Primer on Tumor Immunology

International Society for Biological
Therapy of Cancer

C. H. June, M.D.
November 10, 2005

UNIVERSITY OF
@ PENNSYLVANIA
Abramson Cancer Center




Outline: Primer on Tumor Immunology

- T Cell Receptors
- T Cell Biology
» Tumor immunology




Organization of Immune System
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The Course of Induction of Innate
and Adaptive Immunity
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Hallmarks of the Adaptive |mmune
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1. Increasing specificity

2. Rechallenge: response is more rapid and more
robust

3. Memory: Selected T cells persist for years



Innate and Acquired Immunity
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T Cell Differentiation: Multiple Mature Subsets
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Generation of T cells
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T Cell Biology

e T cells develop In the
thymus

— TCR rearrangement

e T cells belong to the
class of cells that have
capacity to enter and exit
the cell cycle

« Mature T cells divide In
secondary lymph tissue

— Spleen, lymph nodes

— Do not divide in peripheral
blood




Principles of T Cell Activation
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T Cell Activation

 Immunosurveillance: DC/ -
APC take up Ag in periphery "o
e T cell division and clonal

expansion occurs in lymph T
nodes

 Geographic and temporal
control

— Naive T cells reside in lymph
nodes

— DC bring antigen to the lymph
node
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The ThreeLaws of Immunology

1. The Immune System is Capable of Recognizing a
Virtually Unlimited Array of Specific Structures
(Universality)

2. The Response to Self-Antigens is Eliminated or
Controlled (Tolerance)

3. The Response is Appropriate to the Inducing
Pathogen (Appropriateness)

Adapted from W. E. Paul, M.D., Editor, Fundamental | mmunoloqy




T Cell Activation
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The First Law - Universality

Lymphocytes are the specific cells of the immune
system.

Each one is different in that it can recognize a
different structure.

Lymphocytes use a cell surface receptor for this
recognition.

Humans have ~10!2 lymphocytes



Clonal Selection
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Genetic Basis of Specificity

Somatic Mutation

“Germ-Line” Gene

“"Mutant” Genes

Germ-Line Encoded




Genetic Basis of Specificity

Recombination of V, D and J Elements to
Construct an H Chain Gene

V Elements D Elements J Elements Cp

-/ /

Extremely variable —»VIEI.

At V & D and D & J junctions there is joining imprecision, deletion of
nucleotides and addition of untemplated nucleotides; the result is a virtual

random peptide generator creating an enormous potential repertoire of H chains




T Cells Resemble Unicellular
Organisms

Individual T cells are capable of expanding or
contracting in number depending on whether they
have a selection advantage (recognition of
antigen).

The immune system evolves somatically and thus
provides a mechanism to deal with the rapidly
evolving microbial world.

The TCR repertoire is continually evolving



T Lymphocyte Homeostasis

T Cell Production Repertoire ~10°
T lymphocyte mass ~10%?

Life-span: monthsto years

T Cdll

Pools

Pathogen or Natural Demise

Tumor Induced apoptosis
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The Second Law - Tolerance
T Cells

®* Negative selection in the thymus
Clonal elimination in the periphery

® 2Encounter with cognate antigens on immature dendritic
cells

® Clonal anergy

® Encounter with cognate antigens in the absence of co-
stimulation inactivates T cells

® Regulatory/suppressor T cells

® Is this a tolerance mechanism or a mechanism to control
the magnitude of immune responses



Clonal Elimination: “Classical

Antigen-driven Deletion; Antigen-driven Expansion;
Occurs during T Cell Development Occurs when T cell is Mature




Self Recognition:
Both Essential and Dangerous

The immune system plays a “"dangerous” game.

It relies on self-recognition both to create the repertoire
of T cells that are allowed to populate the periphery and
for the survival of these cells and yet it needs to control
self recognition to avoid a dangerous attack on self-
tissues.

A current view is that the border between these is
quantitative - that “"good” self recognition is low affinity
and results only in survival signals while dangerous self -
recognition is high affinity and results in expansion and
differentiation into effector cells.



B Cells & T Cells Deal with

Different Antigenic Universes
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The CD4 T Cell Antigenic

Universe
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The CD8 T Cell Antigenic

Universe
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Pivotal Roles of CD4 Cells

CDA4 Cdlls
CD40L IL-4
CD40L
IL-2
Activated CDS8 B Cdlls
M acr ophages Cytotoxic T

Cdlls



Tolerance is Controlled by CD4 Cells
Three Faces of CD4 T Cells

FoxP3

Thl: Fight Th2: Fight Treg: Silences
Intra-cellular Extra-cellular Effector T Cells
Pathogens Pathogens

Accumulate at
tumor microenvironment



Normal Immunologic Ignorance Deletion Inhibition Suppression
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Tumor Immunity and
Autoimmunity Paradigm

Autoimmunity | .
/\ o Autoimmunity istheloss of

toleranceto self antigens

 Many approachestotumor therapy
attempt to break tolerance to self
antigens expressed on tumors

» EXxpected conseguences:. tissue
\/ specific autoimmunity

Tumor



T Cell Activation: antigenicity vs immunogenicity
The concept of costimulation

Ag*

Signal 2

Antigen:APC T cell interaction: no Antigen:APC T cell interaction: with
costimulation: costimulation:
Result: T cell anergy, apoptosis Result: T cell activation, clonal expansion,

or suppression (Treg cells) effector functions



The CD28 and B7 Receptor Families
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CD28 Receptor Family - 1999
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The CD28 and B7 Receptor Families - 2005
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The CD28 Family Homologies
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Roles of CD28

Induction and maintenance of cytokine
and chemokine secretion

Cell survival: bcl-X induction and
promotes clonal expansion

Enhanced telomerase activity
Required for T cells to increase their
glycolytic rate (PI3K and Akt)

Down regulation of beta chemokine
receptor expression

Costimulation and “superagonists”
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B Residues important for natural ligand binding

The CD28 Family

1 165
1) ————————- MLELLLALNLFPEICVTIGHEILVED-EPH LVAYTHAVHLE O Y Y HL FEREFRASLHEGL CE AVEVCWW IR SLD WYEHTE FNCDELGH-ESYTEYLQHLYVHQTDIYFOXIEY  MYPPPY LDMEESHGTIIHVKGFKHL CPSFLF
(1) ———————————— ] -MTLELLFLALNFFEVOVTENK ILVED-SFL LW DEHEY EL S CRY EYHL LAKEFRAS LKW E IVEVCWGEHNGEHF Y R FRSNAEFHCDEOFD HM-ET¥TFRELWHLHVNHTDIYFCKIEF MYFEPFY LOWNERSEMGETIIHIKEKHL CHIDES
(1) MACLGFORHKAQLNLAARTWPCTLLFFLLF IPVECEAMHVADRAVY LASSRC AR CEY ASPGEATEVEVTVLEADSWTEVCAAT-YMTGHELTFLODS ICTGTES G-HOWHLTIQELRAMOTGLYICKVEL MYFEEY YLG-IGHGTRIYWIDPFEF CFOSDE
(1) MACLGLERYKAQLDLPSRTWPFVALLTLLF IPVEFEEAIQVTIE VY LASSHGVAEFPCEYSPSHNTOEVEY TVLEDTHDOMTEY CATT-FIEEH TVEFLIOY P FCE GTFHE-SEVHLTIQGLEAVDTGLYLOKVEL  MYFEFY FWVG-MGHGTRIYVIOPEF CFOSDf
(1) ———————————— ] -MEEGLWY FFLECOLE IKVLTGEINGSANTEM FIFHNGEY IL O Y PO I VDO FEMOL L GG L LI TE TG 25— ——— -] MTVS [IKSLEFCHSLE H-KNEVSFFLYHMLDHEHAMYYFCHNLEL  FOFFEF KNT--LTEEYLHIYESQL COLK £
(1) ———————————— ] -MEPY FCHYFWECFL IRLLTGETHGSADHEM FEFHNGEY) IS O Y FET VD LKMRL FREREVLCEL TETEG 25 ————-] -MAVS TKNPMLCLYHLE H-NEVSFFLMMPLES0GSYYFOELET  FOFFEF QERN-LEGEYLHIYESQL COJK L
(1) ———————- MO TP AFWE VWAV LOLEGNEPGWFLDEFORPWHFFTFF PALLVWWTEGDHATFICSFSHTEESFV LW EMEFEHOTD FLAAFFEDRSPGDCEFEVTOL PHGEDFHMEVVEARRNOSET YL OGA ISZLAPEA]) TEE--SLEAELEVTERRAEVEFTAH
(1] ———————- MRV EWE FTWAY L)L EWEGWLLEVFNGPWESLTEFY FAWLTVEEGANATFTCSLSHMWEEDLMLMWHELEFPSHOTE FOAAFCHELEPVIDARFDI IQLFHEHDFHMNI LDTERNOSEI YLOGA ISLHPKAK IEE--SPGAELYWTERILETETEY
(1) ————- M TLFAMLGTGK L. FWVFFLI PYLDTWH I HGK ——————-] ESC VDL Y TERQSEHE ILAGDF FELECE VE Y CANRFHVTWIK LHGT TCVELEDR - —— -0 TS WEEEK MIEFFILHFEPMLFNONGS YRCEAN-—-FOSNLIE—SHSTTLYWVTDVEGASE———
(1] ————- M TVPAMLGTFRLFREFFIL-HLGLWS ILCEKATK. EMOEEC FVOLTITEHNSE CEARTGELFEIQCE VE Y CVHEF NV TWIFHHGT ICVPLEVSF LY TSWEEHD EVPVEVLHFEF [HL ZDRGS TS CETH-——-FHSDV IHN—SHSVT IHVTERTUHSSEHF
(1] W ILL F IV 1 g H W g CYE L ELVL R S NT GG F v c L H ¥ LL L HOTGIY C I IMYFFPYLI S GT IHY ER LC F
166 329
{147) PG—————————— PE——F¥F fwwlvewggwlacysllvtvafiifwe BSKR—————— SELLHSD FMHMTP————— ERF GETRMHYD PP AP FREOFAM YRS
{148) P-———— EL  fwalvwvagvlfeygllvtvaleviwt HSER——————— WMELLOSD FHEMTP—————— FET GLTRKPYD PYAR ARDFAA YRD-
{183) 1— —lwila-avesglifyzflltavals FHMLFFR———————— SPLTTGY “YWVKMPP——m——— TEFPECEKQFQPYFIPIN
{163) 1-— 1wilv-avslglifysflvtavels KMLEKER———————— SPLTTGY “YWVKMPP——m——— TEFPECEKQFQPYFIPIN
1142) wWl-——————————— plgeaafwrvveilgeilicow]l THEKYSSSVHIFNGE-———————————————— THMFMRANHTAKK Z-RLTINWTL.
1143) wWl-————————————— prgeaafrevlligeiliivf SKEKYGESVHIFNSE-———————————————— THMFM AANHTNEE E -RLAGVTE:
[{156) Pm—————— --SPSPRPAGQFJTLYVY  gwwggllge--lvllvwylavic SRAAR-- —GTIGARFTGPLEE——————-—-[IFSAVFVFS  VOYGEL DEWREKTFEFFVPCVPED TEYATI VFPSEMGTSSPARRGEADGPRSAJFLEFEDGHCSWRL
[156) P-—————— ——SPEFKPEGRF)GMV IGIME alvgipwllllawalavicet SMS———————-] EARGAGEKIIDTLEE-———————- EPSAAFVES VAYEEL DFQGREKTFELFTACY--H TEYATI VFIEGLGASAMGRRGEADGLOGFRFFRHEDGHCSWFL
[142) ———————————— FF-EFDEVASEPWLLYE 1lplgglpllittwiclicc]l BRREHOECHELSDTAGREINLYDAHLES LEEAGT WWVMEM IWYASL NHSVIGLHNSFLARNVEEAF TEYASEI CWES--—
{154) LIISDIFDATHASGFETMEERPG rtwllytllplg-alllllacwell CRLERIQGKEKKPSDLAGROTHLVDIFASS-—————-] ETHHOALFSETGL mlp——hESNﬂDEELnSLQEEM IVWYAEL MHOVW IGRNPECENMMOEAF TETAZI CVES--
(166 FYLVWLYGLVL YLLLL W LV RE E THM M P T

SH2 Binding Domain

[
" Residues important for superagonist binding B SH3 Binding Domain

B Unpaired Cysteine

ITIM
B TSM
= GRB2 Binding Domain



CTLA4 Regulates T Cell Numbers

Negative roles

CTLA-4-deficient mice die within 4 wk after birth due to a
lymphoproliferative disorder of CD4 T cells

Lymphoproliferative disease in the absence of CTLA-4 is not T cell
autonomous: bone marrow chimeras producing CTLA-4-/- and
normal T cells are healthy

CTLA-4 recruits phosphatases to the TCR complex

Positive roles
Increases beta chemokine receptor expression

Science 1995; 270: 985



CTLA4 Regulates T Céell Mass

CTLAA4 -/- CTLA4 +/+

Science 1995; 270: 985 | mmunity 1995; 3: 541



Dysregulated Negative Costimulatory Receptor

Expression Can Lead to Autoimmunity
e

 Polymorphisms of CTLA4 associated with multiple
autoimmune disorders

— Mouse and human reports: T1 DM, Graves’ Disease
(Ueda et al, Nature 2003: 423: 506)
— Polymorphism in the 3' UTR of CTLA4

— Reduced production of a splice form encoding a
molecule lacking the CD80/CD86 ligand-binding
domain.

— Mechanism: effects on CTLA4 signals or Treg ?



Blocking Negative Costimulatory Receptor
Function Can Lead to Autoimmunity

o Antagonistic CTLA4 antibody therapy in cancer
patients leads to autoimmunity

—Phan et al, PNAS 2003; 100: 8372
— Multiple organs affected

— Prominent target organ is Gl tract: IBD like
lesion

— Symptoms resolve with corticosteroids
— Augmented anti-tumor effects



Soluble Fusion Proteins of CTLA4 Can Treat
Autoimmune Disorders

,ﬂm_ti-CDEID CD40
CD40 I'i{a”d) ligand Leader  Receptor/Ligand Hinge CH2 CH3
e T N B R e e e
Antigen- TCR .
presenting cell é == Sigigy OncoM hCTLA4 hlgG1

—===p No signal 2

B7 CTLAdlg CD28 Rationale: solubleligand for B7 that prevents

B7:CD28 interaction.
T cell )

Table 1 Selected CTLA4-Ig drugs in clinical trials

inaﬁ;ﬁgted Company Indication Drug Stage of development
Bristol-Myers Squibb ~ Rheumatoid arthritis CTLA4-Ig Phase 3
Bristol-Myers Squibb ~ Multiple sclerosis CTLA4-Ig Phase 2
Bristol-Myers Squibb ~ Kidney transplantation ~ LEA29Y Phase 2
Repligen Multiple sclerosis CTLA4-lg (C.gammad)  Phase 1/2
Bristol-Myers Squibb ~ Lupus CTLA4-lg Phase 2 (pending)

Repligen Lupus CTLAZ-lg(C.gammad)  Phase 1/2 (pending)



Why are there so many costimulatory

molecules?
Hypotheses:

1. Fine Tuning of the Immune Response
2. Tissue Specificity

3. Distinct signal requirements to
trigger differentiation and drive
activation

4. Instructional Role of DC in Generation i
of T cell Subsets igh CD54, 58, 80, 86

QOO0 o0

Banchereau J and Steinman RM.
Nature. 1998 (392) 245-252.



Cznzration of CD3 Mzmory T Czlls
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Tumor Immunology: Basic Concepts

» Current Dogma: “"Tumor cells are antigenic but
not immunogenic”

+ T cells (T for "tumor and thymus”) mediate
specific tumor rejection. Natural killer cells
also have a role in fumor elimination.

- B cells and antibody appear to have little or
no physiologic role in immune tumor elimination
since these immune effector systems are best
suited for extracellular antigens.

* "Tumor Darwinism”: Tumors have evolved
sophisticated means to avoid immune
detection.



Cancer Immunosurveillance Theory

+ The T cell immune system almost certainly evolved as
a defense mechanism to control viral infections; it
definitely did not evolve to control tumors!

+ Given the demonstration of tumor specific antigens,
during the 1960s and 1970s, there was wide
acceptance of the "immunosurveillance" model put
forth by Lewis Thomas and MacFarlane Burnet.

- 1980s, SCID mice (T-NK+): had rnormal incidence of

tumors: toss the theory!

- 2000, mice with deficient IFNgamma signaling have
large increase in spontaneous tumors (Schreiber et al,
Nature, 2001): resurrects theory.



Tumor Immunosurveillance

- Immunosurveillance: Compelling data from human patients indicates that
cancer immunosurveillance acts as an extrinsic tumor suppressor

- Immunoediting: immune surveillance facilitates the outgrowth of tumors
with reduced immunogenicity (Schreiber and Old)

Enhanced SUSCGpthI“ty Of Technology Immune status
iImmunodeficient mice

RAG-2 —/- Lacks T, B, NKT cells
to spontaneous and
chemically induced
tumors in RAG-2 —/— Lacks T, B, NKT cells:
Immunosuppressed «STAT1 —/=

animals
IFNY -, o/fB-insensitive

LMP2 —/— Lacks LMP2 subunit

Annu Rev Immunol
2004: 22: 329-360

Tumor susceptibility relative to
wild type

T MCA-induced sarcomas;
T spontaneous intestinal

neoplasia

T MCA-induced sarcomas; T
spontaneous intestinal and
mammary neoplasia

T Spontaneous uterine
neoplasms



Mechanisms of Tumor Immune Evasion

* Tumor Induced Antigenic

munogenicity Immune Modulatl_on
Suppression e Selection for

 decreased « e.g. TGFB “loss variants”

peptide:MHC . e.g.IL-10

complexes

e decreased




Summary: Tumor Immunology

* Basic principles of tumor immunology
- Know the three laws!
- Cancer antigens: generally "self”

antigens

- Implies immune system will be biased to
tolerogenic responses

- Tumor immunosurveillance and
immunoediting

* Tumor induced immune suppression



Outline: Primer on Tumor Immunology

- T Cell Receptors
- T Cell Biology
» Tumor immunology




