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Methyl jasmonate (MeJa) is a natu-
rally occurring hydrophobic oxyli-
pin  phytohormone.
obtained from cancer cell lines suggest
that MeJa is endowed with anticancer

Early findings

capabilities. It has been recently proposed
that MeJa represents a novel agent that
exhibits direct and
against tumor cells without affecting nor-
mal human cells. In a previous study, I
reported that MeJa itself is enough to
result in the dysfunction of mitochondria

selective actions

and chloroplasts, as well as to activate cell
death program (apoptosis), in the normal
protoplasts of Arabidopsis  thaliana.
Indeed, this also holds true for other liv-
ing plant systems in which senescence,
hypersensitive response and oxidative
stress have been found under MeJa
action. Therefore, in this addendum to
my previous article, I would like to stress
that much more attention should be paid
to the potential effect(s) of Me]Ja, or its
derivatives, on healthy cells and tissues
before it is used for clinical anticancer
drugs, whether being used alone or in
combination with other agents.

Methyl jasmonate (MeJa) is a lipid-
derived endogenous hormone that plays
crucial roles in both developmental pro-
cesses and diverse defense responses in
plants (Fig. 1). A host of studies have
demonstrated that MeJa signaling is rap-
idly and effectively initiated upon patho-
gen or insect attack, as well as in response
to elicitors such as chitins, oligosacchar-
ides and oligogalaturonides.l’2 In a sense
of being widely accepted, pathogens with
a biotrophic lifestyle are particularly sensi-
tive to salicylic acid (SA) -mediated
defenses, whereas necrotrophic pathogens
resisted
through jasmonate, or its derivatives,

and herbivorous insects are
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-mediated defenses.’ Although molecular
mechanisms of MeJa action, as well as the
antagonistic effects of MeJa and other
defense hormones such as SA, on the
modulation of plant immune signaling
networks have been extensively studied,’
the dynamic cellular events and signaling
cascade profiles following the introduction
of MeJa in a single living cell are largely
unknown.

In 2008, I as a first author reported that
the administration of exogenous MeJa trig-
gers a time-dependent production of reac-
tive oxygen species (ROS) which first
accumulate in mitochondria, and subse-
quently in chloroplasts, in protoplasts of
Arabidopsis thaliana (Fig. 2).4 Moreover,
MeJa treatment not only causes alterations
dynamics,

of mitochondrial including

movement  cessation,  transmembrane
potential loss, and morphological transi-
tion and swelling, but also distorts photo-
synthetic organelles.* The production of
ROS and subsequent organelle dysfunction
were shown to occur upstream of cell death
and to be necessary components of cell
death processes (Fig. 2)4 In fact, Fingrut
and Flescher have reported in 2002 that
MeJa can induce apoptosis in human can-
cer cells, including Mole-4, SK-28,
LNCaP, and MCF7.> They also demon-
strated that MeJa is in contrast to another
plant hormone, salicylic acid (SA), in terms
of their effect on cancer cells, as the latter
arrests the cell cycle and suppresses cell
proliferation in each of the cell lines men-
tioned above.” They further showed that
after treatment with MeJa, mice bearing
EL-4 lymphoma can survive for signifi-
cantly longer periods of time than
untreated mice.” Other groups also showed
that MeJA triggers apoptosis by not only
inducing the expression of pro-apoptotic
members of the Bcl2, Bax and BclXS
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Figure 1. Chemical structure of methyl jasmonate (cyclopentaneaceticacid, 3-oxo-2-(2-penten-1-yl)-,
methyl ester) is displayed as cartoon. The balls in yellow, white and red represent oxygen, carbon

and hydrogen, respectively.

protein families, but also activating

caspase-3  via mitochondria in a
ROS-dependent manner in human cancer
cells (Fig. 2), such as A549 human lung

adenocarcinoma  cells.*”  These data

Y

indicate that in both plant and human
cells, mitochondria and ROS might hold a
key role in MeJa signaling pathways, and
that MeJa-induced cell death programs

might be highly conserved (Fig. 2). 467
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Figure 2. The actions of MeJa on plant cells (left panel) and human cancer cells (right panel). Besides
the cell death, senescence, hypersensitive response and oxidative stress have also been found in
many living plant systems under MeJa action. A more detailed explanation is given in text.
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In fact, it has been proposed that mito-
chondria in cancer cells are the direct and
specific target of MeJa action.” In view of
its roles in the induction of suicide pro-
grams in cancer cell lines, and of its poten-
tial and promise as an anticancer drug,
great efforts have been made to explore the
molecular mechanisms of MeJa action(s)
on cancer cells and mitochondria.” "’
However, it still remains unclear why apo-
ptosis programs are specifically activated
by MeJa in cancer cells, but not in normal
human cells. Even so, it has been over-
whelmingly proposed that MeJa is a novel
class of anticancer drugs that act directly
and selectively against tumor cells both in
vitro and in vive, without affecting normal
cells such as lymphocytes.”'® Although the
susceptibility of cancer cells and mitochon-
dria to MeJa was shown to be dependent
on the evaluated expression of hexoki-
nase,'’ a key hallmark of many types of
cancer cells, the mechanisms underlying
MeJa-induced detachment of hexokinase
from mitochondria and subsequent apo-
ptosis is yet to be known. Hexokinase II is
the major form of hexokinase in cancer
cells, however MeJa shows no specificity
and selectivity in binding hexokinase I and
hexokinase II in the mitochondria of can-
cer cells.!® Moreover, it has been shown
that only 80% of hexokinase II is associ-
ated with mitochondria.'" Therefore, there
is still a potential risk in the application of
MeJa in clinical cancer therapies, especially
considering the fact that hexokinase I and
hexokinase II are also expressed in normal
brain, kidney, heart and skeletal tissues.'*

Without doubt, extensive investigation
into the potential side effects of MeJa on
normal human cells or animal models,
and intensive examination of the selective
effects (target molecules) of MeJa on can-
cer cells, are particularly urgent. This
would not only assist in understanding the
mysteries behind MeJa-induced apoptosis,
but also provide us with a fact-based view
that can serve to guide the further devel-
opment of a novel class of selective MeJa-
based anticancer approaches in clinical
therapies.”” Understanding the potential
side effects of MeJa actions will increase
our ability to foresee the clinical settings
in which MeJa and its derivatives would
be effective as anticancer agents. On
the other hand, identifying the rtarget
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molecules with which MeJa interacts may
allow for the rational design of more
potent MeJa derivatives. Obviously, there
is a long road ahead when considering
that only hexokinase has been identified as
a MeJa-binding protein thus far, both in
plants and in animals.'” In addition, an
increasing body of evidence shows that
MeJa is capable of driving senescence pro-
grams or hypersensitive response in a vari-
ety of experimental plant systems such as
intact plants, plant explants, detached or
attached leaves, suspension-cultured cells
and protoplzlsts.la’23 Therefore, it is rea-
sonable to suggest that a comprehensive
evaluation of MeJa actions should be car-
ried out in human cell lines to examine
the possible changes in aging programs
and immune systems under MeJa treat-
ment, although the inherent senescence
programs and immune response systems
are different from plants to human cells.

It has been 7 y since that paper was
published in Plant and Cell Physiology.
However, still today I have had a desire to
write this addendum due to a concern
about the unidentified effects of MeJa on
healthy human cells. It is anticipated that
through this addendum, increased atten-
tion will be paid to the possible side effects
of MeJa. Also, I write this addendum to
make a reply to the invitaton made by
Dr. Frantisek Baluska 7 y ago, as late
thanks for his invitation that does not fade
at all even after many years. When I con-
tacted with him serval days ago, I got a
rapid response, which is ‘Yes, my invita-
tion is sdll valid’. In fact, on that year I
was not able to respond immediately due
to a tough situation I met as a student
who was stuck in the middle, helpless, due
to an obligatory page charge, which will
be revealed in detail in the near future.
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