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Abstract

Aging and associated progressive arterial stiffening are both an important predictor for the development of
cardiovascular diseases. Recent evidence showed that autophagy, a catabolic cellular mechanism
responsible for nutrient recycling, plays a major role in the physiology of vascular cells such as endothelial
cells and vascular smooth muscle cells (VSMCs). Moreover, several autophagy inducing compounds are
effective in treating arterial stiffness. Yet, a direct link between VSMC autophagy and arterial stiffness
remains largely unidentified. Therefore, we investigated the effects of a VSMC-specific deletion of the
essential autophagy related gene Atg7 in young mice (3.5 months) (Atg7"F SM22a-Cre* mice) on the
biomechanical properties of the aorta, using an in-house developed Rodent Oscillatory Tension Set-up to
study Arterial Compliance (ROTSAC). Aortic segments of Atg7"F SM22a-Cre* mice displayed attenuated
compliance and higher arterial stiffness, which was more evident at higher distention pressures. Passive
aortic wall remodeling, rather than differences in VSMC tone, is responsible for these phenomena, since
differences in compliance and stiffness between Atg7"* SM22a-Cre* and Atg7"F SM22a-Cre* aortas were
more pronounced when VSMCs were completely relaxed by the addition of exogenous nitric oxide. These
observations are supported by histological data showing a 13% increase in medial wall thickness and a 14%
decrease in elastin along with elevated elastin fragmentation. In addition, expression of the calcium binding
protein S100A4, which is linked to matrix remodeling, was elevated in aortic segments of Atg7"F SM22a-
Cre* mice. Overall, these findings illustrate that autophagy exerts a crucial role in defining arterial wall

compliance.
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1  Introduction

Autophagy is an evolutionary conserved process involved in the degradation and recycling of cytoplasmic
constituents. In basal conditions, autophagy is necessary to maintain cellular homeostasis by ensuring the
turnover of aged or damaged proteins and organelles. Basal autophagy can be rapidly upregulated upon
stress conditions to promote cell survival [8, 28]. Moreover, autophagy determines the lifespan of many
organisms [13], hence dysregulation of this process is associated with the development of age-related
cardiovascular disorders including heart failure, atherosclerosis, hypertension and arterial stiffness [7, 31,
32]. Increased arterial stiffness is identified as an independent predictive value for cardiovascular diseases

and mortality [34, 40].

Recently, we demonstrated that autophagy is important for the regulation of Ca®* homeostasis and
contractility of vascular smooth muscle cells (VSMCs) [25]. Specific deletion of the essential autophagy
gene Atg7 promotes overexpression and enhanced depolarization of the voltage gated calcium channels. In
addition, the Ca®* store capacity of the sarcoplasmic reticulum increases, which results in higher inositol
1,4,5-triphosphate (IP3)-mediated Ca** release upon phenylephrine activation. Because autophagy deficient
VSMCs reveal cellular hypertrophy, increased levels of collagen and an elevated migration capacity,
autophagy also has major implications for the VSMC phenotype [12]. These effects in turn can influence
the aortic extracellular matrix (ECM), which is an important passive modulator for arterial stiffness [41].
Research with autophagy inducers has shown that there is a potential link between impaired autophagy and
arterial stiffness [17, 19]. However, these studies focus on endothelial cell (EC) dysfunction and oxidative
stress as a mechanism by which enhanced autophagy improves arterial stiffness, but they fail to provide a
link between autophagy in VSMCs and vascular stiffness. Given that both EC and VSMC function
contributes to stiffness of large arteries [21], and autophagy deficiency affects Ca** homeostasis of VSMCs,
in this study we determined the functional and biomechanical properties of vessel segments of mice with a
deletion of the essential autophagy gene Atg7 in VSMCs using a Rodent Oscillatory Tension Set-up to study

Arterial Compliance (ROTSAC) [20]. Since the main purpose of this study was to define the role of



autophagy in arterial stiffness, we focused on determining biomechanics of the aorta because this is the most
important vessel with (patho)physiological relevance concerning this matter. As such, we could directly
investigate the effects of VSMC autophagy on arterial stiffness, which were assessed at different wall
pressures and different levels of VSMC and EC stimulation. In addition, underlying structural and

morphological differences were determined by histological analysis.

2 Material and methods

2.1 Mice and tissue preparation

Mice on a C57BL/6 background and with a selective Atg7 gene deletion in VSMCs (Atg7"F SM22a-
Cre*)[26] as well as wild-type littermates without the Atg7 deletion but expressing SM22a-Cre (Atg7+*
SM22a-Cre*), were housed in the animal facility of the University of Antwerp in standard cages with a
12:12h light-dark cycle and had access to regular chow and water ad libitum. At the age of 3.5 months,
animals (both male and female) were euthanized by perforating the diaphragm after anesthetizing with
pentobarbital sodium (250 mg kg™, i.p.). The thoracic aorta was carefully isolated and stripped from
adherent tissue. Starting from the diaphragm, the descending thoracic aorta was cut into segments of 2 mm
length (5 segments). Two segments of each mouse were mounted in a horizontally oriented oscillating organ
bath to study biomechanical properties. Data represent the average of these two vessel segments. Atg7"F
SM22a-Cre* and Atg7+** SM220-Cre*™ mice were dissected in parallel. Vessel segments were immersed in
Krebs Ringer (KR) solution [containing (in mM) 118 NaCl, 4.7 KCl, 2.5 CaCl,, 1.2 KH,PO4, 1.2 MgSO,,
25 NaHCOs3, 0.025 CaEDTA and 11.1 glucose; pH 7.4] at 37°C and continuously aerated with 95% 0»/5%

CO:s. All animal procedures were approved by the ethics committee of the University of Antwerp.

2.2 Rodent Oscillatory Tension Set-up to study Arterial Compliance (ROTSAC)

Ex vivo vascular stiffness was determined via ROTSAC measurements as previously described [20]. In
brief, aortic vessel segments were mounted in organ chambers (8 ml) between two wire hooks and segments
were continuously stretched between alternating preloads corresponding to the ‘systolic’ and ‘diastolic’

transmural pressures and at a physiological frequency of 10 Hz to mimic the physiological heart rate in mice
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(600 beats/minute). At any given pressure, calibration of the upper hook allowed calculation of the diastolic
and systolic vessel diameter (mm), the compliance (um/mmHg) and the Peterson modulus (Ep). Ep was
defined as the pulse pressure [difference in pressure (AP), which was 40 mmHg in the present study],
multiplied by the diastolic diameter (Do), and divided by the diameter change (AD) between diastolic and
systolic pressure, or Ep=Do*AP/AD. Contraction and relaxation of vessel segments were elicited as

described above.

2.3 Echocardiographic evaluation

Transthoracic echocardiograms were acquired in anesthetized mice (1.5-2.5% isoflurane v/v; Forene,
Abbvie) using a high frequency ultrasound system (Vevo2100, Visualsonics) while maintaining heart rate
at 500+50 beats/min and body temperature between 36-38°C. M-mode images were obtained for LV
function evaluation. Ejection fraction (EF), left ventricular mass (LVmass) and stroke volume (SV) were

calculated using measurements of three consecutive M-mode cycles.

Pulse wave velocity (PWV), which is an in vivo measurement of arterial stiffness, was measured according
to a method developed by Di Lascio et al. [9] in the abdominal aorta and using a 24-MHz transducer. Briefly,
the aortic diameter (D) was measured on 700 frames-per-second B-mode images of the abdominal aorta in
EKYV imaging mode. Hereafter, pulse wave Doppler tracing was used to determine aortic flow velocity (V).

The In(D)-V loop method was then applied to calculate PWV using Mathlab v2014 software (Mathworks).

2.4 Histology

Vessel segments were fixed in 4% formalin for 24 hours and paraffin embedded. Transversal sections were
stained with haematoxylin-eosin (H&E), orcein or Sirius red to determine wall thickness, elastin and
collagen content, respectively. The number of VSMCs was quantified by determining the number of nuclei
in the media between the internal and external elastic lamina. Elastin fragmentation was quantified in a
blinded manner by counting the number of interruptions in the elastin fiber and expressed as number of

elastin breaks per aortic section. S100A4 was assessed by immunohistochemistry using anti-S100A4



(DACO, A5114) monoclonal antibody. Images were acquired with Universal Graph 6.1 software using an

Olympus BX40 microscope and quantified with Image J software.

2.5 Western blot analysis

Vessel segments were lysed in Laemmli sample buffer (Bio-Rad) containing 5% p-mercaptoethanol.
Samples were heat-denatured for 5 minutes and loaded on Bolt 4-12% or 12% Bis-Tris Gels (Life
Technologies). After gel electrophoresis, proteins were transferred to Immobilon-FL. membranes (Merck
Millipore) according to standard procedures and incubated for 1 hour in Odyssey Blocking Buffer (LI-COR
Biosciences). Next, membranes were incubated at 4°C overnight with the following primary antibodies:
mouse anti-LC3B (Nanotools, clone 5F10, 0231-100), rabbit anti-SQSTM1/p62 (Sigma-Aldrich, PO067) or
mouse anti-f-actin (Sigma-Aldrich, A5441). Finally, membranes were incubated with fluorescently-labeled

secondary antibodies to allow IR-detection on an Odyssey SA instrument (LI-COR Biosciences).

2.1 Statistics

All data are expressed as meantSEM with n representing the number of mice. Statistical analysis was
performed using Graphpad Prism software (version 8.3.0). Statistical tests are mentioned in the figure

legends. p<0.05 was considered as statistically significant.

3  Results

3.1 Autophagy is defective in aorta segments of Atg7"¥SM22a-Cre* mice

Western blot analyses of aorta segments from Atg7"" SM22a-Cre* mice revealed typical features of
autophagy deficiency such as the absence of essential autophagy protein Atg7, the accumulation of the
autophagy substrate p62 and a decreased conversion of the soluble isoform LC3-I to the autophagosome

associated LC3-II (Figure 1).

3.2 Autophagy deficiency in VSMCs decreases aortic compliance at high distention pressures
Aorta segments of Atg7"" SM22a-Cre* and Atg7** SM22a-Cre* mice were immersed in Krebs Ringer

solution and subjected to transmural pressure steps of 40 mmHg at different diastolic (40 up to 260 mmHg)
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and systolic (80 up to 300 mmHg) pressures. Next, the pressure-dependency of the diastolic diameter (Do),
compliance and Peterson modulus (E,) from an average distention pressure of 60 mmHg (40-80 mmHg) to
280 mmHg (260-300 mmHg) were measured. Segments of Atg7"F SM22a-Cre* showed a lower compliance
between 120 and 240 mmHg and a higher Ep at distention pressures between 120 and 220 mmHg as

compared to Atg7+* SM22a-Cre* control mice (Figure 2).

To evaluate whether increased basal tonus is responsible for these differences, VSMCs were completely
relaxed by addition of 2 uM exogenous NO donor (DEA NONOate (DEANO)), which caused a small, but
significant increase of diastolic diameter in both strains and at all pressures (Figure 3). The increase in
diastolic diameter was larger at intermediate pressures than at low or high pressures (Figure 3A). As
expected, full relaxation with DEANO increased compliance of the segments (Figure 3B, positive values)
whereas Ep was decreased (Figure 3C, negative values). At the highest transmural pressure, the change in
compliance or stiffness by relaxing the segments with DEANO was negligible. The attenuated diastolic
diameter and compliance, as well as the elevated stiffness of Atg7"F SM22a-Cre* mice as compared to
Atg7*"* SM22a-Cre* mice, were not reversed by DEANO (p<0.05 for genotype factor with Dy , p<0.01 for
genotype factor with Ep, p<0.001 for genotype factor with compliance). This indicates that passive vessel
wall remodeling is responsible, at least partially, for differences in diameter, compliance and Ep in aortic
segments of Atg7" SM22a-Cre* mice. Overall, effects of arterial relaxation through exogenous NO on
diameter, compliance and stiffness were smaller in Atg7"" SM220-Cre* VSMCs as compared to Atg7+*

SM22a-Cre* VSMCs (Figures 3A, B and C).

Previously, we showed that o adrenoceptor stimulation of VSMCs with PE causes a decrease in diameter
and compliance and an increase in stiffness [21]. In the present study, VSMC contraction was initiated in
aortic segments of both Atg7"F SM22a-Cre* and Atg7+* SM22a-Cre* mice by the addition of 2 uM of PE
(Figure 4). PE-induced constriction resulted in changes of diastolic diameter, compliance and stiffness, and
these changes were pressure-dependent. The diastolic diameter was only decreased between pressures of

100 to 260 mmHg, compliance was decreased below pressures of 160 mmHg and stiffness was increased



up to pressures of 160 mmHg. At higher pressures, compliance was barely affected (Figure 4B), while
stiffness decreased (Figure 4C). The decrease of compliance or increase of stiffness by PE turned to
negligible changes of compliance or de-stiffening at lower pressures in Atg7"F SM22a-Cre* versus Atg7+*

SM22a-Cre* aorta segments (Figure 4B).

To avoid the interference of basal NO release with the effects of PE, the abovementioned experiments were
repeated after addition of the eNOS inhibitor L-NAME (Figure 5). Inhibition of basal NO shifted the
differences in compliance between Atg7"F SM220-Cre* and Atg7*+ SM22a-Cre* aortic segments to 180-
280 mmHg and differences in Ep to 180-260 mmHg (data not shown), while differences at lower distention
pressures disappeared. Similar to contraction with PE, a significant interaction could be observed between

the genotype and pressure with the magnitude of the effect of compliance (Figure 5B).

Subsequently, we studied pressure-dependency of Atg7+* SM22a-Cre* (Figure 6A-B) and Atg7"F SM22a-
Cre* segments in control and stimulated conditions (Figure 6C-D). Although no difference in absolute effect
of PE or PE with L-NAME was observed between the two groups, a significantly lower x-intercept and a
trend towards a lower x-intercept with the effects of PE (Figure 6E) and PE with L-NAME (Figure 6F) was
seen in Atg7"F SM22a-Cre* mice as compared to Atg7** SM22a-Cre* mice. This indicates that the pressure
at which the magnitude of PE and PE with L-NAME changes direction is significantly lower in Atg7™F

SM22a-Cre* mice.

3.3 Autophagy deficiency in VSMCs induces extracellular matrix remodeling

To investigate vessel wall remodeling responsible for the difference in passive arterial stiffness observed in
the ROTSAC setup, histological analysis was performed on the most important vessel wall components.
Medial wall thickness, measured on an H&E staining of the aorta, was significantly increased in Atg7™F
SM22a-Cre* mice as compared to Atg7** SM22a-Cre* mice. This increase was not due to an increase in
the number of VSMCs (Figure 7A). Analysis of the ECM showed a decrease in relative elastin content of

the media, as well as increased elastin fiber fragmentation in Atg7"F SM220-Cre* mice as compared to



Atg7"* SM22a-Cre* mice (Figure 7B). No difference in relative collagen content was observed between the

two groups (Atg7+* SM22a-Cre* vs. Atg7"F SM220a-Cre* segments: 353 vs. 41+8%, P> 0.05).

To identify the underling mechanism of ECM remodeling, the calcium binding protein, SI00A4 which is
known to regulate matrix remodeling via regulation of matrix metalloproteinase, expression was studied.
The relative amount of S100A4 was significantly increased in aorta segments of Atg7"F SM22a-Cre* mice

as compared to Atg7** SM22a-Cre* mice (Figure 8).

3.4 Defective VSMC autophagy does not affect cardiac function

Stiffening of the aorta can have major implications for heart function, as increased stiffness leads to
increased cardiac afterload and decreased diastolic coronary artery perfusion [38]. Although no differences
were seen in ejection fraction, fractional shortening and left ventricular mass (Figure 9A-C), a trend towards
a decreased stroke volume was observed in Atg7™F SM22a-Cre* mice as compared to Atg7+* SM22a-Cre*
mice (Figure 9D). In vivo assessment of arterial stiffness by measurement of pulse wave velocity (PWV)

did not reveal any significant differences between Atg7"F SM220-Cre* and Atg7"* SM22a-Cre* mice.

4  Discussion

A decline of autophagy is an important feature of vascular aging since an age-related reduction of important
autophagy markers have been demonstrated in both mice and humans [18, 19]. Although multiple studies
indicate that induction of autophagy, either pharmacologically of via dietary adjustments, has considerable
effects on arterial stiffness [10, 17, 18, 23, 24], mechanistic insights are still limited because the beneficial
effects of these compounds or conditions are not solely dependent on autophagy and are also not limited to
a specific cell type. Therefore, the aim of the present study was to investigate the specific role of VSMC
autophagy on aortic stiffness and its biomechanical properties. In line with previous studies, we showed that
autophagy plays an important role in the development of arterial stiffness, as a decrease in compliance was
observed in aortic segments of mice with an autophagy deficiency in VSMCs. The increase in stiffness was

most pronounced in passive unstimulated conditions and was highly pressure dependent. The pressure



dependency, which shows that differences in genotype are most noticeable at pressures exceeding normal
physiological pressures, may be an explanation why, in contrast to ex vivo measurements, no differences
were observed when measuring arterial stiffness by aortic PWV in vivo. In addition, the latter measurements
were conducted under anesthesia, which by itself has an impact on vascular stiffness [35]. Moreover, there
is a special variation in PWV, with the proximal aorta being more affected with age [33]. In the present
study, in vivo measurements of PWV were conducted on the abdominal aorta while ex vivo measurements

were performed in the thoracic aorta.

The most important ECM proteins defining passive aortic stiffness are elastin and collagen. Repetitive
stretching of the aorta by the heart during every cardiac cycle will lead to material fatigue with progressive
degradation and crosslinking of the ECM as a consequence. Because of the incredible long biological half-
life of elastin (40 years), elastin degradation will not be repaired or replaced, leading to altered vessel wall
biomechanics [41]. Accordingly, at normal pressures, when elastin is the load bearing component, loads
will be transferred to the more rigid collagen and thus cause an increase in vascular stiffness [11]. Functional
analysis of vascular remodeling was performed by using a wide pressure range, which includes an
elastin/VSMC dependent region and a collagen-dependent region. The shifted pressure-dependency in the
aortic segments from the Atg7"" SM22a-Cre* animals consistently remained after pharmacological removal
of VSMC tone by DEANO, which provides strong evidence that macro- and/or micro-structural changes in
the ECM were responsible for the observed differences in the intrinsic mechanical behavior of the aortic
segments [22]. Indeed, although features of medial elastin fragmentation are normally observed only in aged
vessels [16], autophagy deficiency in VSMCs accelerates the development of elastin degradation, as an
increase in elastin breaks along with a decrease in total elastin was observed. Apart from ECM remodeling
due to mechanical forces, matrix degradation can be induced by matrix metalloproteinase (MMP) produced
by circulating cells, VSMCs or fibroblasts. The most abundant MMPs produced by VSMCs are MMP2 in
physiological conditions, and MMP9 when cells are stimulated. MMP2 and MMP9 are responsible for the

degradation of elastin, short collagens and degradation products of interstitial collagen [14]. Interestingly,
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previous research with Atg7"F SM22a-Cre* mice showed that defective autophagy in VSMCs specifically
promotes an upregulation of MMP9 and MMP?2 [12]. In addition, autophagy inducer rapamycin decreases
MMP2 and MMP9 in a rat model of thoracic aorta aneurism (TAA) [3], indicating a potential link between
VSMC autophagy and matrix remodeling via regulation of MMPs. Ca?* binding protein S100A4 was
significantly increased in aortic segments of mice with VSMC autophagy deficiency. In line with our
findings, it is reported that rapamycin normalizes increased S100A4 levels in aortas of a rat TAA model [3].
S100A4 is linked to inflammation and cancer metastasis by the disruption of the ECM [30, 36, 37].
Interestingly, when investigating rat thoracic aorta segments, spatiotemporal expression of S1I00A4, MMP2
and MMP9 were highly correlated, thereby indicating that S100A4 potentially acts as a regulator of MMP
expression in the aorta [2]. In addition, S100A4 is directly linked to the phenotype of VSMC in vitro as well
as in vivo [1, 4]. The mechanism by which autophagy deficiency in VSMCs alters passive aortic stiffness
could be via S100A4 induced ECM remodeling. Besides changes in ECM composition, an increase in
medial thickness was observed in Atg7"F SM22a-Cre* mice, which was in line with previous data [12].
Since the number of VSMCs was not changed, VSMC hypertrophy could be an explanation for the increased
wall thickness in Atg7"F SM22a-Cre* mice. This is in line with in vitro data showing a hypertrophic
phenotype of Atg7"F SM22a-Cret VSMCs, which is characterized by cytosolic dilation and increased
protein quantity [12]. However, also differences in ECM content, as indicated by changes in elastin and

S100A4, can play a role in the increased aorta medial wall thickness.

The contribution of active modulators to the increased arterial stiffness in aortic segments of Atg7"" SM22a-
Cre* mice was assessed by inducing contraction with the ;- adrenergic receptor agonist phenylephrine (PE)
in the presence or absence of eNOS inhibitor L-NAME. Previous evidence showed that (maximal)
contraction of VSMCs has different effects on aortic biomechanics depending on the distention pressure. At
pressures below 150 mmHg, VSMC contraction induces a decrease in compliance and an increase in Ep as
compared to unstimulated conditions, while at pressures above 150 mmHg, VSMC contraction limits the

pressure-dependent decrease in compliance and the increase in Ep [21]. This “stiffening” effect at low
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pressures and “de-stiffening” effect at high pressures also occurred in the present study. However, the
pressure by which the magnitude of VSMC contraction turns from stiffening to de-stiffening was
significantly lower in Atg7"F SM22a-Cre* mice as compared to Atg7** SM22a-Cre* mice, leading to the
shift in differences between the groups to higher pressures under stimulated conditions. It is likely that this
shift in increased arterial stiffness towards higher pressures is also a consequence of elastin degradation in
Atg7"F SM22a-Cre* mice. In wild-type vessel segments, contraction of VSMCs at low to normal pressures
will increase stiffness since it will result in the fractional unloading of the highly compliant elastin fibers.
In mice with a VSMC-specific autophagy defect, however, degradation of elastin will cause collagen to bear
a substantial amount of the wall stress, even at physiological pressures. Thus, increasing vascular tone to
unload stiff collagen fibers will be beneficial. In addition, medial elastin degradation substantially affects
collagen engagement properties which can explain the remaining difference in Ep even with VSMC

contraction [11, 15].

Although previous research with Atg7™"

SM22a-Cre* mice mainly showed differences in sensitivity to
depolarization induced contractions [25], the present study mainly used a;-receptor stimulation to induce
contraction. However, we expected that the larger Ca** storage capacity in Atg7"F SM22a-Cre* VSMCs
would indirectly affect ai-receptor induced contractions. Even though differences between autophagy
competent and deficient aortic segments shifted towards higher distention pressures with PE-induced
contraction, no significant difference in the effect of PE between the groups was observed. Increased
intracellular Ca®* can alter a range of cellular functions besides VSMC contractility. Interestingly, changes

in intracellular Ca®* concentrations are involved in VSMC phenotype transition from a contractile to a

proliferative/synthetic phenotype [27].

Increased arterial stiffness can have major consequences on the cardiovascular system. Because of a reduced
capacity to dampen the pulsatile pulse evolving from left ventricular ejection, increased pulsatile energy
will be transferred to the microcirculation with potential damage to high flow, low impedance organs such

as the kidneys and brain. In addition, reflected pulse waves from the peripheral vascular system return earlier
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in the cardiac cycle with increased systolic pressure and reduced coronary perfusion efficiency. An increased
afterload during systole can have adverse effects on left ventricular function and remodeling, which can
ultimately lead to heart failure [5]. While no differences were observed in ejection fraction or left ventricular
mass, a trend towards a decreased stroke volume was observed in hearts of Atg7"F SM22a-Cre* mice. This
propensity to a decreased stroke volume might be an initial response to the increased systolic load caused
by arterial stiffness and can precede LV remodeling as a compensation mechanism to maintain cardiac
output. Indeed, increased vascular load in humans, associated with aging, causes a decreased stroke volume
and cardiac output [29]. In addition, overtraining-induced arterial stiffness is associated with a reduced
stroke volume and cardiac output during exercise [6]. Also, in patients with type 1 diabetes, aortic stiffness
is independently associated with stroke volume and cardiac output, yet also an association with ejection

fraction has been observed [39].

Overall, we showed that autophagy in VSMCs is an important regulator of large artery stiffness. Blocking
of autophagy in VSMCs resulted in aortic ECM remodeling, which directly affected passive arterial wall
compliance. Since large artery stiffness is an important risk factor for cardiovascular disease, autophagy

may act as a therapeutic target for effective treatment of these diseases.
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Figure legends
Figure 1 Western blot analysis of Atg7, LC3-I and p62 in aortic segments of Atg7** SM22a-Cre* (+/+) and

Atg7"F SM22a-Cre* mice (F/F) (A) with quantification relatively expressed to B-actin (B). (n=4, each lane

represents one mouse) Mann Whitney U test. *p<0.05
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Figure 2 Pressure-dependency of diastolic diameter (A), compliance (B) and Ep (C) of Atg7** SM22a-Cre*
(+/+) and Atg7"F SM22a-Cre* (F/F) aortic vessel segments under control conditions (n=9-11). Pulse

pressure was always 40 mmHg, hence each mean pressure point is + 20 mmHg. Two-way ANOVA with

Sidak post-hoc test. *p<0.05 **p<0.01 ***p<0.001
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Figure 3 Differential effects of DEANO (vs Krebs-Ringer) on pressure-dependency of diastolic diameter

(A), compliance (B) and Ep (C) of Atg7** SM22a-Cre* (+/+) and Atg7"F SM22a-Cre* (F/F) aortic vessel

segments in maximally relaxed conditions using 2 uM DEANO and (n=9-11). Pulse pressure was always

40 mmHg, hence each mean pressure point is + 20 mmHg. Two-way ANOVA with Sidak post-hoc test.
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Figure 4 Differential effects of PE (vs Krebs-Ringer) on the pressure-dependency of diastolic diameter (A),

compliance (B) and Ep (C) of Atg7** SM220-Cre* (+/+) and Atg7™ SM220-Cre* (F/F) aortic vessel
P Y g g

segments contracted with 2 uM PE and (n=9-11). Pulse pressure was always 40 mmHg, hence each mean

pressure point is £ 20 mmHg. Two-way ANOVA with Sidak post-hoc test. ***p<0.001
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Figure 5 Differential effects of PE + L-NAME (vs Krebs-Ringer) on the pressure-dependency of diastolic
diameter (A), compliance (B) and Ep (C) of Atg7** SM22a-Cre* (+/+) and Atg7"F SM22a-Cre* (F/F) aortic
vessel segments contracted with 2 uM PE + L-NAME and (n=9-11). Pulse pressure was always 40 mmHg,

hence each mean pressure point is + 20 mmHg. Two-way ANOVA with Sidak post-hoc test. ***p<0.001
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Figure 6 Pressure-dependency of Ep in unstimulated conditions (Krebs Ringer, KR) and after stimulation
with 2 uM PE in the absence or presence of 300 uM L-NAME (LN) in Atg7** SM22a-Cre* (+/+) (A) and
Atg7"F SM22a-Cre* mice (F/F) (C) and absolute change from baseline (KR) (B and D) are displayed. E and

F display respectively intersect with the x-axis by PE and PE+LN. (n=9-11) Unpaired student t-test.

*p<0.05.
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Figure 7 Important wall structure parameters of aortic segments of Atg7** SM22a-Cre* (+/+) and Atg7"F

SM22a-Cre* mice (F/F) (A) Hematoxylin and eosin staining and quantification of wall thickness and

number of VSMCs per um? surface area. (B) Orcein staining and quantification of relative amount of elastin

and elastin breaks. (n=7-10) Unpaired student t-test. *p<0.05. Scale bar: 100 um

23



Atg7+**SM22a-Cre*

Atg7FFSM22a-Cre*

wall thickness (M)
B o (2] ~ @
o o o o o

1 1 1 1 1

(2]
(=}
1

A O o 9N
T 9T

13
o
1

elastin positive area(%)

N
o
L

*
Og
H u—%
ﬂf a
P L]
T T
4 FIF
° *
Ld
— o
oooD
o
B
o
1 1
+/+ FIF

—

2

VSMC/wall surface (um

elastin breaks

0.004

0.003

0.002+

0.001-

-
CJ
1

(nr/aorta)
H

L
1

o
L

4 _jg:_n =
° L]
o o
1 L
++ FIF
*
o
=]
¢ $
oo
=+ %
LK ]
T T
++ FIF

Figure 8 Immunohistochemical staining of SI00A4 in aorta segments of Atg7** SM22a-Cre* (+/+) and

Atg7"F SM22a-Cre* (F/F) mice. (n=7-10) Unpaired student t-test. **p<0.01. Scale bar: 100 um
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Figure 9 Ejection fraction (EF), Fractional shortening (FS), Pulse wave velocity (PWYV), Left ventricular
mass (LVmass) and stroke volume of Atg7"F SM220-Cre* mice (F/F) as compared to Atg7** SM22a-Cre*

mice. (N=7-11) Unpaired Student t-test.
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