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Humoral |mmunity, Antibody Constructs and
Applications to Cancer |mmunotherapy

o What is Antibody (Ab)?
 \Why do we have it?
 How and when is it made?

e How does it work?
e CANIT BE USED AGAINST CANCER?




Ehrlich’s
side chain
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Roitt et al.




|mmunoglobulins (Antibodies)

Proteins found in plasma of all vertebrates
Bind with high specificity to their molecular
targets (antigens)

Each individual has a broad spectrum of
Aby to many, many antigens

Provide protection against pathogens

Demonstrate memory (better protection
upon second exposure)
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Ig heavy and light chain protein expression
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Antigen Binding
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IgG binding regions
and domains
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|mmunoglobulins

« Multimeric proteins, made of heavy and
light chains

e Formed by clonally distributed (~10°)
patterns of somatic gene rearrangements of
V, D, Jregion genes

« HOW DO THEY BIND TO ANTIGEN?



Amino acid variability isgreatest in CDR, hypervariable, regions
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CDR regions correspond to antigen binding

1‘5 v 1 Abbas and Lichtman:2003




Antigen

Antigen

Abbas and Lichtman:2003
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High Affinity Antibody: stronq attractive and weak r epulsive forces

antibody combining site

| highrepuision

~ low repulsion

Roitt et al. 1985



Phases of the humoral immune response

Activation phase: B cell
proliferation and differentiation

Recognition
phase
[
Helper T cells,
other simuli

Activated
B cell

mature B cell

Clonal
expansion

)
High-affinity 1g-
expressing B cell

Antibody
secretion

Isotype
switching

Affinity
maturation

affinity 1gG

Memory
B cell

Abbas and Lichtman:2003




Antibody mediated opsonization and phagocytosis of microbes
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Antibody Dependent Cdll-mediated Cytotoxicity (ADCC)

Surface  IgG Low-affinity
antigen / FcyRII
X

Antibody- 4 NK —
coated cell Killing of

antibody-coated cell

Abbas and Lichtman:2003



Classical Pathway

Early stepsin r
Complement activation

C3
convertase

Abbas and Lichtman:2003

convertase



L ate stepsin complement activation:

formation of the membrane attack complex (M AC), resulting in osmotic lysis

C5
convertase

Abbas and Lichtman:2003

Inflammation

Membrane attack
complex (MAC)

Cell
lysis




Abbas and

Lichtman:2003

Isolate spleen
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monoclonal anti-X antibody




Affinity of polyclonal vs high affinity monoclonal antibody
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Clinically Relevant mAb tar get

antigens
LEUKEMIA SOLID TUMOR

CD-20 B GD-2 NBL/Mé€l
CD-19 B Her2 Breast

CD-5 T EpCAM  AdenoCA



Mechanisms of mAb mediated anti-tumor effects

Delivery of Toxic Agent

O

Toxin, Drug,
Radionuclide, etc

/
N

o)

o)

Death



3IT-3F8 binding
to melanoma

Cheung et al.
Biol Ther. Of
Cancer, 1995
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% Disease - Free Survival

ABMT for B-cell NHL: Infusion of PCR+ vs. PCR- marrow
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Activation of late
components
of complements

CD59 and S proten

|nhibit MAC

Formation
of the MAC

CD59 inhibits
poly-C9
assembly

S protein inhibits
membrane
insertion of

C5b-C7

Abbas and Lichtman:
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CD59, but not CD55 or CD46, regulates Complement mediated
killing of NHL lines by Rituxan in vitro

Expression of complement regulatory proteins on CD20 expressing multiple myeloma (MM) and non-Hodgkin
lymphoma (NHL) B-cell lines, and cell line sensitivity to rituximab-mediated complement lysis®

Viability (%)

Cell line Type CD59 CD55 CD46 CD20 Rituxan Rituxan/complement
ARH-77 MM ++ ++ +++ ++ 90.6 85.3
DHLI10 NHL ++ ++ ++ e 96.0 69.3
NAWALMA NHL ++ ++ ++ ++ 98.7 30.7
IM9 MM ++ +++ +++ +4++ 88.0 28.7
DHL4 NHL + et +e ++ 100.0 0.0
HS SULTAN MM 0 o ++ +++ 84.0 0.0
MM-AS MM 0 + +++ ++ 82.7 0.0
MM-SV MM 0 + ++ ++ 96.0 0.0

“Myeloma and NHL B-cell lines were evaluated by single-color flow cytometry for expression of complement regulatory protein expression
(CD46, CDS55, and CD59) and CD20. Intensity of staining is denoted as follows: 0, no expression; +, dim; +, moderate; ++, bright; and +++, very
bright. Viabilities were assessed by trypan blue staining and represent means of triplicate samples.

SP Treon et al. J. Immunother. 24:263, 2001




ADCC isrequlated by I nhibitory: Activating FCR

FcRI, 111

Tumor
Cell

Lytic or apoptotic death
Perforin/granzyme
TNF family ligands

NO, O+ species,
proteases, ete.,

R. Clynes, 2002




In Vivo IL-2/Rituximab Trial
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Efficacy of FCR influencesin vivo Rituxan Effects

V Higher Affinity for 1 .G
AA #158 of FcRIIl [ Foaner S

In Vitro Reponse Rate
Phenotype @ ADCC In Vivoto Rituxan
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Cartron et a. Blood 99:754, 2002



Receptor Blockade
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Signal Activation
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Some anti-1d antibodies can inhibit antigen binding

Roitt et al. 1985

antibody to
non-binding site
idiotope

hapten
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binding
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Patient Anti-id Antibody Inhibits Binding

of hul4.18 to Tumor cells
( Flow Cytometry Assay)

Patient Anti-id Aby

\/ Idiotypic component
GDN / \
hul4.18-PE
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Inhibition of hul4.18 mAb binding to GD2 on
cellsor in ELISA by post Rx pt. sera

Patient Pre | Patient D15
ELISA 0% 99%
Inhibtion
FHow 357 16
MFI
FHow 0% 96%
Inhibition

Hank et al, unpublished



Mimicry of a TAA determinant by
anti-id antibodies

Anti-anti-id
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IMMUNOTHERAPY?

Tumor
Size

Oncogenesis Undetected 'Diagnnsis Remission Regrowth i Relapse
Growth



Ch14.18 mAb does not penetrate well into measurable tumors

Kendra K et al.
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Chimeric Humanized
\A nti body/ NU body /

Humanized
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Anti-GD2+IL2
Immunocytokine

GD2
Antigen

hul4.18-
L2

IL-2 Receptor —wm

or
NK Cell



Efficacy of ch14.18-1L 2 mmunocytokine against

Murine Neuroblastoma Liver M etastases
Lodeet al: J. Natl. Cancer I nst. 89:1586, 1997
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Number of Liver Metastases
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Hu14.18-1L2 Efficacy:
Dependence on Tumor Establishment

.

PBS Rx Day 11 Day 9 Day 7 Day 5

hul4.18-IL2 (10ug/d) for 5 days starting
on day 5, 7,9, or 11 following 5 X 10°
NXS2 cells injected on day 0, and
harvested on day 28.
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Single chain
scFv
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Potential uses of scFv

o Smaller molecule, penetrates better

e Link to toxins

e Linkto TCR or FcR signaling components
to provide mAb mediated specificity to T or

NK cells (“T cell bodies’, or “artificial
receptors’)



Bifunctional mAb: Heteroconjugate vs. Quadroma

1) heteroconjugate TARGET EFFECTOR
complete immunoglobulins, _ AjcD16 or CD3
chemically cross-linked, anti-Tac '<
multimeric form, /
multivalent = \\ [ CD16 or CD3

# e \{_
7, s = Tac
”  anti-CD16
or CD3
2) bispecific TARGET EFFECTOR
I
hemi globulins, “
native disulfide linkage, , Tac NG cD16 or CD3
(hybrid hybridomas or anti-CD16
disulfide exchange) anti-Tac or CD3
bivalent

monomeric form, \ |// /{
|
|

.
ac (
\ 9 CD16 or CD3

R. P. Junghans et al, 1996



Anti-tumor _applications of mADb

3. Multistep targeting
1. Naked MAD
Bitinylated 4. ReceptOr blockade

i radiozciive ligand - -
5 . 2 o 5. Signal transduction

Immunocytokine

Cellular immunocanjugates

[mmunotoxin

ADEPT o'ty

lmimunoliposome

2. Immunoconjugates

Adapted from N-K Cheung 2003



Clinically Approved M oAb for Cancer-Rx-2004

Generic Brand Target | ndication
Rituximab Rituxan CD20 B cell NHL
Trastutumab Her ceptin HER-2 HER-2 Breast CA
Gemtuzumab Mylotarg CD33 AML

(mAD-toxin)
Alemtuzumab Campath CD52 B-CLL,CTCL
| britumomab Zevalin CD2 Refractory B NHL
Tosifumomab Bexxar (Radiolabeled mAD)
Basiliximab/ Anti-TAC CD25 Anti-Graft Regection/
Daclizumab GVH
Bevacizumab Avastin VEGF Gl Malignancies
Edrecolomab 17-1A EpCam Gl Malignancies



Collaboratorsin UWCCC
| mmunocytokine Resear ch-
2004

« UWCCC
— JHank « C.0.Gand N.A.N.T.
— M Albertini — Many Pediatric Oncologists
R ACT:1
— A Rakhmilevich  Lexigen
— | Buhtoiarov — SGillies
— HLum
— JYang « EMD
— H Schalch — B Clements
— K Osenga
— J Schiller
— D Mahvi * Scripps
_ KM Kim — R Resfeld
— J Eickhoff

— A Sternberg
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