Monoclonal antibodies (mAbs)




mADbs = insieme di anticorpi identici fra loro in
guanto prodotti da un solo tipo di cellule B
(cloni cellulari)

Basic structure of an Antibody

Variable region

Heavy chain Constant region




Use of monoclonal antibodies (mAbs)

Diagnostics: quantitation of antigens relevant to diseases
(hormones, microbial antigens, toxins, etc...), quantitation of cell
subsets, identification of pathological tissues, cells, etc...

Laboratory reagents: immuno-isolation, -fractionation, -
precipitation, -identification, -purification etc... of cells,
organelles or any cellular component or molecule

Therapeutics: targeting of drugs to cells to be killed (tumors,
virus-infected cells, autoreactive lymphocytes, etc...), targeting
of receptors to be blocked or stimulated

Other
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Monoclonal Antibody Production

Myeloma cells

Immunization of mouse

to stimulate antibody Tumor cells are
production T grown in tissue
culture

Antibody-forming
cells isolated
from spleen

e FUSION

Antibody-forming cells are fused with
cultivated tumor cells to form




Monoclonal Antibody Production

spontaneous cell Myeloma cells) mutant: no Ab production
death in culture
© + S

HGPRT+, TK+ HGPRT-, TK-

HAT growth medium
(only HGPRT+,TK+ cells grow)

HGPRT+, TK+

HGPRT: Hypoxanthine Guanine PhosphoRibosyl Transferase
TK: Thymidine Kinase

HAT: Hypoxanthine, Aminopterin, Thymidine

Le cellule di mieloma (TK-/HGPRT-) non secernono Ac € muoiono in HAT medium,
perché mancano del gene funzionale (presente nelle cellule normali) richiesto per la

sintesi di DNA nel terreno HAT.



Principi della selezione mediante HAT

In condizioni normali, le cellule sintetizzano i nucleotidi purinici e
la sintesi del DNA) a partire da
fosforibosilpirofosfato e uridilato; ma il trattamento con farmaci anti-folato
quali I”aminopterina inibisce tale sintesi secondo il pathway normale,

timidilato (componenti indispensabili per

obbligando le cellule stesse ad usare un
Il pathway alternativo richiede (per la

aminopterina i componenti del medium d

pathway alternativo.

sintesi di purina e timidilato)

|” apporto esogeno di jpoxantina e timidina, che infatti sono insieme all’
| selezione denominato HAT.

normale alternativo
De novo Pathway Salvage Pathways
IPHOSPHORIBOSYL PYROPHOSPHATE| | THYMIDINE HYPOXANTHINE
+ M
| URIDYLATE| Thymidine Hypoxanthine
¢ kinase (TK) guanine ‘L
* 'L phosphoribosy! l
* transferase
* L (HG/PRT) l
Aminopterin ENZYMES ABSENT IN
¢ l MUTANT MYELOMA LINES
\. / USED FOR FUSIONS
A NUCLEQTIDES
purine e thymidylate

A. Pathways of purine synthesis.




Per sintetizzare —mediante ipoxantina e timidina- i sopracitati nucleotidi,
sono indispensabili i rispettivi enzimi
- Ipoxantina-guanina fosforibosil-trasferasi (HGPRT) e
- timidina chinasi (TK)

normalmente presenti negli splenociti (e quindi negli ibridomi che ne
derivano), ma che mancano appositamente nelle linee di mieloma usate
come partner di fusione.

Ne consegue che dopo la fusione solo gli ibridomi riescono a sopravvivere
nel medium HAT.

normale alfernativo
De novo Pathway Salvage Pathways
PHOSPHORIBOSYL PYROPHOSPHATE THYMIDINE HYPOXANTHINE
+
URIDYLATE Thymidine Hypoxanthine ‘
kinase (TK) guanine
" i phosphoribosy! l
# transferase
(HGPRT) L
v ' ]
Aminopterin ENZYMES ABSENT IN
¢ l MUTANT MYELOMA LINES
\ / USED FOR FUSIONS
A NUCLEOTIDES *
purine € thymidylate

A. Pathways of purine synthesis.



HAT Selection

Genotype:* TK - TK+/TK -

immortal
HAT-sensitive

Cell type: plasmacytoma

HAT fate: DIES SURVIVES DIES
Explanation: Unable to synthesize Immortal and restored Mortal:
DNA: DNA synthesis:
(1) Thymidine kinase* (1) Immortality from (1) Functional DNA syn-
mutation causes a loss- plasmacytoma and thesis, but
of-function in the “sal- (2) rescued ability to (2) eventually dies
vage” pathway and synthesize DNA due to because of limited
(2) Aminopterin blocks restored thymidine number of replication
“De novo” pathway. kinase* function. cycles

*HGPRT (hypoxanthine-guanine phosphoribosyltransferase) mutants can be used in place of TK (thymidine kinase) mutants




FUSIONE

SELEZIONE

CLONAGGIO

Antigene X
Cellule spleniche
isolate da un topo
immunizzato con

I'antigene X
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Linea mutante di
N}lscela di gellule splemche trat C)I.él mieloma; incapace
alcune producenti anticorpi anti- di crescere nel terreno
Fusione di selezione HAT; )
non produce anticorpi

Miscela
di cellule fuse ‘
e non fuse

Selezuone in vitro
in terreno HAT

Crescono solo "K
le cellule fuse ,‘
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Clonaggio delle cellule (COSl che ciascun pozzetto
contenga la progenie di una sola cellula)

Test del sopranatanti per la presenza di anticorpi
anti-X ed espansione dei cloni positivi
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Preparazione degli anticorpi monoclonali
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Monoclonal Antibody Production

Antigen
| & & &

i : Myeloma cells
Spleen cells (HGPRT™)

|®#% @ @ | Fusion

FUSION
1. Culture in
HAT medium
SELECTION O O O 2.Test each
3. Clone each O O (P (O ) supernatant
positive culture for antibodies
4.Test each
CLONING O O O O O O O O supernatant
O O O O O O O for antibodies

9. Expand positive clones
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Harvest monoclonal antibodies
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in vivo




Growth of mAbs-producing cells (hybridomas)




mADbs production







Major lymphocyte subsets

CD16
CD56

TcR
CD3

CDh4

cD19
CD20
IgM
IgD

TcR
cD3
CD8

T suppressor/
cytotoxic




Fluorochrome-conjugated antibodies

3 | cD14, CD8O+ Cell

b) CD14+, CD80- Cell
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Sistemi di screening

1-ELISA (Enzyme-Linked Immunosorbent Assay) diretto o
sandwich

2-RIA (Radio Immuno Assay)
3-Immunoperossidasi (Ipx)
4-Immunofluorescenza (IF)

5-Analisi citofluorimetrica (Fluorescence Activated Cell Sorter:
FACS)

6-lImmunoprecipitazione (IP)

/-Western Blotting (\WB)



Fluorescence-Activated
Cell Sorter (FACS)

mixture of cells in liquid

photomultiplier tube







Immunohistochemistry



Enzyme-Linked Immunoadsorbent Assay
(ELISA)
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Protein quantitation by immunoblot (western blotting)
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RIS = RadiolmmunoScintigrafia: recidiva tumore colon-retto
iIndividuato con mAb marcato con un isotopo radioattivo,
diretto contro I antigene carcinoembrionario (CEA)

Regione pelvica

Iniezione endovena del mAb anti-CEA marcato con indio-111
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Therapeutic m




Murine mAbs

1) La somministrazione di immunoglobuline appartenenti a specie
differenti induce nell'uomo una risposta immunitaria specifica
denominata HAMA (Human Anti Mouse Antibodies), che puo sia
renderne inefficace I'azione che causare reazioni immunologiche anche
gravi.

2) L'emivita delle IgG murine € di circa 24 h, mentre quelle umane
superano i 20 giorni.

3) | mAbs murini hanno una limitata capacita di fissare il
complemento e di interagire con cellule effettrici umane (inefficiente
ADCC: citotossicita cellulare anticorpo mediata).



Classes of monoclonal antibodies (mAbs)

Murine mAbs: classically produced in mice, completely murine molecules

Chimeric mAbs: variable regions (antigen binding) from murine mAbs
fused to human constant regions. Resulting mAbs are 70% human.

Humanized mAbs: murine antigen-binding sequences (CDR) grafted into
human antibodies. Resulting mAbs are 90% human.

Human mAbs: 100% human.
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Mouse Chimeric Humanized Human



Vi Heavy V umano con CDR murino, € umano
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HumAbs

Table 1. The production
clonals (current approaches)

of human anttumour mono-

( (a)
(b)
Immunisation status {

(¢)

(a)
(b)
Lymphoid tissues uscd{

| @

Active disease alonc

In vitro immunisation or
boosting

Active discasc plus
immunisation with tumour
vaccine

Draining lymph nodes
Peripheral blood
lymphocytes

Intratumour lymphocytes or
spleen

( (a)

Immortalisation ' J (b)
procedures '

(c)

Fusion alone with human,
mouse or human/mousc cell
lines

Epstein Barr virus
transformation
Epstein Barr virus
transformation followed
by fusion

+CD40
system

[ ().
~|. (b)
Patients with tumours < (c)
of the following (d)
tissues/organs - (e)

\

Breast

Skin (melanoma)

Lung

Colorectum, stomach
Bladder, blood, brain, cervix,
ovary, vulva

;';‘fﬁankcdéf{n descending order
sectef 6.

of use to date. For further details




Therapeutic mAbs: enhancing effector functions

ADCC: Antibody-Dependent Cell-Mediated Cytotoxicity

Target Cell
(Cancer Cell)

Antibody

Fc Receptor

Tumor Lysis T S
by ADCC OXiciTYy " Effector Cell

(NK cell & Monocyte)

ADCC is a major mechanism for killing tumor cells by
therapeutic antibodies.



Therapeutic mAbs: oncotherapy

Directed Enzyme/
Prodrug Therapy

a Enhancing effector : d Pre-targeting

Complement-dependen ' Biotin—chelator—

Incremento delle - . | radionuciide
Cytotaxicity

funzioni effettrici :

A Point mutations : )
and/or modified : ADEPT:Antibody
l

- s
“
—

Small molecule
Or protein toxin

mAbs che veicolano Mcionualde

antibody Radionuciide, toxin| mAbs che veicolano
direttamente farmaci

orimmunological | indirettamente farmaci
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b Direct arming € Indirect arming



Problems associated with in vivo therapy with monoclonal antibodies

.[Circulating free antigen
Antigenic modulation (internalization, capping)
Host antibody response to the monoclonal antibody
Selection for cells that do not express antigen (antigen-loss variants)
Sanctuary sites| (antibodies and/or lymphocytes or reticuloendothelial
cells denied access) (eg: CNS, testes)

wn H W —

Trattamento dei tumori:
Difficolta:
1. Limitazione della penetrazione dell’ anticorpo in una
massa voluminosa
2. Legame alle cellule non tumorali
3. Anticorpi sono comunque immunogenici € inducono
una risposta anti-idiotipo



"herapeutic mAbs

Mon-Hodgkin's lymphorna most commonly occurs in the
lyrmph nodes and is a cancer of B-cells,

Rituxan, a therapeutic antibody, binds to the CD20 protein
found on normal and cancerous B-cells in vitro,

Rituximab
chimeric

Rituxan recruits components of the body's immune
systern (phagocytes, etc,) to destroy B-cells,

Once Rituxan has cleared the body, normal B-cells can
begin to grow again.




Antigeni tumorali marcati con anticorpi monoclonal
In trial terapeutici

Origine del tessuto | 1yng i antigene Antigene Tipo di tumore
tumorale po Igen P
Linfoma/ Antigene di CDs Linfoma a cellule T
leucemia differenziamento Idiotipo Linfoma a cellule B
CD52 (CAMPATH1) Linfoma/leucemia
acelluleTeB
Recettore di segnale CD20 Linfoma non-Hodgkin
della cellula B acelluke B
Tumori solidi Antigeni di membrana _ Tumori epiteliali
glicoproteine CEA, mucina-1 gg?‘r]r(l)rir]\g)lla. colon,
Carboidrati LewisY Tumori epiteliali
CA-125 Carcinoma ovarico
Recettore per Recettore per fattore Tumori mammari, del
fattore di crescita iermico d crescita polmone, delka testa
HER-2/ neu edd ool
Recettore IL-2 Tumon mammari & ovarici
Fattore di crescita vascolare | || Tumoni delle cellule T e B
endoteliale (VEGF) Cancro colon
polmone, prostata, mammella
Antigene dello stroma FAP-o Tumori epiteliali
extracellulare Tenascina Glicbiastoma multiforme
Metalloproteinasi Tumori epiteliali

Campath, humanized

Rituxan, chimeric

Erbitux, chimeric /

Vectibrix,human
Simulect, chimeric / Zenapax,

humanized
Avastin, Humanized



Approved therapeutic
antibodies

Humira
Vectibix
HUMANIZED
Synagis

Herceptin
Zenapax
CHIMERIC Myelotarg
Rituxan Campath

i Remicade Xolair
MOUSE Reonro Raptiva

OKT3 Simulect Avastin
BEXXAR Erbitux Tysabri
Zevalin (Actemra-Japan)




FDA-approved mAbs for therapeutic use

Lompany
Ortho (J&J)
Immunomedics
Centocor (J&J)

Cytogen (EUSA Pharma)
Genentech (Roche)/Biogen

Roche
Novartis
Genentech (Roche)

drug
Ortho-OKT3
CEA-Scan
Myoscint
Prostascint
Rituxan
Zenapax
Simulect
Herceptin

Medimmune (AstraZeneca) Synagis

Centocor (J8J)/Merck
Wyeth (Pfizer)

llex Pharma

Biogen Idec

Abbot

Genentech (Roche)
GlaxoSmithKline
Centocor (J&8J)
Genentech (Roche)
Biogen Idec

Imclone (Eli Lilly)
Centocor (J8J)/Merck
Amgen

Genentech (Roche)
Alexion

ucs

Remicade
Mylotarg
Campath
Zevalin
Humira
Raptiva
Bexxar
Reopro
Xolair
Tysabri
Erbitux
Avastin
Vectibix
Lucentis
Soliris
Cimzia

molecule
muromonab-CD3
arcitumomab
imciromab pentetate
capromab pendetide
rituximab
dacizumab
basiliximab
trastuzumab
palivizumab
infliximab
gemtuzumab ozogam
alemtuzumab
ibritumomab tiuxetan
adalimumab
efalizumab
tositumumab
abciximab
omalizumab
natalizumab
cetuximab
bevacdzumab
panitumumab
ranibizumab
eculizumab
certolizumab pegol

\ype
murine
murine
murine
murine
chimeric
humanized
chimeric
humanized
humanized
chimeric
humanized
humanized
murine
human
humanized
murine
chimeric
humanized
humanized
chimeric
humanized
human
humanized
humanized
humanized

anti-CD3

anti-CEA Fab
anti-myosin Fab
anti-PSMA
anti-CD20
anti-CD25
anti-CD25
anti-HER2

anti-RSV
anti-TNFaipha
anti-=CD33
anti-CD52
anti-=CD20
anti-TNFalpha
anti-CD11a
anti-CD20

anti-GP I1b/Illa Fab
anti-IgE
anti-alpha4 integrin
anti-EGFR
anti-VEGF-A
anti-EGFR
anti-VEGF-A fragm
anti-complement C5
anti-TNFalpha

Suffisso: -omab (murino), -ximab (chimerico), -zumab (humanized), -umab (human)



Main

Type Application Mechanism/Target
category Trade name

e rheumatoid arthritis

infliximab?®] | @ Crohn's disease Remicade inhibits TNF-a
e Ulcerative Colitis 1 998
e rheumatoid arthritis

adalimumab ¢ Crohn's disease Humira inhibits TNF-a

Anti- e Ulcerative Colitis 2002
inflammatory
etanercept’?®l | o rheumatoid arthritis Enbrel Contains decoy TNF receptor

basiliximab!2]

daclizumab'2?

Acute rejection of Kidney transplants S
imulect

Acute rejection of kidney transplants

inhibits IL-2 on activated T cells

inhibits IL-2 on activated T cells

omalizumab

Zenapax
moderate-to-severe allergic asthma Xolair

inhibits human immunoglobulin E (IgE)

gemtuzumab/Z

alemtuzumab!2®

relapsed acute myeloid leukaemia

Mylotarg

B cell leukemia

targets myeloid cell surface antigen CD33 on leukemia
cells

Anti-cancer

L targets an antigen CD52 on T- and B-lymphocytes
Campath v e
rituximabi23] e non-Hodgkin's lymphoma Ritlixan targets phosphoprotein CD20 on B lymphocytes
trastuzumab | e targets the HER2/neu (erbB2) receptor

N
S

nimotuzumab

Approved in squamous cell carcinomas, Glioma
Clinical trials for other indications undorwavrheracim

EGFRA inhibitor

cetuximab

¢ Approved in squamous cell carcinomas, colorectal

carcinoma EI"bitUX

EGFRA inhibitor

bevacizumab

Anti-angiogenic cancer therapy

Avastin

inhibits VEGF

Other

palivizumab!2°l

abciximab'&

RSV infections in children

Synagis

Prevent coagulation in coronary angioplasR eopro

inhibits an RSV fusion (F) protein

inhibits the receptor Gpllb/llla on platelets

Mode

chimeric

human

fusion

protein

chimeric

humanized

humanized

humanized

humanized

chimeric

humanized

Humanized

Chimeric

humanized

humanized

chimeric




Agentt uwel@

Bersaglio Agente Malattia Esito Svantaggi
terapeutico della malattia
Integrina anticorpo Sclerasi multipla Riduzione della Aumento del rischio
noclonale (mAb (MS) frequenza delle diinfezione,
moB inote :( ) recidivantaremittenta recidve; fitardo della ||| encafalopatia
gy INtegrna - ; progressione dalla progressiva
h Artrite reumatoide (RA
specifico .re. . _ )| malatia multifocale
. Malattia infiammatoria
Natalizumab, ||| darintestino
humanized
Cellule B mAb CD20-specifico ||| RA Miglioramento Aumento del rischio
. . Lupus aitematoeo dell'artrite, possibile di infezione
Rituximab, ||| sistemico (LES) nel LES
chimeric MS
HMG-coanzima A Statine MS Riduzione dell'attivith ||| Epatossicitd;
reduttasi della malattia rabdomiclisi
Cellule T mAb CD3-specifico Diabete mellito ipo 1 | || Riduzione delluso Aumento del rischio
dell'ineulina di infezione
Proteina di fusione RA Miglioramento
CTLA4-immunoglobu|| | Peoriasi dellartrite
Ina MS




Agenti terapeutici gér 'autoimmunita umana )

Bersaglio Agente Malattia Esito Svantaggl
terapeutico della malattia
Citochine mAb TNF-epadifico e ||| RA Miglioramento Aumento del rischio
proteira solubile di Malattia di Crohn dell'invaliditd; di tubercolosi & di
fugione di TNFR . o riparazione altra infezioni; ligve
. AUVRS Rotiasicn del'artioobizions aumento del rischio
Remicade, || Spondiite anchikosanta | || oy artite di linfoma
Enbrel
Antagonista dal RA Miglioramento Scarea efficacia
recettore IL-1 dell'invalidita
mAb IL-15-epadifico ||| RA Linvalidith pud Aumento del rischio
miglicrara di infazioni
opportunistiche
mAb recattore- RA Diminuzione Aumento del rischio
specifico di IL-6 dell'attivith della di infezioni
malattia opportunistiche
Interferoni tipo 1 MS Riduzione della Tossicith apatica; &
recidivantaremittenta | || frequenza delle comune una
recidve gindrome simile

all'influenza




FDA-approved mAbs for therapeutic use
annual sales

v .
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Centocor (J&J)/Merck
Abbot

Genentech (Roche)/Biogen
Centocor (J&J)/Merck

Genentech (Roche)
Imclone (El Lilly)
Genentech (Roche)
Biogen ldec
Genentech (Roche)

Re mlcade
Humira
Rituxan
Avastin
Herceptin
Erbltux
Lucentis
Tysabri
Xolair

antiboc l.'
antt-TNFalpha
anti-TNFalpha
anti-CD20
anti-VEGF-A
anti-HER2
anti-EGFR
anti-VEGF-A fragm
anti-alpha4 integrin
anti-IgE

Million $

7,000
4,500
2,900
2,900
1,800
1,700
900
600
500




