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Abstract:

Diabetes mellitus is associated with disturbed regulation in the microcirculation. A low-grade vascular inflammation has been

implicated in the development of diabetes-related vascular complications, but the underlying molecular mechanisms has not yet

been fully elucidated. It is known that cyclooxygenase-2 (COX-2) plays a key role in prostaglandin biosynthesis during the

development of inflammation. Recent studies revealed that in diabetes increased synthesis of various prostanoids, via up-regulation

of COX-2, interferes with the regulation of vasomotor function. In this review, we will summarize the current findings regarding the

role of COX-2, and COX-2-derived prostanoids in the regulation of vascular tone, as well as the possible underlying mechanisms

leading to COX-2 activation in diabetes mellitus.
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Introduction

Diabetes mellitus is associated with a markedly in-

creased incidence of cardiovascular diseases account-

ing for approximately 70% of deaths in the diabetic

population [39]. Previous studies have demonstrated

that vascular dysfunction is in diabetes [10, 21, 36],

which may lead to the disturbed regulation of tissue

perfusion, predisposing diabetic patients to tissue

ischemia, as well as early development of hyperten-

sion [35]. However, the exact mechanisms involved

and the relationship between diabetes and vascular

dysfunction are not completely understood.

It is now clear that several cardiovascular diseases

are associated with a state of chronic, low-level of in-

flammation [26]. The inflammatory response in the

vascular wall however, may not be only an undesir-

able byproduct, but likely, a homeostatic response

characterized by alterations in vascular function and

structure in order to accommodate to the disease pro-

cess. A possible role for chronic low-level of vascular

inflammation in diabetes mellitus has been also sug-

gested [12, 19, 34, 42], yet the nature of the mecha-

nisms involved has not been fully elucidated.
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The potential role of cyclooxygenase (COX) enzymes,

particularly the COX-2 isoform, in several chronic in-

flammatory conditions seems to be well established [41].

However, up-regulation of COX-2 in the vascular wall

has only recently received attention, because it may po-

tentially interfere with vascular homeostasis [15]. In this

article, we focus on recent developments and findings re-

garding the role of up-regulated COX-2 and COX-2-

derived prostanoids in modulation of vascular tone in dia-

betes mellitus.

Vascular expression of COX-2 and its

consequence in diabetes mellitus

In several early investigations it was found that diabe-

tes mellitus markedly alters the vascular synthesis of

prostanoids [18, 31, 37]. For example, in mesenteric

arteries of pancreatomized, diabetic dogs, exogenous

arachidonic acid elicited thromboxane A2 (TXA2)-

mediated constrictions, but evoked prostacyclin

(PGI2)-mediated dilations in those of controls [37]. In

the aorta of streptozotocin-induced diabetic rats a re-

duction in PGI2 synthesis has been recognized [18], in

contrast, significant elevation of the tissue levels of

prostaglandin E2 (PGE2) and PGI2 were reported in

skeletal muscle microvessels of these rats [31]. The

complexity of molecular events regulating vascular

prostaglandin synthesis was increased by the identifi-

cation of 2 members of the COX family, in the early

1990s. By now it is clear, that prostaglandins are pri-

marily generated from arachidonic acid by COX-1

and COX-2 enzymes [30, 40]. For long, it was the

view that COX-1 is constitutively expressed in most

tissues, such as vascular endothelial cells, and is in-

volved in maintenance of cellular homeostasis,

whereas the expression of COX-2 is very low in the

endothelium and in smooth muscle cells under normal

conditions [9]. Importantly however, COX-2 can be read-

ily up-regulated by inflammatory, mitogenic and physical

stimuli [32]. Interestingly, previous in vitro study sug-

gested that when human COX-1 and COX-2 are present

in the same intracellular compartment, effective prosta-

glandin synthesis from arachidonic acid proceeds only

through the COX-2 isoform [24]. Thus, it seemed logical

to hypothesize that during diabetes in association with

chronic inflammation [19, 42], the changes in vascular

prostaglandin synthesis are primarily due to the altera-

tion in the vascular expression of COX-2.

However, there are only a few papers in the litera-

ture investigating the vascular expression of COX-2

and its functional consequences in diabetes mellitus,

moreover these yielded controversial findings. In re-

cent studies, we [2] and others [17] provided evidence

that COX-2 protein expression is elevated in the aorta

of db/db mice, a known experimental model of human

type 2 diabetes mellitus. In these diabetic mice, using

large vessel ring preparations it has been found that

up-regulation of COX-2 enhanced the synthesis of

constrictor prostaglandins, TXA2/PGH2 during the

agonist induced aortic contractions [17]. In skeletal

muscle resistance arteries increases in COX-2 activa-

tion resulted in an enhanced myogenic tone, primarily

by COX-2 derived prostanoids, TXA2/PGH2 [2].

Hence, these studies concluded that diabetes is associ-

ated with the up-regulation of COX-2, both in large

vessels and in microvessels and supported the hy-

pothesis that in the aorta and in skeletal muscle resis-

tance arteries COX-2 activation leads to increased

TXA2/PGH2 production to alter the vasomotor func-

tion. In line with the findings on experimental ani-

mals, we have recently demonstrated in that vascular

expression of COX-2 is markedly elevated in coro-

nary arterioles diabetic patients [38]. Unexpectedly

however, in human coronary arterioles of diabetic pa-

tients COX-2 up-regulation was associated with the

enhanced production of dilator prostaglandins, most

likely PGI2 or PGE2 production, rather than constric-

tor prostanoid release [38]. These dilator prosta-

glandins were found to be essential in the mediation

of dilator responses elicited by bradykinin, a key va-

soactive mediator involved in the regulation of coro-

nary blow flow [7, 16]. These findings underline the

need for the investigations addressing the possible

species and vascular bed specific differences (i.e.

skeletal muscle vs. coronary) in the prostaglandin-

mediation associated with COX-2 up-regulation. Fur-

thermore, the mechanisms responsible for these dif-

ferences warrants further comparative studies. In this

context, it should be noted that the profile of

prostanoid products made by cells expressing COX

isoforms is determined by the presence of different

“downstream” enzymes, such as PGI2, TXA2, PGE2

synthases, all of which are expressed in the vascula-

ture [30]. At present, however there are no studies

available, which would address the nature of these

downstream enzymes responsible for the production

of various prostanoids in a vascular bed specific man-

ner in diabetes mellitus.
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Possible mechanisms leading

to up-regulation of COX-2 in diabetes

mellitus

The underlying mechanism(s) responsible for the up-

regulation of COX-2 in diabetes are not completely

understood. A key role for high glucose concentra-

tions on COX-2 expression has been previously pro-

posed in in vitro experiments. Particularly, it has been

found that high glucose exposure of mesangial cells in

culture elicited increased COX-2 expression [23].

Also, in cultured, human endothelial cells, high glu-

cose levels enhanced TXA2 production, which was

associated with increased expression of COX-2 [8].

The exact mechanisms by which high glucose con-

centrations lead to increased COX-2 expression are

not clear. Accumulating evidence indicates however,

that reactive oxygen species (ROS) produced in the

vascular wall activate specific redox-sensitive signal

transduction pathways and transcriptional regulatory

events [25, 27]. Supporting the key role for ROS in

the aforementioned in vitro experiments it has been

found that in high glucose-treated mesangial [23] and

endothelial cells [8], increased production of superox-

ide anion was primarily responsible for the enhanced

COX-2 expression. A possible role of ROS is also un-

derscored by our previous observations showing ele-

vations both in the COX-2 protein level [2] and vas-

cular production of superoxide anion in type 2 dia-

betic, db/db mice [3, 4].

It has been demonstrated that pro-inflammatory cy-

tokines, such as interleukin-1�/�, tumor necrosis fac-

tor-� potentially induce COX-2 expression [29] by

stabilizing COX-2 mRNA and enhancing transcrip-

tion through nuclear factor (NF)-�B or peroxisome

proliferator activated receptor-� (PPAR�) [33]. Both

transcription factors, NF-�B and PPAR� have been

implicated in the development of oxidative stress re-

lated alterations in the vascular function during diabe-

tes mellitus [4, 11]. Interestingly, our recent studies

suggested that in diabetes mellitus alterations in the

activity of vascular PPAR� have a role in the regula-

tion and maintenance of vascular homeostasis, inde-

pendently from its effects on carbohydrate metabo-

lism [4]. Correspondingly, a previous study identified

a region of the COX-2 gene promoter containing

PPAR-response element in human epithelial cells

[28]. It has been found, that in rat vascular smooth

muscle cells in culture, the PPAR� activator, rosiglita-

zone, induced PGD2 and PGE2 release and increased

the expression of both phospholipase A2 and COX-2

[5]. In contrast, in vascular smooth muscle cells in

culture PPAR� activation inhibited angiotensin II-

induced COX-2 expression [20]. These findings indi-

cate several possible effects of PPAR� activation on

COX-2 expression and prostanoid formation. Hence,

studies have yet to be performed to elucidate the spe-

cific roles of PAPR� in the regulation of vascular

prostanoid synthesis in diabetes mellitus. The sug-

gested link between superoxide anion and increased

COX-2-mediated prostaglandin synthesis and the pos-

sible involvement of transcription factor, PPAR�

could be one of the first steps in the pathologic path-

ways leading to vascular inflammation and dysfunc-

tion, both of which may contribute to the disturbed

regulation of tissue blood flow in diabetes mellitus

and to the pathologic morphological changes of vas-

cular tissues.

Clinical implications of the up-regulated

COX-2 in diabetes mellitus

The above-described studies suggest that a vascular

inflammatory response in diabetes mellitus may not

only be an undesirable response to the high glucose

environment, but perhaps an important homeostatic

adaptation. One can speculate that up-regulation of

COX-2 in the vascular wall and the vascular bed spe-

cific production of various types of prostaglandins

may serve to maintain vascular function and homeo-

stasis under pathological conditions [1, 13, 15]. Inter-

fering with these “adaptive” responses may provide

further burden to those mechanisms, which are main-

taining vascular functions in diseased conditions.

Thus, in diabetes and perhaps other vascular diseases

a careful decision has to be made regarding the use of

certain therapeutic drugs, such as selective COX-2 in-

hibitors and certain nonselective non-steroid anti-

inflammatory drugs (NSAID), considering their bene-

ficial and adverse effects on various organ function.

Very recent population-based studies also suggested

the need for extra caution when using selective

COX-2 inhibitors and certain NSAIDs in patients

with cardiovascular risk factors [6, 14, 22].

In conclusion, recent experimental and clinical

studies emphasize the importance of those investiga-
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tions that strive to elucidate the specific effects of

COX-1 and COX-2 inhibitors, not only in the allevia-

tion of pain and inflammation, but also in the regula-

tion of cardiovascular functions in diabetes mellitus

and likely in other diseases associated with vascular

inflammation.
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