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TARGET FISHING
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Figure 1. Overview of the main target fishing approaches.
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PLATO (Polypharmacology pLATform predictiOn)

Free and user-friendly web platform for target fishing and bioactivity prediction

PLATO r34 - Polypharmacology pLATform predictiOn

A predictive drug discovery web platform for efficient target fishing and bioactivity profiling of small molecules

HOME PREDICTION DATA ABOUT US RELEASE

Open Access | Communication

PLATO: A Predictive Drug Discovery Web Platform for Efficient Target Fishing and
Bioactivity Profiling of Small Molecules

by @ Fulvio Ciriaco, @ Nicola Gambacorta, @ Daniela Trisciuzzi and @ Orazio Nicolotti
Int. J. Mol. Sci. 2022, 23(9), 5245; https://doi.org/10.3390/ijms23095245 - 08 May 2022

https://prometheus.farmacia.uniba.it/plato/
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%5 prometheus.farmacia.uniba.it/plato/release.html
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PLATO r35 - Polypharmacology pLATform predictiOn

A predictive drug discovery web platform for efficient target fishing and bioactivity profiling of small molecules

PREDICTION DATA ABOUT US RELEASE

release 35 - 2024-12-17 >

a—— A ligand-based screening of a large collection of bioactive

+ Targets: 6297 of which 3008 from Homo sapiens chemicals (small molecules) on protein targets implementing two

. OB SATIE optimized multifingerprint similarity-based algorithms.
*  Activities: 1123506
of which :
¢ 876553 regarding human targets NH H
. N S “CHg
EC50: 92253 Qf \hlif -
Laibiaanred N~ CHs CN molecular fingerprint
* Kd: 31956 H
Ki 329352 cimetidine

bit string or feature set representations of molecular structure and properties
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PLATO - Polypharmacology pLATform predictiOn

A predictive drug discovery web platform for efficient target fishing and bioactivity profiling of small molecules

HOME PREDICTION DATA ABOUT US

Draw your molecule or insert your SMILES and enjoy your prediction!

@O0wix| ® |z DQX&n |
==~A000000"

Results for query in less than 20 s

1a) Draw your molecule
using sketch and convert ———
in SMILES format

=l@av]u o]z 0

3) Choose your

" prediction method
Convert the picture to the SMILES query
1b) Input query — -
> CCN(CC)S(=0)(=0)/N=C{/N
molecule as SMILES
Choose your output format Choose the prediction method
2) Choose your OUtPUt | o json data o Bioactivity profiling )
format i )
® pdf report @ Target fishing O r O W

r

4) Launch prediction
/7
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Fish for putative protein drug targets
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Outputs

Compute bioactivity values for small molecules
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Lafora disease (LD)

Fatal and ultra-rare autosomal recessive progressive myoclonus epilepsy, characterized by a rapid
psychomotor deterioration

Symptoms typically begin during late childhood or adolescence: typically, 8-19 years (peak onset
14-16 years)

The hallmark of the disease is the presence of , ) i
. LD is caused by loss-of-function (mutations) of:
insoluble forms of glycogen named Lafora

 EPMZ2A encoding for laforin (glycan phosphatase)

bodies in the brain and peripheral tissues
Lafora Disease e EPM2B encoding for malin (E3 ubiquitin ligase)

Lafora Body

Glycogen
In the absence of a functional laforin-malin complex,

structurally abnormal glycogen becomes insoluble and
accumulates as Lafora bodies which drive disease

progression in the brain
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A . : ™ Estimated global prevalence of fewer than 1 cases
Clinical progression of Lafora disease e e e e
per million individuals

Teenage onset w
generalized cc

| n?YOC|0.niC and Geographic prevalence: Mediterranean countries (including
Vulsive seizures Southern Italy/Apulia), North Africa, the Middle East, and
parts of Southern India

Diminishing response to
anti-seizure medication

Intractable seizures, A E R
near-constant myoclonus, | e
epileptic hallucinations'and g
. absence attacks > E0ad
{
Dementia and a vegetative state ¥ =i}
in constant myoclonus
) Mh_n_ﬂ_l.]_ﬂ_l_a
Death within 10 years of symptom onset AR P Ca /// PP
in status epilepti . rd » s
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Distribution (2021)
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There is no effective therapy
Patients are initially treated with anti-seizure medications, to which, after

some time, they develop resistance

/ Patient  Patient TW.T\
Initiated /n vitro Insitu Invivo NHP CNS Systemic | Method

ASO Mo o & '8t & 2021 IT
AEF/ vV VvV V & & lT/ll‘(,:V/

?A"J&“cq.. v vV vV v Oral
Rewrmosny o p o o g Oral Metformin, orphan drug since 2016
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Drug repurposing in Lafora disease

To identify new drug candidates for LD by using in silico tools (reverse docking,
similarity search) and in vitro assays to speed-up (new) therapies

v Working hypothesis

Modulating glucose access into neurons and astrocytes or inhibiting glycogen synthesis, could we
reduce glycogen accumulation and Lafora bodies formation?

v Drug targets selection

hGLUT1 (astrocytes, BBB) hGLUT3 (neurons)\
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Docking-based virtual screening of commercial drugs from a filtered
ChEMBL database towards hGYS-1 and hGLUT1-3

EQChEMBL =
(l =

i Filtered
HUMAN GYS1
DATABASE 4
Phase IV approved [ (1766 cmpds) ] [ GLUT1, GLUT3 ]
Not withdrawn H LIGAND PROTEIN d
l PREPARATION PREPARATION
ATC label
i
HTVS
No inorganics
No SMILES
l Top 20% scored SP
Top 20% scored XP
=) Filtered DB = 1766 DRUGS
= e SEnimne e @ _ FINAL SET OF DRUGS TO
= -~ TESTIN VITRO ASSAYS

ePTRI @

o THE CHILDREN'S MEMORIAL HEALTH INSTITUTE EPTRI Scientific Meeting | 28-29 July 2026 | Warsaw, Poland

Eusorean Pasour



Docking- based virtual screemng of filtered ChEMBL database towards hGYS-1

Tk;ﬁ I
0 MNH
"ok odo ﬁg
| N

OH OH O

N“‘NH F UDP-Glucose | |
Reference compound
IC50 ~ 2.75 uM
Docking score [UDP-glucose] = -10.118 kcal/mol W512
: J docking score
Compound (kcal/mol) ligand efficiency
ZOLEDRONIC ACID -10,178 -0,636 Zoledrdnic 188
RISEDRONIC ACID -9,636 -0,567 .
ZOLEDRONIC ACID  -9,583 -0,599 NS
RISEDRONIC ACID -9,255 -0,544
DICUMAROL -7,012 -0,28
e PTRI O
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Reference compound
|C50 -~ 11 4 MM

Docking score [Reference compound]= -8.613 kcal/mol

docking score

J Compound (kcal/mol) ligand efficiency
SALMETEROL -11,134 -0,371
NEBIVOLOL -10,449 -0,36

‘ LINAGLIPTIN ‘ -8,581 -0,245
THEOPHYLLINE -8,043 -0,619
ZOLEDRONIC é:CID -6,254 -0,391

PTRI O
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Docking-based virtual screening of filtered ChEMBL database towards hGLUT3

N
| /CH3 HO © OH
’]‘ HO
Reference compound HO OH

ICso~ 7.01 uM

O
S\@\ CH, alpha-maltose
NH/KO

Docking score [alpha-maltose]= -7.573 kcal/mol

docking score

J Compound (kcal/mol) ligand efficiency
CANAGLIFLOZIN | -12,130 -0,391
GEFITINIB -10,685 -0,345
CARVEDILOL -10,050 -0,335
LINAGLIPTIN 9,400 -0,269 Canagfiozin
SITAGLIE"I:“IN -9,040 -0,323
PTRI O
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List of approved drugs identified from docking studies

TUDCA (Item No. 2027711 TUDCA, Cayman)

Dapagliflozin (CAS: 004CA11574-50, Cayman)

Canagliflozin (CAS: 004CA11575-50, Cayman) >
Empagliflozin (CAS: 004CA17375-100, Cayman)
Cannabidiol

Acetazolamide

Gefitinib

Nebivolol

Sitagliptin

10. Bicalutamide

11. Carbamazepine

12. Levetiracetam

13. Stiripentol

14. Piracetam

15. Etosuccimide

16. Dicumarol (DMSO-9mM)

17. Zoledronic Acid (stock in water, 1mM)

O o NOUSs WM
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Sodium glucose co-transporters 2 (SGLT2) inhibitors (gliflozins)

In EU, SGLT2i currently authorized to treat DM-2:

y dapaglifIOZin (ForXiga ’ XlgdUO) aEftfsrri?)rl‘et:‘.— |Glomerulus
* empagliflozin (Jardiance, Synjardy, Glyxambi) ‘ |
* canagliflozin (Invokana, Vokanamet) Miernc e .
* ertugliflozin (Steglatro, Segluromet) - |
- . . \,A< 0
* sotagliflozin (Zynquista) il s
reabsorption | >90% SGLI2 .. Collecting—L=
= o \\ ; N duct
| PST—
Mechanism of action: antihyperglycemic Biasclateral e .\
mtjrstut.lalélulnd Alpical sifje: i
A eritubular !
drugs, favour glucose excretion from the Capilary e A
. . —— 3 Epitheliatcell —— — " /5 A )
kldney ta rgEtlng SG LTZ PCT segment 1 ' PCT segment 2 and PST segment 3
e % SGIT2 ) Na* | | T o SGIT1 | ,2Nar
ZK':(}NE ° “Glucose ZK*:(EN@ o “Glucose
Na'/K ' Na/K
Aﬁ’??? _____ ?Pf _____________________ Lf‘ﬁ’??? _____ /f?_'i _____________________
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Hypotheses and evidences supporting the use of gliflozins in LD

Localization of SGLT1/2 in the brain

SGLTA SGLT1

Pawlos et al., 2021

SGLT1 receptor is expressed in brain areas such
as hippocampus (CA1, CA3 and the dentate
gyrus), cortical and cerebellar neurons, BBB
endothelial cells while significant expression of
SGLT2 has been identified in the cerebellum and
at BBB endothelial cells.



PLATO (Polypharmacology pLATform predictiOn)

Target

Sodium /elucose cotransporter 2:Rattus norvegicny

Low affinity sodinm-glucose cotransporter: Homo sapiens

Sodimm /glucoss cotransporter 2 Homo sapiens
T&rgﬂt ﬁShlng Sodinm /myo-inosital cotransporter 2-Homo sapiens

Sodinm /glueose cotransporter 1:Homo sapmens

Sodinm /glucose cotransporter 2:Mus muscalus

smiles: CCOc3cee(Ce2ec([C@GH]10[CAH](CO)[C@@H](0)[C@H](O) SGLT1 protin:Mus musculus

[C‘.@,HJ ].D}ECCEC'-”ECE # Clycogen phosphorylase, muscle form:-Oryetolamas ennicabus

- Adhesn protein fimH Escherichin coli K-12
AJdose reduct ase:Hattus norvegions
Carbonic anbyvdrase XT:Homo sapiens
P-selectinHomo sapiens

Carbornie anhydraze PXCHomo sapions
Carbonic anhyvdrase I'Homo sapicns
Lenkooyte adhesion molecule- 1 :Homo sapiens
Tyrozmaze: Homo sapicns

Tyro=masze: A parious bisporus

Aldosa reductase Homo sapiens

Epoxide hviiratassHomo sapions

Monoamme oxidase B:Rattus norvemens

Cytochrome PAM) 3A4:Homo sapiens

A cetvleholmesterase: Electrophors electricns

SCOTEe

13.00
13.00
13.00
13.00
13.00
10.69
.64
519
3.70
3.65
288
283
282
282
281
279
278
276
244
23
230
228

ans

' I Porodisome proliferator-activated receptor deltaHomo sapi-

Z22¥

Dapaglifozin

Cyclooxyernase-2:Homo sapicns

Clucoss-f-phosphate 1-dehvdrogensse Homo sapiens

e P I R I ‘. Dhpeptidy] peptidase IV:Homo sapiens
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Literature data supporting the use of gliflozins in LD

Antiseizure activity

-

W Sodium and glucose load |

in neurons and astrocytes

Proteostasis regulation
e 9

MAutophagy
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Neuroprotection

: Repurposingin GSD 1b
WV Brain damage
¥ Neuroinflammation -
A Mitochondrial function :
SGLT2 inhibitors Energetic switch from
glycogen accumulation
to glycogen degradation

Clinical trial in epilepsy

&\-‘ XN
v

Anti-hyperglycemic activity

N Ketogenesis

)

v
by

" Sodium and glucose
excretion j

Imbrici et al., Pharmacol Res 2024
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Dapagliflozin attenuated epileptic phenotype in LD zebrafish model

y -
; 6_. oyt

epmZa " larvae, 5dpf }:‘:1

Local field potential

|

o
1

Duration (s)

() =

s

* XX * X X

A
i

L3

Treatment with DAPA (50 uM)
was able to significantly reduce
the duration and power of
seizure-like events

ePTRI €

peusmcnse  THE CHILDREN'S MEMORIAL HEALTH INSTITUTE

> a0

\\\\
N Q0
™~
Q 8
A

\\\\ 4

N

s

I |
kkkk  kkkk

0.14
0.12 I I |
0.10 . s
0.08 N
0.06 ® ®
L ]
—_—
= ]
"
o 0.04 .
.
1= ]
- &
— o
3 § :
z 3 H
e
*
0.00 T T T
A N
‘5\ A >
& o
LQ Aol
—~
&
i
N

Della Vecchia et al., Biomed & Pharmacother 2025
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Dapagliflozin slightly reduced glycogen content in LD zebrafish model

-
=
; T :.'.[ 2500 ~ *
e -,
-~ =
-
f= -~ 9 i
epmZ2a " larvae, 5dpf = 20001 |
Ead
- .
= 1500+
eea ;
D00 »
LI 4
X T = 10040 -
o8E -
0 5
g’f'. = S004
£ —
=1 ¢
-—
-
' 0~
. Z
- -
e

Glycogen was quantified in
whole LD zebrafish model

Della Vecchia et al., Biomed & Pharmacother 2025
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ASSESSING THE POTENTIAL OF REPURPOSING EMPAGLIFLOZIN IN LAFORA
DISEASE TREATMENT: A STUDY IN PROGRESS

Giuseppe d’Orsit, Paola Imbrici?, Daniela Trisciuzzi?, Nicola Gambacorta?3, Maria Teresa Di Claudio!, Cosimo D. Altomare?,
Antonella Liantonio?, Francesca Bisulli4, Massimo Carella® and DEFEAT-LD study group

"Neurology Unit, Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo (Fg), Italy.
2Department of Pharmacy - Pharmaceutical Sciences, University of Bari Aldo Moro, Bari, Italy

3Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo (Fg), Italy
4IRCCS Istituto delle Scienze Neurologiche di Bologna, Dep of Biomedical and Neuromotor Sciences, Bologna, Italy

&umnlE o
mpagliflozin
l 10mg/day follow-up

& months

e
- EEG, cognitive, behavioral and motor tests, "
‘| neuro-radiological and metabolic biomarkers, < | /
high-field brain MRI - 3 Tesla, brain PET with
18F-fluoro deoxyglucose - FDG &

In vivo pilot study
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