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Introduction
Sleep apnea (SA), which is defined as intermittent respiratory arrest during sleep, is
estimated to affect one in five adults in Western countries [1]. SA results in decreased
oxygen saturation (hypoxia) and increased arterial CO2 levels (hypercapnia), and has been
shown to initiate vascular changes that increase the patient’s risk of cardiovascular disease.
SA is associated with increased incidence of hypertension, peripheral vascular disease,
stroke, and sudden cardiac death [2; 3].

Our group has demonstrated that rats and mice exposed to intermittent hypoxia with CO2
supplementation (IH) during sleep have increased blood pressure [4; 5], increased
circulating endothelin 1 (ET-1) levels [5], upregulation of pre-pro ET-1 in the lungs [4], and
that the IH-induced increase in blood pressure is prevented by administration of ET receptor
antagonists [5–7]. Our group has also reported that in rats, administration of the superoxide
dismutase (SOD) mimetic tempol prevented the increase in blood pressure, oxidative stress,
and plasma ET-1 levels in IH-exposed rats [8] suggesting that IH exposure increases
reactive oxygen species (ROS) generation, which in turn stimulates ET-1 production.
However, this has not been tested in mice.

ET-1 and ROS can activate the nuclear factor of activated T cells (NFAT) [9–14]. NFAT is
a so-called master transcription factor that links Ca2+ signaling to other signaling pathways
to induce specific genetic programs [15]. Our group has shown that the isoform NFATc3 is
necessary for IH-induced systemic hypertension [4] and arterial remodeling [16].

We have previously reported that NFATc3 activity is increased in the aorta (AO) and
mesenteric arteries (MA) in mice exposed to IH, that upregulation of ET-1 correlates with
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increased NFATc3 activation [4], and that blocking endothelin receptor type A (ETAR)
during IH exposure prevents increases in NFATc3 activity, blood pressure and arterial
remodeling [16]. However, the role of ROS in IH-induced NFATc3 activation is unknown.

Our group has also demonstrated that the arteries from IH-exposed rats express more ETAR
than those of control animals, and that IH arteries show increased vasoconstrictor reactivity
to ET-1 compared to those from control rats [17]. We have also shown that small rat
mesenteric VSMC are depolarized in arteries IH exposed rats compared to arteries from air
exposed rats [18] suggesting that K+ channels contribute to the enhanced vasoreactivity.
However, it is unknown if IH exposure increases vasoreactivity in arteries from mice and if
NFATc3 contributes to this response.

NFATc3 has been shown to regulate VSMC contractility. Specifically, NFATc3 activation
by angiotensin II enhances cerebral artery contractility by decreasing voltage-dependent
(isoform 2.1, KV 2.1) and large-conductance Ca2+-activated (BK) potassium channel
expression [19; 20].

Therefore, we hypothesized that IH-induced increases in ROS activate NFATc3 via ET-1 to
increase arterial smooth muscle vasoconstrictor reactivity by decreasing KV and/or BK
channel expression. The aims of the present study were to determine whether: 1) IH
exposure increases arterial ROS in mice; 2) IH-induced increases in ROS are downstream or
upstream of ET-1; 3) IH-induced NFATc3 activation is mediated by ROS; 4) IH-induced
increases in vasoreactivity are dependent on NFATc3; and 4) downregulation of KV 2.1 and/
or BK channels is implicated in IH-induced NFATc3-mediated increased vasoreactivity.

In support of the hypothesis, our data demonstrate that: 1) IH exposure increases ROS in the
arterial wall; 2) IH exposure increases protein carbonylation (a measure of oxidative stress)
in the arterial wall upstream of ET-1; 3) administration of tempol to scavenge superoxide
during IH exposure decreases NFATc3 activation, and 4) IH-induced increases in
vasoconstrictor reactivity are dependent on NFATc3. Contrary to our expectations, KV 2.1
and BK channel mRNA expression were not affected by IH exposure. However, we found
that transient receptor potential cation channel subtype C1 (TRPC1) is upregulated in an
NFATc3-dependent manner suggesting that Ca2+ influx through TRPC1 might play a role in
IH-induced increases in vasoconstrictor reactivity.

Materials and Methods
All protocols employed in this study were reviewed and approved by the Institutional
Animal Care and Use Committee of the University of New Mexico Health Science Center
(Albuquerque, NM).

Animals
Adult male 9x-NFAT-luciferase reporter (NFAT-luc, FVBN background), adult male and
female NFATc3 knockout (NFATc3 KO, BalB/C background) and BalB/C wild-type (WT)
mice were used. NFAT-luc mice were provided by Dr. Jeffery D. Molkentin (Children’s
Hospital Medical Center, Cincinnati, OH) [20; 21]. NFATc3 KO mice were kindly provided
by Dr. Laurie Glimcher (Harvard University) [22].

Intermittent hypercarbic/hypoxia exposure
Animals were housed in regular cages with snug-fitting Plexiglas lids. During the normal
sleep period, air in the cage was cycled between a low oxygen (5% O2), high CO2 (5% CO2)
environment and room air [4; 5]. The mice were exposed to 20 IH episodes/h for 7 h/day for
2 or 7 days. Control (Air) animals were housed in similar cages with a constant flow of air,
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experiencing the same environment as the IH mice. All animals were maintained on a 12 h:
12h light-dark cycle.

On the morning of day 3 or day 8 of IH, before the initiation of the IH cycle, mice were
euthanized with an overdose of pentobarbital (200 mg/kg ip). The mesentery and thoracic
aorta (AO) were removed and placed in HEPES-buffered physiological saline solution (PSS;
containing in mM 134 NaCl, 6 KCl, 1 MgCl2, 2 CaCl2, 10 HEPES, 0.026 EDTA, and 10
glucose; pH adjusted to 7.4). Mesenteric arteries (MA) were dissected for isolated
pressurized artery studies, placed in room temperature HEPES PSS to preserve viability. All
other tissues were placed in ice-cold HEPES PSS. MA used for ROS measurement were
dissected from the wall of the intestine but not from the surrounding connective tissue. AO
used for ROS measurement and AO and MA used for luciferase assay were dissected from
the surrounding connective tissue.

Luciferase Activity
Isolated arteries (AO and second, third, and fourth order MA with outer diameter = 100 to
500 μm) from IH and Air NFAT-luc mice were lysed (Promega buffer). Luciferase activity
was measured using Luciferase Assay System kit (Promega), and light was detected with a
luminometer (TD20/20; Turner). Protein content determined by the Bradford method (Bio-
Rad) was used to normalize luciferase activity [4; 16; 23; 24].

Dihydroethidium staining
The freely permeable superoxide-sensitive fluorescent dye dihydroethidium (DHE) was used
to evaluate in situ production of superoxide as we have previously described [8; 25; 26]. In
the presence of O2

−, DHE is oxidized to the fluorescent products 2-hydroxyethidum and
ethidium+ [27; 28]. DHE is a qualitative way to determine relative levels of oxidative stress
[27]. Thoracic AO and MA from IH and Air NFATc3 WT and KO mice were harvested and
rapidly frozen in optimal cutting temperature (OCT) embedding compound (TissueTek),
stored at −20°C, and then cut into 10 μm sections. Sections were mounted on glass slides
and kept at −20°C until stained. During staining, sections were thawed, incubated with
120U/mL polyethylene glycol conjugated SOD (PEG-SOD) in phosphate-buffered saline
(PBS) or with PBS alone for 30 min at 37°C. The sections were then incubated with DHE in
PBS (10 μM) plus or minus PEG-SOD for 30 min at 37°C. Slides were washed three times
with PBS and coverslips were mounted using ProLong Gold (Life Technologies). Images
were acquired with the 40x objective of a AMG EVOS fluorescence microscope. The
sample was illuminated using the RFP LED light cube (531 nm) and emissions (593 nm)
collected with a Sony ICX285AL CCD camera, a range that detects primarily DNA-bound
ethidium+ [28]. Fluorescence intensity was analyzed using Image J software. Mean gray
value in approximately 8 smooth muscle cells/section, four sections/artery were averaged
from one AO per mouse for four IH and four Air mice, and approximately 8 smooth muscle
cells/section, four sections/artery were averaged from one small MA per mouse for three IH
and three Air mice. Elastin autofluorescence was excluded from the analysis.

ET-1 Assay
An ET-1 selective ELISA kit (QuantiGlo; R & D Systems, Minneapolis, MN) was used to
measure the concentration of ET-1 in plasma samples collected from anesthetized IH on day
2 and 7, and from air mice. Blood was drawn into EGTA-coated vacutainer tubes and
centrifuged at 3,000 g at 4°C for 10 min. Plasma was stored frozen at −70°C until the assay
was performed.
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Immunofluorescence detection of protein carbonyls
MA were fixed overnight in 4% paraformaldehyde in PBS and then mounted in paraffin.
Sections (5-μm thick) were deparafinized with xylenes and a graded alcohol series, and then
rinsed with PBS for 10 min. Carbonyl groups were converted into 2,4-dinitrophenyl (DNP)
hydrazones by reaction with 1mg/mL 2,4-dinitrophenyl-hydrazine (Sigma) prepared in 2N
HCl for 30min [29–31]. Sections were rinsed with PBS, blocked with 0.2% BSA (Fraction
V) in PBS and 0.03% Tween 20 and incubated overnight with rabbit anti-DNP (1:1000)
(Sigma). After removing the primary antibody, the sections were incubated with DyLight
549 donkey anti-rabbit (1:500, Jackson ImmunoResearch Laboratories). Sections were
counter stained with Sytox Green to stain nuclei and Alexa Fluor 633 hydrazide in PBS to
stain elastic lamina (Life Technologies). The positive and negative controls were treated for
30 min in 100 μmol/l FeSO4 + 10 mmol/l H2O2 or 80% methanol + 100 mmol/l NaBH4,
respectively, before the derivatization step. Images were captured with a Leica TCS SP5
confocal microscope and analyzed using Image J (NIH). Integrated Fluorescence Intensity
was measured in the media layer of mesenteric arteries, avoiding the perivascular staining.
Images were thresholded to exclude background fluorescence, determined from negative
control sections.

Isolated Pressurized Artery Studies
A small section of mesentery was removed and placed in a Silastic-coated Petri dish
containing room-temperature HEPES-PSS. Third or fourth order artery segments were
carefully dissected from surrounding connective tissue and placed in room temperature
HEPES-PSS containing the cell-permeable ratiometric Ca2+-sensitive fluorescent dye fura
2-acetoxymethyl ester (fura 2-AM; 2 μM; Life Technologies) and 0.02% pluronic acid (Life
Technologies) and incubated for 45 min. The artery segments were then placed in a vessel
chamber (Living Systems) containing room temperature PSS (containing, in mM 129.8
NaCl, 5.4 KCl, 0.83 MgSO4, 19 NaHCO3, 1.8 CaCl2, and 5.5 glucose) oxygenated with
normoxic gas (21% O2–6% CO2–73% N2). Arteries were cannulated onto glass
micropipettes. The endothelium was disabled in all experiments by gently rubbing a piece of
moose mane along the inner wall of the vessel and flushing the lumen with PSS. Integrity of
the endothelium was assessed before and after denuding by measuring acetylcholine (ACh)-
mediated dilation in arteries preconstricted to 50% of the initial diameter with phenylephrine
(PE). ACh-mediated dilation was eradicated in vessels in which the endothelium was
successfully disabled. The mounted vessels were then pressurized to 20 mm Hg with PSS
using a servo-controlled peristaltic pump (Living Systems) and superfused with oxygenated
37°C PSS. After 10 min at 20 mm Hg, arteries were slowly pressurized to 60 mm Hg and
allowed to equilibrate for an additional 15 min. Fura 2-AM-loaded vessels were alternately
excited at 340 and 380 nm at a frequency of 10 Hz with an IonOptix Hyperswitch dual-
excitation light source and the respective 510 nm emissions were collected with a
photomultiplier tube (F340/F380) through a 20x objective. After subtracting background
fluorescence, emissions ratios were calculated with Ion Wizard software (IonOptix) and
recorded continuously throughout the experiment. Inner diameter was continuously and
simultaneously measured from bright-field images as previously described [17; 32–34].
After determining baseline internal diameter and F340/F380, arteries were incubated with a
single concentration (bolus administration) of ET-1 (10−9 M, each artery received only one
bolus) or high K+ PSS (30 mM) in the superfusion media. After exposure, the artery was
washed with Ca2+-free PSS three times, and allowed to sit in room temperature Ca2+-free
PSS plus ionomycin (1 μM) for 15–20 minutes to cause complete dilation. This was
performed to demonstrate that constriction was caused by reversible tone. Minimum (Ca2+

free) and maximum (1.8 mM Ca2+) fura 2 ratios were also recorded and compared to ensure
that Ca2+ measurements were consistent in all experiments. Constrictions are expressed as
percent of baseline diameter. Vessel wall [Ca2+] is expressed as Δ F340/F380 from baseline,
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because no difference in baseline fura 2-AM ratio was seen between groups (data not
shown).

Quantitative Real-time Polymerase Chain Reaction (qRT-PCR)
Small mesenteric arteries and aorta were isolated, cleaned of fat and connective tissue, and
stored in RNAlater (Ambion). Total RNA was isolated using the RNeasy Mini Kit (Qiagen).
Total RNA was reverse transcribed to cDNA using High Capacity Reverse Transcription kit
(Life Technologies). For real time detection of Kv 1.5 and 2.1, BKα and β transcripts
TaqMan Gene Expression Assays (Life Technologies) were used. β-Actin was used as
endogenous control. The normalized gene expression method (2−ΔΔCT) for relative
quantification of gene expression was used [35].

Results
IH exposure increases ROS in mouse MA and AO upstream of NFATc3 activation

Our group has shown that IH exposure increases arterial ROS in rats [8]. In this study, to
determine if smooth muscle arterial ROS is increased in mice exposed to IH, both WT and
NFATc3 KO mice were exposed to 1 week of IH or Air and their tissues collected and
stained for ROS using DHE. AO (Fig. 1A and B) and MA (Fig. 1C and D) VSMC from mice
exposed to IH showed increased ROS compared to arteries from air exposed mice. ROS was
similarly elevated in both genotypes suggesting IH-induced increases in ROS were
independent of NFATc3. Co-incubation with PEG-SOD significantly decreased ROS levels
in both artery types to Air levels, validating that DHE staining detects superoxide (Fig. 1).
These data indicate that IH increases superoxide generation upstream of NFATc3 activation.

IH exposure increases oxidative stress-mediated protein carbonylation in mouse MA
upstream of ET receptor activation

We have previously shown that expression of pre-pro-ET-1 mRNA is increased in lungs of
mice exposed to IH for 2 or 7 days compared to lungs from Air exposed mice [4]. Consistent
with the notion that the lung is an important source of circulating ET-1, in the current study,
ET-1 plasma levels were significantly elevated in the plasma of mice exposed to IH for 2 or
7 days (Fig. 2) compared to plasma from Air exposed mice.

Since IH increases superoxide levels in mouse aortic (Fig. 1A and B) and mesenteric arterial
smooth muscle cells (Fig. 1 C and D), and the rat [8] mesenteric arterial wall, this study
evaluated IH effects on protein carbonylation, a marker of oxidative stress. Severe or
prolonged oxidative stress leads to irreversible protein carbonylation [36] and we observed
that protein carbonylation was indeed significantly greater in MA from IH exposed mice
treated with vehicle compared to MA from Air exposed mice (Fig. 3). Our group has
previously reported that in rats, IH (14 days) increases plasma ET-1 in a ROS-dependent
manner [8]. In order to determine, whether the IH-induced increases in oxidative stress are
upstream or downstream of ET receptor activation, bosentan (30 mg/kg/day, dual ET
receptor antagonist) was administered in the drinking water for 7 days to mice exposed to
Air or IH. (Bosentan kindly provided by Actelion Pharmaceuticals LTD, Switzerland). We
have previously shown that this dose of bosentan prevents IH-induced NFATc3 activation,
arterial remodeling and hypertension [16]. Consistent with our previous observations in rats
demonstrating that ROS is upstream of ET-1 synthesis, we found that IH-induced increases
in mesenteric arterial wall protein carbonylation (oxidative stress) is not affected by
blocking ET receptors with bosentan (Fig. 3). These results suggest IH induces VSMC
oxidative stress independent of ET receptor activation.
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IH-induced NFATc3 activation is mediated by superoxide
In this study, we found that IH increases superoxide and consequently protein carbonylation
in the arterial wall (Fig. 1 and 3). ROS activate NFAT in T cells [12], mouse epidermal [13],
human lung bronchoepithelial [13], cardiac cells [37], and pulmonary arterial smooth muscle
cells [38]. Furthermore, we have previously reported that IH upregulates ET-1 in an ROS-
dependent manner and that NFATc3 activation in AO and MA by IH is mediated by
activation of ETAR [16]. These observations suggest increased superoxide may play a role
in IH-induced increases in vascular NFATc3 activity.

To determine whether superoxide mediates IH-induced NFATc3 activation, NFAT-luc mice
were given either regular water or water containing the SOD mimetic tempol (1 mmol/l;
0.17 g/kg) 1 day before and during 2 days of IH exposure, a time point when NFAT is
maximally activated in MA [39]. This dose of tempol, previously shown to prevent increases
in oxidative stress in IH-exposed rats [8], prevented increases in NFAT activity compared to
vehicle-treated mice which had increased NFAT activity in both AO and MA (Fig. 4). These
data indicate that superoxide mediates NFATc3 induction by IH.

IH exposure increases NFATc3-dependent ET-1 constriction
Our group has published that IH increases reactivity to ET-1 in rat MA. Interestingly, it was
found that this increased constriction was not accompanied by a concomitant increase in
vessel wall [Ca2+] [17].

Therefore, to determine if IH increases ET-1 vasoreactivity in mice, and to assess the role of
NFATc3 in any changes in reactivity, we incubated isolated pressurized small MA with a
single concentration of ET-1 (10−9 mol/l). MA from IH WT mice constricted more to 10−9

mol/l ET-1 compared to constriction of MA from Air WT and IH NFATc3 KO mice (Fig.
5A and 6). The increased constriction was accompanied by a significantly greater increase in
vessel wall [Ca2+], also dependent on NFATc3 (Fig. 5B and 6). A single concentration of
ET-1 was used because mouse MA constricted less to 10−9 mol/l ET-1 when given in a
cumulative manner than when administered in a bolus as a single concentration (Fig. 7). For
example, in arteries from control mice (Air WT), 10−9 mol/l ET-1 (less than the pEC50
8.754 ± 0.122 mol/l) increased the fura ratio ~0.1 and caused a 40% vasoconstriction when
applied as bolus concentration (Figure 5A and B, and 6). However, the same concentration
as cumulative exposure increased the fura ratio ~0.075 and only caused a 25%
vasoconstriction (Fig. 7). No significant differences were found in basal tone among groups
(data not shown).

IH exposure does not alter KCl constriction
Our group has previously reported that IH exposure does not increase vasoconstrictor
reactivity to KCl in rat MA (2). In the present study, we assessed reactivity of mouse MA to
30 mmol/l KCl, and similarly saw no differences between groups (Fig. 8).

IH Exposure does not Change KV 1.5 and 2.1, BKα and β or TRPC6 mRNA Levels but
Increases TRPC1

NFATc3 has been implicated in the regulation of VSMC contractility by regulating the
expression of KV and BK channels [19; 20] and transient receptor potential channels
(TRPC) isoforms c1 and c6 channels [40; 41]. No significant differences were found
between groups for KV 1.5 and 2.1, TRPC6 or BKα and β mRNA levels (Fig. 9). However,
IH id induced increases in TRPC1 mRNA levels in MA from WT but not KO mice (Fig. 9).
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Discussion
The main findings of this study are that superoxide is an important upstream factor in IH-
induced NFATc3 activation, and that NFATc3 mediates increased vasoconstrictor reactivity
to ET-1 that may be partly responsible for IH-induced hypertension.

Our group has demonstrated that IH increases ROS which causes an increase in ET-1
plasma levels in rats [8]. This study is consistent with this previous finding since IH
increased mesenteric arterial wall protein carbonylation, a marker of oxidative stress,
upstream of ET receptor activation. Our laboratory has also shown that IH-induced
upregulation of lung pre-pro ET-1 transcript levels in mice and that IH-induced VSMC
NFATc3 activation requires ET-1 [16]. The current results extend these observations to
show that IH-induced increases in superoxide elevate circulating ET-1 levels to cause
NFATc3 activation in VSMC. This conclusion is supported by other reports that oxidative
stress, particularly elevated superoxide, increases ET-1 synthesis in both endothelial and
VSMC [42; 43].

We have previously demonstrated that NFATc3 is required for IH-induced hypertension [4]
in part through NFATc3-dependent increases in arterial wall thickness due to VSMC
hypertrophy [16]. This new study suggests that another important role for NFATc3 in IH-
induced hypertension is to mediate increases in ET-1 vasoreactivity.

Unlike previous studies in rats which observed IH-induced increases in ET-1 reactivity with
no concomitant increase in vessel wall [Ca2+] due to activation of Ca2+-sensitizing pathways
[17], this study found that a bolus administration of ET-1 (10−9 mol/l) increased vessel wall
[Ca2+] and constriction in arteries from IH mice compared to arteries from Air exposed
mice. These results suggest that increased VSMC [Ca2+] contributes to IH-induced increases
in vasoconstrictor reactivity to ET-1 in small mouse MA and that bolus versus cumulative
exposures to ET-1 may elicit different Ca2+ responses.

The mechanism by which NFATc3 contributes to the IH-induced increases in
vasoconstriction and [Ca2+]i in response to ET-1 is not yet clear. Because previous reports
found that NFATc3 augments VSMC contractility by downregulating KV 2.1 and BKβ-
subunit [19; 20] and that VSMC in small mesenteric arteries from IH treated rats are
depolarized compared to VSMC in arteries from Air exposed rats [18], we hypothesized that
IH activation of NFATc3 might increase ET-1 vasoreactivity by decreasing the expression
of KV and/or BK channels. However, transcripts levels of these channels were not different
between Air and IH, and reactivity to KCl was not different between groups suggesting
changes in these channels do not contribute to the augmented reactivity. Since both TRPC1
and 6 are also regulated by NFAT [44; 45] and play a role in ET-1-induced extracellular
Ca2+ entry in VSMC [46; 47], we further explored IH regulation of these channels in an
NFATc3-dependent manner. We found that IH increases TRPC1 transcript but not TRPC6
mRNA in MA and that the increase in TRPC1 was NFATc3-dependent. This finding is
consistent with a report showing that NFAT inhibition reduces the expression of TRPC1 but
not TRPC6 in VSMC [48]. The role of TRPC1 upregulation in the enhanced vasoreactivity
present in arteries from IH exposed animals remains to be addressed.

Conclusions
In summary, this study demonstrates the novel finding that IH increases superoxide in
mouse arteries, independent of NFATc3 and ET receptor activation. Rather, IH-induced
increases in superoxide activate NFATc3, likely by increasing ET-1 synthesis [8]. In
addition, NFATc3 activation mediates increased vasoconstrictor sensitivity to ET-1 which is
accompanied by greater increases in [Ca2+]i compared to arteries from control mice. These
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studies define a novel regulation of ET-1 vasoconstriction by NFATc3, highlighting the
potential clinical relevance of NFAT inhibition to ameliorate hypertension in SA patients.
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Fig. 1.
IH increases superoxide in aorta (AO) and mesenteric arteries (MA) VSMC. Superoxide
levels were measured in discrete regions of interest in the medial layer by DHE staining. Co-
incubation with polyethylene glycol conjugated superoxide dismutase (PEG-SOD) reduced
fluorescence intensity in IH arteries to or below that of control (Air) arteries. Summary data
is shown for A) AO and C) MA of WT and NFATc3 KO mice after 1 week IH or Air
exposure, in presence or absence of PEG-SOD. Representative images are shown in B) for
AO and D) for MA.*p<0.05 vs. Air for AO; *p<0.01 vs. Air for MA; 2-way ANOVA and
Bonferroni post hoc test; n = 4 animals for AO and n = 3 animals for MA. Scale= 100 μm.
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Fig. 2.
IH increases ET-1 plasma levels. Plasma levels of ET-1 were measured by ELISA in WT
mice exposed to Air, and 2 days and 1 week of IH. *p<0.05 vs. Air, n=9.
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Fig. 3.
IH increases protein carbonylation in MA. Immunofluorescence detection of protein
carbonyls in MA wall from WT mice exposed to 1 week of Air or IH and treated with
vehicle or bosentan. A) Representative images. Green= nuclei stain; red= protein
carbonylation; blue= elastin. The monochrome channel corresponds to protein carbonyls
staining. B) Summary data of integrated fluorescence intensity (AU x 10−3).*p<0.05 vs. Air;
2-way ANOVA and Bonferroni post hoc test; n=4–6 mice. At least 5 arteries per mouse
were analyzed. Scale= 75 μm.
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Fig. 4.
The SOD mimetic, tempol, prevents IH-induced NFAT activation in aorta (AO) and
mesenteric arteries (MA). Luciferase activity was measured in isolated AO and MA from
NFAT-luc animals treated with tempol for 3 days and exposed to IH during the last 2 days
of treatment. RLU, relative luciferase units. *p<0.05 vs. Air vehicle; #p<0.05 vs. IH
Vehicle; 2-way ANOVA and Bonferroni post hoc test; n = 6 animals.
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Fig. 5.
IH increases reactivity to ET-1. Representative traces of A) diameter and B) fura-2 ratios in
isolated pressurized small MA from WT mice exposed to 7 days Air or IH and superfused
with 10−9 mol/l ET-1.
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Fig. 6.
IH increases reactivity to ET-1 in an NFATc3-dependent manner. Summary results of %
Vasoconstrictor reactivity and vessel wall [Ca2+] response to 10−9 mol/l ET-1 in MA from
WT and NFATc3 KO mice exposed to 7 days Air or IH. *p<0.05 vs. Air WT; #p<0.01 vs.
IH WT; 2-way ANOVA and Bonferroni post hoc test; n = 6 animals.
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Fig. 7.
Concentration response curve to ET-1 in isolated pressurized mouse mesenteric arteries.
Reactivity to increasing concentrations of ET-1 was assessed in isolated pressurized small
MA from WT mice exposed to 7 days of Air. No significant increase in vessel wall [Ca2+]
was observed in response to ET-1 from baseline although there was a significant
vasoconstriction. One-way repeated measures ANOVA and Bonferroni post hoc test;
*p<0.05 vs. 10−10 mol/l; n = 7 animals. pEC50 (−8.754 ± 0.122 mol/l) was calculated by
fitting the data to the following equation Y=Bottom + (Top-Bottom)/(1+10^((LogEC50-X)))
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Fig. 8.
IH does not increase reactivity to KCl. Reactivity to high K+ PSS (30 mmol/l KCl) was
assessed in isolated pressurized small MA from WT and NFATc3 KO animals exposed to 7
days IH or Air. 2-way ANOVA and Bonferroni post hoc test, n = 7 animals.

Friedman et al. Page 18

Vascul Pharmacol. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 9.
IH does not affect K channel or TRPC6 expression in small MA but upregulates TRPC1 in
an NFATc3-dependent manner. KV1.5, KV2.1, BKα, BKβ, TRPC1 and TRPC6 mRNA
levels were measured in MA from WT and NFATc3 KO mice exposed to 7 days IH or Air.
2-way ANOVA and Bonferroni post hoc test; *p<0.05 vs. air WT. n = 5–10 mice.
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