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Despite considerable progress in the management of major risk factors over recent decades,
cardiovascular diseases (CVD) attributable to atherosclerosis are still a predominant cause of death
worldwide. This is due, in large part, to the expansion of risk factors related to obesity such as insulin
resistance and diabetes . In fact, the risk of developing CVD in adults with diabetes is two to four
times higher than in those without diabetes. Moreover, it is well established that insulin resistance and
hyperglycemia promote atherosclerosis, leading to coronary artery disease. Yet the underlying
mechanisms linking diabetes and atherosclerosis are still not completely understood. To overcome
this lack of understanding, numerous studies have been conducted, using mouse models with
targeted deletion in intimal cells, to evaluate the impact of impaired insulin signaling at the level of the
arterial wall on atherosclerosis development and progression °. Taken together, this work highlights
the critical consequences of altered insulin signaling, in both macrophages and endothelial cells, in
atherogenesis and the formation of advanced plaques. In humans, comparative analyses of
atherosclerotic plagues from diabetic and non-diabetic individuals have revealed some important
differences in the quality and composition of plaques between these groups. Lesions from diabetic
patients are characterized by a larger necrotic core, increased inflammation, neovascularization, intra-
plaque hemorrhage, and calcification *’. Higher macrophage and T-cell content, along with increased
proportions of apoptotic macrophages and smooth muscle cells, may contribute to this larger necrotic
area * . When combined with the increased prevalence of thin-cap fibroatheroma and fibrocalcific
atheroma, observed using Virtual Histology intravascular ultrasound in vessels of diabetic patients °,
these alterations of plaque morphology may explain the higher risk of acute coronary syndrome in
diabetic patients. Indeed, coronary lesions of patients with diabetes mellitus are more vulnerable to

rupture and subsequent thrombosis > °.

Thorough analyses of human plaque composition are a powerful means to uncover molecular
mechanisms involved in plaque disruption and thrombosis leading to acute coronary events in diabetic
individuals. Previous analyses of diabetic atherosclerotic lesions revealed a higher area of lipid-rich

atheroma than in specimens from patients without diabetes s 8

. Lipid composition is a critical
determinant of plaque instability, as it is well established that plaques exhibiting increased lipid
content, which is positively associated with macrophage accumulation, are more prone to plaque
rupture °. Although free cholesterol (FC) and cholesterol esters (CE) account for the majority of lipids

in human atherosclerotic lesions ' **

, the recent development of ‘omic’ approaches, especially
lipidomic analyses, now allow quantification of large sets of lipid species. Recent analyses of lipid
species in human endarterectomy specimens by shotgun lipidomics resulted in the detection of 24 lipid
species and the establishment of signature lipid profiles for vulnerable and stable plaques 10,
Interestingly polyunsaturated fatty acids (PUFA)-containing lipid species were detected in excess in

10,12

human atherosclerotic lesions versus normal human specimens , contributing to the lipid signature

for vulnerable plaques *°.

In this issue of Atherosclerosis, Ménégaut et al. ** performed a unique, targeted lipidomic
analysis of human atherosclerotic lesions focused on PUFA-containing lipid species in both diabetic

and non-diabetic patients, in order to identify specific lipid species which characterized diabetic



plaques. Analyses of carotid atheroma plaque samples from 31 diabetic and 48 non-diabetic patients
undergoing endarterectomy allowed the authors to quantify 57 lipid species in atherosclerotic lesions
from both diabetic and non-diabetic individuals. Although overall lipid composition in plaques was
similar in patients regardless of diabetes status, Ménégaut et al. detected more FC in diabetic
atherosclerotic lesion when normalized for the total amount of phosphatidylcholines (PC) or CE,
corroborating previous observations from Chen et al. ! Reasons for increased plague FC in diabetes
may include impaired cholesterol esterification or hydrolysis, as proposed by the authors, and/or
defective macrophage free cholesterol efflux caused by advanced glycation end products 1 Such
accumulation of FC in diabetic atherosclerotic lesions likely contributes to increased necrotic core size
and instability by promoting macrophage apoptosis *°>. However, morphologic examination of lesions in
the present study ** revealed no significant difference in necrotic core areas between plaques from
diabetic and non-diabetic patients. Although major changes in fatty acid (FA) distribution in
glycerophospholipids and CE could have been expected in plaques from diabetic patients versus

¥ did not detect significant FA alterations in PC,

control subjects, Ménégaut et al.
phosphatidylethanolamines (PE), or CE in their cohort. Nevertheless, a thorough analysis of
lysophosphatidylcholines (LPC), especially of the sn-1 and sn-2 isomers, provided very interesting
results. Overall lesion LPC species and contents quantified in the present study were similar to those
previously reported by Thukkani et al. with 16:0 LPC > 18:0 LPC > 18:2 LPC and 20:4 LPC; their
content being elevated in atherosclerotic aortae compared to normal aortae *. Although the majority
of LPC species remained unchanged, the amount of a single 20:4 LPC (sn-2 isomer) specie, sn-2
arachidonoyl-lysophosphatidylcholine (2-AA-LPC), was found to be robustly increased in diabetic
plaques. It is interesting to note that plasma 20:4 LPC was previously reported to be positively
associated with stable coronary artery disease (CAD) '® Whether accumulation or generation of this
specie within the plaque, versus its exclusion to plasma, is associated with lesion progression in

diabetes is an intriguing possibility.

The striking increase in 2-AA-LPC in plaques from diabetic subjects observed by Ménégaut et
al. *® very likely resulted from local hydrolysis of diacyl-PC. A search for enzymes with phospholipase
Al activity which could be responsible for production of 2-AA-LPC in diabetic plagues led the authors
to propose endothelial lipase (EL) and calcium-independent PLA,y (iPLA,y, PNPLA8) as potential
candidates. Indeed, convincing immunohistochemistry experiments indicated that these two enzymes
were expressed in plagues from diabetic subjects, and more precisely in plaque macrophages, with EL
expression being significantly increased in diabetic lesions. EL has been reported to be highly
expressed in macrophages in advanced human atherosclerotic lesions ' and inhibition of its
expression in human macrophages can attenuate proinflammatory cytokine expression and secretion
8 However, the role of EL in atherosclerosis remains controversial, since Lipg deficiency in Apoe'/'
mice fed a western diet has been shown to either increase susceptibility to atherosclerosis *° or to

2 n humans, some LIPG variants have been

have no effect on atherosclerosis development
associated with coronary artery disease 2L or microvascular complications in type 2 diabetic patients 2,
Moreover, serum EL concentration is increased in type 2 diabetic patients, and is associated with

subclinical inflammation *. Nonetheless, it must be kept in mind that EL catalyzes the hydrolysis of



both PC and TG , albeit with a higher specificity for PC, and exhibits both PLA1 and PLA2 activities
%It is therefore unlikely to be the only enzyme responsible for 2-AA-LPC production in
atherosclerotic plaques. In contrast, iPLA,y (PNPLAS8) catalyzes the highly selective production of 2-
AA-LPC ?°. Transgenic iPLA,y mice are characterized by a marked increase of 2-AA-LPC production

in mitochondria ¢

, wWhile iPLA,y-deficient mice fed a western diet exhibit impaired mitochondrial
oxidation of fatty acids and are resistant to obesity and insulin resistance o highlighting the major role
of iPLA,y in maintaining optimal bioenergetic mitochondrial function. Although a growing body of
evidence suggests that iPLA,y could contribute to the pathophysiology of diabetes ?" and thrombosis
# the potential role of iPLAyy in atherogenesis and acute coronary events is largely unknown and
warrants further investigation. Given the evidence provided by Ménégaut et al.”®, that iPLAy is
expressed in human atherosclerotic lesions, and more specifically in plaqgue macrophages, there is
strong rationale for generation of mouse models deficient in macrophage Pnpla8 to help elucidate the

role of this lipase in atherosclerosis during diabetes.

The authors further found that plaque 2-AA-LPC was positively correlated with glycated
hemoglobin levels and was associated with the presence of diabetes in multivariable logistic
regression models **, providing important clues as to the molecular mechanisms of atherosclerosis
progression in diabetes. While 2-AA-LPC content alone may not discriminate unstable versus stable
plagues in diabetic patients, 2-AA-LPC is a key branch point metabolite in cellular eicosanoid
metabolism #’. Indeed, 2-AA-LPC can be deacylated by lysophospholipases leading to the generation
of glycerolphosphatidylcholine and the release of free arachidonic acid (AA). Subsequently, AA can
be oxidized by lipoxygenases (LOXs), cyclooxygenases (COXs), and cytochrome P450 epoxygenases
to form eicosanoids such as hydroxyeicosatetraenoic acids, prostaglandins (PG), and
epoxyeicosatrienoic acids, respectively. In addition, 2-AA-LPC can be converted to 2-arachidonoyl-
lysophospatidic acid by lysophospholipase D, or to endocannabinoid 2- arachidonoyl-glycerol by
lysophospholipase C which may serve as substrates for COX2, 12-LOX and 15-LOX to generate
glycerol esters, PG, 12- and 15-hydroperoxymetabolites, respectively. Oxidized lipids generated
through LOX and COX pathways of AA metabolism are potent lipid mediators exhibiting growth,
vasoactive, chemotactic, oxidative, and proinflammatory properties that can contribute to

% Moreover, increased COX-2

atherosclerosis development, especially in a diabetic context
expression in macrophages from diabetic atherosclerotic lesions has been associated with increased
expression of receptor for AGE (RAGE) which could further contribute to plaque destabilization °, as
RAGE deficiency can attenuate the development of atherosclerosis in diabetes #_ Whether the
increased supply of 2-AA-LPC in the diabetic lesion promotes LOX- and COX-mediated generation of
proinflammatory lipids, upregulation of RAGE, and subsequent plague progression remain to be

investigated.

To conclude, the findings reported by Ménégaut et al. ** in this issue of Atherosclerosis offer
new clues toward understanding the mystery of accelerated atherosclerosis in diabetes, by introducing
AA metabolism, and specifically 2-AA-LPC, as potential key players in this process. Although further

investigations are required to elucidate the spectrum of 2-AA-LPC action in atherogenesis and its



potential role in subsequent plaque progression (Figure), the present study provides new rationale for
the therapeutic use of apolipoprotein A-I mimetics *° and omega-3 PUFAs ! in diabetes, as these

molecules may limit the deleterious effects of AA-derived oxidized lipids.



References.

[1]

(2]

3]

[4]

5]

[6]

[7]

(8]

(9]

[10]

[11]

Leon, BM and Maddox, TM, Diabetes and cardiovascular disease: Epidemiology, biological
mechanisms, treatment recommendations and future research, World journal of diabetes,
2015;6:1246-1258.

Bornfeldt, KE and Tabas, I, Insulin resistance, hyperglycemia, and atherosclerosis, Cell
metabolism, 2011;14:575-585.

Moreno, PR, Murcia, AM, Palacios, IF, et al., Coronary composition and macrophage
infiltration in atherectomy specimens from patients with diabetes mellitus, Circulation,
2000;102:2180-2184.

Burke, AP, Kolodgie, FD, Zieske, A, et al., Morphologic findings of coronary atherosclerotic
plaques in diabetics: a postmortem study, Arteriosclerosis, thrombosis, and vascular biology,
2004;24:1266-1271.

Nasu, K, Tsuchikane, E, Katoh, O, et al.,, Plaque characterisation by Virtual Histology

intravascular ultrasound analysis in patients with type 2 diabetes, Heart, 2008;94:429-433.

Hong, YJ, Jeong, MH, Choi, YH, et al., Plaque characteristics in culprit lesions and
inflammatory status in diabetic acute coronary syndrome patients, JACC. Cardiovascular
imaging, 2009;2:339-349.

Purushothaman, KR, Purushothaman, M, Muntner, P, et al., Inflammation, neovascularization
and intra-plaque hemorrhage are associated with increased reparative collagen content:

implication for plaque progression in diabetic atherosclerosis, Vasc Med, 2011;16:103-108.

Cipollone, F, lezzi, A, Fazia, M, et al., The receptor RAGE as a progression factor amplifying
arachidonate-dependent inflammatory and proteolytic response in human atherosclerotic
plaques: role of glycemic control, Circulation, 2003;108:1070-1077.

Felton, CV, Crook, D, Davies, MJ and Oliver, MF, Relation of plaque lipid composition and
morphology to the stability of human aortic plaques, Arteriosclerosis, thrombosis, and vascular
biology, 1997;17:1337-1345.

Stegemann, C, Drozdov, I, Shalhoub, J, et al., Comparative lipidomics profiling of human

atherosclerotic plaques, Circulation. Cardiovascular genetics, 2011;4:232-242.

Chen, Z, Ichetovkin, M, Kurtz, M, et al., Cholesterol in human atherosclerotic plaque is a
marker for underlying disease state and plaque vulnerability, Lipids in health and disease,
2010;9:61.



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Thukkani, AK, McHowat, J, Hsu, FF, Brennan, ML, Hazen, SL and Ford, DA, Identification of
alpha-chloro fatty aldehydes and unsaturated lysophosphatidylcholine molecular species in
human atherosclerotic lesions, Circulation, 2003;108:3128-3133.

Menegaut, L, Masson, D, Abello, N, et al., Specific enrichment of 2-arachidonoyl-
lysophosphatidylcholine in carotid atheroma plague from type 2 diabetic patients,

Atherosclerosis, 2016.

Passarelli, M, Tang, C, McDonald, TO, et al., Advanced glycation end product precursors
impair ABCA1-dependent cholesterol removal from cells, Diabetes, 2005;54:2198-2205.

Tabas, |, Macrophage apoptosis in atherosclerosis: consequences on plaque progression and

the role of endoplasmic reticulum stress, Antioxidants & redox signaling, 2009;11:2333-2339.

Meikle, PJ, Wong, G, Tsorotes, D, et al., Plasma lipidomic analysis of stable and unstable
coronary artery disease, Arteriosclerosis, thrombosis, and vascular biology, 2011;31:2723-
2732.

Bartels, ED, Nielsen, JE, Lindegaard, ML, Hulten, LM, Schroeder, TV and Nielsen, LB,
Endothelial lipase is highly expressed in macrophages in advanced human atherosclerotic
lesions, Atherosclerosis, 2007;195:e42-49.

Qiu, G, Ho, AC, Yu, W and Hill, JS, Suppression of endothelial or lipoprotein lipase in THP-1
macrophages attenuates proinflammatory cytokine secretion, Journal of lipid research,
2007;48:385-394.

Ishida, T, Choi, SY, Kundu, RK, et al., Endothelial lipase modulates susceptibility to
atherosclerosis in apolipoprotein-E-deficient mice, The Journal of biological chemistry,
2004;279:45085-45092.

Ko, KW, Paul, A, Ma, K, Li, L and Chan, L, Endothelial lipase modulates HDL but has no effect
on atherosclerosis development in apoE-/- and LDLR-/- mice, Journal of lipid research,
2005;46:2586-2594.

Tang, NP, Wang, LS, Yang, L, et al., Protective effect of an endothelial lipase gene variant on

coronary artery disease in a Chinese population, Journal of lipid research, 2008;49:369-375.

Durlach, V, Durlach, A, Movesayan, |, et al., Association of endothelial lipase Thrllllle
polymorphism with lipid metabolism and microvascular complications in type 2 diabetic
patients, Diabetes & metabolism, 2011;37:64-71.

Shiu, SW, Tan, KC, Huang, Y and Wong, Y, Type 2 diabetes mellitus and endothelial lipase,
Atherosclerosis, 2008;198:441-447.



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

McCoy, MG, Sun, GS, Marchadier, D, Maugeais, C, Glick, JM and Rader, DJ,
Characterization of the lipolytic activity of endothelial lipase, Journal of lipid research,
2002;43:921-929.

Hirata, K, Dichek, HL, Cioffi, JA, et al., Cloning of a unique lipase from endothelial cells

extends the lipase gene family, The Journal of biological chemistry, 1999;274:14170-14175.

Yan, W, Jenkins, CM, Han, X, et al.,, The highly selective production of 2-arachidonoyl
lysophosphatidylcholine catalyzed by purified calcium-independent phospholipase A2gamma:
identification of a novel enzymatic mediator for the generation of a key branch point
intermediate in eicosanoid signaling, The Journal of biological chemistry, 2005;280:26669-
26679.

Jenkins, CM, Cedars, A and Gross, RW, Eicosanoid signalling pathways in the heart,
Cardiovascular research, 2009;82:240-249.

Natarajan, R and Nadler, JL, Lipid inflammatory mediators in diabetic vascular disease,

Arteriosclerosis, thrombosis, and vascular biology, 2004;24:1542-1548.

Soro-Paavonen, A, Watson, AM, Li, J, et al., Receptor for advanced glycation end products
(RAGE) deficiency attenuates the development of atherosclerosis in diabetes, Diabetes,
2008;57:2461-2469.

Morgantini, C, Imaizumi, S, Grijalva, V, Navab, M, Fogelman, AM and Reddy, ST,
Apolipoprotein A-I mimetic peptides prevent atherosclerosis development and reduce plaque

inflammation in a murine model of diabetes, Diabetes, 2010;59:3223-3228.

Wall, R, Ross, RP, Fitzgerald, GF and Stanton, C, Fatty acids from fish: the anti-inflammatory
potential of long-chain omega-3 fatty acids, Nutrition reviews, 2010;68:280-289.



Inﬂammatl‘bu_ w;su,ﬂ iR
‘Plaque prbg’i‘é,sﬁlem’«'

Figure. Working model for the increased accumulation and potential pathological role of 2-AA-LPC in
human diabetic atherosclerotic plagues. Increased expression and/or activity of EL and/or PNPLAS in
plague macrophages leads to increased local generation of 2-AA-LPC from diacyl-PC. 2-AA-LPC
accumulation contributes to further inflammation and subsequent plaque progression. 2-AA-LPC, sn-2
arachidonoyl-lysophosphatidylcholine; EL, endothelial lipase; PNPLAS, calcium-independent PLA,y;
PC, phosphatidylcholines.



