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ABSTRACT
The importance of the lipid inflammatory mediators in health and disease
has been emerging area of interest. Cysteinyl leukotrienes, a group of the
inflammatory lipid molecules, are well known for their predominant role in
allergic diseases such as allergic asthma, allergic rhinitis, urticaria, and
others. However, recent advances in the field of biomedical research
highlighted the role of these inflammatory mediators in a broader range of
diseases such as in the inflammation associated with the CNS disorders
(e.g., cerebral ischemia, Alzheimer disease, epilepsy), vascular
inflammation (atherosclerotic), and in the pathology of cancer. However, a
lot more remains elusive as the research in these areas are emerging and
only a little has been discovered. In this review, we aim to summarize the
current findings on cysteinyl leukotrienes in atherosclerosis, cancer, and
neurological disorders with an introductory role in the pathogenesis of
asthma.
Keywords: Cysteinyl leukotrienes, CysLT1R, Asthma, Atherosclerosis,
Colorectal cancer, Brain diseases

plants and they possess a wide range of

INTRODUCTION
Leukotrienes

prostaglandins,

biological activities. In the human body, they

thromboxanes and lipoxins, are the major

are derived de novo from arachidonic acid, a

constituents of a group of biologically active,

20-carbon chain fatty acid. Leukotrienes, one

oxygenated, polyunsaturated, long chain fatty

major group among these eicosanoids, include

acids,

The

five types namely leukotriene A4 (LTA4),

eicosanoids are found in both animals and

leukotriene B4 (LTB4), leukotriene C4 (LTC4),

known

along

as

with

the

eicosanoids.
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leukotriene D4 (LTD4) and leukotriene E4

(6). In the cytochrome P450 pathway, AA is

(LTE4). Whereas LTA4 and LTB4 are the

converted

agonists for BLT1 and BLT2, the cysteinyl

(EETs), hydroxyeicosatetraenoic acids (HETEs)

leukotrienes (LTC4, LTD4 and LTE4) are the

and

agonists for CysLT1R and CysLT2R. LTD4 is

(HPETEs). In the cyclooxygenase (COX)

the most potent in all of its kind which has been

pathway, AA is metabolized to prostaglandin

shown to activate CysLT1R in several studies

H2 (PGH2), which is further metabolized to

under different pathological conditions. The

prostanoids, together with prostaglandins (PGs),

rank of order is LTD4>LTC4>LTE4 by means

including PGE2, PGF2, PGD2 and PGI2, by

of their affinity toward CysLT1R (1), whereas

prostaglandin synthases and to thromboxanes

the

(TXs),

order

to

that

of

CysT2R

is

into

epoxyeicosatrienoic

hydroperoxyeicosatetraenoic

including

TXA2,

by

acids
acids

particular

LTC4=LTD4>>LTE4 (2). Apart from these

thromboxane synthases. In the LOX pathway,

two main receptors several other receptors have

AA is metabolized to 8-, 12- and 15-HPETE by

been reported but their pathophysiological roles

12- and 15-LOX or to 5-HPETE by 5-LOX and

are not yet well defined. These additionally

5-lipoxygenase activating protein (FLAP). 5-

reported receptors are GPR17 (3), P2Y12 (4),

HPETE instantly undergoes dehydration to

and GPR99 (5).

form unstable leukotriene A4 (LTA4). LTA4 is

SYNTHESIS

OF

CYSLTS

AND

ITS

PHARMACOLOGICAL INTERVENTION

then metabolized either to produce LTB4 by the
act of LTA4 hydrolase (LTA4-H) or together
with glutathione in the presence of LTC4

CysLTs are synthesized from arachidonic acid

synthase (LTC4-S) or glutathione S-transferase

(AA), which is liberated from membrane

to

phospholipids

calcium-dependent

enzymatically to form leukotriene D4 (LTD4)

cPLA2 (cytosolic phospholipase A2). Free AA

and leukotriene E4 (LTE4). LTE4 is the most

in the cytosol is metabolized enzymatically to

stable form among the CysLTs which is rapidly

eicosanoids through three major pathways,

converted from LTD4. Currently there are two

namely cytochrome P450, cyclooxygenase

available approaches to therapeutically block

(COX), and 5-lipoxygenase (5-LOX) pathways

the inflammatory cascade mediated by CysLTs.

through

give

LTC4.
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The 5-LOX pathway of CysLTs production

which contribute to bronchoconstriction (11)

during AA metabolism can be blocked by 5-

and has been linked to asthma-related aspirin

LOX Activating Protein inhibitors (FLAP

hypersensitivity

inhibitors)

CysLT1R

inflammatory reaction in asthma mostly by

antagonists such as montelukast, zafirlukast,

CysLT1R, the expression of which is found in

and pranlukast are the major drugs used in the

inflammatory cells of human bronchial mucosa,

management of asthma. However, no CysLT2R

such as eosinophils, neutrophils, mast cells,

antagonists are clinically available.

macrophages, B lymphocytes and plasma cells.

such

as

zileuton.

TRADITIONAL ROLE OF CYSLTS
IN ASTHMA

(12).

CysLTs

cause

This leads to obstacles in gaseous exchange and
bronchoconstriction, and is accompanied by
increased microvascular permeability, increased

Although the role of CysLTs in asthma is not a
current trend and rather it is well-known we
would still like to emphasize a little about their
crosstalk here for a better understanding of the
later parts in this article. CysLTs and their
receptors are associated with allergic diseases,
such as allergic rhinitis, allergic asthma and
urticaria. CysLT1R, one of the important
targets in asthma, is closely concerned with
asthma. Numerous studies have proved that
asthmatic patients have higher CysLT1R
mRNA expression and protein positive cells (7,
8); patients with asthma also show a higher
level of CysLTs excreted through their urine
and exhalation (9, 10). CysLT2R expression
has also been documented in asthmatic lungs

mucus secretion, eosinophils recruitment and
eventually causing airway remodeling. All of
these reactions deteriorate asthma and is
characterized by reversible airway obstruction
and bronchial hyperresponsiveness which are
mediated by TH2 cytokines such as IL-4, IL-5
and IL-13. LTD4 has been shown to induce
CysLT1R and activate type 2 innate lymphoid
cells (ILC2) to release IL-5 and IL-13 (13),
which belong to the TH2 type cytokines family
and can respond to CysLT1R (14). In their
experiment, interestingly, LTD4, but not IL-33,
mediated the elevation of IL-4 in vivo (13). IL33 plays a crucial role in the pathology of
asthma

which

activates

a

cascade

of

inflammatory molecules such as IL-5 and IL-13
through activation of ILC2 cells. However, it
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cannot mediate the activation of IL4, which is,

CysLTs have been established much more

on the contrary, activated by LTD4; evidence

remain

also exists showing a role of IL-4 in inducing

understanding of the role of CysLTs in the

CysLT1R

(15)

etiology of asthma the LTRA class of drugs

suggesting a greater role of the peptide

have been used in the management of the

mediator LTD4 and its receptor CysLT1R in

disease since 1990s, and they more recently

the pathogenesis of asthma. Inflammation of

have been approved for certain types of allergic

the asthmatic airway is usually associated with

rhinitis.

microvascular permeability in the respiratory

pathophysiological

tract which can be potentiated by CysLTs,

receptors have been possible to be explored due

resulting in airway edema. For example, LTD4

to the recent advances in the field of molecular

leads to an increase in VEGF level, and

biological and pharmacological approaches

enhances the activity of TNF-α to induce the

which also have elucidated their roles beyond

production of VEGF. As VEGF is one of the

the asthmatic conditions, such as in cancer,

most

cardiovascular complications, and several types

at

important

transcriptional

level

pro-angiogenic

cytokines,

which can augment vascular permeability,
higher VEGF level can aggravate asthma. Some
studies have discovered that administration of

elusive.

The

Despite

mechanisms
roles

an

incomplete

owing
of

the

to

the

CysLT

of CNS disorders.

CYSLTS IN ATHEROSCLEROSIS

CysLTR antagonists potently decrease the

The vascular inflammation in atherosclerosis is

VEGF level in allergic asthmatic lungs, which

largely mediated by CysLTs. 5-LO/LT pathway

can alleviate the severity of asthma (16).

has important role in modifying atherosclerosis.

CysLTs can also activate TGF-β1 expression,

5-LO was observed to be present in human

and synergize the activity of TGF-β1 (7, 17)

atherosclerotic aorta, carotid arteries, coronary

and other growth factors (18, 19) to induce

and variant 5-LO genotypes were identified in a

human collagen expression and bronchial

subpopulation with

smooth muscle cells proliferation, which play a

atherosclerosis (20). Also studies on FLAP and

key role in the pathogenesis of asthma.

LTA4 hydrolase support the fact that LTs are in

Although several aspects of the mechanisms of

human atherosclerosis. 15-LO, another key
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member of the lipoxygenase family, can also

cells. TNF-α, a proinflammatory cytokine,

oxidize to low density lipoprotein (LDL) and

identified to have a pathogenic role in chronic

take part in atherosclerosis. CysLTs induce

inflammatory disease, also actively participates

contraction of atherosclerotic coronary arteries.

in the progression of atherosclerosis and

Atherosclerosis, in turn, may also enhance the

elevation

vascular reactivity of LTs. In addition to direct

promoting

activation of vascular smooth muscle cells,

molecules in endothelial cells, recruitment and

CysLTs also regulate vascular tone through

activation of inflammatory cells, and the

activation of endothelial cells. Both LTC4 and

initiation of the inflammatory cascade inside

LTD4 stimulate endothelial cell proliferation

the arterial wall (22). It has been revealed that

through

CysLT1R

and

dysregulated

endothelial

atherosclerosis

(21).

causes

increased

the

atherosclerotic
expression

lesions
of

by

adhesion

contribute

to

CysLTs have partial role in potentiation of

function

in

TNF-α response by inducing production of

activation

matrix metalloproteinase-9 (MMP-9) in human

CysLT2R

endothelial

of

permeability,

monocytes/macrophages

(21).

So

CysLTs

intracellular calcium influx, myosin light-chain

mediate atherosclerosis by promotion of TNF-α

kinase activation, stress fiber formation and

induced response (21). Another important

endothelial cell contraction through the activity

factor that mediates atherosclerosis is IFN-γ; it

of pertussis toxin (PTX)-insensitive Gq protein,

is highly expressed in atherosclerotic lesions

leading to formation of atherosclerotic lesions.

and involved in mediating many proatherogenic

CysLTs induce endothelial cell inflammation

phenotypic molecules. Recently, a key role for

and proliferation via CySLT₂R/Rho kinase and

NKT cells secreting high levels of IFN-γ has

CysLT1R/ERK dependent pathways, playing

been proposed in atherosclerosis (23). It has

significant role in atherosclerosis (21). LTD4-

been examined that the regulation of CysLTR

mediated upregulation of endothelial P-selectin

expression and their proinflammatory functions

via a non-CysLT1 receptor has also been

is exerted by IFN-γ in human endothelial cells.

suggested which strongly stimulates expression

IFN-γ up-regulates CysLTR2 expression and its

of macrophage inflammatory protein-1α (MIP-

proinflammatory

1α) in macrophages and MIP-2α in endothelial

endothelial cells through Jak/STAT1 pathway
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(23). It has been suggested by some recent

persistent inflammation (25). Inflammatory

studies that leukotriene synthesis inhibitor and

milieu is characterized by high leukocyte

leukotriene receptor antagonists are effective in

infiltration, varying in size, allocation and

treatment of atherosclerosis. CysLT receptor

composition, such as mast cells, tumor-

antagonist

decreases

associated macrophages (TAMs), natural killer

atherosclerosis by reducing vascular reactive

cells (NKs), dendritic cells (DCs), eosinophils

oxygen species production in animal model and

neutrophils, and lymphocytes (26). These cells

it also inhibits FLAP (24).

generate a range of cytotoxic mediators such as

montelukast

CYSLTS AND CANCER

reactive

oxygen

and

membrane-perforating

nitrogen
agents,

matrix

The inflammatory milieu is one of the means of

metalloproteinases,

cancer development. Persistent inflammation

proteases,

has come into view as a typical property of

interferons (IFNs) and increased levels of

conversion of epithelial cells into a malignant

enzymes such as cyclooxygenase-2 (COX-2),

tumor and it is a rate limiting factor for the

5-lipoxygenase (5-LOX) and phospholipase A2

successful established treatments of tumors. An

(PLA2),

amplified inflammatory reaction affects a

development (27).

patient with colorectal cancer (CRC). Cysteinyl
leukotrienes and other eicosanoids are capable
of promoting inflammation and can contribute
to chronic inflammatory bowel diseases (IBD)
and CRC growth. Factors that may increase the
risk of CRC include chronic inflammatory
diseases of the colon, a diet low in fiber and
high in fat and calories, a sedentary lifestyle,
obesity, smoking, alcohol, disruption of normal
intestinal flora. More than 25% of all cancers

serine

species,

and

pro-inflammatory

thus

contributing

cysteine
cytokines,

to

cancer

LTB4, one of the non-CysLTs, also has protumorigenic effects in melanoma, lymphoma,
breast cancer, and head and neck carcinoma
(28). Several studies highlight the role of LTB4
signaling in colon cancer cells and justify the
use of specific LTB4 receptor antagonists to
restrain CRC development. A range of clinical
trials have highlighted the use of eicosanoiddepressing and anti- inflammatory drugs in the

avoidance and management of CRC (29).
are correlated to long-standing infections and
A Ghosh et al, WRJPT, 2016, 2 (3): 1-15
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Patients with IBD have 30%-50% higher risk of

CysLT2R

developing CRC (30). In IBDs high amount of

important in the disease etiology of CRC (39).

leukocyte infiltrate into the intestinal wall,
where stimulate non-specific inflammation by
the activation and generation of AA derived
proinflammatory metabolites for example LTs
and PGs and following tissue injury that
mediate numerous gastrointestinal diseases, as
well as cancers (31). Like several types of
cancer, in CRC also the TAMs contribute
greatly to cancer growth and development.
TAMs are macrophages that produce high
amount of Th2 cytokines, growth factors and
inflammatory mediators that encourage tumor
growth, angiogenesis, and metastasis (32).
Density of TAMs in colon cancer tissue is very
high as compared with the adjacent normal
tissue (33). The activity of TAMs is enhanced
by IL4 (34) which is a pathological interactor of
CysLTs
numerous

in

inflammatory
cancers,

together

conditions.
with

In

CRCs

increased expression of CysLT1R has been
observed (35, 36). High CysLT1R tumor
expression is related with a deprived survival
prospects in breast and CRC patients (36, 37),
while simultaneous low CysLT1R and high
CysLT2R expression show a good prospects in
CRC

patients

(38).

The

CysLT1R

expression

CYSLTS

AND

ratio

seems

to

be

NEUROLOGICAL

DISEASES
Implication of CysLTs has been shown in the
pathogenesis of several neurological diseases,
including brain injury, Alzheimer disease (AD),
and epilepsy. Although the concentration of
free arachidonic acid, is usually very low in the
brain, but can increase greatly following
different stimuli such as ischemia. Cerebral
ischemia is clinically characterized by reduced
cerebral hypoperfusion which causes reduced
blood circulation, wholly or partly, to the parts
of

the

brain

and

accompanied

by

neuroinflammation and neuronal death. In
global

ischemic

models,

an

augmented

formation of Cys-LT has been demonstrated
following

reperfusion

(40-42).

Whereas

neuroinflammation is a critical component
following brain injury, it is accompanied by an
aggravated level of Cys-LT receptors (43).
Despite the fact that CysLT2R is the main
isoform of CysLTRs in the normal brain, the
first line of data, from experiments done with
CysLTR antagonists, suggested that selective

and
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CysLT1R antagonists, including pranlukast and

AD phenotypes have been shown to be

montelukast, might have a protective effect in

ameliorated on different animal models of AD

focal cerebral ischemia (44, 45); protective

(54-56). Epilepsy-related BBB (blood-brain

effect of montelukast against global ischemia

barrier) disruption has also been shown to be

has also been shown (46). However, recent

mediated by Cys-LT (57) and modulation of

studies showed the spatiotemporal expression

Cys-LT

of CysLT2R in cerebral ischemia (47) and that

development and frequency of seizures in vivo

using

(58,

HAMI

3379,

a

CysLT2

receptor

by

59).

montelukast
Clinical

suppresses

evidence

also

the
exists

antagonist, is neuroprotective against the

highlighting the efficacy of pranlukast in

ischemic injury and neuroinflammation (48, 49).

epileptic patients (60).

Recently Cys-LT have been also shown in the

CONCLUSIONS

pathogenesis

of

many

neurodegenerative

diseases, including AD. Using different in vivo
and in vitro studies it has been shown that
LTD4 can upregulate the expression of
CysLT1R in AD models (50, 51). LTD4 and
CysLT1R can contribute to behavioral and
cognitive deficit in animals which has been
shown to be attenuated through administration
of selective CysLT1R antagonists such as
pranlukast and montelukast (52, 53). 5-LO and
FLAP, which are the precursor molecules of
Cys-LT synthesis, have long been recognized to
be associated with different forms of AD with
several mechanisms. 5-LO is elevated in AD

The inflammatory milieu relative of cysteinyl
leukotrienes has been implicated in a range of
pathological conditions such as in asthma,
allergic rhinitis, cardiovascular disease, cancer,
and neurological dysfunctions. Although many
aspects of the roles of the Cys-LT and their
receptors, as mediators of inflammation, in
asthma and other allergic diseases are well
established, their pathophysiological role in
atherosclerosis, cancer, and brain diseases is
very little known and much more attention
should

be

given

to

gain

the

utmost

understanding of their role in these diseases.

brain and can be blocked by 5-LO blockers
such as zileuton. Using this approach several
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