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Primary biliary, pulmonary and intestinal organoids were
propagated using established protocols. For FXR inhibition
organoids cultured with physiological concentration on bile acids
(CDCA, 10 μM), were exposed to ursodeoxycholic acid (UDCA,
10 μM) or z-guggulsterone (ZGG, 10 μM). Marker expression was
assessed using single-cell RNA sequencing, QPCR and
immunofluorescence (IF). FXR binding on DNA was assessed
with chromatin immunoprecipitation (ChIP). Human livers not
used for transplantation were perfused ex-situ using the metra
(OrganOx) normothermic perfusion device. UDCA was
administered at the standard therapeutic dosage of 15 mg/kg/day.
Nasopharyngeal swabs were used to collect RNA from nasal
epithelial cells and QPCR was used to assess gene expression.
Patient data from the COVID-Hep and SECURE-Liver registries
were compared using propensity score matching for sex, age and
Child-Turcotte-Pugh score.

There is a pressing need for developing new strategies against
COVID19. Modifying the expression of the SARS-CoV-2 entry
receptor ACE2 could prevent viral entry and reduce infection.
However, due to the lack of appropriate in vitro models, the
regulation of ACE2 remains elusive. Cholangiocytes show one of
the highest ACE2 expression levels, rendering them an ideal
platform for these studies. Here, we used cholangiocyte
organoids (COs) as proof-of-principle to identify FXR as a key
regulator of ACE2 expression and validate the use of approved
drugs acting as FXR antagonists (e.g., ursodeoxycholic acid) for
COVID19 .

• Use COs to explore mechanisms regulating ACE2 
expression and test drugs acting on these pathways

• Validate the efficacy/feasibility of this approach to 
reduce SARS-CoV-2 infection
• Explore the potential for clinical translation to humans
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RESULTS
FXR is a key regulator of ACE2 expression.

Clinically approved drugs (UDCA&ZGG) acting as FXR
antagonists reduce ACE2.

FXR-mediated ACE2 downregulation reduces SARS-
CoV-2 infection in vitro and ex vivo.

In humans, UDCA administration correlates with lower
ACE2 levels and better outcome from COVID-19

à UDCA could be repurposed for therapy and
prophylaxis of COVID19
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METHODS

3.UDCA reduces ACE2 and SARS-CoV-2 infection 
in a human liver

4.UDCA reduces ACE2 in healthy volunteers

1. FXR regulates ACE2 expression 2.FXR modulates SARS-CoV-2 infection via ACE2

Brevini T, et al. FXR inhibition reduces ACE2 expression, 
SARS-CoV-2 infection and may improve COVID-19 outcome
https://www.biorxiv.org/content/10.1101/2021.06.06.446781v1

5.UDCA correlates with better COVID19 outcome

ChIP validation of FXR binding
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(a) single cell RNA sequencing of COs reveals ACE2 expression before and after FXR activation with bile
acids (CDCA). (b) proposed mechanism for FXR-mediated ACE2 regulation. (c) FXR ChIP-QPCR validates
direct binding of FXR on ACE2.

(a) QPCR showing increase in viral RNA 24 h post infection (hpi) in different organoids upon FXR inhibition.
(b) IF showing SARS-CoV-2 spike protein 24 hpi in organoids from different COVID19 affected tissues.

(a-b) Picture and schematic showing the OrganOx device (a) and the experimental setting used (b). (c) IF
and QPCR showing that ESNP of a human liver with UDCA reduces ACE2 expression in cholangiocytes.
(d) IF and QPCR showing that ESNP with UDCA reduces SARS-CoV-2 infection ex vivo.

(a) Schematic depicting the experimental design and the NP swab collection procedure. (b) QPCR
showing ACE2 expression in nasal epithelial cells of healthy volunteers taking 15 mg/kg/day of UDCA.

(a) Clinical outcome from COVID-19 in patients with
chronic liver disease in the presence or absence of
UDCA treatment. Data from the COVID-Hep & SECURE-
Liver registries.
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