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COVID-19 is a disease with unique characteristics including lung thrombosis1,
frequent diarrhoea2, abnormal activation of the inflammatory response3 and rapid
deterioration of lung function consistent with alveolar oedema4. The pathological
substrate for these findings remains elusive. Here we show that the lungs of patients
with COVID-19 contain infected pneumocytes with abnormal morphology and
frequent multinucleation. Generation of these syncytia results from activation of the
SARS-CoV-2 Spike protein at the cell plasma membrane level. Based on these
observations, we performed two high-content microscopy-based screenings with
over 3000 approved drugs to search for inhibitors of Spike-driven syncytia. We
converged on the identification of 83 drugs that inhibited Spike-mediated cell fusion,
several of which belonged to defined pharmacological classes. We focussed our
attention on effective drugs that also protected against virus replication and
associated cytopathicity. One of the most effective molecules was Niclosamide, which
markedly blunted calcium oscillations and membrane conductances in
Spike-expressing cells by suppressing the activity of TMEM16F/Anoctamin6, a
calcium-activated ion channel and scramblase responsible for phosphatidylserine
exposure on the cell surface. These findings suggest a potential mechanism for
COVID-19 disease pathogenesis and support the repurposing of Niclosamide for
therapy.
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One of the defining features of coronavirus biology is the coordinated
process by which the virus binds and enters the host cell, which involves
both docking to receptors at the cell surface (ACE2 for SARS-CoV25),
and proteolytic activation of the Spike (S) protein by host encoded
proteases at two distinct sites6. One activation step is Spike cleavage
at the S1/S2 boundary, which can occur either before or after receptor binding. A second proteolytic activation exposes the S2 portion,
and primes S2 for fusion of virus and cellular membranes. The protease priming event at this S2’ site and subsequent fusion can occur
after endocytosis, where cleavage is carried out by endosomal low
pH-activated proteases such as cathepsin B and cathepsin L7, or at the
plasma membrane, where cleavage can be mediated by TMPRSS28–10.
The Spike proteins of MERS-CoV and SARS-CoV-2 possess a multibasic
amino acid sequence at the S1/S2 interface, which is not present in
SARS-CoV11, that also allows cleavage by the ubiquitously expressed
serine protease furin12–14. As a consequence, cells expressing MERS-CoV
and SARS-CoV-2 Spike at the plasma membrane can fuse with other cells
expressing the respective receptors and form syncytia.

Pneumocyte syncytia in COVID-19 lungs
We examined the organs of 41 consecutive patients who died from
COVID-19 in the period March-May 2020 at the University Hospital in
Trieste, Italy. Detailed post-mortem analysis of these patients is reported
elsewhere15. In addition to diffuse alveolar damage, frequent thrombosis
and extensive fibrotic substitution, a peculiar finding was the presence,
in almost 90% of these patients, of atypical cells with the characteristic
of syncytia, showing a large cytoplasm containing a variable number of
nuclei, ranging from 2 to over 20 (shown in Fig. 1a for 4 patients). Most of
these syncytial cells were bona fide pneumocytes, as they expressed two
pneumocyte-specific markers (napsin and surfactant B), and were positive for viral RNA by in situ hybridisation (Extended Data Figs. 1a and 1b).

Fusogenic properties of Spike
The presence of fused cells in the lungs of COVID-19 patients likely
results from the fusogenic activity of the SARS-CoV-2 Spike protein.
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Anti-syncytial drugs block calcium release
We wanted to understand the mechanism(s) by which the selected
drugs inhibited syncytia formation. We were intrigued by the observation that our assays had selected for specific drug classes. In particular,
there were 11 antipsychotics, 8 antidepressants and 5 first-generation
histamine 1 (H1) receptor antagonists among the top selected drugs. A
common characteristic of these molecules is their capacity to regulate
intracellular Ca2+ levels. The H1 receptor, M1, M2 and M5 muscarinic
receptors, and the 5-HT2 serotonin receptors signal through a Gqα
subunit to activate PLCß, which in turn hydrolyses PIP2 to generate
Ins(1,4,5)P3 (IP3). IP3 acts as a second messenger to activate Ca2+
release into the cytoplasm from the endoplasmic reticulum (ER) stores
upon binding to IP3R16. Besides H1R antagonists and anticholinergics,
phenothiazine antipsychotics and other tricyclics also act, to a different extent, on these receptors. Cyclosporin A forms a complex
with cyclophilin, which, in platelets, inhibits Store-Operated-Ca2+
Entry (SOCE) into cells through Ca2+release-activated Ca2+ (CRAC)
channels17. Finally, the L-type Ca2+ channel blockers and most of the
tricyclic antidepressants18 inhibit the voltage-dependent L-type calcium channels, which are also expressed in epithelial cells, including
HEK293 cells19.
Combining these considerations, we wanted to explore the dynamics of Ca2+ levels in cells expressing Spike and during cell fusion. We
performed time-lapse imaging of Vero cells expressing the calcium
indicator GCaMP6s20, co-cultured with U2OS cells expressing Spike and
mCherry fluorescent protein. We observed that the Spike-expressing
cells as well as the heterologous syncytia they formed had numerous
oscillations in intracellular Ca2+ levels (Supplementary Video 4; individual frames in Fig. 2b). To obtain a quantitative measurement of these
Ca2+ oscillations, we expressed GCaMP6s in Vero cells, with or without
Spike, and imaged these cells for 400 min. Over this period, the cells
expressing Spike progressively fused and had frequent Ca2+ oscillations (Supplementary Video 5, movie without drugs and individual
frames in Fig. 2c). The oscillation traces for over 50 cells (or syncytia
in the case of fused cells) are overlaid for each condition (Control or
Spike) in Fig. 2d. The presence of Spike increased the amplitude of Ca2+
transients in individual cells (P<0.01; Extended Data Fig. 6a), without
a significant difference in frequency, suggesting that Spike expression amplifies spontaneous Ca2+ transients. Expression of Spike from
SARS-CoV was ineffective (Extended Data Figs. 7a and 7b), while Spike
from MERS-CoV also induced Ca2+ oscillations. Both 1 µM Niclosamide and 5 µM Clofazimine markedly blunted both the amplitude and
frequency of the Ca2+ oscillations in SARS-CoV-2 Spike-treated cells
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We wanted to find clinically approved drugs that inhibit SARS-CoV-2
Spike -mediated cell fusion. We developed two assays for high throughput screening (HTS) using high content imaging. The first was based
on heterologous fusion between Vero and Spike-expressing U2OS cells
(Cell Fusion Inhibition Assay, CFIA), while the second based on direct
Spike expression in Vero cells (Syncytia Inhibition Assay, SIA). With
these two assays, we screened two FDA/EMA-approved drug libraries
(Prestwick Chemical Library and The Spectrum Collection, MS Discovery), totalling 3825 drugs. As 776 drugs are common in the two libraries,
this amounts to 3049 different small molecules.
The CFIA and its results are detailed in Extended Data Figs. 2a-g. For
SIA, we expressed Spike for 15 hr, incubated the cells with the drugs for
an additional 24 hr and then imaged and quantified syncytia (Fig. 1c).
This screening revealed 57 drugs from the Prestwick and 84 drugs from
the MS Discovery library that inhibited Spike-mediated fusion with a z
score <-1.96 (0.025% tail of the distribution), of which 37 and 47 respectively had z scores <-2.58 (0.005% tail; show in red in Fig. 1e and listed in
Supplementary Information Table 2). All DMSO-treated (Control) wells
for either library had a z score in the ± 0.25 range. The distribution of the
results for each of the two libraries is shown in Extended Data Figs. 3a
and b. As for CFIA, there was a significant correlation of effect for the
common drugs in the two libraries (Extended Data Fig. 3c; P<0.0001;
R2=0.18). Representative images from the screening are shown in Fig. 1f
for Niclosamide, the top hit in the Prestwick and the second in the MS
Discovery library, and in Extended Data Fig. 3d for other effective drugs.
Dose-response curves for syncytia inhibition for three selected drugs
(Niclosamide, Clofazimine and Salinomycin) are shown in Extended
Data Figs. 3e for Vero and HEK293 cells. Extended Data Fig. 4a shows
the results of the SIA screening according to therapeutic drug classes.
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Screening for drugs that block syncytia

Clofazimine for further studies. Niclosamide and Salinomycin, which
scored as cytotoxic at 10 µM in the absence of the virus (not shown),
were also shortlisted, as these drugs were among the most effective
in the SIA screening.
The five selected drugs were further assessed for cell protection
against virus-induced cell death in a range of doses, followed by the
analysis of cell survival after 5 days. Niclosamide, Clofazimine and Salinomycin were most effective in this cell protection assay (Extended Data
Fig. 5c) and were thus chosen for further testing of antiviral function.
Vero cells were infected in triplicate with SARS-CoV-2 (MOI 0.05) in
the presence of escalating drug concentrations; culture supernatants
were harvested 48 hr after viral challenge and infectious virus production was determined by plaque assay (Fig. 2a). Niclosamide and
Salinomycin displayed similar IC50 values of 0.34 µM and 0.22 µM,
respectively, while Clofazimine was ~10-fold less potent (IC50 of 2.56 µM).
All three drugs also inhibited viral replication in respiratory Calu-3
cells (Extended Data Fig. 5d). Representative images of Calu-3 syncytia
infected with SARS-CoV-2 are shown in Extended Data Fig. 5e. Of note,
the cells still infected in the presence of Niclosamide were no longer
syncytial (Extended Data Fig. 5f).
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In vitro, expression of a codon-optimised Spike protein cDNA in Vero
cells led to the conspicuous presence of syncytia (Fig. 1b). Presence
of Spike on the plasma membrane also triggered fusion of heterologous cells when these expressed the ACE2 receptor. Supplementary
Video 1 shows the effect of co-culturing, for 12 hr, Spike-transfected
human U2OS cells (which have undetectable levels of ACE2) with
EGFP-transfected Vero cells. Progressive, heterologous cell fusion
continued during the 12-hr observation period.
At higher magnification, Spike-expressing Vero cells and Spikepositive syncytia projected a remarkable number of plasma membrane protrusions, showing filopodia extensions and contacting the
plasma membrane of neighbouring cells (Extended Data Fig. 1c). These
Spike-expressing cells and syncytia displayed sudden calcium (Ca2+)
transients in their cytoplasm, as visualised by transfecting the GCaMP6s
fluorescent Ca2+ sensor (Supplementary Videos 2 and 3).
In contrast to SARS-CoV-2 Spike, no formation of syncytia was
observed when Spike from SARS-CoV was expressed, while MERS-CoV
Spike was also markedly syncytiogenic (Extended Data Figs. 1d and 1e).

Antiviral effect of drugs
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The CFIA and SIA screenings cumulatively identified 83 drugs a z score
<-2.58 (Extended Data Fig. 4b). The choice for further studies took in
consideration the following criteria: 1) common inhibitory effect in
the two screenings; 2) relative efficacy within specific drug classes; 3)
pharmacological suitability to clinical application. Based on these criteria, we assessed the effect of 43 drugs on SARS-CoV-2 infection (drug
list in Extended Data Fig. 5a). Vero cells were infected with SARS-CoV-2
strain IC19/2020 (100 TCID50 per well) in the presence of 10 µM drugs
in 96-well plates. The ability of drugs to protect cells from viral cytopathic effects was analysed after 5 days (Extended Data Fig. 5b). Of
the most effective drugs, we selected one anti-histaminic (Deptropine), one antidepressant (Sertraline) and the antileprotic antibiotic
2 | Nature | www.nature.com
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Discussion

We envisage at least three mechanisms by which Spike can activate
TMEM16 proteins. This can occur directly on the S-expressing (infected)
cells in cis or upon binding to ACE2 and activating protease in trans, or
indirectly through the activation of Ca2+ release. As far as the interplay
between Ca2+ levels and TMEM16 proteins is concerned, TMEM16
activation by SARS-CoV-2 Spike appears to increase the amplitude of
spontaneous Ca2+ signals. This is in line with previous reports showing
that both TMEM16A and TMEM16F augment intracellular Ca2+ signals
by increasing the filling of ER stores and augmenting IP3R-induced
Ca2+ release, thus amplifying Ca2+ signals activated by GPCRs24,25.
The involvement of TMEM16F in SARS-CoV-2 Spike-induced syncytia
is consistent with the previously proposed role of PS exposure in most
other physiological cell fusion events. Macrophages fusing into inflammatory giant cells26 or to form bone-reabsorbing osteoclasts27, myoblasts committed to fuse into myotubes28, cytotrophoblasts becoming
syncytiotrophoblasts29 and, finally, sperm cells during egg fertilisation30 all expose PS at the cell surface. In the cases of myoblasts31 and
of placental development, TMEM16F32 and TMEM16E31, respectively,
were shown to specifically participate in this process.
From a mechanistic point of view, these finding are consistent with
a model (Fig. 3q) by which the cells expressing SARS-CoV-2 Spike have
increased Ca2+ oscillations and increased activity of the plasma membrane TMEM16 channels, which leads to PS externalization and chloride
secretion. While the former event is required for plasma membrane
fusion, chloride secretion might have relevance in COVID-19 pathogenesis.
Besides Niclosamide, other drugs known to inhibit the anoctamin/
TMEM16 family also scored positive in inhibiting Spike-induced syncytia in our assays, including Nitazoxanide, Hexachlorophene and Dichlorophen. Gefitinib, which is known to block TMEM16A-activated EGFR on
the plasma membrane33, also inhibited Spike-driven fusion. In addition,
it appears likely that, similar to Niclosamide and Nitazoxanide22, other
drugs that target TMEM16A (in particular, trifluoperazine34, serotonin
reuptake inhibitors35,36 and Ivermectin37, all of which scored positive
against syncytia) might also inhibit TMEM16F. Thus, our screening for
syncytia inhibition appears to have disclosed a common mechanism
for Spike-dependent cell-cell fusion.
The activation of members of the TMEM16 family by SARS-CoV-2
Spike might have specific relevance for COVID-19 pathogenesis, as it
could participate in inflammation (TMEM16A promotes NK-κB activation and IL-6 secretion38), thrombosis (TMEM16F is essential for lipid
scrambling in platelets during blood coagulation39,40), dysfunction
of endothelial cells41 and alveolar oedema and diarrhoea through
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A hint to explain these findings was provided by the observation that
Niclosamide is a potent inhibitor of the Ca2+-activated TMEM16/Anoctamin family of chloride channels and scramblases22. We investigated
the levels of the 10 members of this family in several cell lines and in
primary bronchial human airway epithelial cells; Extended Data Fig. 8a).
We found that TMEM16F, which functions both as a non-specific ion
channel and a lipid scramblase responsible for phosphatidylserine (PS)
externalisation onto the outer leaflet of the plasma membrane23, was
expressed in all cells and that its levels further increased upon Spike
expression (Extended Data Fig. 8b).
We wondered whether the activity of TMEM16F at the membrane was
affected by Spike. We performed whole-cell voltage-clamp recordings
of HEK293 cells to measure the endogenous currents carried by this
channel. We recorded small but clearly detectable outwardly rectifying currents in response to voltage ramps. This current required high
intracellular Ca2+ (28 µM), was blunted by the targeted knockdown of
TMEM16F (Fig. 3d; RNA and protein levels to confirm knockdown are in
Extended Data Fig. 9a for all the investigated cell types), was blocked by
the TMEM16A and TMEM16F inhibitor benzbromarone (10 µM; P<0.01)
and was reduced at lower intracellular Ca2+ (0.5 µM; Extended Data
Fig. 10a). These results suggest that this current is carried, at least in
part, by TMEM16F channels. We found that acute administration of
Niclosamide (2 µM) readily blocked this current (P<0.01), while both
Clofazimine (5 µM) and Salinomycin (5 µM) had no significant direct
effect (Fig. 3c). Importantly, we found that HEK293 cells expressing
Spike and ACE2 showed an increased current in response to voltage
ramps (Fig. 3e; P<0.05), reflecting either an increase in TMEM16F
expression (Extended Data Fig. 8b) or a direct modulation of channel
activity. None of the investigated drugs changed the expression levels
of either TMEM16A or TMEM16F (Extended Data Fig. 8c).
Collectively, these results indicate that SARS-CoV-2 Spike leads to the
activation of TMEM16 proteins and that Niclosamide inhibits this activity. We thus wanted to explore the relationship between this effect and
the suppression of syncytia. First, we found that the downregulation of
TMEM16F inhibited Ca2+ transients induced by Spike (Extended Data
Figs. 7c and 7d). In these experiments, an siRNA against ACE2 also had a
similar suppressive effect, again underlining the relationship between
Ca2+ oscillations, TMEM16F function and Spike-mediated cell-cell
fusion. Then, we observed that the downregulation of TMEM16F almost
completely suppressed PS externalization in Vero cells treated with
the Ca2+ ionophore ionomycin (10 µM; Fig. 3f and Fig. 3g; complete
set of images and magnification in Extended Data Figs. 10b and 10c),
indicating that TMEM16F is the main cellular scramblase responsive
to Ca2+ in these cells. In line with these observations, a 1 hr treatment
with either Niclosamide or Clofazimine significantly reduced the levels
of externalized PS in response to ionomycin (Figs. 3h and Fig. 3i; complete set of images in Extended Data Figs. 10d). Over 95% of cell nuclei
remained negative to propidium iodide in these experiments, ruling
out cell apoptosis (not shown). Consistent with TMEM16F activation,
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TMEM16F is required for syncytia

several Spike-induced syncytia exposed PS on their plasma membrane
(Extended Data Fig. 10e).
To confirm the specific involvement of TMEM16F in syncytia formation, we knocked down ACE2, TMEM16A and TMEM16F in Vero, HEK293
or Calu-3 cells. The downregulation of TMEM16F blunted syncytia
formation in Spike-expressing cells, similar to an anti-ACE2 siRNA
(Figs. 3j and 3k for Vero and HEK/ACE2 cells respectively). An analogous
inhibitory effect of TMEM16F knockdown was observed in Calu-3 cells
(Extended Data Figs. 11a and 11b; deconvolution of the TMEM16F siRNA
commercial pool used in these experiments is in Extended Data Fig. 11c
and 11d). Of interest for future investigation, TMEM16F knockdown had
no apparent effect on syncytia induced by MERS-CoV Spike (Extended
Data Figs. 11e and 11f). Conversely, overexpression of TMEM16F, but
not of TMEM16A, significantly stimulated SARS-CoV-2 Spike-induced
syncytia (Figs. 3l and 3m and high magnification in Extended Data
Fig. 11g). Finally, we observed that Calu-3 cells in which TMEM16F was
downregulated showed significantly impaired infectious SARS-CoV-2
replication (visualization of infected cells with anti-Spike and anti-N
antibodies in Figs. 3n and 3p).

LE

(Fig. 2d and Extended Data Fig. 6b respectively; P<0.01). Salinomycin, while still inhibiting syncytia formation, was ineffective in these
experiments. Representative movies showing these results are in Supplementary Video 5.
Cells treated for 400 min with thapsigargin (TG) or cyclopiazonic
acid (CPA), two non-competitive inhibitors of the sarco/endoplamic
reticulum Ca2+ ATPase (SERCA), which cause ER Ca2+ store depletion21,
abolished these oscillations, similar to removal of Ca2+ from the cell
culture medium (Extended Data Figs. 6c and 6d). These results are
consistent with the conclusion that the ER is the main source of Ca2+
release induced by the SARS-CoV-2 Spike. Of note, cell treatment with
TG or CPA also inhibited expansion of syncytia while not impacting on
cell viability (Figs. 3a and 3b and Supplementary Video 6).
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increased chloride secretion. As a consequence, the identified drugs
are worth considering for COVID-19 therapy. In particular, Niclosamide
is a synthetic salicylanilide developed in the 1950s as a molluscicide
against snails42 and later approved in humans against tapeworm infection43. Niclosamide has already been reported to be active against various enveloped and non-enveloped viruses, including SARS-CoV-244.
Although this drug has relatively low solubility, there is evidence of
considerable absorption, with serum levels that can reach 1-20 µM45,46.
Together, our findings provide a mechanism and a rationale for repurposing of Niclosamide to treat patients with COVID-19.
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Compounds with a z-score ≤-2.58 (red dotted line, 0.005% tail) are shown in red,
those between ≤-1.96 (0.025% tail, blue dotted line) and -2.58 in blue. Four drugs
that were further studied with viral infection are indicated (NIC: Niclosamide;
SAL: Salinomycin; CLO: clofazimine; SER: sertraline). f, Effect of Niclosamide on
syncytia. Spike-positive syncytia are in green, nuclei in blue, cell body in red
using HCS CellMask DeepRed. The percentage of nuclei within in syncytia over
total nuclei is shown at the bottom. Scale bar: 500 µm. Numbers on some of the
images indicate the screening well. Representative image of 25/well, screening
performed in duplicate.

AC
C

EL

ER

Fig. 1 | Drugs inhibiting SARS-CoV-2 Spike-induced syncytia. a, Post-mortem
histological analysis of lungs of COVID-19 patients showing multinucleated
syncytia, x40. Further information is in ref. 15. b, Formation of syncytia after
24 hr Spike expression in Vero cells (nuclei in white, cell contours in red using
wheat germ agglutinin (WGA), Spike in green. Scale bar: 200 µm. c, Syncytia
Inhibition Assay (SIA). d, Image analysis workflow; syncytia were defined as
cells showing a cluster of nuclei with an area ≥5 times larger than the average of
the area of non-fused cells. Scale bar: 500 µm e, Results of SIA screening. The
percentage of syncytia normalized on total cells is plotted as z score.
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Fig. 2 | Effects of drugs on SARS-CoV-2 replication and intracellular calcium
oscillations. a, Inhibition of SARS-CoV-2 replication. Vero E6 cells were treated
with the indicated drug concentrations for 2 hr, followed by the addition of
SARS-CoV-2 (MOI 0.05). Data are mean±SD; n=3. After 1 hr, cells were washed
and cultured in drug-containing medium for 48 hr. Virus production in the
culture supernatants was quantified by plaque assay using Vero E6 cells.
b, Representative frames (from of a total of 600) from a 12-hr time lapse movie
of a co-culture of Vero cells expressing the GCaMP6s Ca2+ sensor and U2OS
cells transfected with Spike and mCherry. Arrows indicate Ca2+ oscillations in
GCaMP6s-ACE2 expressing cells when fusing to Spike-expressing cells. The
movie is in Supplementary Information Video 4. c, Ca2+ oscillations during
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syncytia formation. Representative frames (from of a total of 400) from a 12-hr
time lapse movie of Spike-expressing Vero cells. Arrows point at cells
progressively fusing to a syncytium and showing intense Ca2+ spikes. The
movie is in Supplementary Information Video 5, upper left panel (DMSO
control). d, GCaMP intensity over time. Vero cells were co-transfected with
GCaMP6s and either a control or a Spike-expressing vector and treated with the
indicated drugs. Data are expressed as ∆F/F over time (min); every line is one
of at least twelve 180 µm2 ROI per condition, representing a group of
4 GCaMP-positive cells on average. Representative movies are in
Supplementary Information Video 5.

EV
IE
W
PR
LE
AR
TI
C

treatment with Niclosamide 100 nM, Clofazimine or Salinomycin 500 nM (n=3).
Scale bar: 500 µm. Statistics as in b. j and k, Inhibition of syncytia by siRNAs.
Cells treated with the indicated siRNAs and, after 24 hr, transfected to express
Spike (n=3). Scale bar: 200 µm. Mean±SD. *P<0.05, **P<0.01, one-way ANOVA
with Dunnett post-hoc. l and m, Overexpression of TMEM16F induces syncytia.
HEK293/ACE2 cells were co-transfected with Spike and TMEM16A or TMEM16F
(n=3). Statistics as in b. n and p, Inhibition of SARS-CoV-2 infection by siRNAs.
Calu-3 cells were silenced for the indicated genes and, after 48 hr, infected with
SARS-CoV-2 (MOI 0.5). One hr after infection, cells were washed and incubated
with fresh medium. After 48 hr, cells were immunostained for Spike and
Nucleocapsid. Scale bar: 500 µm. Mean±SEM; n=4. **P<0.01, one-way ANOVA
with Dunnett post-hoc. q, Model showing the effect of drugs on syncytia and
TMEM16F. Spike-expressing cells have increase Ca2+ (in orange) oscillations,
leading to increased TMEM16F activity, which itself boosts Ca2+ levels. As a
consequence, chloride (blue) secretion is increased, and PS (pink) is
externalised. Drugs blocking TMEM16F or blunting Ca2+ release inhibit
Spike-induced syncytia.
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Fig. 3 | Calcium oscillations, chloride channel activity and requirement of
TMEM16F protein for Spike-mediated cell-cell fusion. a and b, Effect of Ca2+
depletion or treatment with thapsigargin (TG) or cyclopiazonic acid (CPA) on
syncytia (cell area≥20,000 µm2). Scale bar: 500 µm. Mean±SD; n=4. **P<0.01,
one-way ANOVA with Bonferroni post-hoc. c-e, Niclosamide-sensitive current
is boosted by Spike/ACE2 and inhibited by TMEM16F knockdown. Currents
were measured using a voltage ramp in HEK293 cells. In c, currents from
control cells (black trace) were blocked by 2 µM Niclosamide (NIC; blue). Inset
shows current density at +75 mV for control cells (C, n=34 cells) and cells treated
with Niclosamide (NIC, n=7), Salinomycin (SAL, n=8) and Clofazimine (CLO,
n=9). **P<0.01, Kruskal-Wallis, two-sided, with Dunn’s post hoc. In d, cells
transfected with control siRNA (siNT1; black, n=24) or TMEM16F siRNA (blue,
n=17). Inset shows current density at +75 mV. **P<0.01, Mann Whitney,
two-sided. In e, cells transfected with EGFP (black, n=34; same as in c) or EGFP/
Spike/ACE2 (red, n=29). Inset shows current density at +75 mV. *P<0.05, Mann
Whitney, two-sided. All value: mean±SEM. f and g, Annexin XII after TMEM16F
knockdown (n=3). Scale bar: 500 µm. Statistics as in b. h and i, Annexin XII after
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Cells
Vero(WHO) Clone 118 cells (ECACC 88020401) were cultured in Dulbecco’s modified Eagle medium (DMEM, Life Technologies) with 1 g/L
glucose (Life Technologies) supplemented with 10% heat-inactivated
foetal bovine serum (FBS, Life Technologies) plus a final concentration of 100 IU/ml penicillin and 100 (µg/ml) streptomycin or without
antibiotics where required for transfection. Cells were incubated at
37 °C, 5% CO2.
Vero E6 cells were kindly provided by Andrew Davidson and David
Matthews, University of Bristol UK. Cells were grown in DMEM (Gibco)
containing 10% FBS, 1% Non-essential Amino Acids (Gibco) and 1%
penicillin-streptomycin (Thermo Fisher Scientific). Cells were incubated at 37 °C, 5% CO2.
U-2 OS (U2OS; ATCC HTB-96), HEK293T (ATCC CRL-3216) and Calu-3
cells (ATCC HTB-55) were cultured in Dulbecco’s modified Eagle
medium (DMEM) with 1 g/L glucose (Life Technologies) supplemented
with 10% foetal bovine serum (FBS) (Life Technologies) plus a final
concentration of 100 IU/ml penicillin and 100 (µg/ml) streptomycin
or without antibiotics where required for transfections.
The stable U2OS cell clone expressing mCherry was obtained by
transduction with lentiviral particles for constitutive expression of
mCherry (rLV.EF1.mCherry-9, Takara 0037VCT) at 10 M.O.I with 4 µg/ml
polybrene (Sigma-Aldrich TR-1003-G). The medium was replaced
after 4 hr. Selection of the transduced cells was performed adding
1 µg/ml puromycin (InvivoGen ant-pr-1) starting 48 hr after transduction. Expression of the transgene was verified by fluorescence
microscopy.
Primary bronchial human airway epithelial cells were purchased
from Epithelix and maintained in Mucilair cell culture medium
(Epithelix).
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Patients
Patients’ lung samples are from post-mortem analysis of 6 patients
who died of COVID-19 at the University Hospital in Trieste, Italy after
intensive care support. These are from a more extensive cohort of 41
consecutive patients, all deceases of the disease. Of these, 25 males
and 16 females; the average age was 77 for males and 84 for females.
During hospitalization, all patients scored positive for SARS-CoV-2
on nasopharyngeal swab and presented symptoms and imaging data
indicative of interstitial pneumonia related to COVID-19 disease. Extensive characterization of these patients is reported in ref. 15. In these
patients, dysmorphic and syncytial pneumocytes were present and
abundant in the lungs of 20 patients (50%), including all 6 patients
requiring intensive care, and occasional in additional 16 patients (39%).
Use of these post-mortem samples for investigation was approved by
the competent Joint Ethical Committee of the Regione Friuli Venezia
Giulia, Italy (re. 0019072/P/GEN/ARCS).

Cell Fusion Inhibition Assay (CFIA)
“Donor” U2OS cells were seeded in 10-cm Petri dishes (2 million cells per
dish) to reach 70-80% confluency on the subsequent day. Transfection
was performed using 10 µg of either pEC117-Spike-V5 (expressing the
V5-tagged Spike protein, codon optimised) or a control vector using
35 µl of FuGENE HD Transfection Reagent (Promega E2311) in 500 µl of
Opti-MEM medium (Life Technologies). After overnight transfection,
cells were loaded with 10 nM Qtracker 525 Cell Labeling Kit (Invitrogen
Q25041MP) in 1ml of medium for 1 hr at 37 °C in 5% CO2. After extensive
washes with 1xPBS, cells were detached with 1x Versene (Thermo Fisher
Scientific 15040066). “Acceptor” Vero cells were prepared as follows.
Cells were seeded in 10 cm Petri dishes (1.2 million cells per dish) the day
before the assay. Cells were then loaded with 10 nM Qtracker 800 Cell
Labelling Kit (Invitrogen Q25071MP) in 1 ml medium for 1 hr at 37 °C in
5% CO2. After extensive washes with 1xPBS, cells were detached with
0.05% Trypsin-EDTA (Sigma-Aldrich T4049). Vero and U2OS cells were
mixed at the final ratio of 5:4 and diluted at the final concentration of
20x103 cells/ml in Dulbecco’s modified Eagle medium (DMEM) with 1 g/L
glucose (Life Technologies) supplemented with 10% heat-inactivated
foetal bovine serum (FBS; Life Technologies). Diluted cells (50 µl/well,
1000 cells/well) were seeded in twelve 384-well microplates (CellCarrierUltra 384, Perkin Elmer) using a Multidrop dispenser. Three hours
after seeding, drugs from The Spectrum Collection, MicroSource (MS)
Discovery System Inc. (2545 different drugs) and the Prestwick Chemical Library, Prestwick Chemical (1280 drugs) were dispensed on top of
cells at the final concentration of 10 µM (1% DMSO final). Twenty-four
hours later plates were washed in 50 µl/well PBS and fixed in 40 µl 4%
PFA for 10 min at room temperature (RT). After fixation, cells were
washed two times in 50 µl/well PBS and permeabilized in 0.1% Triton
X100 (Sigma-Aldrich 1086431000) for 10 min at RT. Cells were washed
two times in 50 µl/well of PBS and stained with HCS CellMask Blue
(Thermo Fisher Scientific H32720) and Hoechst (H3570), according
to the manufacturer’s instructions.
Image acquisition was performed using an Operetta CLS high content
screening microscope (Perkin Elmer) with a Zeiss 20x (NA=0.80) objective. A total of 25 fields per well were imaged at 3 different wavelengths:
1) Excitation (Ex) 365-385nm, Emission (Em) 430-500nm (nucleus and
cytoplasm “Blue”); 2) Ex 460-490nm, Em 500-550 nm (Donor quantum
dots “Green”); 3) Ex 615-645nm Em 655-750nm (Acceptor quantum dots
“Red”). Images were subsequently analysed, using the Harmony software package (v. 4.9; PerkinElmer). Images were first flatfield-corrected
and nuclei were segmented using the “Find Nuclei” analysis module
(Harmony). The thresholds for image segmentation were adjusted
according to the signal-to-background ratio. Splitting coefficient was
set in order to avoid splitting of overlapping nuclei (fused cells). The
cytoplasm area, stained by the HCS Cell Mask Blue, was defined using
the “Find Cytoplasm” analysis module (Harmony) and the number of
either green or red spots was counted using the “Find Spots” analysis
module (Harmony). All the cells that had a nuclear area greater than
4 times the average area of a single nucleus and were simultaneously
positive for at least two red and two green dots were considered as
fused. Data were expressed as a percentage of fused cells by calculating the average number of fused cells normalized on the total number
of cells per well.

PR

No statistical methods were used to predetermine sample size. The
investigators were not blinded to allocation during experiments and
outcome assessment, except where specified below.
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Antibodies
Antibodies against the following proteins were used: TMEM16A (Abcam,
ab64085), TMEM16F (Abcam ab234422 and Sigma-Aldrich HPA038958100UL), ACE2 (Abcam ab87436 and ab15348), V5 (Thermo Fisher
Scientific R96025), V5-488 (Thermo Fisher Scientific 377500A488),
mouse-HRP (Abcam ab6789), rabbit-HRP (Abcam ab205718),
β-actin-HRP (Sigma-Aldrich A5316), Napsin (Roche 760-4867), Surfactant B (Thermo Fisher Scientific MS-704-P0), mouse-Biotin (Vector Laboratories BA-9200), SARS-CoV-2 Spike protein (GeneTex
GTX632604), SARS-CoV-2 Nucleocapsid antibody (Sino Biological
40143-R001).

Syncytium Inhibition Assay (SIA)
Vero cells were seeded in 10-cm Petri dishes (1.2 million cells per dish) to
reach 70-80% confluency on the subsequent day. Transfection was performed using 10 µg pEC117-Spike-V5 using 30 µl and FuGENE HD Transfection Reagent (Promega E2311) in 500 µl of Opti-MEM medium (Life
Technologies). Twelve hours after transfection, cells were detached,
washed in 1xPBS and diluted to the final concentration of 12x103 cells/ml
in Dulbecco’s modified Eagle medium (DMEM) with 1 g/L glucose
(Life Technologies) supplemented with 10% heat-inactivated FBS
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Histology and immunohistochemistry
Samples from COVID-19 autopsies were fixed in 10% formalin for
at least 50 hours and then embedded in paraffin. Four-micron sections were deparaffinized in xylene, rehydrated and processed for
hematoxylin-eosin or immunohistochemical stainings. Antigen
retrieval was performed in boiling sodium citrate solution (0.01 M,
pH 6.0) for 20 min. Sections were allowed to cool down and permeabilized for 10 min in 1% Triton X-100 in 1xPBS, followed by blocking in
2% BSA (Roche) and overnight staining at 4 °C with the primary antibodies diluted in blocking solution. After endogenous peroxidase
inhibition with 3% H2O2, sections were incubated with appropriate
biotin-conjugate secondary antibody for 1 hr at room temperature.
Following signal amplification with avidin–biotin-complex–HRP (Vectastain), DAB solution (Vector) was applied for 2-3 min. Haematoxylin
(Bioptica) was further used to stain nuclei and Bluing reagent was used
on Ventana automated stainings. Images were acquired using a Leica
ICC50W light microscope.
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In situ hybridization
In situ hybridization (ISH) was performed using locked nucleic acid
(LNA) probes for U6 snRNA47 and SARS-CoV-2 RNA, designed to
target the sense strand of ORF1ab and Spike regions of the viral genome.
Scrambled sequences were used as control. Experiments were performed using a dedicated ISH kit for Formalin-fixed paraffin-embedded
(FFPE) tissues (Qiagen) according to the manufacturer’s protocol.
Briefly, FFPE tissue slides were deparaffinized in xylene, treated with
proteinase-K (15 µg/ml) for 5 min at 37 °C and incubated with either
SARS-CoV-2 (40 nM) or U6 probes (2 nM) for one hour at 54 °C in a
hybridizer. After washing with SSC buffer, the presence of SARS-CoV-2
RNA was detected using an anti-DIG alkaline phosphatase (AP) antibody
(1:500) (Roche Diagnostics) supplemented with sheep serum ( Jackson
Immunoresearch) and bovine serum albumin (BSA). Hybridization was
detected by adding NBT-BCIP substrate (Roche Diagnostics). Nuclei
were counterstained with nuclear fast red.
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(Life Technologies). Fifty µl diluted cell suspension (600 cells/well)
were seeded in twelve 384-well microplates (CellCarrierUltra 384, Perkin Elmer) using a Multidrop dispenser. Three hours after seeding,
drugs from The Spectrum Collection, MicroSource (MS) Discovery
System Inc. (2545 different drugs) and the Prestwick Chemical Library,
Prestwick Chemical (1280 drugs) were dispensed on top of the cells at
the final concentration of 10 µM (1% DMSO final). At 24 hr after drug
treatment, plates were washed in 50 µL/well of 1xPBS and fixed in 40 µl
4% PFA for 10 min at RT. After fixation, cells were processed for immunofluorescence using anti V5, Hoechst (H3570) and HCS CellMask Red
(Thermo Fisher Scientific H32712), according to the manufacturer’s
instructions.
Image acquisition was performed using the Operetta CLS high content screening microscope (Perkin Elmer) with a Zeiss 20x (NA=0.80)
objective. A total of 25 fields per well were imaged at 3 different wavelengths: 1) Excitation (Ex) 365-385nm, Emission (Em) 430-500nm
(nucleus “Blue”); 2) Ex 460-490nm, Em 500-550nm (Spike protein
“Green”); 3) Ex 615-645nm Em 655-750nm (HCS Cell Mask “Red”).
Images were subsequently analysed, using the Harmony software
(PerkinElmer). Images were first flatfield-corrected and nuclei were
segmented using the “Find Nuclei” analysis module (Harmony). The
thresholds for image segmentation were adjusted according to the
signal-to-background ratio. Splitting coefficient was set in order to
avoid splitting of overlapping nuclei (fused cells). The cytoplasm
area, stained by the HCS Cell Mask Red, was defined using the “Find
Cytoplasm” analysis module (Harmony) and the intensity of the green
fluorescence was calculated using the “Calculate Intensity Properties”
module (Harmony). All the cells that had a nuclear area greater than
5 times the average area of a single nucleus and were simultaneously
positive for green signal in the cytoplasm area were considered as fused.
Data were expressed as a percentage of fused cells by calculating the
average number of fused cells normalized on the total number of cells
per well.
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Immunofluorescence
After fixation in 4% PFA for 10 min at RT, cells were washed two
times in 50 µl/well (384 well-plate) or 100 µl/well (96-well plate) of
1xPBS and then permeabilized in same volumes of 0.1% Triton X100
(Sigma-Aldrich 1086431000) for 10 min at RT. Cells were then washed
two times 1xPBS and blocked in 1% BSA for 1 hr at RT. After blocking,
the supernatant was removed, and cells were stained according to
type of staining, as follows
V5 epitope staining. After blocking, the supernatant was removed and
20 µl/well (384 well-plate) or 40 µl/well (96-well plate) of diluted (1:1000
in 1%BSA) V5 Tag Alexa Fluor 488 Monoclonal Antibody (Thermo Fisher
Scientific 37-7500-A488) was added to each well and incubated at RT
for 2 hr. Cells were then washed two times in 1xPBS. Nuclear staining
was performed by Hoechst 33342 according to the manufacturer’s
instruction.
SARS-CoV-2 Spike and Nucleocapsid, and cellular TMEM16F staining. After blocking, the supernatant was removed and 40 µl/well
(96-well plate) diluted primary antibody (1:500 in 1%BSA SARS-CoV-2
Spike antibody [1A9], GeneTex GTX632604; TMEM16F antibody,
Sigma-Aldrich HPA038958, 1:3000 in BSA; and SARS-CoV-2 Nucleocapsid antibody, Sino Biological 40143-R001) was added to each
well and incubated overnight at 4 °C. Cells were then washed two
times in 1xPBS, the supernatant was removed and same volumes of
diluted (1:500 in 1%BSA) secondary antibody were added to each
well and incubated 2 hr. Cells were then washed two times in 1xPBS.
Nuclear staining was performed by Hoechst 33342 according to the
manufacturer’s instructions.
Cytoplasmic staining. Cytoplasmic staining was performed by
HCS Cell Mask Deep Red Staining (Invitrogen H32721) or HCS Cell
Mask Blue Staining (H32720) according to the manufacturer’s
instructions.

Plasmids
The expression plasmid pEC117-Spike-V5 was generated as follows: the
SARS-CoV-2 wild type protein (NCBI accession number NC_045512.2,
position 21563-25384) was codon-optimised and synthesized in two
fragments of approximately 2 kb each as gBlock DNA fragments (IDT
Integrated DNA Technologies) with the in-frame addition of the V5 tag
at the C-terminus, and then cloned into the pZac 2.1 backbone under
the control of the cytomegalovirus (CMV) IE promoter. The construct
DNA sequences were verified by Sanger sequencing. The following
expression vectors were used: hTMEM16A (GenScript OHu26085D),
hTMEM16F (GenScript OHu26351D), hACE2 (Addgene 1786), pGCaMP6s
(Addgene 40753), pMERS-CoV-S and pSARS-CoV-1-S (W. Barclay laboratory), pCMV-EGFP and pmCherry-NLS (the last two obtained from L.
Zentilin, ICGEB, Trieste, Italy).
siRNA transfection
The siRNAs (Dharmacon siGENOME SMARTpools, 4 siRNAs per
gene target) targeting ACE2 (M-005755-00-0005), ANO1/TMEM16A
(M-027200-00- 0005), TMEM16B (M-016745-01- 0005), TMEM16E
(M-026787-00-0005), TMEM16F/ANO6 (M-003867-01- 0005) and and
Xkr8 (M-015745-01-0005) were dispensed onto the bottom of 96-well
microplates (CellCarrierUltra 96, PerkinElmer); siRNA buffer and a
non-targeting siRNA were used as controls. Briefly, the transfection
reagent (Lipofectamine RNAiMAX, Life Technologies) was diluted in
Opti-MEM (Life Technologies) and added to each siRNA in the microplate array. Thirty min later, 6.5×103 Vero cells or 8×103 HEK293T cells
were seeded in each well. All siRNAs were tested at different concentrations ranging from 6 nM to 50 nM. Twenty-four hr after siRNA transfection, 100 ng of either pEC117-Spike-V5 or pCMV-EGFP expression
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Western blotting
After 48-72 hr siRNAs transfection, HEK293 cells were harvested and
homogenized in RIPA lysis buffer (20 mM Tris-HCl, pH 7.4, 1 mM EDTA,
150 mM NaCl, 0.5% Nonidet P-40, 0.1% SDS, 0.5% sodium deoxycholate
supplemented with protease inhibitors (Roche)) for 10 min at 4 °C and
sonicated by using Bioruptor (Diagenode) for 30 min. Equal amounts
of total cellular proteins (15-20 µg), as measured with the Bradford
reagent (Biorad), were resolved by electrophoresis in 4-20% gradient polyacrylamide gels (Mini-PROTEAN, Biorad) and transferred to
nitrocellulose/PVDF membranes (GE Healthcare). Membranes were
blocked at RT for 60 min with PBST (PBS + 0.1% Tween-20) with 5% skim
milk powder (Cell signalling, 9999). Blots were then incubated (4 °C,
overnight) with primary antibodies against ACE2 (diluted 1:1000),
TMEM16F (1:1000), β-actin (diluted 1:5000), V5 (diluted 1:5000) or
TMEM16F (diluted 1:500), TMEM16A (diluted 1:500) and TMEM16B
(diluted 1:1000). Blots were washed three times (5 min each) with PBST.
For standard Western blotting detection, blots were incubated with
either anti-rabbit HRP-conjugated antibody (1:5000) or anti-mouse
HRP-conjugated antibody (1:10,000) for 1 hr at RT. After washing three
times at RT with PBST (10 min each), blots were developed with ECL
(Amersham).
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Phosphatidylserine (PS) externalisation assay
Vero cells were transfected with either pEC117-Spike-V5 and pmCherryNLS or an empty pZac 2.1 vector, or reverse transfected with indicated
siRNAs as described above. On the day of test, cells were seeded in
96-well microplates with a flat and clear bottom (CellCarrierUltra 96,
Perkin Elmer) at a density of 6500 cells/well for 2 hr. Cells were then
treated with different drug concentrations for 1 hr. After one wash
with medium without FBS at RT, cells were incubated with 100 µl 1:100
AnnexinXII (pSIVA Abcam #ab129817), with or without 5-10 µM ionomycin. Cells were then immediately imaged by fluorescence microscopy
using an Operetta CLS microscope mounting a 20x NA1.1 lens. Nine
images/well were automatically acquired at 3 different wavelengths:
1) Ex 460-490nm, Em 500-550nm (AnnexinXII “Green”); 2) Ex 530-560,
Em 570-650nm (mCherry-NLS “Red”); 3) Brightfield; 4) Digital phase
contrast.

RNA extraction and real-time PCR
Total mRNA was isolated from HEK293T or Vero cells 48-72 hrs after
siRNA transfection using a standard Trizol RNA extraction protocol.
The RNA obtained (0.5-1 µg) was reverse-transcribed using MLV-RT
(Invitrogen) with random hexameric primers (10 µM) in a 20-µl reaction following the manufacturer’s instructions. Quantification of
TMEM16A (Hs00216121_m1), TMEM16B (Hs00220570_m1), TMEM16E
(Hs01381106_m1) and TMEM16F (Hs03805835_m1) gene expressions
was performed by quantitative Real-Rime PCR using Taqman probes
and primers for SYBR Green analysis (primers in Supplementary
Information Table 3). Expression of the housekeeping gene GAPDH
(Hs02786624_g1) was used for normalization.
Amplifications were performed using a QuantStudio3 machine using
TaqMan™ Gene Expression Master Mix (Applied Biosystems 4369016).
The Real-Time qPCR profile was programmed with a standard protocol,
according to the manufacturer’s instructions. Supplementary Information Table 3 lists the primer sequences used in the real-time PCR assays.

LE

plasmid was transfected using a standard forward transfection protocol. Briefly, pDNA was diluted in Opti-MEM (Life Technologies), mixed
with the transfection reagent (FuGENE HD, Promega) using the following ratios: 1 µg pDNA:3µl FugeneHD. The mix was incubated 20 min at RT
and added to the siRNA-transfected plates. After 24 hr, cells were fixed
in 4% PFA and processed for immunofluorescence. For gene silencing
experiments, the indicated siRNAs were transfected into Vero/HEK cells
using a standard reverse transfection protocol, at a final concentration
of 25 nM. Briefly, the transfection reagent (Lipofectamine RNAiMAX,
Life Technologies) was diluted in Opti-MEM (Life Technologies) and
added to the siRNAs arrayed in 12-well plates; 30 min later, ~1-2×105 cells
were seeded per well. After 48-72 hr, cells lysates were analysed by qPCR
and/or western blotting, as detailed later.
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Calcium imaging
Cells were seeded in 10-cm Petri dishes (1.2 million cells per dish) to
reach 70-80% confluency on the subsequent day and reverse transfected with indicate siRNAs. Co-transfection was performed using
5 µg pGCaMP6s and 5 µg either indicated CoV-S plasmids or an empty
pZac 2.1 vector using 30 µl FuGENE HD Transfection Reagent (Promega
#E2311) in 500 µl of Opti-MEM medium (Life Technologies). Sixteen hr
after transfection, cells were detached, washed in 1xPBS and diluted
to the final concentration of 6x104 cells/ml in Dulbecco’s modified
Eagle medium (DMEM) with 1 g/L glucose (Life Technologies) supplemented with 10% heat-inactivated foetal bovine serum (FBS) (Life
Technologies). A total of 6000 cells/well (100 µl) were seeded in 96-well
microplates with a flat and clear bottom (CellCarrierUltra 96, Perkin
Elmer). For drug treatment experiments, cells were treated three hours
after seeding with either 1 µM Niclosamide (EP #N0560000), 5 µM
Clofazimine (EP #Y0000313), 5 µM Salinomycin (SIGMA #S4526-5) or
1% DMSO. For calcium-depletion assays, cells were kept in calcium-free
medium or treated with either 10 µM Cyclopiazonic acid, CPA (Tocris
#1235), 500 nM Thapsigargin, TG (Tocris #1138) or 0.1% DMSO.
Image acquisition was performed using the Operetta CLS high content screening microscope (Perkin Elmer) with a Zeiss 20x (NA=0.80)
objective at 37 °C and 5% CO2. A total of 3 fields per well were imaged
every 2 minutes at Ex 460-490 nm, Em 500-550 nm (GCaMP6S sensor
“Green”). Images were subsequently analysed with the ImageJ software.
For each frame, fluorescence intensity (F) was subtracted from the
same frame in the preceding acquisition to remove the background
signal and to calculate ∆F/F0 index, where F0 is the median baseline
fluorescence and ∆F = F−F0. For intensity analysis, more than twelve
180-µm2 Regions Of Interest (ROI) per condition were considered,
compiling a total of at least 50 GCaMP6s-positive cells per condition.
For each ROI, positive ∆F values (i.e., increase) were taken into account
with the BAR script “Find peaks”. Among these, values outside 1.5 times
the interquartile range above the upper quartile were considered as
“spikes”. Single cell spike frequency was then counted for the whole
observation period.

Electrophysiology
Whole cell patch clamp recordings were carried out on HEK293 cells
grown on glass cover slips coated with poly-L lysine. Following plating,
cells were transfected the following day with either EGFP or a combination of EGFP, Spike and ACE2. Recordings were typically carried out
12-36 hr after transfection. TMEM16F knockdown experiments were
carried out as above by transfecting HEK293 cells with either a control
siRNA (NT1) or a TMEM16F/ANO6-targeting siRNA. Delivery of siRNA
was done by plating 500x103 HEK293 cells together with 12.5 nM siRNA
per well of a 12-well plate. Twenty-four hr after siRNA transfections, cells
were transfected with a pCMV-EGFP expression plasmid as described.
Six hr after transfection, cells were plated onto 18 mm diameter glass
cover slips coated with poly-L-lysine seeded at 10x103 cells per well,
and recorded 12 to 36 hr after plating.
Whole-cell recordings were performed in an HBS extracellular solution (pH 7.3, 315 mOsm) that contained (in mM): 139 NaCl, 2.5 KCl, 10
HEPES, 10 Glucose, 1.3 MgCl2 and 2 CaCl2. Patching electrodes were
made from thick-walled borosilicate glass (O.D: 1.5mm, I.D: 0.86 um,
Sutter Instruments) obtaining a resistance between 3-4 MΩ and filled
with an intracellular solution containing (in mM): 130 CsCl, 10 HEPES,
10 EGTA, 1 MgATP, 1 MgCl2 and free Calcium adjusted to 28 µM using
CaCl2 according to calculations using MAXchelator Ca-Mg-ATP-EGTA
Calculator v1.0 software. Solution was adjusted to a pH of 7.4 using
CsOH and osmolarity to 290 mOsm. Recordings were obtained with

IC50 values were calculated by non-linear regression analysis using
the dose-response (variable slope) equation.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.
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Data availability

There are no restrictions on data availability. CAS numbers for the
investigated drugs are reported in the manuscript. All data are reported
in the manuscript main text or supplementary material.
Gabisonia, K. et al. MicroRNA therapy stimulates uncontrolled cardiac repair after
myocardial infarction in pigs. Nature 569, 418-422, https://doi.org/10.1038/s41586-0191191-6 (2019).
48. Seow, J. et al. Longitudinal observation and decline of neutralizing antibody responses in
the three months following SARS-CoV-2 infection in humans. Nat Microbiol 5, 1598-1607,
https://doi.org/10.1038/s41564-020-00813-8 (2020).
49. Carter, M. J. et al. Peripheral immunophenotypes in children with multisystem
inflammatory syndrome associated with SARS-CoV-2 infection. Nat Med 26, 1701-1707,
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a Multiclamp 700B amplifier (Molecular Devices) and digitised with
the Digidata 1440A digitizer (Molecular Devices). Data was acquired
with the software Clampex v10.3.1.5 (Molecular Devices) and Axon
Multiclamp 700B Commander Software (Molecular Devices). Signals
were sampled at 5 kHz and filtered at 2.5 kHz. Pipette offsets were nulled
before seal formation and pipette capacitance was compensated in the
cell-attached configuration once a giga-seal was obtained. We used
responses to hyperpolarising and depolarising steps to estimate the
series resistance (Rs) of the recording, the membrane resistance (Rm;
from the steady holding current at the new voltage) and membrane
capacitance (Cm; from the area under the exponentially decaying current from peak to holding). Recordings were excluded if access resistance exceeded 15 MΩ and if input resistance was lower than 150 MΩ.
All recordings were carried out at room temperature.
Our strategy was to target cells that were mononuclear (cells that had
not fused yet), as we found that we were unable to obtain stable recordings from large syncytia. Although it is possible that some of the recordings of the Spike-expressing cells include early stage syncytia, they are
unlikely to contain more than 2 nuclei. In fact, the mean membrane
capacitance, an indirect measure of cell size, was not significantly different between the different experimental groups. Nevertheless, to avoid
any issues with cell size, all currents were expressed as current density.
Cells were held at 0 mV and ramps consisted of either a short 20 ms step
to -80 mV followed by 500 ms ramp from -80 to +80 mV or a longer
300 ms step to -80 mV followed by 500 ms ramp from -80 to +80 mV.
Data was pooled from both as there was no significant difference in
the current responses. To remove the leak current from the ramp
protocols, a line was fit to the current measured from -80 to -20 mV
and subtracted from the entire curve. The resulting ramps showed
clearly identifiable outwardly rectifying currents that reversed at
0 mV. Analysis was carried out using custom written routines in Matlab
v. R2019a and on Prism v. 9.0.1 (GraphPad).
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SARS-CoV-2 infection
SARS-CoV-2/England/IC19/2020 (IC19), isolated on Caco2 cells from a
clinical sample collected from a patient admitted to St. Mary’s Hospital
in London, United Kingdom, was used for the cell protection assays.
Cell survival upon viral infection was measured by fixing the cells in 4%
PFA, followed by quantification, using HC microscopy, of the total cell
area/well using DPC (Digital Phase Contrast) imaging.
SARS-CoV-2 strain England 02/2020/407073 to study drug antiviral effect was provided by Public Health England (courtesy of Maria
Zambon and Hannah McGregor48,49). For the drug inhibition assays,
drugs were diluted in DMSO and added to 96-well plates of Vero E6 cells
for 2 hr. Virus was added at an MOI 0.05 for 1 hr, the cells washed with
PBS and then cultured in fresh drug-containing medium for a further
48 hr. Virus production in the culture supernatants was quantified by
plaque assay using Vero E6 cells. The IC50 value was defined as the
drug concentration at which there was a 50% decrease in the titer of
supernatant virus. Data were analysed using Prism 8.0 (GraphPad), and
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Extended Data Fig. 1 | See next page for caption.
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protein. Vero cells were transfected with a Spike-expressing plasmid and
cultured for 12 hr; Spike protein was then visualised by IF and cell body stained
using HCS CellMask DeepRed. Spike-positive cells show marked morphological
alterations, including presence of numerous filopodia (inset in the leftmost
panel) and membrane protrusions contacting the plasma membrane of
neighbouring cells. Scale bar: 50 µM. d and e, Syncytia induced by other
coronavirus Spike proteins. Vero cells were transfected to express the Spike
protein of MERS-CoV, SARS-CoV or SARS-CoV-2. After 24 hr, cells were
immuno-stained for nuclei (white). Representative images are in d, and
quantifications in e. Data are mean±SEM; n=4). **P<0.01, one-way ANOVA with
Bonferroni correction.
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Extended Data Fig. 1 | Syncytia induced by coronavirus Spike proteins.
a, Syncytial pneumocytes in the lungs of COVID-19 patients.
Immunohistochemistry using the indicated antibodies, x40. Further
information on the patients’ cohort and is in ref. 15. b, In situ hybridization using
two LNA-modified RNA probes for the SARS-CoV-2 genome (upper four panels)
and immunohistochemistry with an anti-Spike antibody. Lung samples from
individuals who died in 2018 for other causes served as negative controls for
this analysis, while a positive control was hybridization with a probe for the
ubiquitous U6 RNA, as per our previous experience47, which showed nuclear
localization in all cells. Scale bar: 50 µm. Further information on the in situ
hybridization technique is in ref. 15. c, Cytological alterations induced by Spike
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Extended Data Fig. 2 | See next page for caption.

PR

EV
IE
W

percentage of fused cells. d, Cumulative results of CFIA screening of FDA/EMA
approved drug libraries. We screened two FDA/EMA-approved drug libraries,
The Spectrum Collection, MS Discovery System, Inc. and the Prestwick
Chemical Library, Prestwick Chemical; 2545 and 1280 individual small
molecules respectively. The graph shows the cumulative results of the two
screenings. The percentage of syncytia normalized on total cells is plotted as z
score. Compounds with a z-score ≤-2.58 (red dotted line, 0.005% tail of the
distribution) are shown in red, those between ≤-1.96 (0.025% tail, blue dotted
line) and -2.58 are in blue. In the Prestwick collection, 34 drugs inhibited
S-mediated fusion with a z score <-1.96, of which 8 with a z score of <-2.58. In the
MS Discovery Spectrum collection, 54 drugs performed at a z score <-1.96 of
which 14 with a z score of <-2.58. All untreated controls for both libraries had a z
score in the ± 0.40 range. e. Analytic evaluation of CFIA results. A correlation
chart between the percentage of syncytia/well and the total number of cells/
well is shown for the two screened drug libraries. Drugs showing a total number
of cells at ≥2 standard deviations lower than the average of all drugs (red dotted
line) considered toxic and not included in the subsequent analysis. Distribution
of control wells (1% DMSO) is shown by a green box. f, Distribution frequency of
the % of syncytia plotted as the number of drugs vs. the z score of the % of
syncytia/well; toxic cells were excluded as in panel e. Blue dotted lines are at z
scores ±1.96 and red dotted lines at z scores ±2.56. The numbers of drugs are
shown. g, Correlation chart for the common drugs between the two libraries.
Data are plotted as the z score of the % of syncytia/well. Blue and red lines are as
above.
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Extended Data Fig. 2 | Cell Fusion Inhibition Assay (CFIA). a, Scheme of Cell
Fusion Inhibition Assay (CFIA). The assay is based on the co-culture, for 12 hr, of
Vero cells with U2OS cells transiently transfected to express Spike. To permit
quantitative assessment of cell fusion by HC microscopy, the Spike “donor”
U2OS cells are loaded with quantum dots (Q-dots) emitting at 525 nm (green)
while the “acceptor” Vero cells with Q-dots emitting at 800 nm (red).
Screenings were performed in 384-well plates by co-plating Q-dot loaded
“donor” and “acceptor” cells, followed by drug treatment at 10 µM standard
concentration. After 24 hr, cells were fixed and processed by HC microscopy.
Multiple control wells with 1% DMSO and no drugs were included in each plate.
b, Fluorescent images of co-cultured U2OS (Green Q-dots) and Vero (Red
Q-dots) cells. Cells are stained with HCS CellMask Blue; fused cells
(heterokaryons) are identified as cells having more than two nuclei and
containing both green and red Q-dots in their cytoplasm. Thus, the CFIA assay
scores for the effect of drugs on the fusion of heterologous cells and detects
inhibitors that block fusion of as few as two cells. The assay has >5-fold dynamic
range. Scale bar: 100 µm c, CFIA image high content analysis pipeline. Images
were analysed using the Harmony software (PerkinElmer). The cytoplasmic
area, stained by the HCS Cell Mask Blue, was defined using the “Find
Cytoplasm” analysis module (Harmony) and the number of either green or red
spots was counted using the “Find Spots” analysis module (Harmony). All the
cells that scored a nuclear area greater than 5 times the average area of a single
nucleus and were simultaneously positive for at least two red and two green
dots were considered as fused (highlighted in green). Data were expressed as a
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Extended Data Fig. 3 | See next page for caption.
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nuclei. Scale bar: 500 µm. Representative images in one of six wells. e, Doseresponse effect on syncytia formation of Niclosamide, Clofazimine and
Salinomycin. The graphs show the effect of different doses of the three drugs
on syncytia formed by Vero and HEK/ACE2 cells in response to Spike
expression. Cells were transfected with pEC117-Spike-V5 and, 12 hr later, treated
with the indicated drug concentrations for additional 24 hr. Syncytia were
quantified by HC microscopy and are expressed as percentage of cell nuclei
(n=6 wells/dose; data are mean±SD). Cell viability was assessed by HC counts of
the number of nuclei in each well.
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Extended Data Fig. 3 | Results of SIA. a, Analysis of CFIA results. Correlation
chart between the percentage of syncytia /well and the total number of cells/
well. Data are presented as in Extended Data Fig. 2e. b, Distribution frequency
of the screening results. Data are shown as in Extended Data Fig. 2f.
c, Correlation chart for the common drugs between the two libraries. Data are
shown as in Extended Data Fig. 2g. d, Representative immunofluorescence
images for Spike protein (green), cell body (red, using HCS CellMask DeepRed)
and nuclei (blue, Hoechst) of cells treated with the indicated drugs increasing
syncytia formation compared to control, DMSO-treated cells. The number of
syncytia is shown at the bottom of each image pair as percentages of total
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On the contrary, antifungal drugs of the imidazole class had a trend to increase
the frequency of syncytia. b, Venn diagram showing the drugs with z-scores
<-2.58 from the results of the CFIA and SIA screenings using the two drug
libraries, as indicated. Drugs in bold are those further tested on SARS-CoV-2
infection. CFIA and SIA are intrinsically different, as the former tests for plasma
membrane fusion events between single, heterologous cells while the latter
scores for the formation of larger syncytia.
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Extended Data Fig. 4 | Analysis of screening results. a, Effect of individual
drugs in the SIA screening grouped according to therapeutic classes. Data are
z-scores from the screening of both libraries (drugs present in both libraries are
duplicated). The dotted lines are at z-scores ±2.58 (red) and ±1.96 (blue).
Antipsychotics, antidepressants and H1 histamine receptor antagonists
exerted negative effects on syncytia formation. Another inhibitory drug class
included cardiac glycosides, as Digitoxin, Ouabain, Lanatoside C and
Digitoxigenin were all in the 0.025% tail of the distribution when used at 10 µM.

EV
IE
W

Article

EV
IE
W
PR
LE
AR
TI
C
AT
ED
ER
EL

AC
C

Extended Data Fig. 5 | See next page for caption.

Article

EV
IE
W

only above 2.5 µM and close to the drug-alone cytotoxic effects (which were
assessed separately; not shown). d, Inhibition of SARS-CoV-2 viral replication
by selected drugs in Calu-3 respiratory cells. Cells were preincubated with
drugs (Niclosamide 2.5 µM, Clofazimine 5 µM and Salinomycin 2.5 µM) for 2 hr
and then infected with SARS-CoV-2. After 1 hr, cells were washed with PBS and
then cultured in fresh drug-containing medium for a further 48 hr. Virus
production in the culture supernatants was quantified by plaque assay using
Vero E6 cells. The graphs show virus production in the culture supernatants
quantified by plaque assay using Vero E6 cells (mean±SEM; n=7). **P<0.01, oneway ANOVA with Bonferroni post-hoc correction. e, Representative images
of syncytial Calu-3 cells positive for SARS-CoV-2 infection. Cells were
immunostained for S-protein (green), and nuclei (blue). f, Inhibition of syncytia
by Niclosamide after SARS-CoV-2 infection. Calu-3 cells were preincubated with
Niclosamide 2.5 µM and then infected with SARS-CoV-2 in the presence of the
drug. After 1 hr, cells were washed with PBS and then cultured in fresh drugcontaining medium. After 48 hr, cells were immunostained for Spike (green),
Nucleocapsid (red) and nuclei (blue). Scale bar: 200 µm.
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Extended Data Fig. 5 | Cell protective ability of drugs against SARS-CoV-2.
a, List of drugs (CAS # and chemical name) shortlisted from the syncytia assays
and tested with infectious SARS-CoV-2. b, Effect of drugs on cell viability. Vero
E6 cells were preincubated with a selection of drugs at 10 µM for 2 hr before
100 TCID50 of IC19 was added. After 5 days, cells were fixed in 4% PFA. Cells
survival was quantified by densitometry as the total cell area/well (average
of 2 replicates). Drugs labelled with Tox showed a cytotoxic effect at the used
concentration independent of viral infection. Drugs in green were further
tested for dose-dependent response. c, Dose-dependent cell protection of
selected drugs against SARS-CoV-2 infection. Cells were preincubated with
drugs or a negative DMSO control at different concentrations for 2 hr before
100 TCID50 of IC19 was added. After 3 days, cells were fixed in 4% PFA and cell
survival was quantified by HC microscopy as the total cell area/well using DPC
(Digital Phase Contrast) imaging (n=3). The image shows one of the replicates.
Niclosamide and Salinomycin protected against virus-induced cell lysis across
a wide range of concentrations from 5 µM down to 39 nM for Niclosamide and
Salinomycin, while Clofazimine showed a dose dependent cytoprotective
effect above 1 µM. For Sertraline and Deptropine, the cytoprotective effect was
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transfected with GCaMP6s and either an empty vector (left panels) or with
Spike (right panels) and the indicated treatment. Data are expressed as ∆F/F
over time (min); every line is one of at least twelve 180 µm2 ROI per condition,
representing a group of 4 GCaMP positive cells on average. d, Amplitude of
calcium transient peaks per group of 4 GCaMP-positive cells on average in at
least twelve 180 µm2 ROI per condition. Vero cells co-transfected with
GCaMP6s and either an empty vector (grey bars) or with Spike (green bars) and
treated as indicated. Data are expressed as ∆F/F; box: 25th-75th percentiles and
median, whiskers: min-max values; **P<0.01, Kruskal-Wallis, two-sided, with
Dunn’s correction for multiple comparisons.
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Extended Data Fig. 6 | Effect of drugs on Ca2+ oscillations. a, Amplitude of
calcium transient peaks per group of 4 GCaMP-positive cells in average in at
least twelve 180 µm2 ROI per condition. Vero cells co-transfected with
GCaMP6s and either an empty vector (grey bars) or with Spike (green bars) and
treated with the specified drugs. Data are expressed as ∆F/F; box: 25th-75th
percentiles and median, whiskers: min-max values; **P<0.01, Kruskal-Wallis,
two-sided, with Dunn’s correction for multiple comparisons. b, Distribution of
transient frequencies of single cells in 400 min analysis. Data are expressed as
percentage of cells. Results from at least 50 cells per condition are shown.
*P<0.05, **P<0.01, Kruskal-Wallis, two-sided, with Dunn’s correction for
multiple comparisons. c, Calcium transients over time in Vero cells co-
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Extended Data Fig. 7 | Induction of Ca2+ oscillations by coronavirus Spike
proteins and upon ACE2 and TMEM16F knockdown. a and c, Calcium
transients over time in Vero cells co-transfected with GCaMP6s and the
indicated plasmids and siRNAs. Data are expressed as ∆F/F over time (min);
every line is one of at least twelve 180 µm2 ROI per condition, representing a

group of 4 GCaMP positive cells on average. b and d, Amplitude of calcium
transient peaks per group of 4 GCaMP-positive cells in average in at least 12 180
µm2 ROI per condition. Data are expressed as ∆F/F; box: 25th-75th percentiles
and median, whiskers: min-max values; *P<0.05, **P<0.01, Kruskal-Wallis,
two-sided, with Dunn’s correction for multiple comparisons.
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Extended Data Fig. 8 | Levels of expression of TMEM16 family members.
a, Expression profiles of the 10 known TMEM16 proteins in different cell types
and primary human respiratory cells. RNA was prepared from the indicated cell
lines and from primary bronchial human airway epithelial cells. Levels of mRNA
quantified by real-time PCR are expressed relative to GAPDH mRNA. Data are
mean±SEM of 3 independent experiments. b, Western blot showing the levels
of TMEM16F and TMEM16A in basal conditions and upon overexpression, and
after transfection of V5-tagged SARS-CoV-2 Spike. Beta-actin was used as a

loading control. Representative blot of three independent repetitions.
c, Expression of TMEM16A (upper panel) and TMEM16F (lower panel) in the
presence of the top 5 selected drugs. RNA was prepared from the HEK293/ACE2
cells transfected either with Spike or control plasmids in the presence of the
indicated drugs for 24 hr. The mRNA levels of TMEM16A and TMEM16F were
quantified by real-time PCR and are expressed as fold over control condition
(DMSO), after normalisation over the GAPDH housekeeping mRNA. Data are
mean±SEM of 3 independent experiments.
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Extended Data Fig. 9 | See next page for caption.

Article
silencing selected genes (ACE2, TMPRSS2, TMEM16A, TMEM16B, TMEM16E,
TMEM16F and Xkr8). The amount of Spike, ACE2 and TMEM16F measured by
immunoblotting is shown after cell treatment with the respective siRNAs. The
levels of Spike, ACE2 and TMEM16F proteins were assessed by immunoblotting
with anti-V5, anti-ACE2 and anti-TMEM16F antibodies respectively. Beta-actin
was used as a loading control protein. Representative blot of three
independent repetitions. c, Same as in panel b in HEK293/ACE2 cells. The blot
with the anti-TMEM16A antibody did not detect any band of the expected mass
(cf. also Extended Data Fig. 7b).
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Extended Data Fig. 9 | Expression of TMEM16A, TMEM16F and ACE2 in
different experimental conditions. a, Levels of expression of the genes
investigated in this study upon their individual knockdown in Vero, HEK293/
ACE2 and Calu-3 cells. RNA was prepared from the different cell lines after
transfection with the indicated siRNAs (siNT1-control non-targeting siRNA1)
and mRNA levels were quantified by real-time PCR. Data are expressed as fold
over mock-treated cells after normalized over the GAPDH housekeeping
mRNA. Data are mean±SEM of 3 independent experiments. b, Western blotting
analysis showing the levels of ACE2 and TMEM16F in the presence of Spike after
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Extended Data Fig. 10 | See next page for caption.
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without (upper panels) or with (lower panel) ionomycin induction (10 µM).
Annexin in green, phase contrast in grey, scale bar: 500 µm. Enlargement in c.
Selected images and quantification in Figs. 4f and 4g. d, Representative image
of Vero cells treated with 100 nM Niclosamide, 500 nM Clofazimine or 500 nM
Salinomycin and stained for Annexin XII without (upper panels) or with (lower
panel) ionomycin induction (5 µM). Annexin in green, phase contrast in grey,
scale bar: 500 µm. Enlargement in b. Selected images and quantification in
Figs. 5h and 5i. e, Annexin XII reactivity (PS externalisation) of syncytia
expressing the Spike protein. Cells were transfected with the S-expressing
plasmid and a plasmid expressing mCherry carrying a nuclear localisation
signal (orange nuclei). Scale bar: 500 µm. Representative image of over 10
syncytia in at least 3 independent experiments.
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Extended Data Fig. 10 | Current density and phosphatidylserine (PS)
externalisation. a, Results of whole-cell voltage-clamp recordings of HEK293
cells measuring current density in response to a voltage ramp. Currents were
measured using a 500 ms voltage ramp from -80 to +80 mV in Control cells
(Cont; black trace, n = 34; same as controls for Fig. 4c-e; recorded with 28 mM
intracellular calcium), in cells treated with the benchmark TMEM16 channel
antagonist benzbromarone (Bbz, 10 mM; brown trace, n=3) or recorded with a
low intracellular calcium concentration (Low [Ca], 0.5 mM; blue trace, n = 21)
(n=4). The inset shows the current density measured at +75 mV (**P<0.01,
Kruskal-Wallis, two-sided, with Dunn’s post hoc multiple comparisons). All
values are displayed as mean±SEM. b and c, Inhibition of PS exposure after
treatment TMEM16F siRNA and indicated drugs. Representative image of Vero
cells reverse-transfected with the indicated siRNAs and stained for Annexin XII
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Extended Data Fig. 11 | See next page for caption.

Article

EV
IE
W

(cell area ≥ 20000 µm2) normalized on the total number of cells and expressed
as fold over mock (lipid-only)-treated cells. **P<0.01, one-way ANOVA with
Dunnett post-hoc correction. e and f, Effect of selected siRNAs on MERS-CoV
and SARS-CoV-2-induced syncytia formation. Vero cells were first silenced for
each of the indicated genes (ACE2 and TMEM16F) or treated with siNT1
(non-targeting siRNA1 as negative control) and then, after 24 hr, transfected to
express the either MERS or SARS-CoV Spike protein. After additional 24 hr, cells
were immunostained for nuclei (white). Representative images are in in the
panels on the left side, quantification in the bar chart on the right side. Data
(mean±SEM; n=3) are plotted as percentage of syncytia normalized on the total
number of cells and expressed as fold over mock (lipid-only)-treated cells.
*P<0.05, **P<0.01, one-way ANOVA with Bonferroni post-hoc correction.
g, TMEM16F overexpression induces S-mediated syncytia formation. HEK293/
ACE2 cells were co-transfected with human TMEM16A or TMEM16F together
with a Spike-expressing plasmid. After additional 24 hr, cells were
immunostained for Spike (green), TMEM16F (red) and nuclei (blue). Selected
images and quantification in Figs. 5l and 5m. Scale bar: 200 µm.
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Extended Data Fig. 11 | TMEM16F is involved in SARS-CoV-2 Spike-induced
syncytia formation. a and b, Inhibition of syncytia formation in Calu-3 cells by
the downregulation of TMEM16F. Calu-3 cells were first silenced for each of the
indicated genes or treated with siNT1 (non-targeting siRNA1 as negative
control) and then, after 24 hr, transfected to express the S-protein. After
additional 24 hr, cells were immunostained for Spike (green) and nuclei (blue).
Representative images are in a (scale bar: 500 µm), quantification in b. Data
(mean±SD; n=3) are plotted as percentage of syncytia (cell area ≥ 20000 µm2)
normalized on the total number of cells and expressed as fold over mock (lipidonly)-treated cells. *P<0.05, **P<0.01, one-way ANOVA with Dunnett post-hoc
correction. c and d. Effect of individual siRNAs forming the Dharmacon siRNA
Pool against TMEM16F (ANO6). The picture shows the efficiency of syncytia
formation after transfection of Spike cDNA in Vero cells in which TMEM16F was
downregulated using the 4-siRNA Pool (which was used in all the other
experiments in this study) or the individual siRNAs forming this Pool (siDH_1-4).
We found that the commercial siDH_2 siRNA does not match with the TMEM16F
sequence. Data in panel d are mean±SD, plotted as percentage of syncytia
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