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Multidimensionality of tumor/host interactions
In the context of T cell aimed immunization

1stdimension = TCR/HLA/epitope interaction

2"d dimension = Importance of co-stimulation

3rd dimension = Localization at tumor site

4th dimension = Evolving nature of immune response and
genetic instability of cancer cells

5th dimension = Heterogeneity of the tumor micro-environment




T cell recognition of cancer cells
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Most commonly expressed melanoma associated antigens
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The Systemic Response
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Few logical steps required for successful anti-cancer immunization
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Multidimensionality of tumor/host interactions
In the context of T cell aimed immunization

1st dimension = TCR/HLA/peptide interaction

2"d dimension = Importance of co-stimulation

3rd dimension = Localization at tumor site

4t dimension = Evolving nature of immune response and
genetic instability of cancer cells

5th dimension = Heterogeneity of the tumor micro-environment



Pre-vaccination Functional heterogeneity of vaccine-induced CD8+ T cells
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Quiescent phenotype of tumor-specific CD8+ T cells
following immunization
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% specific lyses

Ex vivo cytotoxicity of immunization-induced CD8+ T cells
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tetramer

GFP-HLA fusion complex incorporation ex vivo by
CD8+ immunization-induced T cells
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t209-2MPE
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Preferential proliferation of Ag-specific T cell
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Global Approach: Biological Considerations
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Studying the tumor micro-environment

Excisional Biopsies

*Good guantity of material to study

*Do not allow serial sampling of same lesion

*Do not allow prospective assessment of natural history of agiven lesion

Fine Needle Aspirates

L imited quantity of material to study

*They allow serial sampling of same lesion

*They allow prospective follow up of agiven lesion

Wang and Marincola, Immunol Today 2000
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Kinetics of | FN-y and gp-100 expression in melanoma metastases

Tumor Monitoring
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Tumor Biology

Multidimensionality of tumor/host interactions
In the context of T cell aimed immunization

18 dimension = TCR/HL A/peptide interaction
2"d dimension = Importance of co-stimulation
3" dimension = Localization at tumor site

4™ dimension = Evolving nature of immune response and
genetic instability of cancer cells
5% dimension = Heterogeneity of the tumor micro-environment



Tumor variability and evolving with time
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NR = No Response
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Proposed hypothesis of how antigen-specific therapy
might affect target antigen expression

IL2+209-2M
142 15

o

@ - Target antigen present
() =Target antigen absent

Primary " \ @
.O..O. Effect é O / X ®)

. O —
Effective @
Treatment ®® O -
Not effective : Q‘.Ci‘ o : O..Cz. l
O .O ()  209-2m O .O O
Q; O QO
LLl ! R O
Seste
% : 0.4 O O O
Lemm e e e > Recurrence

Marincola et al., Trends in Immunology, 2003



Multidimensionality of tumor/host interactions
In the context of T cell aimed immunization

1st dimension = TCR/HLA/peptide interaction

2"d dimension = Importance of co-stimulation

3rd dimension = Localization at tumor site

4t dimension = Evolving nature of immune response and
genetic instability of cancer cells

5th dimension = Heterogeneity of the tumor micro-environment



A global approach to Identify the algorithm responsible for tumor rejection in humans




Genes differentially expressed pre-treatment In immune responsive metastases

Wang et al. Nature Biotech 2000
Wang et al. Cancer Res. 2002
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Genesdifferentially expressed between pre- vs post-treatment CR
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Genes associated with immune response during IL-2 therapy
Panelli et al Genome Biol 2002

March 7, 2001 May 7, 2001 June 29, 2001
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Postulated mechanism(s) of action of systemic IL-2
administration
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Unsupervised Hierarchical clustering of serum samples from RCC patients obtained
pre. post 1 and post 4 doses of IL-2 (720.0001U/ka).
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Postulated algorithm of tumor immune responsiveness
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Global Approach: Technical Considerations

Genetic Background Transcriptional Analysis
DNA RNA
SNP detection CDNA arrays

Transcriptome array
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Hypothesis of the study:

Whether two prototype populations can be segregated
according to functional and genetic parameters?



Functional and genetic differences between Chinese and
Caucasian subjects in response to IL-2 or LPS

MRNA SUPERNATANT
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Identification of genes induced by IL2 or LPS in different ethnic groups

(Paired two sample t test, p<0.005, exp present >80%, 16,000 total gene used)

IL2 vs No-STI IL2 vs No-STI LPSvsNo-STI LPSvsNo-STI
Caucasian Chinese Caucasian Chinese
N =15 N=12 N =15 N=12
| L-2-induced
genes (paired 808 209 989 344
(p<0.005)
Permutation 0.0017 0.06 0.0003 0.02




Ethnic Distribution based on IL2 inducible genes
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A new polymorphism-detection method for broad genome investigations
in the context of clinical trials

A*0101/A*0101
a,a homozygosity

Log Cy5/Cy3 ratio

Wang et al. J Transl Med, 2003

A N A O RPN W A
| — | | N |

A O N kR O R N ®W A~
| S IS IR I N I RN |

A*0201/A*0101
b,b homozygosity

p *kkk k)%

A*0101,0201/ A*0101
a,b heterozygosity

i

1




Special Thanks




RCC
Melanom

— Esophageal
= Colorectal Primary

Growth regulation
" <+ 1 — == RCC predominance

RCC and Melanoma

Immunological Signature

<+«— Blood Contamination in FNA

<«— MDA-Specific cluster



RCC Esophageal

Melanoma Colorectal Primary

LN

transforming orowth factor beta 1 induced transcrint 4 11
aranzyme A (uranzvie 1. cvtotoxic T-1vimhocvite-associated
transforming oarowth factor. beta receptor associated prote
IL-11 recentor alvnha chain 11

tumor necrosis factor. alnha-induced nrotein 2 ||

Fc receptor homolog expnressed in B cells ||

1vimhocvte antigen 9 11
tumor necrosis factor recentor sumerfamily. member 10bh ||

MARCO=macrovnhaue recentor with collagenous structure 11
IFIl6=interferon-damma-inducible mveloid differentiation 1
1vmhoid enhancer-binding factor 1 11

CXICR1=—chemokine {(C-X3-C) recentor 1=fractalkine receptor
interferon stimulated cene (20kDY ||

interleukin 11 recentor. alpha ||

interleukin 2?1 recentor 11

granzvme A {ogranzvme 1. cvtotohc T-1ymphocyte-associated
inducible T-cell co-stimulator 11

1vywmhocvte-snecific vrotein tvrosine kinase ||

natural killer cell transcrint 4 11

THF recentor-associated factor 3 11

THFESF1h-a=s=sociated via death domain ||

interleukin 2 recentor. alvha 11

THF recewntor-associated factor 1 11

THF recewntor-associated factor 2 11

IBF-T1=interferon regulatory factor-7 ||

cD27 11

1vmhotoxin alvha (THF swerfamily, member 1) ||
1lvywmhocvte-snecific vrotein 1 11

chemokine (C-C motifh ligand 3 11
BLvS=HBAFF=TALL-1=THAHE=zTHF4=DTL=THF' familv member that =i
SLAM==ictmaling 1vmmhocvtic activation molecule 11
zeta-chain (TCRY associated vnrotein kinase T0kDa ||
granzvme M {lvyimhocyte met-ase 1) ||

1vmhocvte antioen 96 11

1vmhocvte antioen 96 11

nrostadlandin I? {(wvrostacvyclind recentor (IPY 11
leukocvte immunoglobulin-like recepntor. subfamilv B {with
killer cell lectin-like recentor subfamily K, member 1 ||
chemokine (C-X3-C motify recentor 1 11

1lvmhotoxin heta (THF swmerfamily. member 3y 11
interleukin 16 {(lymphocyte chempattractant factor) ||
CD37 antimen 11

integrin. alnha L {antigen (D114 (w130 . 1vimhocyte functi
integrin. alnha L {antigen (D114 (w130 . 1vimhocyte functi
killer cell lectin-like receptor subfamily -, member 1 ||
interleukin 17 recentor 11

interleukin 17 recentor 11

(D103 beta=Integrin beta 7 ||



RCC

Melanoma

; L1CAM
IGFBR1
EHO2
EHD2
CALU
MEF 2C
MLOD
PTFRM
PTFRM
SMIFE1

CPEB4
RRAGD
TEx2
TBX2
ADAMTS 5

SLCTA2

Esophageal CRC Primary

Il L1 cell adhesion molecule (hwdrocephalus. stenosis of agquw
Il insulin-like growth factor binding protein 7 ||

Il EH02<Enolase 2 (gamma. neuronal) ||

Il enolase 2 (gamma, neuronal) ||

Il calumenin |1

Il MADS hox transcrintion enhancer factor 2. nolwmentide C 0
Il nrocollagen-1lvsine. ?-oxoulutarate 5-dioxvuenase (lvsine
Il B-PTP-mu=nrotein tvrosine nhosvhatase. recentor type, M |
Il vrotein tvrosine nhosvhatase. receptor type, M ||

Il spire homolog 1 (Drosowhilad |1

Il c-chl=Casitas B-lineawe lvimhoma wrotein=syk-inhibiting a
Il melanoma cell adhesion molecule 11

Il macrovhawe migration inhibitory factor (olycosylation-ink
Il henatiti=z B virus x interacting nrotein 11

Il henatiti=z B virus x interacting nrotein 11

Il solute carrier familv 25 (mitochondrial carrier: adenine :
Il inhibitor of kanma liuht nolvnentide gene enhancer in B-o
Il & nrotein-cowmled recentor 56 11

Il cvtonlasmic nolvadenvlation element binding nrotein 4 11
Il cvtonlasmic nolvadenvlation element hinding protein 4 ||
Il Ras-related GTP binding D ||

Il T-hox 2 11

Il T-hox 2 11

Il a disintearin-like and metalloprotease (reprolysin type) °

IMAGE34514 11 SVAP1 nrotein 11

Il solute carrier familv 7 (cationic amino acid transporter,
Il micronhthalmia-associated transcrintion factor 11

Il micronhthalmia-associated transcrintion factor 11

Il solute carrier family 16 (monocarhoxvlic acid transporter
Il =eroloaically defined colon cancer antigen § ||

Il laminin, alpha 1 ||

I SMRS 11

Il fucosvltransferase 11 {alwvha (1,3) fucosyltransferase) ||
Il syndecan 3 (H-svndecan) ||

Il anolinowrotein E 11

|1 transmembrane protein 22 ||



A new polymorphism-detection method for broad genome investigations
in the context of clinical trials

A*0101/A*0101
a,a homozygosity

Log Cy5/Cy3 ratio

Wang et al. J Transl Med, 2003
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Analysis of the effect of human polymorphism on immune responses:

Cytokine polymorphism chip

Gene family Name Gene number Oligo number
TGF 7 202
|FN 21 490
CSF 5 156
TNF 48 1520

IL 80 3501
IRF 8 516
STAT 9 296
JAK 21 1208
NF-kB 21 1332
TLR 10 630
NK cell 25 244

Total 255 10395




Cytokine polymorphism detection chip
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Conclusions

Comprehensive monitoring of cancer vaccines should be
broadened from the study of systemic immune responses
to include the evaluation:

The immune responses at tumor site
The genetic make up of each patient

The genetic heterogeneity of individual patients’
cancers at the transcriptional and the protein level

Tools are now available that could be applied in the context
of immunotherapy trials at relatively low cost and effort if
samples are appropriately collected



MAA of the melanocytic lineage
(Melanoma Differentiation Antigens)

(expressed by 70 to 80 % of melanoma lesions)

MART-1 27-35 HLA-A*0201 AAGIGILTV
(118 aa) 32-40 HLA-A*0201 ILTVILGVL
gpl00 154-162  HLA-A*0201 KTWGQYWQV
(661 aa) 209-217  HLA-A*0201 ITDOVPESV ——* IMDQVPESV
280-288  HLA-A*0201 YLEPGPVTA
457-466  HLA-A*0201 LLDGTATLRL
476-485  HLA-A*0201 VLYRYGSFSV
HLA-A*0301 ALLAVGATK
Tyrosinase 1-9 HLA-A*0201 MLLAVLYLL
(530 aa) 192-200  HLA-B*4403 YEIWRDIDF
206-214  HLA-A*2402 AFLPWHRLF
369-377 HLA-A*0201 YMNGTMSQV



Specific activation of PBL in vivo by MAA derived epitopes
as demonstrated by in vitro testing

B Pre-CTL/624.38
(HLA-A2 +)

O Pre-CTL/624.28
(HLA-A2 -)

/_g W Post-CTL/624.38
S (HLA-A2 +)

=

:5000 O Post-CTL/624.28
3 (HLA-A2 -)

o

2500
O I I I I I I I I
1 3 6 7

8 10 11 12 15 17 18
Patient #

(Cormier et al., Cancer J. Sci Am. 1997) .



Response rate after peptide-based vaccinations
against melanoma

Treatment:

MART-1y7.45 in IFA
g209-2M in IFA

g209-2M in |FA +
|L-2 (720,000 1U/Kg TID)

Responses Patients %

0 20 0
0 11 ' 0
13 31 42

(Rosenberg et al. Nature Med,1998)



TEST sample

Refer ence sample:
25 patients

Mixture of 6 normal donor PBMC

37 melanoma metastases

63 FNA samples

— N

CR PR SD NR 6,108 human

cDNA array
/

Control sample:

NHEM - Normal Human Epithelial M elanocyte
FB - Fibroblast cell line from melanoma metastasis
RCC - Renal carcinoma

Ocu - Ocular melanoma Wang et al. Nature Biotech. 2000
Wang et al. Cancer Res. 2002
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Clone ID Abbrev.

Title

Putative function

Genes that discriminate between pre-treatment melanoma lesions that regressed completely or did not (13 vs 21)

Relative expression

322961
323917
725284
344080
269815
136218
504469
345935
854138
768496
324210
796297
811116
323371
321739
43884
109316
195458
51463
148421
1103633
221846
563423
588915
588637
322160
814095
365098
280752
240109
1457955
142259
240099

CAPZB
EHD1
PHKG2
SHMT2
INHBA
TIAL
ODF2
MADH
CSNK1E
EBI3
SR-BP1
KIAA1605
EST

APP
IRF2
PPIF
Serpina3
EST
BIRC1
TXK
KIAAO0515
CHES1
JAK1
IFI127
ACTG1
PTEN
LTA4H
BNIP3L
RBL2
FLJ10632
EST

FIP2
EST

capping protein (actin flament) muscle Z-line, beta
EH domain containing 1
phosphorylase kinase, gamma 2

Serine hydroxymethyltransferase mitocondrial precursor

Inhibin, BA

TIA1 cytotoxic granule-associated RNA-binding protein

outer dense fibre of sperm tails 2

MADH3

casein kinase 1, epsilon

EBI3

sigma receptor (SR31747 binding protein 1)
KIAA1605

EST

Amyloid B (A4) precursor protein)
Interferon-y regulatory factor 2
Peptidylprolyl isomerase F (Cyclophilin F)

al-antichymotrypsin

EST

neuronal apoptosis inhibitory protein

TXK tyrosine kinase

KIAA0515

checkpoint suppressor 1

JAK1

interferon, alpha-inducible protein 27
Actin=cytoskeleton y actin
MMAC1=PTEN=Tumor suppressor gene
Leukotriene A4 hydrolase

BCL2/adenovirus E1B 19kD-interacting protein 3-like
Retinoblastoma-like 2 (p130)

Homo sapiens cDNA FLJ10632

EST

Tumor necrosis factor a-inducible cellular protein
EST

Cell migration
Ligand induced endocytosis
Kinase
Cell metabolism
TGF-B family
CTL-mediated cytolysis
Cell migration
TGF-B response regulator
DNA replication repair
Interleukin-12 facilitator
Cell proliferation regulation
Unknown
Unknown
Intracellular signaling
Interferon expression regulation
Cell metabolism
Proteinase inhibitor
Unknown
Apoptosis regulator
T cell regulation
Unknown
DNA-damage checkpoint
Interleukin-2 receptor regulation
IFN-induced tumor suppressor
Cell migration
Putative tumor suppressor
Immediate hypesensitivity
Putative tumor suppressor
Putative tumor suppressor
Unknown
Unknown
TNF pathway
Unknown

Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed

Wang et al. Cancer Res. 2002



Gn-specific

immune stim.

What istherole of interleukin-2

Highest median across experiments: cell
surface, adhesion
inflammatory proteins

MHC class || DR alpha
MHC class|| DR beta

Grancalcin Ca2+ binding protein in
neutrophils and monocytes
Calgranulin Ca2+ binding protein

CD62L L-selectin

CD45

V-CAM-1

CDoe4

CD29 integrin=beta 1 fibronectin
r eceptor

(Fibronectin 1)

Keratin 10

IL-1R

IL-1receptor antagonist
IL-2 R beta chain
TNF-ainduced protein 3
TGFp receptor

Interferon-y |EF SSP5111upregulated protein
(HSP70)

MxA/interferon induced cellular resistance protein
MxB interferon induced cellular resistance mediator
protein

(Interferon-ainducible protein | Fl1-6-16)

Guanylate binding protein 1 interferon inducible
IRF-1interferon regulatory factor-1

IFN induced 56K Da protein

| FNy receptor alpha chain

Nmi=IL-2 and IFN-g inducible potentiator of STAT

Human insulin like growth factor

C-C chemokinereceptor 1

GRO-1 melanoma growth stimulatory activity chemokine
MI1G chemokinetargeting T cells

(MCP-1)

MCP-3

MIP-1beta

MIP-1 alpha

PARC=DC-CK 1 chemokinetargeting T cellsnot monocytes
M onocyte neutr ophils elastase inhibitor

IL-8 chemokine

Plasminigen activator urokinase

Panelli et al Genome Biol 2002




Primary Goal of thisstudy: Isit possibleto link functional to genetic
infor mation using high-throughput technology?

 Rationale:

— Human immunology is a complex discipline encompassing human
polymor phism and epigenetic adaptation to heter ogeneous environmental
stimuli.

— Transcriptional and/or post-tranglational analyses (i.e. cDNA arrays) yield
infor mation about the cellular response to a given situation without
Segregating genetic predisposition from epigenetic adaptation.

— Genome wide screening for genetic variation could lead to the
identification of consistent patternsin a given population that could
segregate the functional influence of genetic variability from that of
epigenetic adaptation.

Jin P and Wang E. Immune polymorphism: from HLA typing to immunogenetic profiling
Wang E and Falus A. Changing paradigm through a genome-based approach to clinical and basic immunology


http://www.translational-medicine.com/
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