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“Eureka Moment”
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“CAT” scFv Phage Antibody Libraries
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Exploiting Diversity: An Industrial Technology
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Exploiting Diversity: Enabled Decision Making

Sample tracking

Selections

DNA Sequence

Cell lines
Functional Screens

Sample Preparation

Automation

Project Overview
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D106, weak human active, 
weak cyno active

Exploiting Diversity: IL4R aaaa, Finding 1 in 17,000

15 abs

45 abs

17,000 abs

Hybrid selections
Human/cyno receptor
Hybrid selectionsHybrid selections
Human/Human/cynocyno receptorreceptor

Human Bioassay
TF1 proliferation assay
Human BioassayHuman Bioassay

TF1 proliferation assayTF1 proliferation assay

Cyno HTS
IL-4:IL-4Ra competition 

binding assay

CynoCyno HTSHTS
ILIL--4:IL4:IL--4R4Raa competition competition 

binding assaybinding assay

BIAcore (Human and cyno IL-4R aaaa)
Prioritise abs for further characterisation
BIAcoreBIAcore (Human and (Human and cynocyno ILIL--4R4Raaaaaaaa))

PrioritisePrioritise abs for further abs for further characterisationcharacterisation

Human HTS
IL-4:IL-4Ra competition 

binding assay

Human HTSHuman HTS
ILIL--4:IL4:IL--4R4Raa competition competition 

binding assaybinding assay

Cyno Bioassay
PBMC pSTAT6 phosphorylation assay

CynoCyno BioassayBioassay
PBMC pSTAT6 PBMC pSTAT6 phosphorylationphosphorylation assayassay
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Oncology

R, I and A

Infectious Disease

Neuroscience

CV / GI

Oncology Oncology Oncology

anti—IL-18 MAb

anti-CEA BiTE

anti-Ang2 MAb

anti-IL-17 MAb

anti-IL-1R MAb

anti-NGF

anti-CD22-
Immunotoxin

anti-IGF MAb

anti-PDGFRa MAb

EphA2 conj.

anti-IFNaR MAb

anti-CD19 MAb

PIV-3 Vaccine

Pandemic Flu 
Vaccine

RSV-Extended 
half-life MAb

RSV Vaccine

PIV3/RSV Vaccine

anti-IL-5R MAb

anti-IFNa MAb

anti-IL-13 MAb

anti-GM-CSFR MAb

Motavizumab
(treatment)

Quad Flu Vaccine

Motavizumab

R, I and A

R, I and A

Infectious Disease

Neuroscience

Neuroscience

CV / GI

Neuroscience

CV / GI

Infectious Disease

R, I and A

Target 
Validation

Lead Development & Profiling Pre-Clinical 
Development

Phase I Phase II Phase III

MedImmune R&D Portfolio

Oncology

R, I and A

Infectious 
Disease

Neuroscience

CV / GI

Combination 
Category

Information about MedImmune’s R & D pipeline is updated on a bi-annual basis, based on publicly available information.

Although we make a good-faith effort to keep this content as current as possible, we do not have a duty to update information posted on our Web site, and we will not be 
liable for any failure to update such information

Cell Culture Flu 
Vaccine

anti-CD19 MAb

anti-ICOS MAb

anti-IL-9 MAb
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Pre-project Pre-Clinical 
Development Phase I

Phage Display and the MedImmune R&D Portfolio
Lead 

Isolation
Lead 

Optimisation
Lead Candidate 

Profiling

43%

68%

62%

65%

73%

17%

Phase II Phase III
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Supporting Drug Discovery

Immunogenicity Assays

pK Assays

Anti-idiotype antibody

Bio-candidate drug

Strep –Eu3+

Anti-idiotype antibody
or serum sample

Bio-candidate drug

Strep –Eu3+

Candidate drug

Candidate drug Surrogate drug
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IL4Raaaa: Anti-Idiotype Screening Cascade

scFv Phage Display LibraryscFvscFv Phage Display LibraryPhage Display Library

Selections
- MEDI-4212 scFv and IgG

SelectionsSelections
-- MEDIMEDI--4212 4212 scFvscFv and and IgGIgG

HTS
-MEDI-2045 FMAT binding assay

HTSHTS
--MEDIMEDI--2045 FMAT binding assay2045 FMAT binding assay

SequencingSequencingSequencing

Characterisation
-Affinity

-Neutraliser
-Specificity

CharacterisationCharacterisation
--AffinityAffinity

--NeutraliserNeutraliser
--SpecificitySpecificity

Conversion to IgGConversion to Conversion to IgGIgG

1011

1,000
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20
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IL-4Raaaa: Anti-Idiotype Antibodies to MEDI-2045
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IL17A
homodimer

Fab
Green= light
Cyan= heavy

Fab

Structure solved by Stefan Gerhardt, AZ

Crystal Structure of IL17A-CAT-2200 
Fab

� IL-17A cloned and expressed in E.coli

� Fab generated by papain cleavage of CAT-2200 IgG

� Structure resolved to 2.6Å by method of molecular replacement
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Binding of IL17A-CAT2200 Fab

IL17aIL17a

VHVH VLVL

VH CDR1VH CDR1 VH CDR3VH CDR3

VH CDR2VH CDR2

VL CDR1VL CDR1

VL CDR2VL CDR2

VL CDR3VL CDR3

7 aa engineered into VH and VL CDR3 during affinity optimisation
2 are directly involved in binding interactions wit h IL17A; VH CDR3 H102, VL CDR3 P96
5 may play a role in stabilizing the antibody struc ture and loop conformations

Changes introduced during
optimisation in blue
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Crystal structure of IL-15 and anti-IL15 Fab

� IL-15 cloned and expressed in E.coli

� Fab generated by papain cleavage of DISCO280 IgG

� Structure resolved to 2.6Å by method of molecular replacement

VL

IL15

Antibody

VH

VL-CDR1
VL-CDR2

VL-CDR3

VH-CDR1

VH-CDR2

VH-CDR3

Structure solved by Stefan Gerhardt, AZ
Analysis by Bojana Popovic, Cambridge
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Localisation of DISCO280 Epitope

Human  DATLYTESDVHPSCKVTAMKCFLLELQVIS LESGDASIHDTVENLII LANNSLSSNGNVTESGCKECEELEEK
Cyno DATLYTESDVHPSCKVTAMKCFLLELQVIS HESGDTDIHDTVENLII LANNI LSSNGNITESGCKECEELEEK
Murine DTTLYTDSDFHPSCKVTAMNCFLLELQVIL HEYSNMTLNETVRNVLYLANSTLSSNKNVAESGCKECEELEEK

VL

VH
IL-15Lead

VH-CDR1

VH-CDR2

VH-CDR3

VL-CDR3

VL-CDR1 VL-CDR2

22 94

Purple Bold = Residues contributing to epitope
Purple Bold = Contact residues that differ from human IL-15

• Cynomolgus cross-reactivity obtained
• No murine cross-reactivity

• 6 aa a-helix within VHCDR3 
• 40,000-fold improved potency 

vs parent 
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Phage Tomorrow

� Target identification

� Multi-specifics

� Engineered therapeutic proteins

� Scaffolds

� Peptides and proteases

� Blood-brain-barrier transport

� Ease of manufacture
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Increasing Competition For Targets

Slide from Janice Reichert, July 2010 
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Phenotypic Approach To Identify Novel 
Drug Targets

� Select/screen for function, rather than target specificity

� Functional antibodies against novel targets

� Antibodies with novel attributes or new epitopes on known targets

� Favour binding to natively-folded receptors, splice variants, 
carbohydrates

� Derive antibody tools for further target validation

Phage 
Antibody 
Library

Functional 
Screening Target ID In Vivo 

Validation

Selection on Cells
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Immunoprecipitation of target from 1x10 6 cells

Elution of target for SDS-PAGE

Elution of target directly into 
trypsin digestion buffer

Identification of target by  
peptide mass fingerprinting

*

**

* Transferrin receptor protein 1      ** Her2 (ErbB2)

Target Identification Using ScFv
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Case Study Resulting in New Target 
Opportunity

� Oncology

� Target cell: breast cancer cell line

� Antibody library: Naïve CAT library

� Several promising candidate antibodies with activity, 
e.g., anti-proliferative, immune activation, tumour 
growth inhibition in xenograft model
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Antibody Stability

• Deamidation

• Oxidation

• Isomerization

• Fragmentation

• Glycosylation

• Aggregation

• Insolubility

• Fragmentation

• Protein unfolding

• Denaturation
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Addressing Chemical Stability

Fragmentation, stabilityDPHydrolysis Asp-Pro

Activity loss, aggregationMMethionine oxidation

Photosensitivity, activity lossWTryptophan oxidation

Activity loss, aggregation, process inconsistencyNS, QG, NNDeamidation

Activity loss, aggregationDS, DQ, DKAspartate isomerisation

Activity loss, aggregation, process inconsistencyNG, DGDeamidation

Activity loss, process inconsistencyNeg-Neg-Y-Neg-NegTyrosine sulphation

Impact on PK if heavily sialylatedNXS/T, X not PN-glycosylation

Adduct formation, activity loss, stability, 
scrambling, aggregation, process inconsistencyCUnpaired cysteine

ConsequenceMotifLiability

� Many protein sequence motifs known to contribute to 
chemical modification

� Others, e.g. O-linked glycosylation, more complex

� Structural context is key
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Addressing Thermal Stability

Reference: Thermofluor-based high-throughput stability optimization of proteins for structural studies. 
Ericsson et al. 2006 Analytical Biochemistry 357 p289-298

Unfolding protein

Hydrophobic pockets created 

Fluorescence increases

Folded protein

Fluorescence of the SYPRO 
Orange dye is quenched

Aggregated protein

Fluorescence is quenched
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Sypro Orange Correlates With DSC

58.358Protein 3.2
57.156Protein 3.1
52.850Protein 2.3
56.556Protein 2.2
61.359Protein 2.1
55.155Ab 2.4
61.161Ab 2.3
62.462Ab 2.2
6866Ab 2.1

55.952.3Protein 1
7572Ab 1
6159scFv 1

DSC Tm (ºC)Sypro Tm 
(ºC)

SampleCorrelation

40 50 60 70 80
50

60

70

80

Pearson r 0.9790

Spearman r 0.9790

Sypro Orange

D
S

C
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Addressing Structural Stability

CMC/Lead
Profiling

Lead
Optimization

Lead
Isolation

Pre-project Preclinical
Development

Stability historically 
assessed here

(1-2 lead candidates)

Develop ASSAYS

for stability suitable

for use with Research

IgG’s and/or scFv’s

Develop SELECTION

methodologies to isolate 

antibodies with favourable

stability characteristics 



37

Top Selling Drugs 2014

Data from Reuters 13th April 2010
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Why I Come To Work Each Day….

Data from Reuters 13th April 2010
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