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Abbreviations

BMI Body mass index

[Ca?]; Intracellular free calcium

CSM Coronary smooth muscle

CAD Coronary artery disease

LDL Low-density lipoprotein

LVAD Left ventricular assist device

MetS Metabolic syndrome

SERCA Sarco-endoplasmic reticulum Ca?* ATPase
SR Sarcoplasmic reticulum

Abstract

Intracellular free Ca?* ([Ca?']) dysregulation occurs in coronary smooth muscle (CSM) in
atherosclerotic coronary artery disease (CAD) of metabolic syndrome (MetS) swine. Our goal was
to determine how CAD severity, arterial structure, and MetS risk factors associate with [Ca?'];
dysregulation in human CAD compared to changes in Ossabaw miniature swine. CSM cells were
dispersed from coronary arteries of explanted hearts from transplant recipients and from lean and
MetS swine with CAD. CSM [Ca?']; elicited by Ca?* influx and sarcoplasmic reticulum (SR) Ca?*
release and sequestration was measured with fura-2. Increased [Ca®*]i signaling was associated
with advanced age and a greater media area in human CAD. Decreased [Ca?']; signaling was
associated with a greater number of risk factors and a higher plaque burden in human and swine
CAD. Similar [Ca?*]; dysregulation exhibited in human and Ossabaw swine CSM provides strong

evidence for the translational relevance of this large animal model.
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1. Introduction

Metabolic syndrome (MetS) is characterized by a clustering of three or more of the
following five conditions: central obesity, hypertension, dyslipidemia, insulin resistance, and
glucose intolerance [1]. MetS affects one-third of all adults in the United States and increases the
risk of developing coronary artery disease (CAD), which continues to be the primary cause of
mortality worldwide and accounts for 1 in 7 deaths in the United States [1]. CAD-induced ischemic
cardiomyopathy is the leading cause of heart failure, followed by dilated non-ischemic
cardiomyopathy, hypertension, and valvular heart disease [2].

CAD is a progressive disease where initial endothelial damage leads to lipid and
inflammatory cell infiltration of the arterial wall, causing medial thickening and neointima formation
[3]. This arterial restructuring is exacerbated by the proliferation and recruitment of coronary
smooth muscle (CSM) cells to the plaque, which is accomplished by the phenotypic switching of
CSM from a differentiated, contractile phenotype to a proliferative, migratory phenotype [4]. These
migratory CSM cells secrete and deposit extracellular matrix like collagen, elastin, and fibrin into
the thickening artery wall. While the presence of CSM inside the plaque contributes to plaque
stability, over time the accumulation of lipid and cellular debris results in a necrotic core and
plaque destabilization that often leads to plaque rupture and myocardial infarction. In one study,
patients hospitalized for ST segment elevation myocardial infarction who had multivessel CAD
had an 8-year mortality from heart failure rate of 11%, as opposed to only a 1% mortality rate for
individuals similarly hospitalized without multivessel CAD [5]. Further, CSM dedifferentiation into
an osteogenic phenotype is associated with vascular calcification, which is directly related to
increased mortality and cardiac events [6], plaque instability, and rupture [7].

Ca?" is a vital secondary messenger involved in the regulation of several key smooth

muscle cell functions, such as transcription [8, 9], migration [10, 11], proliferation [4, 12-14], and



contraction [4, 15]. Previous research (reviewed in [16]) has shown that CAD is accompanied by
alterations in many CSM Ca?* transporters, including voltage-gated Ca?* channels [17, 18],
transient receptor potential channels [19], sarco-endoplasmic reticulum Ca?* ATPases [17, 19-
21], plasma membrane Ca?* ATPases [17], and Na*/Ca?" exchangers [17]. Our lab recently
showed that intracellular Ca?* ([Ca?]) handling alterations that accompany CAD occur in a
biphasic manner in Ossabaw miniature swine, with enhanced Ca?* signaling in early, mild disease
and decreased Ca?" signaling in late, severe disease [22]. Furthermore, when the plaque was
separated from the arterial wall in diseased coronary arteries, CSM isolated exclusively from the
plaque region exhibited decreased SR Ca?* store and SR Ca?* pump activity, while CSM isolated
from the arterial wall exhibited increased SR Ca?* store SR Ca?* pump activity [22].

There is difficulty in finding an animal model for CAD, as there are many risk factors and
uncontrollable variables in the human population. Our lab has characterized the Ossabaw
miniature swine model of MetS and CAD [23]. Due to their “thrifty genotype,” Ossabaw swine
have a propensity to develop all characteristics of MetS when fed an atherogenic diet [24, 25].
While Ossabaw swine develop diffuse, human-like coronary plaques [21], CSM [Ca?']; handling
patterns have never been compared to freshly isolated CSM from human patients. Therefore, the
aims of the current study are: 1) to determine how disease severity, arterial restructuring, and
MetS risk factors are associated with [Ca?*]; dysfunction in fresh, non-cultured human CSM and
2) to determine whether CSM [Ca?*]; dysregulation in Ossabaw miniature swine is similar to CSM
[Ca?*]i dysregulation in human CAD patients. These results will aid in characterizing the
association between pathological arterial remodeling and dysfunctional CSM [Ca?*] handling in
human heart failure patients and will strengthen the Ossabaw miniature swine as a translational

model for CAD pathology and at the [Ca?*]; signaling level.

2. Materials and Methods



2.1. Collection of human tissue. Explanted human hearts were collected from 24 patients (15
male, 9 female; aged 51.0 + 2.5 years) undergoing heart transplantation surgery at Methodist
Hospital in Indianapolis, IN between 2015 and 2018. Epicardial coronary arteries were dissected
from the heart at the time of removal and stored for no longer than 24 hours in a physiological salt
solution, which preserves intracellular Ca?* regulatory function (e.g. [22, 24, 25]). Intracellular Ca?*
measures were successfully conducted on cells from arteries of all 24 hearts. Patients were
defined by histology of the coronary segments as non-ischemic or ischemic for plaque burden up

to 75% and >75%, respectively.

2.2. Animals. All experimental procedures involving animals were approved by the Institutional
Animal Care and Use Committee at Indiana University School of Medicine with the
recommendations outlined by the National Research Council and the American Veterinary
Medical Association Panel on Euthanasia [26, 27]. Ossabaw miniature swine were fed either
standard chow diet (5L80; Purina Test Diet, Richmond, IN) or a hypercaloric, atherogenic diet (n
= 7 for both groups) [22, 24, 25]. Pigs were euthanized via cardiectomy and coronary arteries

were removed for further analysis.

2.3. Swine metabolic phenotyping. Blood was collected at time of euthanasia for analysis

(ANTECH Diagnostics, Fishers, IN).

2.4. Histology. Segments from proximal epicardial arteries (2—4 mm in length) were placed in 10%
phosphate-buffered formalin for 24—48 h, then transferred to 70% ethanol. The proximal epicardial
arteries used for histology and intracellular Ca?* measures were not bypassed previously. We
assume that blood flow never was zero even in the ischemic arteries defined by the >75% plaque
burden. Histology of arterial cross-sections was performed in the Department of Anatomy and

Cell Biology at Indiana University School of Medicine. Verhoeff-Van Gieson elastin stain was used



to determine media area and plaque burden, which we define as the percentage of the original
lumen that is occupied by atherosclerotic plaque. Von Kossa stains calcified areas black to
determine vascular calcification. Masson’s Trichrome stain was used to visualize collagen (blue)
and cellular composition (red). Images were captured with a Leica DM3000 microscope
connected to Leica Application Suites V4.1 software (Leica Microsystems GmbH, Wetzlar,

Germany) and analyzed using Adobe Photoshop® CS6.

2.5. Assessment of [Ca?']; regulation. Whole-cell [Ca?'] levels were measured at room
temperature (22-25°C) by using the fluorescent Ca?* indicator fura-2 AM (InCa++ Ca2+ Imaging
System, Intracellular Imaging, Cincinnati, OH) as previously described [19, 21, 24, 25] and
following the standards set in the field [28, 29]. Briefly, freshly dispersed smooth muscle cells from
the proximal 45 mm of the left anterior descending artery were incubated with 3.0 uM fura-2 AM
(Molecular Probes, Eugene, OR) to load the cells with fura-2. An aliquot of cells loaded with fura-
2 was placed on a coverslip contained within a constant-flow superfusion chamber that was
mounted on the microscope (model TMS-F, Nikon, Melville, NY), with flow maintained at a
constant rate of 1-2 mL/min to change solutions. Basal Ca?* levels were measured in physiologic
salt solution. Calcium influx and maximal sarcoplasmic reticulum (SR) Ca?" loading was
accomplished by depolarization with high (80 mM) K* solution to activate voltage-gated Ca?*
channels. SR Ca?* stores were released with 5 mM caffeine in Ca?*-free solution to activate SR
ryanodine receptors. A caffeine wash-out phase was used to determine sarco-endoplasmic
reticulum Ca?* ATPase (SERCA) function via the undershoot below baseline during this recovery
period [30-32]. Fura-2 in CSM was excited by light from a 300 W xenon arc lamp that was passed
through a computer-controlled filter changer containing 340 nm and 380 nm bandpass filters.
Whole-cell fura-2 fluorescence was expressed as the 340 nm/380 nm ratio of fura-2 emission at

510 nm.



2.6. Statistics. Statistical analysis was performed using GraphPad Prism 5.0 (San Diego, CA).
Unpaired student’s t test was performed for comparisons in swine and one-way analysis of
variance with Newman—Keuls post hoc analysis for comparison of human groups. Data are
presented as mean + standard error. Correlations were determined using Pearson’s product-
moment coefficient of correlation. Simple regression analyses were performed to determine

statistical significance of the correlations. Statistical significance was set at p<0.05.

3. Results

3.1. Structure of human and swine coronary arteries. Representative histological stains for
humans (Fig. 1a-f) and swine (Fig. 1g-I) are shown. Human arteries show great diversity in
disease state and structure and have been grouped based on percent plaque burden (Fig. 1m-
0). Fig. 1m (blue symbols) illustrates the average plaque burden and variability in the three human
groups. While calcification was similar between human groups due to high within-group variability
(Fig. 1n), fibrosis as measured by percent collagen was increased in the ischemic >75% plaque
burden group compared to the non-ischemic <50% plaque burden group (Fig. 10). Similar to the
human groups, swine with MetS-induced CAD exhibited increased plaque burden (Fig. 1m),
similar vascular calcification (Fig. 1n), and greater collagen content (Fig. 10) compared to their
lean counterparts. The two bars on the x-axes of the graphs signify that statistics were done only

between experimental groups of the same species.

3.2. Clinical characteristics are similar in humans with different CAD severities. Clinical
characteristics of patients and swine are in Table 1. Heart function parameters were similar
between the groups, including ejection fraction, left ventricular end diastolic pressure, and
coronary output, but only qualitatively recorded in patient records. The quantified systolic and
diastolic blood pressures were not different (Table 1), which is consistent with qualitatively

described similar heart function between the clinical groups. There were no sex-specific



differences in any of the measured parameters. Overall, while these groups differ in CAD severity,
they exhibit comparable metabolic and functional disease parameters, i.e. similar increased
cardiometabolic risk above healthy controls. Swine on an atherogenic diet developed significantly
higher weight, systolic blood pressure, fasting blood glucose, total cholesterol, and triglyceride

levels compared to lean, healthy controls, indicative of MetS.

3.3. Disease severity, arterial structure, and metabolic parameters are correlated to changes in
[Ca?']; handling. Fig. 2 shows a sample [Ca?']; tracing from a representative human CSM cell.
Table 2 shows greater CAD severity, as measured by the intima/media ratio and percent collagen
[22], was significantly correlated to decreased Ca?* influx through voltage-gated Ca?* channels
and a decreased SR Ca?* store release. In contrast to those inverse correlations, an increased
media area was positively correlated to increased Ca?* influx and SR Ca?" store release.
Increased vascular calcification was correlated to a decreased Ca?* influx. Body mass index (BMI)
and the number of MetS risk factors present in the patient were correlated to a decreased Ca?*
influx. Dyslipidemia, including increased LDL and total cholesterol levels, was correlated to
decreased Ca?* influx. Age was significantly correlated to an increased SR Ca?* store release.
Correlation graphs are presented in Figs. 3 and 4. Similar correlations on the Ossabaw miniature

swine model of MetS and CAD are published [22, 24, 25].

3.4. [Ca®'] handling in Ossabaw swine recapitulates [Ca*']; handling in human CSM in both health
and disease. Representative single cell tracings of [Ca?*]i are shown a lean swine, MetS swine,
human with mild CAD, and human with severe CAD (Fig. 5a). The [Ca*]; tracing from the human
with mild CAD closely resembles the [Ca?*] from the lean swine, while the [Ca?*]; tracing from the
human with severe CAD closely resembles the [Ca?*] from the MetS swine. Humans with less
than 50% and 50-75% plaque burden did not exhibit any differences in [Ca?']; handling, while

humans with greater than 75% plaque burden had a significantly lower Ca?* influx (Fig. 5b), SR



Ca?* store release (Fig. 5¢), and undershoot (Fig. 5d). Swine with MetS-induced CAD showed
remarkably similar directional changes, with a lower Ca?* influx (Fig. 5b), SR Ca?* store release
(Fig. 5¢), and undershoot (Fig. 5d) in the MetS group compared to the lean group. This clearly
illustrates that similar [Ca?*]; dysregulation is present in CAD in humans and Ossabaw miniature

swine.

4. Discussion

This study provides insight into [Ca?*]; handling in freshly isolated CSM from explanted
hearts of human cardiomyopathy patients. We found that a thickened media layer, which is
associated with mild CAD and aging in pigs [24], was correlated to enhanced [Ca?*] signaling.
Advanced CAD progression, as measured by plaque burden and percent collagen, and the
number of MetS/cardiometabolic risk factors, BMI, and LDL and total cholesterol levels, are
correlated to decreased [Ca?*]; signaling. Increased vascular calcification was accompanied by a
decrease in Ca?* influx. These trends exemplify that [Ca?*]; regulation is compromised in patients
with severe, more occlusive CAD and in patients with certain MetS risk factors. By measuring
[Ca?*]i from freshly dispersed, non-cultured CSM from explanted hearts of human patients, we
provide novel insight into the intricacies of [Ca?*] dysregulation in diseased human CSM ex vivo
and how CAD severity and certain metabolic risk factors correlate with this dysregulation. The
[Ca?*]i dysregulation patterns seen in Ossabaw miniature swine with MetS, CAD, and advanced
age are consistent with the human data [22, 24, 25], supporting the strong clinical relevance of
this large animal model on the cellular Ca?* signaling level.

Recently, our lab has clarified that CSM Ca?* dysregulation occurs in a biphasic manner
during CAD progression, with increased [Ca?']i handling in early CAD and decreased [Ca?'];
handling in late CAD [22]. Dysregulation of Ca?* signaling pathways are associated with CSM
dedifferentiation into a synthetic or osteogenic phenotype, which is followed by proliferation,

migration to the growing neo-intima, and deposition of hydroxyapatite crystals in the extracellular



matrix leading to vascular calcification [33]. Often, this change in phenotype occurs due to CSM
adaptations to changes in the extracellular environment, such as increased reactive oxygen
species and dyslipidemia [34-36].

Heart failure is a complex, heterogeneous disease with many different etiologies, risk
factors, and pathophysiologies. CAD is the leading cause of heart failure and progression of CAD
is related to progression of left ventricular dysfunction, a common characteristic of heart failure
[37]. In the current study we used histology obtained from the proximal segment of an epicardial
coronary artery from patients with cardiomyopathy to classify their coronary disease state. The
argument could be made that this stratification reduces the differences between groups. However,
while the clinical diagnosis of ischemic cardiomyopathy is an important predictor of 5-year
mortality, the extent of CAD is a much better predictor of survival in heart failure patients [38].
Histology can be considered a “snapshot” of one specific cross-section of the artery, not precisely
indicative of total artery health. However, as both humans and Ossabaw swine with metabolic
syndrome develop diffuse coronary plaque throughout the proximal, middle, and distal sections
of the artery [21], the histology might be considered a representative snapshot of overall coronary
health and plaque development. Therefore, basing human cohorts on coronary plaque burden
seems to be a reasonable stratification strategy and the relative benefits and weaknesses of using
clinical diagnosis versus coronary plaque burden should be explored further to identify the more
sound stratification strategy.

Patients in this study had different cardiac and CAD severities and similar clinical
characteristics. It is important to note, however, that the patients have similarly increased
cardiometabolic risk above healthy subjects. There is enough variability within all the groups that
enabled excellent regression analysis. This allowed us to test for associations between
cardiometabolic risk factors and [Ca?*]; regulation. Additionally, we show that the number of MetS
risk factors, as opposed to the diagnosis of MetS itself, affects [Ca?*]i regulation. This is consistent

with several studies on MetS and CAD [39-41]. One study found that Japanese patients with



either dilated non-ischemic cardiomyopathy or ischemic cardiomyopathy have an incidence of
MetS twice as frequently as the general population and have comparable metabolic components,
indicating that the risk factors associated with MetS influence the etiology of both ischemic and
non-ischemic cardiomyopathy [42].

It is important to note that over half of the patients in this study had left ventricular assist
device (LVAD) support. LVADs deliver blood continuously from the left ventricle to the aorta,
mechanically unloading the left ventricle and restoring total systemic blood pressure [43]. The
continuous blood flow produced by LVAD support (as opposed to pulsatile flow accomplished with
a native heartbeat) has several implications for regional flow dynamics, including coronary flow.
In fact, implantation of a continuous flow LVAD is associated with a decrease in total coronary
blood flow in a swine model [44]. While it appears that coronary artery endothelial function is not
impaired by long-term LVAD support [45], the coronary arteries of human patients develop
remodeling with increased fibrosis [46]. Intracellular Ca?* changes in coronary smooth muscle
usually accompany structural changes [16]. While studies have shown that LVAD support can
increase Ca?* cycling in cardiomyocytes [47], there have been no studies investigating coronary
smooth muscle [Ca?"]i handling in LVAD patients. Our study was not statistically powered to
resolve a difference between patients with or without LVAD support. Therefore, it is difficult to
determine exactly how LVAD support would affect [Ca?*]; in coronary smooth muscle cells. This
would be a promising research direction for future investigations.

Although humans and swine cannot and should not be directly compared, it is apparent
that, while humans in general have a greater plaque burden than swine (Fig. 1m), swine exhibit
more highly altered [Ca?*] handling in all the measured parameters (Fig. 5b-d). This may be due
to the duration of the disease and severity of the risk factors. Atherosclerosis is a chronic disease
occurring over several decades in the human population. Conversely, the Ossabaw swine with
MetS-induced CAD are on a diet specifically designed to expedite plaque development over a

time span of only 11 months, which would only be 7-10 years of a human lifespan. This could



lead to more rapid changes in the cellular milieu, potentially causing more extreme adaptations in
CSM leading to more severe [Ca®']; dysregulation, as compared to the slower, more chronic
condition in humans. This also supports the concept that [Ca?*] dysregulation occurs before and
perhaps triggers the structural changes in the artery.

There are limitations of this study. First, hearts from healthy humans without heart failure
were not included due to scarcity of tissue. Therefore, this study indirectly compares arteries from
pathological human hearts to physiologically healthy, lean swine. Our coronary plaque-based
stratification of the severity of disease in the humans is not ideal. However, as we are concerned
with relationships in [Ca?*]; handling as a function of cardiometabolic risk and are not comparing
these two species directly, we can still extrapolate from the data that the directional changes in
[Ca?*]i dysregulation patterns from a state of mild or no disease to a state of greater disease is
maintained in both species. Finally, the major weakness of this study is the relatively small human
sample set, which affects the generalizability of these results. Future studies should expand on
these findings by including a greater number of patients.

An adequate animal model for macrovascular coronary artery disease and subsequent
heart failure is of utmost importance, as a better understanding of the pathophysiology of
cardiomyopathies could lead to the development of more effective heart failure therapeutics. This
report is the first characterization of [Ca?*]; dysregulation in freshly harvested CSM from explanted
human hearts. The data strongly support the clinical relevance of the Ossabaw miniature swine
model of MetS and CAD. A reliable, clinically relevant animal model that recapitulates human

disease on a cellular level provides far more confidence of the translatability of the data.
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Table 1 Clinical characteristics of human subjects and swine

Non-ischemic Ischemic
Humans <50% PB 50-75% PB >75% PB p
N 7 11 6 -
Anthropometric Data
Height (cm) 170+ 4 176 £ 3 176 £ 4 N.S.
Weight (kg) 81+6 865 86 £ 10 N.S.
BMI (kg/m?) 28+2 27 £1 27+ 2 N.S.
Clinical Data
Age (years) 52+5 51+4 49+5 N.S.
Male/Female 3/4 7/4 5/1 N.S.
SBP (mmHg) 107 +£5 1105 104 £ 4 N.S.
DBP (mmHg) 675 705 69+4 N.S.
Ex-smoker 2 (29%) 3 (27%) 4 (67%) N.S.
LVAD 3 (43%) 7 (64%) 4 (67%) N.S.
Presence of MetS 3 (43%) 4 (36%) 3 (50%) N.S.
No. MetS risk factors 1.9+0.7 2104 25+0.6 N.S.
Biochemistry Data
Fasting bG (mg/dL) 128 £ 18 106 £ 15 106 £ 10 N.S.
HbA1c (%) 56+0.2 5.5+ 0.1 50+0.3 N.S.
Total cholesterol (mg/dL) | 139+ 7 161 + 20 136 + 18 N.S.
LDL (mg/dL) 757 97 + 17 81+18 N.S.
HDL (mg/dL) 40+ 4 384 34+2 N.S.
LDL/HDL Ratio 20+0.2 27104 2305 N.S.
Triglycerides (mg/dL) 117 £ 19 128 + 14 108 £ 13 N.S.
Comorbidities
Atrial Fibrillation 2 (29%) 5 (45%) 3 (50%) N.S.
Diabetes mellitus 2 (29%) 2 (18%) 0 (0%) N.S.
Kidney Disease 3 (43%) 3 (27%) 1(17%) N.S.
Cancer 1 (14%) 1(9%) 0 (0%) N.S.
Clinical Depression 3 (43%) 3 (27%) 4 (67%) N.S.
Treatments
Aspirin 4 (57%) 10 (91%) 3 (50%) N.S.
ACEI/ARB 2 (29%) 4 (36%) 2 (33%) N.S.
B-blocker 3 (43%) 8 (73%) 2 (33%) N.S.
Ca-blocker 1 (14%) 1 (9%) 0 (0%) N.S.
Diuretics 4 (57%) 9 (82%) 4 (67%) N.S.
Lipid-lowering drugs 2 (29%) 4 (36%) 2 (33%) N.S.
Anti-diabetic drugs 2 (29%) 2 (18%) 0 (0%) N.S.
Anti-arrhythmic drugs 4 (57%) 8 (73%) 4 (67%) N.S.
Antidepressants 3 (43%) 3 (27%) 4 (67%) N.S.




Swine Lean MetS p

N 7 7 -
Weight (kg) 77+4 110+ 3 <0.05
Age (years) 26+0.1 28+0.2 N.S.
Male/Female 4/3 1/6 N.S.
SBP (mmHg) 82+3 905 <0.05
DBP (mmHg) 50+3 605 N.S.
Fasting bG (mg/dL) 69+3 803 <0.05
Total cholesterol (mg/dL) | 80 £ 6 391 £ 108 <0.05
Triglycerides (mg/dL) 52+6 67 4 <0.05

Data are presented as number (%) or mean + SEM. PB, plaque burden; SBP, systolic blood
pressure; DBP, diastolic blood pressure (humans conscious; swine under anesthesia); LVAD, left
ventricular assistance device; bG, blood glucose; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor
blockers; Ca, calcium. MetS was defined by a blood pressure above 130/85 mm Hg, a fasting
blood glucose above 110 mg/dL, an HDL-C level below 40 mg/dL for men or below 50 mg/dL for

women, a triglyceride level above 150 mg/dL, and a BMI above 30.0 kg/m?2. N.S. = not significant



Table 2 Linear regression analyses for CSM [Ca?*]; handling measures versus histology

measurements and patient parameters

Humans Swine
p R p R
Structural (Histology) Parameters

Percent Media vs.

Ca?* Influx 0.01 0.51 0.48 0.22

80K AUC 0.03 0.44 0.45 0.24

SR Store Release 0.08 0.38 0.41 0.26
Intima/Media Ratio vs.

Ca?* Influx 0.02 -0.50 0.04 -0.59

80K AUC 0.03 -0.43 0.05 -0.58
Percent Total Collagen vs.

Ca?* Influx 0.01 -0.51 0.04 -0.60

80K AUC <0.01 -0.60 0.12 -0.47

SR Store Release 0.02 -0.49 0.33 -0.31
Percent Calcification vs.

Ca?* Influx 0.02 -0.48 0.96 -0.01

Patient Clinical Parameters

BMI vs.

Ca?* Influx 0.03 -0.42 - -

80K AUC 0.01 -0.52 - -
Age vs.

SR Store Release 0.02 0.47 0.76 0.10
Number of MetS Risk Factors vs.

80K AUC 0.01 -0.51 - -
LDL Cholesterol vs.

Ca?* Influx 0.01 -0.48 - -
Total Cholesterol vs.

Ca?* Influx 0.04 -0.41 0.09 -0.51
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Fig. 1 Histological staining reveals similar pathological remodeling in both humans and
swine. Coronary artery histological sections from a human with non-ischemic <50% plaque
burden (a-c), a human with an ischemic >75% plaque burden (d-f), a lean swine (g-i), and a MetS
swine (j-1). Verhoeff-Van Gieson staining was used to determine plaque burden and the areas of
the tunica media and intima using the visible external elastic lamina (EEL, red dashed line) and
internal elastic lamina (IEL, yellow dashed line) (a, d, g, j). Von Kossa staining was used to
determine percent of vascular calcification (black) (b, e, h, k). Trichrome staining was used to
determine the percent collagen (blue) (c, f, i, I). Humans (bars and blue symbols) were binned
based on percent plaque burden and swine (bars and red symbols) showed significantly
increased plaque burden in the MetS group compared to the lean group (m). Percent vascular
calcification was not significantly different between human or swine groups (n). The percent
collagen increased with disease in both the human and swine groups (0). EEL, external elastic

lamina; IEL, internal elastic lamina; M, tunica media; |, tunica intima; L, lumen.
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Fig. 2 Sample Ca?* tracing showing the change in the Fss/F3s excitation fluorescence
emission ratio from a human CSM cell. Treatments and duration are indicated by solid lines.
Baseline Ca?* values were established during the first minute in a physiological salt solution (red
dashed line). Cell depolarization with an 80 mM K* solution initiated Ca?* influx via voltage-gated
Ca?* channels. The height of the Ca?* influx peak (blue arrow) and the area under the curve (AUC,
orange area) were calculated to quantify Ca?* influx activity. SR Ca?" store was released by
activating ryanodine receptors with 5 mM caffeine (Caf) and was measured by the height of the
caffeine-induced peak (purple arrow). The undershoot from baseline was used to measure

SERCA activity (green caret)
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Fig. 3 Significant correlation of human coronary smooth muscle Ca?** signaling to

histological measures. The percent media (a-c), intima/media ratio (d-e), percent calcification

(f), and percent collagen (g-i) were significantly correlated to Ca?* influx (a, d, f, g), area under the

80 mM K* curve (b, €, h), and SR store release (c and i). Data points for swine (open circles) are

included when the correlation was significant, as well (d, e, and g)
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Fig. 4 Significant correlation of human coronary smooth muscle Ca?" signaling to
cardiometabolic patient data. Patient BMI (a and b), age (c), the number of MetS risk factors
(d), and dyslipidemia (e-f) were correlated to Ca?* influx (a, d, and e), area under the 80 mM K*

curve (b and d), and SR store release (c)
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Fig. 5 Intracellular Ca?* measures in CSM cells. Typical Ca?* tracings show the change in the
Fa40/F3s0 excitation fluorescence emission ratio from human and swine CSM cells. There are
similarities between humans with mild, non-ischemic CAD and lean swine and between humans
with severe, ischemic CAD and MetS swine (a). Mild, non-ischemic CAD was defined by a plaque
burden below 50%, while severe, ischemic CAD was defined by a plaque burden of over 75%.
Both humans and swine with CAD exhibit decreased Ca?* influx (b), SR Ca?* store capacity (c),

and SERCA function (d). Group data are plotted as mean + SE with black lines and bars; individual

cells are show in blue symbols for humans and red symbols for swine.




