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Abstract

Cyclooxygenase-2 (COX-2) plays an important role in mediating actions of the renin-angiotensin 

system (RAS). This review sheds light on the recent developments regarding the complex 

interactions between components of RAS and COX-2; and their implications on renal function and 

disease. COX-2 is believed to counter regulate the effects of RAS activation and therefore counter 

balance the vasoconstriction effect of Ang II. In kidney, under normal conditions, these systems 

are essential for maintaining a balance between vasodilation and vasoconstriction. However, recent 

studies suggested a pivotal role for this interplay in pathology. COX-2 increases the renin release 

and Ang II formation leading to increase in blood pressure. COX-2 is also associated with diabetic 

nephropathy, where its upregulation in the kidney contributes to glomerular injury and 

albuminuria. Selective inhibition of COX-2 retards the progression of renal injury. COX-2 also 

mediates the pathologic effects of the (Pro)renin receptor (PRR) in the kidney. In summary, this 

review discusses the interaction between the RAS and COX-2 in health and disease.
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2. INTRODUCTION

The Renin-angiotensinsystem (RAS) plays a critical role in regulating blood pressure and 

fluid balance. An overactive RAS (1) can augment the blood pressure and increase sodium 

retention, hypertension, and renal injury. Absence of RAS-counter regulatory mechanisms 

magnifies the RAS effects. In the kidney, prostaglandins serves as a regulator of renin 

release in the macula densa cells and mediate water and salt homeostasis (1). Selective 

inhibition of COX-2 prevented increases in renal renin mRNA levels in response to sodium 

restricted diet (2). In this review we will focus on the recent developments and the 

physiological and pathological roles of the interactions between PRR, AT1R, and AT2R, and 

COX system in disease states such as hypertension and diabetic nephropathy.
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3. EXPRESSION AND REGULATION OF CYCLOOXYGENASE (COX) IN 

KIDNEY

COX enzyme synthesizes prostaglandins from arachidonic acid (3). COX-1 was first purified 

from bovine vesicular glands in 1976 (4). It is constitutively expressed in many tissues 

including kidney. In kidneys, COX-1 is present along the distal tubule, and mediates the 

basal synthesis of prostaglandin E2 (PGE2) (5). COX-2 is inducible and shares significant 

homology and activity with COX-1. Upregulation of COX-2 is associated with inflammation 

and cytokine production. It is expressed in the kidneys; In the cortex, COX-2 is expressed in 

macula densa cells which play an important role in mediating sodium balance and fluid 

volume, and regulation of renin release (6). COX-2 is also expressed in the thick limb of the 

ascending loop of Henle and medulla (7). Ang II via distinct actions of AT1 and AT2 

receptors regulates COX-2 in the kidney (8). Its expression has been reported to be 

upregulated in hypertensive Ren-2 transgenic rats, which have high levels of Ang II (9). 

Chronic sodium restriction has been shown to upregulates cortical expression of COX-2 but 

decreases medullary expression. On the other hand, increased salt intake increases the inner 

medullalary COX-2 level, but decreases cortical COX-2 expression. This difference in 

medullary expression shows distinct function of COX-2 to contribute to salt and water 

reabsorption, while cortical COX-2 mediates renin release and tubuloglomerular feedback 

(10). In the inner medulla inhibition of COX-2 leads to development of saltsensitive 

hypertension (11), indicating that COX-2 plays a key protective anti-hypertensive role in 

inner medulla. Ang II infusion in rats increases COX-2 in the inner medulla and has opposite 

effect in cortex; however no changes were reported in COX-1 (12).

3.1. COX-2 regulates renin secretion

In the renal cortex COX-2 is expressed in macula densa cells where it regulates the release 

of renin, particularly during sodium restriction state (10). COX-2 links sodium sensing 

macula densa cells to synthesis of renin by juxtaglomerular cells. Mice deficient in COX-2 

have reduced plasma renin levels, renin expression and response to acute stimuli that 

normally increase renin secretion (13). Reduction in sodium exposure increases renin 

secretion through stimulation of PGE2, leading to increased Ang II formation (14). The 

increase in the Ang II increases vascular tone, which is counterbalanced by COX-2 (15). 

Under the influence of intrarenal Ang II, COX-1 elicits vasoconstriction, while COX-2 has a 

vasodilatory effect (16). Previous studies indicated a protective role of COX-2. For instance, 

renal cortical expression of COX-2 leads to vasodilatation when Ang II is increased during 

low salt conditions (9). Two recently studied models of upregulated COX-2 indicated the 

effects of COX-2 inhibition on the intrarenal Ang II activity. The sodium restriction model 

has augmented Ang II level along with elevated COX-2 expression while the chronic ACE 

inhibition model has similar high levels of COX-2 activity but decreased Ang II levels (17). 

In rats fed with a low sodium diet, inhibition of COX-2 and ACE using captopril decreased 

glomerular filtration rate (GFR) and renal plasma flow, and points to the counter regulation 

between RAS and COX system (17). Similar results were obtained with COX-2 inhibition 

alone and demonstrated that cortical COX-2 expression promotes vasodilation in the renal 

vasculature (9).
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4. EXPRESSION OF (PRO)RENIN RECEPTOR (PRR) IN KIDNEY

(Pro)renin receptor (PRR), a new component of renin-angiotensin system (RAS) was first 

reported and cloned in mesangial cells in 2002 (18). It is a 350 amino-acid protein with a 

single transmembrane domain which binds with renin and prorenin and is composed of four 

different domains namely, N-terminal signal peptide (SP), an extracellular domain (EC), a 

signal transmembrane domain (TM), and a short cytosolic domain (CD) (19). EC domain is 

responsible for mediating renin and prorenin effects through binding with renin and 

prorenin.

PRR is expressed in heart, kidney, brain, placenta, liver, lung, smooth muscle, pancreas, 

brown adipose tissue, and the gastrointestinal tract. In kidney, it is mainly expressed in 

podocytes, mesangial cell, vascular smooth muscle cells, and proximal and distal renal 

tubules (20). Activation of PRR mediates Ang II dependent and independent effects in 

kidney diseases (18). In cultured mesangial cells PRR activates the mitogen-activated 

protein kinase (MAPK)-extracellular signal-regulated kinase (ERK) signaling pathway 

leading to proliferation and activation of inflammatory and fibrotic molecules including 

transforming growth factor β (TGF-β), plasminogen activator inhibitor-1 (PAI-1), IL-1β, 

nuclear factor-κB (NF-κB) and COX-2, contributing to kidney dysfunction (21).

Recent studies reported that PRR act as an adaptor protein between the Wnt receptor and V-

ATPase complex, resulting in activation of Wnt-β-catenin signaling pathway, which 

regulates embryonic development and disease (22–23).

4.1. Signaling of PRR

High glucose activates PRR-Wnt3a-β-catenin-snail signal pathway in mouse podocytes, 

leading to reorganization of F-actin, and increases cell albumin permeability, causing 

structural and functional abnormalities (20). Other reports also suggested that PRR effects 

autopaghy (24). Under high glucose condition, PRR activates ERK1/2 and PI3K-AKT 

signaling pathway contributing to decrease in autophagosome formation, induction of cell 

apoptosis, and organ damage (25). PRR also plays an important role in generation of Ang II 

through RAS activation, leading to kidney damage (26). This increase in Ang II has been 

attenuated using PRO 20, a new PRR inhibitory peptide. Knockdown of PRR in brain in 

salt-sensitive hypertension model decreases Ang II formation (27). In 2-kidney, 1-clip 

(2K1C) hypertensive rats, PRR expression is augmented in the clip kidney, leading to Ang II 

formation in distal nephron segments, distal tubular sodium reabsorption, and development 

of hypertension (28). Recently, we demonstrated that global null deletion of 

carcinoembryonic antigen-related cell adhesion molecule 1 (Ceacam1) stimulates PI3K-Akt, 

activates cAMP response element-binding protein 1, ATF-1, ATF-2, NF-κB p65 and RAS 

along with upregulation of PRR, resulting an increase in blood pressure (29).

5. ANGIOTENSIN II TYPE 1 RECEPTOR

In the kidney, renin converts angiotensinogen to angiotensin I (Ang I), that is further 

converted by the angiotensin converting enzyme (ACE) yielding angiotensin II (Ang II). The 

major biological actions of Ang II are mediated through the stimulation of AT1R. It is 359 
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amino acid residues with a calculated molecular weight of 41 kDa. The AT1R mediates the 

effects of Ang II leading to vasoconstriction, angiogenesis, sodium and water reabsorption, 

cell growth, proliferation, inflammatory responses, and oxidative stress (30). It is expressed 

in almost all of the body tissues including vascular smooth muscle cells (VSMCs), 

endothelial cells, kidney, liver, adrenal gland, ovary, brain, testis, lung, heart and adipose 

tissue. In kidney AT1R is predominetly expressed in mesangial cells, podocytes, and all 

nephron segments.

5.1. Signaling of AT1 receptor

Ang II activates various signaling pathways through AT1R, including G-protein-derived 

second messengers, protein kinases and small G-proteins. It also signals through mitogen-

activated protein kinase (MAPK), JAK-STAT, NADH/NADPH, Akt/PKB, PKC and nitric 

oxide signaling pathways. Ang II activates of tyrosine kinases, which in turn phosphorylate 

down stream targets including the Ras/Raf/MAPK cascade and translocation of MAPK into 

the nucleus, thereby modulating various cells growth, proliferation, apoptosis, 

differentiation, transformation and vascular contraction. AT1 receptor can activate the JAK-

STAT signaling pathway transducing cell surface signals into the cell cytoplasm and nucleus 

(31). Stimulation of AT1R leads to vasoconstriction via inhibition of adenylate cyclase 

causing a decrease in the vasodilator cAMP (31).

5.2. AT1R and COX-2

AT1R regulates COX-2 expression and prostaglandins production (Figure 1). Ang II 

stimulates phospholipase A2 (PLA2) activity, which releases arachidonic acid from cell 

membrane phospholipids and these effects are mediated via AT1R (32–33). Arachidonic 

acid is then processed by cyclooxygenases, lipoxygenases, or cytochrome P450 oxygenases 

to many different eicosanoids, which influence vascular and renal mechanisms important in 

the regulation of blood pressure and cell growth, possibly by activating redox sensitive 

pathways (34).

In primary culture of cTALH Ang II administration significantly inhibited COX-2 

expression induced by phorbol ester suggesting a direct role of Ang II regulating cortical 

COX-2 expression (1). In kidney, prostaglandins (PGE2 and PGI2) act locally on the 

glomerulus to maintain GFR by dilating the afferent arteriole, therefore counter regulating 

vasoconstrictive actions of AT1R (35). Co-expression of COX-2 and Prostaglandin E 

synthase (PGES) in the macula densa further supports a critical vasodilatory role of PGE2 

(36). In addition to the direct vasodilator effect of prostaglandins on arterioles, the 

prostaglandins synthesize renin to generate Ang II. Ang II constricts the glomerular efferent 

arteriole (37) and increases intraglomerular pressure, maintaining GFR. This efferent 

arteriolar effect of Ang II is reinforced by afferent vasodilation induced by PGE2 (35).

AT1R plays a potent vasoconstrictive role in renovascular hypertension, and previous studies 

demonstrated that PGE2 and PGF2α was significantly increased in both clipped and contra 

lateral non-clipped kidney and plays a protective role to renal ischemia, hypertension and 

increases the sodium excretion (38–39).
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Conversion of PGE2 to PGF2α is an important step in mediating vasodilatory effect of 

prostaglandins, and that in AT1R under low salt conditions enhances the formation of PGE2, 

but has no effect on conversion of PGE2 to PGF2α (40). However, in diabetes conversion of 

PGE2 to PGF2α is impaired due to increased AT1R activity and a reduction in PGE 9-

ketoreductase leading to inflammatory state, and blockade of AT1R reverses its effect and 

increases the conversion of PGE2 to PGF2α which could be due to increase activity of 

functional AT2R, indicating a close relationship between prostaglandins and components of 

RAS.

6. ANGIOTENSIN II TYPE 2 RECEPTOR

The AT2 receptor is a 363 amino acid protein receptor with 7 transmembrane domains but 

which has only about 34% homology with the AT1 receptor. Its genetic sequence is 

uniformly found on the long arm of the X-chromosome in multiple species. The expression 

of AT2R changes dramatically over the course of development. Fetal organisms have high 

expression of AT2R, which then decreases in most organ systems after birth. Exceptions to 

this include the kidney, vascular tissue, adrenal gland, heart, ovary, sections of brain and 

non-pregnant uterine myometrium where higher levels of expression are maintained (41). 

Expression of AT2 receptor can vary considerably between species. In the brain, for 

example, the AT2R is found in multiple sensory and processing centers in the rat while in 

humans it is found only in the cerebellum (42). In the heart, AT2 receptor has been detected 

in the ventricles as well as the adventitia of arteries in rats (42). In the adult kidney, AT2R 

expression is generally low although it is highly expressed in adventitia of preglomerular 

blood vessels as well as proximal tubules and interstitial cells (43). As discussed below, 

renal expression of the AT2 receptor also changes significantly in various disease states and 

under certain physiologic conditions. For example, low sodium increases renal AT2 receptor 

expression and a similar increase are observed in both diabetes and obesity (43–44).

6.1. Signaling of AT2 receptor

Ang II has traditionally been considered the primary ligand for both the AT1 and AT2R. 

Further investigation has however revealed this signaling pathway in the kidney to be more 

complex. As demonstrated by Padia et al, Ang III is actually the preferred AT2R ligand in 

the kidney and is in fact necessary for AT2R mediated processes such as pressure natriuresis 

(44). Additionally, Ang (1–7) is a peptide formed by ACE2 from Ang I and Ang II that 

appears to mediate at least some of its effects via an AT2R dependent mechanism while also 

acting through its own Mas receptor (45).

The AT2R signals through several established mechanisms, most often in a manner that 

counteracts the AT1R. Perhaps the most important such pathway involves signaling through 

bradykinin-nitric oxide (NO) and cGMP which plays a role in several processes including 

AT2R mediated vasodilation (44). In a mechanism that is dependent on this same NO-cGMP 

pathway, the AT2R has been found to directly inhibit AT1R activity by decreasing AT1R 

transcription (46), while further inhibition occurs through dimerization between the AT1R 

and AT2R themselves. The AT2R also opposes AT1R mediated activation of MAP kinases 

ERK 1 and ERK2, which have a large effect in cellular growth and proliferation. AT2R does 
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this by activating phosphotyrosine phosphatases via Giα2 and Giα3 G-protein coupling as 

well as through a G protein independent mechanism (44). These phosphatases then 

inactivate MAP kinases to counteract AT1R mediated activation.

6.2. AT2R and COX-2

AT2R receptor stimulates the release of arachidonic acid through activation of phospholipase 

A2 (Figure 2) and induces downstream production of prostacyclins such as PGI2 (47). AT2R 

also acts to counteract AT1R regulation of COX-2 expression. Inhibition of Ang II activity at 

the AT1R leads to an increase in COX-2 expression at the macula densa. In contrast, AT2R 

stimulated COX-2 in the macula densa (8). This represents another possible counter 

regulatory balance to the vasoactive effects of Ang II and may also be a negative feedback 

mechanism to control renin release.

In the kidney, the AT2 receptor mediates several effects through manipulation of 

prostaglandins. AT2 receptor expression is increased in the setting of low sodium intake. 

Bradykinin, cGMP and PGE2 are also increased by low sodium (48). AT2 receptor 

stimulation leads to production of bradykinin, NO and cGMP which opposes AT1 receptor 

mediated effects on vascular tone and antinaturiuresis (49). Bradykinin in turn signals 

through the B2 receptor to increase production of PGE2 (Figure 3) that counter the 

antinatriuretic/antidiuretic effects of AT1R. AT2R stimulation leads to the conversion of 

PGE2 to PGF2α via the PGE 9-ketoreductase under low sodium conditions (40). This 

provides another counter regulation to the activation of RAS as PGF2α inhibits the release of 

renin and downstream vasoconstriction (40). Interestingly, AT2R-NO-cGMP pathway has 

also been shown to play a role outside the kidney. For example, stimulation of the AT2 

receptor in the jejunum leads to increased jejunal absorption via a cGMP dependent 

mechanism (50).

7. HYPERTENSION

7.1. Role of Ang II/AT1R/PRR and COX-2 in hypertension

PGE2 has either vasodilatory or vasoconstrictive effects in the kidney depending upon 

binding to specific PGE2 receptors (EP). EP-4 is the most abundant EP receptor and 

promotes vasodilation, while EP-3 mediates vasoconstriction. In addition to PGE2, other 

prostaglandins, PGI2 has a predominantly vasodilatory effect and TxA2 and PGF2α are 

vasoconstrictors. In kidney, PGE2 plays an important role in regulating fluid reabsorption in 

the collecting duct and thick ascending limb of the loop of Henle. Inhibition of PGE2, 

increases tubular sodium and water reabsorption thus contributing to development of 

hypertension. This effect is mostly COX-2 mediated as clinical studies demonstrated similar 

levels of sodium retention in patients on NSAIDs (51).

The vasodilator effects of COX-2 derived prostanoids in the vasculature to counteract the 

Ang II-AT1R induced vasoconstriction are controversial. Okumura et al, reported that 

COX-2 inhibition decreases arterial pressure (52). A Similar decrease in the arterial pressure 

was reported by Wang J-L et.al, with COX-2 inhibition, this could be due to decrease in 

renin release by COX-2 inhibition (53). These results suggest that COX-2 has pro-
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hypertensive effects. In Cx40−/− mice, nonselective COX inhibition was shown to lower 

blood pressure without affecting renin release (54). In chronic Ang II infused mice where 

renin levels are suppressed, inhibition of COX-2 decreases blood pressure (16). In addition 

to previous reports, in early stage of Ang II-dependent hypertension, PRR and COX-2 were 

reported to be augmented in the renal medullary tissues and to mediate vasoconstriction 

effects of Ang II (55). In renal inner medullary cells, activation of PRR upregulates COX-2 

expression through MAPK-ERK1/2 signaling pathway, and (PRR and COX-2) was shown to 

colocalize in interstial and intercalated cells. Downregulation of PRR attenuated the increase 

in COX-2 expression, suggesting a role of PRR in regulating COX-2, independent of Ang II 

pathway (56). Taken together, these studies suggest that COX-2 contributes to the 

hypertension independently of the renin or Ang II levels.

In transgenic rats (TGRCyp1a1-Ren2)) with Ang II dependent hypertension, selective 

COX-2 inhibition led to pronounced decreases in GFR, suggesting that the enhanced 

intrarenal COX-2 counteracts the vasoconstrictor action of Ang II in the kidney and play an 

important role in maintaining GFR. However, inhibition of COX-2 decreased arterial blood 

pressure, indicating that the systemic COX-2 derived prostanoids have vasoconstrictive 

action and contributes to the development of hypertension (57). In Cyp1a1-Ren2 rats, 

inhibition of COX-2 with blockade of neuronal nitric oxide synthase (nNOS) increased renal 

vascular resistance, demonstrating the renal vasodilator effects of COX-2 (57).

Activation of RAS activity via increased ROS generation during chronic Ang II infusion and 

in salt sensitive hypertension leads to upregulation of COX-2 (58). Elevated ROS activity 

could alter the relationship between COX-2 and Ang II from antagonistic to cooperative 

with regard to the blood pressure effects (59).

7.2. Role of AT2R and COX-2 in hypertension

AT2 receptor mediated response to hypertension involves regulation of eicosanoids. 

Arachidonic acid in the kidney is processed by cytochrome p450 CYP2C to create 20-HETE 

which acts as a vasoconstrictor and inhibitor of sodium transport while CYP 2J produces a 

group of molecules called EETs (epoxyeicosatrienoic acids) which are vasodilators and also 

inhibitors of sodium transport (60). 20-HETE promotes the development of hypertension but 

also appears to be protective against glomerular injury while EETs promote vasodilation in 

an NO and COX-2 independent mechanism (60). As demonstrated by Bautista et al, in the 

setting of kidney injury the AT2 receptor triggers a vasodilator effect that is mediated by 

increased production of epoxyeicosatrienoic acids (EETs) and decreased production of 20-

HETE (61). 20-HETE production in the rat kidney is meanwhile mediated by the AT2 

receptor and 20-HETE has been shown to contribute to the vasoconstrictor response to Ang 

II (62). Both sets of compounds also have effects on natriuresis. EETs prevent sodium 

retention and their blockade leads to increased blood pressure in a process dependent on 

serine/threonine protein phosphatase (60). In one study, inhibition of arachidonic acid 

metabolism prevents renal vasodilation while COX inhibition with indomethacin does not, 

suggesting that the vasodilator effect is dependent on CYP 450 arachidonic metabolism but 

not on COX (61). However, Brouwers et al showed that in hypertensive rats treated with an 

ACE inhibitor, the AT2 receptor agonist C21 induced a vasodilator response that was 
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partially inhibited by indomethacin, suggesting at least a partial role for prostaglandins in 

this AT2 mediated response (63). In either case, AT2 receptor stimulation appears to be 

central to renal homeostasis.

8. DIABETIC NEPHROPATHY

8.1. Role of Ang II/AT1R/PRR and COX-2 in diabetic nephropathy

Upregulation of COX-2 in kidney has been associated with glomerular injury, and its 

inhibition reduces proteinuria, and decreases progression of diabetic nephropathy (64). In 
vivo animal and human studies indicate the effects of COX-2 in diabetic nephropathy and 

selective inhibition of COX-2 reduce proteinuria in patients without effecting systolic blood 

pressure (65). In diabetic rats acute and chronic inhibition of COX-2 does not have any 

influence on plasma glucose levels, but they have successfully prevented hyperfiltration and 

considerably reduced albuminuria (66).

Hyperglycemia has been shown to augment COX-2 mediated-hyperfiltration but decreases 

the ability of COX-2 to increase GFR in hyperfiltering patients (67). These data signify 

increased compromise of the glomerular barrier mediated by COX-2. Upregulation of 

COX-2 expression in podocytes has been demonstrated in streptozotocin-induced diabetic 

model (68) where it contributes to podocyte injury, possibly via activation of thromboxane 

receptors (69). Furthermore, the glomerular hyperfiltration-associated increase in sheer 

stress and increases podocyte COX-2 expression and PGE2 production (70). In addition, 

activation of the EP4 receptor increases PGE2 production, thus potentially mediating a 

positive feedback in the course of kidney injury similar to that observed in diabetes.

Further evidence indicates that COX-2 is a primary mediator of renal injury, which is 

attributed to RAS activity during high glucose conditions associated with diabetes. In female 

diabetic patients, inhibition of COX-2 prohibits AngII-mediated reductions in GFR (71). 

Studies have also shown an association between PRR and COX-2 expression. PRR 

upregulation augments cortical expression of COX-2 via activation the ERK1/2 pathway 

(72). In the rat mesangial cells (RMCs), the increase in PRR under high glucose treatment 

resulted in an increase in IL-1β and COX-2 expression via Ang II and ERK1/2-NF-kappaB 

signaling cascade (35). Downregulation of PRR attenuated this increase in COX-2 

expression (21). Diabetic COX-2-transgenic mice showed progressive albuminuria, 

significant foot-process effacement, mesangial expansion, thickening of the glomerular 

basement membrane and increased PRR expression (95). COX-2 inhibitor abrogated the 

upregulation of PRR and reduced renal injury, suggesting positive feedback mechanism of 

COX-2 and PRR that contributes to renal injury in diabetes (Figure 4) (73). The relevance of 

diabetes to RAS promotion of COX-2 activity is demonstrated in mesangial cell COX-2 via 

the AT1 receptor (74) as well as renin and PRR (21).Though reactive oxygen species have 

been implicated in mediating glucose and Ang II augmentation of COX-2 expression in 

glomerular endothelial cells, the mechanism remains to be fully elucidated.
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8.2. Role of AT2R and COX-2 in diabetic nephropathy

Diabetic nephropathy is characterized by increased renal inflammation and fibrosis, and is 

accompanied by activation of the local renal RAS (75). Likewise blockade of RAS with 

angiotensin converting enzyme inhibitors or angiotensin receptor blockers is now standard 

of care for patients with diabetic nephropathy. Several studies have suggested that the AT2 

receptor is upregulated in the kidneys of diabetic animals although not all reports have 

agreed with this. Stimulation of the AT2 receptor decreased markers of renal inflammation 

and fibrosis in hypertensive nondiabetic rats (75) and use of the AT2 receptor agonist C21 in 

diabetic mice reduces renal injury and albuminuria as well as markers of oxidative stress, 

inflammation and fibrosis (76). Similarly, treatment with the AT2 receptor agonist reduces 

cytokine markers of renal inflammation as well as proteinuria in streptozotocin induced 

diabetic rats while increasing renal production of NO and cGMP (75). Conversely, AT2 

receptor knockout in a mouse model of type 1 diabetes increases the pace at which diabetic 

nephropathy develops (77). Our group has therefore previously hypothesized that the 

explanation for the failure of AT2 receptors protective role in diabetic nephropathy despite 

its increased expression may be a loss of function that is not yet fully explained (75).

The renal protective effects of the AT2 receptor are also mediated in part through its effect 

on eicosanoids. 12(S)-HETE is a renal metabolite of arachidonic acid formed by the 12-

lipoxygenase and is increased in the setting of diabetic nephropathy (78). 12(S)-HETE 

enhances Ang II mediated vasoconstriction and renal inflammation and renal 12(S)-HETE 

levels rise in the setting of elevated blood glucose which correlate with increased Ang II 

levels and albuminuria (79). The AT2 receptor activation decreases 12(S)-HETE production 

which may be protective under normal conditions (79). Either decreased expression or 

decreased function of the AT2R receptor in diabetic nephropathy, as previously discussed, 

may allow for increased 12-lipoxygenase production of 12(S)-HETE and thus progression of 

renal disease.

9. SUMMARY

The interaction between the RAS and COX-2 in the kidney is complex. Studies have 

demonstrated the role for COX-2 in the augmentation and restriction of the RAS. On one 

hand, COX-2 mediates renin release. On the other hand, COX-2 restricts the Ang II 

mediated increases in renovascular resistance by eliciting direct vasodilation. These studies 

demonstrate the potential conversion of beneficial effects of COX-2 to a dysfunctional 

regulator of the RAS that potentiate Ang II mediated hypertension and kidney injury. Data 

suggested oxidative stress as a potential mechanism in the pro- hypertensive effects of 

COX-2. Diabetes also appears to transform beneficial effects of COX-2 to pathophysiologic 

degradation of the glomerular integrity via a PRR-COX-2 receptor positive feedback loop. 

Future studies should evaluate the role of prostaglandin E synthase and specific EP receptors 

that could help develop novel strategies for management of hypertension and diabetic kidney 

disease.
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Figure 1. 
Angiotensin type I receptor (AT1R) Regulates Prostaglandin E2 (PGE2) signaling. Ang II 

activates AT1R, which then initiates signaling cascade involving the activation of 

MAPK/ROS/NF-κB, which in turn activates inducible cyclooxygenase-2 (COX-2). COX-2 

catalyzes the conversion of arachidonic acid (AA) to prostaglandin H2 (PGH2). PGH2 is 

converted into PGE2 by terminal PGE synthase (PGES). PGE2 signals occur via four 

different G-protein coupled receptors, EP1R-EP4R, each of which has multiple splice 

variants with different signaling properties.
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Figure 2. 
AT2 Receptor signaling pathways: Ang II is converted to Ang III, the main ligand for the 

AT2 receptor. AT2 receptor signals primarily through the bradykinin-NO-cGMP and 

increases PGE2, a pronatriuresis prostaglandin. AT2 receptor also increases conversion of 

PGE2 to PGF2α, an antinatriuritic prostaglandin that also acts as an inhibitor of renin 

secretion. AT2 is known to activate phospholipase A2, increasing arachidonic acid release 

and conversion to downstream prostaglandins including PGI2.
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Figure 3. 
“Reproduced with permission from Siragy et.al.(80)”. Renal interstitial fluid PGE2 before 

and after intrarenal administration of the bradykinin antagonist icatibant (•) or vehicle (○) in 

uninephrectomized conscious dogs. PGE2 decreased during icatibant administration from 

11.4.±0.4. pg/min during the control periods to 5.1.±0.3. during drug infusion (P<0.0.1).
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Figure 4. 
(Pro)renin (PRR) Induces Renal Damage Via cyclooxygenase-2 (COX-2) signaling. High 

glucose upregulates PRR, which in turn augments renal expression of COX-2 via activation 

the Ang II, ERK1/2, MAPK and NF-κB pathway leading to renal damage. COX-2 feedbacks 

on PRR further amplifying the renal injury.
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