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Abstract

Hereditary sensory neuropathy (HSN) and Macular Telangiectasia (MacTel) are two orpha

diseases characterized by an accumulation of atypical sphingolipids exhibiting significant
neurotoxicity. In HSN, the peripheral sensory neurons are impaired, whereas
photoreceptor cells are affected, and to date no treatment exists for either patholog
conditions toxic lipid molecules are synthesized by the enzyme Serine Pal
(SPT), which is a membrane-bound dimer made up of two distinct subunit
expressed. SPT synthesizes the first step of de novo synthesis of
sphingolipid whose dysregulation is implicated in various molecular
of diseases.

We propose to develop a new oral drug which inhibits toxic cerami
formation of the SPTLC1/SPTLC2 dimer. As no tre i

progression for either pathologies, they constitute rglev rove life quality of
affected patient. Both conditions have a great i

MacTel condition can lead to loss of central yi ; alysis, loss of sensory and
stabbing pain represent symptoms of HSN. A i ation is chosen to facilitate

patient long-term treatment.

operties, a series of primary in vitro tests is
ensues together with toxicity testing in cells.

virtual screen discriminating f
performed. Optimization of

receive a patent earlier and reduce development cost. Furthermore, patent
nsion for orphan disease drugs will shield our drug from competition, allowing
investment and more time to explore new opportunities of treatment.
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Introduction

With our proposal we address the urgent need of individuals suffering from accumulation of t@Xic lipid
molecules as a result of abnormal enzymatic activity of Serine Palmitoyl-Transferase (SPT). SPT ca es
the first and rate-limiting step of the de novo synthesis of ceramide.

Ceramides

Ceramides are lipophilic molecules composed of a spingoid base linked to a f.
sphingolipid biosynthesis and breakdown, as all main sphingolipid path
ceramide’. Figure 1 depicts the de novo pathway of ceramide synthesis,
membrane of the Endoplasmic Reticulum (ER). See also Table 4 fro

and were originally thought to be only of structural support to cells. Recent
the regulatory functions of ceramide in many important pro [
proliferation and programmed cell death, inflammation,

more?. Ceramide dysregulation has been linked to the d wide range of pathologies, including
neurodegenerative diseases like Alzheimer's and P pes of cancer, obesity, diabetes
and genetic disorders such as Gaucher’s disease®. isease and the symptoms observed,
accumulation or deprivation of ceramide levels a severity of the pathological condition,

S\s | Lipoproteins

SLs ' exosomes

Deoxy-sphinganine

Deoxy-dihydroceramide

DOy p——

) Deoxy-ceramide

|

) Deoxy-sphingosine

1 - de novo pathway of ceramide synthesis

We have identified our target enzyme after extensive analysis of all proteins involved in the ceramide pathway
whereby we compared their expression in different tissues, cellular location, previously reported experimental

2
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results, availability of 3D structures, and phenotypes for known variants or mutations. A list of our investigated
targets can be found in the supplementary information in form of a table, together with information currently
available for the proteins. We investigated different intermediates such as the ones participating in the
sphingolipid rheostat, where Niemann-Pick disease would have been another candidate pathology,without

mutations in those genes. We conclude that targeting the enzyme SPT has the biggest po
patients while minimizing our chances of failure.

Target diseases

In this report we will focus on two different pathologies characterized b

of symptoms in affected individuals can lie anywher
stages the disease can lead to chronic skin

term”for four different types of the condition, all
nction. Type 1 is the most studied and prevalent,

and appropriate treatment crucial. HS
characterized by the loss of sensibili

whereas Type 2 and Type 4 have,ve orldwide and Type 3 is almost exclusively observed
in individuals of eastern Europ e exact frequencies are not known®'°.
In HSN1, a mutation in the a substrate preference shift of the enzyme from L-serine to
L-alanine. The most ¢ ion of this type is SPTLC1¢"3W " 3 change from cysteine to tryptophan
ds to the formation of an atypical class of deoxysphingolipids. Their
changed molec effectively degraded in the cell leading to an accumulation in the
plasma that is e pathogenicity is characterized by cytoskeletal changes and disassembly
of actin stress fi TLC1 expression is ubiquitous in the body and not tissue specific.

e established but studies have shown a link to a mutation located on the SPTLC2 gengFrmeur! Signet
his could explain the accumulation of toxic deoxysphingolipids that lead to Miller cell degeneration,
uent neuronal loss, depigmentation and progressive central macular thinning. Other studies in patients
without any mutation on the SPTLC1 or SPTLC2 gene have shown MacTel to also be associated with low
serine levels in blood. At low serine levels, a shift in the substrate of SPT from L-serine to L-alanine was
present even without the mutation. Insufficient blood serine levels are thus a possible cause for the disease
in patients without mutation that show symptoms of MacTel.
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The determination of the causes of MacTel is challenging due to its incomplete penetrance and its complex
inheritance patterns. As a multifactorial condition, it can be caused by mutations in SPTLC1 or SPTLC2.
Gantner and al. have shown that the disease can also be observed when the same molecular mechanism
underlying certain cases of HSN1 is present.

Drug discovery process overview

In this report we will primarily propose a drug development process for the treatment of HS :
Type 2. A first phase of virtual screening allowing to identify a library of candidate co ollowed
by an extensive in vitro experimentation step. During this process, the number of ill'Ge reduced,

mechanism of the
common drug can
roposal, clinical trials are

Virtual Screening
SPTLC1/2 active/passive
residues prediction

In Vitro Screening and
Secondary Assays
Secondary Toxicity assays

SPTLC1 - SPTLC2 docking . MWesns m.vnro

simulation - Synthetic Ie.:tpalffy '

Binding pockets prediction 0 E"‘.b’Y_O‘OXIcﬂy in vitro

Virtual S ing > drug candid: Spetcrﬁclty screen
Retinal organoids:
photoreceptor stud

In Vitro Screening and Primary

Assays

Solubility screen

Intestinal permeability screen (for oral
drug)

Primary assays:

- Fluorescence polarization assay
- Split luciferase complementation,

4. Toxicity and PK assays on dogs

ing market approval, our emerging company will expand its R&D efforts to treat more common
s. A growing body of evidence shows that our targeting strategy can be extended to treat certain
otherapy-induced neuropathies (namely paclitaxel)®®
Indeed, the production of toxic sphingolipids by SPT are involved in both conditions and were found to be
correlated with decreased L-serine levels. Thus, we hypothesize that our final drug candidate will reduce the

as well as diabetic peripheral neuropathies®.
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cancer treatment side-effects enabling an appropriate paclitaxel dose administration and might be used as a
novel therapeutic approach in the case of diabetic neuropathy.

Virtual screening

To identify drug candidates, virtual screening is the first technique adopted by our companys,The targ
drug is an inhibitor of SPT heterodimerization from SPTLC1 and SPTLC2 or SPTLC3 homo
presents 63% homology with SPTLC2 and its expression is highly variable in different tissues}

predominance. The interactions between those proteic subunits are also confir ® protein-
protein network analysis (Figure 10 and Table 1). Of particular importance i is also

inhibitory character for high and low sphingolipids concentrations resp : effect is observed
when the mutant SPT¢"* is present'®. In particular, ceramides are sugg ingolipids causing
this switch. The targeted mode of action of our drug is indepe ition mechanism. Moreover,
since the level of ceramides might be affected in our dis 3 inhibition could not be

Human structures for both SPTLC1 and SPTLC e accessed in the SWISS-MODEL
database'®. Those structures are homology models bas cimobilis bacterial SPT structure (pdb
code 4bmk 1 A), which is constructed by X- olution of 1.62A. Model A and B of the

model A is selected.

Then, an in-depth structural
documentation exists for the analysis between SPTLC1 and SPTLC2 is carried out

residues (Figure 12) arg pre h the experimental data-driven CPORT algorithm?' and used as inputs
ulations are repeated also for the most common SPTLC1 mutation,
" With the docking simulation results the polar contact sites, defined

here as residu i , are determined (Figure 3 A, B). Docking with SPTLC2 considerably

133W (Figure 13) but interestingly SPTLC2 always docks approximately on
the sa L C1. It is important to notice that the C133W residue is involved in the polar binding
for SH e SPTLC1°"33 mutant (Figure 3C and Table 2). This could explain the change in

2n the mutation is present.
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Figure 3 - HADDOCK docking
generated with PyMOL. (A) H,

s for SPTLC1 and SPTLC2 interaction. Figures are
docking interaction visualization. Green: SPLTC1; Blue:
. InterfaceResidues PyMOL script. (C) Visualization of the
133C (top box) and 133W ' in SPTLC1"" (left) and SPTLC1°"*3V (right) respectively.

inding sites for small molecules on the enzymes surfaces is performed
with GHECOM 1.0 algorit maximum radius for the large probe (pocket shallowness) of 10 A.
This tool uses [
es a rough idea of which target sites and the corresponding targeting

uld be the most appropriate and effective. However, because of its simplicity results

e LEA3D? software applied on those binding targets. This tool allows to generate a set of
molecules from existing drug fragments combination by maximizing a docking score and some

itness score, considering the ADME properties and the docking likeliness. In addition, the bottom-up
eration approach described later allows a reduced computational cost. The detailed procedure explaining
the residue selection criteria and the screening algorithm is detailed in the supplementary information. A total
of 51x8 = 408 candidate molecules targeting 8 different regions of the SPT dimer contact region are
generated. By application of a threshold on the final overall LEA3D score, a library can be selected. For

6
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example, by applying a 92% threshold, 130 candidates are initially considered. Only the 8 best candidate for
each binding site are shown in Erreur ! Source du renvoi introuvable. among the total of 130 selected

molecules.
Ho HN/ﬁ -
K/N\O/\O :
N N
N
118LYS 127LYS

°:<:]4 7‘\jou
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<
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is usually performed by specialized chemists that can take advantage of
mapping and the visualization of the functional groups on a candidate molecule?.

provide a  of binding sites of small molecular fragments such as functional groups?’. Modifications
nolecules be designed and tested with this approach. In this expansion process, the ability and
i hemist are essential to guarantee that the designed compounds are easily synthesizable.
, to Overcome this last problem, recently some deep-learning algorithms predicting the feasibility and
a chemical synthesis have been developed®®. Those tools, together with some fragment-based
es similar to the one described for the LEA3D algorithm, could be used to virtually expand the library
ext phases. From the experience of a chemist of the EPFL Biomolecular Screening Facility (BSF)%,
-fold expansion could for example be considered, leading the number of candidates in our libraries to
2600.
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Prior to in vitro analysis, some analogous tests can be performed in silico. A toxicology test can be for example
executed using the free OpenVirtualToxicLab software®. By running docking simulations with the molecules
in the libraries, potential toxicity can be assessed, allowing to exclude some candidates from further
experimental tests. A list of 16 proteins known to trigger side-effects is used as target, covering some
carcinogenicity and cardiotoxicity effects as well as some metabolic and endocrine disruptions. Amo ose
proteins, nuclear receptors, transmembrane channels, transcription factors and some cytochrome entiti
present.

Other basic interesting virtual analysis overlapping with the next steps of the drug evelop
performed with existing tools. For example, predictions for pharmacokinetics prope
pathways® could be considered. Quantitative structure-activity relationship,
analyses exploiting one of the several existing software® could also be inter:

both units have to be present during developn . r, it is not certain that simply inhibiting dimerization

of SPTLC1 and SPTLC2 would in ati ivity significantly. We could investigate this issue by
engineering a modified gene se 31 aFPSPTLC2 such that a large amino acid side chain will
appear in the middle of the di nt sense mutations will be introduced for the interaction
residues identified with vi othesize that this side chain will prevent dimerization of the

two subunits (which wquld e shown first, e.g. with pull-down assays). This could be achieved by
' binding pocket with a bulky amino acid. The modified gene would then
be inserted into the geno s, but not expressed right away. We wait for the cells to fully develop,
silence the wo and instead express the engineered version. From that point on we
would be able to of the two subunits no longer being able to bind. We expect these results

§°Could be employed. There are several other drugs which inhibit SPT by interfering with the
ic reaction rather than the formation of the complex®’. However, the mode of action of these drugs
rmined only after the discovery of their therapeutic potential and not by specifically screening for
ds which inhibited SPT.

To identify such compounds, we would adopt a functional assay for the screening. Specifically, we would look
for compounds which improve survival of WT cells in a serine depleted medium, or C133W cells in normal
medium. This would allow identifying compounds which inhibit the production of the toxic deoxyceramide

8
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intermediates, as well as compounds with different modes of action. To identify compounds which specifically
inhibit SPT we would then make use of mass spectrometry, once the number of candidate compounds is
lower.

In vitro screening - primary assays

In this phase around 2600 compounds selected by virtual screening will be tested in vitro, i
a small number of promising candidates. The three main aspects that need to be verifi
physicochemical properties and toxicity.

will the
ic activity

Initially the compounds will be screened for solubility. The resulting compo
inhibition of the SPT dimer. The relationship between dimer formation and
been established in the validation phase, allowing us to focus our initi
dimer formation. We made the choice to screen for dimer formation ra ing the sphingolipid
levels directly as this allows higher throughput at lower cost.

The first screen will be performed cell-free, using a fluoresc ' The resulting compounds

primary cells. This process should select a small
cytotoxicity and intestinal permeability.

Solubility screen

The most reliable method to measur »
This consists in adding a surpl ) ertain medium until saturation. Saturation is reached
when the formation of a precj Spectroscopy is then used to measure the concentration
pectrometry (LC-MS) can also be used for compounds with
poor UV absorption. The c s that are soluble in the physiological pH range are allowed to move
empts to predict for solubility of the molecules we do not expect a large
at this stage.

ds that make it through the solubility assay will be tested for potency with a
throughput cell-free assay. Fluorescence polarization assays measure the

st degree of polarization in this assay, indicating inhibition of the dimer formation.

An appropriate dye is chosen to obtain a good sensitivity, based on the weight of the monomers (Figure 16).
To compare between the compounds, we define a score as:
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Pnegative control — Pcompound

Scompound = P _p
negative control positive control

Where the negative control is the mixture of labelled SPTLC1 and SPTLC2 in the absence of a campound
and the positive control is the labelled SPTLC1 alone.

This type of assay is indeed very convenient due to the low number of steps (mix-a
compatibility with high throughputs, but it is likely to return an optimistic list of candidates:
generated by the virtual screening should be biased for activity on the SPT dimer, we

able to permeate cellular membranes or might not work as well in a cellular envi . it will be
necessary to run a second, more physiologically relevant screen, on the ' e most

100).

Split-luciferase complementation assay

In this step the pool of 100 candidate compounds res e fluorescence polarization assay is
screened again in a cell-based assay. Protein fi ntation assays (PCA) are well
characterized genetic techniques used to study pr s in a cellular environment®. In
general, all types of PCA involve fusing the two protei complementary fragments of a third
protein. When the proteins of interest interag e split protein, eliciting a measurable
response (Figure 5B). We will make use g zyme that emits light when supplied with

the substrate luciferin.

In our implementation SPTLC1 a Ised respectively to the C and N terminal fragments

By measuring the lumin
inhibitory effec
and we can co

ecifically, lower emission corresponds to a higher degree of inhibition
e compounds defined as:

Lnegative control — Lcompound

Scompound = I .y
negative control baseline

oqative contrgfl® the light emitted in the absence of any potential inhibitor, Loaseiine is the light emitted with
etion (essentially zero) and Lcompound is the light emitted when the candidate inhibitor is added.
age we would chose a stringent cutoff to isolate a very small number of candidates. We would aim
5 compounds, keeping in mind that some of the hits might have a similar structure leading to even
umber of independent candidates.

This assay can then be used again to find the 1Cso of the selected compounds by creating the dose response
curves.

10
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Figure 5 — Cell-free and cell-based assays to measurg i SPTLC1 and SPTLCZ2.
A) Diagram of fluorescence polarization assay. Rapidly ro ently labeled SPTLC1 emits relatively
depolarized light when excited with polarized light. S, ates slower, leading to increased
polarization of the emitted light. B) The scheme rep, I the serine palmitoyl transferase
long chain (SPTLC) enzyme, SPTLC1 and SPTL ' roteins taking part in a PCA and
respectively fused to the C-terminal fragment ang ] ent of the luciferase. The left panel
symbolizes a non-interactive assay of SPTL@ atalyzing no product through its unfused

C- and N-terminals of luciferase fuse 3 erin, ATP and O to catalyze the production of
oxyluciferin, ADP, P, CO- and light, [ be asses8€d by luminescence ratio measurements.

The compounds that have i ibitors of the SPT dimer formation should be validated by
measuring their effect e levels directly. In particular we want to quantify the effect of the drug
candidates both in WT as in cells carrying the C133W mutation. Given the limited number of
compounds at thi
method, whic [ chromatography followed by electrospray ionization tandem mass
spectroscopy, i le of measuring individual subspecies of sphingolipids. To this end our company will

ihydroceramide in treated C133W cells. Compounds that do not elicit this response will be rejected.

11
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Cytotoxicity screen

After performing the potency assays, the hits will undergo the first of several toxicity screenings to
complement the virtual toxicity predictions proposed above. It makes sense to test toxicity as soon as
possible, as it is the main criterion for rejecting a drug in development*2. Toxicity is a measure of
and damage caused by a compound that is in contact with living matter. In the case of our drug,
administered to a patient for an extended period of time (months or even years), little to no toxi
to remove the chance of any long-term side effects. Several kinds of toxicity are distingu
cytotoxicity gives the most immediate feedback. All compounds showing any cytotaxici

high throughput setting:

e Metabolic cellular activity by means of an MTT assay*®: Assay wi
absorbance values. Tetrazolium dye (MTT) is added to the cell
product by the mitochondria of viable cells.

naturally occurring base thymidine. Antibodies ar: the amount of integrated
colorimetric because horseradish
peroxidase is employed as a reporter.
e Production of ROS/RNS by means of EPR :Reactive oxygen species (ROS) and
reactive nitrogen species (RNS) are free ochemical reactions. They are usually
neutralized via reduction inside the i disturb this equilibrium and lead to their
accumulation. This is dangerou
structural changes, rendering the ctional. Electron paramagnetic resonance (EPR)

centrations of the drug, as we expect the drug to have
an impact on the measur: targeting an important metabolite. We will perform a dose
escalation protocol, w of the drug will serve as control. The maximum toxic dose will exceed the
ICs0 value. Only compo ich no cytotoxic effect is observed below the ICso dose are selected.

drug reactions at a minimum, specificity screening is performed in parallel to
Whhis is usually outsourced to a company specializing in the test. It aims to expose
t of enzymes, lipids, etc. present in the human body and check for off-target interactions
he drug should only interact with our specified target, namely the SPTLC1/SPTLC2

candidates that have passed all of the above tests will be considered in the further stages. At this
pool of candidates is reduced to a few hits. Before proceeding, we will analyze the structure-
relationships (SAR) into which we can divide the hits*’ and rate them according to our desired
properties and obtained screening results. Following a process coined hit expansion, the three best SAR
families will be optimized for e.g. improved solubility or binding affinity to the target by repeating the
aforementioned primary assays on structural analogs. These structural analogs can be synthesized based

12
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on fragments of the compounds exhibiting the best SAR, in what is commonly known as the SAR by catalog
approach®® in the industry. The final best hits will be termed leads and proceed to testing in the next stages.

In vitro screening - secondary assays

The identification of the best leads will be performed by more advanced toxicity screens a
methods to decide which compounds will make it further to in vivo validation.

Intestinal permeability screen

Orally administered drugs are mainly absorbed in the intestine. Not al

d to measure compound

chromatography-mass spectrometry and LC-tandem mass
concentration on the apical and basal side of the cell layer.

Mutagenesis screen

Unknown compounds may interact with DNA insi ip@rce spontaneous mutations. Mutations
will be inherited by daughter cells and canng
change structure with drastic consequeng
for detection of compounds eliciting such
listed below.

° i [ [ [ Sldefected by means of an Ames test®': Salmonella
d to have a point mutation at varying positions in a gene
mino acid histidine, making them dependent on externally
acquired histidi . g is added to the culture and the colonies are screened for an increase
at make them regain their histidine independence. This increase can be

uch as cancer. Mutagenesis screens allow
there are several types with appropriate screens

mainder when unequal amounts of chromosome are split in cell division,
chromosomes visible under light microscopy in the cytoplasm. The in vitro version
alian cell culture (for instance in human lymphocytes) can give first insights for
pounds, but systemic mutagenicity has to be evaluated in animal models nonetheless.

unsuitable @

ality screen

that our drug will not interfere with other common types of treatments or the Standard of Care for
t diseases, we will perform a synthetic lethality screen®. This is a common procedure for
ceutical companies®® and is dictated by some EMEA®® and FDA%’ guidelines. For this screen, cells
are exposed at the same time to our drug and another molecule that could be common in other therapies of
our target patients. A screening library has to be generated and must include common FDA-approved drugs
and specific compounds used in treatments to which our target patients are susceptible. Cell viability is
assessed a few hours after administration of both drugs to the culture - in case of cell death, the corresponding

13
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drug pair is synthetically lethal, and the drugs should not be consumed in parallel. Some more tests could be
imposed by FDA; genotoxicity assays with two drugs are generally not required. The test is normally done in
yeast cells, but human cell lines may also be used. The main problem of this type of screen is given by the
enormous amount of possible drugs and dosage combinations to test. Several methods aiming to reduce the
complexity or to introduce a methodology in the choice of the tested couples exist. Among them, som
machine learning algorithms are particularly interesting since they allow identify in silico the potential to
combinations that can then be tested in vitro®®. Alternatively, the library could be generated fr
administered drugs worldwide.

In vitro embryotoxicity screen

n has to
s%° (MESC)
re cell differentiation
lIs and fibroblasts

To assess the drug’s possible side effects on a developing fetus or embryo
be performed. The in vitro version of the screen uses permanent mouse
and exposes them to the drug at different stages of embryogenesis. |
and correct division. The screen will focus on the development of cardio
for analysis.

Microsomal stability assay

In order to mimic the in vivo processing of a wide a and assess their toxicity, as well
as their pharmacodynamic and pharmacokinetic prop i ary to realize an early-stage in vitro

assay that takes into account the metabolizatie by the liver, as it represents the main
site for drug metabolism in the human bod [ stability assay aims to reproduce mouse,
dog or human liver-like environments by { i igh throughput procedures for the setting up
of parallel incubation mixes (prepar i plution, cofactors and microsomes extracted from

d in%the retina. We will cultivate retinal organoids in an environment deficit of serine or
g@organoids will then be treated with our drug at different concentrations and photoreceptor

In vivo validation

e next stage in the development process involves animal testing which will be performed in compliance
with Good Laboratory Practices as defined by the European Medicines Agency®. Based on in vitro data, in
vivo tests aim to provide proof-of-concept of an SPTLC17-2 complex inhibitor for both HSN1 and MacTel

14
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conditions. Our results will be submitted in a Clinical Trial Application to the Regulatory Authorities and Ethics
Committee to get the approval for our clinical trials.

In vivo validation WI|| test and narrow down the 5 selected compounds that passed the in vitro sc enlng

mouse models. In this proposal, two mouse models with different genetic backgrounds are
efficacy study. Eventually, after successful validation of one compound, toxicity te
determination are again performed on dogs to further characterize the compound j

screening method determines PK attributes of chemi dose (10 mg/kg) of compound is
administered orally by gavage using a stomach tub i 120 minutes, blood samples are
collected, and compound concentration is analyz iqui romatography mass spectrometry

different doses, based on in vitro,ass ivedBy oral gavage in groups of 6 mice. Blood samples
(30 pl) are collected for each min, 30 min, 1 h, 2 h, 4 h, 8 h, 16 h, and 24 h). Each
mouse sample is centrifug i priately to ensure concentrations in the dynamic range of

concentration. PK par
(Cmax), time for maximu

calculated using WinNonlin software: maximum concentration achieved
jon (Tmax), area under the curve (AUC), half-life (t112), oral bioavailability

of the compounds, mice are sacrificed at Tmax and specific organs are
ometry; the brain to check if the blood-brain barrier has been crossed, the dorsal

V, = Amount of drug in the body [ug]
4=

Plasma concentration [ug/mL] °

To inyestigate more detailed quantitative information about metabolism and excretion routes, selected
unds 'C radiolabeled undergo a full mass balance study (MBS). Radioactive dose is based on PK
properties of the previous experiment, it generally ranges between 1.5-100 uCi/kg. Quantitative whole-body
autoradiography (QWBA) determines radiolabeled compounds distribution in various tissues and their level
of radioactivity is identified by liquid scintillation counting (LSC)®. This technique mixes the radioactive

samples with a liquid scintillator and counts the resultant photon emissions. The experiment lasts more than
15
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5 plasma half-lives of the parent compound. At 5 different time-points, plasma, urine and fecal samples are

absorption, not too rapid elimination and high bioavailability are desired.

Further studies of the 3 more convincing compounds are conducted to investigate their effects on
level. PD studies last 5 days, each of the 3 candidate compounds is administered orally in mice fed with
radiolabeled serine and alanine diet. Since inhibition of SPTLC7-2 complex is expe
incorporation of alanine in sphingolipids, the radioactivity level in ceramides is measureg
ceramide level is measured to check compensation of synthesis by other pathways t

ighest possible but still
tolerable dose level with respect to a pre-specified clinical limiting to e dose is used for

further test of toxicity and efficacy.

Toxicity assays

tests that are essential to assure
e achieved following the ICH safety

To evaluate the toxicity of our compound we perform
the safety of our compound(s) before the clinical st
guidelines™ for the testing of chemicals.

Several tests are performed in parallel; mice (10 males and 10 females) receive
different doses of treatment for 3 months (& inistr@ation), 6 months (sub-chronic administration) or 12
months (chronic administration). The ivegid placebo (null dose), the second group an effective

To test for mutagenesigyi chromosome level, a micronucleus assay is performed, looking for any
visualize micronuclei in erythrocytes because they lack a main nucleus.

ck the nuclear division of the cell as it is an inhibitor of actin polymerization.
e binucleated cells of treated mice we can assess the chromosome damage due to

auses mutation in the region of histidine dependence and reverts the phenotype making the
stidine-independent which will then be able to form colonies. If after adding our dimer inhibitor, the
f colonies stays constant, we can conclude that it is not mutagenic’™.

iImmunotoxicity is also tested by measuring the level of immune cells in the blood of treated mice during
the treatment. Suppression of the immune response can lead to decreased resistance to infectious agents or
tumor cells whereas enhancing the immune response can exaggerate autoimmune diseases or
hypersensitivity. In a first test, hematological changes are assessed by measuring the level of granulocyte,

16
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leukocytes and lymphocytes. After a certain period of treatment, the mice are sacrificed and histological
measurements are performed in lymphoid organs (such as spleen, lymph nodes, or thymus).

Later on, cancerogenesis is evaluated by looking for any tumor tissue during and after a period of 18, months

dorsal root ganglia and eyes, are targeted for histopathological studies with particular att
abnormal masses and lesions. In the case where there is no sign of tumor, the com
safe and non-carcinogenic.

Finally, reproductive and developmental toxicity screening assay is perfor
and 10 treated females. A developmental toxicity/embryotoxicity study i [ 0 different
pregnant mice. The treatment is administered between the 8th and 1 ancy and embryonic
lethality is monitored. On the 21st day of the study, a caesarean sectio
as limb malformations, exencephaly, open eyelids as well as the mortality he numbers of dead and live

quantify the level of remaining compound in the blood® mice is indicative of non-permanent
toxicity of the compound.

After testing for any potential toxicity on a , the efficacy on HSN1-like and MacTel-like

mouse model is established.

Efficacy and pharm ineti nmouse models

Mouse models

Two mouse models are ¢
outbred strain i

nt orm the efficacy and PK assessments. The first model is a non-mutant,
cine-depleted diet. This diet induces a decrease of serine levels that

version of glycine into serine, and thus leads to the preferential binding of

deoxydihydroceramide is synthetized from deoxysphinganine, leading to the
iseases. Indeed, results show that after ten months, the mice develop symptoms similar
HSN1 symptoms. In particular, deficits in the photopic and flicker responses and an

al features of both diseases while representing a wide range of genetic backgrounds (no specific
it is therefore a suitable model. Indeed, a majority of the MacTel patients do not have a specific
inducing the disease’ but all have reduced serine level leading to it. On the contrary, HSN1 is
d by a mutation either in the SPTLC1 or SPTLCZ2 gene leading to the dysfunction of the SPT enzyme.
In this case, the low-serine mouse model is also suitable as it mimics the same binding of alanine instead of
serine to SPT, observed in the neuropathy, even if the causes of this binding are different. Moreover, as
HSN1 patients do not all have the same mutation, the first model would again represent the genetic
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heterogeneity among the patients. However, as the most common mutation observed in HSN1 patients is
SPTLC1¢3" it has thus been decided to use a second mouse model for further validation of our inhibitor.

1C133W

this

The second mouse model proposed for the in vivo validation is the mutant strain bearing the SPTi
mutation’® in which the onset of the neuropathy is at 14 months of age. The symptoms associated
model are an increase in long chain ceramide (C16:0 and C18:0), increase in deoxysphingolipids |
sensory and mild motor impairment while displaying unaltered canonical activity’’. This mod expecte
give us more insights into the mechanism of inhibition of the dysfunction SPT enzyme tha ’ B
characterized with the low-serine mouse model. This model is also suitable for the chagacteriza Q
as HSN1-affected patients often develop the macular disease as well’®.

Experimental Design

and 10 males) of each of the two strains (sample size determin
deoxysphinganine level data in serine-depleted and control mice'?) d 5 males) of each
strain are given the drug assigned to the group while the remai n the solvent used to dilute
the active compound. The mice are treated for 6 months. i onths old, control mice is

included. As for the mouse models groups, the control i ed in two groups of 10 mice, one is
given the drug while the other is given the solvent. Th to assess the effects of the drug
on healthy, aged-match, mice as the toxicity tests ar ng mice only.

Throughout the treatment, deoxysphinganing e and ceramide levels are measured in
the plasma using LCMS®® and sphingolifiic ami cies are determined using SRM'. Upon

successful treatment, deoxysphinganine 3 i oceramide levels are expected to decrease while

acTel symptoms is evaluated through Optical Coherence
oretinogram (ERG). OCT-A is a non-invasive imaging
etinal perfusion®’. ERG measures the electrical activity of the retina in
response to a light stim ults of those tests for treated mice are expected to approach physiological

responses.

mpounds for the treatment of HSN1 symptoms is evaluated through
), nerve conduction velocity (NCV) testing and hot plate test to measure the thermal

g age of all these tests is that they are translatable to humans. Figure 6 summarizes the
ntal design discussed above.
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Figure 6 - Experimental design to test 1 compound. 20 mice of each mode
two groups of 10 mice and only one of those two groups rec

clinical and high daily oral dosing
cardiovascular and respiratory s

t Dose (HED) in mg/kg is calculated, which is a conversion of the NOAEL [mg/kg] based on the
rface area with the following formula®®: HED = NOAELgnima * (KManimat/KMnuman), kM being
defined as the body weight divided by body surface area [kg/m?]. Then, for safety reasons the lowest dose of
the two is retained and is subsequently divided by a safety factor of 10 (i.e. the default factor usually used) to
obtain the Maximum Recommended Starting Dose (MRSD).
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To conduct this study, which is expected to last at most 1 year, 20 to 40 healthy volunteers are enrolled. Since
these subjects will not receive any potentially therapeutic benefit, they must be exposed to minimal risk, thus
strict exclusion criteria are adopted. Indeed, vulnerable subjects such as children, pregnant women or elderly
are excluded, as well as subjects under ongoing treatments, or abusing any kind of drugs.

In the single ascending dose study, the standard 3+3 design® will be used. Firstly, the MRSD is admini
to 3 healthy subjects. In case no toxic effect is observed, another group of 3 subjects gets a §

repeated exposures to the drug, again using the 3+3 design (
group for one month is always followed by another month of:
observed before giving a higher dose to the next group.

Day 1 Day Day Day Day ‘ lonth ‘ Month 2 | Month Month 4 Month
3 5 7 9 1 3 5
Dose group X = Observatig
1 MRSD ) o
Dose group 2X
2
Dose group 3X
3
Dose group 4X
4
Dose group
5

Figure 7 - Single ascending dose st

“ Month 6

MTD * | Observation
75% phase

MTD * | Observation
100% phase

gure 8 - Multiple dose escalation study

tion study has to stop, the safety is assessed in various manners. Vital
ocardiogram, blood samples, blood pressure and pulse will be controlled
dministration of the drug. More specifically, circulating levels of
ide are measured from the plasma, and ceramide levels are checked
d to be maintained within a normal physiological range. Adverse events

signs, physical examin
at each visit before an

safe dosage range is determined in Phase |, our study will proceed with Phase II. The goal of this
ists in establishing if our drug has a sufficient outcome in order to go through further studies in Phase
s phase it is important to detect the best drug dose to optimize the relationship between safety and
acy. L-serine supplementation is currently ongoing clinical trials for HSN1 treatment®*, this can greatly
facilitate the approval of the clinical trials on our drug and is also helpful to get insights on measuring efficacy.
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Phase lla

For the first part of Phase Il we will recruit 12 HSN1 patients with the specific mutation SPTLC which is
the most common one. Since the prevalence of this disease is rather low (~2/1°000°0007), a multi-center study
with 4 centers is planned, such that each center will have 3 patients at charge. Considering the préWalence
of the disease and targeting big cities, it will be possible to obtain the number of patients require he
participation to the study will be limited by classical exclusion criteria in clinical studies.

1C133W

In our double-blind, placebo-controlled cross-over study, patients will be randomly divided into
Each group will go through a 6 months testing period three times, each time followe 2 mo

Group 1 (NI — N ———

Group 2 Placebo

| Dosel

& > >
<€ > < »

6 months 2 months

Group 3

Figure 9 - Placebo-controlled cross-over sk

To assess the efficacy of the dru ts will be performed at the beginning and the end
of every testing period. The sa ents and tests as in the animal models from preclinical
in vivo trials will be measur r measures used in the L-serine supplementation study

such as Charcot Marie To MTNS), Autonomic Function Testing (AFT) and Composite

2 lla are satisfactory, we will be able to use the orphan disease status of both HSN1 and
rack in this phase. Since the genetic disease model is clearly defined and there is almost
garding cause of disease, we expect facilitated approval to extend our clinical trials to HSAN1
12 not caused by the SPTLC1¢"®" mutation. This is supported by one of the mouse models used
| trials which only has low serine levels as disease cause.

, We aim to recruit 12 participants with at least 6 HSN1 and 6 MacTel2 patients (knowing that a patient
can exhibit both diseases). This phase will use the same protocol as before except that only the best dose
will be tested against the placebo. All the tests mentioned in Phase Ila will be performed again to assess
HSAN1 evolution as well as the eye imaging test used in mouse model for MacTel2 evolution.
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Phase Il

Assuming sufficiently satisfying results during phase Il trials, our drug will be accepted to enter phase

[l trials. The aim of phase lll is to finally assess the drug’s efficacy for a longer period of time, which we
expect to last about 3 years, and with a considerably larger number of subjects with respect to the
phases to check for uncommon and/or long-term side-effects. Since the prevalence of both the HS
MacTel2 disease is very low, having 200 patients enrolled in this phase would alread
satisfying. In addition, note that no other treatments are available yet for the same dis
comparison can be made in terms of drug efficacy.

Phase IV and Extension to different neuropathies

Clinical trials phase IV consists of a post-marketing surveillance trial, ai
safety and efficacy even after the FDA approval. In addition, the use of,

investigatihg the drug
entially be expanded

used drugs for the treatment of solid tumors acts as an up-re ° |t causes an increase in 1-
deoxysphingolipids levels, correlated with the incidence of pac opathy, which can lead to
the obligation of lowering the chemotherapy dose treatm [ -‘Another study showed that
the decreased L-serine levels play a key role in paclit eral neuropathy®. Also, the same
Is® has been shown for diabetic
sensory neuropathy which is the most common chroni [ iabetes patients. Thus, since in both
cases there is some evidence that the disee ed by the abnormal production of

chemotherapy or diabetic diagnosed with@@€ripheral nelif@pathy will lead to the same effects as in the HSN1
patients (i.e. the reduction of deoxys i

Conclusion
Reduction of toxic deoxysp s by inhibition of the SPTLC1/SPTLC2 complex appears to be a key
strategy to treat patie y MacTel and HSN1. Since this treatment can greatly increase patients’

quality of life, our whole d ent process is centered around it. The first stage in the process, virtual
screening, allo compound based on physical properties. This pool of candidates is
reduced and op toxicology and activity tests. Further studies on mouse models examine
PK/PD prepestic in vivo toxicology of the 5 selected compounds. Efficacy of the 3 most promising

lected and evaluated in humans to study its efficacy in patients. Clinical condition
en lead to marketing authorization of our drug. Post marketing surveillance follows
after the end of clinical trials to ensure no adverse effects nor any long-term toxicity.

beyond treating MacTel and HSN, our drug could potentially have more diverse applications. Low
serine lgvels inducing alanine substitution in sphingolipid synthesis is observed in other pathologies such as
diabeti€neuropathy or ischemic stroke.

Recently, a number of studies showed that tissue damage due to anoxia following ischemic strokes are linked
to the abnormal production of deoxysphinganine by SPT, because of a substrate switch from serine to
alanine®. Although at this stage it is too early to plan other clinical trials for further extensions of our drug, in
the future we believe that it has the potential to be used as a preventive therapeutic approach to limit the
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tissue damage after a stroke, which would represent a real breakthrough considering that stroke is one of the
most common causes of death worldwide and has no effective treatment to date. Our drug compound is thus
not restricted to the conditions MacTel and HSN1 and offers promising extension prospects.
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Supplementary information

Virtual screening methods and software description

1. STRING interactions analysis:
STRING® is a widely used online platform allowing to build protein-protein interaction netwg
functional and/or physical interactions. In this proposal, a network is generated for the
considering experimental, co-expression, co-occurrence and database sources.
Figure 10 and Table 1.

2. HADDOCK docking analysis:
Active and passive protein-protein surface residues are predicted with th
(Consensus Prediction Of interface Residues in Transient complexe

oduction:
the SPTLC1 .pdb file with the PyMOL®® rotkit.mutate script. All the 3D

ontact residues targeted by our candidate drug, a very simple clustering strategy is proposed
sidue is selected in a way that a radial spatial cluster centered on it and potentially including other
forming H-bonds (in both WT and mutant SPTLC1) is created. In each cluster the presence of at
e WT residue is ensured. A very simple assumption is made here. Since the average contour length
per amino-acid is 4 A (x 0.2 A)*®, using a binding site radius of X A would allow to potentially include in it the

N = (ZX/:)_l = 2X8_4 neighbor residues. This criterium implies chains linearity but it is selected to maximize

the clusters sizes reducing by this way the number of simulations. A radius of 10 A is chosen and virtual
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screening simulations are run for the residues at the center of each cluster, allowing radial binding site
flexibility around it.

LEA3D is the genetic algorithm selected for screening. Optimal molecular candidates are generated
combination of experimentally retrieved fragments ensuring the construction of realistic molecules.

selected residues and with a maximum radius of 10 A are selected as p
allows for each run to evaluate a total of 2040 molecules, of which th cted. An example of
the score evolution over generations is provided in Figure 14.

Figure 15. Chemical structures
obabel script'®,

ure functional protein network prediction for SPTLC1 with confidence network edges.
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Experimgntally Co- Phylogenetic Database Combined
Node 1 Node 2 (_ieterml[\ed expression Co-xcc%rrence score score
interaction

SPTLC1 SPTLC2 0.827 0.266 0.439 0.9

SPTLC3 SPTLC1 0.813 0.266 0.441 0.9

ORMDL3 SPTLC1 0.582 0.144 0 0.9

SPTSSB SPTLC2 0.328 0.061 0 0.9

SPTLC3 SPTSSB 0.328 0.061 0 0.9

SPTSSB SPTLCA1 0.328 0 0 0.9

SPTSSA SPTLC1 0.328 0 0 0.9

SPTSSA SPTLC2 0.328 0 0 0.9

SPTLC3 SPTSSA 0.328 0 0 .9

SPTLC3 ORMDL3 0.195 0.084 0

Table 1 - Top 10 highest-confidence relationships in STRING network.

e
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Figure 1 - SPTLC1 GHECOM residue-based pocketness predictions, for a maximum radius for large probe

. Pocketness [%] is reported on the y-axis, indicating the size and depth of the pocket at a certain

ue. 100% is related to the maximum depth accessible by the whole shell used by the morphological
mathematic GHECOM algorithm.
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SPTLC1 Common Central Binding | GHECOM SPTLC2
(WT / C133W) binding Cluster Sites Clusters (WT)

Res. Nb. | Res. Name S;‘;Sﬂdcl;%?sg‘v’vﬂm Residue | Clusters Res. Nb. | Res. Name
86 SER - - - 199 TYR
112 LEU - - 114 LEU
118 LYS A A [+0] 112 VAL
118 LYS A INEL) 113
118 LYS A INEL) 196
118 LYS A A [+0] 197
125 LEU N G- 271
127 LYS B B [+0] - 141
127 LYS B B [+0] - 2
131 GLY E C[-2] 38
131 GLY c C[-2]

133 CYS C C [+0] Y 177

133 CYS C C [+0] 378

138 PHE B Cc - 36

139 TYR D A 5

143 ASP -

166 TYR - 409

201 ALA - - 159 SER
203 ARG - 153 SER
301 ASP - 115 TYR
308 GLU E 04 CYS
313 SER - v 115 TYR
323 PHE - 201 ALA
327 HIS F 119 GLU
327 HIS F 200 GLY
339 ALA G 134 TRP
339 ALA G 237 MET
434 LYS H 209 GLU
435 GLU 407 TYR

Table 2 - Polar contacts (H-bonds) betweé C1 and SPTLC2. The central residue is the one

ding site radius is set to 10 A; clusters include the
ierical space. Green: common H-bonds for SPTLC1"T
or SPTLC1""; Orange: H-bonds uniquely present for

selected as binding site center for vi
potentially included residues withjg th
and SPTLC1°"%; Yellow: H-
SPTLC1°"33%.
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aromatic rings

Property name Minimal | Maximal Yr\:efllggf Justification
perty value value
score
Min and Max according to the Ghose filter. LRO5 indicates MW <= 500 but
no lower bound. Selected weight is 0.8 because this is a very common rule
Molecular weight 180 480 0.8 but we leave a little bit of flexibility to explore a greater chemical e and
find non-standard drugs. The weight also allows not to be very stric
chosen compromise between the different rules.
Number of atoms Ghose filter. Less common filter, therefore chose half of
10 70 0.4 .
(H excluded) weight.
Compromise between LRO5 (<= 5) and RO3 (<= 3). Seled
Number of H- because this is a very common rule, but we leave a little b
d 0 4 0.8 explore a greater chemical space and find non-
onors -
also allows not to be very strict on the ch
different rules.
Compromise between LRO5 (<=10) a
Number of H- because this is a very common rul
0 8 0.8 explore a greater chemical space . The weight
acceptors - :
also allows not to be very str ompromise between the
different rules.
Polar solvent , ' i
accessible 0 140 0.4 Vepers rule. Less common filter, th re chose half of very common filter
weight
surface area
Fraction of sp3- ) )
hybridized C
Volume - - 0
Area - - 0
e (<=10), R=3 (<=3), Lepre et al.
Number of 0 8 0.4 therefore chose half of very common filter
rotatable bonds ’ ws not to be very strict on the chosen
erent rules.
Number of rings 1 0.2 ess common filter.
Number of 0 0 )- Less common filter, consider only number of rings.

Table 3 - Molecular properties and

LEA3D genetic algorithm fitness,

T2.35 8

Generation Number

(A)

fitnoy.dat
92.207]
92,107 55 0 ® e
92.007] /N I ¥ P
91.907] " y \
d Fliwam T A
91,80 \ \ ™ |
31,707 o \ | ‘ ‘
91,607 AWl L o |
o ws | |
91,50 / 15 I
91.407] ¢ !
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Figure 14 - Example of LEA3D score evolution over generations of the genetic algorithm for the 139TYR
simulation. (A) Generations mean score; (B) Best solution score for each generation.
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Target selection table

The following table summarizes the initial research work that was carried out by our company. To identify a
suitable target in the ceramide pathway, an in-depth literature study was performed for all involved

enzymatic target, and the results of other studies such as GWAs were assessed. This allo
the most suitable enzyme (SPT) as our innovative drug target.

Table 4 - Target selection table

Enzyme Full enzyme name Reaction Tissue specificity Cellular location Mendelian
diseases

serine-palmitoyl Serine + palmitoyl-CoA - | SPTLC1- | Not tissue spea
transferase > 3-Ketosphinganine SPTLC2 1
3-ketosphinganine reductase 3-Ketosphinganine -> TSC10 None
Sphinganine
CerS-1 ceramide synthase 1 Sphinganine + C18 -> CERS1 None
dihydroceramide chr9
CerS-2 ceramide synthase 2 Sphinganine + None
C20/22/24/26 ->
dihydroceramide
CerS-3 ceramide synthase 3 Sphinganine + None
C22/24/26 ->
dihydroceramide
CerS-4 ceramide synthase 4 Sphinganine +_@ expression levels | ER None
all tissues, more in
skin, leukocytes,
heart, liver
CerS-5 ceramide synthase 5 Low expression levels | ER None
in all tissues
CerS-6 ceramide synthase 6 Low expression levels | ER None
in all tissues
DES Dihydroceramide ER None
desaturase
SMase4 Sphingomyelin SMPD4 Low tissue specificity, | mainly nuclear Niemann-
phosphodiesterase 4 detected in all tissues | membrane and Pick Type 3
additionally in
cytosol
SMase3 SMPD3 Detected in all tissues | ER None
Most abundant in
gastrointestinal tract
SMPD2 Low tissue specificity, | Main location is None
detected in all tissues | vesicles and
plasma
membrane
Additional location
at cell junctions
SMase1 ormyelin SMPD1 Low tissue specificity, | lysosome, Niemann-
phosphodiesterase 1 chr.11 detected in all tissues | secreted Pick disease
(SPMD1)/Acid A, B (AR)
sphingomyelinase (ASM)
Ceramide transfer protein | Transport from ER to CERT widely expressed : fat, | Cytoplasm, Golgi Mental
Golgi chr.5 thyroid apparatus, ER retardation
MRD34
CERK Ceramide kinase Ceramide -> CERK Low tissue/cell line Only in vesicles None
Ceramide1P chr. 22 specificity
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Enzyme

Full enzyme name

Sphingomyelin synthase

Reaction

Ceramide +
Phosphatidylcholine ->
Sphingomyelin + DAG
and reverse reaction

Tissue specificity

Low tissue specificity,
detected in all tissues,
more so in skin cells

Cellular location

Nucleoplasm,
Golgi, cytosol

Mendelian
diseases

SGMS2 Sphingomyelin synthase Ceramide + SGMS2 Low tissue specificity, | Golgi, plasma
Phosphatidylcholine -> chr. 4 detected in all tissues | membrane
Sphingomyelin + DAG except skin cells
and reverse reaction
CDase Ceramidase Ceramide -> ACER 1 nCDase: ER,
Sphingosine ACER 2 aCDase:
ACER 3 lysosome
ASAH 1
SGPP Sphingosine1P Sphingosine1P -> SGPP1 Not specific, highest
phosphatase Sphingosine SGPP2 in placenta and
kidney
CerS-1 ceramide synthase 1 Sphingosine -> CERSH1 pilepsy
Ceramide chr9 EPM8
CerS-2 ceramide synthase 2 Sphingosine -> CERS2 None
Ceramide
CerS-3 ceramide synthase 3 Sphingosine -> CERS3 Ichthyosis
Ceramide ARCI9
CerS-4 ceramide synthase 4 Sphingosine -> CERS4 None
Ceramide
CerS-5 ceramide synthase 5 Sphingosine -> None
Ceramide
CerS-6 ceramide synthase 6 Sphingosine -> ER None
Ceramide
SPHK1 Sphingosine kinase 1 sue specific Plasma None
membrane,
cytoplasm
SPHK2 Sphingosine kinase 2 Not tissue specific Vesicles None
S1P lyase | Sphingosine1P lyase Not tissue specific ER None
GCDase Galactosyl ceramida GALC Testis, brain, Lysosome Krabble
placenta, kidney, liver disease
GlcCDase | Glucosyl ceramj osylceramide -> GBA Not specific, highest Lysosome Gaucher
amide in blood disease
non-lysosomal gluc ylceramide -> GBA2 ER, Golgi None
ceramidase
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Fluorescence polarization dye choice

An appropriate dye is chosen depending on the needs. The most important property is the fluorescence
lifetime, where long lifetimes are desirable for larger proteins. In our application we are interested in a_.change
in molecular weight between 53 KDa (SPTLC1) and 116 KDa (SPTLC1-SPTLC2 dimer). Dansyl dy ould
be best suited, with a fluorescence lifetime of around 20 ns.

r different¥uorescence
, fluorescein in red,
s in blue.

Figure 16 - Polarizati
lifetimes™™. Cyani

Polarization

0 25000 50,000 75000 100,000
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