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Abstract

Aim—Protein kinase Ca (PKCa) is a critical regulator of multiple cell signaling pathways
including gene transcription, posttranslation modifications and activation/ inhibition of many
signaling kinases. In regards to the control of blood pressure, PKCa causes increased vascular
smooth muscle contractility, while reducing cardiac contractility. In addition, PKCa has been
shown to modulate nephron ion transport. However, the role of PKCa in modulating mean arterial
pressure (MAP) has not been investigated. In this study, we used a whole animal PKCa knock out
(PKC KO) to test the hypothesis that global PKCa deficiency would reduce MAP, by a reduction
in vascular contractility.

Methods—Radiotelemetry measurements of ambulatory blood pressure (day/night) were
obtained for 18 h/day during both normal chow and high-salt (4%) diet feedings. PKCa mice had
a reduced MAP, as compared with control, which was not normalized with high-salt diet (14 days).
Metabolic cage studies were performed to determine urinary sodium excretion.

Results—PKC KO mice had a significantly lower diastolic, systolic and MAP as compared with
control. No significant differences in urinary sodium excretion were observed between the PKC
KO and control mice, whether fed normal chow or high-salt diet. Western blot analysis showed a
compensatory increase in renal sodium chloride cotransporter expression. Both aorta and
mesenteric vessels were removed for vascular reactivity studies. Aorta and mesenteric arteries
from PKC KO mice had a reduced receptor-independent relaxation response, as compared with
vessels from control. Vessels from PKC KO mice exhibited a decrease in maximal contraction,
compared with controls.

Conclusion—Together, these data suggest that global deletion of PKCa results in reduced MAP
due to decreased vascular contractility.
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Introduction

The protein kinase C (PKC) family contains multiple isozymes, all of which play critical
roles in signal transduction pathways. PKC isozymes are classified by how they are
activated, either through increases in intracellular calcium (Ca2*) and/or lipid signaling
molecules [1-4]. PKCa is a “‘conventional’ member of the PKC family. Previously, PKCa
has been shown to be a vital part of the regulation of cardiac and vascular smooth muscle
(VSM) [4] and has a role in the regulation of renal ion transporters. In the proximal
convoluted tubule (PCT), PKC can inhibit the sodium (Na*)-hydrogen exchanger (NHE3),
yet angiotensin ll-activation of PKC increases bicarbonate and water reabsorption in the
PCT [5,6]. In the PCT, PKC may also be an important mediator in fructose-stimulated NHE
activity [7]. However, experiments using isolated, split-open cortical collecting ducts in
PKCa-knock out (PKC KO) mice revealed increased epithelial Na* channel (ENaC) activity
[8]. These studies reveal a complicated role for PKC in the regulation of renal transporters.

PKCa has a crucial role in cardiomyocyte hypertrophic growth, via an extracellular signal-
related kinase 1/2-mediated pathway [9]. In addition, PKCa has been demonstrated to play a
critical role in the regulation of cardiac contractility by increasing protein phosphatase-1 and
subsequent phospholambam dephosphorylation. This inhibits the sarco/endoplasmic
reticulum Ca2*-ATPase-2 pump and reduces store-operated Ca2* release [10]. This response
reduces cardiac contractility. Accordingly, PKC KO mice were shown to have an increased
cardiac performance and were resistant to developing heart failure in experimental animal
models [11,12].

Significantly, PKCa has opposing effects in VSM, specifically in agonist-mediated
contractility. PKCa phosphorylates PKC-potentiated phosphatase inhibitor protein-17
(CPI-17) and inhibits myosin light chain phosphatase, reducing myosin light chain
dephosphorylation resulting in increased contraction [13]. Given the complicated, and
seemingly opposing, roles of PKCa in cardiac and VSM regulation, the purpose of our
study was to determine whether loss of PKCa would lead to a decrease in mean arterial
pressure (MAP) through overall decrease in systemic vascular contractility, even with
increased cardiac contractility.

Materials and Methods

Chemicals

Unless otherwise specified, all drugs and chemicals were purchased from Sigma Aldrich (St.
Louis, Missouri, USA).
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Animal studies

All experiments were performed under the guidance and approval of the Emory University
Institutional Animal Care and Use Committee (IACUC protocol no.
DAR-2002607-012417BN). Mice (male, 8-12 weeks) were kept in cages with autoclaved
bedding and received free access to water and a standard diet [Diet 5001; Purina (St Louis
Missouri, USA), 0.4% Na*], low salt (Teklad, <0.05% Na*)orhighsalt (4% Teklad).
PKCa—/- (PKC KO) mice (SV129 background) were originally obtained from Dr Jeffery
Molkentin (Cincinnati Children's Hospital Medical Center) and control mice (SV129;
Jackson Laboratories, Bar Harbor, Maine, USA) were backcrossed with PKC KO mice (10
generations) to establish littermate controls (ctrl) for the PKC KO mice. All mice were then
bred in-house at Emory University; animals were periodically genotyped to assure no
genetic drift.

Radiotelemetry studies

All animal surgeries were performed in accordance with Emory University Protocol for
Aseptic Technique. Mice were anesthetized using isofluorane and radiotelemetry devices
(PAC-10; Data Sciences International, St. Paul, Minnesota, USA) were implanted, as
described previously [14]. Animals were allowed to recover for 3-5 days; SBP/DBP, heart
rate (HR) and activity were collected for 18 h per 24-h period. Data were analyzed using
Power Lab (AD Instruments, Colorado Springs, Colorado, USA).

Metabolic cage studies

Mice were acclimatized to metabolic cages (Tecniplast, West Chester, Pennsylvania, USA)
for 24 h, then 24-h urines were collected over the next 2 days. Urine was centrifuged (15000
rpm, 15 min) to separate any soluble substance before analysis. Urine osmolality was
measured by a vapor pressure osmometer (Wescor, Logan, Utah, USA), and urea content
was determined by colorimetric assay using the Infinity Urea Kit (Thermo Scientific,
Waltham, Massachusetts, USA). Urinary Na* was measured using a Na*-specific electrode
(Cole Palmer, Vernon Hills, Illinois, USA).

Functional studies

After euthanasia, the thoracic aorta and mesentery were rapidly excised and bathed in ice-
cold physiological salt solution (NaCl 120 mmol/l, KCI 4.7 mmol/l, KH,PO4 1.18 mmol/I,
NaHCO3 14.9 mmol/l, dextrose 5.6, 2.5 mmol/l CaCl, 2H,0, 0.06 mmol/l EDTA). Both
vascular beds were carefully cleaned of all associated perivascular adipose tissue and cut
into segments (2 mm). First-order mesenteric resistance arteries and aortic segments were
mounted on Danish myo technology wire and pin myographs (Danish MyoTech, Aarhus,
Denmark), respectively. Mesenteric resistance arteries were normalized to their optimal
lumen diameter for active tension development, as described previously [15]. Aortic
segments were set to a passive force of 5 mN. Vessels were maintained at 37 °C and
continuously aerated with 95% O,, 5% CO» and allowed to stabilize for at least 45 min.
After stabilization, tissues were contracted with KCI (120 mmol/l) solution. To determine
the viability of the endothelium, contraction was stimulated via phenylephrine (Phe; 10
umol/1) followed by relaxation induced by acetylcholine (ACh; 10 umol/l). Vessels were
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then washed, as described previously, before performing concentration response curves
(CRCs) and after each CRC. CRCs to Phe, ACh or sodium nitroprusside (SNP) were
performed in the presence of vehicle or the following inhibitors: A-nitroarginine methyl
ester (L-NAME, nitric oxide synthase inhibitor; 100 pmol/l) or indomethacin [Indo,
cyclooxygenase (COX) inhibitor; 10 umol/l]. Force measurements were collected using
LabChart v7 Software (ADI Instruments, Colorado Springs, Colorado, USA) for PowerLab
data acquisition systems (ADI Instruments).

Tissue homogenization

Following dissection, cortex was homogenized in 1 ml of isolation buffer (10 mmol/Il
triethanolamine, 250 mmol/l sucrose, 1 pg/ml leupeptin and 0.1mg/ml phenylmethyl-
sulfonyl fluoride, pH 7.4). Concentrated SDS was added to 1%; samples sheared by passage
through a 28-ga needle and centrifuged for 10 min at 10000 x g, and protein was determined
(DC protein assay kit; Bio-Rad, Hercules, California, USA).

Immunoblotting

Total cortex homogenates were electrophoresed on 7.5% gels (Bio-Rad) and transferred
electrophoretically to polyvinylidene fluoride membranes. After blocking with 3% BSA, the
membranes were probed with corresponding primary antibodies; antisodium chloride
cotransporter (NCC) or glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Cell
signaling, 1:1000) overnight at 4°C. The NCC antibody (1: 4000-1: 8000) was developed
and validated in the laboratory of Robert Hoover [16]. The blots were washed in TBST (tris-
buffered saline, tween 0.5%) and secondary antibodies were horseradish peroxidase-linked
(Amersham, 1:5000). Supersignal West Pico was used for chemiluminescence (Thermo
Scientific). Chemiluminescence was detected with G:Box (Gelbox, Frederick, Maryland,
USA) and analysis by Genetools software (Syngene, Frederick, Maryland, USA).

Statistical analysis

Agonist concentration—response curves were fitted using a nonlinear interactive fitting
program (GraphPad Prism 5.0 or 6.0; Graph Pad Software Inc., San Diego, California,
USA), and values expressed as percentage of maximal relaxation graphed against increasing
molar concentrations of agonist. Agonist potencies and maximum response are expressed as
negative logarithm of the molar concentration of agonist producing 50% of the maximum
response (EC50) and maximum effect elicited by the agonist (Rnax), respectively. Nonlinear
regression analysis was used to determine EC50 values, in which Ry, Was normalized to
100% for calculations. Data are expressed as mean + SEM (7), in which nis the number of
experiments performed and correlates with one animal. Statistical analysis of the
concentration—response curves was performed by using the Ftest for comparisons of best-fit
data between groups (EC50 and Rmyax), as previously described [14,15].

For statistical comparison between groups of animals and/or conditions (hypertensive vs.
normotensive and drug incubations), all vessels were grouped together for statistical analysis
and comparison. Blood pressure (BP) studies were analyzed by Student's #test.
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Western blot data were analyzed using the average target protein expression normalized to
GAPDH. Values were analyzed for statistical significance using Student's #test for
comparison between the two groups.

Urine electrolyte values were normalized as a function of body weight (100 g); one-way
analysis of variance was then performed to determine statistical significance.

All data are represented as £SEM. Values of Pless than 0.05 were considered a statistically
significant difference.

Protein kinase Ca-deficiency causes hypotension

Here we report for the first time that PKC KO mice have a decreased MAP, as shown by
radiotelemetry (Fig. 1a—c) during both active (night, 115.6 £ 1.5 mmHg PKC KO vs.
127.2+0.6 mmHg control, n=4-12, ***P < 0.001) and sleep (day, 108.0 +£0.9 mmHg PKC
KO vs. 112.8 + 2.4 mmHg control, n= 4-12, *P< 0.05) periods. PKC KO mice had
similarly reduced SBP, as well as DBP (Fig. 1d and e) during entire control period. Averaged
data for SBP showed that PKC KO mice had a reduced active (night, 134.4 £ 1.2 mmHg
PKC KO vs. 145.7 + 1.2 mmHg control, 7= 6-7, ***P < 0.001) and sleep (day, 120.2 + 0.8
mmHg PKC KO vs. 127.4 + 0.5 mmHg control, n= 4, ***P < 0.001) periods (Fig. 2a and
b). As expected, PKC KO mice had an increased HR, during the active (night, 604.9 + 3.6
bpm PKC KO vs. 558.1 + 8.0 bpm control, n=5, ***P < 0.001) period (Fig. 2c and d).

Significantly, this pressure difference was maintained following administration of a high-salt
(4%) diet (Fig. 3a—c; night, 119.9 + 0.8 mmHg PKC KO vs. 125.7 + 0.3 mmHg control, *P
less than 0.05 and day, 103.7 = 1.2 mmHg PKC KO vs. 108.4 + 1.1 mmHg control, *Pless
than 0.05; 7= 4-5). However, this BP difference was attenuated during the sleeping phase
(12 mmHg day vs. 5 mmHg night) with high salt, as compared with when the animals were
fed normal chow.

Protein kinase Ca-deficient mice have a reduced resting phase dipping response

Next we investigated the percentage of the resting phase dipping response, as compared with
the active phase BP responses in the PKC KO mice; the loss of PKCa results in a reduced
dipping response (6.04 £ 0.6%, 7= 8) as compared with ctrl (Fig. 3d and e; 11.67 £ 0.6%, n
= 8; ***P< 0.01). These results were surprising given that PKC KO mice are hypotensive as
hypertension is correlated with a decreased resting phase dipping response. When fed a high
salt diet (4%), the reduced dipping response was abrogated (Fig. 3e; 15.47 £ 0.72% PKC
KO vs. 13.64 + 0.46% control, n=14). The representative graphs of BP responses, over
time, demonstrate the reduced dipping (Figs. 1c), as well as the return of the dipping
response with high salt diet (Fig. 3c).

Protein kinase Ca-deficient mice have increased sodium retention and sodium chloride
cotransporter expression

To investigate whether the mechanism for this decreased MAP response in PKCa is renal in
nature, mice were housed in metabolic cages and urine collected and analyzed. We observed
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no differences between urine sodium excretion (UNa) in ctrl and PKC KO mice fed a normal
chow diet (Fig. 4a). With an high salt diet, as expected we saw significant increases in UNa
excretion (609.2 + 24.6 mmol/day/100 g/body weight (BW) control high salt vs. 165.7

+ 13.5 mmol/day/100 g/BW control normal chow, 7= 6, ***£< 0.001 and 496.6 + 30.1
mmol/day/100 gBW PKC KO high salt vs. 120.4 = 15.9 mmol/day/100 gBW PKC KO
normal chow, 1= 6, ***P< 0.001), in addition to trending toward an increase in sodium
retention in PKC KO mice.

Single nucleotide polymorphisms in PKCa have also been correlated with increased
sensitivity to thiazide diuretics in patient populations [17,18]. Thus, we assessed whether
PKCa may be down-regulating NCC expression, leading to a decreased BP response. Using
total cortex homogenates, we investigated total NCC protein expression. Here, we report
significant increases in total NCC expression (Fig. 4b) in PKC KO mice (x3.3-fold change,
n=4-5,**pP<0.001), as compared with ctrl when fed a normal chow diet. Given that high
salt diet would suppress NCC [19,20], mice were then fed high salt or low salt chow for 12
days to determine, if the mice had an inability to regulate NCC expression. When comparing
NCC levels in PKC KO mice fed high salt vs. low salt diet (Fig. 4c), there was an
appropriate suppression of total NCC protein.

Nonetheless, NCC levels in high salt -fed PKC KO mice were still significantly higher
(>two-fold change, 7= 4-5, *P < 0.05) compared with levels in high salt -fed control mice
(Fig. 4d). Furthermore, when comparing PKC KO and control mouse cortical NCC
expression on low salt diet, no significant differences were observed (Fig. 4¢). These data
suggest that NCC expression may be increased on a normal chow or high salt diet, as a
compensatory response to the decreased MAP.

To assess the in-vivo activity of NCC further, metabolic cage studies were performed with a
bolus of hydrochlorothiazide (HCTZ), an NCC inhibitor. As shown in Fig. 4a, although no
differences showed on normal chow, when mice were fed a high salt diet, PKC KO mice had
a significantly increased UNa excretion (646.3 = 62.4 mmol/day/100 gBW PKC KO high
salt + HCTZ vs. 508.3 + 24.2 mmol/day/100 gBW control high salt + HCTZ, n=6, **P<
0.01). This suggests increased NCC activity is present in the PKC KO mice on high salt diet,
consistent with the increased protein expression.

Protein kinase Ca. deficient mice have reduced vascular contractile responses

Although whole-animal PKCa deficiency results in hypotension, we found increased NCC
levels, suggesting a compensatory effect and thus, not a mechanism for this decreased MAP.
To determine a primary mechanism for the decreased BPs, we performed vascular
contractility studies. PKCa is known to regulate smooth muscle contractility, as well as
cardiac contractility [12,21-24]. For these studies, we used both aorta and first order
mesenteric vessels from PKC KO and ctrl mice. In the aorta, we observed a striking
reduction in receptor-independent KCI-mediated contraction (Fig. 5a; 5.8 £ 0.3 mN PKC
KO vs. 10.4 + 1.1 mN control, **£ < 0.01). We did observe a trend for a decrease in the
mesenteric arteries (Fig. 5b). We observed similar results when comparing receptor-
mediated contractility with Phe, in both aorta and mesenteric arteries. PKC KO aorta and
mesenteric arteries had decreased contractile responses to Phe, as compared with control
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(Fig. 5¢; aorta 12.7 £ 0.5 MmN Rpax vS. 16.3 £ 0.5 mMN Ryax, 7= 4, **P<0.01) and
mesenteric (Fig. 4d; 9.9 £ 0.3 MmN Ry Vs. 11.8 £ 0.6 Rnax, 7= 4, **P < 0.01). These data
suggest a reduction in contractile responses in vessels from the PKC KO mice.

The endothelium-mediated relaxation responses to ACh were also increased in PKC KO
mice, as compared with control (Fig. 5e; 59.3  6.8% Rmax VS. 45.4 = 3.2% Rmax, 1= 4, *P
< 0.05). These data suggest that PKCa may be negatively regulating endothelial derived
relaxation factors, such as endothelial nitric oxide synthase (eNOS). When comparing direct
smooth muscle relaxation using CRCs to SNP (Fig. 6a and b), no differences were observed
in relaxation responses in either the aorta or mesenteric vessels from PKC KO mice, as
compared with control suggesting no differences in the capacity of soluble guanylyl cyclase
to cause relaxation.

Discussion

The PKC family is composed of different isozymes that contribute to diverse intracellular
signaling pathways. They have been shown to play a role in multiple cellular events, from
the regulation of ion channels and exocytosis, to gene regulatory events [1,2,25-28]. In
particular, PKCa is a critical regulator of cardiac myocyte and VSM cell function.
Previously, PKCa has been suggested as a therapeutic target for the treatment of conditions
such as ischemia-reperfusion injury and heart failure [10,12,28]. In heart failure, left
ventricular hypertrophy occurs via cardiomyocyte proliferation. Using an in-vitro model
with neonatal cardiomyocytes, PKCa expression was compulsory for the development of
hypertrophy [9,29,30]. In addition, cardiomyocytes obtained from an aortic banding model
of heart failure demonstrated that PKC levels were up-regulated in the later stages; this
process led to hyper-phosphorylation of myofilaments, thus augmenting heart failure [31].
Furthermore, hearts with deletion of PKCa were found to be hypercontractile, whereas
PKCa overexpressing hearts were hypocontractile [10]. Although in total, this body of work
suggests that PKCa may mediate reduced cardiac output (CO), no telemetry data existed on
the role of PKCa in BP, especially as it relates to sodium and water balance.

PKCa is also integral in VSM cell contractility [21-24, 32,33]. Multiple investigators have
demonstrated that activation of PKCa leads to increased contractility via ex-vivo organ bath
functional and pharmacological studies [22—24, 34,35]. Earlier studies have demonstrated
that in the deoxycorticosterone-salt mesenteric arteries exhibit a greater contractile response
to PKC activators [36] and in genetic models of hypertension, PKC contributes to altered
vascular reactivity [37,38]. Together, those data suggest a loss of PKCa would reduce
preload and may reduce MAP. However, mixed results are observed with the use of PKC
inhibitors, /n vivo, which may be due to inhibitor specificity [39]. To determine whether
whole animal PKCa deletion would impair or augment MAP, telemetry studies were
performed. Significantly, we observed a significant reduction in MAP in PKC KO mice (Fig.
1a and b) during both active and resting periods. We observed corresponding decreases in
both SBP and DBP (Figs. 1d and e and 2a and b) as well; however, there was an increase in
HR (Fig. 2c and d). This increase in HR may be a compensatory action to restore
normotension. To our knowledge, there are no data demonstrating a role for PKCa. in
augmenting HR or heart rhythm.
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Surprisingly, PKC KO mice also exhibited a significantly reduced resting phase dipping
response (*50%, Fig. 3d and e) compared with control. Circadian rhythms are an important
biological response; an aberration in this response is also a predictor for end-organ damage.
This circadian rhythm translates into a reduced nighttime (or sleeping) BP, referred to as
resting phase dipping, which may be mediated through changes in baroreflex activity [40].
Non-dippers have an increased propensity for cardiovascular disease and for future
hypertension [41]. With an increased dietary sodium load, PKC KO mice maintained a
hypotensive phenotype (Fig. 3a—c), yet the abnormal dipping response was normalized (Fig.
3e). These data suggest that although PKCa deletion may augment contractility and prevent
heart failure, this does not result in an overall increase MAP. Given the hypotensive
phenotype, the decreased resting phase dipping response is unlikely to be correlated to
hypertension-related cardiovascular disease. However, no one has investigated the role of
PKCa in other physiological mechanisms that regulate normal resting phase dipping
responses, such as hormonal mediators and the baroreflex responses. Further work will be
needed to determine its role in these processes.

The maintenance of BP is a function of CO and peripheral resistance that includes the
regulation of sodium and water. The distal nephron is vital in this process, containing two
sodium transport proteins which act to fine-tune sodium transport as well as playing a
crucial role in urine concentration. Indeed, the NCC and the ENaC are two primary targets
for the treatment of hypertension. The PKC KO mice have previously been shown to have a
urine-concentrating defect that may be because PKCa mediates the hypertonicity-induced
increases in the urea transporter (UT-A1) phosphorylation and activity in the inner
medullary collecting duct [42-45]. Furthermore, PKCa has also been shown to regulate the
distal sodium transporter, ENaC. By recording single ENaC channels in split open tubules
from PKC KO mice, PKCa deletion was found to increase ENaC channel membrane density
and open probability (NPo) [8]. In that study, BP responses using tail-cuff plethysmography
were also determined. Their data showed no differences in baseline BP, but the PKCKO
mice had an increase in SBP in response to high salt (8%, 14 days), as compared with
control mice [8]. Although we did see a trend toward increased BP with a high salt diet, the
animals remained hypotensive when compared with similarly treated control mice. This
discrepancy may be due to differences in methods (telemetry vs. tail cuff), diet (4% in our
study vs. 8% in the previous study) and control animal strain background [42]. We did see a
normalization of the dipping response (Fig. 3e) and trending increase in MAP following 7
days of high salt feeding. However, these results did not reach significance in our
experiments.

To determine how PKCa deletion affects NCC expression, whole cortex homogenates were
used from PKC KO and Control mice fed NS, low salt and high salt chow. We observed an
increase in total NCC expression in PKC KO mice (Fig. 4b), which was maintained with
high salt feeding (Fig. 4c). The ability of the PKC KO mice to down-regulate NCC levels
with high salt was also found to be intact (Fig. 4c), suggesting that the increased levels of
NCC may be acting as a compensatory mechanism for the hypotensive BP seen in the PKC
KO mice.
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Although NS, the PKC KO mice show a similar trend for sodium retention, which correlates
with the increased NCC protein expression we observed (Fig. 4a). Previously, increased
ENaC activity was observed in these same mice, yet in our metabolic cage studies, we found
no significant increases in sodium retention in the PKC KO mice. This may be secondary to
decreased perfusion associated with hypotension. Significantly, when looking at the
natriuretic response to thiazide (HCTZ) treatment, the PKC KO mice exhibited a greater
natriuresis, thus responsiveness, as compared with the control mice when on a high salt diet.
However, it is also possible that these differences could only be observed with the increased
sodium load due to low urine volumes obtained from mice with normal chow diet.

PKC is also known to play a significant role in VSM contractile responses. PKCa is
expressed ubiquitously throughout the vasculature and is activated by increased intracellular
calcium levels from membrane depolarization or store-operated calcium release. Following
activation in VSM, PKCa inhibits myosin light chain phosphatase by CPI-17, thus
contributing to enhanced contraction [13]. In addition, PKCa can phosphorylate and inhibit
calponin, a negative regulator of VSM cell contraction [46]. Pharmacological activation of
PKC is known to enhanced contractility, whereas inhibition of PKC causes relaxation [22].
Significantly, the role of PKC in modulating vascular tone is not universal — PKC agonists
elicit an enhanced contractility in mouse aorta, but not in the smooth muscle of the corpus
cavernosum [23]. To determine how PKCa-specific deletion affects vascular reactivity,
functional studies were performed in capacitance (aorta) and resistance (mesenteric) vessels.
We observed significantly reduced responses to KCI-mediated and Phe-mediated (Phe) (Fig.
5) contraction in aorta from the PKC KO mice. The Phe-mediated responses were also
reduced in the mesenteric arteries, suggesting a greater role in agonist-mediated responses
compared with membrane depolarization (Fig. 5d).

Endothelium-mediated relaxation responses were also enhanced in the PKC KO mice (aorta,
Fig. 5e). Some studies have suggested a role for PKC in modulating the enzymes that are
important for endothelial-derived relaxation responses [4,47-51]. The ability of PKCa to
regulate COX has been investigated, but the evidence is controversial and not well
understood. Cosentino et al. [47] have demonstrated that phorbol ester-induced COX2
expression was reduced with PKC inhibition. However, during inflammatory conditions,
PKC seems to increased COX levels, whereas others have shown COX2 to be a poor
substrate for direct PKC phosphorylation [51].

However, it is known that PKC can phosphorylate eNOS at a site (T495) that reduces ability
for cofactors to bind, thus leading to decreased eNOS activity [52,53]. Furthermore,
increased phosphorylation at this site could lead to increased levels of superoxide production
because of eNOS uncoupling. This imbalance of NO and superoxide may contribute to
vascular dysfunction [53]. In PKC KO mice, the inhibitory effect of PKCa would be gone,
perhaps increasing eNOS activity, with a secondary effect of reduced superoxide levels. Our
functional data seem to corroborate the previous studies, as aorta from PKC KO mice had an
enhanced ACh-mediated relaxation response. Together, these data reveal that global deletion
of PKCa causes hypotension due to decreased vascular contractility and through loss of
PKCa-mediated inhibition of endothelial relaxation factors.
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Figure 1.
Protein kinase Ca. knock out mice have decreased mean arterial pressure. Radiotelemetry

recordings were taken from protein kinase C knock out and control mice, following a

recovery period for both night (a) and day (b) periods. Averaged blood pressure responses
were compared for both, showing decreased mean arterial pressure (c). Daily SBP (d) and
DBP (e) data are shown. Data shown as mean + SEM, n=4-12, *P< 0.05, ***P < 0.001.
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Figure2.
Protein kinase Ca knock out mice have reduced SBP and DBP. Data from radiotelemetry

recordings were analyzed; night (awake) (a) and day (sleep) (b) averages for SBP are shown.
Heart rate data were averaged during night (awake) (c) and day (sleep) (d) periods and are
presented as beats per minute. Data shown as mean £ SEM, n=4-12, ***P < (0.001.
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Figure 3.

Day

Protein kinase Ca knock out mice have reduced resting phase dipping blood pressure
response. Mice were then fed a high salt diet (4%) for 14 days. Blood pressure responses
were averaged at the end of the 14 day period for both night (a) and day (b) period. Daily
mean arterial pressures following high salt (4%) chow feeding are shown (c) from baseline
period. Baseline night and day measurements are averaged from previous recording period.
To determine resting phase dipping blood pressure, mean arterial pressure is presented as a
percentage change from night (awake) mean arterial pressures during both normal chow (d)
and high salt (14 days) (e) feedings. Representative traces are shown for high salt (d)
periods, with average baseline night/day blood pressure. Data shown as mean+SEM, n=4—

5, ***P<0.001
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Figure 4.
Characterization of renal responses in protein kinase Ca knock out mice. (a) Protein kinase

C knock out mice were placed in metabolic cages, following acclimation period; urine
volumes were obtained and electrolytes analyzed during normal chow and high salt feedings.
Mice were challenged with a bolus of the sodium chloride cotransporter inhibitor
(hydrochlorothiazide, 12.5 mg/BW Intraperitoneal) and urine volumes obtained for 12 h.
Data are shown in mmol/day, normalized to 100 g total BW of each mouse. Data shown as
mean + SEM, n=5-6, *P<0.05, **P< 0.01, ***P< 0.001. Total protein was used for
Western blot analysis of sodium chloride cotransporter in protein kinase C knock out and
control mice were normal chow and high salt (4%, 12 days) feedings. (b) Protein expression
of sodium chloride cotransporter is shown in protein kinase C knock out mouse cortex
homogenates as compared to control mice following normal chow. (c) Protein expression of
sodium chloride cotransporter is shown in protein kinase C knock out mouse cortex
homogenates during low salt (<0.05%, 12 days) and high salt (4%, 12 days) feeding. (d)
Protein expression of sodium chloride cotransporter is shown in protein kinase C knock out
mouse cortex homogenates as compared with control mice following high salt feeding. (e)
Protein expression of sodium chloride cotransporter is shown in protein kinase C knock out
mouse cortex homogenates as compared with control mice following low salt feeding.
Representative blots for each group are shown, along with loading control, GAPDH. Sodium
chloride cotransporter band densities were normalized to GAPDH values and are shown in
arbitrary units. Data are shown as mean + SEM, n=4-5, *£< 0.05, **P< 0.01. GAPDH,
glyceraldehyde 3-phosphate dehydrogenase.
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Figure5.
Protein kinase Ca knock out mice have reduced vascular contractility. Relaxation responses

to potassium chloride (120 mmol) were performed in aorta (a) and mesenteric arteries (b)
from both protein kinase C knock out and control mice. Values shown are expressed as the
change in force (mN). Data are represented as mean = SEM; n=4. **P< 0.01, Rnax values
of protein kinase C knock out vs. Control. Concentration response curves were performed to
phenylephrine (10 pmol/l) in aorta (c) and mesenteric arteries (d) from both protein kinase C
knock out and control mice. Values shown are expressed as the change in force (mN). (e)
Concentration response curves to acetylcholine were performed in phenylephrine-
precontracted aorta. Relaxation responses were calculated relative to the contraction elicited
by phenylephrine. Data are represented as mean + SEM; n=4. **P < 0.01, Rnax values of
protein kinase C knock out vs. control.
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Figure 6.

Vascular smooth muscle responses from protein kinase Ca knock out mice are not altered
compared to control. Concentration response curves to sodium nitroprusside were performed
in phenylephrine (10 umol/l)-precontracted aorta (a) and mesenteric arteries (b). Relaxation
responses were calculated relative to the contraction elicited by phenylephrine. Data are
represented as mean + SEM; 7= 4, Rnax values of protein kinase C knock out vs. control
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