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Abstract

Aims: Obesity, diabetes and cardiovascular disease are associated with COVID-
19 risk and severity. Because epicardial adipose tissue (EAT) expresses ACE2, we
wanted to identify the main factors associated with ACE2 levels and its cleavage
enzyme, ADAM17, in epicardial fat.

Materials and methods: Epicardial and subcutaneous fat biopsies were obtained
from 43 patients who underwent open-heart surgery. From 36 patients, biopsies were
used for RNA expression analysis by real-time PCR of ACEI, ACE2 and ADAM17.
From 8 patients, stromal vascular cells were submitted to adipogenesis or used for
studying the treatment effects on gene expression levels. Soluble ACE2 was deter-
mined in supernatants by ELISA.

Results: Epicardial fat biopsies expressed higher levels of ACE2 (1.53 [1.49-1.61]
vs 1.51 [1.47-1.56] a.u., P < .05) and lower ADAM 17 than subcutaneous fat (1.67
[1.65-1.70] vs 1.70 [1.66-1.74] a.u., P < .001). Both genes were increased in epi-
cardial fat from patients with type 2 diabetes mellitus (T2DM) (1.62 [1.50-2.28] vs
1.52 [1.49-1.55] a.u., P = .05 for ACE2 and 1.68 [1.66-1.78] vs 1.66 [1.63-1.69]
a.u., P < .05 for ADAM17). Logistic regression analysis determined that T2DM was
the main associated factor with epicardial ACE2 levels (P < .01). The highest ACE2
levels were found on patients with diabetes and obesity. ACEI and ACE?2 levels were
not upregulated by antidiabetic treatment (metformin, insulin or thiazolidinedione).
Its cellular levels, which were higher in epicardial than in subcutaneous stromal cells
(1.61 [1.55-1.63] vs 1 [1-1.34]), were not correlated with the soluble ACE2.
Conclusion: Epicardial fat cells expressed higher levels of ACE2 in comparison
with subcutaneous fat cells, which is enhanced by diabetes and obesity presence in
patients with cardiovascular disease. Both might be risk factors for SARS-CoV-2
infection.
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1 | INTRODUCTION

Epidemiology studies have observed that obesity is a risk
factor associated with SARS-CoV-2 infection.! This evi-
dence becomes more clear in countries with a high percent-
age of obesity prevalence.2 Besides, it is a contributor of
COVID-19 severity and mortality in young people.® Other
important associated factor with COVID-19 is the cardio-
vascular disease. Thus, we should think about a common
mechanism among adipose tissue, heart and SARS-CoV-2
infection. In addition, the inflammatory state of hypertro-
phic adipose tissue might amplify the cytokines storm,
caused by the infection,4 and contribute to the COVID-19
severity. The described virus receptor is angiotensin II-
converting enzyme 2 (ACE2) that converts angiotensin II
into angiotensin 1-7.° This molecule has anti-inflammatory
and vasodilator properties. Its deficiency exacerbates the
adipose tissue inflammation and oxidative stress,® but its
overexpression might also induce a viral tropism. Several
cardiovascular tissues express ACE2 (myocardium, en-
dothelium and adipose tissue).” It might explain the viral
RNA findings in heart from COVID-19-positive patient
autopsies.8 In addition, several cardiovascular pathologies
as dilated or ischaemic cardiomyopathy upregulate ACE2
expression, which might counterbalance the angiotensin
II effects.’ Thus, after a myocardial infarction, ACE2 ex-
pression is higher in the border/infarct regarding the health
area.'” However, its deficiency accelerates the maladaptive
ventricle remodelling.!" Similarly, ACE2 expression levels
are higher in adipose tissue than in heart or kidney and its
levels are dependent on high-fat diet and adipogenesis.12
However, its absence might increment the progression of
the metabolic dysfunction caused by obesity and insulin
resistance.'> These two factors contribute to endothelial
dysfunction and atherogenesis which is also reduced by the
upregulation of ACE2."* In addition, the vasculature and
myocardial damage might be enhanced by epicardial fat in-
flammation'® which is suggested to be a target for COVID-
19 treatment.'® ACE2 expression levels on epicardial fat
might reduce inflammation but also improve the viral tro-
pism into the host cell.'” Inflammation can increase the
A disintegrin and metalloprotease (ADAM) 17 activity,
that sheds ACE2 from the membrane'® and abolishes its
anti-inflammatory role, but it also might reduce the viral
tropism into the host cell. Our main objectives were to (a)
identify the drugs and cardiovascular pathologies that reg-
ulate the SARS-CoV-2 receptor levels in epicardial fat as
possible risk factors of viral infection and (b) to study the
relationship between cellular and soluble ACE2, which can
be more useful as future marker.

2 | MATERIALS AND METHODS

2.1 | Study population

Epicardial and subcutaneous adipose tissue biopsies from
consecutive patients (n = 43) who underwent open-heart
surgery (valve replacement or coronary artery bypass) were
included for ACEI, ACE2 and ADAM117 determination or
its regulation by drugs in stromal vascular cells."” The study
complies with the Declaration of Helsinki and was approved
by the Clinical Research Ethics Committee of Galicia. All
patients signed an informed consent.

2.2 | ACE2and ADAM17 regulation by
cardiovascular risk factors in epicardial fat

Epicardial fat biopsies (100 mg) from 36 patients, after
being washed for 24 hours with M199 medium (Lonza
Biologics), were used for analysing the ACEI, ACE2 and
ADAM 17 expression levels. The AllPrep DNA/RNA/Protein
Mini Kit (Qiagen) was used for RNA isolation, following
the manufacturer's protocol. After retro-transcription, using
the Maxima First Strand cDNA Synthesis Kit (Thermo
Fisher Scientific), 2 pL of cDNA was used for amplify-
ing ACEI (F:5-CACCAATGACACGGAAAGTG-3" and
R:5'-CACCAATGACACGGAAAGTG-3"), ACE2 (F:5'-
TTCGTTTCGGGTAACAGGAG-3') and R: 5'-GGCTGC
AGAAAGTGACATGA-3"), ADAMI17 (F:5'-GCACAG
GTAATAGCAGTGAGTGC-3'; R: 5'-CACACAATGGA
CAAGAATGCTG-3’) and ACTB using the FastStart SYBR
Green Master (Roche Diagnostics) at 40 cycles (95°C for
30 seconds, 58°C for 60 seconds and 72°C for 60 seconds)
in a QuantStudio 3 (Thermo Fisher Scientific). The cycle
threshold (Ct) values of the genes were normalized by the
Ct values of ACTB (ACt). The expression levels were repre-
sented as 2~ ACTBE) a]o0rithm.

2.3 | ACE1l, ACE2 and ADAM17 regulation
by adipogenesis in epicardial fat stromal cells

Stromal vascular cells (SVC) were isolated from EAT biop-
sies of 3 patients and cultured as it was previously described.”
Adipogenesis was induced by the following cocktail, named
IDMT, that contained 5 pg/mL insulin, 250 nmol/LL dexa-
methasone (DEX), 0.5 mmol/L methylisobutylxanthine
(MIX) and 1 pmol/L thiazolidinedione (TZD) in M199 me-
dium supplemented with 10% foetal bovine serum (FBS). All
pharmacological drugs were from Sigma-Aldrich. The M199
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medium supplemented with the adipogenic cocktail was re-
placed twice per week over 21 days.20 Afterwards, ACE]I,
ACE2 and ADAM 17 were analysed as it was described before.

Epicardial and subcutaneous stromal vascular cells from
4 nondiabetic patients were cultured on 24-multiwell plates.
Four wells were used for each treatment, and RNA expres-
sion analysis and soluble ACE2 determination were per-
formed after following treatments: antidiabetic drugs insulin
(100 nmol/L), metformin (200 nmol/L) or thiazolidinedione
at 1 pmol/Ll2 in M199 medium. After a 24-hour treatment,
RNA and expression levels of ACEI, ACE2 and ADAM17
were analysed by real-time PCR. Supernatants from each
treatment and primary culture were concentrated 20x with
Amicon filters 3 kDa (Merck Life Science SLU), and soluble
ACE2 was determined by ELISA (OriGene Technologies,
Inc) with a sensitivity < 10 pg/mL.

2.4 | Statistical analysis

Continuous data with normal distribution were expressed as
mean =+ standard deviation (SD) and skewed data as median
[interquartile range (IQR)]. Comparison between epicardial
and subcutaneous fat was performed by paired Student's ¢ test
in normal distribution data and Wilcoxon's signed-rank test in
skewed data. Comparisons between diabetic and nondiabetic
groups were performed by unpaired Student's ¢ test in vari-
ables with normal distribution and the Mann-Whitney test in
those skewed. Categorical variables were presented as sam-
ple size (n) or percentage. Differences between diabetic and
nondiabetic groups were performed with Pearson's chi-square
test. Logistic regression analysis was used for determining
the main associated factors with ACE2 and ADAM17 levels
in epicardial fat. Data were represented with B-coefficient
[95% confidence interval]. The regulation of genes by drugs
was analysed by comparison among groups with ANOVA or
Friedman's test and Dunn's post hoc test. Statistical Package
for Social Science (SPSS) for Windows, version 15.0 (soft-
ware SPSS Inc) package, was used for all statistical analyses.
Statistical significance was defined as P < .05.

3 | RESULTS
3.1 | ACE1, ACE2 and ADAM17 on
epicardial and subcutaneous adipose tissue

Epicardial and subcutaneous adipose tissue from pa-
tients with cardiovascular disease (70 + 0.80 years old,
30 + 0.95 kg/mz, 69% male, 86% with hypertension, 41%
with type 2 diabetes mellitus (T2DM) and 14% with heart
failure) expressed ACEI, ACE2 and ADAM 7. Similar levels
between both tissues were defined for ACEI (1.66 + 0.04 in
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SAT vs 1.67 + 0.05 in EAT). However, ACE2 levels were
higher in epicardial (1.53 [1.49-1.61] vs 1.51 [1.47-1.56],
P < .05) and ADAM 17 levels in subcutaneous fat (1.70
[1.66-1.74] vs 1.67 [1.65-1.70]; P < .001) (Figure 1A). We
have included in a logistic regression analysis, hypertension,
gender (male), heart failure and T2DM for determining the
best associated factor with ACE? levels on epicardial fat. Our
results showed that type 2 diabetes mellitus (T2DM) was the
best associated factor with ACE2 levels (0.456 [0.097-0.535],
P < .01) (Table 1). Thus, ACE2 and ADAM17 levels in epi-
cardial fat biopsies were higher in patients with than without
T2DM (1.62 [1.50-2.28] vs 1.52 [1.49-1.55] a.u., P = .05 for
ACE?2 and 1.68 [1.66-1.78] vs 1.66 [1.63-1.69] a.u., P < .05
for ADAM17) (Figure 1C). This effect was not detected in
subcutaneous fat biopsies (Figure 1B). Diabetes is associated
with obesity. Then, we split patients attending obesity and/
or T2DM presence. Our results showed that a higher ACE?2
expression levels in patients with obesity and diabetes in
both subcutaneous (1.56 [1.52-2.34] vs 1.49 [1.48-1.51] a.u.,
P = .0018) and epicardial (1.63 [1.53-2.28] vs 1.52 [1.49-
1.55] a.u., P = .0073) fat tissues (Figure 1D). After testing
the differential clinical characteristics between patients with
and without T2DM, we observed that the antidiabetic drug
intake (metformin or insulin) was the only significantly dif-
ferent one (Table 2).

We have also analysed ACE2 and ADAM17 mRNA ex-
pression levels on ACE inhibitor (ACEi) or blocker (ARB)—
treated patients with and without diabetes. Our results showed
that those patients without ACE;i treatment expressed ACE?2
(1.53 [1.49-1.69 a.u.]) and ADAM17 (1.67 [1.65-1.76 a.u.])
in epicardial fat samples. Similar levels were detected in sam-
ples from patients who were taken ACEi 1.53 [1.51-1.56 a.u.]
for ACE2 and 1.68 [1.65-1.70 a.u.] for ADAM17. ACE2 levels
in epicardial fat from patients without ARB treatment were
1.53 [1.50-1.55 a.u.] for ACE2 and 1.67 [1.65-1.69 a.u.] for
ADAM17. Similar levels were also detected in samples from
patients who were taken ARB (1.57 [1.49-1.74 a.u.] for ACE2
and 1.67 [1.65-1.76 a.u.] for ADAM117). However, as can be
seen in Table 2, diabetic patients who were taken ARB ex-
pressed higher levels of ACE2 and ADAM 17 than those with-
out diabetes 1.71 [1.59-2.40] for ACE2 and 1.66 [1.76-1.80]
for ADAM17 vs. 1.49 [1.48-1.55] for ACE2 and 1.66 [1.63-
1.67] for ADAM17, P < .05. Any differences were found re-
garding ACFEi and diabetes.

3.2 | Adipogenesis on ACE1, ACE2 and
ADAM17 from epicardial fat stromal cells

Epicardial stromal vascular cells from 3 independent patients
(68 + 15 years old, 33 + 7.3 kg/mz, two of them had hyper-
tension and T2DM) were or not submitted to adipogenesis in-
duction for 21 days. Afterwards ACEI, ACE2 and ADAM17
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FIGURE 1 ACEI, ACE2 and ADAM17 gene expression in human adipose tissue explants. Angiotensin [I-converting enzyme (ACE1),
angiotensin II-converting enzyme (ACE2) and ADAM metallopeptidase domain 17 (ADAM17) mRNA expressions in paired subcutaneous (SAT)
and epicardial adipose tissue (EAT) explants from 36 patients. Whisker bars with dot plots represent median with interquartile range and individual
values. Statistical significance analysed by Wilcoxon's rank test is depicted as *P < .05 and ***P < .001 (A). ACEI, ACE2 and ADAM17 regarding
type 2 diabetes mellitus (T2DM) in paired SAT (B) and EAT explants (C). ACE2 mRNA expression attending obesity and T2DM presence (D).
Whisker bars with dot plots represent median with interquartile range and individual values. Statistical significance analysed by Mann-Whitney's
test is depicted as *P < .05

TABLE 1 Logistic regression analysis of the best predictor for ACE2 in epicardial fat

Nonstandardized Standardized Confidence intervale for
coefficients coefficients B 95%
Typical Upper
Model B error 1] t Sig. Lower limit limit
1 (Constant) 1.506 0.155 9.718 .000 1.190 1.822
T2DM 0.316 0.107 456 2.944 006%* 0.097 0.535
Arterial hypertension 0.164 0.154 .166 1.069 .293 —-0.149 0.477
Heart failure —-0.281 0.153 —.284 —1.833 .076 -0.593 0.032
Sex (male) —-0.126 0.113 -.170 -1.112 275 -0.357 0.105

Note: Dependent variable: ACE2 expression levels on epicardial fat.

Abbreviations: T2DM, type 2 diabetes mellitus.

expression levels were analysed. We observed expression (Figure 2A), although ACE?2 expression levels tended to be
of all genes in stromal vascular cells which did not differ ~ higher in adipogenized cells (1.71 + 0.07 vs 1.55 + 0.07,
with statistical significance after adipogenesis induction P =.203).
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TABLE 2 Clinical characteristics of the study population according to type 2 diabetes mellitus (T2DM) presence

Variables Non-T2DM, n = 21
Age (y), (mean + SD) 69.8 +9
Gender (male), n (%) 14 (67)

BMI (kg/m?), (mean + SD) 29.38 + 3.46
CAD, n (%) 8 (38)

HF, n (%) 2(9)
Arterial hypertension, n (%) 17 (81)
Dyslipidaemia, n (%) 18 (86)
LVEF > 50%, n (%) 19 (90.5)
VR surgery, n (%) 13 (61.9)
CABG surgery, n (%) 9 (60)
Statins, n (%) 16 (76)
ACEi n (%) 9(43)

ARB n (%) 8(57)

Oral anti-diabetics 0 (0)

Insulin 0 (0)

ACEI (EAT) median [IQR]
ACEI (SAT) median [IQR]
ACE2 (EAT) median [IQR]
ACE2 (SAT) median [IQR]

1.66 [1.61-1.69]
1.65 [1.62-1.69]
1.52 [1.49-1.55]
1.50 [1.48-1.53]

ADAM17 (SAT) median [IQR]

ADAM17 (EAT) median [IQR]

Patients without ARB treatment
ACE]I (SAT) median [IQR]
ACEI (EAT) median [IQR]
ACE2 (SAT) median [IQR]
ACE2 (EAT) median [IQR]
ADAM17 (SAT) median [IQR]
ADAM17 (EAT) median [IQR]

Patients with ARB treatment

1.68 [1.66-1.72]
1.66 [1.63-1.69]

1.66 [1.62-1.69]
1.69 [1.61-1.70]
1.51 [1.48-1.54]
1.53 [1.50-1.55]
1.69 [1.66-1.76]
1.66 [1.64-1.70]

ACEI (SAT) median [IQR]
ACEI (EAT) median [IQR]
ACE2 (SAT) median [IQR]
ACE2 (EAT) median [IQR]

1.65[1.62-1.68
1.66 [1.61-1.67

1.49 [1.48-1.56

]
]
1.49 [1.47-1.53]
]
]

ADAM17 (SAT) median [IQR]
ADAM17 (EAT) median [IQR]

1.67 [1.65-1.72
1.66 [1.63-1.67]

T2DM, n = 15 P-value
71+ 12 710
11 (73) .669
30.73 £ 4.00 .286
6 (40) .908
3 (20) .370
14 (93.3) .290
14 (93) 473
13 (86.7) 720
4(19) .363
5(24) 363
13 (87) 434
4(27) 319
10 (63) 729
12 (80) L0007
3(20) .032%
1.68 [1.69-1.73] 175
1.67 [1.64-1.69] 582
1.62 [1.50-2.28] .056
1.54 [1.50-2.33] .062
1.71 [1.65-1.77] .303
1.68 [1.66-1.78] .011*
1.67 [1.64-1.69] 799
1.68 [1.65-1.71] 721
1.50 [1.42-1.56] 799
1.53 [1.42-1.55] 721
1.71 [1.67-1.72] 799
1.68 [1.66-1.68] 799
1.66 [1.64-1.69] .604
1.68 [1.64-1.76] 156
1.67 [1.52-2.52] 017%
1.71 [1.59-2.40] .010%
1.75 [1.64-1.79] 182
1.76 [1.66-1.80] .017%

Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BMI, body mass index; CABG, coronary artery bypass
graft; CAD, coronary artery disease; HF, heart failure; IQR, interquartile range; LVEF, left ventricle ejection fraction; T2DM, type II diabetes mellitus; VR, valve

replacement.
*P < .05.
#kP < .001.

33 | ACE1, ACE2 and ADAM17 from
epicardial and subcutaneous fat stromal cells

Because the expression of these genes was detected in
epicardial stromal vascular cells, we compare them with
the subcutaneous stromal vascular cells from 4 patients

(71 + 10 years old, 31 + 1.6 kg/mz, without diabetes). Our
results showed that all genes follow an upward trend on
epicardial cells regarding subcutaneous stromal vascular
(ACEI: 1.71 [1.69-1.76] vs 1.65 [1.62-1.68 a.u.; ACE2:
1.61 [1.55-1.63] vs 1 [1-1.34] a.u. and ADAMI7: 1.74
[1.72-1.77] vs 1.68 [1.64-1.68] a.u.). The expression of



COUSELO-SEIJAS ET AL.

2
C
by
<

=

@ 20 EAT SVC
5 e NO IDMT
‘; P = IDMT
&2
53 15
§3
25
[7]
99
o N
g a8
Q
< 104
: N
SENINE Tl T B
ACE1 ACE2  ADAM17
(B)
@ 20,
& e SAT SVC
< -]
o g, ey = EAT SVC
25" .
&2
gg 1.0
28
89
2 9.5
(]
<
P4
[14
E 00

ACE1 ACE2 ADAM17

FIGURE 2 ACEI, ACE2 and ADAM17 gene expression in
human adipose tissue stromal vascular cells (SVC). Angiotensin
II-converting enzyme (ACE1), angiotensin II-converting enzyme
(ACE2) and ADAM metallopeptidase domain 17 (ADAM17) mRNA
expressions in epicardial adipose tissue (EAT) SVC adipogenized or
not with an insulin, dexamethasone, 3-isobutyl-1-methylxanthine and
thiazolidinedione (IDMT) cocktail from 3 patients (B). ACEI, ACE2
and ADAM 17 mRNA expression comparison between SAT and EAT
SVC (A). Comparison between subcutaneous adipose tissue (SAT)
and EAT SVC (B). Whisker bars with dot plots represent median with
interquartile range and individual values

ACE?2 in subcutaneous stromal cells was low or undetect-
able (Figure 2B).

3.4 | ACE1l, ACE2 and ADAM17 regulation
by antidiabetic drugs

The antidiabetic treatment of the patients who were included
in the study was metformin or insulin. We wanted to test
whether these drugs regulate the expression levels of these
genes. We have included also thiazolidinedione, which was
demonstrated to upregulate ACE2 expression in hepatic cells
from rats.”! We observed a downregulation of ACE] by insu-
lin in epicardial fat (1.67 + 0.03 vs 1.72 + 0.02 a.u., P < .05)
(Figure 3B). None of the other treatments (metformin,

Insulin or thiazolidinedione) modified ACEI or ADAM
17 (Figure 3A,B). ACE2 expression but not soluble levels
were downregulated by insulin in epicardial stromal cells
(1.56 + 0.02 vs 1.60 + 0.02 a.u.; P < .05) (Figure 4A,B). In
addition, the expression levels of ACE2 in these cells were
not correlated with the soluble ACE2 levels with or without
treatment.

4 | DISCUSSION

One of the main SARS-CoV-2 receptors is ACE2.%? The virus
tropism by ACE2 expression in cells can increment its repli-
cation and infectivity. However, the soluble ACE2 might be a
virus decoy and prevent its binding and replication in cells.
One of the main enzymes that regulates the ACE2 cleavage
is ADAM17.%* This enzyme also sheds the tumour necrosis
factor-o (TNF-o) which might explain its anti-inflammatory®
and antiatherogenic role.?® Patients with obesity and cardio-
vascular disease are more vulnerable to COVID-19.>" The
interplay between epicardial fat and cardiovascular disease
is already known,?® and its differential behaviour regarding
subcutaneous adipose tissue? might justify the findings of
SARS-CoV-2 in heart.’® For the first time, our results show
differential expression levels between epicardial and subcu-
taneous fat regarding ACE2 and ADAM17. In fact, ACE2 was
even undetectable in the majority of subcutaneous fat sam-
ples. Similarly, low levels of this gene were also described in
subcutaneous adipocytes from animals models.*! The ACE2
and ADAM17 arise might counterbalance the proinflamma-
tory profile on epicardial fat stromal cells from patients with
cardiovascular disease.>> After testing MCP-1, IL-6 and TNF-
a mRNA expression levels on these cells, we observed a sim-
ilar profile with ACE2 levels. These results might suggest a
co-regulation among ACE2 and inflammatory genes (Figure
S1). While ACE2 and ADAMI17 might protect against the
inflammation, they are also involved in the viral infection,
specifically ACE2. After testing the main risk factors associ-
ated with COVID-19 in patients with cardiovascular disease
(gender (male), hypertension, heart failure or diabetes),33
we observed that diabetes was the main contributor to high
ACE2 expression levels in epicardial fat tissue. Because
the diabetic patients with obesity expressed higher levels
of ACE2 than those without obesity, we could suggest that
both factors, in addition to cardiovascular disease, contribute
to the SARS-CoV-2 receptor levels in epicardial fat. These
results might be one explanation of the higher risk of viral
infection in patients with T2DM, obesity and cardiovascu-
lar disease. Previous findings described that cardiomyocytes,
more than fibroblasts, endothelial cells or pericytes express
ACE2.3* Its levels are upregulated in failing hearts, dilated

35,36

cardiomyopathy or hypertrophic cardiomyopathy and are

higher in treated patients with ACE inhibitors compared with
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Angiotensin [I-converting enzyme (ACE!) (A) and ADAM metallopeptidase domain 17 (ADAM17) (B) mRNA expressions in paired subcutaneous
(SAT) (left) and epicardial adipose tissue (right) stromal vascular cells (SVC) after a 24-h treatment with insulin (100 nmol/L), metformin
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and individual values. The statistical significance among treatments was analysed by ANOV As. Friedman's test result is depicted as a P-value
within a box, and Dunn's post hoc test results are depicted as *P < .05 and #P < .01

ARB-treated patients.34 Fang et al’’ suggested that the upreg- this sense, ACE2 overexpression, in an animal model with
ulation of ACE2 expression levels in diabetic patients might  diabetic cardiomyopathy, attenuates myocyte hypertrophy,
facilitate the infection with SARS-CoV-2. However, ACE2 myocardial fibrosis and left ventricle remodelling. Besides,
deficiency reduces the cardiac function and contractility.38 In it improved left ventricle systolic and diastolic function.”
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ACE2 mRNA expression

FIGURE 4 ACE2 mRNA and soluble ACE2 in human epicardial
adipose tissue (EAT) stromal vascular cells (SVC) after selected

drug treatments. Angiotensin II-converting enzyme (ACE2) mRNA
expression in EAT SVC from 4 patients after a 24-h treatment with
insulin (100 nmol/L), metformin (200 nmol/L) and thiazolidinedione
(1 umol/L). Whisker bars with dot plots represent median with
interquartile range and individual values (A). ACE2-soluble
concentration (pg/mL) in the supernatants of SVC from 4 patients.
Whisker plot with dots represents median with interquartile range

and individual values (B). ACE2-soluble concentration (pg/mL)

and mRNA expression correlation (C). The statistical significance
among treatments was analysed by ANOVAs. Friedman's test result is
depicted as a P-value within a box, and Dunn's post hoc test results are
depicted as P < .01

While the ACE2 expression levels can be used as receptor by
SARS-CoV-2 on myocardium, its deficiency after infection
can also develop and induce the progression of myocardial
dysfunction. In addition, our results showed a higher ACE2
mRNA expression level on epicardial fat from ARB-diabetic
patients than those without treatment. However, similar lev-
els were detected between ACEi-treated and nontreated dia-
betic patients. These results suggest an ACE2 regulation in
an angiotensin II level-independent manner and a differential
behaviour between epicardial and myocardium in these pa-
tients. We also found higher expression levels of ADAM17 in
patients with diabetes. Some authors have already described
that this metallopeptidase is upregulated in diabetes and is
involved in the impaired insulin signalling.40 In this sense, it
might explain the higher insulin resistance in epicardial re-
garding subcutaneous fat from patients with cardiovascular
disease.”’ In spite of this, insulin treatment was able to down-
regulate ACE] and ACE?2 expression levels in epicardial stro-
mal cells which might modulate the renin-angiotensin system
in obesity.41 Therefore, insulin or metformin was not able to
increase them. These results indicate that the ACE2 upregula-
tion in epicardial fat from obese and diabetic patients is not
dependent on antidiabetic drugs intake. The adipose tissue
remodelling and cellular composition on obesity and diabe-
tes! might explain the higher ACE2 expression levels in epi-
cardial fat and its viral infection risk. Although the soluble
ACE?2 levels might reduce the SARS-CoV-2 binding to epi-
cardial cells, further studies need to be demonstrated.
Additional approaches not only will help us to understand
the virus tropism into epicardial fat, as infection risk, but also
will help us to understand how this tissue emphasize the IL-6
levels and the COVID-19 sev«:rity42 after viral infection.

4.1 | Limitations
Plasma or myocardium biopsy from the same patients was

not obtained, and plasma-soluble ACE2 was not quantified
neither ACE2 mRNA expression levels on myocardium.
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Small biopsies and low proliferation rate of stromal vascu-
lar did not allow us to perform many treatment combination.
In addition, low number of stromal cells on each treatment
did not allow us to detect by Western blot the ACE2 pro-
tein levels. We show mRNA levels which were detected by
the real-time PCR. Although higher epicardial fat amount
might be associated with higher ACE2 expression, we can-
not get these data. The main antidiabetic treatment of the
patients was insulin or metformin, but other antidiabetic
drugs might modulate the ACE2 levels. ACE2 regulation by
antidiabetic drugs was performed in stromal vascular cells
from 4 patients without diabetes. The response might differ
between samples with and without insulin resistance.
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