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▪ Gene therapy
▪ Cell therapy
▪ RNA-based therapeutics 



Antibody types and structures 



Uses of antibodies in cell biology

Applications:

Western blotting (Immunoblotting) 
- Identification of protein antigen following SDS-PAGE

Immunoprecipitation
- Isolation of specific proteins + binding partners

Immunofluorescence microscopy
- Localization of specific proteins in cells

ELISA (Enzyme-Linked Immunosorbent Assay)
- Detection of proteins in a sample



Antibody diversity



Glycosylation –
can affect both 
ADCC and T1/2

Isotype 
(IgG1, IgG2, IgG4)

C1q binding (CMC) 

Fc binding (ADCC) 

FcRn binding (T1/2) 

Variable region
(target specificity)

Antibody functions



Inhibition of HER2 downstream 
signaling mediated by the Fab 
portion of the antibody

ADCC mediated by the Fc 
portion of the antibody

HER2 downregulation mediated by 
the Fc portion of the antibody

Trastuzumab Mode of Actions 

ADCP mediated by the Fc 
portion of the antibody



• Mouse, rabbit, and other animal species
- The old fashioned way... 

• Humanized animals
- Animals with human Ab genes (HuMAb-Mouse®,

XenoMouse®, VelociMouse™, etc)

• Phage display libraries
- Of affinity matured ab genes after immunization with 

desired target (Trans-Phage Technology®)

- Of human Ab genes (CAT, Dyax, Morphosys, etc)

• Plasma antibody producing B-cells
• Infectious diseases

• Memory B-cells
• Autoantibodies for autoimmune diseases and 

cancer, and infectious diseases

Sources of Antibody Genes





Human monoclonal antibodies using 
scFv phage display – 1 x1011



Week 0: Primer,
Live attenuated virus, SC

Week 16: Boost,
Tetravalent DEN-80E / Alhydrogel, 
IM

7 days 
post boost
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B-cell

Antibody secreting cell
sorting

IgH Igk Igl

Macaque-human chimeric IgG gene expression cloning

Igg1 Igk Igl

Single 
B-cell

Co-transfection

Small scale expression (1.5 ml)

Supernatant antibody 
binding screening

Large scale expression (20 ml)

Antibody purification

Antibody Characterization

1. Binding titration

2. Neutralization assay

Positive 
binders

Cloning mAbs from plasma B cells



Cloning mAbs from memory B cells
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Antibody-based drug modalities

mAbs Bispecific AntibodiesADCs, AACs, ARCs CAR-T Cell Therapies

Antibody isotypes: IgG1, IgG2, IgG4, IgGs with engineered Fcs, etc

Different sizes and formats: IgGs, fragments, nanobodies, ADCs, mAb-protein 
fusions, etc.

Origins: animal, humanized, human, synthetic, immunization, libraries, etc. 

Mechanisms of action: agonist, antagonist, immune effector functions, 
T-cell engaging, receptor internalization, antigen depletion, etc.  



The FDA’s first 100 antibody approvals, by therapeutic area. Therapeutic areas are 
based on the indication of the first approval only. Cancer includes haematological
malignancies. Sources: The Antibody Society, Drugs@FDA, Nature Reviews Drug 
Discovery.



Rank Product Company Target/indication Sales ($ millions)

1 Humira (adalimumab) AbbVie Anti-TNFα, immune diseases 20,694

2 Keytruda (pembrolizumab) Merck & Co. Anti-PD1, cancer 17,186

6 Eylea (aflibercept) Regeneron/Bayer Anti-VEGF-Fc-fusion, AMD 9,244

7 Stelara (ustekinumab) Johnson & Johnson Anti-IL-12/IL-23, immune diseases 9,134

10 Opdivo (nivolumab) Bristol-Myers Squibb Anti-PD1, cancer 7,523

12 Dupixent (dupilumab) Sanofi/Regeneron IL-4Rα, immune diseases 6,209

13 Darzalex (daratumumab) Johnson & Johnson CD38, multiple myeloma, cancer 6,023

14 REGEN-COV Regeneron/Bayer SARS-CoV-2, COVID-19 5,828

20 Cosentyx (secukinumab) Novartis IL-17A, immune diseases 4,718

21 Ocrevus (ocrelizumab) Roche CD-20, multiple sclerosis 4,622

22 Enbrel (etanercept) Amgen TNFα-trap-Fc-fusion, immune diseases 4,465

25 Entyvio (vedolizumab) Tekeda Integrin α4β7, immune diseases 3,908

27 Perjeta (pertuzumab) Roche Anti-HER2, Her2 positive breast cancer 3,616

30 Orencia (abatacept) Bristol-Myers Squibb CTLA-4 ECD Fc-fusion, immune diseases 3,306

31 Actemra (tocilizumab) Roche IL-6R, immune diseases 3,257

32 Prolia (denosumab) Roach RANKL, immune diseases 3,248

33 Remicade (infliximab) Johnson & Johnson Anti-TNFα, immune diseases 3,190

34 Tecentriq (atezolizumab) Roche PD-L1, cancer 3,031

35 Skyrizi (Risankizumab) AbbVie IL-23A, plaque psoriasis 2,939

39 Avastin (bevacizumab) Roche Anti-VEGF 2,794

41 Hemlibra (Emicizumab) Roche Coagulation factor IX&X, haemophilia A 2,787

44 Herceptin (trastuzumab) Roche Anti-HER2, Her2 positive breast cancer 2,463

Of the top 45 best selling drugs in 2021, 22 are antibody-based 

Brian Buntz, March 29, 2022, Drug Discovery & Development 



• Antibody based drugs including cancer immunotherapies is the most active field in drug discovery 
and development

• The 2018 Nobel Prize in Chemistry were awarded to three scientists who pioneered protein 
engineering strategies which in part enabled antibody drug discovery

• The 2018 Nobel Prize in Physiology and Medicine were awarded to two scientists who developed 
immune check point inhibitors for cancer immunotherapy
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Antibody technologies
• mAbs from immunized animals

– Rabbits, mice, rat  

• mAbs from plasma B cells
• mAbs from memory  B cells
• mAbs from phage libraries
• Bispecific mabs
• ADCs
• CAR-T
• Stable CHO cell lines for antibody expression
• Antibodies crossing the BBB
• Generation of synthetic nanobody library using phage 

display 
• Antibodies targeting complex membrane proteins



Antibody-based drug modalities

mAbs Bispecific AntibodiesADCs, AACs, ARCs CAR-T Cell Therapies

Antibody isotypes: IgG1, IgG2, IgG4, IgGs with engineered Fcs, etc

Different sizes and formats: IgGs, fragments, nanobodies, ADCs, mAb-protein 
fusions, etc.

Origins: animal, humanized, human, synthetic, immunization, libraries, etc. 

Mechanisms of action: agonist, antagonist, immune effector functions, 
T-cell engaging, receptor internalization, antigen depletion, etc.  



Clinical Stage and Approved Antibody-
based Protein and Cellular Candidates 

* Targeting 357 unique targets, 101 of which have been clinically validated

Database lock 12/8/19 –
©BiStro Biotech

Format Phase of development Totals

Approved Phase IIb/III Phase I/II

Protein-based antibody-based 

therapeutics

97 96 735 928

Cell-based antibody therapeutics 2 6 330 338

Total antibody/TCR based 

therapeutics/candidates

99 102 1065 1266*



Nature Biotechnology 30: 631–637 (2012)

Antibody-drug conjugates (ADC)

More potent payloads
New linker chemistry

More efficient manufacturing process



Kontermann & Brinkmann. Bispecific antibodiesDrug Discovery Today, 2015

Bispecific antibodies (bsAbs)

Catumaxomab
CD3/EpCAM
Malignant ascites 

Blinatumomab
CD3/CD19
Acute lymphoid 
leukemia (ALL)



Mechanisms of action of immunotherapy modalities

Batlevi, C. L. et al. (2015) Novel immunotherapies in lymphoid malignancies

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2015.187



Nagorsen & Baeuerle, Experimental Cell Research. 317 (9), 2011, 1255-1260

BiTE = Bispecific T-cell engaging

B-cell non-Hodgkin’s lymphoma (NHL)

B-precursor acute lymphocytic leukemia (ALL)
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Bind to cells infected with CMV and expressing CMV related proteins 
on the cell membrane

Recruit any T cells and activate T cells in the presence of CMV-infected cells

Anti-CMV

Anti-CD3
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Anti-CD3 / anti-HCMV bispecific antibodies (BsAb) for the 
elimination of latent infection - concept

Meng et al., 2018. Antimicrobial Agents and Chemotherapy



Humanization - CDR Grafting

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

N’- -C’

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

N’- -C’

Donor V gene of animal monoclonal antibody

Acceptor human V gene +

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

N’- -C’

CDR-grafted V gene

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

N’- -C’

Final CDR-grafted V gene



IgG CDR Kd (Kinexa)

10G5wt
CDR H3:  CAR FPNWGSFDY

CDR L3:  QQYET 861pM

10G5H6
CDR H3:  CAR MPNWGSFDY

CDR L3:  QQYET 99.43pM

10G5-2 
CDR H3:  CVR  MPNWGSLDH

CDR L3:  QQYAS 31.44pM

10G5-4
CDR H3: CVR  MPNWGSLDH  /  T120I

CDR L3:  QQYAS 20.35pM

10G5-6
CDR H3:  MPNWGSLDH

CDR L3:  QQYAS 26.8pM

8B4wt CDR L3:  HQSSSLPYT 480 pM

8B4-78M CDR L3:  MSSMGLPYT 30.03pM

178C05 ----- 5.7 pM

Affinity maturation of anti-IL-13Ra1 mAbs

REDPATH et al., Biochem. J. (2013) 451, 165–175



Strategy for LILRB4 antibody generation

Gui & Deng et al 2019 Cancer Immunology Res 7:1244–57.



Steps for mAbs generation

229 Clones

Identification 
from 400 single 

B cell clones

65 Clones

Screening of 
biological 
function

34 mAbs

Cloning of 
antibody genes

2 mAbs

Lead mAbs

▪ Binding assay

▪ Reporter assay
▪ Ligand blocking assay
▪ Fc cross-link assay

▪ Reporter assay
▪ Ligand blocking assay
▪ Fc cross-link assay
▪ Epitope binning
▪ Affinity measurement
▪ In vivo study
▪ HumanizationGui & Deng et al 2019 Cancer Immunology Res 7:1244–57.

Deng & Gui et al 2018 Nature https://doi.org/10.1038/s41586-018-0615-z



Day 7

Day 14

Day 21

Day 28

PBS CN-T Anti-LILRB4 CAR-T

Samuel John et al., 2018 Molecular Therapy 

Anti-LILRB4 CAR-T cells display efficient in vitro cytotoxicity and specific cytokine release when stimulated by LILRB4+ AML cells 



Isolation of mAbs targeting the RBD of the SARS-CoV-2 spike protein

Phage ELISAPhage-displayed human

antibody library ( ~1012 )

Round 1

phage panning
Round 2
phage panning

Output
phages

sCoV2-RBD sCoV2-RBD

sCoV2-RBD

sCoV-RBD

Sequencing IgG1
expression

(149) 35 scFvs (30)

Ku et al. Nature Communications 2021
Ku et al. Nature 2021



Broader RBD epitope coverage by the tetravalent bsAb 14-H-6 prevents viral escape 

Gao et al. manuscript submitted 

K444

T345
R346

G446

G447

Y449

N450

E484
F486

Y489

A475

F456

CoV2-06

CoV2-14

clash clash

K31
K353

ACE2

CoV2-06 CoV2-14

RBD



William M Pardridge; Expert Opinion on Drug Delivery 2015, 12, 207-222.

The cTfRMAb–ScFv fusion protein clears amyloid from brain



Major challenges in antibody drug development

• Lack of novel antibody drug targets
– Of the 37 antibodies for oncology indication

• CD20, EGFR, HER2, VEGF, CTLA-4, PD-1, PD-L1, CD38, SLAMF7, GD2, CD19/CD3, and VEGFR-2 
• 6 are targeting CD20
• 6 are targeting EGFR/HER2
• 6 targeting PD1/PD-L1

– Of the 156 entered clinical trials in 2018-2019
• 15 are targeting Her2
• 16 are targeting CD3
• 21 targeting PD1/PD-L1

• Lack of biomarkers
– IGFR1
– HER3
– CTLA4/PD-1/PD-L1

• Drug resistance to antibody therapies
– Combination therapies
– Bispecific
– ADCs

• Technology breakthroughs 
– Targeting intracellular proteins
– Crossing the BBB



Therapeutic antibody Engineering

Tissue
Transport;
e.g. BBB

Fc-depend.
ADCC
CMC

Half-life
extension

Fc-indep
Knockout
(benign
blocker)

Catalytic
MAbs

Payload
carriers

Polyclonal
MAbs
Symphogen

Imaging

Non-MAb
binders –
designer
molecules

Polyvalent
and/or
Multi-
specific

Targets
Inside 
the cell

Antibody 
immune 
therapy

Novel targets

Biomarkers 

Better designed clinical trials 



The reproducibility crisis in drug discovery 

• Between 10-50% of scientific research believed to be 
reproducible

• $28.2 billion dollars spent in the US annually on 
preclinical research believed to be irreproducible

• Four causes of irreproduciblility
– 36.1%, biological reagents & reference materials 
– 27.6%, study design
– 25.5%, data analysis & reporting
– 10.8%, laboratory protocols

Nature 2017



Scientists' Elusive Goal: Reproducing Study Results
By GAUTAM NAIK
December 2, 2011



THE WALL STREET JOURNAL, April 8-9, 2017

1. ICLAC has reported  450 
misidentified cell lines, HeLa 
cell is the contaminant in 113 of 
these cases 

2. MDA-MB-435 isolated in 1976 
at MDACC from a women with 
breast cancer.  In 2000, it was 
confirmed to be a melanoma. , 
after that, more than 900 
breast cancer reports involved 
the cell line

ICLAC. The International Cell Line Authentication Committee



Thank you for your attention!


