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Abstract
Background: Clinical studies have shown that celecoxib can significantly inhibit the development of tumors, and basic
experiments and in vitro experiments also provide a certain basis, but it is not clear how celecoxib inhibits tumor development in
detail.

Methods: A literature search of all major academic databases was conducted (PubMed, China National Knowledge Internet
(CNKI), Wan-fang, China Science and Technology Journal Database (VIP), including the main research on the mechanisms of
celecoxib on tumors.

Results: Celecoxib can intervene in tumor development and reduce the formation of drug resistance through multiple molecular
mechanisms.

Conclusion:Celecoxib mainly regulates the proliferation, migration, and invasion of tumor cells by inhibiting the cyclooxygenases-
2/prostaglandin E2 signal axis and thereby inhibiting the phosphorylation of nuclear factor-k-gene binding, Akt, signal transducer and
activator of transcription and the expression of matrix metalloproteinase 2 and matrix metalloproteinase 9. Meanwhile, it was found
that celecoxib could promote the apoptosis of tumor cells by enhancing mitochondrial oxidation, activating mitochondrial apoptosis
process, promoting endoplasmic reticulum stress process, and autophagy. Celecoxib can also reduce the occurrence of drug
resistance by increasing the sensitivity of cancer cells to chemotherapy drugs.

Abbreviations: COXs = cyclooxygenases, CSCs = cancer stem cells, ECM = extracellular matrix, ER = endoplasmic reticulum,
IDO = 2,3-dioxygenase, NSAIDs = non-steroidal anti-inflammatory drugs, Oxphos = oxidative phosphorylation process, PGE2 =
prostaglandin E2, PGI2 = prostaglandin I2, ROS = reactive oxygen species, UPR = unfolded protein response.

Keywords: autophagy, cancer stem cells, celecoxib, cyclooxygenase-2, endoplasmic reticulum stress, prostaglandin E2, reactive
oxygen species, tumor
1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) target the
inhibition of cyclooxygenases (COXs) to achieve analgesic,
antipyretic and anti-inflammatory effects. COX consists of 2
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isoforms, COX-1 and COX-2, and COX-1 mainly to maintain
homeostasis, COX-2 functions under the stress of inflammatory
factors and pain.[1,2]

COX can catalyze the synthesis of thromboxane, prostacyclin,
and prostaglandin (PG) from arachidonic acid. Prostaglandins
include prostaglandin D2, prostaglandin I2 (PGI2), prostaglandin
E2 (PGE2), and prostaglandin F2 receptor a, of which PGE2 and
PGI2 are important inflammatory factors that regulate the body’s
pain stress, immune and inflammatory response.[3] NSAIDs
achieve anti-inflammatory effects by inhibiting the activity of the
inflammatory factor COX-2 and the synthesis of PGE2.
Numerous studies have confirmed that NSAIDs also have
chemopreventive effects on tumors.[4–6] For example, indometh-
acin can promote the apoptosis of colorectal cancer cells by
inhibiting the activity of peroxisome proliferator-activated
receptor d.[7] At the same time, many case-control studies have
shown that patients who take NSAIDs for a long time have a
significantly lower incidence of colorectal cancer and breast
cancer.[8,9]

The first generation of NSAIDs showed different degrees of
side effects (including gastrointestinal reactions, nephrotoxicity,
cardiovascular diseases, central nervous system diseases, and
platelet-related diseases).[10] COX-2 produced drug resistance by
upregulating the transport protein, reducing the concentration of
intracellular drugs.[11] The second-generation selective COX-2
inhibitor celecoxib appears in such an environment. Celecoxib is
one of the commonly used NSAIDs in the clinic, mainly for the
treatment of inflammatory diseases such as osteoarthritis,
rheumatoid arthritis, and inflammatory musculoskeletal.[12,13]
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Celecoxib
Figure 1. Chemical formula of celecoxib.
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Celecoxib is a 1,5-diaryl substituted pyrazole compound (Fig. 1),
chemically named 4- [5- (4-methylphenyl) -3- (trifluoromethyl)-
1H- Pyrazolyl-1-yl], which plays a role by selectively inhibiting
COX-2.[14] Compared with other NSAIDs, celecoxib shows
lower toxicity side effects (such as the most common gastroin-
testinal bleeding and gastric ulcer).[15] Early studies have shown
that celecoxib can effectively reduce the incidence of colorectal
cancer, especially inhibiting the development of familial
adenomatous polyposis to colorectal cancer.[16] So far, celecoxib
has been used in various cancer chemoprevention research,
including non-small cell lung cancer (NSCLC), breast cancer,
Table 1

In vivo and in vitro studies of celecoxib intervention in tumors throug

Author, yr Tumor/cancer Pathway/target

Xiao Zhang, 2019 OC COX-2/PGE2/NF-kB
Vivek Sharma, 2011 GBM COX-2

Chao-Lin Huang, 2017 Breast CSCs PGE2, Wnt

Sebastien Arico, 2002 Colon cancer PDK1
Rui-Jun Liu, 2018 Lung cancer JNK/Sp1, Sp1

Jing Leng, 2003 HCC COX-2, Akt
Ji Xu, 2019 GC COX-2/MMP 9
Yang Tai, 2019 HCC COX-2/PGE2-EP2-p-Akt/p-ERK

Kern MA, 2006 HCC CD95, TNF-a, TRAIL-R1/R2, M
Hisato Yoshida, 2019 OSCC COX-2

Shan BZ, 2019 TA FAK, CX43
Yu Zheng, 2019 Cancer cells PGE2/Nur77+RXR/ Prolactin

Daisy Sproviero, 2012 Breast cancer ST3Gal-1
Dingzhi Wang, 2015 CRC PGE2

Abousree Taha
Ellethy, 2019

Ehrlich ascites cancer VEGF

Rhys Pritchard, 2018 Metastatic melanoma or
Breast cancer cells

ROS

Lei Luo, 2019 RCC COX-2/PGE2

Issei Egashira, 2017 Intestinal Cancer Wnt/b-catenin
Yan-Hong Deng, 2013 Colon Cancer Wnt
Xiao-Qiang Liu, 2019 BC miRNA-145/TGFBR2/Smad3
Hui-Jun Dai, 2019 HCC PNO1
Juan-Juan Xiao, 2019 NSCLC COX2/MET/TOPK

BC=bladder cancer, CRC= colorectal cancer, CSCs= cancer stem cells, GBM=glioblastoma multiform
ovarian cancer, OSCC= oral squamous cell carcinoma, PDAC=pancreatic ductal adenocarcinoma, RCC
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hepatic carcinoma, prostate cancer, colorectal cancer, bladder
cancer, head, and neck cancer, esophageal cancer, cervical
cancer, non-Melanoma, and other cancers (Table 1).
There are 2 isozymes in COX, COX-1 is generally expressed in

many parts, COX-2 is rapidly stimulated and expressed by
mitogens, growth factors, and cytokines.[17] After being
stimulated, COX-2 expresses and promotes the synthesis of
prostaglandins, thromboxane, prostacyclin, and leukotriene,
which can lead to inflammation, even malignant proliferation,
and tumor formation.[18] COX-2 not only regulates inflamma-
tion and pain stress response but also regulates mitosis, cell
differentiation, and angiogenesis, as well as inhibits apoptosis
and changes cell adhesion. Under steady-state, its expression and
activity are low. It is stimulated by growth factors, cytokines,
tumor promoters, and hormones to increase the activity and
expression of COX-2 and promote the synthesis of PGE2.

[19]

PGE2 plays a key role in the process of tumorigenesis by
maintaining inflammatory state and promoting cell proliferation,
angiogenesis, and metastasis.[20] Studies have confirmed that the
expression of COX-2 in cancer cells is significantly increased,
which promotes the increase of prostacyclin and prostaglandin
synthesis and promotes the proliferation of tumor cells.[21] PGE2

synthesis requires 2 key enzymes, microsomal prostaglandin E
h different mechanisms.

Outcomes Refer

Inhibit cancer cell proliferation and invasion 24
Decrease the ability of cancer cells to self-renew and promote
glioma stem cell apoptosis

27

Inhibits CSC self-renewal and EMT eliminates cancer cells
chemical resistance and reduces metastasis and
tumorigenesis

28

Inducing cancer cell apoptosis 40
Enhance radiosensitivity and inhibit cancer cell migration and
invasion

41

Inducing cancer cell apoptosis 43
Inhibits cancer cell invasion and angiogenesis 45
Inhibit liver cancer cell proliferation, migration, and invasion, and
promote cancer cell apoptosis

50

cl-1 Inducing apoptosis of liver cancer cells 51
Inhibit cancer cell growth and increase apoptosis in vitro and in
vivo

53

Inhibit the growth of tongue cancer 54
Eliminates prolactin secretion from fibroblasts and reduces
tumorigenesis

57

Inhibition of sialyltransferase activity to inhibit tumor growth 61
Inhibits the number of polyps in mice, and suppresses liver
metastasis in colorectal cancer

64

Anti-oxidant and anti-angiogenic activity exerts anti-tumor
activity

70

Promotes death of ROS-dependent murine and human
metastatic cancer cells via an apoptotic signaling pathway

82

Inhibition of COX-2/PGE2 and stem cells to eliminate the
resistance of cancer cells to sunitinib

91

Inhibit colon cancer growth 92
Down-regulating stem marker CD133 inhibits colon cancer cells 96
Inhibition of BC cell proliferation, migration, invasion, and EMT 113
Inhibiting the growth and metastasis of liver cancer 114
Promoting the apoptosis of drug-resistant NSCLC cells 125

e, GC=gastric cancer, HCC=hepatocellular carcinoma, NSCLC=non-small cell lung cancer, OC=
= renal cell carcinoma, TA= tongue cancer, VEGF= vascular endothelial growth factors.
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synthetase-1 and COX-2.[22] All 3 substances can promote the
growth of tumor cells. It was found that microsomal prostaglan-
din E synthetase-1 can directly promote the proliferation of
human hepatoma cells, increase the expression of b-catenin and
early growth response 1, and promote the proliferation,
migration, and invasion of hepatoma cells through the synthesis
of PGE2 and the activation of b - catenin and early growth
response 1 signaling pathway.[23] Studies have found that in
ovarian cancer, COX-2 and its downstream gene PGE2 can
promote the expression of matrix metalloproteinase 2 and 9
(MMP 2 and MMP 9) and regulate the metastasis of ovarian
cancer cells.[24] The overexpression of MMP will destroy the
structure of the extracellular matrix (ECM) and basement
membrane, promote the invasion and metastasis of cancer
cells.[25] Besides, COX-2 activates the PGE2 signal, which is
involved in the regulation of inflammation and cancer. The
imbalance of the COX-2/PGE2 signal axis induces the activation
of mitogen-activated protein kinase and phosphatidylinositol 3-
kinase (PI3K)/Akt pathway, promotes the development of tumor
and induces the stimulation of COX-2 expression to form a loop
feedback effect.[17] At present, studies have confirmed that
celecoxib, a COX-2 inhibitor, can effectively reduce the risk of
several cancers (including breast cancer, colon cancer, prostate
cancer), and also has a therapeutic effect on neurodegenerative
diseases (Parkinson disease and Alzheimer disease).[14]

Cancer cells can proliferate and self-renew indefinitely. A few
cancer cells display the characteristics of stem cells and have the
stem cell-like ability to maintain tumor growth and metastasis,
similar to stem cells, called cancer stem cells (CSCs) or tumor-
initiating cells.[26] CSCs not only have the ability to self-renew
and differentiate, which enhance the heterogeneity of tumor cells
but also play an anti-radiation effect by potentially activating the
stress response of the DNA damage site and enhancing the DNA
repair ability, as well as being preserved during chemotherapy
treatment and continue to proliferate into drug-resistant stem cell
populations.[27] With more and more studies finding that
celecoxib can effectively inhibit the dry expression of tumors,
including breast cancer and liver cancer.[28,29] Also, celecoxib
also showed a combination of chemotherapeutic drugs cisplatin
and gefitinib, which enhanced the lethality of chemotherapeutic
drugs to cancer cells, while significantly reducing the multidrug
resistance response (Table 2). For example, celecoxib can
Table 2

Studies of celecoxib combined with chemotherapy and radiation to

Author, yr Tumor/cancer Pathway/target

Sipei Zhang, 2019 Breast cancer COX-2/ P-glycoprotein (P-gp) Incr
o

Xiao-Mian Lin, 2019 GC PGE2/EP4/MAPKs (ERK1/2, P38) Enh
c

Chi-Chun Wong, 2019 GC COX-2/PGE2 Inhi
Yi Han, 2019 Colon Cancer ROS Indu

h
Pan Zhang, 2019 NSCLC COX-2, Akt/mTOR Enh

c
Hsin-I Ma, 2011 Glioblastoma COX-2 Inhi

a
Qi Chen, 2019 PDAC COX2, IL-1b Inhi

t

BC=bladder cancer, CRC= colorectal cancer, CSCs=cancer stem cells, GBM=glioblastoma multiform
ovarian cancer, OSCC= oral squamous cell carcinoma, PDAC=pancreatic ductal adenocarcinoma, RCC
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significantly enhance the therapeutic effect of cisplatin on
drug-resistant gastric cancer cells by inhibiting the expression
of COX-2 and the anti-apoptotic gene BCL-2.[30]

In eukaryotic cells, autophagy degrades organelles, proteins,
and macromolecular substances in the cytoplasm through
lysosomes, and recycles the decomposition products to form a
dynamic equilibrium.[31] There are 3 types of autophagy:
microautophagy, macroautophagy, and chaperone-mediated
autophagy. Microautophagy is the use of lysosomal membrane
invasion or protrusion to capture targets, and chaperone-
mediated autophagy is the use of partners to identify target
protein of a specific sequence after the target protein stretches, it
directly transmembrane into the lysosome. Macroautophagy first
forms a double-membrane autophagosome, which contains the
target protein and then fuses with the lysosome to form
autophagy Lysosomes, while the target protein in the autopha-
gosome is transported to the lysosome is degraded and
recovered.[32–34] Autophagy clears misfolded or aggregated
proteins in the endoplasmic reticulum (ER), damaged organelles
(including ER, mitochondria, and peroxisomes), and pathogens
that enter the cell.[35] Autophagy has 2 sides to cancer. On the one
hand, it suppresses tumors through the elimination mechanism to
prevent oxidative stress and maintain genome stability, On the
other hand, it provides cancer cells with materials that can resist
nutritional deficiency and hypoxia to promote the development
of cancer cells.[36] LC3 and P62 are classic autophagy-related
markers. LC3, also known as autophagy-related protein 8,
includes LC3-I and LC3-II (LC3-I is cleaved into lipidated LC3-II
during the autophagosome maturation process), and when
autophagy induction occurs, the ratio of LC3-II/LC3-I protein
level increases.[37,38] P62, also known as SQSTM1, can bind to
LC3 and ubiquitinated proteins and degrade in autolyso-
somes.[39]

In the past, it was believed that celecoxib could intervene tumor
mainly by inhibiting the COX-2 pathway. As the study found, the
anticancer effect of celecoxib can also be caused by the COX-2
independent mechanism. For example, studies have shown that
celecoxib can promote cancer cell apoptosis by inhibiting the
signal pathway of 3-phosphoinositide-dependent kinase-1 and
downstream protein kinase B (Akt) in human colon cancer
cells.[40] In addition, the study on NSCLC shows that celecoxib
enhances the sensitivity of cancer cells to radiation therapy and
suppress tumors.

Outcomes Combination Refer

ease the sensitivity of DOX cells and induce apoptosis
f cancer cells

Doxorubicin 11

ances the death of cisplatin-resistant gastric cancer
ells

Cisplatin 30

bit the growth of gastric cancer in vivo and in vitro Decitabine 62
ces severe oxidative stress, mitochondrial redox
omeostasis, and promotes cancer cell apoptosis

Auranofin 86

ance the effect of radiation therapy and induce cancer
ell apoptosis

Radiotherapy 94

bits glioblastoma stem cells, eliminates drug resistance,
nd enhances radiation effects

Radiotherapy 104

bits EMT and metastasis of PDAC cells and enhances
he antitumor effect of gemcitabine

Gemcitabine 126

e, GC=gastric cancer, HCC=hepatocellular carcinoma, NSCLC=non-small cell lung cancer, OC=
= renal cell carcinoma, TA= tongue cancer, VEGF= vascular endothelial growth factors.
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inhibits cancer cell migration and invasion by inhibiting the
activity of C-Jun amino-terminal kinase and downregulating the
expression of specific protein 1.[41] Therefore, this review
describes the mechanism research of celecoxib on cancer
intervention through the COX-2 pathway, and also summarizes
the in vitro and in vivo research of COX-2 independent
mechanism, to explore how celecoxib can play a better role in
clinical anticancer treatment.
2. Celecoxib inhibits tumors through COX-2/PGE2

signaling axis

As a common inducible enzyme in inflammatory tissues, COX-2
is involved in the carcinogenic pathway of many tissues and
organs. The expression of COX-2 is high in various cancer tissues
(liver cancer, breast cancer, gastric cancer, esophageal cancer,
colon cancer, lung cancer, head, and neck squamous cell
carcinoma), the release of prostaglandins in tumor area is
increased, which can directly induce cell mitosis and cause
cancer.[42] On the one hand, high expression of COX-2 and PGE2

can promote the proliferation of cancer cells, and COX-2/PGE2

can induce Akt phosphorylation and inhibit cancer cell apoptosis.
On the other hand, PGE2 can promote the proliferation and
metastasis of cancer cells by activating b-catenin signal
pathway.[23,43,44] COX-2 is highly expressed in ovarian cancer,
which promotes the invasion ability of cancer cells by promoting
the phosphorylation of nuclear factor-k-gene binding (NF-kb),
up-regulating the expression of C-myc and phosphorylated
STAT, and increasing the expression of MMP 2 and MMP 9.[24]

COX-2/MMP 9 can mediate tumor-associated macrophages in
the tumor microenvironment of gastric cancer cells and promote
cancer cell invasion and metastasis.[45] Similarly, PGE2 can
activate NF-kb, MMP 2, and MMP 9, and promote the
phosphorylation of signal transducer and activator of transcrip-
tion to promote cancer cells proliferation, migration, invasion,
and distant angiogenesis.[46–48] In turn, NF-kb can regulate
COX-2/PGE2 tomediate themigration and invasion of malignant
breast cancer cells.[49] Precisely, celecoxib, a selective COX-2
inhibitor, can effectively inhibit the proliferation and metastasis
of cancer cells by inhibiting the COX-2/PGE2 signal axis and
influencing the downstream target genes or pathways.
Celecoxib, as a selective COX-2 inhibitor, should not only be

used for anti-inflammatory treatment, many potential pharma-
cological properties need to be taken seriously. Recent studies
have used celecoxib to act on liver cancer cells and found that
Celecoxib not only inhibits the growth of cancer cells by
inhibiting the proliferation of liver cancer cells, promoting
apoptosis and inducing the blockage of the G0/G1 cell cycle but
also inhibits the effects of COX-2/PGE2/PGE2 (EP2)/p-Akt/p-
ERK signaling pathway to up-regulate E-cadherin, which can
significantly inhibit the migration and invasion of liver cancer
cells.[50] Celecoxib promotes apoptosis in hepatocellular carci-
noma by inhibiting the expression of COX-2 to induce the
expression of CD95, tumor necrosis factor receptor, tumor
necrosis factor-related apoptosis-inducing ligand (TRAILR1)
and TRAIL-R2 death receptor.[51] Moreover, celecoxib inhibited
COX-2 to significantly down-regulate the expression of myeloid
leukemia-1, an anti-apoptotic member of the Bcl-2 family, release
Bax translocation to mitochondria and cytochrome C to induce
apoptosis of tumor cells.[51,52] In the study of squamous cell
carcinoma of head and neck, it was found that lipopolysaccharide
in Porphyromonas gingivalis (the main pathogen of periodonti-
4

tis) promotes the expression of COX-2 in oral squamous cell
carcinoma, while celecoxib can significantly inhibit the develop-
ment of tumor, and inhibit the transformation of G0/G1-S phase
and reduce the proliferation of tumor cells by increasing the
expression of p21.[53,54] Furthermore, celecoxib can promote T
cells to play a role in the tumor microenvironment through the
COX-2 pathway. Since 2,3-dioxygenase (IDO) can decompose L-
tryptophan into L-kynurenine, a large amount of IDO decom-
position of tryptophan in the tumor microenvironment will cause
immune T lymphocytes to not effectively recognize tumor cells,
and even accelerate T lymphocyte apoptosis.[55] In breast cancer
experiments, it was found that the inhibition of COX-2 with
celecoxib could significantly reduce the level of IDO in breast
cancer, and the regulation of downstream PGE2 of COX-2 can
also inhibit the process of tryptophan consumption by IDO.[56] In
addition, the association of tumors with ECMplays an important
role in the early stages of metastasis. Some studies have found
that COX-2-expressing cancer cells induce the expression of
orphan nuclear receptor NR4A (Nur77) in ECM fibroblasts
through PGE2, NR4A combines with retinoic acid X receptor to
form a dimer and binds to the prolactin promoter, and prolactin
stimulates the metastasis signal in tumor cells, and prolactin
receptor promotes the proliferation of metastatic cancer cells,
while celecoxib can directly inhibit COX-2/PGE2 and then
inhibit the metastasis and proliferation of cancer cells.[57]

Most proteins expressed or secreted on the plasma membrane
carry polysaccharides, and the structure and function of
glycoproteins are changed by glycosylation, where abnormal
glycosylation is one of the early events of cancer.[58] Glycosyla-
tion is involved in the regulation of cell adhesion, cell-matrix
interaction and cell metastasis mediated by transmembrane
protein receptor integrin.[59] Cancer cells use the integrin family
to bind molecules in ECM to help with metastasis.[60] COX-2/
PGE2 can regulate glycosylation and promote the development of
cancer. Studies on breast cancer cells found that PGE2 produced
by COX-2 pathway can induce the increase of mRNA expression
ofa-2,3 sialyltransferase-3, and a-2,3 sialyltransferase-3 is highly
expressed in tumors, especially in bladder cancer, colon cancer,
and breast cancer, which leads to the increase of truncated
sialidase expression and then promotes the development of
cancer.[61] At the same time, studies have also shown that
celecoxib can effectively reverse the effect of the COX-2 pathway
on sialylation.[61] Aberrant methylation of promoter DNA is not
only one of the early events of cancer, but also occurs throughout
cancer. Studies have found that COX-2/PGE2 signaling axis can
induce 5-methylcytosine and enhance the methylation of O-6-
methylguanine-DNA and methyltransferase promoters in gastric
cancer, while celecoxib can significantly inhibit the process of
DNA methylation.[62]

At present, clinical cancer treatment mainly depends on the
surgery and postoperative radiotherapy and chemotherapy. On
the one hand, chemotherapy drugs (such as cisplatin and
doxorubicin) can cause cancer cell death through different drug
mechanisms, on the other hand, they can up-regulate the COX-2/
PGE2 signal axis to activate CSCs in the tumor microenviron-
ment, and the synthesized PGE2 mediates multidrug resistance of
cancer cells by enhancing the expression of P-glycoprotein.[63,64]

Therefore, the drug rationality of celecoxib can fully exert the
inhibitory effect of the COX-2/PGE2 signal axis, and the
combination of celecoxib and chemotherapy drugs can not only
effectively promote the sensitivity of chemotherapy drugs, but
also prevent the emergence of chemotherapy resistance. Recently,



Wen et al. Medicine (2020) 99:40 www.md-journal.com
it has been reported that celecoxib combined with chemotherapy
has obvious advantages in targeting anticancer therapy.[65]
3. Celecoxib promotes cancer cell death through
mitochondrial apoptosis mechanism

The energy metabolism of mitochondria is mainly composed of
the Tricarboxylic acid cycle and electron transport chain, and
Aconitic acid hydratase (ACO2), which contains iron-sulfur
cluster, is sensitive to the change of reactive oxygen species
(ROS).[66] ROS is an active oxygenate, including superoxide,
hydroxyl radical, and non-radical molecules.[67] ROS can
regulate hypoxia-inducible factor-1 a and effectively regulate
the mRNA of related proteins such as glycolysis, erythropoiesis,
cell proliferation, and angiogenesis.[68,69] In the normal state,
oxidants and antioxidants can maintain a dynamic balance,
which can maintain the redox balance in cells by removing the
active substances that cause oxidative stress and cell damage, and
high concentration of ROS leads to the destruction of balance and
cell structure.[70] Normal cells use reduced glutathione, catalase,
superoxide dismutase, acetaldehyde, and other substances to
form a strong antioxidant defense and resist high concentration
ROS.[71,72] In cancer cells, the content of ROS is significantly
higher than that in normal cells, because the proliferation of
cancer cells requires more ATP. The side effect of this continuous
energy production is the accumulation of ROS, and the
antioxidant system in the cancer cells is maintained at a high
level to ensure that the content of ROS does not exceed the
threshold that the cancer cells can tolerate, and because of the
high expression of ROS scavenging system, it shows a low level of
ROS in cancer stem cells.[73,74] Under the stimulation of hypoxia
and hypoglycemia, the synthesis of mitochondrial ATP was
significantly blocked, especially the oxidative phosphorylation
process (Oxphos), and inhibition of the respiratory chain leads to
a significant increase in ROS release, which can cause mutations
and promote cancer cell invasion and migration.[75,76] However,
the reduction of oxidative phosphorylation can induce autoph-
agy, and the cells can eliminate part of ER and reduce the quality
of mitochondria when cells receive electrons in the respiratory
chain, which can reduce the production of ROS in mitochondri-
al.[35] The supply of blood vessels and nutrients around cancer
cells is far less than the demand of rapidly proliferating cancer
cells, and the lack of local oxygen leads to the instability of tumor
blood vessels and accelerates angiogenesis and distant metasta-
sis.[77] The main way for cancer cells to obtain energy is
glycolysis, while the hypoxia environment will seriously damage
the process of oxidative phosphorylation, resulting in a large
amount of ROS released, which will destroy mtDNA, a subunit
encoding OXPHOS enzyme, and its mutation may enhance
tumor cell metastasis potential to promote tumor development,
forming a circular negative feedback effect.[78] Moreover,
hypoxia-inducible factor-2 a and its target genes Oct-4, c-myc,
and Nanog can increase the number of CSC in the hypoxia
environment, and they have stronger differentiation and
proliferation ability to adapt to various poor environments.[79,80]

Therefore, the high level of ROS in cancer cells may be the result
of the inhibition of oxidative phosphorylation, insufficient energy
supply, and increased ROS release stimulated by hypoxia and
starvation. However, the ROS expression level is higher than that
of normal cells, which will not affect the proliferation and
metastasis of cancer cells. It will still get more energy by
transferring to the vicinity of blood vessels or generating new
5

blood vessels. After using exogenous intervention, continuing to
release the ROS level will lead to cellular oxidative stress and cell
death.
Celecoxib is more likely to act as an uncoupling agent of

OXPHOS and respiratory chain inhibitor in the study of
mitochondria.[71,81,82] Celecoxib targets mitochondria and
promotes the release of ROS by significantly increased oxidative
stress. Some studies have confirmed that celecoxib can
significantly improve the synthesis of mitochondrial superoxide
in metastatic melanoma and breast cancer cells within a few
minutes, and lead to the decrease of cell consumption and
mitochondrial transmembrane potential (△ c m), increasing
mitochondrial membrane permeability to promote the release of
ROS, and a certain level of ROS can help the growth of cancer
cells, but the continuous increase beyond the threshold will
activation of the mitochondrial pathway for apoptosis or
programmed cell death.[82,83] Celecoxib can reduce the antioxi-
dant mechanism and promote the oxidation of mitochondria,
affect mitochondrial function, promote Ca2+ influx, produce a
higher pro-oxidation state, increase the accumulation of ROS in
cancer cell mitochondria, and the cancer cells are overloaded, and
by activating mitochondria excessive pore permeability, promot-
ing the formation of mitochondria excessive pore permeability
complex, activating the apoptotic pathway of cancer cells, and
leading to cancer cell death.[84,85] Also in colon cancer, celecoxib
causes an increase in cellular ROS release, leading to oxidation of
mitochondrial antioxidant enzymes (Trxs), hexokinase (HK),
cytochrome c oxidase II (Mtco2), and inhibits the glycolysis
process, ATP synthesis is significantly reduced, leading to cancer
cell death.[86]

In addition to cancer cells, celecoxib can also inhibit CSCs.
Low ROS level can protect CSCs from oxidative damage,
preserve the characteristics of cancer stem cells and proliferate in
a favorable environment, while celecoxib can effectively inhibit
CSCs by increasing the release of mitochondrial ROS and
inhibiting glycolysis.[87]
4. Celecoxib promotes tumor cell apoptosis by
enhancing endoplasmic reticulum stress

The proteins secreted by ER are folded and assembled through
various mechanisms. When the program is damaged, misfolded
and unfolded proteins appear. Some unfolded proteins will be
transferred to the cytoplasm, absorbed by autophagy lysosomes
and degraded, while the remaining unfolded and misfolded
proteins will accumulate in the ER and generate ER stress
response.[88] ER stress response is a process that loses
homeostasis, hinders normal cell function, and is a mechanism
by which cells respond to excessive unfolded proteins in the
ER.[89] Stimulation such as starvation, hypoxia, altered glycosyl-
ation, and oxidative stress all interfere with the protein folding
process, in which unfolded proteins (exogenous membrane
proteins or secreted proteins are overexpressed) are deposited in
the ER, causing ER stress response.[90] ER stress activates the
unfolded protein response (UPR), causing the activation of 3 UPR
sensors, including the Activating transcription factor 6, the
Inositol dependent enzyme 1a, and the PKR-like ER kinase,
through limits the accumulation of misfolded proteins, enhances
the function of eliminating unfolded proteins and increases the
ability of the ER to reduce the misfolded of proteins, and for
cancer cells, long-term UPR activation can induce cell death
mechanisms.[91,92] UPR can also induce macro-autophagy in
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tumor microenvironment macrophages, which is not a single
outcome. According to current research, mega-autophagy can
enhance cell survival in some experiments and promote apoptosis
in others.[93]

The early induction of apoptosis by celecoxib is through the
activation of the endoplasmic reticulum stress response.[94]

During ER stress, ER calcium is released, ROS increase, the
nuclear shift of NF-kb occurs, p38-mitogen-activated protein
kinase phosphorylation, activated NF-kb can regulate the
expression of COX-2, and promote proliferation in cancer
cells.[95] However, the release of calcium in the ER, the uptake of
Ca2+ by mitochondria, and the apoptosis of cells are regulated by
Bcl-2, which is located in mitochondria and endoplasmic
reticulum. There are 2 outcomes of Bcl-2. One is the loss of
anti-apoptosis after phosphorylation by JNK, and the inability to
bind pro-apoptotic molecules after phosphorylation, increase the
release of Ca2+ in ER, increase the uptake of Ca2+ by
mitochondria, and lead to cells apoptosis, the other is the
PI3K complex that aggregates into the autophagy pathway to
help cells survive.[33] It has been shown that COX-2 can regulate
ER stress and produce drug resistance in hepatocellular
carcinoma cells through p38/PI3K/Akt pathway, and celecoxib
can effectively block this pathway.[92] In addition, celecoxib can
inhibit the activity of ER calcium-ATP binding enzyme and
inactivate the protein kinase Akt, increase the binding of IL-12 to
calcium reticulum, and promote the apoptosis of cancer cells.[96]
5. Celecoxib inhibits tumor through Wnt pathway

COX-2 and prostaglandins induce tumor microenvironment
inflammation and activate various signaling pathways, including
Wnt/b-catenin signaling.[97,98] Early studies of celecoxib’s
prevention and impact on tumors focused on the COX-2
pathway.[99] However, recent studies using celecoxib and a
celecoxib analog (2,5-dimethyl celecoxib) that does not inhibit
COX-2 have shown that colon cancer can affect celecoxib
inhibition does not depend on the COX-2 pathway, the target
points to the Wnt signaling pathway.[100] Therefore, celecoxib
can inhibit the transduction of Wnt/b-catenin signaling pathway
through COX-2 dependent and non-dependent mechanisms and
has anti-cancer effects.[101]

As a stem cell regulator, PGE2 can promote stem cell function
and has no specific regulation on the steady-state maintenance of
normal stem cells and the proliferation of tumor stem cells. PGE2

can enhance the expansion of stem cells in the hematopoietic
system and tumor stem cells in colorectal tumors by up-regulating
the activity of the Wnt pathway.[64,102] Celecoxib can effectively
inhibit the characteristics of breast CSCs and tumorigenesis in
vivo by significantly inhibiting PGE2 to downregulate the Wnt
pathway.[28] Studies have confirmed that autocrine and paracrine
synthesis of PGE2 induces CSC formation by activating the Wnt
pathway and that celecoxib interferes with colorectal cancer by
down-regulating the expression of the CSC surface marker
CD133 through a COX-2 independent mechanism.[103] More-
over, celecoxib can enhance the sensitivity of glioblastoma to
radiotherapy by regulating the expression of CD133.[104]
6. Celecoxib inhibits cancer in other ways

In osteosarcoma, celecoxib induced the transformation of LC3-I
to LC3-II, which can induce autophagy of osteosarcoma in a
dose-dependent manner.[105] It is found that celecoxib can inhibit
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autophagy flux by inhibiting lysosomal function, increase the
level of autophagy-related proteins LC3-II and p62, and act as
autophagy inhibitor to induce apoptosis and necrosis of tumor
cells.[106,107] The accumulation of p62 was observed when
autophagy was inhibited, and the expression of p62 decreased
when autophagy occurred.[107] Meanwhile, some experimental
studies have confirmed that celecoxib can promote cancer cell
apoptosis by inhibiting the autophagy process of urothelial
cancer and colorectal cancer.[108,109]

Epithelial-mesenchymal transition (EMT) is a process of
adaptive changes in various tissues during embryonic develop-
ment, and epithelial cells and mesenchymal cells are transformed
into each other, and it is worth noting that EMT can enhance the
mobility and invasion of cancer cells and promote metastasis, and
EMT is also closely related to the production of CSCs.[110–112]

Recently, it has been found that celecoxib can inhibit the process
of EMT and hinders the metastasis of cancer cells in vivo by up-
regulating microRNA-145 and down-regulating the expression
of transforming growth factor-b receptor 2 and Smad family
member 3, and inhibits cancer cell metastasis in vivo.[113]

In addition, studies have confirmed that NOB1’s RNA-binding
gene chaperone –-PNO1 (mainly expressed in liver, lung, spleen,
and kidney) has increased expression in liver cancer and exerts
carcinogenesis through the AKT/mTOR pathway. In vivo and in
vitro experiments have found that celecoxib can effectively
inhibit PNO1 to exert an antitumor effect, reduce tumor growth,
and reduce lung metastasis.[114] It is also found in colorectal
cancer research that PNO1, as a ribosome assembly factor, can
activate the ribosomal protein- MDM2-p53 pathway to
significantly promote the proliferation of cancer cells, while
deletion or low expression can inhibit cell proliferation and
induce apoptosis to inhibit tumor growth in vivo.[115]
7. Side effects

Although celecoxib shows anti-cancer potential, it has been
found in current clinical studies that long-term use of celecoxib
can cause damage to vital organs.[116,117] Long-term use of
celecoxib significantly reduces the risk of recurrence and
transition to colorectal cancer in high-risk colorectal adenomas,
but long-term use increases the risk of hypertension among
participants who already have cardiovascular risk factors.[118]

This is due to celecoxib can reduce PGI2 synthesis, which affects
vasodilation and platelet activation, causing side effects of the
cardiovascular system.[119] Similarly, celecoxib can reduce the
synthesis of PGE2 and PGI2, while PGE2 is mainly involved in
the regulation of water and ion transport, PGI2 is involved in
the dynamic balance of renal vascular tension, glomerular
filtration rate, and renin release, and the synthesis of the 2
substances is affected, leading to side effects of the renal
system.[120] However, it is worth mentioning that celecoxib
shows fewer gastrointestinal adverse reactions than other
NSAIDs.[121,122]
8. Conclusions

Generally speaking, celecoxib is a routine clinical drug, which is
easy to obtain and low in price. It has good pharmacological
properties whether it inhibits the development and metastasis of
tumors through various mechanisms or it is combined with other
treatment methods to hinder the growth of the tumor. Celecoxib
inhibits the classic COX-2/PGE2 signal axis and affects some
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downstream pathways or mechanisms (such as Akt, NF-kb,
STAT3, MMP), and inhibits tumor proliferation and metastasis.
Furthermore, there is a close link between celecoxib’s enhance-
ment of mitochondrial oxidative stress and induction of the ER
stress program, while ROS has become the medium of 2 kinds of
organelles to activate the apoptosis program, Bcl-2 is also
involved in regulating the association between mitochondria and
the endoplasmic reticulum. The balance of oxidation and
antioxidation maintains the activity of tumor cells and CSCs,
while celecoxib promotes tumor cells apoptosis by breaking the
balance of oxidation and antioxidation. It also includes the
regulation of CSCs through the Wnt pathway to reduce the
production of drug-resistant cells, and inhibit the proliferation of
tumor cells. Although it has been observed in clinical trials that
long-term use can cause cardiovascular disease, the rational
arrangement of medication can avoid adverse reactions. The
most important thing is to find a clear mechanism and target,
and the final purpose is to synthesize more accurate drugs for
clinical use.
9. Discussion

For a long time, celecoxib, as a commonly used clinical drug,
mainly relieves the symptoms and signs of osteoarthritis,
rheumatoid arthritis, and other inflammatory diseases. With
the deepening and expansion of research, its hidden drug
potential has been gradually explored. For example, celecoxib
can change the cell membrane potential and permeability to
enhance the efficacy of antibiotics against Staphylococcus
aureus.[123] Celecoxib combined with gentamicin can reduce
NF-kb and COX-2 immune response and anti-apoptotic effects
to reduce the renal toxicity of gentamicin.[124] Celecoxib can
enhance the chemotherapy effect of gefitinib on NSCLC by
inhibiting COX-2/MET (hepatocyte growth factor receptor,
HGFR)/T-lymphokine-activated killer cell-originated protein
kinase (TOPK) signaling pathway.[125] Celecoxib can also be
combined with gemcitabine to increase the clinical effect of
pancreatic cancer treatment.[126] Not only that, but Celecoxib
can also treat refractory lymphoid malformations by inhibiting
the mechanism of COX-2/PGE2, and no adverse reactions were
observed during this period.[127] Celecoxib has shown the effect
of interventional treatment of tumors, whether it is used alone or
in combination with other interventional treatments. Of course,
we have also paid attention to some clinical experiments and
found that long-term use of celecoxib has shown good tumor
intervention effects, but also has adverse reactions.[118] Celecoxib
is an FDA approved drug with good advantages. Moreover, our
focus is not entirely on the celecoxib itself, but on the role of its
pharmacological mechanism in the process of tumor interven-
tion. Through in-depth exploration and study of more detailed
mechanisms and targets, it is our goal to find and even develop
more reasonable drugs. Ye et al. first used the NSAIDs sulindac to
interfere with colon cancer, and found its corresponding target
tRXRa (retinoic acid X receptor a was hydrolyzed by protein to
form a truncated RXR a in cancer cells), and identified a sulindac
analog k-80003, which enhanced the binding to tRXRa and
weakened the COX inhibitory activity.[128] The toxic and side
effects of celecoxib are closely related to the intake dose,
duration, frequency of medication, and the high-risk factors for
the patient’s disease. Avoiding these factors can help us better use
celecoxib. Moreover, there have been many recent studies on the
development of celecoxib drug-related derivatives or combina-
7

tions to help better target therapy and reduce drug side
effects.[129]
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