
Bispecific Antibody: The Next 
Generation Therapeutics

Li Chen, Ph.D.

Senior Scientist，Principal Project Manager

GenScript

October, 2018



Make Research Easy CONFIDENTIAL 2

Disclaimer

Global headquarters
Piscataway, New Jersey, USA

NOT FOR DISTRIBUTION, DIRECTLY OR INDIRECTLY, IN OR INTO THE UNITED STATES, CANADA, JAPAN OR ANY JURISDICTION WHERE SUCH DISTRIBUTION IS NOT PERMITTED UNDER THE LAW OF THAT JURISDICTION.

This document has been prepared by Genscript Biotech Corporation (the “Company”) for a limited number of recipients and for information purposes only. The information relating to the Company, its subsidiaries and affiliates, and their 
respective businesses and assets contained in this document has not been independently verified. This document does not purport to provide a complete description of the matters to which it relates. Some of the information is still in draft 
form and will only be finalized at the time of publication of the relevant prospectuses or offering circulars of the Company. No reliance shall be made in relation to the information contained in this document. No representation, warranty or 
undertaking, express or implied, is or will be made in, or in relation to, and no responsibility or liability (including, without limitation, any liability in negligence) is or will be accepted by the Company, Sole Sponsor, Joint Global Coordinators, 
Joint Bookrunners and Joint Lead Managers, or any of their shareholders, directors, officers, employees, affiliates, advisors or representatives as to, or in relation to, this document or the accuracy, fairness, reasonableness, correctness, or 
completeness of the information or opinions contained herein or any other information or opinions, whether written or oral, made available to any interested party or its advisors and any liability for any loss howsoever arising from any use 
of this document or its contents or otherwise arising in connection with this document therefore is hereby expressly disclaimed. The information contained in this document should be considered in the context of the circumstances 
prevailing at the time and is subject to change without notice. By preparing this document, none of the Company, Sole Sponsor, Joint Global Coordinators, Joint Bookrunners and Joint Lead Managers, or any of their shareholders, directors, 
officers, employees, affiliates, advisors or representatives undertakes any obligation to provide the recipient with access to any additional information or to update this presentation or any additional information or to correct any 
inaccuracies in any such information which may become apparent.

This document contains statements that reflect the Company’s current beliefs and expectations about the future as of the respective dates indicated herein. These forward-looking statements are based on a number of assumptions about 
the Company’s operations, information currently available to the Company, and factors beyond the Company’s control and are subject to significant risks and uncertainties, and, accordingly, actual results may differ materially from these 
forward-looking statements. The Company undertakes no obligation to update these forward-looking statements for events or circumstances that occur subsequent to such dates. 

This document does not constitute or form part of, and should not be construed as, an offer to sell or issue or a solicitation of an offer to purchase or subscribe for any securities of the Company nor shall there be any sale of such securities 
in any state or country in which such offer, solicitation or sale would be unlawful prior to registration or qualification under the securities laws of any such state or country. Public offering of securities to be made in the United States must 
be made by means of a prospectus that may be obtained from the issuer or the selling security holder and that contains detailed information about the issuer, its management and financial statements. No securities of the Company have 
been, or will be, registered under the US Securities Act of 1933, as amended (the “US Securities Act”) or the securities laws of any state or other jurisdiction of the United States and may not be offered or sold within the United States, 
except pursuant to a registered offering in compliance with or pursuant to an exemption from, or in a transaction not subject to, the registration requirements of the US Securities Act and the applicable securities laws of any state or other 
jurisdiction of the United States. In Hong Kong, no securities of the Company may be offered to the public unless a prospectus in connection with the offering for sale or subscription of such securities has been authorized by The Stock 
Exchange of Hong Kong Limited for registration by the Registrar of Companies in Hong Kong under the provisions of the Companies (Winding Up and Miscellaneous Provisions) Ordinance (Cap.32 of the Laws of Hong Kong), and has been so 
registered. No part of this document shall form the basis of or be relied upon in connection with any contract, commitment or investment decision in relation thereto. Any decision to purchase any securities of the Company in any offering 
for sale, distribution or subscription (as the case may be) in the United States, Hong Kong or anywhere else should be made solely on the basis of information contained in the relevant prospectuses or offering circulars of the Company 
which will be published in due course. The recipients and readers of this document should not construe the contents of this document as legal, tax, accounting or investment advice and should consult their own financial, tax, accounting or 
legal advisors or other consultants in case of doubt. This document, and any further information made available to you, are highly confidential and should not be distributed, published or reproduced (in whole or in part) or disclosed to any 
other person, directly or indirectly. 

This document must not be copied, reproduced, distributed or passed, in whole or in part, to any other person, directly or indirectly, at any time, by any medium, in any form, for any purpose without the prior written consent of the 
Company, Sole Sponsor, Joint Global Coordinators, Joint Bookrunners and Joint Lead Managers. Unauthorized copying or reproduction, or redistribution of this document of any information contained herein to any person, could result in 
material delay to, or otherwise prejudice the success of the global offering of the Company. No part of this document may be distributed, reproduced, taken or transmitted into the United States, Canada or Japan, or to any resident thereof. 

You acknowledge and represent to the Company, Sole Sponsor, Joint Global Coordinators, Joint Bookrunners and Joint Lead Managers that you are a professional investor, have the knowledge, experience and capability to conduct your 
own assessment of the Company and its securities and that you have conducted and will conduct your own investigation with respect to the Company and its securities and have obtained or will obtain your own independent advice relating 
to any investment in the securities of the Company. 

By accepting delivery of this document or the information contained herein, you are deemed to represent to the Company, Sole Sponsor, Joint Global Coordinators, Joint Bookrunners and Joint Lead Managers, and their shareholders, 
directors, officers, employees, agents, affiliates, advisors and representatives, that you are and any person you are representing, if any, a person outside the United States within the meaning of Regulation S under the US Securities Act, or a 
professional investor within a category of person described in the Securities and Futures (Professional Investor) Rules (Chapter 571D of the Laws of Hong Kong). 
By accepting delivery of this document or the information contained herein, you are agreeing that (i) you have read and agree to comply with the requirements of this disclaimer; (ii) you will maintain absolute confidentiality regarding this 
document and the information contained herein; and (iii) you will not make direct contact with (a) the Company’s customers, partners or subcontractors; (b) any governmental, administrative or regulatory bodies which supervise or 
regulate the Company; or (c) employees of the Company in order to seek non publicly available information of the Company. 
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Presentation Overview

Overview of Antibody Therapeutics

Bispecific Antibody

SMAB Case Study

Summary

About GenScript



Overview of Antibody Therapeutics



Make Research Easy CONFIDENTIAL

Mechanism of Action
• Direct inhibition or 

apoptosis

Herceptin

• ADCC/CDC

Rituxan

• Immune cell activation and 
recruitment

Opdivo, Keytruda, Yervoy

Kymriah

• Cytotoxin delivery
Mylotarg, Adcetris, Kadcyla
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Overview of Antibody-Based Cancer Therapies
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2017 First-in-Class Drugs 

Enzyme Antibody CAR-T



Make Research Easy CONFIDENTIAL

Schematic Kaplan-Meier Plot for Therapeutic Survival 

with Various Cancer Treatments
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Limitation of Monotherapy: Efficacy

Reproduced and adapted from: 
-Chen TT. J Immunother Cancer. 2013; 1:18.

-Ribas A, et al. Clin Cancer Res. 2012; 18: 336-41
-ASCO 2015
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Median PFS
(%)

Median Duration 
of Response

(most at >18 mos)

AE Grade 3-4
(%)

Opdivo + Yervoy 11.7 Not reached 58.5

Opdivo 6.9 31.1 20.8

Yervoy 2.9 18.2 27.7

8

Limitation of Combo-therapy: Safety

Larkin et al., AACR 2017

• BMS Checkmate 067 in advanced melanoma, Phase III

• 945 untreated patients

• Opdivo and Opdivo+Yervoy are superior to Yervoy alone

• Substantially more Grade 304 adverse effects with combination treatment
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Bispecific Antibody v.s. Combo Therapy

• Redirected T cell 
activation & killing

• Modulation of receptor 
signaling

• Simultaneous targeting 
of multiple co-
inhibitory receptors or 
checkpoints

• Targeting multiple 
epitopes on a 
pathogen for enhanced 
neutralization and/or 
clearance

Improved Safety
• Low off-target binding 

may reduce side effects

Controlling Price
• Develop only 1 

molecule and save 
half of investment in 
comparison with 
combination therapy

Superior Potency through 
Novel MOA

9
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• The bispecific antibody(bsAb) market size is estimated at $455M in 2018 
and will reach $2023M in 5 years. 

• 3 market drugs:
• Catumaxomab: CD3+EpCam

• Blimatumomab: CD3+CD19

• Emicizumab: factor Ix+ factor X

Impressive bsAb Market
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Target Combination & MOA of bsAb

MOA Target & Company Company

T-cell/NK cell recruiter CD3/CD16 + 
HER2/Epcam/CD20/CD19

…

Amgen/MedImmune, BI, 
Macrogenics,  Pfizer, 
Roche,  Janssen, etc.

Two ligand inactivation HER3+HER2/ IGF-IR/EGFR
VEGFR + Ang-2

IL17 + IL17F
IL4 + IL13

BMS, Ablynx, Roche, 
Merck, Abbvie

Two factor dimerization Factor XI + Factor X Roche/Chugai

Immune checkpoints PD-1 + CTLA-4, 
PD-L1 + CTLA-4

Merus

Break blood-brain barrier BACE1+ TfR /

Internalization PRLR + HER2/PD-1 /



Bispecific Antibody Platforms



Make Research Easy 13

Strategies of Constructing bsAb
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Concerns in Developing bsAb

• Unnatural formatImmunogenicity

• Product instability 

• Low expression level

• Complex purification process

Manufacture 
problems

14
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SMAB - Molecular Design and Advantages

SMAB 
(Single-domain antibody fused to monoclonal Ab)

Single-domain antibody (sdAb, VHH)

+

Monoclonal antibody  
(mAb)

• Symmetric structure without Fc engineering      

(2 chains, intracellular assembly, no mismatch)

• Single-step processing to yield pure product 

(Protein A purification)

• Developability comparable to conventional 

mAbs

• High yield (same as mAb, gram level in cell line 

dev.)

• High concentration formulation with desirable 

stability (up to 200 mg/ml)

• Flexible format able to target >=2 

targets/epitopes by “plug and play” fashion 

• Biosuperior over stand-alone or combination 

treatment

Proprietary linker

15
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SMAB & Other Bi-specific Antibodies

Zymeworks
Asymmetric bispecific Ab

Ablynx
Nanobody

GenScript SMAB

SMAB
• Symmetric design favoring production and stability  
• Natural Fc supporting long serum half-life

GenMab
Duobody

Abbvie
DVD-Ig

16
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Small in size (~13 kDa)

 Better tissue penetration

 Affinity can reach pM range

 Ability to bind “hidden” epitopes

 Favorable biophysical properties

 Superior stability and solubility

Expressible in yeast or microbial systems

 Expressible in yeast or microbial systems

 Economy in production

Flexibility in modality design

 Straight sdAb

 Biparatopic sdAb

 Bi- or multi-specific sdAb

(GenScript SMAB Platform)

Why sdAbs?

2nd epitope/target engagement moiety

Target engagement moiety

Half-life extension moiety

sdAb

17



Make Research Easy

sdAb Discovery through Phage Display

Preparation of immunogen
(Provided by client or GenScript)

Llama/Camel immunization
(10 weeks for llama; 8 weeks for camel)

Phage display library construction 
(4 weeks)

Phage biopanning for 2-3 rounds
(3 weeks)

FASEBA HTS to identify best binders
(4 weeks)

Antibody production and 
characterization (3 weeks)

Timeline~22 weeks

18
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Hybridoma technology
• Hybridoma with human transgenic mice/rats 

>>>> Human antibody (Medarex, Abgenix, Regeneron, OMT, Kymab, Trianni, Harbour)

• Hybridoma with B-cells from immunized human body 

>>>> Human antibody

• Hybridoma with rodent system 

>>>> Humanized antibody

Library technology

• Phage / Yeast / Ribosome display

>>>> Human/Humanized antibody

Other technologies (single B cell)

• SLAM technology

>>>> Humanized antibody

• Next generation antibody sequencing 

>>>> Human/Humanized antibody

Technologies to Generate mAbs

19
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Hybridoma Generation 

Primary hits characterization

Final leads characterization

20
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Fully Human Naïve Fab Library

Isolate PBMCs
VH CH1 CH2 CH3

CLVL

Extract total RNA, cDNA

VH VL

PCR amplify of heavy and light 
chain variable domains

Fab Phage display library

Insert light chain variable 
domains into phage display 

vector

VL

pX-Fab

CLVL His tag CH1VH

pX

CL His tag CH1

VH

pX-VL

VL CL His tag CH1

Insert heavy chain variable 
domains into phage display 

vector

21
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Comparison of 
Ab Lead Generation Technologies

Hybridoma

• Pros
• Good developability

• Usually no need for affinity 
maturation 

• Can apply to all targets

• Cons
• Immune tolerance issue

• Need humanization or license 
fully human platform 

• Relative slow

Phage Display

• Pros
• Fast

• Large library

• No immune tolerance issue

• Cons
• Developability issue

• Specificity issue

• Difficult to apply to certain 
targets(e.g. GPCR, ion channel)

• Usually need affinity 
maturation

B cell cloning

• Pros
• Fully human

• Natural occurring

• Cons
• Limited to infectious diseases

• Application to other disease 
area is uncertain

• Difficult to identify target

22



Ab Lead Optimization
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Ab Lead Optimization

Ab Lead 
Optimization

Ab 

Humanization

Affinity 
Maturation

Developability 
Assessment

Immunogenicity

Prediction/

Assessment

Deimmunization

24
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Antibody Humanization

2-4 Months

25
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Case Study: 
Humanization of An Anti‐cytokine sdAb

• Homology Structure Modeling: high sequence homology (71%), sdAb (cyan)
and human acceptor (green)

• Back Mutation: 16 framework residues (red) were different, of which 5
positions were modeled to be potentially critical for antigen binding (close
to CDRs) and putative back mutations performed
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Affinity Maturation by HTS

4-5 Months

27
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Developability Assessment---Tools

In Silico homology modeling

Size Exclusion

Chromatography (SEC)

40°C

T= 2 weeks

T=0  

Peptide mapping 

and LC-MS analysis

SCIEX TripleTOF™ 4600 

Agilent HPLC/UHPLC 

1200/1260/1290

Sciex P/ACE™ MDQ Plus

CE-SDS

Biacore T200/8K

SPR capture assay

Fragmentation

Free-thiol

Deamidation

Isomerization

N-Glycosylation

Oxidation

Potential PTMs in antibody

28
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Developability Assessment---Methods

Category Item Description Solution 

Biophysical characterization 
and improvement

Thermostability

1. Incubate at 40 degrees up to 4 
weeks, aliquots are analyzed by 
SEC-HPLC or ELISA.  
2.  Incubate at gradient temp. up 
to  70 degrees 20 min,
aliquots are analyzed by SEC-HPLC 
or ELISA.  
3. DSC 

1.Optimizing hydrophobic core and 
charge cluster residues
2. Optimizing conserved residues
3. Removing hydrophobic surface 
residuesAggregation Analyzed by SEC-HPLC  

Freeze and thaw stability
Up to five  freeze and thaw cycles, 
aliquots are analyzed by SEC-HPLC 

Biomatrix stability
Analyzed by  ELISA (serum, 
plasma)

Optimizing Ab through high 
throughput screening 

Expression and Solubility 
improvement

Analyzed by  ELISA  or SEC-HPLC 
Removing/ reducing  hydrophobic 
surface residues

Developability assessment
(PTM hotspots identification 

and removal)

Asparagine Deamidation
1. Validated via peptide mapping  
followed by LC-MS/MS,
2. Binding analysis by SPR  or FACS 
3. SEC-HPLC

Optimized Ab through antibody 
engineering  should retain the 
same affinity and activity as 
reference Ab 

Aspartate isomerization

Tryptophan oxidation

Hydrolysis

N-glycosylation

29
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Immunogenicity Assessment

30Liusong Yin, 2015, J. Immunology Research

In sicilico prediction
T cell epitope
B cell epitope

In vitro/ex vivo evaluation
DC-MS
PBMC
Whole blood

In vivo evaluation
Non-human primates

Anti-idiotype antibodies
Reference Ab



Make Research Easy

Strategies of Constructing bsAb
• Symmetric IgG

• Asymmetric IgG

• Antibody Conjugation

• No Fc fragment

• Fc fusion protein

SMAB
• Single Domain antibody fused to monoclonal antibody

• “Being Natural”: Good Developability & Safety

Ab Lead Optimization is a combination of bioinformatics, 
antibody engineering & HTP screening and evaluation

31

Summary



Summary of bsAb
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• What we expect in Bispecific Antibody: 1+1>2
• Better response rate

• More durable response

• Better tolerability

• Developing a SMAB needs to consider:
• Synergy of Target Biology

• Efficacy, Developability & Safety of bsAb format

bsAb: Meet Unmet Medical Needs

33
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GenScript SMAB

A Bispecific/Multi-Valent & Open-Access Platform

Biosuperiority over monotherapy or combination treatment 
with novel MOA

“Being Natural”: Good Developability & Low Immunogenicity

34
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GenScript, A Global Bio-CRO

Global headquarters
Piscataway, New Jersey, USA

Main production site
Nanjing, China Local technical support 

 24-hour customer service

 Fast global logistics

 Competitive pricing

 Stringent IP protection

 Founded in 2002

 Publicly traded at Hong Kong Stock Exchange 

(HKG:01548)

 2000+ employees

 No.1 in gene synthesis

 One of fastest growing Bio-CRO in China

 Offering one-stop service and specialized in 

Antibody discovery & development

36
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Global Presence

Headquarter
New Jersey, USA

Branch Offices
Netherlands,
Irelands

Branch Office
Japan

Manufacture Center
Nanjing,
Zhenjiang,
China

37
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Your Partner from Target to IND

Discovery

Development

Testing
Biochemical & biophysical assay
Cell-based assay
Protein analytics 
 In vivo efficacy evaluation
Stability Studies

Transient Expression
Cell line development
Cell Culture development
Purification development
Formulation development

GMP scale-up
Technical transfer

IND

Lead Optimization
 Humanization
 Affinity maturation
 Developability assessment
 Immunogenicity evaluation

Lead Generation
Antigen preparation
Immunization
Hybridoma/Phage display
HTP screening
Antibody production & characterization

38



Make Research Easy

Track Records

By Dec, 2017

• GenScript has delivered more than 300 antibody lead generation projects.
• GenScript has delivered 110 antibody lead optimization projects.
• GenScript has delivered 25 biologics CMC projects. 
• 3 of them were moved forward to IND filing stage by end of 2017, with 1 approved for clinical trial

39
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Accelerate Drug Discovery with Innovation

 Fully human naïve library

40

Bioassays
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IP Protection

41
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One-Stop Solution from Target to IND

Target 
Assessment 
& Validation

Ab Lead 
Generation 

&
Characteri-

zation
Ab Lead 

Optimization

Stable Cell 
Line Dev. &
Process Dev

GMP-
Compliant 

Manufacturing

• Gene & Peptide synthesis
• Antibody production
• Protein production 
• Cell line engineering
• Crispr KO/KI engineering

• Hybridoma development
• Phage display
• Ab screening & 

characterization
300+ therapeutic antibody 
leads generation

• Humanization
• Developability assessment

& optimization
• Affinity maturation
110+ humanization projects 
delivered

• Stable cell line 
generation

• Process development
• Small- to mid-scale 

Production
• Research Cell Banking 

(RCB)
• Bioanalytics & Analytics
25+ cell line & process 
development projects 
delivered

3 INDs & 1 in Clinical 
trial

42



Expertise, Flexibility, Solutions

Thank you!


