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SUMMARY: Angiogenesis, a process by which new blood vessels are generated from pre-existing ones, is significantly
compromised in tumor development, given that due to the nutritional need of tumor cells, pro-angiogenic signals will bd generat
promote this process and thus receive the oxygen and nutrients necessary for its development, in addition to being aduey ésicape
tumor spread. Although there is currently an increase in the number of studies of various anti-angiogenic therapiesdbathetpar
progression, it is necessary to conduct a review of existing studies of therapeutic alternatives to demonstrate the&.importanc
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INTRODUCTION

The angiogenesis process is defined as the formation ~ As a therapy for the regulation of COX-2, Celecoxib
of new blood vessels from pre-existing vascularizatiowan be used, a non-steroidal anti-inflammatory drug with
through the migration, growth and differentiation ofanti-inflammatory, analgesic and antipyretic properties that
endothelial cells, which line the internal walls of bloodhcts by inhibiting the synthesis of prostaglandins through
vessels. This phenomenon is mediated by various factotise selective inhibition of COX-2. This drug has been studied
among which the most relevant is vascular endothelifdr anti-angiogenic treatment in some cancers, in order to
growth factor (VEGF), which promotes this processincrease the survival of patients, which has had positive
Although it has great physiological importance, beingesults, but presents some obstacles, such as dose toxicity,
involved in the processes of embryonic development, tisst@ which the best mechanism of treatment is being
repair, when there is an imbalance between its stimulatansestigated.. Furthermore, various studies have proposed
and inhibitors, it can be associated with pathologicahat it produces an anti-angiogenic effect at the level of other
processes, such as tumor growth, in which due to nutritionralutes of action (Roa, 2014). For this reason its study is of
need from the tumor cells, pro-angiogenic signals will bgreat importance, analyzing aspects such as the antitumor
generated to obtain new blood vessels that deliver the oxygaml antiangiogenic role of celecoxib.
and nutrients necessary for their development (Griffioen &

Molema 2000; Carmeliet & Jain, 2011a; Bikfalvi, 2017; DMETHODOLOGY
Palmaet al, 2017; Viallard & Larrivee, 2017).
For the search methodology, a bibliographic review

In order to control the formation of newof scientific articles published in English and Spanish was
vascularization in the tumor, anti-angiogenic therapy is usechrried out, with a date of less than 5 years to date (from
for which various targets of the process have been studi@@18 to 2023) from the databases PubMed, ScienceDirect,
among which is the regulation of Cyclooxygenase 2 (COXAeb of Science, selecting articles that had relevant and
2), which Normally its increase is attributed to inflammatoryerified information on angiogenesis, anti-angiogenic
processes, but according to evidence based on presggtrapy and Celecoxib today. Relevant bibliography on this
studies, it is also increased in tumor cells producingubject from previous years was included.
prostaglandin E2, responsible for stimulating the generation
of angiogenic mediators, such as VEGF (Roa, 2014).  AngiogenesisAngiogenesis is defined as the formation of

! Escuela de Tecnologia Médica, Facultad de Ciencias de la Salud, Universidad de Talca, Talca, Chile.
2 Depto de Ciencias Basicas Biomédicas, Facultad de Ciencias de la Salud, Universidad de Talca, Talca, Chile.

Received: 2023-10-23  Accepted: 2023-11-05

40



ROJAS, V. & ROA, I. Celecoxib: antiangiogenic and antitumoral action.J. Morphol., 42(1%0-45, 2024

new blood vessels from preexisting vessels, playing afascular endothelial growth factor (VEGF). Although
important role in physiological processes such as tissagany molecules are known to participate as positive
regeneration, wound healing and embryonic developmemnggulators of angiogenesis, not all of these factors are specific
among others, as well as in pathological processes, as tutwoendothelial cells (Ferrara, 2001); VEGF has been proposed
growth, metastasis, rheumatoid arthritis and diabetas a key regulator of normal and abnormal angiogenesis, in
retinopathy among others (Kretschraeal, 2021). It begins based on the evidence accumulated in studies, supporting
to be carried out at the beginning of the embryonic stagetimeir hypothesis in the high expression of VEGF mRNA in
conjunction with vasculogenesis (Hanahan & Folkmaruman tumors, the presence of VEGF protein in ocular fluids
1996), involving the proliferation, migration and maturatiorof individuals with proliferative retinopathies and in the
of endothelial cells (EC), in addition to being thesynovial fluid of patients with rheumatoid arthritis.
phenomenon that generates most of vascular growiegarding current studies on the subject, it continues to
throughout life (Jeongt al, 2021). support that VEGF is a key regulator in this process (Ferrara,
2001; Melincoviciet al., 2018).
Angiogenesis is driven by the need for oxygen and
nutrients from the surrounding tissue, which stimulates tAi@imor angiogenesisTumor angiogenesis begins in the tu-
production of vascular endothelial growth factor (VEGF)mor itself, in response to the pro-angiogenic signal, composed
fibroblast growth factors (FGF), and other proangiogeniaf the stimuli already mentioned, which are produced by tu-
stimuli by non-vascular cells (Carmeliet & Jain, 2011b)mor endothelial cells (TEC), because, as tumor size increases,
Upon reaching the pre-existing vessel, VEGF binds to itg/poxia and acidity, which are usually associated with the
VEGF receptor, receptor 2 (VEGFR2) in the EC, causingmor microenvironment (Marmé, 2018; Lugaial., 2020),
the cell-endothelial cell contacts to give way, the pericytessulting from the lack of blood vessels that deliver sufficient
detach and the basement membrane to rupture, allowingxagen and nutrients for cell growth and proliferation.
new vessel to emerge (Eelenal, 2018).
The condition of tumor hypoxia, that is, the decrease
Physiological angiogenesis processes are essentiabxygen concentration in tumor tissues, causes tumor cells
during embryonic development, the female reproductiie activate and stabilize the transcription factor hypoxia-
cycle and wound healing (Rajabi & Mousa, 2017). Howevenducible factor 1 (HIF-1), a heterodimeric transcription fac-
abnormally accelerated angiogenesis processes tor that It comprises two subunits, an oxygen-regulated a
pathological angiogenesis are associated with variogabunit (HIF-1a) and a constitutively expressed b subunit
disorders, among which we can highlight tumo(HIF-1b). This factor is responsible for transcriptionally
development. regulating a series of hypoxia-inducible genes, which
includes vascular endothelial growth factor (VEGF) (Rattner
Pro and Anti angiogenic factorsAngiogenesis is regulated et al., 2019; Jeongt al., 2021).
by pro- and anti-angiogenic factors, through an “angiogenic
switch,” which refers to a time-limited event during tumor EC are normally inactive, but can be induced to
progression in which the balance between pro- and anitiitiate angiogenesis by proangiogenic factors (Maishl,
angiogenic factors tips toward a pro-angiogenic outcom2019). These factors bind to the receptors on endothelial
The molecular actors and mechanisms underlying angiogeoills of nearby blood vessels, initiating the formation of new
change have been intensively investigated for the studyassels that They penetrate the tumor and promote its further
therapies (Table I) (Karamysheva, 2008; Baeriswyl &rowth. The main angiogenic growth factor, oversecreted
Christofori, 2009; Kopec & Abramczyk, 2022) by tumor cells, is VEGF (Marmé, 2018).

Table I. Pro-angiogenic and anti-angiogenic factors of the angiogenesis process. Adapted from Kopec & Abramczyk (2022).
Phase Proangiogenic factor Antiangiogenic factor
Basement membranegradation Tissue plasminogen activator (tPA), Urake Tissue inhibitors of metalloproteinases
plasminogen activator (UPA), Metalproteinase@iMP), plasminogen activator inhibitor

(MMP) (PAI)

Endothelial cell migration Vascular endothelial growtactor (VEGF- Thrombospondin, angiostatin
A, VEGF-B, VEGF-C, VEGF-D)

Endothelial cell praleration Platelet-derived growth factor (PDGF), fibroblagEndostatin, prolactin

growth factor (FGF), platelet-dgad endothelial
cell growth factor (PDECGF)

Creation of lumen carrying cords epidermal growth factor (EGF), angiogemimerferonsangiopoietin 2
Angiopoietin 1, tumor growth factor (TGF-_)
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Due to the imbalance that exists between pro and aMEGF (Frejborget al,, 2020). In more recent studies, efforts
angiogenic factors within the tumor environment, thbave been made to suppress this event, for which selective
vasculature that originates presents differences from tl€®X-2 inhibitors have begun to be used, such as Celecoxib
normal vasculature, such as distribution, which is normalfCx) (Rosast al, 2014).
distributed in a network of arterioles, capillaries and venules,
while the tumor blood vessels are very disorganized and CELECOXIB. Celecoxib (Cx) is a non-steroidal anti-
deformed. Furthermore, these vessels are mosthflammatory drug (NSAID) with anti-inflammatory, analgesic
undifferentiated or immature, presenting reduced mural celhd antipyretic properties that selectively inhibits COX-2.
coverage by pericytes and an absent or collapsed lum@ommonly used to treat rheumatoid arthritis, osteoarthritis
Therefore, tumor blood vessels are highly permeable, causangd acute pain, but in recent years it has been proposed to
alterations in blood flow and diffusion of tumor cells in thehave chemopreventive capabilities, including being considered
interstitial space, generating an increase in hypoxia in the agent that can intervene in the signal transduction pathways
tumor microenvironment, thus promoting the angiogenesissociated with COX-2 expression and increase the levels of
process (Fujita & Akita, 2017; Teleaetial, 2019). endogenous inhibitors of angiogenesis (Harris, 2009; @bng

al., 2012; Tudoet al, 2021).
Anti angiogenenics.Antiangiogenic therapy is a method
that aims to slow down tumor growth, proposed in 1971 toute of action of CelecoxibLike other NSAIDs, their
Folkman, who hypothesized that this therapy would be usefutharmacological properties depend on their ability to inhibit
in tumor diseases, since it could interrupt pre-existing blodbe activity of the enzyme cyclooxygenase (COX) and,
vessels and prevent the formation of new ones, decreasaugsequently, the synthesis of inflammatory prostanoids,
the supply of oxygen and nutrients to cancer cells (Sherwosdch as prostaglandins (PGE1, PGE2) and thromboxanes
et al, 1971; Lopes-Coelhet al, 2021). (Carranza, 2013).

In the development of antiangiogenic agents, four As can be seen in Figure 1, Celecoxib, like other
strategies are mainly used: the inhibition of endogenoSAIDs, acts by inhibiting the synthesis of prostaglandins
factors that promote the formation of blood vessels, thbrough the inhibition of COX, in this case COX2 (PTGS2).
identification and application of natural inhibitors ofCox enzymes (PTGS1 and PTGS2) catalyze the committed
angiogenesis, the inhibition of molecules that promote thstep leading to the production of prostaglandins (PGH2) from
invasion of surrounding tissue through tumor blood vessebxachidonic acid. PGH2 are then converted into active
and the incapacitation of actively proliferating endotheliahetabolites (prostaglandin E2 (PGE2), prostacyclin (PGI2),
cells (Mousa & Davis, 2017). thromboxane (TXA2), prostaglandin D2 (PGD2),

prostaglandin F2 (PGF2)) that mediate various physiological

Although there are different signaling pathwaysesponses, such as inflammation, fever, regulation of blood
involved in angiogenesis, most of the anti-angiogenic drugsessure. and coagulation (Gagteal., 2012).
used are based on VEGF, since it signaling is considered a
key regulator, being the main promoter of angiogenesis. Mechanism of Celecoxib in tumor angiogenesisThe
addition, it is the one that is overexpressed in the majoriiiyhibition of COX-2 is related to the suppression of
of solid tumors. For this reason, drugs targeting VEGF haamgiogenesis and metastatic processes (Bealy 2013),
been developed and approved for clinical use, such ahich is why it is an important target in antiangiogenic
Bevacizumab, a recombinant humanized monoclon#ierapeutics. The overexpression of COX-2 in tumor cells
antibody (mAb) that acts by preventing the interaction d@ffects angiogenesis through the production of eicosanoids
VEGF with its receptors, as well as by neutralizing the relea§EAX2; PGI2 and PGE2) (Wangt al., 2013), which
of VEGF from the cells. cancer cells, which despite beingtimulate the migration of endothelial cells and angiogenesis
approved to interrupt angiogenesis in some cancers, was tiwbugh the increase in the expression of VEGF stimulating
able to increase survival in all (Zirlik & Duyster, 2018). the proliferation of endothelial cells. To also prevent the

production of pro-angiogenic factors such as VEGF and

On the other hand, studies have been carried out ®XA2 (Harry & Ormiston, 2021) (Fig. 2). Celecoxib would
the relationship between angiogenesis and inflammation,ri@duce the immunosuppressive and angiogenic properties
which Cyclooxygenase (COX-2) stands out as a target fof PGE2, by inhibiting the PG synthesis pathwayet.al,
anti-angiogenic therapy, since it has been foun2013; Perrouét al, 2013). Other authors report the favora-
overexpressed in tumor and endothelial cells, which througite effects of the use of celecoxib/PLGA, in the decrease in
Their metabolic reaction produces prostaglandin E2, whi@ngiogenesis and induction of apoptosis of tumor cells (Cui
stimulates the production of angiogenic mediators, such eisal., 2010).
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Fig. 1. Mechanism of action of NSAIDs. In the event of stimulus-mediated inflammation, the enzyme phospholipase A2 is
activated, which releases arachidonic acid. The enzyme prostaglandin G/H synthase has cyclooxygenase (COX) and hydroperoxidase
(HOX) activity. Prostaglandin G/H synthase converts arachidonic acid to prostaglandin H2. Prostaglandin H2 is then converted
by tissue-specific isomerases into several different inflammatory mediators called prostanoids. The type of prostanoid produced
depends on the type of tissue/cell. NSAIDs inhibit the cyclooxygenase (COX) component of phospholipase A2 and block the
formation of prostaglandin G2. Adapted from Fitzgerald & Patrono (2001).

——- g [ PGE, ] other a_nti.—tumor molecules, ideally with the a}im of obtaining
synergistic effects (Rosasal., 2014). For their part, Rad

N
! / al. (2017) indicate that the CX/PLGA association inhibits
rd

microvascularization, VEGF expression at the tumor level,

Tumor . . - .
Mtglogenesi Soetansith as well as C(_all proliferation and increased apopt05|s. On the
other hand, it has been shown that Celecoxib reduces serum
7 Proliferation levels of VEGF and COX-2 (Haet al,, 2014), which would
P :nt?ﬂ\i:':,:mc explain the decrease in vascularization, knowing that VEGF
Drug Resistence S is the most critical factor associated with vasculogenesis,

angiogenesis and lymphangiogenesis, VEGF-A being an

Fig. 2. Route of action of Celecoxib in tumor angiogenesis. Th%Ssentlal regulator of angiogenesis, acting mainly by

COX-2 inhibitor, Celecoxib, prevents the synthesis of prostaglamdmomOting cell division gnd migr"’.‘tion in endothelial cells
E2, responsible for promoting tumor angiogenesis, endotheli@Pklu et al, 2010). Previous Studies show that Cx reduces

proliferation and migration through the production of angiogenigerum levels of VEGF and COX-2.
factors such as VEGF. Adapted de Harry & Ormiston (2021).
On the other hand, the combination of Cx with other
antiangiogenic drugs helps to improve the effect; as is the case
Experimental studies indicate that the administrationf how Cx improved the effect of Vandetanib, an

of Celecoxib at a concentration of 1000 ppm decreasestiangiogenic drug that has the RET protoncogene of VEGFR
microvascular density, also reducing the presence of VEGE its target, in the inhibition of angiogenesis in vitro and the
in multidrug-resistant TA3 tumor cells, which would makecombination of these two drugs led to even greater degrees of
it a good candidate for use alone, or in combination witiahibition than Vandetanib alone (Qaéiral, 2023).
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