PerMediNA

Personalized Medicine in North Africa

Ja0 aecil
imisinas
neam e
1l 11 11d
mm ang~”

imewemll __

Personalized Medicine in North
Africa: PerMediNA

Yosr Hamdi, PhD

On behalf of PerMediNA Consortium

yosr.hamdi@pasteur.utm.tn

2nd EU- Africa PerMed Stakeholder Workshop — Cape Town, South Africa, February 2023

A~} [ 95 serawly Agso
‘*ﬁ Institut Paie PR @\ NETW Rk
T Ul e bednd Prbra b Teots TWORK

Institut Pasteur
du Maroc



N N

] X N

M =it o

' T L X,

122051 PerMediNA
=:. ® = g Personalized Medicine in North Africa
B==l:

T

SRR .

BCNCREN 0 s 2

)
5
et

it

Morocco Algeria Tunisia ’



=1 N N |
| = gt

rossroad of civilizati izeirPerMediNA

P ES @ -

Grandes invasions

Empire romain
100 - 500 ap. J.-C.

1 .
ATLANTIC | £ o
OCEAN

f
A
L
\
v
SIS
S

At TURKEY T
. Al ’AunuS" f,' T

A S é . = @, eI

TAIN I 5. : svRiA } 9

MOROCCO UN ;) IRAQ 2
wol ({UNISIA LEBANON- 2 7,50 A0 g AN K
rian "’yo‘o- e c* ‘

"o,

hs D e 4 :
"\o Y ; ) v ~ Vo .
3 ¥ 5 %“J‘W"‘ >\ SN ) Empire

\ ' s ORDAN N Y R -

ALGERIA | ogessin | gl Ny o= @‘1“’"1‘- o i : C - |
= | .l o romain onstantinople
— \\ ) LIBYA ‘ ' SAUDI b 7 VY \OMAN o *

‘ N ( Desert EGVPT ‘ BAHRAIN-- @ | 1 .
So\ ‘ &1 ¢ ‘
| \\ s AOOM‘ G 4 R, A LR s d'Occident Firn:
R e A ) F Y N arasian ~ mpire
| ) : 4 15 TR e ] .
| ‘ \ MZL'L‘E‘Z%, g - T WWPENINSULA romain.
| A \ o] B .
‘ / EMP 1 » =
1 | 2| N \ d'Orient
- — / ‘ / ; YEMEN
ea
.J". \ { | y e
! Angles, Saxons
A~ ‘t \7_) \),\ N~ = ‘\ G ] /:J NN culf® aden X ?;')ECI%?\I) & F g ?
Yl =t | £ yandales Carthage e rrancs
\ i W 1N 20 fe X AN 5 N ) \ Elevation s (5 OthS
b 1 \ ‘ l,, L / '.f / ;‘,J T U \. fee s
0 G I s [ [ el h _,x e s Wisigoths
bl IV e o ) s ps X ™ T ot b Ostrogoths
“‘\}‘ N (N A p 4 1 1,000/ 305 i
0 200 400 Mios Bk ¢ }. SXZ 2y N W& S it "j,,"'.’ Below [ Below — Vandales
0 200 400 Kioeneters \\l f ? !‘. AN .,s“‘w,l Sea level

History Culture Genetic Background



Population-scale
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the future of
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What we hope to gain from
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PerMediNA
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Main Goal 1:;:5 rPerMedil

Assessing the readiness level of Precision Medicine

implementation in the North African region



Specific Aims =i PerMedinNA
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o o Precision Oncology Pilot

Situation Analysis, inventory of

| Project:
existing Precision Medicine 500 WES. 500 WTS
means ’
Training, Dissemination Roadmap and recommendations

and Communication for health authorities
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Identification of Literature Existing Infrastructure, Ethical and Patients

all stakeholders | reyiew on PM | OMICS Data biobanks regulatory support groups

and their needs in NA registries... ecosystem
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Data collection strategy

e

\’
Public databases Surveys
Data curation (>100)

(>10 000 papers)

o &

Focus Groups Interviews with
Experts
(30)
(150)
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Tunisia: Overview on HS

e
T
1-
-
1
1)
e

11,94 M1163.610 Km2

Total population

1954

Public hospitals

¢ Medical Oncology
centres

6 ( 2private)
~ Medical

Genetics

102

Private hospitals

>3000

Primary Healthcare
centres 12
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Stakeholders Mapping

Stakeholder Categories

Global policy makers
Regional policy makers
Public Policy Mational policy makers

Community Healthcare facilities
Biomedical service providers
Health insurers
Cormmunities

Population groups

Organisational

Interpersonal Educators
Funders (African/International)

Individual
Members of the public
Patients
Patients’ family, friends
Clinicians, counselors
Care providers
Researchers

13
Source: Stakeholder Mapping Report by EU-Africa PerMed Project.pdf
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Stakeholders mapping

Stakeholders mapping in Tunisia

Uigi ygiawly £ CENTRE DE
BIOTECHNOLOGIE
B3 Pt b Teats eSS E SFAX
1- Innovation enablers/health research organizations .

2- Research and innovation funders Répubique Turisenne

Ministére de I'Enseignement Supérieur,
de la Recherche Scientifique

( Caisse Nationale d'Assurance Maladie
LCN el uabil gl il H

REPUBLIQUE TUNISIENNE
MINISTERE DE LA SANTE

LNE&J g”@ World Health
memimaeis NSO Organization
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3- Health system policymakers

jonale de IEvaluation
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4- Healthcare providers
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- Industry and private businesses

6- Civil society organizations

L
. . COMITE .*,HNP.@P
7- Ethical committees D'ETHIQUE e e
BIOMEDICALE
- Institut Pasteur de Tunis

8- Regulatory bodies 14



. A national Program in Tunisia started in 2020

. A real-time, patient-centered records that make

iInformation instantly and securely available to

g

] Radiology
authorized users. reparts

. Currently tested in some health care institutions (N= 80).
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Clinicians Medical History

Electronic health
record Medications
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Lab Test results Vital Signs
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National Data Centers

» Phenotypic Data
Epidemiology

Clinical

Phenotypic
Histological

etc

» Genotypic Data
GWAS

WES

Gene Panels

Other genetic data

« Ongoing
WGS...

> Environment

16



Research Projects &Training ‘53=5‘- PerMed
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GENOMEDIKA > H3Africa/H3ABIONET > PHINDaccess > Genome Tunisia > SEED> PerMediNA

2010 2013 2016 2019 2019 2022
Hackathon-COVID19 PhindAccess Hackathon- Precision Medicine Portal African Genomics Medicine Training
H3ABioNet Course for nurses (AGMT) H3ABioNet

PHIND ®-
ac C €SS Hackathon

Study of genetic susceptibullty
to COVID-19 and o
SARS-CoV-2 human
host-pathogen interactions

NGS Bioinformatics
training series PhindAccess

www.phindaccess.org

September, 1-9, 2020
i} Instltut PasteurdeTums A8
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Training on ethical and Regulation

Formations

chu Comite o Ethigue Blomeci cale
de Linatitunt Pastecr de Tiris

Fondamentaux de la Bioethique
en Recherche Médicale

24- 2% octolve 2022

Préparation d'une saisine
pour e comitée d'Ethique Biomedicale

13-14 cecemire 2022

WISCARNIONS O Pl tardd
(e 20 octobre 2022
SUr wuswoasteurin

Les standards éthiques intematlonA.

appliqués a la recherche biomédicale

Pr Samir Boubaker. ¥ .
Président du Comité d'Ethique
Director of Regional Training Centre = 1. Pastér Tuni
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Plandusite | Actualités | Contact

Accueil Santé Publique Recherche et Formation Production Administration Activités de soutien

Activités de soutien  Comités  Comité d'Ethigue Bio-Médicale Formation CEBM

Formarions puv CEBM

IPTOmI( ¢ Comité d'Ethique Biomédicale de I'Institut Pasteur de Tunis organise un cycle de formation afin

Technologique

= Communication, Science et

ociété Formations 2017
' Formations 2018
Formations 2019

Formations 2022

Partager cet article

Cl =] £ JsU] OpEYin]

participative

Soutien technique

Comités
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Literature Review on genomic medicine in Tunisia

6490

Studies on cancer

909
Curated Studies

47

Studies on Lung
Cancer

Period
2000-2022

. cells m£}

Arficle
Analysis of Genetic Alterations in Tunisian Patients
with Lung Adenocarcinoma

Dhoha Dhieb ', Imen Belguith 2, Laura Capelli !, Elisa Chiadini !, Matteo Canale 7,
Sara Bravaccini !, Ilhem Yangui *, Ons Boudawara *, Rachid Jlidi *, Tahya Boudawara ¥,
Daniele Calistri V7, Leila Ammar Keskes 2 and Paola Ulivi 1+*

1 Bicscrences Labumlur}', [atituto Scientifice Rum.JBnulu per lo Studio e la Cura des Tumon {[RST'} IRCCS,
47014 Meldola, Italy; dhoha.dhieb@gmail.com (D.0); lavra.capelli@irstemeat (L.C.);
elma chiadini@irstemeit (E.C); matteo canale@irstemeit (WMC); sara bravacemi@irstemeit (5.8.);
damiele.calistri@irst.emrit (DU

? Laboratory of Human Molecular Genetics, Faculty of Medicine of Sfax, University of Sfax, Sfax 3029, Tunisia;
maynod? ib@gmail.com (LB); ammarkeskest@gmail.com (LAK)

* Department of Respiratory and Sheep Diseases, CHU Hedi Chaker, Sfax 3029, Tunisia;
ilhem bouazzyangui@gmal com

i Dn.-puitm.mt of P.J'Lhu]u-ﬁ}', CHU Habal E-uul'b"u ba, Sfax 2029, Tunisa;
annoussal ¥88&@hotmail com (0.B.); tahya.sellami@ns.tn (TB.)

#  Laboratory of Anatomic Pathology, Sfax 3000, Tunisia; rachid jlidi@gmail.com

*  Corresposdence: paclaulwi@irst emeit; Tel - +39-0543-739980

check for

Received: 27 March 2019; Accepted: 26 May 201%; Published: 28 May 2019 updates

Lifie Sciences 24 (2009) 779-T84

Contents lists available at ScienceDiract

Life Sciences

journal hamepage: www.elsevier.com/locate/lifescie

CYP1A2 genetic polymorphisms and adenocarcinoma lung cancer risk in the
Tunisian population

Fatma B'chir *, Sofia Pavanello ", Jalel Knani ¢, Sami Boughattas*, Maurice ). Arnaud *, Said Saguem **

* Metabalic Biophysics and Applied Pharmacology Laberatory, Department af Siophysics, Medicine Faculty of Ssusse, 4002 Sousse, Tunkia

* Dccupational Health Section, Departmes viranmental Medicine and Public Hesith, University of Padova, Via Glustiniani 2, 35128 Padova, kaly
© Preumolagy Department of Ceneral Hospita, Tty (CHLY) Tafar Sfar Mahdia, Tusis

# Murition and Biochemisiry, Bourg Demous 24, CH- 1814 Ly Tour de Peilz, Switerimd

ARTICLE INFO ABSTRACT

Artice history: Aims: In this study, the eflects of four single mucleotide palymarphisms [SNPs). — 38605~ A, — 24670611,
Received 19 September 2008 —739T>G and — 163C>A, of CYPIAZ gene on lung cancer were evaluated in Turisian population.

Accepied 20 March 2009 Maint methads: Four palymarphisms of CYPIA2 gene were analysed in 109 bealthy smokers and in 101 lung
P cancer cases, including 63 with squamous cell carcinoma (SCC) and 41 with adenocarcinoma [AD). The
Keywords: genotyping for the SNPs — 3860 G =A, — 2467delT, — 739T>G and — 163C>A was performed by palymerase

Cytochrome P50
CYFIAZ gene
Polymarphisms

¢hain reaction [PCR)-restriction Fragment length polymorphism analysis.
Key findings: The results showed that smokers with CYPIAZ gene palymorphisms were sssociated with an

Lumg camcer increased risk for the development of lung AD. There was however no significant increased risk of developing
Adenccarvinema lsng SCC in smokers having CYPIAZ gene palymorphisns. An increased risk of developing AD was ohserved
Squamons cell carrinoma in smmakers wha are carriers of at least one eopy of — 36804 or — 739G giving a significant 0dds ratio (OR] of
Tunisian popultion 602 (C1=291-12.9) and 301 {C1=154-5.58], respectively.

Significance: These genotyping data are consistent with the bypothesis that tobacco-specific-N-nitrosamines
(TSN) such as d-[methylnitrosaming)-1-(3-pyridyl)-1-butanone (NNK) are major contributors 1o the
development of lursg AD and that CYPIAZ gene produsct plays an important role in the metabalic activation of
NNE. This study suggests that SNPs of CYPIAZ could be considered as promising bioemarkers in the seticlagy
af hung AD in smakers.

© 2009 Elsevier Inc. Al rights reserved.
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Journal of Immunoassay and Immunochemistry

IS5N: 1532-1819 [Print) 1532-4230 (Onling] journal hemepage: hitpowwey tandlonline com.loi/Iji20

About molecular profile of lung cancer in Tunisian
patients

Faouzi Mezni, Mona Mlika, Hamouda Boussen, Habib Ghedira, Thouraya
Fenniche, Talmoudi Faten & Marie-Anne Loriot

To cite this article: Faouzi Mazni, Mona Mika, Hamouda Boussan, Habib Ghedira,
Thouraya Fenniche, Talmoudi Faten & Marie-Anne Loriot (2018): About malecular profile
of lung cancer in Tunisian patients, Journal of Immunoassay and Immunochemistry, DO
10.1080/15321819.2017.1407338

To link to this article: htips://doi.org/M10.1080/15321819.2017.1407339

Human Immueasksgy 74 (2013) 1368-1374

Contents lists available at Seiverse ScienceDirect
5%
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| journal homepage: www.glsavier.com/flocate/humimm

Association of IL-8 gene polymorphisms with non small cell lung cancer @c__wmk
in Tunisia: A case control study

Ahlem Rafrafi *, Besma Chahed ', Safa Kaabachi ', Wajih Kaabachi ', Haifa Maalmi *,

Karnel Hamzaoui !, Faycal Haj Sassi !

Homeostosis and Celd Dys.‘unrmn Unit Resemrch S5/UIR/08-40, Feculiy of Medicine, Umwrslr_rq"]ums El Manar i, Tomss 107, Tomdso

ARTICLE INFO ABSTRACT

Articie histary: Interleukin B [[L-8) is a proinflammatery chemokine, has been reported 1o have angiogenic activity and
Fererved 19 December 2012 1o be responsible for tumer-associated angiogenesis in several cancers. In this study, we aimed 1o study
Accepted 14 une 2013 the [IL-8] gene palymarphism in relation with risk developrment of non small cell lung cancer in Tunisian
Aiiakie ooline 2 jeiy 243 patient. Twoa single nucleotide palymorphisms | - 351T/A [rs4073], + TB1CIT |rs2237306]) of the IL-8 gene
were screened in 170 patients with NSCLC ard 225 healthy contrels by PCR-RFLP.
Significant msociation for the -8 -251T|T genolypes (P=000M) and an increased significant
frequency of IL-8 -251T allele were noted in the patient™s group (P = 00007 Clhinical analysis indicated
a barderfine poitive assocation of IL-8 <2517 allele among adenocarcinoma patients (P = 0003). Our
study indicated that [IL-8 ~251T allede was highly asseciated with large tumor size and high grade stage
of NSCLC Mareover, a significantly increased sk of NSCLC was associated with IL-8 #781C allele in
patients with large tumaor size (T3 and T4) (P= 0004} IL-8 mRNA expredsion was lound highly expreised
i NSCLC patients compared o healthy controls. The same higher level wad even found in patients
carrving IL-8 - 251T)T genolype.
Our results indicated that the [L-8 promoter polymorphism is asseciated with NSCLC risk.
& 2013 American Society for Hetocompatibility and Immunogenetics. Published by Elzevier Inc. All rights
rederved.



Existing equipments

@ REPUBLIQUE TUNISIENNE  Ministére de I'Enseignement Supérieur
M E S R S et de la Recherche Scientifique

Connexion Inscription

EE ¥ G+ | En Fr ¢

Plateforme Nationale des
7 | Equipements Scientifiques

\ Microscope Electronique

\ Mnc roscope Electromigue & Balayoge Guanta 200(ESEL 'OAX!

Imegesies en made SE et B3E, analyse quantitatives et g “tatives
et moth X Unité Spécialisée - Institut National denrcn Seet
se Physico-Chimique

Plus D'infos

Plateforme Nationale des

Equipements Scientifiques

http://www.pnes.tn
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PCR with

HRM >
Protein
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v2 lllumina )
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- NGS llumina Miseq
- Sanger DNA sequencer

{ - Real-time PCR
- Sanger DNA sequencer

FMT
12%

- Gene Reader NGS
- QlAcube
- QlAxcel Advanced

- NGS
Sanger DNA sequencer
Qubit
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Ethical and Regulatory Ecosystem =zszrPerMed

=mmm» @ = g Personalized Medicine in North Africa
Tl T}

INSTANCE NATIONALE OE PROTECTION DES DOMNEES PERSONNELLES
NATIONAL AUTHORITY FOR PROTECTION OF PERSONAL DATA

Tunis
1 Tunis
} National Ethics O 7
{ l N p w p Committee Institutional Ethics
dvasecdl Sllbaall L4 b JIh gl D Committees

Sousse
2 2
InstitutiorTal Ethics Institutional Ethics

Committees Committees
Monastir

3

Institutional Ethics

Committee
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Africa personal data protection regulatory

PerMediNA
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Figure 1:
Africa personal data protection
regulatory landscape
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Civil Society

Personalized Medicine in North Africa

i perMediNA

memewll . _

" Associofions  Jeunes Experfs Acuoltes Opportuniés Agenda PTFs Projets Wegov

11,400 _Qmam B 0 B 940 & [

Civil society
organizations

(N e N s Bl
 Explorer pour survoler toutle contenu de Jamaty d'un seul coup d el
U

Main activities

- Governance and accountability in the public

¥ Associaions of P Tech, etFinanciers () Opportunies & Agendo @ Projets ¥ Adeurs

sector

. Protecting minority rights Parce que volre cause mérie oute nofe afenfion, nscrivez-vous dés maintenant
etfrtesde ko Tnisie un mondle meiler,

- Patients support groups
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Inauguration of the space “DNA for All”,
CST,
April 25t 2018

http://www.cst.rnu.tn/



http://www.cst.rnu.tn/

Tunisian Precision Medicine Academy

: ®Drug Development &
O Data Analysis Clinical Trials

Qﬂﬂ

9 Biobanking

0000

ARy, —
00 6 —
= (2
gl uustin 5L gt pmotan pbien u m I n a "’ INSTITUTE OF GENETICS
C.H.U. Hedi Chaker Sfax — L ANIMAL BIOTECHNOLOGY
. ."‘_- e Polish Academy of Sciences
° ' ’ A Pharma
° 0z | (-] -
p i . ) company
- JICA
i Japan International
Cooperation Agency
® Ethics & €) Sequencing © Fonctionnal Validation

Governance
fg} gx:
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Its IS NOT (TOO) BAD!

Yet we still need a reference genome



@ G%A GENOME TUNISIA

REPUBLIQUE TUNISIENNE ~ GENOME TUNISIA
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Launched in 2019

Funded by the Tunisian Ministry of Health

A multidisciplinary partnership bringing together experts
from different Tunisian institutions came to the conclusion
that there is a need to identify the reference sequence of
the Tunisian Genome by:

e Sequencing 1% of the population (10 000 Whole

Genomes)
e Using Illumina Technology



&
GICA

REPUBLIQUE TUNISIENNE GENOME TUNIS
MINISTERE DE LA SANTE PUBLIQUE COLLABORATIVE ALLIANCE

ur collaborating centers

Multi Center Multi phase
Multidisciplinary

Q?ﬁb Ministere de la santé ia.all 5,139 @
=4’ 13 septembre 2021- Q

i) BELLY | e B 2021 jaaiec 13 (uS¥1 p ol daall 55159 sasads KL Ll )l ole 3G (33 @)

Faculté de
J,L‘G ST danall .,s~' _:.,.;.CJ[, C.\&.Jl JLM&S:JL:JI J.r_L..‘.‘.l[, é.'g)L..’:.ll alias LAalil daaall JL:..a ‘,qu:.‘;:.LJI C_,:.;ML;JI

Médecine, Tunis

Institut Pasteur,

Tunis
Ly | 52l Sl a5 (Genome Tunisia) wlisall gilagdl ¢ g yilly gaslaiilly gas 2301 HUsY ] agaills <Ll
Sl Sk
Hopital Monji =
Hopital Charles Slim, Tunis ';“_‘ .
s S ——
Nicolle, Tunis
Hopital Farhat
) Hached, Sousse (e pean
Faculté de
Ll

Institut Supérieur de
Biotechnologie, Monastir

Médecine, Sousse

Faculté des Sciences,

Faculté de
Sfax

Médecine, Sfax
Hopital Hedi Chaker,

Centre de
Sfax

Biotechnologie, Sfax
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Industry And Biotech
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Are we ready for precision medicine ? ,
i5s
4 N
- High number of - Limited of shared
researchers data

. High interest for
human genomics

J Strenghts WEELQERSS

S W

Opportunities Threats

O T

. International project
- Research internships

. Limited genome

- Advocacy, policy and

wide studies

legislation

. Increasing safety

and efficacy
requirements for
novel drugs

R?’
«9 .
(" 4 b

PerMediNA

Personalized Medicine in North Africa



SWOT-Strenghths

1 Good health system

Infrastructure and Data Centers

3 Scientific Collaborations in NA
Y .
4 Considerable amount of Data

5 Improved Ethical and regulatory ecosystem

6 Strong Civil society

31



SWOT-Weakness

Generation of cost-effective high-throughput data

Data sharing (Geopolitics)

Clinical Transition

Individual and global economic relevance

Human Ressources are leaving




Take Home Messages

- We are not trying to show our diversity, we are showing our similarities.

- Long term Collaboration is extremely helpful

- Important Progress has been made in North Africa during the last years, But still...

 Data Infrastructure
e Data Generation
* Building the Ecosystem

e Brain Drain

 Politics

-African Gouvernements” Support is needed

-Connecting with Industry, biotech and Pharma is extremely imporant
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Partners and funders
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