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Abstract 

Platelet type lipoxygenase (pl12-LOX), encoded by ALOX12, catalyzes the production of the lipid 

mediator 12S-hydroperoxyeicosa-5,8,10,14-tetraenoic acid (12S-HpETE), which is quickly reduced 

by cellular peroxidases to form 12(S)-hydroxy-5,8,10,14-eicosatetraenoic acid (12S-HETE). 

Platelets express high levels of pl12-LOX and generate considerable amounts of 12S-HETE from 

arachidonic acid (AA; C20:4, n 6). The development of sensitive chiral liquid chromatography-

tandem mass spectrometry (LC-MS/MS) methods has allowed the accurate quantification of 12S-

HETE in biological samples. Moreover, advances in the knowledge of the mechanism of action of 

12S-HETE have been achieved. The orphan G-protein-coupled receptor 31 (GPR31) has been 

identified as the high-affinity 12S-HETE receptor. Moreover, upon platelet activation, 12S-HETE is 

produced, and significant amounts are found esterified to membrane phospholipids (PLs), such as 

phosphatidylethanolamine (PE) and phosphatidylcholine (PC), promoting thrombin generation. 

Platelets play many roles in cancer metastasis. Among them, the platelets' ability to interact with 

cancer cells and transfer platelet molecules by the release of extracellular vesicles (EVs) is 

noteworthy. Recently, it was found that platelets induce epithelial-mesenchymal transition(EMT) in 

cancer cells, a phenomenon known to confer high-grade malignancy, through the transfer of pl12-

LOX contained in platelet-derived EVs. These cancer cells now generate 12-HETE, considered a 

key modulator of cancer metastasis. Interestingly, 12-HETE was mainly found esterified in 

plasmalogen phospholipids of cancer cells. This review summarizes the current knowledge on the 

regulation and functions of ALOX12 in platelets and cancer cells and their crosstalk. Novel 

approaches to preventing cancer and metastasis by the pharmacological inhibition of pl12-LOX and 

the internalization of mEVs are discussed. 
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Introduction  

A vast variety of lipid mediators involved in many physiological and pathophysiological processes 

are generated from arachidonic acid (AA; C20:4, n 6), a polyunsaturated fatty acid (PUFA), via the 

activity of lipoxygenases (LOX), cyclooxygenases (COX), or cytochrome P450 enzymes (Figure 1) 

[1-4]. In the cases of COXs (COX-1 and COX-2), AA is first converted to prostaglandin G2 (PGG2) 

by the cyclooxygenase reaction, and then the peroxidase activity of the enzyme catalyzes a two-

electron reduction of PGG2 to PGH2. PGH2 is converted to different prostanoids such as PGD2, 

PGE2, PGF2α, and PGI2 (prostacyclin) and thromboxane (TX)A2 by specific synthases. Prostanoids 

interact with their receptors [DP1 and CTRH2 (also known as DP2), EP1–4, FP, IP, and TP, 

respectively] and exert various biological actions [3]. AA can be bound in the cyclooxygenase 

active site of COXs in at least three different catalytically competent arrangements that lead to 

PGG2 but also 11-hydroperoxyeicosatetraenoi acid (HpETE), and 15R/S-HpETE as minor products 

(Figure 1) that can be reduced to the corresponding hydroxyeicosatetraenoic acids (HETEs), at least 

in part, via the peroxidase activity of the enzymes[5,6]. COXs are the target of an important class of 

drugs, the nonsteroidal antiinflammatory drugs (NSAIDs) widely used in the symptomatic 

management of rheumatic diseases characterized by chronic musculoskeletal pain and diverse forms 

of acute pain [3,7]. Among the NSAIDs, Aspirin (acetylsalicylic acid, ASA) irreversibly inhibits 

COX-1 and COX-2 through the acetylation at serine 529 and 516, respectively [8,9]. The persistent 

irreversible inhibition of platelet COX-1 by low-dose aspirin explains its efficacy in preventing 

atherothrombosis and possibly colorectal cancer (CRC) in humans [7,10]. It has been reported that 

acetylated COX-2 not producing PGH2 can lead to the generation of 15R-HETE [9, 11], which can 

be converted to the “aspirin-triggered lipoxin” 15-epi-lipoxin (LX)A4 [12]. The relevance of this 

pathway in vivo in humans requires further evaluation. 

Cytochrome (CYP) P450 enzymes can hydroxylate AA at many different positions [13], and three 

types of products are formed: 

1. -hydroxy metabolites 
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2. Bisallylic hydroxylation products, in which the hydroxyl group is added to a methylene 

group situated between two cis double bonds 

3. HETEs, in which the hydroxyl group is adjacent to a conjugated diene system. 

Among them, 20-HETE is noteworthy for its role in kidney functions. CYP4A11, CYP4F2, 

CYP4F3B, and CYP4F11 catalyze the formation of 20-HETE and are expressed in the liver and 

kidney [14]. GPR75 has been recently identified as the first 20-HETE receptor [15]. Selective 

synthesis inhibitors and orally active receptor antagonists are now available for experimental animal 

models [16-20]. Their use has allowed elucidation of other roles of 20-HETE in cardiovascular 

disease, angiogenesis, and cancer [16, 21, 22]. Given these many actions, the safety of 20-HETE 

inhibitors or antagonists remains to clarify when used to treat chronic diseases, such as 

hypertension. 

Lipoxygenases (LOX) are a family of non-heme iron proteins or dioxygenases, which catalyze the 

abstraction of hydrogen atoms from bis-allylic positions (1Z,4Z-pentadiene groups) of PUFA 

followed by stereospecific addition of dioxygen to generate hydroperoxides [23]. The human 

genome contains six functional LOX genes (ALOX15, ALOX15B, ALOX12, ALOX12B, ALOX5, 

and ALOXE3), expressed in various tissues [24, 25]. LOXs were traditionally named according to 

their positional specificity for AA [26]. However, human 15-LOX-1 (ALOX15) exhibits dual 

reaction specificity with AA as a substrate since 12S- and 15S-HpETE have been identified as 

oxygenation products [27] (Figure 1). Thus, gene names alongside enzyme names are 

recommended [23, 26]. Cellular peroxidases can reduce HpETE to monohydroxy fatty acids 

(HETEs) [2]. 

5-LOX and its products are of pharmacological importance since they are the target of clinically 

used antiasthmatic drugs [1, 28]. The enzyme converts AA to 5S-HpETE and then to leukotriene 

(LT)A4 (Figure 1). LTA4 is enzymatically converted to LTB4, a neutrophil chemoattractant, via the 

activation of the BLT1 receptor. LTC4, the precursor of LTD4 involved in asthma, is also generated 

from LTA4. LTD4 activates cysLT1 and cysLT2 receptors [1]. Antagonists targeting the receptor of 
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CysLTs (CysLT1) are currently used as antiasthmatic drugs. LTA4 has been reported to be the 

precursor for other lipoxygenases, such as 12-LOX or 15-LOX, to generate LXA4, which interacts 

with the ALX/formyl peptide receptor 2(FPR2) and LXB4 [29, 30]. However, it is noteworthy that 

FPR2/ALX, a G protein-coupled receptor belonging to the formyl peptide receptor (FPR) family, 

conveys the biological functions of a variety of ligands, including the proresolution mediators, 

annexin A1 (AnxA1) and LXA4, as well as the proinflammatory protein serum amyloid A [31]. 

This review summarizes the current knowledge on the regulation, functions, and pharmacological 

modulation of ALOX12/platelet-type 12-LOX in platelets and cancer cells and their crosstalk. 

Platelet-type 12-lipoxygenase roles in platelet function and thrombosis 

The ALOX12 gene encodes for the platelet-type 12-LOX (pl12-LOX; 12S-LOX), which is 

expressed at high levels in blood platelets, skin epidermis, and some hematopoietic and solid 

tumors [32, 33]. Pl12-LOX seems to be the only LOX isoform present in platelets. Pl12-LOX 

oxygenates position C12 of AA to form 12S-HpETE. In vivo, 12-HpETEs is rapidly reduced to 

12S-HETE by peroxidases, such as glutathione peroxidase [34,35]. 

12S-HpETE can be generated in mice also by ALOX15, and the enzyme was previously named 

leukocyte-type 12-LOX for its high expression in leukocytes; however, this nomenclature should 

not be used anymore, and it should be classified as 12-lipoxygenating ALOX15 isoforms [26].  

As a consequence of platelet activation, the enhancement of intracellular calcium triggers the 

translocation of 12-LOX and the hydrolysis of PUFAs from the glycerolphospholipid via cytosolic 

phospholipase (cPLA2) [36-41]. These events seem crucial for 12S-HETE generation in platelets. 

However, crosstalk exists among COX-1-dependent TXA2, dense granule ADP release, and 12S-

HETE generation in human platelets. Platelets also express high levels of COX-1 [3]. Tacconelli et 

al. [42] performed a targeted chiral lipidomics analysis of eicosanoids generated from endogenous 

AA in human whole blood allowed to clot for 60 min at 37°C [42]. Under this condition, thrombin 

is generated and induces the release of AA from membrane phospholipids of blood cells (mainly 

platelets) which is transformed into eicosanoids [43]. Using a chiral liquid chromatography-mass 
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spectrometry/mass spectrometry (LC-MS/MS) method, prostanoids (mainly TXB2 and PGE2) and 

different HETEs, generated enzymatically or nonenzymatically from AA, can be detected. 

Comparable levels of TXB2 and 12S-HETE were detected and were the most abundant eicosanoids. 

PGE2 and other HETEs were 4.14% of the average concentration of all molecules assessed (i.e., 

700.08 ng/ml). Also, in platelet-rich plasma (PRP), TXB2 and 12S-HETE were generated at high 

concentrations (ng/ml) in response to collagen or TRAP-6 [a peptide fragment that acts as a 

protease-activated receptor 1 (PAR-1) agonist][44]. PAR-1 is the highest-affinity thrombin receptor 

on human platelets, while murine platelets do not express it [45]. The other thrombin receptor PAR-

4 responds to high concentrations of thrombin [45]. Humans and mice express PAR-4, but the two 

receptors are functionally different [45, 46]; thus it is challenging to translate PAR-4 studies using 

mice to human platelet physiology. 

Pharmacological studies in vitro showed that during platelet aggregation induced by collagen 2 

g/ml in human PRP, TXA2 generation drives the biosynthesis of 12S-HETE in part via the ADP 

release. Thus, aspirin, a selective inhibitor of COX-1, indirectly reduced 12S-HETE production via 

the inhibition of TXA2 generation. The inhibition of collagen-induced platelet aggregation by ASA 

(100 M) was rescued by the addition of U46619 (the stable TXA2 mimetic), but not 12S-HETE, 

(at concentrations generated endogenously), thus showing that at a low collagen concentration, 12-

HETE does not play a functional role in platelet aggregation [42]. It has been shown that the pl12-

LOX pathway plays an important role in normal platelet function through PAR-4 [47], which 

promotes the late phase of the platelet aggregation process by extending the increase of intracellular 

Ca2+ levels [44]. Thus, pl12-LOX inhibition could be beneficial in some clinical conditions where 

PAR-4 plays a role [47]. This may include patients with acute coronary syndromes who are 

insensitive to current antiplatelet drugs, possibly due to an increased population of procoagulant 

platelets.  
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In platelets, 12S-HETE can act through the NOX (NADPH oxidases) stimulation and the 

enhancement of the production of ROS (reactive oxygen species), which are known to potentiate 

platelet activation [34].  

However, approximately one-third of the 12-HETE generated by platelets is riesterified 

into the membrane phospholipids (PL-12-HETEs) [48]. Incorporation of HETEs into lipids has also 

been observed in many other cell types, including epithelial and endothelial cells [49,50].  

Activation of platelets leads to the rapid activation of pl12-LOX and the incorporation of 12S-

HETE into phosphatidylethanolamine (PE) and phosphatidylcholine (PC) to give the following 

plasmalogen and acyl lipids: 16:0p_12S-HETE-PE, 18:1p_12S-HETE-PE, 18:0p_12S-HETE-PE, 

18:0a_12S-HETE-PE, 16:0a_12S-HETE-PC, and 18:0a_12S-HETE-PC [51]. This phenomenon 

enhances tissue factor-dependent thrombin generation and might be involved in enhancing 

thrombus formation [51, 52].  

12S-HETE can also act by activating the orphan receptor GPR31 [53]. The GPR31 is coupled to Gi, 

and its activation by 12S-HETE potentiates platelet aggregation, calcium flux, and dense granule 

release induced by the stimulation of PAR4 and thrombin [53]. Interestingly, a GPR31 pepducin 

antagonist (GPR310), a synthetic 21mer peptide conjugated to palmitate to form an N-palmitoylated 

lipopeptide targeting the i3 loop of GPR31, has been developed. GPR310 significantly reduced 

arterial thrombosis without affecting hemostasis in mice [54].  

Genetic manipulation in mice to determine the oxygenases and their lipid contributions to vascular 

and platelet functions has considerably progressed over the last two decades. These tools have 

greatly enhanced our understanding of the varying roles of oxylipins, mainly in platelet biology and 

different pathophysiological processes. 

Knockout (KO) mice for the platelet-type 12-LOX (ALOX12-/-) were specifically generated and 

showed a viable phenotype, but they exhibited prolonged tail vein bleeding compared to wild-type 

(WT) mice [47]. Johnson et al. [55] showed that ALOX12-/- murine platelets could not synthesize 

12-HETE from exogenous or endogenous AA; differently, TXA2 synthesis remained unchanged. 
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However, platelets from mice lacking pl12-LOX were hyperresponsive to ADP, thus suggesting 

that platelet 12-LOX has an inhibitory role in ADP-induced aggregation[55]. Moreover, ALOX12-/- 

mice were more sensitive to thrombosis elicited by intravenous ADP injection [55]. More recently, 

it was shown that platelets from LOX12-/- mice present lower aggregation when compared to 

platelets from WT mice in response to collagen, PAR4-activating peptide (AP), and also ADP [47, 

56, 57], Moreover, 12-LOX -/- mice showed a decrease in thrombus formation compared to WT 

mice, in response to laser-induced vascular injury [57].  

Overall, these results suggest complex biological effects of 12S-HETE in platelets. It seems that 

12S-HETE plays a role at low concentrations of agonists with a particular preference for PAR4 

activation.  

Dietary supplementation with dihomo-γ-linolenic acid (DGLA), an ω-6 PUFA, has been shown to 

inhibit platelet aggregation ex vivo [58-60]. Yeung et al. [57] showed that DGLA, inhibited platelet 

thrombus formation in vivo in a model of vessel wall injury. Using mice with the deletion of 

ALOX12, it was demonstrated the involvement of pl12-LOX in mediating the antithrombotic 

effects of DGLA. Moreover, they demonstrated that the 12S-hydroxy-8,10,14-eicosatrienoic acid 

(12S-HETrE), generated by pl12-LOX from DGLA as substrate, is responsible for its 

antithrombotic effects, but it did not affect primary hemostasis or caused increased bleeding. 12-

HETrE acted via activation of Gαs signaling pathway leading to the formation of cAMP and PKA 

activation in the platelet [57]. 

However, it is to be considered that the results using mouse models of thrombosis in the 

background of ALOX12-/- should be taken into consideration with caution due to important 

differences with humans regarding the expression of LOX isoforms and the generation of 12S-

HETE from other LOX enzymes [26]. 
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Roles of platelet-type 12-lipoxygenase in cancer and metastasis  

Several lines of experimental evidence have shown the role of pl12-LOX and 12S-HETE in cancer 

pathophysiology [61-63]).  

Both ALOX-12 and Pl12-LOX expression have been detected in various cancer cell lines of 

different tissue origin. Pl12-LOX is overexpressed in various cancers, including melanoma, skin 

carcinoma, and prostate carcinoma [64-66]. Moreover, it has been shown the increased expression 

of ALOX-12 in breast carcinoma [67]. pl12-LOX and its metabolite 12S-HETE are important 

regulators of ovarian cancer growth, as shown in vitro [68]. In prostate cancer patients, the 

expression levels of ALOX12 correlated with tumor stage and grade [69]. High levels of ALOX-12 

have been found to be of prognostic value for staging in breast cancer [70,71].  

12S-HETE has a protective role for cancer cells, preventing them from undergoing apoptosis and 

leading to mechanisms of invasion, motility, and angiogenesis in several cancer types as 

demonstrated in vitro [62, 72-74]. 

Several studies conducted on prostate and epidermal cancer cells have shown that 12S-HETE is 

implicated in increasing tumor cell adhesion to microvascular endothelial cells by upregulating the 

surface expression of αvβ3 integrins [75]. Further studies have also shown that melanoma cells 

release 12S-HETE in sufficient quantities to induce a reversible, non-destructive, time- and 

concentration-dependent retraction of the endothelial cells themselves by stimulating cytoskeletal 

protein rearrangement in a PKC-dependent manner [72, 75, 76].  

Dilly et al. [77] demonstrated that pl12-LOX and its metabolite 12S-HETE positively affected the 

levels of the metalloproteinase MMP9, which has a pivotal role in prostate cancer invasion and 

metastasis [78]. Overexpression of ALOX12 in PC-3 prostate cancer cells increased MMP9 

production through activation of the PI3K/Akt/NF-κB pathway; this phenomenon led to increased 

chemoattraction of endothelial cell, which was reversed by inhibitors of 12-LOX (baicalein), PI3K 

(LY294002) or NF-κB (MG-132) [77].  
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Furthermore, prostate cancer cells overexpressing ALOX12 led to increased secretion of the 

vascular endothelial growth factor (VEGF) [79], which was inhibited by the LOX inhibitor 

baicalein. The role of 12-LOX in angiogenesis in vivo was shown by the finding that 12S-HETE 

activates the (ERK1/2) mitogen-activated protein (MAP) kinase signaling cascade that underlies the 

increase in VEGF [80].  

12S-HETE is also involved in pancreatic cancer development by inducing tyrosine kinase 

phosphorylation and cell proliferation [81]. 

During metastasis, tumor cells interact with platelets, endothelial cells, and matrix proteins, 

undergoing various cell-host interactions and several lines of evidence suggest that the ability of 

tumor cells to synthesize 12S-HETE strongly correlates with their metastatic potential [82]. 

12S-HETE can contribute to cancer cell survival by directly affecting the tumor and endothelial 

cells' promotion of metastases. In particular, 12S-HETE can induce the release of cathepsin B by 

tumor cells, contributing to the degradation of the subendothelial membrane, thereby promoting the 

migration of the cells themselves in and out of the bloodstream [82], a distinctive feature in the 

development of metastases. 12S-HETE contributes to the dissemination of metastases by increasing 

the motility of tumor cells through PKC-dependent cytoskeletal rearrangements [83] and by 

activating endothelial cells. Endothelial cells cultured with tumor cells release 12S-HETE, which 

influences cytoskeletal rearrangement and cell retraction [82]. 

In MCF-7 cell (a breast cancer cell line) spheroids, 12S-HETE induces transmigration of lymphatic 

endothelial cells through local interruptions in the endothelial monolayer [84]. The role of 12S-

HETE in breast cancer has been further demonstrated in xenograft tumors in mice using 

pharmacological inhibitors (pan-LOX inhibitor nordihydroguaiaretic acid or baicalein) or short 

interfering RNA (sh-RNA) treatment, that prevent the production of 12-HETE [84]. 

The correlation between 12S-HETE production and metastatic potential was also evaluated in 

different tumor cell types [85].  
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12-LOX has been shown to stimulate prostate cancer tumor growth by influencing angiogenesis 

[86]. The addition of exogenous 12S-HETE alters the cytoskeleton of tumor cells through 

phosphorylation of cytoskeletal proteins [87], thus increasing adhesion and spread of tumor cells on 

matrices in vitro [83,88], inducing proteinase secretion [89], integrin expression [75,90] and 

increases invasion. Pretreatment of tumors with 12S-HETE stimulates cell motility [91] and 

increases the surface expression of αvβ integrins, in particular αvβ3 integrin [92]. The adhesion of 

B16 murine melanoma cells to microvascular endothelial cells was enhanced through the up-

regulation of αvβ3 integrin following treatment with 12S-HETE [92]. Pidgeon et al. [93] found that 

12-LOX regulates cell survival and apoptosis by influencing the expression and localization of 

αvβ3 and αvβ5 integrins in PC3 and A431 human cancer cells. It has been reported that the 

metastasis of cancer cells is enhanced by low-dose radiation associated with elevated biosynthesis 

of 12S-HETE [94]. Another positive correlation was observed between the biosynthesis of 12S-

HETE and the metastatic potential of murine B16a cells [95]. 12S-HETE is a crucial intracellular 

signaling molecule involved in the activation of various signaling pathways [96-98] It activates 

PKCα via PLCγ1 and stimulates PKCζ via inositide kinase. It also activates MAPK kinase and 

mediates the biological functions of many growth factors such as basic Fibroblast Growth Factor 

(bFGF), Platelet-derived growth factor (PDGF), Epidermal Growth Factor (EGF), and Autocrine 

Motility Factor (AMF) [83, 99, 100].  

Recently, it has been identified an orphan receptor GPR31, which shows a high affinity for 12S-

HETE (Kd, 5 nM) and a lower affinity for other HETEs [53]. The activation of this receptor by 

12S-HETE activates PKC-ERK1/2 axis. In GPR31-transfected CHO and COS7 cells, 12S-HETE 

leads to ERK1/2 and NFκB activation, whereas knockdown of GPR31 blocks the stimulatory effect 

of 12S-HETE on the invasive capability of tumor cells through Matrigel, associated with an 

inhibition of MEK activation [53]. 
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Biosynthesis and functions of 12S-HETE in platelet/cancer cell crosstalk 

The role of platelets in cancer and metastasis development is sustained by the efficacy of 

antiplatelet agents, such as low-dose aspirin, in humans [10]. Plenty of mechanisms can be used by 

platelets to promote tumorigenesis and metastasis: (i) upon activation, platelets release many 

molecules, including growth and angiogenic factors, lipids, and extracellular vesicles (EVs) [101, 

102], and activate numerous cell types, including vascular and immune cells, fibroblasts, and cancer 

cells [103]; (ii) platelets can shroud disseminated tumor cells from recognition and elimination by 

natural killer cells [103]; (iii) platelets can promote cancer cell malignancy and migratory properties 

via the induction of epithelial-mesenchymal transition (EMT) thus facilitating extravasation and 

colonization of distant organs[103].   

Platelets release EVs accounting for 70–90% of circulating EVs in the peripheral blood of healthy 

people [101, 104]. Medium-size (100–1000 nm) EVs (mEVs) are also called microparticles (MPs) 

[105]. 

Membrane-derived EVs are involved in cell-cell communication through many mechanisms: 

(i) directly stimulate cells, (ii) transfer membrane receptors, proteins, mRNA, and organelles (e.g., 

mitochondria) between cells, (iii) deliver infectious agents into cells (e.g., human 

immunodeficiency virus, prions) [106], (iv) platelet-derived MPs can influence target cells via 

transcellular lipid metabolism, i.e., transferring AA to endothelial cells to induce the expression of 

COX-2 and the synthesis of prostanoids [107]. 

12-LOX expressed in PRP has been reported to be a promising diagnostic and prognostic biomarker 

of prostate cancer [108, 109]. Contursi et al. [48] have shown that circulating mEVs (mainly from 

platelets) collected from patients with colorectal adenomas/adenocarcinomas contain pl12-LOX 

protein. An enhanced number of platelet-derived EVs is detected in the bloodstream of patients with 

CRC and other cancer types [110, 111]. Thus, the crosstalk between mEVs expressing pl12-LOX 

with circulating cancer could enhance their prometastatic potential in vivo.  
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In cocultures of human platelets and human colon adenocarcinoma HT-29 cells, free 12-HETE is 

detected in the medium and derived mainly from platelets [48]. However, one-third of 12-HETE 

generated is esterified into membranes PLs of platelets, mainly in PC species with acyl-linked 16:0 

or 18:0 at Sn1 and PE 18:0a. In the interaction of platelets and cancer cells, platelet-derived mEVs 

are released [48]. They present only small amounts of 12-HETE esterified in PLs but express pl12-

LOX, which is catalytically active. HT29 cells cultured alone neither expressed 12-LOX nor 

generated 12-HETE (either as a free form or esterified in membrane PLs. In cocultures of HT29 

cells and platelets, cancer cells acquired pl12-LOX protein via the uptake of platelet-derived mEVs 

(expressing pl12-LOX) and the ability to generate 12-HETE [48]. Interestingly, 12-HETE was 

mainly esterified into membrane PLs. The pattern of 12-HETE esterification into the six PE, PC 

species of HT29 cells was different from that found in platelets [48]. Higher levels of plasmalogen 

forms were detected versus platelets, specifically PE 18:0p_12-HETE and PE 16:0p_12-HETE [48]. 

These results provide the rationale to characterize the production of 12-HETE-PLs in colorectal 

cancer lesions and verify whether the pattern of 12-HETE-PLs identifies patients with metastatic 

potential. These findings show that platelets induce 12-HETE generation in colon cancer cells and 

its esterification into membrane phospholipids via MP-mediated delivery of pl12-LOX (Figure 2). 

Interestingly, dm-amiloride, which inhibits the Na+/H+ exchanger involved in macropinocytosis 

[112] reduced mEV uptake by HT29 associated with the reduction of the levels of 12-LOX in HT29 

cells cocultured with platelets [48]. Thus, the promotion of platelet-dependent malignancy in cancer 

cells could be counteracted by drugs affecting platelet-derived MP uptake. It is noteworthy that 

Mir-939, transferred by platelet mEVs to ovarian epithelial cancer cells, induces their proliferation 

and migration [113].  

The role of pl12-LOX in EMT induction has been demonstrated in human gastric cancer cells with 

ALOX12 overexpression [114]. In esophageal cancer cell lines, the downregulation of ALOX12 

expression or the pharmacological inhibition of 12-LOX activity is associated with reduced EMT 

markers and cell migration [115]. Contursi et al. [48] showed that in platelet-HT-29 cell cocultures, 
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the 12-LOX inhibitor CDC and other chemically distinct 12-LOX inhibitors [such as esculetin and 

baicalein (42, 116, 117)] prevented the induction of EMT genes, thus strengthened the role of 12-

LOX activity in platelet-dependent induction of EMT in cancer cells. CDC is not a selective 

inhibitor of 12-LOX, also impacting 5-LOX [118, 119]. However, in HT29 cell-platelet cocultures, 

5-HETE was undetectable 

.  
12-LOX Inhibitors  

The first 12-LOX inhibitors acted as redox inhibitors or fatty acid analogs [34] (Table).  

Early 12-LOX inhibitors [baicalein, nordihydroguaiaretic acid (NDGA), 5,8,11,14-eicosatetraynoic 

acid, OPC-29030, L-655,238 and BW755C] are not 12-LOX selective, but they can also target 

cPLA2, COX-1, COX-2, and other LOXs (15-LOX-1, 15-LOX-2, 5-LOX) [120-124]. NDGA, 

BW755C, and baicalein [125] are redox inhibitors [126]. The activity of all LOX isoforms requires 

the activation of non-heme iron. Redox inhibitors prevent the oxidation of non-heme iron at the 

catalytic site, thus affecting its conversion from inactive iron (Fe2+) to active iron (Fe3+) [127]. The 

flavonoid baicalein, a major component in the root of Scutellaria baicalensis, is not a selective 

inhibitor of 12-LOX but affects also 15-LOX, due to its catecholic scaffold. The catecholic alcohol 

ligates the iron and causes an inner sphere reduction on the active site iron, with baicalein 

undergoing oxidation to its quinone form [116]. A structurally related flavonoid, apigenin, which 

differs from baicalein because it does not contain a cathecol moiety, is a not reductive inhibitor of 

LOXs. However, it can inhibit LOX due to a hydrogen bond between its terminal alcohol group and 

residue T591. In fact, this residue may anchor apigenin in an orientation that blocks substrate 

accessibility to the iron. Like baicalein, NGDA is a nonselective LOX inhibitor of LOXs with 

micromolar and sub-micromolar IC50. It possesses two catechol rings, which confer a potent 

antioxidant activity; thus, by halting iron in the Fe2+ state, it can break the redox cycle of LOXs, 

resulting in their inactivation [123]. 
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Another LOXs inhibitor is N-(4-chlorophenyl)-N-hydroxy-N′-(3-chlorophenyl)urea (CPHU), which 

can reduce various lipoxygenases and stimulates the degradation of lipid hydroperoxide catalyzed 

by these enzymes (pseudoperoxidase activity) [120]. Since phenols and hydroxamates react with the 

iron center of LOXs [120], they represent poor choices as potentially specific inhibitors.  

Another subset of LOX inhibitors is fatty acid analogs. Sun et al. [128] synthesized a series of 

acetylenic fatty acids. One of them, 5,8,11,14-eicosatetrainoic acid (ETYA), resulted in an inhibitor 

of COX and 12-LOX. In contrast, 4,7,10,13-ETYA was found to be a potent and selective inhibitor 

of pl12-LOX. 5,8,11,14-ETYA resulted ten times more potent than 4,7,10,13-ETYA in inhibiting 

AA-induced aggregation in platelet-rich plasma and washed platelets [128].  

Another class of 12-LOX inhibitors is 12-LOX translocation inhibitors (OPC-29030 and L-

655,238) (Table) [129]. They were synthesized to inhibit the translocation of 12-LOX to the 

glycerophospholipid membrane involved in the synthesis of 12-HETE. These compounds can block 

12-HETE formation without directly inhibiting enzymatic activity. In response to U46619 

stimulation in vitro, OPC-29030-treated platelets have a decrease in Ca2+ mobilization, granule 

secretion, aIIbb3 activation, and aggregation compared to control-treated platelets, resulting in a 

decrease in thrombus formation in canine models of thrombosis [129].  

The use of all these LOX inhibitors has permitted the understanding of the effects of pl12-LOX in 

potentiating platelet activation in vitro. In fact, they reduced platelet activation and aggregation in 

response to a wide variety of platelet agonists, including collagen, thrombin, ADP, and U46619 

[34], but their lack of selectivity has limited their in vivo utility. 

 

Development of novel 12-LOX inhibitors 

Recently, by using a quantitative high-throughput screen (qHTS) on a library of about 150000 

compounds, novel small molecule inhibitors of human pl12-LOX have been synthesized [130]. 

Interestingly, two scaffolds have been identified, i.e., 8-hydroxyquinoline-based scaffold and 4-((2-

hydroxy-3-methoxybenzyl)amino)-benze-nesulfonamide-based scaffold, which showed nanomolar 
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potency against the purified enzyme 12-LOX and >50- fold selectivity over other LOX isozymes 

and COXs. Moreover, they had micromolar potency for the human platelets pl12-LOX [130]. 

Medicinal chemistry optimization strategies applied to 8-hydroxyquinoline-basedscaffold have led 

to the synthesis of two lead compounds, NCTT-956 (N-((8-hydroxy-5-nitroquinolin-7-yl)(thio-

phen-2-yl)methyl)propionamide) and ML-127 (N-((5-bromo-8-hydroxy-quinolin-7-yl)(thiophen- 2-

yl)methyl) acetamide), which are potent noncompetitive inhibitors of 12-LOX and highly selective 

(>50-fold) over other LOX isozymes. NCTT-956 was also able to inhibit intracellular Ca2+, IIb3 

activation, and platelet aggregation mediated by thrombin or collagen. However, its development 

has been interrupted after structural modifications performed to reduce its cytotoxic effects have 

impaired its selectivity [130, 131]. In platelets stimulated with Activating peptides for PAR1 

(PAR1-AP), it has been demonstrated that compound ML-127 inhibits 12-HETE generation[131], 

but its effects on platelet activation and thrombosis remain to be evaluated. The development of 

other benzenesulfonamide-based compounds for limiting 12-LOX activity and platelet function 

while maintaining enzyme selectivity remains an area of active research. 

ML-355 ((N-benzo[d] thiazol-2-yl)-4((2-hydroxy-3 methoxybenzyl)amino)benzenesulfonamide) 

has been obtained by the structure-activity relationship studies with benzenesulfonamide-based 

scaffold [132]. This compound, which reversibly inhibits 12-LOX, is highly selective (>50-fold) 

over other oxygenases. It reduces calcium mobilization and platelet aggregation induced by a PAR4 

agonist [56] and can also inhibit platelet activation mediated by the immune receptor, FcRIIa [56]. 

It can inhibit human platelet aggregation in response to low concentrations of agonists, but its 

antiplatelet effects can be overcome by higher concentrations of agonists [56, 132]. Ex vivo flow 

chamber assays confirmed that human platelet adhesion and thrombus formation at arterial shear 

over collagen were mitigated in whole blood treated with ML-355 comparable to aspirin [133]. 

Pharmacokinetic studies with ML-355 in mice showed that it is orally bioavailable and has no 

observable toxic effects [133]. ML-355 significantly inhibited thrombosis formation in WT mice in 

several in vivo thrombosis models, but it has only a marginal effect on hemostasis; these effects 
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were different from those observed in 12-LOX deficient mice, which showed prolonged tail 

bleeding times. Adili et al. [133] developed two new in vivo hemostatic assays to evaluate both 

hemostatic plug formation and bleeding through the assessment of plasma extravasation caused by 

vascular wall rupture in real-time [133]. In these hemostasis models, the injury is intense, and it 

completely rips the vascular wall, resulting in hemorrhage from the vessel into the extravascular 

space. By using these models, hemostasis has been quantitatively assessed in mouse large and small 

vessels after ML-355 treatment, showing that the compound has inhibitory effects on platelet 

activation and clot formation in vivo; however, the complete rupture of the vessel wall causes a 

significant activation of the coagulation pathway and thrombin generation which can overcome the 

inhibitory effects of ML-355. This residual platelet activation in the presence of ML-355 at high 

concentrations of endogenous agonists under pro-coagulative conditions could have an important 

role in restoring normal coagulation and hemostasis, thus suggesting that ML-355 can potentially 

act as a safer antiplatelet agent, which has minimal effects on hemostasis. Noteworthily, even if 

these in vivo hemostatic models may reproduce the hemostasis process, they have limitations and 

may not fully reflect hemostasis in the human vessel. Altogether, available data on ML-355 support 

the idea that it can potentially represent a first-in-human approach to control platelet activation 

following vascular insult or injury, with the important advantage of minimizing the increased risk of 

bleeding associated with antiplatelet therapy. However, it will be urgent to explore potential off-

target effects and toxicity prior to human studies.  

Among the different strategies used to identify selective platelet 12-LOX inhibitors, the structural 

modification of known 5-LO inhibitors to shift selectivity on platelet 12-LOX has been shown to be 

successful [118]. Thus, a series of 3,4-dihydroxy-a-cyanocinnamoyl esters derived from the 5-LO 

inhibitor caffeic acid has been proposed as potent and selective platelet 12-LOX inhibitors. Among 

them, the synthetic compound cinnamyl-3,4-dihydroxy- -cyanocinnamate (CDC) was reported to 

inhibit platelet 12-LOX (IC50 63 nM) and to be selective approximately 30 and 53 times over 5- 

and 12/15-LOX-, respectively (Table). Thus, CDC has been widely used as a pharmacological tool 
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to study 12-LOX mediated effects because it has been considered as a rather selective 12-LOX 

inhibitor [96, 134-138]. However, further studies reported a divergent selectivity profile of CDC 

than initially described and defined 5-LOX as a preferential target [119]. In fact, CDC inhibited 5-

LOX in both polymorphonuclear leukocytes and monocytes and showed similar efficiencies as the 

5-LOX inhibitor zileuton [119]. Platelet 12-LOX activity was inhibited by CDC when thrombin and 

collagen (and to a lesser extent ionophore) were used as stimuli, but not in presence of exogenous 

AA [119]. CDC has radical scavenging properties, which suggest the reducing feature as the 

mechanism responsible for LOX inhibition. This could represent an important limitation because 

the systemic use of redox type 5-LOX inhibitors, as CDC, can be hampered by interference with 

other redox systems or by the production of ROS with consequent side effects (e.g., hemolysis or 

methemoglobin formation) [139]. Thus, an accurate analysis of the potential toxicity of CDC should 

be performed to justify further developments for systemic use.  

Esculetin (curcumin; 6,7-dihydroxycoumarin), is a phenolic compound with antioxidant properties 

[140], inhibiting 12-HETE production in both human and rat platelets [117]; however, it also affects 

the 5-LOX activity of human polymorphonuclear leukocytes [141]. 

Recently, Tacconelli et al. [42] have studied the effects of ML-355, esculetin, and CDC on the 

biosynthesis of prostanoids (such as TXB2 and PGE2) and HETEs in serum obtained from human 

whole blood allowed to clot for one h at 37 °C, thrombin-stimulated washed human platelets and 

during platelet aggregation in human PRP in response to collagen or TRAP6. The use of a targeted 

chiral lipidomics analysis by LC-MS/MS of serum allowed the simultaneous assessment of 

prostanoids and HETEs, thus, providing important information on the mechanism of action of ML-

355, esculetin, and CDC on nonenzymatic and enzymatic pathways of AA metabolism (i.e., COX-

1, 12-, 15- and 5-LOX) [42]. In this study, the pharmacological characterization of the compounds 

was performed in the presence of plasma proteins and endogenous sources of AA released in 

response to thrombin (generated endogenously during blood clotting) [7, 43]. ML-355 did not affect 

serum eicosanoid biosynthesis up to 260 μM, and platelet aggregation and eicosanoid generation in 
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PRP in response to low and high concentrations of collagen (2 and 10 μg/ml) or TRAP-6 (a PAR-1 

agonist) [42]. In contrast, the antiplatelet agents, aspirin, and ticagrelor inhibited platelet 

aggregation [42]. Esculetin affected 12S-HETE production in serum and washed platelets in a 

concentration-dependent fashion[42]; however, esculetin also inhibited TXB2 biosynthesis, thus 

suggesting that it can act by affecting the release of AA. When used at concentrations ≤ 100 μM, 

esculetin preferentially inhibited platelet 12-LOX in washed platelets [42]. Platelet aggregation 

induced in PRP by collagen or TRAP-6 was not significantly affected by 300 M of esculetin, due 

to the incomplete inhibition of eicosanoid generation [42]. The influence of antioxidant plasma 

components can explain the reduced inhibition of eicosanoid biosynthesis by esculetin in serum or 

PRP.  

CDC was assessed in the same models [42]. In serum, the compound was selective for 12S-HETE, 

but the maximal effect was incomplete. In washed platelets stimulated with thrombin, the 

compound caused a comparable concentration-dependent inhibition of 12S-HETE and TXB2 [42]. 

In PRP stimulated with collagen or TRAP-6, CDC (300 M) caused an incomplete inhibitory effect 

on 12S-HETE and other eicosanoids and no effect on platelet aggregation [42]. These data show the 

importance of plasma components in the inhibitory effects of pl-12LOX and the selectivity of CDC.  

The results reported by Tacconelli et al. [42] enlighten the importance of using experimental models 

resembling the in vivo situation (particularly the presence of proteins and other plasma components) 

for the pharmacological characterization in vitro or ex vivo of novel antiplatelet compounds. In 

particular, the impact of 12-LOX inhibitors on eicosanoids generated in serum can provide 

important information on their enzyme selectivity, off-target effects, and the potential interference 

of plasma components on their pharmacological effects.  

 
Conclusions 

The role of platelet type 12-LOX in human health and disease is still not completely understood. 

The major limitation is the unavailability of selective inhibitors to use in animal models and treat 
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patients. KO mice for ALOX12 have the limitation that 12S-HpETE/HETE can be generated by the 

expression of ALOX15, which encodes a 12-LOX enzyme [24,25]. Moreover, it is now clear that 

genetically engineered mouse (GEM) phenotypes can be background-dependent [142]. The 

different findings obtained in ALOX12-/- mice in thrombosis models are noteworthy. Johnson et al. 

[55] found that mice with the deletion of ALOX12 were more sensitive to thrombosis in response to 

intravenous ADP injection. Differently, Yeung et al. [57] found reduced platelet aggregation and 

thrombus formation in response to laser-induced vascular injury in ALOX12-/- versus WT mice. 

The ALOX12/12S-HETE pathway seems to contribute to platelet function through PAR4 activation 

or by low concentrations of agonists.  

The development of ML-355, an orally and selective pl12-LOX inhibitor [133], can help to clarify 

the role of 12S-HETE in atherothrombosis and other pathological conditions. However, Tacconelli 

et al. [42] could not find an inhibitory effect on platelet-dependent 12S-HETE biosynthesis in whole 

blood allowed to clot at 37°C for 1 h or in aggregating PRP in response to low and high collagen 

concentrations or TRAP-6. Thus, the compound should be more carefully characterized before its 

administration to humans.  

It remains to clarify also the mechanism involved in platelet activation by 12S-HETE. Identifying 

the orphan receptor GPR31 as a 12S-HETE receptor [53] and developing GPR31 pepducin 

antagonist (GPR310) [54] will be helpful for enhancing knowledge of ALOX/12S-HETE pathway 

in human pathology. 

The discovery that platelet activation leads to the incorporation of 12-HETE into PLs and augments 

thrombin generation has opened the way to study novel functions of ALOX12 [48, 51, 52]. 

Interestingly, a new mechanism by which platelets can promote EMT in cancer cells via the 

 transfer of pl12-LOX contained in platelet-derived mEVs has been described [48]. These cancer 

cells now generate 12S-HETE, a modulator of cancer metastasis. Interestingly, 12-HETE is mainly 

esterified in plasmalogen phospholipids of cancer cells [48]. Modifying cancer cell phospholipids 

by 12S-HETE may functionally impact cancer cell biology and represent a novel 
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 target for anticancer agent development. Selective inhibitors of 12-LOX or macropinocytosis 

inhibitors[112], which prevent the internalization of mEVs, have the potential to represent novel 

anticancer tools. 

Acknowledgments 

This review was funded by Associazione Italiana per la Ricerca sul Cancro (AIRC) (IG 2017-ID. 

20365 Project; Principal Investigator PP). In addition, this review was funded by Ministero 

dell’Istruzione, dell’Università e della Ricerca (MIUR) (Fondi per la Ricerca Scientifica di Ateneo, 

(ex 60%)) to ST. 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

 

References 

 

 

1. Haeggström JZ, Funk CD. Lipoxygenase and leukotriene pathways: biochemistry, biology, 

and roles in disease. Chem Rev. 2011;111(10):5866-98. doi: 10.1021/cr200246d.  

2. Powell WS, Rokach J. Biosynthesis, biological effects, and receptors of 

hydroxyeicosatetraenoic acids (HETEs) and oxoeicosatetraenoic acids (oxo-ETEs) derived 

from arachidonic acid. Biochim Biophys Acta. 2015;1851(4):340-55. doi: 

10.1016/j.bbalip.2014.10.008.  

3. Simmons DL, Botting RM, Hla T. Cyclooxygenase isozymes: the biology of prostaglandin 

synthesis and inhibition. Pharmacol Rev. 2004;56(3):387-437. doi: 10.1124/pr.56.3.3.  

4. Spector AA. Arachidonic acid cytochrome P450 epoxygenase pathway. J Lipid Res. 2009;50 

Suppl(Suppl):S52-6. doi: 10.1194/jlr.R800038-JLR200.  

5. Thuresson ED, Lakkides KM, Smith WL. Different catalytically competent arrangements of 

arachidonic acid within the cyclooxygenase active site of prostaglandin endoperoxide H 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



synthase-1 lead to the formation of different oxygenated products. J Biol Chem. 2000 

;275(12):8501-7. doi: 10.1074/jbc.275.12.8501.  

6. Harman CA, Rieke CJ, Garavito RM, Smith WL. Crystal structure of arachidonic acid bound 

to a mutant of prostaglandin endoperoxide H synthase-1 that forms predominantly 11-

hydroperoxyeicosatetraenoic acid. J Biol Chem. 2004;279(41):42929-35. doi: 

10.1074/jbc.M403013200.  

7. Patrignani P, Patrono C. Cyclooxygenase inhibitors: From pharmacology to clinical read-outs. 

Biochim Biophys Acta. 2015, 1851(4):422-32. doi: 10.1016/j.bbalip.2014.09.016.  

8. Roth GJ, Majerus PW. The mechanism of the effect of aspirin on human platelets. I. 

Acetylation of a particulate fraction protein. J Clin Invest.;56(3):624-32. doi: 

10.1172/JCI108132. 

9. Lecomte M, Laneuville O, Ji C, DeWitt DL, Smith WL. Acetylation of human prostaglandin 

endoperoxide synthase-2 (cyclooxygenase-2) by aspirin. J Biol Chem. 1994;269(18):13207-

15.  

10. Patrignani P, Patrono C. Aspirin and Cancer. J Am Coll Cardiol. 2016;68(9):967-76. doi: 

10.1016/j.jacc.2016.05.083.  

11. Holtzman MJ, Turk J, Shornick LP. Identification of a pharmacologically distinct 

prostaglandin H synthase in cultured epithelial cells. J Biol Chem. 1992;267(30):21438-45. 

12. Chiang N, Arita M, Serhan CN. Anti-inflammatory circuitry: lipoxin, aspirin-triggered 

lipoxins and their receptor ALX. Prostaglandins Leukot Essent Fatty Acids. 2005;73(3-

4):163-77. doi: 10.1016/j.plefa.2005.05.003.  

13. Roman RJ. P-450 metabolites of arachidonic acid in the control of cardiovascular function. 

Physiol Rev. 2002, 82(1):131-85. doi: 10.1152/physrev.00021.2001.  

14. Johnson AL, Edson KZ, Totah RA, Rettie AE. Cytochrome P450 ω-Hydroxylases in 

Inflammation and Cancer. Adv Pharmacol. 2015;74:223-62. doi: 

10.1016/bs.apha.2015.05.002.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



15. Fan F, Roman RJ. GPR75 Identified as the First 20-HETE Receptor: A Chemokine Receptor 

Adopted by a New Family. Circ Res. 2017;120(11):1696-1698. doi: 

10.1161/CIRCRESAHA.117.311022.  

16. Roman RJ, Fan F. 20-HETE: Hypertension and Beyond. Hypertension. 2018;72(1):12-18. 

doi: 10.1161/HYPERTENSIONAHA.118.10269. 

17. Miyata N, Taniguchi K, Seki T, Ishimoto T, Sato-Watanabe M, Yasuda Y, Doi M, Kametani 

S, Tomishima Y, Ueki T, Sato M, Kameo K. HET0016, a potent and selective inhibitor of 20-

HETE synthesizing enzyme. Br J Pharmacol. 2001; 133:325–329.   

18. Miyata N, Seki T, Tanaka Y, Omura T, Taniguchi K, Doi M, Bandou K, Kametani S, Sato M, 

Okuyama S, Cambj-Sapunar L, Harder DR, Roman RJ. Beneficial effects of a new 20- 

hydroxyeicosatetraenoic acid synthesis inhibitor, TS-011 [N-(3-chloro-4-morpholin-4-yl) 

phenylN′-hydroxyimido formamide], on hemorrhagic and ischemic stroke. J Pharmacol Exp 

Therap. 2005; 314:77–85.  

19. Pandey V, Garcia V, Gilani A, Mishra P, Zhang FF, Paudyal MP, Falck JR, Nasjletti A, Wang 

WH, Schwartzman ML. The Blood Pressure-Lowering Effect of 20-HETE Blockade in 

Cyp4a14(−/−) Mice Is Associated with Natriuresis. J Pharmacol Exp Ther. 2017; 363:412–

418.  

20. Savas U, Wei S, Hsu MH, Falck JR, Guengerich FP, Capdevila JH, Johnson EF. 20- 

Hydroxyeicosatetraenoic Acid (HETE)-dependent Hypertension in Human Cytochrome P450 

(CYP) 4A11 Transgenic Mice. J Biol Chem. 2016; 291:16904–16919.  

21. Rocic P, Schwartzman ML. 20-HETE in the regulation of vascular and cardiac function. 

Pharmacol Ther. 2018;192:74-87. doi:10.1016/j.pharmthera.2018.07.004. 

22. Panigrahy D, Kaipainen A, Greene ER, & Huang S. Cytochrome P450-derived eicosanoids: 

the neglected pathway in cancer. Cancer Metastasis Reviews 2010;29:723–735.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



23. Hajeyah AA, Griffiths WJ, Wang Y, Finch AJ, O'Donnell VB. The Biosynthesis of 

Enzymatically Oxidized Lipids. Front Endocrinol (Lausanne). 2020;11:591819. doi: 

10.3389/fendo.2020.591819.  

24. Ivanov I, Kuhn H, Heydeck D. Structural and functional biology of arachidonic acid 15-

lipoxygenase-1 (ALOX15). Gene. 2015;573(1):1-32. doi: 10.1016/j.gene.2015.07.073.  

25. Snodgrass, R.G.; Brüne, B. Regulation and functions of 15-Lipoxygenases in human 

macrophages. Front. Pharmacol. 2019;10:719 

26. Kuhn, H.; Banthiya, S.; van Leyen, K. Mammalian lipoxygenases and their biological 

relevance. Biochim Biophys Acta 2015;1851:308–330 

27. Kutzner L, Goloshchapova K, Heydeck D, Stehling S, Kuhn H, Schebb NH. Mammalian 

ALOX15 orthologs exhibit pronounced dual positional specificity with docosahexaenoic 

acid. Biochim Biophys Acta Mol Cell Biol Lipids 2017;1862(7):666–75. 

doi: 10.1016/j.bbalip.2017.04.001 

28. Steinhilber D, Hofmann B. Recent advances in the search for novel 5-lipoxygenase inhibitors. 

Basic Clin Pharmacol Toxicol. 2014;114(1):70-7.doi: 10.1111/bcpt.12114. 

29. Schebb NH, Kühn H, Kahnt AS, Rund KM, O'Donnell VB, Flamand N, Peters-Golden M, 

Jakobsson PJ, Weylandt KH, Rohwer N, Murphy RC, Geisslinger G, FitzGerald GA, Hanson 

J, Dahlgren C, Alnouri MW, Offermanns S, Steinhilber D. Formation, Signaling and 

Occurrence of Specialized Pro-Resolving Lipid Mediators-What is the Evidence so far? Front 

Pharmacol. 2022;13:838782. 

30. Fiore S, Maddox JF, Perez HD, Serhan CN. Identification of a human cDNA encoding a 

functional high affinity lipoxin A4 receptor. J Exp Med. 1994;180(1):253-60. doi: 

10.1084/jem.180.1.253.  

31. Bena S, Brancaleone V, Wang JM, Perretti M, Flower RJ. Annexin A1 interaction with the 

FPR2/ALX receptor: identification of distinct domains and downstream associated signaling. 

J Biol Chem. 2012;287(29):24690-7. doi:10.1074/jbc.M112.377101. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



32. Yoshimoto T, Takahashi Y. Arachidonate 12-lipoxygenases. Prostaglandins Other Lipid 

Mediat. 2002; 68-69:245–262. 

33. Porro B, Songia P, Squellerio I, Tremoli E, Cavalca V. Analysis, physiological and clinical 

significance of 12-HETE: a neglected platelet-derived 12-lipoxygenase product. J 

Chromatogr B Analyt Technol Biomed Life Sci. 2014;964:26-40. doi: 

10.1016/j.jchromb.2014.03.015.  

34. Tourdot BE, Holinstat M. Targeting 12-Lipoxygenase as a Potential Novel Antiplatelet 

Therapy. Trends Pharmacol Sci. 2017;38(11):1006-1015. doi:10.1016/j.tips.2017.08.001. 

35. Hamberg M, Samuelsson B. Prostaglandin endoperoxides. Novel transformations of 

arachidonic acid in human platelets. Proc. Natl. Acad. Sci. U. S. A. 1974;71:3400–3404 

36. Kirkby NS, Reed DM, Edin ML, Rauzi F, Mataragka S, Vojnovic I, Bishop-Bailey D, Milne 

GL, Longhurst H, Zeldin DC, Mitchell JA, Warner TD. Inherited human group IVA cytosolic 

phospholipase A2 deficiency abolishes platelet, endothelial, and leucocyte eicosanoid 

generation. FASEB J. 2015;29(11):4568-78. doi: 10.1096/fj.15-275065.  

37.  Slatter DA, Aldrovandi M, O'Connor A, Allen SM, Brasher CJ, Murphy RC, Mecklemann 

S, Ravi S, Darley-Usmar V, O'Donnell VB. Mapping the Human Platelet Lipidome Reveals 

Cytosolic Phospholipase A2 as a Regulator of Mitochondrial Bioenergetics during Activation. 

Cell Metab. 2016;23(5):930-44. doi: 10.1016/j.cmet.2016.04.001.  

38. Ghosh M, Tucker DE, Burchett SA, Leslie CC. Properties of the Group IV phospholipase A2 

family. Prog Lipid Res. 2006;45(6):487-510. doi: 10.1016/j.plipres.2006.05.003.  

39.  Adler DH, Cogan JD, Phillips JA 3rd, Schnetz-Boutaud N, Milne GL, Iverson T, Stein JA, 

Brenner DA, Morrow JD, Boutaud O, Oates JA. Inherited human cPLA(2alpha) deficiency is 

associated with impaired eicosanoid biosynthesis, small intestinal ulceration, and platelet 

dysfunction. J Clin Invest. 2008;118(6):2121-31. doi: 10.1172/JCI30473.  

40.  Wong DA, Kita Y, Uozumi N, Shimizu T. Discrete role for cytosolic phospholipase 

A(2)alpha in platelets: studies using single and double mutant mice of cytosolic and group 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



IIA secretory phospholipase A(2). J Exp Med. 2002;196(3):349-57. doi: 

10.1084/jem.20011443.  

41. Ozeki Y, Nagamura Y, Ito H, Unemi F, Kimura Y, Igawa T, Kambayashi Ji, Takahashi Y, 

Yoshimoto T. An anti-platelet agent, OPC-29030, inhibits translocation of 12-lipoxygenase 

and 12-hydroxyeicosatetraenoic acid production in human platelets. Br J Pharmacol. 

1999;128(8):1699-704. doi: 10.1038/sj.bjp.0702976.  

42. Tacconelli S, Fullone R, Dovizio M, Pizzicoli G, Marschler S, Bruno A, Zucchelli M, 

Contursi A, Ballerini P, Patrignani P. Pharmacological characterization of the biosynthesis of 

prostanoids and hydroxyeicosatetraenoic acids in human whole blood and platelets by 

targeted chiral lipidomics analysis. Biochim Biophys Acta Mol Cell Biol Lipids. 2020 

Dec;1865(12):158804. doi: 10.1016/j.bbalip.2020.158804.  

43. Patrono C, Ciabattoni G, Pinca E, Pugliese F, Castrucci G, De Salvo A, Satta MA, Peskar BA. 

Low dose aspirin and inhibition of thromboxane B2 production in healthy subjects. Thromb 

Res. 1980;17(3-4):317-27. doi: 10.1016/0049-3848(80)90066-3.  

44. Covic L, Misra M, Badar J, Singh C, Kuliopulos A. Pepducin-based intervention of thrombin-

receptor signaling and systemic platelet activation. Nat Med. 2002;8(10):1161-5. doi: 

10.1038/nm760. Epub 2002 Sep 23. PMID: 12357249. 

45. Coughlin SR. Protease-activated receptors in hemostasis, thrombosis and vascular biology. J 

Thromb Haemost. 2005;3(8):1800-14. doi: 10.1111/j.1538-7836.2005.01377.x.  

46. Rovati G, Contursi A, Bruno A, Tacconelli S, Ballerini P, Patrignani P. Antiplatelet Agents 

Affecting GPCR Signaling Implicated in Tumor Metastasis. Cells. 2022;11(4):725. doi: 

10.3390/cells11040725. 

47. Yeung J, Apopa PL, Vesci J, Stolla M, Rai G, Simeonov A, Jadhav A, Fernandez-Perez P, 

Maloney DJ, Boutaud O, Holman TR, Holinstat M. 12-lipoxygenase activity plays an 

important role in PAR4 and GPVI-mediated platelet reactivity. Thromb Haemost. 

2013;110(3):569-81. doi: 10.1160/TH13-01-0014. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



48. Contursi A, Schiavone S, Dovizio M, Hinz C, Fullone R, Tacconelli S, Tyrrell VJ, Grande R, 

Lanuti P, Marchisio M, Zucchelli M, Ballerini P, Lanas A, O'Donnell VB, Patrignani P. 

Platelets induce free and phospholipid-esterified 12-hydroxyeicosatetraenoic acid generation 

in colon cancer cells by delivering 12-lipoxygenase. J Lipid Res. 2021;62:100109. doi: 

10.1016/j.jlr.2021.100109. 

49. Alpert SE, Walenga RW. Human tracheal epithelial cells selectively incorporate 15- 

hydroxyeicosatetraenoic acid into phosphatidylinositol. Am. J. Respir. Cell Mol. Biol. 1993; 

8:273–281.  

50. Wang LX, Kaduce TL, Spector AA. Localization of 12-hydroxyeicosatetraenoic acid in 

endothelial cells. J. Lipid Res. 1990; 31:2265–2276.  

51. Thomas CP, Morgan LT, Maskrey BH, Murphy RC, Kühn H, Hazen SL, Goodall AH, Hamali 

HA, Collins PW, O'Donnell VB. Phospholipid-esterified eicosanoids are generated in agonist 

activated human platelets and enhance tissue factor-dependent thrombin generation. J. 

Biol.Chem. 2010; 285:6891–6903.  

52. Hammond VJ, O'Donnell VB. Esterified eicosanoids: generation, characterization and 

function. Biochim Biophys Acta. 2012; 1818(10):2403-12. doi: 

10.1016/j.bbamem.2011.12.013. 

53. Guo Y, Zhang W, Giroux C, Cai Y, Ekambaram P, Dilly AK, Hsu A, Zhou S, Maddipati KR, 

Liu J, Joshi S, Tucker SC, Lee MJ, Honn KV. Identification of the orphan G protein-coupled 

receptor GPR31 as a receptor for 12-(S)-hydroxyeicosatetraenoic acid. J Biol Chem. 

2011;286(39):33832-40. doi: 10.1074/jbc.M110.216564.  

54. Van Doren L, Nguyen N, Garzia C, Fletcher EK, Stevenson R, Jaramillo D, Kuliopulos A, 

Covic L. Lipid Receptor GPR31 (G-Protein-Coupled Receptor 31) Regulates Platelet 

Reactivity and Thrombosis Without Affecting Hemostasis. Arterioscler Thromb Vasc Biol. 

2021;41(1):e33-e45. doi: 10.1161/ATVBAHA.120.315154.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



55. Johnson EN, Brass LF, Funk CD. Increased platelet sensitivity to ADP in mice lacking 

platelet-type 12-lipoxygenase. Proc Natl Acad Sci U S A. 1998;95(6):3100-5. doi: 

10.1073/pnas.95.6.3100.  

56. Yeung J, Tourdot BE, Fernandez-Perez P, Vesci J, Ren J, Smyrniotis CJ, Luci DK, Jadhav A, 

Simeonov A, Maloney DJ, Holman TR, McKenzie SE, Holinstat M. Platelet 12-LOX is 

essential for FcγRIIa-mediated platelet activation. Blood. 2014;124(14):2271-9. doi: 

10.1182/blood-2014-05-575878.  

57. Yeung J, Tourdot BE, Adili R, Green AR, Freedman CJ, Fernandez-Perez P, Yu J, Holman 

TR, Holinstat M. 12(S)-HETrE, a 12-Lipoxygenase Oxylipin of Dihomo-γ-Linolenic Acid, 

Inhibits Thrombosis via Gαs Signaling in Platelets. Arterioscler Thromb Vasc Biol. 

2016;36(10):2068-77. doi: 10.1161/ATVBAHA.116.308050.  

58. Farrow JW, Willis AL. Proceedings: Thrombolytic and anti-thrombotic properties of 

dihomogamma-linolenate in vitro. 1975; 55:316P–317P. 

59. Kernoff PB, Willis AL, Stone KJ, Davies JA, McNicol GP. Antithrombotic potential of 

dihomogamma-linolenic acid in man. Br Med J. 1977; 2:1441–1444.  

60. Willis AL, Comai K, Kuhn DC, Paulsrud J. Dihomo-gamma-linolenate suppresses platelet 

aggregation when administered in vitro or in vivo. Prostaglandins. 1974; 8:509–519.  

61. Tang K, Honn KV. 12(S)-HETE in cancer metastasis. Adv Exp Med Biol. 1999;447:181-91. 

doi: 10.1007/978-1-4615-4861-4_17 

62. Gao X, Honn KV. Biological properties of 12(S)-HETE in cancer metastasis. Adv 

Prostaglandin Thromboxane Leukot Res. 1995;23:439-44.  

63. Natarajan R, Nadler J. Role of lipoxygenases in breast cancer. Front Biosci. 1998 Jun 8;3:E81-

8. doi: 10.2741/a369.  

64. Timár J, Rásó E, Honn KV, Hagmann W. 12-lipoxygenase expression in human melanoma 

cell lines. Adv Exp Med Biol. 1999;469:617-22. doi: 10.1007/978-1-4615-4793-8_89.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



65. Krieg P, Kinzig A, Ress-Löschke M, Vogel S, Vanlandingham B, Stephan M, Lehmann WD, 

Marks F, Fürstenberger G. 12-Lipoxygenase isoenzymes in mouse skin tumor development. 

Mol Carcinog. 1995;14(2):118-29. doi: 10.1002/mc.2940140208.  

66. Ding XZ, Kuszynski CA, El-Metwally TH, Adrian TE. Lipoxygenase inhibition induced 

apoptosis, morphological changes, and carbonic anhydrase expression in human pancreatic 

cancer cells. Biochem Biophys Res Commun. 1999;266(2):392-9. doi: 

10.1006/bbrc.1999.1824.  

67. Natarajan R, Esworthy R, Bai W, Gu JL, Wilczynski S, Nadler J. Increased 12-lipoxygenase 

expression in breast cancer tissues and cells. Regulation by epidermal growth factor. J Clin 

Endocrinol Metab. 1997;82(6):1790-8. doi: 10.1210/jcem.82.6.3990.  

68. Guo AM, Liu X, Al-Wahab Z, Maddippati KR, Ali-Fehmi R, Scicli AG, Munkarah AR. Role 

of 12-lipoxygenase in regulation of ovarian cancer cell proliferation and survival. Cancer 

Chemother Pharmacol. 2011;68(5):1273-83. doi: 10.1007/s00280-011-1595-y.  

69. Gao X, Grignon DJ, Chbihi T, Zacharek A, Chen YQ, Sakr W, Porter AT, Crissman JD, 

Pontes JE, Powell IJ, et al. Elevated 12-lipoxygenase mRNA expression correlates with 

advanced stage and poor differentiation of human prostate cancer. Urology. 1995;46(2):227-

37. doi: 10.1016/s0090-4295(99)80198-8.  

70. Jiang WG, Douglas-Jones A, Mansel RE. Levels of expression of lipoxygenases and 

cyclooxygenase-2 in human breast cancer. Prostaglandins Leukot Essent Fatty Acids. 

2003;69(4):275-81. doi: 10.1016/s0952-3278(03)00110-8.  

71. Jiang WG, Douglas-Jones AG, Mansel RE. Aberrant expression of 5-lipoxygenase-activating 

protein (5-LOXAP) has prognostic and survival significance in patients with breast cancer. 

Prostaglandins Leukot Essent Fatty Acids. 2006;74(2):125-34. doi: 

10.1016/j.plefa.2005.10.005.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



72. Honn KV, Timár J, Rozhin J, Bazaz R, Sameni M, Ziegler G, Sloane BF. A lipoxygenase 

metabolite, 12-(S)-HETE, stimulates protein kinase C-mediated release of cathepsin B from 

malignant cells. Exp Cell Res. 1994;214(1):120-30. doi: 10.1006/excr.1994.1240.  

73.  Nie D, Tang K, Diglio C, Honn KV. Eicosanoid regulation of angiogenesis: role of 

endothelial arachidonate 12-lipoxygenase. Blood. 2000;95(7):2304-11.  

74. Nie D, Tang K, Szekeres K, Li L, Honn KV. Eicosanoid regulation of angiogenesis in human 

prostate carcinoma and its therapeutic implications. Ann N Y Acad Sci. 2000;905:165-76. 

doi: 10.1111/j.1749-6632.2000.tb06548.x.  

75. Tang DG, Diglio CA, Honn KV. 12(S)-HETE-induced microvascular endothelial cell 

retraction results from PKC-dependent rearrangement of cytoskeletal elements and alpha V 

beta 3 integrins. Prostaglandins. 1993;45(3):249-67. doi: 10.1016/0090-6980(93)90051-8.  

76. Honn KV, Grossi IM, Diglio CA, Wojtukiewicz M, Taylor JD. Enhanced tumor cell adhesion 

to the subendothelial matrix resulting from 12(S)-HETE-induced endothelial cell retraction. 

FASEB J. 1989;3(11):2285-93. doi: 10.1096/fasebj.3.11.2673900.  

77. Dilly AK, Ekambaram P, Guo Y, Cai Y, Tucker SC, Fridman R, Kandouz M, Honn KV. 

Platelet-type 12-lipoxygenase induces MMP9 expression and cellular invasion via activation 

of PI3K/Akt/NF-κB. Int J Cancer. 2013;133(8):1784-91. doi: 10.1002/ijc.28165.  

78. Nalla AK, Gorantla B, Gondi CS, Lakka SS, Rao JS. Targeting MMP-9, uPAR, and cathepsin 

B inhibits invasion, migration and activates apoptosis in prostate cancer cells. Cancer Gene 

Ther. 2010;17(9):599-613. doi: 10.1038/cgt.2010.16.  

79. Nie D, Krishnamoorthy S, Jin R, Tang K, Chen Y, Qiao Y, Zacharek A, Guo Y, Milanini J, 

Pages G, Honn KV. Mechanisms regulating tumor angiogenesis by 12-lipoxygenase in 

prostate cancer cells. J Biol Chem. 2006;281(27):18601-9. doi: 10.1074/jbc.M601887200.  

80. McCabe NP, Selman SH, Jankun J. Vascular endothelial growth factor production in human 

prostate cancer cells is stimulated by overexpression of platelet 12-lipoxygenase. Prostate. 

2006;66(7):779-87. doi: 10.1002/pros.20360.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



81. Ding XZ, Tong WG, Adrian TE. 12-lipoxygenase metabolite 12(S)-HETE stimulates human 

pancreatic cancer cell proliferation via protein tyrosine phosphorylation and ERK activation. 

Int J Cancer. 2001;94(5):630-6. doi: 10.1002/ijc.1527.  

82. Honn KV, Tang DG, Grossi I, Duniec ZM, Timar J, Renaud C, Leithauser M, Blair I, Johnson 

CR, Diglio CA, et al. Tumor cell-derived 12(S)-hydroxyeicosatetraenoic acid induces 

microvascular endothelial cell retraction. Cancer Res. 1994;54(2):565-74.  

83. Timar J, Silletti S, Bazaz R, Raz A, Honn KV. Regulation of melanoma-cell motility by the 

lipoxygenase metabolite 12-(S)-HETE. Int. J. Cancer. 1993; 55:1003–1010.  

84. Kerjaschki D, Bago-Horvath Z, Rudas M, Sexl V, Schneckenleithner C, Wolbank S, Bartel 

G, Krieger S, Kalt R, Hantusch B, Keller T, Nagy-Bojarszky K, Huttary N, Raab I, Lackner 

K, Krautgasser K, Schachner H, Kaserer K, Rezar S, Madlener S, Vonach C, Davidovits A, 

Nosaka H, Hammerle M, Viola K, Dolznig H, Schreiber M, Nader A, Mikulits W, Gnant M, 

Hirakawa S, Detmar M, Alitalo K, Nijman S, Offner F, Maier TJ, Steinhilber D, Krupitza G. 

Lipoxygenase mediates invasion of intrametastatic lymphatic vessels and propagates lymph 

node metastasis of human mammary carcinoma xenografts in mouse. J. Clin. Invest. 2011; 

121:2000–2012. 

85. Tang DG, Honn KV. 12-Lipoxygenase, 12(S)-HETE, and cancer metastasis. Ann N Y Acad 

Sci. 1994;744:199-215. doi: 10.1111/j.1749-6632.1994.tb52738.x.  

86. Nie D, Hillman GG, Geddes T, Tang K, Pierson C, Grignon DJ, Honn KV. Platelet-type 12-

lipoxygenase in a human prostate carcinoma stimulates angiogenesis and tumor growth. 

Cancer Res. 1998;58(18):4047-51.  

87. Tang DG, Honn KV. Role of protein kinase C and phosphatases in 12(S)-HETE-induced 

tumor cell cytoskeletal reorganization. Adv Exp Med Biol. 1997;400A:349-61. doi: 

10.1007/978-1-4615-5325-0_48.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



88. Timar J, Chen YQ, Liu B, Bazaz R, Taylor JD, Honn KV. The lipoxygenase metabolite 12(S)-

HETE promotes alpha IIb beta 3 integrin-mediated tumor-cell spreading on fibronectin. Int J 

Cancer. 1992;52(4):594-603. doi: 10.1002/ijc.2910520418.  

89. Liu XH, Connolly JM, Rose DP. Eicosanoids as mediators of linoleic acid-stimulated invasion 

and type IV collagenase production by a metastatic human breast cancer cell line. Clin Exp 

Metastasis. 1996;14(2):145-52. doi: 10.1007/BF00121211.  

90. Chopra H, Timar J, Chen YQ, Rong XH, Grossi IM, Fitzgerald LA, Taylor JD, Honn KV. 

The lipoxygenase metabolite 12(S)-HETE induces a cytoskeleton-dependent increase in 

surface expression of integrin alpha IIb beta 3 on melanoma cells. Int J Cancer. 

1991;49(5):774-86. doi: 10.1002/ijc.2910490524. 

91. Silletti S, Timar J, Honn KV, Raz A. Autocrine motility factor induces differential 12-

lipoxygenase expression and activity in high- and low-metastatic K1735 melanoma cell 

variants. Cancer Res. 1994;54(22):5752-6.  

92. Tang DG, Grossi IM, Chen YQ, Diglio CA, Honn KV. 12(S)-HETE promotes tumor-cell 

adhesion by increasing surface expression of alpha V beta 3 integrins on endothelial cells. Int 

J Cancer. 1993;54(1):102-11. doi: 10.1002/ijc.2910540117.  

93. G.P. Pidgeon, K. Tang, Y.L. Cai, E. Piasentin, K.V. HonnOverexpression of platelet-type 

12-lipoxygenase promotes tumor cell survival by enhancing alpha(v)beta(3) and 

alpha(v)beta(5) integrin expressionCancer Res., 63 (2003), pp. 4258-4267 

94. Onoda JM, Kantak SS, Piechocki MP, Awad W, Chea R, Liu B, Honn KV. Inhibition of 

radiation-enhanced expression of integrin and metastatic potential in B16 melanoma cells by 

a lipoxygenase inhibitor. Radiat Res. 1994;140(3):410-8.  

95. Liu B, Marnett LJ, Chaudhary A, Ji C, Blair IA, Johnson CR, Diglio CA, Honn KV. 

Biosynthesis of 12(S)-hydroxyeicosatetraenoic acid by B16 amelanotic melanoma cells is a 

determinant of their metastatic potential. Lab Invest. 1994;70(3):314-23. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



96. Wen Y, Nadler JL, Gonzales N, Scott S, Clauser E, Natarajan R. Mechanisms of ANG II-

induced mitogenic responses: role of 12-lipoxygenase and biphasic MAP kinase. Am J 

Physiol. 1996;271(4 Pt 1):C1212-20. doi: 10.1152/ajpcell.1996.271.4.C1212.  

97. Hagerman RA, Fischer SM, Locniskar MF. Effect of 12-O-tetradecanoylphorbol-13-acetate 

on inhibition of expression of keratin 1 mRNA in mouse keratinocytes mimicked by 12(S)-

hydroxyeicosatetraenoic acid. Mol Carcinog. 1997;19(3):157-64.  

98. Wen Y, Scott S, Liu Y, Gonzales N, Nadler JL. Evidence that angiotensin II and lipoxygenase 

products activate c-Jun NH2-terminal kinase. Circ Res. 1997;81(5):651-5. doi: 

10.1161/01.res.81.5.651.  

99. Dethlefsen SM, Shepro D, D'Amore PA. Arachidonic acid metabolites in bFGF-, PDGF-, and 

serum-stimulated vascular cell growth. Exp Cell Res. 1994;212(2):262-73. doi: 

10.1006/excr.1994.1142.  

100. Chang WC, Liu YW, Ning CC, Suzuki H, Yoshimoto T, Yamamoto S. Induction of 

arachidonate 12-lipoxygenase mRNA by epidermal growth factor in A431 cells. J Biol Chem. 

1993;268(25):18734-9.  

101. Burnouf T, Goubran HA, Chou ML, Devos D, Radosevic M. Platelet microparticles: 

detection and assessment of their paradoxical functional roles in disease and regenerative 

medicine. Blood Rev. 2014;28(4):155-66. doi: 10.1016/j.blre.2014.04.002.  

102. Dovizio M, Bruno A, Contursi A, Grande R, Patrignani P. Platelets and extracellular 

vesicles in cancer: diagnostic and therapeutic implications. Cancer Metastasis Rev. 

2018;37(2-3):455-467. doi: 10.1007/s10555-018-9730-4.  

103. Dovizio M, Ballerini P, Fullone R, Tacconelli S, Contursi A, Patrignani P. 

Multifaceted Functions of Platelets in Cancer: From Tumorigenesis to Liquid Biopsy Tool 

and Drug Delivery System. Int J Mol Sci. 2020;21(24):9585. doi: 10.3390/ijms21249585.  

104. Nieuwland R,  van der Pol E, Gardiner C, Sturk A. Platelet-Derived Microparticles. In 

Platelets, 3rd ed.; Academic Press: Cambridge, MA, USA, 2013;453–467. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



105. van Niel G, D'Angelo G, Raposo G. Shedding light on the cell biology of extracellular 

vesicles. Nat Rev Mol Cell Biol. 2018;19(4):213-228. doi: 10.1038/nrm.2017.125.  

106. Ratajczak J, Wysoczynski M, Hayek F, Janowska-Wieczorek A, Ratajczak MZ. 

Membrane-derived microvesicles: important and underappreciated mediators of cell-to-cell 

communication. Leukemia. 2006;20(9):1487-95. doi: 10.1038/sj.leu.2404296.  

107. Barry OP, Pratico D, Lawson JA, FitzGerald GA. Transcellular activation of platelets 

and endothelial cells by bioactive lipids in platelet microparticles. J Clin Invest. 

1997;99(9):2118-27. doi: 10.1172/JCI119385.  

108. Gondek T, Szajewski M, Szefel J, Aleksandrowicz-Wrona E, Skrzypczak-Jankun E, 

Jankun J, Lysiak-Szydlowska W. Evaluation of 12-lipoxygenase (12-LOX) and plasminogen 

activator inhibitor 1 (PAI-1) as prognostic markers in prostate cancer. Biomed Res Int. 

2014;2014:102478. doi: 10.1155/2014/102478.  

109. Piotrowska M, Szefel J, Skrzypczak-Jankun E, Lysiak-Szydłowska W, Szajewski M, 

Aleksandrowicz-Wrona E, Jankun J. The concentration of 12-lipoxygenase in platelet rich 

plasma as an indication of cancer of the prostate. Contemp Oncol (Pozn). 2013;17(4):389-93. 

doi: 10.5114/wo.2013.37221.  

110. Kim HK, Song KS, Park YS, Kang YH, Lee YJ, Lee KR, Kim HK, Ryu KW, Bae JM, 

Kim S. Elevated levels of circulating platelet microparticles, VEGF, IL-6 and RANTES in 

patients with gastric cancer: possible role of a metastasis predictor. Eur J Cancer. 

2003;39(2):184-91. doi: 10.1016/s0959-8049(02)00596-8.  

111.  Wang CC, Tseng CC, Chang HC, Huang KT, Fang WF, Chen YM, Yang CT, Hsiao 

CC, Lin MC, Ho CK, Yip HK. Circulating microparticles are prognostic biomarkers in 

advanced non-small cell lung cancer patients. Oncotarget. 2017;8(44):75952-75967. doi: 

10.18632/oncotarget.18372.  

112. Koivusalo, M., Welch, C., Hayashi, H., Scott, C. C., Kim, M., 

Alexander, T., Touret, N., Hahn, K. M., and Grinstein, S. Amiloride inhibits macropinocytosis 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



by lowering submembranous pH and preventing Rac1 and Cdc42 signaling. J. Cell Biol. 

2010;188:547–563 

113. Tang M, Jiang L, Lin Y, Wu X, Wang K, He Q, Wang X, Li W. Platelet microparticle-

mediated transfer of miR-939 to epithelial ovarian cancer cells promotes epithelial to 

mesenchymal transition. Oncotarget. 2017;8(57):97464-97475. doi: 

10.18632/oncotarget.22136.  

114. Zhong C, Zhuang M, Wang X, Li J, Chen Z, Huang Y, Chen F. 12-Lipoxygenase 

promotes invasion and metastasis of human gastric cancer cells via epithelial-mesenchymal 

transition. Oncol Lett. 2018;16(2):1455-1462. doi: 10.3892/ol.2018.8808.  

115. Qu Y, Wen Z, Mi S, Chen P, Wang J, Jia Y, Cheng Y. 12-lipoxygenase promotes 

tumor progress by TGF-β1-mediated epithelial to mesenchymal transition and predicts poor 

prognosis in esophageal squamous cell carcinoma. Cancer Manag Res. 2019 ;11:8303-8313. 

doi: 10.2147/CMAR.S212478.  

116. Deschamps JD, Kenyon VA, Holman TR. Baicalein is a potent in vitro inhibitor 

against both reticulocyte 15-human and platelet 12-human lipoxygenases. Bioorg Med Chem. 

2006;14(12):4295-301. doi: 10.1016/j.bmc.2006.01.057.  

117. Sekiya K, Okuda H. Selective inhibition of platelet lipoxygenase by baicalein. 

Biochem Biophys Res Commun. 1982;105(3):1090-5. doi: 10.1016/0006-291x(82)91081-6.  

118. Cho H, Ueda M, Tamaoka M, Hamaguchi M, Aisaka K, Kiso Y, Inoue T, Ogino R, 

Tatsuoka T, Ishihara T, et al. Novel caffeic acid derivatives: extremely potent inhibitors of 

12-lipoxygenase. J Med Chem. 1991;34(4):1503-5. doi: 10.1021/jm00108a039.  

119. Pergola C, Jazzar B, Rossi A, Buehring U, Luderer S, Dehm F, Northoff H, Sautebin 

L, Werz O. Cinnamyl-3,4-dihydroxy-α-cyanocinnamate is a potent inhibitor of 5-

lipoxygenase. J Pharmacol Exp Ther. 2011;338(1):205-13. doi: 10.1124/jpet.111.180794.  

120. Falgueyret JP, Desmarais S, Roy PJ, Riendeau D. N-(4-chlorophenyl)-N-hydroxy-N'-

(3-chlorophenyl)urea, a general reducing agent for 5-, 12-, and 15-lipoxygenases and a 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



substrate for their pseudoperoxidase activities. Biochem Cell Biol. 1992;70(3-4):228-36. doi: 

10.1139/o92-034.  

121. Provost P, Merhi Y. BW755C, a dual lipoxygenase/cyclooxygenase inhibitor, reduces 

mural platelet and neutrophil deposition and vasoconstriction after angioplasty injury in pigs. 

J Pharmacol Exp Ther. 1996;277(1):17-21.  

122. Kimura Y, Okuda H, Arichi S. Studies on scutellariae radix; XIII. Effects of various 

flavonoids on arachidonate metabolism in leukocytes. Planta Med. 1985;(2):132-6. doi: 

10.1055/s-2007-969427.  

123. Manda G, Rojo AI, Martínez-Klimova E, Pedraza-Chaverri J, Cuadrado A. 

Nordihydroguaiaretic Acid: From Herbal Medicine to Clinical Development for Cancer and 

Chronic Diseases. Front Pharmacol. 2020;11:151. doi: 10.3389/fphar.2020.00151.  

124. Randall RW, Eakins KE, Higgs GA, Salmon JA, Tateson JE. Inhibition of arachidonic 

acid cyclo-oxygenase and lipoxygenase activities of leukocytes by indomethacin and 

compound BW755C. Agents Actions. 1980;10(6):553-5. doi:10.1007/BF02024164.  

125. Salari H, Braquet P, Borgeat P. Comparative effects of indomethacin, acetylenic acids, 

15-HETE, nordihydroguaiaretic acid and BW755C on the metabolism of arachidonic acid in 

human leukocytes and platelets. Prostaglandins Leukot Med. 1984;13(1):53-60. doi: 

10.1016/0262-1746(84)90102-1.  

126. Nelson MJ, Batt DG, Thompson JS, Wright SW. Reduction of the active-site iron by 

potent inhibitors of lipoxygenases. J Biol Chem. 1991;266(13):8225-9. 

127. Brash AR. Lipoxygenases: occurrence, functions, catalysis, and acquisition of 

substrate. J. Biol. Chem. 1999;274:23679–23682. 

128. Sun FF, McGuire JC, Morton DR, Pike JE, Sprecher H, Kunau WH. Inhibition of 

platelet arachidonic acid 12-lipoxygenase by acetylenic acid compounds. Prostaglandins. 

1981;21(2):333-43. doi: 10.1016/0090-6980(81)90151-9. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



129. Ozeki Y, Nagamura Y, Ito H, Unemi F, Kimura Y, Igawa T, Kambayashi Ji,Takahashi 

Y, Yoshimoto T. An anti-platelet agent, OPC-29030, inhibits translocation of 12-

lipoxygenase and 12-hydroxyeicosatetraenoic acid production in human platelets. Br J 

Pharmacol. 1999;128(8):1699-704. 

130. Kenyon V, Rai G, Jadhav A, Schultz L, Armstrong M, Jameson JB, Perry S, Joshi N, 

Bougie JM, Leister W, Taylor-Fishwick DA, Nadler JL, Holinstat M, Simeonov A, Maloney 

DJ, Holman TR. Discovery of Potent and Selective Inhibitors of Human Platelet-Type 12-

Lipoxygenase. J. Med.Chem. 2011; 54:5485–5497. 

131. Yeung J, Holinstat M. Newer agents in antiplatelet therapy: a review. J. Blood Med. 

2012;3: 33–42 

132. Luci DK, Jameson JB 2nd, Yasgar A, Diaz G, Joshi N, Kantz A, Markham K, Perry 

S, Kuhn N, Yeung J, Kerns EH, Schultz L, Holinstat M, Nadler JL, Taylor-Fishwick DA, 

Jadhav A, Simeonov A, Holman TR, Maloney DJ. Synthesis and structure-activity 

relationship studies of 4-((2-hydroxy-3-methoxybenzyl)amino)benzenesulfonamide 

derivatives as potent and selective inhibitors of 12-lipoxygenase. J Med Chem. 

2014;57(2):495-506. 

133. Adili R, Tourdot BE, Mast K, Yeung J, Freedman JC, Green A, Luci DK, Jadhav A, 

Simeonov A, Maloney DJ, Holman TR, Holinstat M. First Selective 12-LOX Inhibitor, 

ML355, Impairs Thrombus Formation and Vessel Occlusion In Vivo With Minimal Effects 

on Hemostasis. Arterioscler Thromb Vasc Biol. 2017;37(10):1828-1839. 

doi:10.1161/ATVBAHA.117.309868.  

134. Stern N, Kisch ES, Knoll E. Platelet lipoxygenase in spontaneously hypertensive rats. 

Hypertension 1986;27:1149 –1152. 

135. Kuwata H, Nakatani Y, Murakami M, Kudo I Cytosolic phospholipase A2 is required 

for cytokine-induced expression of type IIA secretory phospholipase A2 that mediates optimal 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



cyclooxygenase-2-dependent delayed prostaglandin E2 generation in rat 3Y1 fibroblasts. J 

Biol Chem 1998;273:1733–1740 

136. Kalvegren H, Andersson J, Grenegård M, Bengtsson T. Platelet activation triggered 

by Chlamydia pneumoniae is antagonized by 12-lipoxygenase inhibitors but not 

cyclooxygenase inhibitors. Eur J Pharmacol 2007;566:20 –27. 

137. de Carvalho DD, Sadok A, Bourgarel-Rey V, Gattacceca F, Penel C, Lehmann M, and 

Kovacic H Nox1 downstream of 12-lipoxygenase controls cell proliferation but not cell 

spreading of colon cancer cells. Int J Cancer 2008;122:1757–1764 

138. Guo QY, Miao LN, Li B, Ma FZ, Liu N, Cai L, Xu ZG. Role of 12- lipoxygenase in 

decreasing P-cadherin and increasing angiotensin II type 1 receptor expression according to 

glomerular size in type 2 diabetic rats. Am J Physiol Endocrinol Metab 2011;300:E708 –E716 

139. McMillan RM, Walker ER. Designing therapeutically effective 5-lipoxygenase 

inhibitors. Trends Pharmacol Sci 1992;13:323–330. 

140. Matos MJ, Vazquez-Rodriguez S, Fonseca A, Uriarte E, Santana L, BorgesF. 

Heterocyclic antioxidants in nature: coumarins Curr. Org. Chem. 2017;21:311-324 

141. Panossian G.  Inhibition of arachidonic acid 5-lipoxygenase of human 

polymorphonuclear leukocytes by esculetin Biomed Biochim Acta., 1984;43(12):1351-1355. 

142. Doetschman T. Influence of genetic background on genetically engineered mouse 

phenotypes. Methods Mol Biol. 2009;530:423-33. doi: 10.1007/978-1-59745-471-1_23. 

 

 

 

 

 

 

 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 

Figure Legends 

 

Figure 1. The cascade of arachidonic acid (AA). Free AA can be metabolized to eicosanoids 

through three major pathways: the cyclooxygenase (COX) pathway, the lipoxygenase (LOX) 

pathway, and the cytochrome P450 (CYP) pathway. In the CYP pathway, AA is converted to 

epoxyeicosatrienoic acids (EETs) and 20-HETE by CYP epoxygenases and CYP ω-hydroxylases, 

respectively. In the COX pathway, AA is first converted to prostaglandin G2 (PGG2) by the 

cyclooxygenase reaction, and then the peroxidase activity of the enzyme catalyzes a two-electron 

reduction of PGG2 to PGH2. PGH2 is converted to different prostanoids. AA can be bound in the 

cyclooxygenase active site of COXs in at least three different catalytically competent arrangements 

that lead to PGG2 but also 11-hydroperoxyeicosatetraenoi acid (HpETE), and 15R/S-HpETE as 

minor products, reduced to the corresponding hydroxyeicosatetraenoic acids (HETEs), at least in 

part, via the peroxidase activity of the enzymes. LOXs catalyze AA to HpETEs, which may be 

converted to HETEs and  leukotrienes (LT).  

pl12S-LOX: platelet type 12-LOX; *generated from aspirin-acetylated COX-2; h, human; m, 

mouse; LX: lipoxin 

 

Figure 2. Platelet/cancer cell crosstalk and the generation of 12S-HETE and 12-HETE-

phospholipids. The interaction of platelets and cancer cells in vitro causes platelet activation and 

the rapid generation of 12S-HpETE/HETE  via the activity of platelet-type 12-LOX (pl12-LOX) 

highly expressed in platelets. A large amount of 12-HETE is esterified in six different species of 

phospholipids (PLs) producing phosphatidylethanolamine (PE) 16:0p_12-HETE, PE 18:1p_12-

HETE, PE 18:0p_12-HETE, PE and phosphatidylcholine(PC) 18:0a_12-HETEs, and PC 16:0a_12-

HETE. Medium-sized extracellular vesicles (mEVs) are released from platelets and contain active 

pl12-LOX. Colorectal cancer cells do not express pl12-LOX and do not produce 12-HETE or 12-

HETE-Pls. However, these cells uptake platelet-derived mEVs and the pl12-LOX is transferred to 
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cancer cells which can produce 12-HETE that is rapidly esterified in membrane PLs to generate the 

six 12-HETE-PLs detected in platelets. The plasmalogen HETE-PEs (PE18:0p_12-HETE and PE 

16:0p _12-HETE) were significantly higher in cancer cells cultured with platelets than in platelets 

alone. The interaction of platelets and cancer cells promotes epithelial-mesenchymal transition 

(EMT) in cancer cells. dm-amiloride, a Na+/H+ exchanger, which inhibits macropinocytosis, 

mitigates the internalization of platelet mEVs by cancer cells (resulting in reduced levels of 12-

LOX), and 12-LOX inhibitors (which inhibit pl12-LOX activity) can prevent the induction of EMT 

marker genes in colon cancer cells cocultured with platelets [48]. 
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Table: Classification of LOX inhibitors according to their mechanism of action 

 
Chemical structure and formal 

name 
Targets References 

Redox inhibitors  

Baicalein  
 

2,6,7-trihydroxyflavone 

Human platelet 12-LOX, 

IC50=0.64M; 

Human Reticulocyte 15-

LOX-1, IC50=1.6M 

Rat leukocite 5-LOX, 

IC50=7.13M 

116, 122 

Nordihydroguaiaretic 

acid (NDGA) 
 

 

4,4'-(2,3-dimethyl-1,4-

butanediyl)bis-1,2-benzenediol 

Human platelet 12-LOX, 

IC50=3-5M 

15-LOX, IC50=1.7 M 

Human platelet 5-LOX, 

IC50=2.3M 

123 

BW755C 

 
 

4,5-dihydro-1-[3-

(trifluoromethyl)phenyl]-1H-

pyrazol-3-amine 

 

Inhibitor of rat leukocite 12-

LOX, COX-1 and rabbit 

leukocite 5-LOX (IC50 is 

not reported) 

124 

CPHU  
 

N-(4-chlorophenyl)-N-hydroxy-

N′-(3-chlorophenyl)urea 

Porcine 12-LOX, 

IC50=15M 

Soybean 15-LOX-1, IC50=2 

M 

Human recombinant 5-

LOX, IC50=0.10M 

, 120 

CDC  
Cinnamyl-3,4-dihydroxy-α-

cyanocinnamate 

Platelet 12-LOX, 

IC50=0.063M 

Rat leukocyte 15-LOX, 

IC50=3.33M 

Rat leukocyte 5-LOX, 

IC50=1.89M 

 

Recombinant human 

platelet 12-LOX, 

IC50:0.5M;  

Recombinant human 15-

LOX-1, IC50: 0.3M;  

Recombinant human 5-

LOX, IC50: 0.015M 

 

118 

 

 

 

 

 

 

 

119 
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Esculetin 
 

6,7-dihydroxycoumarin 

Platelet 12-LOX, 

IC50=0.65M;  

platelet COX-1, 

IC50=450M; 

Human leukocytes 5-LOX, 

IC50=0.4M 

117, 141 

Fatty acid analogues  

5,8,11,14-

eicosatetraynoic acid 

(ETYA) 

 
 

5,8,11,14-eicosatetraynoic acid 

Human platelet 12-LOX, 

IC50=0.03M,  

COX, IC50=3.2M 

128 

4,7,10,13-ETYA 
 

 

4,7,10,13-eicosatetraynoic acid 

Human platelet 12-LOX, 

IC50=0.009 M,  

COX, IC50=8 M 

128 

Translocation inhibitors  

OPC-29030 

 
 

 

(S)-(+)-3,4-Dihydro-6-[3-(1-o-

tolyl-2-

imidazolyl)sulfinylpropoxy]-

2(1H)-quinolinone 

Human platelet 12-LOX, 

IC50=0.06M;  

no effect on platelet COX-1 

activity; 

suppression of 5S-HETE 

production by 50% at 0.1-

10M in rat basophilic 

leukemia cells 

129 

L-655,238  
α-pentyl-3-(2-

quinolinylmethoxy)-

benzenemethanol 

Human platelet 12-LOX, 

IC50=0.171M 

5-LOX, IC50=0.135M (rat 

basophilic leukemia cells) 

129 

Non-reductive, non-competitive inhibitors 

NCTT-956  
N-((8-hydroxy-5-nitroquinolin-

7-yl)(thiophen-2-

yl)methyl)propionamide 

Human platelet 12-LOX, 

IC50=0.80M 

Human Reticulocyte 15-

LOX-1, IC50=>25M 

130 

ML-127 
 

N-((5-bromo-8-

hydroxyquinolin-7-yl)(thiophen-

2-yl)methyl)acetamide 

Human platelet 12-LOX, 

IC50=1M 

Human Reticulocyte 15-

LOX-1, IC50=>100M 

Human epithelial 15-LOX-

2, IC50=>100M 

Human recombinant 5-

LOX, IC50=>100M 

130 



 

ML-355  
N-2-benzothiazolyl-4-[[(2-

hydroxy-3-

methoxyphenyl)methyl]amino]-

benzenesulfonamide 

Human platelet 12-LOX, 

IC50=0.34M 

Human Reticulocyte 15-

LOX-1, IC50=9.7M 

Human epithelial 15-LOX-

2, IC50=>100M 

Human recombinant 5-

LOX, IC50=>100M 

COXs=no inhibition at the 

tested concentration (15M) 

 

 

132 

 

 

 

 

 

 

 

 

Other mechanisms 

Apigenin 
 

 

5,7-dihydroxy-2-(4-

hydroxyphenyl)-4H-1-

benzopyran-4-one 

Human platelet 12-LOX, 

IC50=81 M 

Human Reticulocyte 15-

LOX-1, IC50=3.4M  
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