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Immunological techniques

MICROANALITIKAL METHODS
- immunoserology
- immunohistochemistry

FUNCTIONAL TESTS
- in vitro methods (tissue cultures)
- in vivo methods

NUCLEIC ACID TECHNIQUES



Immunoserology
= Methods based on immunoprecipitation

— Radial immunodiffusion (Mancini)

— Radial double immunodiffusion (Ouchterlony)
- |ELFO

— Nephelometria

= Methods based on agglutination
—Coomb’s test (direct, indirect) S
—Latex agglutination '
—Quick tests

= Micro immunoassais
—RIA, ELISA, FIA, RIF




Structure of immunoglobulin G

Whole immunoglobulin

VH

disulfide bonds




Antibody affinity maturation

Pini et al. (1998) J. Biol. Chem. 273, 21 769-21 776
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Factors influencing the antibody
production

= MHC haplotype of the recipient
= Nature and origin of the antigen
= Dose of the antigen

= Mode of the adminiostration

= Adjuvants

= Kinetics of the immunisation



Production of the antibodies

= Policlonal antibodies - antisera
immunisation
antibody purification
labeling for practical applications
= Hybridomas and monoclonal antibodies
antibody design and production

large scale fermentation of the best
clones

labeling for practical applications
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Kinetics of immunoglobulin
production
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RADIAL IMMUNODIFFUSION
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Radial immunodiffusion (Mancini technique)

DOUBLE IMMUNODIFFUSION

Antigen ' , Antibody

Precipitate Agar matrix

Double immunodiffusion (Ouchterlony technique)
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Enzyme Linked Immunosorbent Assay (ELISA)
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Immunohisto/cytochemistry

= Light microscopic methods (autoradiography,
enzyme-immunocytochemistry)

- Immunohistochemical imagine analysis

* Fluorescent microscopic methods
- Conventional immunoflouresce
- Laser scanning (confocal) microscopy

* Flow cytometry
- Cell surface and intracytoplasmic labelling
- Microbead techniqgue (MMA)
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Flow cyt
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Flow Cytometric Analysis of Phospho-p44/42 (ERK1/2),
CD3, and CD4

Control ==
CD3/CO28 Cross Link =
PIMASONOIMYTIN w—

|- 100

\ - 80
- 60

CD3-PerCP
=

10'
CD4-FITC

o
- - 60
- - 60
- =40
- 20
= T T T LT T T 0
1w 10" 10" 10* 10* 10* 10° 10 o 10*

Phospho-p4a4/42 (T202/Y204)
Alexa Fluor® 647

Multicolor analysis of human PBMCs stained with anti-CD3, anti-
CD4, and anti-phospho-p44/42 (T202/Y204) Alexa Fluor® 647.
PBMCs were depleted of adherent cells and stimulated by
CD3/CD28 crosslinking (15 min at 4 C) or PMAfionomycin treatment
(500 ng/ml for 30 min at 37 C). Following treatment, cells were
washed, fixed, permeabilized, and stained with all three antibodies
simultaneously. Cells were analyzed on a BD FACSCalibur™ flow
cytometer. The results show that phospho-p44/42 (T202/Y204) was

upregulated in only the CD34/CD4+ double positive cells.
Data courtesy of Omar Perez. PhD - Nolan Laboratory, Stanford University



In vitro functional tests

= Short term cultures
- analysis of cell migration
- phagocytosis tests (sheep RBC,
lisosyme, NBT) <
- activity analysis
(mixed lymphocyte culture, cytotoxicity)

@;

= Continous cell cultures
- autoantibody analysis
- cytotoxicity tests



in vivo functional tests

= |mmunotoxicity tests
= Skin window test
= Passive cutan analphilaxis (PCA)




Characteristics of polyclonal
antibodies

= Blood serum (variable idiotypes, different
iIsotypes, mixture of antibodies with
different affinity)

= Characterised by avidity

= Standard in bench



Immunoglobulin purification
Salt precipitation (NH,),SO,

Liquid chromatography

Affinity chromatography (Fc end, antigen)




Affinity purification

Protein A Protein G

immunoglobulin binding domain
of protein G




Hybridomas and monoclonal antibodies

César Milstein és Georg Kohler

Nobel prize,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"



Monoclonal Antibody Production

Immunization of mouse

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

Antibody-forming
cells isolated
from spleen

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

Hybidromas screened for
antibody production

Antibody-producing
hybridomas cloned

Monoclonal antibodies
isolated for cultivation



Characteristics of monoclonal
antibodies

= Genetically engineered antibodies
= Specific in single epitope

= Uniform antibody molecules

= Characterised by chemical affinity
= Standard by the cell line



Somatic cell hybridisation and selection
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Gene transfer Immunization

Ly

Human
: monoclonal
Mouse with human IgG genes antibodies




Monovalent

Intact 1gG fragments Dl(agczgl)es
sckv Bivalent Bispecific

(-55 kDa) (~30 kDa)

- O Triabodies (-90 kDa)

V Domain C Domain
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Fab conjugates: dimers and trimers

Trivalent
&) ? Tetrabodies (120 ko)

Adhesive CC;:’::";;’;
domains Jug

or trimeric Fab
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dimeric Tetravalent
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Hybridoma culturing




First monoclonal antibodies for
therapeutic use

Generic name Trade name = Sponsor company  Type Approval date
Muromonab-CD3 Orthoclone Ortho Biotech Murine 1986
Abciximab ReoPro Centocor Chimeric 1994
Rituximab Rituxan Genentech Chimeric 1997
Daclizumab Zenapax Hoffman-La Roche Humanized 1997
Basiliximab Simulect Novartis Chimeric 1998
Palivizumab Synagis Medlmmune Humanized 1998
Infliximab Remicade Centocor Chimeric 194938
Trastuzumab Herceptin Genentech Humanized 1998
Gemituzumab oczogamicin - Mylotarg Wyeth-Ayerst Humanized 2000
Alemtuzumab Campath Millennium/ILEX Humanized 2001

Licences are expired in 2010 and 2011. Number of
therapeutic monoclonal antibodies in the market is
closed to 2000 including biosimilars.

November 10, 2017, 68 new monoclonal antibody products have been approved in
the US or in the EU for the treatment of a variety of diseases. At the current
approval rate of ~70 new original monoclonal antibody products will be on the
market by 2020, and combined world-wide sales will be nearly $125 billion.
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http://www.pharmaceutical-technology.com/projects/chugay/
http://www.pharmaceutical-technology.com/projects/chugay/
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New production greenhouse facilities are also available to ............ through a
collaboration with the University of Arkansas at Fayetteville. These plant growth
facilities will support cGMP compliant growth of transgenic plants for the
expression of monoclonal antibodies in plants.




Immunotoxin therapy
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Nomenclature of therapeutic
mononclonal antibodies
Prefix (variable) — Target — Origin — mab

(E.g. anti-CD20 Rl tu XI mab
TARGET ORIGIN

b(a) bacterium -a- rat
c(i) circulatory system -e- hamster
f(u) fungus -I- primat
K(i) Interleukin -0- mouse
(1) Immune system -Uu-  human
n(e) nervous system -XI-  chimeric
s(o) bone -ZU- humanized
tox(a) toxin -Xizu- chimeric/humanized hybrid
t(u) tumor -axo- rat/mouse hybrid

v(i)  virus



Antibody labelling for laboratory use

Label

Biotin / Streptavidin
Enzyme
Fluorophore
Tandem dyes
Lanthanide

Direct
Imm Unoassay immunofluorescence

Western Blot

ELISA
Immunofluorescence
Immunchistochemistry
Fluorescence Technology

Amplification techniques

r

PAP )
Complex

Anti-Peroxidase Antibody Amplification - LSAB Method

Peroxidase Enzyme @ Y

Anti-Peroxidase Antibody ¢ oV o0 %ne ¢

? B
Secondary Linking Antibody

Primary Antibody

 a\

Tissue Antigen

Indirect

immunofluorescence
or secondary detection

Key

EO
HRP
High Sensitivity Streptavidin
Biotin
Secondary Antibody

Primary Antibody

Antigen



Fluorescent labelling

Excitation
Wavelength

Fluorochromes/Dyes :itlat::lard :)i;l)ttei?nal
533/30 -
533/30 510/15
JC-1, Fluo-4 AM, SYBRG 533/30 -
YFP 533/30 540/20
PE, JC-1, BD™ MitoStatus TMRE 585/40 -
585/40 565/20

OFP

*
| 585/40, 670 LP

610/20

| 670 LP 610/20
670 LP 610120
670 LP e
670 LP =
670 LP -

670 LP 780/60
675/25 -
670 LP 780/60




Combination of labelling methods

Enzymatic

Alkaline
Phosphatase

Beta
Galactosidase

Horseradish
Peroxidase

| Fluorescent Dyes |

Near UV

Cy2™

DyLight™ 488

Visible

ATTO 488

Cy5™

DyLight™ 488

Near IR
Allophycocyanin
Cy5™
ATTO 647
DyLight™ 649

ATTO 655

[:1:. ;5 . 5 ™

DyLight™ 680

DyLight™ 800

Haptens

Biotin

Biomagnetic
Particles

Streptavidin

Protein A/G




Gold labeling

Sequential Gold and Fluorescent Labeling

(A) Colloidal Gold (B) Nanogold

Fluorescently
labeled secondary

Gold labeled
primary

Antigen

Size comparison:

(A) conventional BSA-stabilized

Antigen colloidal gold-lgG probe, vs.
{B) Nanogold-Fab' probe Cell of Tissve
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