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Il materiale presente in questo documento viene distribuito
esclusivamente ad uso interno e per scopi didattici.



Clonal expantion of Ag specific B cells

B cells Antigen with two epitopes :
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The mixture of antibodies produced in response to an antigen are
referred to as polyclonal antibodies (they are produced by many
different clones of B cells)



Polyclonal antibodies:

Protein

Immunize

> Antibodies
Immune Response , W

Epitopes

The serum obtained from an immunized animal is referred to as a polyclonal
antiserum.

Polyclonal antibodies are a mixture of
antibodies with different antigen binding
sites that may bind to different
epitopes of the immunizing agent with
varying affinities.

They may be of different antibody
classes.




The era of monoclonal antibodies:

the story of a discovery that revolutionized science and medicine

Kohler G, Milstein C.
Continuous cultures of fused cells secreting antibody of predefined specificity.
Nature. 1975 Aug 7

The Nobel Prize in César Milstein
Physiology or Medicine
1984

"for theories concerning the
specificity in development and
control of the immune system
and the discovery of the
principle for production of
monoclonal antibodies"

Georges J. F. Kohler




Hybridomas Technique

Antibodies produced by one single activated B cell, after
immortalization by physical fusion with a myeloma cell
(plasma cell tumor):
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Produced in unlimited amounts, at a relatively low cost



Antigen X

Isolate spleen celis

Kohler, 6., and Milstein, C.
lmmmouselmmuﬁzed

Continuous cultures of fused with antigen X

cells secreting antibodies of

predefined specificity. ©@0©
Mutant myeloma line;

Nature, 256: 995, (1975). ool "nm A AR
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“Clone" cells (so each well
contains the progeny of one cell)

Screen supernatants for presence of anti-X antibody
and expand positive clones
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Characteristics of the myeloma cell partner

1. Immortal
2. Does not produce Ig (mutant)

3. Lacks HGPRT (hypoxanthine guanine
phosphoribosyltransferase), thus:
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4. Cannot grow in HAT selective medium
(Hypoxanthine, Aminopterin, Thymidine)



Pathways for nucleotide biosynthesis
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Hybridoma Selection: The "HAT Trick"

Spleen cells (HGPRT*)
(Antibody producing)
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spleen spleen myvlc-ma m)*;ﬂ-:vma
| cells cells l cells cells |
Cell death Cell death

Proliferation

Only myeloma cells that have
fused with B cells will survive

Myeloma cells lack certain
enzymes so that they cannot
use hypoxanthine and

thymidine as a source for
hucleic acid biosynthesis and
will die in culture when grown in
HAT medium.



The hybridoma technique for monoclonal
antibody production (1)
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The hybridoma technique for monoclonal
antibody production (2)
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Monoclonal antibodies



Enzyme-linked immunosorbent assay (ELISA)
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PRODUCTION OF MONOCLONAL ANTIBODIES

Bioreactors
(5-10 mg/ml)

Yesterday.....

Generation of ascites
containing high
amounts of mAbs
(5-20 mg/ml)



Applications of monoclonal antibodies

In vitro

Identification and quantitation of an enormous range of
molecules in almost any biological sample

Identification of cell subsets (lineage, differentiation step,

activation state, functional capability) through the analysis of
specific markers

IMMUNODIAGNOSIS




Anti-CD45
Anti-CD3
Anti-CD4
Anti-CD8
Anti-CD19

Anti-CD56
Anti-CD16
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Popolazione cellulare
mista marcata
J. con anticorpi fluorescenti
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Through deflection plates the

Each single cell is hit by a beam

—> [[] Rilevatore of light which excites the

fluorochrome and determines
the emission of a fluorescent
signal

The light signal passes through
a system of filters and mirrors
and is amplified and converted
into an electrical signal that is
finally sent to a data analyzer.

analyzed cells can be deflected and
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GRAPHIC REPRESENTATION OF FLUORESCENCE SIGNALS
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1. SINGLE PARAMETER ANALYSIS

The histogram is the graphical
representation of a single distribution
(a fluorescence signal)

300 =

0 100K 200K

Dimensioni

Il citogramma di dispersione a puntini
(dot plot) e la rappresentazione grafica
di due distribuzioni (due segnali di
fluorescenza)
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2. MULTIPARAMETRIC ANALYSIS
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Monitoring of leukocytes during pathologies or therapies:
IMMUNODIAGNOSIS

Examples of pathological situations associated with an altered
composition of lymphocyte subpopulations in the blood

Condition Main finding?
Diseases
- Skin:
candidiasis (D4t |
Kala Azar CD4* 1 Flow Cytometry Analysis of CD4+ and CD8+ T Lymphocytes
¢« Nervous system: from a Patient with HIV Infection
~  Down syndrome COPTCOnR 1§ N _
multiple sclerosis CD4+CDA4SR? ! Individuo normale Paziente con HIV
schizophrenia B CD5* t (A 1)
¢ Respiratory system: : T e
pneumonia : CD4+ ! D4+
pulmonary sarcoidosis cog+ ) <
- Alimentary system: Y CDS8+ Y
coeliac disease CD4+ | x: : <
- Crohn's disease cD8+ ! o] e 3}
- Urogenital system: . W Ryl
pyelonephritis CD4* aEe T
@ Immyne system: FiE e
Rush hyposensitization 4% A CD8-PE
Endocrine system: » — | | —
Graves' disease CD8*DR* t 1395 linfociti T CD4'/mm? 66 linfociti T CD4'/mm?
Hashimoto's disease e CD4*DR* ;
@ Hematopoieticsystem: L L €
* idiopathic thrombocylopenic purpura  C a,égﬂ. !
Joints and connective tissues: :
systemic lupus erythematosus CD4*CD45* !

21 increase, | decrease in the numbers in the subset



Monitoring the functional status of immune system cells:
cytokine production
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Unstimulated

Stimulated

1. Stimulation

2. Blocking exocytosis
3. Fixation

4. Permeabilization

5. Intracellular staining
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Monitoring the functional status of immune cells:
cytotoxicity tests

Protein sorting & traffickin
NK cell ! g g
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Golgi apparatus
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Tissue distribution assessment:
fluorescence and confocal microscopy

Sezione di tessuto fissata
su un vetrino da microscopio
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Intestinal mast cells include two subsets
that express different proteases in their granules

MOUSE HUMAN

MCP-1 = tryptase expressed in the granules of
mucosal mast cells
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granules of the connective tissue



Healthy tissue

<




Applications of monoclonal antibodies

In vivo

Imm NOThef‘pr:
ransplanfm‘ion, autoimmune diseases, infectious
diseases




Antitumor mechanisms of action of therapeutic antibodies

h. Inhibition of blood
vessel formation

i S

Qaked antibodi@

a. ADCC
C. Receptor antagonism-

Inhibition of cell growth.
Induction of apoptosis

4

Fc receptor ()

b. CDC
C1qg complext

T cell D3
&5

s

I. Bispecific antibody

Drug, toxin ;g

E. Inmunotoxin

Antibody-drug fusion

Antibody-conjugates

drug

f. ADEPT

prodrug

cytokine )
gd. Immunocytokine

:.‘ radioisotope

d. Radioimmunotherapy




Action by naked antibody:
Antibody-mediated signaling inhibition

No proliferation

Proliferation

No proliferation

Katie Ris



Action by naked antibody:

Complement-directed cytotoxicity (CDC) and ADCC-mediated cytotoxicity

a b CcDC

AR

T O R

CTLs

ADCC

NK cell

Immediate effect Delayed and prolonged
(memory) effect



Antibody drug conjugate (ADC)

& Key functions

Target antigen ~ Recognition of target
cancer cells

Antibody Guidance system for
cytotoxic drugs

2 Bridge between antibody
Elnet and drugs and to control
the release of drugs
inside cancer cells

L_ Cytotoxic drug ~ Warhead for destroying

cancer cells

Antibody-Drug Conjugate

Mechanism of Action
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Antibody-dependent
cellular cytotoxicity

Effector cell




Obstacles to the /n vivo use of therapeutic mAb

‘HAMA (Human Anti-Mouse Antibodies) responses

‘Murine mAb do not effectively activate Fc-mediated effector
functions (ADCC, attivazione del complemento)

a ADCC b complement activation
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*Murine Abs have a shorter half-life than human Ab have (FcRn-
Brambell receptor -binding on endothelial cells, continuous Ig
recycling)



The modular structure of immunoglobulins

4 — Fab

\ Fe receptor binding



Monoclonal antibodies
can be genetically

manipulated!
Mouse hybridoma
\4
Mouse Chimeric Humanized

(65% human) (>90% human)



Antibody engineering

Mouse hybridoma In vitro antibody libraries

Transgenic mouse
Human hybridomas

\4
Mouse Chimeric Humanized Human

| |
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Genetic engineering

\/ gene cloning
CDR grafting

| Eukaz otic expression




In vitro and in vivo human antibody techniques:
phage display and transgenic mouse technologies

Isolate population of genes
encoding antibody
variable regions

Construct fusion protein
of V region with a
bacteriophage coat protein

/Human
immunoglobulin i e ton
transgenic mouse

Vy Vi
v — -
VL
antibody protein DNA

human antibody library

Cloning a random population
of variable regions gives rise
to a mixture of bacteriophage—
a phage-display library

Select phage with
desired V regions by specific
binding to antigen

~

Antibody-forming cells  Myeloma cells

L )
IFusion

Hybridoma
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Limiting
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Evolution of therapeutic antibody technologies
and progress to the clinic

Mouse monoclonal antibodies \D\
Kohler& Milstein'® Ibntumomab (Zevalin)

o | 11 VeaT Tosnumomab (Bexxar
1. ML"" ne mA bs Murom;%zeb CD3 f

(Orthoclone OKT3)

Genetic manipU'a'ﬁon Of mur‘ine mA bs: Chimeric recombinant antibodies 1\ p

Rituximab (Rituxan)

. . . Morrison et al® Basiliximab (Simulect
« Chimeric mAbs (V murine, C human) i R
« Humanized mAbs (mouse CDR only) o
CDR grafted antibodies "\ J lﬁfj&ﬁ‘ﬁ,’g@b@@ﬁfgg'”)

Jones et al.® Gemtuzumab (Mylotarg)
Alemtuzumab (Campath)

——lifyears—=—= Omalizumab (Xolair)
2 1997 Efalizumab (Raptiva)
. a a Daclizumab Bevacizumab (Avastin)

(Zenapax)

L]
° Phage d ls p |ay Phage display synthetic antibodies (Q}\
McCafferty” 2002
° Transgen i C m ice } 12 year: ?(’:02 Adalimumab (Humira)
A iy

Transgenic human antibodies
Lonberg et al. 2!, Green et al. % 2006

Panitumumab (Vectibix)
| ? years
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Monoclonal Antibody-based therapeutic strategies

a Tumour-specific IgG b Angiogenesis inhibition C Checkpoint blockade

Tumour

cell P
$\ Receptor Tcell a

Tumour—f-— o8 4 PDLl

antigen »

CTLA4 PD1
Complement

PDL1-
Effector cell ~\& %. \? 4 specific

Ipilimumab Nivolumab

Naked|Abs
d Radioimmunotherapy g CART cells

Lo I~ O

Immunoconjugates Antigen-based
retargeting of
cellular immunity

e Antibody-drug f Chimeric antibodies
effective at redirecting

conjugate =
thera £ g %-} T cells towards tumours
P Cﬁﬁ (BITE)



Bispecific T-cell engagers (BiTEs) used in cancer immunotherapy

BiTES are made by
combining light- and
heavy-chain variable
regions of two
antibodies into a
single chain
recoghize two target
epitopes

activate T cells

Anti-CD3
antibody

CD8T T cell

TCR

' T-cell Cytotoxic
% activation granule
s =
BiTE A >
me || & Ror

Tumor-associated

CD19 CEA

EpCAM EpHAZ2
Anti-TAA Target cell Her2/neu CD33
antibody EGFR MCSP

antigen (TAA), such as:

© Macmillan Learning



Checkpoint blockade for cancer immunotherapy

Checkpoint blockade

\2)
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Genetically modified T lymphocytes for cancer therapy
(CAR-T)

2. Incubation with viral vector 4. CAR-T cells are reinfused
into the patient

(@

1. T lymphocytes are isolated 3. Expansion of
and expanded in vitro CAR-T

CAR-T (Chimeric Antigen Receptor- T)



August 2017

FDA approves first CAR T therapy

The FDA gave the green light to Novartis’s tisagenlecleucel for the
treatment of acute lymphoblastic leukaemia (ALL), marking a historic
approval for a first-in-modality chimeric antigen receptor (CAR) T cell
therapy.

October 2017

Second anticancer CAR T therapy receives FDA

approval

The FDA'’s approval of Gilead Sciences and Kite Pharmaceutical’s
axicabtagene ciloleucel for relapsed or refractory large B cell
lymphoma marked the second green light for the emerging chimeric

antigen receptor (CAR) T cell modality.

Chimeric Antigen

Receptor (CAR) Tumor Antigen
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Human monoclonal neutralizing antibodies :
a novel agnostic approach

SUPER ANTIRODY

Only a very small proportion of infected individuals
generates broadly and potent neutralizing antibody

Blood of Memory Single cell Neutralization Monoclonal
immune donor B cells cloning assay antibody

@ - ¥ X

Super-antibodies of fer a new promise for prophylaxis and therapy of
infections for viruses that are highly antigenically variable, are newly
emerging or have pandemic potential



— Borrowing from History
Hilary D. Marston, M.D., M.P.H., Catharine |. Paules, M.D., and Anthony S. Fauci, M.D.

The discovery and characterization of this

o o . . . . antibody with exceptional breadth and potency
Antiviral super-antibodies are now available against: ins ides an i

against HIV provides an important new lead

for the development of strategies to prevent
and treat HIV infection.

HIV, Influenza virus, RSV, HCMV, Rabies virus,
Dengue and Zika virus, Ebola virus, SARS

— NIAID Director Anthony S. Fauci, M.D.




