Two Signals Are Required for B Cell Activation

Thymus-dependent antigen Thymus-independent antigen
LPS
polyvalent antigen
MHCI g ﬂ TLR
B cell \‘ ]
Pl 3-kinase IKK, p50/p65 , MyD88
iNlK, RelB/p100 Pl 3-kinase IKKy (NEMO)
Ras/MAPK Ras/MAPK
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NF«B
1. Crosslinking of the BCR 1. Extensive cross linking of BCR (IgM)

2. Signal from T helper Cells 2. Activation of TLR



Immunoglobulin Diversification

Diversification mechanism

Effect

Somatic hypermutation

Antigen specificity

Class switching

Effector activity

Irreversible changes at the DNA level

Primary IgM

Somatic
hypermutation

Class switch
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Figure 10.13 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




C-U Switch at Single-Stranded DNA
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Outline

 Biological Functions of antibodies
* Neutralization
* Opsonization
« Complement activation
* Mast cell activation
* Antibody dependent toxicity
* Application of antibodies
* Biomedical
* Technical



Functions of Ig Classes

Neutralization

VRS

Opsonization

bacterium

)i

Fc receptor

macrophage

Complement activation

Clq

membrane-
attack complex
. . o : : i

bacterial membrane

Figure 10.1 Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)



Distribution of Ig Classes

Dimeric
IgA

IgM:
Pentamor, circulation

lgG:
Monomer, Circulation, extravascular Spaces
Penetrates the placenta

IgA:
Dimer, gut lumen, exocrine organ
Monomer, extravascular Spaces

IgE:
Fixed on cell surface, underneath epithelium



Distribution of Ig Classes

Transport across epithelium

Transport across placenta = =

Diffusion into
extravascular sites

Mean serum level (mg ml™") 1.5 | 0.04




IgM and IgA Form Multimers

Immunoglobulin

lgG1 | 1gG2 | IgG3 | 1gG4 | IgM | IgAl1 | IgA2 | IgD IgE
Heavy chain Y1 Yo Y3 Y4 n 04 0o ) €
Molecular mass (kDa) 146 146 165 146 970 160 160 184
Serum level _5
Half-life in serum (days) 21 20 7 21 10 6 6 3 2
_ Pentamer in plasma
Dimers

Higher levels in mucous membranes (gut, etc.)

Longer t,,, when fixed to mast cells




IgM and IgA Form Multimers




Dimeric IgA is transported into the gut Lumen

Dimeric IgA is transported

into the gut lumen through

epithelial cells at the base
of the crypts

Dimeric IgA binds to the
layer of mucus overlying
the gut epithelium

IgA in the gut neutralizes
pathogens and their toxins
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Polymeric immunoglobulin receptor and J chain



Neutralization - Prevent Binding

lgA=lgG>IgM

Toxin binds Endocytosis of toxin:receptor | |Dissociation of toxin releases its Antibody protects cell by
to cellular receptors complexes active chain, which poisons cell blocking binding of toxin

L

«\\;,Q
N




Neutralization - Prevent Binding

Disease Organism Toxin Effects in vivo

aTe Clostridium Tetanus Blocks inhibitory neuron action,
tetani toxin leading to chronic muscle contraction

Diphtheria Corynebacterium Diphtheria Inhibits protein synthesis,

P diphtheriae toxin leading to epithelial cell damage and myocarditis
Gias Clostridium Clostridial Phospholipase activation, leading to cell death
gangrene perfringens toxin

- Activates adenylate cyclase, elevates cCAMP in
Cholera C#{’)% ’rge C?é))l?;a cells, leading to changes in intestinal epithelial
cells that result in loss of water and electrolytes
Anthrax Bacillus Anthrax toxic Increases vascular permeability, leading to
anthracis complex edema, hemorrhage, and circulatory collapse
Bolism Clostridium Botulinum Bloc}<s release of gcetylcholine,
botulinum toxin leading to paralysis




Neutralization - Prevent Binding

Disease Organism Toxin Effects in vivo
Pertussis ADP_—ribosyIation of G _prote_ins,
Whooping Bordetella toxin leading to lymphoproliferation
cough pertussis
Tracheal Inhibits cilia and causes epithelial cell loss
cytotoxin
Erythrogenic | yasodilation, leading to scarlet fever rash
Scarlet Streptococcus toxin
fever pyogenes Leukocidin | | . |
Streptolysins Kill phagocytes, allowing bacterial survival
Food Staphylococcus | Staphylococcal | Acts on intestinal neurons to induce vomiting.
poisoning aureus enterotoxin Also a potent T-cell mitogen (SE superantigen)
Toxic-shock | Staphylococcus | Toxic-shock | Causes hypotension and skin loss. Also a
syndrome aureus syndrome toxin | potent T-cell mitogen (TSST-1 superantigen)




Neutralization - Prevent Binding

Virus binds to receptors on cell surface Acidification of endosome after
endocytosis triggers fusion of virus with

cell and entry of viral DNA

N ﬁ@

v
Receptor-mediated endocytosis of virus

Antibody blocks binding to virus receptor
and can also block fusion event

NAB ¥




Neutralization - Prevent Binding

Colonization of cell surface by bacteria that
bind to the surface via bacterial adhesins

Some bacteria become internalized
and propagate in internal vesicles

Antibodies against adhesins block
colonization and uptake

-~

Host cell

L]

W’;@




Complement Activation

lgM=IlgG>IgA,

Pentameric IgM molecules bind to
antigens on the bacterial surface and
adopt the 'staple’ form

lgG molecules bind to antigens on
the bacterial surface

‘planar’ form
of IgM

‘staple’ form :
of IgM "'
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C1q binds to one bound IgM molecule C1q binds to at least two IgG molecules
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B
Binding of C1q to Ig activates C1r, which cleaves and activates the serine protease C1s




Complement Activation

Complement is activated when antibodies bind to
the pathogen surface

IgM ‘planar’ conformation IgM ‘staple’ conformation

(both): Kenneth H. Roux



Complement Activation

CLASSICAL PATHWAY

Antigen:antibody Lectin binding to Pathogen surfaces
complexes pathogen surfaces
_ J
mi
v

Complement activation

Jc S oL

Y pa . ..
'

Recruitment of
inflammatory and
immunocompetent cells

Opsonization Killing
of pathogens of pathogens

Figure 2-24 Immunobiology, 7ed. (@ Garland Science 2008)



Immune Complex is Removed in the Spleen
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Opsonization- Enhance Phagocytosis

lgG>lgM=IgA
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macrophage
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Opsonization Requires Aggregation of Ig on Bacterial Surface

%Q bacterium Qg
PR JEY

Fc receptors %0

T =

No activation of macrophage,
no destruction of bacterium

R
o
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Activation of macrophage, leading
to phagocytosis and destruction of bacterium




Antibody Dependent Cytotoxicity

IgG, killing of antibody coated host cells

Antibody binds antigens on the
surface of target cells

Fc receptors on NK cells
recognize bound antibody

Cross-linking of Fc receptors
signals the NK cell to kill
the target cell

Target cell dies by apoptosis

FeyRll

target cell

activated
> NK cell
(°] (o]
killing i
/j—._._.\




Eosinophils Attacking a Schistosome Larva

IgE, IgA and I1gG

Photograph courtesy of Anthony Butterworth



Mast Cell Activation by IgE

Activates Blood Vessel; Defend against parasites; Allergy

Resting mast cell Activated mast cell

Multivalent antigen cross-links
bound IgE antibody, causing release
of granule contents

Resting mast cell has granules that contain
histamine and other inflammatory mediators

Photographs courtesy of Dr. Ann M. Dvorak




Distribution and Function of Ig Classes

Neutralization

Opsonization

Sensitization for
killing by NK cells

Sensitization
of mast cells

Activates complement
system

Transport across epithelium

Transport across placenta = -

Diffusion into

extravascular sites +- N

Mean serum level (mg ml™") 1.5 | 0.04




Fc Receptors

FcyRI FcyRII-A FcyRII-B2 FcyRIl-B1 FcyRlll FceRII FcaRI
T (CD64) (CD32) (CD32) (CD32) (CD16) FeeRl (CD23) (CD89) R
Structure a72kDa | o 40kDa . 50-70kDa | o 45kDa a.55-75kDa
dIectin trimer oKD
omain o 70kDa
H H H or H B 33kDa Q 2??3
Y yor( ~ Y 9kDa 1 v 9kDa D
[ H | H | [
| (] y-like (Jmm | . N | |
il it [Jmm nil N il
Binding IgG1 lgG1 lgG1 lgG1 lgG1 IgE IgE IgA1, IgA2 IgA, IgM
108 M 2x 106 M 2x10°M" | 2x10°M™ | 5x10°M 10"0M 2-7x10'M7'| 10" M 3x 10°M™
Order of 1)1g61=IgG3 | 1)1gG1 1)1g61=Ig63 | 1)1g61=Ig63 | IgG1=IgG3 (iirmiery lgA1=IgA2 1) IgM
affinity 2) 9G4 2)lgG3=IgG2* | 2)1gG4 2) lgG4 2-7 x 105 M 2) IgA
3) lgG2 3)1gG4 3) IgG2 3) IgG2 (monomer)
Cell type Macrophages | Macrophages | Macrophages B cells NK cells Mast cells Eosinophils Macrophages | Macrophages
Neutrophils Neutrophils Neutrophils Mast cells Eosinophils Basophils B cells Eosinophilst B cells
Eosinophils Eosinophils Eosinophils Macrophages Neutrophils
Platelets Neutrophils
Langerhans Mast cells
cells
Effect of Uptake Uptake Uptake No uptake Induction Secretion Degranulation Uptake Uptake
ligation Stimulation Granule Inhibition Inhibition of killing of granules Induction of
Activation of release of of (NK cells) killing
respiratory burst| (eosinophils) stimulation stimulation
Induction

of killing




Question

» What are the three major biological
functions of antibodies?

* Which type of antibody performs the most
functions?



Outline

* Application of antibodies
 Biomedical
 Technical



Antibody in Therapy

Aa Mouse IgG Ab Chimeric IgG
Antigen-
Binding site 3 y
— H | -5_.5_
“w §—§
Variable — : :
region — Light chain
. g = Hinge region
Contrast | , iNge regi
region Fc domain
Heawy chains
Ac Humanized IgG Ad Human igG B Flab)s
%?s " é %T sfg % %
3-8 5 8 $-8
C Fab’ Da scFy Db Bivalent scFy, D¢ Bivalent recombinant scF,,

MR YR Y

Mouse sequences
e Human sequences

Nature Reviews | Cancer
http://www.nature.com/nrc/journal/v2/n10/fig_tab/nrc903_F2.html



Monoclonal and Polyclonal Antibodies

[ Monoclonal Abs (lg, Gama Globulin) ]

A ool loesd as b ody

* Antibodies that are identical
because they were produced by SR
one type of B cell. _ S

* Detect only one epitope on the C)”{_

A=

antigen.

[ Polyclonal Abs (g, Gama Globulin) ]

* Antibodies that are non-identical i
because they were produced by -ﬂr,*
different B cell resources. f
* Detect multiple epitopes on any ‘T‘
one antigen. éﬁm
@“‘F‘“"‘_‘T"‘* - Fairfax KA, Kallies A, Nutt 5L, et al. Semin Immunol, 2008;20:49 jl

* Radbruch A, Muehlinghaus G, luger BEQ, et al. Nat Rev Immunal. 2006;6:741-750.



Production of Monoclonal Antibodies

’m

Antigen
with Multlplq Epitopes

Immune System Antigen Processing, Presentation
and Antibody Production by B-Calls

Each B-cell prod; a I antibody to a single antigenic epit heref
Polyclonal AI'IthDdIES are found in the serum as a result of many dlﬁunnl B-cells

ibodies to di pitopes. In this four different antibodies can bind to
the four epitopes on the whole antigen.
v &
T s )
‘ Myeloma
Plasma B-Cell | Myeloma Fusion
Single Epitope from
Original Antigen
Antigen-Binding Site
{Antibody Hypervariable Region) '
D N
< - ] \}’1 = & L 4 ®
. L 3 ! W [T
V=@ < S ke 7

However, when B-cells producing antibodies to a single epitope are immortalized by :olwerting '
them into hybridomas, Monoclonal Antibodies {only recognize a single epitope) are
prod Eed by the hybridoma culture.

il
B 7 PiS
y L =0 g 0= 0( v
= \ P
v » '
©2013 Encapsula NanoSciences LLC ‘ . ' .

http://www.immunosome.com/antibodies/polyclonal-and-monoclonal-antibodies/



Therapeutic Applications of Antibodies

Table 1
Antibody classification according to structure, with examples of products that are licensed or
under development
mAb category  Suffix Examples Specificity Reference
Chimeric -ximab Infliximab (Remicade®) TNF-o [59]
Rituximab (Rituxan®, Mabthera®) CD20 [60]
Humanised -zumab Alemtuzumab (MabCampath®) CD52 [18]
Tocilizumab (RoActemra®) IL-6R [61]
Ocrelizumab CD20 [62]
Epratuzumab CD22 [63]
Ce'rtoli|zumab pegol (PEGylated Fab fragment) TNF-u [64]
(Cimzia®) (5L
Otelixizumab (Aglycosyl) CD3 [42]
Teplizumab (Fc-mutated) CD3 [65]
Visilizumab (Fc-mutated) CD3 [44]
'Fully human' -mumab  Adalimumab (Humira®) TNF-o [66]
Ofatumumab (Humax-CD20®) CD20 [67]
Belimumab (LymphoStat-B®) BLyS [68]
Golimumab TNF-a [69]
Fusion proteins -cept Etanercept (Enbrel®) TNF-o [70]
Abatacept (Orencia®) CD80/CD86 [71]
Atacicept BLyS/BAFF [72]
BAFF, B-cell activating factor; BLyS, B-lymphocyte stimulator; Fab, fragment antigen-binding; Fc, fragment
crystallisable; mAb, monoclonal antibody; TNF-«, tumour necrosis factor-alpha.
Isaacs Arthritis Research & Therapy 2009 11:225 doi:10.1186/ar2594




IgG Infusion

Intravenous Immunoglobulin (IVIG):

IgG antibodies extracted from the plasma of
over one thousand blood donors.

*Primary Immune deficiencies

*Acquired compromised immunity conditions

Autoimmune diseases

*Acute infections



2014 The return of

Ebola

Ebola cases and fatalities, 2014-2015 West Africa outbreak
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The return of Ebhola

An American doctor stricken with the deadly Ebola virus while
in Liberia and brought to the United States for treatment in a
special isolation ward is improving, a top U.S. health official
said. Dr. Kent Brantly was able to walk, with help, from an
ambulance after he was flown on Saturday to Atlanta.

Ebola is a virus that is

found naturally in

certain species of bats

inhabiting wooded

areas of Africa. Since

their emergence in

1976 there have been

18 outbreaks in

countries like the

Democratic Republic :
of Congo, Gabon, The e
Uganda and Sudan.

The Ebola virus can have a

All of them are named fatality rate of 90 percent.

after a river near the
epicenter of the first
outbreak in the Democratic
Republic of Congo. By the
place and year of discovery:

Sudan and Zaire
Reston

Ivory Coast
Bundibugyo

Muscle weakness and
intense headaches
and throat pain

When an
infected person
dies, the virus
in their body
does not perish
immediately.
The virus can
live in the
bodily fluids of
dead organisms
for a certain
period.

Internal
and
external
bleeding

| enzymes.

metre

diarrhea According to experts, the risk of contagion

and rashes in Europe is low. Doctors in Guinea say that
most Ebola patients are confined to remote
villages and are unlikely to travel overseas.

First we have to rule out other conditions such
as malaria, typhoid fever, shigellosis, cholera,
leptospirosis, plague, rickettsial, relapsing
fever, meningitis, hepatitis and other viral
haemorrhagic fevers.

Laboratory

results show

a reduction

in the Enzyme-linked

number of immunosorbent assay
leukocytes (ELISA)

::: gg:gii‘:’ Antigen detection tests
tiver Serum neutralization test

Virus isolation by
cell culture

P

The patient samples represent a huge danger
and must be performed under conditions of
maximum biological containment.

Renaland / (
hepatic >

Through direct blood contact or other body fluids, or
through indirect contact with an environment containing

contaminated fluids. In Africa, there have been : |§ Headache, Sudden Hematomas, Convulsions,

documented infection cases that are associated fatigue, high_lgver, brain Flamage, unco?sdousne'ss,
with the handling of infected chimpanzees, fe'u[er, muscle vomiting bleeding nose, massive bleeding

gorillas, fruit bats, monkeys and antelopes. SOURCES: OMS / AGENCIES pain of blood eyes, mouth,anus and death

http://gamisbaru.com/article/what-is-ebola-symptoms




Passive Transfer of Ebola Antibody

Volume 21, Number 3—March 2015

Dispatch

Treatment of Ebola Virus Infection with Antibodies from Reconvalescent Donors

Thomas R. Kreil= On This Page

Author affiliation: Global Pathogen Safety, Baxter BioScience, Vienna, Austria

Suggested citation for this article

Dispatch

Abstract

Suggested Citation

Clinical evidence suggests that antibodies from reconvalescent donors (persons who have recovered from
infection) may be effective in the treatment of Ebola virus infection. Administration of this treatment to Downloads
Ebola virus-infected patients while preventing the transmission of other pathogenic viruses may be best

accomplished by use of virus-inactivated reconvalescent plasma. PDF % [313KB -3 pgs]



Science 08/16/2019

NEWS | IN DEPTH

but “we are not yet where we need to be.”

Ovabrite, a U.S company in Austin, is
chasing a technique that would leave the
eggshell intact and sort eggs before incu-
bation. Mass spectrometers would capture
and analyze sex-specific volatile molecules
that leak through the eggshell. Scientists
suspect the molecules, first discovered in
quail eggs, may allow parent birds to smell
clues about an embryo’s development and
sex. But it is still a challenge to reliably
detect such a faint signal from preincuba-
tion eggs, which must be refrigerated, says
Ovabrite President Jonathan Hoopes.

Some predict that genetic engineering
could help do away with complicated ro-
bots. Groups in Australia and Israel have
used the CRISPR gene-editing technique to
modify hens’ sex chromosomes so that their
sons carry a marker gene that makes male
eges glow under fluorescent light. That
would allow hatcheries to sort out the fluo-
rescent male eggs with a simple detector.
Finding a marker that produces a strong
enough signal in early embryos is a chal-
lenge, says Yehuda Elram, CEO of eggXYt
(pronounced “exit”) in Jerusalem. He says
eggXYt has found a solution, but declined
to say whether it is close to hatchery tests.

Public opposition to genetic modifica-
tion in Europe means the approach is un-
likely to catch on there. But Mark Tizard, a

e ndiaiedk ad e Asssdbsnline Asisaal TTaalél

A health worker puts on protective gear at an Ebola treatment center in Beni, Democratic Republic of the Congo.

INFECTIOUS DISEASES

Successful Ebola treatments
promise to tame outbreak

Antibody preparations that cut the death rate dramatically
will become available to all patients in Congo



MONOCLONAL
ANTIBODIES (MABE

TREATMENT
FOR COVID-19 PATIENTS

HOSPITALIZATION * Infusions are
RATES FOR PATIENTS available for

OVER 60 YEARS OLD eligible patients
close to home.

| * It is important

to consider

More than

" MAB treatment 50% this treatment
(o]
as soon as

8. symptoms begin.

*over 4,200 given

reduction

MAB treatment

As of Sept. 14, 2021
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Antiserum-passive Immunity

Diluted venom is used to produce antibodies in animals

http://en.wikipedia.org/wiki/Antivenom#/media/File:Snake_Milking.jpg



Therapeutic Application of Monoclonal Antibodies

A. Targeting growth factor receptors (GFR) B. Targeting tumour vasculature C. Immune mediated ADCC/CDC/CAR-T

ti-CD20
anti-GFR mAb blocking dimerisation J2NEVEGE e gty Cancer cell
Licand anti-HER2 = evacizuma ADCC ‘-‘E ;: -_'. r
pnd @ Pertuzumab VEGE ] o
GFR ®
transduction R \
hways \
anti-VEGFR-2
Ramucirumab

Abnormal vessel growth Cancer cell CC1AR TI l::ell
concereel Tisagenlecleucel
D. Immune checkpoint inhibition E. Bispecific antibodies F. Delivery of payloads (ADCs)
anti-CTLA-4 Toxin
Ipilimumab T cell Cancer cell aﬁz%%gmm:b

ADC

Tumour antigen

D3 Bi-specific <
Catumaxomab Cancer cell
Activated T cell Ca ell Radiation
peoRS - @ anti-CD20 Ibritumomab tiuxetan
Blinatumomab

ADC

APC
Nivolumab Atezolizumab
Pembrolizumab Avelumab Cancer cell
Cemiplimab Durvalumab

https://www.mdpi.com/2072-6694/13/8/1781/htm



Antibody-Based Cancer Immunotherapy

Y\O

OX|dat|on ov\o(c Oriented
o 9\\0 —_—)

HO OH g 0@3\_ conjugation

anti-lgG (Fc specific) Oxidized aFc Aminated NP Oxidized aFc mAbs immobilization
antibody (aFc) platform (aFc-NP)
b
Yy Fab of aFc
o
A Gentle mixing T
+ i A »Identical Fc
A domain
Immunomeodulating Immunomodulating ] o
mAbs nano-adaptor (imNA) . Noncovalent immobilization
C
IFNy, perforin, granzyme Perforin, granzyme

Enhanced interaction Enhanced interaction . nhanced interaction

:;% iMNApp1 & aPDL1 % IMNA| rG1 & aPDL1 % iMNAGcsF1R & acDa7

https://www.nature.com/articles/s41467-021-21497-6



Other Applications: Flow Cytometry

Mixture of cells is labeled with fluorescent antibody

Oﬂggﬁ
%@& @

_J green photomultiplier
o tube (PMT)
stream of fluid 72
containing antibody-

labeled cells |5 7 é)

j/

red PMT
(o) CPU
o4 A
side scatter
y 4
g A+
Laser o forward scatter

Figure A.21 (part 1 of 2) Janeway’s Immunobiology, 9th ed. (© Garland Science 2017)



Surface IgM and IgD

Analysis of cells stained with labeled antibodies

Dot plots

Contour maps

0.1 10 100 1000
gD
R | L | Ay |
01 10 100 1000
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0.1 1
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1 10 100 1000
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Figure A.21 (part 2 of 2) Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)




ImmunoFluoresence

Fluorophore

Secondary
" “antibody

Primar
«— antibody

Cell cytosol

http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Primary-secondary_antibody.png

http://www.cellsignal.com/common/content/content.jsp?id=apps-immunofluorescence



Question

* |s it a good idea to isolate breast cancer
cells from a patient and develop that into a
vaccine to protect a general population?

* A) Yes

* B) No
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