Antibodies as tools
for scientific

discovery, medicine
and diagnostics




Antibodies are indispensable tools

* Antibodies have high specificity and selectivity for antigens

* On average, months to years of screening and validation must be carried out to
have a characterized antibody

* A well characterized antibody can be modified to be used in many assays
* Depending on antibody the antigen(s) need to be folded or unfolded

Immunofluorescence ELISA: enzyme-linked
And fluorescence microscopy Western Blot immunosorbent assay
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Mod3: Characterization of clones of antibody
fragments (scFvs) that bind lysozyme

* The goal of this screen is to find a
clone with a higher K to lysozyme

* Antibody with a lower K for its
antigen means a more stable
interaction and a higher affinity

* On day 1 we (would have) sorted a
library of scFv yeast that bind to
lysozyme

* We will determine the dissociation
constant of a single clone scFv with
lysozyme



plasmid

chromosome

Yeast display single chain variable
antibody fragments (scFv)

\Gmseﬂa * scFv, single fusion peptide of variable
region of light and heavy chain,
connected by linker
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&> * scFv fused to Aga2p which attaches to

@ yeast cell wall via a disulfide bond with
Agalp

| Aga2p * The scFv is folded in the endoplasmic
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Fluorescently labeled antibodies and streptavidin identify
scFv expression and antigen binding respectively

P

* To measure scFv expression we use
a primary antibody to c-MYC and
fluorescently labeled secondary
antibody against primary antibody
constant region

* To measure lysozyme binding we

use fluorescently labeled
streptavidin
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The yeast display plasmid is maintained
episomally with nutritional selection, TRP1

* The strain of yeast we use are

— incapable of making tryptophan and
the media is carefully made to exclude
this amino acid

* The TRP1 gene synthesizes this AA and

o allows yeast that maintain the plasmid to
survive
Ere il e This system allows flexibility for
e ¥ 2 / directed evolution or rational design
s * Our library was made using error
=t 4 prone PCR specific to the scFv
sequence

o e |  scFv is inducible via the galactose



Design of Error prone PCR of
scFv clone Ab31375

Primers for error prone PCR

T7 promoter TRP1 pr er

T —> | > i

Ab31375
7011 bp

* Clone Ab31375 bind lysozyme with high ¢ This product (~900bps) was gel purified

affinity (measured K, 6nM) and ligated into the backbone plasmid
* Specific PCR buffer conditions and * The plasmid was transformed into yeast
modified dNTPs introduce mutations that can not make Trp

* 10 cycles of PCR result in 1-9 amino acid ¢ Only yeast that have taken up a plasmid
changes in most PCR products will grow on our Trp- selective media



tibody

to your favorite
molecule?

engineer an an
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your approach?
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Antibodies can detect picogram/mL of a
molecule

Monoclonal antibody Polyclonal antibody

Antigen: any molecule that can bind
specifically to an antibody

* Antigens can have many epitopes

Antigen

Epitope is the specific region/peptide of
the antigen recognized by an antibody

Monoclonal antibodies bind one epitope

Polyclonal antibodies can bind many
@) epitopes of the same antigen

ey anfibody Secondary * Conjugating signaling molecules (dyes,
conjugate el it .
Jl] k Il conjugate fluorophores) to Abs allow for detection
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Monoclonal hybridoma technology results in
a renewable source of identical antibodies

Immunize a mouse

with Antigen A

_and harvest spleen

Myeloma cells
deficient for HGPRT

Transfer cells to HAT medium
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Mix and fuse\élb with PEG

In HAT medium
hybridomas
proliferate and
unfused cells die



Monoclonal hybridomas can be screened and
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antibody specific for antigen A
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Hybridomas can be maintained in cell
culture or injected into mice

maintained in culture

e Discovered in 1975 and won the
Nobel prize in 1984

 Humanized mice can produce
monoclonal antibodies for
medicine

 This process is technically difficult
but still the gold standard for
development of antibodies that
can be used long term



Rituximab is treatment for cancer and

autoimmune diseases
-

)

o A * First antibody FDA approved for cancer
O Rituximab treatment in 1997

MToameb m * Antigen is CD20
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Murine Variable

e ——  Produced in CHO cells
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* Approved for treatment of:
— — * non-Hodgkin's lymphoma

e chronic lymphocytic leukemia
* rheumatoid arthritis
* multiple sclerosis

Human IgG



Rituximab targets and kills CD20+ B cells

A Complement-mediated
cytotoxicity C3

/ * Binding of Rituximab to CD20+ cells can result
Complement <I % I n :
2N * Complement-dependent cytotoxicity (direct lysis)

* antibody-dependent cell-mediated cytotoxicity
(NK cell)

* antibody-dependent phagocytosis (macrophage)

C Direct lysis

* Need better mouse models to study effects of
immunotherapy to reduce resistance and side
effects

* Anti-human CD20, mouse models don’t mimic the
human immune system well enough

phagocytosis or ADCC

Macrophage

FcyR



Recombinant antibody production led to
development of bispecific antibodies

* A bispecific antibody contain two
different antigen binding sites in
one molecule

* First generated in 1980s but not
approved for use as drugs until
2009

* Blinatumomab: a bispecific T cell
engager (BiTE) antibody against
CD19/CD3 for refractory acute
lymphoid leukemia




Blinatumomab complexes a T cell with a
CD1S+ cancer cell resulting in lysis

mAb anti-human CD3
T-lymphocyte
___ CD3 receptor

Bispecific antibody composed
from two single chains

" T-lymphocyte activation "
(Bispecific T-cell Engager) ll V "

Blinatumomab

Binds cancer cell

and T-lymphocyte
@  CD19protein

on cancer cell

surface

N N4

Cancer cell

mAb anti-cancer cell CD19

* |ssues with dosing and
side effects

* continuous intravenous
administration of the drug
is required

* Low cytotoxicity because
only involves CD3+ T cells



CarT (Chimeric antigen receptor T) cell
immunotherapy is not antibody based

N

/ Patient
(_ with leukemia
N
Isolate
lymphocytes
from blood

W
Expand in culture with

~ anti-CD3, anti-CD28,

/ and IL-2, transduce
with CAR gene

-

Transfer

/

backinto

/) patient [
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Tumor
regression )
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PD1 tumor antigen

Tumor cell

Killing
mechanisms

" Activation Nucleus'
Patient’s T cell

T cells are isolated from patient’s
blood

e Genetically modified to express

CARs (inset)

* Modified cells are returned to
patient

| * Intense systemic inflammation

eradicates cancer cells

* Immediate side effects life
threatening in some cases

 Cost is approximately $400,00-500,00
per treatment



A pregnancy test is a Lateral flow
Immunochromatographic assay device

- | = * A pregnancy test is a widely used antibody based
2 g diagnostic device
e —— * anti-hCG (human chorionic gonadotropin, hormone)

* (B)Absorbent pad, a filter helping to remove any
proteins or bacteria in the urine that may affect the

- 0 assay’s performance, leaving mostly water and the hCG
(b) kd OF _i protein,
) p— ——_ * (D) Conjugate pad with Latex microbeads coated in an
/ antibody specific to hCG that is conjugated to blue dye
* (E) Nitrocellulose membrane with antibody test line
D = L ) * Halfway along this test strip is a stripe of a second antibody.
= * This antibody also binds to hCG, but to a different region

from the antibody attached to the latex beads (sandwich

Pregnant e Sandwich assay)
$ — * As the beads flow through the test strip
* Negative beads with Ab flow through strip and end at control site
: ™
k * Positive: hCG binds antibodies at (D) on the latex beads also bind

=

Not Pregnant

to the antibodies in the test strip, stopping them from flowing

Analyte through the test strip.
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This design is used in many diagnhostic devices
and only necessitates a specific antibody

How a NEGATIVE Pregnancy Test Result Occurs

Reaction Site Test Site Control Site

No hCG present No reaction

Pregnancy Test Results: I One line = negative result

ib.bioninja.com.au

Components of a Pregnancy Test

Reaction Site Test Site Control Site
Free antibody i dye Fixed antibody | dye Fixed antibody | dye
(traps hCG) enzyme (traps hCG) substrate (traps free antibody) substrate

7 7
Reaction Site Test Site Control Site
Where you pee Determines if pregnant ~ Proves test is working



Serologic Diagnostic Test: COVID-19 Detection

Lateral flow )
assay set-up .
Control well — C o | N\ |
Testing well — T l /\ ~ X
Conjugate pad ——= """} ‘ -
Sample well — @ Sample loading @ Buffer loading
S Add drgp of blood or Adt.i dilution phosphate
serum in sample well (S). saline buffer to sample well.
@
Antibody-antigen ,/( @ Rabbit-gold

complex conjugate
N
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Anti-Rabbit 1gG antibodies
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Anti-Human IgG/IgM antibodies

@ Control antibody detection

Rabbit antibody-gold conjugate binds to
immobilized anti-rabbit IgG antibodies.

@ COVID-19 antibody detection

Sample enters testing well (T) and COVID-19
antibody-antigen complex binds to immobilized
anti-human IgG/IgM antibodies.

@ Sample incubation
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Sample flow
Gold COVID-19

Antigen Conjugate

Capillary action moves
sample across lateral

flow test. in conjugate pad.

Positive Negative Invalid
1

C C C (<

T T T T
U 0 U U
s s s s

//<‘ 1gG/IgM

\\_ antibodies
\!

@ Antibody-antigen recognition

Antibodies with specificity for COVID-19
bind to gold COVID-19-antigen conjugates

N

@ Interpreting results

Positive: one strip each in C well and T well
Negative: one strip in C well

Biorender



COVID-19 Diagnostic Test through RT-PCR

@ Nasopharyngeal swab <15 min

Cotton swab is inserted into nostril
to absorb secretions.

@ RT-qPCR ~1 h per primer set

Purified RNA is reverse transcribed
to cDNA and amplified by qPCR.

Retro transcription

wuny  — T

@ Collected specimen 0-72h

Specimen is stored at 2-8°C for up to

@ RNA extraction ~45min

72 hours or proceed to RNA extraction.

Purified RNA is extracted from deactivated virus.

Purified RNA

Deactivated
virus
5 266 13,468 21,563 29674
' ORF1a ORF1b '
[ [ ] | RdRp
LT T 11 E N
o

Primers and probes for screening

E_Forward: ACAGGTACGTTAATAGTTAATAGCGT
E_Probe1: FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ
E_Reverse: ATATTGCAGCAGTACGCACACA

RdRp_Forward: GTGARATGGTCATGTGTGGCGG

RdRp_Probe1: FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQ
RdRp_Probe2: FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ

RdRp_Reverse: CARATGTTAAASACACTATTAGCATA

E gene
First-line
screening tool
RdRp gene

Confirmatory
testing

* N gene testing is not further used because it is slightly less sensitive.

Fluorescence

real-time

Test results

Positive SARS-CoV2 patients cross
the threshold line within 40.00 cycles
(< 40.00 Ct).

Positive

Threshold

Negative

"
Copies per reaction (Ct)

Biorender



Mod 3 Workflow: Selection and
characterization of lysozyme binding scFvs

Sort library
.
‘o
° \

Quantify binding to . Select individual

lysozyme f’ clone to characterize
]

.
L
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- O/
Titrate clone with K* "5/*\* Determine sequence

lysozyme @ — of variable region

Nucleotide




Today in “lab”

1) Set up sequencing reaction for 2) Align clone sequencing results to plasmid
purified plasmid DNA Ab31375

[GTTTCCGGTGGTTCTATTTCTTCTTCATCTTAT
1 1 1 1 1 1 1

ACAAAGGCCACCAAGATAAAGAAGAAGTAGAATA

1 25 1 1 1 1 30 1 1 1 1
Val Ser Gly Gly Ser |lle Ser Ser Ser Ser Tyr

Heavy Chain —>

)

[GTTTCCGGTGGTTCTATTTCTTCTTCATCTTAT

"GTTTCCGGTGGTTCTATC[TCTTCTTCATCTTAT

130 140 150




Hybridoma technology
pioneered by Kéhler
and Milstein?!

First solution to chain-association issue
through use of complementary HCs

Catumaxomab

/

approved in the EU; it
was withdrawn in 2017

Blinatumomab
approved in the United
States; it was approved
inthe EU in 2015

First mention
of the bsAb
concept!

of Tcell

First demonstration

redirection®’

1960 1964 1975 1983 1985 1988

* First demonstration
of the bsAb concept’

* First fragment-based
format?

1993

1994 1995 1996

(knobs into holes) and common LCs?'® #11 for commercial reasons
#4
First recombinant Discovery that
fragment-based 2 natural human IgG4
formats®** is bispecific™®

First orthogonal Fab
interface as solution to
LC-association issue?®

;'_/

1997 1999 2007 2009 2011 2012 2013 2014 2017

Invention of the
scFv fragment™?

* Hybrid hybridoma (quadroma)
pioneered*®
* First asymmetric format*®

Y

Labrijn et al. Bispecific antibodies: a mechanistic review of the pipeline. Nature Reviews Drug

First solution to
LC-association issue
through species-
restricted LC pairing®

[

Discovery and elucidation
of bispecific human

IgG4 Fab-arm exchange
process in vivo?!*

Generation of
bispecific 1gG1
through Fab-arm
exchange of

DVD-lg symmetric format

separately
expressed
antibodies®*

#10

First symmetric
format®”’

7
Discovery.

Domain crossover
as solution to
LC-association issue’

(2019)

N

#15

#12

Emicizumab
approved in the
United States; it
was approved in
the EUin 2018




