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Abstract

Objectives The phytohormone methyl jasmonate (MeJA) has been identified as

a vital cell regulator in plants. This substance is analogous to eicosanoids and

similar to that of anti-inflammatory prostaglandins. In animals and in animal

cells, it displayed an efficient neuroprotective, anti-inflammatory and antioxidant

action; while in tumoral strains, it demonstrates a potentially highly attractive

mechanism of apoptosis induction through various cellular and molecular mech-

anisms. The aim of the present review was to explore two new hypotheses that

explain the action of MeJA, a lipid phytohormone and its potentially anti-apop-

totic mechanism for use as a therapeutic target for future treatment of Inflamma-

tory bowel diseases (IBDs).

Key findings Methyl jasmonate is a new candidate for the treatment of IBDs,

modulating the expression of the major classes of caspase-type protease families

that selectively act on the extrinsic and intrinsic pathways of the apoptotic pro-

cess. Its action is based on the reduction of the expression in tumour necrosis

factor tissue levels and the modulating action of reactive oxygen species produc-

tion, acting only on the destruction of cells that express the diseased phenotype,

and preserving cells that are not transformed.

Conclusions Methyl jasmonate may represent an alternative for the transduction

processes of important signals in the cellular renewal of the intestinal mucosa.

Introduction

Inflammatory bowel diseases (IBDs) comprise a number of

chronic disorders that can affect the gastrointestinal tract.

They include Crohn’s disease (CD) and ulcerative colitis

(UC), both of which represent a serious health problem in

several countries. Their incidence and prevalence rates have

increased globally, mainly due to lifestyle, smoking, diets

that are high in fat and sugar, the use of certain drugs,

stress and high socioeconomic levels. The highest incidence

and prevalence of IBDs are found in populations in North-

ern Europe and North America; in contrast, the prevalence

is lower in continental Asia, where UC is the most common

form.[1–3]

In general, IBDs are characterized by recurrent chronic

and inflammatory conditions in the digestive tract, with an

unknown multifactorial aetiology. Clinical, experimental

and genetic data suggest that dysfunction in the intestinal

mucosal barrier is an exclusive characteristic of IBDs.

Restoration of the epithelial barrier homoeostasis could be

considered a therapeutics target to improve the health of

intestinal tissue, as well as minimizing the impacts of

inflammation in pathogenesis of intestinal diseases.[4,5]

The mucosa of the gastrointestinal tract consists of dis-

tinct cellular populations such as enterocytes and goblet

cells, which act on the secretion of mucus, forming a layer

that guarantees supplementary protection. This coating acts

as a barrier for luminal antigens and, at the same time,

allows the absorption of water and nutrients.[6] The regula-

tion of the life cycle of mucosal epithelial cells varies with

the period of the migration of these lineages from the site

of origin in the base of the crypts to the ends of the villi to

be eliminated for lumen opening.[7]

Immune system cells are also found in the lamina pro-

pria, where they act to protect against infection.[6] The

mucosal T cells are a type of lymphocyte and play a central
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role in cell-mediated immunity. These cells exhibit a type

of phenotype characteristic of the activated effector cells,

which act in the intestinal mucus via type 1 and 17 T helper

cells (Th1 and Th17).[8,9]

In IBDs, the downregulation of the mucosal T cells con-

tributes to a pathogenic state in CD and UC.[10] Apoptosis

in the intestinal epithelium should occur in a highly orches-

trated manner. When it takes place in excess, this process

can augment monolayer permeability and reduce the func-

tion of the epithelial barrier. It can cause a type of inflam-

mation, leading to chronification and the appearance of

pathologies such as CD and UC.[10,11]

This study will discuss the specialized properties of

mucosal T cells in the context of immune homoeostasis,

inflammation, oxidative stress and apoptosis. The delicate

balance between immune activation and tolerance at the

mucosal sites of the T cells is extremely important for

maintaining the integrity of the mucosa.[10,12]

The objective of the present review was to explore two

new hypotheses proposed to explain the action of MeJA, a

lipid phytohormone and its potentially anti-apoptotic

mechanism for use as therapeutic target for the future

treatment of IBDs affecting the gastrointestinal tract,

contributing to the restoration of the epithelial barrier

homoeostasis to improve the health of the intestinal tissue.

Pathogenesis of the principals IBDs:
clinical symptoms, inflammatory
mediators and colorectal cancer

The pathogenesis of IBDs is complex and intrinsically asso-

ciated with a genetic predisposition. Yet, some dysfunctions

related to the environment and/or the epithelial barrier can

cause a persistent activation of the immune response of the

intestinal mucosa.[6,13] At first, this aggressive immune

response was attributed to pathogenesis, but the appear-

ance of a primary defect in the innate intestinal immunity

has been considered a new hypothesis for the pathogenic

profile of IBDs.[6,14,15]

Although UC and CD are clinically similar, they are rec-

ognized as distinct diseases (Figure 1). Environmental fac-

tors may play a greater role in the pathogenesis of UC,[6,16]

while genetic factors act more forcefully in the case of

CD.[17] Clinically, inflammation in UC is continuously dis-

tributed in the mucosa and ulcers are restricted to the

colon, whereas in CD the pathology is segmental, meaning

Figure 1 Inflammatory bowel diseases are intimately related to the development of colorectal cancer. An imbalance between genetic and envi-

ronmental factors results in the dysfunction of the colon epithelial cells and changes in the lamina itself, resulting in the activation and differentia-

tion of healthy T cells for the expression of different cell phenotypes. T helper lymphocyte lines are altered to yield Th1 or Th17 lineages in the

tissue microenvironment. Following this inflammatory cascade involving prostanoids derived from arachidonic acids such as COX-2 and PGE2 and

proinflammatory cytokines such as tumour necrosis factor are activated. Inflammatory mediators also increase oxidative stress in the microenviron-

ment, corroborating a pathogenic condition characteristic of inflammatory bowel disease. As local inflammation increases, genetic, environmental,

oxidant and inflammatory factors are activated as molecular triggers that alter homoeostasis, leading to a pathological state with remission and

clinical manifestations. Inflammatory bowel diseases are manifested by two main diseases, with UC clinically characterized by ulcerative and

inflammatory sites, and Crohn’s disease presenting transmural lesions and fistulas distributed on the colon surface.
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that it can affect any transmural region of the gastrointesti-

nal tract.[18,19]

In UC, dysregulations of the immune response in indi-

viduals with a genetic predisposition, as well as other fac-

tors such as polymorphisms in the interleukin receptor

gene and the action of other genes correlated with the

inflammatory response, can modulate inflammation in the

body and are recognized as the main cause of this dis-

ease.[18,19] The segmental-type lesions in CD, meanwhile,

are well demarcated and have damaged areas between nor-

mal segments. Inflammation can penetrate the entire thick-

ness of the intestinal wall, leading to the formation of deep

fissures and the development of fistulas.[8]

The intestinal epithelium is highly polarized and has two

discrete regions with one layer of connected cells, forming a

columnar-like epithelium on the intestinal surface. The first

layer is an apical surface facing the lumen and is specialized

for absorption. The second, meanwhile, has a very impor-

tant role in the immune defences of the bowel wall against

hazardous bacteria present in the intestinal lumen. This

basolateral surface is in contact with the immune compart-

ment of the underlying lamina, forming two physical com-

partments that separate the outer lumen of the immune

system from the internal host.[4,10]

In the epithelium, enterocytes are linked to the absorp-

tion of ions, nutrients, water, vitamins and are also related

to the induction of immunological tolerance.[9] Goblet cells

represent a lineage of cells scattered throughout the epithe-

lium responsible for secretions like a protective mucus

layer, being fundamental to the defence against microor-

ganisms and aiding in the coordination of intestinal func-

tions via hormonal secretions.[7,20]

The differentiation of Th cells into Th1, Th2 or Th17

effector type cell lines depends on the tissue microenviron-

ment, which is generated by the dominant type of cytoki-

nes, together with other relevant mechanisms, leading to a

cascade of molecular events. These include the time at

which the antigen-presenting cell (APC) was activated and

other factors that result in the activation of the phenotype

to be developed, including antigen affinity and type, T cell

receptor (TCR) signalling and the coreceptor signals.[21,22]

Previous data showed us that Th17 cells mainly work to

achieve the induction of innate and adaptive host responses

and contribute to the host defence against pathogens at

mucosal sites.[22,23] Th1 can regulate the work of the neu-

trophils during the inflammatory process, promoting the

re-establishing of the epithelial barrier and allowing a type

of symbiotic relationship with the commensal microbiota

present in this region, characterizing a dynamic profile in

the control against possible invading pathogens.[22]

In patients with IBDs (CD and UC), high levels of

arachidonic acid (AA) and its eicosanoid metabolites[24]

were observed. Each type of eicosanoid (prostanoid,

leukotriene and hydroxyheicosatetraenoic acid) preferably

recognizes one or more receptors coupled to one or more

signal transduction processes. Modifications in these recep-

tors of the intestinal epithelium alter the control of the pro-

cesses of proliferation, differentiation and apoptosis,

contributing to the development of IBD and colorectal

cancer (CRC).[25]

The importance of the cyclooxygenase and lipoxygenase

pathways and consequent eicosanoid synthesis for the phys-

iology and pathophysiology of the intestinal epithelium is

currently being established.[25] However, previous studies

have shown that the production of prostanoids, specifically

COX-2, is increased in the affected areas in the colonic

epithelium.[26] In addition to COX-2, increased prostaglan-

din E2 (PGE2) contributes to the inflammatory develop-

ment of T cells with altered phenotypes, favouring the

production of Th1 and Th17 proinflammatory lines.[24]

Alterations in the intestinal epithelial barrier modify the

control of the immune response, stopping intestinal

absorption and secretion and altering epithelial homoeosta-

sis, during which it may cause the development of IBDs

and colorectal cancer (CRC).[25] In this sense, the associa-

tion of COX-2 and PGE-2 with other proinflammatory

mediators such as TNFa, NFjB, TGFb contributes signifi-

cantly to the development of colorectal cancer in patients

with IBD.[27]

The disturbance in intestinal homoeostasis leads to the

development and perpetuation of the inflammatory cascade

in IBD.[28] As inflammation is related to the formation of

reactive intermediates such as reactive oxygen and nitrogen

species (ROS/RNS), oxidative stress has been proposed as a

mechanism that underlies the pathophysiology of IBD.

Much evidence suggests that IBD is associated with an

imbalance between increased ROS and decreased antioxi-

dant activity, expressing clinical pathophysiological features

in both CD and UC patients.[28,29]

The Jasmonates family and methyl
jasmonate

Jasmonates are important cell regulators that are involved

in a number of processes in plant growth, and act in

defence mechanisms in response to injuries caused by

insects or other pathogens or by environmental stress.[30]

They activate an intra-cellular signalling mechanism as a

defence in response to damage caused by environmental

injuries or aggression, such as ultraviolet radiation and

osmotic shock.[31,32]

The jasmonate family comprises three classes of con-

stituents: Cis-jasmone (CJ), Jasmonic acid (JA) and Methyl

Jasmonate (MeJA), which are abundantly distributed in all

plants and regulate various processes of growth and

adaptation to the environment.[31] MeJA is a derivative of
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jasmonic acid (JA), formed from an enzymatic methylation

pathway, involving the action of the carboxyl methyltrans-

ferase enzyme (CMT).[30]

In 1962, a compound with the characteristics of Jas-

monic Acid Methyl Ester (JAME) was isolated for the first

time from the essential oil of jasmine (Jasminum grandiflo-

rum) and rosemary (Rosmarinus officianalis).[33–35] Nine

years later, JA was isolated from the culture of the

Lasiodiplodia theobromae fungus.[36] The characterization

of the first physiological effects of free JA isolated from

JAME began in 1980, with studies related to senescence and

the role of growth inhibitors.[37,38]

Jasmonates are oxygenated fatty acids derived from

linolenic acid.[39] The biosynthesis pathway of jas-

monates is analogous to the biosynthesis of eicosanoids

in animal cells. In animals, these molecules are synthe-

sized from arachidonic acid, whereas in plants, synthesis

occurs via linolenic acid, which is the main source of

jasmonates.[40,41] Structurally, the biosynthesis pathway

of jasmonates, being analogous to eicosanoids, is similar

to that of anti-inflammatory prostaglandins in

animals.[30]

The phytohormone MeJA has been characterized as a

vital cellular regulator involved in a number of dynamic

processes, linked to the development of active responses in

the defence against biotic and abiotic stresses.[31,42] It is also

active in processes closely linked to oxidative stress, regulat-

ing the activity of antioxidant enzymes.[43]

Some plants contain relatively high levels of circulating

MeJA: the olive tree, species of the Jasminum genus, the

orchid Cymbidium goeringii, the tuberose (Polianthes tuber-

osa), Chloranthus spicatus, Ginger, Boronia megastigma,

honeysuckle (Lonicera japonica), Artemisia tridentate and

rosemary (Rosmarinus officinalis).[44]

Stress-related hormones in plants are activators of cel-

lular responses, including cell death in some stress situa-

tions. It is known that JA induces cell death in several

lineages of cancer cells, such as lymphoblastic leukaemia,

in a manner that does not affect normal human lympho-

cytes.[45] MeJA is selectively toxic for cancer cells,[46–48]

without affecting normal cells, inducing apoptosis by sev-

eral mechanisms[49] and even exhibiting major antiprolif-

erative potential.[50]

Jasmonates have proven anti-inflammatory effects, an

action that is attributed to the inhibition of the release of

inflammatory mediators[40] and antioxidants.[51–54] Previ-

ous studies have shown that the use of MeJA as a model of

prostaglandin induces significant anti-inflammatory effects,

inhibiting the production and gene expression of mediators

of proinflammatory cytokines, nitric oxide (NO) and the

interleukins IL-1b and IL-6, as well as tumour necrosis fac-

tor (TNF) in murine macrophages,[40,55] it also exhibits

neuroprotective activity.[52]

Intestinal apoptosis

The intestinal epithelial layer is renewed every 2–3 days,

establishing an important balance in the proliferation of

epithelial cells in the crypts, villus cell migration in the

small intestine or on the surface of the colon where ente-

rocyte shedding will occur, regulating cell death process.

The epithelium lies between the immune cells in the lam-

ina propria and the microbiota in the gut lumen and

communicates with both. In the case of occasional defects

in this process, the epithelium can contribute to the

beginning of the establishing of IBD, the abnormal

immune responses in the intestinal mucosa could be a

key event in the pathogenesis/immunopathogenesis of this

disease.[56,57]

Apoptosis can be considered an important regulatory

pathway of programmed cell death, as it is the most highly

regulated process whereby cells undergo biochemical and

morphological changes. This process is therefore called

programmed cell death and downregulated by families of

proteins called caspases, which when activated play an

important role in regulating the process. The molecular

mechanisms that establish the mode of action or activation

of these proteins are still not fully understood, how-

ever.[10,58,59]

In the apoptosis process, biochemical and morphological

changes control a cascade of events. First, a condensation

of the chromatin occurs, followed by cell shrinkage. Subse-

quently, the nucleus and the DNA begin to fragment in an

endonuclease catalysed reaction. In this regulatory step, the

surface of the cell transforms, and the division of the cell in

apoptosis is complete.[45,59]

For UC and CD, the apoptotic process occurs naturally

and is considered normal in cells, which have some speci-

fic differences. The epithelial cells move from the crypts,

migrating to the cell surface, and when they are installed,

initiate apoptosis. Subsequently, two different pathways

can be followed, either to the intestinal lumen or

phagocytosed by the action of macrophages. In the

inflammatory process, mature apoptotic T-cells signal to

effector T cells during the clonal expansion process,

avoiding chronic inflammation. A possible dysregulation

of the apoptotic process in the immune system may affect

the survival of T cells, mainly, altering innate immune

and adaptive immune responses in the intestinal

mucosa.[10,58,60]

Tumour necrosis factor, the TNF-related apoptosis

inducing ligand (TRAIL) and the Fas ligand (FasL) act as

potential precursors in the activation of necroptosis, which

can be further modulated by a protease family, known as

caspases, which are active in more specific processes, such

as chromatin condensation. Their functions include the

reduction of cell volume and nuclear fragmentation,
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stimulating the formation of bubbles in the plasma mem-

brane, promoting changes in cell morphology and decreas-

ing nuclear content, but without extravasation to the

microenvironment.[20,59,61]

The extrinsic apoptotic pathway is known as a cell death

receptor activation pathway, where a ligand–receptor type
interaction occurs, stimulating the formation of a destruc-

tion complex with the integrated action of cellular proteins

activated by TNF, TRAIL and FasL, promoting the catalytic

activation of caspase 8, considered a central protease and

the main mediator of the extrinsic pathway.[20,59]

The intrinsic pathway is activated upon activation of

the p53 gene, known as the ‘guardian of the genome’.

This gene regulates the Bcl-2 family after detecting DNA

damage. The p53 gene triggers cell death via a cascade

with both pre- and pro-apoptotic domains. These

domains modulate the catalytic activity of caspase 9 and

could be considered the central mediating proteases of

the intrinsic pathway.[20]

The integrated or isolated activation of the extrinsic (cas-

pase 8) and intrinsic (caspase 9) pathways can establish the

activation of other caspase families (3, 6 and 7). The activa-

tion of these other families favours a process of cleavage in

relation to other proteins and, concurrently, potentiates the

possible advance of the state of cellular destruction, origi-

nating apoptotic bodies.[20]

In these IBDs, the location of the apoptotic cells has

some peculiarities, such as in the spontaneous apoptotic

process, which is independent of the activation of the p53

gene, and has as its main objective the homoeostatic main-

tenance of stem cells. It occurs only in the region of the

stem cells in the small intestine, being very rarely observed

in the crypts of the colon and widely distributed along the

length of the crypt. In contrast, the Bcl-2 family of proteins

is not widely expressed in the small intestine, being more

densely expressed at the base of the colonic crypts.[62,63]

The proliferative zone of the intestinal epithelial cells is

located in the lower regions of the crypts. This region cor-

responds to the epithelial crypts, where the apoptosis

process takes place.[64]

A notable apoptotic expansion in the epithelial crypt cells

is visible during UC and CD. In-vitro and in-vivo assays

have described this occurrence, suggesting that TNF repre-

sents an important modulator of the pathways in which it

acts, inducing programmed cell death in the epithelial crypt

cells. However, other studies have shown that the p53 gene

is an important mediator of growth, apoptosis and cellular

senescence as well as an apoptotic mediator in the colonic

crypt during colitis, suggesting that signals originating from

the TNF, either through tumour necrosis factor receptor 1

(TNFR1) or tumour necrosis factor receptor 2 (TNFR-2),

are responsible for the stimulation of the inducible nitric

oxide synthase (iNOS) enzyme mediated by the

p53-dependent apoptosis of intestinal epithelial cells in the

crypts.[64,65]

MeJA: a potential phytohormone for
anti-TNF therapy in the treatment of
IBDs

Inflammatory bowel diseases are characterized by an exces-

sive number of apoptosis in the epithelial crypt, ulcerations,

distorted crypt architecture and diarrhoea accompanied by

bleeding. Another significant feature of IBDs is the large-

scale expression of TNF in the mucosa. Therapy using anti-

TNF antibodies contributes to patient improvement, as

they reduce diarrhoea, intestinal bleeding, weight loss and

act to promote healing of the mucosa, inducing a rapid re-

epithelialization of the ulcerated surfaces. Previous studies

have shown that other anti-TNF agents can induce apopto-

sis in cells of the lamina itself.[64]

Recent studies have demonstrated that there is a strong

interaction between autophagy/apoptosis, the detection of

microbes and an increase in the expression of the endoplas-

mic reticulum in the intestinal epithelium, contributing to

the pathogenesis of IBDs. In this sense, necroptosis there-

fore would be associated with the activation of the TNF

receptors. All these mechanisms could be present in

Crohn’s disease and in other animal models that mimic

intestinal inflammation.[64] The mechanism of action

reveals that anti-TNF therapy involves the homoeostatic

regulation of apoptosis in mucosal cells.[66]

In Hep3B-type cancer cell lineages treated with a syn-

thetic derivative of MeJA, apoptosis was mediated via the

signalling cascade, cell death receptors and the extrinsic

pathway as well as by the action of the mitochondria associ-

ated with the activation of protein kinases. This treatment

induced the expression of the Bax/Bcl-2 proteins related to

the cell death receptor, as well as the downregulation of the

IAP (the inhibitor of apoptosis proteins) and caspase 8

families, and also the negative regulation of the caspase 3

and 9 families.[67]

In the human breast MCF-7 and MDA-MB-435 cells,

MeJA inhibited long-term proliferation and demonstrated

G0/G1 and S-phase arrest with an increasing apoptotic

population. The extrinsic apoptotic pathway increased the

expression of TNFR1 and the activation of caspase 8 and

activated caspase 3 in breast cancer cells, and also resulted

in the further activation of the intrinsic apoptotic

pathways.[68]

In hormone-independent human prostate PC-3 and DU

145 cancer cells, MeJA treatment resulted in the activation

of Tumor Necrosis Factor Receptor 1 (TNFR1) and cas-

pase, inhibited cell growth, induced cell cycle arrest and

apoptosis.[69] In radiation-induced human prostate cancer

lines (PC-3), MeJA suppressed the expression of the Bcl-2
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anti-apoptotic protein family and increased caspase 3

activity.[70]

In this sense, MeJA and its analogues have the poten-

tial to inhibit TNF production in murine macrophage[40]

and HCAT keratinocyte cells.[71] To date, in clinical prac-

tice, only antibody therapy has been found to be an effi-

cient method of neutralizing the effects of TNF in

patients with chronic inflammatory conditions such as

IBDs.[72]

The first hypothesis is based on the possible therapeutic

potential of MeJA in the modulation of IBDs, suggesting an

anti-regulatory mechanism, based on the reduction of the

expression of TNF tissue levels, minimizing apoptosis in

the intestinal crypts with a direct effect on the apoptotic

extrinsic pathway. TNF acts as a major pro-inflammatory

cytokine in pathway signalling.

Thus, it is believed that MeJA can act integrally in the

intrinsic pathway, as in cancerous cell lineages it altered the

expression profile of the Bcl-2 proteins. Thus, MeJA could

be a new candidate for pharmacological targeting in the

treatment of IBDs, modulating the expression of caspase 9

(extrinsic pathway) by promoting a decrease in TNF

expression and interfering with caspase 8 expression

directly by maintaining the expression of the Bcl-2 proteins.

Thus, a potential effect of MeJA as a blocker of the extrinsic

pathway, as well as in the intestinal apoptotic intrinsic

pathway, could direct the negative regulation of the gene

expression of superfamilies of type 3, 6 and 7 caspases, thus,

altering the tissue expression of type 8 and 9 caspase fami-

lies (Figure 2).

MeJA: the possible modulating action
of ROS production and maintenance
of intestinal apoptosis

The mechanisms related to the apoptotic process promoted

by the action of MeJA are still unknown, but it is under-

stood that MeJA disrupts the cell cycle, even though the

apoptosis is restricted and selective to cancer cells.

However, the underlying mechanism of MeJA-induced

apoptosis remains unclear. Its effects on the induction of

p53-dependent and p53-independent apoptosis, which

further modulates the production of ROS (reactive oxygen

species) and results in low toxicity effects, are already

established.[73]

In the treatment of cancer cell lineages causing an Ehr-

lich tumour (breast cancer), a type of synthetic derivative

of MeJA demonstrated low anti-angiogenic and inhibitory

activity for the growth of tumour cells.[74] In gastric cancer

cells (SGC-7901 and MKN-45 cells lines), MeJA was able to

decrease the expression of MMP-14 (matrix-14 metallopro-

teinases) that act in the degradation of the extracellular

matrix (ECM), like a pericellular collagenase, allowing the

remodeling of the ECM, aiding tumour invasion and pro-

moting the onset of lymph node metastases. MeJA allowed

cell migration and invasion inhibition and also inhibited

angiogenesis.[48]

Specific enzymes produced by cancer cells and activated

by certain signals, such as matrix metalloproteinases

(MMPs), have been described as degrading ECM and are

associated with the progression of gastric cancer.[75,76] The

Figure 2 The hypothetical mechanism of methyl jasmonate as a therapeutic and pharmacological target in the treatment of inflammatory bowel

diseases, blocking two apoptotic pathways. In the extrinsic pathway of the apoptotic process, methyl jasmonate altered the expression of tumour

necrosis factor levels, blocking the expression of the caspase 8 family. In the intrinsic pathway of apoptosis, methyl jasmonate regulated Bcl-2 pro-

teins, inhibiting the expression of the caspase 9 family. Blocking the extrinsic and intrinsic pathways would also block caspase 3, 6 and 7 families,

which are dependent on the molecular signalling mediated by both pathways, thus altering the apoptotic profile of the intestinal epithelial cells,

especially during migration and proliferation in the crypts.
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MMP-14 is involved in the invasion of tumours and metas-

tases, allowing cancer cells to remodel and penetrate the

ECM,[48] evidencing the strong connection between MMP-

14 expression and the progression of cancer.[48,77]

Methyl jasmonate is known to have great potential for

reducing apoptosis. In human lung adenocarcinoma cells

(lineage A549), it was involved in the production of ROS

and induced an increase in the expression of pro-apoptotic

members of the Bcl-2 family. Through the catalase enzyme,

it was found that MeJA, despite increasing expression, did

not induce changes in the members of the Bcl-2 family. In

this sense, the induction of apoptosis in the A549 cell line

promoted by the action of MeJA appears to be mediated by

a cascade, which involves the generation of hydrogen per-

oxide, in addition to an increase in the expression of pro-

apoptotic members of the Bcl-2 protein family and the

induction of mitochondrial-mediated apoptosis via activa-

tion of the caspase 9 and 3 superfamilies.[48,78]

In prostate cancer cell lines (U145 and PC-3) and proxi-

mal tubular epithelial cells (HK-2), a cellular inhibitory

effect was observed only on the growth of the cancerous

lineages, while the development of the proximal tubular

cells was not inhibited. The action of MeJA altered the

mitochondrial morphology, leading to the release of cyto-

chrome c, as well as transforming and activating the fami-

lies of caspase 9 and caspase 3.[79]

Anticancer activity against human lung A549 cells and

HL-60 leukaemia cells was evaluated using fruit extracts of

blackberries treated with MeJA. The results showed

enhanced inhibition of A549 cell and HL-60 cell prolifera-

tion and induced the apoptosis of HL-60 cells.[51]

In C6 glioma cell lineages, MeJA induced the expression

of the heat shock protein (HSP72) via thermal shock factor

I. It also induced the production of hydrogen peroxide,

superoxide ions and mitochondrial ROS, showing that the

different MeJA activity in cancer cell lineages can be medi-

ated via ROS.[80] In assays using hepatocellular carcinoma

cells (HepG2 lineage), apoptosis was induced by combining

a MeJA analogue with TRAIL (TNF-related apoptosis

inducing ligand receptors). The effect of this combination

triggered the down-regulation of Bcl-X as well as the activa-

tion of a ROS-mediated caspase signalling cascade.[81]

In human myeloid leukaemia cells, the MeJA-induced

gene expression profile resembles IPA (isopentenyladenine)

and is very effective at inducing cell differentiation when

using HL-60 myelomonocytic lineages. The gene expression

profile associated with the exposure of cell lines to MeJA

was verified using cDNA microarray, which revealed simi-

larities to IPA, suggesting that both inducers share many

common transduction systems for inducing the differentia-

tion of leukaemia cells, stimulating both the morphological

and functional differentiation of freshly isolated leukaemia

cells from patients with haematological malignancies.[82]

In different uterine cancer strains (HeLa and CaSki),

MeJA induced apoptosis by elevating the mitochondrial

superoxide anion levels. Although changes in p53 and Bax

expression varied, MeJA promoted the negative regulation

of survivin in uterine cancer cell lineages, a protein

involved in the inhibition of apoptosis.[50]

Methyl jasmonate exhibits target specificity when bind-

ing to hexokinase, the initial glycolytic pathway enzyme,

disrupting its association with the anionic voltage-depen-

dent channel (CAVD), causing an energy deficiency and

promoting the release of cytochrome c from the mitochon-

dria, triggering apoptosis in cancer cells.[44] In cells of

patients with chronic myeloid leukaemia (CML), MeJA

induced the release of cytochrome c and mitochondria, cell

swelling and cell membrane depolarization only in Hep3B

hepatoma cells, without altering mitochondria isolated

from untransformed 3T3 cells.[83]

In the second hypothesis, it is believed that MeJA repre-

sents a new alternative for the treatment of IBDs, as it acts

only on the destruction of cells that express the diseased phe-

notype and preserves cells that are not transformed. This sig-

nalling may occur via the transduction of signals, inducing

morphological and functional differentiations in the cells,

altering ECM composition and transforming angiogenesis.

It is also believed that MeJA may assist in the process of

cell renewal of the intestinal mucosa, assisting in the cell

cycle process of the transformed cells via apoptotic path-

ways triggered by the induction of mitochondrial ROS,

negatively regulating the expression of protein families that

are important for the modulation of the apoptotic process.

It acts principally in the regulation of the Bcl-2 protein

family, which are important in the activation of the caspase

3 and 9 families (Table 1).

Conclusion

The restoration and cell renewal of the intestinal mucosa

maintains the integrity and homoeostasis of the epithelial

barrier and could be considered a therapeutic target for

improving the health of the intestinal tissue using synthetic

substances.

As well as synthetic drugs, phytormones or other natural

products such as MeJA and its derivatives have displayed

potential for the reduction of inflammation and oxidative

damage impact in the pathogenesis of intestinal diseases,

including most of those with IBD profiles.

Due to its anti-apoptotic potential, the lipid phytohor-

mone MeJA represents a new therapeutic target for the

treatment of inflammatory bowel diseases. It acts effectively

on the regulation of the gene expression of the extrinsic

and intrinsic pathways of the superfamily of caspase-type

proteases, eliminating only cells expressing a diseased phe-

notype, and preserving untransformed and healthy cells.
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It can also modulate signal transduction processes during

the cell renewal of the intestinal mucosa and assist in the

cell cycle process of transformed cells in UC and DC.

Declarations

Conflicts of interest

The Authors declare that they have no competing interests

related to this work.

Ethical approval

The study had no ethical approval requirements.

Acknowledgements

The authors are thankful to the Brazilian agencies CNPq,

CAPES and Fundac�~ao Arauc�aria for their financial support

to this work.

References

1. Hanauer SB. Inflammatory bowel dis-

ease: epidemiology, pathogenesis, and

therapeutic opportunities. Inflamm

Bowel Dis 2006; 12: 3–9.

2. Loftus EV Jr. Clinical epidemiology of

inflammatory bowel disease: inci-

dence, prevalence, and environmental

influences. Gastroenterology 2004; 126:

1504–1517.

3. Ordas I et al. Ulcerative colitis. Lancet

2012; 380: 1606–1619.

4. Hindryckx P, Laukens D. Intestinal

barrier dysfunction: the primary dri-

ver of IBD? In: Karoui S, ed. Inflam-

matory Bowel Disease: Advances in

Pathogenesis and Management. In-

Tech; 2012: 23–40.

5. Odenwal MA, Turner JR. The intesti-

nal epithelial barrier: a therapeutic

target? Nat Rev Gastroenterol Hepatol

2017; 14: 9–21.

6. Pedersen J et al. Inhibitors of apopto-

sis (IAPs) regulate intestinal immu-

nity and inflammatory bowel disease

(IBD) inflammation. Trends Mol Med

2014; 20: 652–665.

7. Gerbe F et al. The intestinal epithelium

tuft cells: specification and function.

Cell Mol Life Sci 2012; 69: 2907–2917.

8. Mills S, Stamos MJ. Colonic Crohn’s

disease. Clin Colon Rectal Surg 2007;

20: 209–313.

9. Miron N, Cristea V. Enterocytes:

active cells in tolerance to food and

microbial antigens in the gut. Clin

Exp Immunol 2012; 167: 405–412.

10. G€unther C et al. Apoptosis, necrosis

and necroptosis: cell death regulation

in the intestinal epithelium. Gut 2013;

62: 1062–1071.

11. Xu XR et al. Dysregulation of mucosal

immune response in pathogenesis of

inflammatory bowel disease. World J

Gastroenterol 2014; 20: 3255–3264.

12. Van Wijk F, Cheroutre H. Mucosal T

cells in gut homeostasis and inflam-

mation. Expert Rev Clin Immunol

2010; 6: 559–566.

13. Maloy KJ, Powrie F. Intestinal home-

ostasis and its breakdown in inflam-

matory bowel disease. Nature 2011;

474: 298–306.

14. Cominelli F. Cytokine-based thera-

pies for Crohn’s disease-new

paradigms. N Engl J Med 2004; 351:

2045–2048.

15. Corridoni D et al. Inflammatory

bowel disease. Immunol Lett 2014;

161: 231–235.

16. Spehlmann ME et al. Epidemiology of

inflammatory bowel disease in a Ger-

man twin cohort: results of a nation-

wide study. Inflamm Bowel Dis 2008;

14: 968–976.

17. Torres J, Colombel JF. Genetics and

phenotypes in inflammatory bowel

disease. Lancet 2016; 387: 98–100.

18. Silverberg MS et al. Toward an inte-

grated clinical, molecular and serolog-

ical classification of inflammatory

bowel disease: report of a Working

Party of the 2005 Montreal World

Congress of Gastroenterology. Can J

Gastroenterol 2005; 19: 5–36.

19. Sarlos P et al. Genetic update on

inflammatory factors in ulcerative col-

itis: review of the current literature.

World J Gastrointest Pathophysiol

2014; 5: 304–321.

20. Nunes T et al. Cell death and inflam-

matory bowel diseases: apoptosis,

necrosis, and autophagy in the intestinal

epithelium. Biomed Res Int 2014; 2014:

1–12.

21. Kaiko GE et al. Immunological deci-

sion-making: how does the immune

system decide to mount a helper T-

cell response? Immunology 2008; 123:

326–338.

22. Valatas V et al. Experimental colitis

models: insights into the pathogenesis

of inflammatory bowel disease and

translational issues. Euro J Pharmacol

2015; 759: 253–264.

23. Guglani L, Khader SA. Th17 cytokines

in mucosal immunity and inflamma-

tion. Curr Opin HIV AIDS 2010; 5:

120.

24. Monk JM et al. Antagonizing arachi-

donic acid-derived eicosanoids

reduces inflammatory Th17 and Th1

cell-mediated inflammation and colitis

severity. Mediators Inflamm 2014;

2014: 917149.

25. Moreno JJ. Eicosanoid receptors: tar-

gets for the treatment of disrupted

intestinal epithelial homeostasis. Eur J

Pharmacol 2017; 796: 7–19.

26. Mccartney SA et al. Selective COX-2

inhibitors and human inflammatory

bowel disease. Aliment Pharmacol Ther

1999; 13: 1115–1118.

27. Jurjus A et al. Inflammatory bowel

disease, colorectal cancer and type 2

diabetes mellitus: the links. BBA Clin

2016; 5: 16–24.

28. Zhu H, Li YR. Oxidative stress and

redox signaling mechanisms of

inflammatory bowel disease: updated

experimental and clinical evidence.

Exp Biol Med 2012; 237: 474–480.

29. Balmus IM et al. The implications of

oxidative stress and antioxidant thera-

pies in Inflammatory Bowel Disease:

© 2017 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, ** (2017), pp. **–** 11

Jean Carlos Fernando Besson et al. Methyl jasmonate a potencial drug to IBD treatment



clinical aspects and animal models.

Saudi J Gastroenterol 2016; 22: 3–17.

30. Cheong JJ, Do CY. Methyl jasmonate

as a vital substance in plants. Trends

Genet 2013; 19: 409–413.

31. Shivshankar MG, Shanmugarajan TS.

Methyl jamonate: new insights into a

potent phytohormone. Int J Pharm

Biol Sci 2016; 7: 244–249.

32. Hern�andez-O~nate MA, Herrera-

Estrella A. Damage response involves

mechanisms conserved across plants,

animals and fungi. Curr Genet 2015;

61: 359–372.

33. Pirbalouti AG et al. A review (re-

search and patents) on jasmonic acid

and its derivatives. Arch Pharm

(Weinheim) 2014; 347: 229–239.

34. Demole E et al. Solement et d�etermi-

nation de la structure du jasmonate

de m�ethyle, constituant odorant car-

act�eristique de l’essence de jasmin.

Helv Chim Acta 1962; 45: 675–685.

35. Crabalona L. Presence of levorotatory

methyl jasmonate, methyl cis-2-(2-

penten-1-yl)-3-oxocyclopentenyl acet-

ate, in the essential oil of Tunisian

rosemary. C R Acad 1967; 264: 2074–

2076.

36. Aldridge DC et al. Metabolites of

Lasiodiplodia theobromae. J Chem Soc

C 1971; 0: 1623–1627.

37. Ueda J, Kato J. Isolation and identifi-

cation of a senescence-promoting sub-

stance from wormwood (Artemisia

absinthium L.). Plant Physiol 1980; 66:

246–249.

38. Dathe W et al. Endogenous plant hor-

mones of the broad bean, Vicia faba

L. (-)-jasmonic acid, a plant growth

inhibitor in pericarp. Planta 1981;

153: 530–535.

39. Vick BA, Zimmerman DC. Biosynthe-

sis of jasmonic acid by several plant

species. Plant Physiol 1984; 75: 458–

461.

40. Dang HT et al. New jasmonate ana-

logues as potential anti-inflammatory

agents. Bioorg Med Chem 2008; 16:

10228–10235.

41. Schaller F et al. Biosynthesis and

metabolism of jasmonates. J Plant

Growth Regul 2005; 23: 179–199.

42. Fugate KK et al. Jasmonic acid causes

short- and long-term alterations to

the transcriptome and the expression

of defense genes in sugarbeet roots.

Plant Gene 2017; 9: 50–63.

43. Parra-Lobato MC et al. Methyl jas-

monate-induced antioxidant defence

in root apoplast from sunflower seed-

lings. Environ Exp Bot 2009; 66: 9–17.

44. Cohen S, Flescher E. Methyl jas-

monate: a plant stress hormone as an

anti-cancer drug. Phytochemistry 2009;

70: 1600–1609.

45. Fingrut O, Flescher E. Plant stress

hormones suppress the proliferation

and induce apoptosis in human can-

cer cells. Leukemia 2002; 16: 608–616.

46. Fingrut O et al. Jasmonates induce

nonapoptotic death in high-resistance

mutant p53-expressing B-lymphoma

cells. Br J Pharmacol 2005; 146: 800–

808.

47. Wang Y et al. Methyl jasmonate sensi-

tizes human bladder cancer cells to

gambogic acid-induced apoptosis

through down-regulation of EZH2

expression by miR-101. Br J Pharma-

col 2014; 2014: 618–635.

48. Zheng L et al. Methyl jasmonate abol-

ishes the migration, invasion and

angiogenesis of gastric cancer cells

through down-regulation of matrix

metalloproteinase 14. BMC Cancer

2013; 13: 1–13.

49. Farooqi AA et al. Algae extracts and

methyl jasmonate anti-cancer activities

in prostate cancer: choreographers of

‘the dance macabre. Cancer Cell Int

2012; 12: 1–6.

50. Milrot E et al. Methyl jasmonate

reduces the survival of cervical cancer

cells and downregulates HPV E6 and

E7, and surviving. Cancer Lett 2012;

319: 31–38.

51. Wang SY et al. Methyl jasmonate

enhances antioxidant activity and fla-

vonoid content in blackberries (Rubus

sp.) and promotes antiproliferation of

human cancer cells. Food Chem 2008;

107: 1261–1269.

52. Eduviere AT et al. Methyl jasmonate

enhances memory performance

through inhibition of oxidative stress

and acetylcholinesterase activity in

mice. Life Sci 2015; 132: 20–26.

53. Umukoro S et al. Evaluation of adap-

togenic-like property of methyl

jasmonate in mice exposed to unpre-

dictable chronic mild stress. Brain Res

Bull 2016; 121: 105–114.

54. Shivshankar G, Shanmugarajan TS. In

vitro potential of plant stress hormone

Methyl Jasmonate for anti-arthritis,

anti-inflammatory and free radical

scavenging activity. Int J Pharm Tech

Res 2015; 8: 161–165.

55. Dang HT et al. In vitro stability and

in vivo anti-inflammatory efficacy of

synthetic jasmonates. Bioorg Med

Chem 2012; 20: 4109–4116.

56. Wallace KL et al. Immunopathology

of inflammatory bowel disease. World

J Gastroenterol 2014; 20: 6–21.

57. Kmie�c Z et al. Cells of the innate and

adaptive immunity and their interac-

tions in inflammatory bowel disease.

Adv Med Sci 2017; 62: 1–16.

58. Negroni A et al. Apoptosis, necrosis,

and necroptosis in the gut and intesti-

nal homeostasis. Mediators Inflamm

2015; 2015: 1–10.

59. Elmore S. Apoptosis: a review of pro-

grammed cell death. Toxicol Pathol

2007; 35: 495–516.

60. Zhang N et al. The role of apoptosis

in the development and function of T

lymphocytes. Cell Res 2005; 15: 749–

769.

61. Christofferson DE, Yuan J. Necropto-

sis as an alternative form of pro-

grammed cell death. Curr Opin Cell

Biol 2010; 22: 263–268.

62. Renehan AG et al. The relevance of

apoptosis for cellular homeostasis and

tumorigenesis in the intestine. Can J

Gastroenterol 2001; 15: 166–176.

63. Merritt AJ et al. Differential expres-

sion of bcl-2 in intestinal epithelia:

correlation with attenuation of apop-

tosis in colonic crypts and the inci-

dence of colonic neoplasia. J Cell Sci

1995; 108: 2261–2271.

64. Goretsky T et al. p53 mediates TNF-

induced epithelial cell apoptosis in

IBD. Am J Pathol 2012; 181: 1306–

1315.

65. Bhattacharya S et al. Role of polyami-

nes in p53-dependent apoptosis of

intestinal epithelial cells. Cell Signal

2009; 21: 509–522.

66. Marini M et al. TNF-a neutralization

ameliorates the severity of murine

© 2017 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, ** (2017), pp. **–**12

Methyl jasmonate a potencial drug to IBD treatment Jean Carlos Fernando Besson et al.



Crohn’s-like ileitis by abrogation of

intestinal epithelial cell apoptosis. Proc

Natl Acad Sci USA 2003; 100: 8366–

8371.

67. Park C et al. A methyl jasmonate

derivative, J-7, induces apoptosis in

human hepatocarcinoma Hep3B cells

in vitro. Toxicol Vitro 2010; 24: 1920–

1926.

68. Yeruva L et al. Methyl jasmonate

decreases membrane fluidity and

induces apoptosis via tumor necrosis

factor receptor 1 in breast cancer cells.

Anticancer Drugs 2008; 19: 766–776.

69. Yeruva L et al. Delayed cytotoxic

effects of methyl jasmonate and cis-

jasmone induced apoptosis in prostate

cancer cells. Cancer Invest 2008; 26:

890–899.

70. Ezekwudo D et al. Inhibition of

expression of anti-apoptotic protein

Bcl-2 and induction of cell death in

radioresistant human prostate adeno-

carcinoma cell line (PC-3) by methyl

jasmonate. Cancer Lett 2008; 270:

277–285.

71. Kang GJ et al. Methyl 5-chloro-4, 5-

didehydrojasmonate (J7) inhibits

macrophage-derived chemokine pro-

duction via down-regulation of the

signal transducers and activators of

transcription 1 pathway in HaCaT

human keratinocytes. Chem Pharm

Bull 2013; 61: 1002–1008.

72. St-Pierre J, Chadee K. How the dis-

covery of TNF-[alpha] has advanced

gastrointestinal diseases and treatment

regimes. Dig Dis Sci 2014; 59: 712–

715.

73. Zhang M et al. Methyl jasmonate

induces apoptosis and pro-apoptotic

autophagy via the ROS pathway in

human non-small cell lung cancer.

Am J Cancer Res 2016; 6: 187–199.

74. da Silva GBRF et al. Oil-in-water bio-

compatible microemulsion as a carrier

for the antitumor drug compound

methyl dihydrojasmonate. Int J Nano-

medicine 2015; 10: 585–594.

75. Zhang M et al. Expression of tissue

levels of matrix metalloproteinases

and tissue inhibitors of metallopro-

teinases in gastric adenocarcinoma. J

Surg Oncol 2011; 103: 243–247.

76. Kaneko T et al. Urokinase-type plas-

minogen activator expression corre-

lates with tumor angiogenesis and

poor outcome in gastric cancer. Can-

cer Sci 2003; 94: 43–49.

77. Jiang WG et al. Expression of mem-

brane type-1 matrix metalloproteinase,

MT1-MMP in human breast cancer

and its impact on invasiveness of

breast cancer cells. Int J Mol Med

2006; 17: 583–590.

78. Kim JH et al. Methyl jasmonate

induces apoptosis through induction

of Bax/Bcl-XS and activation of

caspase-3 via ROS production in A549

cells. Oncol Rep 2004; 12: 1233–1238.

79. Jiang G et al. An N-terminal Smac

peptide sensitizes human prostate car-

cinoma cells to methyl jasmonate-

induced apoptosis. Cancer Lett 2011;

302: 137–146.

80. Oh SY et al. Induction of heat shock

protein 72 in C6 glioma cells by

methyl jasmonate through ROS-

dependent heat shock factor 1

activation. Int J Mol Med 2005; 16:

833–839.

81. Park C et al. J7, a methyl jasmonate

derivative, enhances TRAIL-mediated

apoptosis through up-regulation of

reactive oxygen species generation in

human hepatoma HepG2 cells. Toxicol

In Vitro 2012; 26: 86–93.

82. Tsumura H et al. Gene expression

profiles in differentiating leukemia

cells induced by methyl jasmonate are

similar to those of cytokinins and

methyl jasmonate analogs induce the

differentiation of human leukemia

cells in primary culture. Leukemia

2009; 23: 753–760.

83. Rotem R et al. Jasmonates: novel anti-

cancer agents acting directly and selec-

tively on human cancer cell

mitochondria. Cancer Res 2005; 65:

1984–1993.

© 2017 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, ** (2017), pp. **–** 13

Jean Carlos Fernando Besson et al. Methyl jasmonate a potencial drug to IBD treatment

View publication statsView publication stats

https://www.researchgate.net/publication/320641189

