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Four Things To Learn (Objectives)

 Briefly review how monoclonal antibodies are generated

 Understand the FOUR basic Monoclonal Antibody (Mab) Types in the Clinic

 List the FOUR Major Mechanisms of Action of Mab clinically

 Know the Differences Between the FOUR IgG Types in humans

 List the FOUR Fc Gamma Receptors (FcgR)

 Introduce FOUR Modified Antibody Technologies



Where DID monoclonal antibodies come from?

Janeway’s Immunobiology, 6’th Edition



Antibody Structure

Hansel et. al, Nature Rev Drug Discovery, 2010: 9:325.



4 Kinds of Monoclonal Antibodies
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A Mouse that Produces Fully Human
Antibodies

Jakobovits A. et al, Nature Biotechnology, 2007: 25:1134-1143.



Monoclonal Antibodies in Cancer
Rixuximab as an Example

FIRST monoclonal antibody approved for cancer treatment (1997)

A chimeric antibody

Approved For CD20+ Non-Hodgkin’s Lymphoma (NHL) 

 Initial Treatment (follicular or diffuse)

 Maintenance AFTER chemotherapy

 Relapse of low-grade NHL

Approved for Rheumatoid Arthritis (2006)

 With methotrexate if anti-TNF therapy fails



Rituximab Durably Depletes

CD20+ Cells



Mechanisms Of Action

1)ADCC

2)CDCC

3)Antagonist= blocking

4)Agonist = signaling

Rotschild et al, NEJM 2012

1

2

3 or 4



Antibody Dependent 
Cellular Cytotoxicity 

(ADCC)

a) Mediated by Natural Killer (NK) Cells, Macrophages or 

Neutrophils

b) Killing requires binding to Fc Gamma Receptor(s) 

(FcgRIII)

a) Binding to Fc Gamma Receptors requires glycosylation of 

the Fc region

b) Increase ADCC by increasing glycosylation of Fc

c) Increased ADCC when antibodies lack fucosylation

NK Cell

Hansel et. al, Nature Rev Drug Discovery, 2010: 9:325.



Complement 
Dependent 

Cytotoxicity (CDC)

a) Requires antibody cross-linking / proximity

b) Differential effects in if polymorphisms in C1Q

c) Monoclonal antibodies rarely engineered to 

function via CDC

Hansel et. al, Nature Rev Drug Discovery, 2010: 9:325.



Antagonist
(blocking)

a) Can block EITHER a receptor OR a ligand

b) Ligand may be soluble (like TNFa, VEGF)

a) Fc function not desirable, usually IgG4

b) Other Ig subtypes can be engineered to 

minimize ADCC

c) Many / most Immune Checkpoint Abs  = 

IgG4 (blockers)



Agonist
(Signalling)

a) Activating antibodies are in development for 

cancer immunotherapy

b) Examples include anti-CD40 and anti-4-1BB

c) Usually require cross linking for function

Exception = “superagonists” 



There are FOUR Major Fc Gamma  Receptors

(And it Matters)

Bruhns 2012 Blood 119:5640 15



There are FOUR Sub-Types of Human IgG 

 For any IgG, Can modify hinge region to increase half-life

Bind more strongly to recycling receptor FcRN = more recycling = LONGER 

half life

Bind less strongly to FcRN = SHORTER half life

Isotype Species ADCC CDC Half Life

IgG1 Human
+++

+++ 21

IgG2 Human
+/-

+ 21

IgG3 Human
+++

++++ 7

IgG4 Human
+/-

- 21



Modified Antibodies



1. Single-Chain Dual Specificity
(BiTE)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=9YrXWbfW1BRAEM&tbnid=BVdieK6YRkKO9M:&ved=0CAUQjRw&url=http://www.sciencedirect.com/science/article/pii/S0014482711001029&ei=CW82UvuICOml2AXnuIHoBA&bvm=bv.52164340,d.b2I&psig=AFQjCNEkFw4oKSED0eB6VCUgnYTA8knApg&ust=1379385115412743
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2. Additional T Cell-engaging Antibodies in Development
(not complete)

Slide Courtesy of Dr. Patrick Baeuerle



3. Chimeric Antigen Receptors



4/ Antibody Drug Congugates
(ADC)

Zolot et. al. Nat Rev Drug Disc 2013:12:259



1: Binding

T-DM1



2: Internalization



3: Dissociation



4: Target Cell Lysis



Examples



Ipilimumab (Anti-CTLA-4)

“u” = Fully Human

IgG1 with modified hinge region

Blocker (antagonist)

FDA approved in Melanoma, in combination in RCC, SCLC

Pop Quiz:

What’s wrong with this picture? 



Pembrolizumab (Anti-PD-1)

“zu” = Humanized

IgG4 with modified hinge region

Antagonist

FDA approved in Melanoma, NSCLC, RCC, H&N etc.



Urelumab (Anti-4-1BB)

“u” = Fully Human

IgG4

Agonist

In Phase I / II



Trastuzumab (Herceptin)

“zu” = Humanized

IgG1 

MOA = prevent dimerization / ADCC

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=8ub3x112D9hWjM&tbnid=jb2ibODyGqHUgM:&ved=0CAUQjRw&url=http://m.perjeta.com/hcp/moa/index&ei=oos2UoSXLsLk2QXBjoHYAQ&psig=AFQjCNGm0SypHVEp3DymJamcaJgcZUdV7A&ust=1379392765357505


Rituximab (Rituxan)

“xi” = Chimeric

First Monoclonal Antibody Approve to Treat Cancer (1997)

IgG1 (ADCC)



Summary

 Monoclonal Antibodies = Drugs

 Prominent in Cancer Immunotherapy and 

Rheumatology

 Engineered Modifications to Fc Region affect 

multiple properties, especially half life

 Many T-cell engaging constructs in development

 ADC on the rise (improved linker technology)
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