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Polyclonal antibody generation

Polyclonal antibodies Blood antibody levels

(a collection of different antibodies)
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Monoclonal antibodies

The Nobel Prize in Physiology or
Medicine 1984

arcnive 1!‘;1‘;‘1{'\"{‘:“ l d!'(hi'\'x’.
Niels K. Jerne Georges J.F. Kbhler César Milstein
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Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 1984
was awarded jointly to Niels K. Jerne, Georges J.F.
Kohler and César Milstein "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 generation

Mouse challenged with antigen

Spleen Cells Myeloma Cells
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Humanized monoclonal antibody generation

Mouse embryonic Fully human

Parray et al., 2020



Antibody purification

Antibody purification with Protein A
IgG binds to the beads.
Protein A-coated beads Addition of serum Other serum components are eluted.
~ yt. v -‘"",T)(:ﬁ. v

c W N N { Il:'-" = Ly
HA I‘" L ."'f = .NH d

L ||

e

IgG is eluted with

an acidic solution.




Antigen-affinity purification

Antigen-coated beads

Antibody purification

Addition of serum
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Aniibodies that bind
to the antigen are retained
by the beads.

Other antibodies are eluted.

Antigen-specific antibodies
are eluted with
an acidic solution.




Polyclonal vs. Monoclonal

Monoclonal antibodies Polyclonal antibodies
A A /
As primary: . k\
Antigen Antigen
Monoclonal antibodies Polyclonal antibodies
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Polyclonal vs. Monoclonal

Animal species

Form
Class. subclass

Epitope

Specificity

Reproducibility

Stability

Difference between polyclonal and monoclonal antibodies

Polyclonal antibodies

Rabbit, geuinea pie. eoat, sheep. rat. mouse,

chicken, etc.

Antizerum

Mixed classes

React to multiple epitopes

Lower than monoclonal antibodies because

multiple types of antibodiesz are present.

Yariable amone lots.

Binding ability tends to be unaffected by
fixation/denaturation of the antigen,
because multiple different antibody
molecules are present.

Tolerate modifications. such as labeling

and removal of the Fc region.

Monoclonal antibodies

Rat. mouse, chicken. rabbit, human, etc.

Hybridoma
Single class
React to a zingle epitope

Hieh if good quality antibodies are

selected.

The szame antibodies are produced

indefinitely.

Binding ability may be lost if the epitope
iz lost by fixation/denaturation of the
antigen, because monoclonal antibodies are
homogeneous .

Tend to be zensitive to modifications. such

as labeling and removal of the Fc region.



Labeling options

Direct method Indirect method Amplification method
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Non-specific reactions

Normal reaction False positive
S-enu ndary or
& primary antibody
Primary anthu?( Eﬂﬂﬂ"dﬂw antibody %
Antlgan Amlgen

Tlssues cells Tlssues cells



Non-specific reactions

Normal reaction Non-specific reaction Non-specific reaction
Secondary antibody
Anti-mouse lgG antibody
k Rabbit anti-B antibody & A&
Mouse anti-A antibody | \\.
' 4

—Antigen A T iiger 5
Human tissues, cells

Cross-reacting to rabbit antibody Cross-reacting to human tissue



Non-specific reactions

Normal reaction False positive False positive False negative
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Non-specific reactions

IgG

Fc Region
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IgM Rheumatoid Factor IgG Rheumatoid Factor




Fluorescence-labeled antibodies:
Immunofluorescence

Staining with a direct-labeled antibody
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Green fluorescence of the fluoro-
phore of the direct-labeled antibody
(Alexa Fluor® 488) is observed by a
fluorescence microscope.
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Sample: Hela cells



Enzyme-labeled antibodies:
Immunohistochemistry

TEWSOR AL R
Substrate i, o (7 Wy, g o “~ ' The brown color, generated
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The result of immunchistochemical staining indicates that autophagy was induced in the liver tissue.



Immunohistoch

Direct Method
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A Cell

Antigen

@
Antibody){ Fluorescent {(Ii’thl
e
A

Indirect Method
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Fluc
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Amplification Method

(as an example)
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Advantages

Disadvantages

Direct

Method

= Easy for multiple staining, especially
Fluorescent Staining method.

- Mo non—specific staining by secondary
antibodies.

= Bhorter working time.

- Requires labeled antibodies in the same
guantity as the target molecules, which
can be costly.

- Gommercially available primary antibodies
with the desired label may be very limited.
- Some antibodies may lose activity due to

labeling.

Indirect
Method

- High versatility -~ the secondary
antibodies can be used if they share the

same host species with primary antibodies.

- Difficult to detect multiple target
molecules simultaneously - unlike the
direct method, primary antibodies need to
be from different host animals.

- Longer working time required for
secondary antibody reaction compared to
the direct method.

- Mon-specific staining may occur due to

secondary antibodies.

Amplification
Method

= Very useful for molecules with low
expression levels due to the amplification

capability.

= Gonsideration of endogenous biotin
presence is required if using the biotin—

streptavidin system.

substrate [

Polymer-HRP -

Secondary Antibody

Primary Antibody
Aniigen [l

Tissue



Enzyme-labeled antibodies: Western blotting

IJght emitted in kDa
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Sample: Cells expressing a GFP-fusion protein




Western blotting

{anzyme-labelad antibody)

. Light emission or

colorimatric change
causad by an anzymsa

Proteins are separated by electrophoresis Probing with antibodies, and detection of
and transferred to a membrane. the target protein by an enzyme reaction.
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Colloidal gold-labeled antibodies:
Microscopy

Immunoelectron micrograph of autophagosomes detected using the marker LC3

Colloidal gold conjugated Colloidal gold (black dots),
secondary antibody labeled on the secondary
antibody, is observed by
p electron microscopy.
Primary antibody - '
il =
A ___‘_-:" Cell

_ . The data were kindly provided
o udf by Dr. Noboru Mizushima
Antigen Sample: MEF cells (starved condition) of the University of Tokyo.



Immunoprecipitation

Antigen Primary antibody

\ ‘-:( 4:L{ j:. Secondary antibody
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Co-Immunoprecipitation

Protein complex Primary antibody
“& Secondary antibody
L
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magnetic beads
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Washing r Elution },‘_ s SDS-PAGE or
‘717_ \{ ‘{ Westarn blotting, etc.
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ELISA
(Enzyme-Linked Immunosorbent Assay)

) o vt s ol
The yellow color indicates that the target protein is present.
The higher degree of the color, the higher concentration
of the target protein.
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ELISA
(Enzyme-Linked Immunosorbent Assay)
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ELISA
(Enzyme-Linked Immunosorbent Assay)
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ELISA
(Enzyme-Linked Immunosorbent Assay)
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The yellow color indicates that the target protein is present.
The higher degree of the color, the higher concentration
of the target protein.
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EliSpot

ELISpot Assay Procedure

Incubate antigen-secrating cells in
antibody-coated wall.
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Human IFN-y / TNFa ELISPOT

Ramaove cells by washing. Secreted analyte is Incubate with biotinylated antibody.
captured by the immobilized antibody.
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Incubate with alkaline phosphatase conjugated Add substrate and observe the formation of
streplavidin, colored spots,
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Flow cytometry

Mixture of cells is labeled with fluorescent antibody
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\L_/Green photomultiplier
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Side scatter
Laser o Forward scatter

Figure A-25 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




Laser
(488 nm)

Flow cytometry

Side scatter
(SSC)
granularity

Forward scatter
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Cell size




Flow cytometry

FITC-labeled antibody A
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Figure A-17 Immunobiology, 6/e. (© Garland Science 2005)
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% Excitation {Emission

Flow cytometry
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Antiretroviral Therapy CD4

«Decrease in T cell activation, but still not normal
« Drop in activation and proliferation of CD8+ T cells
« Expansion of CD8+ CD28- effector T cells persists
+ CD4+ proliferation persists
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Fig. 1 Flow cytometric dot plots of a case of BCP-ALL. The blasts (red population) are SSC low, CD45 dim to negative, positive for CD19, CD10,
(D34, (D20, CD58, CD123, CD81, CD86, CD38, HLA-DR, (D22, and CytoCD79a. T-cell markers like CD3, CD7, CD5, CD2, CD4, CD8 and NK cell
marker like CD56, and, myeloid markers like CD13, CD15, CD33, CD26, CD117, CD14, CD64 and MPO are negative.



MHC Tetramers

The MHC class | heavy chain

MHC Class |

MHC class | heavy chain, f2m,
p2m and a peptide are folded to
generate a MHC class l/peptide

is biotinylated and the
Monomer monomaers are purified by d-Biotin TCR
column chromatography - %L‘

complex {monomer),
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Cell Sorting
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Cell Sorting
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Cell isolation:
Ficoll-pague gradient centrifugation

Layers after Ficoll spin

F———~~\

~

Plasma

Ficoll: I PBMCs (interphase)

hydrophylic polysaccharide

A4

Ficoll

Granulocytes
RBCs

Separation of Peripheral Blood Mononuclear Cells
(PBMCs) based on density after centrifugation




Cell isolation:
Magnetic separation

biotinylated antibody

SAV —— Y
— biotine
anti-CD3
Beads
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Blood group

R-GIcNAc —Glal —GalNAc

Fuc Flie R-GicNAC —Gal —Gal
Fuc
0
Arti-A and antiB no agglutination agglutination agglutination agglutination
antibodies
! l"
no agglutination no agglutination agglutination agglutination
Anti-B antibodies
"y
no agglutination agglutination no agglutination agglutination
Anti-A antibodies
AB
No antibodies no agglutination no agglutination no agglutination no agglutination

toAorB




Serum
containing:

Determination of blood group

Blood
A B AB o Rh+ Rh-
Anti-A 3 s 22/ .
Anti-B e ci’ 2’ .
Anti-AyAnti-B | <& 2i. ci ‘
Anti-Rh za? .
.2+ Agglutination # No agglutination




Determination of the donor/recipient compatibility for blood
transfusion by agglutination of Erythrocytes with a
specific antiserum: Indirect Coombs-Test.

bulin test

\ Positive test result Legend

Antigens on the
red blood cell's
surface

=k I-iurr:)ar:j anti-RBC
i
,& = % antibody
k A¥ Antihuman
antibody

(Coombs reagent)

Blood sample from a patient with The patient's washed RBCs agglutinate: antihuman

immune mediated haemolytic anaemia: RBCs are incubated with antibodies form links between
antibodies are shown attached to antihuman antibodies RBCs by binding to the human
antigens on the RBC surface. (Coombs reagent). antibodies on the RBCs.

Recipient's serum Donor's blood sample is Recipient's Ig's that target Anti-human Ig's Agglutination of red blood -
is obtained, added to the tube with the donor's red blood cells (Coombs antibodies)  cells occurs, because
containing serum. form antibody-antigen are added to the human Ig's are attached to -

antibodies (Ig's). complexes. solution. red blood cells.



Direct
Coombs test

Indirect
Coombs test

Rh~ mother pregnant with Rh* child
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HLA typing by serology

High polymorphic genes
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WH” maternal MHC class Il
WH” paternal MHC class Il
F P P maternal MHC class |
FFP paternal MHC class |




HLA typing by serology

Rabbit serum
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Genomic edition
Knockouts (KO) and knockins (KI)

= Targeted locus €

Chr

CRISPR or TALEN pair

ﬂ DSB
Chr

NHEJ Homologous recombination

Chr
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— - 0 S T .

Target gene
knock out
Chr

2 ) ) 7 Y - -

Target gene knock out
& selection marker knock in



Genomic edition

Conditional or inducible systems

Cre-Lox system:components derived from the P1 bacteriophage:
* 34-base-pair long recognition sequences (loxP)
* Cre recombinase

Inversion Deletion Translocation
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Immunotherapy



Immunotherapy

Immune System Modulators

Cytokines: IFNa., Interleukins
Immunomodulatory drugs

Monoclonal antibodies



Immunotherapy

Immuncheck inhibitors

PD-L1 binds to PD-1 and inhibits Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell T cell killing of tumor cell
Tumor cell
Tumor cell death

PD-L1

Anti-PD-L1

CTLA-4/B7 binding inhibits Blocking CTLA-4 allows
T cell activation T cell killing of tumor cell

—Anti-CTLA4
Antigen-presenting (
cell >

Active T cell

Inactive T cell Tumor cell
! death

Tumor cell

CTLA-4



Immunotherapy

Monoclonal antibodies

Monoclonal
antibody

Cancer
cell

Antigen—protein
on the cell that
can cause the
immune system
to respond.

The monoclonal
antibody locks
onto the antigen.
This can cause
the immune
system to attack
the cancer cell.

cancer.gov



Immunotherapy

Monoclonal antibodies

A Complement-mediated
cytotoxicity c3

< C3b
Complement /

receptor

C Direct lysis

B FcyR/CR-mediated opsonic
phagocytosis or ADCC

FcyR



Immunotherapy

Cancer treatment vaccines

-

Therapeutic
cancer vaccine

T cell priming and
actlvatlon

Soluble antigen
presentation

Draining
lymph nodes )
®
ey
Tumor site ¥ &:’

Antigen release

~

Infiltration into
tumor
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Immunotherapy

How CAR T-Cell Therapy Works
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Thank you for your attention!
Questions?

Please write to carlos.plazasirvent@rub.de
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