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Introduction

The inflammatory response is a dynamic process involving 
the activation of both the innate and adaptive immune sys-
tems.1 With the infiltration of white blood cells and secretion 
of various cytokines and chemokines, inflammation aims 
to defend and facilitate recovery under various deleterious 

conditions such as infections, organ malfunctions, or tissue 
injuries caused by aseptic factors.2 Neuroinflammation, a 
term used to describe the inflammatory response within the 
central nervous system (CNS), is a unique process involving 
immune cells in the brain, particularly microglia.3 Since neu-
roinflammation has been the hallmark of many neurological 
disorders, it is not surprising that cyclooxygenase (COX), a 
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Abstract
The cyclooxygenase (COX)/prostaglandin E2 (PGE2) signaling pathway has emerged 
as a critical target for anti-inflammatory therapeutic development in neurological 
diseases. However, medical use of COX inhibitors in the treatment of various 
neurological disorders has been limited due to well-documented cardiovascular 
and cerebrovascular complications. It has been widely proposed that modulation 
of downstream microsomal prostaglandin E synthase-1 (mPGES-1) enzyme may 
provide more specificity for inhibiting PGE2-elicited neuroinflammation. Heightened 
levels of mPGES-1 have been detected in a variety of brain diseases such as 
epilepsy, stroke, glioma, and neurodegenerative diseases. Subsequently, elevated 
levels of PGE2, the enzymatic product of mPGES-1, have been demonstrated 
to modulate a multitude of deleterious effects. In epilepsy, PGE2 participates in 
retrograde signaling to augment glutamate release at the synapse leading to neuronal 
death. The excitotoxic demise of neurons incites the activation of microglia, which 
can become overactive upon further stimulation by PGE2. A selective mPGES-1 
inhibitor was able to reduce gliosis and the expression of proinflammatory cytokines 
in the hippocampus following status epilepticus. A similar mechanism has also been 
observed in stroke, where the overactivation of microglia by PGE2 upregulated the 
expression and secretion of proinflammatory cytokines. This intense activation of 
neuroinflammatory processes triggered the secondary injury commonly observed in 
stroke, and blockade of mPGES-1 reduced infarction size and edema, suppressed 
induction of proinflammatory cytokines, and improved post-stroke well-being and 
cognition. Furthermore, elevated levels of PGE2 have been shown to intensify the 
proliferation of glioma cells, mediate P-glycoprotein expression at the blood-brain 

barrier (BBB) and facilitate breakdown of the BBB. For these reasons, targeting mPGES-1, the central and inducible enzyme of the 
COX cascade, may provide a more specific therapeutic strategy for treating neuroinflammatory diseases.
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Minireview

Impact statement

Neuroinflammation often proceeds or exacerbates 
the progression of neurological diseases and as 
such presents a promising therapeutic strategy in 
the treatment of these disorders. The COX/PGE2 
signaling pathway has shown therapeutic potential 
in this context; however, inhibition of the upstream 
COX enzymes has deleterious cardiovascular and 
cerebrovascular effects. The inducible downstream 
target mPGES-1, the main producer of PGE2 during 
neuroinflammation, may thus represent a more 
specific therapeutic strategy for managing PGE2 
expression. mPGES-1 has seldom been explored in 
the context of neurological diseases, despite being a 
unique target for the treatment of neuroinflammation. 
We explore, for the first time, the effects of selective 
inhibition of mPGES-1 in the context of epilepsy, 
stroke, glioma, and other neurodegenerative 
diseases. By examining the role of mPGES-1 in these 
diseases and identifying the shortcomings of current 
therapeutics, we hope to foster development of novel 
mPGES-1 inhibitors and encourage exploration in 
these devastating diseases.
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critical inflammatory executor, has received much attention 
for its therapeutic potential in this context over the years.

Among prostanoids, cytokines, and chemokines, pros-
taglandin E2 (PGE2) is widely considered a key component 
of proinflammatory signaling in the central and peripheral 
nervous systems.4,5 The biological synthesis of PGE2 is cata-
lyzed by two critical enzymes, namely, COX and prostaglan-
din E synthase (PGES). In brief, the formation of PGE2 is 

first initiated by the release of arachidonic acid (AA) from 
the cell membrane by phospholipase A2. AA is then con-
verted to prostaglandin H2 (PGH2) by either the consti-
tutively expressed COX-1 or COX-2, which is induced in 
response to noxious stimuli. PGH2 is a short-lived interme-
diary metabolite, which is then converted to PGE2 by one 
of three terminal PGESs: microsomal prostaglandin E syn-
thases-1 (mPGES-1), microsomal prostaglandin E synthases-2 

Figure 1. The mPGES-1/PGE2 axis in inflammation-associated neurological conditions. Phospholipase A2 catalyzes the initial release of arachidonic acid from 
the phospholipid membrane, which is converted into prostaglandin H2 (PGH2) by the inducible cyclooxygenase-2 (COX-2) enzyme. Next, PGH2 is converted by 
microsomal prostaglandin E synthase-1 (mPGES-1), an integral endoplasmic reticulum (ER) membrane protein, to prostaglandin E2 (PGE2). From there, PGE2 is 
then released from the cell. It can mediate a wide variety of processes such as reactive gliosis, the secretion of proinflammatory cytokines from microglia, the release 
of excess glutamate from astrocytes, neuronal hyperexcitation and excitotoxicity, the upregulation of P-glycoprotein (P-gp), blood-brain barrier (BBB) leakage and 
infiltration of peripheral immune cells. PGE2 also can promote tumor proliferation, angiogenesis, and support an immunosuppressive microenvironment.
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(mPGES-2), or cytosolic prostaglandin E synthase (cPGES) 
(Figure 1).6 In the periphery, cPGES and mPGES-2 are con-
stitutively expressed, coupled with COX-1, and essential 
for the homeostatic maintenance of PGE2. However, in the 
brain, baseline expression of COX-2/mPGES-1, but not 
cPGES or mPGES-2, has been detected in postsynaptic den-
dritic spines,7 suggesting that COX-2/mPGES-1 may play 
a crucial role in maintaining homeostatic PGE2 signaling 
within the brain. Recently, we reported that the upregula-
tion of mPGES-1 led to excess PGE2 production in stroke and 
epilepsy models, which might perpetuate secondary inju-
ries associated with neuroinflammation8 and excitotoxicity,9 
respectively. Moreover, upregulated mPGES-1 expression 
has been found in a wide range of brain diseases such as 
epilepsy,10–12 glioma,13 stroke,14 Alzheimer’s disease,15–17 and 
Parkinson’s disease,18,19 highlighting the therapeutic poten-
tial of its modulation in treating these devastating disorders.

The central role of mPGES-1 within the COX/PGE2 cas-
cade and its elevated expression in various brain diseases 
make it an attractive therapeutic target.20 In addition, PGE2 
produced by mPGES-1 mediates a multitude of deleterious 
effects including activation of glial cells, secretion of proin-
flammatory cytokines and chemokines, enhanced glutamin-
ergic signaling leading to excitotoxicity, dysregulation of the 
blood-brain barrier (BBB), and enriched tumor-promoting 
effects (Figure 1). Therefore, targeting mPGES-1 may provide 
an appealing therapeutic strategy to overcome the unfavora-
ble effects of excess PGE2 in neurological diseases.

In this review, we analyze the published studies targeting 
mPGES-1 in the exploration of therapeutic alternatives for 
different neurological disorders including epilepsy, brain 
malignancies, stroke, and neurodegenerative diseases. The 
evidence gathered here provides a general scope that may 
facilitate the development of novel mPGES-1 inhibitors 
and foster innovative approaches for the treatment of these 
inflammation-associated neurological disorders.

Epilepsy

Nearly 10% of people worldwide will experience at least 
one seizure during their life, which increases their risk of 
developing chronic epilepsy. Characterized by highly syn-
chronized, uncontrollable brain activity and spontaneous 
recurrent seizures, epilepsy is one of the most common 
neurological conditions, afflicting nearly 65 million peo-
ple worldwide.21 Although nearly 40 US Food and Drug 
Administration (FDA)-approved antiseizure drugs (ASDs) 
are currently available, none have been shown to prevent the 
development of epilepsy after precipitating events or modify 
disease progression. These medications are also well known 
for their notoriously debilitating side effects including cog-
nitive impairments, dizziness, fatigue, visual and mood dis-
turbances, and incoordination.21 Moreover, up to 30–40% of 
epilepsy patients acquire resistance to current therapies and 
thus are unable to control their seizures even with adequate 
trials of two tolerated, appropriately selected ASDs.22 There 
is an urgent need for novel treatment options for seizures 
and epilepsy due to the significant limitations of current 
antiseizure medications.23–25

PGE2 has long been implicated in facilitating the del-
eterious effects of seizures.26–29 However, the effects of 
mPGES-1 inhibition on seizures and epilepsy have seldom 
been explored since most efforts targeting seizure-induced 
PGE2 have been focused on COX-2, the enzyme mediat-
ing the first step of PGE2 biosynthesis.30,31 Upregulation of 
mPGES-1 in the brain has been detected in animals exposed 
to various types of epileptogenic stimuli (chemical, electri-
cal, etc.).10,32 In addition, excess PGE2 was detected in the 
hippocampus of mice following pentylenetetrazol (PTZ) 
kindling and mPGES-1 expression was found to be highly 
correlated with PGE2 production, thereby highlighting 
the fact that excess PGE2 is mainly derived from mPGES-
1.33 Interestingly, PGE2 has been proposed to mediate the 
release of glutamate from the presynaptic neuron via its 
retroactive activation of the EP2 receptor. This activates 
AMPA/NMDA receptors on the postsynaptic neuron, 
causing the neuron to fire without intense stimulation, 
thus decreasing the seizure threshold. Subsequently, large 
amounts of Ca2+ enter the postsynaptic neuron, which in 
turn activates calcium-related signaling pathways and 
upregulates the expression of COX-2/mPGES-1. Increased 
levels of mPGES-1 further enhance PGE2 production and 
release from the postsynaptic neuron, which further pro-
motes glutamate release from the presynaptic neuron,34 
suggesting a critical role of the COX-2/mPGES-1/PGE2 
axis in promoting the neuronal hyperexcitability and low-
ering the seizure threshold.

Using mPGES-1 knockout (KO) mice, it was demon-
strated that repeated exposure to PTZ in animals lack-
ing mPGES-1 showed a decline in seizure severity and a 
diminished propensity to develop spontaneous recurrent 
seizures when compared with wildtype (WT) animals.10 
Furthermore, kainic acid (KA)-induced seizures have been 
shown to evoke mPGES-1 expression within endothelial 
cells of the BBB. Endothelial cells then secrete PGE2, which 
binds to its downstream receptor EP3 found on astrocytic 
end-feet of the BBB. This then signals the uptake of Ca2+ 
within astrocytes and allows glutamate to be released from 
astrocytes into the synaptic cleft.11 Similarly to the actions 
of PGE2 at the pre-postsynaptic interface, excess glutamate 
released from astrocytes at the neuron-glia junction allows 
excess Ca2+ to enter post-synaptic neurons, again result-
ing in excitotoxicity. However, mPGES-1 KO mice showed 
lower glutamate release and subsequently less neuronal 
death when compared with WT mice, thus emphasizing the 
role of PGE2 in regulating excitotoxicity. Furthermore, this 
notion was recapitulated in rats following microinjection 
of KA in the hippocampus, where they observed late-stage 
induction of mPGES-1 in brain venous endothelial cells. 
Delayed induction of mPGES-1 may imply that KA does not 
directly act upon endothelial cells and may proceed through 
an indirect mechanism. Nevertheless, increased PGE2 levels 
and aggravated neuronal death following mPGES-1 induc-
tion in the hippocampal CA3 region were observed in WT 
but not in mPGES-1 KO mice.12 Thus, it is imperative that 
future studies investigate the effects of mPGES-1 inhibition 
by small-molecule inhibitors on neurodegeneration following 
prolonged seizures.
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It is well understood that the BBB is the main barrier 
defending the brain against foreign intruders, xenobiotics, 
and peripheral immune cells. However, in the CNS diseases 
such as epilepsy, the integrity of BBB becomes compromised, 
and the tight junction proteins ubiquitously expressed in 
the BBB are lost. Simultaneously, the BBB begins to activate 
and upregulate efflux transporters such as P-glycoprotein 
(P-gp) in endothelial cells and astrocytic end-feet to serve as 
a secondary line of defense to protect the brain from drug 
toxicity.35 Several studies have implicated the role of COX-2/
mPGES-1/PGE2 pathway in upregulating the expression 
of P-gp following seizures induced by pilocarpine36,37 and 
KA.32 It was uncovered that P-gp upregulation induced by 
PGE2 is mediated through a glutamate/NMDA-dependent 
pathway and that mPGES-1 inhibition in the presence of 
glutamate was able to prevent the upregulation of P-gp 
in endothelial cells ex vivo.32 Moreover, the upregulation 
of P-gp has been shown to decrease the concentration of 
ASDs within the brain, and may be one of the driving forces 
behind ASD resistance.38 Therefore, identifying the role of 
mPGES-1/PGE2 in perpetuating the expression of P-gp fol-
lowing seizures may represent a novel therapeutic mecha-
nism to potentially resensitize resistant patients to currently 
available ASDs.

Experimental data from our recent study using an mPGES-1 
inhibitor, N-phenyl-N’-(4-benzyloxyphenoxycarbonyl)-4-
chlorophenylsulfonyl hydrazide (PBCH, also known as 7d 
and MPO-0063),39,40 has provided the very first evidence in 
WT animals indicating that pharmacological inhibition of 
mPGES-1 has promising therapeutic effects. In this study, 
mice underwent status epilepticus (SE) induced by pilocar-
pine for 1 h, after which seizure activity was terminated with 
diazepam. Animals then received PBCH (10 mg/kg, i.p.) at 
2, 8, and 20 h following SE, aiming to suppress mPGES-1 
activity in its early elevation peaks after SE onset by the first 
two doses and during the receding phase of its induction 
by the third dose.41,42 Results showed that animals treated 
with PBCH had diminished levels of PGE2 in the brain fol-
lowing seizure induction, accompanied by reductions in 
SE-provoked proinflammatory cytokines, reactive gliosis, 
and neuronal death in the hippocampus.43 While mPGES-1 
inhibition in the context of neuroinflammation has yet to be 
fully explored, the aforementioned results from this proof-
of-concept study implicate that mPGES-1 may serve as a 
feasible target for the treatment of neuroinflammation fol-
lowing seizure.

Malignant glioma

Glioblastoma multiform (GBM) is the most aggressive 
primary brain tumor and arises from aberrant glial cells. 
It is the most frequent and destructive tumor in the CNS, 
with an incidence rate of approximately 1 in 30,000, and a 
medium survival, even with aggressive treatment, of only 
about 15 months.44,45 This debilitating tumor promotes a 
number of neurological related symptoms, including sei-
zures, headaches, visual disturbances, memory and cogni-
tive deficits, and changes in personality. Despite years of 
intensive research, there is still no cure for GBM with an 

abysmal 2 year survival of <25%.44 Thus, there is an urgent 
need to develop novel treatments for patients with GBM.

The tumor-promoting effects of mPGES-1/PGE2 in multi-
ple tumor types have been previously established;46–51 how-
ever, their role in malignant glioma remains obscure. It has 
been reported that in recurrent grade II gliomas that required 
additional surgical resection, expression levels of mPGES-1 
was higher than in tumors that only needed a single sur-
gery, suggesting a positive correlation between mPGES-1 
expression and glioma grade.13,52 In addition, pharmacologi-
cal inhibition and genetic deletion of mPGES-1 sufficiently 
inhibited PGE2 production, and thus hindered glioblastoma 
cell growth.53 Moreover, mPGES-1/PGE2 signaling plays a 
critical role in tumor angiogenesis, and a recent study found 
that inhibition of mPGES-1 by isoliquiritigenin normalized 
glioma vasculature and potentiated the therapeutic efficacy 
of temozolomide in a rat C6 glioma model.54 Importantly, 
this antiangiogenic effect through blocking mPGES-1 could 
be explained by the downregulation of p-Akt, FGF-2, TGF-
β, and VEGF, and could be reversed by Akt overexpression 
in rat C6 and human U87 glioma cells,54 indicating that 
mPGES-1 induced proangiogenic actions are mediated, at 
least in part, via the PGE2-Akt signaling pathway. Therefore, 
targeting mPGES-1 may provide a novel therapeutic strategy 
for human glioblastoma by inhibiting tumor angiogenesis. 
Furthermore, mPGES-1 expression in microglia co-cultured 
with glioma cells or primed with glioma medium exten-
sively increased the production of PGE2 by microglia.55 
Enhancement of PGE2 production by microglia led to a 
decrease in the expression of the proinflammatory cytokine, 
tumor necrosis factor-alpha (TNF-α), which fostered an 
immunosuppressive state within the brain and subsequently 
allowed tumor cells to continue to grow in the absence of 
immunodetection of the host.55 Therefore, pharmacological 
inhibition of mPGES-1 may provide a unique strategy to 
simultaneously inhibit tumor growth and elevate the levels 
of TNF-α to sensitize the immune response and allowing for 
the elimination of tumor cells.

In contrast, another group reported that higher expres-
sion of mPGES-1 was positively correlated with more pro-
longed survival in GBM patients.56 In this study, it was 
observed that the overexpression of mPGES-1 augmented 
the sensitivity of primary cultures of GBM to apoptosis, 
whereas the knockdown of mPGES-1 decreased the apop-
totic threshold in vitro and promoted tumor growth in xeno-
graft mice. Intriguingly, mPGES-1 induced Bax-dependent 
apoptosis in GBM cells. This effect can be recapitulated by 
intracellular injection of PGE2 rather than exogenous PGE2 
being added directly to the culture medium,56 highlighting 
that the mPGES-1-mediated apoptotic effect is independ-
ent of cytoplasmic membrane-bound PGE2 receptors. These 
findings raise the concern that suppressing mPGES-1 may 
compromise the antitumor effects in controlling GBM cell 
growth. Nonetheless, these studies together uncover the 
multifaceted roles of mPGES-1/PGE2 in the development 
of gliomas. Advancing our understanding of their actions 
in the development and progression of glioblastoma could 
help us develop more efficacious treatment options for 
patients with GBM.
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Stroke
Stroke is a group of acute cerebrovascular events charac-
terized by its high morbidity, mortality, adult disability 
rates, and ischemic stroke accounts for more than 80% of 
all stroke cases. The current therapy approved by the US 
FDA to treat ischemic stroke is the recombinant tissue-type 
plasminogen activator-based intravenous thrombolysis. 
This treatment unfortunately has a very limited therapeutic 
window and several potential risks. Alternatively, there is 
an endovascular therapy through intra-arterial mechanical 
thrombectomy which has a slightly extended intervention 
window; however, it is only applicable to those patients 
with large artery occlusions.57 Therefore, novel therapeutic 
innovation is desperately needed for the large proportion 
of ischemic stroke patients who are unable to obtain current 
remedies.

The neurological impairment by ischemic stroke results 
from primary ischemic brain injuries and secondary neu-
ronal damage when delayed reperfusion occurs. Among the 
pathophysiological components following ischemic stroke, 
immune activation and neuroinflammation is a late-onset, 
infarct core-derived process that is associated with non-
necrotic neuronal death within the neighboring penumbra 
and contributes to secondary brain injuries.58 Therefore, 
ischemic stroke is reasonably considered a neuroinflam-
matory condition, and it has been suggested that targeting 
pivotal inflammatory pathways such as COX-2/mPGES-1/
PGE2 after ischemic stroke may provide neuroprotection.59–61

As the terminal enzyme in the biosynthesis of PGE2, 
mPGES-1 is inducible across different cell types, such as 
neurons, microglia, and endothelial cells in the cerebral 
cortex after transient focal ischemia.14 Our recent study of 
ischemic stroke in mice demonstrated that mPGES-1 was 
the most prominently induced enzyme three days following 
ischemic injury, in comparison with the other four pertinent 
enzymes responsible for PGE2 biosynthesis, including COX-
1, COX-2, mPGES-2, and cPGES.8 In a cerebral ischemia/
reperfusion study in rats, enzymes responsible for PGE2 syn-
thesis including COX-1, COX-2, mPGES-1, and mPGES-2 
were upregulated, while the main PGE2 degradation enzyme 
(15-hydroxyprostaglandin dehydrogenase) 15-PGDH was 
downregulated after reperfusion for 24 h. Upregulation of 
enzymes responsible for the PGE2 synthesis caused its exces-
sive production within ischemic tissues, which in turn led to 
the subsequent upregulation of IL-1β and TNF-α 24 h post 
stroke, further emphasizing the notion that PGE2 signaling 
may exacerbate the secondary injuries through a neuroin-
flammation-based mechanism.62 In addition, a positive cor-
relation of COX-2/mPGES-1/PGE2 induction was observed 
following ischemic and hemorrhagic strokes in patients with 
moyamoya disease, a condition that causes the arteries of the 
brain to narrow or close.63 Similar responses were observed 
in several studies of human patients following stroke, thus 
confirming the prevalence of COX-2/mPGES-1/PGE2 in this 
context. Importantly, these results emphasize the therapeutic 
potential of targeting mPGES-1 following ischemic stroke 
and may provide a novel mechanism through which the 
therapeutic time window of currently available therapies 
could be extended.

Considering the subtype diversity and functional diver-
gence of PGE2 receptors, the pathophysiological role of 
induced mPGES-1 in ischemic stroke remains to be fully 
understood. A negative feedback role of the COX-2/
mPGES-1/PGE2 pathway has been noted in mitigating the 
post-stroke oxidative stress-induced ferroptosis through 
downstream signaling.64 These results support a favorable 
role of inducible mPGES-1 specifically in terms of curb-
ing oxidative stress-related programmed neuron death. 
However, in regard to assessment of overall outcomes, it has 
been speculated that mPGES-1 may act as more of a mediator 
of detrimental post-ischemic neuroinflammation and sec-
ondary brain injuries.

It has been suggested that mPGES-1 deficiency may be 
essential to achieve favorable post-stroke outcomes, as it was 
found that infarction size, edema, and cell apoptosis in the 
ipsilateral cortex were consistently reduced in mice lacking 
mPGES-1 in comparison with WT littermates. These results 
were largely driven by the absence of mPGES-1-derived 
PGE2, thus implicating the deleterious role of mPGES-1 in the 
context of stroke.14 It was also demonstrated that mPGES-1 
and COX-2 are co-induced by excessive glutamate produc-
tion after the onset of brain ischemia. These enzymes are 
co-localized in the infarct region and act together to coordi-
nately worsen ischemic injury. Given that the role of PGE2 
activity appears to be controversial and intensively depends 
on its specific receptor subtype, Ikeda-Matsuo et al.65 have 
provided further evidence demonstrating that the activ-
ity of mPGES-1 aggravated post-stroke outcomes through 
EP3 receptors and the activation of Rho kinase and/or G 
protein αi. In addition, we demonstrated that inhibition of 
the EP2 receptor also provided therapeutic effects following 
stroke by mitigating excitotoxicity, decreasing neurological 
deficits and infarct volumes in addition to downregulating 
proinflammatory cytokines (IL-1β, IL-6, and TNFα).66 Taken 
together, these results highlight the multifaceted deleteri-
ous roles PGE2 can play by interacting with its downstream 
receptors, and thus implicate that mPGES-1 may represent 
a more specific therapeutic target in the treatment of stroke.

Experimental data from our recent study using the 
mPGES-1 inhibitor PBCH (or MPO-0063) has provided the 
very first pharmacological evidence indicating that selec-
tively targeting mPGES-1 has therapeutic potential as a suba-
cute adjunct treatment of ischemic stroke, along with the 
first-line recanalization strategy.8 Systemic administration 
with the mPGES-1 inhibitor in mice after transient middle 
cerebral artery occlusion (MCAO) improved post-stroke 
well-being, decreased infarction size and edema, depressed 
induction of brain proinflammatory cytokines, alleviated 
locomotor dysfunction and anxiety-like behavior, and 
reduced the long-term cognitive impairments. In addition, 
mPGES-1 inhibition by PBCH had no impact on the count of 
plasma immune cells, addressing the concern that systemic 
mPGES-1 inhibition might escalate post-stroke peripheral 
immunosuppression-related infections.8

Overall, more preclinical evidence is required to support 
a clinical trial that targets mPGES-1 specifically for ischemic 
stroke. Nevertheless, current literature suggests that the role 
of mPGES-1/PGE2 may represent a viable target to extend 
the narrow therapeutic window for currently available 
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therapies. Moreover, it has been noted that large artery occlu-
sion is substantially permanent for many patients. As such, 
it would be advantageous for future research to evaluate 
the efficacy of mPGES-1 inhibition to bolster confidence in 
targeting mPGES-1 in a condition more applicable to the 
human patients.67,68

Neurodegenerative diseases

As the average life expectancy continues to increase, there 
has been a steady growth in the global burden of neuro-
logical disorders.69 Despite decades of research, there is still 
no cure for many neurodegenerative diseases, including 
Alzheimer’s disease (AD), Parkinson’s disease (PD), and 
multiple sclerosis (MS).70 However, emerging evidence 
from recent studies suggest several neuroinflammatory 
pathways, particularly mPGES-1/PGE2 signaling, might 
provide viable targets for new treatment of these devastat-
ing conditions.

Initially reported at the onset of AD symptoms, patients 
displayed elevated levels of PGE2 in their cerebrospinal 
fluid (CSF), suggesting the involvement of mPGES-1 in the 
development of AD.70 Furthermore, it was demonstrated 
that elevated levels of mPGES-1 were consistently found 
in neurons, microglia, astrocytes, and endothelial cells in 
postmortem brain tissue of AD patients.16 More importantly, 
only mPGES-1 was induced among the three PGES isoen-
zymes (cPGES, mPGES-1, and mPGES-2) in AD patients. 
These results suggest that neuroinflammation driving AD 
development could be largely mediated by mPGES-1/PGE2 
signaling.71

One of the distinctive pathological features of AD is the 
abnormal buildup of two proteins: phosphorylated tau 
and amyloid-β (Aβ) peptides. Mechanisms triggering tau 
phosphorylation are still rather obscure; however, it has 
been demonstrated that the accumulation of intracellular 
calcium (Ca2+) is one of the major drivers of this process. 
Recent evidence has revealed that Ca2+ stimulated activa-
tion of mPGES-1 and tau hyperphosphorylation occurred 
through a PGE2-mediated manner. Furthermore, knockdown 
of mPGES-1 significantly inhibited tau phosphorylation in 
APP/PS1 transgenic mice.17 In vitro data showed that treat-
ment with Aβ led to the upregulation of mPGES-1 and PGE2 
production, followed by apoptotic cell death in WT neu-
ronal cells but not in mPGES-1 deficient cells.15 Similarly, 
deletion of mPGES-1 reduced the accumulation of microglia 
around the aggregated amyloid in Tg2576 AD mice, further 
suppressing neuroinflammation and disease progression.72 
Taken together, these studies emphasize the role of mPGES-1 
in the development and progression of AD and may present 
a valuable therapeutic target.

Interestingly, mPGES-1 is also involved in the pathogen-
esis of PD, which is characterized by the loss of dopaminer-
gic neurons in the substantia nigra of the striatum. Increased 
expression of mPGES-1 in dopaminergic neurons has been 
reported in both human and animal models of PD,18,19 and 
mPGES-1 inhibition led to a reduction in PGE2 secreted by 
neurons that were stimulated with 6-OHDA.73 In vitro data 
revealed that mPGES-1 promotes dopaminergic neuronal 

death through excessive production of PGE2. In animal mod-
els, genetic deletion of mPGES-1 attenuated the impairment 
of striatal dopamine content induced by 6-OHDA adminis-
tration.19 Consistent with this finding, a selective inhibitor of 
mPGES-1 significantly increased cell survival after 6-OHDA 
treatment in vitro and attenuated motor impairments and 
dopaminergic neuronal damage in vivo.18 These findings 
suggest that mPGES-1 is a critical mediator in the pathology 
of PD.

MS is a neurodegenerative disease characterized by the 
demyelination of neurons. Given the inflammatory nature 
of this disease, the mPGES-1 signaling pathway is closely 
involved with its development and progression. Overt 
expression of mPGES-1 in microglia and macrophages has 
been observed in patients with MS.74 Furthermore, studies of 
experimental autoimmune encephalomyelitis (EAE), an ani-
mal model for MS, have demonstrated that significant induc-
tion of mPGES-1 was detected in microglia and endothelial 
cells. Consequently, excessive PGE2 led to more produc-
tion of proinflammatory cytokines including IFN-γ, TNF-
α, IL-6, and IL-17, and exacerbated the symptoms of EAE 
through upregulated downstream receptors EP1, EP2, and 
EP4. However, these detrimental effects were abolished in 
mPGES-1 KO mice. Overall, these animals showed a reduc-
tion in EAE score and improvement of locomotor activity,74,75 
implicating a crucial role of mPGES-1/PGE2 in the patho-
genesis of MS. Future studies should be directed to evaluate 
the therapeutic potential of this context. Therapeutic strat-
egies selectively targeting mPGES-1 with small-molecule 
inhibitors could potentially lead to new pharmacothera-
pies for eliminating toxic senile plaques and interrupting 
neurodegeneration.

Conclusions

As the pivotal catalyzing enzyme within the COX/PGE2 
signaling cascade, mPGES-1 plays versatile roles in mediat-
ing the neuroinflammatory response. Induction of mPGES-1 
triggers excess production of PGE2, leading to enhanced 
secretion of proinflammatory mediators by various cell types, 
therefore worsening the prognosis of multiple neurological 
disorders. Based on the promising preclinical data, compared 
with conventional NSAIDs and COXIBs, mPGES-1 inhibitors 
have demonstrated an overall beneficial effect with regard 
to efficacy, potency, and safety concerns.76 The translation of 
these preclinical results to humans, however, is complicated 
by genetic differences between human and murine PTGES 
genes. Thus far, only two mPGES-1 inhibitors have entered 
clinical trials and neither have reached the drug market.77 
Most classical human mPGES-1 inhibitors discovered since 
2001 have failed to show adequate inhibition of their murine 
counterpart due to the inter-species amino acid differences 
between human and murine mPGES-1 proteins.78 Recent 
development of novel cross-species small-molecule inhibi-
tors have started to fill the vacancy of drug-like mPGES-1 
inhibitors applicable in murine disease models. These com-
pounds are characteristic of their compatibility in selectively 
and potently inhibiting both human and murine mPGES-1 
without intervening in the activities of COX enzymes.8,39,79,80 



Sluter et al.  mPGES-1 in brain diseases  817

Our recent publication highlighted the enhanced dual-
species activity of our lead compound UT-11, over its pre-
decessor C3 at inhibiting mPGES-1 mediated inflammation 
both in vitro and in vivo. Compounds were screen in vitro 
and tested in vivo for their efficacy at suppressing mPGES-1 
mediated inflammation, following stimulation with lipopol-
ysaccharide (LPS). Results from this proof-of-concept study 
demonstrate the feasibility of using LPS induction as an 
appropriate translational model to screen and test inhibitors, 
and future studies should utilize this method to streamline 
inhibitor development.81,82 As more studies investigate this 
critical inflammatory protein, we foresee an increase in the 
development of novel inhibitors of mPGES-1 with improved 
species selectivity in the near future.
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