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ARTICLE INFO ABSTRACT

Keywords: Doxorubicin (DOX) is an effective, broad-spectrum antineoplastic agent with serious cardiotoxic side effects,
Autophagy which may lead to the development of heart failure. Current strategies to diagnose, prevent, and treat DOX-
Cardiomyopathy induced cardiotoxicity (DIC) are inadequate. Recent evidence has linked the dysregulation and destruction of
Eszz:}'::ﬁl the vascular endothelium to the development of DIC. Autophagy is a conserved pro-survival mechanism that

recycles and removes damaged sub-cellular components. Autophagy-related protein 7 (ATG7) catalyzes auto-
phagosome formation, a critical step in autophagy. In this study, we used endothelial cell-specific Atg7 knockout
(EC-Atg7 /™) mice to characterize the role of endothelial cell-specific autophagy in DIC. DOX-treated EC-Atg7 /™~
mice showed reduced survival and a greater decline in cardiac function compared to wild-type controls. His-
tological assessments revealed increased cardiac fibrosis in DOX-treated EC-Atg7 /~ mice. Furthermore, DOX-
treated EC-Atg7 /~ mice had elevated serum levels of creatine kinase-myocardial band, a biomarker for car-
diac damage. Thus, the lack of EC-specific autophagy exacerbated DIC. Future studies on the relationship be-
tween EC-specific autophagy and DIC could establish the importance of endothelium protection in preventing
DIC.

Heart failure

1. Introduction direct toxic effects of DOX on cardiomyocytes (CMs) [6,7]. Recently,

however, there has been a shift in attention toward the vascular endo-

The anthracycline doxorubicin (DOX) is broadly prescribed to treat
solid and hematological cancers, and although effective as a chemo-
therapeutic agent, its use has been complicated by both acute and
chronic cardiotoxic side effects [1]. The cumulative literature suggests
that up to 36% of DOX-treated patients develop cardiomyopathy that
may progress to heart failure [2]. Indeed, DOX-induced heart failure has
been associated with 50% mortality 1 year following diagnosis [2]. The
current options for diagnosing, treating, and preventing DOX-induced
cardiotoxicity (DIC) are sub-optimal and highlight the urgency to un-
cover the mechanisms that contribute to the development and pro-
gression of DIC [3-5]. Earlier studies on DIC tended to focus on the

thelium as an indirect target of DOX [1]. Endothelial cells (ECs), support
optimal CM function by forming physical barriers that prevent the
exposure of toxins to CMs. ECs also secrete paracrine factors such as
nitric oxide, endothelin-1, prostacyclin, and neuregulin-1, effectors that
contribute to CM survival and function [8-12]. Since DOX is adminis-
tered intravenously, the ECs that line the vascular lumen are directly
exposed to high concentrations of DOX and this may culminate in
DOX-induced EC damage thereby preventing endothelium-associated
CM protection. Thus, preservation of EC function during DOX therapy
may represent a novel therapeutic avenue to help prevent the develop-
ment of DIC. The toxic effects that DOX exerts on CMs is similar its
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impact on ECs. The major proposed mechanisms include oxidative stress
and mitochondria dysfunction, which ultimately leads to cell dysfunc-
tion and death [1].

Autophagy, including macroautophagy, microautophagy, and
chaperone-mediated autophagy, is a conserved process of cell preser-
vation whereby damaged cellular components are broken down into
their basic constituents via lysosomal degradation [13]. Autophagy is
tightly regulated by proteins like B-cell lymphoma 2 because excessive
degradation can lead to cell death [14]. Macroautophagy, which ac-
counts for the majority of autophagic events, involves the formation of
an autophagosome, a double-layer membrane structure, that engulfs
cellular content to be degraded [15]. The autophagosome eventually
fuses with the lysosome and the contents are subsequently degraded by
acid hydrolases [15]. The formation and maturation of the autophago-
some require a plethora of proteins such as autophagy-related gene 7
(ATG?7), an essential mediator responsible for catalyzing several steps in
the autophagosome maturation process [16]. The ATG7 protein is
essential for mitophagy and removal of toxic protein aggregates from
oxidative stress, which would be important for cell survival and function
after DOX exposure [17,18]. We hypothesized that knocking out the
Atg7 gene in ECs would exacerbate DIC. To this end, we report herein the
differences in survivability, cardiac function and histology, and levels of
creatine kinase-myocardial band (CK-MB) between DOX-treated WT and
EC—Atg7’/ ~ mice.

2. Materials and methods
2.1. Animals

All procedures adhered to the guidelines of the Canadian Council on
Animal Care and were approved by the Institutional Animal Care
Committee (protocol 801). EC-Atg7 /~ mice were generated by crossing
the double-floxed Atg7 mouse (Atg7ﬂ”"/ﬂ"x) with the VE-cadherin Cre
transgenic (VE-Cadherin®®) mouse (Jackson Laboratory) [19]. All
studies were conducted with male mice only. To determine survivabil-
ity, 8-10-week-old wild-type (WT) and EC-Atg7/~ mice were adminis-
tered either DOX (20 mg/kg) or saline (SAL, 0.9% NaCl)
intraperitoneally as a single injection, which has been previously char-
acterized [20]. In the cardiac functional assessment studies, WT and
EC-Atg7~/~ mice underwent baseline echocardiography 2-3 days before
treatment with DOX (20 mg/kg) and follow-up echocardiography on
Day 3. This timeline was based on survival evaluations. Three days after
DOX (20 mg/kg) or SAL (0.9% NaCl) treatment, WT and EC-Atg7~ /=
mice were euthanized and their heart, lung, and serum collected for
morphological and molecular analyses.

2.2. Co-immunofluorescence

In order to minimize the number of animals used, lung samples were
used to confirm the surrogate mouse model. WT and EC-Atg7 /™ mice
were anesthetized with isoflurane (5%) and euthanized via cervical
dislocation. The left lung was isolated and placed in Tissue-Tek®
Optimal Cutting Tissue (Sakura) medium-filled cryomolds and 8 pm-
thick cryosections were acquired. The sections were incubated with a
primary antibody cocktail consisting of anti-rabbit ATG7 (Abcam, Cat#
ab133528, 1:500 dilution) and anti-rat cluster of differentiation 31
(CD31) (Abcam, Cat# ab56299, 1:200 dilution). Subsequently, tissue
sections were incubated with a secondary antibody cocktail containing
goat anti-rabbit Alexa Fluor 555 (Thermo Fisher, Cat#A21428, 1:200
dilution) and goat anti-rat Alexa Fluor 488 (Abcam, Cat#ab150165,
1:200 dilution) before counterstaining with 4',6-diamidino-2-phenyl-
indole (DAPI). The sections were viewed with an Olympus Upright
BX150 widefield microscope at 40x magnification. Images of CD31
expression were captured using the red filter cube with 25 ms exposure
times. Images of the ATG7 stained sections were captured using a green
filter cube with 90 ms exposure times. Images of the nucleus (DAPI
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stained) were then captured using a blue filter cube with 4 ms exposure
times. All images were taken at a resolution of 4140 x 3096. The three
images of each section were superimposed. Since CD31 is only expressed
in EC’s, the absence of ATG+ in CD317 cells validated the EC-Atg7 /~
mouse model [21].

2.3. Echocardiography assessments

Mice were anesthetized with 2-3% isoflurane via a nose cone. Ul-
trasound was performed using the Vivo 2100 ultrasound machine and a
40 MHz transducer (VisualSonics). The short-axis motion-mode pro-
vided a temporal resolution of the physical and functional aspects of the
left ventricle (LV) for each mouse. The transducer was placed trans-
versely along the left chest of each mouse. Images were analyzed using
the Vevo LAB 1.7.1 software (VisualSonics). The motion at a segment of
the LV wall (anterior epicardium, anterior endocardium, posterior
epicardium, posterior endocardium) was used to calculate the functional
parameters, LV ejection fraction (EF) and LV fractional shortening (FS).

2.4. Cardiomyocyte vacuolization

Mouse hearts were fixed with 10% neutral buffered formaldehyde for
18-24 h and stored in 70% ethanol. The hearts were processed and
embedded in paraffin, and 5 pm thick sections were acquired. To obtain
a longitudinal representation of the heart for comparative purposes,
three sections were chosen as follows for Hematoxylin and Eosin (H&E)
staining and analyses. The first section was the most superficial and was
defined as when both cardiac ventricles first became well-defined. The
second section was the deepest and was defined as when both cardiac
ventricles took up the greatest area. The third section was a section that
was located approximately halfway between the first and second. The
slides were scanned with the Zeiss Axioscan Scan.Z1 under brightfield
settings at 20 x magnification. The Zen 2.6 software (Zeiss) was used to
view the images. Rectangular boxes were randomly annotated in the LV
areas, serving as the areas of interest. A total area of at least 0.7 mm/
section (2.4 mm/mouse) was used to quantify the number of vacuoles.
Vacuoles were differentiated from tears/rips in the tissue by their cir-
cular shape. The average numbers of vacuoles per 1 mm? of LV tissue
were analyzed.

2.5. Cardiac fibrosis

A section with pronounced cardiac ventricles was chosen to be
stained with Masson’s Trichrome to semi-quantitatively assess collagen
deposition. The slides were viewed under the widefield microscope
Olympus Upright BX150 at 40x magnification. The areas of interest
included the edges of the heart, left ventricle, and the ventricular lumen.
Three images captured these aspects: the edge, the left ventricle, and the
area around the LV lumen. Two blinded independent assessors rated the
images on a scale of 1-10 based on the extent of collagen deposition,
with 10 indicating the greatest amount. The average scores between the
two assessors were used for the final analysis.

2.6. Serum CK-MB levels

Enzyme-linked immunosorbent assays (ELISAs) were performed
using the serum samples of SAL- and DOX-treated WT and EC-Atg7 "/~
mice to quantify CK-MB levels. Assays were performed in triplicate and
according to the manufacturer’s protocol (MyBioSource, Cat#
MBS705293). Since each sample was assayed in triplicate, one of the
readings was eliminated if the coefficient of variation was greater than
10% and if two of the readings were consistently distinct from the third.
Statistical analyses were performed using the average of each sample.
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2.7. Cardiac apoptosis

Three consecutive sections with pronounced cardiac ventricles were
chosen to be stained with cleaved caspase-3 (CC3) to assess the extent of
apoptosis. The first section was not incubated with the primary antibody
(positive control) and the remaining two were stained with an antibody
against CC3. The slides were scanned with the Zeiss Axioscan Scan.Z1
under brightfield settings at 20x magnification. CC3+ cells were only

counted if they were also stained with 3,3'-Diaminobenzidine, a nuclear
stain.

2.8. Statistical analyses

Survival data were analyzed by the log-rank test on the Kaplan-Meier
curves. All other data were analyzed by two-way analysis of variances
and the Tukey’s test for multiple comparisons. These data are presented

WT

CD31

ATG7

DAPI

Merged

EC-Atg7"-
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as mean + standard deviation and differences were considered signifi-
cant if the p value was <0.05.

3. Results
3.1. Knockdown of protein expression in the ECs of EC-Atg7 /~ mice

Co-immunofluorescence for CD31 and ATG7 was performed on
transverse sections of mouse lungs from WT and EC-Atg7 /~ mice. While
ATG?7 staining was abundant in the CD31% cells of WT mice, ATG7
staining was not detected in the CD317 cells of EC-Atg7 /™ mice (Fig. 1).
This confirmed the EC-specific deletion of Atg7 in EC-Atg7 /™ mice. In
alignment with our previous study, there was less CD31 staining in the
lung sections from EC—Atg7_/ ~ mice [22]. CD31" non-ECs in WT mice
could be stem- or progenitor-cells [23].

Fig. 1. Loss of ATG7 protein expression in
lung ECs of EC-Atg7 /™ mice. Representative
co-immunofluorescence images of the lung
sections (transverse) for WT (left) and EC-
Atg7’/ ~ (right) mice. CD31 (green), ATG7
(red), and 4,6-diamidino-2-phenylindole
(DAPI) (blue) were simultaneously detected
(top to bottom). ATG7 was detected in CD317
cells of WT mice. In contrast, ATG7 was not
detected in CD317 cells from EC-Atg7 /~ mice.
(For interpretation of the references to colour
in this figure legend, the reader is referred to
the Web version of this article.)
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3.2. Reduced survival in DOX-treated EC-Atg7 /~ mice

Survival was monitored following initiation of DOX treatment
(Fig. 2A). The survivability of DOX-treated EC-Atg7 /~ mice (3.5 days
+1.6 days, n = 11) was significantly lower than DOX-treated WT mice
(5.1 days +2.1 days, n = 14) (p < 0.05). A 100% survival at the 4-week
time point was noted for the SAL-treated WT (n = 10) and EC-Atg7 ~/~(n
= 10) mice. To the best of our knowledge, this is the first study to show
that deficiency in EC-specific autophagy increased DOX-associated
mortality.

3.3. Reduced cardiac function in DOX-treated EC-Atg7 /~ mice

Mice underwent ultrasound echocardiography at baseline and Day 3
post-DOX administration to assess changes in cardiac function as defined
by LVEF and LVFS. At baseline, there were no differences in LVEF
(Fig. 2B) and LVFS (Fig. 2C) measurements between the WT (EF =
75.3% + 2.7%, FS = 43.2% =+ 2.4%, n = 9) and EC-Atg77/7 (EF =74.7%
+ 3.2%, FS = 43.1% + 2.5%, n = 9) mice. At 3 days post-DOX treatment,
LVEF and LVFS were lower in both WT (EF = 69.7% =+ 3.2%, p < 0.05;
FS = 37.8% + 2.6%, p < 0.05 compared to baseline) and EC-Atg7 /~
mice (EF = 63.8% + 2.6%, p < 0.05; FS = 33.4% + 1.3%, p < 0.05
compared to baseline). Notably, the reductions in LVEF and LVFS were
less severe in the DOX-treated WT mice (EF = 5.7% =+ 4.9%, FS = 5.4%
+ 4.1%) when compared to the DOX-treated EC—Atg7_/ ~ mice (EF =
11.0% =+ 4.3%, FS = 9.7% + 2.8%) (p < 0.05). Thus, Atg7 knockout in
ECs exacerbated the decline in cardiac function after DOX-treatment,
and this may partially account for the increased mortality observed
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among the DOX-treated EC-Atg7 /™ mice.

3.4. Increased cardiomyocyte vacuolization after DOX treatment

DOX-mediated CM damage manifests as the loss of myofibers fol-
lowed by the distension of sacrotubules that lead to vacuole formation
[24]. Degenerative LV vacuolization was assessed using H&E-stained
paraffinized heart sections from WT and EC—Atg7*/ ~ mice (Fig. 3).
Vacuolization was rarely observed in the sections from SAL-treated WT
85+ 1.9 Vacuoles/mmz, n = 5) and EC-Ath/’ (8.1 £+ 1.9 vacuo-
les/mm?, n = 5) mice. Conversely, sections from DOX-treated WT (22.0
+ 2.8 vacuoles/mmz, n = 5) and EC-Atg7’/’ (26.7 £+ 14.0 vacuo-
les/mm?, n = 5) mice had significantly greater degenerative vacuoli-
zation relative to the sections from the corresponding SAL-treated
control groups (p < 0.05), suggesting that intensive CM damage had
occurred in the DOX-treated mice. This is consistent with the available
literature demonstrating that DOX-treatment induces CM vacuolization
[20]. The mean number of vacuoles observed in the LV of DOX-treated
WT and EC-Atg7 /~ mice were comparable, suggesting that the decline
in cardiac function documented in the DOX-treated EC-Atg7 /™ mice
was not associated with an increase in LV vacuolization.

3.5. Increased cardiac fibrosis in DOX-treated EC-Atg7 /™ mice

The invasion of cardiac fibroblasts into areas with CM toxicity is a
process that normally acts to preserve the structural integrity of the
heart [25]. This remodeling process can also promote an unfavorable
environment for neighboring CMs through the secretion of paracrine

Fig. 2. Reduced survival and cardiac func-
tion in DOX-treated EC-Atg7’/ ~ mice. (A)
Kaplan-Meier survival curves for WT and EC-
Atg7~’/~ mice after DOX (20 mg/kg) treatment.
WT mice survived longer than EC-Atg7 /™ mice
(p < 0.05 using the log-rank test). (B) Left
ventricular ejection fraction (LVEF) and (C)
Left ventricular fractional shortening (LVFS) in
WT (n = 9) and EC—Atg7’/’ (n = 9) mice at
baseline and 3 days post-DOX treatment. DOX-
treated EC-Atg7/~ mice had reduced LVEF and
LVFS compared to their WT littermates. Data
are presented as mean + SD. *p < 0.05 using
two-way ANOVA and the Tukey test.
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Fig. 3. DOX-treated mice demonstrated increased cardiomyocyte vacuo-
lization. (A) Representative hematoxylin and eosin (H&E) images showing the
left ventricles (LV) of WT (top) and EC-Atg7~ /~ (bottom) mice three days after
SAL (0.9% NacCl) (left) or DOX (20 mg/kg) (right) treatment. The pink and blue
areas represent the cytoplasm and nucleus, respectively. (B) Quantification of
vacuole number in the LV of WT and EC-Atg7 /~ mice (3 slides/mouse) three
days after SAL (n = 5/group) or DOX (n = 5/group) treatment. DOX-treated
mice showed increased vacuoles compared to SAL-treated mice. There was no
difference in the total number of vacuoles observed between DOX-treated WT
and EC-Atg7 /~ mice. Data are presented as mean + SD. *p < 0.05 using two-
way ANOVA followed by Tukey’s multiple comparison tests. (For interpretation
of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)

factors and may exacerbate cardiac damage [26]. LV fibrosis was
assessed using Masson’s Trichrome-stained heart sections to detect
collagen deposition secreted from activated cardiac fibroblasts (Fig. 4A
and B). Collagen deposition was minimal in the sections from WT (3.4 +
0.6, n = 5) and EC—Atg7_/ 7 (3.3 £ 0.9, n = 5) mice that had undergone
SAL treatment. Collagen deposition was significantly greater in the
sections from DOX-treated WT (5.2 + 0.8, p < 0.05) and EC—Atg7_/ -
(6.9 + 1.2, p < 0.05) mice. These findings are consistent with previous
rodent studies that reported increased cardiac fibrosis after DOX treat-
ment [20,27]. Furthermore, DOX-treated EC-Atg7 /~ mice showed
significantly greater collagen deposition compared to DOX-treated WT
mice (p < 0.05), suggesting that an increase in fibrosis may have
contributed to reduced cardiac function in DOX-treated EC-Atg7 /~
mice.
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3.6. Increased serum CK-MB in DOX-treated EC-Atg7 /™ mice

CK-MB is an enzyme that enters the circulation following CM rupture
that is triggered by cardiac damage [28]. ELISA assays were performed
on the sera of SAL- and DOX-treated WT and EC-Atg7_/ ~ mice (Fig. 4C).
Sera from DOX-treated WT (1971.6 U/I 4+ 976.3 U/I, n = 5) and
EC-Atg7 /= (4150.9 U/I + 1879.5 U/I, n = 5) mice had higher CK-MB
levels compared to those from SAL-treated WT (192.0 U/I + 82.6 U/I,
n = 6) and EC-Atg7 /= (292.6 U/I + 130.9 U/1, n = 5) mice (p < 0.05).
This finding is consistent with those of other groups that observed
elevated serum CK-MB levels following DOX treatment in mice [20,29].
Additionally, the serum CK-MB levels of DOX-treated EC-Atg7 /~ mice
were higher relative to those of DOX-treated WT mice (p < 0.05). This
provides additional evidence that DIC was elevated in EC-Atg7 /~ mice.

4. Discussion

Autophagy is a tightly regulated cellular process important for tissue
homeostasis and function, especially after DOX exposure. The normali-
zation of autophagy, which becomes dysfunction because of DOX, is a
cardioprotective mechanism of metformin for individuals receiving DOX
[30].

Due to difficulties with culturing ECs from EC-Atg7 /~ mice, we were
unable to quantify the efficiency of Atg7 deletion in these cells. We
observed greater DOX-associated mortality in EC-Atg7 /= mice
compared to their WT counterparts. A previous study observed an in-
crease in DOX-associated mortality in mice that were whole-body knock-
outs for Uvrag, another gene that is essential for autophagosome for-
mation [20]. Our study demonstrated that the loss of endothelial Atg7
significantly exacerbated DOX-associated mortality in mice. We
searched for evidence of increased direct cardiotoxicity and observed a
greater decline in LVEF and LVFS in DOX-treated EC-Atg7 /~ mice
compared to DOX-treated WT controls. To characterize the changes in
cardiac function that may occur in parallel with modifications in cardiac
morphology, and to explore potential mechanisms that may contribute
to changes in cardiac function, we first assessed CM damage/degener-
ation via quantification of CM vacuolization. Although DOX-treated WT
and EC-Atg7/~ mice had increased vacuolization compared to
SAL-treated control mice, there was no difference in vacuolization be-
tween DOX-treated EC-Atg7 /™ and DOX-treated WT mice. It should be
noted that vacuoles can only be quantified in cells that are present
within the paraffin sections. Significantly damaged CMs with vacuoli-
zation in EC-Atg7 /~ mice may have undergone cell death by day 3,
indicating that CM vacuole quantification may not reflect the full extent
of DOX-induced cardiac damage. However, there were no significant
CC3 staining, an apoptotic marker, in the cardiac sections of EC-Atg7 /"~
mice (Supplementary Fig. 1). Exaggerated toxicity of DOX in these mice
may lead to rapid necrotic death of CMs [31]. We observed greater LV
fibrosis in DOX-treated EC-Atg7 /~ mice compared to DOX-WT mice.
Cardiac fibrosis has often been associated with systolic and diastolic
dysfunction because of its detrimental effects on CMs [32]. Finally, to
obtain additional evidence that indicate acute cardiac damage, we
assessed serum levels of CK-MB, an enzyme important for energy ho-
meostasis by generating energy buffers in cardiac muscles [28].
EC-Atg7~’~ mice demonstrated higher CK-MB levels compared to WT
mice after DOX treatment. This is in congruence with our survival,
cardiac functional, and cardiac morphological data, which suggests
greater DIC in EC-Atg7 /™ mice compared to their WT littermates.

There are several limitations to this study. Firstly, non-ATG7-
dependent autophagic processes such as microautophagy and
chaperone-mediated autophagy account for a small but relevant pro-
portion of autophagic events. Thus, autophagy in the ECs of the EC-
Atg7~/~ mice we studied were likely reduced, not absent. In addition,
microautophagy and chaperone-mediated autophagy, like macro-
autophagy, has also been observed to remove damaged and oxidized
molecules, which can be induced by DOX [33]. Studies examining the
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Fig. 4. DOX-treated EC-Atg7 /- mice
demonstrated increased cardiac fibrosis and
serum CK-MB. (A) Representative images
showing the left ventricle (LV) from WT (top)
and EC-Atg7 /= (bottom) mice stained with
Masson’s trichrome at 3 days after SAL (0.9%
NaCl) (left) or DOX (20 mg/kg) (right) treat-
ment. The dark-blue and red areas represent
collagen deposition and the cell cytoplasm,
respectively. (B) Blinded scoring of cardiac
fibrosis though semi-quantification of the
extent of collagen deposition in the LV of WT
and EC—Atg7’/ ~ mice (1 slide/mouse) three
days after SAL (n = 5/group) or DOX (n = 5/
group) treatment. DOX-treated mice showed
increased cardiac fibrosis compared to SAL-
treated animals. In addition, DOX-treated EC-
Atg7~’~ mice demonstrated increased cardiac
fibrosis compared to DOX-treated WT mice. (C)
CK-MB levels in the sera of SAL- or DOX-treated
WT (n = 5) and EC—Atg7’/’ (n = 5) mice were
measured by ELISA assays. DOX-treated EC-
Atg7™’~ mice demonstrated increased serum
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chaperone-mediated autophagy in the EC-Atg7 /~ mouse model are
warranted. Secondly, high-dose DOX delivered intraperitoneally can be
toxic towards organs such as the liver, kidney, and intestines, with
damage at these sites potentially contributing to DOX-associated mor-
tality [34]. In particular, DOX-mediated intestinal release of endotoxin
into the circulation and the subsequent immune response can lead to
sepsis and rapid death [35]. Knocking out Atg7 in ECs, a major
component of the vascular system, may lead to endothelium dysfunction
and exacerbate sepsis. Serial echocardiography which provides
real-time recordings of cardiac function would afford a more accurate
description of the temporal impact of cardiac damage in DOX-associated
mortality. Thirdly, our study only explored acute DOX cardiotoxicity.
Cardiotoxicity due to chronic DOX exposure continues to be a major
clinical challenge because it is difficult to detect in its early stages and
can become irreversible, potentially developing into heart failure [5].
The induction of acute cardiotoxicity within 3 days of DOX adminis-
tration limits the breadth of conclusions applicable to our study. Finally,
questions remain regarding the molecular mechanisms by which
knocking out Atg7 in ECs seems to accelerate DIC in the EC-Atg7 /~
mouse model. Assessing the changes in EC-CM interactions after the
deletion of EC-specific Atg7 may help elucidate these mechanisms.

In summary, our study provides evidence that the lack of EC-specific
autophagy can heighten DIC. Mechanistic investigations on the rela-
tionship between EC-specific autophagy and DIC are warranted to
establish the importance of endothelium protection in preventing car-
diac damage in patients treated with DOX.
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