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Introduction
Prostanoids are lipid mediators that play important roles in 
many physiological and pathophysiological processes, includ-
ing inflammation, renal sodium homeostasis, blood pressure 
regulation, and tumorigenesis.  Prostaglandin E2 (PGE2) is 
the most common prostanoid produced from three sequential 
enzymatic reactions.  The reactions begin with a release of 
arachidonic acid from membrane phospholipids by phospho-
lipase A2 (PLA2), followed by the conversion of arachidonic 
acid to unstable endoperoxide intermediates, PGG2 and 
PGH2, by cyclooxygenases (COX-1 and -2), and finally the 
isomerization of PGH2 to PGE2 by terminal PGE2 synthases 
(PGES).  

To date, at least three major forms of PGES have been identi-

fied: membrane-associated PGES (mPGES)-1 and -2 and cyto-
solic PGES (cPGES).  mPGES-1 was the first cloned PGES and 
is a member of the superfamily of membrane-associated pro-
teins that are involved in eicosanoid and glutathione metabo-
lism[1–3].  Similar to COX-2, mPGES-1 is expressed at low levels 
in most tissues, and its expression can be significantly induced 
by many proinflammatory factors, cytokines and growth fac-
tors, including tumor necrosis factor α and interleukin 1[4, 5], 
which suggests that mPGES-1 may be functionally coupled 
with COX-2 to mediate PGE2 synthesis in response to physi-
ological and pathophysiological stimulation such as acute and 
chronic inflammatory responses[1, 6–9].  Coordinate elevation of 
mPGES-1 and COX-2 expression is present in a number of can-
cers, including lung, gastric, and colorectal tumors[10, 11].  Soon 
after the cloning of mPGES-1, a second putative microsomal 
PGES (mPGES-2) was identified and characterized[12, 13]. This 
enzyme is constitutively expressed in various cell types and 
tissues and may be functionally linked to both COX-1 and 
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-2[14], but its relative contribution to PGE2 generation in vivo 
remains largely uncharacterized.  The third form of PGES 
(cPGES) was originally isolated from cytoplasmic extracts and 
is expressed ubiquitously in a constitutive housekeeping man-
ner and functionally coupled with COX-1 to generate physi-
ological PGE2[15, 16].

A large body of evidence demonstrates that PGE2 exerts 
both vasoconstrictive and vasodilatory actions via its four 
G-protein coupled receptors: EP1, EP2, EP3, and EP4[17, 18].  
However, the net effect of PGE2 appears to be the reduc-
tion of blood pressure[19–21].  This finding is consistent with 
clinical observations that nonsteroidal anti-inflammatory 
drugs (NSAIDs), such as COX inhibitors, can cause hyperten-
sion[22–24].  Similarly, COX-2 inhibitors increase blood pressure 
in both animals and patients[25–28], which suggests that COX-
2-derived prostaglandins are predominantly the vasodila-
tors.  Since mPGES-1 is generally believed to be coupled with 
COX-2 to mediate PGE2 biosynthesis, mPGES-1-derived PGE2 
may also exert a vasodepressor effect in vivo.  Indeed, recent 
studies found that deletion of the mPGES-1 gene caused a 
hypersensitive phenotype in response to chronic salt loading 
and angiotension II (AngII) infusion, possibly due to impaired 
renal sodium excretion[29, 30].  However, studies by two other 
groups failed to demonstrate the effect of mPGES-1 on blood 
pressure[31, 32].  The discrepancies between these studies are 
currently unknown and may be associated with a difference in 
feeding protocols and mouse strains used in these studies.

As a major COX product of vascular smooth muscle, PGE2 
is critical for the pressor response to AngII in acute AngII-
dependent models[17, 33].  A recent study showed that COX-1-
derived PGE2 promotes, whereas COX-2-derived PGE2 atten-
uates, AngII-dependent hypertension[33].  In addition, the role 
of mPGES-1, as a downstream terminal PGE2-synthesizing 
enzyme that is functionally coupled to COX-2 in regulating 
blood pressure, has been reported, pointing to a depressor 
effect of mPGES-1 in blood pressure regulation[30].  In the pres-
ent study, we investigated the role of vascular mPGES-1 in 
maintaining normal blood pressure.  We show that mPGES-1 
is expressed in the vascular smooth muscle cells (VSMCs) of 
arterial vessels, and its deficiency results in reduced PGE2 
production and enhanced vasopressor in response to AngII 
treatment.

Materials and methods
Materials and animals
AngII was purchased from Sigma-Aldrich (Saint Louis, 
Missouri, USA).  The RNA isolation reagent RNAtrip was 
purchased from Applygen (Beijing).  RT-PCR involved the 
GeneAmp PCR system (Applied Biosystems, Foster City, 
CA) with reagents obtained from Tiangen (Beijing).  All 
reagents used in immunohistochemistry were purchased from 
Zhongshan Golden Bridge (Beijing), except for rabbit anti-
human mPGES-1 antibody (Cayman Chemical, Ann Arbor, 
MI).

The mPGES-1–/– mice were created as previously des-

cribed[34] and were propagated and maintained on a pure 
C57BL/6 background.  Genotypes of mice were routinely 
determined by PCR analysis with the use of tail genomic 
DNA.  All experiments involved male mice aged 8 to 12 weeks 
and weighing 20 to 25 g.  Mice were housed under specific 
pathogen-free conditions and had free access to regular chow 
and water.  All procedures were approved by the Institutional 
Animal Care and Use Committee of Peking University Health 
Science Center.

Surgical procedures and blood pressure measurements
Blood pressure was measured by carotid arterial catheteri za-
tion as previously reported[18].  Briefly, after being anesthetized 
with 80 mg/kg ketamine (Fort Dodge Laboratories) and 8 
mg/kg inactin (BYK), mice were placed on a temperature-
controlled pad set at 37 °C.  After tracheostomy, two PE-10 
tubes were inserted into the right carotid artery and the 
jugular vein for blood pressure monitoring and AngII infu-
sion, respectively.  Meanwhile, a catheter was inserted into 
the bladder for urine collection.  The catheter in the carotid 
artery was linked to a Cobe CDX II transducer connected 
to a pressure analyzer (BPA 400, Micromed) as previously 
reported[18].  The readings of blood pressure at baseline were 
equilibrated for 30 to 60 min until stable values were obtained.  
During the procedure, we experienced the death of a few 
animals, possibly due to severe hypertension induced by 
AngII infusion.

AngII solution was freshly prepared in normal saline at 
1×10-6 mol/L.  Mice were continuously infused via the jugular 
vein with AngII at 75 pmol·kg-1·min-1 for 30 min.  The mean 
arterial pressure (MAP) was recorded continuously.  Urine 
output and sodium excretion were determined at baseline and 
after AngII infusion.  

RT-PCR analysis
Total RNA was extracted from thoracic aortas, mesenteric 
arteries and the kidneys of wild-type and mPGES-1–/– mice 
and reverse transcribed into cDNA.  The specific primers 
for mouse COX-1, COX-2, mPGES-1, and β-actin are shown 
in Table 1.  The PCR reaction was carried out at 94 °C for 5 
min and then 35 repeats of 94 °C, 58 °C, and 72 °C, each for 

Table 1.  Upstream and downstream oligonucleotide primers used to 
determine gene expression using RT-PCR. 

Gene  Forward/       Primers sequence              Product      GenBank
                    reverse               (5′→3′)               size (bp)     accession 
 
mPGES-1 Forward CGCGGTGGCTGTCATCA 205 NM_022415
 Reverse AGGGTTGGGTCCCAGGAAT  
COX-1 Forward GTGGCTATTTCCTGCAGCTC 209 NM_008969
 Reverse CAGTGCCTCAACCCCATAGT  
COX-2 Forward AGAAGGAAATGGCTGCAGAA 194 NM_011198
 Reverse GCTCGGCTTCCAGTATTGAG  
β-actin Forward AGCCATGTACGTAGCCATCC 222 NM_007393
 Reverse GCTGTGGTGGTGAAGCTGTA  
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30 s, with a final extension at 72 °C for 7 min.  The products 
underwent electrophoresis in 1.5% agarose gel in TAE buffer 
and were visualized after ethidium bromide staining.

Immunohistochemistry
Immunohistochemistry was performed as previously 
described[35].  Briefly, segments of thoracic aortas, mesenteric 
arteries and kidneys were isolated from wild-type and 
mPGES-1–/– mice and fixed in 4% paraformaldehyde overnight 
at 4 °C.  Tissues were dehydrated in an ascending ethanol 
series, embedded in paraffin and sectioned at 5 µm.  After 
conventional deparaffinization and hydration, sections were 
treated with 3% H2O2 for 10 min to eliminate endogenous 
activity of peroxidase and then heated in a microwave oven 
in 1 mmol/L EDTA (pH 8.0) for antigen retrieval.  After being 
blocked, tissues were incubated with an anti-mPGES-1 anti-
body (1:100) overnight at 4 °C.  Sections were then washed 
with PBS and incubated in a horseradish peroxidase-conju-
gated goat anti-rabbit IgG for 1 h at room temperature.  Posi-
tive staining was revealed by use of diaminobenzidine (DAB, 
horseradish peroxidase substrate) staining.  

Cell culture
Mouse VSMCs were prepared from the thoracic aortas of 
1-month-old male C57BL/6 mice, as previously described[36] 
with modification.  Briefly, after removal of the connective 
tissue and blood, mouse aortas were incubated in an enzyme 
solution containing 1 mg/mL collagenase I (Sigma) for 
about 7 h in 95% air/5% CO2 at 37 °C.  Then, the aorta was 
triturated using a fire-polished Pasteur pipette to obtain a cell 
suspension, and the cells were cultured in DMEM containing 
10% FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin.  
All experiments were performed on cells at passages 4 to 6.

Vessel tension study 
Mesenteric arteries were dissected from male wild-type 
and mPGES-1–/– mice and cut into 5-mm long rings in ice-
cold modified Krebs-Ringer bicarbonate buffer (NaCl, 118.3 
mmol/L; KCl, 4.7 mmol/L; CaCl2, 2.5 mmol/L; MgSO4, 1.2 
mmol/L; KH2PO4, 1.2 mmol/L; NaHCO3, 25.0 mmol/L; 
glucose, 11.1 mmol/L).  The arterial rings were suspended 
in organ chambers filled with 15 mL of the modified Krebs-
Ringer bicarbonate solution maintained at 37.0±0.5 °C and 
aerated with 95% O2–5% CO2 (pH 7.4).  Two stirrups pass-
ing through the lumen suspended each ring.  One stirrup 
was anchored to the bottom of the organ chamber; the other 
was connected to a strain gauge.  The isometric force was 
measured with use of a ML785 PowerLab/8sp recording and 
Analysis System (AD Instruments, Castle Hill, Australia)[37].

At the beginning of the experiment, each vessel ring was 
stretched to its optimal resting tension by step-wise stretching 
until the active contraction of the vessel ring in response to 100 
mmol/L KCl reached a plateau.  The optimal resting tension of 
mesenteric arteries was ~0.6 g.  After the vessels were brought 
to their optimal resting tension, the system was allowed to 
equilibrate for 1 h.  Then, a dose-response curve to AngII and 

other vasoactive agents applied to the vessels was constructed 
in a cumulative fashion. 

Enzyme immunoassay 
The mesenteric arteries were dissected from each mouse, 
cleaned of adhering perivascular tissue, washed three times 
in PBS, placed in culture flasks at 37 °C in a humidified atmo-
sphere of 95% air-5% CO2 and cultured in DMEM contain-
ing 20% FBS, streptomycin (100 mg/mL), and penicillin (100 
units/mL).  After 2 h of culture, 10-6 mol/L AngII was added 
for 30 s, and the supernatant was collected to measure secreted 
PGE2 by use of a PGE2 enzyme immunoassay (EIA) kit (Cay-
man Chemical, Ann Arbor, MI) following the manufacturer’s 
instructions. 

To analyze tissue levels of PGE2, mesenteric arteries were 
homogenized in a specific buffer (0.1 mol/L phosphate, 
pH 7.4, containing 1 mmol/L EDTA and 10 µmol/L indo-
methacin), and PGE2 was measured as mentioned above.

Statistical analysis
Prism GraphPad 4.0 software was used for statistical analysis.  
The results are expressed as means±SEM.  In all experiments, 
data were evaluated by 2-tailed Student’s t test and 2-way 
ANOVA, when appropriate.  A P<0.05 was considered statisti-
cally significant.

Results
Role of mPGES-1 in the pressor response to acute AngII infusion
Since mPGES-1–/– mice were created with partial deletion 
of the second exon[34], a truncated 115 bp RT-PCR product 
was amplified in mPGES-1 gene-deficient mice (Figure 
1A).  As expected, no full-length mPGES-1 protein (16 kDa) 
was detected in kidneys of mPGES-1–/– mice as assessed by 
Western blot (Figure 1A).  To examine whether mPGES-1 dis-
ruption affects the vascular response to vasoactive substances, 
the acute pressor response to AngII infusion (75 pmol·kg-

1·min-1) was determined using an indwelling carotid catheter 
in anesthetized male mice.  Baseline blood pressure between 
mPGES-1–/– and wild-type mice did not differ (MAP, 96.3±2.8 
mmHg vs 92.2±1.9 mmHg, respectively) under the anesthe-
tized condition (Figure 1B).  However, MAP was significantly 
higher in mPGES-1–/– than in wild-type mice after AngII 
infusion (peak MAP 134.5±4.3 vs 119.3±3.9 mmHg; P<0.05; Fig-
ure 1B).  Over the 30-min AngII infusion, MAP was approxi-
mately 18 mmHg higher, on average, in mPGES-1–/– mice than 
in mPGES-1+/+ mice; this increase in the hypertensive response 
to AngII was sustained for the duration of the infusion (Figure 
1B).  To examine whether mPGES-1 disruption affects vascular 
response to other vasoconstrictors, the acute pressor response 
to phenylephrine (56 μg/kg, bolus injection)[38] was deter-
mined.  As shown in Figure 1C, phenylephrine administration 
resulted in a marked increase in blood pressure in both geno-
types.  However, there was no statistical difference between 
wild type and mPGES-1–/– mice, suggesting that the difference 
in vascular response to AngII infusion between wild-type and 
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mPGES-1–/– mice is not due to a generalized change in vascu-
lar responsiveness but instead to targeting mPGES-1-derived 
PGE2 production.
 

Diuretic and natriuretic responses to acute AngII infusion in 
mPGES-1–/– and wild-type mice 
Emerging evidence suggests that PGE2 contributes to blood 
pressure control via the modulation of both renal function 
and vascular tone[39].  To determine the renal contribution 
to altered pressor response to acute infusion of AngII, we 
compared the water and sodium excretion of mPGES-1–/– and 
wild-type mice.  Urine was collected from mice before and 
after AngII infusion.  Urine output and sodium excretion were 
similar between mPGES-1–/– and wild-type mice at baseline 
(Figures 2A & 2B).  After a 30-min AngII infusion, urine vol-
ume and sodium excretion were significantly increased in 
both groups.  However, the extent of the increase in water and 
sodium excretion did not differ between mPGES-1–/– and wild-
type mice (Figures 2A & 2B).

Vascular expression of mPGES-1
RT-PCR analysis revealed that mPGES-1 was constitutively 
expressed in various vessels, including the thoracic aorta and 
mesenteric artery (Figure 3A).  As expected, COX-2 and COX-1 

Figure 1.  Acute AngII infusion resulted in a more prominent elevation 
of mean arterial pressure (MAP) in mPGES-1–/– mice than in wild type 
mice.  (A) RT-PCR (upper panel) and immunoblot (lower panel) analysis 
demonstrating disruption of mPGES-1 mRNA and protein.  Upper panel: 
RT-PCR assay of total RNA from kidneys of wild-type (WT) and mPGES-1–/– 

(KO) mice.  Primers were chosen to amplify the cDNA sequence coding 
the second exon.  PCR with this set of primers yielded a 205-bp PCR 
product in wild-type mice and a 115-bp product in mPGES-1–/– mice due 
to a deletion in the second exon; Lower panel: Western blot showing that 
the full-length (16 kDa) mPGES-1 protein was present in wild-type but not 
in mPGES-1 deficient kidneys, (B) Effect of acute AngII (75 pmol·kg-1·min-1) 
infusion on MAP in mPGES-1–/– (KO; n=12) and wild type (WT; n=11) mice.  
Data are means±SEM.  P<0.05.  (C) Effect of acute phenylephrine (56 
μg/kg) injection on MAP in mPGES-1–/– (KO; n=3) and wild type (WT; n=3) 
mice.  Net changes in blood pressure are shown.  Data are means±SEM; 
ns, no statistical difference. 

Figure 2.  Similar diuretic and natriuretic effect of AngII infusion in 
mPGES-1–/– and wild-type mice.  (A) Urine volume was similarly increased 
in both mPGES-1–/– (KO, n=12) and wild-type (WT, n=11) mice infused with 
AngII (75 pmol·kg-1·min-1) for 30 min.  bP<0.05 vs WT baseline; cP<0.01 
vs KO baseline; ns, no statistical difference.  (B) Urine sodium excretion 
was increased in both mPGES-1–/– and wild-type mice infused with 
AngII.  bP<0.05 vs WT baseline; eP<0.05 vs KO baseline; ns, no statistical 
difference.



1288

www.nature.com/aps
Zhang DJ et al

Acta Pharmacologica Sinica

npg

were also present in these vessels.  Immunohistochemical 
analysis further revealed mPGES-1 immunoreactivity in 
multiple vascular beds, including the renal arteriole, aorta 
and mesenteric artery (Figure 3B).  Vascular mPGES-1 was 
mainly localized in the smooth muscle layer, a result further 
supported by constitutive protein expression of mPGES-1 in 
cultured mouse VSMCs, as assessed by Western blot (Figure 
3C).  

Mesenteric arterial tension study
Having confirmed that the mesenteric artery, a systemic resis-
tance vessel, expresses mPGES-1 (Figure 3), thus supporting 
a model in which mPGES-1-derived PGE2 directly exerts its 
systemic depressor activity on arterial resistance vessels, we 
next examined the vasopressor effect of AngII on isolated 
mesenteric arteries from mPGES-1–/– and wild-type mice.  
AngII induced an obvious contraction of the mesenteric arter-
ies isolated from both mPGES-1–/– and wild-type mice.  The 
maximal contraction was obtained at 10-7.5 mol/L (Figure 4A).  
However, the contraction was more robust in arteries from 
mPGES-1–/– than in those from wild-type mice.  At the concen-
tration of 10-7.5 mol/L, AngII induced a 12% increase in tension 
in arteries from mPGES-1–/– mice compared to a 4% increase 
in tension in those from wild-type mice (P<0.05).  A stronger 
contraction in response to AngII at 10-7 mol/L was also found 
in arteries from mPGES-1–/– than in arteries from wild-type 
mice (Figure 4A).  To determine whether this difference is a 
result of a generalized defect in vascular responsiveness in 
mPGES-1–/– mice, we examined the vascular response to phe-

nylephrine.  As shown in Figure 4B, phenylephrine treatment 
resulted in a dose-dependent vasoconstriction in both mPGES-
1-/- and wild-type mice.  However, there was no statistic differ-
ence between the two genotypes, supporting our conclusion 
that the exaggerated vasopressor effect of AngII in mPGES-
1–/– mice is a result of mPGES-1 dysfunction rather than a 
generalized change in vascular responsiveness.  Furthermore, 
the response of mesenteric arteries to 100 mmol/L KCl was 
similar in both genotypes (Figure 4C).

Role of mPGES-1 in vascular PGE2 production
To examine the role of mPGES-1 in vascular PGE2 production, 
PGE2 levels were measured in freshly isolated mesenteric 
arteries.  As shown in Figure 5A, the basal levels of vascular 
PGE2 were significantly lower in mesenteric arteries isolated 
from mPGES-1–/– mice than in those from wild-type mice 
(P<0.05).  Furthermore, mesenteric arteries from mPGES-1–/– 
mice produced much less PGE2 than the vessels from wild-
type mice (P<0.01).  Treating vessels with AngII caused a 40% 
increase in PGE2 secretion into the supernatant of cultured 
wild-type arteries, with no significant increase in mPGES-1–/– 
mesenteric arteries (Figure 5B), which suggests that mPGES-1 
is essential for vascular PGE2 release.  

Discussion
The present study demonstrates that vascular mPGES-1-
derived PGE2 is involved in acute blood pressure regulation 
and that inhibition of mPGES-1 activity may diminish the 
buffering effect of PGE2 on AngII-dependent hypertension.  

Figure 3.  Vascular expression of mPGES-1 and other PGE2 synthases.  (A) RT-PCR assay showing mPGES-1, COX-1 and COX-2 mRNA expression in 
mouse kidneys, thoracic aortas, and mesenteric arteries (MA).  Tissue pooled from 3 mouse aortas or 6 mesenteric arterial preparations were collected, 
and total RNA was extracted and analyzed as described in Materials and Methods.  RNA loading control was assessed by simul taneous amplification of 
β-actin; (B) Immunostaining showing localization of mPGES-1 protein in thoracic aorta, mesenteric arteries, and renal arteriole.  Positive staining (brown 
color, arrows) was visible in the vascular smooth muscle cells of all arterial sections.  Magnification: ×400; (C) Immunoblot analysis showing constitutive 
expression of mPGES-1, COX-1 and COX-2 in cultured vascular smooth muscle cells.  Tubulin was used as a loading control.  Samples #1 and #2 
represent two preparations of VSMCs.
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This conclusion is supported by the findings that genetic 
disruption of mPGES-1 in mice following 30 min of AngII 
infusion was associated with a sustained increase in blood 
pressure without changes in urine output and sodium 
excretion.  A role for mPGES-1 in blood pressure regulation 

is further supported by the results that AngII treatment 
led to much greater vasoconstriction in isolated mesenteric 
arteries of mPGES-1–/– than in arteries from wild-type mice.  
Our results add to previous studies, which have shown that 
endogenous COX products contribute to the vasoconstrictor 
activity of AngII[17, 33] and are consistent with the prior finding 
that the effects of prostaglandin synthase inhibition by 
NSAIDs increases blood pressure[22, 23] .

Accumulating evidence supports an important role for 
vasodilator prostanoids in preventing hypertension in 
humans[17, 40].  Controlling blood pressure in patients with 
essential hypertension is particularly dependent on endog-
enous vasodilator prostaglandins.  In mice with targeted 
disruption of the AngII receptor, increased synthesis of dila-
tor prostaglandins, including PGE2, helps maintain blood 
pressure homeostasis, and hypertension develops with 
NSAID treatment[41].  To date, multiple mechanisms have been 
proposed to mediate the effects of PGE2 on blood pressure, 
including inhibition of sympathetic nervous activity, decreas-
ing renin release, increasing urine sodium excretion and 
directly acting on blood vessels[18, 42, 43].  Although mPGES-1, as 
an inducible terminal PGES, acts in concert with both COX-1 
and COX-2 to generate PGE2[10, 44, 45], the coupling of mPGES-1 
with COX-2 in PGE2 synthesis may play an important role 
in hypertension because both enzymes are expressed at low 
levels in vascular beds[46–48] but are significantly induced by 
AngII[29, 49–51].  The role for mPGES-1 in hypertension has been 

Figure 4.  Exaggerated vasoconstriction in response to AngII in mesenteric 
arteries isolated from mPGES-1–/– mice.  Mesenteric arteriolar rings were 
isolated from mPGES-1–/– (KO) and wild-type (WT) mice.  After obtaining 
a stable tension in 100 mmol/L of KCl, different doses of AngII or 
phenylephrine were added.  The change in arterial tension was measured 
and expressed as the percentage increase over the levels at 100 
mmol/L of KCl.  (A) AngII caused vessel constriction in arteries from both 
mPGES-1–/– and wild-type mice, but the increase was greater in arteries 
from mPGES-1–/– mice than from wild-type mice.  Data are means±SEM.  
n=4 for each group.  cP<0.01 vs wild-type.  (B) Phenylephrine treatment 
resulted in a dose-dependent vasoconstriction in both mPGES-1–/– and 
wild-type mice.  However, there was no statistic difference between two 
genotypes.  n=4 for each group.  (C) The maximal change in tension of 
arteries treated with 100 mmol/L KCl was similar in both genotypes.

Figure 5.  Basal production and AngII-induced PGE2 release in mesenteric 
arteries from wild-type and mPGES-1–/– mice.  (A) PGE2 levels in 
mesenteric arteries isolated from wild-type and mPGES-1–/– mice were 
determined by enzyme immunoassay.  n=3 for each group.  cP<0.01 vs 
arteries from wild-type mice.  (B) PGE2 release into the supernatant from 
cultured mesenteric arteries of wild-type (WT) and mPGES-1–/– (KO) mice.  
Mesenteric arteries were isolated from mPGES-1–/– and wild-type mice 
and cultured in the presence or absence of AngII (10-6 mol/L) for 30 s.  
The amount of PGE2 secretion in the supernatant was determined.  Data 
are expressed as means±SEM.  n=8 for each group.  bP<0.05 vs baseline 
level; fP<0.01 vs wild type.
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an interest of many groups [29, 31, 32, 39, 52].  Using another line of 
mPGES-1–/– mice generated independently by Trebino et al[7], 
Jia et al found that more severe hypertension developed in 
mice deficient in mPGES-1 after a 7-day high-salt diet plus salt 
drink[29, 30].  This exaggerated hypertensive response may be 
due in part to the inability of the kidneys of mPGES-1–/– mice 
to sufficiently excrete the sodium load.  However, whether 
mPGES-1 is essential for high salt-induced hypertension is a 
matter of debate because of inconsistent findings[31, 32].  There-
fore, whether vascular mPGES-1 is involved in blood pres-
sure regulation and contributes to salt-sensitive hypertension 
remains unclear[39].

In the present study, we demonstrated that mPGES-1, along 
with COX-1 and COX-2, was expressed in many vascular 
beds, including elastic (thoracic aorta) and resistant (mesen-
teric artery) vessels.  Vascular expression of mPGES-1 was 
mainly localized in the smooth muscle layers of the vessels, 
which was further supported by a constitutive expression of 
mPGES-1 in cultured VSMCs.  Ablation of the mPGES-1 gene 
significantly reduced basal PGE2 production in mesenteric 
arteries.  These findings are in agreement with a previous 
report[53] , which suggests that mPGES-1 is the main PGES 
isoform responsible for PGE2 biosynthesis in human VSMCs.  
Co-expression of mPGES-1 with either COX-1 or COX-2 fur-
ther suggests that mPGES-1 may be functionally coupled with 
both COX isoforms to mediate PGE2 biosynthesis in vascular 
beds under physiological conditions.  

PGE2 plays an important role in regulating vascular tone 
and blood pressure.  It exerts either vasodilatory or vaso-
con strictive action depending on the activation of its four EP 
receptors[54].  Induction of hypertension following NSAID 
and COX-2 inhibitor treatment indicates that the net effect of 
endogenous PGE2 is vasodilation[23, 40].  In support, the present 
studies provide further evidence that endogenous PGE2 acts 
as a vasodepressor since acute infusion of AngII resulted in a 
marked and sustained elevation of blood pressure in mPGES-
1–/– mice compared with wild-type mice.  In our present study, 
we speculated that the effect of renal mPGES-1 may not be 
apparent during the short term AngII infusion since there was 
no significant difference in urine output and sodium excretion 
between wild-type and mPGES-1–/– mice during the 30-min 
AngII infusion.  However, we cannot exclude the important 
effect of renal mPGES-1 in hypertenison because in previous 
reports[29, 30], the antihypertensive effect of renal mPGES-
1-derived PGE2 appears to be critical in chronic settings, 
including long-term AngII infusion and high salt diet.

To further characterize the underlying mechanism involved 
in the hypotensive effect of mPGES-1-derived PGE2 during 
acute infusion of AngII, we measured PGE2 release from 
isolated mesenteric arteries and found that acute AngII 
treatment resulted in a significant increase in PGE2 release in 
wild-type mice but not mPGES-1–/– mice.  Based on the fact 
that acute infusion of angiotensin II did not yield a significant 
mPGES-1 protein induction, we speculated that angiotensin 
II may stimulate the release of PGE2 through preexisting 
mPGES-1 protein in the vessels.  Because of the vasodialatory 

nature of mPGES-1-derived PGE2, this finding demonstrates 
that mPGES-1 is critical for vascular PGE2 release after acute 
AngII treatment and that its deficiency lowers vascular PGE2 
levels, leading to an exaggerated hypertensive response to 
AngII. 

The vascular expression of mPGES-1 and the blunted PGE2 
release after AngII treatment in mesenteric arteries of mPGES-
1–/– mice strongly support the possibility that mPGES-1 
expression in peripheral resistant vessels plays an important 
role in modulating vascular tone and blood pressure.  A direct 
functional interaction between AngII and mPGES-1 activity 
was further demonstrated by the finding that the constrictor 
effects of AngII were greatly exaggerated by mPGES-1 gene 
ablation, which is consistent with a role of mPGES-1-derived 
PGE2 in buffering AngII-induced vasoconstriction.

Increasing evidence suggests that genetic background has 
a significant impact on blood pressure.  Although the role 
of mPGES-1 on blood pressure has been reported by several 
groups, the results reach an inconsistent conclusion.  Jia et 
al found that on a mixed DBA/1lacJxC57BL/6 background, 
mPGES-1 null mice developed more severe hypertension 
compared to the wild-type controls in response to AngII infu-
sion and chronic salt loading[29, 30].  Similarly, in our present 
study, we found that mPGES-1 deletion on a pure C57BL/6 
background caused a hypertensive response to acute AngII 
infusion.  However, other studies have shown no influ-
ence of mPGES-1 deletion on blood pressure on mice with a 
DBA/11acJ background that were fed with a high salt diet[32].  
A recent report by Facemire et al demonstrated that infusing 
mPGES-1-deficient mice with AngII resulted in a significant 
vasopressor response on a 129/SvEv background but not on 
a DBA/11acJ background[55].  These observations collectively 
point to a critical role of genetic background in mediating 
mPGES-1’s effect on blood pressure regulation.  

In summary, we demonstrate that mPGES-1 was constitu-
tively expressed in the VSMCs of peripheral resistant vessels 
of mice.  The mPGES-1–/– mice exhibit an exaggerated pressor 
response to acute AngII infusion.  AngII treatment resulted 
in a blunted PGE2 secretion and enhanced vasoconstriction 
in isolated mesenteric arteries of mPGES-1–/– mice.  These 
findings provide compelling evidence that vascular mPGES-
1-derived PGE2 acts as an important tonic vasodilator for 
maintaining blood pressure homeostasis in pathophysiologi-
cal settings.  Thus, pharmacological targeting of mPGES-1 
may not represent an alternative for avoiding the undesirable 
cardiovascular effects of COX-2 inhibitors. 
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