
species.

reactive oxygen

13.
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