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Natural function of antibodies
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The organisation of the immunglobulin - genes
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Monoclonal antibody

» Specificity for a single target antigen
= Can bind two copies of the same antigen molecule
= Most widely used form of cancer immunotherapy (have not been as successful as expected)
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Bispecific antibodies (bsAbs)

Single antibodies with specificity for two different target antigens

Target site

Molecules:
cytokines, growth factors

Molecules:

antigens, enzymes, drugs, cytokines,
toxins, radionucleotides, plasma proteins,
Cellular targets:

Cells: Receptors, adhesion molecules
T-cells, Natural Killer cells, macrophages,
neutrophils Organisms:

Viruses, bacteria, parasites

Classes of bispecific antibodies:
- Immunoglobuline-G (IgG)-like bsAbs
- Small bsAbs

Production:
- Quadroma technology (fusion of two hybridoma cells)
- «Knobs into Holes» approach (single amino acid substitution in oppisite CH3 domains)

- CrossMab approach (combination of «Knobs into Holes» approach with modification of
heavy and light chain in one hand)

- Dual-Variable-Domain Immunoglobulin approach (combination of variable
domains of two pre-existing mAbs with different specificities)

|. Spasevska, Biosciences Master Reviews, 2014



Bispecific antibody
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Problems with bispecific antibodies

Alteration of the native antibody geometry with ist well-known stability
and solubility properties

Bispecific antibody formats using antibody fragments (domain
antibodies, scFvs,diabodies) commonly require extensive engeneering
to stabilize the variable domains outside the naive Fab context

Some bispecific antibodies are tetravalent, but many clinical
applications require monovalent antigen recognition to avoid unwanted
agonism

Production: separat production of monoclonal antibodies and then
recombining them using protein engineering and biochemical methods
(time consuming and requires generation of two master cell lines)
Random pairing of light and heavy chains ( non-functional bsAbs)

High immunogenicity

Low efficacy and stability
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Bispecific antibodies with natural architecture produced
Oy co-culture of bacteria expressing two distinct
nalf-antibodies
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aim

Efficient generation of nonimmunogenic, stable bispecific anfibodies with a
natural IgG architecture that is able to simultaneously block signaling through
MET and EGFR



MET and EGFR drive growth of cancer cells

proliferation

Yue Cheng, Future Aspects of Tumor Suppressor Gene



Knobs-into-holes heterodimerization technology

= heterodimerization of antibody heavy chains specific for different antigens

IgG1 IgG1

Light chain Light chain
LN

Heavy chain Heavy chain

(specificity 1) (specificity 2)
Y86
T22>Y

Amino acid change creating a knob Amino acid change creating a hole

on the CH3 of the heavy chain on the CH3 of the heavy chain

bispecific IgG1

problem: light chains
have no preference
for one of the two

Light chain

Heavy chain Heavy chain :
(specificity 1) (specificity 2) heavy chains
CH3 with a knob CH3 with a hole
Y86 CHIRCEaN
T22>Y T22

major fraction (92%)

http://www.imgt.org/textes/IMGTbiotechnology/Knobs-into-holes_IgG.html
Ridgway et. al., Protein Eng, 1997



Knobs-into-holes heterodimerization technology

MET-specific monovalent antibody EGFR-specific antibody D1.5
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Expression of human bispecific antibodies in E.coli

Fab

Fc

Transform

/

Periplasm

Half-
antibody

Half-
antibody

Co-culture
E. coli

Y

R.Rouet & D.Christ, Nature Biotech, 2014



Production of knob and hole half-antibodies in E.coli
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In vitro assembly of knob and hole half-antibodies into intact bispecific antibody
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Co-inoculate

N

Making bispecific antibodies using bacterial co-culture
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Characterization of the MET-EGFR bispecific antibodies in vitro
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Characterization of the MET-EGFR bispecific antibodies in vitro and in vivo
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Comparison of methods for monoclonal and bispecific antibody production

Co-culturing requires
20% less isolation than
independent cultures

Two-Culture Co-Culture Standard
Bispecific Bispecific Antibody
Production Production Production
Lyse Knob Lyse Hole Lyse Co-Cultured :
E coli t:fll pellet E coli cell pellet E coli Media Harvest
T
Protein-A Protein-A Protein-A Protein-A
il I ! !
CEX CEX HIC CEX
| I
T . Co-culturing
Pocl Knob Co-culturin
and Hole ! femoves th?a and standard.
' need for redox MAD .pr{::ductu:rn
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Buffer Exchange P g *
and Oxidize
*- L L
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+ / ! ¥
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conclusion

» Half-antibody bacterial co-culture approach has many advantages over
existing approaches
= Simple
= Can be used with any two existing antibodies
= Eliminates the need for a common light chain
» Requires no reengineering of antibody functional domains
= The resulting bispecific antibody maintain the native architecture of a
typical antibody
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Expression of human bispecific antibodies in mammalian cells

Co-express all four
unique HCs and LCs

|
assembled Mispairing



aim

Design of an orthogonal IgG heavy chain — light chain interface using molecular
modeling, feedback from X-ray crytallography and human-guided design



C,1/C, interface redesigns

Screening for mutant C,1-C, that disvavors binding to wildtype C,,1-C, with Rosetta

l

|dentification of 20 mutants that favour mutant-mutant pairing over mutant-wildtyp pairing



lgG1(-Fv) protein was used for screening the C,1/C, interface redesigns

lacks V,, and V| domains
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C,1/C, interface redesigns

Screening for mutant C,1-C, that disvavors binding to wildtype C,,1-C, with Rosetta

l

|dentification of 20 mutants that favour mutant-mutant pairing over mutant-wildtyp pairing

l

Transient transfection in HEK293F cells

l

Identification of 10 mutants that were expressed at levels similar to that of the WT IgG1(-Fv)

l

Transfection as mismatched heavy chain — light chain pairs with WT heavy chain or light
chain

l

Identification of 3 mutant proteins that had mutant-mutant pairs that were more stable then
mismatched mutant — WT pairs

/ \

CRD1 CRD2



Schematic structure models of designed CRD1 and CRD2
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Competition assay
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Schematic structure models of designed VRD1 and VRD2
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Competition assay

%Assembly® % Assembly® Expression
LC1 LC2 HC (LCI/HC) (LC2Z/HC) (ug/mL)
Cgl/CL Specificity Designs in IgG-lacking Va/Vi
Clepm LC CigTLC CHlyrHC 36 64 24
Ci.cgoy LC CigTLC CHlcpm HC 96 4 18
Cierm LC CuyrLC CHlgr HC 58 42 28
Chepm LC CupgTLC CHlcgm HC 100 ] 61
Clegm LC CigTLC CHlyrHC 753 9313 29£18
Clepm LC CigTLC CHlcgr HC 00.7+0.3 0.3+03
Cherm LC CigTLC CHIlyrHC 95+5 7
Clepm LC Cryr LT CHlgpp HC 0=0.1 60=30
Cyl/Cy Specificity Designs in IgG with VgV
V0ptChegm LC VLypCxpr LC VHy1CHI1yT HC 6 100 87
VLprChepm LC VLgrCxyr LC VHwrCHlcap: HC 13 100 104
V0ptChepm LC  VLywrClwr LC VHy1CHlyT HC 30 50 29
VLwrChagraLC  VLwrChgTlC  VHwiCHlemHC 79 21 28
V0ptChepm LC  VLyrCxpr LC VHyw:CHly7 HC 78 22 31
VLgrCheapLC  VLgrCaqrlC  VEgCHlgam HC 79 21 19
Va/V1 Specificity Designs
VLyChpT LC VLyrCxyt LC VHyCHI1yT HC 18 82 69
VLyroiChwr LC VLwrCryr LC VHutCHlyt HC 10 0 73
V0yppiChur LC  VLyrCxyr LC VHyrpiCHIyr HC 61 39 108
VLyroiCxyr LC VLwrChyt LC VHutCHlyT HC 40 &0 132
V0oiCxur LC  VLyrChyr LC VHyrpiCHIyr HC 69 31 112
VLoyppChlur LC  WLgpCuxyr LC VHyrCHIyr HC 39 61 94
VLypoaChyr LC WVLyCayr LC VHyepCHIw HC 56 44 105
VLypmChyt LT VLypoiCeyr LC VHyrmiCHlwr HC 23 77 93
VLypoaChyr LC VLypoCuyr LC VEHyrpoCHlwr HC 71 29 71
Combination of Vg/V and Cgl/Cy Specificity Designs
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89=4 11=4

e

VLypoCiagr LC

VEygp CH cpo HC

Counts

2.5 % 10° 7

2 % 10°
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1% 10°
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VRD2_HC
VRD2_LC

VRD1_CRD2_LC

VAN

1 1 1
23 23.05 231 23.15
kDa

—— VRD1 and VRD2 bound more efficiently to their cognate mutant heavy
chain and less efficiently to WT heavy chain

— For further studies mutant VRD1 CRD?2 is used



Generation of bispecific IgGs

= |gG1 BsAbs:

- HER2 x EGFR (paired pertuzumab and
matuzumab)

- cMet x Axl (paired anti-c-Met mAb and
anti-Axl IgG1 YW327.6S2)

- EGFR x cMet (paired matuzumab and
anti-c-Met mAb)

- EGFR x LTBR (paired matuzumab and
anti-LTBR 1gG BHA10)

- HER2P x HER2T (paired pertuzumab
and trastuzumab )

= Knobs-into-holes heterodimerization
technology

R.Rouet & D.Christ, Nature Biotech, 2014



Counts

Generation of bispecific IgGs

HER2 x EGFR IgG1 proteins
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Bispecific antigen binding behaviour

Surface plasmon resonance (SPR)
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Function of IgG BsAbs
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Applications of bispecific IgGs

A431 - high EGFR expression

BT474 — low EGFR expression
Her2 positive N87 gastric cancer cells
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conclusion

Indentification of mutations that prevent heavy — light chain misspairing,
when expressed in the same mammalian cell, by using combination of
computational design, site-directed mutagenesis ans X-ray
christallography

Combination of orthogonal heavy chain — light chain interface designs
with the CH3 domain heterodimer strategy facilitated expression of
correctly assembled IgG BsAb

Further experiments and clinical studies in humans are needed to
determine if these mutations increase the immunogenicity of the BsAbs
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