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Chapter 6

Abstract

With costs for modern drug discovery and development reaching up to $ 3 billion per drug,
strategies for drug repurposing are gaining more interest as a more affordable alternative to
repurpose existing drugs for novel indications. An indication that could very well benefit from
this approach is autosomal dominant polycystic kidney disease (ADPKD), the most common
genetic kidney disease affecting 1 in 1000-2500 individuals worldwide. As a platitude of
dysregulated signalling pathways are underlying ADPKD disease progression, there are likely
multiple approved drugs on the market that could inhibit cyst growth and reduce disease
progression. Utilizing novel approaches in gene expression profiling, bioinformatics and
cheminformatics, we previously showed that market-approved drugs can be linked to genes
and proteins dysregulated in ADPKD. Here, we focused on the best performing drug of our
previous screening, the 5-lipoxygenase activating protein antagonist fiboflapon. We found
fiboflapon to reduce 3D cyst swelling in both murine and human cultures, without inducing
cell toxicity. However, in a progressive, early-onset mouse model for ADPKD, we found
fiboflapon to be ineffective in inhibiting cyst growth and reducing cyst progression.
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Introduction

In the modern drug discovery and development landscape, the costs for developing a novel
drug from scratch are exorbitantly high, with recent studies estimating the costs around
S 1-3 billion'2. As only a small amount of drug candidates are accepted for patient treatment,
limiting its cost-benefit ratio, a new strategy that has emerged in recent years for the
identification of new drugs is drug repurposing. Defined as the application of known drugs
and compounds to treat new indications, drug repurposing can save a substantial amount
of costs in (pre)clinical research, as a reduced amount of experiments and trials is necessary
for regulatory approval®. In addition, production lines are already in place, further lowering
costs. Moreover, predicting and validating new targets for existing drugs and compounds
is easier now due to computational and biological analysis advancements, making drug
repurposing an even more viable strategy*®. The most popular example of drug repurposing
is the use of sildenafil (Viagra®) for the treatment of erectile dysfunction, while originally
developed for the treatment of hypertension®’. More recently, the COVID-19 pandemic
prompted a large amount of drug repurposing studies, resulting in the antiviral drug
remdesivir now named a first-in-class medication by the FDA for COVID-19 treatment®4.

Another disease well suited for drug repurposing strategies is autosomal dominant
polycystic kidney disease (ADPKD). Affecting around 1 in 1000 to 2500 individuals, it is the
most common genetic renal condition®. The main causes are mutations in either the PKD1
or PKD2 genes, encoding polycystin-1 (PC-1) and polycystin-2 (PC-2), respectively’®'’. Due
to these mutations, fluid-filled cysts develop in the kidney, increasing in both number and
size over time, ultimately resulting in end-stage renal disease (ESRD)*. This decline is partly
due to a massive dysregulation of intracellular signalling pathways, which are (in)directly
regulated by the polycystin proteins. Due to the dysregulation, ADPKD can be characterized
by excessive cell proliferation, Warburg-like metabolic reprogramming as well as increases
in fluid secretion, inflammation and fibrosis®>. The only treatment option approved so far
by regulatory agencies is the vasopressin V2 receptor tolvaptan, which slows down kidney
growth and reduces kidney function decline’®?°. However, serious side effects, including
polyuria and hepatotoxicity, have limited tolvaptan use to a small subset of ADPKD patients.
A large amount of (pre)clinical studies has been performed or is currently underway, but
none have resulted in an approved treatment thus far?'. Therefore, a large clinical need
remains unmet.

Due to the large and quick developments in genetic sequencing techniques, new avenues
of research have opened up that utilize these methods to find associations between
genes and diseases, for example as a risk factor or druggable target?>?. In the context
of drug repurposing, large-scale perturbation databases, such as the Connectivity Map
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or Library of Integrated Network-based Cellular Signatures (LINCS), provide the scientific
community with transcriptional profiles of cell lines treated with a plethora of chemical
compounds, to serve as a reference’®?. These databases have already been used in
search for possible drug repurposing targets in ADPKD*3, Our group recently showed
that in a more integrative computational approach, combining gene expression profiling,
bioinformatics, and cheminformatics, compounds can be identified that are linked to
genes and proteins dysregulated in ADPKD and that are effective in reducing cyst growth in
vitro®!. Out of these hits, the 5-lipoxygenase activating protein (FLAP) inhibitor fiboflapon
showed the most promise. FLAP is part of the leukotriene synthesis pathway, in which free
arachidonic acid is metabolized to leukotriene B, (LTB,), leukotriene C, or lipoxin A, through
multiple intermediate steps (Figure 1). FLAP, also known as arachidonate 5-lipoxygenase
activating protein (ALOX5-AP), is responsible for 5-lipoxygenase (ALOX5) activation, which
in turn catalyzes the conversion of arachidonic acid to 5-hydroperoxyeicosatetraenoic acid
(5-HpETE) to leukotriene A, the first steps of the leukotriene synthesis pathway. In this
study, we continue on our previous findings, and find the FLAP inhibitor fiboflapon to be
effective in reducing cyst growth in both murine and human 3D ADPKD cultures, but not in
a progressive, early-onset ADPKD mouse model.

Membrane
phospholipids

ch > Arachidonic acid Figure 1: The leukotriene synthesis

pathway

Through  hydrolysis,  cytosolic
phospholipase A, (cPLA2) releases
arachidonic acid from membrane

ALOX5 €— FLAP phospholipids.

Free arachidonic acid is then
transferred by  5-lipoxygenase
activating protein (FLAP, also called
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Material & Methods

mIMCD3 3D cyst model

mIMCD3 3D cyst cell culture and compound treatments were performed as described
before3. In short, mIMCD3 Pkd17/- (mIMRFNPKD 5E4) cells were expanded in cell culture
medium (DMEM/F12 (Ham’s) culture medium (D8062, Sigma-Aldrich), supplemented with
10% fetal bovine serum (FBS, F7524, Sigma-Aldrich), GlutaMAX™ (35050038, Gibco, Life
Technologies), and penicillin/streptomycin (15140122, Gibco, Life Technologies)) for 72
hours. Cells were then washed with 1x phosphate-buffered saline (PBS), trypsinized with 1x
trypsin-EDTA (T4174, Sigma-Aldrich) and mixed with Cyst-Gel (CrownBio Netherlands) to a
final concentration of 150000 cells/mL. The cell-gel mixture was then pipetted to 384-well
plates (Greiner Clear, Greiner Bio-One B.V.) using Cybi Felix robotic liquid handler (Analytic
Jena AG). After polymerization of the gel, cell culture medium was added. Cells were allowed
to form cysts for 96 hours, after which cysts were exposed to vehicle (0.2% DMSO), 2.5 uM
forskolin (34427, Calbiochem, Millipore B.V.), fiboflapon (HY-15874A, MedChemExpress)
and/or zileuton (10006967, Cayman Chemical) for 72 hours. Afterwards, cysts were fixed
with 4% formaldehyde (Sigma-Aldrich) and simultaneously permeabilized with 0.2%
Triton-X100 (Sigma-Aldrich) and stained with 0.25 M rhodamine-phalloidin (Sigma-Aldrich)
and 0.1% Hoechst 33258 (Sigma-Aldrich) in 1x PBS for 12 hours at 4 °C in the dark. Imaging
was done using the Molecular Devices ImageXpress Micro XLS (Molecular Devices) with a 4x
NIKON objective. For both channels, between 30-35 images throughout the entire z-stack
were made for each well, 50 um apart. Each individual image was analysed using Ominer™
image analysis software (CrownBio Netherlands) integrated in KNIME Analytics platform
(http://www.knime.org/). The automated calculation of various phenotypic characteristics
related to cyst area and cytotoxicity was performed as described before?.

Human ADPKD 3D cyst model

The human ADPKD 3D cyst assay was performed as described before®. In short, human
renal cells were obtained via ADPKD patient nephrectomy (PKD1 mutation: c.5622G>A
p.Trp1874x; kindly provided by the Leiden University Medical Center). Cells were mixed
with PrimCyst-Gel (CrownBio Netherlands) and the mixture was then pipetted to 384-well
plates to a final cell density of 450 cell clusters/well. After gel polymerization, cell culture
medium was added. Cells were grown in the gel matrix for 24 hours, after which newly
formed cysts were exposed to vehicle (0.2% DMSO + PBS), 2.5 uM forskolin to induce cyst
swelling, fiboflapon and/or zileuton for 48 hours. Cysts were fixed with 4% formaldehyde
(Sigma-Aldrich), permeabilized with 0.2% Triton X-100 (Sigma-Aldrich), and stained with
0.25 uM rhodamine-phalloidin (Sigma-Aldrich) and 0.1% Hoechst 33258 (Sigma-Aldrich) for
2 days. Imaging was done using ImageXpress Micro XLS (Molecular Devices). For each well,
approximately 35 images in the Z- direction were made for both channels, capturing the
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whole z plane for the whole well in each image. Image analysis was performed using Ominer
software (CrownBio Netherlands). The automated calculation of cyst area and cytotoxicity
was performed as previously described?®.

Mouse experimental studies

Generation of tamoxifen-inducible kidney-specific Pkd1l deletion (iKspCre-Pkd1%') mice
(tam-KspCad-CreER™; Pkd14e>1/x2-11) was done in-house, as described before3***. All animal
experiments were approved by the Animal Experiment Ethics Committee of Leiden University
Medical Center and the Commission Biotechnology in Animals of the Dutch Ministry of
Agriculture, and performed in accordance to Directive 2010/63/EU for animal experiments.
iKspCre-Pkd1%' mice were generated (n = 7-8 mice for wildtype groups, n = 13-14 mice for
cystic groups) and kidney-specific deletion of the Pkd1 gene was induced by administration
of 150 mg/kg tamoxifen (T5648, Sigma-Aldrich) via oral gavage on postnatal day (PN) 10 &
11. On PN13, treatment was started with either 3 mg/kg or 10 mg/kg fiboflapon (dissolved
in DMSO) via daily oral gavage in 0.5% methylcellulose solution. The vehicle group received
the same DMSO concentration in 0.5% methylcellulose solution via daily oral gavage. At
PN28, blood samples were taken for plasma measurements and blood urea nitrogen (BUN)
measurements using the Reflotron Sprint (Roche Diagnostics), after which mice from all
groups were sacrificed. Kidneys were then removed, weighed, bisected and either snap-
frozen in liquid nitrogen or fixed in 4% buffered paraformaldehyde. Snap-frozen tissues were
stored at -80 °C until further use.

Histology and immunohistochemistry

Tissues fixed overnight in 4% buffered formaldehyde were embedded in paraffin. Sections
were stained with Periodic acid-Schiff (PAS) and Sirius Red (SR) using standard protocols.
Cystic and fibrotic indices were calculated as previously described?¢-3, Specific color pallets
were designed with Photoshop software (Adobe Systems Inc.). F4/80 stainings were
performed to detect macrophages. Antigen retrieval was done with proteinase K (Dako),
followed by endogenous peroxide blocking by 20 min. incubation with 0.12% H,0,. Tissue
sections were then incubated with rat anti-F4/80 (Serotec) and a secondary incubation
with anti-rat IMMPress (MP-7444, Vectorlabs). Immune reactions were revealed using
diaminobenzidine as a chromogen and counterstained with hematoxylin. Sections were
then dehydrated, mounted and quantified with Photoshop software (Adobe) as described
before3®.

Plasma LTB, measurements

Blood samples were drawn from mice (PN28) before sacrifice in heparin-coated capillaries
(Microvette® CB 300 LH, Sarstedt). Sample work-up was done as described before3. 0.75
mM A23187 (C7522, Sigma-Aldrich) was added to induce LTB, production in blood cells,
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samples were incubated at 37 °C for 30 min. and then centrifuged at 300 x g for 10 min.
at 4 °C*. Plasma was then isolated and stored at -80 °C until further use. Plasma LTB,
concentrations were determined with an immunoassay (KGEOO6B, R&D Systems) according
to manufacturer’s instructions.

Statistical analyses

Statistical & data analyses were performed with GraphPad Prism 8 (GraphPad Software).
All results are expressed as mean * SD, unless stated otherwise in the figure legends.
Comparisons between two groups were done using the two-tailed unpaired Student’s t test
(normal distributed data) or the Mann-Whitney U-test (non-normal distributed data), while
comparisons between multiple groups were done using the one-way ANOVA, followed
by Tukey’s or Dunnett’s multiple comparison test. Results were considered statistically
significant when p < 0.05 or FDR <0.05. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Results

Fiboflapon reduces cyst swelling in mouse and human renal 3D cysts

Previous results based on comprehensive gene expression profiling combined with
bioinformatics and cheminformatics indicated that the FLAP inhibitor fiboflapon could
potentially inhibit cyst growth and disease progression in ADPKD3!. To investigate this, we
first tested fiboflapon’s capacity to inhibit and reduce cyst swelling in our mouse 3D cyst
swelling assay?2. mIMCD3 Pkd1”- cells were grown in an extracellular matrix-based hydrogel
and cyst swelling was induced by addition of 2.5 uM forskolin for 72 hours. To test fiboflapon,
cells were co-incubated with forskolin and increasing concentrations of fiboflapon
(0.1 — 40 uM) for 72 hours. Calculation of the cyst area showed that fiboflapon can reduce
cyst swelling in this assay in a dose-dependent manner, without exhibiting toxic effects
(Figure 2A-B). To investigate the involvement of ALOX5 (the target of FLAP) in this process, we
also tested the ALOX5 inhibitor zileuton in increasing concentrations (0.1 — 100 uM) in this
assay. However, zileuton did not reduce cyst swelling in this assay, as demonstrated before,
and shows that the cyst swelling reduction induced by fiboflapon is ALOX5-independent
(Figure 2A)3.

We also tested fiboflapon in ADPKD patient cells obtained post-nephrectomy. These patient-
derived cells are grown in an extracellular matrix hydrogel (PrimCyst-Gel) for 24 hours
and are subsequently treated with 2.5 uM forskolin for 48 hours to induce cyst swelling.
To test fiboflapon, cells were co-incubated with increasing concentrations of fiboflapon
(0.1 - 100 uM) for 48 hours. Zileuton (0.1 — 100 uM) was again included to evaluate ALOX5
dependency. Cyst area calculations show that fiboflapon reduces cyst swelling in ADPKD
patient-derived cells in a dose-dependent and non-toxic manner, while zileuton treatment
has no effect on these cells (Figure 2C-D). These results are in line with the mouse 3D cyst
swelling assay and confirm that fiboflapon is a viable candidate for further investigation as
a potential ADPKD treatment.

Fiboflapon does not affect renal health or cyst growth in a progressive, early-onset ADPKD
mouse model

We continued our investigation into fiboflapon’s potential as an ADPKD treatment by
testing fiboflapon in a early-onset, tamoxifen-inducible, conditional Pkd1 deletion mouse
model**3>, This model is characterized by rapid cyst formation in virtually all segments of
the kidneys after gene disruption, reaching renal failure after approximately 20 days post-
induction. Pkd1 deletion in mice was induced by tamoxifen administration at PN day 10 &
11, after which daily fiboflapon administration via oral gavage started on PN 13 until PN 28
(Figure 3A). Based on previously published preclinical studies with fiboflapon in rat models,
we opted to test a low dose (3 mg/kg body weight) and a high dose (10 mg/kg body weight)
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Figure 2: Fiboflapon reduces 3D cyst swelling in both murine and ADPKD patient-derived 3D cultures

(A) Cyst area (presented as % inhibition compared to unstimulated vehicle control) of mIMCD3 Pkd1”- cysts treated
with forskolin and fiboflapon (green) or zileuton (blue). Dotted line at 0% represents unstimulated vehicle control,
dotted line at 100% represents stimulated control (2.5 uM forskolin). (B) Fraction of apoptotic nuclei of mIMCD3
Pkd17 cysts treated with forskolin and fiboflapon (green) or zileuton (blue) for 72h. Cell death was calculated by
automatic calculation of various phenotypic characteristics as described before (see Methods section). (C) Cyst
area (presented as % inhibition compared to unstimulated vehicle control) of 3D-cultured human ADPKD patient-
derived kidney cells treated with forskolin and fiboflapon (green) or zileuton (blue) for 48h. Dotted line at 0%
represents unstimulated vehicle control, dotted line at 100% represents stimulated control (2.5 uM forskolin). (D)
Fraction of dead cells of human ADPKD patient-derived kidney cells treated with forskolin and fiboflapon (green) or
zileuton (blue) for 48h. Cell death was calculated by automatic calculation of various phenotypic characteristics as
described before (see Methods section). Each dot represents the average of 4 replicates per condition.

fiboflapon treatment®. No differences in body weight development were observed between
non-treated and treated animals, both for wildtype and Pkd1 deletion mice, indicating that
fiboflapon treatment was not toxic (Figure 3B). Pkd1 deletion induced a marked increase
in 2-kidney weight to body weight ratio (2KW/BW), but this was unaffected by both low
and high dose fiboflapon administration.(Figure 3C). In addition, blood urea nitrogen levels
in Pkd1 deletion mice were also unaffected by fiboflapon treatment (Figure 3D). These
data suggest that fiboflapon cannot slow disease progression in a progressive, early-onset
ADPKD mouse model.
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Figure 3: Fiboflapon does not affect renal health or cyst growth in a progressive, early-onset PKD mouse model

(A) Graphical representation of the preclinical study. Tamoxifen (150 mg/kg) was administered to mice on PN10
& 11 to delete Pkd1. Treatments started at PN13 and continued until PN28, at which point the experiment was
ended. (B) Body weight (g) development of wildtype (light colors) or tamoxifen-induced Pkd1”- mice (dark colors)
treated with vehicle (grey), 3 mg/kg/day fiboflapon (red) or 10 mg/kg/day fiboflapon (green). (C) 2KW/BW% of
wildtype (light colors) or tamoxifen-induced Pkd1”/- mice (dark colors) treated with vehicle (grey), 3 mg/kg/day
fiboflapon (red) or 10 mg/kg/day fiboflapon (green) at the end of the experiment. (D) Blood urea nitrogen levels
(mmol/L) of tamoxifen-induced Pkd1”- mice treated with vehicle (grey), 3 mg/kg/day fiboflapon (red) or 10 mg/kg/
day fiboflapon (green). Results are expressed as mean + SD, each dot represents a mouse. **P<0.01, ***P<0.001,
measured by two-tailed unpaired Student’s t-test. PN: post-natal, WT = wildtype, KO = knock-out, 2KW/BW% =
2-kidney weight-to-body weight-percentage.
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Renal fibrosis and macrophage infiltration are not affected by fiboflapon treatment in
cystic kidneys

To confirm our findings, we performed immunohistochemical analysis on kidneys obtained
from the study. Induction of Pkd1 deletion by tamoxifen administration resulted in increased
cystic disease severity, resulting in a higher cystic index (Figure 4, 5A). Both general renal
histology and the cystic index are unaffected by fiboflapon treatment compared to cystic
mice (Figure 4, 5A). As one of the hallmarks of ADPKD is increased renal fibrosis due to

PAS Sirius Red F4/80
(Cysts) (Fibrosis) (Macrophage infiltration)
[r=]
(| =
Wildtype
[ =
PKD
O = |
3 mglkg
fiboflapon
= =
10 mglkg y:
fiboflapon

Figure 4: Fiboflapon does not affect disease severity, renal fibrosis or macrophage infiltration in cystic kidneys

Representative image of PAS-, Sirius Red and F4/80-stained kidney sections from each treatment group. Pkd1
deletion with tamoxifen increases cystic disease severity, renal fibrosis and macrophage infiltration, while both 3
mg/kg and 10 mg/kg fiboflapon treatment do not affect this.
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inflammatory signalling, we also analyzed the level of renal fibrosis via Sirius Red staining.
We observed a similar pattern for fibrosis development, i.e. increased fibrosis upon Pkd1
deletion, although non-significant, and no change with fiboflapon treatment compared to
cystic mice (Figure 4, 5B). The infiltration of macrophages into the cystic kidney is closely
related to promoting inflammation and the development of renal fibrosis. Therefore, we
investigated the amount of macrophages present by staining for the macrophage marker
F4/80. Again, we observed a similar pattern, i.e. an increased amount of macrophages in
cystic kidneys, and no change with fiboflapon compared to cystic mice (Figure 4, 5C). These
data further reinforce the suggestion that fiboflapon does not affect disease progression in
a early-onset ADPKD mouse model, and that important disease mechanisms such as fibrosis
and macrophage accumulation are also unaffected by fiboflapon.
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4= Figure 5: Fiboflapon does not affect the cystic, fibrotic or macrophage index in cystic kidneys

(A) Representative images of PAS-stained kidney sections from each treatment group and corresponding
quantification of the cystic index (represented as % cystic area of total tissue). For each group, the image
corresponding to the median 2KW/BW% is shown. (B) Representative images of Sirius Red-stained kidney sections
of each treatment group and corresponding quantification of the fibrotic index (represented as % Sirius Red
positive pixels of total pixels). For each group, the image corresponding to the median 2KW/BW% is shown. (C)
Representative images of F4/80-stained kidney sections of each treatment group and corresponding quantification
of the macrophage index (represented as % F4/80 positive pixels of total pixels). For each group, the image
corresponding to the median 2KW/BW% is shown. Results are expressed as mean * SD, each dot represents a
mouse. *¥*P<0.05, ***P<0.001, measured by two-tailed unpaired Student’s t-test.

Fiboflapon affects leukotriene synthesis in blood cells

The observed inefficacy of fiboflapon on cyst growth and renal health could be due to
a systemic lack of compound uptake. To verify whether this was the case, we measured
leukotriene B4 (LTB,) levels in plasma samples of untreated wildtype mice and of wildtype
mice treated with 10 mg/kg fiboflapon for a similar duration to our mouse study. LTB, is one
of the end products of the leukotriene synthesis pathway, which starts with arachidonic
acid conversion, in part regulated by FLAP. We found plasma LTB, levels to be significantly
reduced by fiboflapon treatment (Figure 6). This shows that a systemic lack of compound
uptake is unlikely to be behind the observed inefficacy of fiboflapon.
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Discussion

ADPKD is currently the most prevalent genetic kidney disease and the fourth most common
disease requiring renal replacement therapy, accounting for approximately 10%.
As a large portion of ADPKD patients cannot use the only currently approved treatment
tolvaptan, in part due to its side effects, there is a large, unmet need for new therapeutics.
Drug repurposing has emerged as a viable research strategy in identifying such therapeutics,
in part due to financial and regulatory benefits as well as technological advancements. By
combining transcriptomics, bioinformatics and cheminformatics, we previously identified
several targets of interest, dysregulated in ADPKD and tested multiple compounds for
those targets. These compounds were effective in reducing cyst growth in vitro, showing
this analysis is effective in identifying novel ADPKD therapeutics®'. We here present follow-
up research on one hit compound, the FLAP inhibitor fiboflapon, which we found to be
effective in reducing cyst growth in vitro, but did not affect cyst growth in a progressive,
early-onset ADPKD mouse model.

FLAP activates ALOX5 and by extension, pro-inflammatory mediator production via the
leukotriene synthesis pathway, by transfer of free arachidonic acid to ALOX5 (Figure 1)*2.
Therefore, we anticipated any effects of fiboflapon to be mediated via the leukotriene
synthesis pathway. However, we observed in vitro in both murine and human 3D cyst assays
that zileuton, an inhibitor of ALOX5, did not inhibit 3D cyst growth, while fiboflapon did
inhibit 3D cyst growth. This discrepancy suggests that the positive effects of fiboflapon in
vitro are not mediated through ALOX5 and the leukotriene synthesis pathway. This is further
emphasized by the lack of immune cells in the 3D cyst assays, while leukotriene synthesis
mainly occurs in leukocytes, in particular neutrophils and macrophages®-. This points to
possible secondary targets that are targeted by fiboflapon or FLAP. However, preclinical
data on fiboflapon is scarce, making further speculation on this challenging. In contrast,
proteomics on human tissues have found multiple FLAP binding partners, unrelated to
leukotriene synthesis*®*’. While numerous binding partners have been found in these
studies, those of note are the chloride intracellular channel 1 (CLIC1), aquaporin-6 (AQP6)
and free fatty acid receptor 2 (FFRA2). All can be linked directly to molecular mechanisms
involved in ADPKD pathogenesis, namely fluid secretion into the cyst lumen, driven by
chloride secretion and water transport, and dysregulated energy metabolism, of which
altered fatty acid metabolism is a part*®*. By inhibiting FLAP, fiboflapon could potentially
inhibit these processes as well, but further studies are needed to validate these hypotheses.

Other discrepancies between the inhibitory effects of fiboflapon and zileuton are found in
vivo. While we observe no effects of fiboflapon on disease progression in our progressive,

early-onset PKD mouse model, a previous study has shown that ALOX5 inhibition by zileuton
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reduces renal fibrosis, but not cell proliferation and immune cell infiltration, in an unilateral
ureteral obstruction (UUQO) model, a disease model with many overlaps with PKD in regards
to the disease mechanisms involved®. In ADPKD pathogenesis, abnormal immune response
is an important driver of disease progression®. Leukotriene synthesis mainly occurs in
neutrophils and macrophages*+“°. While the role of neutrophils in ADPKD pathogenesis is
limited, macrophages are known to promote disease progression>*°2, Indeed, we show an
increased macrophage presence in the cystic kidney, unaffected by fiboflapon treatment
(Figure 4C). This is in line with the UUO model, which also showed increased macrophage
infiltration, unaffected by zileuton treatment®®. However, while zileuton does improve
renal health after UUO due to reduced renal fibrosis, we do not observe such an effect
after fiboflapon treatment (Figure 4B)*. The disparity in the results could be explained by
differences in contribution of those mechanisms to the overall disease progression. In our
progressive PKD model, disease progression appears to be more dependent on increased
cell proliferation, while in the adult UUO model, alterations in cellular metabolism and an
increased inflammatory response are contributing more>*4. As leukotriene synthesis is
mainly occurring in immune cells , it follows that in an environment in which proliferative
pathways are more dominant over pro-inflammatory pathways, leukotriene synthesis
inhibition is less effective, which is what we observe.

Another factor in the disparity in results between zileuton and fiboflapon is the
developmental status of the models used. We tested fiboflapon in a early-onset young PKD
mouse model, while zileuton was tested in an adult UUO model. The PKD mouse model is
highly progressive, with renal failure reached within a month after Pkd1 deletion. While
results can be generated fast in this model, it might also mean that due to the high rate of
disease progression, it is not feasible for potential therapeutics to show efficacy, as their
effects are overpowered by the rate of disease progression. A slower progressive model, in
which ADPKD disease progression is better mimicked, should therefore be more suited to
test preclinical efficacy.

Other than the model used, the lack of fiboflapon efficacy in vivo could also be attributed
to the lack of compound uptake into the kidney. Although we observe systemic effects of
fiboflapon efficacy by lowered plasma LTB, concentrations, we did not test whether this is
also the case in kidneys. While no data is available on fiboflapon and its potential uptake
in the kidney, insufficient uptake into the kidney could be behind the lack of fiboflapon
efficacy. With public preclinical reports on fiboflapon only scarcely available, we based our
dosages for this study on the reports available and tested doses of 3 mg/kg and 10 mg/kg
in our mouse model*. However, several phase 1 and phase 2 clinical investigations using
fiboflapon in respiratory conditions are also available®*°, Interconversions between human
dosages and rodent dosages are possible by correcting not just for the body weight, but also
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body length and the human equivalent dose®.. Interconversion of the human study doses
which include multi-day treatment to an equivalent dose for mice yields a range of 15-30
mg/kg/day. This is 1.5 to 3 times higher than the highest dose we used based on preclinical
reports. Therefore, future studies on the therapeutic effect of fiboflapon in ADPKD should
use a slower progressive model, more representative of human disease progression as well
as a higher dosage, better suited to the human equivalent dosage. In addition, fiboflapon
uptake into the kidney should be evaluated.

In conclusion, our drug repurposing strategy combining transcriptomics, bioinformatics and
cheminformatics yielded the FLAP inhibitor fiboflapon, which was effective in inhibiting 3D
cyst swelling in both mouse and patient-derived tissues. However, fiboflapon was not able to
inhibit disease progression in a early-onset, tamoxifen-inducible, conditional Pkd1 deletion
mouse model. Moreover, fiboflapon did not alter disease-induced changes in renal health,
cystic severity, renal fibrosis and macrophage infiltration. Due to the chosen PKD mouse
model and fiboflapon dose, we cannot conclude with certainty fiboflapon is ineffective in
ADPKD. Future studies in a slowly progressive PKD mouse model, more relevant to human
disease, a re-evaluation of the fiboflapon dose used in such studies, as well as validation
of renal fiboflapon uptake will answer whether fiboflapon can be a future therapeutic
candidate in ADPKD.
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