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Background—Pharmacological inhibition of cyclooxygenase-2 increases the risk of myocardial infarction (MI) and stroke.
Microsomal prostaglandin (PG) E2 synthase-1 (mPGES-1), encoded by the Ptges gene, functions downstream from
cyclooxygenase-2 in the inducible PGE2 biosynthetic pathway. We caused acute MI in Ptges�/� and Ptges�/� mice to
define the role of mPGES-1 in cardiac ischemic injury.

Methods and Results—Twenty-eight days after MI, Ptges�/� mice develop more left ventricular (LV) dilation, have worse
LV systolic and diastolic function, and have higher LV end-diastolic pressure than Ptges�/� mice but have similar
pulmonary wet-to-dry weight ratios, cardiac mass, infarct size, and mortality. The length-to-width ratio of individual
cardiomyocytes is significantly greater in Ptges�/� than Ptges�/� mice after MI, a finding consistent with eccentric
cardiomyocyte hypertrophy in Ptges�/� mice. Expression of atrial natriuretic peptide, brain natriuretic peptide, and �-
and �-myosin heavy chain, markers of ventricular hypertrophy, is higher in the LV of Ptges�/� than Ptges�/� mice after
MI. Ptges�/� mice express cyclooxygenase-2 and mPGES-1 protein in inflammatory cells adjacent to the infarct after
MI but do not express these proteins in cardiomyocytes. Ptges�/� mice express cyclooxygenase-2 in inflammatory cells
adjacent to the infarct and do not express mPGES-1 in any cells in the heart. Levels of PGE2 but not PGD2, thromboxane
A2, PGI2, or PGF2� are higher in the infarct and LV remote from the infarct after MI in Ptges�/� than Ptges�/� mice.

Conclusions—In Ptges�/� mice, mPGES-1 in inflammatory cells catalyzes PGE2 biosynthesis in the LV after MI. Deletion
of mPGES-1 leads to eccentric cardiac myocyte hypertrophy, LV dilation, and impaired LV contractile function after
acute MI. (Circulation. 2008;117:1701-1710.)
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Prostaglandins (PGs) are biologically active lipid media-
tors that are synthesized by the sequential action of

phospholipase A2, cyclooxygenase (COX), and PG synthase
enzymes. Many aspects of cardiac physiology, including
heart rate, coronary blood flow, coronary microvascular
permeability, and left ventricular (LV) contractility, are
regulated by PGs.1–3 PGE2, the principal PG generated by
ventricular cardiomyocytes,4 may be synthesized by micro-
somal PGE2 synthase-1 (mPGES-1), an inducible enzyme,5,6

or by mPGES-2 or cytosolic PGE2 synthase, which are
constitutively expressed.
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Studies with mice harboring a targeted deletion of Ptges
(Ptges�/� mice) have shown that elimination of mPGES-1
expression decreases pain, fever, and inflammation in vivo.7–9

From these observations, pharmacological inhibition of
mPGES-1 has been proposed as an alternative to inhibition of
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COX-2 in the management of patients with pain and inflam-
matory diseases.10 Targeted deletion of Ptges also attenuates
brain ischemia-reperfusion injury11 and reduces plaque bur-
den in fat-fed Ptges�/�/low-density lipoprotein receptor–
deficient (LDLR�/�) mice12 but has no effect on thromboxane
biosynthesis, clot formation, or blood pressure.13 In contrast,
inhibition of the PGE2 receptor EP4 attenuates cardiomyocyte
hypertrophy in vitro,14 and deletion of EP4 increases infarct
size and compromises LV contractile function after 1 hour of
coronary occlusion and 1 day of reperfusion in vivo.15

Therefore, although deletion of mPGES-1 has potentially
beneficial effects in multiple disease processes, deletion of
mPGES-1 and attenuated PGE2 biosynthesis may have
deleterious effects on the cardiac response to myocardial
infarction (MI).

LV remodeling takes place after MI and is characterized by
a state of volume overload. This maladaptive state is associ-
ated with an increase in LV wall stress that leads to eccentric
cardiomyocyte hypertrophy with the addition of sarcomeres
in series and longitudinal cell growth,16 infarct zone thinning,
and LV dilation. PGE2 induces hypertrophy of ventricular
cardiomyocytes in vitro,4,14 and mPGES-1 catalyzes the
majority of PGE2 biosynthesis by cardiomyocytes17 and
inflammatory cells.18 In this study, we evaluated the effect of
targeted deletion of mPGES-1 on cardiomyocyte hypertrophy
and LV remodeling after MI. We found that mice lacking
mPGES-1 generate less PGE2 in the LV and develop eccen-
tric cardiomyocyte hypertrophy, LV dilation, impaired LV
systolic and diastolic function, and elevated LV end-diastolic
pressure (LVEDP) after MI compared with wild-type litter-
mates. In contrast, Ptges�/� and Ptges�/� mice have similar
pulmonary wet-to-dry weight ratios, cardiac mass, infarct
size, and mortality after MI.

Methods
Reagents were from Sigma Chemical Co (St Louis, Mo) unless
otherwise stated. The methodology used for real-time quantitative
polymerase chain reaction17 (PCR) and immunoblotting19 studies has
been described. Housing and experimental procedures were ap-
proved by the Animal Care Committee of the University Health
Network and were in accordance with the Guide for the Care and
Use of Laboratory Animals Research Statutes, Ontario (1980).

Ptges Gene–Targeted Mice
Construction of the mPGES-1–deficient mouse line (Ptges�/�, DBA/
1lacJ background) was carried out as described.7 PCR-based geno-
typing of tail DNA extracts, immunoblotting, and assays of
mPGES-1 activity from multiple-organ lysates confirmed the ab-
sence of mPGES-1 in Ptges�/� mice. Wild-type littermates were used
as controls for studies with Ptges�/� mice; all mice were generated
by breeding heterozygous mice. The genetic status of mice (Ptges�/�

or Ptges�/�) remained unknown to investigators carrying out surgical
procedures, echocardiography, acquisition of pressure-volume loops,
and morphometric assessments.

MI Model
Eight- to 12-week–old male Ptges�/� mice or their wild-type
littermates were sedated with ketamine (50 mg/kg) and xylazine (5
mg/kg), intubated, ventilated, and maintained with 2% isoflurane.
Through a left thoracotomy, the left coronary artery was ligated at a
proximal location under the left atrial appendage, thereby simulating
acute coronary artery thrombosis. Ischemia was confirmed by the

appearance of hypokinesis and pallor distal to the occlusion and by
ST elevation on ECG.

Invasive Hemodynamic Assessment
Under isoflurane anesthesia, a micromanometer and conductance
1.4F catheter (SPR-839, Millar Instruments, Houston, Tex) was
introduced into the LV through the right carotid artery. After
stabilization, signals were recorded continuously at a sampling rate
of 1000/s with a pressure-volume conductance system coupled to a
Powerlab/4SP analog-to-digital converter (AD Instruments, Moun-
tain View, Calif). All pressure-volume loops were analyzed with a
cardiac pressure-volume analysis program (PVAN 3.3, Millar
Instruments).

Echocardiographic Assessment of LV Function
Mice were anesthetized with ketamine (25 mg/kg) and xylazine (2.5
mg/kg). Isoflurane was not used for these studies. Recordings were
performed with a Sequoia C256 Ultrasound System (Siemens Med-
ical, Mountain View, Calif) with a 13-MHz linear-array transducer
(15L8). M-mode and 2-dimensional images were obtained in the
parasternal short axis at the level of the papillary muscles. For each
measurement, 3 consecutive cardiac cycles were recorded and
averaged by a single experienced examiner. M-mode imaging was
recorded at a sweep speed of 200 mm/s for offline measurement of
LV end-diastolic and LV end-systolic dimensions, and the endocar-
dium was traced by covering the innermost edge of the endocardial
surface. The LV end-diastolic area was determined as the largest
cavity size and the LV end-systolic area as the smallest cavity size
during the cardiac cycle.

Volumetry, Morphometric Analysis, and
Collagen Content
At baseline and 28 days after MI, hearts were arrested in diastole,
perfusion fixed with 10% formalin at an intraventricular pressure of
20 mm Hg in situ, explanted, weighed, cut into 1-mm transverse
sections, and photographed for morphometric measurements. LV
chamber volume, LV diameter, LV surface area, and scar area were
measured by planimetry with image analysis software (Scion Image,
National Institutes of Health Software, Bethesda, Md). The percent-
age of infarcted LV was calculated by dividing the surface area of the
scar by the total surface area of the LV transverse sections. After
staining with picrosirius red, total collagen content in the interven-
tricular septum, remote from the zone of infarction, was determined
by laser scanning confocal microscopy.

Statistical Analysis
Data are presented as mean�SEM. Analyses of data recorded at 1
time point were performed by 2-tailed unpaired Student t tests that
assumed unequal variance. Analyses of data recorded at several time
points for 1 group were performed by 1-way ANOVA to evaluate the
effect of time; if significant, Bonferroni correction for multiple
comparisons was applied when post hoc analysis between different
time points was carried out. Analyses of data recorded at several time
points for 2 groups (Ptges�/� mice, Ptges�/� mice) were performed
by 2-way ANOVA (to evaluate the effect of group, time, and
group–time interactions); if significant, Bonferroni correction for
multiple comparisons was applied when post hoc analysis between
different time points or between different groups at the same time
point was carried out. Survival after coronary ligation was assessed
by a log-rank test. A value of P�0.05 was accepted as statistically
significant. In total, 119 Ptges�/� mice and 129 Ptges�/� mice were
used in this study.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Online-Only Data Supplement
We describe the methodology used for the measurement of PG levels
in the expanded Methods and Results sections in the online-only
Data Supplement. The ratio of phosphorylated to total AKT, glyco-
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gen synthase kinase (GSK�), jun N-terminal kinase-1 (JNK1),
protein kinase C� (PKC�), or PKC� and the expression of Nab1 in
cardiomyocytes from the LV remote from the infarct is presented in
online-only Data Supplement Figure I. Immunohistochemical anal-
ysis of COX-2 and mPGES-1 in the LV remote from the infarct is
presented in online-only Data Supplement Figure II. PG levels and
the expression of PG biosynthetic enzymes in the LV remote from
the infarct and in the infarct and peri-infarct tissue are presented in
online-only Data Supplement Figures III and IV, respectively. The in
vivo 2-dimensional echocardiographic assessment of cardiac struc-
ture and function of hearts from Ptges�/� and Ptges�/� mice before
and 7 and 28 days after coronary artery ligation is presented in
online-only Data Supplement Table I.

Results

Ptges�/� Mice Develop LV Dilation and Impaired
LV Contractile Function After MI
We did not identify any differences in cardiac mass, dimen-
sions, or function (Figure 1, the Table, and online-only Data
Supplement Table I) or cardiomyocyte morphology (Figure
2A through 2G) between noninjured adult Ptges�/� and

Ptges�/� mice. To evaluate the effect of Ptges gene deletion
on the cardiac response to acute MI, we subjected 8- to
12-week–old Ptges�/� and Ptges�/� mice to left anterior
descending coronary artery ligation. Survival of Ptges�/� and
Ptges�/� mice after MI was similar (Figure 1A). The de-
creases in LV fractional shortening (Figure 1B) observed in
Ptges�/� and Ptges�/� mice 7 days after coronary ligation
were comparable and were consistent with the development
of a significant MI in these mice. Between 7 and 28 days after
MI, fractional shortening (Figure 1B) did not change in
Ptges�/� mice but decreased significantly in Ptges�/� mice.
Twenty-eight days after MI, fractional shortening (Figure 1B)
and dP/dtmax (Figure 1C), load-dependent indexes of LV
systolic function, and preload-adjusted maximal power
(the Table) were significantly worse in Ptges�/� mice than
Ptges�/� mice. dP/dtmin (Figure 1D) and the time constant of
isovolumetric LV relaxation (�; (Figure 1E), measures of LV
diastolic function, also were significantly worse in Ptges�/�

than Ptges�/� mice 28 days after MI. LV volume was 54%

Figure 1. Lack of mPGES-1 leads to LV
dilation and impaired LV systolic and
diastolic function after MI. A, Survival
after MI in Ptges�/� (n�40) and Ptges�/�

(n�40) mice. P�0.91, log-rank test.
B, Fractional shortening measured by
random blind 2-dimensional echocardi-
ography. dP/dtmax (C), dP/dtmin (D),
and � (E) in Ptges�/� and Ptges�/� mea-
sured with a pressure conductance cath-
eter. F, Explanted hearts after hyperkale-
mic arrest and perfusion fixation in situ
at physiological pressure. G, LV volume.
H, Pressure-volume loops 28 days after
MI. I, Hematoxylin and eosin stain of
infarcted myocardium. J, Percentage
of infarcted LV measured by planimetry.
Picrosirius red stain (K) and collagen
content (L) in the LV remote from the
infarct. LVEDP (M) and pulmonary wet-
to-dry weight ratio (N) after MI. Unless
otherwise stated, data represent �9
independent experiments for each
group. Open circles or bars indicate
Ptges�/�; solid circles or bars, Ptges�/�

mice. a, P�0.05 vs time 0; b, P�0.05,
Ptges�/� vs Ptges�/� mice at any time
point.
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greater (Figure 1F and 1G), and the ratio of LV volume to
body mass and ratio of LV diameter to body mass were higher
(the Table) in Ptges�/� than Ptges�/� mice 28 days after MI.
In addition, higher LV volumes were required to generate
equivalent LV pressures throughout the cardiac cycle in
Ptges�/� than in Ptges�/� mice after MI (Figure 1H). No
differences in the percentage of the LV that was infarcted
(Figure 1I and 1J), extent of extracellular matrix degradation
remote from the zone of infarction (a feature of ventricular
remodeling after MI; Figure 1K and 1L), or fraction of
apoptotic versus total cells (terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling assay; data not
shown) were noted between Ptges�/� and Ptges�/� mice after
MI. After MI, Ptges�/� mice manifested an increase in
LVEDP that was not observed in Ptges�/� mice (Figure 1M),
but the wet-to-dry weight ratio of pulmonary tissue was
similar in these mice 3, 7, and 28 days after coronary ligation
(Figure 1N).

Cardiomyocytes in Ptges�/� Mice Undergo
Eccentric Hypertrophy After MI
We found that cardiomyocytes in the LV remote from the
zone of infarction underwent hypertrophy in both Ptges�/�

and Ptges�/� mice after MI, but the extent of hypertrophy was
attenuated in Ptges�/� mice (Figure 2A and 2B). To study the
geometry of individual cardiomyocytes, we enzymatically
digested hearts before and 28 days after MI and identified
rod-shaped cardiomyocytes by immunostaining with anti–

troponin I (Figure 2C). The increase in cardiomyocyte surface
area after MI was significantly greater in Ptges�/� than
Ptges�/� mice (Figure 2D). The increases in length of
cardiomyocytes from Ptges�/� and Ptges�/� mice after MI
were similar (Figure 2E). In contrast, the width of cardio-
myocytes from Ptges�/� mice did not change after MI,
whereas the width of cardiomyocytes from Ptges�/� mice
decreased (Figure 2F), thereby resulting in a significantly
greater length-to-width ratio of cardiomyocytes from Ptges�/�

than Ptges�/� mice 28 days after MI (Figure 2G). These
observations confirm that cardiomyocytes in Ptges�/� mice
underwent growth by eccentric hypertrophy after MI.

Expression of Molecular Markers of
Cardiomyocyte Hypertrophy in Ptges�/�

and Ptges�/� Mice After MI
The genes encoding atrial natriuretic peptide (ANP), brain
natriuretic peptide (BNP), and �- and �-myosin heavy chain
(MHC) are fetal cardiac genes that are re-expressed when
cardiomyocytes hypertrophy. Cardiomyocytes in the LV
remote from the zone of infarction expressed significantly
more ANP, BNP, �-MHC, and �-MHC mRNA (Figure 2H
through 2K) in Ptges�/� than Ptges�/� mice 3 and 7 days after
coronary ligation. Twenty-eight days after coronary ligation,
�-MHC mRNA levels were higher in the LV of Ptges�/� than
Ptges�/� mice, whereas �-MHC mRNA levels remained
higher in Ptges�/� than Ptges�/� mice.

Table. Morphometric and Invasive Hemodynamic Analyses of Hearts From Ptges�/� and Ptges�/� Mice
Before and 28 Days After Left Coronary Artery Ligation

Before LCA Ligation 28 Days After LCA Ligation

Ptges�/� (n�9) Ptges�/� (n�11) Ptges�/� (n�9) Ptges�/� (n�11)

Body mass, g 20.73�1.06 18.99�0.59 21.78�0.81 20.11�0.57

Cardiac mass, g 131�6.2 132�6.0 163�8.8† 167�4.5

LV diameter, cm 0.32�0.033 0.32�0.023 0.38�0.028 0.45�0.015†‡

Septum diameter, cm 0.13�0.023 0.11�0.013 0.050�0.002† 0.046�0.004†

LV volume/body mass 1.08�0.10 1.18�0.05 1.57�0.23† 2.61�0.13†‡

LV diameter/body mass 0.16�0.02 0.16�0.01 0.18�0.02 0.23�0.01†‡

Septum diameter/body mass �103 6.3�0.1 5.7�0.7 2.3�0.1† 2.3�0.2†

Cardiac mass/body mass �103 6.3�0.2 6.7�0.2 8.2�0.5† 8.8�0.1†

Heart rate, bmp 358�31 373�21 425�14.8 435�12.8

LV end-systolic pressure, mm Hg 109�7.3 109�3.3 97.4�2.2 91.6�3.3†

LV end-systolic volume, �L * * 27.1�2.4 38.6�3.4‡

LV end-diastolic volume, �L * * 33.8�3.9 45.4�3.8‡

Stroke volume, �L * * 8.4�0.8 8.5�0.9

Cardiac output, �L/min * * 3588�346 3736�439

Arterial elastance, mm Hg/�L * * 12.5�1.1 11.9�1.5

Preload-adjusted maximal power, mW/�L2 * * 52.7�11.7 15.4�1.9‡

LCA indicates left coronary artery. Hearts were subjected to hyperkalemic arrest, perfusion fixed at systemic pressure in situ,
explanted, fixed an additional 24 hours, and then processed for morphometric analysis. Alternatively, hemodynamics were assessed
with a 1.4F catheter advanced from the right carotid artery into the LV.

*Before coronary ligation, significant variability in measurements based on calculated volumes was observed, possibly because of
the relatively small size of the LV in mice not subjected to MI compared with the size of the micromanometer and conductance
catheter. Therefore, these values are not reported. However, morphometric and 2-dimensional echocardiographic analyses
documented similar LV volume, cardiac dimensions, and fractional shortening in Ptges�/� and Ptges�/� mice before LCA ligation.

†P�0.05, day 0 vs 28, Ptges�/� or Ptges�/� mice; ‡P�0.05, Ptges�/� vs Ptges�/� mice at 0 or 28 days after LCA ligation.
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Differential Activation of Signaling Cascades That
Regulate Cardiomyocyte Hypertrophy in Ptges�/�

and Ptges�/� Mice After MI
Next, we evaluated signaling pathways that have been impli-
cated in the regulation of cardiomyocyte hypertrophy.20 The
ratios of activated (phosphorylated) to total of JNK2, extra-
cellular signal-regulated kinase (ERK)-1, ERK2, GSK�, and
PKC� were significantly higher in cardiomyocytes remote
from the zone of infarction in Ptges�/� than Ptges�/� mice 3
days after MI (Figure 3A through 3G). Calcineurin protein
levels in the LV were similar in Ptges�/� and Ptges�/� mice
(Figure 3H), but the levels of calcineurin and MCIP1 mRNA,
which is regulated by an intragenic cluster of nuclear factor of
activated T cells (NFAT) consensus binding sites and has
been used as an index of the activation level of the
calcineurin-NFAT pathway,21 were greater in Ptges�/� than
Ptges�/� mice 3 days after MI (Figure 3I and 3J). No
differences in the ratio of phosphorylated to total AKT,

GSK�, JNK1, PKC�, or PKC� or in the expression of
Nab1,22 all of which have been implicated in the regulation of
cardiomyocyte hypertrophy, were identified between Ptges�/�

and Ptges�/� mice after MI (online-only Data Supplement
Figure Ia through If). Thus, mPGES-1 modulates multiple
signaling pathways that regulate cardiomyocyte hypertrophy.

mPGES-1 Is Expressed in Inflammatory Cells in
the LV After MI
We then evaluated the expression of selected PG biosynthetic
enzymes in the heart. In the LV remote from the infarct,
COX-2 mRNA increased in Ptges�/� and Ptges�/� mice, and
mPGES-1 mRNA increased transiently in Ptges�/� mice
(Figure 4A and 4B), but no COX-2 or mPGES-1 protein was
identified in this part of the heart up to 28 days after MI
(online-only Data Supplement Figure II). In the infarct and
peri-infarct tissue, the increase in COX-2 mRNA was greater
in Ptges�/� than Ptges�/� mice, whereas mPGES-1 mRNA
increased progressively after MI in Ptges�/� mice (Figure 4C
and 4D). COX-2 protein was identified in inflammatory cells
in and adjacent to the infarct in Ptges�/� (Figure 4E) and
Ptges�/� mice (Figure 4G) 3 and 7 but not 28 days after MI.
mPGES-1 protein also was identified in inflammatory cells in
and adjacent to the infarct in Ptges�/� mice 3 and 7 days and,
to a lesser extent, 28 days after MI (Figure 4F). No mPGES-1
protein was identified in the heart of Ptges�/� mice (Figure
4H), and no COX-2 or mPGES-1 protein was identified in
cardiomyocytes from Ptges�/� or Ptges�/� mice at any time
point after coronary ligation (Figure 4E through 4H). There-
fore, in Ptges�/� mice, coronary ligation leads to the recruit-
ment of inflammatory cells to the infarct and peri-infarct
zones that express COX-2 and mPGES-1 protein.

mPGES-1 Regulates PGE2 Biosynthesis in the LV
After MI
Ptges�/� and Ptges�/� mice had similar levels of PGE2 (Figure
4I), PGD2, thromboxane B2 (TxB2; a TxA2 metabolite),
PGF2�, and 6k-PGF1a (a PGI2 metabolite) in the LV before MI
(online-only Data Supplement Figure IIIa through IIId).
Three and 7 days after MI, PGE2 levels were significantly
higher in the LV (Figure 4I) and infarct (which includes the
peri-infarct zone; Figure 4J) of Ptges�/� than Ptges�/� mice.
Interestingly, levels of PGE2 in the infarct and peri-infarct
zones of Ptges�/� mice 3 and 7 days after MI were �8-fold
higher than the levels of PGE2 in the LV remote from the
infarct. Twenty-eight days after MI, levels of PGE2 remained
above baseline levels in the LV and infarct but were not
statistically different between Ptges�/� and Ptges�/� mice.
The levels of PGD2, TxB2, PGF2�, and 6k-PGF1a and the
expression of PGD2 synthase, TxA2 synthase, and PGI2

synthase mRNA in the LV remote from the infarct (online-
only Data Supplement Figure IIIa through IIId and IIIh
through IIIj) and infarct (online-only Data Supplement Figure
IVa through IVd and IVh through IVj) increased after MI, but
no differences were found in the levels of these PGs or the
expression of their respective terminal synthases between
Ptges�/� and Ptges�/� mice 3, 7, and 28 days after MI.
Therefore, coronary ligation leads to a selective increase in
mPGES-1–catalyzed PGE2 biosynthesis in the heart.

Figure 2. Eccentric cardiomyocyte hypertrophy and altered
expression of fetal cardiac genes in mice lacking mPGES-1 after
MI. A, Cardiomyocytes remote from the zone of infarction. B,
Cardiomyocyte surface area by computerized planimetry. C,
Before and 28 days after MI, hearts from Ptges�/� and Ptges�/�

mice were explanted, digested with collagenase, and stained
with anti–troponin I. The surface area (D), length (E), width (F),
and length-to-width ratio (G) of �100 cardiomyocytes from indi-
vidual hearts were assessed. Levels of ANP (H), BNP (I), �-MHC
(J), and �-MHC (K) mRNA in cardiomyocytes remote from the
zone of infarction measured by quantitative real-time PCR and
normalized to GAPDH mRNA levels. Data represent �8 inde-
pendent experiments for each group. Open bars indicate
Ptges�/� mice; solid bars, Ptges�/� mice. a, P�0.05 vs time
0; b, P�0.05, Ptges�/� vs Ptges�/� mice at any time point.
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Discussion
After acute MI, viable cardiomyocytes remote from the zone
of infarction undergo hypertrophy, a critical step in postin-
farction LV remodeling. This adaptation is necessary to
sustain cardiac function and to prevent heart failure,23 a
leading cause of death after MI. Our findings provide direct
evidence that a lack of mPGES-1 leads to eccentric hyper-
trophy of viable cardiomyocytes, LV dilation, and impaired
LV systolic and diastolic function after acute MI. Although
Ptges�/� mice also develop higher LVEDP than Ptges�/� mice
28 days after MI, Ptges�/� and Ptges�/� mice do not develop
pulmonary edema; the wet-to-dry weight ratios of lungs from
these mice after MI are similar. This finding and the obser-
vation that the percentage of infarcted LV was similar in
Ptges�/� and Ptges�/� mice may explain why no difference
was found in the survival of these mice after MI. The failure
of Ptges�/� mice to develop pulmonary edema and heart
failure after MI may be due to the fact that relatively young
mice (8 weeks old) do not develop heart failure even after
large (up to 28% of the LV) infarctions.24

The relatively low heart rate of mice undergoing echocar-
diographic assessment (200 bpm to 300 bpm; online-only
Data Supplement Table I) may be a manifestation of the
anesthesia used for these studies and is below the resting heart

rate of these mice (350 bpm to 450 bpm; the Table).
Importantly, the measurements of LV dimensions and LV
contractile function obtained by 2 independent methods,
morphometric analysis of myocardium perfusion fixed in situ
and invasive hemodynamic assessment, are consistent with
the echocardiographic data. These findings support the con-
clusion that the echocardiographic measurements are accu-
rate, the relatively low heart rate observed during echocar-
diographic assessment notwithstanding.

Inflammatory Cells Are the Likely Source of PGE2

Biosynthesis in the LV After MI
The cell type that produces PGE2 in the heart after MI has not
been identified. However, although cardiomyocytes,17,25 car-
diac fibroblasts,25 and inflammatory cells18,26 can express
mPGES-1 and synthesize PGE2 in vitro, inflammatory cells
are the likely source of PGE2 biosynthesis in the LV because
inflammatory cells were the only cells in the heart that
express mPGES-1 protein after MI (see Figure 4E through
4H). Because the increase in COX-2 and mPGES-1 protein
expression after MI is confined to inflammatory cells in the
infarct and peri-infarct regions, we postulate that PGE2

produced by inflammatory cells in and adjacent to the infarct
diffuses to and regulates the hypertrophy of cardiomyocytes

Figure 3. Differential activation of signaling cas-
cades that regulate cardiomyocyte hypertrophy in
Ptges�/� and Ptges�/� mice after MI. Western blot
analysis of phospho-JNK2 (A), total JNK2 (B),
phospho-ERK1 and phospho-ERK2 (C), total
ERK1 and total ERK2 (D), phospho–GSK-� (E),
total GSK-� (F), phospho–PKC-� (G), and cal-
cineurin (H). Densitometric analysis of the ratio of
phosphorylated to total protein is presented adja-
cent to each of the immunoblots. Real-time quanti-
tative PCR analysis of calcineurin (I) and MCIP1
mRNA (J) normalized to GAPDH mRNA levels.
Data represent the mean�SEM of �8 independent
experiments for each group. a, P�0.05 vs time 0;
b, P�0.05, Ptges�/� vs Ptges�/� mice at any time
point.
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remote from the zone of infarction. Eccentric hypertrophy of
viable cardiomyocytes in Ptges�/� mice remote from the zone
of infarction may be due to a relative deficiency of mPGES-
1–catalyzed PGE2 biosynthesis because PGE2 levels in this
part of the LV are 4-fold lower in Ptges�/� than Ptges�/� mice
after MI and PGE2 induces cardiomyocyte hypertrophy in
vitro.4,14

mPGES-1 Catalyzes PGE2 Biosynthesis in the
Heart After MI
mPGES-1 mRNA expression and protein synthesis increase
in the infarct zone of Ptges�/� mice after MI. mPGES-2 and
cytosolic PGE2 synthase (cPGES) mRNA also are expressed
in the infarct and in the LV remote from the infarct after MI
(online-only Data Supplement Figures IIIf, IIIg, IVf, and IVg,
respectively). Unexpectedly, cPGES mRNA levels in the
infarct and LV remote from the infarct were transiently
higher in Ptges�/� than in Ptges�/� mice after coronary
ligation. Although mPGES-1, mPGES-2, and cPGES are all
expressed in the LV after MI, the observation that PGE2

levels were 4-fold higher in the LV and infarct of Ptges�/�

than of Ptges�/� mice 3 and 7 days after coronary ligation
provides direct evidence that mPGES-1 catalyzes the major-
ity of PGE2 biosynthesis in the heart up to 7 days after MI.
PGE2 levels remain elevated in Ptges�/� mice 28 days after
MI, despite the fact that mPGES-1 protein levels in the infarct
are low at this time. Therefore, it is possible that cPGES
and/or mPGES-2, both with mRNA species that were iden-
tified in the LV and infarct after MI, also could contribute to
PGE2 biosynthesis 28 days after MI in Ptges�/� (and Ptges�/�)
mice.

mPGES-1 Modulates Signaling Cascades That
Regulate Cardiomyocyte Hypertrophy After MI
Multiple signaling molecules have been implicated in the
pathophysiology of eccentric myocardial hypertrophy. Thus,
the absence of telomerase,27 Kruppel-like factor 15,28 the
transcription factor GATA4,29 or focal adhesion kinase (in the
ventricles)30 leads to eccentric cardiomyocyte hypertrophy.
Because PGE2 increases GATA-4 binding activity,31 de-

Figure 4. Attenuated PGE2 biosynthesis
in the infarct and LV in Ptges�/� mice
after MI. COX-2 (A) and mPGES-1 (B)
mRNA levels in the LV after MI. COX-2
(C) and mPGES-1 mRNA (D) levels in the
infarct after MI. The infarct includes tis-
sue from the infarction and adjacent
peri-infarct zones. mRNA was measured
by quantitative real-time PCR, and
results are normalized to GAPDH mRNA
levels. Immunohistochemical analysis of
the heart for COX-2 (E) and mPGES-1
(F) in Ptges�/� mice and COX-2 (G) and
mPGES-1 (H) in Ptges�/� mice 0, 3, 7,
and 28 days after MI. Images are repre-
sentative of �3 independent experi-
ments at each time point shown. PGE2

levels in the LV (I) and infarct (J) after MI.
Data represent �9 independent experi-
ments for each group. Open bars indi-
cate Ptges�/� mice; solid bars, Ptges�/�

mice. a, P�0.05 vs time 0; b, P�0.05,
Ptges�/� vs Ptges�/� mice at any time
point.
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creased PGE2 levels in the LV of Ptges�/� mice could
attenuate GATA4 activation and promote eccentric cardio-
myocyte hypertrophy after MI. Activation of the mitogen-
activated protein kinase kinase 5 (MEK5)–ERK5 signaling
cascade also leads to eccentric hypertrophy of rat neonatal
ventricular cardiomyocytes, and transgenic expression of
MEK5 results in eccentric cardiomyocyte hypertrophy in the
absence of apoptosis or fibrosis,32 a finding reminiscent of the
eccentric cardiomyocyte hypertrophy and lack of fibrosis or
apoptosis observed in Ptges�/� mice after MI. The observa-
tion that the activity of multiple signaling molecules, includ-
ing JNK2, ERK1, ERK2, GSK�, and PKC�, and the activity
of the calcineurin-NFAT pathway are increased in cardio-
myocytes in Ptges�/� compared with Ptges�/� mice suggests
that multiple signaling cascades may contribute to the eccen-
tric cardiac myocyte hypertrophy observed in Ptges�/� mice
after MI. Because Jnk2�/� mice and transgenic mice expressing
dominant-nega-
tive JNK1 and JNK2 exhibit enhanced myocardial growth 3
days after transverse aortic constriction,33 JNK2 activation
may attenuate cardiomyocyte hypertrophy in Ptges�/� mice
after MI.

mPGES-1 Attenuates Prohypertrophic Fetal
Cardiac Gene Expression After MI
Expression of the genes encoding �-MHC, �-MHC, ANP,
and BNP is increased when ventricular myocytes hypertro-
phy.20 �-MHC, which is upregulated in the heart after birth,
has high ATPase activity, whereas �-MHC has low ATPase
activity. Three days after MI, �-MHC expression increases
5-fold after MI in Ptges�/� mice but does not change in
Ptges�/� mice, whereas �-MHC expression does not change
in Ptges�/� mice but decreases 50% in Ptges�/� mice. The
relative increase in �-MHC compared with �-MHC expres-
sion in the LV of Ptges�/� mice after MI, a molecular
signature of pathological cardiac remodeling, may lead to a
reduction in myofibrillar ATPase activity, reduced shortening
velocity of cardiac myofibers, and eventual contractile dys-
function.34 Because alterations in fetal gene re-expression
occur before the onset of eccentric cardiomyocyte hypertro-
phy,30 the increased ratio of �-MHC to �-MHC expression
may be predictive of subsequent LV dysfunction in Ptges�/�

mice after MI. Expression of 2 other markers of ventricular
hypertrophy, the natriuretic peptides ANP and BNP, was
higher in the LV of Ptges�/� than Ptges�/� mice 3 and 7 days
after MI. Because ANP attenuates cardiomyocyte hypertro-
phy in vitro35 and BNP inhibits cell growth in the heart,36

ANP and BNP may function as antihypertrophic factors37 that
inhibit cardiomyocyte hypertrophy and attenuate adaptive LV
remodeling after MI in Ptges�/� mice. Calcineurin activa-
tion,38 ERK1/ERK2-mediated activation of the transcription
factor GATA-4,39 and/or increased mechanical strain in the
wall of the dilated LV40 could account for the increased BNP
mRNA expression in Ptges�/� mice after MI.

Possible Effect of Pharmacological Inhibition of
mPGES-1 on Postinfarction LV Remodeling
The increased risk of MI and stroke41,42 and increased
mortality after MI43 in patients taking selective COX-2

inhibitors are proposed to be due to an imbalance of pro-
thrombotic eicosanoids (increased TxA2) and antithrombotic
eicosanoids (decreased PGI2).44 We noted that targeted dele-
tion of the gene encoding mPGES-1 does not alter the levels
of TxA2 or PGI2 in the heart after MI. Therefore, pharmaco-
logical inhibition of mPGES-1 may not be associated with the
perturbations in TxA2 and PGI2 metabolism that increase the
risk of arterial thrombosis in patients taking COX-2 inhibitors
but may lead to eccentric cardiomyocyte hypertrophy and
compromise LV function and LV remodeling after acute MI.
This hypothesis should be interpreted with caution because
the effect of individual gene deletions on cardiac physiology
in mice may not be observed in patients taking pharmacolog-
ical inhibitors of the corresponding gene product. For exam-
ple, the diffuse cardiac fibrosis noted in 50% of mice lacking
COX-245 has not been identified in patients taking selective
COX-2 inhibitors. In addition, COX-2 inhibition was shown
to be cardioprotective in mice46,47 but led to adverse LV
remodeling and LV rupture in a porcine MI model.48 These
observations underscore the need for caution in extrapolating
findings in mice to humans without studies in larger animals
first.

Sources of Funding
This work was supported by grants from the Canadian Institutes of
Health Research (53297 and 37778 to Drs Rubin and Liu, respec-
tively), Heart and Stroke Foundation of Canada (NA-4387 to Drs
Rubin and Degousee; Tx-5294 to Dr Li), Canadian Heart Failure
Network (CHFNET) and Tailored Advanced Collaborative Training
In Cardiovascular Science for Research Fellows (TACTICS) Part-
nership Program grants (Dr Liu), Physicians of Ontario through the
PSI Foundation (01-12 and 98-049 to Drs Rubin and Lindsay,
respectively), German Research Association (GE 695/2-2 and Ex-
cellence Cluster Cardio-Pulmonary System to Dr Geisslinger),
Swedish Medical Research Council (2004–5259 to Dr Jakobsson),
King Gustaf V 80 Years Foundation (Dr Jakobsson), Swedish
Rheumatism Association (Dr Jakobsson), Erik och Edith Fernstroms
Foundation for Medical Research (Dr Jakobsson), Börje Dahlin
Foundation (S.C. Pawelzik), and the Karolinska Institutet (Dr Jakob-
sson). Dr Li is a career investigator of the Heart and Stroke
Foundation of Canada. Dr Rubin is a Wylie Scholar in Academic
Vascular Surgery, Pacific Vascular Research Foundation, San
Francisco.

Disclosures
Dr Audoly has stock ownership or options in Pfizer Inc and has
received fees (or fees are pending) for patents, licenses, or licensing.
Dr Jakobsson has received consultancies from Pfizer Inc. The other
authors report no conflicts.

References
1. Allan G, Levi R. The cardiac effects of prostaglandins and their modifi-

cation by the prostaglandin antagonist N-0164. J Pharmacol Exp Ther.
1980;214:45–49.

2. Takayama K, Yuhki K, Ono K, Fujino T, Hara A, Yamada T, Kuriyama
S, Karibe H, Okada Y, Takahata O, Taniguchi T, Iijima T, Iwasaki H,
Narumiya S, Ushikubi F. Thromboxane A2 and prostaglandin F2� mediate
inflammatory tachycardia. Nat Med. 2005;11:562–566.

3. Hennan JK, Huang J, Barrett TD, Driscoll EM, Willens DE, Park AM,
Crofford LJ, Lucchesi BR. Effects of selective cyclooxygenase-2 inhi-
bition on vascular responses and thrombosis in canine coronary arteries.
Circulation. 2001;104:820–825.

4. Mendez M, LaPointe MC. Trophic effects of the cyclooxygenase-2 prod-
uct prostaglandin E2 in cardiac myocytes. Hypertension. 2002;39(pt
2):382–388.

1708 Circulation April 1, 2008

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 10, 2018



5. Jakobsson PJ, Thoren S, Morgenstern R, Samuelsson B. Identification of
human prostaglandin E synthase: a microsomal, glutathione-dependent,
inducible enzyme, constituting a potential novel drug target. Proc Natl
Acad Sci U S A. 1999;96:7220–7225.

6. Murakami M, Naraba H, Tanioka T, Semmyo N, Nakatani Y, Kojima F,
Ikeda T, Fueki M, Ueno A, Oh S, Kudo I. Regulation of prostaglandin E2

biosynthesis by inducible membrane-associated inducible prostaglandin
E2 synthase that acts in concert with cyclooxygenase-2. J Biol Chem.
2000;275:32783–32792.

7. Trebino CE, Stock JL, Gibbons CP, Naiman BM, Wachtmann TS,
Umland JP, Pandher K, Lapointe JM, Saha S, Roach ML, Carter D,
Thomas NA, Durtschi BA, McNeish JD, Hambor JE, Jakobsson PJ, Carty
TJ, Perez JR, Audoly LP. Impaired inflammatory and pain responses in
mice lacking an inducible prostaglandin E synthase. Proc Natl Acad Sci
U S A. 2003;100:9044–9049.

8. Kamei D, Yamakawa K, Takegoshi Y, Mikami-Nakanishi M, Nakatani
Y, Oh-ishi S, Yasui H, Azuma Y, Hirasawa N, Ohuchi K, Kawaguchi H,
Ishikawa Y, Ishii T, Uematsu S, Akira S, Murakami M, Kudo I. Reduced
pain hypersensitivity and inflammation in mice lacking microsomal pros-
taglandin e synthase-1. J Biol Chem. 2004;279:33684–33695.

9. Engblom D, Saha S, Engstrom L, Westman M, Audoly LP, Jakobsson PJ,
Blomqvist A. Microsomal prostaglandin E synthase-1 is the central
switch during immune-induced pyresis. Nat Neurosci. 2003;6:1137–
1138.

10. Romanovsky AA. Vioxx, Celebrex, Bextra: do we have a new target for
anti-inflammatory and antipyretic therapy? Am J Physiol Regul Integr
Comp Physiol. 2005;288:R1098–R1099.

11. Ikeda-Matsuo Y, Ota A, Fukada T, Uematsu S, Akira S, Sasaki Y.
Microsomal prostaglandin E synthase-1 is a critical factor of stroke-
reperfusion injury. Proc Natl Acad Sci U S A. 2006;103:11790–11795.

12. Wang M, Zukas AM, Hui Y, Ricciotti E, Pure E, FitzGerald GA. Deletion
of microsomal prostaglandin E synthase-1 augments prostacyclin and
retards atherogenesis. Proc Natl Acad Sci U S A. 2006;103:14507–14512.

13. Cheng Y, Wang M, Yu Y, Lawson J, Funk CD, FitzGerald GA. Cyclo-
oxygenases, microsomal prostaglandin E synthase-1, and cardiovascular
function. J Clin Invest. 2006;116:1391–1399.

14. Mendez M, LaPointe MC. PGE2-induced hypertrophy of cardiac
myocytes involves EP4 receptor-dependent activation of p42/44 MAPK
and EGFR transactivation. Am J Physiol Heart Circ Physiol. 2005;288:
H2111–H2117.

15. Xiao CY, Yuhki K, Hara A, Fujino T, Kuriyama S, Yamada T, Takayama
K, Takahata O, Karibe H, Taniguchi T, Narumiya S, Ushikubi F. Pros-
taglandin E2 protects the heart from ischemia-reperfusion injury via its
receptor subtype EP4. Circulation. 2004;109:2462–2468.

16. Frey N, Katus HA, Olson EN, Hill JA. Hypertrophy of the heart: a new
therapeutic target? Circulation. 2004;109:1580–1589.

17. Degousee N, Angoulvant D, Fazel S, Stefanski E, Saha S, Iliescu K,
Lindsay TF, Fish JE, Marsden PA, Li RK, Audoly LP, Jakobsson PJ,
Rubin BB. c-Jun N-terminal kinase-mediated stabilization of microsomal
prostaglandin E2 synthase-1 mRNA regulates delayed microsomal pros-
taglandin E2 synthase-1 expression and prostaglandin E2 biosynthesis by
cardiomyocytes. J Biol Chem. 2006;281:16443–16452.

18. Trebino CE, Eskra JD, Wachtmann TS, Perez JR, Carty TJ, Audoly LP.
Redirection of eicosanoid metabolism in mPGES-1-deficient macro-
phages. J Biol Chem. 2005;280:16579–16585.

19. Degousee N, Martindale J, Stefanski E, Cieslak M, Lindsay TF, Fish JE,
Marsden PA, Thuerauf DJ, Glembotski CC, Rubin BB. MAP kinase
kinase 6-p38 MAP kinase signaling cascade regulates cyclooxygenase-2
expression in cardiac myocytes in vitro and in vivo. Circ Res. 2003;92:
757–764.

20. Dorn GW, Force T. Protein kinase cascades in the regulation of cardiac
hypertrophy. J Clin Invest. 2005;115:527–537.

21. Heineke J, Ruetten H, Willenbockel C, Gross SC, Naguib M, Schaefer A,
Kempf T, Hilfiker-Kleiner D, Caroni P, Kraft T, Kaiser RA, Molkentin
JD, Drexler H, Wollert KC. Attenuation of cardiac remodeling after
myocardial infarction by muscle LIM protein-calcineurin signaling at the
sarcomeric Z-disc. Proc Natl Acad Sci U S A. 2005;102:1655–1660.

22. Buitrago M, Lorenz K, Maass AH, Oberdorf-Maass S, Keller U, Schmit-
teckert EM, Ivashchenko Y, Lohse MJ, Engelhardt S. The transcriptional
repressor Nab1 is a specific regulator of pathological cardiac hypertrophy.
Nat Med. 2005;11:837–844.

23. Opie LH, Commerford PJ, Gersh BJ, Pfeffer MA. Controversies in
ventricular remodelling. Lancet. 2006;367:356–367.

24. Gould KE, Taffet GE, Michael LH, Christie RM, Konkol DL, Pocius JS,
Zachariah JP, Chaupin DF, Daniel SL, Sandusky GE Jr, Hartley CJ,

Entman ML. Heart failure and greater infarct expansion in middle-aged
mice: a relevant model for postinfarction failure. Am J Physiol Heart Circ
Physiol. 2002;282:H615–H621.

25. Giannico G, Mendez M, LaPointe MC. Regulation of the membrane-
localized prostaglandin E synthases mPGES-1 and mPGES-2 in cardiac
myocytes and fibroblasts. Am J Physiol Heart Circ Physiol. 2005;288:
H165–H174.

26. Mosca M, Polentarutti N, Mangano G, Apicella C, Doni A, Mancini F, De
BM, Coletta I, Polenzani L, Santoni G, Sironi M, Vecchi A, Mantovani
A. Regulation of the microsomal prostaglandin E synthase-1 in polarized
mononuclear phagocytes and its constitutive expression in neutrophils.
J Leukoc Biol. 2007;82:320–326.

27. Leri A, Franco S, Zacheo A, Barlucchi L, Chimenti S, Limana F, Nadal-
Ginard B, Kajstura J, Anversa P, Blasco MA. Ablation of telomerase and
telomere loss leads to cardiac dilatation and heart failure associated with
p53 upregulation. EMBO J. 2003;22:131–139.

28. Fisch S, Gray S, Heymans S, Haldar SM, Wang B, Pfister O, Cui L,
Kumar A, Lin Z, Sen-Banerjee S, Das H, Petersen CA, Mende U,
Burleigh BA, Zhu Y, Pinto Y, Liao R, Jain MK. Kruppel-like factor 15
is a regulator of cardiomyocyte hypertrophy. Proc Natl Acad Sci U S A.
2007;104:7074–7079.

29. Oka T, Maillet M, Watt AJ, Schwartz RJ, Aronow BJ, Duncan SA,
Molkentin JD. Cardiac-specific deletion of Gata4 reveals its requirement
for hypertrophy, compensation, and myocyte viability. Circ Res. 2006;
98:837–845.

30. Peng X, Kraus MS, Wei H, Shen TL, Pariaut R, Alcaraz A, Ji G, Cheng
L, Yang Q, Kotlikoff MI, Chen J, Chien K, Gu H, Guan JL. Inactivation
of focal adhesion kinase in cardiomyocytes promotes eccentric cardiac
hypertrophy and fibrosis in mice. J Clin Invest. 2006;116:217–227.

31. Cai Z, Kwintkiewicz J, Young ME, Stocco C. Prostaglandin E2 increases
cyp19 expression in rat granulosa cells: implication of GATA-4. Mol Cell
Endocrinol. 2007;263:181–189.

32. Nicol RL, Frey N, Pearson G, Cobb M, Richardson J, Olson EN. Acti-
vated MEK5 induces serial assembly of sarcomeres and eccentric cardiac
hypertrophy. EMBO J. 2001;20:2757–2767.

33. Liang Q, Bueno OF, Wilkins BJ, Kuan CY, Xia Y, Molkentin JD. c-Jun
N-terminal kinases (JNK) antagonize cardiac growth through cross-talk
with calcineurin-NFAT signaling. EMBO J. 2003;22:5079–5089.

34. McKinsey TA, Olson EN. Toward transcriptional therapies for the failing
heart: chemical screens to modulate genes. J Clin Invest. 2005;115:
538–546.

35. Calderone A, Thaik CM, Takahashi N, Chang DL, Colucci WS. Nitric
oxide, atrial natriuretic peptide, and cyclic GMP inhibit the growth-
promoting effects of norepinephrine in cardiac myocytes and fibroblasts.
J Clin Invest. 1998;101:812–818.

36. LaPointe MC. Molecular regulation of the brain natriuretic peptide gene.
Peptides. 2005;26:944–956.

37. Nishikimi T, Maeda N, Matsuoka H. The role of natriuretic peptides in
cardioprotection. Cardiovasc Res. 2006;69:318–328.

38. Fiedler B, Lohmann SM, Smolenski A, Linnemuller S, Pieske B,
Schroder F, Molkentin JD, Drexler H, Wollert KC. Inhibition of
calcineurin-NFAT hypertrophy signaling by cGMP-dependent protein
kinase type I in cardiac myocytes. Proc Natl Acad Sci U S A. 2002;99:
11363–11368.

39. Tenhunen O, Sarman B, Kerkela R, Szokodi I, Papp L, Toth M, Ruskoaho
H. Mitogen-activated protein kinases p38 and ERK 1/2 mediate the wall
stress-induced activation of GATA-4 binding in adult heart. J Biol Chem.
2004;279:24852–24860.

40. Liang F, Gardner DG. Mechanical strain activates BNP gene transcription
through a p38/NF-kappaB-dependent mechanism. J Clin Invest. 1999;
104:1603–1612.

41. Bombardier C, Laine L, Reicin A, Shapiro D, Burgos-Vargas R, Davis B,
Day R, Ferraz MB, Hawkey CJ, Hochberg MC, Kvien TK, Schnitzer
TJ. Comparison of upper gastrointestinal toxicity of rofecoxib and
naproxen in patients with rheumatoid arthritis: VIGOR Study Group.
N Engl J Med. 2000;343:1520–1528.

42. Nussmeier NA, Whelton AA, Brown MT, Langford RM, Hoeft A, Parlow
JL, Boyce SW, Verburg KM. Complications of the COX-2 inhibitors
parecoxib and valdecoxib after cardiac surgery. N Engl J Med. 2005;352:
1081–1091.

43. Gislason GH, Jacobsen S, Rasmussen JN, Rasmussen S, Buch P, Friberg
J, Schramm TK, Abildstrom SZ, Kober L, Madsen M, Torp-Pedersen C.
Risk of death or reinfarction associated with the use of selective cyclo-
oxygenase-2 inhibitors and nonselective nonsteroidal antiinflammatory

Degousee et al Deletion of mPGES-1 Impairs LV Remodeling After MI 1709

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 10, 2018



drugs after acute myocardial infarction. Circulation. 2006;113:
2906–2913.

44. Mukherjee D, Nissen SE, Topol EJ. Risk of cardiovascular events asso-
ciated with selective COX-2 inhibitors. JAMA. 2001;286:954–959.

45. Dinchuk JE, Car BD, Focht RJ, Johnston JJ, Jaffee BD, Covington MB,
Contel NR, Eng VM, Collins RJ, Czerniak PM. Renal abnormalities and
an altered inflammatory response in mice lacking cyclooxygenase II.
Nature. 1995;378:406–409.

46. Camitta MG, Gabel SA, Chulada P, Bradbury JA, Langenbach R, Zeldin
DC, Murphy E. Cyclooxygenase-1 and -2 knockout mice demonstrate

increased cardiac ischemia/reperfusion injury but are protected by acute
preconditioning. Circulation. 2001;104:2453–2458.

47. LaPointe MC, Mendez M, Leung A, Tao Z, Yang XP. Inhibition of
cyclooxygenase-2 improves cardiac function after myocardial infarction
in the mouse. Am J Physiol Heart Circ Physiol. 2004;286:H1416–H1424.

48. Timmers L, Sluijter JP, Verlaan CW, Steendijk P, Cramer MJ, Emons M,
Strijder C, Grundeman PF, Sze SK, Hua L, Piek JJ, Borst C, Pasterkamp
G, de Kleijn DP. Cyclooxygenase-2 inhibition increases mortality,
enhances left ventricular remodeling, and impairs systolic function after
myocardial infarction in the pig. Circulation. 2007;115:326–332.

CLINICAL PERSPECTIVE
Pharmacological inhibition of microsomal prostaglandin E2 synthase-1 (mPGES-1) has been proposed as an alternative to
inhibition of cyclooxygenase-2 in the management of patients with pain and inflammatory diseases. Here, we examined the
role of prostaglandin E2 (PGE2) in postinfarction cardiac remodeling by taking advantage of homozygote mPGES-1
knockout mice, which have low basal and induced PGE2 synthesis. Contrary to our original hypothesis, we found that
deletion of mPGES-1 did not affect the size of the infarct after coronary ligation. However, the mPGES-1 knockout animals
had worse left ventricular systolic and left ventricular diastolic function, more ventricular dilation, and markedly attenuated
cardiomyocyte hypertrophy in the region remote from the infarction compared with wild-type mice. Coupled with the
observation that the bulk of PGE2 biosynthesis in the infarct was carried out by inflammatory cells, these findings suggest
that diffusion of PGE2 from the infarct and peri-infarct regions influences the hypertrophy of cardiomyocytes remote from
the infarction. These data imply that hypertrophy in the region remote from the infarct is not regulated purely by
mechanical forces but also by inflammatory mediators such as PGE2. The potential clinical importance of these
observations is significant because the millions of patients who previously took cyclooxygenase-2 inhibitors are potential
candidates to take pharmacological inhibitors of mPGES-1, which are currently in development. Our findings emphasize
the importance of carefully evaluating cardiac function in patients at risk for myocardial infarction who are treated with
agents that selectively block PGE2 biosynthesis, which have been proposed to have less cardiovascular toxicity than
inhibitors of cyclooxygenase-2.
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