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Abstract

Streptolysin O (SLO) is produced by common hemolytic streptococci that cause a
wide range of diseases from pharyngitis to life-threatening necrotizing fasciitis and
toxic shock syndrome. While the importance of SLO in invasive hemolytic
streptococcus infection has been well demonstrated, the role of circulating SLO in
non-invasive infection remains unclear. The aim of this study was to characterize the
pharmacological effect of SLO on vascular functions, focusing on cellular signaling
pathways. In control Wistar rats, SLO treatment (1-1000 ng/mL) impaired
acetylcholine-induced endothelial-dependent relaxation in the aorta and
second-order mesenteric artery in a dose-dependent manner, without any effects on
sodium nitroprusside-induced endothelium-independent relaxation or agonist-induced
contractions. SLO also increased phosphorylation of the endothelial NO synthase
(eNOS) inhibitory site at Thr495 in the aorta. Pharmacological analysis indicated that
either endothelial dysfunction or eNOS phosphorylation was mediated by protein
kinase Cp (PKCp), but not by the p38 mitogen-activated protein kinase (MAPK)
pathway. Consistent with this, SLO increased phosphorylation levels of PKC
substrates in the aorta. In vivo study of control Wistar rats indicated that intravenous
administration of SLO did not change basal blood pressure, but significantly
counteracted the acetylcholine-induced decrease in blood pressure. Interestingly,
plasma anti-SLO IgG levels were significantly higher in 10- to 15-week-old
spontaneously hypertensive rats compared to age-matched control rats (P<0.05).
These findings demonstrated that SLO causes vascular endothelial dysfunction,

which is mediated by PKCp-induced phosphorylation of the eNOS inhibitory site.
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Significance Statement

This study showed for the first time, that in vitro exposure of vascular tissues to SLO
impairs endothelial function, an effect that is mediated by PKCB-induced
phosphorylation of the eNOS inhibitory site. Intravenous administration of SLO in
control and hypertensive rats blunted the ACh-induced decrease in blood pressure,

providing evidence for a possible role of SLO in dysregulation of blood pressure.

Keywords: streptolysin O, endothelium, protein kinase Cp, hypertension
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Introduction

Members of the genus Streptococcus include several important human and animal
pathogens (Barnett et al., 2015). One of the most clinically significant human
pathogens is Streptococcus pyogenes (Group A streptococci), which annually causes
700 million infections worldwide (Carapetis et al., 2005) and is responsible for a wide
range of diseases that is mediated by the production of several extracellular toxins
(Bolz et al., 2015; Hancz et al., 2019). Group A streptococci are known colonizers of
the oropharynx, genital mucosa, rectum, and skin in healthy adults and children
(Efstratiou and Lamagni, 2016). Streptococcus dysgalactiae subsp. equisimilis
(SDSE) (Group C and G streptococci) is microbiologically similar to S. pyogenes, and
constitutes an emerging human pathogen causing diseases ranging from simple
pharynagitis to life-threatening toxic shock syndrome (Baracco, 2019). Group C and G
streptococci are widely distributed in both human and animals and are colonizers of

the skin, pharynx, gastrointestinal tract, and genital tract (Efstratiou, 1997).

Among the exotoxins produced by hemolytic streptococci, streptolysin O (SLO) is the
major virulence factor, and is considered to contribute to necrotizing fasciitis and toxic
shock syndrome, conditions that include cardiomyocyte contractile dysfunction (Bolz
et al., 2015), hyper-stimulation of mast cells (Stassen et al., 2003), impairment of
neutrophil oxidative burst (Uchiyama et al., 2015), and bacterial growth (Lu et al.,
2015). While the importance of SLO in invasive hemolytic streptococcus infection has
been well demonstrated, SLO can be detected at low levels in plasma under standard
physiological conditions or apparent non-invasive infection (Kotby et al., 2012);
indeed, low-level SLO may affect local or systemic circulation. However, the role of

low-level SLO in circulation remains unclear at present.
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The present study sought to analyze the possible effects of SLO on vascular
endothelial and smooth muscle functions. This study showed, for the first time (to our
knowledge), that in vitro exposure of vascular tissues to SLO impairs endothelial
function, an effect that is mediated by protein kinase C (PKC) B-induced
phosphorylation of the endothelial NO synthase (eNOS) inhibitory site. Interestingly,
intravenous administration of SLO in control and hypertensive rats blunted the
acetylcholine (ACh)-induced decrease in blood pressure, providing evidence for a

possible role of SLO in cardiovascular disorders.
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Methods

Animals

Experimental animals used in this study were male Wistar rats (7—14 weeks old),
spontaneous hypertensive rats (SHRs) (10-15 weeks old), and Wistar Kyoto rats
(WKYs) (10-15 weeks old), which served as controls for SHRs. Care of these
animals met standards set forth by the National Institutes of Health guidelines for the
care and use of experimental animals. All procedures were approved by the Animal

Care and Use Committee of the Okayama University of Science.

Blood pressure measurement using the tail-cuff method

Systolic blood pressure in WKYs and SHRs was measured using the tail-cuff method
(Softron, Tokyo, Japan) as previously described (Mukohda et al., 2020). Rats were
trained to reduce stress before starting measurements, and blood pressure was

measured at room temperature without a heater.

Plasma concentration of anti-SLO immunoglobulin G (IgG)
Plasma was collected from WKYs and SHRs. Anti-SLO IgG levels then were
measured using an enzyme-linked immunosorbent assay (ELISA) kit (Abbkine,

Wuhan, China).

Vascular function

Aortic and mesenteric arterial functions were assessed using a wire myograph
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preparation as previously described (Mukohda et al., 2019). The thoracic aortas or
secondary branches of mesenteric arteries were carefully dissected and cut into small
pieces. The vascular preparations were suspended in an organ bath containing Krebs
buffer (mmol/L: 118.3 NaCl, 4.7 KCI, 1.2 MgSO,, 1.2 KH,PO4, 25 NaHCO3, 2.5 CaCl,,
and 11 glucose) maintained at 37 °C and 95% 0,/5% CO,. Aortas or mesenteric
arteries then were equilibrated for 45 min under a resting tension of 0.5 or 0.03-0.05
g, and contraction was recorded in response to KCI (100 mmol/L).
Concentration-dependent response curves to phenylephrine (1 nmol/L—-30 umol/L),
serotonin (10 nmol/L-30 pmol/L), and angiotensin Il (0.1 nmol/L-3 pmol/L) were
performed. In addition, concentration-dependent response curves to ACh (0.3
nmol/L-30 pmol/L) or sodium nitroprusside (SNP; 0.1 nmol/L-30 ymol/L) were
performed after an initial submaximal precontraction (60—80%) with phenylephrine
(30—-300 nmol/L) for aortas or U46619 (a thromboxane A 2 receptor agonist; 1-10

pMmol/L) for mesenteric arteries.

Western blotting

Thoracic aortas were cleaned of perivascular fat and snap-frozen in liquid nitrogen.
Frozen samples then were homogenized in lysis buffer containing 50 mmol/L Tris-Cl
buffer, 0.1 mmol/L EDTA (pH 7.5), 1% (m/vol) Na deoxycholic acid, 1% (vol/vol)
Nonidet P-40, and 0.1% (vol/vol) sodium dodecyl sulfate (SDS) with protease inhibitor
and phosphatase inhibitors (Nacalai Tesque, Kyoto, Japan). Tissues were subjected
to rotary shaking for 1 hr at 4 °C and then centrifuged (20,000 g) for 10 min at 4 °C.
The protein concentration in the resulting supernatant was determined by a Lowry

assay (Nacalai Tesque). Equal amounts of proteins (10—20 ug) were separated by
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sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE; 8-12%) and
transferred to a polyvinylidene fluoride (PVDF) membrane (Millipore, Burlington, MA,
USA). Membranes were blocked with 5% skim milk and incubated with primary
antibodies at 4 °C overnight; bands then were visualized using horseradish
peroxidase-conjugated secondary antibodies (1:10,000 dilution, 1 h). Antibodies
against eNOS (BD Biosciences, San Jose, CA, USA), phospho-eNOS Thr495 (BD
Biosciences), p38 mitogen-activated protein kinase (MAPK; Proteintech),
phospho-p38 MAPK (Cell Signaling Technology, MA, USA), and phospho-PKC
substrate (Cell Signaling Technology, MA, USA) were used for these experiments.
Glyceraldehyde phosphate dehydrogenase (GAPDH) was used as a loading control,
the corresponding antibody was obtained from Santa Cruz Biotechnology (Dallas, TX,

USA).

Direct blood pressure measurement

After Wistar rat or SHR was anesthetized with isoflurane, catheters were inserted into
the common carotid artery for direct blood pressure measurement and into the
femoral vein for drug administration. Blood pressure was measured by BP transducer
(Nihon Kohden) and recorded by BP Amp (Nihon Kohden) and PowerLab system
(ADInstruments). Concentration-dependent response curves to SLO (0.64—-640 ng/kg
[equivalence 0.01-10 ng/mL]) or ACh (0.02—-20 pg/kg [equivalence 1 nmol/L-1
pumol/L]) were performed after stable blood pressure was achieved. In some

experiments, animals were pretreated for 15 min with SLO, or vehicle.

10
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Chemicals

SLO, angiotensin Il, ACh, SNP, human serum albumin and PKC inhibitor Ro31-8220
were purchased from Sigma-Aldrich (St. Louis, MO). Phenylephrine, serotonin,
U46619, and L-N®-nitro arginine methyl ester (L-NAME; a nonselective inhibitor of
NOS) were obtained from Wako (Tokyo, Japan). We also used SB203580, a p38
MAPK inhibitor purchased from Adipogen (San Diego, CA, USA); LY333531, a PKCp
inhibitor purchased from abcam (Cambridge, UK); and CGP53353, a selective

PKCpB2 inhibitor purchased from Tocris Bioscience (Bristol, UK).

Statistical analysis

Experiments were performed in similar numbers between control and treated groups.
Results are expressed as meantSEM. Statistical evaluation of the data was
performed using Prism (GraphPad San Diego, CA, USA). Where appropriate, a
two-tailed paired or unpaired Student’s t-test was used to compare data between two
groups. In other experiments, one- or two-way ANOVA (repeated measures when
appropriate) with post hoc Tukey’s tests was used to compare data between more
than two groups. Differences were considered significant at P<0.05. Note that, in
cumulative concentration-response curves, the asterisk regards entire curve as

significant.

11
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Results

SLO does not affect vascular smooth muscle contractile activity

Initially, we examined the in vitro effect of SLO (1-100 ng/mL, 30 min) on vascular
smooth muscle contractile activity in aortas isolated from control Wistar rats. SLO did
not change contractile responses to phenylephrine (Figure 1A), serotonin (Figure 1B),
or angiotensin Il (Figure 1C). Higher concentration of SLO (300 and 1000 ng/ml) also
did not change contractile responses to phenylephrine (Figure 1D). These results
indicate that SLO used at concentrations of 1-1000 ng/mL does not affect vascular

smooth muscle contractile activity.

SLO impairs endothelium-dependent vasodilation and eNOS phosphorylation

Next, we investigated whether SLO affects endothelium-dependent vasodilation in
aortas isolated from Wistar rats. SLO treatment (10—-1000 ng/mL) for 30 min blunted
ACh-induced endothelium-dependent relaxation in a dose-dependent manner (Figure
2A). Notably, 1000 ng/ml SLO severely decreased the ACh-induced relaxation. In
contrast, SLO (1-1000 ng/mL) did not affect SNP-induced endothelial-independent
relaxation (Figure 2B). We also examined the effect of SLO on second-order
mesenteric artery and found that lower SLO concentrations (1-10 ng/mL) impaired
ACh-induced relaxation (Figure 2C). There was no difference in SNP-induced
relaxation in SLO-treated mesenteric arteries (Figure 2D). These data indicated that
SLO causes endothelial dysfunction without affecting contractile responses in arterial
vessels. It also was noted that the mesenteric artery (peripheral artery) seemed more

sensitive to SLO than did the aorta (elastic artery).

12
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It has been reported that human serum albumin can bind to SLO with high affinity and
neutralizes the cytotoxic effects of SLO (Vita et al., 2020). Therefore, we next
investigated the effect of SLO (100 ng/ml) in presence of 1% human serum albumin in
vitro. Although albumin (1%) seemed to partially suppress the SLO-mediated
impairment of ACh-induced relaxation, SLO still significantly impaired the relaxation

(Figure 2E).

ACh-induced vasodilation largely depends on eNOS activity, which can be evaluated
by the eNOS phosphorylation level (Chen et al., 1999). In aortas isolated from Wistar
rats, SLO increased the level of eNOS phosphorylated at Thr495, a modification that
inhibits enzymatic activity (Figure 2F and 2G). Total eNOS expression was not
changed by SLO treatment, indicating that SLO-induced impairment of ACh

relaxation is due to dysfunctional eNOS activity.

Endothelial dysfunction is mediated by PKCp, but not by p38 MAPK

SLO activates the p38 MAPK and PKC pathways in mast cells (Chen et al., 1999).
We examined whether p38 MAPK is involved in the endothelial dysfunction caused
by SLO. SB203850 (10 umol/L, 30 min), a p38 MAPK inhibitor, did not change
SLO-mediated impairment of ACh-induced relaxation in aortas from Wistar rats
(Figure 3A). However, SLO (100 ng/mL, 30 min) increased p38 MAPK

phosphorylation (Figure 3B and 3C).

Next, we examined whether PKC activation plays some role in SLO-induced
endothelial dysfunction. Ro31-8220 (100 nmol/L, 30 min), a pan-PKC inhibitor,

restored ACh-mediated dilation in the presence of SLO (100 ng/mL) in aortas from

13
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Wistar rats (Figure 3D). Impaired ACh-induced relaxation also was restored by
LY333531 (1 umol/L, 30 min), a PKCR inhibitor (Figure 3E). Furthermore, CGP53353
(10 pymol/L, 30 min), a selective PKCB2 inhibitor, restored ACh-induced relaxation in
the presence of SLO (Figure 3F). SLO-induced eNOS phosphorylation at Thr495 was
reversed by pretreatment with Ro31-8220 (100 nmol/L, 30 min) or CGP53353 (10
pmol/L, 30 min) (Figure 3G and 3H). Consistent with these findings, SLO significantly
increased phosphorylation levels of PKC substrates in the aorta (Figure 31 and 3J).
Taken together, these results indicated that SLO impairs vascular endothelial function

via activation of PKCp, but not via the p38 MAPK pathway.

SLO impairs blood pressure regulation in Wistar rat

We next examined the effect of SLO on blood pressure in vivo. SLO was
administered intravenously in Wistar rats and blood pressure was measured by direct
monitoring of arterial pressure. Administration of SLO (0.64—-640 ng/kg) did not
change basal mean blood pressure, heart rate, or pulse pressure (Figure 4A-4C).
However, ACh (0.02-20 ug/kg) decreased blood pressure and heart rate. Prior
administration of SLO (640 ng/kg, 15 min) significantly blunted ACh-induced blood
pressure (Figure 4D). SLO treatment also blunted ACh (20 ug/kg) -induced heart rate

reduction (Figure 4E).

Plasma anti-SLO IgG is elevated in SHRs
It has been reported that hypertension is associated with increased intestinal

permeability (Santisteban et al., 2017), which may be secondary to increases in

14
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plasma levels of lipopolysaccharide (LPS, also termed endotoxin) (Toral et al., 2019).

We therefore examined whether the plasma SLO level is elevated in hypertension by
measuring the levels of anti-SLO IgG in 10- to 15-week-old SHRs. We preliminarily
confirmed that systolic blood pressure and heart weight were increased in SHRs
compared to age-matched control WKYs (Figure 5A and 5B). The concentration of
anti-SLO IgG also was significantly elevated in SHRs compared to age-matched
WKYs (P <0.05) (Figure 5C), indicating that plasma levels of SLO are elevated in

SHRs compared to WKYSs.

SLO impairs blood pressure regulation in SHRs

We finally examined the effect of SLO on blood pressure in SHRs. Administration of
SLO (0.64-640 ng/kg) in SHR did not change basal mean blood pressure, heart rate,
or pulse pressure (Figure 6A—6C). Administration of SLO (640 ng/kg, 15 min)
significantly blunted ACh-induced blood pressure (Figure 6D). SLO treatment also

blunted the ACh (20 pg/kg) -induced heart rate reduction (Figure 6E).

15
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Discussion

Streptolysin O (SLO) is produced by common hemolytic streptococci including Group
A streptococci and Group C and G streptococci causing diseases ranging from simple
pharyngitis to life-threatening toxic shock syndrome. The importance of SLO in
invasive hemolytic streptococcus infection has been reported, however the role of
circulating low-level SLO in non-invasive infection remains unclear. We examined the
pharmacological effect of SLO on vascular functions, focusing on cellular signaling

pathways.

Change in vascular functions and cell signaling

Treatment of rat vascular tissues with SLO impaired ACh-induced
endothelial-dependent relaxation in a dose-dependent manner, with no changes in
vascular smooth muscle contractile activities. Impaired endothelial function was
accompanied by increased phosphorylation at the eNOS inhibitor site at Thr495.
SLO-induced endothelial dysfunction and decreased eNOS phosphorylation were
attenuated by pan-PKC inhibitor and PKCp-selective inhibitors. Treatment of the
aorta with SLO also increased p38 MAPK phosphorylation; however, a p38 MAPK
inhibitor did not restore endothelial dysfunction. These results suggested that the
PKCp pathway, but not the p38 pathway, contributes to SLO-induced vascular
dysfunction.

SLO induces inflammatory cytokine production by activating the p38 MAPK and PKC
pathways in mast cells (Stassen et al., 2003) and the NF-xB pathway in monocytes
and epithelial cells (Dragneva et al., 2001). PKC activity is related to several

cardiovascular diseases, and several reports have addressed the importance of
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PKCB activity in this context (Inoguchi et al., 1992; Koya et al., 1997; Ohshiro et al.,
2006; Meier et al., 2007; Mehta et al., 2009; Chiasson et al., 2011; Tabit et al., 2013).
Our study demonstrated that SLO induces PKC activation, and PKCB-selective
inhibitors restore SLO-induced endothelial dysfunction via abrogation of inhibitory
eNOS phosphorylation (Thr495).

Recently, Vita et al. reported that serum albumin protects cells from cytotoxic effects
and cell membrane permeabilization induced by SLO (Vita et al., 2020), suggesting
the presence of physiologically important buffering system for this toxin. However, our
results showed that the impairment of ACh-induced endothelial-dependent relaxation
due to SLO was scarcely affected in presence of albumin (Figure 2E). Previous
reports have suggested that SLO mediates changes in cell signaling via both
pore-forming action (ionophore-like action) and pore-forming-independent pathways
in a concentration-dependent manner (Stassen et al., 2003; Magassa et al., 2010;
Logsdon et al., 2011; Kano et al., 2012; Uchiyama et al., 2015). Because the
concentration of SLO (1-100 ng/mL) used in our study was relatively lower than the
concentration necessary to induce the pore-dependent pathway, we speculate that
some specific mechanism exists in cells to recognize low concentration of SLO. This

pathway seems to be resisted to the albumin-mediated protect system.

Blood pressure regulation

In this study, we also examined the effect of SLO administration on cardiovascular
responses in vivo. Although SLO did not affect basal mean blood pressure, heart rate,
or pulse pressure in Wistar rats as well as SHRs, this molecule significantly

counteracted the ACh-induced blood pressure reduction and heart rate reduction.
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These results obtained in in vivo study reasonably explain the results of in vitro study

using isolated vascular tissues.

Pathophysiological significance evaluated in a hypertension model

It has been reported that endotoxin (LPS) can be detected in systemic circulation at
low concentrations (<200 pg/mL) in healthy subjects (Wiedermann et al., 1999;
Freudenberg et al., 2008). Plasma endotoxin concentrations were higher in patients
with edematous heart failure than in patients without edematous heart failure
(Niebauer et al., 1999). In animal models, endotoxin derived from the gut microbiome
has been hypothesized to promote weight gain and diabetes (Cani et al., 2007) and to

exacerbate atherosclerotic lesions (Li et al., 2016).

Due to technical limitation, the precise plasma levels of SLO in healthy humans and
also in patients infected with the streptococcal infection remain unclear. Group A
streptococcal infection can be clinically diagnosed by post-streptococcal antibodies,
including anti-SLO and anti-deoxyribonuclease B antibodies (Kaplan et al., 1998).
Under healthy conditions, circulating anti-SLO 1gG is detected at concentrations of
<200 IU/mL (Kotby et al., 2012). SLO also is produced by many strains of Group C
and G streptococci, which are common normal microbiota in both human and animals,
where these bacteria serve as colonizers of the skin, pharynx, gastrointestinal tract,
and genital tract (Efstratiou, 1997). A cohort study showed that the level of
post-streptococcal antibodies is increased in metabolic syndrome patients (Aran et al.,
2011). In the present study, we analyzed the plasma levels of anti-SLO IgG in the
SHR hypertension model, and found that the anti-SLO IgG level was significantly

elevated in SHRs compared to age-matched WKYs. In this study, although we found
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an acute blunting effect of SLO on endothelium-dependent relaxation, we failed to
observe any changes in the basal blood pressure. Further study is needed to clarify

the role of SLO in the blood pressure regulation.

Recently, several reports have revealed that gut dysbiosis is linked to cardiovascular
diseases, including hypertension, both in human clinical studies (Li et al., 2017) and
in animal models (Yang et al., 2015). Elevation of plasma endotoxin has been
reported in a hypertensive animal model, accompanied by increased intestinal
permeability (Toral et al., 2019). Our study indicated that the level of streptococcal
exotoxin is increased in a hypertensive animal model; this elevation of exotoxin
concentration may cause vascular endothelial dysfunction. Because an increase in
vascular endothelial permeability may be closely associated with a disruption of the
intestinal barrier in inflammation, further study will be necessary to elucidate the
potential effects of SLO on the endothelial cells of the intestinal vascular wall. Future
studies of the methodological exploration analyzing precise plasma level and tissue

accumulation of SLO are also warranted to fully define role of circulating SLO.

Conclusion

Increased intestinal permeability has been suggested as an important risk factor for
inflammation, including cardiovascular diseases, and endothelial dysfunction is key
for cardiovascular disease associated with inflammation. In the present study, we
demonstrated that the streptococcal exotoxin SLO causes vascular endothelial
dysfunction, which is mediated by PKCp-induced phosphorylation of the eNOS
inhibitory site. This finding is expected to contribute to further understanding of the

potential role(s) of circulating enteric toxin in the pathogenesis of cardiovascular
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diseases including hypertension.
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Figure 1. Change in vascular contractile activity in response to SLO.

Isometric tension experiments were performed using thoracic aortic rings from Wistar
rats treated ex vivo with or without SLO (1-1000 ng/mL) for 30 min. Cumulative
concentration-response curves for phenylephrine (1 nM-30 uM) (A, n=4, SLO 1-100
ng/ml) (D, n=4, SLO 300-1000 ng/ml), serotonin (5-HT, 10 nM-30 uM) (B, n=4), or
angiotensin Il (Ang I, 0.1 nM-3 pM) (C, n=4) were recorded. Data are presented as

mean = SEM.

Figure 2. Change in vasodilation in response to SLO.

A-E) Isometric tension experiments were performed using thoracic aortic or
2nd-branch mesenteric arterial rings from Wistar rats treated ex vivo with or without
SLO (1-1000 ng/mL) for 30 min. Cumulative concentration-response curves for
acetylcholine (ACh, 0.1 nM-3 pM) (A, C) or sodium nitroprusside (SNP, 0.1 nM-3
pMM) (B, D) in thoracic aorta (A, n=4-6) (B, n=4) or 2nd-branch mesenteric artery (C,
n=4-5) (D, n=4) from Wistar rats. In presence of 1% human serum albumin,
cumulative concentration-response curves for ACh (0.3 nM-30 pM) was performed
(E, n=5-6). F-G) Western blot detecting the indicated proteins in aorta treated with
SLO (100 ng/mL) (representative of 8 experiments). Quantification of Western blots
for p-eNOS Thr495 (Panel F) and total eNOS in blots such as the representative
shown in Panel E (Panel G). p-eNOS refers to the phosphorylated form of eNOS.

Data are presented as mean = SEM. *P<0.05 vs. Control, N.S.; not significance.

Figure 3. Role of p38 MAPK and PKC in SLO-induced endothelial dysfunction.
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A) Cumulative concentration-response curves for ACh (0.3 nM-3 yM) in thoracic aorta
from Wistar rat (n=5). Aortic rings were treated with SB203580 (10 uM, 30 min) then
SLO (100 ng/ml, 30 min) for 30 min. B-C) Western blot detecting the indicated
proteins in aorta isolated from Wistar rat treated with SLO (100 ng/ml) (representative
of 11 experiments). Quantification of Western blots for p-p38 (Panel A) and total p38
such as the representative shown (Panel B). p-p38 refers to the phosphorylated form
of p38. D-F) Aortas were pretreated with vehicle (control) or the pan PKC inhibitor (Ro
31-8220, 100 nM) (D, n=6), the PKCp inhibitor (LY333531, 300 nM) (E, n=5) or the
selective PKCB2 inhibitor (CGP53353, 10 uM) (F, n=5) for 30 min before exposure to
SLO (100 ng/ml) or control treatments. Isometric tension experiments were then
performed with ACh (0.3 nM-3 uM). G-H) Western blot detecting the indicated
proteins in SLO (100 ng/ml)-treated aorta pretreated with Ro31-8222 (100 nM, 30
min) or CGP53353 (10 uM, 30 min) (representative of 9 experiments). Quantification
of Western blots for p-eNOS Thr495 (Panel G) and total eNOS such as the
representative shown. p-eNOS refers to the phosphorylated form of eNOS. I-J)
Western blot detecting the indicated proteins in aorta treated with SLO (100 ng/ml)
(representative of 10 experiments). Quantification of Western blots for Phospho-PKC
substrates (Panel I) such as the representative shown. p-PKC substrates refer to the
phosphorylated PKC substrates. Data are presented as mean = SEM. *P<0.05 vs.

Control, #P<0.05 vs. SLO.

Figure 4. Changein cardiovascular function in response to SLO in Wistar rats.
A-F) Mean blood pressure (MBP), heart rate (HR), and pulse pressure (PP)
measured using arterial catheter in adult Wistar rats. A-C) SLO (0.64-640 ng/kg, 10—

15 min) was injected via the femoral vein. D-F) Cumulative concentration-response
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curves to MBP (D, n=5), HR (E, n=4), and PP (F, n=5) for ACh (0.02-20 ug/kg) were
recorded after SLO (640 ng/kg, 10—15 min) was injected via the femoral vein. Data

are presented as mean = SEM. *P<0.05 vs. Control.

Figure 5. Plasma levels of anti-SLO IgG in WKYs and SHRs.

A) SBP measured using tail-cuff plethysmography in 10- to 15-week-old Wistar Kyoto
rats (WKYs) and spontaneous hypertensive rats (SHRs). B) Ratio of heart weight to
body weight (HW/BW) in WKYs and SHRs. C) Plasma levels of anti-SLO IgG in

WKYs and SHRs. Data are presented as mean + SEM. *P<0.05 vs. WKY.

Figure 6. Change in cardiovascular function in response to SLO in SHRs.
A-F) MBP, HR, and PP measured using arterial catheter in adult SHRs. A-C) SLO
(0.64-640 ng/kg, 10-15 min) was injected via the femoral vein. D-F) Cumulative
concentration-response curves to MBP (D, n=4), HR (E, n=4), and PP (F, n=4) for
ACh (0.02-20 pg/kg) were recorded after SLO (640 ng/kg, 10—-15 min) was injected

via the femoral vein. Data are presented as mean = SEM. *P<0.05 vs. SHR+Control.
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