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Immunological Techniques #1:

Monoclonal Antibody Production by
Hybridoma Technology

Recall antigens Vs antigen within antigen
. . antigen-binding site
antibodies?
e Whatis an Antigen? !

e Whatis an antibody?
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It is all about Antigens & antibodies.
P .. Antigens vs Antibodies

Antibodies (a.k.a.
immunoglobins) are

/ Y-shaped proteins
< // produced by B-cells of the
immune system in response
to exposure to antigens. Each

antibody contains a “paratope” Antigens are molecules (i.e. in
which recognises a specific SARS-CoV-2) capable of triggering
“epitope” on an antigen. an immune response. Each antigen

has distinct surface features, or
“epitopes’, resulting in specific
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Learning Objectives

Student should be able to answer the following
guestions

1.

2.

Why study Monoclonal Antibody?

How are monoclonal antibodies different from
polyclonal antibodies?

What are Monoclonal antibodies?
How are they produced?

What are the main applications of monoclonal
antibodies?



Immunological Techniques #1:

Why study Monoclonal Antibody”?

A. Whatis HIV and ARVs?

Why do people still die from HIV when they stop
ARV treatment?

What are the alternatives to ARV treatment?

W

O O

What else do we know today about mAbs?

m

What is omalizumab? (Home work)
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~ AWhatis HIV and ARVs?
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B. Why do people still die from HIV
when they stop ARV treatment?

The Problem with ARVs:

e ART interruption almost invariably leads to rebound viremia in infected

individuals due to a long-lived latent reservoir of integrated proviruses.

e Therefore, ART must be administered on a life-long basis.




C. What are the alternatives to

REVIEW ARTICLE

ARV treatment?

Immunotherapy
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Broadly neutralizing anti-HIV-1 monoclonal
antibodies in the clinic
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® Review of recent preclinical and clinical studies suggest that

immunotherapy may be an alternative or an adjuvant to ART because,

O Anti-HIV-1 antibodies can prevent new infections, plus

clear the virus,

O
O directly kill infected cells and
O

produce immune complexes that can enhance host immunity to

the virus.



The immune response to HIV.

Immune response to HIV

antibodies against HIV Env

HIV-specific CTL

antibodies against HIV p24 T=
‘ infectious virus in plasma .
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Fig. 13.41 Janeway immunobiology 10th ed.




What else do we know today
about mAbs?

e (Cytotoxic CD8 T cells are clinically important for the
control of HIV-infected cells?

O Evidence for the clinical importance of the control of HIV-infected cells

by cytotoxic CD8 T cells comes from studies relating the numbers and
activity of CD8 T cells to viral load.

O There is also direct evidence from experiments in macaques infected
with SIV that cytotoxic CD8 T cells control retrovirus infected cells;

O treatment of infected animals with monoclonal antibodies that remove
CD8 T cells is rapidly followed by a large increase in viral load.

REVIEWS

CDS8S+ T cells in HIV control, cure and
prevention

Nat Rev Immunol. 2020; 20(8): 471-482. e — W — T — L -

Published online 2020 Feb 12. doi: 2
10.1038/s41577-020-0274-9 S L
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Further. we outline the remaining challenges in translating these findings into viable HIV

prevention. treatment and cure strategies.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7222980/#
https://doi.org/10.1038%2Fs41577-020-0274-9

Modified Antibodies used today in
diagnostics and treatment
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MADbs Immunosuppressive drugs

Targets for the immunosuppressive drugs used in organ transplantation
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MADs that recognize tumor-specific antigens

have been used to help eliminate tumors.

Tumor-specific

Tumor-specific antibody

Tumor-specific antibody

antibody (or antibody fragment) (or antibody fragment)
conjugated to toxin conjugated to radionuclide
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MADbs were critical in treating patients with
Covid-19 by anti-spike neutralization.

Monoclonal Antibody Treatment

for COVID-19
ACTIVE CORONAVIRUS NEUTRALIZED CORONAVIRUS
= . < 1r
monoclonal .
antibody . . .- ® .
e o I
coronavirus H _ V ® ® *
( e 9 Y
spike protein £

2
2 ’ 3
Monoclonal antibodies attach to the spike proteins that stick out of the
coronavirus, preventing it from entering other cells in the body.

healthline



A bridge to vaccines: Monoclonal antibodies could save lives and slow the

How to make monoclonal antibodies

€ Take blood from a
person who recovered
from COVID-19

COVID-19 PATIENT
Status: recovered

© Use “bait” molecules O to fish out the
B cells that produce antibodies for a key
portion of the novel coronavirus spike

protein and block infection
€© Decipher the DNA for those antibodies

LAFT

© Insert that DNA into cells that
mass-produce the antibodies.

Potential benefits:

« Prevention option before a vaccine is
available

» Provide immediate protection or treatment
for those exposed

+ Benefits to people who cannot develop or
maintain an adequate immune response
after vaccination

Monoclonal antibody limitations:

« Protection is short-lived

« The drugs are expensive

spread of the coronavirus

HOW VACCINES AND MONOCLONAL ANTIBODIES WORK

Vaccines teach the body to
recognize a foreign invader,
through the creation

of antibodies

Foreign invader
(like a virus) enters body

SARS-CoV-2
virus that

Activates causes COVID-19

immune system™*

Viral
genome

| ! !

B cells begin to T-helper cells Cytotoxic T cells
make antibodies activated identify and destroy

(Y-shaped proteins) virus infected cells
Activate .

helper B cells

Monoclonal
antibodies
can be infused
into patients

Virally
infected cell

Antlbodies bind to
foreign invaders

|

! v

Tags them
for destruction

Neutralize and block
invaders from entering
and infecting other cells

Macrophage
cell

*Simplified system with
cells and viruses not to scale
Sources: Marion Pepper, University of Washington,

COVID-19 Prevention Network
EMILY M. ENG 7/ THE SEATTLE TIMES




How are monoclonal antibodies different from
polyclonal antibodies?

Polyclonal antibody Monoclonal antibody

Fig 1. Monoclonal and Polyclonal Antibodies. The polyclonal
antibody can bind to a single antigen, but can bind to different forms of
it. The monoclonal antibody can only bind to a specific type of antigen.




What are Monoclonal antibodies?

----------------------------------- Monoclonal
antibody
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What are Monoclonal antibodies?

Antigen binding
sites

Fc Region
* Allows antibody
to bind to Fc
receptors on
immune cells to

~ activate an

immune response.
* Provides longer
duration of activity,
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Fab Region

* Includes variable

in order to target
different antigens.
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Modifying monoclonal antibody structure.
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Mechanism of action of mAb therapy.

(A) Naked mAb oMc
Complement
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siRNA particles Genetically

(B) Conjugated mAb (C) CAR-T cell (D) Bispecific mAb




Immunological Techniques #1:

Monoclonal Antibody Production by
Hybridoma Technology

What are Monoclonal antibodies?

e Monoclonal antibody is a type of protein that is
made in the laboratory and can bind to certain
targets in the body, such as antigens on the
surface of cancer cells or infected cells.

e There are many kinds of monoclonal antibodies,
and each monoclonal antibody is made so that it
binds to only one antigen and more specifically to
one epitope on an antigen.



Mouse challenged with antigen

Monoclonal
Antibody?
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Monoclonal Antibody Production

How are
mADbS
produced? s

unlimited growth. Myeloma cells are prepared for fusion.

Immunization of mice & isolation of splenocytes
Mice are immunized with an antigen and later their
blood is screened for antibody production. The anti-
body-producing splenocytes are then isolated for in vitro
hybridoma production.

Fusion
Myeloma cells and isolated splenocytes are fused

@ e together to form hybridomas in the presence of
‘ polyethylene glycol (PEG), which causes cell

membranes to fuse.

Clone screening and picking
Clones are screened and selected on the basis of anti-
gen specificity and immunoglobulin class.

Functional characterization
Confirm, validate, and characterize (e.g. ELISA)
each potentially high-producing colony.

Scale up and wean
Scale up clones producing desired antibodies and
wean off selection agent(s).

Selection in HAT Medium

SUMANAS, INC.

Expansion
Expand clones producing desired antibodies (e.g.

bioreactors or large flasks).
Unfused myeloma cells die



https://docs.google.com/file/d/1KZsp-ormbkOIAHDbvVtbNL03mTrSYmFH/preview

Automated mAbs production.
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Fusion Cell growth Functional screening
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Colony Picker High Content Imager and High Content Imager



What are the main applications of mAbs?

Why did President Trump spend just 3 days in hospital when he contracted Covid-197?

CELL COUNT / CELL VIABILITY

+ Live/Dead (EarlyTox) Staining VIRAL NEUTRALIZATION
+ MTT Assay « PRNT
« VRNT

« Transfection Efficiency

«+ Cell Proliferation (Cell Growth) + MicroNeutralization

«+ CellTiter-Glo
T\>\§" =7 VIRAL PATHOGENESIS
CELL LINE DEVELOPMENT \ « Internalization
+ Colony Picking CANDIDATE © | + Cleavage-based Reporters
+ Monoclonality Verification VACCINES | « Reporter Gene Assays
. Cell S.orting & + Second Messenger Assays
+ Cell Line Knock-Ins/Outs N « Protein Modification Assays
BASIC
RESEARCH
BINDING AFFINITY g VIRAL TITER
« ELISA (IgG/IgM) « Plaque Assay
+ Cell-based Binding m\\; O,;/ =/ Q= « Focus Forming Assay
« HTRF »m\j 4 ' CANDIDATE // + Endpoint Dilution
« AlphaScreen/AlphaLISA  THERAPEUTICS \
%’; — k\“ PROTEIN/NUCLEIC ACID

PROTEIN/NUCLEIC ACID
QUANTIFICATION (NON-SPECIFIC)
« BCA
«+ Bradford Assay
+ RNA/DNA Quantification

QUANTIFICATION (SPECIFIC)

« ELISA (Cytokine Secretion)

+ Western Blot

+ AlphaScreen / AlphaLISA

+ Fluorescence Polarization
ImmunoAssay

« HTRF




Applications of mADs.

a Tumour-specific IgG b Angiogenesis inhibition ¢ Checkpoint blockade
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Alternative method of monoclonal
antibody production
DNA Immunization for Antibody Generation

Monoclonal Antibody
Development
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Disadvantages of mAbs

Genetic drift is one concern when using hybridomas to produce
monoclonal antibodies. Genetic drift refers to changes in the
nucleic acid sequence of the antibody-encoding genes over time
as the hybridoma cells divide. These changes can alter the
antibody that is actually produced by the hybridoma, meaning
that there will be changes between lots over time.

Specifically, the antigen-binding sites of the antibody - the
paratopes - may change and impact the specificity and avidity of
the antibodies produced by the hybridoma.

Any genetic drive can be identified by sequencing the heavy and
light chains.

To circumvent any possible genetic drift, scientists can freeze
hybridoma cells before culturing or they can clone the genes
from the hybridoma into a plasmid to create a recombinant
antibody.


https://blog.addgene.org/plasmid-based-recombinant-monoclonal-antibodies?_ga=2.204698515.267107612.1622566376-508308623.1622566376
https://blog.addgene.org/plasmid-based-recombinant-monoclonal-antibodies?_ga=2.204698515.267107612.1622566376-508308623.1622566376
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