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ABSTRACT

Colorectal cancer (CRC) is the third most common cancer and the second
leading cause of cancer-related deaths in the United States. Furthermore, it is well
established that obese individuals have high risks of developing CRC, and obesity-
associated CRC represents an unmet medical problem in the United States. Using
a metabolomics approach, our recent research supports that the cytochrome P450
(CYP) monooxygenase/soluble epoxide hydrolase (sEH)-mediated eicosanoid
pathway could play critical roles in the pathogenesis of CRC and obesity-associated
CRC. Here in this review, we discuss recent studies about the roles of the CYP/sEH
eicosanoid pathway in the pathogenesis of these diseases.

INTRODUCTION

In the United States, there are ~130,000 new cases
and ~50,000 deaths caused by colorectal cancer (CRC)
every year, making CRC a serious health problem [1].
It is important to identify novel therapeutic targets of
CRC in order to develop safe and effective approaches
for prevention and/or treatment. Eicosanoids, which
are metabolites of polyunsaturated fatty acids (PUFAs)
produced by cyclooxygenase (COX), lipoxygenase
(LOX), and cytochrome P450 (CYP) enzymes, are
endogenous lipid signaling molecules involved in the
regulation of inflammation and hemostasis [2]. Substantial
studies have shown that the COX and LOX pathways play
critical roles in the pathogenesis of CRC, and these two
pathways have been targeted for therapeutics of CRC
[3, 4]. Notably, human clinical trials support that COX
inhibitors, including non-steroidal anti-inflammatory drugs
(NSAIDs) and COX-2 selective inhibitors (coxibs), are
among the most effective agents to reduce risk for CRC [5,
6]. In fact, the FDA has approved celecoxib (Celebrex®,
a coxib) to prevent precancerous colorectal polyps.
However, long-term high-dose use of NSAIDs or coxibs
can cause life-threatening adverse effects, jeopardizing
their clinical applications [7]. To date, the roles of the
CYP pathway (the third branch of the eicosanoid signaling

pathway) in the pathogenesis of CRC are largely unknown
[2].

Roles of the CYP monooxygenase pathway in
CRC

The metabolism of PUFAs by CYP monooxygenases
(largely the CYP2C and CYP2J isoforms) leads to the
formation of epoxygenated fatty acids (EpFAs) [8, 9].
EpFAs, notably epoxyeicosatrienoic acids (EETs) derived
from arachidonic acid (ARA, 20:4w-6), are important lipid
signaling molecules involved in the regulation of many
important biological processes such as inflammation and
vascular tone [2]. EpFAs are metabolically unstable and
have a half-life of several seconds in vivo, mainly because
they can be rapidly degraded by soluble epoxide hydrolase
(sEH) [2]. Currently, pharmacological inhibitors of sEH,
which stabilize EpFAs in vivo, are being evaluated in
multiple human clinical trials [10, 11].

Our recent research supports that the CYP
monooxygenase pathway could play an important role in
regulating the development of CRC [12]. First, we found
that the CYP monooxygenase pathway was upregulated
in CRC. Notably, the concentrations of EpFAs were
significantly increased in both the plasma and colons of
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azoxymethane (AOM)/dextran sodium sulfate (DSS)-
induced CRC mice compared with control healthy mice.
Furthermore, the expressions of CYP monooxygenases
were increased in the colon tissues of AOM/DSS-induced
CRC mice, as well as human CRC cells. Second, we
found that CYP monooxygenases contributed to colon
tumorigenesis, since pharmacological inhibition or genetic
ablation of CYP monooxygenases suppressed AOM/DSS-
induced colon tumorigenesis in mice. Third, we discovered
that the pro-CRC effects of CYP monooxygenases were,
at least in part, mediated by epoxyoctadecenoic acids
(EpOME?s), which are metabolites of linoleic acid (LA,
18:2m-6) produced by CYP monooxygenases. Indeed, we
found that treatment with EpOMEs, at nM concentrations,
increased inflammation in RAW 264.7 mouse macrophage
cells and HCT-116 human colon cancer cells. In addition,
continuous infusion with low-dose EpOMEs exaggerated
AOM/DSS-induced colon tumorigenesis in mice. Our
results are largely in agreement with previous research,
which showed that CYP monooxygenases promoted
tumor growth and metastasis of other types of cancers in
xenograft tumor models [13-16]. Together, these results
support that the CYP/EpOME axis could contribute to the
pathogenesis of CRC.

Our results support that CYP monooxygenases could
be potential therapeutic targets of CRC, since we showed
that the inhibition or deletion of CYP monooxygenases
suppresses colon tumorigenesis in mice [12]. Recent
research supports that some CYP enzymes, notably
CYPI1BI, are overexpressed in tumor cells and could be
promising therapeutic targets for cancer treatment [17].
Pharmacological inhibitors or gene therapy targeting CYP
enzymes are being evaluated as anti-cancer therapeutics
[18]. Based on our study, it is feasible to also target
CYP2C and CYP2J monooxygenases for CRC prevention
and/or treatment. Some previous studies have screened
libraries of FDA-approved drugs and found that some
of these compounds, such as telmisartan (Micardis®, an
anti-hypertensive drug) and gemfibrozil (Lopid®, a lipid-
lowering drug), are potent inhibitors of the CYP2C/2]J
enzymes [19, 20, 21]. Results from these studies suggest
that telmisartan and gemfibrozil, as well as other FDA-
approved drugs, could be repurposed as therapeutics for
CRC. It would be important to test whether these CYP
inhibitors could inhibit CRC in pre-clinical models,
thus facilitating potential clinical trials to test whether
these FDA-approved drugs could be repurposed for
preventing and/or treating CRC. However, we should
note that a complete inhibition of these enzymes might
cause adverse effects, since many CYP monooxygenases
play critical roles in some critical biological actions [8].
Indeed, our study showed that compared with wild-type
(Cyp2c¢™™) mice, heterozygous (Cyp2c¢*-) mice showed no
observable adverse phenotypes at basal conditions and
also reduced development of AOM/DSS-induced colon
tumorigenesis; however, the homozygous (Cyp2¢™) mice

showed severe liver inflammation at basal conditions
(without AOM/DSS treatment) and quickly died upon
AOM/DSS stimulation [12]. These findings suggest that
complete inhibition of CYP monooxygenase could disrupt
some critical biological processes, which remain to be
elucidated, resulting in adverse effects. However, these
adverse effects could be mitigated by adjusting the doses
of CYP monooxygenase inhibitors in cancer therapy, or
developing highly selective inhibitors targeting specific
CYP monooxygenase isoform(s).

Our finding supports EpOMEs, which are LA
metabolites produced by CYP monooxygenases, as
important endogenous regulators of CRC [12]. We found
that treatment with EpOMEs, at low doses, induces
inflammation in vitro and exaggerates colon tumorigenesis
in vivo [12]. Our findings are largely in agreement with
previous studies, which showed that EpOMEs have a
series of detrimental effects, such as inducing chemotaxis,
inflammation, cardiovascular diseases, and pulmonary
injury [22-27]. In human studies, EpPOMEs are associated
with multiple organ failure and adult respiratory distress
syndrome in severe burn patients, and are termed
“leukotoxins” [23, 25, 28]. EpOMEs could be further
metabolized by sEH to form the corresponding fatty
acid diols dihydroxyoctadecenoic acids (DiHOMEs) [2].
Similar to EpOMEs, DiHOMEs have also been shown to
induce chemotaxis, tissue injury, and cause mortality in
animal models [28, 29]. Together, these results show that
EpOMEs, as well as their downstream metabolites, could
contribute to the pathogenesis of many human disorders,
including CRC.

A better understanding of the molecular mechanisms
of EpOMEs could help to develop novel strategies
for CRC treatment. Many eicosanoids, such as COX-
produced prostaglandin E, (PGE,) and LOX-produced
leukotriene B, (LTB,), act by binding to G-protein coupled
receptors (GPCRs) [30]. Emerging research supports that
CYP monooxygenase metabolites, notably EETs, also
act via receptor-dependent mechanisms. Recent studies
have shown that EETs bind to cell membrane-bound
proteins in a high-affinity, specific, and saturable manner,
supporting the presence of potential receptor(s). Using
a synthetic photo-affinity probe, Chen ef al. suggested a
potential high-affinity EET binding protein in U937 cells
and vascular cells [31]. In addition, Ding ef al. showed
that downregulation of G-proteins abolished the biological
action of EET in vitro, supporting that the bioactivity of
EET is GPCR-dependent [32]. Further in vitro cell studies
by Park et al. showed that the increase of MAP kinase
(MAPK)-mediated ERK phosphorylation by 11,12-EET
were inhibited by using a specific GPR40 antagonist
or siRNA-mediated GPR40 silencing, indicating that
GPR40 was a low-affinity EET receptor in vascular cells
and arteries [33]. Together, these results support that
similarly to other eicosanoids, the CYP monooxygenase
metabolites could also exert their biological actions via
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binding to specific cellular targets or receptors. To date,
the specific receptors or direct cellular targets of EpOMEs
are unknown, hampering our understanding of the
molecular mechanisms of EpOME:s. It would be important
to elucidate the direct cellular targets or receptors of
EpOMEs, since the identified proteins could serve as
novel therapeutic targets of CRC, and potentially other
human disorders.

Based on the potent and broad-spectrum adverse
effects of EpOMESs, antagonists of EpOMEs could be
developed and used as novel therapeutics. Previous
research supports that it is feasible to develop antagonists
of CYP monooxygenase metabolites, though their
receptors remain unknown. Gauthier et al. designed and
developed 14,15-epoxyeicosa-5-enoic acid (14,15-EEZE)
as a potential antagonist of 14,15-EET [34]. These two
compounds have been shown to exert opposite actions:
Panigrahy et al. showed that 14,15-EET enhanced tumor
growth and metastasis in mice, while 14,15-EEZE
inhibited tumor growth and increased mouse survival [14].
In addition, recent research showed that it is also feasible
to develop synthetic mimics of CYP monooxygenase
metabolites as novel therapeutics. Previous research
showed that 17,18-epoxyeicosatetraenoic acid (17,18-
EEQ), an ecicosapentacnoic acid (EPA, 20:50-3)
metabolite produced by CYP monooxygenases, has potent
cardioprotective effects [35], and metabolically stable
EEQ analogs were developed as potential treatments of
cardiovascular and inflammatory diseases [36]. Together,
these findings support that CYP monooxygenase
metabolites, including EpOMEs, are important structural
targets to develop stable antagonists or mimics as novel
therapeutics.

Roles of the CYP eicosanoid pathway in obesity-
associated CRC

More than one-third of adults in the United States
(~78.6 million) are obese [37], and obese individuals have
a 30-60% higher risk of developing CRC compared with
non-obese individuals [38, 39]. Considering the obesity
epidemic and potential lethal consequence of CRC,
obesity-associated CRC is a serious health problem in the
United States. However, the mechanism by which obesity
increases the risk for CRC is not well understood, and
there are few strategies for preventing obesity-associated
CRC [40].

Using liquid chromatography-tandem mass
spectrometry (LC-MS/MS)-based metabolomics, our
recent research identified sEH, a downstream enzyme
involved in the CYP monooxygenase eicosanoid pathway
[2], as a novel therapeutic target of obesity-induced
colonic inflammation [41]. We found that sEH and its
metabolic products (fatty acid diols) are overexpressed
in the colon of obese mice. In addition, pharmacological
inhibition or genetic ablation of sEH abolishes obesity-

induced colonic inflammation (cytokine expression and
immune cell infiltration into the colon) and the activation
of pro-tumorigenic Wnt signaling (phosphorylation
of GSK3p and expression of Axin2 in the colon) [41].
Together, these results demonstrate that sEH is required
for obesity-induced colonic inflammation and activation
of Wnt signaling, which are early events involved in
the carcinogenesis of CRC and play critical roles in
the initiation and promotion of CRC [42, 43]. These
findings support that SEH could be a novel therapeutic
target of obesity-associated CRC; sEH inhibitors, which
are currently being evaluated in clinical trials targeting
other disorders [10, 11], could be promising agents for
preventing obesity-associated CRC.

Conclusion

CRC is the third most common cancer, the second
leading cause of cancer-related deaths in the United
States, and a serious health problem in the United States.
Furthermore, it is well established that obese individuals
are at high-risk of developing CRC [38, 39], and obesity-
associated CRC represents an unmet medical problem in
the United States. Our recent research supports that CYP
monooxygenases could be novel therapeutic targets of
CRC [12], and sEH, a down-stream enzyme in the CYP
eicosanoid pathway, could be a potential target of obesity-
associated CRC [41]. A better understanding of the roles
of CYP/sEH pathway in these diseases could help to
develop novel strategies for prevention and/or treatment.
Notably, it is of critical importance to test whether it is
feasible to target SEH for preventing or treating obesity-
associated CRC, since the pharmacological inhibitors
of sEH are currently being evaluated in multiple human
clinical trials targeting other human disorders [10, 117, and
these drugs could be repurposed for preventing or treating
obesity-associated CRC.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

ACKNOWLEDGEMENT

This work was supported by USDA NIFA grants
2016-67017-24423 and 2019-67017-29248, and NIH/NCI
R03 CA218520 (to G.Z.).

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016.
CA Cancer J Clin. 2016; 66:7-30. https://doi.org/10.3322/
caac.21332. [PMID:26742998]

2. Zhang G, Kodani S, Hammock BD. Stabilized
epoxygenated fatty acids regulate inflammation, pain,

www.impactjournals.com/oncoscience

373

Oncoscience


https://doi.org/10.3322/caac.21332
https://doi.org/10.3322/caac.21332
https://www.ncbi.nlm.nih.gov/pubmed/26742998

10.

11.

13.

angiogenesis and cancer. Prog Lipid Res. 2014; 53:108—
23. https://doi.org/10.1016/j.plipres.2013.11.003.
[PMID:24345640]

Wang D, Dubois RN. Eicosanoids and cancer. Nat Rev
Cancer. 2010; 10:181-93._https://doi.org/10.1038/nrc2809.
[PMID:20168319]

Cathcart MC, Lysaght J, Pidgeon GP. Eicosanoid signalling
pathways in the development and progression of colorectal
cancer: novel approaches for prevention/intervention.
Cancer Metastasis Rev. 2011; 30:363-85. https://doi.
org/10.1007/s10555-011-9324-x. [PMID:22134655]

Hawk ET, Levin B. Colorectal cancer prevention. J
Clin Oncol. 2005; 23:378-91. https://doi.org/10.1200/
JCO.2005.08.097. [PMID:15637400]

Bertagnolli MM, Eagle CJ, Zauber AG, Redston M,
Solomon SD, Kim K, Tang J, Rosenstein RB, Wittes
J, Corle D, Hess TM, Woloj GM, Boisserie F, et al, and
APC Study Investigators. Celecoxib for the prevention

of sporadic colorectal adenomas. N Engl J Med. 2006;
355:873-84. https://doi.org/10.1056/NEJMoa061355.
[PMID:16943400]

Fitzgerald GA. Coxibs and cardiovascular disease. N
Engl J Med. 2004; 351:1709—11. https://doi.org/10.1056/
NEJMp048288. [PMID:15470192]

Zeldin DC. Epoxygenase pathways of arachidonic acid
metabolism. J Biol Chem. 2001; 276:36059—62. https://doi.
org/10.1074/jbc.R100030200 PMID: 11451964

Nebert DW, Russell DW. Clinical importance of the
cytochromes P450. Lancet. 2002; 360:1155-62. https://doi.
org/10.1016/S0140-6736(02)11203-7. [PMID:12387968]

McReynolds, C., Schmidt, W.K., Wagner, K. & Hammock,
B.D. Advancing Soluble Epoxide Hydrolase Inhibitors
Through the Valley of Death into Phase 1 Clinical Trials
for Treating Painful Diabetic Neuropathy by Utilizing
University Partnerships, Collaborations, and NIH Support.
The FASEB Journal 30, 1272.1276 (2016).

Lazaar AL, Yang L, Boardley RL, Goyal NS, Robertson J,
Baldwin SJ, Newby DE, Wilkinson IB, Tal-Singer R, Mayer
RJ, Cheriyan J. Pharmacokinetics, pharmacodynamics
and adverse event profile of GSK2256294, a novel
soluble epoxide hydrolase inhibitor. Br J Clin Pharmacol.
2016;  81:971-79.  https://doi.org/10.1111/bcp.12855
PMID:26620151

Wang W, Yang J, Edin ML, Wang Y, Luo Y, Wan D, Yang
H, Song CQ, Xue W, Sanidad KZ, Song M, Bisbee HA,
Bradbury JA, et al. Targeted metabolomics identifies the

cytochrome P450 monooxygenase eicosanoid pathway as
a novel therapeutic target of colon tumorigenesis. Cancer
Res. 2019; 79:1822-30. https://doi.org/10.1158/0008-5472.
CAN-18-3221. [PMID:30803995]

Jiang JG, Ning YG, Chen C, Ma D, Liu ZJ, Yang S, Zhou
J, Xiao X, Zhang XA, Edin ML, Card JW, Wang J, Zeldin
DC, Wang DW. Cytochrome p450 epoxygenase promotes
human cancer metastasis. Cancer Res. 2007; 67:6665—

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

74. https://doi.org/10.1158/0008-5472.CAN-06-3643.
[PMID:17638876]

Panigrahy D, Edin ML, Lee CR, Huang S, Bielenberg
DR, Butterfield CE, Barnés CM, Mammoto A, Mammoto
T, Luria A, Benny O, Chaponis DM, Dudley AC, et
al. Epoxyeicosanoids stimulate multiorgan metastasis

and tumor dormancy escape in mice. J Clin Invest.
2012; 122:178-91. https:/doi.org/10.1172/JCI58128.
[PMID:22182838]

Pozzi A, Popescu V, Yang S, Mei S, Shi M, Puolitaival
SM, Caprioli RM, Capdevila JH. The anti-tumorigenic
properties of peroxisomal proliferator-activated receptor

o are arachidonic acid epoxygenase-mediated. J Biol
Chem. 2010; 285:12840-50. https://doi.org/10.1074/jbc.
M109.081554. [PMID:20178979]

Jiang JG, Chen CL, Card JW, Yang S, Chen JX, Fu XN,
Ning YG, Xiao X, Zeldin DC, Wang DW. Cytochrome P450
2J2 promotes the neoplastic phenotype of carcinoma cells

and is up-regulated in human tumors. Cancer Res. 2005;
65:4707-15. https://doi.org/10.1158/0008-5472.CAN-04-
4173. [PMID:15930289]

McFadyen MC, Murray GI. Cytochrome P450 1B1: a
novel anticancer therapeutic target. Future Oncol. 2005;
1:259-63. https://doi.org/10.1517/14796694.1.2.259.
[PMID:16555997]

McFadyen MC, Melvin WT, Murray GI. Cytochrome P450
enzymes: novel options for cancer therapeutics. Mol Cancer
Ther. 2004; 3:363-71. [PMID:15026557]

Sisignano M, Angioni C, Park CK, Meyer Dos Santos
S, Jordan H, Kuzikov M, Liu D, Zinn S, Hohman SW,
Schreiber Y, Zimmer B, Schmidt M, Lu R, et al. Targeting
CYP2]J to reduce paclitaxel-induced peripheral neuropathic
pain. Proc Natl Acad Sci USA. 2016; 113:12544-49. https:/
doi.org/10.1073/pnas.1613246113. [PMID:27791151]

Wang JS, Neuvonen M, Wen X, Backman JT, Neuvonen
PJ. Gemfibrozil inhibits CYP2C8-mediated cerivastatin
metabolism in human liver microsomes. Drug Metab
Dispos. 2002; 30:1352-56. https://doi.org/10.1124/
dmd.30.12.1352. [PMID:12433802]

Veith H, Southall N, Huang R, James T, Fayne D,
Artemenko N, Shen M, Inglese J, Austin CP, Lloyd DG,
Auld DS. Comprehensive characterization of cytochrome

P450 isozyme selectivity across chemical libraries. Nat
Biotechnol. 2009; 27:1050-55. https://doi.org/10.1038/
nbt.1581. [PMID:19855396]

Hanaki Y, Kamiya H, Ohno M, Hayakawa M, Sugiyama
S, Ozawa T. Leukotoxin, 9, 10-epoxy-12-octadecenoate:
a possible responsible factor in circulatory shock
and disseminated intravascular coagulation. Jpn
J Med. 1991; 30:224-28. https://doi.org/10.2169/
internalmedicine1962.30.224. [PMID:1920962]

Hayakawa M, Kosaka K, Sugiyama S, Yokoo K, Aoyama
H, Izawa Y, Ozawa T. Proposal of leukotoxin, 9,10-epoxy-

12-octadecenoate, as a burn toxin. Biochem Int. 1990;

WWWw

.impactjournals.com/oncoscience

374

Oncoscience


https://doi.org/10.1016/j.plipres.2013.11.003
https://www.ncbi.nlm.nih.gov/pubmed/24345640
 https://doi.org/10.1038/nrc2809
https://www.ncbi.nlm.nih.gov/pubmed/20168319
https://doi.org/10.1007/s10555-011-9324-x
https://doi.org/10.1007/s10555-011-9324-x
https://www.ncbi.nlm.nih.gov/pubmed/22134655
https://doi.org/10.1200/JCO.2005.08.097
https://doi.org/10.1200/JCO.2005.08.097
https://www.ncbi.nlm.nih.gov/pubmed/15637400
https://doi.org/10.1056/NEJMoa061355
https://www.ncbi.nlm.nih.gov/pubmed/16943400
https://doi.org/10.1056/NEJMp048288
https://doi.org/10.1056/NEJMp048288
https://www.ncbi.nlm.nih.gov/pubmed/15470192
https://doi.org/10.1016/S0140-6736(02)11203-7
https://doi.org/10.1016/S0140-6736(02)11203-7
https://www.ncbi.nlm.nih.gov/pubmed/12387968
https://doi.org/10.1158/0008-5472.CAN-18-3221
https://doi.org/10.1158/0008-5472.CAN-18-3221
https://www.ncbi.nlm.nih.gov/pubmed/30803995
https://doi.org/10.1158/0008-5472.CAN-06-3643
https://www.ncbi.nlm.nih.gov/pubmed/17638876
https://doi.org/10.1172/JCI58128
https://www.ncbi.nlm.nih.gov/pubmed/22182838
https://doi.org/10.1074/jbc.M109.081554
https://doi.org/10.1074/jbc.M109.081554
https://www.ncbi.nlm.nih.gov/pubmed/20178979
https://doi.org/10.1158/0008-5472.CAN-04-4173
https://doi.org/10.1158/0008-5472.CAN-04-4173
https://www.ncbi.nlm.nih.gov/pubmed/15930289
https://doi.org/10.1517/14796694.1.2.259
https://www.ncbi.nlm.nih.gov/pubmed/16555997
https://www.ncbi.nlm.nih.gov/pubmed/15026557
https://doi.org/10.1073/pnas.1613246113
https://doi.org/10.1073/pnas.1613246113
https://www.ncbi.nlm.nih.gov/pubmed/27791151
https://doi.org/10.1124/dmd.30.12.1352
https://doi.org/10.1124/dmd.30.12.1352
https://www.ncbi.nlm.nih.gov/pubmed/12433802
https://doi.org/10.1038/nbt.1581
https://doi.org/10.1038/nbt.1581
https://www.ncbi.nlm.nih.gov/pubmed/19855396
https://doi.org/10.2169/internalmedicine1962.30.224
https://doi.org/10.2169/internalmedicine1962.30.224
https://www.ncbi.nlm.nih.gov/pubmed/1920962

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

21:573-79. [PMID:2222499]

Hu JN, Taki F, Sugiyama S, Asai J, [zawa Y, Satake T,
Ozawa T. Neutrophil-derived epoxide, 9,10-epoxy-12-
octadecenoate, induces pulmonary edema. Lung. 1988;
166:327-37. https://doi.org/10.1007/BF02714065.
[PMID:3148792]

Kosaka K, Suzuki K, Hayakawa M, Sugiyama S, Ozawa T.
Leukotoxin, a linoleate epoxide: its implication in the late
death of patients with extensive burns. Mol Cell Biochem.
1994; 139:141-48. https://doi.org/10.1007/BF01081737.
[PMID:7862104]

Ozawa T, Nishikimi M, Sugiyama S, Taki F, Hayakawa M,
Shionoya H. Cytotoxic activity of leukotoxin, a neutrophil-

derived fatty acid epoxide, on cultured human cells.
Biochem Int. 1988; 16:369-73. [PMID:3130063]

Totani Y, Saito Y, Ishizaki T, Sasaki F, Ameshima S,
Miyamori I. Leukotoxin and its diol induce neutrophil
chemotaxis through signal transduction different from that
of fMLP. Eur Respir J. 2000; 15:75-79. https://doi.org/10.1
183/09031936.00.15107500. [PMID:10678624]

Zheng J, Plopper CG, Lakritz J, Storms DH, Hammock BD.
Leukotoxin-diol: a putative toxic mediator involved in acute
respiratory distress syndrome. Am J Respir Cell Mol Biol.
2001; 25:434-38. https://doi.org/10.1165/ajremb.25.4.4104.
[PMID:11694448]

Moghaddam MF, Grant DF, Cheek JM, Greene JF,
Williamson KC, Hammock BD. Bioactivation of
leukotoxins to their toxic diols by epoxide hydrolase. Nat
Med. 1997; 3:562-66. https://doi.org/10.1038/nm0597-562.
[PMID:9142128]

Funk CD. Prostaglandins and leukotrienes: advances in

eicosanoid biology. Science. 2001; 294:1871-75. https://
doi.org/10.1126/science.294.5548.1871. [PMID:11729303]

Chen Y, Falck JR, Manthati VL, Jat JL, Campbell
WB. 20-Iodo-14,15-epoxyeicosa-8(Z)-enoyl-3-
azidophenylsulfonamide: photoaffinity labeling of a
14,15-epoxyeicosatrienoic acid receptor. Biochemistry.
2011; 50:3840-48. https://doi.org/10.1021/bi102070w.
[PMID:21469660]

Ding Y, Fromel T, Popp R, Falck JR, Schunck WH, Fleming
I. The biological actions of 11,12-epoxyeicosatrienoic acid

in endothelial cells are specific to the R/S-enantiomer and
require the G(s) protein. J Pharmacol Exp Ther. 2014;
350:14-21. https://doi.org/10.1124/jpet.114.214254.
[PMID:24763066]

Park SK, Herrnreiter A, Pfister SL, Gauthier KM, Falck
BA, Falck JR, Campbell WB. GPR40 is a low-affinity
epoxyeicosatrienoic acid receptor in vascular cells. J Biol
Chem. 2018; 293:10675-91. https://doi.org/10.1074/jbc.
RA117.001297. [PMID:29777058]

Gauthier KM, Deeter C, Krishna UM, Reddy YK, Bondlela
M, Falck JR, Campbell WB. 14,15-Epoxyeicosa-5(Z)-
enoic acid: a selective epoxyeicosatrienoic acid antagonist
that inhibits endothelium-dependent hyperpolarization and

35.

36.

37.

38.

39.

40.

41.

42.

43.

relaxation in coronary arteries. Circ Res. 2002; 90:1028—
36. https://doi.org/10.1161/01.RES.0000018162.87285.F8.
[PMID:12016270]

Arnold C, Markovic M, Blossey K, Wallukat G, Fischer
R, Dechend R, Konkel A, von Schacky C, Luft FC, Muller
DN, Rothe M, Schunck WH. Arachidonic acid-metabolizing
cytochrome P450 enzymes are targets of {w}-3 fatty acids.
J Biol Chem. 2010; 285:32720-33. https://doi.org/10.1074/
jbc.M110.118406. [PMID:20732876]

Schunck WH, Konkel A, Fischer R, Weylandt KH.
Therapeutic potential of omega-3 fatty acid-derived
epoxyeicosanoids in cardiovascular and inflammatory
diseases. Pharmacol Ther. 2018; 183:177-204. https://doi.
org/10.1016/j.pharmthera.2017.10.016. [PMID:29080699]

Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence
of Obesity Among Adults and Youth: united States, 2011-
2014. NCHS Data Brief. 2015; 1-8. [PMID:26633046]

Moghaddam AA, Woodward M, Huxley R. Obesity and
risk of colorectal cancer: a meta-analysis of 31 studies with

70,000 events. Cancer Epidemiol Biomarkers Prev. 2007,
16:2533-47. https://doi.org/10.1158/1055-9965.EPI-07-
0708. [PMID:18086756]

Ma Y, Yang Y, Wang F, Zhang P, Shi C, Zou Y, Qin H.
Obesity and risk of colorectal cancer: a systematic review
of prospective studies. PLoS One. 2013; 8:¢53916. https://
doi.org/10.1371/journal.pone.0053916. [PMID:23349764]
Roberts DL, Dive C, Renehan AG. Biological mechanisms
linking obesity and cancer risk: new perspectives. Annu Rev
Med. 2010; 61:301-16. https://doi.org/10.1146/annurev.
med.080708.082713. [PMID:19824817]

Wang W, Yang J, Zhang J, Wang Y, Hwang SH, Qi W, Wan
D, Kim D, Sun J, Sanidad KZ, Yang H, Park Y, Liu JY, et al.
Lipidomic profiling reveals soluble epoxide hydrolase as a

therapeutic target of obesity-induced colonic inflammation.
Proc Natl Acad Sci USA. 2018; 115:5283-88. https://doi.
org/10.1073/pnas.1721711115. [PMID:29717038]

Klaus A, Birchmeier W. Wnt signalling and its impact on
development and cancer. Nat Rev Cancer. 2008; 8:387-98.
https://doi.org/10.1038/nrc2389. [PMID:18432252]

Terzi¢ J., Grivennikov, S., Karin, E. & Karin, M.
Inflammation and colon cancer. Gastroenterology 138,
2101-2114 e2105 (2010). https://doi.org/10.1053/].
gastro.2010.01.058. [PMID:20420949]

WWWw

.impactjournals.com/oncoscience

375

Oncoscience


https://www.ncbi.nlm.nih.gov/pubmed/2222499
https://doi.org/10.1007/BF02714065
https://www.ncbi.nlm.nih.gov/pubmed/3148792
https://doi.org/10.1007/BF01081737
https://www.ncbi.nlm.nih.gov/pubmed/7862104
https://www.ncbi.nlm.nih.gov/pubmed/3130063
https://doi.org/10.1183/09031936.00.15107500
https://doi.org/10.1183/09031936.00.15107500
https://www.ncbi.nlm.nih.gov/pubmed/10678624
https://doi.org/10.1165/ajrcmb.25.4.4104
https://www.ncbi.nlm.nih.gov/pubmed/11694448
https://doi.org/10.1038/nm0597-562
https://www.ncbi.nlm.nih.gov/pubmed/9142128
https://doi.org/10.1126/science.294.5548.1871
https://doi.org/10.1126/science.294.5548.1871
https://www.ncbi.nlm.nih.gov/pubmed/11729303
https://doi.org/10.1021/bi102070w
https://www.ncbi.nlm.nih.gov/pubmed/21469660
https://doi.org/10.1124/jpet.114.214254
https://www.ncbi.nlm.nih.gov/pubmed/24763066
https://doi.org/10.1074/jbc.RA117.001297
https://doi.org/10.1074/jbc.RA117.001297
https://www.ncbi.nlm.nih.gov/pubmed/29777058
https://doi.org/10.1161/01.RES.0000018162.87285.F8
https://www.ncbi.nlm.nih.gov/pubmed/12016270
https://doi.org/10.1074/jbc.M110.118406
https://doi.org/10.1074/jbc.M110.118406
https://www.ncbi.nlm.nih.gov/pubmed/20732876
https://doi.org/10.1016/j.pharmthera.2017.10.016
https://doi.org/10.1016/j.pharmthera.2017.10.016
https://www.ncbi.nlm.nih.gov/pubmed/29080699
https://www.ncbi.nlm.nih.gov/pubmed/26633046
https://doi.org/10.1158/1055-9965.EPI-07-0708
https://doi.org/10.1158/1055-9965.EPI-07-0708
https://www.ncbi.nlm.nih.gov/pubmed/18086756
https://doi.org/10.1371/journal.pone.0053916
https://doi.org/10.1371/journal.pone.0053916
https://www.ncbi.nlm.nih.gov/pubmed/23349764
https://doi.org/10.1146/annurev.med.080708.082713
https://doi.org/10.1146/annurev.med.080708.082713
https://www.ncbi.nlm.nih.gov/pubmed/19824817
https://doi.org/10.1073/pnas.1721711115
https://doi.org/10.1073/pnas.1721711115
https://www.ncbi.nlm.nih.gov/pubmed/29717038
https://doi.org/10.1038/nrc2389
https://www.ncbi.nlm.nih.gov/pubmed/18432252
https://doi.org/10.1053/j.gastro.2010.01.058
https://doi.org/10.1053/j.gastro.2010.01.058
https://www.ncbi.nlm.nih.gov/pubmed/20420949

