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Abstract
Microsomal epoxide hydrolase/epoxide hydrolase 1 (mEH/EPHX1) works in conjunction with cytochromes P450 to metabo-
lize a variety of compounds, including xenobiotics, pharmaceuticals and endogenous lipids. mEH has been most widely 
studied for its role in metabolism of xenobiotic and pharmaceutical compounds where it converts hydrophobic and reactive 
epoxides to hydrophilic diols that are more readily excreted. Inhibition or genetic disruption of mEH can be deleterious in 
the face of many industrial, environmental or pharmaceutical exposures and EPHX1 polymorphisms are associated with the 
development of exposure-related cancers. The role of mEH in endogenous epoxy-fatty acid (EpFA) metabolism has been 
less well studied. In vitro, mEH metabolizes most EpFAs at a far slower rate than soluble epoxide hydrolase (sEH) and has 
thus been generally considered to exert a minor role in EpFA metabolism in vivo. Indeed, sEH inhibitors or sEH-deficiency 
increase EpFA levels and are protective in animal models of cardiovascular disease. Recently, however, mEH was found to 
have a previously unrecognized and substantial role in EpFA metabolism in vivo. While few studies have examined the role 
of mEH in cardiovascular homeostasis, there is now substantial evidence that mEH can regulate cardiovascular function 
through regulation of EpFA metabolism. The discovery of a prominent role for mEH in epoxyeicosatrienoic acid (EET) 
metabolism, in particular, suggests that additional studies on the role of mEH in cardiovascular biology are warranted.
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Introduction

Epoxide hydrolases catalyze the hydrolysis of electrophilic 
and potentially genotoxic epoxides to more soluble and less 
reactive diols. Mammalian microsomal epoxide hydrolase/
epoxide hydrolase 1 (mEH/EPHX1) has broad tissue dis-
tribution and is capable of inactivating a wide variety of 
structurally dissimilar, highly reactive epoxides [1]. Thus, 
mEH plays an important role in detoxifying a large number 
of xenobiotic compounds [2]. It’s role in detoxifying carci-
nogenic compounds suggests a role for mEH activity and/
or EPHX1 single nucleotide polymorphisms (SNPs) in the 
development of cancer [3].

mEH also metabolizes a variety of endogenous fatty acid 
epoxides. Cytochromes P450 can metabolize fatty acids 

such as arachidonic acid (AA), linoleic acid (LA), eicosap-
entaenoic acid (EPA) and docosahexaenoic acid (DHA) to 
biologically active epoxy-fatty acids (EpFAs) called epox-
yeicosatrienoic acids (EETs), epoxyoctadecamonoenoic 
acids (EpOMEs), epoxyeicosatetraenoic acids (EpETEs) 
and epoxydocosapentaenoic acids (EpDPEs), respectively 
(Fig. 1) [4]. While the physiological effects of EETs have 
been most widely studied, EETs, EpETEs, and EpDPEs 
possess a variety of overlapping properties, including vaso-
dilatory, anti-inflammatory, angiogenic and anti-apoptotic 
effects that are typically beneficial to cardiovascular homeo-
stasis [4]. These epoxides have short half-lives and are inac-
tivated to generally less biologically active vicinal diols by 
epoxide hydrolases [5]. In contrast, LA-derived EpOMEs 
have been termed leukotoxins as they have pro-inflamma-
tory, cardiodepressive and/or cytotoxic properties, which 
may depend on epoxide hydrolase-mediated formation of 
their corresponding diols [6]. Soluble epoxide hydrolase/
epoxide hydrolase 2 (sEH/EPHX2) plays a substantial role 
in EpFA hydrolysis and sEH inhibitors have been developed 
for the treatment of a variety of diseases, including diabetes, 
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chronic obstructive pulmonary disease, and pain [5], and 
are currently in early phase clinical trials for some of these 
conditions.

A significant role of mEH in EpFA hydrolysis and cardio-
vascular physiology has only become evident in recent years 
[7, 8]. Both sEH and mEH were known to hydrolyze EpFAs 
in vitro; however, sEH metabolizes EETs at rates that are 10- 
to 100-fold faster than mEH [9, 10]. The preferred substrates 
for sEH are fatty acid epoxides with the epoxy moiety on 
the most omega-situated olefin (e.g., 14,15-EET and 12,13-
EpOME), while mEH displays a preference for epoxides on 
mid-chain olefins (8,9- and 11,12-EET and 9,10-EpOME). 
Tissues from sEH-deficient mice have in 75–99% reduction 
in EET hydrolysis in vitro, and lesser, but significant decreases 
in plasma DHET levels [7, 10, 11]. Given the disparities in 
in vitro hydrolysis rates, it was widely accepted that mEH 
possesses only a minor role in EET hydrolysis in vivo [5]. 
Thus, while mEH null mice were developed before sEH null 

mice, few studies have examined the impact of mEH on EET 
metabolism or EET-mediated physiology in vivo [11, 12]. 
The recent discovery of a prominent role for mEH in EET 
metabolism suggests additional studies on the role of mEH in 
cardiovascular biology are warranted.

mEH‑mediated epoxide hydrolysis

P450s and mEH detoxify reactive and hydrophobic com-
pounds to less reactive, hydrophilic compounds that 
are more readily excreted [1]. That detoxification often 
involves transformation through highly reactive interme-
diates suggesting a benefit to tight coordination between 
P450s and mEH to prevent temporary release of the reac-
tive intermediates [13]. Indeed, both P450s and mEH are 
integral membrane proteins most commonly found in the 
endoplasmic reticulum (ER) and are believed to participate 
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Fig. 1  Metabolism of fatty acids to bioactive epoxides and diols by 
cytochromes P450, mEH and sEH. Both omega-6 (n-6) and omega-3 
(n-3) fatty acids are metabolized by cytochromes P450 to bioactive 
epoxides. Both mEH and sEH contribute to metabolism of AA-, 

EPA- and DHA-derived epoxides to generally less biologically active 
diols in  vivo. In contrast, sEH is the dominant hydrolase for LA-
derived epoxides in vivo
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in coupled reactions [14–16]. More recently, close co-
localization or direct physical interaction between mEH 
and P450s has been observed in live cells [7, 17].

The rate of mEH-mediated hydrolysis of xenobiotic 
epoxides is lower than that of other hydrolases which 
seems counterintuitive given its important protective role 
in detoxification. Oesch et al. have proposed that mEH-
mediated metabolism occurs via a two-step mechanism. 
First, mEH rapidly binds the epoxide and isolates reactive 
epoxides from the system [18]. Second, epoxide hydroly-
sis and diol release regenerate a free protein. The sec-
ond step is up to three orders of magnitude slower than 
epoxide binding [1]. In this model, reactive epoxides are 
efficiently removed even if the overall rate of hydrolysis is 
slow, ~ 1 s−1 for many epoxides. However, mEH remains a 
capable detoxification enzyme if mEH protein exists at a 
concentration that is higher than that of reactive epoxides. 
mEH represents up to 1% of all microsomal proteins and 
exists at concentrations up to 50 μM in cells; thus, mEH 
can overcome its low rate of turnover to readily detoxify 
reactive xenobiotics that exist at lower concentrations [1, 
2]. Additionally, it is possible that in vitro assays underes-
timate the rate of mEH mediated hydrolysis, as membrane 
anchoring or physical interaction between mEH and P450s 
may facilitate coupling of substrate metabolism and/or 
provide an allosteric enhancement of mEH activity [14, 
16].

mEH in xenobiotic metabolism

mEH plays a critical role in the metabolism of both pharma-
ceuticals and environmental chemicals. mEH typically acts 
as a phase II enzyme in xenobiotic metabolism following 
substrate epoxygenation by cytochromes P450s For exam-
ple, the commonly prescribed anti-epileptic drug phenytoin 
can be oxidized by cytochromes P450 to a teratogenic arene 
oxide intermediate that can be detoxified by mEH-mediated 
hydrolysis [19]. Similarly, one pathway for styrene detoxi-
fication involves P450-mediated formation of styrene oxide 
that is then hydrolyzed by mEH to styrene glycol [20]. The 
role of mEH is critical in both cases. Inhibition of mEH in 
pregnant mice treated with phenytoin results in birth defects, 
while styrene treatment of mEH-null mice causes severe 
hepatotoxicity [19–21].

Not all the actions of mEH are protective. For example, 
mEH detoxifies numerous genotoxic and carcinogenic com-
pounds, including naphthalene, benzene, and butadiene [22]; 
however, mEH bioactivates the genotoxic potential of some 
polycyclic aromatic hydrocarbons, including benzopyrene 
or dimethylbenzathracene (DMBA) [12, 23]. Thus, the role 
mEH in the complex pathobiology of smoking-induced lung 
cancer, for example, may be multi-faceted.

mEH in epoxy‑fatty acid metabolism

For decades, sEH has been considered the predominant 
enzyme involved in the regulation of EpFA hydrolysis [5]. 
The importance of mEH in EpFA hydrolysis became appar-
ent only recently in studies using mEH/sEH double null 
mice. sEH null mice have significant increases in EpFAs and 
decreases in corresponding diols; however, these changes are 
most obvious only for its preferred substrates, 14,15-EET 
and 12,13-EpOME [7, 9]. In contrast, mEH null mice exhibit 
only minor changes in EET hydrolysis or plasma EET and 
DHET levels. The role of mEH in EpFA hydrolysis was 
revealed in mEH/sEH null mice which have nearly complete 
absence of plasma diols for all the regioisomerjc epoxides 
derived from AA, EPA, and DHA [7]. Thus, despite large 
differences in in vitro rates of metabolism of various EpFA 
regioisomers, mEH and sEH both contribute to hydroly-
sis of nearly every EpFA examined. The lone exception is 
12,13-EpOME, which appears hydrolyzed by sEH but not 
mEH. Conversely, mEH null mice have increased plasma 
19,20-EpDPE compared to wild-type and sEH null mice, 
which suggests that mEH may play a relatively important in 
DHA epoxide hydrolysis. Disruption of both mEH and sEH 
synergistically increase nearly all plasma EpFA levels [7].

The mechanism by which mEH substantially contributes 
to EpFA hydrolysis is not entirely clear. mEH is a mem-
brane-anchored protein mostly localized in ER membranes 
adjacent to P450s [17]. One model (Fig. 2) suggests that, 
despite a low rate of EpFA hydrolysis, mEH is expressed 
at sufficient levels to hydrolyze epoxides during slow, basal 
EpFA formation. mEH hydrolysis of EpFAs may occur in 
a coupled reaction with P450s that directly produces fatty 
acid diols, similar to that suspected for xenobiotic metabo-
lism of butadiene and styrene [1, 13]. Upon stimulation, the 
cellular formation of EpFAs may increase to a degree that 
surpasses the capacity of mEH and thus allows the accumu-
lation of EpFAs. Under these conditions, sEH plays a more 
prominent role.

The relative rates of sEH to mEH metabolism are less 
important than their access to substrate. Liver sEH levels 
have been reported as high as 400 nM and mEH levels 
may be 10–50 μM, while tissue concentrations of EpFAs 
are in the low nanomolar range [1, 2, 24]. Thus, most cells 
have enormous excess sEH and mEH capacity for EpFA 
hydrolysis. The rate of EpFA hydrolysis by mEH may be 
slow relative to the excess capacity of sEH, but it is efficient 
enough to mediate EpFA hydrolysis in vivo under basal con-
ditions. Consequently, the rate of mEH versus sEH metabo-
lism appears less important than the level of expression or 
access to substrate, as is the case for most hydrolases [24]. 
Intriguingly, while mEH was considered to play a minor 
role in EpFA metabolism, it is possible that mEH, localized 
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adjacent to P450s, has first access to substrate and mediates 
the majority of diol formation during basal EpFA forma-
tion [5, 7]. Together, this data also suggests that SNPs that 
alter expression of mEH or sEH may be biologically more 
important than SNPs that induce a minor change in the rate 
of mEH or sEH EpFA hydrolysis.

Combined global deficiency of mEH and sEH is 
unlikely to occur in nature, as subjects possessing inac-
tivating mutations of both enzymes would be extremely 
rare. However, the discovery that both mEH and sEH con-
tribute to EpFA hydrolysis may be important in tissues or 
cells that may be mostly deficient in either of the epoxide 
hydrolases. For example, the lung, esophagus and brain 
have very low sEH protein and mRNA levels but have 
a relative abundance of mEH mRNA and protein (https 
://www.prote inatl as.org/ENSG0 00001 43819 -EPHX1 
) [5]. Even in tissues with high expression of both sEH 
and mEH, expression of each hydrolase is compartmen-
talized. For example, in the liver, both sEH and mEH are 
abundant in hepatocytes and epithelial cells of the bile 
ducts; however, only mEH expression is found in vascular 
endothelium and Kupffer cells [8]. Similarly, in brain, sEH 
is abundant only in astrocytes and selective neuronal cell 
populations, whereas mEH is more broadly expressed in 
neurons as well as smooth muscle, epithelial and endothe-
lial cells [10]. In these sEH-deficient or “sEH-low” cells 
and tissues, mEH will become the major EpFA hydro-
lase, and polymorphisms that alter mEH expression and/or 
activity will have the greatest impact on EpFA hydrolysis 

and signaling. Thus, while mEH polymorphisms that alter 
mEH-mediated detoxification of xenobiotics may impact 
the development of exposure-related inflammation or can-
cer, these SNPs may also significantly regulate EET inac-
tivation and subsequent effects of EETs on inflammation 
and tumor progression.

EPHX1 polymorphisms

Two human EPHX1 SNPs have been most widely studied. 
The SNP rs1051740 encodes for a T337C missense sub-
stitution that changes tyrosine 113 to histidine (Y113H) 
in mEH proteins. Y113H is most common in individuals 
of East Asian and European descent (MAF 48% and 30%, 
respectively) but much lower prevalence in those of African 
descent (MAF 14%) [3, 25]. The SNP rs2234922 encodes for 
A416 > G missense substitution that changes histidine 139 
to arginine (H139R) in expressed proteins. H139R is most 
common in individuals of African descent (MAF 35%) but 
rarer in those of European and East Asian ancestry (MAF 
16% and 12%, respectively) [3, 25]. The Y113H polymor-
phism reduces mEH activity by 39%, while H139R increases 
its activity by 25% in vitro[26]. Lower and higher activity 
mEH variants also appear to correlate with styrene and aro-
matic hydrocarbon metabolism in vivo [27, 28].
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Fig. 2  Contribution of mEH and sEH to EET metabolism. mEH is 
mostly restricted to membranes of the endoplasmic reticulum, while 
sEH is found both in both microsomes and cytosol. During basal for-
mation of EETs from AA (left), mEH localization and expression are 
capable of regulating EET levels in vivo despite its limited catalytic 
rate. mEH may participate in a coupled reaction with P450s or simply 

be localized adjacent to EET formation. During stimulated EET for-
mation, P450 formation of high local EET concentrations surpasses 
the catalytic capacity of mEH. The resulting burst of EETs are ulti-
mately returned to baseline via sEH-mediated hydrolysis to less bio-
logically active DHETs
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mEH regulation of cancer

The role of EPHX1 polymorphisms in cancer has been 
extensively reviewed  elsewhere [1–3]. Association of 
EPHX1 variants with various cancers have been investi-
gated in over 200 published studies [3]. EPHX1 polymor-
phisms are most commonly studied for associations with 
lung, esophagus and colorectal cancers, but have also been 
examined with prostate, bladder and breast cancers [1–3]. 
Most studies have reported mixed or inconclusive data. Lung 
cancer, which is heavily influenced by smoking or environ-
mental exposures, is a strong candidate to be regulated by 
alterations in mEH-mediated xenobiotic metabolism; how-
ever, the low activity Y113H mEH variant has been found 
to be protective [29, 30] or deleterious [31, 32] depending 
on the study. Meta analyses suggest that Y113H is either 
protective or has little effect on lung cancer incidence [33]. 
In contrast, the high activity H139R mEH variant is associ-
ated with increased DNA adduct formation in smokers and 
is more consistently associated increased lung cancer risk 
[34, 35]. Overall, these findings suggest that mEH activity 
modestly exacerbates lung cancer through activation of poly-
cyclic aromatic hydrocarbons as has been observed in animal 
models. Indeed, mEH null mice are protected against DMBA 
or benzene carcinogenicity or toxicity [12, 36].

mEH regulation of cardiovascular biology

EpFAs regulate inflammation, cardiovascular function and 
cancer through a variety of signaling processes reviewed 
in detail elsewhere [2, 37]. While EETs are believed to act 
through an as yet unidentified G-Protein-Coupled Receptor, 
they can also signal through ion channels or nuclear recep-
tors [37]. Regardless of the proximal signaling events, EETs 
regulate cardiovascular biology in several ways. EETs are 
considered to be endothelial-derived hyperpolarization fac-
tors (EDHFs) which indirectly activate large-conductance 
calcium-activated potassium  (BKCa) channels to hyperpolar-
ize vascular smooth muscle cells and induce vasodilation 
[38], activate glycogen synthase kinase 3 beta (GSK-3β) 
and open ATP-sensitive potassium  (KATP) channels to pro-
tect against hypoxia [39], reduce nuclear factor kappa B 
(NF-kB) activation to attenuate inflammation [40], induce 
extracellular signal-regulated kinases (ERK) activation to 
induce endothelial and tumor cell proliferation and migra-
tion [41] and synergize with vascular endothelial growth 
factor (VEGF) to induce angiogenesis [42].

Few animal models have investigated the role of mEH in 
cardiovascular biology, though several studies indicate that 
mEH metabolism of EpFAs to less biologically active diols 
may regulate vascular function. In brain, EETs can directly 

dilate cerebral arteries [43]. Substitution of glutamic acid 
404 to aspartic acid (E404D) increases the Vmax of mEH 
toward 9,10-epoxystearic acid by 40-fold [44]. Brain micro-
somes from mice that express only the E404D mEH vari-
ant display enhanced EET hydrolysis in vitro and increased 
plasma DHET:EET ratios which reflect an increase in EET 
hydrolysis in vivo. Moreover, E404D mice display reduced 
vasodilatory capacity to enhance cerebral blood flow in both 
hippocampus and cortex [45]. Thus, mEH-mediated hydrol-
ysis of EpFAs to less vasodilatory diols can significantly 
regulate of blood flow in brain, and may regulate vasodila-
tion in other tissues, such as the liver, where endothelial 
mEH expression is high and endothelial sEH expression is 
low [8, 45].

mEH also metabolizes EpFAs to regulate cardiac func-
tion. Hearts abundantly express both mEH and  sEH7. sEH 
inhibition, sEH genetic disruption, CYP2J2 overexpression, 
or exogenous EET treatment have all been previously shown 
to improve cardiac recovery after ischemia [39, 46, 47]. 
EET-mediated activation of mitogen-activated protein kinase 
(MAPK), phosphoinositide 3-kinase (PI3K), GSK-3β, and/
or  KATP channels protect mitochondria against damage dur-
ing post-ischemic reperfusion [48, 49]. While mEH disrup-
tion doesn’t significantly alter cardiac EpFA metabolism or 
recovery after ischemia, combined disruption of mEH and 
sEH abolishes EET hydrolysis and synergistically improves 
cardiac recovery after ischemia [7]. Thus, mEH plays a sec-
ondary, but important role in the regulation of EpFAs and 
post-ischemic contractile function in the heart.

EPHX1 polymorphisms that increase mEH activity are 
associated with an increased risk of preeclampsia, a severe 
pregnancy complication characterized by hypertension and 
proteinuria [50–53]. The etiology of preeclampsia and its 
regulation by EpFAs are unclear. Moreover, the correlation 
of EPHX1 polymorphisms with preeclampsia have not been 
associated with alterations in metabolism of any particular 
mEH substrate class [3]. Interestingly, polymorphisms in 
other genes involved in EpFA metabolism have also been 
recently associated with preeclampsia. Polymorphisms that 
increase sEH expression or activity, which would lower 
EpFA levels, are positively associated to preeclampsia [54, 
55]. In contrast, actual levels of EpFAs are increased in 
placenta, plasma and urine of preeclamptic women, though 
this may reflect compensatory induction of cytochromes 
P450 and EpFA formation in response to the hypertension 
[56–58]. Increased mEH-mediated hydrolysis of EpFAs 
could contribute to the induction of preeclampsia though 
dysregulation of angiogenesis required for normal placental 
vascular development. Alternatively, increased hydrolysis of 
vasodilatory EpFAs could exacerbate end-stage hyperten-
sion in preeclampsia.

mEH-mediated hydrolysis of EpFAs may also contrib-
ute to disease states commonly associated with its role in 
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xenobiotic metabolism. For example, sEH null mice have 
increased EpFAs, angiogenesis, primary tumor growth and 
metastasis in some cancer models [42]. Interestingly, sEH 
protein levels are often downregulated in tumor endothelium 
and cancer cells [42, 59]. While EPHX1 polymorphisms 
may alter the risk of cancer initiation after exposure to envi-
ronmental agents, EPHX1 polymorphisms may subsequently 
alter hydrolysis of EpFAs that regulate angiogenesis and/or 
cell proliferation to influence the development of tumors or 
metastasis [3, 60]. Unlike sEH, mEH expression appears to 
be increased in several cancer cell types, which suggests that 
mEH-mediated EpFA hydrolysis likely acts to counter tumor 
growth and metastasis [61, 62].

mEH is broadly expressed in the brain and likely plays 
a neuroprotective role in metabolism of certain xenobiotics 
that can cross the blood–brain barrier; however, mEH may 
also regulate inflammatory processes during neurodegenera-
tive diseases [10]. Several studies link sEH to neurodegen-
erative disorders. For example, sEH expression and activity 
are increased in subjects with cognitive decline and sEH null 
mice are protected against Alzheimer’s disease progression 
[63, 64]. These studies suggest that sEH-mediated hydroly-
sis may contribute to neurodegeneration though alteration 
in anti-inflammatory EpFA levels. Few studies have exam-
ined the role of mEH in neurodegenerative diseases, though 
mEH expression is elevated in subjects with Alzheimer’s 
disease [65]. Given the more pronounced role of mEH in 
EpFA metabolism in the brain, EPHX1 polymorphisms and/
or mEH expression may also significantly regulate the anti-
inflammatory and neuroprotective effects of EpFAs.

mEH was previously presumed to play a major role in 
detoxification but a minor role in EpFA metabolism; how-
ever, recent evidence suggests that it has a broader substrate 
range and exerts a significant impact on EpFA levels in vivo. 
The development of pharmacokinetically practical mEH 
inhibitors has lagged behind that of sEH inhibitors. Moreo-
ver, sEH inhibitors are often screened to avoid off-target 
effects on mEH [66]. Given its importance to xenobiotic 
detoxification, long term use of mEH inhibitors is likely 
unwise; however acute mEH inhibition may be beneficial in 
some settings, such as myocardial infarction, stroke, preec-
lampsia and vascular inflammation. Uncovering the role of 
mEH in EpFA metabolism opened the door to an entirely 
new perspective on the role of mEH and EPHX1 polymor-
phisms in cardiovascular disease pathogenesis.

Acknowledgements This work was supported by the Division of Intra-
mural Research, National Institute of Environmental Health Sciences, 
NIH (Z01 ES025034 to D.C.Z.)

Compliance with ethical standards 

Conflict of interest The authors have no conflict of interest to disclose.

References

 1. Oesch F, Hengstler JG, Arand M (2004) Detoxication strategy of 
epoxide hydrolase-the basis for a novel threshold for definable 
genotoxic carcinogens. Nonlinearity Biol Toxicol Med 2:21–26. 
https ://doi.org/10.1080/15401 42049 04269 63

 2. El-Sherbeni AA, El-Kadi AO (2014) The role of epoxide hydro-
lases in health and disease. Arch Toxicol 88:2013–2032. https ://
doi.org/10.1007/s0020 4-014-1371-y

 3. Vaclavikova R, Hughes DJ, Soucek P (2015) Microsomal epox-
ide hydrolase 1 (EPHX1): Gene, structure, function, and role 
in human disease. Gene 571:1–8. https ://doi.org/10.1016/j.
gene.2015.07.071

 4. Arnold C, Markovic M, Blossey K, Wallukat G, Fischer R, Dech-
end R, Konkel A, von Schacky C, Luft FC, Muller DN, Rothe M, 
Schunck WH (2010) Arachidonic acid-metabolizing cytochrome 
P450 enzymes are targets of {omega}-3 fatty acids. J Biol Chem 
285:32720–32733. https ://doi.org/10.1074/jbc.M110.11840 6

 5. Morisseau C, Hammock BD (2013) Impact of soluble epoxide 
hydrolase and epoxyeicosanoids on human health. Annu Rev 
Pharmacol Toxicol 53:37–58. https ://doi.org/10.1146/annur ev-
pharm tox-01111 2-14024 4

 6. Moghaddam MF, Grant DF, Cheek JM, Greene JF, Williamson 
KC, Hammock BD (1997) Bioactivation of leukotoxins to their 
toxic diols by epoxide hydrolase. Nat Med 3:562–566. https ://doi.
org/10.1038/nm059 7-562

 7. Edin ML, Gholipour Hamedani B, Gruzdev A, Graves JP, Lih 
FB, Arbes SJ, Singh R, Orjuela Leon AC, Bradbury JA, DeGraff 
LM, Hoopes SL, Arand M, Zeldin D (2018) Epoxide hydrolase 1 
(EPHX1) hydrolyzes epoxyeicosanoids and impairs cardiac recov-
ery after ischemia. J Biol Chem. https ://doi.org/10.1074/jbc.ra117 
.00029 8

 8. Marowsky A, Meyer I, Erismann-Ebner K, Pellegrini G, Mule N, 
Arand M (2017) Beyond detoxification: a role for mouse mEH 
in the hepatic metabolism of endogenous lipids. Arch Toxicol 
91:3571–3585. https ://doi.org/10.1007/s0020 4-017-2060-4

 9. Decker M, Adamska M, Cronin A, Di Giallonardo F, Burgener J, 
Marowsky A, Falck JR, Morisseau C, Hammock BD, Gruzdev A, 
Zeldin DC, Arand M (2012) EH3 (ABHD9): the first member of 
a new epoxide hydrolase family with high activity for fatty acid 
epoxides. J Lipid Res 53:2038–2045. https ://doi.org/10.1194/jlr.
M0244 48

 10. Marowsky A, Burgener J, Falck JR, Fritschy JM, Arand M (2009) 
Distribution of soluble and microsomal epoxide hydrolase in the 
mouse brain and its contribution to cerebral epoxyeicosatrie-
noic acid metabolism. Neuroscience 163:646–661. https ://doi.
org/10.1016/j.neuro scien ce.2009.06.033

 11. Sinal CJ, Miyata M, Tohkin M, Nagata K, Bend JR, Gonzalez FJ 
(2000) Targeted disruption of soluble epoxide hydrolase reveals a 
role in blood pressure regulation. J Biol Chem 275:40504–40510. 
https ://doi.org/10.1074/jbc.M0081 06200 

 12. Miyata M, Kudo G, Lee YH, Yang TJ, Gelboin HV, Fernandez-
Salguero P, Kimura S, Gonzalez FJ (1999) Targeted disrup-
tion of the microsomal epoxide hydrolase gene. Microsomal 
epoxide hydrolase is required for the carcinogenic activity of 
7,12-dimethylbenz[a]anthracene. J Biol Chem 274:23963–8. https 
://doi.org/10.1074/jbc.274.34.23963 

 13. Oesch F (1987) Significance of various enzymes in the control 
of reactive metabolites. Arch Toxicol 60:174–178. https ://doi.
org/10.1007/BF002 96975 

 14. Oesch F, Daly J (1972) Conversion of naphthalene to trans-
naphthalene dihydrodiol: evidence for the presence of a coupled 
aryl monooxygenase-epoxide hydrase system in hepatic micro-
somes. Biochem Biophys Res Commun 46:1713–1720. https ://
doi.org/10.1016/0006-291x(72)90807 -8

https://doi.org/10.1080/15401420490426963
https://doi.org/10.1007/s00204-014-1371-y
https://doi.org/10.1007/s00204-014-1371-y
https://doi.org/10.1016/j.gene.2015.07.071
https://doi.org/10.1016/j.gene.2015.07.071
https://doi.org/10.1074/jbc.M110.118406
https://doi.org/10.1146/annurev-pharmtox-011112-140244
https://doi.org/10.1146/annurev-pharmtox-011112-140244
https://doi.org/10.1038/nm0597-562
https://doi.org/10.1038/nm0597-562
https://doi.org/10.1074/jbc.ra117.000298
https://doi.org/10.1074/jbc.ra117.000298
https://doi.org/10.1007/s00204-017-2060-4
https://doi.org/10.1194/jlr.M024448
https://doi.org/10.1194/jlr.M024448
https://doi.org/10.1016/j.neuroscience.2009.06.033
https://doi.org/10.1016/j.neuroscience.2009.06.033
https://doi.org/10.1074/jbc.M008106200
https://doi.org/10.1074/jbc.274.34.23963
https://doi.org/10.1074/jbc.274.34.23963
https://doi.org/10.1007/BF00296975
https://doi.org/10.1007/BF00296975
https://doi.org/10.1016/0006-291x(72)90807-8
https://doi.org/10.1016/0006-291x(72)90807-8


291Toxicol Res. (2021) 37:285–292 

1 3

 15. Taura KI, Yamada H, Hagino Y, Ishii Y, Mori MA, Oguri K 
(2000) Interaction between cytochrome P450 and other drug-
metabolizing enzymes: evidence for an association of CYP1A1 
with microsomal epoxide hydrolase and UDP-glucuronosyltrans-
ferase. Biochem Biophys Res Commun 273:1048–1052. https ://
doi.org/10.1006/bbrc.2000.3076

 16. Taura Ki K, Yamada H, Naito E, Ariyoshi N, Mori Ma MA, Oguri 
K (2002) Activation of microsomal epoxide hydrolase by interac-
tion with cytochromes P450: kinetic analysis of the association 
and substrate-specific activation of epoxide hydrolase function. 
Arch Biochem Biophys 402:275–280. https ://doi.org/10.1016/
S0003 -9861(02)00079 -6

 17. Orjuela Leon AC, Marwosky A, Arand M (2017) Evidence for a 
complex formation between CYP2J5 and mEH in living cells by 
FRET analysis of membrane protein interaction in the endoplas-
mic reticulum (FAMPIR). Arch Toxicol 91:3561–3570. https ://
doi.org/10.1007/s0020 4-017-2072-0

 18. Lacourciere GM, Vakharia VN, Tan CP, Morris DI, Edwards GH, 
Moos M, Armstrong RN (1993) Interaction of hepatic microso-
mal epoxide hydrolase derived from a recombinant baculovirus 
expression system with an azarene oxide and an aziridine substrate 
analogue. Biochemistry 32:2610–2616. https ://doi.org/10.1021/
bi000 61a01 9

 19. Hartsfield JK Jr, Holmes LB, Morel JG (1995) Phenytoin embryo-
pathy: effect of epoxide hydrolase inhibitor on phenytoin exposure 
in utero in C57BL/6J mice. Biochem Mol Med 56:131–143. https 
://doi.org/10.1006/bmme.1995.1068

 20. Carlson GP (2011) Comparison of styrene oxide enantiomers 
for hepatotoxic and pneumotoxic effects in microsomal epoxide 
hydrolase-deficient mice. J Toxicol Environ Health A 74:347–350. 
https ://doi.org/10.1080/15287 394.2011.53913 0

 21. Carlson GP (2010) Metabolism and toxicity of styrene in 
microsomal epoxide hydrolase-deficient mice. J Toxicol Envi-
ron Health A 73:1689–1699. https ://doi.org/10.1080/15287 
394.2010.51624 0

 22. Decker M, Arand M, Cronin A (2009) Mammalian epoxide 
hydrolases in xenobiotic metabolism and signalling. Arch Toxi-
col 83:297–318. https ://doi.org/10.1007/s0020 4-009-0416-0

 23. Tsuji PA, Walle T (2006) Inhibition of benzo[a]pyrene-activat-
ing enzymes and DNA binding in human bronchial epithelial 
BEAS-2B cells by methoxylated flavonoids. Carcinogenesis 
27:1579–1585. https ://doi.org/10.1093/carci n/bgi35 8

 24. Morisseau C, Wecksler AT, Deng C, Dong H, Yang J, Lee KS, 
Kodani SD, Hammock BD (2014) Effect of soluble epoxide 
hydrolase polymorphism on substrate and inhibitor selectivity 
and dimer formation. J Lipid Res 55:1131–1138. https ://doi.
org/10.1194/jlr.M0497 18

 25. Genomes Project C, Auton A, Brooks LD, Durbin RM, Garrison 
EP, Kang HM, Korbel JO, Marchini JL, McCarthy S, McVean 
GA, Abecasis GR (2015) A global reference for human genetic 
variation. Nature 526:68–74. https ://doi.org/10.1038/natur 
e1539 3

 26. Hassett C, Aicher L, Sidhu JS, Omiecinski CJ (1994) Human 
microsomal epoxide hydrolase: genetic polymorphism and 
functional expression in vitro of amino acid variants. Hum Mol 
Genet 3:421–428. https ://doi.org/10.1093/hmg/3.3.421

 27. Beranek M, Fiala Z, Kremlacek J, Andrys C, Hamakova K, 
Chmelarova M, Palicka V, Borska L (2016) Genetic polymor-
phisms in biotransformation enzymes for benzo[a]pyrene and 
related levels of benzo[a]pyrene-7,8-diol-9,10-epoxide-DNA 
adducts in Goeckerman therapy. Toxicol Lett 255:47–51. https 
://doi.org/10.1016/j.toxle t.2016.05.009

 28. Carbonari D, Mansi A, Proietto AR, Paci E, Bonanni RC, 
Gherardi M, Gatto MP, Sisto R, Tranfo G (2015) Influence of 
genetic polymorphisms of styrene-metabolizing enzymes on the 

levels of urinary biomarkers of styrene exposure. Toxicol Lett 
233:156–162. https ://doi.org/10.1016/j.toxle t.2015.01.002

 29. Benhamou S, Reinikainen M, Bouchardy C, Dayer P, Hirvonen 
A (1998) Association between lung cancer and microsomal 
epoxide hydrolase genotypes. Cancer Res 58:5291–5293

 30. Park JY, Chen L, Elahi A, Lazarus P, Tockman MS (2005) 
Genetic analysis of microsomal epoxide hydrolase gene and its 
association with lung cancer risk. Eur J Cancer Prev 14:223–
230. https ://doi.org/10.1097/00008 469-20050 6000-00005 

 31. Erkisi Z, Yaylim-Eraltan I, Turna A, Gormus U, Camlica H, Isbir 
T (2010) Polymorphisms in the microsomal epoxide hydrolase 
gene: role in lung cancer susceptibility and prognosis. Tumori 
96:756–763. https ://doi.org/10.1177/03008 91610 09600 519

 32. Fathy M, Hamed M, Youssif O, Fawzy N, Ashour W (2014) 
Association between environmental tobacco smoke exposure and 
lung cancer susceptibility: modification by antioxidant enzyme 
genetic polymorphisms. Mol Diagn Ther 18:55–62. https ://doi.
org/10.1007/s4029 1-013-0051-6

 33. Zhang P, Zhang Y, Yang H, Li W, Chen X, Long F (2015) Asso-
ciation between EPHX1 rs1051740 and lung cancer susceptibility: 
a meta-analysis. Int J Clin Exp Med 8:17941–17949

 34. Peluso ME, Munnia A, Srivatanakul P, Jedpiyawongse A, San-
grajrang S, Ceppi M, Godschalk RW, van Schooten FJ, Boffetta 
P (2013) DNA adducts and combinations of multiple lung cancer 
at-risk alleles in environmentally exposed and smoking subjects. 
Environ Mol Mutagen 54:375–383. https ://doi.org/10.1002/
em.21788 

 35. Xu X, Hua H, Fan B, Sun Q, Guo X, Zhang J (2015) EPHX1 
rs2234922 polymorphism and lung cancer susceptibility in Asian 
populations: a meta-analysis. J Thorac Dis 7:1125–1129. https ://
doi.org/10.3978/j.issn.2072-1439.2015.07.03

 36. Bauer AK, Faiola B, Abernethy DJ, Marchan R, Pluta LJ, Wong 
VA, Gonzalez FJ, Butterworth BE, Borghoff SJ, Everitt JI, Recio 
L (2003) Male mice deficient in microsomal epoxide hydrolase are 
not susceptible to benzene-induced toxicity. Toxicol Sci 72:201–
209. https ://doi.org/10.1093/toxsc i/kfg02 4

 37. Spector AA, Norris AW (2007) Action of epoxyeicosatrie-
noic acids on cellular function. Am J Physiol Cell Physiol 
292:C996-C1012. https ://doi.org/10.1152/ajpce ll.00402 .2006

 38. Deng Y, Edin ML, Theken KN, Schuck RN, Flake GP, Kan-
non MA, DeGraff LM, Lih FB, Foley J, Bradbury JA, Graves 
JP, Tomer KB, Falck JR, Zeldin DC, Lee CR (2011) Endothelial 
CYP epoxygenase overexpression and soluble epoxide hydrolase 
disruption attenuate acute vascular inflammatory responses in 
mice. Faseb J 25:703–713. https ://doi.org/10.1096/fj.10-17148 8

 39. Seubert JM, Sinal CJ, Graves J, DeGraff LM, Bradbury JA, Lee 
CR, Goralski K, Carey MA, Luria A, Newman JW, Hammock 
BD, Falck JR, Roberts H, Rockman HA, Murphy E, Zeldin DC 
(2006) Role of soluble epoxide hydrolase in postischemic recov-
ery of heart contractile function. Circ Res 99:442–450. https ://doi.
org/10.1161/01.RES.00002 37390 .92932 .37

 40. Larsen BT, Miura H, Hatoum OA, Campbell WB, Hammock BD, 
Zeldin DC, Falck JR, Gutterman DD (2006) Epoxyeicosatrienoic 
and dihydroxyeicosatrienoic acids dilate human coronary arteri-
oles via BK(Ca) channels: implications for soluble epoxide hydro-
lase inhibition. Am J Physiol Heart Circ Physiol 290:H491–H499. 
https ://doi.org/10.1152/ajphe art.00927 .2005

 41. Wang Y, Wei X, Xiao X, Hui R, Card JW, Carey MA, Wang 
DW, Zeldin DC (2005) Arachidonic acid epoxygenase metabolites 
stimulate endothelial cell growth and angiogenesis via mitogen-
activated protein kinase and phosphatidylinositol 3-kinase/Akt 
signaling pathways. J Pharmacol Exp Ther 314:522–532. https ://
doi.org/10.1124/jpet.105.08347 7

 42. Panigrahy D, Edin ML, Lee CR, Huang S, Bielenberg DR, But-
terfield CE, Barnes CM, Mammoto A, Mammoto T, Luria A, 
Benny O, Chaponis DM, Dudley AC, Greene ER, Vergilio JA, 

https://doi.org/10.1006/bbrc.2000.3076
https://doi.org/10.1006/bbrc.2000.3076
https://doi.org/10.1016/S0003-9861(02)00079-6
https://doi.org/10.1016/S0003-9861(02)00079-6
https://doi.org/10.1007/s00204-017-2072-0
https://doi.org/10.1007/s00204-017-2072-0
https://doi.org/10.1021/bi00061a019
https://doi.org/10.1021/bi00061a019
https://doi.org/10.1006/bmme.1995.1068
https://doi.org/10.1006/bmme.1995.1068
https://doi.org/10.1080/15287394.2011.539130
https://doi.org/10.1080/15287394.2010.516240
https://doi.org/10.1080/15287394.2010.516240
https://doi.org/10.1007/s00204-009-0416-0
https://doi.org/10.1093/carcin/bgi358
https://doi.org/10.1194/jlr.M049718
https://doi.org/10.1194/jlr.M049718
https://doi.org/10.1038/nature15393
https://doi.org/10.1038/nature15393
https://doi.org/10.1093/hmg/3.3.421
https://doi.org/10.1016/j.toxlet.2016.05.009
https://doi.org/10.1016/j.toxlet.2016.05.009
https://doi.org/10.1016/j.toxlet.2015.01.002
https://doi.org/10.1097/00008469-200506000-00005
https://doi.org/10.1177/030089161009600519
https://doi.org/10.1007/s40291-013-0051-6
https://doi.org/10.1007/s40291-013-0051-6
https://doi.org/10.1002/em.21788
https://doi.org/10.1002/em.21788
https://doi.org/10.3978/j.issn.2072-1439.2015.07.03
https://doi.org/10.3978/j.issn.2072-1439.2015.07.03
https://doi.org/10.1093/toxsci/kfg024
https://doi.org/10.1152/ajpcell.00402.2006
https://doi.org/10.1096/fj.10-171488
https://doi.org/10.1161/01.RES.0000237390.92932.37
https://doi.org/10.1161/01.RES.0000237390.92932.37
https://doi.org/10.1152/ajpheart.00927.2005
https://doi.org/10.1124/jpet.105.083477
https://doi.org/10.1124/jpet.105.083477


292 Toxicol Res. (2021) 37:285–292

1 3

Pietramaggiori G, Scherer-Pietramaggiori SS, Short SM, Seth M, 
Lih FB, Tomer KB, Yang J, Schwendener RA, Hammock BD, 
Falck JR, Manthati VL, Ingber DE, Kaipainen A, D’Amore PA, 
Kieran MW, Zeldin DC (2012) Epoxyeicosanoids stimulate mul-
tiorgan metastasis and tumor dormancy escape in mice. J Clin 
Invest 122:178–191. https ://doi.org/10.1172/JCI58 128

 43. Ellis EF, Amruthesh SC, Police RJ, Yancey LM (1991) Brain 
synthesis and cerebrovascular action of cytochrome P-450/
monooxygenase metabolites of arachidonic acid. Adv Prostaglan-
din Thromboxane Leukot Res 21A:201–204

 44. Arand M, Muller F, Mecky A, Hinz W, Urban P, Pompon D, 
Kellner R, Oesch F (1999) Catalytic triad of microsomal epoxide 
hydrolase: replacement of Glu404 with Asp leads to a strongly 
increased turnover rate. Biochem J 337:37–43. https ://doi.
org/10.1042/0264-6021:33700 37

 45. Marowsky A, Haenel K, Bockamp E, Heck R, Rutishauser S, Mule 
N, Kindler D, Rudin M, Arand M (2016) Genetic enhancement 
of microsomal epoxide hydrolase improves metabolic detoxifi-
cation but impairs cerebral blood flow regulation. Arch Toxicol 
90:3017–3027. https ://doi.org/10.1007/s0020 4-016-1666-2

 46. Chaudhary KR, Abukhashim M, Hwang SH, Hammock BD, Seu-
bert JM (2010) Inhibition of soluble epoxide hydrolase by trans-
4- [4-(3-adamantan-1-yl-ureido)-cyclohexyloxy]-benzoic acid is 
protective against ischemia-reperfusion injury. J Cardiovasc Phar-
macol 55:67–73. https ://doi.org/10.1097/FJC.0b013 e3181 c37d6 9

 47. Seubert J, Yang B, Bradbury JA, Graves J, Degraff LM, Gabel 
S, Gooch R, Foley J, Newman J, Mao L, Rockman HA, Ham-
mock BD, Murphy E, Zeldin DC (2004) Enhanced postischemic 
functional recovery in CYP2J2 transgenic hearts involves mito-
chondrial ATP-sensitive K+ channels and p42/p44 MAPK path-
way. Circ Res 95:506–514. https ://doi.org/10.1161/01.RES.00001 
39436 .89654 .c8

 48. Katragadda D, Batchu SN, Cho WJ, Chaudhary KR, Falck JR, 
Seubert JM (2009) Epoxyeicosatrienoic acids limit damage to 
mitochondrial function following stress in cardiac cells. J Mol Cell 
Cardiol 46:867–875. https ://doi.org/10.1016/j.yjmcc .2009.02.028

 49. Seubert JM, Zeldin DC, Nithipatikom K, Gross GJ (2007) Role of 
epoxyeicosatrienoic acids in protecting the myocardium following 
ischemia/reperfusion injury. Prostaglandins Other Lipid Mediat 
82:50–59. https ://doi.org/10.1016/j.prost aglan dins.2006.05.017

 50. Groten T, Schleussner E, Lehmann T, Reister F, Holzer B, Danso 
KA, Zeillinger R (2014) eNOSI4 and EPHX1 polymorphisms 
affect maternal susceptibility to preeclampsia: analysis of five pol-
ymorphisms predisposing to cardiovascular disease in 279 Cauca-
sian and 241 African women. Arch Gynecol Obstet 289:581–593. 
https ://doi.org/10.1007/s0040 4-013-2991-9

 51. Laasanen J, Romppanen EL, Hiltunen M, Helisalmi S, Man-
nermaa A, Punnonen K, Heinonen S (2002) Two exonic single 
nucleotide polymorphisms in the microsomal epoxide hydrolase 
gene are jointly associated with preeclampsia. Eur J Hum Genet 
10:569–573. https ://doi.org/10.1038/sj.ejhg.52008 49

 52. Pinarbasi E, Percin FE, Yilmaz M, Akgun E, Cetin M, Cetin 
A (2007) Association of microsomal epoxide hydrolase 
gene polymorphism and pre-eclampsia in Turkish women. 
J Obstet Gynaecol Res 33:32–37. https ://doi.org/10.111
1/j.1447-0756.2007.00473 .x

 53. Zusterzeel PL, Peters WH, Visser W, Hermsen KJ, Roelofs HM, 
Steegers EA (2001) A polymorphism in the gene for microsomal 
epoxide hydrolase is associated with pre-eclampsia. J Med Genet 
38:234–237. https ://doi.org/10.1136/jmg.38.4.234

 54. Sari I, Okten H, Aktan C, Cihan E (2020) Association of the sEH 
gene promoter polymorphisms and haplotypes with preeclampsia. 

J Med Biochem 39:428–435. https ://doi.org/10.5937/jomb0 
-27745 

 55. Sari I, Pinarbasi H, Pinarbasi E, Yildiz C (2017) Association 
between the soluble epoxide hydrolase gene and preeclampsia. 
Hypertens Pregnancy 36:315–325. https ://doi.org/10.1080/10641 
955.2017.13883 90

 56. Catella F, Lawson J, Braden G, Fitzgerald DJ, Shipp E, FitzGerald 
GA (1991) Biosynthesis of P450 products of arachidonic acid 
in humans: increased formation in cardiovascular disease. Adv 
Prostaglandin Thromboxane Leukot Res 21A:193–196

 57. Dalle Vedove F, Fava C, Jiang H, Zanconato G, Quilley J, Brunelli 
M, Guglielmi V, Vattemi G, Minuz P (2016) Increased epoxyeico-
satrienoic acids and reduced soluble epoxide hydrolase expression 
in the preeclamptic placenta. J Hypertens 34:1364–1370. https ://
doi.org/10.1097/HJH.00000 00000 00094 2

 58. Herse F, Lamarca B, Hubel CA, Kaartokallio T, Lokki AI, Ekholm 
E, Laivuori H, Gauster M, Huppertz B, Sugulle M, Ryan MJ, 
Novotny S, Brewer J, Park JK, Kacik M, Hoyer J, Verlohren S, 
Wallukat G, Rothe M, Luft FC, Muller DN, Schunck WH, Staff 
AC, Dechend R (2012) Cytochrome P450 subfamily 2J polypep-
tide 2 expression and circulating epoxyeicosatrienoic metabo-
lites in preeclampsia. Circulation 126:2990–2999. https ://doi.
org/10.1161/CIRCU LATIO NAHA.112.12734 0

 59. Enayetallah AE, French RA, Grant DF (2006) Distribution of 
soluble epoxide hydrolase, cytochrome P450 2C8, 2C9 and 2J2 
in human malignant neoplasms. J Mol Histol 37:133–141. https 
://doi.org/10.1007/s1073 5-006-9050-9

 60. Panigrahy D, Greene ER, Pozzi A, Wang DW, Zeldin DC (2011) 
EET signaling in cancer. Cancer Metastasis Rev 30:525–540. 
https ://doi.org/10.1007/s1055 5-011-9315-y

 61. Fritz P, Behrle E, Zanger UM, Murdter T, Schwarzmann P, Kro-
emer HK (1996) Immunohistochemical assessment of human 
microsomal epoxide hydrolase in primary and secondary liver 
neoplasm: a quantitative approach. Xenobiotica 26:107–116. https 
://doi.org/10.3109/00498 25960 90466 92

 62. Murray GI, Weaver RJ, Paterson PJ, Ewen SW, Melvin WT, Burke 
MD (1993) Expression of xenobiotic metabolizing enzymes in 
breast cancer. J Pathol 169:347–353. https ://doi.org/10.1002/
path.17116 90312 

 63. Lee HT, Lee KI, Chen CH, Lee TS (2019) Genetic deletion of 
soluble epoxide hydrolase delays the progression of Alzheimer’s 
disease. J Neuroinflammation 16:267. https ://doi.org/10.1186/
s1297 4-019-1635-9

 64. Nelson JW, Young JM, Borkar RN, Woltjer RL, Quinn JF, Sil-
bert LC, Grafe MR, Alkayed NJ (2014) Role of soluble epoxide 
hydrolase in age-related vascular cognitive decline. Prostaglandins 
Other Lipid Mediat 113–115:30–37. https ://doi.org/10.1016/j.
prost aglan dins.2014.09.003

 65. Liu M, Sun A, Shin EJ, Liu X, Kim SG, Runyons CR, Markesbery 
W, Kim HC, Bing G (2006) Expression of microsomal epoxide 
hydrolase is elevated in Alzheimer’s hippocampus and induced 
by exogenous beta-amyloid and trimethyl-tin. Eur J Neurosci 
23:2027–2034. https ://doi.org/10.1111/j.1460-9568.2006.04724 
.x

 66. Morisseau C, Newman JW, Wheelock CE, Hill Iii T, Morin D, 
Buckpitt AR, Hammock BD (2008) Development of metabolically 
stable inhibitors of Mammalian microsomal epoxide hydrolase. 
Chem Res Toxicol 21:951–957. https ://doi.org/10.1021/tx700 
446u

https://doi.org/10.1172/JCI58128
https://doi.org/10.1042/0264-6021:3370037
https://doi.org/10.1042/0264-6021:3370037
https://doi.org/10.1007/s00204-016-1666-2
https://doi.org/10.1097/FJC.0b013e3181c37d69
https://doi.org/10.1161/01.RES.0000139436.89654.c8
https://doi.org/10.1161/01.RES.0000139436.89654.c8
https://doi.org/10.1016/j.yjmcc.2009.02.028
https://doi.org/10.1016/j.prostaglandins.2006.05.017
https://doi.org/10.1007/s00404-013-2991-9
https://doi.org/10.1038/sj.ejhg.5200849
https://doi.org/10.1111/j.1447-0756.2007.00473.x
https://doi.org/10.1111/j.1447-0756.2007.00473.x
https://doi.org/10.1136/jmg.38.4.234
https://doi.org/10.5937/jomb0-27745
https://doi.org/10.5937/jomb0-27745
https://doi.org/10.1080/10641955.2017.1388390
https://doi.org/10.1080/10641955.2017.1388390
https://doi.org/10.1097/HJH.0000000000000942
https://doi.org/10.1097/HJH.0000000000000942
https://doi.org/10.1161/CIRCULATIONAHA.112.127340
https://doi.org/10.1161/CIRCULATIONAHA.112.127340
https://doi.org/10.1007/s10735-006-9050-9
https://doi.org/10.1007/s10735-006-9050-9
https://doi.org/10.1007/s10555-011-9315-y
https://doi.org/10.3109/00498259609046692
https://doi.org/10.3109/00498259609046692
https://doi.org/10.1002/path.1711690312
https://doi.org/10.1002/path.1711690312
https://doi.org/10.1186/s12974-019-1635-9
https://doi.org/10.1186/s12974-019-1635-9
https://doi.org/10.1016/j.prostaglandins.2014.09.003
https://doi.org/10.1016/j.prostaglandins.2014.09.003
https://doi.org/10.1111/j.1460-9568.2006.04724.x
https://doi.org/10.1111/j.1460-9568.2006.04724.x
https://doi.org/10.1021/tx700446u
https://doi.org/10.1021/tx700446u

	Regulation of cardiovascular biology by microsomal epoxide hydrolase
	Abstract
	Introduction
	mEH-mediated epoxide hydrolysis
	mEH in xenobiotic metabolism
	mEH in epoxy-fatty acid metabolism
	EPHX1 polymorphisms

	mEH regulation of cancer
	mEH regulation of cardiovascular biology
	Acknowledgements 
	References




