bioRxiv preprint doi: https://doi.org/10.1101/2020.05.16.099580; this version posted May 17, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

Modulation of endothelial organelle size as an antithrombotic strategy

Francesco Ferrar01’4*, Joana R. Costaz’s, Robin Kettelerz, Janos Kriston—Vizi3, Daniel F.
Cutler'*

! Endothelial Cell Biology Group, MRC Laboratory for Molecular Cell Biology, University
College London, Gower Street, London, WC1E 6BT

* Cell Signalling and Autophagy Group, MRC Laboratory for Molecular Cell Biology,
University College London, Gower Street, London, WC1E 6BT

3 Bioinformatics, MRC Laboratory for Molecular Cell Biology, University College London,
Gower Street, London, WC1E 6BT

* Current address, Department of Biology and Evolution of Marine Organisms (BEOM),
Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Naples

> Current address, Leukaemia Biology Research Group, Department of Haematology, Cancer
Institute, University College London, 72 Huntley Street, London, WCI1E 6DD

*Corresponding authors
Daniel F. Cutler

Phone: +44 (0)20 7679 7808
Email: d.cutler@ucl.ac.uk

*Francesco Ferraro

Phone: +39 081 5833301
Email: francesco.ferraro@szn.it

Keywords.

Von Willebrand Factor
Weibel-Palade bodies
Thrombosis

Drug repurposing

Summary

The size of the endothelial secretory granules that store Von Willebrand Factor correlates
with its activity, central to haemostasis and thrombosis. Here, human-licenced drugs that
reduce the size of these secretory granules are identified, providing a set of novel potential

anti-thrombotic compounds.
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Abstract

It is long-established that Von Willebrand Factor (VWF) is central to haemostasis and
thrombosis. Endothelial VWF is stored in cell-specific secretory granules, Weibel-Palade
bodies (WPBs), uniquely rod-like exocytic organelles generated in a wide range of lengths
(0.5 to 5.0 um). It has been shown that WPB size responds to physiological cues and
pharmacological treatment and that, under flow, VWF secretion from shortened WPBs
produces a dramatic reduction of platelet and plasma VWF adhesion to an endothelial
surface. WPB-shortening therefore represents a novel target for antithrombotic therapy acting
via modulation of VWF adhesive activity. To this aim, we screened a library of licenced
drugs and identified several that prompt WPB size reduction. These compounds therefore

constitute a novel set of potentially antithrombotic compounds.

Introduction

Endothelial Von Willebrand Factor (VWF) plays a fundamental role in haemostasis, with
deficiencies in its activity causing von Willebrand Disease (VWD), the most common
inherited human bleeding disorder (Sadler, 1998). VWF is a large multi-domain glycoprotein,
whose function in haemostasis depends on its multimeric status. VWF multimers act as
mechano-transducers, which respond to shear forces in the circulation by stretching open and
exposing binding sites for integrins, collagen, platelets and homotypic interaction (i.e.,
between VWF multimers) (Ruggeri and Mendolicchio, 2015). Endothelial cells secrete VWF
in a highly multimerized form, known as ultra-large (UL)-VWF, highly sensitive to
haemodynamic forces and thus very active in platelet binding (Zhang et al., 2009).

UL-VWF’s potential to cause spontaneous thrombus formation is controlled by a
circulating protease, ADAMTS13, which generates the less-multimerised, less active forms
of VWF seen in plasma (Zhang et al., 2009). Persistence of UL-VWF in the circulation leads
to microvascular thrombosis and the highly morbid and potentially life threatening clinical
manifestations observed in a host of infectious and non-infectious diseases, such as sepsis
and thrombotic thrombocytopenic purpura (TTP)(Chang, 2019; Tsai, 2010). Although these
may be the most extreme examples of excess VWF function, many common disorders
including hypertension and diabetes are characterised by increased VWF plasma levels
(Apostolova et al., 2018; Westein et al., 2017).

While VWF is stored in the secretory granules of both platelets and endothelial cells,

most of the VWF circulating in plasma derives from endothelial WPBs and is fundamental to
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haemostasis (Kanaji et al., 2012). Vessel injury, in either the macro- or microcirculation,
triggers localized stimulated exocytosis of WPBs, mediated by a variety of agonists
(McCormack et al., 2017). UL-VWF secreted from activated endothelium forms cable-like
structures built of multiple multimers, both in vitro and in vivo (Arya et al., 2002;
Rybaltowski et al., 2011). These VWF “strings” provide scaffolds for the recruitment of
circulating platelets and soluble plasma VWF, contributing to the formation of the primary
haemostatic plug, but also potentially promoting microangiopathy (Nicolay et al., 2018;
Ruggeri and Mendolicchio, 2015).

The length of VWF strings generated upon exocytosis reflects the size of the WPBs in
which VWF was stored. WPBs are cigar-shaped organelles, whose length ranges ten-fold,
between 0.5 and 5.0 pm. Their size depends on the structural status of the endothelial Golgi
apparatus where they form, and experimental manipulations causing Golgi fragmentation
consistently result in the formation of only short WPBs (Ferraro et al., 2014). Short WPBs
also form when VWF biosynthesis by endothelial cells is reduced, or following statin
treatment, via Golgi fragmentation-independent and —dependent mechanisms, respectively
(Ferraro et al., 2014; Ferraro et al., 2016). The metabolic status of endothelial cells also
regulates WPB size through an AMPK-mediated signalling pathway (Lopes-da-Silva et al.,
2019).

Importantly, in vitro experiments have revealed that reducing WPB size results in the
shortening of the VWF strings they generate and in much-reduced recruitment of platelets
and soluble circulating VWF to the endothelial surface (Ferraro et al., 2014; Ferraro et al.,
2016). Conversely, endothelial cells respond to raised glucose levels (mimicking
hyperglycemia) by producing longer WPBs, suggesting a link between long VWF strings and
thrombotic manifestations in diabetes (Lopes-da-Silva et al., 2019), which is often associated
with high levels of plasma VWF and microangiopathy (Westein et al., 2017).

WPB size is, therefore, plastic and responds to physiological cues and
pharmacological treatments. Such findings suggest that drug-mediated reduction of WPB size
might provide alternative or coadjuvant therapeutic approaches to current clinical
interventions in thrombotic pathologies where dysregulated formation and/or prolonged
persistence of VWF strings on vascular walls play a triggering role.

We designed a screen to identify drugs that reduce WPB size and thus can potentially
reduce endothelial pro-thrombotic capacity. Out of 1280 human licensed drugs we found 58
compounds fitting our criteria, with a variety of mechanisms of action consistent suggesting a

number of pathways that influence biogenesis of WPBs.
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Results

Screen. A quantitative high-throughput microscopy-based workflow, dubbed high-
throughput morphometry (HTM), allows rapid quantification of the size of tens to hundreds
of thousands of WPBs within thousands of endothelial cells (Ferraro et al., 2014). HTM has
been applied for analytical purposes and in phenotypic screens (Ferraro et al., 2014; Ferraro
et al., 2016; Ketteler et al., 2017; Lopes-da-Silva et al., 2019; Stevenson et al., 2014). In the
present report, HTM was deployed to identify compounds that can induce a reduction of
WPB size in Human Umbilical Vein Endothelial Cells (HUVECs). WPBs longer than 2 um
represent ~ 20% of these VWF-storing organelles, but contain roughly 40% of all endothelial
VWE. Thus, while a minority, these long WPBs are disproportionally important with respect
to secreted endothelial VWF (Ferraro et al., 2014). For the purpose of the screen, we
quantified WPB size as the ratio between the area covered by WPBs longer than 2 pym and
the area covered by all these organelles; we define this parameter as “fractional area (FA) of
long WPBs” (Figure 1A; (Ferraro et al., 2016). The effect of each compound in the library
on WPB size was compared to two controls: treatment with DMSO and Nocodazole, the
negative and positive controls, respectively, for WPB shortening (Ferraro et al., 2014; Ferraro
et al., 2016) (Figure 1B and 1C). HUVECs were incubated with the 1280 compounds of the
Prestwick library at 10 uM for 24 h in single wells of 96-well plates, in duplicate (two
separate plates; Figure 1D). After fixation, immuno-staining and image acquisition, the FA
of long WPBs in treated cells was quantified. Per plate and inter-plate normalization to
DMSO-controls was implemented in order to rank the effects of the library compounds on

WPB size by Z-score, (Figure 1E).

Hit selection. Statins are cholesterol-lowering drugs that inhibit the enzyme 3-hydroxy, 3-
methylglutaryl CoA reductase (HMGCR) in the mevalonate pathway, upstream of the
biosynthesis of cholesterol. We have previously shown that treatment of endothelial cells
with two statins, simvastatin and fluvastatin, induces WPB size shortening, resulting in
reduced adhesive properties of the VWF released by activated endothelial cells (HUVEC),
measured by the reduced size of platelet-decorated VWF strings and by the recruitment of
VWF from a flowing plasma pool (Ferraro et al., 2016). Fluvastatin and simvastatin are
present in the Prestwick library. We therefore used their Z-score to establish a stringent cut-
off for selection of positive hits. This approach identified 58 compounds, 4.5% of the library
(Figure 1E, orange box, simvastatin and fluvastatin). Of note, aside from simvastatin and

fluvastatin, the other three statins present in the Prestwick library were among the selected
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hits (Table 1), indicating that both our screening approach and the criterion for hit selection

are robust.

Hit pharmacology. Forty-one (71%) of the drugs identified could be allocated in ten
pharmacological classes, each including at least three compounds (Table 1; and
Supplemental Table 1), consistent with a variety of mechanisms of WPB size control. Some
of the compounds are shared by more than one class (Table 1 and Figure 2A); an indication
that, aside from their known molecular targets, these drugs may exert their effect on WPB
size through a yet unidentified common cellular pathway.

Among the pharmacological classes capable of inducing WPB shortening, we found
microtubule (MT) depolymerizing agents, histone deacetylase (HDAC) inhibitors,
topoisomerase inhibitors and, as mentioned earlier, statins (HMGCR inhibitors). Compounds
with these mechanisms of action have been shown induce unlinking of the ribbon architecture
of the Golgi apparatus, i.e. Golgi "fragmentation" (Farber-Katz et al., 2014; Ferraro et al.,
2016; Gendarme et al., 2017; Thyberg and Moskalewski, 1985). Since an intact Golgi ribbon
is required for the biogenesis of long WPBs (Ferraro et al., 2014) (see nocodazole in Figure
1B), identification of these classes of molecules in our screen was expected. Work from our
lab also showed that neutralization of the acidic lumen of WPBs disrupts the tubular structure
of VWEF, shifting the organelle shape from cylindrical to spherical, therefore detected as
shortening (Michaux et al., 2006); and, indeed, we identified transmembrane pH gradient
depleting agents. Reduction in VWF biosynthesis results in shorter WPBs without affecting
the Golgi architecture (Ferraro et al., 2014) and one of the screen hits, cycloheximide, is a
classic protein synthesis inhibitor.

Aside from those expected, entirely novel WPB-shortening drug classes were also
identified, including neurotransmitter receptor antagonists and cardiac glycosides.
Interestingly, several compounds, beside their known mechanism of action, also inhibit
multidrug resistance protein 1, MRP1/ABCBI1 (Table 1, Figure 2A and Supplemental
Table 1), which may hint at the common cellular pathway discussed above. The cardiac
glycosides and their cardenolide precursors were prominent among these novel
pharmacological classes. These molecules, which inhibit Na'/K'-ATPase (Table 1 and
Figure 2A), have a long clinical history in the treatment of congestive heart failure and atrial
fibrillation and have recently attracted interest as potential anticancer molecules (Newman et
al., 2008) and senolytics, i.e., selective inducers of senescent cell death (Triana-Martinez et

al., 2019). Cardiac glycosides and cardenolides display a powerful WPB shortening effect
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and induce Golgi apparatus compaction (Figures 2B and 3A) instead of its fragmentation,
suggestive of a novel WPB size-reducing mechanism. In most cases, sub-micromolar

concentrations of these compounds were sufficient to reduce WPB size (Figure 3B).

Discussion

Upon exocytosis, endothelial UL-VWF self-assembles into strings, which serve as recruiting
platform for platelets and circulating VWF, thus promoting the formation of the primary
haemostatic plug (Ferraro et al., 2016; Ruggeri, 2007; Varga-Szabo, 2008). VWF-strings also
mediate  pathological processes such as tumour metastasis, endocarditis and
microangiopathies (Bauer et al., 2015; Nicolay et al., 2018; Pappelbaum et al., 2013).
Interventions reducing the persistence and/or activity of VWF-strings are therefore of
interests as potential anti-thrombotic therapies.

Modulation of organelle size has been suggested as a potential strategy to regulate
biological functions and correct pathological states (Marshall, 2012). In this context, WPBs
represent a paradigmatic example. Reduction of WPB size has no effect on UL-VWF
formation, but blunts generation of long platelet-decorated VWF-strings following exocytosis
and recruitment of plasma VWF to the endothelial surface (Ferraro et al., 2014; Ferraro et al.,
2016). Interventions that shorten WPBs could therefore provide alternative or coadjuvant
therapies to clinical interventions in thrombotic pathologies where dysregulated formation
and/or prolonged persistence of VWF-strings play a triggering role.

Apart from pharmacological treatments and other experimental manipulations
disrupting the integrity of the Golgi apparatus (Ferraro et al., 2014; Ferraro et al., 2016),
formation of short WPBs is mediated by endogenous signalling pathways. We have
uncovered a pathway involving AMPK-dependent regulation of the Arf-GEF GBF1, which is
independent of alterations in the structure of the Golgi apparatus and links WPB size to the
metabolic status of endothelial cells (Lopes-da-Silva et al., 2019). Small WPBs are also
generated upon overexpression of the transcription factor KLF2 (van Agtmaal et al., 2012).
KLF2 expression is promoted by athero-protective flow patterns and induces transcriptional
changes in hundreds of endothelial genes, resulting in anti-inflammatory and antithrombotic
cellular adaptations (Dekker et al., 2006; Fledderus et al., 2007; Kumar et al., 2005; Lin et al.,
2005). Treatment with statins also up-regulates KLF2 expression; and their anti-
inflammatory, anti-coagulant and antithrombotic effects are believed to be mediated by this
transcription factor (Parmar et al., 2005; Sen-Banerjee et al., 2005). However, WPB size

reduction induced by statin treatment does not require KLF2 (Ferraro et al., 2016).
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Altogether, a significant body of experimental evidence indicates that the size of WPBs is
subject to regulation and represents a target for pharmacological intervention in haemostatic
function and thrombotic risk.

We therefore screened human-licenced drugs with the aim of identifying WPB size-
reducing molecules that could be rapidly repurposed as antithrombotics. We found fifty-eight
drugs with this activity, the majority of which can be grouped into pharmacological classes.
Some of these classes, such as microtubule depolymerizing agents and statins, have been
identified by previous work (Ferraro et al., 2014; Ferraro et al., 2016). Others might be
expected, due to their effects on the Golgi ribbon, as in the case of HDAC and
Topoisomerase inhibitors (Farber-Katz et al., 2014; Gendarme et al., 2017). Our screen also
identified compounds with pharmacology previously unknown to affect WPB biogenesis and
size. Together, these findings suggest that several cellular pathways can modulate the size of
WPBs produced by endothelial cells.

Multidrug resistance protein 1 (MRP1), is an organic anion transporter. Its up-
regulation is responsible for the development of tumor resistance to chemotherapy, hence its
name. While this activity towards xenobiotics was the first to be identified, it has become
clear that MRP1 is also involved in the cellular efflux of endogenous molecules, mediating
pro-inflammatory signalling pathways and may act as an oxidative stress sensor (Cole, 2014).
Interestingly, twenty-two compounds, with varied mechanisms of action (Table 1 and
Supplemental Table 1), have also been described as MRP1 inhibitors. This suggests the
possibility that, in addition to their main molecular target, these drugs could affect the efflux
of endogenous MRP1 signalling substrates, which regulate WPB size; a mechanism worth
future investigation.

Since the screen endpoint was 24 h, the drugs listed are relatively fast-acting. Except
for statins (Ferraro et al., 2016) and cardiac glycosides (see above), drug activity was
documented at the single concentration used in our screen (10 pM). While such
concentrations are unlikely to be used for patient administration, it is worth noting that sub-
micromolar concentration treatment with simvastatin for 24 h does reduces WPB size with
dramatic effects on both platelet recruitment and plasma VWF adhesion to the stimulated
endothelium (Ferraro et al., 2016). It therefore cannot be ruled out that several of the drugs
identified by the screen would maintain WPB size-reducing activity at lower concentrations,
compatible with their use in the clinic. Statins rapidly produce anti-inflammatory and
anticoagulant effects on the endothelium (Greenwood and Mason, 2007) and their acute

administration in the context of percutaneous angioplasty greatly reduces post-operative
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myocardial infarctions (Leoncini et al., 2013). The compounding of these fast-acting effects,
WPB size-reduction included, suggests that statins may represent a promising tool for acute,
emergency treatment in endotheliopathies involving inflammation, coagulation and
thrombosis.

As a class, the most potent WPB-shortening drugs identified in the screen, active also
at sub-micromolar concentrations (Figure 2B and 3B), were the cardiac glycosides and
cardenolides. With the caution due to their known dose-dependent cytotoxicity (Kanji and
MacLean, 2012), cardiac glycosides may therefore be worth exploring in acute and chronic
antithrombotic therapies.

Further to the potential toxicity associated with administration of drugs at high
concentrations, we note that in vitro combination of WPB-size reducing treatments, acting
through different mechanisms, can display synergy in the abatement of plasma VWF
recruitment to the endothelial surface (Supplemental Figure 1). In a clinical setting, WPB
shortening and its consequent antithrombotic effects might therefore be achieved by
administering combinations of drugs at lower, non-toxic concentrations.

In conclusion, here, we report a set of licenced drugs with potential antithrombotic
activity, via a novel mechanism: the reduction of WPB size and its consequence in terms of

reduced adhesion of platelets and circulating plasma VWF to the UL-VWF they release.
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Materials and Methods

Cells. Human umbilical vein endothelial cells (HUVECs) were obtained commercially from
PromoCell or Lonza. Cells were from pooled donors of both sexes expanded in our lab and
used at low passage (3 to 4), within 15 population doublings since isolation from umbilical

cord. Cells were maintained in HGM (HUVEC Growth Medium) with the following
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composition: M199 (Gibco, Life Technologies), 20% Fetal Bovine Serum, (Labtech), 30
ug/mL endothelial cell growth supplement from bovine neural tissue and 10 U/mL Heparin

oth from Sigma- rich). Cells were cultured at , Y% », In humidified incubators.
both fi Sigma-Aldrich). Cell Itured at 37 °C, 5% CO,, in humidified incub

Reagents. The library compounds (1280 FDA-approved drugs), from Prestwick Chemical,
were stored at — 80 °C as 10 mM stock solutions in DMSO. For the screen, compounds were
transferred to Echo Qualified 384-Well Low Dead Volume Microplates using the Echo® 520
acoustic dispenser (both from Labcyte). Antibodies used in this study were: rabbit polyclonal
anti-VWF pro-peptide region (Hewlett et al., 2011), kindly provided by Dr. Carter (St.
George’s University, London); mouse monoclonal anti-GM130 (clone 35) from BD
Biosciences; a rabbit polyclonal anti-VWF from DAKO (cat. no. A0082). DMSO (Hybri-
Max ", cat. No. D2650) and Nocodazole (cat. No. M1404) were from Sigma-Aldrich. siRNA
sequences targeting Luciferase and VWF were custom synthesised and previously
described(Ferraro et al., 2016). Normal pooled human plasma (Cryochek™, cat. No. CCN-

15) was from Precision Biologic.

Drug screen. HUVECs were seeded on gelatin-coated 96-well plates (Nunclon surface©,
NUNC) at 15000 cells/well and cultured. After 24 h, cells were rinsed with fresh medium and
then library compounds were added with the Echo® 520 (Labcyte) acoustic dispenser and
medium volume per well was adjusted with a MultiFlo FX dispenser (BioTek Instruments
Inc.) to 100 pL for a final compound concentration of 10 uM. Plates were prepared in
duplicate. Each plate contained one column treated with negative DMSO control (0.1%, final
concentration) and one column treated with Nocodazole positive control (3.3 uM, final
concentration). All cells (DMSO-, Nocodazole- and compound-treated) received the same
amount of DMSO vehicle (0.1% vol:vol). After 24 h treatment, cells were rinsed twice with

warm, fresh HGM and fixed by incubation with 4% formaldehyde in PBS (10 min, RT).
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Dose response experiments. HUVECs were seeded in 96-well plates and pre-processed as
described for the screen. Cardiac glycosides were added to cells using the Echo® 520
acoustic dispenser (Labcyte) and cells were treated as described above. Concentration of each
compound ranged from 78 nM to 10 uM in 2-fold increments across the wells of the plate
column. Duplicate plates were prepared. Each plate contained DMSO and Nocodozale
controls as detailed for the screen. Treatment was for 24 h, at the end of which cells were

fixed as described for the screen.

Immunostaining and image acquisition. Fixed cells were processed for immunostaining as
previously described (Ferraro et al., 2016). WPBs were labelled using a rabbit polyclonal
antibody to the VWF pro-peptide region. The Golgi apparatus was labeled with an anti-
GM130 mAb. Primary antibodies were detected with Alexa Fluor dye-conjugated antibodies
(Life Technologies). Nuclei were counterstained with 33342 (Life Technologies). Images (9
fields of view per well) were acquired with an Opera High Content Screening System (Perkin

Elmer) using a 40x air objective (NA 0.6).

High-throughput morphometry (HTM) workflow. Image processing and WPB extraction
of morphological parameters (high-throughput morphometry, HTM) have been described in
detail elsewhere (Ferraro et al., 2014). WPB size was expressed per well (i.e., summing the
values measured in the 9 fields of view) as the fraction of the total WPB area covered by
WPBs > 2 um. Dose-response data analysis was done in R language, using the DRC package
by Christian Ritz and Jens C. Strebig (https://CRAN.R-project.org/package=drc). The drm ()

function was used to fit a dose-response model, a four-parameter log-logistic function (LL.4),
applied to each dataset; four parameter values were calculated: slope, lower limit, upper limit

and ECs, value.

Plasma VWF recruitment assays. siRNA nucleofections, drug treatment and human plasma
perfusion experiments on HUVEC monolayers were carried out as previously described

(Ferraro et al., 2016).

10
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Table 1.
Digoxin 1 Thioproperazine 4,6 Carvedilol 10
Lanatoside C 1 Fluspirilene 4,6 Hexachlorophene
Digoxigenin 1 Fluphenazine 4,6,10 | Clomiphene
Proscillaridin A 1 Clomipramine 4,10 J Alclometasone
Digitoxigenin 1 Sertindole 4,6 Ciclesonide
Lovastatin 2,5,10 | Clemizole 4,7 Tegaserod
Atorvastatin 2,5,10 | Trifluoperazine 6,10 | Aprepitant
Simvastatin 2,5,10 | Prochlorperazine 6,10 Chlormezanone
Fluvastatin 2,5 Astemizole 7,10 GBR 12909
Mevastatin 2 Vorinostat 5 Cycloheximide
Mitoxantrone 3,10 Colchicine 8,10 ?'(-ilillz)(rti)gfmsphate
Camptothecine 3,10 Nocodazole 8 Methyldopa (L,-)
Etoposide 3.10 Monensin 9 Perhexiline
Daunorubicin 3.10 Ambroxol 9 Parbendazole
Doxorubicin 3.10 Thonzonium 9 Pyrvinium
Epirubicin 3 Bepridil 10 Loperamide
Podophyllotoxin 3.8 Cyclosporin A 10 Dilazep
Clofazimine 3.10 Itraconazole 10 Verteporfin
Quinacrine 3.10 Imatinib 10
Maprotiline 4 16(’] 7 Azithromycin 10

Table 1. Licenced drugs with WPB-shortening activity. Individual drugs were assigned to pharmacological
classes, indicated by numbers, based on their mechanism of action (see Appendix Table). 1, cardiac glycoside or
cardenolide (Na'/K'-ATPase inhibitor); 2, statin (3-hydroxy, 3-methylglutaryl CoA reductase, HMGCR
inhibitor; 3, topoisomerase inhibitor/ DNA-intercalating agent; 4, serotonin (5-HT) receptor antagonist; 5,
histone deacetylase (HDAC) inhibitor; 6, dopamine receptor antagonist; 7, histamine receptor antagonist; 8,
microtubule depolymerizing compound; 9, pH gradient-depleting compound; 10, multidrug resistance protein 1
(MRP1/ABCBI1) inhibitor.

Figure Legends

Figure 1. Drug screen: conception, execution and results. A. WPB sizes range between
0.5 and 5 pm. To measure a single quantitative parameter accounting for WPB size in a
organelle population, we calculated the “fraction of the area (FA) covered by long (i.e., > 2
um) WPBs. B. DMSO and Nocodazole were used as negative and positive control treatments,
respectively, for reducing WPB size. Micrographs show the effects of the two control
treatments on HUVECs (24 h); scale bar: 20 pm (inset, 10 um). C. Quantification of the “FA
of long WPBs” for cells treated as in B. Data-points represent the values calculated for each
well of a 96-well plate; median and interquartile ranges are shown. **** P < (0.0001; Mann-
Whitney test. D. Screen setup. Individual library drugs were dispensed into single wells of
96-well plates, which also had two columns treated with DMSO and Nocodazole controls.

Two plates with identical drug layout (biological duplicates) were analyzed. E. Screen
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results. Z-scores of the library drugs are plotted. Hit drugs were selected based on the effects
of fluvastatin and simvastatin, which we previously showed to reduce WPB size. Fluvastatin,

with the lowest Z-score, was used as cut-off for the selection of hit compounds.

Figure 2. WPB size-reducing drugs and their potency as pharmacological classes. A.
Graphical summary of the known mechanism of action (MoA) of the hits reported in the
Supplemental Table 1. Each pharmacological class is depicted by a square, whose area is
proportional to the number of compounds it includes. Lines connecting the squares represent
common drugs between pharmacological classes. Thickness of the lines indicates the number
of drugs shared. B. Drug classes ranked by potency, using their median Z-score in the screen.
Each data-point represents one drug and classes are color-labeled based on their know,

inferred from the literature and previously unknown (novel) effects on WPB size.

Figure 3. Effects of cardiac glycosides and cardenolides. A. HUVECs were treated for 24
h with 10 uM each of the indicated compounds; original micrographs from the screen are
shown. These compounds induce WPB-shortening and Golgi apparatus compaction (compare
to DMSO negative control). Scale bar: 10 pm. B. The effects of cardiac glycosides and
cardenolides on WPB size were measured for a range of concentrations (10 pM to 78 nM;
two-fold dilutions); calculated ECsy values are reported (from highest to lowest; right to left).
WPB size remained small in HUVECs treated with proscillaridin A at all the concentrations
tested and its ECso could not be determined (ND), indicating that it is likely to be found at

low nM or pM concentrations.
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Abbreviations

DR ant: Dopamine receptor antagonist
5-HTR ant: Serotonin receptor antagonist
HR ant: histamine receptor antagonist

MRP1/ABCB1 inh: Multi-drug resistance protein 1/ABCB1 inhibitor

HDAC inh/LOF: histone deacetylase inhibitor/loss of funcion
HMGCR inh: 3-hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitor (Statins)

DNA interc/Tl inh: DNA intercalating agents/Topoisomerase inhibitor

TM pH depl: transmembrane pH gradient depleting agent

MT inh: microtubule inhibitor

Na/K-ATPase inh: Na*/K*-ATPase inhibitor (Cardiac glycosides and their precursors)
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Supplemental Table 1

Pharmacology of hit compounds. Information regarding the mechanism of action of hit drugs was

searched in PubMed and DrugBank (https://www.drugbank.ca/). Forty-one compounds can be assigned

to ten pharmacological classes, each containing at least 3 drugs (see Table 1).

Compound

Pharmacology

Monensin

No DrugBank record. It is an ionophore antibiotic (Na+/H+ antiporter)
produced by the fungus Streptomyces Depletes the
transmembrane pH gradient of the Golgi apparatus and acidic organelles.

cinnamonensis.

Tegaserod

DrugBank; agonist of serotonin receptor SHT4. Antagonist of SHT2A, SHT2B
and SHT2C serotonin receptors. Inhibitor of sodium-dependent serotonin
transporter SLC6A4.

Colchicine

DrugBank: it inhibits Tubulin beta-1 chain and Tubulin beta chain(TUBBI,
TUBB) and microtubule polymerization. Inhibits several CYP enzymes and
transporters. Inhibits Multidrug resistance protein 1 (ABCB1)

Digoxin

DrugBank: cardiac Glycoside. It consists of three sugars and the aglycone
digoxigenin. Inhibits Na/K ATPase alpha-1 (ATP1A1). Substrate, inhibitor and
inducer of Multidrug resistance protein 1 (ABCB1).

Aprepitant

DrugBank: antiemetic, it is a substance P/neurokinin 1 (NKI1) receptor
antagonist.

Lanatoside C

No DrugBank record. Kegg, cardiac Glycoside. Inhibits Na/K ATPase alpha-1
(ATP1A1)

Digoxigenin

No DrugBank record. Wikipedia; cardenolide steroid that can be glycosylated
to form cardiac glycosides. Pubmed, inhibitor of Na/K-ATPase subunit alpha-1
(ATP1A1) [PMID: 20388710]

Bepridil

DrugBank: inhibitor of voltage-sensitive Ca2+ channels CACNAIA,
CACNAI1H, CACNA2D2. Inhibits Na/K-ATPase subunit alpha-1 (ATP1A1).
Inhibits voltage-gated potassium channel KCNQI1. Inhibits calcium/calmodulin
dependent 3'.5'-cyclic nucleotide phosphodiesterases PDEIA and PDEIB.
Inhibits Multidrug resistance protein 1 (ABCB1)

Proscillaridin A

No DrugBank record. Kegg; Cardiac Glycoside. Inhibits Na/K ATPase alpha-1
(ATP1AL1).

Chlormezanone

DrugBank: a non-benzodiazepine that is used in the management of anxiety.
Binds to benzodiazepine receptors, which interact allosterically with GABA
receptors, potentiating the effects of the inhibitory neurotransmitter GABA.
Binds and is an agonist of Transporter Protein (TSPO) which promotes the
transport of cholesterol across mitochondrial membranes and may play a role in
lipid metabolism (PubMed: 24814875), but its precise physiological role is
TSPO is
biosynthesis, was initially identified as peripheral-type benzodiazepine receptor
and can also bind isoquinoline carboxamides

controversial. apparently not required for steroid hormone

Digitoxigenin

No DrugBank record. Kegg: cardanolide steroid; can be glycosylated to form
cardiac glycosides (Digitoxin). Pubmed: inhibitor of Na/K-ATPase subunit
alpha-1 (ATP1A1) [PMID: 20388710]




Maprotiline

DrugBank; a tetracyclic antidepressant with similar pharmacological properties
to tricyclic antidepressants (TCAs). Similar to TCAs, it inhibits neuronal
norepinephrine reuptake, possesses some anticholinergic activity, and does not
affect monoamine oxidase activity. It differs from TCAs in that it does not
appear to block serotonin reuptake. Inhibits Sodium-dependent noradrenaline
transporter (SLC6A2). Antagonist of Histamine HI1 receptor (HRHI1),
Muscarinic acetylcholine receptors M1, M2, M3 and M4, alpha 1 and 2
adrenergic receptors. Binds (no pharmacological action established) with
Dopamine D2 receptor and serotonin receptors HTR2A, HTR2C and HTR7.

Podophyllotoxin

DrugBank; a lignan found in podophyllin resin from the roots of podophyllum
plants. It is a potent spindle poison. Inhibitor of DNA topoisomerase 2-alpha
(TOP2A) and Tubulin alpha-4A chain and beta chain. Kegg; antineoplastic,
antiviral, Tubulin polymerization inhibitor.

Nocodazole

No DrugBank record. Wikipedia; it inhibits microtubule polymerization, similar
to other drugs such as vincristine and colcemid. It is a benzimidazole, an
organic compound containing a benzene ring fused to an imidazole ring. It
binds Tubulin and depolymerizes microtubules

Mitoxantrone

DrugBank: inhibitor of DNA topoisomerase 2-alpha (TOP2A).
intercalating molecule

DNA

GBR 12909

DrugBank; also known as Vanoxerine. Interacts with Sodium-dependent
dopamine transporter, SLC6A3, but its pharmacological action is not specified
in DrugBank. Wikipedia; it is reported as a Dopamine transporter blocker and
also binds to serotonin transporter. Used for cocaine additions and for heart
arrhythmias because it is a multi-channel blocker.

Hexachlorophene

Drugbank; a chlorinated bisphenol antiseptic with a bacteriostatic action against
Gram-positive organisms, but much less effective against Gram-negative
organisms. Inhibits E.coli D-lactate dehydrogenase. Inhibits human Succinate
dehydrogenase and Glutamate dehydrogenase 1. Competitive antagonist of
estrogen receptor (ESR1).

Lovastatin

DrugBank; inhibitor of hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor (HMGCR). Inhibits also Histone deacetylase 2 (HDAC?2),
like other statins [PMID: 18381445]

Clofazimine

DrugBank; fat-soluble riminophenazine dye used for the treatment of leprosy.
Used investigationally with antimycobacterial drugs to
Mycobacterium avium infections in AIDS patients. It also has a marked anti-

other treat
inflammatory effect and is given to control the leprosy reaction, erythema
nodosum leprosum. DNA intercalating agent. In humans inhibits Multidrug
resistance protein 1 (ABCB1) and Bile salt export pump (ABCB11)

Camptothecine
(S,%)

DrugBank; alkaloid isolated from the stem wood of the Chinese tree,
Camptotheca acuminata. It selectively inhibits the nuclear enzyme DNA
topoisomerase, type I. Several semisynthetic analogs of camptothecin have
demonstrated antitumor activity. Binds DNA and DNA topoisomerase 1
(TOP1) forming a stable ternary complex that prevents ligation activity of
TOP1.

Cycloheximide

No DrugBank record. Wikipedia; inhibitor of protein synthesis.




Ambroxol

DrugBank; mucolytic agent. Excessive Nitric Oxide (NO) is associated with
inflammation of airways. NO enhances the activation of soluble guanylate
cyclase and cGMP accumulation. Ambroxol has been shown to inhibit the NO-
dependent activation of soluble guanylate cyclase. Wikipedia; Ambroxol is a
potent inhibitor of the neuronal Na+ channels. It also activates lysosomal
enzyme glucocerebrosidase. Ambroxol can also diffuse into lysosomes and
induce pH neutralization. Ambroxol and its parent drug bromhexine have been
shown to induce autophagy in several cell types.

Adenosine 5'-
monophosphate

DrugBank; several functions, as it is a central molecule in metabolism and
signalling. Activates AMPK

Methyldopa (L,-)

DrugBank; agonist of alpha-2 adrenergic receptor with both central and
peripheral nervous system effects. Its primary clinical use is as an
antihypertensive agent. Targets Alpha-2A adrenergic receptor (ADRA2A) and
inhibits Aromatic-L-amino-acid decarboxylase (DDC) and the transporter
Solute carrier family 15 member 1 (SCL15A1) specific for dipeptides.

Etoposide

DrugBank; semisynthetic derivative of podophyllotoxin. Exhibits antitumor
activity. It inhibits DNA synthesis by forming a complex with topoisomerase 11
and DNA, inducing breaks in double stranded DNA and preventing repair by
topoisomerase Il binding. Accumulated breaks in DNA prevent entry into the
mitotic phase of cell division and lead to cell death. Inhibits DNA
topoisomerase 2-alpha (TOP2A) and DNA topoisomerase 2-beta (TOP2B).

Cyclosporin A

DrugBank: lipophilic cyclic polypeptide formed by 11 amino acids with
immunosuppressive and immunomodulatory properties. Essentially, it is a
calcineurin inhibitor and this activity allows for inhibition of T cell activation.
It binds to the intracellular receptor cyclophilin-1 forming a ciclosporin-
cyclophilin complex that inhibits calcineurin preventing the dephosphorylation
and activation of the nuclear factor of activated T cells (NF-AT). The NF-AT is
a transcription factor that regulates the production of pro-inflammatory
cytokines such as IL-2, IL-4, interferon-gamma and TNF-alpha. Cyclosporin
inhibits Calcineurin regulatory subunit B type 2 (PPP3R2) and binds Peptidyl-
prolyl cis-trans isomerase A and F (PPIA, PPIF), Calcium signal-modulating
cyclophilin ligand CAMLAG. It is a substrate, inhibitor and inducer of Multidrug
resistance protein 1 (ABCB1).

Atorvastatin

DrugBank: hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor. Also inhibits Dipeptidyl peptidase 4 (DPP4). Agonist of Aryl
hydrocarbon receptor (AHR). Inhibits Multidrug resistance protein 1 (ABCB1).
It has been shown that other statins inhibit this transporter (PubMed:
11474784). Inhibits Solute carrier organic anion transporter family member
1A2, 1B1 (SLCO1A2, SLCO1BI). It is a substrate of several transporters.

Mevastatin

DrugBank: inhibitor of hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase (HGMCR). The first statin discovered. Isolated from Penicillium
citinium. It also inhibits Liver carboxylesterase 1, CES1 (a triglyceride lipase).




Itraconazole

DrugBank: triazole antifungal agent. Inhibits cytochrome P-450-dependent
enzymes resulting in impaired ergosterol synthesis. It has been used against
histoplasmosis, blastomycosis, cryptococcal meningitis & aspergillosis. Inhibits
Lanosterol 14-alpha demethylase (CYP51A1) and several other CYP enzymes.
Inhibits Multidrug resistance proteins] (ABCB1) and SLCO2B1. Wikipedia.
Among the triazole antifungal agents is the only one shown to inhibit the
hedgehog pathway and angiogenesis. The antiangiogenic activity was shown to
be linked to inhibition of glycosylation, VEGFR2 phosphorylation, trafficking
and cholesterol biosynthesis pathways. Like cyclosporine, quinidine and
clarithromycin (and statins), can inhibit P-glycoproteins (Multidrug resistance
proteins, ABCBs) causing drug-drug interactions by reducing elimination and
increasing absorption of organic cation drugs.

Vorinostat

DrugBank: vorinostat, known also as suberoylanilide hydroxamic acid (SAHA),
is currently under investigation for the treatment of cutaneous T cell lymphoma
(CTCL), a type of skin cancer. It is the first in a new class of agents known as
histone deacetylase inhibitors. Inhibits Histone deacetylase 1, 2, 3, 6 and 8
(HDACI1, HDAC2, HDAC3, HDAC6 and HDACS). HDAC inhibitors and
DNA-damaging (DNA-intercalating) agents were identified as novel Golgi
disruptors (see PMID: 29074567). Note; Clemizole has been identified as a
potential anti-epileptic through its action on serotonin receptors (see annotation
of clemizole for reference); among the papers citing this study, one identifies
vorinostat as an anti-epileptic (PMID: 29373639)

Clomiphene

Drugbank: it is an estrogen agonist or antagonist depending on the target tissue.
Estrogen receptor (ESR1) agonist or antagonist. Inhibits some Cytochrome
P450 (CYPs) enzymes.

Astemizole

DrugBank: long-acting, non-sedating second generation antihistamine used in
the treatment of allergy symptoms. Antagonist of Histamine HI1 receptor
(HRH1). Inhibitor of Potassium voltage-gated channel subfamily H member 2
(KCNH2). Also acts (with unclarified pharmacological action) on Potassium
voltage-gated channel subfamily H member 1 (KCNH1) and Microtubule-
associated protein tau (MAPT). Inhibits Multidrug resistance protein 1
(ABCB1)

Perhexiline

DrugBank: coronary vasodilator used especially for angina. It may cause
neuropathy and hepatitis. Inhibits Carnitine O-palmitoyltransferase 1, liver
isoform (CPT1A), Carnitine O-palmitoyltransferase 2, mitochondrial (CPT2).
Acts (no established pharmacology) on Potassium voltage-gated channel
subfamily H member 2 (KCNH2).

Thonzonium

Drugbank: monocationic surface-active agent with surfactant and detergent
properties. It is widely used to enhance dispersion and penetration of cellular
debris and exudate, thereby promoting tissue contact of the administered
medication. Inhibits V-ATPase, V-type proton ATPase subunit C 1
(ATP6VICI).

Parbendazole

No DrugBank record

Alclometasone

DrugBank: synthetic glucocorticoid steroid for topical use in dermatology as
anti-inflammatory, antipruritic, antiallergic, antiproliferative and
vasoconstrictive agent. Agonist of Glucocorticoid receptor (NR3C1).

Pyrvinium

DrugBank: anthelmintic effective for pinworms; no targets reported. Wikipedia:
it is an anthelmintic and has been shown that the pamoate salt has preferential
toxicity for various cancer cell lines during glucose starvation.




Simvastatin

DrugBank: inhibitor of 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMGCR). Affects (no defined mechanism) Integrin beta-2 (ITGB2) and
inhibits Integrin alpha-L (ITGAL). Substrate of several CYP enzymes it also
inhibits some of them. Inhibitor of Multidrug resistance protein 1 (ABCB1).

Imatinib

DrugBank: small molecule kinase inhibitor used to treat certain types of cancer.
Inhibits BCR/ABL fusion protein isoform X9, RET proto-oncogene (RET).
Antagonist of Mast/stem cell growth factor receptor Kit (KIT), High affinity
nerve growth factor receptor (NTRK1), Macrophage colony-stimulating factor
1 receptor (CSF1R), Platelet-derived growth factor receptor alpha (PDGFRA),
Platelet-derived growth factor receptor beta (PDGFRB), Epithelial discoidin
domain-containing receptor 1 (DDR1), Tyrosine-protein kinase ABL1 (ABL1).
It is a substrate and inhibitor of Multidrug resistance protein 1 (ABCB1) and
other transporters of the ACB family and SLC family.

Loperamide

DrugBank: long-acting synthetic antidiarrheal. Has no effect on the adrenergic
system or central nervous system, but may antagonize histamine and interfere
with acetylcholine release locally. Agonist of Mu-type opioid receptor
(OPRM1), Delta-type opioid receptor (OPRD1), Kappa-type opioid receptor
(OPRK1). Inhibitor of Voltage-dependent P/Q-type calcium channel subunit
alpha-1A (CACNAI1A), Calmodulin (CALMI). Substrate of some CYP
enzymes.

Dilazep

No DrugBank record. Wikipedia: a vasodilator that acts as an adenosine
reuptake inhibitor. Used for the treatment of cardiopathy and renal disorders.

Daunorubicin

DrugBank: very toxic anthracycline aminoglycoside antineoplastic isolated
from Streptomyces peucetius and others yeasts. Used in treatment of leukaemia
and other neoplasms. Targets DNA (DNA intercalating agent). Inhibits DNA
topoisomerase 2-alpha (TOP2A) and DNA topoisomerase 2-beta (TOP2B).
Substrate of CYP enzymes. Agonist and inhibitor of Multidrug resistance
protein 1 (ABCBI). Inhibitor of Multidrug resistance-associated protein 1
(ABCC1) and other ACB transporters.

Quinacrine

DrugBank: also known as mepacrine, is an acridine derivative formerly used as
an antimalarial but superseded by chloroquine in recent years. Also used as an
anthelmintic and in the treatment of giardiasis and malignant effusion and in
cell biological experiments as an inhibitor of phospholipase A2. Targets DNA
(DNA intercalating agent). Inhibits 85/88 kDa calcium-independent
phospholipase A2 (PLA2G6), cytosolic phospholipase A2 (PLA2G4A),
Inactive phospholipase C-like protein 1 (PLCLI1), histamine N-
methyltransferase (HNMT), Multidrug resistance protein 1 (ABCB1).

Thioproperazine

DrugBank: a potent neuroleptic with antipsychotic properties. Antagonist of
D(2) dopamine receptor (DRD2), D(1A) dopamine receptor (DRDI1), 5-
hydroxytryptamine receptor 2A (HTR2A), 5-hydroxytryptamine receptor 1A
(HTR1A), Alpha-1A adrenergic receptor (ADRA1A), Alpha-1B adrenergic
receptor (ADRAI1B).

Fluspirilene

DrugBank: long-acting injectable antipsychotic agent used for chronic
schizophrenia. Antagonist of D(2) dopamine receptor (DRD2), 5-
hydroxytryptamine receptor 2A (HTR2A). Inhibitor of Voltage-dependent
calcium channel gamma-1 subunit (CACNG1).




Fluphenazine

Drugbank: phenothiazine used in the treatment of psychoses with properties and
uses generally similar to those of chlorpromazine. Antagonist of D(2) dopamine
receptor (DRD2), D(1A) dopamine receptor (DRD1). Inhibitor of calmodulin
(CALMI1). Acts on (no specified pharmacology) on 5-hydroxytryptamine
receptor 2A (HTR2A) and 5-hydroxytryptamine receptor 2C (HTR2C). Inhibits
Multidrug resistance protein 1 (ABCB1).

Ciclesonide

DrugBank: glucocorticoid used to treat obstructive airway diseases. Agonist of
Glucocorticoid receptor (NR3C1).

Clomipramine

DrugBank: 3-chloro analogue of imipramine, a dibenzazepine-derivative
tricyclic antidepressant (TCA). Inhibits Sodium-dependent serotonin transporter
(SLC6A4), Sodium-dependent noradrenaline transporter (SLC6A2). Antagonist
of 5-hydroxytryptamine receptor 2A (HTR2A), 5-hydroxytryptamine receptor
2B (HTR2B), 5-hydroxytryptamine receptor 2C (HTR2C). Inhibits Glutathione
S-transferase P (GSTP1) and Multidrug resistance protein 1 (ABCB1).

Doxorubicin

DrugBank: cytotoxic anthracycline antibiotic isolated from cultures of
Streptomyces peucetius var. caesius. Targets DNA (DNA intercalating agent).
Inhibits DNA topoisomerase 2-alpha (TOP2A). Inhibitor and inducer of
Multidrug resistance protein 1 (ABCB1) and other ABC transporters.

Trifluoperazine

DrugBank: phenothiazine with actions similar to chlorpromazine. Used as an
antipsychotic and an antiemetic. Antagonist of D(2) dopamine receptor
(DRD2), Neuron-specific vesicular protein calcyon (CALY; interacts with
clathrin light chain and stimulates clathrin self assembly and endocytosis),
Alpha-1A adrenergic receptor (ADRA1A). Inhibitor of calmodulin (CALM1),
Protein S100-A4 (S100A4), Multidrug resistance protein 1 (ABCB1).

Azithromycin

DrugBank: broad-spectrum macrolide antibiotic with a long half-life and a high
degree of tissue penetration. Like other macrolides, it blocks bacterial protein
synthesis. In human cells inhibits Protein-arginine deiminase type-4 (PADI4;
involved in arginine modification of histones), Multidrug resistance protein 1
(ABCB1) and ABCC2.

Epirubicin

DrugBank: 4'-epi-isomer of doxorubicin. The compound exerts its antitumor
effects by interference with the synthesis and function of DNA. Targets DNA
(DNA intercalating agent). Inhibits DNA topoisomerase 2-alpha (TOP2A).
Antagonist of Chromodomain-helicase-DNA-binding protein 1 (CHDI1).
Inhibits Cytosolic phospholipase A2 (PLA2G4A)

Carvedilol

DrugBank: non-selective beta-blocker indicated in the treatment of mild to
moderate congestive heart failure (CHF). Antagonist of adrenergic receptors
ADRBI, ADRA1A, ADRB2, ADRAID, ADRA1B, ADRA2C, ADRA2B,
ADRAZ2A. Inhibits NADH dehydrogenase [ubiquinone] 1 subunit C2
(NDUFC2), Potassium voltage-gated channel subfamily H member 2
(KCNH2), Vascular cell adhesion protein 1 (VCAM1), E-selectin (SELE) and
Multidrug resistance protein 1(ABCB1). Modulates Hypoxia-inducible factor 1-
alpha (HIF1A) and VEGF alpha.

Prochlorperazine

DrugBank: a phenothiazine antipsychotic used principally in the treatment of
nausea, vomiting and vertigo. Antagonist of D(2) dopamine receptor (DRD2).

Sertindole

DrugBank: a neuroleptic, it is one the newer antipsychotic medications
available (though retired for cardiac adverse effects). Antagonist of D(2)
dopamine receptor (DRD2), 5-hydroxytryptamine receptor 2A (HTR2A), 5-
hydroxytryptamine receptor 2C (HTR2C), 5-hydroxytryptamine receptor 6
(HTRO). Inhibitor of Potassium voltage-gated channel subfamily H member 2
(KCNH2). Targets also several alpha-adrenergic receptors.




DrugBank: a medication used as a photosensitizer for photodynamic therapy to
eliminate the abnormal blood vessels in the eye associated with conditions such
Verteporfin as the wet form of macular degeneration. No molecular targets reported.

No DrugBank record. Wikipedia: antagonist of HRHI. Recently, it was
identified through a phenotypic screen as described as a SHT receptor
Clemizole antagonist (PMID: 28073790)

DrugBank: hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase

inhibitor.  Inhibits  3-hydroxy-3-methylglutaryl-coenzyme A  reductase
Fluvastatin (HMGCR).

Supplemental Figure 1. Synergistic effects of WPB-shortening treatments on
plasma VWF adhesion. WPB size was reduced by two treatments, simvastatin
incubation and reduced VWF synthesis (Ferraro et al., 2014; Ferraro et al., 2016),
alone or in combination. HUVECs were nucleofected with siRNAs targeting
luciferase (negative control) or VWF and seeded in p-slides VI (Ibidi). At 24 h post-
nucleofection, cells were treated with DMSO or 2.5 pM Simvastatin. After 24 h drug
treatment, and 48 h post-nucleofection, cells were exposed to histamine to stimulate
VWEF secretion, while perfused with pooled human plasma and then fixed under flow
(as described in Ferraro et al., 2016). VWF on the endothelial surface was detected by
immunofluorescence; the area covered by its signal measures the extent of its
adhesion. Each data-point represents the quantification of a field of view; median and
interquartile ranges are shown. **** P < 0.0001, Mann-Whitney test. Blue asterisks:
comparisons to si-Luciferase/DMSO treatment. Purple asterisks: comparison to si-
VWEF/Simvastatin treatment. One of two independent experiments with similar results

is shown.
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