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A little bit of history
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E von Behring in Germany

1890 : existence of tetanos toxin immunity
factor

1892 : transfert of immunity with serum
1894 : adaptation to diphteria

and S. Kitasato in Japan

invent« serotherapy »

Shibasabaro Kitasato
1853-1931

liya llitch Metchnikov

P. Ehrlich is considered as the father of
chemotherapy and inventor of the word

« antibody » which appears for the first time in
1901.

He is with llya llitch Metchnikov Medicine
Nobel price laureate in 1908. Metchnikov also
discovers phagocytosis.

Paul Ehrlich llitch Metchnikov
1854-1915 1845-1916

History, Definition and Structure

Definition and Structure

The antibody plays an essential role in the
E. Cohn 1940 immune response

fraction Il of Cohn) alcoholic plasma fractionation .

( ) P It is the receptor, at the surface of B

0. Bruton 1952: discovery of Agammaglobulinemia lymphocytes or in solution in serum
Absence of Btk gene (Bruton tyrosine kinase, linked to s is the transmettor or activator of
Xq21.3) BTK is required for the proliferation and - I

differentiation of B lymphocytes. (19 exons, 659 Aa) physiological signals
Bruton OC (1952). "Agammaglobulinemia”.

Pediatrics. 9 (6): 722~8..2MID. 14929630
Serotherapie : Administration IgG

These two roles are held by distinct domains
within an immunoglobulin molecule

. . Every antibody is characterized by two
The immune response involves a group of properties :
serum proteins with similar general properties :

[Rellmmuncalcbuling Ability to specifically fix one or many ligands

and
When they bind a molecule or a viral or bacterial =
particle, the i: ins are all i Fab domain
by the name of antibodies, and the recognized participation to one or many effector functions
entity is called antigen (complement activation, phagocytosis

activation, secreion of vasocactives amines...)
Fc domain

adapted from Pr. Jamal Taoufik, 3émes Journées Pharmaceutiques du Gharb 5
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N,

= glycannes
3 % de la masse
Domaine ‘moléculaire
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the R2m domain
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R2M is associated with both antibodies
and the Major Histocompatibility Complex class | (MHC-I)

1.Beta-2 Microglobulin in Antibodies:

Antibodies are proteins produced by the immune system in response to the presence of foreign
substances (antigens) in the body. 82M is not a typical component of antibodies. Antibodies, also
known as immunoglobulins, consist of two heavy chains and two light chains. The structure and
function of antibodies are primarily determined by the variable regions of these chains, which form the
antigen-binding site. 82M is not part of the antibody structure

1.Beta-2 Micr in in Major Complex Class I (MHC-I):
82M is a component of the MHC class | molecule. MHC class | molecules are found on the surface of
most nucleated cells and play a crucial role in presenting intracellular antigens to cytotoxic T cells. The
MHC-I molecule consists of a heavy chain and beta-2 microglobulin. The heavy chain is encoded by
the MHC gene, while beta-2 microglobulin is a smaller protein that is non-covalently associated with
the heavy chain. Together, they form the MHC class | complex, which presents peptides derived from
intracellular proteins to cytotoxic T cells, allowing the immune system to monitor the internal state of the
cell

Definition and Structure

Antibodies are glycoproteins formed by two Fab , lourdesH

categories of polypeptidic chains, Light chains \ [ variabie
L and Heavy chains H

The type of heavy chain will define the class % /
and the sub-class of Immunoglobulin : -~ %
Gammaf for Ig G1, Alpha for IGA, Mu for IgM - Yerieble¥i] o~ ,

Delta for IgD and Epsilon for IgE. 1 Constant CL

3 ou 4 Constants
(isotype)

These molecules are symetrical E E
Light chains (L) Kappa and Lamda are formed [Leqeres (]
by two domains :
- avariable domaine VL (Vkappa or Fc
Vlambda)
- aconstant domain CL (CKappa or notions of
ClLambda) allotype (C)
isotype (C)
Heavy chains (H) encompass : idiotype (v)

were developped during the studies of blood

-an N terminal variable domain (VH) !
groups of immunoglobulin

3 (delta, gamma, alpha) or 4 (mu, epsilon)
constant domains (CH)

8
Pr. Jamal Taoufik, 3émes Journées Pharmaceutiques du Gharb,

Complementarity-determining region

7
Allotype, Isotype, Idiotype

The idiotype ;I'hte'_I isoltype rfefers
; o the class of
is basegi upon antibody ADGEM
the variable sulfide Bridges according to
regions — predefined
(labeled VL structural classes
and VH in the In humans, there
diagram.) are five heavy

ab chain isotypes

fragment

and two light
chain isotypes:
heavy chain

The allotype depends
on the constant r
regions (labeled CL
and CH1-3 in the
diagram.)  fc

a-JaA1,2
5-laD
v-19G1,2,3,4
e-laE
H-laM

fragmen light chain
-«

A

(also designated as Hypervariable regions)

J Variable heavy domain
g 7
> ree ) o —CDR2
g % —CDR1
A g 9—CDR3
- C e
5 77 >
N /( 4 variable light domain
The "upper” part (Fab region) of an antibody. The &)

Sketch of an antibody with the variable
domains shown in blue, and the CDRs
(which are part of the variable domains)
in light blue

complementarity-determining regions of the heavy chain are
shown in red (PDB: 1IGT).

Paratopes, epitopes, idiotypes and isotypes

Immunoglobulin-antigen interactions typically take place between: the paratope, the site on the Ig
at which the antigen binds, and the epitope, which is the site on the antigen that is bound.

In vivo, Igs tend to be produced against intact antigens in soluble form, and thus preferentially
identify surface epitopes that can represent conformational structures that are noncontiguous in
the antigen’s primary sequence.

This ability to identify component parts of the antigen independently of the rest makes it possible
for the B cell to discriminate between two closely related antigens, each of which can be viewed
as a collection of epitopes. It also permits the same antibody to bind divergent antigens that share
equivalent or similar epitopes, a phenomenon referred to as cross-reactivity.

Immunization of heterologous species with monoclonal antibodies (or a restricted set of Igs)
allowed the identification of both common and individual Igs antigenic determinants.

Individual determi ), termed idiotype(s), are contained within VARIABLE domains.

Common determinants, termed isotypes, are specific for the CONSTANT portion of the antibody
and allow grouping of Igs into recognized classes, with each class defining an individual type of C
domain.

Determinants common to subsets of individuals within a species, yet differing between other
members of that species, are termed allotypes and define inherited polymorphisms that result
from gene alleles.

J. Allergy Clin Immunol . 2010, Schreoeder and Cavacini i

isati i u uli

Organisation of immunoglobulin genes
separate multigene families between H and L chains

o — °F jmilies befyesh r.anc.Lgnains

Human/mouse,
bony fish and
amphibian

Chicken

Gartiaginous fish

From H.F. Flajnik, Nature Immunology 2002 683 | SEPTEMBER 2002 | VOLUNE 2
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Rearrangement of IG light chain genes
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Figure 1 Schematic diagram of the murine IgH locus before and after V(D)] recombination. The
Vi, Dy, and Ji; gene segments are depicted as rectangles. The 12-bp RS sequences are shown as
open triangles, and the 23-bp RS sequences as solid triangles. The p. constant region exons are
shown as shaded rectangles, and the switch y region as an oval. The position of the iE. enhancer is
indicated by a shaded diamond. The positions of the Vi and I exon promoters are shown as solid
circles. Distances between the various elements are not drawn to scale.

Dudley ot al. 2005

Somatic hypermutation and Class switch recombination

Before MAbs -> Polyclonal antibodies

In response to antigen, somatic hypermutation (SHM) and class
switch recombination (CSR) induce further modifications of
immunoglobulin genes in B cells

somatic hypermutation

Somatic hypermutation is a mechanism that introduces random mutations in the variable regions of
immunoglobulin genes (genes that encode antibodies) within activated B cells. This process takes
place in the germinal centers of lymphoid tissues, such as lymph nodes and the spleen. The
purpose of somatic hypermutation is to generate a diverse pool of antibody variants with slightly
different antlgen -binding properties.

cytidine inase (AID): transform C into U

class switch recombination (isotype switching)

The primary role of class switch recombination is to diversify the effector functions of antibodies without altering
their antigen specificity. This process takes place in the germinal centers of secondary lymphoid organs,
such as lymph nodes and the spleen.

Cours MAGB-2018-1 15

innunisation

Advantages of these
sera :

saignée

Recognition of Ag by
differents épitopes
generating a stronger
signal since a single Ag
molecular may bind
different antibodies.

recueil du

Imumunisation ’

= injection FAg

s

Inconvenients :

Physico-chemical properties of antibodies,
importance for their assay

+ Antibody molecules adsorb onto urfaces and bind antigen.

*  Antibody molecules do not adsorb onto glass surfaces

(1) (2) (3) (4) (5)

- - - -
Sandwich ELISA : (1) the plate is covered with a capture antibody;
(2) the sample is added, and all the antigen present will bind the
capture antibody; (3) the detection antibody is added and it binds to the
antigen; (4) the secondary antibody, linked to the enzyme, is added, and it

binds to the detection antibody; (5) the substrat is added and is converted
by the enzyme in a detectable molecule (either colored or fluorescent)

17

antisérun Cross reactions are
polyclonal possible
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Immunotherapy, history
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Wayne A Marasco & Jianhua Sui, Nature Biotechnology, 2007




MAb discovgry history

Niels Kaj Jerne

1947-1995 1927-2002

AT /
| !

i 1911-1994
Georges Kohler and Cesar Milstein 1975

« Continuous cultures of fused cells secreting antibody of predefined
specificity » . Nature. 1975 Aug 7;256(5517):495-7.

Monoclonal antibody production technique

Nobel Price in Medecine in 1984 for the three !
(idiotypic network theory)
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Rappel on purins metabolism

-> IMP (inosine monophosphate)
->GMP (guanosine monophosphate)

This reaction transfers the 5-phosphoribosyl group from 5-phosphoribosyl
1-pyrophosphate towards purine. HGPRT plays a central role in generation
of purin nucleotides via the purine salvage pathway.

Pyrimidines Purines

Uridine phosphorylase adds ribose-1-
phosphate to the free base uracil, forming
uridine monophosphate. Uridine kinase then

Phosphoribosyltransferases add activated
ribose-5-phosphate (called phosphoribosyl
pyrophosphate or PRPP) to bases, creating

nucleotide monophosphates. There are two
types of phosphoribosyltransferases: adenine
phosphoribosyltransferase (APRT) and
hypoxanthine-guanine

phosphorylates this nucleoside into its
diphosphate and triphosphate forms.
Deoxythymidine phosphorylase adds
deoxyribose-1-phosphate to thymine,

forming deoxythymidine monophosphate. phosphoribosyltransferase (HGPRT). Lesch-
Thymidine kinase can then phosphorylate || Nyhan syndrome is associated with a deficiency
this compound to deoxythymidine of HGPRT.
diphosphate and triphosphate. 0

g iKipedi ,_salvage

Blochem|cal Pathway of Purlne Metabollsm

Reminder on purins metabolism : Principle MAb

Ribose-5-phosphate Hosphoribosy pyraphosphite Thymidine typownihine
/— AaTR Uridylate /" /
\\- amp blocked by >3 | Kese (TE) HOEST
Aminopterin /
PP riboseP & /
i v "4
v Nuseotdes
GMP'\—Q |M=——. AMP -\
ol
APRT
\
N /
guanine hypoxanthine adenine
xanthine
uric acid
X 21
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Hypoxanthine-guanine phosphoribosyltransferase (HGPRT)
has been a valuable gene to work with.

One use of this gene is for selection of hybrid cells.

For example, a cancer cell that is deficient in HGPRT is fused to
a normal cell that is HGPRT+ but TK- . The fusion of these two
cells will create a hybrid that has both functional HGPRT and TK.
TK stands for thymidine kinase and is required for the cells to
grow.

The hybrids are grown on HAT medium which contains
Hypoxanthine, Aminopterin, and Thymine. Aminopterin blocks
the de novo pathway forcing the cells to use the salvage
pathway. Thus, cells that are HGPRT- or TK- cannot grow on
HAT medium and only the hybrids cells will grow on the medium.

22

Reminder on purins metabolism : Principle MAb

Technologie of production of Mab using Hybridomas

HAT Selection
normal cell cancer cel
HGPRT- /TH+ HGPRT+/ TK-
Fusion

Grown on HAT mediurm
hrybricl cell
HEPRT+/ T+

Death Death
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N e
i

Cells of a myeloma ine, incapable of |
producing AC, and HGPRT-, are selected | Plasma cells, not fused,

)_.

5. Hybridoma cels that produce
antibodies specific to the X
antigen are selected and grow

inmass
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1999 Encyclopedia Britannica
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Technology of production monoclonal AB

Repeated antigen
inoculation

Remove spleen [

Spleen cells
fum (HATr resistant) o .
medium

1 Spleen cells (end cells, thus will
die with time

2 Myeloma cells (killed by

HAT medium

4 Fused myeloma cell
Test for positive cultures

Non secretor myeloma cells, HATsens
7 l \ TTn T Culture may
< contain

3 Eused sploencols Gsame ss n 1)
s (sameas in

Bispecific monoclonal antibody (BsMAb, BsAb)

Fig. 3 a b Light microscopy
immunocytochemistry _using _ bi
specific antibody (P4C7/80) which

antibody  (P4C7/80) (c). Two

C.M. Milstein and A.C. Cuello, 'Hybrid hybridomas and

2
Fused spleen cells-myeloma

their use in immunohistochemistry', Nature, 305 (1983),

(contain antibody against antigen)

} Cells (hybrid cells= hybridoma;

lines forever (myeloma cells) and

produces antibodies (spleen cells
or plasma cels)

NN
N

A bispecific monoclonal antibods

Clone Antibody producers
1. possiblity of direct immunochemistry test without second antibody

CELLULAR DNA SYNTHESIS

2. Since 2012 : use in ics @ ingancer
where BsMADbs are engineered that simultaneously bind to a
cell (using a receptor like_.CD3) and a target like a

Joiing together 3 hatves of  dferent antiodies
; 164 tumour cell to be destroyed
e N whatsbiotachnaloay orglexhHonsimstoncinical
Ribor )
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Market Evolution 2024-Wikipedia MAbs Listing

+  (N=408 in 2017), N>565 in 2024. (dynamic list)
+ N=389 without trade name, N=176 with trade name in 2023, (N=82 in

— 1% of Biomolecules market in 1995, 14% en 2002, 23% in 2014 2020)
to 27% in 2020 — 3 Fab (Lucentis, ReoPro, Verluma)
. . . ~ 4 3funct (Ektomab Lymphomun Removab Rexomun)
— Global sales : 75 Billions US$ in 2014, 94 Billions forecasted R ) )
2L " ~ 4 BITE (Blincyto, Epkinly, Lunsumio, -)

— 5BsAb (Rybrevant, Hemlibra, Talvey, Columvi, Tecvayli)

- 5 F(ab")2 (Indimacis-125,-,-,-,-)

. - . - 12 Fab (ReoPro, Verluma, Lucentis)

— Adalimumab generated a turn-over of 4,5 Billion US$ in 2008 — 5 Fab (CEA-Scan, Cimzia, FibriScint, LeukoScan, LymphoScan)

— On the period 2006-12, the MAB market went through a yearly - 1di-scFv ()
increase of 14.2% compared to 0.6% for small molecules — 8 scFv (Mycograb, Beovu, Vicinium)

- 1sdAb

— 483 Mab (Abegrin Actemra, RoActemra Actemra, RoActemra AFP-Cide Antova Arzerra
Aurexis Avastin Benlysta, LymphoStat-B Blontress Bosatria CEA-Cide Cyramza Erbitux
Gazyva Herceptin hPAM4-Cide HumaSPECT HuMax-CD4 HuMax-EGFr Humira HUZAF
Hybri-ceaker llaris Kadcyla Lemtrada, Campath LeukArrest MabThera, Rituxan Mylotarg
Myoscint NemroSpec Numax Nuvion Omnitarg Opdivo Orthoclone OKT3 OvaRex Panorex
Prolia Ren Simponi Simulect Soliris Stelara
Synagis, Abbosynagls Taclress Theraclm Theraloc Tysabri Vectibix Xolair Yervoy Zenapax

Zevalin...

— «new Blockbusters » are emerging every year

— Important historically for diagnostics markets (ELISA, IF, etc...)
but these markets are nothing compared to therapeutical markets

— 20 molecules commercialized in 2008, 400 in development in
2012, 700 in 2016...

27 28
update: 2024

2024-Wikipedia MAbs Listing Anti-tumoral Antibodies

YA/ = =5

a. Les TCE anti-tumoraux.

Cellule tumorale.

TeR
* Huaspécifique

F(ab'),, Fab' scFv di-scFv sdAb
c—,r-nl urnqz-n bindng) 2 {single-chain {singls domain
waristle Fagemnt) andbody)
Anticorps ispacique engageant o lymphocyte T (1€
i Co3Anigene tumore
b Consruts antiC03 autes):
& \ Y
i \ >
' I ey TS st sl
chemically linked BITE v s
» ' ) E(ab' (t-spociic T-ell engager) H ] 5
trifunctional antibody ( )2 - i ﬁm
29
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Elranatamab : Anticorps bispecifique
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L'elranatamab est un anticorps bispécifique 1gG2 kappa dérivé de deux anticorps
monoclonaux (AcM). L'elranatamab est produit & partir de deux lignées cellulaires
recombinantes issues d'ovaires de hamster chinois (CHO).

Le 02/02/2023, la Haute Autorité de santé (HAS) a délivré une autorisation d'accés précoce, aprés
avis de I'Agence Nationale de Sécurité du médicament et des produits de santé (ANSM) concernant
le rapport bénéfice/risque présumé, pour le médicament ELRANATAMAB PFIZER dans l'indication :
en monothérapie, pour le traitement des patients adultes atteints d'un myélome multiple en rechute
et réfractaire, ayant regu au moins trois traitements antérieurs, incluant un agentimmunomodulateur,
un inhibiteur du protéasome et un anticorps anti-CD38 et dont la maladie a progressé pendant le
dernier traitement, lorsque toutes les options thérapeutiques sont épuisées (hors thérapies cellu-
laires), sur I'avis d'une réunion de concertation pluri ire (RCP). Ce ne dispose
pas encore d'une Autorisation de Mise sur le Marché (AMM).

Cette décision est susceptible d'évoluer (maintien, modification ou retrait) en fonction des nouvelles
données. En cas de retrait ou de suspension, un dispositif de continuité de prise en charge des
patients en cours de traitement est prévu.

https://www.youtube.com/watch?v=eKJu4_5Qy9Y
31

2024-Wikipedia MAbs Listing

+ Bysource

+  Mouse n=53, approved n=7

9 (Erbitux MabThera, Rituxan Remicade Rencarex ReoPro Simulect )

*  Humanized n=242 (Abegrin Actemra, RoActemra Actemra, RoActemra AFP-Cide Antova
Aurexis Avastin Bosatria CEA-Cide Cimzia Gazyva Herceptin hPAM4-Cide HUZAF Kadcyla
Lemtrada, Campath LeukArrest Lucentis Mylotarg Numax Nuvion Omnitarg Raptiva Soliris
Synagis, Abbosynagis Theracim, Theraloc Tysabri Xolair Zenapax)

+ Human n=195 (Arzerra Benlysta, LymphoStat-B Cyramza HumaSPECT HuMax-CD4
HuMax-EGFr Humira llaris Mycograb Opdivo Prolia Simponi Stelara Vectibix Yervoy )

+  Rat/Mouse Hybrid n=3 (Lymphomun Removab Rexomun)

+  Veterinary n=7 (Blontress, Tactress)

*  Rat/Mouse Hybrid, n=3

+  Chimeric

o) Catumaomad s
4

update: 2024

The mechanism of acton of a rfunctional antibody, exempified by 67
catumaxomab

2024-Wikipedia MAbs Listing

By farget - By targef - Bytargot

Alphafoetoprotein (1) . cDs2(2) .« IL1TA(5)
Amyloid beta (2) . cp70(2) .« 123 (4)
Angiopoiztin2 (2) . CEA(3) .« IL6(6)

AOC3 (VAP-1) (2)
BAFF (3)

c5(6)

CA-125 (2/3)

CEA-related antigen (1) +  IL6 receptor (4)
clostridium difficile (2)  +  Integrin alpha4 (1)
Clumping factorA (1) + Integrin alphavbeta3 (1)
E. Coli shiga toxin 10r2 +  LFA-1 (CD11a) (1)

CanAg (glycoform of MUC1) . EGFR(2) . muct (3)
Carbonic hydrase 9 (CA-IX) (1) « EpCAM (1) + NCA90 (granulose antigen) (1)
Cardiac myosin (1) . EpCAM, CD3 (1) . PD1(10)

CD11CD18 (1)

Fprotein or RSV (1) - PDGFRA (2)

CD134 (2) «  Fibrin Il, beta chain (1) +  Prostatic carcinoma cells (1)
CD137 (2) 4-1BB «  GD2 ganglioside (1) +  RANKL (1)

CD19 (8) +  HER2/neu (4/5) +  Respiratory syncitial virus (2)
CD154 (CD40L) (3) +  HER2/neu, CD3 (1) +  RhFactor (2)

€D20 (7/11) +  HGFR (3) «  selectin P (2)

CD22 (5) « Hsp90 (1) «  spike prot rec bin dom

CD25 (alpha chain of IL2 receptor/T SARSCov2 (9)

cell)(4) Basiliximab, Daclizumab

Interferon gamma (1)

+ IgE FC region (1) +  TNF-alpha (4/7)
CD3 (2/4) Muromonab A © Tumor antigen GTAA16.88 (1)
OD302) < IL12,1L23 (2) +  VEGF-A(3) 33
CD33 (3), CD4 (7), CD40 (8) © s . VEGFR2 (1)

- CD41 inlegrm aleha-llb (1)

MAB against spike protein receptor binding
domain of SARSCov2 (9)

Brand name Type  Source Target Approved

samanivimab i mab  human spke protein recoptor binding domain (RBD) of SARS-CoV-2  Use Authorization (EU
ot mab  human spke protei receptor binding domain (RBD) of SARS.CoV-2  Emergency Use Authorizaton (EUS
ot mab  human Cov-2 imdovimab
ot mab  human ko proten recoptor binding domain (RBD) of SARS-CoV-2  Use Authorization (EU
nat mab  human Spke protein receptor binding doman (RBD) of SARS-CoV-2 cy Use Authorizaton (EU

Py mab  human spke protein receptor binding domain (RBD) of SARS-CoV-2 153
Xewudy mab  human Spke protein receplor binding doman (RBD) of SARS-CoV-2 Y
nagevimab ut mab  human ke proten receptor binding domain (RBD) of SARS-CoV-2 _ Emergency Use Authorizaton (EUJ
Cours MAGB-2024 34

mab  human cov-2

Out of 49 NCE approved by FDA in 2019, 8 are Mabs

47,

Enhertu fam-trastuzumab 12/20/2019  To treat metastatic breast cancer
deruxtecanniki Press Release
Drug Trials Snapshot

Padcev enfortumab vedotin-ejfv 12/18/2019  To reat refractory bladder cancer
Press Release
Drug Trials Snapshot

Adakveo crizanlizumabimca 11/15/2019  Totreat patients with painful complication of sickle cell disease
Press Release
Drug Trials Snapshot

Beovu brolucizumab-dbll 10/7/2019  Treatment of wet age-related macular degeneration
Drug Trials Snapshot

Polivy polatuzumab vedotinpiia  6/10/2019 T treat adutt patients with relapsed o refractory diffuse large B-cell lymphoma
Press Release
Drug Trials Snapshot

Skyrizi tisankizumab-rzaa 4232019 Totreat plaque ps in adults for
systemic therapy or phototherapy
Drug Trials Snapshot

Evenity fomosozumabraqag 4/9/2019 To treat osteoporosis in postmenopausal women at high rsk of fracture
Press Release
Drug Trials Snapshot
Cablivi caplacizumabryhdp 2/6/2019 o treat adult patients with acquired thrombotic thrombocytopenic purpura (aTTP)
Press Release
Drug Trials Snapshot
35

NEWS - 05 saNuARY 2021

Out of 53 NCE approved by FDA in 2020, 8 are Mabs

2020FDA drﬁg approvals

The FDA

in2020, i inover20

years.

only 8 new MAB
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Neutralizing monoclonal antibodies. for treatment of COVID-19
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Hi ical | MABs ch |
istorical development s chronology First therapeutical application aproved

« First therapi;utic applications in 1586 with muromonab-used in the

« We may distinguish arbitrarily four phases: treatment of eplsodes-of acute reject!on of hepatlf: or cardlaf: renal allograft.
The immunosuppressive power of this treatment is responsible for an

increase in the incidence of viral complications including cytomegalovirus

infection and especially that of the lympho-proliferative disorders Epstein-

— A. murine MAB development (1975-1985 and Barr virus induced

more) diagnostics applications
— B. (partial) failure of therapeutic applications

Muromonab—C-D3 was approved by t-he U.S. Food and Drt]g Administration
(FDA) in 1986

-C. Qevelopment of new applicationls WiFh . Basiliximab (Simulect®) is a chimeric mouse-human monoclonal_antibody to
engineeded MABs (humanized, chimeric, fusion the a chain (CD25) of the IL-2 receptor! of T cells-! It is used to prevent
proteins, 1986-1994) rejection in.organ fransplantaion, especially in_kidney transplants. Itis a

o ; Novartis Pharmaceuticals l the_ Food and Drug

— D. Development of new applications with human Administration (FDA) in 19%r§fjuc and was approved by

engineered MABs (1994-today) Daclizumab (Zenapax®) is a therapeutic humanized_monoclonal antibody to
the CD25 too . It is used to preventrejection in_organ fransplantation, especially
39 in kidney transplants. %

Biotherapies & Imnmunotherapies, why such a

Fundamental Issues with murines MAbs
deve!opment ?

* Major problems associated with murine + Increase of knowledge of immunopathology of
antibodies were : inflammatory mechanisms, alowing to act on
— short half-life specific targets.

— reduced stimulation of cytotoxicity (do not
ligate very well to human FC receptors)
— Immunogenic

» Development of technological breakthrough in
biotechnologies, i.e. allowing new drugs to be

formation of complexes after repeated administration created.
: mild allergic reactions and sometimes anaphylactic « First application : cancerology, then auto-immune
shock. diseases
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Biotherapies : mode of action
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MECHANISM OF ACTION

Monoclonal Antibodies may function
according to three main modes of action

by blocking the action of molecules or of
specific receptors

by targeting specific cells
or by functioning as signalization molecules

Pr. Jamal Taoufik, 3¢mes Journées Pharmaceutiques du Gharb
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Biotherapies : mode of action

+ Block a pro-inflammatory cytokine (i.e. TNFa, IL1) by using a
MAB or a soluble receptor (infliximab).

» Use an inhibitor that neutralizes a cell (i.e. rituximab against
CD20, specific of B lymphocytes).

« Neutralizing a cell by limiting its proliferating capacities (i.e.
abatacept, CTLA-4-Ig that blocks auto-reactive T cell)

» Use arecombinant with anti-
inflammatory/immunomodulatory properties like riL10.

* Block an important inflammatory mechanism like pro-
inflammatory cells recruitment, by chimiokines/integrines
inhibitors : MABs like natalizumab (anti-integrin MAB)

+ Promote a regulatory mechanism such as apoptosis to
eliminate anormally activated self-reactives cells

+ Induce a regulatory immune response or inhibitory
response by antigen injection (vaccination like).

Biotherapies : some important class of drugs

Anti-TNF

Three molecules commercialized in France in 2006
Inclusing two MABs

-infliximab (Remicade®

-adalimumab (Humira®)

and a soluble récepteur étanercept (Enbrel®)
Afourth one in 2009 : golimumab (Simponi®).

Anti CD-20

RITUXIMAB: MABTHERA*
Used for Hodgkin lymphomas treatment

IL-1 or IL-1Ra (anakinra/Kineret®) inhibitor
Use in polyarthritis, antagonist of IL1 receptor

Canakinumab (llaris) : MAB against IL1beta : antiinflammatory action
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Classification according to pathologies

1. Prevention/Treatment of Graft Reject (acute)
Eculizumab SOLIRIS® used in Kidney graft reject prevention

2. Treatment of Solid Tumours

Trastuzumab: HERCEPTIN® : breast cancer/ cancer du sein

Cetuximab: ERBITUX® Tumeurs épithéliales ORL,
des voies aérodigestives
supérieures et les
adénocarcinomes
colorectaux.

Bevacizumab: AVASTIN® colorectal Cancers

Edrecolomab: PANOREX® *colon solid tumours

3. Treatment of Hematopoietic Malignancies

Rituximab: MABTHERA®
Alemtuzumab: MABCAMPATH®
Gemtuzumab-Ozogamycine: MYLOTARG®

lymphomes Hodgkiniens.

Leucémies lymphoides chroniques.
Leucémies myéloblastiques aigués a
CD 33+

Classification according to pathologies

4. Treatment of Auto-immunes Diseases (Crohn’s disease and
rheumatoid arthritis)
Anti-TNF alpha : INFLIXIMAB (REMICADE®), Adalimumab (HUMIRA®)

5. Treatment of Asthma
Anti-CD11a : prevent activation of T lymphocytes; Efazilumab (RAPTIVA®)

6. Treatment of Multiple Sclerosis
Anticellular adhesion molecule g .
Adverse event/effets indésirables
= Progressive multifocal leukoencephalopathy (PML) due to JC Virus.

7. Treatment of Cardiovascular Pathologies
Antagonists of platelets glycoproteins Ilb-llla : Abciximab (REOPRO®)

8. Treatment of Infections

Against Respiratory infection due to SRV : Palivizumab (SYNAGIS®) premature children
with fatal risks due to cardiopathy.

Against H glycoprotein of CMV Sevirumab (PROTOVIR®)

47

Classification according to pathologies or use

9. Treatment of Allergy
IgG1- Anti IgE1 : Omalizumab (XOLAIR®)

10. Anti-Toxin antibodies
AMB against bacillus anthracis toxines or botulism toxins (biodefence)

11. Medical Imaging
i (eomTc) i is a drug used for the diagnostic imaging of

colorectal cancers, marketed by,
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ANTICORPS MONOCLONAUX N/ \/
et protéines de fusion Fc a usage thérapeutique MAb|mprove ﬁ";ﬂl&?i?ﬁoﬁﬂgwggﬁﬁﬁﬁﬁ MAbjmprove
DES DE ES PAR REPARTITION DES NOMS COMMERCIAUX PAR INDICATION

Antibody Drug Conjugates

ADC= Antibody Drug Conjugates

Ex: Mylotarg®

« Antibody-targeted chemotherapy is a

therapeutic strategy that involves the \Mmm' o
use of a cytotoxic agent chemically R P

N
linked to a monoclonal antibody (mAb)
that specifically recognizes a tumor-

associated antigen. /

Cytotoxic agent

Association of an humanized antibody and a cellular toxin : calicheamicin
Gemtuzumab ozogamicin (marketed by_\Wyeth as Mylotarg) Chari RVJ. Targeted cancer therapy: conferring specificity to cytotoxic drugs. Acc Chem
(trade name ) Res. 2008;41:98-107.
51 52

Evolution of Technologies Monoclonal antibodies types

1 1 i -Classical Hybrid
Murines Antibodies sesies Thybridomas Types of Monoclonal Antibodies

E Y W W/ v
Chimeric or -engineering (génes et ] ] l l
protéines de fusion)

. M mAb Chimeric mAb H ized mAb Fully H mAb
Humanized -insertion de la région CDR ouse Tmers menTecm . Husman
Antibodies
. 1 2 3 4
- phage display (Jespers et
. . al. 1994) yeast display 0% 65% 90% 100%

Human Antibodies | transgenic mice with

integrated human Ig
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Monoclonal antibodies types

&,

0..

/4 mom om
complementafity determining regions (CDRs)

specificity determining residues (SDR)  murine Antibody humamzed Mab Abbreviated SDR grafted

region | Snt‘ﬁlggadﬂﬁ b humanized Mab
W murine constant Region MMM Region SDR (idiotypy) of FR murine regions
Other Region murine 4 human framework regions
- SO g e .

Pourcentages of 4 types of MAbs in clinic
development from 1990-1999 and to 2000-2008
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Chimeric Humanized  Human

Phage display

+ Jespers LS, Roberts A, Mahler SM, Winter G,
Hoogenboom HR: Guiding the selection of human
antibodies from phage display repertoires to a
single epitope of an antigen. Biotechnology (N Y)
1994, 12(9):899-903.

The phage display method is a method which allows the
selection of a peptide thanks to its presentation on the phage
surface.

The growth and potential of human antiviral monoclonal antibody therapeutics
Wayne A Marasco & Jianhua Sul

Nature Biotechnology 25, 1421 - 1434 {2007) Published online: 7 December 2007
doi:10.1038/nbt1363
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Nomenclature building

57
Nomenclature building
* Murine monoclonal antibodies (suffix ~omab)
« Chimeric monoclonal antibodies (suffix ~ximab)
+ Humanized monoclonal antibodies (suffix ~zumab)
* Human monoclonal antibodies (~mumab)
a Tt
axo (pre-sub-stem) | rat/mouse
e hamster
i primate
u human
xi chimeric
xizu- (under chimeric/humanized
discussion)
zu humanized
http://en.wikipedia.org/wiki/Monoclonal_antibody_therapy 59

« Substem A indicates the target (molecule, cell, organ) class:

-b(a)- bacterial

-c(i)- cardiovascular
flw)- fungal

-k(i)- interleukin

-l(i)- immunomodulating

-n(e)- (under neural
discussion
-s(0)- bone
-tox(a) toxin
t(u) tumour
-v(i)- viral

@} World Health 1o workssboume st e
Organization ENGLISR ONLY

181122009

General policies for monoclonal antibodies

10



Nomenclature building
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Protéines de fusion (cept)
- cept
Ex : étanercept (récepteur soluble du TNF

de type 1 couplé au fragment Fc d'une IgG1
humaine)

Ex : abatacept (molécule de costimulation (CTLA4)
couplée au fragment Fc d'une IgG1 humaine

Ex : alefacept (LFA3 couplé 4 un fragment Fc d'lgG)

Extracted from Sibilia et al. 2006
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Nomenclature building
And reference list

http://en.wikipedia.org/wikilList_of_monoclonal_antibodies

The abbreviations in the column Type are as follows:
« mab: whole monoclonal antibody
« Fab: fragment, antigen-binding (one arm)
. F(ab')zz fragment, antigen-binding, including hinge region (both arms)
« Fab': fragment, antigen-binding, including hinge region (one arm)
o Variable fragments:
* scFv: single-chain variable fragment
» di-scFv: dimeric single-chain variable fragment
» sdAb: single-domain antibody
« Bispecific monoclonal antibodies:
« 3funct: trifunctional antibody
« BiTE: bi-specific T-cell engager

Specific Problems of MAbs antiviral Therapies

« Antigenic variability of circulating viral strains

« Ability of viruses to undergo neutralization
escape
+ Among these approaches are the display technologies in which different
microorganisms—including phage, yeast, bacteria and viruses—are used to display
repertoires of :
-single-chain variable antibody fragments (scFvs),
-antigen-binding fragments (Fabs)
-domain antibodies (Dabs) on their surfaces, from where they can be enriched
and isolated through iterative cycles of panning.

63

Cell types used to produce Mabs, some

industrial parameters

« Initially : Immortalized B cells

* Now : Engineered CHO cell lines
(Chinese Hamster Ovary)
— Choice of cell culture media and supplement (from FCS to
peptones and CD media)
— Cell growth (viable cell density)
— Type of reactor : flasks, microcarriers, etc...
— Post translational modifications (PTMs): Proper glycosylation
— Limited protein aggregation
— Engineered CHO to improve Lipid metabolism

Microcarrier techniques to increase Yields
and modify glycosylation profiles or folding

multigram per litre range|

difficult-to-express (DTE)
Mabs

morphology of the
endoplasmic reticulum (ER,

ubiquitin proteasome system via
ER-associated degradation
)

(ERAD

! o 10. Epub 2013 Jan 28
The impact of mi ier culture imization on the profile of a
antibody.
Costa AR', Withers J, Rodriques ME, McLoughiin N, Henriaues M, Oliveira R, Rudd PM, Azeredo J.
Biotachnol Bloang 2020 Jan:117(1)5-16. ok 10-1002/54.27196. Epub 2010 Now 15

ing what makes a antibody difficult-to-express: From intracellular
ion to i folding and lion via ERAD.
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Specific methods to characterize industrially
produced MAbs

Size-exclusion chromatography (SEC)

— Aggregate analysis

pH gradient based ion-exchange chromatography
(pH-IEC)

— Charge variant analysis

Hydrophobic interactions chromatography (HIC)
— Oxydation variants analysis

Reverse Phase chromatography (RPC)

— Intact and mAb fragment analysis
Analytical ultracentrifugation (AUC)

Isolectric focusing (IEF)

Mass Spectrometry (MS)

11



Specific problems linked to administration
of industrially produced MAbs

30/01/2024

* High Doses required for sc administration
— Range: hundreds of mg to g in small volume (cc: 100mg/ml)
Challenges ! Stability, aggregation issues, viscosity issues

» Concentration is achieved by tangential flow filtration
— Higher viscocity, higher industrial loss

* Loss of structure : aggregation unfolding, adsorption

— Clogging during ultrafiltration and concentration procedures,
chemical degradation

* Thermal, Chemical, Mechanical stress
— Using excipients (sugars)
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Chimeric monoclonal antibodies (suffix ~ximab)

1. Cétuximab- Erbitux® (Merck KGaA)

2. Rituximab- MabThera®-antiCD20 (Roche)-Arthrite
rhumatoide

3. Infliximab- Remicade®-antiTNFalpha (Schering-Plough)-
Arthrite rhumatoide

Humanized monoclonal antibodies (suffix ~zumab)

Human monoclonal antibodies (~mumab)

1. Trastuzumab- Herceptin®- antiRécepteurHEP2 (Roche)
2. Gemtuzumab- Ozogamicin Mylotarg® (Wyeth)
3. Alamtuzumab- Mabcampath® (Bayer ->Genzyme Europe BV)

4. Bévacizumab- Avastin® (Genentech/Roche)

5. Denozumab- Prolia® (Amgen)

2. Figitumumab (previously CP-751871) is a_monoclonal antibody!" targeting the

3. Fresolimumab (GC1008) is a human, i Il and an
immunomodulator, developed by Genzyme. It is intended for the treatment of
idiopathic pulmonary fibrosis (IPF), is, and

Adalimumab- Humira® (Abbott) -Arthrite rhumatoide (anti TNF alpha)

= = being investigated for the treatment of various
types of cancer, for example_adrenocortical carcinomal® and_non-:
cancer (NSCLC)4! (developed by Pfizer)

cancer2d It binds to and inhibits all isoforms of TGE-3-2! As of June 2014442l jt i
being tested in humans (clinical frials) against IPF, renal disease, and cancerl”!

69
Main actors
. Scheri‘ng Plough B F o Schering Plough
« Pfizer
* Abbott @
« Centocor Al?bott
- EliLilly @ centocor
< Amgen
— Lancement de I’ Epo et du GM-CSF
+ Genzyme Campath® AMGEN

— Le spécialiste des maladies « orphelines »

« Merck, 40000 personnes, 64 pays
— 2003 Erbitux®: Entrée dans le domaine des anticancére 9o 2YMe
créé en 1995
« Roche/Genentech 0 MERCK
— Acquisition en 2009 de Genentech @

* Novartis (' )
« Johnson et Johnson NG \:/}:R,T IS Genentech
* Genmab * Genmab

70
Merck Darmstadt (Merck KgaA)
‘ Timeline | The name Merck | Possibilities
1668 Friadrich Jacob Merck acquires the Angel Pharmacy ("Engel-Apotheke”)
1741 Johann Heinrich Merck, Goethe's friend, is bom
1827 Heinrich Emanuel Merck: from a pharmacy trade to a research-based industrial company
1888 Comparative chemical analysis with "Merck's guaranteed pure reagents"
1900 Merckis represented on all continents
1904 First list of finished medicinal products; liquid crystal research begins
1917 U.S. subsidiary Merck & Co. expropriated - indepandent ever since
1920 For the first time, nan-family members join the executive management
1945 Loss of subsidiaries abroad, new start from tha ruins
1971 Firm re-establishement in the United States — after Asia and Latin America
1995  Establishment of Merck KGaA, public listing
2008 Erbitux®: Entry into targeted cancer therapy
2007  Setono acquisition, divestment of Generics, capital increase, admission to the DAX®:
2010 Millipore acquisition
72
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Genzyme and rare diseases (enzymes, not MAB !)

Thérapies de remplacements enzymatiques= ERT (enzyme replacement therapies)
(300-700 k€/an du codt de traitement, & vie !)

Key Dates:

1981: Henry Blair founds Genzyme.

1983: Henri Termeer becomes Genzyme chairman.

1988: Genzyme opens pharmaceutical chemical facility in the United Kingdom

1991: Ceredase gains FDA approval.

1994: Genzyme receives FDA approval to market Cerezyme; Genzyme Tissue Repair Division is formed.
1997: Genzyme acquires PharmaGenics, Inc. to create Genzyme Molecular Oncology.

1999: Genzyme Surgical Praducts is formed.

ALé’R—AZ\O’ME
(LARONIDASE)

Cerezyme. ¥ Fabrazyme

Gaucher’ s Disease
Fabry’ s Disease

Lumizyme

(alglucosidase alfa)

Mucopolysaccharidosis | (MPS 1)

C
Y7 Myozyme
lysosomal glycogen-specific enzyme (elglucosidase afe)

acid a-glucosidase (GAA) deficiency Pompe disease (GAA deficiency7)3

keukemia Rheumatoid arthritis

Breast cancer Prevention of transplant
ymphoma rejection

Intestinal Renal anemia

cancer #epatitis

kung cancer €ystic fibrosis (mucoviscidosis)
Renal cancer

£kin cancer

The race to become a giant company...

* Merck & Co. Became Number Two In The World By Acquiring
Schering-Plow: $ 41 Billion

« Roche acquires Genentech, the second US biotechnology company: $
47 billion

« Sanofi-Aventis acquired US biotech Genzyme for $ 18.5 billion.

« The world leader in the sector, Pfizer is also very active in the field of
acquisitions. Less than a year after having taken over his compatriot
Wyeth for $ 68 billion, he is again ready to invest several billion dollars
to strengthen himself in emerging countries and in several fields of
activity: generic drugs, treatments against pain, cancer, Alzheimer's

disease, anti-inflammatory drugs and neuroscience..
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Development costs are on the rise...

« EPO (Epogen®) : 4000-6000 US$/an
« Hormone de croissance (®) : 12000-18000 US$/an

« B-glucocerebrosidase (Ceredase®) : 150.000 US$/an
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Nomenclature of humanized mAbs: Early concepts, current
challenges and future perspectives

@ patick Mayrhfer & Renste Knert

human £ humanized )
@ chimeric/humanized & chimeric Figure
W mouse

Caption

>

Fig. 1. Chronological summary of cumulative
WHO-INN assignments (A) and EMA/FDA ap-
provals (8). Antibody names were extracted
from recommended WHO-INN lists or IMGT
database (accessible on November 20th, 2017)
and sorted according to their source infix. For
each year, the number of new antibody names
or approvals is explicitly stated. For 2017 only
recommended INNs from list number 77 were
included and does not represent all new INNs
assigned in 2017. Note: the IMGT database
states 1992 as the first approval year for the
first approved (murine) therapeutic mAD
Muromonab-CD3 although it was already ap-
proved by the FDA in 1986,

number of cumulative
recommended INNs

Moo £o3881chgatsnetpublicatn/ 326726334 _Nom anclature_of_humanizad_mAbs_Early_concpts_curiant_challengas_end_future_perspactiealiguras?io=
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The emerging markets of companion diagnostics test

Companion Diagnostics Market worth $7.3 Billion by 2024

Companion Diagnostics Today

+ 0w
* 100f these are for HER2 )\Hercap:in
+ Only 6 actual biomarkers -

+ HeRe ERBITUX

* EGFR S~

* CKit =

. Ak /‘ 3

- BRAF XALKORI “Mekinist

KRAS

+ Al oncology ZL80na (7 Tarceva

o )
rPERETA  Tafinlar
pertizumals

* All relatively simple tests
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MABS

2024,VOL. 16, NO. 1, 2297450 Taylor &Francis
htps./dolorg/10.1080/194208622023.2297450 Toor & Fancs Group
PERSPECTIVES 3 OPEN ACCESS [ croct s

Antibodies to watch in 2024

Silvia Crescioli(®°, Héléne Kaplon (", Alicia Chenoweth (3¢, Lin Wang (%, Jyothsna Visweswaraiah 7,
and Janice M. Reichert ("

*Business Intelligence Research, The Antibody Society, Inc., Framingham, MA, US; *Translational Medicine Department, Institut de Recherches
Internationales Servier, Gif-sur-Yvette, France; <St. John's Institute of Dermatology, School of Basic & Medical Biosciences, King’s College London,
London, UK; “Regeneron, Formulation Development, Regeneron Pharmaceuticals, Inc, Tarrytown, NY, US; ‘Drug Creation, Seismic Therapeutic,

Key Market Players

The prominent players operating in the global companion diagnostics market are F.
Hoffmann-La Roche AG (Switzerland), Agilent Technologies, Inc. (US), QIAGEN N.V.
(Germany), Abbott Laboratories, Inc. (US), Almac Group (UK), Danaher Corporation
(US), lllumina, Inc. (US), bioMérieux SA (France), Myriad Genetics, Inc., (US),
Sysmex Corporation (Japan), Thermo Fisher Scien Inc. (US), Abnova
Corporation (Taiwan), and Guardant Health, Inc. (US). 79
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ABSTRACT
The ‘Antibodies to Watch' article series provides an annual summary of commercially sponsored mono-
clonal antibody therapeutics currently in late-stage clinical development, regulatory review; and those
recently granted a first approval in any country. In this installment, we discuss key details for 16 antibody
therapeutics granted a first appvoval in 2023, s ol Novembev 17 (lecanemab (Leqembi), rozanolixizumab
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(RYSTIGGO), pozelimab (VEOP( (Talvey), (Elrexfio), ::l'n::y.gv’empeulm
epcoritamab (EPKINLY), g\oﬁlamab COLUMY. estamimab @yny2), b (Alhemo), European
(EBGLYSS), tafolecimab (SINTBILO), Uinlit: (Enrexib), (Arelili), Medicines Agency; Food and
and divozilimab (iiiz). We briefly review 26 product candidates for which marketng applationsare O iiiin
under consideration i at least one country or region, and 23 antibody hat disorders:

[
are forecast to enter regulatory review by the end of 2024 based on company disclosures. These nearly 50
product candidates Includ numerousInnovative ispeific antbodies sich s odronextamak vonescl
and and antibody-drug conjugates, such as trastu-
Zumab botidoti, pai b d b d MRGO02, as well as a mixture of
two immunocytokines (bifikafusp alfa and onfebafi=p o). We s dciss clnial phese ransidion and
overall approval success rates for antibody therapeutics, which are crucial to the biopharmaceutical
industry because these rates inform decisions about resource allocation. Our analyses indicate that these
molecules have approval success rates in the range of 14-32%, with higher rates associated with
antibodies developed for non-cancer indications. Overall, our data suggest that antibody therapeutic
development efforts by the biopharmaceutical industry are robust and increasingly successful.
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