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The current pandemic of severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2)-induced disease (coronavirus dis-
ease 2019 [COVID-19]) is a major global
threat. Although most infected patients
have a mild course, a relevant proportion
ofapproximately20%developasevereand
often lethal condition.Recentfindingsdem-
onstrate that COVID-19 is a multiorgan
disease. In addition to the characteristic
pneumonia, it affects heart, kidney, pan-
creas, the coagulation system, and liver.
Major risk factors for severe COVID-19with
multiorgan complications include male sex,
older age (.65 years), cardiovascular and
chronic lungdisease,andespeciallydiabetes
(1,2). However, it is still unclear why these
conditions predispose to a severe course of
COVID-19.
To enter the target cell, SARS-CoV-2

requires the binding of its spike protein
to the angiotensin-converting enzyme 2
(ACE2) receptor (3). The entry is addition-
ally facilitated by subsequent priming and
cleavage of the spike protein through
proteases such as transmembrane serine
protease 2 (TPMRSS2) and furin (3).While
the ACE2 receptor is mainly expressed in
heart, lungs, endothelial cells, kidney, and
the gastrointestinal tract, expression has
also been detected in cholangiocytes and

in lower amounts in hepatocytes (4). Of
note, hepatic ACE2 expression was found
tobe increaseduponchronic liverdamage
in rodents as well as in humans.

Nonalcoholic fatty liver (NAFL) is the
most prevalent liver disorder in people
with type 2 diabetes and is present in
more than two-thirds of these patients.
To our knowledge, no testing has been
done so far to determine whether liver
fat accumulation or diabetes affects ACE2
expression.As increasedpresenceofACE2
likely promotes the entry of SARS-CoV-2,
this could be one underlying mechanism
for liver damage and subsequent lethality
in patients with diabetes. We therefore
investigated how NAFL and diabetes im-
pact ACE2 expression in the human liver.

We investigated hepatic ACE2 mRNA
expression by real-time PCR in surgical liver
samplesofnormal, nondiseasedtissue from
a cohort of 165 individuals (62 women/103
men,mean6SDage63.5611.7years,BMI
25.2 6 4.1 kg/m2) of European descent,
including 31 subjects with type 2 diabetes.
The local ethics committee at the University
of Tübingen approved the protocol (239/
2013BO1), and all patients provided in-
formed written consent.

Hepatic ACE2 mRNA expression was
significantly higher in males compared

with females (P 5 0.024) (Fig. 1A) and
higher in older patients (P 5 0.011, r 5
0.197) (Fig. 1B). Obesity had no link to
hepatic ACE2 expression (P 5 0.24, r 5
0.092) (Fig. 1C). We next addressed the
impact of liver fat. In our cohort of
patients with a wide range of liver fat
content, we detected increasing ACE2
expression with increasing fat accumu-
lation (P 5 0.002, r 5 0.239) (Fig. 1D).
This relation remained significant even
after adjustment for age, sex, and BMI
(P 5 0.0028).

Patients with diabetes had signifi-
cantly higher ACE2expression than those
without the disease (P 5 0.0085) (Fig.
1E). In the 73 patients with available
fasting blood samples, neither fasting
glucose nor insulin sensitivity (assessed
by HOMA of insulin resistance) was as-
sociated with hepatic ACE2 expression
(P 5 0.67, r 5 0.158, and P 5 0.94, r 5
0.009, respectively) (Fig. 1F).

We next addressed the proteases,
TMPRSS2 and furin, that facilitate ACE2-
dependent cell entry of SARS-CoV-2.
Bothwerepresent in our liver specimens,
and TMPRSS2 expression was appro-
ximately 10-fold lower than ACE2.
However, TMPRSS2 had similar associa-
tions with sex (P 5 0.048) and diabetes
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(P 5 0.035), as well as a positive corre-
lation with liver fat content (P 5 0.0023,
r5 0.234) but not with age (P5 0.48). In
contrast, furin expression was approxi-
mately 10-fold higher than ACE2, but we
detected no significant associations

with sex, diabetes, age, BMI, or liver fat
content.

We report upregulated expression of
ACE2 in the liversof patientswithdiabetes,
male sex, older age, orNAFL, i.e., situations
that predispose to an adverse course of

COVID-19. The greater availability of ACE2
and itsmajor cofactorTMPRSS2most likely
fosters viral penetration into cells. Hence,
wepresumably identifiedonenovelmech-
anism that contributes to the susceptibility
forhepatic complications in thesepatients.

Figure 1—Correlations betweenACE2mRNAexpressionnormalized toRPS13 in human liver tissue samples (n5165) anddifferent determinants. ACE2
mRNA expression is higher in male than in female subjects (A) and correlates positively with increasing age (B), but shows no correlation with BMI
(kg/m2) (C). Elevated liver fat content is positively correlated with ACE2 mRNA expression (D), and subjects with diabetes had higher ACE2 mRNA
expression (E), whereas HOMAof insulin resistance (HOMA-IR), assessed in 73 subjects, showed no correlationwith ACE2 expression (F). For statistical
analyses, nonnormally distributed parameters were log transformed.
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In line with this, SARS-CoV-2 was detected
in some, but not all, autopsy liver samples
of COVID-19patients (5). However, it is still
not clear whether SARS-CoV-2 infection
affects hepatocytes or cholangiocytes. Our
current results could be the basis for
further investigations inCOVID-19patients
to test how diabetes and liver fat accu-
mulation contributes to hepatic viral in-
fection and subsequent severity of and
mortality from the disease. Since NAFL is
often asymptomatic and remains unde-
tected, it could underlie some severe cases
ofCOVID-19 inpatientswithoutknownrisk
factors.Basedonthe resultsobtained from
our study, NAFL could play an important
role in the development of severe liver
damage during infection with SARS-CoV-2
in an older population with diabetes.
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