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1. Introduction

The third PANACHE workshop, initially entitled “Pannexin-derived and connexin-derived peptidomimetics as novel
therapeutic tools”, but ultimately renamed “Channeling energy into drug development”, was organized by the In
Vitro Toxicology Group (IVTD) and the Research Group of Organic Chemistry (ORGC) of the Vrije Universiteit
Brussel (VUB) on behalf of the PANACHE consortium on 7 and 8 October 2024 as a full online event. The program
consisted of 2 sessions (attachment 1). Session 1 (7 October 2024) was publicly accessible and included a number
of state-of-the-art lectures. Session 2 (8 October 2024) was attended exclusively by members of the PANACHE
consortium and industry representatives, and focused on the exploitation of results. The workshop was promoted
via the PANACHE website, the PANACHE-dedicated social media platforms as well as through the internal
communication channels of the different members of the PANACHE consortium (attachment 2). A leaflet containing
information related to the PANACHE project, including general information, vision and objectives, was prepared to
promote session 2 of the workshop among relevant companies (attachment 3). Furthermore, in preparation of
session 2, an online questionnaire comprising questions about the workshop topic was distributed in advance to

all registered industry representatives. The online questionnaire could be accessed via PANACHE online

questionnaire.The results of this online questionnaire were utilized to tailor the content of session 2 of the workshop
and to stimulate the discussion with the industry representatives. For the session 1 of the workshop, a total of 99
online registrations were received from more than 20 different universities, institutes and companies across
Europe, the Middle East, Africa and Asia (attachment 4). For session 2 of the workshop, a total of 16 internal
participants of the PANACHE consortium and representatives from 5 different international pharmaceutical and

consultancy companies were registered online (attachment 4).

2. Session1

Session 1 consisted of 4 keynote lectures presented by experienced researchers from 4 different countries,
followed by 6 flash presentations delivered by young researchers from the 3 research groups of the PANACHE
consortium. The session was chaired by Mathieu Vinken (VUB). The keynote lecture presentations and flash
presentations are available in attachments 5 and 6, respectively. It should be noted that the presentation of Prof.
Volodymyr Korkhov was not included in attachment 5 due to the confidential and unpublished nature of the data

presented during his lecture.


https://forms.office.com/pages/responsepage.aspx?id=qHxbaagtRUWi2kLQN4TlhcSB0otQR4RKgVwHG5t07gFUMjJaNTg3QkNVWFFNS0lBUTlCSzMyVzNXTi4u&route=shorturl)
https://forms.office.com/pages/responsepage.aspx?id=qHxbaagtRUWi2kLQN4TlhcSB0otQR4RKgVwHG5t07gFUMjJaNTg3QkNVWFFNS0lBUTlCSzMyVzNXTi4u&route=shorturl)

a. Keynote lectures

Steven Ballet
Steven Ballet is a full Professor at the Vrije Universiteit Brussel, Belgium, and serves as

the head of the Research Group of Organic Chemistry (https://orgc.research.vub.be/). His

research group primarily focuses on the peptide and peptidomimetic fields, specifically their
synthesis based on non-canonical amino acids and their application as therapeutic

molecules and functional materials.

Title: The rise of peptides and peptidomimetics in drug discovery and development.

Summary: His presentation addressed several aspects of the peptides and peptidomimetics field, including an
introduction and historical background of both peptides and peptidomimetics, several facts and figures regarding
the use of peptides as therapeutics, and a brief overview of the process employed for the development of peptides

and peptidomimetics. Furthermore, Steven incorporated several examples of peptides utilized as therapeutics.

Silvia Penuela
Silvia Penuela is an Associate Professor at the Schulich School of Medicine and Dentistry,
University of Western Ontario, Canada, and serves as the chair of the basic science

research group The Penuela lab (https://www.schulich.uwo.ca/penuelalab//index.html).

Her research group focuses on various aspects of the Pannexin proteins, with particular

emphasis on the role of these proteins in a range of pathological disorders, including

diverse types of cancer and other diseases such as osteoarthritis.
Title: Pannexin channels in cancer, inflammation, and cell death.
Summary: Her presentation elucidated the pathophysiological role of Pannexin1 channels in various inflammatory
and cell death mechanisms, as well as the specific role of these channels in the pathogenesis of melanoma. The

latter was substantiated by several research studies and results generated by her research group.

Volodymyr Korkhov

Volodymyr Korkhov is an Associate Professor at the Federal Institute of Technology Zurich,
Switzerland, and group leader of the laboratory Mechanisms of Signal transduction at the
Biomolecular ~ Research of the Paul  Scherrer Institute,  Switzerland

(https://www.psi.ch/en/lbr/people/volodymyr-korkhov). His research group focuses on

elucidating the structure-function relationships of membrane proteins and protein

membrane protein biochemistry, biophysics, and structural biology methods.

Title: Structural studies of connexin gap junction channels and hemichannels.


https://orgc.research.vub.be/
https://www.schulich.uwo.ca/penuelalab/index.html
https://www.psi.ch/en/lbr/people/volodymyr-korkhov

Summary: His presentation focused on structural biology aspects of connexin gap junctions and hemichannels.
Specifically, the presentation summarized the latest findings in the field, with particular emphasis on the

Connexind3 and 32 isoforms. In this context, he showed several unpublished novel data from their research team.

Thomas Hartung

Thomas Hartung is a full Professor at the Bloomberg School of Public Health, Johns

Hopkins University, USA, and director of the Johns Hopkins Center for Alternatives to

Animal Testing (https://caat.jnsph.edu/about-caat/). His research focuses on replacing
animal-based toxicological studies by developing alternative animal-free methods based

on in vitro organoid cultures and artificial intelligence (Al).

Title: The scAlnce of drug development and toxicology.

Summary: His presentation focused on the potential use of Al as an alternative animal-free testing tool for drug
development and toxicology studies. During his presentation, he summarized current figures of animal-based
testing methodologies in drug development and the potential advantages of using Al as an alternative animal-free
tool. Additionally, he presented several results related to 2 Al-driven research projects in which he is currently

participating, namely the Human Exposome Project and the ONTOX project.

b. Flash presentations

Presenter: Carmen Ortiz-Gonzalez, ProtoQSAR SL, Spain.

Title: QSAR modeling for the prediction of pharmacokinetics and bioactivities of therapeutic
peptides.

Abstract: In the last years, peptides have emerged as promising candidate compounds in
numerous drug discovery studies due to their high degradation rate and the reduction of

toxic metabolites release, among other advantages. These peptides can be formed from 2

up to, in some cases, even 50 amino acids, presenting a more voluminous structure than
the most commonly used small organic molecules. Advances in computational methods and the increasing of the
use of artificial intelligence in recent years have supposed a revolution in many fields, including drug discovery. In
computational-aided drug design, diverse techniques are used to study pharmacokinetic and pharmacodynamic
properties. One such technique is Quantitative Structure-Activity Relationship (QSAR), which involves the
development of statistical models, often-based on machine learning algorithms to predict molecular properties of
new molecules, using known data from a training dataset. Several QSAR models and tools (commercial and non-
comercial) are available to predict ADMET (absorption, distribution, metabolism, excretion and toxicity) properties

aiding in the assessment of the druggability of molecules. In this talk, we will emphasize on the utility of generating


https://caat.jhsph.edu/about-caat/

QSAR models specifically for the study of peptides as novel therapeutic candidates. This approach may facilitate

more rapid hit identification when working with this kind of biomolecules in drug Discovery.

= Presenter: Daan Peeters, Vrije Universiteit Brussel, Belgium.
E & Title: Nanobody-based Panx1 channel inhibitors reduce inflammation in acute liver injury.
| Abstract: The opening of pannexin1 channels is considered as a key event in

inflammation. The release of adenosine triphosphate through pannexin1 channels triggers

inflammasome signalling and activation of immune cells. By doing so, pannexin1 channels
- ’;’ play an important role in several inflammatory diseases. Although pannexin1 channel
D A -
inhibition could represent a novel clinical strategy for treatment of inflammatory disorders,
therapeutic pannexin1 channel targeting is impeded by the lack of specific, potent and/or in vivo-applicable
inhibitors. In this respect, our group identified 3 cross-reactive nanobodies that showed affinity for both murine and
human pannexin1 proteins in the nanomolar range. Moreover, the pannexini-targeting nanobodies were
demonstrated to block pannexin1 channel-mediated release of adenosine triphosphate in vitro. Additionally, the
pannexini-targetting nanobodies were found to display anti-inflammatory effects in vitro through reduction of
interleukin 1 beta levels. This anti-inflammatory outcome was further confirmed in vivo using a human-relevant
mouse model of acute liver disease relying on acetaminophen overdosing. More specifically, the pannexin1-
targetting nanobodies reduced serum levels of inflammatory cytokines and attenuated liver damage. These effects
were associated with alteration of the expression of several NLRP3 inflammasome components. In conclusion,
this study introduces for the first time specific, potent and in vivo-applicable nanobody-based inhibitors of
pannexin1 channels. As demonstrated for the case of liver disease, the pannexin1-targeting nanobodies hold great

promise as anti-inflammatory agents, yet this should be further tested for extrahepatic inflammatory disorders.

Presenter: Malaury Tournier, University of Geneva, Switzerland.

Title: A new stable Panx1 peptidomimetic for the prevention of myocardial
ischemia/reperfusion injury.

Abstract: Myocardial infarction needs a fast reperfusion to rescue the ischemic
myocardium. However, reperfusion paradoxically accelerates cardiomyocyte death and

amplifies the inflammatory response. ATP release through pannexin1 (Panx1) channels

triggers leukocyte recruitment to the site of injury. Thus, inhibition of Panx1 channels might
reduce myocardial ischemia/reperfusion (I/R) injury. Existing Panx1 channel inhibitors display low specificity or in
vivo stability. Previously, we developed SBL-PX1-42, a stapled peptidomimetic analog of '°Panx1, the best known
Panx1 channel inhibiting peptide. This peptidomimetic exhibited Panx1 channel-dependent anti-inflammatory
properties in vitro and a plasma stability of >60 min (30-fold higher than "Panx1). Here, we investigated the
potential of SBL-PX1-42 to prevent myocardial I/R injury in vivo. Wild-type (WT) hearts were used to assess

cardiotoxicity of SBL-PX1-42 in an ex vivo Langendorff perfusion assay. 0.9% NaCl was used as a vehicle control.
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SBL-PX1-42 did not affect heart rate, left ventricular developed pressure, contractility and relaxation, suggesting
absence of cardiotoxicity of the compound. Next, we induced 30 min ischemia by ligation of the left anterior
descending coronary artery followed by 24h reperfusion in WT and Panx 1+ mice. A single intravenous injection of
90uM SBL-PX1-42 at 5 min before reperfusion decreased the infarct size in 70% of the WT mice. SBL-PX1-42 did
not reduce infarct area in Panx1-- mice indicating its specificity for Panx1. In conclusion, SBL-PX1-42 is a promising

specific and stable Panx1 peptidomimetic to prevent myocardial I/R injury in mice.

Presenter: Batuhan Yildiz, Vrije Universiteit Brussel, Belgium.
Title: Silymarin and its major components as a potential naturally occurring Panx1 channel
inhibitor.

Abstract: Pannexin1 (Panx1) channels are essential mediators of cellular communication,

[
A

and their abnormal opening has been linked with various pathological conditions through

the promotion of inflammation and cell death. The development of novel pharmacological

inhibitors for these channels represents a promising therapeutic approach. Silymarin, the
biologically active polyphenolic complex mixture derived from the milk thistle seed extracts of Silybum marianum
L. Gaertn, has been extensively reported for its therapeutic action against several Panx1 channel-associated
diseases. Silymarin contains several major bioactive flavonolignans, namely silybin, silychristin, and silydianin, with
Panx1-related anti-inflammatory activities, making them a potential promising new source of Panx1 channel
inhibitors. Through in vitro and in silico approaches, this study aimed to investigate the potential inhibitory effect of
the silymarin mixture and its major bioactive components, silybin, silychristin, and silydianin on Panx1 channel
activity. In vitro testing demonstrated that silybin, silychristin, and silydianin inhibited Panx1 channel activity by
reducing the extracellular adenosine triphosphate levels without altering the Panx1 protein expression.
Additionally, silybin reduced interleukin-1 levels and decreased NRLP3 inflammasome-linked cell death. In silico
studies confirmed the in vitro results by identifying the binding affinity of silybin, silychristin, and silydianin with the
first extracellular loop of the Panx1 channel, as well as their ability to reduce the Panx1 channel pore diameter.
Overall, the current in vitro and in silico studies provide substantial evidence for the Panx1 channel inhibitory
properties of silybin, silychristin, and silydianin and suggest a novel alternative anti-inflammatory mechanism of

these compounds based on the inhibition of Panx1 channel activity.

Presenter: Rita Ortega-Vallbona, ProtoQSAR SL, Spain.

Title: DockTox: molecular docking for in silico screening of small molecules targeting
molecular initiating events.

Abstract: Introducing DockTox, an online molecular docking tool designed to predict

chemical interactions with key proteins involved in toxicological pathways. It enables the

automated docking of small molecules onto pre-processed protein structures relevant to



Molecular Initiating Events (MIEs) of adverse outcome pathways in the liver, kidney and developing brain. DockTox
stands out with its unique features. It not only generates conformers from input molecules and calculates binding
energies, but also provides detailed 2D/3D interaction maps and visualization plots. lts most distinctive capability
is the calculation of an 'interaction fraction', which compares the interactions of a query ligand with those of
reference ligands. This metric offers a more accurate and informative measure of protein-ligand affinity than binding
energy alone. This feature significantly enhances the understanding of how a molecule interacts with its target
protein, setting DockTox apart from other docking tools. With over 20 pre-processed proteins associated with MIEs
and a user-friendly interface, DockTox facilitates the virtual screening of small molecules to detect interactions with
key proteins implicated in toxicity pathways, offering valuable insights into the potential toxicological effects of

chemical compounds.

Presenter: Filippo Molica, University of Geneva, Switzerland.

Title: Cold Exposure Rejuvenates the Metabolic Phenotype of Panx1+ Mice.

Abstract: Pannexin1 (Panx1) ATP channels are important in adipocyte biology, potentially
influencing energy storage and expenditure. We compared the metabolic phenotype of

young (14 weeks old) and mature (20 weeks old) wild-type (WT) and Panx1- mice

exposed or not to cold (6°C) during 28 days, a condition promoting adipocyte browning.
Young Panx1+ mice weighed less and exhibited increased fat mass, improved glucose
tolerance, and lower insulin sensitivity than WT mice. Their energy expenditure and respiratory exchange ratio
(RER) were increased, and their fatty acid oxidation decreased. These metabolic effects were no longer observed
in mature Panx1-- mice. The exposure of mature mice to cold exacerbated their younger metabolic phenotype.
The white adipose tissue (WAT) of cold-exposed Panx1 mice contained more small-sized adipocytes, but, in
contrast to WT mice, white adipocytes did not increase their expression of Ucp1 nor of other markers of browning
adipocytes. Interestingly, Glut4 expression was already enhanced in the WAT of young Panx1- mice kept at 22°C
as compared to WT mice. Thus, Panx1 deletion exerts overall beneficial metabolic effects in mice that are pre-
adapted to chronic cold exposure. Panx1# mice show morphological characteristics of WAT browning, which are

exacerbated upon cold exposure, an effect that appears to be associated with Ucp1-independent thermogenesis.

3. Session 2

Session 2 was structured into 2 parts, both chaired by Mathieu Vinken (VUB). The first part of session 2 consisted
of 9 presentations delivered by members of the PANACHE consortium. These presentations aimed to provide an
overview of the PANACHE project and a summary of the expertise and results obtained by each PANACHE
consortium member. The second part of session 2 focused on the exploitation aspects of the PANACHE project.

Specifically, the PANACHE exploitation strategy was presented followed by a discussion with the industry



representatives. A presentation containing the questions from the online questionnaire sent to the companies,

along with their responses, was used to facilitate the discussion with the attendees.
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13h05 - 13h50

13h50 - 14h35

14h35 - 14h45
14h45 - 15h30

15h30 - 16h15

16h15 - 16h30
16h30 - 17h00
16h30 - 16h35

16h35 - 16h40

16h40 - 16h45

16h45 - 16h50

16h50 - 16h55

16h55 - 17h00

17h00

Welcome
Mathieu Vinken, Vrije Universiteit Brussel-Belgium

Keynote lectures

The rise of peptides and peptidomimetics in drug discovery and
development
Steven Ballet, Vrije Universiteit Brussel-Belgium

Structural studies of connexin gap junction channels and
hemichannels

Volodymyr Korkhov, Paul Scherrer Institute-Switzerland and Federal
Institute of Technology Zurich-Switzerland

Break

Pannexin channels in cancer, inflammation and cell death
Silvia Penuela, University of Western Ontario-Canada

The scAlnce of drug development and toxicology
Thomas Hartung, Johns Hopkins University-USA

Break
Flash presentations

QSAR modeling for the prediction of pharmacokinetics and
bioactivities of therapeutic peptides
Carmen Ortiz, ProtoQSAR SL-Spain

Nanobody-based Panx1 channel inhibitors reduce inflammation in
acute liver injury
Daan Peeters, Vrije Universiteit Brussel-Belgium

A new stable Panx1 peptidomimetic for the prevention of myocardial
ischemia/reperfusion injury
Malaury Tournier, University of Geneva-Switzerland

Silymarin and its major components as a potential naturally
occurring Panx1 channel inhibitor
Batuhan Yildiz, Vrije Universiteit Brussel-Belgium

DockTox: molecular docking for in silico screening of small
molecules targeting molecular initiating events
Rita Ortega, ProtoQSAR SL-Spain

Cold exposure and Panx1 deletion reduce the progression of
atherosclerosis
Filippo Molica, University of Geneva-Switzerland

Wrap-up
Mathieu Vinken, Vrije Universiteit Brussel-Belgium
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15h10 - 16h00
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Welcome
Mathieu Vinken, Vrije Universiteit Brussel-Belgium

PANACHE presentations

Overview of the PANACHE project
Mathieu Vinken, Vrije Universiteit Brussel-Belgium

Expertise of the Research Group of Organic Chemistry of the Vrije
Universiteit Brussel-Belgium
Thomas Barlow, Vrije Universiteit Brussel-Belgium

PANACHE results obtained by the Research Group of Organic
Chemistry of the Vrije Universiteit Brussel-Belgium
Steven Ballet, Vrije Universiteit Brussel-Belgium

Expertise of the In Vitro Toxicology Group of the Vrije Universiteit
Brussel-Belgium
Mathieu Vinken, Vrije Universiteit Brussel-Belgium

PANACHE results obtained by the In Vitro Toxicology Group of the
Vrije Universiteit Brussel-Belgium
Andrés Tabernilla, Vrije Universiteit Brussel-Belgium

Expertise of the Connexin Group of the Department of Pathology
and Immunology of the University of Geneva-Switzerland
Brenda Kwak, University of Geneva-Switzerland

PANACHE results obtained by the Connexin Group of the
Department of Pathology and Immunology of the University of
Geneva-Switzerland

Brenda Kwak, University of Geneva-Switzerland

Expertise of ProtoQSAR SL-Spain
Rafael Gozalbes, ProtoQSAR SL-Spain

PANACHE results obtained by ProtoQSAR SL-Spain
Laureano Carpio, ProtoQSAR SL-Spain

Break
PANACHE exploitation

PANACHE exploitation strategy
Freddy Van Goethem, Vrije Universiteit Brussel-Belgium

Discussion of PANACHE exploitation with attendees

Wrap-up
Mathieu Vinken, Vrije Universiteit Brussel-Belgium
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THE

PROJECT

The modulation of membrane-bound proteins by drugs
is receiving increasing attention from both academia
and industry. Among such proteins are pannexini
(Panx1), connexin (Cx) 43 and Cx32 that form
(hemi)channels at the plasma membrane surface.
These (hemi)channels mediate cellular communication
and have emerged as key players in inflammation. This
carries translational relevance, as (hemi)channel
inhibition could represent an innovative strategy for the
treatment of a plethora of diseases. However, a hurdle

in clinical exploration is the lack of appropriate
(hemi)channel inhibitors. 0
PANACHE therefore is a timely project, since it will E
generate a novel generation of (hemi)channel inhibitors I
as potential drugs. This will be accomplished by joining _I
academic and industrial scientists from the chemical, Nl
chemo-informatics and biomedical fields as well as by 3 I
relying on in vifro and in silico studies, animal > :
experimentation and testing human material. —:
PANACHE will allow taking a leap forward to the ‘;v :
realization of its long-term vision, namely the L
production of metabolically robust and selective I
(hemi)channel inhibitors that can be used for the _='
establishment of a generic approach to synergize o
current therapy of hard-to-treat inflammatory diseases. E :
4
|
OUR .
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In silico studies
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ProtoQSAR |

Research
Group of In
Vitro
Toxicology

Liver disease

e The in vivo testing of
Panx1, Cx43 and Cx32
(hemi)channel inhibitors
for cardiovascular and
liver diseases therapeutic
purposes

e The in vitro and
in silico testing of
Panx1, Cx43 and Cx32
(hemi)channel inhibitors

0 The production of
Panx1, Cx43 and Cx32
(hemi)channel inhibitors

Research
Group of

Organic
Chemistry

Synthesis of (hemi)channel inhibitors

Research
Group of

Connexins in
Cardiovascular
Disease

Cardiovascular disease

OUR

VISION

The long-term vision of PANACHE s the production of
an unprecedented set of (hemi)channel inhibitors that
can be used for the establishment of a mechanistically
anchored and generic approach to synergize current
therapy of hard-to-treat inflammatory diseases. For
proof-of-concept purposes, focus will be put on
inflammatory disorders in the cardiovascular system
and the liver.

The scope of PANACHE is, however, much broader,
as these innovative (hemi)channel inhibitors are
anticipated to be equally applicable for the therapy of a
number of other inflammatory disorders in which
Panx1, Cx43 and Cx32 are known to be involved.
Such applications will be tested in follow-up initiatives
of PANACHE, thereby realizing its long-term vision.
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The Rise of Peptides and Peptidomimetics in
Drug Discovery and Development
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Prof. Steven Ballet
Head of Research Group of Organic
Chemistry (ORGC) at the Vrije
Universiteit Brussel

| = Research interests:

= L * Peptides and therapeutic molecules
i b ‘} ‘&z ° Peptides as functional materials
| ICHer®  © The synthesis of non-canonical

(especially constrained) amino acids
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Historical Background

e Advances in molecular pharmacology after World
War Il made it possible to express the biological
activity of a compound as quantifiable molecular
properties.

* Scientists began to manipulate various parts of the
molecules and observe the resulting changes in their
biological activities.

=> Structure-activity relationship (SAR) studies

* QOur repertoire of potential drug candidates has
expanded to larger modalities.

* mAbs, Nbs, etc.
e peptides

ORGANIC 3rd PANACHE WORKSHOP
: H, CHEMISTRY 10-10-2024 | 4
Y N \RESEARCH GROUP o]
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Historical Background
* Peptides can use natural pathways in

our bodies.

* Several peptide drugs are essentially

oy l-80 T “replacement therapies”.
ILETIN® =
SUSPENSION, US.P. T
NS ek o o * Peptides isolated from natural sources,
" 1)-g0 wi - . :
(EETINe such as insulin and adrenocorticotropic
= peptide (ACTH), provided life-saving
— medicines in the first half of the 20th
century.

GC| ORGANIC 3rd PANACHE WORKSHOP
- i CHEMISTRY 10-10-2024 | 5
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A Renaissance of Peptides as Therapeutics

Disadvantages

Peptides were not considered viable

Metabolic instability
therapeutic molecules.

Poor membrane permeability

More recently, a broader and more nuanced Poor oral bioavailability
appreciation of the potential of peptide

therapeutics has emerged. Poor solubility

Rapid clearance

Previous liabilities no longer problematic
because chemistry now exists to circumvent
most issues characteristic of peptides

‘i‘GC f : |LE\Ff\1il\“T(r’9\ 3rd PANACHE WORKSHOP
4 "“\RESEARCH GROUP 10-10-2024 | 6
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Advances in the Synthesis of Peptides

* Polypeptides were first chemically
synthesized in 1954 (Vincent du
Vigneaud), recognized with the Nobel
Prize in Chemistry a year later.

* Another leap forward was Bruce
Merrifield’s visionary idea to automate
peptide synthesis by assembling amino
acids on a ‘solid phase’, leading to the
invention in 1963 of solid-phase peptide

Bruce Merrifield

1921-2006 synthesis (SPPS)
=> Also recognized with the Nobel Prize
in Chemistry (1984).

@%:C; gggﬁgﬁy 3rd PANACHE WORKSHOP
N SRESEARCH GROUP 10-10-2024 | 7
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Current Status of Peptides as Therapeutics

© * Peptide drug candidates are now being generated against a very
HN
N o 4 OH wide range of molecular targets that reach beyond historically-
O~ '
\% %(/\HJ\V\ dominant extracellular hormone receptors.
~_NH HN__O
LS
N Yo HN ‘-.,,)'\NHZ * disrupt protein-protein interactions
S<g o  E.g., Keap1l—-Nrf2 protein—protein interaction
NH HN\(
o) * target cytokine receptors

* E.g.,JNJ-77242113 against IL-23 receptor

D/\ﬂ’ \)L \)t /\lfNH  inhibit intracellular targets
N

/E \C * E.g., KS-58 inhibitor of KRASE12C
) ~ |

INJ-77242113 So far, more than 80 peptide drugs have been approved in the
United States, Europe, and Japan.

G(i }jlkr T}El{m 3rd PANACHE WORKSHOP
““ “RESEARCH GROUP 10-10-2024 | 8
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Venomics

Timeline of Peptide Drug Discovery —

approaches

Flexizyme technology

‘Overcoming renal clearance

1922 1954 11963 Phage display
First medical Oxytocin | | Merrifield
use of insulin synthesis | | SPPS

Recombinant technology

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

1920

s AN

AN e A

[ 1950 1978 1980 1996 2002 2010
Corticotropin Calcitonin Oxytocin Glatiramer || Teriparatide || Liraglutide
1 I 1 I T
ACTH 1978 1982 Insulin || 1998 || 2003 2012
Desmopressin || (recombinant) || Eptifibatide || Enfuvirtide Linaclotide
] T i I
1983 1999 2004 2014
Cyclosporine || Ganirelix Ziconotide Dulaglutide
— I I
1985 2005 Insulin || 2017
Leuprolide detemir Semaglutide
I T |
D Human hormones 1088 2005 2017
[:I Nature derived Octreotide Exenatide Etelcalcetide
f I
D Medicinal chemistry/rational design me _ 2018
u Serendipitous discovery Romiplostim || Lutetium Lu 177
|:| o ) Ll ~ | DOTA-TATE
vercoming renal clearance 2000
L] Display technologies Ecallantide

#  CHEMISTRY
Ny SRESEARCH GROUP 10-10-2024 | 10
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Blockbuster
Peptides

Peptide Drugs Global Sales in 2020 (Million in unit $)

Name Company Sales (Million $) Indication
Tty Eli Lilly s056 | Type 2 diabetes, obesity
(Dulaglutide) ‘ .
Victoza (Liraglutide) = Novo Nordisk 3961 | Type 2 diabetes, obesity
Ozempic | | ;

(Semaglutide) Novo Nordisk | 3755 | Type 2 diabetes, obesity

Acromegal, diarrhea associated with

Sandost?tm Novartis 1439 metastatic carcinoid tumors and
(Octreotide) SRR S :
vasoactive intestinal peptide tumors
C ; g
. P Teva 1337 Multiple sclerosis
__{_Cﬂinramrﬂ:etate_)_ | - ] i et e
Forteo
i i -
(Teriparatide) Eli Lilly | 1046 | Osteoporosis
Zoladex
: AstraZeneca 888 Breast and prostate cancer
(Goserelm)_ | o
Lupron

. AbbVie 752 Breast and prostate cancer
(Leuprorelin) |

GC| ORGANIC
:\ 5 i CHEMISTRY © Huateng Pharma 3rd PANACHE WORKSHOP
i “~RESEARCH GROUP 10-10-2024 | 11
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Proportion of Peptide Therapeutics

Chelated peptides

Biologics 23% | conjugated peptides
11% '

Peptides 6% Cyclic peptides

Small molecules
83%

Linear peptides

GC| ORGANIC
i CHEMISTRY Drug Discovery Today, 2023, 28, 103464 3rd PANACHE WORKSHOP
\QESEARCH GROUP 10-10-2024 | 12



What are these like?

c Distribution of function d Therapeutic indications

Cardiovascular
indications

Antagonists

ihi Oncolo
Inhibitors gy Reproductive

medicine
Gastroenterology

4% - Osteology
Metabolic '

indications LAy — Miscellaneous
LV /0

(CNS, pain,
infections, etc.)

Agonists

Endocrinology — -

@%is?l ORGANIC Nature Reviews Drug Discovery, 2021, 20, 309-325 S PANACHE WORKSHOP
- H CHEMISTRY
b

"\RESEARCH GROUP 10-10-2024 | 13
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Peptides as Therapeutics

“sweet spot”

flat A “middle space” proteins
surfaces
2 )
-t% small mADbs
-8 molecules (Nbs, etc.)
8 ;? e
defined
pockets ] | I I >

0 0.1 1 10 100

molecular weight (kDa)

.r]aec ORGANIC
CHEMISTRY Angew. Chem. Int. Ed., 2024, 63, €202308251 3rd PANACHE WORKSHOP
i “RESEARCH GROUP 10-10-2024 | 14



* high oral bioavailability

* metabolic stability

* high numbers of biological targets
* small dimensions = cavities

* poor selectivity
* many side-effects
* high toxicity

‘m RGC| ORGANIC
H  CHEMISTRY
N s
Ho QL RESEARCH GROUP

high potency, large surface area

high selectivity

low toxicity

high chemical and biological diversity

poor membrane permeability
poor oral bioavailability and rapid
clearance

3rd PANACHE WORKSHOP
10-10-2024 | 15



Development of Peptide Therapeutics

ID of enzymatically New
cleavable sites peptide
ligands

ID of chemically 5
labile AAs -
ECs;
ID of essential AAs N ; Synthesis
' Selection ]
N SAR
Substitution

Focused
libraries

Peptide ' pja-scan
3D structure

Dvudgy Déscovary Tiday

: %GC SS(E’MAE'T%Y 3rd PANACHE WORKSHOP
"“~RESEARCH GROUP 10-10-2024 | 16
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Development of Peptide Therapeutics

__________________________

] Z e W
1 Primary cleavage site

for pancreatic ! * Inherent susceptibility of peptides
| peptidases (SIF) | . . .
2 e to enzymatic degradation in the

gastrointestinal tract is a key
bottleneck in oral peptide drug

H 0
8y L o b 3 M“‘\/”\NHE development.
%A“’N NH NS NH, NH, Y 8
0]

(@] @]
paminoacid  C_-methylaion  N_-methylation p-homoaminoacid  ® Chemical strategies exist to

overcome this problem.
H 0]
/b\”N,NJLNHZ
H

0
azapeptide N-to-C cyclization N-to-C dimerization

A selection of these is shown

GC| ORGANIC
m " © CHEMISTRY J- Med. Chem, 2022 65, 6191-6206 T oz

NI SRESEARCH GROUP 10-10-2024 | 17



Insulin-derived Peptides: AA substitutions & lipidation

b Insulin drug development

Green residues are crucial for receptor  Achain
binding, demonstrating why it is
difficult to develop a small-molecule
drug that can directly activate the
insulin receptor.

Analogue A chain B chain Approval
The purple residues and the table Porcine T30A 1966
. . . . o . . . . Bovine T8A, 110V T30A 1966
highlight point modifications in insulin T O TE i
Human 1982
drug analogues' == Lispro P28K, K29P 1996
== Aspart P28D 2000
ast-acting analogues on a blue background Glargins NELE AREah 2009
f g g g == Glulisine N3K, K29E 2004
Detemir K29K (C,, fatty acid) 2005
Degludec AT30, K29E (C,, fatty acid) 2015

‘m (.: ORGANIC 3rd PANACHE WORKSHOP
o b SN 10-10-2024 | 18
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Peptides vs. Peptidomimetics

Sequence composed of
proteinogenic amino acids
with limited ‘natural’
modifications/stabilizations

GCl ORGANIC
4 CHEMISTRY
"N " SRESEARCH GROUP

Peptides Peptidomimetics

= 5

" 8& /i\(o E !-""‘r-ln
L L
i

HN
HN 1OH ~
NH
o
e, O s /|
4 (o]
Phe ©/\D il
OBn

1
:
H
= | O
/ i
Lys Ser H
o
\Cys— Cys .
\
;
L}
1

(-D-glucose based somatostatin-

somatosiatin-14 14 peptidomimetic

1
HNY i HE=3

— E — N

o i
o | i

NH W iO NH. : . N NH;

o 2 '

© '
thyrotropin-releasing : O/’ cyclohexane TRH

i

1

hormone (TRH) peptidomimetic

@ Limited stability towards proteolysis 3 @ Higher stability towards proteolysis
® Rapid excretion, poor cell permeability i (¥J Better transport properties

1
(®) Interaction with multiple targets i (V) Selectivity against non target receptors

Chem. Soc. Rev., 2020, 49, 3262-3277

More extensive
modifications to alter
pharmacologic and
physicochemical profile

Use of a ‘scaffold’

3rd PANACHE WORKSHOP
10-10-2024 | 20
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{ E Peptides Y
natural peptide sequences derived from . W' -%
proteins and (non) ribosomal peptides i '

character Class A - modified peptides

peptides mainly formed by a-amino acids with
minor side chain or backbone alterations

More peptide

Class B - modified peptides / foldamers

peptides with various backbone and side
chain alterations also including foldamers

peptidic character

Class C - structural mimetics
small molecule-like scaffolds that project M
substituents in analogy to peptide side chains

Mmoo o e e o e Mmoo MM MR MR M MM MR MR M M M MM MM MM M MR M R W M M W o Mmoo M m o e omm oo o

Class D - mechanistic mimetics
molecules that mimic the mode of action of a
peptide without a direct link to its side chains - \ /

GC| ORGANIC
: 3 i CHEMISTRY Angew. Chem. Int. Ed., 2015, 54, 8896 — 8927 3rd PANACHE WORKSHOP
"I )Y RESEARCH GROUP 10-10-2024 | 21

More small
molecule character

small molecules




Development of e N %? 5 \)DL,Q {

Pro
“Arg-Pro-Gin— N H

Peptide Therapeutics | i e

brazman viper Bothrops jararaca

{ Shortpeptide scanning ] i “ short peptide
Alanine or D-a_minoacid ' scanning
scanning :
s ﬂ N *}”J“rg
Standard steps that are - E n i
. pharma- sealmiodificatdons ! modification
performed to develop peptide | | scommsmenne | | e
th t. Global restrictions i g?aul;g ( HS\)\HQ
erapeutics 5 o Hom , "
ﬂ i Captopril, first generation ACE inhibitor E HzN'-(LNH y N/!‘Ph
local : H
(b) Pure peptide development _3{ P J s ﬂmd'"“""" i R T T
(c) Development of 5 W Jﬁr? '
peptidomimetics H Eries

Zinc blndlng —

} 9w’ “coo-
. st i
Random screening of : ( H
compound collections ! L o] OH
! . Lisinopril o
i
1

Second generation ACE inhibitors

ORGANIC
@i i CHEMISTRY Chem. Soc. Rev., 2020, 49, 3262-3277 3rd PANACHE WORKSHOP
"\RESEARCH GROUP 10-10-2024 | 22
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MDM2-p53 interaction Stapled helical peptide
(1) P58 LSQETF|SDLWKLIL|PEN
SAH-p53-8 Q S QQ T|FIRN LIW|R L|LIS,ON /SAH*pSG-B
ATSP-7041 LTERGE YA Q _\._LSAA 7

(3) |

O O Cl
) N /"\NH
&

Nutlin-3a

by
-0
Change of secondary structure element Translation into small molecule

GC| ORGANIC 1. Int. J. Pept. Res. Ther. 2020, 26, 225-241
i H  CHEMISTRY 2. Frontiers Oncology, 2016, 6, 7. 3rd PANACll-(I)Elvgl(;g;(SH(;:
B “~RESEARCH GROUP 3. Lancet Oncology, 2012, 13, 1133-1140 -10-2024 |
| H
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Antimicrobial Peptides

OH

bacitracin

» Serendipitous discovery in 1945

e interfering with cell wall and peptidoglycan
synthesis in Gram negative bacteria

* used as a topical preparation, renotoxicity
when used systemically

©)

NH,
NH, 0
HN NMe
0° | NH ©
HN HN
N~ "OH
S l
X Z
| N |

zosurabalpin

Belongs to novel class of tethered
macrocyclic peptide (MCP) antibiotics

In clinical trials against highly drug-resistant
bacteria

Novel mechanism of action

1. PNAS USA, 2024, 121, e2315310121
2. Nature, 2024, 625, 566-571

3rd PANACHE WORKSHOP
10-10-2024 | 25
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Antineoplastic Peptides

carfilzomib

e Approved by the EMA as an orphan medicine
against multiple myeloma in 2008.

* inhibits proteasome-mediated proteolysis by
selectively binding to N-terminal threonine-
containing sites of the 20S proteasome in a
covalent and irreversible manner (“covalent
warhead”).

ZI

O o/
LD
N/\n/N\:)LN N
) : B

abarelix

Approved in 2005 in the EU.

Antagonist of gonadotropin-releasing hormone
antagonist

used in oncology to reduce testosterone
production in advanced prostate cancer patients.
Naphthyl group likely introduced to improve
affinity for the target receptor.

3rd PANACHE WORKSHOP

RGC L 1. Nat. Prod. Rep., 2013, 30, 600-604
W \RESEARCIHIGQOUP 2. Ther. Adv. Urol,, 2011, 3, 127-140 10-10-2024 | 26



Anti-KRAS Peptide KS-58

Ser ___10 A
non
HO
aF O\, 1!/\/\/\/
7\ S:O HN
/,LH

NH 0
/g
Asp

N 0

This Cys " )
. = o)
involved in both

EOT oeys N BAla
cyclizations "

[ |
BAla-Pro-Nle-Cys-Anon-Ser-41F-Asp-Pro-Trp-"Cys

I |

. ORG -"3\[\-ilc"'i
- Ig CHEMISTRY
N K‘RESEARCH GROUP

Scientific Reports, 2020, 10, 21671

KRAS is a critical protein in all cells but
is very frequently mutated in many
cancers, especially pancreatic cancer.

KS-58 is the first peptide that inhibits
the KRAS®2P anti-cancer activity in vivo

Asp? is critical for binding to KRAS¢12P
and the molecule’s activity but also
renders the molecule water soluble.

3rd PANACHE WORKSHOP
10-10-2024 | 27



Immunosuppressive Peptides

I

cyclosporine A

The unsaturated a-amino, B-hydroxy
acid MeBmt is a key structural feature
of cyclosporin A and many other natural
products.

@ln
N “RESEARCH GROUP

1.
2.

4

D)

(R )

L)

L)

voclosporin

Single-carbon extention o
ensures even more
potent inhibition of
calcineurin

Curr. Med. Chem., 2021, 28, 3925-3934

Isolated from a fungus in 1971

The immunosuppressive effect
determined in 1972

chemical structure determined in 1976

an immunosuppressant medication
taken orally or intravenously for
rheumatoid arthritis, psoriasis, Crohn's
disease, nephrotic syndrome, eczema,
and in organ transplants to prevent
rejection

Voclosporin is a novel agent approved in
2021 in for treating and managing lupus
nephritis.

Expert. Opin. Pharmacother., 2018, 19, 1613-1621



Immunosuppressive Peptides

Drug Discovery Today

GC| ORGANIC
] oreanc. Drug Discovery Today, 21, 5, 2016 3rd PANACHE WORKSHOP
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Antipruritic Peptides

NH2
o

N/\n/ \¢ /\n/ NH2

difelikefalin

e acts as a peripherally-restricted, highly
selective agonist of the k-opioid receptor

* approved for medical use in the USA in 2021

» Difelikefalin injection is in Phase lll trials for
the treatment of itching (pruritus) in patients
on hemodialysis

|.‘\

NH,

Sy

JT09

>33,400 fold selectivity for k-opioid receptor
over other opioid receptors

approximately as efficacious as morphine in
alleviating peripheral pain, without other
CNS-mediated side-effects associated with
morphine (addiction, sedation, dysphoria,
tolerance, addiction)

m Gﬁ = 1. The New England Journal of Medicine, 2020, 382, 222-232 3rd PANACHE WORKSHOP
\‘N

\RESEARCH GROUP 2. Eur. J. PharmaCOI., 2019, 856, 172396 10-10-2024 | 30



Imaging Agents

H ‘\ ’ss‘
:_NH @)
Sy =
O~ 'NH H H O H H @)
H2N/\/\\“‘Kn/ j)‘\ - j)‘\OH
O ‘e, ‘e,

Me OH Me OH

Lutathera

m N “RESEARCH GROUP

Lutathera marks first FDA Approval for a
Peptide Receptor Radionuclide Therapy
(PRRT).

Approved in 2018 for the treatment of
somatostatin receptor-positive
gastroenteropancreatic neuroendocrine
tumors.

After lutathera binds to the SSTR2
receptors, it is designed to enter into the
cell. It then kills the cancer cells through
the release of beta minus (B-) radiation.



2023
molecule of the year

oral macrocyclic peptide inhibitor of PCSK9

M K - o 61 6 Ph. I1I for hypercholesterolemia

from mRNA display + SBDD
A A MERCK, RAHWAY, NJ

%’

dru
hu%ter

ORGANIC
H  CHEMISTRY
“N "“\RESEARCH GROUP

MK-0616 is an orally available inhibitor of the
enzyme PCSK9 and is currently in Phase Il trials
for the treatment of high cholesterol and
atherosclerosis.

In Phase Il trials, reduction in LDL levels was
comparable to existing antibody therapies
(evolocumab).

“It is a truly innovative molecule which has proved the
potential of macrocyclic peptide[s] as oral drug[s] as well
as the prospective capability of mRNA display in drug

discovery.”
—Seong Heon Kim, Head of Drug Discovery at HyundaiPharm

3rd PANACHE WORKSHOP
10-10-2024 | 32



The Rise of Peptides

J.L. Lau, M.K. Dunn/ Bioorganic & Medicinal Chemistry 26 (2018) 2700-2707

Cumulative peptide approvals /

=== Peptides entering clinical study

0
o

~J
o

[=}]
(==

— Peptides entering clinical study: 5-year trailing average

Ul
o

Number of Peptides
I
]

/N

o [V (] [Tp) = L o [Fp]

(e 0] co (3] (o)} o o i —

a (5] ()] o)) o = o (o ]

— i =i — ~ ™~ ™~ ™~
Year
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Thank you for your attention.

‘m P:ANACHE

This project has received funding from the

European Union’s Horizon 2020 Future and

Emerging Technologies programme under
grant agreement number 858014
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Pannexin channels in cancer,
Inflammation and cell death

-
ostert | Schulich
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Penuela Lab — Pannexin Research

, Panx3 in osteoarthritis
Pannexins in fat and T and skin cancer

inflammation PENUEL? e

e
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o

Interacting connexins in skin
and skin cancer




Penuela, Sime

Panx1 Panx2 effie
% {3
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N-glycosylation . N-glycosylation (predicted) ‘ Caspase cleavage . S-nitrosylation ’ Phosphorylation ‘ Phosphorylation (predicted)
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Pannexins in different tissues and diseases

Ubiquitous
expression

Melanoma
Glioma
Rhabdomyosarcoma

Ischemia/Stroke
Epilepsy
Glaucoma
Overactive Bladder
Microbial Infection
HIV/AIDS
Migraine
MS/Encephalomyelitis
Hypertension
Crohn’s
Alzheimer’s
Diabetes

Brain Skin
Cerebellum Cartilage
Spinal Cord Bone

Gl tract Mammary Gland
Kidney Intestine
Testis

Eye

Skin

Liver

Muscle

Glioma
Ischemia/Stroke Osteoarthritis

Osteosarcoma

Penuela et al., Biochem. J., 2014



Pannexin 1 Channels

A Laird and Penuela Trends in (ﬁrﬁer 2021

Panx1 }:Mz’ | i\ . i ‘ 'l .. “"'




Physiological & Pathological Significance of Pannexinl

Ischemia Opens Neuronal Gap
natur e Junction Hemichannels

Pannexin 1 channels mediate ‘find-me’ signal release o) Thowpson, eing Zhou; Brises A, MacVicge*
and membrane permeability during apoptosis

Activation of Pannexin-1
Faraaz B. Chekeni, Michael R. Elliott, Joanna K. Sandiles, Scott F. Walk, Jason M. Kinchen, Hemichannels Augme nts Aberrant

Eduardo R. Lazarowski, Allison J. Armstrong, Silvia Penuela, Dale W. Laird, Guy S. Salvesen, Bursting in the Hippocampus
Brant E. Isakson, Douglas A. Bayliss & Kodi S. Ravichandran Q‘ AAAS

Roger J. Thompson,*+ Michael F. Jackson,® Michelle E. Olah,® Ravi L. Rungta,*
Dustin ). Hines,® Michael A. Beazely,” John F. MacDeonald,” Brian A. MacVicar't

nature,,
medicine

Pannexins in ischemia-induced neurodegeneration

Panagiotis Bargiotas™™*'?, Antje Krenz®*?, Sheriar G. Hormuzdi®?, Dirk A. Ridder”, Anne Herb™, Waleed Barakat”,
Silvia Penuela’, Jakob von Engelhardt®®, Hannah Monyer~**®, and Markus Schwaninger™®**

Activation of neuronal P2X7 receptor-pannexin-1
mediates death of enteric neurons during colitis

Brian D Gulbransen'-?, Mohammad Bashashati'~?, Simon A Hirota’-%, Xianyong Gui’, Jane A RobertsS,

Justin A MacDonald**¢, Daniel A Muruve®4, Derek M McKay??, Paul L Beck*?, Gary M Mawe®,
Roger | Thompson'? & Keith A Sharkey!~?




Pannexin 1 in cell death

Caspase 11
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Communicating through Panx1

., Nature 2010




Pannexin 1 in inflammation

I. Inflammasome activation & cytokine release

DAMPs/PAMPs K ATP

A

LK)

y

NLRP3
pro-caspasel

> pro-it-1p caspasel I-1p
pro-IL-18 IL-18

Macrophage

Endothelium

| . Leukocyte-endothelial adhesion

ATP T)adenosine

Lﬁfﬂ \

Q- Neutrophi

— CHEMOTAXIS —>

TNF-@ g ATP

| TNFR || Panx

NG,
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EMIGRATION

Ill. Macrophage maturation

Multinucieated
Macrophages ) e - giant cell
P s | FUS!O G

| IV. T-cell activation

Antigen-presenting cell

Rusiecka et al, 2022




PANX1 may regulate cytoskeletal organization
and metabolism

STeIT LT
eI
s3Il

Epidermis

1. Adapted from Laird D. and Penuela S.

Dermis



Pannexin 1 in Cancer

ONCOGENE

- Breast Cancer:

- Human Glic

et al. 2014)
> Melanoma al,2019;
Penuela et al,

Sed In tumours.

nocytic skin cancer

Laird and Penuela, Trends in Cancer 2021; Jiang and Penuela, BMC Cell Biology 2016



Cutaneous Melanoma Development

Melanoma

National Ca

Deadliest of &
(75% of deat

Limited treat

Increasing in in

Distal Organs

http://dyersburgskinandallergyclinic.com




PANX1 is Highly EX

elanoma Cell Lines

an et al. Cancers 2019
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131/4-5B1 Taylor Freeman
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PANX1 Channel Inhibitors

Probenecid

(Silverman et al., 2008,
(Ransford et. al., 200

Carbenc

(Barbe et. al., :
(Patel et. al., 2

Spironola

(Good et al, 2018)

(Dunaway et al, 2022) R —
Probenecid i

Tablets USP



CBX and PBN significantly reduce A375-
MAZ2 cell growth

-o- Control ] -o~ Control
-& CBX 100uM - PBN 1mM
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PANX1 channel blockers significantly
reduce A375-MA2 cell migration

100pM CBX - Vehicle 1mM PEN
control



shRNA knockdown of PANX1 reduces growth and
cellular migration of melanoma cells

A375-P SCR shRNA A375-P PANX1shRNA A375-P 2°0only

@8 A375-P
B A375-MA2
A375-P
159 -e- SCRshRNA
-8~ PANX1 shRNA

Cells/mL (x10°%)




Cell surface and intracellular PANX1 in melanoma cells

A375-MA2

A375-MA2
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A375-MA2 tumour growth is significantly reduced by
applying PANX1 channel blockers

Matrigel only Vehicle control

Tumour

Tumour

s
Chicken
embryo

Tumour Tumour

B

o

Tumour + Matrigel
Weight (mg)
o

Surface Area (x10* pixels)

Vehicle 100uM 1mM Vehicle
control CBX PBN control




A375-MA2 tumours are less attached and invasive when
treated with PANX1 channel blockers

Vehicle Control 100uM CBX
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IS Expressed at All Stages of Melanoma

PANX1
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Patient-derived xeno;

Primary
Patient-derived primary
melanoma cells

Distant

Patient-derived primary melanoma cells

Freeman et al. Cance

What Is the



..

Wnt signaling pathway in melanoma

a-associated Transcription Factor



e ..

Pannexinl interacts with B-catenin in human melanoma cells

Sayedyahossein et al., JBC 2021



C-terminal region of Pannexinl directly binds to N-
terminus of B-catenin

Coomassie

=
i

Normalized to input
=
M2

Coomassie
=
T

Ay, Zhigang Li (Dr. David Sacks’s Lab, NIH)

=
[

His-B-cat
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Knocking down Pannexinl decreases B-catenin levels

PANX1 levels

PANX1/GAPDH

Control shRNA PANX1shRNA
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Knocking down Pannexinl reduces growth and migration
of melanoma cells

Y
o
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PANX1shRNA
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Pannexinl reduction decreases B-catenin and MITF levels




Knocking down Pannexinl decreases Wnt signalling

B-catenin

Control shRNA

Merged

PANX1 shRNA
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PANX1-deficient melanoma cells have
Impaired mitochondrial metabolic activity

Rotenone/
Oligomycin Antimycin A
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Pannexinl in patient-derived melanoma cells




Pannexinl blockers alter B-catenin subcellular
localization

B-catenin
b-catenin_ 1 PANX1 B-catenin
B P

A375-P, A375-MA2, 131/4-5B1
Sayedyahossein et al., 2021
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Pannexinl modulates Wnt/B-catenin pathway




PANX1 in Melanoma and the Tumour Immune
Microenvironment

e PANX1 immunological functions:
e PANXI1 as a tumour promoter in vitro: o Inflammasome activation
o Highly expressed in melanoma o Release of pro-inflammatory
tumours cytokines
o Genetic/pharmacological Activation/migration of
PANX1-KO leukocytes

Reduced proliferation
- p. . o PANX1 and immune
s Reduced migration . _
infiltration of tumours?

Bl b
PRI
2137 =

Ramirez. Alamy stock photo,
2013.

Subramanian.
Targetted
Oncology, 2018.
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PANX1 channel function mediates

Inflammation

traumatic
Apoptosis

» Unknown role during inflammati
context of cancer




IL1 and purinergic signalling promote
Immunosuppressive activity




Immune cell infiltration of melanoma

T-REG

CD4+ CELL

SO S0

%‘v
§YELOID-
DERIVED

SUPPRESS
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(MDSC)



Panx1 global deletion does not hamper tumor
progression of the BrafV600E/Pten(del)
mouse melanoma model

Braf(V600E)/Pten(del)/Cre => BPC
Tamoxife

End
point

Days: O 7-10

3-4 weeks-old
mice

BPC-Panx1** BPC-Panxl-

i
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« Tumor growth rate was
higher in BPC-Panx1**
females

Total tumor volume

(env’)

[=] - ra w £
1 1 1

71— BPC-Panx1*/*
— BPC-Panx1™

0 10 20 30 40 50 60 70 80
Days after tumor induction

Relative normalized
expression (logs)

=
h ot = M A @
1 L 1 1 1

2
N
L

Paired t-tests p<0.05




A
Global deletion of Panx1 did not prevent primary melanoma

spread to lymph nodes and caused splenomegaly in tumor-
bearing female BPC-mice

Inguinal lymph nodes BPC-Panx1** BPC-Panx1"

N . ® BPC-Panxt*
= § - I P
e R TV | s y " : Two-way ANOVA
T 5 g i Genotype: ns
:."_ ! ' ¥ W R 4ie LLL ' Iz 3: ;
37 | TOTY |

Sex: * p=0.0036

Spleen weight index
{per body mass)

organs

itumor immune

anx1’ mice



Panx1-deficient mice had a significant increase in CD8
MRNA transcript expression in skin and tumors

Macrophages Natural killer cells

Tumor Microenvironment
Immune evasion B2 Anti-tumor immunity

(Cvtotoxic CD8+ T-ce\s

cD8

Relative normalized
expression (log,)
Relative normalized
expressicn tkogzl

- T-helper

T-regulator
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Modified from Laird & Penuela 2021

? Unknown PANX1 expression




—
Effector CD4+, CD8+ T-lymphocytes and Granzyme B+ cells are

significantly increased in BPC-Panx1/tumors

BPC-Panx1’ tumor

BPC-Panx1’ tumor AF488 only-Ctrl

Fluorescence

Granzyme B
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B
=
=
=
i

}
L
o

Merged + Brrightfield

% of cells Granzyme B otal/pm?

% CD4* T-cellsftotal fum®
A
% cD8* T-cells/total fum?

Wo et al Mol Oncol 2024



Pannexinl modulates Wnt/(-catenin pathway in
melanoma and can be targeted for cancer treatments

Braf(V600E)/Pten (del)
melanoma tumors
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S u m m ary Laird and Penuela Trends in Cancer 2021 Panx1 ('s,“

N-Glycosylation l.sr

B-catenin \y
Frizzled Receptor uum

PANX1 is highly exg
other cancers anc
slow growth, mi

Signaling e
interaction
Wnt signali

Knocking

PANX1 inte
cytoskeleton ¢
function indepe

Pharmacological in
tool in combination the
glioblastoma and other ce




- A L
Thank you!
Graduate students:
Stephanie Leighton
Carlijn van Kessel

Justin Tang
Rehanna Kaniji

Alumni:

Dr. Brooke O’Donnell

Dr. Rafael Sanchez-Pupo
Dr. Samar Sayedyahossein
Dr. Brent Wakefield -
Taylor Freeman :

N

v p

PV P Iy ~Pe

. K
=

: L o a2 L \
HEEY= G o

gtibedy i1

r

-
|

Research Assistant: T
Danielle Johnston I
Sl
Collaborators: it
Dr. Lina Dagnino 5

3 Dr. Matthew Hebb S ;
¥ Dr. John Ronald === * L ¥ A Cancer
DI (e, EIEAL EAe = = =t - = (’ , Research Society § CIHR
LatOS|nSky (,anawn\nsnturcsm 1

N
e,

ealth Research
| e ———— —
it

\ = MM nSERC 2

) = \Js cRsnG =

brain ,
foundation | e
OF CANADA

: Schulich

MEDICINE & DENTISTRY V » estern
UNIVERSITY - CANADA [ARAR

.=

T P phe SpSiy - .
Ry s 2
et - -

E‘"'AC,’ 1




/lé\\
YARY

JOHNS HOPKINS

BLOOMBERG SCHOOL
of PUBLIC HEALTH

:" frontiers
in Artificial Inteligence

The scAlnce of
drug development
and toxicology

slides Oy |0

https://share.zight.com/ %

4guGZq7G r
E .



CAAT as ‘lubricant’

Food for thought ...

Engagement of Scientists with the Public and
Policymakers to Promote Alternative Methods

Sonja von Aulock!, Francois Busquet?3, Paul Locke?, Kathrin Herrmann®3 and Thomas Hariung?4



2019: 350,000 registered
chemicals

~25,000 somewhat tested
US: 1,000 pre-marketing
notifications /a with minimal
data

US: 4,500 food additives
80% inadequate data

O:Tb

US: 6,7 million vaping
products submitted

6 Electronic Nicotine
Delivery Systems (ENDS)
admitted

Drugs and pesticides well-
Challenges for mixtures, assessed but need for front-
biologicals, cell therapies, loading / Green Toxicology
medical devices,
nanoparticles and micro-
plastics



Not different for
efficacy models

.'fllllliwr""mm

< %.?‘CARTOO’STOCK
g

. Search ID: jmp100628

“We thought you’d like to meet Reggie.
He's the rat who we experlmented on
to find a cure for you.’



The “best”
animal tests:

OECD guidelines
GLP

high-dose

ho disease model




Acute & topical tox

(six tests, 350-750 chemicals, Luechtefeld et al.,

2016)
81% reproducible; 69% sensitive

Carcinogenicity
(317 & 121 chemicals, Gray et al. 1995 &
Gottmann et al., 2001)

64 Cles
57% reproducible

Reproductive tox

(105 & 396 chemicals, Hurtt et al., 2003 &
Bailey et al., 2005)

60-74% inter-species

Repeat-dose tox
(310 & 37 chemicals, Wang & Gray, 2015)

68-80%. inter-species

Human side-effects pred. by rodents

(150 & 182 drug candidates, Olson et al. 2000 &
Monticelli et al., 2017)

43-48% sensitive

Animals
60-80%
predictive



:' frontiers | Frontiers in Drug Discovery

The (misleading) role of animal
models in drug development

Thomas Hartung'?*

Height Distribution by Gender

l 170cm cut-off

~ 90% of women below 1.70m Ta rget I n g
35% of all men below 1.70m lay audiences

77.7% accurate to find women

People in a million

Female Male

Males with "female height” I Females with “male height”


https://doi.org/10.3389/fddsv.2024.1355044

The problem of finding good drugs with limited accuracy of the (animal) tools

Finding 1 in 10,000, Finding 1 in 10,000, Finding 1 in 10,000,
90% accurate tests 80% accurate tests 70% accurate tests

Test 1: 90% probability not Test 1: 80% probability not Test 1: 70% probability not
to lose “The One” to lose “The One” to lose “The One”
1 good in 1000 remaining. 1 good in 2000 remaining. ~1 good in 3000 remaining.

) 2

Test 3: 27% probability that Test 4: 59% probability that  Test 6: 82% probability that
we lost “The One” we lost “The One” we lost “The One”
11 candidates remaining. 16 candidates remaining. 7 candidates remaining.

REVIEW articie

Frant. Drug Discov, This article s part of the Resesrch Topic

Sec. Technoiogies and Strategies to Enable Drug Dirug Ouscovery and Development Explaned’ Intro
Dacovery Aueioey Notes 1or the Ganergl Putie

Vakume 4 - 2024 | dol
103589 ddew 2024 1355024

The (misleading) role of animal models in drug development

Prosionaly Accepted

0 Thomas Hartung®



Several million Thousands in Plants
Chemicals in Libraries and Animals

High-throughput
screening

Target

Ve in vitro
Disease

MPS

Disease ,. . .
MIPS - woaes, (in Vivo)

!
MPS Toxicology (in ViVO)*

. & Clinical Studies
i” Biomarkers |

“In vivitros
with MPS, Al and biomarkers Market
as new kids on the block *not for biologicals, i.e., 50% of new drugs



Data: double every 18month
=90% in last three years

Computer: double every 24
months (Moore’s law)

Al: double every 3 months
since 2010

} frontiers
in Artificial Intelligence

VVVVV

KEYSTONE ¥ symposia am
Accoleroting Life Scence Discovery

Al in Biomedicine

1-3 May 2024 (virtual)

WORLD
Ec@?q OMIC 2023: Al-facilitated healthcare

FORUM 2024: LLM in science
o




Why Deep Learning?

DEEP LEARNING

OLDER LEARNING
—_ ALGORITHMS

Performance

Amount of data

How do data science techniques scale with amount of data?




Al has surpassed humans at a number of tasks and the rate at

which humans are being surpassed at new tasks is increasing Al su rpasses human

State-of-the-art Al performance on benchmarks, relative to human performance
performance, e.g.,

@ Language understanding @ Common sense completion =~ Grade school math @ Code generation a n n Otati n g

@ Handwriting recognition @ Speech recognition " Image recognition @ Reading comprehension

scientific papers

Human perfomance = 100%

BioGPT and human annotator have comparable
| performance in biomedical research test

Selected performances on PubMedQA, which tests biomedical language processing

N
i~

Accuracy

BioGPT-Large (Luo ef al. 2023)

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Human annotator (Jin ot al. 20139) T8.0% l
SOCY X o , g X i F iS=a oy g P = PR x L M S TP N “ BiolinkBERT (Yasunaga et al 2022) | 12.2% |
For each benchmark, the maximally performing baseline reported in the benchmark paper is taken as the “starting peint’, g Y
which is set at 0%. Human performance number is set at 100%. Handwriting recognition = MNIST, Language PubMedBERT (Gu ot al 2021) 55.8% |
understanding = GLUE, Image recognition = ImageNet, Reading comprehension = SQUAD 1.1, Reading comprehension = 0.0% 20.0% 40.0% 60.0% 80.0%  100.0%

SQuAD 2.0, Speech recognition = Switchboard, Grade school math = GSK8k, Common sense completion = HellaSwag,

Code generation = HumanEval

ContextualAl 1|ME



ind-2p o sy o2 Rt S 2022 DeepMind: AlphaZero

' u.t $ae

= Al plays better and dlfferen

T B 7 s




Plagiarism?
Bias

Data gaps
Black box
Hallucination

Autonomous Al

Productivity

Information
retrieval

Evidence
integration
of Big Data
Multi-modal

Toward xAl

Human-in-
loop



Big Data ToxAlcology

High-content (“omics
& imaging)

* High-throughput
(Robotized testing,
e.g., Tox21 & ToxCast)

* Sensors ;

* Literature, Internet Big Computer

* Legacy studies Al & Machine Learning

* Natural Language Processing
(Large Language Models)

Food for Thought ...

ToxAlcology - The Evolving Role of Artificial
Intelligence in Advancing Toxicology and
Modernizing Regulatory Science

Thomas Harnng!?

Archives of Taxdcology
hitpsi/dolo 1mm;4n 1666-2

-
REVIEW ARTICLE E B E

L= .
Artificial intelligence (Al)—it’s the end of the tox as we know it (and | a
feel fine)* E L

Nicole Kielnstreuer' - Thomas Hartung®*

i

Blg Sense

Data retrieval
Evidence integration
(systematic reviews,
risk assessments)
Predictive toxicology
Digital pathology
Reporting

Artificial intelligence as the new
frontier in chemical risk
assessment

Thomas Hartung***

& frontiers | Front




9?% of ChatGPT users

-

Y
1% of ChatGPT users

“40% more factually
correct”

¢

ChatGPT 3.5

Provisional Peer-Reviewed Toxicity Values for

~ il
DI
p-lgaprapylpeluen: I e -2 | 0.1% of ChatGPT users
(CAS -8 /-0)
‘ CHATGPT
ey <@V | e
Center for Public Health and Environmental Assessment = g S e s S
52 = Four weeks' inhalation exposure of rats to p-cymene
Office of Research and Developmenl affects regional and synaptosomal neurochemistry
U.S. Environmental Protection Agency
Cincinnati, OH 45268 Gi

/N perplexity

., fo i ANTHROPIC [
’UEni'gEés _ 18 months . -Q:O)s ssessmEE CLAUDE 2 -
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ACCEPTED MANUSCRIPT

Machine learning of toxicological big data enables
read-across structure activity relationships
(RASAR) outperforming animal test reproducibility
Thomas Luechtefeld, Dan Marsh, Craig Rowlands, Thomas Hartung &=

Toxicological Sciences, kfy152, https://doi.org/10.1093/toxsci/kfy152
Published: 11 July 2018 E

https://sfmagazine.com/technotes/february-2019-wipo-u-s-
and-china-lead-the-world-in-ai-innovation/

2018 9 most common toxicity tests
10 million structures 190,000 chemical’s hazard

600,000 with data cross-validation: 87% correct



AnImal

Replacement

Tom Luechtefeld

2020: Human Skin Sensitization
Al predicted 506 chemicals 80% correctly
Animal 74% correct

2022: Nine most used animal
tests predicted by Al

Al predicted 4700+ food
chemicals 83% correctly in 1h
= 38,000 animal studies at
$250+ million

2023: Systemic toxicities

Al predicted 75% cancer risk
of 950 chemicals and 82%
reproductive tox of 1152
chemicals correctly



£OET

Liver, kidney and
developing brain

Copilot for safety sciences




D S e e e e

PN PR PR P i i P N

integrates chembl, pubchem, ctdbase etc.:
200 million triplets of
substance/property/result

biobricks-ai/
bricktools

DATA

Internet



Can we make a better similarity metric?

Structural similarity

(e.g., Morgan fingerprints)

Biological similarity

Test run:

Adding biological
similarity
increased
accuracy by ~10%




D ATA AOP networks

Biological &
physiological maps

l From perturbation of physiology

Probability of hazard

From chemical structure and properties



The problem

non-toxic




“Probability is the very guide of life.”

ALTEX 2022 Cicero (106 — 43 B.C.)

Food for Thought ...
Probabilistic Risk Assessment — the Keystone for

the Future of Toxicology

Alexandra Maertens’, Emily Golden’, Thomas H. Luechtefeld’?, Sebastian Hoffmann'?,
Katya Tsaioun’ and Thomas Hartung'*

w 4 I transatlantic
Sl i ey . o think tank for
“ine rrowawie ruture of Toxicology - Probabilistic toxicology

Risk Assessment

Alexandra Maertens!, Eric Antignac?, Emilio Benfenatid, Denise Blochd, Ellen Fritsches, Sebastian Hoffmanns,
Joanna Jaworska’?, George Loizou?, Kevin McNallyS, Przemyslaw Piechotal, Erwin L. Roggen®, Marc Teunis'? and

Thomas Hartung!.!!

3 Workshops 2022, 2023
& 2024 in Ranco, Italy




ProbRA only becomes
beautiful through Al

...\_;4



Call for a Human Of |::_1 1. Exposure-driven
oy . X : 2. Technology-enabled
Exposome Project [y

3. Evidence-integrated

Future Directions Workshop:
Advancing the Next Scientific Revolution in Toxicology

April 28-29, 2022
Arlington, VA

Food for Thought ... ALTEX 2023
A Call for a Human Exposome Project , FiEt!

I
W
Thomas Hartung!.? =] E40




Exposome & A.l.
= E.l. (Exposome
Intelligence)

EXP()
, CI.f A . JE

1

. metabolites ﬁn\n fy

Review
Metabolomics in Preclinical Drug Safety Assessment: Current
Status and Future Trends

Fenna Sillé ! and Thomas Hartung '*

https://doi.org/10.3390/metabo14020098




Human EXPOSOME Moonshot

Washington, DC
12-16 May 2025

o 4 -,3 . & .’ 1 L
oo VRN R
: ‘"-': A wf’ﬁifnp't :

o r
Fenna Sillé




Join the
Human
Exposome
Moonshot!

Food for Thought ...

The Implementation Moonshot Project
for Alternative Chemical Testing (IMPACT)
toward a Human Exposome Project

Fenna C. M. Siile!, Francois Busquet?, Suzie Fitzpatrick3, Kathrin Herrmann!, Lisa Leenhouts-Martin?,
Thomas Luechtefeld! s, Alexandra Maertens!, Gary W. Miller®, Lena Smirnova!, Karva Tsaioun! and Thomas

Hartung!.7.8



* Integrate Disruptive Technologies
with Existing Knowledge

* Accelerate Product Development

 Optimize Prevention and
democratize Healthcare Access

Al, MPS, ~“omics, sensors....
Human Exposome

(=] =]

Slides available:

https://share.zight.com/4guGZq7G
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QSAR modeling for the prediction of
pharmacokinetics and bioactivities of

therapeutic peptides

Presenter: Carmen Ortiz Gonzalez
31 PANACHE Workshop

7th October 2024

PANACHE

'Y t MOLDRU D
9 ProtoQSAR e AlSystems - >




T Vnsilico drug discovery

In silico

methods for hit
identification Properties attributed to peptides:

ADMET* Structure
prediction determination
High degradation rate
Types of
candidates Reduction of toxic metabolites

release

High specificity and activity

44

Small molecules Peptides

Reused by human body

*(Adsorption, Distribution, Metabolism, Excretion, Toxicity)



Initial dataset

QSAR models Compound virtual
development screening
~
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Candidates
selection

QSAR model generation worflow

Statistical models for predicting
unknown molecular physico-
chemical or biological parameter

Model training with known data

Virtual screening with datasets of
chemical structures

Selection of best candidates



Java-based software for
calculation of descriptors for
peptides

User-friendly Graphical User
Interface

Parallelized processed

PeptiDesCal...

PeptiDesCal... = J5

Fls Run Help Hie 8x Help
BoSON REO.
Jm] Generahzaton Scheme ] " ,] ]

(] Amphiphiic PSeAAC Descriptors Nerms 5
(] sum | Minkoveski Distance N3

2k sastat DeciNGES [ Euxclidean Distance

|| Aming acid Compasition
Means

[_| Dipeptde Compositon

[ Tripeptide Composition

|_| Composition Transition Distribution
|__ Conjoint Triad Descriptors

| Geary Autocorrelation

I Moran Aurocorrelation

|| Moreau-Broto Autocor relation

[l Global Peptide Descriptors

| Quasr-sequence Order Descriptors

SelectAll

0%

| Arithmenic Mean
| Geometric Mean

L Variance

.| Standard Deviation
| Vaniation Coefficient
(] Percentile 25

(] Percantile 75
J1s0

Classical Algorithms

L_J potencial Mean 2
L Porential Mean 3

LI Kurtosis
L] Skewness
] Minimum
) Maximum
] Range

| Moreau-Broto Autocorrelation _| Moran Autocorrelation

| Geary Autocorrelation

0%

Barigye, S. J., Gémez-Ganau, S., Serrano-Candelas, E., & Gozalbes, R. (2021). PeptiDesCalculator: software for
computation of peptide descriptors. Definition, implementation and case studies for 9 bioactivity endpoints. Proteins:

Structure, Function, and Bioinformatics, 89(2), 174-184.
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Mathew’s

Non- e s g s :
Property L Accuracy Sensitivity Specificity correlation
inhibitors Faf
coefficient
Hepatitis C
inhibition 182 225 0.79 0.81 0.78 0.75 0.59
Anti-breast
cancer 75 165 0.79 0.65 0.86 0.7 0.52
Anti-skin
cancer 39 149 0.86 0.66 0.91 0.66 0.57
Anti-colon
cancer 47 180 0.78 0.61 0.85 0.57 0.44
C. albicans
activity 120 661 0.69 0.75 0.59 0.71 0.35
inhibition
P. aeruginosa
activity 505 385 0.78 0.81 0.75 0.8 0.56
inhibition
Listeria
activity 39 149 0.82 0.84 0.75 0.88 0.58
inhibition
HIV inhibition 261 270 0.79 0.77 0.81 0.81 0.58

Barigye, S. J., Gémez-Ganau, S., Serrano-Candelas, E., & Gozalbes, R. (2021). PeptiDesCalculator: software for computation of peptide descriptors. Definition, implementation and case studies for 9 bioactivity
endpoints. Proteins: Structure, Function, and Bioinformatics, 89(2), 174-184.



. Peptides present properties that makes them optimal therapeutic

candidates

. PeptiDesCalculator allows users to calculate specific descriptors

for peptides

. QSARs of peptides performed with PeptiDesCalculator have

demonstrated their robustness and reliability
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Th - k' NANOBODY-BASED PANX1 CHANNEL INHIBITORS REDUCE INFLAMMATION
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‘Physiological’ conditions

Panx1 channels closed

‘Pathological’ conditions

Panx1 channels opened
A
& o ‘g

o A Paracrine signaling

!

@)

&

A ©O

(OJN
A

&

A

Intracellular space

’A Inflammation
O

O
Cell death
A

> D‘E%’D

O A

=

Extracellular space

Nucleus

Panx1 protein
EL1 EL2

Panx1 protein

Maes M. et al. (2017) Arch Toxicol. 91:2245-2261 | 2



INTRODUCTION

PROJECT RATIONALE

Inflammation + cell death

N
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Liver disease

-
\

Acute liver injury

Chronic liver disease




Acute liver injury

INTRODUCTION

PROJECT RATIONALE
S Liver disease /

\

Chronic liver disease

Panx1 channel
inhibitors

Lack of specificity
Lack of potency
Lack of stability

VRIJE
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Novel Panx1 channel inhibitors
Peptidomimetics Nanobodies Natural
compounds



DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

NANOBODY GENERATION AND IN VITRO CHARACTERIZATION

Fv -

Fc - [

Conventional antibody
(Human)
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-Fab

B —

\_'_J

H
Nanobody |cH2 | || cH2 |

|cH3 || || cH3 |

—J

Heavy-chain-only antibody
(Camelids)

Van Campenhout R. et al. (2021) Biomolecules. 11:63 | 5



DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

NANOBODY GENERATION AND IN VITRO CHARACTERIZATION

Conventional antibody
(Human)
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H
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Heavy-chain-only antibody
(Camelids)
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Van Campenhout R. et al. (2021) Biomolecules. 11:63 | 6
Schiellerup, O. (2024) BioRender.



DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

DUBCA WT DUBCA mPanx1 DUBCA hPanx1
1 |
Nb1 = % - ‘
i = = = |
Nb3 ; ; 5
Nb9 g § § "
Non-targeting Nb & & &
NO Nb j
o\ T Rl . ;i%,, i w
Alexa Fluor 488 Rlexer Eliardiis
mPanx1 hPanx1
150+ 150+ Nb1
Nb3
Nb9

8

Binding percentage (%)
g

Binding percentage (%)
3

1004, --===omemm= -

o
o

o 4

200 400 600 200 400 600
Concentration (nM) Concentration (nM)

o

Panx1l nanobodies show cross-reactive binding to murine and human Panx1
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DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

Panx1 channel blockers Nb1 Nb3
g 150+ §~ 1501 ;\: 150+
.} K] »
g [ 2 s
2 100+ 2 2 100+
o p=0.0004 o p=0.0299
= =
& & g
° '3 p<0.0001
E 2 2 507
4 © ©
E E E
S S S
z z z
& & S &
RN NN
90 O §F S
S ISR
& o

n

=3

o
3

Normalised ATP levels (%)

Panx1l nanobodies block Panx1l channel activity in vitro
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DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

Panx1 channel blockers Nb1 Nb3
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Panx1l nanobodies block Panx1 channel activity in vitro Panxl1l nanobodies show anti-inflammatory effects in vitro
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DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

THE IN VIVO TESTING OF PANX1 NANOBODIES

CYP2E1 Panx1 NLRP3
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Panx1l nanobodies affect NLRP3 inflammasome components
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DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1

@
oy
i =
LZML0
~E W

Examination of liver tissue

AFg
G 1
>.A-..

=
=
L
—
=)

l

—m
TOXRA

p=0.0046 ns ns

A .

p=0.0011

b= o

®

=1
NXNOAI RO

C

s .'_o.
Ar

= ol |
-t
Suzuki score

(2]
-
r4
£
2

q -'lé’

g4 g
Z= o
s X
A3
Q. =TION!
N

L

Fass Li&a_qo B 0 0-
Mi

Fractalkine | «0 Qvg » Q‘o‘b

IL-12 p40/p70 ‘. S
st | ﬁ ¥
|L-12'§)70
MIP-1;

Panx1l nanobodies reduced expression levels of serum cytokines and liver damage following APAP overdosing
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DEVELOPMENT AND CHARACTERIZATION OF NANOBODIES DIRECTED AGAINST PANX1
CONCLUSION AND FUTURE PERSPECTIVES

« As demonstrated for the case of acute liver injury, the Panx1
nanobodies hold great promise as anti-inflammatory agents

« Explore Panx1l nanobodies as treatment of other acute/chronic
inflammatory (hepatic) diseases

VRIJE
UNIVERSITEIT 5
BRUSSEL | 1
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A new stable Panx1 peptidomimetic for the prevention of
myocardial iIschemia/reperfusion injury

October 7th 2024



Inhibiting Panx1 channels in ischemic heart disease

Ischemia/Reperfusion

(I/R) injury

NLRP3
inflammasome
activation

Leukocyte
adhesion

ATP

ATP

ATP

ATP

Panx1

= 10panx1: Panx1l mimetic peptide

Helical sequence: WRQAAFVDSYCWA
°Panx1 sequence: WRQAAFVDSY

EL1 EL2
a-helix
Ch)CﬁXh)C DG Xﬁﬁxﬁxf])
&(gxufl)c"_!x > Xjf’x!f'x%g)

N-terminal tail CL C-terminal tail

Low stability in plasma




PANACHE?

10Panx1

\OJRGC i R Z~'~f

Stapled °Panx1 analogs for the treatment of W& ...

Ischemic heart disease

» Solid-phase peptide synthesis

Panx1a-helix

n=3or4,
Stapled °Panx1 analogs

Lamouroux A, unpublished data

SBL-PX1-42

In vitro:

v Efficient Panx1 channel inhibition in endothelial cells (ECS)

v Specific (no inhibition in Panx1-deficient cardiomyocyte-like cells)
v" Reduced monocyte adhesion to ECs

v" Not cytotoxic

v' >30 fold more stable (t;,= 66.13 * 0.52 min)

Lamouroux A, Tournier M et al. J. Med. Chem. 2023

EX vivo:

v" No effects on cardiac function === no cardiotoxicity



100+

6097 ~-L -

A (%)

SBL-PX1-42 decreases infarct area
24h after myocardial I/R in WT mice

W

IA: infarct area

Pbn: 2.5mM
SBL-PX1-42: 90uM

o
% \;?
o\

L

Mice (%)

100+

a
o
" I

Il 50% - 90% IA
1 10% - 50% 1A


https://www.cardioprotection.eu/

SBL-PX1-42 does not affect infarct area
24h after myocardial I/R in Panx1’-mice

IA: infarct area

Pbn: 2.5mM
SBL-PX1-42: 90uM



Conclusions

= SBL-PX1-42 is a promising stable Panx1 peptidomimetic to protect against myocardial I/R
injury.

=) SBL-PX1-42 displays cardioprotective effects 24h after myocardial I/R.
(reduction of infarct size in 70% of the WT mice)

=) The cardioprotective effects of SBL-PX1-42 are dependent of Panx1 channels.
(absence of effects in Panx1”/- mice)

=) The cardioprotective effects of SBL-PX1-42 could be linked to a decrease of leukocyte infiltration to the
injured area.
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Introduction: Herbal ingredients as potential Panx1 channel inhibitors

A
A o G Paracrine signaling

A v
Inflammation
Cell death

o ﬁ Novel Panx1 channel inhibitors
O O A o A 0)
o
ca G . . & *‘ ?

7N/ YN/ 4
Peptidomimetics Nanobodies Herbal ingredients
Intracellular space

Structural diversity

* Intrinsic bioactivity
Extracellular space . Antiinflammatory
properties
‘Physiological’ conditions ‘Pathologlca_l’ conditions
channels closed channels opened

Panx1: Pannexin 1



Introduction: The Silymarin complex and its major components

OH
O ..ﬂl
Flavonoids ﬁ @oj\(joc"'s
OH

Silibinin (60% to 70%)

\/ OCH?

Anti-inflammatory properties @) s
NF-kB OH
Nrf2 : Silychristin (20%)
NRLP3 inflammasome

NF-kB; Nuclear factor kappa, Nrf2: nuclear factor erythroid 2—related factor 2, NRLP3: Nod-like receptor pyrin domain-containing 3



Objective and experimental setup

To in vitro and in silico evaluate the potential Panx1 channel inhibitory activity of the Silymarin complex and its major
components (silibinin, silychristin and silydianin)

In vitro In silico

Panx1
channel

NLRP3

Panx1 protein .
inflammasome

expression
levels

. Molecular
Docking

inhibitory
activity

dynamic

inhibitory simulation

activity

scores

ATP release assay Immunoblotting IL-1B ELISA assay
+ DUBCA hPanx1 cell line * THP-1 cell line LDH leakage assay
» C6 cell line * THP-1 cell line

« THP-1 cell line

ATP: Adenosine triphosphate, ELISA: Enzyme linked immunosorbent assay, IL-13: Interleukin- 3, LDH: Lactate dehydrogenase, NRLP3: Nod-like receptor pyrin domain-containing 3, Panx1: Pannexin 1
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18B-GA: 18B-glycyrrhetinic acid, ATP: Adenosine triphosphate, CBX: Carbenoxolone, Panx1: Pannexin1

4, n=4) ); **** p-value<0.0001 ; *** p-value<0.001; ** p-value<0.01; * p-value<0.05; ns: not significant

Data are expressed as mean+SD (N
All conditions contain 1% DMSO



Panx1 protein expression levels: Immunoblotting

THP-1 monocytes-derived macrophages: 2 hours exposure to Panx1 channel inhibitory concentrations of silibinin, silychristin, and silydianin

Data are expressed as mean+SD (N=3, n=1)
All conditions contain 0.1% DMSO
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NLRP3 inflammasome inhibitory activity
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Data are expressed as meanzSD (N=3, n=4) ); **** p-value<0.0001 ; *** p-value<0.001; ** p-value<0.01; * p-value<0.05; ns: not significant  18B-GA: 18B-glycyrrhetinic acid, CBX: Carbenoxolone, CC+: 10% cytotoxic concentration, DMSO:
All conditions contain 0.1% DMSO Dimethyl sulfoxide, IL-1f: Interleukin- 3, LDH: Lactate dehydrogenase LPS: Lipopolysaccharides



In silico studies: Docking scores and molecular dynamic simulation
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183-GA: 18B-glycyrrhetinic acid, CBX: Carbenoxolone, GLN 56: Glycine 56, ILE 60: Isoleucine 60, TRP 74: Tryptophan 74



Conclusions

The current in vitro and in silico studies provide substantial evidence for the Panx1 channel
inhibitory properties of silibinin, silychristin, and silydianin and suggest a novel alternative anti-inflammatory
mechanism of these compounds based on the inhibition of Panx1 channel activity.
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Adverse Outcome Pathway (AOP)

Manuscript in preparation: Ortega-Vallbona, R., et al. “DockTox: Targeting
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Protein preparation workflow

. Prepare aligned . Calculate
*Superpose protein structures -Sglect protein structyre interactions
structures 2 . with the best resolution 4 ~
*Use protein chains as *Clean structure and
reference *Separate protein and add Hs *Add Hs to ligands
ligand «Energy minimization *Merge each ligand with
*Docking box of selected protein
individual structure structure
1 *Save information of 3 *Calculate interactions
® Align structures reference structures ® | Add Hs to protein profile
Individual reference structures
PPARa: 6KB4 PPARa3: 5SHYK PPARa5: 6KAY
(7% (572 3
e g A %
T rds e ¢ AR ¢ ¢
: ,-\;fmb PPARG2:3VIE L (P PPAR4: 2P54 PPARa6: TKKQ
LS (-\;\% & S = S < )
Ly 2 g !}5{.‘)‘ ( TR 42 ¢ g ‘fg‘i«p‘ (
LR SEFR? e
% \.’) Qg \_’,’ S \3’

Manuscript in preparation: Ortega-Vallboné, R., et al. “DockTox: Targeting
Molecular Initiating Events in Organ Toxicity through Molecular Docking.” PANACHE workshop 2024

*Consensus docking
grid

*Consensus list of
interactions

*Prepared reference
protein structure

5 o Create consensus
set




Interaction fraction

Interactions of reference ligands with PPARa
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DockTox workflow
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Proteins in DockTox
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Cold exposure rejuvenates the
metabolic phenotype of Panx1-- mice
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Panx1 and metabolic regulation

ASC differentiation
) Increased fat mass

and fat accumulation .
/ (Lee VR et al. Sci. Rep. 2018)

Membrane

(Adamson SE et al. Mol. Metab. 2015) \
(Lee VR et al. Sci. Rep. 2018)

Panx1 channel

ATP, ions, small metabolites

1

B3-dependent thermogenic response

(Senthivinayagam S et al. Mol. Metab. 2021)



Is Panx1 involved in the beneficial metabolic effects
of cold exposure?

Methods:
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Cold exposure preserves the metabolic phenotype
of Panx1-/- mice
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Cold-induced adipose tissue browning is
independent of Ucp1
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Conclusions

Panx1 plays a role in the regulation of adipose tissue and energy metabolism.

The white adipose tissue of cold-exposed Panx7-- mice displays alterations in adipocyte
morphology and function.

Panx1- mice fail to express the key thermogenic marker Ucp1, indicating Ucp1-
independent thermogenesis.
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