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Cyclooxygenase-2 (COX-2) is a key enzyme in prostanoid production and is best known as a
mediator of the inflammatory response. Beyond this well-established role, COX-2 also contributes
to tissue regeneration by promoting neovascularization and supporting stem cell recruitment,

proliferation, and differentiation. Despite this, research on harnessing the COX-2 pathway as a
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therapeutic tool, rather than solely as a target for inhibition, remains limited, presenting a

Syarifah Dewi promising avenue for future studies. In this review, we summarize current insights from both in
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mechanisms through which its downstream mediators, especially prostaglandin (PGE2), regulate

vascular formation, tissue growth, and stem cell function. We also briefly outline the dual nature
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1. Introduction

Cyclooxygenase-2 (COX-2) is one of the
most extensively studied enzymes in
biomedical research. It is the inducible
isoform of cyclooxygenase and serves as the
key enzyme responsible for initiating
prostanoid production, a class of lipid-based
signaling molecules. Clinically, COX-2 is best
known as the principal target of non-
steroidal anti-inflammatory drugs (NSAIDs),
which are widely used to treat pain, fever,
and inflammatory conditions.!

Prostanoids, as the downstream products
of COX-2, are essential regulators of diverse
physiological and pathological processes,
most prominently the inflammatory
response. Some prostanoids act as pro-
inflammatory mediators, while others exert
anti-inflammatory effects. They modulate

of these processes, which can either facilitate repair or drive pathological outcomes, and discuss
emerging strategies for achieving controlled therapeutic applications.

cytokine  expression and  influence
macrophage differentiation. They also blood
flow by controlling vasoconstriction and
vasodilation, thereby facilitating immune
cell recruitment. Dysregulated COX-2
activity has been implicated in a wide
spectrum of diseases, including
inflammatory and metabolic disorders,
neurodegenerative conditions, and cancer.
Consequently, the search for novel COX-2
inhibitors remains an active area of
research.?

In addition to its established role in
inflammation, the COX-2 pathway also
contributes to  tissue  regeneration.
Prostanoids promote cell proliferation,
neovascularization, and vascular
remodeling. They also regulate stem cell
recruitment and differentiation. Evidence
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for these regenerative functions has been
reported in multiple tissues, including
muscle, bone, skin, kidney, and the
gastrointestinal system.3456789 Harnessing
the COX-2 pathway as a therapeutic agent,
rather than solely as a target for inhibition,
therefore represents a promising direction
for future research.

In this review, we briefly examine the
current knowledge of the COX-2 pathway in
tissue regeneration. We also discuss a few
potential strategies that may be employed
for future application of these beneficial
processes.

. Methods

The literature search was conducted
using PubMed as the primary database.
Eligible studies were original research
articles with titles containing the terms
“COX-2” or “prostaglandin” in combination
with at least one of the following:
“regeneration,” “repair,” “healing,” or
“rejuvenation.” Ony in vitro and in vivo
studies using mammalian model were
considered. The search was limited to
articles published in English between 2015
and 2025. Studies outside this range were
included when essential for providing
foundational or historical context.

3. Overview of COX-2
3.1. Structure and function

Cyclooxygenase, also  known as
prostaglandin-endoperoxide synthase
(PGHS), catalyzes the rate-limiting step in

signal
peptides

EGF-like
domain MBD

prostanoid synthesis. In this step,
arachidonic acid (AA) is converted to
prostaglandin H, (PGH;). Three isoforms of
COX have been identified. COX-1 and COX-2
are encoded by the PTGS1 and PTGSZ genes,
respectively, while COX-3 is spliced from
PTGS1.10 PTGS1 is located on chromosome 9,
whereas PTGSZ is located on chromosome
1.1112 All COX isoforms catalyze the same
reaction. However, while COX-1 is generally
considered to be constitutively expressed,
COX-2 is mostly inducible.1.2

COX-2 is homodimeric. Each individual
subunit includes three main regions: an N-
terminal domain resembling epidermal
growth factor (EGF), a membrane-binding
domain (MBD), and a large catalytic domain
located at the C-terminal. A signal peptide
sequence located upstream of the EGF
domain directs membrane localization; in
COX-2, this peptide is 17-18 amino acids
long. The EGF-like domain significantly
contributes to the dimerization interface.
COX enzymes are localized to the luminal
surface of the endoplasmic reticulum (ER)
membrane. They are also found on both the
inner and outer leaflets of the nuclear
envelope of the cell. Membrane association is
mediated by the MBD, which spans residues
59-111 of human COX-2 (Figure 1). The
catalytic domain contains two distinct active
sites responsible for cyclooxygenase (COX)
and peroxidase (POX) activities,
respectively.10
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Figure 1. Putative domain structure of human COX-2 monomer. Following signal peptide cleavage, the mature
COX-2 polypeptide consists of approximately 578 amino acids
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Figure 2. Prostanoid biosynthesis pathway. Each prostanoid is synthesized from PGH: using a distinct
downstream enzyme. For example, prostaglandin E synthase (PGES) produces PGEz, while prostaglandin I
synthase (PGIS) produces PGI: by prostaglandin I synthase (PGIS). Chemical structures were generated using

The precursor of AA is membrane
phospholipids (Figure 2). Phospholipases,
such as phospholipase Az, act on membrane
phospholipids, converting them into AA and
subsequently releasing them into the
cytoplasm. COX-2 then uses cytosolic AA to
produce prostaglandin H, (PGH;). The
conversion of AA to PGH, occurs in two
enzymatic steps. First, two oxygen molecules

are incorporated into AA to form
prostaglandin G, (PGG;) during the
cyclooxygenase reaction. This stage is

followed by a peroxidase reaction, in which
PGG, is reduced to PGH,. PGH, then serves
as a common precursor that is further
metabolized by downstream synthases into
a variety of bioactive lipid mediators
collectively known as prostanoids, including
the traditional prostaglandins, such as PGEz,
PGIz, and PGDz, as well as thromboxane
(TXAz2).10

The functions of COX-2 and its end
products are mostly studied in the context of
inflammation. PGE2 is primarily recognized
as  pro-inflammatory, inducing the
expression of pro-inflammatory cytokines
such as IL-6, IL-1B3, IL-8, and TNF-

MolView

a.1314151617 PGD2 and TXAz are also largely
proinflammatory. PGD: released by mast
cells mediates allergic responses, increases
local blood flow, and regulates mucus and
Th2 cytokine production in the lungs.
Inhibition of PGD2 has been found to reduce
inflammation in murine Krabbe's disease
models.181°  TXA2  induces platelet
aggregation and vasoconstriction2021, In
contrast, PGIz is mostly anti-inflammatory?2.
In mouse astrocytes, PGl was found to
suppress TNF-a production induced by

PGE2.16
Each prostanoid typically signals through
multiple, subtype-specific receptors, and the
cellular response depends on which
receptor is engaged. For example, PGE, acts
through four receptors, EP1 to EP4.23
Meanwhile, PGD, signals through DP1 and
DP2 and can also stimulate the thromboxane
receptor.18 Furthermore, prostanoid
receptors are G protein coupled receptors
(GPCRs). Their coupling to different G
proteins across cell types, together with cell
type specific expression of downstream
signaling molecules, adds substantial
context dependence to COX-2 pathway
52



signaling. As a result, signaling through one
receptor may promote regeneration,
whereas signaling through another may
exacerbate inflammation. Because of this
complexity, a single compound is unlikely to
be effective across all therapeutic settings.23

3.2. Regulation of COX-2

COX-2 expression is upregulated by
various  inflammatory  stimuli.  Pro-
inflammatory cytokines, such as TNF-q, IL-
1B, and INF-y, upregulate COX-2 and its
product PGE2 in various tissues via the p38
mitogen-activated protein kinase (MAPK)
and the c-Jun N-terminal kinase (JNK)
pathway.242526.27.28  Bacterial pathogen-
associated molecular patterns (PAMPs),
such as lipopolysaccharide (LPS), induce
COX-2 expression via toll-like receptor
(TLR) 4.293031Viral PAMP poly(I:C) has been
reported to upregulate COX-2 via TLR3.2°
COX-2 expression can also be regulated by
ROS; mainly mediated by NF-kB as well as
MAPK 323334

In addition to inflammatory stimuli, COX-
2 is responsive to proliferative signals.
Growth factors such as vascular-endothelial
growth factor (VEGF) and basic fibroblast
growth factor (bFGF) induce COX-2
expression.353637  Transforming growth
factor (TGF)-f1 and epidermal growth factor
(EGF) work together to upregulate COX-2
expression.38 COX-2 is also responsive to
changes in oxygen level. Its promoter
contains hypoxia-response elements
(HREs), the binding site for hypoxia-
inducible factor 1 (HIF-1).3°

4. Roles of COX-2 in Tissue Regeneration
4.1. Neovascularization

One of the most critical functions of COX-
2 in tissue regeneration is the promotion of
neovascularization, and the most studied
COX-2 end product in this context is PGE.
Under normal physiological conditions,
smooth muscle cells (SMCs) and endothelial
cells (ECs) exhibit minimal proliferative
activity. However, stimuli such as tissue
injury, hypoxia, and inflammatory signaling
can trigger these cells to re-enter the cell
cycle. PGE; contributes to this response by

inducing the expression of pro-angiogenic
factors, thereby facilitating the formation of
new blood vessels (angiogenesis) essential
for tissue repair.40

For instance, bone marrow-derived cells
(BMC) contribute to new vessel formation
during ischemia and wound healing. They
then migrate and differentiate into mature
vascular endothelial cells at the site of injury.
PGE:2 regulates these processes by binding to
its receptor EP4 and activating AMPK.4!
Activation of EP2, together with EP4 to a
certain extent, induces the expression of
VEGF in human lung fibroblasts.1?

PGE, has also been implicated in
lymphangiogenesis. In a punched-hole
wound model in mouse ears, maximal
wound closure was accompanied by
elevated COX-2 mRNA expression, followed
by increased expression of VEGF receptor-3
(VEGFR-3) mRNA. In this context, PGE, did
not directly stimulate lymphatic endothelial
cell proliferation. Instead, it acted on
infiltrating CD11b* macrophages within the
wound granulation tissue, inducing the
production of the pro-lymphangiogenic
factors VEGF-C and VEGF-D via EP3 and EP4
receptor signaling.#? A subsequent study by
Hosono et al. demonstrated similar
mechanisms during the healing of colitis in
murine models.3

Other than PGE; there is evidence
suggesting the role of PGI, in promoting
angiogenesis. Binding of iloprost (an
analogue of PGI2) to the PGI, receptor (IP
receptor) in the stromal cells of porcine
endometrium, iloprost upregulated the
mRNA expression of VEGF-A and FGF2.43
However, in porcine endometrial
endothelial  (pEETH) cells, iloprost
stimulated the transcription of VEGF-A
receptor (KDR) and FGF2 receptor (FGFRZ2)
rather than VEGFA and FGFZ themselves.*4
Taken together, these findings indicate that
the COX-2 pathway mediates
neovascularization through distinct
signaling pathways in different cell
types. 40424344

4.2. Stem cell regulation
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In addition to its role in
neovascularization, COX-2 contributes to
tissue repair and regeneration by regulating
stem cell development and function. In a
mouse cranial defect model, implantation of
COX-2 knockout muscle-derived stem cells
(MSDCs) in vivo resulted in markedly
reduced bone regeneration compared with
implantation of wild-type (WT) MSDCs.
MSDCs are multipotent cells capable of
differentiating into myogenic, osteogenic,
and chondrogenic lineages. COX-2 promotes
these  differentiation  pathways by
modulating the expression of chondrogenic
and  osteogenic  markers, including
phosphorylated SMAD1/5 (pSmad1/5) and
osteocalcin.®

In murine mesenchymal stem cells
(MSCs), COX-2 overexpression was reported
to promote proliferation and migration via
the extracellular signal-regulated kinase
(ERK) and JNK pathway. Treatment with
COX-2 inhibitor NS-398 suppressed MSC
proliferation and promoted apoptosis. COX-
2 overexpression has also been reported to
promote MSC differentiation into
cardiomyocytes by activating differentiation
marker genes such as signal-regulatory
protein alpha (SIRPA), NK2 homeobox 5
(NKX2-5), myosin heavy chain 6 (MYH6), and
MYH.8

PGE, plays a critical role in skeletal
muscle recovery mediated by muscle stem
cells (MuSCs). In murine models, in vivo PGE,
administration immediately after muscle
injury increased the endogenous MuSC
population at the injury site, thereby
enhancing regeneration. Similar results
were observed when injured muscles
received stem cell therapy combined with
PGE, delivery. Mechanistically, PGE,
promoted MuSC expansion through EP4
receptor activation, which elevated
intracellular cAMP levels and activated the
transcription factor nuclear receptor-
related 1 protein (NURR1). Loss of EP4 in
MuSCs disrupted myofiber formation,
underscoring the receptor’s essential role in
muscle repair.#>

A recent groundbreaking study by Wang

et al. demonstrated that short-term PGE:
exposure administered alongside regular
exercise reversed dysfunctions in MuSCs of
aged mice. The study found that muscle
injury normally activates regeneration
through the PGE,/EP4/cAMP/PKA/CREB
pathway, but this process is impaired in aged
MuSCs. Exogenous PGE; treatment restored
this pathway and increased MuSC
proliferation, yielding approximately 60%
more cells compared with untreated
controls.*6

Furthermore, the same study
demonstrated that exogenous PGE:
reshaped chromatin accessibility in aged
MuSCs, improving viability and suppressing
necroptosis. In aged MuSCs, accessible
chromatin is enriched for AP-1 and C/EBP
motifs, whereas less accessible regions are
enriched for E-boxes. Exogenous PGE:
closed AP-1 sites and opened GC and CC E-
box sites, a pattern that can influence MyoD-
driven differentiation. Consistent with these
changes, RNA-seq revealed that about 19%
of PGE,-responsive genes shifted toward
youthful expression. PGE, also reduced AP-1
activity by lowering JUN and JUND
expression, and it suppressed the
necroptosis regulators MLKL, RBCK1, CASPS8,
and CAV1.46

4.3. Constraints and pathological effects

Although  COX-2  possesses  pro-
regenerative functions, its effects are highly
time-sensitive and injury-specific.47.4849
Activation of this pathway outside the
appropriate temporal window, or in an
unsuitable tissue environment, can drive
pathological processes.4%:50

For instance, in mouse models of
bothropic venom-induced muscle injury,
inhibition of COX-2 with lumiracoxib within
the degenerative phase of injury (24 hours
post-injury) exacerbated limb ischemia and
local hemorrhage. Interestingly, COX-2
inhibition during the early regenerative
phase (2 - 6 days post-injury) was found to
enhance the synthesis of key pro-angiogenic
molecules, such as VEGF and matrix
metalloproteinases (MMPs), which are
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essential for vascular remodeling in the later
regenerative phase of muscle wound
healing.4’

In contrast, early-phase (days 3-7) COX-2
inhibition in a murine muscle contusion
model reduced inflammatory cell infiltration
and fibrotic area, with reduced TGF-3
expression and a-smooth muscle actin (a-
SMA)/TGF-B  co-localization =~ However,
extending COX-2 inhibition into days 14-21
post-injury impaired tissue remodeling and
fibrosis resolution.*8

Another clear example of the dual role of
COX-2 is its involvement in tumor
development. In a transgenic mouse model,
Kim et al. reported that deletion of 15-
hydroxyprostaglandin dehydrogenase (15-
PGDH), the enzyme responsible for
degrading  PGE,, accelerated colon
regeneration following experimentally
induced colitis. However, PGE, also activates
the oncoprotein Yes-associated protein
(YAP) via the EP4/PKA/CREB signaling
pathway. Persistent PGE, production, in
conjuction with deletion of YAP inhibitor
Sav-1, led to the formation of colon polyps by
12-16 weeks of age, which progressed to
carcinoma by six months.4?

— Induce/activate

— Inhibit

Indeed, COX-2 is known to be
overexpressed in cancer cells. Although it is
not the main factor driving aberrant cell
proliferation, the rapid growth and high cell
density of tumor tissues create a hypoxic
microenvironment that further induces
COX-2 expression via HIF-1-mediated
transcription. The resulting increase in
prostanoid production promotes
angiogenesis, supports tumor survival, and
can enhance the migration and invasion of
certain tumor cells.>? The role of COX-2 in
cancer development has been explored in-
depth by a previous study.>!

Collectively, this section highlights the
role of the COX-2 pathway in
neovascularization and stem cell regulation
during wound healing. However, prolonged
or excessive activation of COX-2, particularly
in concert with other signaling pathways,
may also promote tumor development.4?
Importantly, even within the same tissue, the
type of injury can influence how COX-2
activity is regulated.#748 Figure 3 provides an
overview of the pathways through which
COX-2 and its products mediate regenerative
functions.

IL-6, IL-1, TNF-a, hypoxia,
growth factors
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Figure 3. Overview of COX-2-mediated regenerative pathways. PGE; plays a critical role in tissue repair by
activating its receptors EP2, EP3, and EP4, and regulates stem cell migration, expansion, and differentiation
primarily through the EP4/PKA/CREB pathway. However, prolonged or excessive activation of this signaling,
particularly when overlapping with oncogenic pathways, can contribute to tumor development. In addition,
prostanoids promote tumor survival by supporting vascularization within the hypoxic microenvironment

55



To our knowledge, a more comprehensive
literature and systematic review specifically
investigating the regenerative function of
COX-2 has not yet been conducted.
Furthermore, it should be noted that most
studies retrieved using our method are
derived from musculoskeletal models and
PGE,. Conducting such a review is a
necessary step to address this gap and
further build a more structured framework
for when COX-2 exerts beneficial effects.

. Potential Application of the COX-2
Pathway in Therapeutic Strategies

The simplest approach to harnessing the
COX-2 pathway therapeutically is through its
downstream products. However,
prostanoids are small lipid molecules,
presenting challenges such as low solubility
or short half-life.#52 Precise temporal and
spatial control of their release is also
required, as uncontrolled activity may be
detrimental and contribute to chronic
inflammation.535455 In this section, we
discuss several strategies that have been
explored to address this challenge.

15-deoxy-A'?**-prostaglandin ], (15d-
PGJ,) possesses anti-inflammatory
properties and contributes to bone
metabolism and regeneration, but its poor
water solubility limits bioavailability. To
overcome this, Qi et al. encapsulated 15d-
PGJ, in poly(D,L-lactide-co-glycolide)
(PLGA) nanocapsules, improving solubility
and absorption. In a rat femoral defect
model, nanocapsule delivery suppressed IL-
6, [L-1B3, and TNF-a more effectively than the
free compound. Moreover, 15d-PGJ,
nanocapsules enhanced mature bone
formation by upregulating bone
morphogenetic protein-6 (BMP-6), platelet-
derived  growth factor-B  (PDGF-B),
EphrinB2, and osteoprotegerin.>¢

Another strategy involves matrix-based
delivery systems, in which bioactive
molecules are embedded within a scaffold.
Zhang and colleagues designed a chitosan
hydrogel matrix both in vitro and in vivo to
achieve controlled release of PGE,. Using a
mouse model of cutaneous wound healing,

they demonstrated that the chitosan-PGE,
hydrogel enhanced wound closure by
promoting M2 macrophage differentiation
and early angiogenesis through the
upregulation of angiogenic factors and their
receptors.

Similarly, Huang et al. utilized a PGEz:-
collagen matrix and successfully
demonstrated that sustained and controlled
exposure to PGE2 improved
neovascularization and skeletal muscle
regeneration in a murine hindlimb ischemia
model.>2

Together, these findings suggest the
potential of spatially and temporally
controlled delivery of COX-2 end products.
However, current evidence has not yet
addressed  the  significant  practical
challenges of implementing these strategies.
Further investigation is also required to
optimize the timing, dosage, and delivery of
COX-2-derived prostanoids in order to
maximize regenerative benefits while
minimizing adverse effects.

. Conclusion

The COX-2 pathway facilitates
regenerative processes across tissues,
including  neovascularization, vascular
remodeling, and stem cell recruitment,
expansion, and differentiation. Most notably,
these processes are mediated by PGE,
through the activation of EP4/PKA signaling.
Combining prostanoid with nanocapsules or
matrix-based scaffolds to achieve controlled
release illustrates the opportunity to
harness the COX-2 pathway for treatment of
wound healing, rather than using it solely as
a target for inhibition.

However, the regenerative functions of
COX-2 are time sensitive and strongly
dependent on injury context and tissue type.
Prolonged or mistimed enhancement or
inhibition = can  disrupt regenerative
processes and worsen outcomes.
Therapeutic strategies that modulate the
COX-2 pathway should therefore be
designed with careful attention to timing
and tissue context. In addition, further
studies across a broader range of tissues are
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required,

and deeper exploration of

prostanoids beyond PGE, may uncover
many applicative potentials.

7. Author Contribution

the figures,

M.P. wrote the manuscript and prepared
and S.D. supervised the

manuscript writing.

8. References

1.

10.

Wang B, Wu L, Chen ], et al. Metabolism
pathways of arachidonic acids: mechanisms
and potential therapeutic targets. Signal
Transduct Target Ther.2021;6(1):94.

JuZ, Li M, Xu ], et al. Recent development on
COX-2 inhibitors as promising anti-
inflammatory agents: The past 10 years. Acta
Pharm Sin B. 2022;12(6):2790-2807.
Hosono K, Kojo K, Narumiya S, et al
Prostaglandin E receptor EP4 stimulates
lymphangiogenesis to promote mucosal
healing  during  DSS-induced  colitis.
Biomedicine & Pharmacotherapy.
2020;128:110264.

Zhang S, Liu Y, Zhang X, et al. Prostaglandin
E2 hydrogel improves cutaneous wound
healing via M2 macrophages polarization.
Theranostics. 2018;8(19):5348-5361.

LiuX, Yu T, Tan X, et al. Renal interstitial cells
promote nephron regeneration by secreting
prostaglandin E2. Elife. 2023;12.

Gao X, Usas A, Lu A, et al. Cyclooxygenase-2
deficiency impairs muscle-derived stem cell-
mediated bone regeneration via cellular
autonomous and non-autonomous
mechanisms. Hum Mol Genet.
2016;25(15):3216-3231

Zheng C, Qu YX, Wang B, et al. COX-2/PGE2
facilitates fracture healing by activating the
Wnt/B-catenin signaling pathway. Eur Rev
Med Pharmacol Sci. 2019;23(22):9721-
9728.

Zhang Y, Wang ], Lv Z, et al. Cox-2 promotes
mesenchymal stem cells differentiation into
cardiocytes by activating JNK and ERK
pathway. Biochem Biophys Res Commun.
2016;480(1):101-105.

Basile DP. Macrophage dynamics in kidney
repair: elucidation of a COX-2-dependent

MafB pathway to affect macrophage
differentiation. Kidney Int. 2022;101(1):15-
18.

Smith WL, Urade Y, Jakobsson P-]. Enzymes
of the Cyclooxygenase Pathways of
Prostanoid  Biosynthesis. = Chem  Rev.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

2011;111(10):5821-5865.

Miciaccia M, Belviso BD, Iaselli M, et al.
Three-dimensional structure of human
cyclooxygenase  (hCOX)-1.  Sci  Rep.
2021;11(1):4312.

Lucido M], Orlando B]J, Vecchio AJ, et al.
Crystal Structure of Aspirin-Acetylated
Human Cyclooxygenase-2: Insight into the
Formation of Products with Reversed
Stereochemistry. Biochemistry.
2016;55(8):1226-1238.

Shieh ]-M, Tsai Y-J, Ma M-C, et al. The
cyclooxygenase-2  upregulation mediates
production of PGE2 autacoid to positively
regulate interleukin-6 secretion in chronic
rhinosinusitis with nasal polyps and polyp-
derived fibroblasts. Sci Rep.
2024;14(1):7559.

Kang X, Qiu |, Li Q, et al. Cyclooxygenase-2
contributes  to  oxidopamine-mediated
neuronal inflammation and injury via the
prostaglandin E2 receptor EP2 subtype. Sci
Rep. 2017;7(1):9459.

Zastona Z, Palsson-McDermott EM, Menon
D, et al. The Induction of Pro-IL-1f by
Lipopolysaccharide Requires Endogenous
Prostaglandin E2 Production. The Journal of
Immunology. 2017;198(9):3558-3564.
Zheng S-Q, Gong Z-Y, Lu C-D, et al
Prostaglandin 12 is responsible  for
ameliorating prostaglandin EZ2 stress in
stimulating the expression of tumor necrosis
factor a in a f-amyloid protein -dependent
mechanism. Oncotarget.
2017;8(61):102801-102819.

Bonanno A, Albano GD, Siena L, et al
Prostaglandin  E2  possesses  different
potencies in inducing Vascular Endothelial
Growth Factor and Interleukin-8 production
in COPD human lung fibroblasts.
Prostaglandins Leukot Essent Fatty Acids.
2016;106:11-18.

Domingo C, Palomares O, Sandham DA, et al.
The prostaglandin D2 receptor 2 pathway in
asthma: a key player in airway
inflammation. Respir Res 2018;19(1):189;
doi: 10.1186/s12931-018-0893-x.

Joo M, Sadikot RT. PGD Synthase and PGDZ2 in
Immune Resposne. Mediators Inflamm.
2012;2012:1-6.

Szczuko M, Koziot I, Kotlega D, et al. The Role
of Thromboxane in the Course and Treatment
of Ischemic Stroke: Review. Int | Mol Sci.
2021;22(21):11644.

57


https://www.nature.com/articles/s41392-020-00443-w
https://www.nature.com/articles/s41392-020-00443-w
https://www.nature.com/articles/s41392-020-00443-w
https://www.sciencedirect.com/science/article/pii/S2211383522000156
https://www.sciencedirect.com/science/article/pii/S2211383522000156
https://www.sciencedirect.com/science/article/pii/S2211383522000156
https://www.sciencedirect.com/science/article/pii/S075333222030456X
https://www.sciencedirect.com/science/article/pii/S075333222030456X
https://www.sciencedirect.com/science/article/pii/S075333222030456X
https://www.thno.org/v08p5348.htm
https://www.thno.org/v08p5348.htm
https://www.thno.org/v08p5348.htm
https://elifesciences.org/articles/81438
https://elifesciences.org/articles/81438
https://elifesciences.org/articles/81438
https://academic.oup.com/hmg/article/25/15/3216/2525794
https://academic.oup.com/hmg/article/25/15/3216/2525794
https://academic.oup.com/hmg/article/25/15/3216/2525794
https://academic.oup.com/hmg/article/25/15/3216/2525794
https://academic.oup.com/hmg/article/25/15/3216/2525794
https://www.europeanreview.org/article/19534
https://www.europeanreview.org/article/19534
https://www.europeanreview.org/article/19534
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16316485
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16316485
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16316485
https://www.sciencedirect.com/science/article/abs/pii/S0006291X16316485
https://www.kidney-international.org/article/S0085-2538(21)01047-4/abstract
https://www.kidney-international.org/article/S0085-2538(21)01047-4/abstract
https://www.kidney-international.org/article/S0085-2538(21)01047-4/abstract
https://www.kidney-international.org/article/S0085-2538(21)01047-4/abstract
https://pubs.acs.org/doi/10.1021/cr2002992
https://pubs.acs.org/doi/10.1021/cr2002992
https://pubs.acs.org/doi/10.1021/cr2002992
https://www.nature.com/articles/s41598-021-83438-z
https://www.nature.com/articles/s41598-021-83438-z
https://pubs.acs.org/doi/10.1021/acs.biochem.5b01378
https://pubs.acs.org/doi/10.1021/acs.biochem.5b01378
https://pubs.acs.org/doi/10.1021/acs.biochem.5b01378
https://pubs.acs.org/doi/10.1021/acs.biochem.5b01378
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-024-58143-2
https://www.nature.com/articles/s41598-017-09528-z
https://www.nature.com/articles/s41598-017-09528-z
https://www.nature.com/articles/s41598-017-09528-z
https://www.nature.com/articles/s41598-017-09528-z
https://academic.oup.com/jimmunol/article-abstract/198/9/3558/7956915?redirectedFrom=fulltext&login=false
https://academic.oup.com/jimmunol/article-abstract/198/9/3558/7956915?redirectedFrom=fulltext&login=false
https://academic.oup.com/jimmunol/article-abstract/198/9/3558/7956915?redirectedFrom=fulltext&login=false
https://www.oncotarget.com/article/18462/text/
https://www.oncotarget.com/article/18462/text/
https://www.oncotarget.com/article/18462/text/
https://www.oncotarget.com/article/18462/text/
https://www.oncotarget.com/article/18462/text/
https://www.plefa.com/article/S0952-3278(15)30042-9/abstract
https://www.plefa.com/article/S0952-3278(15)30042-9/abstract
https://www.plefa.com/article/S0952-3278(15)30042-9/abstract
https://www.plefa.com/article/S0952-3278(15)30042-9/abstract
https://www.plefa.com/article/S0952-3278(15)30042-9/abstract
https://onlinelibrary.wiley.com/doi/10.1155/2012/503128
https://onlinelibrary.wiley.com/doi/10.1155/2012/503128
https://www.mdpi.com/1422-0067/22/21/11644
https://www.mdpi.com/1422-0067/22/21/11644
https://www.mdpi.com/1422-0067/22/21/11644

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Yuui K, Kudo R, Kasuda S. Arterial
thromboxane A2-induced transient
contraction after IL-1f exposure. Eur ]
Inflamm. 2022;20.

Dorris SL, Peebles RS. PGIZ as a Regulator of
Inflammatory Diseases. Mediators Inflamm.
2012;2012:1-9.

Sugimoto Y, Narumiya S. Prostaglandin E
Receptors. Journal of Biological Chemistry.
2007;282(16):11613-11617.

Yang C-M, Yang C-C, Hsiao L-D, et al
Upregulation of COX-2 and PGEZ Induced by
TNF-a Mediated Through
TNFR1/MitoROS/PKCa/P38 MAPK,
JNK1/2/Fox01 Cascade in Human Cardiac
Fibroblasts. | Inflamm Res. 2021;Volume
14:2807-2824

Neuschafer-Rube F, Schon T, Kahnt [, et al.
LDL-Dependent Regulation of TNFa/PGEZ
Induced COX-2/mPGES-1 _Expression _in
Human Macrophage Cell Lines.
Inflammation. 2023;46(3):893-911.
Ariasnegrete S, Keller K, Chadee K
Proinflammatory Cytokines Regulate
Cyclooxygenase-2 mRNA Expression in
Human Macrophages. Biochem Biophys Res
Commun. 1995;208(2):582-589.

Chabane N, Zayed N, Martel-Pelletier |, et al.
Interleukin-1-induced cyclooxygenase-2 and
inducible nitric oxide synthase expression in
human OA chondrocytes is associated with
histone H3K4 methylation. | Transl Med.
2010;8(S1):P59.

Liu W, Reinmuth N, Stoeltzing O, et al
Cyclooxygenase-2 Is  Up-Regulated by
Interleukin-1f in Human Colorectal Cancer
Cells via Multiple Signaling Pathwaysl1.
Cancer Res. 2003;63(13):3632-3636.
Kirkby NS, Zaiss AK, Wright WR, et al.
Differential COX-2 induction by viral and
bacterial PAMPs: Consequences for cytokine
and interferon responses and implications for
anti-viral COX-2 directed therapies. Biochem
Biophys Res Commun. 2013;438(2):249-
256.

Nagano S. Molecular mechanisms of
lipopolysaccharide-induced cyclooxygenase-
2 __expression _in __human _ neutrophils:
involvement of the mitogen-activated protein
kinase pathway and regulation by anti-
inflammatory _ cytokines. Int Immunol.
2002;14(7):733-740.

Arfeen M, Dhaked DK, Mani V. Multipotent
Effect of Clozapine on Lipopolysaccharide-

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Induced Acetylcholinesterase,
Cyclooxygenase-2,5-Lipoxygenase, and
Caspase-3: In Vivo and Molecular Modeling
Studies. Molecules. 2025;30(2):266.

Mufioz M, Sadnchez A, Pilar Martinez M, et al.
COX-2 is involved in vascular oxidative stress
and endothelial dysfunction of renal
interlobar arteries from obese Zucker rats.
Free Radic Biol Med. 2015;84:77-90.

Onodera Y, Teramura T, Takehara T, et al.

Reactive oxygen species induce Cox-2

expression via TAK1 activation in synovial
fibroblast  cells. FEBS Open  Bio.

2015;5(1):492-501.

Kiritoshi S, Nishikawa T, Sonoda K, et al.
Reactive Oxygen Species from Mitochondria
Induce Cyclooxygenase-2 Gene Expression in
Human  Mesangial  Cells.  Diabetes.
2003;52(10):2570-2577.

Kage K, Fujita N, Oh-hara T, et al. Basic
Fibroblast ~ Growth Factor  Induces
Cyclooxygenase-2 Expression in Endothelial
Cells Derived from Bone. Biochem Biophys
Res Commun. 1999;254(1):259-263.
Tessner TG, Muhale F, Schloemann S, et al.
Basic fibroblast growth factor upregulates
cyclooxygenase-2 in 1407 cells through p38
MAP kinase. American Journal of Physiology-
Gastrointestinal and Liver Physiology.
2003;284(2):G269-G279.

Tamura M, Sebastian S, Gurates B, et al.
Vascular Endothelial Growth Factor Up-
Regulates Cyclooxygenase-2 Expression in
Human Endothelial Cells. | Clin Endocrinol
Metab. 2002;87(7):3504-3507.

Saha D, Datta PK, Sheng H, et al. Synergistic
Induction of  Cyclooxygenase-2 by
Transforming  Growth  Factor-f1  and
Epidermal Growth Factor Inhibits Apoptosis
in Epithelial Cells. Neoplasia.
1999;1(6):508-517.

Yang Y, Geng Y, Cheng X, et al
Cyclooxygenase-2  contributes to  the
hypoxia-induced  aggravation  of  the
neuroinflammation response stimulated by
lipopolysaccharide in microglia. Exp Ther
Med. 2023;25(3):123.

Heikal L, Ferns G. Hypoxia, Angiogenesis and
Atherogenesis.  In:  Physiologic  and
Pathologic  Angiogenesis -  Signaling
Mechanisms and Targeted Therapy InTech;
2017.

Zhang Y, Daaka Y. PGEZ promotes
angiogenesis through EP4 and PKA Cy

58


https://journals.sagepub.com/doi/10.1177/1721727X221077946
https://journals.sagepub.com/doi/10.1177/1721727X221077946
https://journals.sagepub.com/doi/10.1177/1721727X221077946
https://onlinelibrary.wiley.com/doi/10.1155/2012/926968
https://onlinelibrary.wiley.com/doi/10.1155/2012/926968
https://www.jbc.org/article/S0021-9258(19)58141-8/fulltext
https://www.jbc.org/article/S0021-9258(19)58141-8/fulltext
https://www.tandfonline.com/doi/full/10.2147/JIR.S313665
https://www.tandfonline.com/doi/full/10.2147/JIR.S313665
https://www.tandfonline.com/doi/full/10.2147/JIR.S313665
https://www.tandfonline.com/doi/full/10.2147/JIR.S313665
https://www.tandfonline.com/doi/full/10.2147/JIR.S313665
https://link.springer.com/article/10.1007/s10753-022-01778-y
https://link.springer.com/article/10.1007/s10753-022-01778-y
https://link.springer.com/article/10.1007/s10753-022-01778-y
https://www.sciencedirect.com/science/article/abs/pii/S0006291X85713782
https://www.sciencedirect.com/science/article/abs/pii/S0006291X85713782
https://www.sciencedirect.com/science/article/abs/pii/S0006291X85713782
https://translational-medicine.biomedcentral.com/articles/10.1186/1479-5876-8-S1-P59
https://translational-medicine.biomedcentral.com/articles/10.1186/1479-5876-8-S1-P59
https://translational-medicine.biomedcentral.com/articles/10.1186/1479-5876-8-S1-P59
https://translational-medicine.biomedcentral.com/articles/10.1186/1479-5876-8-S1-P59
https://aacrjournals.org/cancerres/article/63/13/3632/510157/Cyclooxygenase-2-Is-Up-Regulated-by-Interleukin-1
https://aacrjournals.org/cancerres/article/63/13/3632/510157/Cyclooxygenase-2-Is-Up-Regulated-by-Interleukin-1
https://aacrjournals.org/cancerres/article/63/13/3632/510157/Cyclooxygenase-2-Is-Up-Regulated-by-Interleukin-1
https://www.sciencedirect.com/science/article/pii/S0006291X13011467?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006291X13011467?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006291X13011467?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006291X13011467?via%3Dihub
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://academic.oup.com/intimm/article-abstract/14/7/733/720168?redirectedFrom=fulltext
https://www.mdpi.com/1420-3049/30/2/266
https://www.mdpi.com/1420-3049/30/2/266
https://www.mdpi.com/1420-3049/30/2/266
https://www.mdpi.com/1420-3049/30/2/266
https://www.mdpi.com/1420-3049/30/2/266
https://www.mdpi.com/1420-3049/30/2/266
https://www.sciencedirect.com/science/article/abs/pii/S0891584915001483
https://www.sciencedirect.com/science/article/abs/pii/S0891584915001483
https://www.sciencedirect.com/science/article/abs/pii/S0891584915001483
https://febs.onlinelibrary.wiley.com/doi/10.1016/j.fob.2015.06.001
https://febs.onlinelibrary.wiley.com/doi/10.1016/j.fob.2015.06.001
https://febs.onlinelibrary.wiley.com/doi/10.1016/j.fob.2015.06.001
https://diabetesjournals.org/diabetes/article/52/10/2570/11029/Reactive-Oxygen-Species-from-Mitochondria-Induce
https://diabetesjournals.org/diabetes/article/52/10/2570/11029/Reactive-Oxygen-Species-from-Mitochondria-Induce
https://diabetesjournals.org/diabetes/article/52/10/2570/11029/Reactive-Oxygen-Species-from-Mitochondria-Induce
https://www.sciencedirect.com/science/article/abs/pii/S0006291X98998758
https://www.sciencedirect.com/science/article/abs/pii/S0006291X98998758
https://www.sciencedirect.com/science/article/abs/pii/S0006291X98998758
https://www.sciencedirect.com/science/article/abs/pii/S0006291X98998758
https://journals.physiology.org/doi/full/10.1152/ajpgi.00226.2002
https://journals.physiology.org/doi/full/10.1152/ajpgi.00226.2002
https://journals.physiology.org/doi/full/10.1152/ajpgi.00226.2002
https://academic.oup.com/jcem/article-abstract/87/7/3504/2847488?redirectedFrom=fulltext
https://academic.oup.com/jcem/article-abstract/87/7/3504/2847488?redirectedFrom=fulltext
https://academic.oup.com/jcem/article-abstract/87/7/3504/2847488?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S1476558699800049?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558699800049?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558699800049?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558699800049?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558699800049?via%3Dihub
https://www.spandidos-publications.com/10.3892/etm.2023.11822
https://www.spandidos-publications.com/10.3892/etm.2023.11822
https://www.spandidos-publications.com/10.3892/etm.2023.11822
https://www.spandidos-publications.com/10.3892/etm.2023.11822
https://www.spandidos-publications.com/10.3892/etm.2023.11822
https://www.intechopen.com/chapters/53523
https://www.intechopen.com/chapters/53523
https://ashpublications.org/blood/article/118/19/5355/29412/PGE2-promotes-angiogenesis-through-EP4-and-PKA-C
https://ashpublications.org/blood/article/118/19/5355/29412/PGE2-promotes-angiogenesis-through-EP4-and-PKA-C

42,

43.

44,

45.

46.

47.

48.

49.

50.

pathway. Blood. 2011;118(19):5355-5364.
Hosono K, Isonaka R, Kawakami T, et al.
Signaling of Prostaglandin E Receptors, EP3
and EP4 Facilitates Wound Healing and
Lymphangiogenesis with Enhanced
Recruitment of M2 Macrophages in Mice.
PLoS One 2016;11(10):e0162532.

Blitek A, Szymanska M, Morawska-Pucinska
E, et al. Prostacyclin receptor (PTGIR) in the
porcine  endometrium:  Regulation  of
expression and role in luminal epithelial and
stromal cells. Theriogenology.
2015;84(6):969-982.

Szymanska M, Blitek A. Diverse effects of
prostacyclin on angiogenesis-related
processes in the porcine endometrium. Sci
Rep.2023;13(1):14133.

Ho AT V., Palla AR, Blake MR, et al
Prostaglandin EZ2 is essential for efficacious
skeletal muscle stem-cell  function,
augmenting regeneration and strength.
Proceedings of the National Academy of
Sciences. 2017;114(26):6675-6684.

Wang YX, Palla AR, Ho ATV, et al. Multiomic
profiling reveals that prostaglandin E2
reverses aged muscle stem cell dysfunction,
leading to increased regeneration and
strength. Cell Stem Cell. 2025;32(7):1154-
1169.e9.

Correia MR, Han SW, Escalante T, et al. The
role of the cyclooxygenase-2 pathway in
tissue ischemia and revascularization
following skeletal muscle injury induced by
bothropic snake venom. Microvasc Res.
2025;157:104760.

Li], Chen H, Xiong Q, et al. Celecoxib disrupts
temporal coordination of TGF-f/a-SMA
signaling in skeletal muscle repair: a time-
dependent  study of  fibrosis and
inflammation. Eur ] Med Res.
2025;30(1):703.

Kim H-B, Kim M, Park Y-S, et al
Prostaglandin E2 Activates YAP and a
Positive-Signaling Loop to Promote Colon
Regeneration After Colitis but Also
Carcinogenesis in Mice. Gastroenterology.
2017;152(3):616-630.

Huang M, Wang L, Chen ], et al. Regulation of
COX-2  expression and epithelial-to-
mesenchymal transition by hypoxia-

inducible factor-1a is associated with poor

prognosis _in hepatocellular carcinoma
patients post TACE surgery. Int | Oncol.

2016;48(5):2144-2154.

51.

52.

53.

54.

55.

56.

Hashemi Goradel N, Najafi M, Salehi E, et al.
Cyclooxygenase-2 in cancer: A review. J Cell
Physiol. 2019;234(5):5683-5699.

Huang H, Chen S, Cheng H, et al. The
sustained PGEZ release matrix improves
neovascularization and skeletal muscle
regeneration in a hindlimb ischemia model. |
Nanobiotechnology. 2022;20(1):95.

Hugo HJ, Saunders C, Ramsay RG, et al. New
Insights on COX-2 in Chronic Inflammation
Driving  Breast Cancer Growth and
Metastasis. ] Mammary Gland Biol Neoplasia.
2015;20(3-4):109-1109.

Yao C, Narumiya S. Prostaglandin-cytokine
crosstalk in chronic inflammation. Br ]
Pharmacol. 2019;176(3):337-354.

Chun K-S, Kim E-H, Kim D-H, et al. Targeting
cyclooxygenase-2 for chemoprevention of
inflammation-associated intestinal
carcinogenesis: An  update.  Biochem
Pharmacol. 2024;228:116259.

Tang Q, Chen L-L, Wei F, et al. Effect of 15-
Deoxy-[INCREMENT]12,14-prostaglandin |2
Nanocapsules on Inflammation and Bone
Regeneration in a Rat Bone Defect Model.
Chin Med J. 2017;130(3):347-356.

59


https://ashpublications.org/blood/article/118/19/5355/29412/PGE2-promotes-angiogenesis-through-EP4-and-PKA-C
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162532
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162532
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162532
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162532
https://www.sciencedirect.com/science/article/abs/pii/S0093691X15003003
https://www.sciencedirect.com/science/article/abs/pii/S0093691X15003003
https://www.sciencedirect.com/science/article/abs/pii/S0093691X15003003
https://www.sciencedirect.com/science/article/abs/pii/S0093691X15003003
https://www.nature.com/articles/s41598-023-41197-z
https://www.nature.com/articles/s41598-023-41197-z
https://www.nature.com/articles/s41598-023-41197-z
https://www.pnas.org/doi/10.1073/pnas.1705420114
https://www.pnas.org/doi/10.1073/pnas.1705420114
https://www.pnas.org/doi/10.1073/pnas.1705420114
https://www.sciencedirect.com/science/article/abs/pii/S1934590925001924
https://www.sciencedirect.com/science/article/abs/pii/S1934590925001924
https://www.sciencedirect.com/science/article/abs/pii/S1934590925001924
https://www.sciencedirect.com/science/article/abs/pii/S1934590925001924
https://www.sciencedirect.com/science/article/abs/pii/S1934590925001924
https://www.sciencedirect.com/science/article/abs/pii/S0026286224001092
https://www.sciencedirect.com/science/article/abs/pii/S0026286224001092
https://www.sciencedirect.com/science/article/abs/pii/S0026286224001092
https://www.sciencedirect.com/science/article/abs/pii/S0026286224001092
https://www.sciencedirect.com/science/article/abs/pii/S0026286224001092
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-025-02996-4
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-025-02996-4
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-025-02996-4
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-025-02996-4
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-025-02996-4
https://www.sciencedirect.com/science/article/abs/pii/S0016508516353471
https://www.sciencedirect.com/science/article/abs/pii/S0016508516353471
https://www.sciencedirect.com/science/article/abs/pii/S0016508516353471
https://www.sciencedirect.com/science/article/abs/pii/S0016508516353471
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://www.spandidos-publications.com/10.3892/ijo.2016.3421
https://onlinelibrary.wiley.com/doi/10.1002/jcp.27411
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01301-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01301-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01301-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01301-3
https://link.springer.com/article/10.1007/s10911-015-9333-4
https://link.springer.com/article/10.1007/s10911-015-9333-4
https://link.springer.com/article/10.1007/s10911-015-9333-4
https://link.springer.com/article/10.1007/s10911-015-9333-4
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bph.14530
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bph.14530
https://www.sciencedirect.com/science/article/abs/pii/S0006295224002429
https://www.sciencedirect.com/science/article/abs/pii/S0006295224002429
https://www.sciencedirect.com/science/article/abs/pii/S0006295224002429
https://www.sciencedirect.com/science/article/abs/pii/S0006295224002429
https://journals.lww.com/cmj/fulltext/2017/02050/effect_of_15_deoxy__increment_12,14_prostaglandin.16.aspx
https://journals.lww.com/cmj/fulltext/2017/02050/effect_of_15_deoxy__increment_12,14_prostaglandin.16.aspx
https://journals.lww.com/cmj/fulltext/2017/02050/effect_of_15_deoxy__increment_12,14_prostaglandin.16.aspx
https://journals.lww.com/cmj/fulltext/2017/02050/effect_of_15_deoxy__increment_12,14_prostaglandin.16.aspx

	1. Introduction

