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Abstract
Gene-targeted deletion of the immediate early responsive gene X-1 (IEX-1) results in a significant
increase in systemic arterial hypertension, but the underlying mechanism is not understood.
Studies of arterial reactivity in isolated aortas revealed normal endothelium-dependent and
independent vasorelaxation and vasoconstriction, but reduced cAMP-dependent vasorelaxation in
the absence of IEX-1. This defect in cAMP signaling was also evident in endothelium-denuded
aortic rings, consistent with the enhancement of mitochondrial O2

− production only in IEX-1
deficient VSMCs, not in endothelial cells. Excessive production of reactive oxygen species at
mitochondria (mROS) augmented the expression of Gαi2, suppressing cAMP production in
VSMCs. The role of mROS in the up-regulation of Gαi2 leading to the development of
hypertension was supported by the ability of antioxidant or pertussis toxin to restore the cAMP-
dependent vasorelaxation to a normal level and reverse established hypertension in IEX-1
homozygous knockout (KO) mice. Our results suggest that hypertension in IEX-1 KO mice may
arise primarily from impaired cAMP-signaling induced by over production of mROS in VSMCs,
and demonstrate a causal relationship between mitochondrial dysfunction and cAMP-dependent
vasorelaxation.
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Introduction
Systemic hypertension markedly increases the risk of death from stroke, ischemic heart and
vascular diseases. Approximately 50 million people in the United States are hypertensive1,
and 30~50% of them inherit one or more susceptibility genes2. In accordance to this, various
single gene variants have been consistently identified in hypertensive individuals by
genome-wide linkage analysis. For instance, the C825T allele carrier status of the GNB3
gene has been shown to positively associate with an increasing risk of hypertension in
Caucasians3. The GNB3 gene encodes the β3 subunit of heterotrimeric GTP-binding
proteins and a C825T allele leads to enhanced Gαi protein activation in individuals at
risk3,4. The finding is consistent with a well documented role of G-protein-mediated signals
in the control of vascular tone, endothelial function, and renal handling of salt and water4–6.

The immediate early responsive gene X-1 (IEX-1) is a stress-induced gene7, and it is
abundantly expressed in aortas and small blood vessels in humans as well as in mice8,9.
Vascular smooth muscle cells (VSMCs) and cardiac myocytes rapidly express IEX-1 in
response to mechanical stress and pressure overload10,11, probably to counteract
hypertrophy in cardiovascular tissues. In support, over-expression of IEX-1 prevents the
hypertrophic response of these tissues to biomechanical strain10,11. These observations, in
conjunction with the development of hypertension in IEX-1-deficient mice12,13, argue
strongly a role for IEX-1 in the regulation of vascular function, but the underlying
mechanism is not known.

We recently showed that IEX-1 targeted the mitochondrial F1F0-ATPase inhibitor (IF1) for
degradation, giving rise to a high level of F1F0-ATPase activity, concomitant with reduced
production of mitochondrial reactive oxygen species (mROS)12,14. Conversely, absence of
IEX-1 increased IF1 expression and reduced mitochondrial ATPase activity in aortic
tissues12. Impaired mitochondrial function and mROS homeostasis occur frequently in
cardiovascular disorders such as endothelial dysfunction and hypertension15–17. And,
hypertensive patients of different ethnic origins have been reported to bear one or more
mitochondrial mutations18–20. Despite these cues about a possible linkage of mitochondrial
malfunction to hypertension in both humans and animal models, there is a lack of a
mechanistic understanding of how mitochondrial dysfunction contributes to
hypertension15,18,20,21.

Our present study demonstrates that IEX-1 deficiency up-regulates Gαi2 protein in VSMCs
as a result of exaggerated ROS production at mitochondria. Increased Gαi2 expression
inhibits cAMP-dependent vascular smooth muscle relaxation and contributes to
hypertension in the animal. The study directly links mitochondrial dysfunction to cAMP-
regulated vascular tone and helps us to understand how mitochondrial malfunction causes
systemic hypertension.

Materials and Methods
Animals

IEX-1 knockout (KO) and wild type (WT) control mice on a mixed 129Sv/C57BL/6
background were generated by gene-targeted deletion in our lab as detailed in the
supplemental materials (please see http://hyper.ahajournals.org). The animals were housed
in conventional cages in the animal facilities of Massachusetts General Hospital (MGH) in
compliance with institutional guidelines and only male mice were studied. All studies were
reviewed and approved by the MGH Subcommittee of Research Animal Studies.
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Statistical analysis
All data are expressed as mean ± standard errors of measurement (SEM). Two-Way or One-
Way repeated measures ANOVA was used to compare vascular reactivity (figures 4&5) and
blood pressure (BP) (figures 1B and 7E) or the level of cAMP (figure 6) and Gαi2 mRNA in
VSMCs (figures 8D, E and F), respectively. The lucigenin data among different groups
(figure 2M) and the influence of single treatment on BP in two groups (figure 1) was
compared by one way ANOVA. Statistical significance between two groups was determined
with a Student's two-tailed t test (figure 7C and 7D). A value of p<0.05 was considered
significant.

Extended methods can be found in online supplement (please see
http://hyper.ahajournals.org)

RESULTS
Normalization of blood pressure in IEX-1 KO mice by anti-oxidants

IEX-1 KO mice were generated by gene-targeted deletion of IEX-1 as detailed in the
supplemental materials (Figure S1, please see http://hyper.ahajournals.org). The mice appear
healthy and lack any gross developmental abnormalities. However, all of them developed
systemic hypertension by 8–10 wks of age, but none of the mice younger than 4 wks of age
did so (Figure 1A). The average systolic and diastolic BP at 12 wks of age were 148±3 and
114±4 mmHg, respectively, in IEX-1 KO mice as compared to 122±3 and 90±5 mmHg in
WT mice (p<0.01 for both systolic and diastolic blood pressure) (Figure 1A, data not
shown). Despite persistent hypertension, there was no abnormality in the histology of the
kidney or in the vascular morphology in the aorta or 2nd order mesenteric arteries in the
mice when examined at 12 wks of age (Figure S2, please see http://hyper.ahajournals.org).

To investigate whether hypertension in IEX-1 KO mice was attributable to deregulated
mROS production, we treated the mice, along with age-matched WT mice, with a ROS
scavenger, N-acetylcysteine (NAC)12,14 by including it in daily drinking water at 10g/L for
15 wks starting at 3 wks of age. IEX-1 KO mice treated with vehicle alone, similar to the
untreated mice, had a significantly elevated systolic blood pressure (SBP) at 10 wks of age
(148±3 mmHg) that remained elevated throughout the study. Inclusion of NAC in the
drinking water clearly prevented IEX-1 KO mice from developing hypertension (Figure 1B)
and their SBP remained normal until 18 wks of age as long as NAC was given (Figure 1B).
Yet, these mice developed hypertension within two wks after removal of NAC from their
drinking water, SBP increasing from 121±6 to 144±7 mmHg (p<0.01).

We next treated IEX-1 KO mice with Mn(III)tetrakis(4-benzoic acid)porphyrin chloride
(MnTBAP) to confirm a role for excess O2

− production in the hypertension. MnTBAP is a
membrane-permeable superoxide dismutase mimetic that has been shown to scavenge
superoxide within mitochondria22. Daily intraperitoneal injection of 5 mg MnTBAP/kg for
two wks reduced SBP from 148±7 to 126±6mmHg in 12-week-old IEX-1 KO mice (p<0.01,
Figure 1C). However, treatment with apocynin for two wks failed to lower SBP in the mice
(Figure 1D), ruling out that cell membrane-associated NAD(P)H oxidases are involved in
the hypertension, as apocynin blocks the association of p47phox and p67phox with the
gp91phox subunit within the membrane NAD(P)H oxidase complex and thus inhibits this
oxidase specifically. In control WT mice, the same apocynin treatment significantly
attenuated the development of angiotensin (Ang) II-induced hypertension (p<0.01, Figure
1D)23, verifying the efficacy of the drug we used.
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Enhanced mROS formation in IEX-1 KO mice
The importance of IEX-1 in regulating mitochondrial O2

− homeostasis12 and in maintaining
a normal SBP promoted us to assess vascular O2

− levels in the absence of IEX-1 using two
independent methods, dihydroethidium (DHE) fluorescence and lucigenin
chemiluminescence. Confocal microscopic analyses of ex-vivo aortas demonstrated
significantly greater ethidium bromide fluorescence and hence increased O2

− production in
VSMCs in the absence than in the presence of IEX-1 (Figures 2G versus 2A). But, such an
increase was not seen in the endothelium (Figures 2F versus 2L). A similar increase in O2

−

formation was also observed in aortas isolated from IEX-1 KO mice when measured by
lucigenin-enhanced chemiluminescence (P<0.01, figure 2M). Pretreatment of aortic rings
with either rotenone, a specific inhibitor for the complex I of the mitochondrial respiratory
chain (Figures 2B vs. 2H), or MnTBAP (Figures 2C vs. 2I), but not with apocynin (Figures
2D & 2E vs. 2J & 2K) significantly reduced both ethidium bromide fluorescence intensity
and lucigenin chemiluminescence counts (Figure 2M) in aortas prepared from IEX-1 KO
mice. Interestingly, this elevated level of O2

− production in VSMCs was also evident in the
aorta of 4-wk-old IEX-1 KO mice as compared to age-matched WT mice (Figure S3, please
see http://hyper.ahajournals.org).

To corroborate that mitochondria were the source of excessive O2
− production in the

absence of IEX-1, we employed a mitochondrion-specific hydroethidine-derivative
fluorescent dye MitoSox Red to detects O2

− levels in ex-vivo aortas24 and significantly
greater MitoSox fluorescence in the absence than in the presence of IEX-1 (Figures 3A,
lower versus upper panel). A similar increase in mitochondrial O2

− formation was also
observed in cultured VSMCs isolated from the aortas of IEX-1 KO mice when compared to
WT counterparts (Figure 3B, lower vs. upper panel). Increased MitoSox fluorescence in
IEX-1 deficient cells displayed a typical patter of mitochondrial staining, intensifying
around cell nuclei, and it was colocalized with MitoTracker Green, a fluorescent
mitochondrial marker, as implicated by yellow-orange fluorescence when the two images
were merged (Figure 3B). Moreover, pretreatment of ex-vivo aortic rings with a
mitochondrion-specific antioxidant MitoQ 10 (100 nM)25 for 2 hrs significantly reduced
MitoSox fluorescence intensity in the absence of IEX-1 (Figure 3A). These data, along with
our previous study demonstrating enhanced degradation of IF1 by IEX-113, confirm that
mitochondria in VSMCs are the source for the elevated O2

− production in IEX-1 KO arterial
vessels.

Altered cAMP-mediated signaling and reduced vasorelaxation in IEX-1 KO mice
Excessive vascular O2

− production by IEX-1 deficient VSMCs can impair arterial
constriction or relaxation by reducing nitric oxide (NO) bioavailability and/or by interfering
with cAMP-mediated signaling pathways26–28. We found that α1 adrenergic receptor-
mediated vasoconstriction (Figure 4A) and endothelium-independent vasorelaxation (Figure
4C) both were not altered significantly in aortic segments dissected from 12-wk-old IEX-1
KO mice compared to age-matched WT control mice. There was also no difference in
endothelium-dependent vasorelaxation between IEX-1 KO and WT mice (Figure 4B).
Strikingly, the vasorelaxation response to the β-2 adrenergic receptor agonist isoproterenol
(ISO) was blunted in IEX-1 KO mice as compared to WT mice (28±4 versus 69±6 % of
maximum relaxation, p<0.001, figure 4D), suggesting impaired cAMP-dependent signaling
in the absence of IEX-1. The reduced cAMP-dependent vasorelaxation occurred not only in
12-wk-old hypertensive mice, but also in 3~4-wk-old normotensive IEX-1 KO mice (21±2
vs. 50±3 % maximum relaxation, p<0.001, Figure S4 A–D, please see
http://hyper.ahajournals.org). Consistent with a reduced cAMP-dependent response as a
primary cause for an elevated BP was a significantly reduced relaxation response to the
adenylyl cyclase activator forskolin in IEX-1 KO mice as compared to WT mice (75±2
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versus 105±5 % of maximum relaxation, p<0.01, Figure 4E). However, no difference was
observed in the vasodilator response to the cAMP analogue, 8-bromo cAMP between KO
and WT mice (Figure 4F), suggesting that IEX-1 deficiency alters ISO-stimulated cAMP
signaling at upstream of cAMP production.

We then investigated an involvement of mROS in the impaired cAMP-dependent
vasorelaxation in IEX-1 KO mice. As shown in Figure 5 A & B, incubation of aortic rings
with either NAC or rotenone for 2 hrs increased substantially the maximum relaxation to
ISO in IEX-1 KO rings, whereas similar treatments had little impact on the response in WT
rings. The β2 adrenergic receptor is known to couple with Gαs protein to activate adenylyl
cyclase and the activity of Gαs can be counteracted by Gαi protein29. This, in line with the
ability of ROS to increase the activity of Gαi, but not Gαs30, motivated us to examine
whether aberrant cAMP-dependent signaling was attributed to altered Gαi activity in the
absence of IEX-1. Pre-incubation of aortic rings with pertussis toxin (PTX), a specific
inhibitor for Gαi/o, for 1 hr restored ISO-induced vasorelaxation in absence of IEX-1 to a
WT level (60±6 vs. 28±4 %, p<0.01, figure 5C), confirming that altered Gαi activity
accounts for the reduced response to ISO in IEX-1 KO mice. To pinpoint the defect in
VSMCs, ISO-induced vasorelaxation responses were also evaluated in the endothelium-
denuded aortic rings. Although endothelium removal resulted in the partial attenuation of the
vasorelaxation responses to ISO in both WT and KO mice, the response to ISO was again
blunted in IEX-1 KO mice to a degree that was comparable to the decrease seen with intact
aortic rings (18±3 versus 51±5 % of maximum relaxation, p<0.001, figure 5D). The data
suggest that impaired cAMP-dependent signaling in the vasculature of IEX-1 KO mice
largely occurs in VSMCs.

Reduced cAMP production in IEX-1 deficient VSMCs
An aberrant vasorelaxation response to ISO and forskolin in IEX-1 KO mice indicates an
abnormal receptor-dependent and –independent cAMP production in the aorta of these mice.
To confirm this, we measured intracellular cAMP levels in response to ISO and forskolin in
cultured VSMCs. No significant difference in the basal level of cAMP was observed
between WT and IEX-1 KO VSMCs. These two types of VSMCs responded to ISO or
forskolin in a dose-dependent fashion, but the degree of increase was compromised in IEX-1
deficient cells as compared to WT cells with each stimulus. The maximal percentage
increase in the cAMP level in response to ISO (1 µM) or forskolin (50 µM) was 156±10 and
486±21 in IEX-1 KO cells as compared to 226±22 or 629±18 in WT cells, respectively
(p<0.01, figure 6 A & B). The ISO-induced cAMP production in IEX-1 deficient VSMCs
was restored to a WT level when the cells were pre-incubated with PTX, whereas the
inhibitor influenced little over the level of cAMP production in WT cells (Figure 6A),
consistent with up regulation of PTX-sensitive Gαi/o in VSMCs lacking IEX-1.

A critical role of Gαi expression in the absence of IEX-1
To corroborate up regulation of Gαi in vascular cells in the absence of IEX-1, we employed
RT-PCR to evaluate the level of Gαi2 and Gαi3 expression in homogenized aortic tissues and
found significantly greater levels of Gαi2 expression in IEX-1 KO mice than in WT mice,
but a comparable level of Gαi3 expression in the two strains of mice (Figures 7A and C).
Enhanced Gαi2 expression from IEX-1 KO mice was also confirmed by Western blot
analysis of aortic membrane proteins (Figures 7B and D). The level of Gαi2 expression in
IEX-1 KO VSMCs was reduced to a WT level when cells were cultured in the presence of
NAC, rotenone or mitochondrial specific antioxidant Mito Q1025,31 (Figure S5, please see
http://hyper.ahajournals.org), underscoring a role for ROS in the elevated level of Gαi2
expression in vascular tissues in IEX-1 KO mice. Foremost, a single dose of PTX treatment
was able to lower the arterial BP in 12-wk-old IEX-1 KO mice after one week (Figure 7E)
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(Figure S6, please see http://hyper.ahajournals.org), while the same treatment affected little
the BP in WT mice. These data collectively suggest a key role for mitochondrial O2

− in
regulation of Gαi2 expression and in cAMP-dependent vascular relaxation contributing to
systemic hypertension in IEX-1 KO mice.

DISCUSSION
Our study demonstrates that in mice lacking IEX-1, an increase in Gαi2 expression induced
by overproduction of mROS in VSMCs impairs cAMP-mediated vasorelaxation and
contributes to systemic hypertension. The finding that a single molecular abnormality in
VSMCs predisposes to developing systemic hypertension highlights the pivotal role of G
protein-mediated signaling and mitochondrial activity in maintaining arterial BP.
Hypertension in many animal models is often caused by impaired NO signaling, concurrent
with vascular endothelial dysfunction, inflammation, and hypertrophy6,26, but the primary
cause for this common disorder remains unclear in most patients. Strikingly, despite a
persistent elevation of blood pressure, IEX-1 KO mice did not develop vascular hypertrophy
and renal injury, and displayed normal NO-dependent signaling in both endothelium-
dependent and independent manners, even at 18 months of age. This model may represent
an early stage of systemic hypertension or a unique form of hypertension caused by a single
gene variant, offering a unique opportunity to investigate contribution of other factors like
inflammation, endothelial dysfunction to the full genesis of hypertension.

The most important finding of this study is that IEX-1 deficiency reduces systemic arterial
vasodilation owing to increasing mROS production in VSMCs. Although the role of ROS
generated by cell membrane-associated NAD(P)H oxidases in developing hypertension is
well documented23,26,32, how deregulated ROS homeostasis at mitochondria causes
hypertension remains elusive, despite considerable evidence demonstrating that they are
correlated15,18,20,33. The present study shows that an increase in mROS production is
associated with reduction in cAMP production in VSMCs and a diminished vascular
relaxation response to ISO or forskolin in the absence of IEX-1. The reduction of cAMP-
dependent vasodilation appears to be a primary cause, rather than an adaptive response to an
elevated BP, since this phenotype is evident in young mice before they become hypertensive
(Figure S4, please see http://hyper.ahajournals.org). The study thus unravels one of the
mechanisms whereby deregulation of mitochondrial function enhances vascular tone and
triggers the development of hypertension.

The second important finding of the present study is that elevated mROS production
augmented Gαi2 expression that inhibited cAMP-dependent signaling in IEX-1 deficient
VSMCs. ROS have been shown to up-regulate Gαi2 transcription in VSMCs of SHR28 and
in K562 cells34 probably by activation of the promoter of the Gαi2 gene that contains
transcriptional regulatory motifs for the redox-sensitive NF-κB and Nrf2 (nuclear factor
erythroid 2-related factor) transcription factors34. Nishida et al. demonstrated that hydrogen
peroxide (H2O2) specifically increased Gαi protein activity but not the activity of Gαs
associated with the plasma membrane30. Interestingly, PTX has been previously reported to
reduce BP effectively in established hypertension in SHR animals in a similar fashion as in
the present study29,35. These previous reports and our current investigation provide a
compelling evidence for an indispensable role for Gαi2 in the development of hypertension.
The finding is of highly clinic relevance since a relatively high level of Gαi expression has
been shown in association with an elevated arterial BP in humans36.

The present study identifies an important and a previously unappreciated role of IEX-1 in
the maintenance of systemic vascular tone by the control of Gαi2 expression levels. IEX-1
deficiency increases mROS production and up regulates Gαi2 gene transcription in VSMCs,
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which in turn inhibits cAMP-dependent vascular relaxation leading to systemic hypertention
in IEX-1 deficient mice. This study reveals one important mechanism whereby
mitochondrial dysfunction and mROS overproduction can produce hypertension by altering
cAMP signaling and augmenting vascular tone.

Perspective
The present study identifies a novel mechanism of hypertension development whereby
IEX-1 deficiency impairs cAMP-signaling in VSMCs due to deregulated ROS homeostasis
at mitochondria. IEX-1-deficiency-induced hypertension is devoid of abnormal NO
signaling, vascular inflammation and hypertrophy, or renal abnormality commonly seen in
other hypertension models. This mouse model thus provides us with a unique opportunity to
investigate a causal relationship between VSMCs and endothelium or inflammation in the
full genesis of hypertension.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Normalization of BP in IEX-1 KO mice by anti-oxidant treatment
A. Increased SBP in 12-wk-old but not in 4-wk-old mice. SBP was measured noninvasively
in awake IEX-1 KO (filled) and age-matched WT (blank) mice at the indicated age. B. NAC
completely prevents hypertension. IEX-1 KO and WT mice at 3 wks of age were given
NAC (10 g/L) or vehicle (veh) with drinking water for 15 wks. NAC or vehicle was later
omitted from the drinking water (arrow) and SBP was measured again after two wks of
treatment. C and D. Reduction of SBP in IEX-1 KO mice by MnTBAP but not by NADPH
oxidase inhibitor apocynin. IEX-1 KO and WT mice at 12 wks of age were daily given 5 mg
MnTBAP/kg/d or vehicle control by intraperitoneal injection (C), or fed 1.5 mmol/L
apocynin (Apo) or vehicle in drinking water for two wks (D). As a positive control for the
efficacy of apocynin, WT mice were infused with angiotensin II (Ang II) at a dose of 0.7mg/
kg/d via an implanted osmotic minipump, with or without apocynin in their drinking water
for two wks. Data are expressed as mean ± SEM of SBP (mmHg); n = 6 in A and B and 5 in
C and D. ** p<0.01 and ***p<0.001 with or without treatment or in the presence or absence
of IEX-1.
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Figure 2. Increased superoxide production in IEX-1-deficient vasculature
Dihydroethidium fluorescence intensity was greater in VSMCs in aorta of IEX-1 KO mice
(G) relative to WT counterparts (A), but the intensity was comparable in the endothelium of
the two strains of mice (F and L). The fluorescence intensity in IEX-1 KO VSMCs was
diminished to a WT level by pretreatment with 1 µM rotenone (B and H) or 10 µM
MnTBAP (C and I), but not with apocynin (D, E, J, and K) for 45 min. On representative
result of three experiments performed with similar results. Lucigenin chemiluminescence
was also greater in aortic rings obtained from IEX-1 KO mice, but it was diminished
significantly after treatment with 1 µM rotenone (Rot) or 10 µM MnTBAP, but not with 100
or 500 apocynin (Apo) for 30 min (M). Data are expressed as mean ± SEM of scintillation
counts per min/mg of dried tissue; n = 6. ** p<0.01 and ***p<0.001 in the presence or
absence of the indicated anti-oxidant or IEX-1. Magnification: 40×. Bar = 25 µM

Shahid et al. Page 11

Hypertension. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. An increase in mitochondrial superoxide production in IEX-1-deficient vasculature
and cultured VSMCs
Increased MitoSox fluorescence intensity was detected in vasculature in the absence
compared to presence of IEX-1, but it was diminished to a WT level by pretreatment of the
aortic rings ex-vivo with MitoQ 10 (100 nM) for 2 hrs (A). Shown in B are representative
confocal microscopy images demonstrating an increase in MitoSOX Red fluorescence in
cultured VSMCs isolated from the aorta of IEX-1 KO. The MitoSOX Red fluorescence was
colocalized with MitoTracker Green as manifested by yellow fluorescence around the nuclei
in merged images on the right panel. Magnification: 40×. Bar = 50 µM
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Figure 4. Impaired cAMP-dependent vascular relaxation in IEX-1 KO mice
Shown are the cumulative concentration responses of aortic rings to phenylephrine (PE) (A),
acetylcholine (Ach) (B), sodium nitroprusside (SNP) (C), isoproterenol (ISO) (D), forskolin
(E), and 8 bromo-cyclic AMP (8 br-cAMP) (F). Aortic rings were isolated from 12-wk-old
WT and IEX-1 KO mice. Data are expressed as mean percents ± SEM of absolute tension
(A) or relaxation (B–F) relative to the contraction induced by 106 M PE; n = 12 in A–D and
8 in E and F. * p<0.05, ** p<0.01 and ***p<0.001 respectively, in the presence or absence
of IEX-1.
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Figure 5. Impaired cAMP-dependent vascular relaxation in an endothelium-independent
manner
Shown are the cumulative concentration responses to ISO of aortic rings isolated from 12-
wk-old IEX-1 KO and WT mice in the absence and presence of NAC (A), rotenone (B),
PTX (C) or endothelium (D). Aortic rings were incubated for 2 hrs with NAC or rotenone
and for 1 hr with PTX or endothelium denudation before measuring the response to ISO.
Data are expressed as mean % ± SEM of relaxation relative to the contraction induced by
106 M PE; n = 8. * p<0.05, ** p<0.01 and *** p<0.001, respectively, in the presence or
absence of the anti-oxidants, PTX or IEX-1.
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Figure 6. Impaired cAMP production in IEX-1 deficient VSMCs in response to ISO or forskolin
An increase in intracellular cAMP level in response to ISO (A) or forskolin (B) in a dose
dependent manner in both WT and IEX-1 deficient VSMCs. Preincubation with PTX for 1
hr restored cAMP production in KO cells to a WT level in response to ISO (1 µM). Data are
expressed as mean ± SEM of cAMP concentration (pmol/ml); n = 3. * p<0.05 and ** p<0.01
in the presence or absence of IEX-1 or with or without an indicated stimulus.
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Figure 7. Increased expression of Gαi2 in IEX-1-deficient vasculature contributes to the elevated
BP
The levels of Gαi2 and Gαi3 in aortic tissues isolated from 12-wk-old IEX-1 KO and WT
mice were analyzed by RT-PCR (A) and compared by densitometric analysis of individual
bands relative to control β-actin (C). Gαi2 protein expression in cell membranes prepared
from aortas was evaluated by immunoblotting using anti-Gαi2 antibody (B). Band density
was analyzed with a non-specific 75 kDa membrane-protein serving as a control (D). Each
lane represents the sample from one mouse illustrated in A and B. Data in C and D are
expressed as mean arbitrary units ± SEM of band density; n = 3. E. Reduction of SBP in
IEX-1 KO mice by PTX treatment. IEX-1 KO and WT control mice at 12 wks of age were
treated once a week with PTX (20 µg/kg intraperitoneally) or vehicle (veh) for two wks
(arrows). Arterial SBP was monitored for two wks by radiotelemetry. Data are expressed as
mean ± SEM of SBP (mmHg); n = 5. ** p<0.01 and *** p<0.001 in the presence or absence
of IEX-1 or PTX treatment.
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