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Programme

The second PSU International Teaching Platform
on Tumour Immunology and Immunotherapy
jointly organized by
Prince of Songkla University,
Université Pierre et Marie Curie — Paris 6 and Institut Pasteur

at the Department of Biomedical Sciences, Faculty of Medicine, PSU
December 15-20, 2003

Day 1: Dec. 15, 2003
08.30-10.00 Introduction to the Immune System [CF; Lecture 1]

- Innate and adaptive immunity

- Dendritic cells and macrophages
- T and B lymphocytes

- TCR and immunoglobulins

10.00-10.30 Coffee break

10.30-12.00 Introduction to the Immune System (contd) [CF; Lecture 1]
- MHC-restricted presentation
- Cytokines
- Th1/Th2 balance

12.00-13.00 Lunch

13.00-14.30 Tumour biology & immune surveillance [HF; Lecture 2]
- Clinical evidence
- Incidence
- Relation to age and immunodepression
- Experimental models
- Tumour antigens

14.30-15.00 Coffee break

15.00-16.30 Tumor microenvironment [HF; Lecture 3]
- Dendritic cells and T lymphocytes
- Cytotoxicity
- Macrophages
- Cytokines
- Th1/Th2 balance
- Regulatory T cells
Cancer models: prostate, lung, colon, uterus

Day 2: Dec. 16, 2003

08.30-10.00 Cytokines and cancer [ET; Lecture 4]

- Physiopathology andimmunotherapy

- Gene therapy

Cancer models: bladder, kidney, melanoma, hemato
10.00-10.30 Coffee break
10.30-12.00 Non-specific cellular therapy [HF; Lecture 5]

- Macrophages, NK and LAK
Cancer models: ovary, bladder, colon, mesothelioma

12.00-13.00 Lunch
13.00-14.30 Specific therapy: monoclonal antibodies [CF; Lecture 6]
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Cancer models: breast, lung, lymphoma, LLC
14.30-15.00 Coffee break

15.00-16.30 Specific therapy: T lymphocytes [HF; Lecture 7]
- Allografts, TIL, T-cell clones

Day 3: Dec. 17, 2003

08.30-10.00 Vaccination [ET; Lecture 8]
- Mechanisms: dendritic cells, tumour antigens
10.00-10.30 Coffee break
10.30-12.00 Vaccination (contd) [ET; Lecture 8]
- Clinical trials
- Immunomonitoring
12.00-13.00 Lunch
13.00-14.30 Open discussion with Prof. Fridman
14.30-15.00 Coffee break
15.00-16.30 Round table discussion

o To be determined

Day 4-6: Dec. 18-20, 2003
Lab course training

1. Immunomonitoring
- Intracellular staining of cytokines

- ELISPOT assay for cytokines
2. Demonstration of detection of tumour antigens by antibodies

3. Exercise session of experimental data in the field of tumour immunology and
immunotherapy

Speakers & Instructors:

1. Hervé Fridman, M.D., Ph.D. Prof. of Immunology, Medical School, Université
Pierre et Marie Curie — Paris 6
. Catherine Fridman, Ph.D. Prof. of Immunology, Université Paris 6
3. Eric Tartour, M.D., Ph.D. Assistant-Prof. of Immunology, Medical School,
Université Renée Descartes — Paris 5
Sylvie Garcia, Ph.D. Investigator, Institut Pasteur
5. Adrien Six, Ph.D. Assistant-Prof. of Immunology, Institut Pasteur and

Université Paris 6

6. Suvina Ratanachaiyavong, M.D., Ph.D. Department of Biomedical Sciences, Faculty of
Medicine, Prince of Songkla University
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to the Immune System [CF]
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Lymphoid Organs and Cells
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INTERFERONS
-ACTIVATE NATURAL AND ADAPTATIVE IMMUNE DEFENSES
-THREE TYPES OF INTERFERONS: @, f and y

- ANTI-'VIRAL ACTIVITY

52 .3 52
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The System of Complement
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The Major Histocompatibility Complex
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Lecture 4: Cytokines and cancer [ET]

CYTOKINES AND CANCER

1 Pro-tumor activity of cytokines

- Growth or anti-apoptotic factors for tumor cells.

- Inhibiters of T cell activation (TGFp , IL-10)

- Inhibitors of dendritic cell maturation (IL-6, TL-10...).

2 Anti-tumor activity of cytokines

. Bias in TH1 polarisation (low concentrations of THI cytokines, RslL-2...)
. Clinical use of cytokines in immunotherapy. bl

3 Dual activity of cytokines in the control of tumor growth.

- I1.-17 a model of cytokine with ambivalent activity in oncology.

- Other examples of cytokines with dual activity

- Mechanisms underlying these pleiotropic and antagonist activities.

Cytokines as growth factors for tumor cells

Cytokines stimulate the growth of many tumeor cell lines.

- GM-CSF is a growth factor for human ovarian cancer cells

- IL-1 can promote the growth of leukemia cells by inducing GM-CSF

- Cytokines may act as autocrine growth factors or paracrine growth factors.

December 15-20, 2003
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Interleukin -6

- IL-6 is a growth factor for AIDS Kaposi ’s sarcoma derived cells, myeloma, certain T
and B cell lymphoma, renal cell carcinoma, hepatocarcinoma, cervical carcinoma and

prostate carcinoma cell line.

- Recent studies have shown that IL-6 is a survival factor for myeloma cells by inducing
Mcl1 (Jourdan M. Cell Death Diff 2000)

- Anti IL-6 mAb therapy in myeloma patients : Inhibition of IL-6 activity without real

impact on clinical parameters.

- Since IL-6 has been linked with drug resistance mechanisms, association of anti-IL-6

with chemotherapy is being tested.

Cytokines (IL-10, TGF) as immunosuppressive factors with the
ability to inhibit T cell activation

Lecture 4: Cytokines and cancer [ET]
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TGFB

. Drives the balance to TH2 via IL-10 as an intermediate
. Inhibits TH1-type responses directly

. Inhibits T cell activation

IL-10

. Downmeodulates the expression of TH1 cytokines
. Regulates expression of TGF-§ type II receptor.
. Decreases the expression of MHC molecules

. Inhibits the differentiation of dendritic cells.

Wild Type Mice DN TGFRII Mice

2 x 107
B16-F10 i.v.

Blockade of TGF- signaling in T cells renders mice resistant
to tumor challenge.

Gorelik 1.. Nature Med 2001

Lecture 4: Cytokines and cancer [ET]
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25 4

20

15 -

10 -

%" Cr Release

0 I I
100 50 25
Efector:Target
In vivo generation of tumor-specific CD8+ CTLs in the
absence of TGFp- signaling in T cells.
Spleen cells were isolated from transgene-positive ( [_| ) or transgene-

negative ( ) littermate mice challenged with 10¢ live EL-4 cells 10 days
prior and were evaluated for their Iytic activity by the 51Cr release assay

against EL.-4 targets.

Gorelik L Nature Med 2001

Cytokines inhibit the maturation of dendritic cells during tumor

progression
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Two signal are required for the optimal
activation of T cells

non professional APC
or immature DC
mature DC
(professional APC)
TCR

OX40L B7H2
G T cell
4-1 BB signal 1 sans Znd signal
cm28 TR =

Cytokines

sl 1 ({IL-2,IL-12, IL-18)

costimulation : 2nd signal G

T cell tolerance
priming T cell

Only immature dendritic cells are found in contact with tumor cells

Immature DC' (grreen) bind Mature DC (zireen) don °t bind
to tumor cells (r=d) to tumor cells ()

Mature DC were virtually absent in liver tissue from patients with
Hepatocellular carcinoma
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T CELL POLARISATION IN THE TUMOR MICROENVIRONMENT
ROLE OF CYTOKINES AND STATE OF MATURATION OF DENDRITIC CELLS

IL-12
IL-18

@ no IL-12 1L-107

l

IFNy
1.2 l
IL-4 IL-5
IL-6 IL-10 1L-10
1113 IFNy

Anti-tumor activity of TH1 cytokines
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TH1 AND TH2 CLONES (T. MOSMANN)

IL-2/IFNy/TNFB

TH1

- IL-4/TL-5/11-6/11-10/11.-13

- TH2

Y

Régulation of T-CD4 cell différentiation

IL- 12

Précurseur Th / | |_ 2/| FN'Y

IL-2/IL-4/IF Ny
IL—4

IL-4/1L-5/1L-6/1L-10
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Naive CD4 * Thi Th1 Effector

A

p2

|L-12Rﬁ1 | IL-12Rp1

I

I

°@ IL-12 IL-12 IL-23
“0 Pathogen

Checkpoint in TH1 development

- The receptor for IL-18 is induced by TL-12
- T bet induced IL-12 RP2 expression

ROLE of TH1 and TH2 cytokines

- Stimulation of T Lymphocytes
_ (Cell mediated immunity)
CD4-TH1
IL-2, IFN y, TNFB '

- Activation of macrophages cytotoxicity
- Favors Ig(G2a antibody switch.

- Stimulation of B Lymphocytes

(humoral immunity)

Favor IgE and IgG1 antibody switch

(IgG 4 in human)

- Activation of mastocytes and differentiation
of eosinophils (Allergy).

CD4-TH2 — >
I1.-4, TL-5, TL-6, TL.-10
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Bias in TH1 polarization in cancer

Low THI1 cytokine concentrations in cancer, X RsIL-2

LYMPHOKINE PROFILE OF SPLENIC T CELLS FROM
NORMAL AND RENAL CELL CARCINOMA BEARING MICE

Source of Splenic T cells

Normal Mice 34 965 <5

Tumor-Bearing mice <1 460 40

Ghosch J. Natl Cancer Inst. 1995
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Lymphocyte-deficient mice are highly susceptible to MCA-induced tumour development

~ 100-

g 80-

w

£

S 60

e

[as]

92

£ 40-

3

8

s 201
0-

n=18

WT  RAG27 IFNGR1™ STAT17 RkSk
Host genotype

Shankaran et al. Nature 2001

Prognostic value of cytokines in cervical carcinomas

Low levels of IFNy mRNA in poor prognosis
cervical carcinoma patients

- -
—

= = =
s th =N

No of IFNyY mRNA copies per
5x10° B actin mRNAcopies
-
-
[

102
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]
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Poor survival Favorable outcome

Cervical cancer patients
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Survival for patients with head and neck squamous cell carcinoma in relation to serum

Survival (%)

100 7]

80

&
=
|

e
=

20 7

soluble interleukin-2 receptor (sIL-2Ra) levels.

p< 0.0001

T I T I I T T T I T I I
12 24 k13 48 60 72

time (months)

SWITCH IN THE PATTERN OF CYTOKINE FROM TH1 (IL2, IFNy)
to TH2 (IL-4, IL-6, IL-10) GROUPS IN CANCER PATIENTS

N IL-2 and IFNy in TIL derived from breast and renal cell carcinomas

/ IL-6 in invasive cervical carcinomas, bladder and renal cell carcinomas

/ IL-10 in melanoma, glioma , bronchogenic and renal carcinomas

Lecture 4: Cytokines and cancer [ET]
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Predominant Th2/T¢c2 Polarity of Tumor-Infiltrating Lymphocytes
in Human Cervical Cancer

PBMC
(gated CD3+)

T.IL
(gated CD3+)

o' 107 0% ! 102 1
IFN-TFITC f IFMN-y FITC

T.LL
(gated CD3+CD8+)

T.LL "
(gated CD3+CD8+) £

o 102 10? o "o )
GD8 FITC h cDa FITC

PBMC
(gated CD3+CD8+)

PBMC
(gated CD3+CD8+)

#
&
=
s

Sheu BC J. Immunol 2001

Immunostimulatory

Proliferation
t Cyclins
L Cell-cycle inhikitors

t FOS
t MY S

Anti-apoptotic

t BCL-2
t BOL-X_
Cytotoxicity
t Perforin
t Granzymes
Pertorin
—_—
Branzymed
Perforin
Apoptosis
Cytokines
o
o O
@ IFN-Y
e
TNF
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Therapeutic use of cytokines in oncology

IL-2 : Response rate of 10-20% with approximatively 5% complete response

in renal cell carcinoma and melanomas.

Initially proposed as high-dose intravenous bolus or intermediate dose-continuous

infusion but these schedules give rise to toxicity : capillary leak syndrome
(Rosenberg SA N Eng J Med 1987; West WH. N Eng J Med 1987)

High-Dose Low-Dose Subcutaneous
Total courses (100%) 285 272 181
Thrombocy‘l‘openic 1.5 0
Hyperbilirubinemia 3.2 0.7 [0}
ALT 32 0.7 0.6
Nuusecl/vom?ﬁng 13.4 8.5 3.3
Diarrhea 9.2 3.7 1.7
Peripheral edema 0.4 2.6 0
Creatinine (= 8.0) 2.6 0.6
Oliguria (= 80 mL/8 h) 7.7 1.1
Pulmonary 4.2 1.1 0
Malaise 20.5 9.9 9.4
Infection 2.8 2.6 1.1
Arrhythmia, atrial 4.2 1.5 0
Hypotension 2.9 0
CNS level of consciousness 2.5 2.6 [0}
CNS orientation 10.2 37 1.7
Death 0 0 0

Toxicities of all patients receiving interleukin-2 therapy for renal cancer
Percentage of courses with grade 3 or 4 toxicity

Lecture 4: Cytokines and cancer [ET]
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- To improve tolerance, several investigators proposed subcutaneous administration,

which vielded efficacy comparable to that of intravenous administration with the

added benefit of less toxicity and outpatient treatment (Buter .J . Semin Oncol 1993;

Lopez-Hanninen E. J Urol 1996)

- However it persists some controversies about the equivalence of high-dose

intravenous IL-2 with low dose regimen

1.01
0.9 -
0.8 -
0.7
0.6 -
05-
0.4 |
0.3
0.2 -

>

Proportion Sunviving

Comparison  P,-value
HDvs. LD

0.41

High Dose (Fail/Total = 117/155)

0.1~

TRETI
et

0.0

0 12 24 36 48
Survival Time (months)

B0 72 84 096

108 120 132

Overall survival of patients randomly assigned to either low-dese (LD) or high dose (HD)
intravenous (IV) bolus interleukin-2
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Duraten [marths)

High-Dasa Iv IL-2

Low-Dose IV IL-2

Subcutaneous IL-2

R PR CR PR CR PR
130+ 37 128+ 24 78 28
121+ 28 1134 23 13 28
115+ 24 40+ 22 17
114+ 23 20 21+ 13
103+ 19 19 15 9
100+ 17 3 13+ 8
90+ 17 n 2
52+ & 11
45 15 81
23 14 7
19 14 7

14+ 4

13 4

10

9

81

8

8

7

6

4

4

particl response.

NOTE. Bold values are for patients concurrently randomly assigned hetween thres
arms. + indicales response is ongoing.
Abbreviations: IV, infravenous; IL-2, inferlevkin-2, CR, complele response; PR,

Response durations

(Atkins J Clin Oncol 1999; McDermott D ProcASCO 2001)

1.0
0.9+
0.8

07

0.6

0.5
0.4
0.3 1
0.2
0.1 A

Proportion Surviving

Yang JC. J Clin Oncol 2003

High Dose

P, =0.04

Low Dose

0.0
0

1l2 24 36 48 60 72 84 96 108 120 132

Survival Time (months)

Survival of patients completely responding to high-dose versus low-dese
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Combination of IL-2 with IFNa or chemotherapy

In a randomized study comparing continuous infusion IL-2 in monotherapy or
subcutanecous IFNa monotherapy or a combination of intravenous IL-
2/subcutancous IFNa, the author reported a significant superiority in terms of
response for the combination regimen, but this superiority was without survival
benefit. (Negrier S. N Eng J Med 1998)

Addition of chemotherapy increased the response rate and toxicity without real
impact on survival (Tourani JM J Clin Oncol 1998).

Since IL-2 benefits to only a subgroups of cancer patients many attempts

have been pursued to identify predictive factors for response
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Sites of Metastases Versus Response

No. of Responders
Site of Merasroses Patients No. % [
5G ond/or cutaneous alone
Yes 28 15 536
Mo 344 43 124
5Q/eutaneous + LM clone
Yes 23 5 277 .38
No 351 53 151
LM alene
Yes 29 & 207 A2
No 345 52 151
Visceral alone
Yes 4% 8 11.6 32
No 305 50 164
Visceral + SQ/cutanecus alone
Yes 61 g 148 .86
No 313 49 157
Visceral + LM alone
Yes 56 5 89 4
No 318 53 167
Bone + uny other site(s)
Yes 30 5 167 .80
No 344 53 154
Brain + any other site(s)
Yes 21 1 0.05 .05%
Neo 353 57 16.1

*Odds rafio, 8.13; 95% confidence interval, 3.33 to 19.81.
Abbreviations: SQ, subcutaneous; LN, lymph nodels).

Phan GQ J Clin Oncol 2001

Melanoma patients with high serum levels of IL-6 before therapy were

unlikely to respond to IL-2 therapy.

1000 7 ,
p=0.007
el :
“Bu o
="
T 1w i
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= B
L} o B
oo : o 2
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o
20 B
EEEEILICEE]
1
Non responders Responders
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Postireatment Factors Versus Response and the Incidence of Long-Term Immunologic Side Effects of IL-2 in Responders

No. of Responders
Pahents Mo. % Odd: Ratio 05% Cl Pa
TSH
Normal 153* 15 98 2.25 1.16-4.54 o
Abnormal 219* 43 19.6
FT4
Normal 172* 17 29 2.35 1.24-4.40 0049
Abnormal 200 4l 205
Vitiligo
Present 84 28 333 433 2.29-8.14 <198
Absent 290 30 10.3
Abnormal TSH Abnormal FT4 Vitlige
No. % No. % No. %
Responders 43/58 74.1 41/58 70.7 28/58 48.3
Nonresponders 176/314 56.1 159/314 50.6 56/316 17.7

Abbreviation: Cl, confidence interval.

*The total number of assessable patients was 372 because two nonrespanders did not have TSH/FT4 levels during follow-up.

Phan GQ .J Clin Oncol 2001

IFNa

-Upregulation of MHC class I and II expression

-Potentiation of effector T- and natural killer (NK cells)

-Maturation of dendritic cells

-Antiangiogenic effect

-Direct inhibition of tumeor growth.

Lecture 4: Cytokines and cancer [ET]
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IFNa

Indications :
Hairy cell leukemia, chronic myelogenous leukemia, Kaposi sarcoma

associated with VIH, Follicular lymphoma

- A randomized study showed an improvement in survival in patients with

metatstatic renal cell carcinoma treated with TFNa (Lancet 1999)

- Low dose IFNg¢ monotherapy has failed to provide significant clinical
improvement in patients at high risk for melanema (Cascinelli N Lancet 2001;
Pehamberger I J Clin Oncol 1998)

Side effects

-Flu-like syndrom

-Depression

- Nausea vomiting diarrhea

- Increase of ALT

- Retinopathy

Lecture 4: Cytokines and cancer [ET]
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SOCS protein are negative feedback
inhibitors of cytokine signal transduction
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SOCS3 - 3 B
pcin HHWBBEEEE

Expression of SOCS 3 mRNA in fresh CML cells from chronic phase (CP) or
blastic crisis (BC) patients

IL.-12

- Development of Type 1 T-cell response
- Enhanced recruitment and activation of NK cells

- Antiangiogenic effect

Toxicity

A phase II trial led to a fatal outcome in two renal carcinoma patients which has
markedely delayed clinical testing

Modification of the administration schedule with a pre-dose has reduced the

toxicity.

Lecture 4: Cytokines and cancer [ET] 86
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- Clinical results were rather disappeinting in solid tumors (melanoma, renal cell

carcinoma, ovarian cancer, colon cancer)

- Better results were reported in a small cohort of patients with cutaneous T- cell
lvmphoma and Sezary  syndrome where 56% response rate was observed

including tumor reduction (Rook AH 2001)

This was not entirely unexpected since these tumor cells are highly skewed to a

TH2 phenotype.

Dual activity of cytokines in the control of tumor growth

Lecture 4: Cytokines and cancer [ET]
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J J

(1 (mmunocompetent mice
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- In non immunogenic tumors or in the absence of T lymphocytes ,

IL-17 promotes tumor growth : this effect seems in part mediated by IL-6.

- In contrast, IL-17 inhibits the growth of Inmunogenic tumors by means

of a T cell dependent mechanism.

Lecture 4: Cytokines and cancer [ET]
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IL-6 IL-10
- Direct effect on the proliferation of tumor cells Transgenic mice expressing IL-10 under the
- inhibition of the antigen presentation function of APC control of the TL-2 promaoter are compromised
- inhibition of NK activity in their ability to reject tumor

Factors regulating cytokine activities in cancer patients

Stage and differentiation of the tumors

- ’I-6 inhibits in vitro primary melanoma cell proliferation,
whereas it rather acts as a growth factor for metastatic

melanomas (Kerbel et al. Oncogene 1999)

- TGFpB switch from tumor suppressor to prometastatic factor

during breast cancer progression (Tang B J Clin Invest 2003)

Lecture 4: Cytokines and cancer [ET]
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- Production of cyvtokines by tumor cells often reflects a progression of the
disease and is associated with loss of sensitivity of tumor cells to the inhibitory
activity of cytokines (IL-6, TNFa...).

- Melanoma patients with high serum levels of IL-6 before therapy were
unlikely to respond to I1.-2 therapy. (Blay et al, Tartour ef al...)

1000 n
p=0.007
E a
S o
o9
= 100 8
Y1 o
o .
= a
:ﬂgnn“
Non repondeurs Répondeurs

Dose and schedule of administration.

IL-2 : well known as an anti-tumor cytokine. However ...

At high doses or if it was administered too frequently, the anti-tumor activity of IL-2
is abolished. (Schmidt W PNAS 1995). This paradoxal effect may be mediated by the
induction of CTL apoptosis. (Schrikant P .J Immunel 2002)

IL-12 : inhibits tumor growth in a dose dependent manner but leads to the
development of an antitumor immune response when IL-12 is expressed at the

(umeor site at the relatively small amount (Tahara H Cancer Res 1994)

Lecture 4: Cytokines and cancer [ET]
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How may we improve the clinical use of cytokines in cancer patients.

- Better selection of cancer patients to be included in therapy by cytokines.
(stage of tumors, presence and site of metastases)

- Inflammatory syndrome (CRP, IL-6...) : high risk of resistance to
immunotherapy.

- Development of pharmaco-immunological study to better design the dose

and schedule of administration of cytokines.

HEGP. INSERM U255

Benchetrit F
Ciree A
Gey A
Fridman WH
Institut du Cancer. Madras
Schering Plough Nagarajan B
Fossiez I Arivu Sambandan

Lebecque S
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Cytokines and Cancer

E.TARTOUR * and WH. FRIDMAN

INSERM U255 st Laboratoire dimmunologie Clinique, Institut Curie,
26 Rue d'Uim 75231, Paris Cedex 08, France

The relationships between cytokines and sancer are multiple and bidirectional. On the
ope hand, eytokines may directly influence carcinogenesis and metastasis by modifying
the tumor phenotype. On the other hand, during tumer progression, modifications of
the cytokine expression in the tamor environment may be induced by the tumor cells,
leading to a state of immunosuppression reflacted by Jow eytokine expression in tumor
stroma. Cytokines also play a role by stimulating the host immune system to generate
anti-tumor specific responses, Finally, the use of cytokines as anti-tumor agents has led
to objective clinical responses in about 15-25% of patients with metastatic melanoma
or renal eell carcinoma, which presents the basis for the development of promising
immunotherapeutic approaches for cancer therapy.

Haeywords: Cancer; Cytokine; Lmmunotherapy; Prognostic marker

A CYTOKINES AND PATHOGENESIS OF CANCER

1 Role of Cytokines in the Control of Tumor Cell Proliferation
(a) Cytokines as Tumor Growth Inhibitors

The ability of cytokines to direstly inhibit tumor growth has gener-
ated many siudies in clinical oncology aimed to use these molecules
as anti-tumor agents. Among a vast literature, several examples
emerged such as that of TNFo; and Interfercns which were the first
cytokines which demonstrated cytotoxicity towards tumor cell lines
[1,2]. TL4 was also shown to inhibit the growth of human colon,
renal, lung and breast carcinoma cells in culture [3.4] and IL6 bas an

* Corresponding anthor, Fax: 33 | 4051 04 20,

683
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Abstract

Various subpopulations of T lymphocytes—ie. Type 1, Type 2, Trl T cells—play a major role in the homeostasis of the
immune systemn and in the pathogenesis of many inflanmatory and auto-immune diseases. At present, in the absence of specific
surface markers, these T cells can only be reliably distinguished on the basis of their cytokine production profile. The Elispot
assay detects cytokine-producing cells, but in most cases can detect only one secreted cytokine, which represents a major
limitation of this technique.

‘We have developed a Fluorospot assay to detect single cells that simultaneously produce multiple cytokines. The Fluorospot
assay permits the detection of regulatory T cells with an immunosuppressive activity, identified by thefr coexpression of IL-10
and IFN~. Polartzed type 1 and type 2 specific tetanus toxoid T cells are also directly detected using a dual color Fluorospet.
This technique will therefore be useful for detailed analysiz of T lymphocytes in various disease states in which an imbalance of
T cell subpopulations is suspected, but will also provide a better characterization of polarized specific immune responses.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Elispot; Cytokine; Tlymphocytes

1. Introduction

Various subpopulations of T lymphocytes, Le. Type
1, Type 2, TH3 and Trl T cells, which play a major role

e ) in homeostagis of the immune system, have been
* Corresponding anthor. Tel.: +33-1-56-09-39-42; fax: +33-1-

$6-09-20.-80. characterized. Although many atternpts have been
E-mail addvess: Brie. TARTOUR @hop.egp.ap-hop paris.fr made cover the past decade te identify specific cell
(E. Tartour). surface markers, these various types of lymphocytes
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are mainly distingnished, at present, on the basis of
their eytokine production profile.

Type 1 T cells are identified by their expression of
IL-2, IFNvy and TNFp, whereas type 2 T cells secrete
IL-4, IL-5, IL-10 and IL-13. TH3 cells produce TGFR
and variable amounts of IL-10 and IL-4. Type 0 cells
are considered to be precursor cells with a mixed
phenotype (Fridman and Tartour, 1957). The hallmark
of Trl cells is their production of high levels of IL-10
and TGFp, moederate amounts of IFN+y and IL-5, but
little or no IL-2 or IL4 (Rencarolo et al., 2001). The
detection of these T cell subpopulations is crueial to
determine and analyze the type of immune response
induced by antigen priming. For instance, type 1 T
cells provide a helper activity for T cell-mediated
imrmunity, whereas type 2 T cells are important for B
cell development and antibody production (Mosmann
and Sad, 1996). Trl cells are invelved in down-
regulation of immune responses in vitro and in vivo,
partly via production of the immunosuppressive cyto-
kines IL-10 and TGFR (Roncarcle et al., 2001).
Immunization of patients with antigen-pulsed imma-
ture dendritic cells has been reported to elicit Trl-
specific T cells with a suppressive activity on effector
type 1 T cells (Dhodapkar and Steinman, 2602).

An imbalance in the relative numbers of these
various T cell subpopulations may affect the state
and progression of several diseases, including infec-
ticus, allergic and aute-immune disorders, but alse
cancers (Yasel and Groux, 2000; Clerici et al., 1998).

The enzyme-linked immunocspot (Elispot) assay,
based on solid phase immuncenzyme technelogy, is
able to detect single cells producing various immuno-
reactive substances, such as cytokines. The and result
of this test is a set of colored spots, each representing
a “footprint” of the criginal cytokine-producing cells
(Czerkinsky et al., 1588). However, in most cases, the
Elispot procedure detects only one secreted cytokine,
which constitutes a major drawback for the character-
ization of the varicus T cell subpopulations. For
example, IFNy can be secreted by type 0, type 1
and Trl T cells, and IL-10 is produced by both type 2
and Trl cells. To overcome this limitation of the
Elispot, we have developed a Fluorospot assay, which
is a modification of the Elispot based on the use of
multiple flucrescent labeled anti-cytokines detection
antibedies. This test permits the detection of single
cells producing multiple cytokines.
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2. Methods
2.1 Cells

The B-EBV cell line V.1 was a gift from Dr U.
Blank (Institut Pasteur, Paris) and the Sezary cells,
SeAx, were kindly provided by Dr Keld Kaltoft
(University of Aarhus, Denmark).

Cells were maintained in RPMI 1640 supple-
mented with 10% heat-inactivated FCS, 2 mM gluta-
mine (Sigma, Saint Quentin Fallavier, France), 5 mM
sodium pyruvate, and 50 pM 2-ME, 100 U/ml peni-
cillin, 100 ug/ml streptomycin.

2.2. Cell purification

Mononuclear cells from pleural effusion were
enriched by a Ficoll-Hypaque gradient. CD3 + CD4+
T cells were then purified by magnetic cell sorting
using a MiniMACS device (Miltenyi Biotec, Bergisch
Gladbach, Germany). The purity of recovered cells
ranged between 57% and 99%.

2.3. Elispot

The Elispot assay for the detection of IFNvy was
purchaged from Diaclone (Besangon, France).

2.4, Fluorospot

Ninety-six-well polyvinylidene difluoride flat-
bottom plates (Millipore, Molsheim, France) previ-
ously treated with ethanol were coated overnight at
4 °C with 100 pl of mouse monoclonal cytokine-
specific antibodies (mAbs) at 10 pg/ml in PBS. All
anti-human cytokine mAbs (Anti-IFNv, Anti-IL-2,
Anti-IL-5, Anti-TL-10) used were obtained from
Diaclone.

The references for all antibodies and amplification
reagents used for this assay have been swnmarized in
Table 1.

The plates were then blecked with 2% milk in
PBS for 2 h at room temperature and washed twice
with PBS containing 0.05% Tween. Cells in a volume
of 100 pul were then added in serial dilutions in
duplicate and were incubated for varicus times rang-
ing from 18 h to 48 h at 37 °C in a humidified
atmoesphere of 3% CO0; in air. The plates were then
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Table 1
List and references for all antibodies and amplification reagents used for the Fluorospot assay
Flucrospot IFNy Fluorospot IL-2 Fluorospot IL-5 Fluorospot IL-10
Capture Ab Mousge IgG1 anti-TFNv Mouse IgG1 anti- Rat IgG2a anti-IL-5 Mouse IgG1 anti-
Clone B-B1 IL-2 Clone B-G5 Clone BZ 25 IL-10 Clone BNy
Delection Ab Biotinylated or fluorescein- Biotinylated rabbit Biotinylated goal Biotinylated mouse
labeled Mouse anti-IFNy polyclenal and-IL-2 polyclenal anti-IL-5 IgG2b anti-IL-10
Clone B-G1 Clone B.Ty,
Amplification Anti-fluorescein rabbit IgG Biotinylated goat anti- Phycoerythrin-conjugated Phycoerythrin-
step labeled swith Alexa Floor rabbit 1gG (Southern streptavidin (Dako) conjugated streptavidin
488 or Phycoerythrin- Biotechnology) and (Dako)

conjugated streptavidin

Phycoerythrin-conjogated
(Diako) streptavidin (Dako)

washed and 100 pl of labeled anti-cytokine detection
antibodies diluted in PBS containing 1% BSA was
added.

For the detection of IFNv, 100 ul of a flucrescein-
labeled mouse monoclonal anti-IFNv antibody (2 pg/
ml) was added for 1.5 h at 37 °C and the signal was
amplified with 15 pg/ml of an anti-fluorescein rabbit
IgG conjugated with Alexa Fluor 488 (Moelecular
Probes, Eugene, OR) for 1 h at 37 °C in a volume
of 100 pl. This amplification step was essential for
detection of a fluorescent signal.

‘When the phycoerythrin fluorophore was selec-
ted to reveal the IFNv Flucrospot, a biotinylated
antibedy dirscted against IFNvy was used as the
detection antibedy. Phycoervthrin-conjugated strep-
tavidin was then added te the amplification step
(Table 1).

For the detection of IL-2, IL-5 or IL-1C, 100 ul of
bietinylated rabbit pelyclenal anti-IL-2 or biotinylated
goat pelyclonal anti-IL-5 or biotinylated monoclonal
anti-IL-10 antibodies (Diaclons) were added for
1.5 h at 37 "C. All these antibodies were used at a
concentration of 1.5 ug/ml. An amplification step
with 100 pl of biotinylated goat anti-rabhit IgG (500
ng/ml} (Southern Biotechnology, Birmingham AL)
for 45 min at 37 "C was added for the detection of
IL-2-producing cells. This amplification step for IL-2
imcreased the signal but satisfactory results could still
be obtained when it was omitted. After washing, the
reaction was revealed with 15 ug/ml of phycoerythrin-
conjugated streptavidin (Dako, Trappes, France) for
1hat37 °C.

Spots were read and counted using a stereomicro-
scope (Carl Zeiss, Le Pecq, France) equipped with a
fluorescent reading system.
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For dual celor Fluorospot assays (IFNvy-IL-2,
IFNvy-IL-5, IFNv-IL-10), two pairs of anti-cytokine
antibodies were simultaneously included without any
change in the protocol.

To ensure that the reaction was specific and to
eliminate cross-reactivity between the different anti-
cytokine antibodies, pairs of anti-cytokine antibodies
were split and one anti-cytokine antibody was
replaced by an irrelevant isotype control antibody or
a second anti-cytokine antibody not recognizing the
same cytokine as the first reagent used. In all cases, no
spot was observed.

During the double IFN~+TL-2 Fluorospot assay, to
avoid a possible cross-reactivity between the biotiny-
lated goat anti-rabbit IgG used for the amplification
step of IL-2 and the rabbit IgG anti-flucrescein used
to reveal IFNv, we did not add these reagents
simultanecusly. We first incubated the cells with the
bictinylated goat anti-rabbit IgG for 1.5 h at 37 °C
and then performed three washings with PBS con-
taining 0.05% Tween. Finally, the anti-fluorescein
rabbit IgG conjugated swith Alexa Fluer 488 was
added for 1 h at 37 °C.

2.5. Cell activation

Peripheral bloed mononuclear cells (PBMC) were
activated with either phorbol 12-myristate 13-acetate
(PMA; 100 ng/ml) and icnomycin (10 M) or a
combination of 10 pg/ml of anti-CD3 mAb (Beckman
Coulter, Villepinte, France) and 1 pg/ml of anti-CD28
mAb (Backman Coulter) for the indicated incubation
times.

For the detection of anti-tetanus toxoeid specific T
cells, PBMC (105 cells/well) were incubated with 20
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Fig. 1. Tustration of an Elispot and a Fluorospot assay, PRMC (3 % 10°) were activated with PMA (100 ng/ml) and fonomyein (10 uM) for
18 h. IFNvy-producing cells were detected with either an alkaline phosphatase Elispot (left) or a Fluorospot assay using Phycoerythrin (middle)

or Alexa Fluor 288 (right) conjugated antibodies.

ug/ml of tetanus toxoid (Statens Serum Institute,
Copenhagen, Denmark) for 48 h directly in the
Fluorospot assay plates.

3. Results
3.1. Development of a Fluorospot assay
Dwring the development of a Fluorospot assay for

the detection of cytokine-producing cells, different
flucropheres including phycoerythrin (Fig. 1, mid-

Number of spots per well

an

dle) and Alexa Fluor 488 (Fig. 1, right) were
successfully employed. A linear relationship was
observed between the number of activated mononu-
clear cells added to the well and the number of
fluorescent spots representing individual cells that
seoreted IFNvy (Fig. 2). Three different pretocols
were compared to detect IFNvy-producing cells.
The sensitivity of the Fluorospot assay was similar
for each fluorophore used (Phycoerythrin or Alexa
fluor 488) and comparable to conventional Elispot
procedures revealed by alkaline phosphatase (Figs. 1
and 2).

B [mmuno-enzymatic ELISPOT
Fluorospot revealed with phycoerythrin
O Fluorospot revealed with Alexa Fluor 288

T . T T T T T T 1
33210 11x10' 37x16° 12x10° 4x10® 13x16° 4x10'

Number of PBMC per well

Fig. 2. Analysis of the sensitivity of the Fluorospot assay compared to Elispot. Different concentrations of PBMC were stimulated as in Fig. 1
with PMA and {onomyein. The number of IFNvy-prodacing cells was compared betsween Elispot and Fluorospot assays. All experiments were
performed in triplicate and non-stimulated cells were introduced ag negative controls.

Lecture 4: Cytokines and cancer [ET]

December 15-20, 2003

110



The 2™ PSU International Teaching Platform on Tumour Immunology and Immunotherapy

A. Gazagne et al. / Journal of Immunological Methods 283 (2003) 91 98 95

Fig. 3. Dual color Fluorospot for the detection of double cytokine-
producing cells. PBMC (5 % 10% were stimalated with PMA and
ionomycin on PVDF plates. Double TFNv and IL-5 (top) or IFNvy
and IL-2 (bottom)producing cells were characterized by a dual
color Fluorospot assay, Green spots corresponded to IFNv secreting
cells (top and bottom), whereas red spots wers the hallmark of IL-5
(top) or IL-2 (bottom)-prodacing cells. Yellow spots corresponded
to cells coexpressing IFNvy and IL-S (top) or IFNvy and IL-2
(bottom), Mo spot was observed when resting cells were used for the
dual color Fluorospot.

3.2, Dual color Fluorospot with single cell resolution

A dual color Fluorospot assay was then validated
to measure cytokines coexpressed by individual cells.
As expected, when cells were stimulated with phorbel
12-myristate 13-acetate (PMA) and ionomycin, green
gpots corresponding to [IFNvy-producing cells (Fig. 3)
or red spots representing either IL-5 (Fig. 3, top) or
IL-2 (Fig. 3, bettom) secreting cells, were observed.
Ne spot was detected in the absence of cell activation
(data not shown). In addition, mixed celor (yellow)
fluorescent spots representing IFNv/IL-5 deuble pos-
itive cells (Fig. 3, top) and IFN~/IL-2 (Fig. 3, bottom)

Lecture 4: Cytokines and cancer [ET]

were eagily identified. In contrast, we and other
groups have encountered difficulties interpreting
these mixed colored spots when immunocenzymatic
dual color Elispot assays were used (data not shown)
(Okamoto et al., 1998; Karulin et al,, 2000). Fluores-
cence, therefore, clearly provides better discrimina-
tion and characterization of double cytokine-
producing cells than does an enzymatic reaction.

3.3, Aecuracy and specificity of the Fluorospot assay

To validate the sensitivity of this dual coler Fluo-
rospot, peripheral blood moenenuclear cells (PBMC)
were stimulated with PMA and ionomycin, and the
frequency of IL-2- and IFNv-producing cells was
tested with the single color or double color Fluorospot
procedure. The number of cells producing IFNvy and
IL-2 in the single color Fluorospot matched the sum
of the frequencies of single and double TFNv/IL-2
secrating cells detected on the dual color assay (with a
5% error) (Table 2). These results indicate that the
dual color Fluorospot does not miss single- and
double-expressing cells.

Using intracytoplasmic cytokine analysiz per-
formed by cytometry in permeabilized cells, the same
frequency of double TFNw/IL-2-preducing cells was
observed, which reinforces the accuracy of the test
(data not shown).

In additien, to confirm that mixed coler spots truly
correspond to double-expressimg cells and not random
superimposition of spots derived from different cells,
we mixed IFNv-producing cells that did not secrete
IL-2 with TL-2-secreting cells that did not produce
[FNv. No double color Fluorospot was recorded,
which supports the correlation between the presence

Table 2
Accoracy of the dual color IL-2 and IFNy Fluorospot assay

Number of gpots per well

Fluorospot IL-2 48 (47 50)

Fluorospot IFNvy 59 (56 64)

Dual IL-2/IFNy Fluorospot IL-2 spots: 46 (44 48)
IFNy spols: 58 (56 60)
Mixed spots: 4 (3 6)

PBMC (10} were activaled with PMA and ionomyein for 18 h.
IFNvy- and/or IL-2-producing cells were detected with single color
IL-2 or IFNy Fluorospot or dual color IL-2 and IFNy Fluorospol.
The results represent the mean (+ S.D.) of triplicate wells and are
representative of three experiments.
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of mixed spots and double cytokine-producing cells
(Fig. 4).

3.4. The Fluorospot assay permifs the defection of
Tri-fike cells and polavized specific T cells

As a potential application of this Fluorospot assay
is to detect T cell subpopulations based on their
cytokine secretion profile, we purified CD4+ CD3+
T cells fom pleural effusions derived from patients
with breast cancer. When these cells were stimulated
with anti-CD3 and anti-CD28 mAbs, single IFNvy-
and IL-10-producing cells were clearly identified (Fig.
5, top). We also observed some cells that simulta-
neously produced IFNy and IL-10 and which may
have been related to Trl-liks cells (Fig. 5, top). No
deuble celor spot was detected in the absence of
stimulation (data not shown).

When cells were activated with PMA  iocnomycin,
a known inhibitor of IL-10 induction (Schwarz et al.,
1595), red spots corresponding to IL-10-secreting
cells were no longer observed, which reinforces the
gpecificity of the results (Fig. 5, bottom). Resting cells
did not produce IFNv (data not shown).

Tumor infiltrating T cells producing IL-10 and
IFN~ have been previously detected in cancer patients
by PCR (Wang et al., 1995; Rabinowich et al., 1996).

Fig. 4. Specificity of the mixed color spots in the dual color
Flaorospot assay. B-EBV.V.1 (5 > 10% and SeAx (10% cells were
mixed and activated with PMA  {onomyein, an indacer of IFNy
without IL-2 in BEBV.V.1 and IL-2 without IFNv in SeAx cells.
IFNvy and IL-2 production was assessed with a dual color Fluorospot.
Green and red spots corresponded to IFNvy and IL-2 secreting cells,
respectively.

Lecture 4: Cytokines and cancer [ET]

Fig. 5. Detsction of Trl-like cells in plewral effusions. Highly
putified CD3 + CD4+ T cells from a plearal effusion derived from a
breast cancer patient were directly activated in the PVDF plates with
anti-CD3 (10 pg/ml) and anti-CD28 (1 ug/ml) (lop) or PMA
ionomycin (bottom) for 48 h. An IFNy and IL-10 dual color
Fluorogpot was used to detect IFNv- and/or IL-1 O-producing cells,
Green and red spots corresponded to IFNy and IL-10 secreting cells,
respectively. Yellow spols corresponded to cells coexpressing IFNy
and IL-10.

However, in contrast to the Fluorospot assay, coex-
pression of these cytokines, which is essential for
characterization of regulatery T cells with an immu-
nosuppressive activity, could not be analyzed by the
previous techniques.

Another advantage of this Fluorospot assay is that
it can be used to assess directly polarization of
specific immune responses in the same well. Using
tetanug toxold as a model antigen, wea directly dem-
onstrated the presence of IFNv- and IL-5-secreting
tetanus toxoid-specific T cells in the blood of healthy
patients (Fig. 6). No double IFNv/IL-5-producing
cells were observed in these experiments, which could
indicate that these specific T cells were already
engaged in a Type 1 or Type 2 differentiation pathway
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Fig. 6. Detection of polarized specific tetanas toxold T cells.
Bottom: PBMC (107 cellsAwell) were sensitized with tetanus toxoid
(20 pg/tnl) for 48 h, IFN~y and IL-5 production was assessed with a
dual color Fluorogpot. Green and red spots corresponded to IFNy
and IL-5 gecreting cells, respectively, Top: Greater enlargement of a
top right hand quadrant.

(Fig. 6). As a control, no spet was obgerved when
PBMC were not pulsed with antigen (data not
shown).

4, Discussion

We have developed a Fluorospot assay for the
characterization of single cells secreting multiple
cytokines. The sensitivity of the Fluerospot assay is
the same as that of the conventional Elispot assay and
these two technigques are approximately twice as
gensitive as intracytoplasmic staining with FACS
analysis for cytokine detection (Helms et al, 2000;
Whiteside, 2000).

Lecture 4: Cytokines and cancer [ET]

Unlike mtracytoplasmic staining, i which cyto-
kine secretion must be inhibited to increase the signal,
the Fluorospot assay directly visualizes the cytokine
actually secreted by pharmacelogically untreated
cells. In addition, detection of a cytokine by cytometry
cannot always be equated with secretion of that
cytokine, and the assay dees not, therefore, measurs
a cellular function (Whiteside, 2000).

This Fluorospot assay can directly visualize, in the
same reaction, the balance between specific type 1
and type 2 T cells. This test will therefore be useful to
monitor patients with chronic hepatitis C treated with
IFNw-based regimens, in which the initial change in
the ratio of type 1 and type 2 HCV-specific CD4 T
cells is indicative of treatment outcome (Cramp et al.,
2000). A predominant tumor antigen-specific type 2
CD4 T cell response and a frequent decrease of a type
1 specific response has also been reported in cancer
patients {Tatsumi et al., 2002).

The use of an immumoenzymatic dual coler Elispot
assay failed to easily discriminate between double
cytokine secreting cells because of difficulties in the
interpretation of mixed color spots (Okamoto et al,
1998; Karulin et al., 2000). In this study, we have
demonstrated that the Fluorospot assay is better adapted
than the Elispot to distinguishing single from double
cytokine-producing cells. This property is directly re-
levant for the analysiz of an immune response. For
example, during a primary immune response, 80
S0% of the population of T cells that express IFNy fail
to coexpress IL-2. Similarly, cosxpression ofthe Type2
cytokine is rare. However, following the second stim-
ulation, the coexpression pattern more closely resem-
bles a Type 1- and Type 2-like pattern and the incidence
of Type O-like cells is decreased (Bucy etal., 1995).

The ability to detect cells that coexpress cytokines
may also have direct applications in the follow-up of
HIV and cancer patients.

Various recent studies have shown a correlation
between the number of HIV-specific CD4 T cells that
secrete both IFNvy and IL-2 and a good clinical
outcome in HIV infection, while no difference in the
nunber of specific CD4 T cells secreting only IL-2 or
IFNy was observed between patient groups with
different clinical prognosis (Boaz et al., 2002; Sieg
et al., 2001).

In melanoma patients immunized with a preparation
of heat-killed Afycobacterivm vaccae, the induction of
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IL-2 producing T cells was associated with improved
survival (Maraveyas et al, 1999). Surprisingly, the
number of T cells secreting IFNy or coexpressing IL-
2 and IFN~ wag not agsociated with a better outcome.

This study has focused on validation of the dual
color Fluorospot assay mainly applied to cytokine
production by T cells, but the availability of a large
range of flucropheres should permit the extension of
this technique to multiparameter analysis of molecules
secreted by various cell types.
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: T lymphocytes [HF]

Specific therapy

Lecture 7
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Lecture 8: Vaccination [ET]

CANCER VACCINES

1) Arguments supporting the concept of immunosurveillance leading to the
development of cancer vaccine to boost the immune system

2) Cancer vaccine based on antibedy induction

- Preventive vaccine against virus

- Vaccine against melanoma antigen

3) Cancer vaccines based on the induction of T lymphocytes (CTL)
- Peptides (Heteroclitic Immunization, adjuvant...)

- Polyepitopic vaccine : Vectorization by viruses or non replicative vectors
4) Use of Dendritic cells

- Rational

- Clinical results

- Optimization

5 Cancer vaccine and risk of auto-immunity

6 Potential mechanisms leading to tumor escape from immune recognition.

Arguments supporting the concept of immunosurveillance
leading to the development of cancer vaccine to boost the

immune system

December 15-20, 2003
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Epidemiology and cancer

- Increase in the frequency of some cancers (Kaposi sarcoma,
EBY associated lymphomas, cervix carcinomas...) in
immunodepressed patients. :

. Congenital immunodeficiency.

. Acquired immunodeficiency - AIDS,

- Immunosuppressors

- Graft Versus Leukemia (GVL) during allogeneic bone

marrow transplantation.

Lymphocyte-deficient mice are highly susceptible to MCA-
induced tumour development

a
1007
80

60— RAG2™;

40

Mice with sarcomas (%)

207

0 80 120 160
Days post MCA treatment

Shankaran et al. Nature 2001
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Increased development of spontaneous neoplastic disease in
immunodeficient mice.

100
a Wild type
80+ (15.5-21 months)
60+
g 40.
S ]
g 20 Harderian gland
Eﬁ 0l  Intesting |1
g b RAG2~-
E 80 (15.0-16.1 months)
-
601
401
Intestine
0

METHODS FOR THE IDENTIFICATION OF

TUMOR ANTIGENS
1) Lysis
a
CTL
Tumor Identification peptides derived

\ from tumor ¢cDNA

Co-transfection pool of tumor ¢cDNA
plus autologous HLA ¢DNA allele
in antigen presenting cells  Recognition ?

- (@

Non autologous APC CTL (eytotoxic T lymphocytes)
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Technique SEREX

Screening phages or bactéria transfected with a c¢DNA
library derived from tumors with sera of cancer patients.

- Sera are easier to obtain than tumor specific CD4-Tor CD8-T
lymphocytes.

- Many antigens were characterized during these last years using

this technique.
Ex: NY-ESO
(http:/Amwwe.licr.org/SEREX . html).

Tumor antigens

A Peptides derived from antigens recognized by CDS8-T cells.

1 Melanoma-melanocyte differentiation antigen
- Mart-1 (Melan A)

= Gpl00 (pmel-17)

- Tyrosinase

- TRP1 (gp75)

- TRP2

-MSH-R

2 Cancer-Testis antigen

- Mage 1, Mage 2, Mage 3, Mage 12

- Bage, Gage, Rage

- NY-ES0-1

- N-acetylglucosaminyltransferase V (peptide intronique).
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3 Mutated antigens

- B catenine
- CDK-4

- Caspase-8
- KIA0205
- HLA-A2

4 Antigénes present in normal tissue but surexpressed in tumors
- G-250

- Her-2/neu

- p53

- Telomerase catalytic protein

-ACE

- o foeto-proteine (aFP)

B peptides dérived from antigens recognized by CD4-T cells

1 Peptides derived from non mutated anfigens (cancer testis or
Melanoma-melanocyte differentiation antigens)

- gpl00

- Mage 1

- Mage 3

- Tyrosinase

- NY-ESO-1

2 Peptides dérivded from mutated antigens

- Triosephosphate isomerase
- CDhC-27
- LDLR-FUT
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Other symptomes associated

VIRUS TUMORS with viral infections
- Burkitt Lymphomas Infectious mononucleosis
EBV - Gavum carcinomas Hemophagocytosis syndrome.

- Hodgkin lymphomas

Immunodeficiency (Purtillo syndrome)

HTLV1 - T -Leukemias

Spasmodic paralysis syndrome

HPV16,18 - Cervix carcinomas

Cervical intraneoplasia

laryngeal papillomatosis

- Bowen disease (In situ carcinoma)

HPV1-45 - Squamous-cell carcinomas

{immunodépressed patiens)

Dy skératosis , Wart

HBV/ HCV - Hépatocarcinoma

Hépatitis, Cirrhosis

KSHV (H HV8) - Kaposi Sarcomas

Castleman disease

Natural humoral and cell mediated immunity against cancer

1 Humoral response

- Antibodies against many tumor antigens (p53, HER2/neu, Muc 1,
GD2, NY-ESQO1, HU...) in the serum of cancer patients.

2 CD4-T cells and CDS8-T cell against tumor peptides in the

blood or TIL of cancer patients.

Cancer-testis antigen (Mage family. (T Boon)), Mage A10, NY-ESO).

Melanoma differentiation antigens : Melan A, Tyrosinase and gp100

Self antigens : Muc 1, HER-2/neu, Proteinase 3, survivin

Virus.
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Cancer vaccine based on antibody induction
- Preventive vaccine against virus

- Vaccine against melanoma antigen

Efficacy Analyses of a Human Papillomavirus
Type 16 (HPV-16) L1 Virus-like-Particle Vaccine.

HPYV vaccine Placebo
Persistent HPV-16 infection 0/768 41/765
Cervical intraepithelia neoplasia 0 9

Median follow up : 18 months

Koutsky LA . N Engl J Med 2002
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Efficacy Analyses of a Human Papillomavirus
Type 16 (HPV-16) L1 Virus-like-Particle Vaccine.

Immunogenicity Analysis

After the third dese (month 7), the geometric mean titer of HPV-16
antibedies was 1510 mMU per milliliter among the 619 women who
received [IPV-16 vaccine and less than 6 mMU per milliliter among the

631 women who received placebo.

For reference, the geometric mean titer of HPV-16 antibodies was 25.7
mMU per milliliter at enrollment among 337 women who had detectable
HPV-16 antibodies on day 0.

TABLE 4. INCIDENGCE OF LIvVER CANGER TER 100,000 CHILDREN
IN BIRTH COHORTS DETERMINED ACCORDING TO THE DATE OF
DMPLEFMENTATION OF 'THE HEPATITIS B VACCINATION PROGRAM,

AGE AT BEFORE-PROGRAM COHORT AFTER-PROGRAM COHORT
DuenosIs (YR (Juy 1974-June 1984) (Jury 1984—JunE 1986)
NO, OF MO, OF
CANCERS CANCERS
FOFULATION  (DNCIDENCE) POFULATICH (INCIDENCE)
é 3940747 18 (048) 848 642 0(0.009
7 3,938,119 21 (053) 647,051 1(0.15)
8 3,931 983 19 {048) 44 392 2(0.31)
9 3,928,721 24 (051) 340,521*  0(0,00)
Total 15,739,570 82 (0.52) 2281106 3(0.13)t

*Thisvaueisbased on dataforthe cohort bom from July 1984 to Juns
1985,

TP<0.001 for the comparisons between birth cchorts.

Chang MH N Engl J Med 1997
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Basellne state

Mo effector cell engagement
Mo complement activation
Mo signalling

M h
1 ac'_rfnp age

 effector

;Jvﬂj |

4. Crosslink amigens.

BobCrimi

i =%
o

1. Fx complement: initiate Z.m

/ I.‘JF‘I‘ .

sslink FoyRINL Initiate

T3, Crosslink FoyRll

opsamztion, lysis, ADCC and cytoking release. Inhibit effector cell. cancer cell. Initiate signals,
inflammation. bilack growth of survival.
Protection from tumor Protection from tumor Mo protection from lumor  Protegtion from tumor

800 1 E—

p <.0001
500 + 1

400

300 1

200 ¢

Number of Lung Metastases

100 1

WT  WT  y—/  y—/-
sf9 sf9-gp75 sf9 sf9-gp75

Active protection from melanoma metastases requires FcRs.

Clynes R P.N.A.S 1998
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Monoclonal antibodies in the treatment of cancers in human

Trastuzumab*
Herceptin

Rituximab*
(Chimeric Abs)

Alemtuzumab#*
(Campath-1H)
Humanized Abs

Target

HER2/men

CD20

CD52
(Malignant B and T cells)

Indications

Breast Cancer

Follicular Lymphoma
B-CLL

B-CLI
Sezary syndrome

Cancer vaccines based on the induction of T lymphocytes

Lecture 8: Vaccination [ET]
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ROLE OF CYTOTOXIC T LYMPHOCYTES IN THE
CONTROL OF TUMOR DEVELOPMENT

* Clinical responses after administration of CTL and TIL in

adoptive immunotherapy protocols.

» Identification of CTL in biopsies of cancer lesions derived

from spontaneous regressing tumors.

» Correlation in murine models between the ability to elicit

CTL and anti-tumor clinical responses.

Antigen presentation restricted by HLA
class | molecules

Apparall de Golgi

* Réticulum endoplasmique

i s
Dégradation par le proleasome ‘.

o =

PROTEINE ENDOGENE
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In spite of some rare studies in which peptide vaccine were
shown to elicit CTL (Feltkamp Eur J Immunol 1995, Cormier JN.
Cancer J. Sci Am 1997, Pass HA. Cancer J. Sci Am 1998) most cancer
vaccines based on peptide immunization failed to induce
efficient anti-tumor CTL. (Marchand.Int J. Cancer 1999, Lewis J.J. Int

J. Cancer 2000)

To improve the peptide immunization efficiency different groups

proposed to :

- Increase the binding of peptide to HLA molecule by introducing
mutations in wild type tumor peptides which will enhance the affinity of
peptide to HLA molecules. This more stable HLA-peptide complex should
lead to betfer induction of CTL...without changing the recognition of the

wild type peptide by the induced CTL.
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Peptides derived from Glycoprotéine B ez sos
from herpes simplex virus.

e N

SEI : SEIEFARL (Natural peptide) SSI : SSIEFARL

'The aminoacid in position 2 of the SEI and SSI peptides bind to the
aminoacid 24 of the Kb molecule

B6 mice: H-2K"
B6 C-H-2"m8 mice : H-2K"™® : aminoacid 24 of the K* molecule is mutated

SEI binds poorly to H-2K? ; SSI binds strongly to H-2KP
SEI et SSI bind strongly to the H-2Km#

>
e/

80 4 80 -
wn
B 60 - 3 60 -
i iy
S 40 - = 40
= =
2 :lél .02/0
& 20 - w20 SEF
® 2
0 =% = =6 0 ——
0 4 11 33 o 6 17 51
E:T Ratio E:T Ratio

3 mice per groups were immunized with peptide SST JJij or SEI ()
A B6 mice : (H-2K)

B B6 C-H-2bms (H_szmS) mice Dyall et al. J. Exp. Med 1998
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PBS/TM SEVTM SSITM SSITM
-CcD8
10 10 010 110 Challenging
Tumor
00 300 a0
0
b e ’m ™ RS-SEI
0 00 w w
"E 0 1] a L]
E 05 B D 05112 o0 5 WHBaD 0501530
T
8
w 1Mo 10 010
£
=1 o
ko w RS-null
F) wm 20
o m 1w
0 o ]
06§ 0 KD 05 KD 0D § 10 152

Days post-challenge

Dyall et al. J. Exp. Med 1998

In vivo ability of the heteroclitic vaccine SSI to protect mice
against a transplantable tumor expressing SEI.

Rosenberg SA. Nature Med 1998.

- gpl00 ., 547 natural peptide which binds to intermediate affinity to HLA-A2

- Mutation of the peptide in AA position 2 (AA2 T —» M) =gpl00 .o s

8 melanoma patients were immunized with natural peptide :
gpll 50,7 +IFA: 2 T cell response (CD8) (25%) and no clinical response

19 melanoma patients were immunized with modified peptide
gpl00, 5 5 + IFA +1L-2 : 3 T cell response (CDS8) (15%) associated with clinical
response in 42% of patients.
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To improve the peptide immunization efficiency different groups

proposed to :

- Increase the binding of peptide to HLA molecule by introducing
mutations in wild type tumor peptides which will enhance the affinity of
peptide to HLA molecules. This more stable HLA-peptide complex should
lead to better induction of CTL...without changing the recognition of the

wild type peptide by the induced CTL.

- Peptide will not target antigen presenting cells and in the absence of
second signal, this peptide vaccination may lead to tolerance.

Cylokines
signal 1 (IL-2, IL-12, TL-18)

costimulation : 2nd signal

OXA0

T cell tolerance

__.._.__priming T cell
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ADJUVANT

Use of adjuvants which recruit and/or activate antigen presenting cells.
. GM-CSF
. Anti-CD40
. CpG
. IFNa

GM-CSF

- In mice, GM-CSF c¢cDNA transfection into tumors increased
the immunogenicity of the tumors (Dranoff et al. P.NAS. 1993)

- In human : Immunisation of HLA-A2 melanoma patients with
Mart 1, tyrosinase and gp100 peptides during three cycles. The
addition of GM-CSF during the 4th cycles increased CTL
response against these peptides. (Jager E. Int J. Cancer 1996)
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T-cell responses against tyrosinase 368-376(370D) peptide in HLA*A 0201+ melanoma
patients: randomized trial comparing incomplete Freund's adjuvant, granulocyte
macrophage colony-stimulating factor, and QS-21 as immunological adjuvants.
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- Unfortunately, recombinant proteins is efficientto elicit humoral
responses but failed to induce specific CD8-T lymphocytes.

- Inefficiency of cross presentation may explain this failure.

Knowledge in the antigen presentation pathways led to
the concept that antigen needs to be vectorized to increase
its immunogenicity.

a) MHC class | antigen processing {b) MHC class Il antigen processing

1 MHC class |-paptida Exoganous protein

&
w

MHC class ll-peptide

Lecture 8: Vaccination [ET]

156



The 2™ PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 15-20, 2003

Viruses have the ability to deliver exogenous antigens in
the cytosol of the cells

Cell infection with
recombinant virus

J] viral peptide
Sy

CD38 Cytotoxic T cells

Design of anti-cancer vaccines

Tumeor antigen Cytokines Costimulation molecules
IL-2 B7.1
IL-12 B7.2
GM-CSF

Virus : Vaccima virus, Adenovirus, Retrovirus. ..

Lecture 8: Vaccination [ET]
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Overview of cancer vaccine protocols based
on the use of recombinant viruses.

Vaccinia-E6-E7 HPV16 et 18
Cervix carcinoma: .

1 CTL out 3 patients treated Borysiewicz LK. Lancet 1996

Retrovirus p53
Nen small cell lung carcinoma

3 local regression

out 9 injected tumors

Rath JA. Nature Med 1996

1CR/16 patients

ADV-Mart 1 Rosenberg JNCI 1998
mélanoma 5/23 CTL
ADV-gp100 No PR no CR Rosenberg INCI 1998
mélanoma 0/16 CTL
Vaccine-Mucl 29 CTL Scholl 8 J. Immunother 2000
breast cancer

~ No PR no CR
;‘(:‘éz‘;:;fﬁmm CTL 719 Marshall JL. J. Clin Oncol 1999

Problems encountered with the use of recombinant virus

- Several safety issues have not been conclusively resoelved. For example,

reversion of attenuated live vectors to virulent strains by genetic recombination

cannot be excluded.

- Even attenuated viral or bacterial strains are associated with health risks for

immunodeficient recipients.

- The immune response to virus proteins is a significant limitation to successful

immunization in animal and human
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Protein (mM)
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non professional APCH
or immature DT
. mature DC
professional APC)

Cytokines
signal 1 (IL-2, IL-12, TL.-18)

costimulation : 2nd signs

OX-A40

T cell tolerance

...._._priming T cell

Rationale for the design of a synthetic vector to be

developed in cancer vaccines.
* Ability to target exogenous antigen into the MHC class I pathway.

* Preferential delivery of antigen in professionnal antigen presenting

cells (dendritic cells).

» Role n the activation and maturation of dendritic cells.
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Gb3 is preferentially expressed on dendritic cells
in mice and human

10°
104

Spleen cells

104

Bone Marrow derived
mouse dendritic eells

Gb3
10°
CDlle
102

10!
101

10°
10°

0 200 400 600 800 1000 10° 10" 10* 10° 10°

Monocytes derived
human dendritic cells

The Shiga toxin follows an intracellular retrograde
transport pathway.

B-subunit @
Plasma membrane T [® e
comER T ‘f K oo Ty
Recycling m:’

endosomes

: Early endosomes

endosomes

Lysosomes

Sechl-dependent export
af rigan from the ER

Johannes L and Goud B. Traffic, 20
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Vaccination with B-Ova protects

December 15-20, 2003

against a

challenge with Ova-expressing tumor (EG7)

1004

104

Tumor Size (cm3)

0,1+

0 A —A ————

—&- injection B-OVA
—4-PBS

r Y T T T
Jo J4  J7 J10 J14 J18 J21 J24 J2s

Days after tumor challenge

J3z2

Comparative features of toxins and related molecules

as vectors for cancer vaccines

Anthrax toxin Shiga toxin  Bordetella pertussis Kp OmpA
(Modified Lethal Factor) (B subunif} (Adenylate cyclase)

Ability to deliver

+ +

whole protein

Induction of CTL in + +
mice without adjuvant
Activation of specific + +
CD4 THI1 cells
Preferential targeting of P +
dendritic cells ' Gb3

R ?
Tumor protection : +

+ +
+ +
+ ?
+ +
CD11b TLR2
+ +
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Heat Shock Protein (Gp96/grp94, HSP70, HSP90)

Vector and natural adjuvant of immunity

Peptide Lox-1

¥

Natural complex HSP-peptide

- HSPs are highly conserved proteins that serve as chaperones for newly

CDh9

synthesized proteins
- HSPs binds preferentially to Antigen Presenting Cells (Lox-1, CD%1)
- HSPs facilitate uptake and cross-presentation of the peptides by antigen-

presenting cells

HSP = Antigenic fingerprint of the cells.

- Vaccination with autelogous tumor-derived HSP-peptide complexes has
been shown to elicit C'TL against peptides complexes with HSP (Srivastava
PK. Nat Rev Immuneol 20:42)

- Vaccination with autelegoeus tumeor-derived HSP-peptide complexes also

results in both prophylactic and therapeutic antitumor activity in multiple

animal tumor models (Tamura Y Science 1997)
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Human clinical protocols developed with HSPs

Janetzki S: - gp96 prepared from autologous tumors
- Induction CTL against autologous tumors in 6/12
patients. (Int J. Cancer 2000).

Amato R : - gp%6 purified from autologous renal carcinomas
- 1CR et 3PR among 16 treated patients (ASCO 2000)

Belli I : In five out of 17 patients, T-cell reactivity increased against
autologous melanoma after immunization ..J Clin Oncol 2002

- Two of'the 28 patients treated with measurable disease had
complete response in multiple, small soff tissue metastases
while receiving the vaccine

Limits in the use of HSPs

- Requirement of autologous tumors. Inefficiency of allogeneic HSPs

in vaccine protocols.

- Purification of HSP is tedious and time consuming.

- Of the 64 patients who had tumor collected, 40% could not receive
the initial four weekly injections (ie, one injection per week for 4
weeks), mainly because not enough vaccine could be made or because
their melanoma progressed while vaccine was being prepared (Belli F
J Clin Oncol 2002)
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Dendritic cell network in epidermis

Langerhans ’ cells can take up antigen in the skin and migrate to
lymphoid organs where they present it to T cells.

Antigen wuptake by || Langerhsns * cells leave
Langerhans * cells in the || the skin and enter the
skin. lymphatic system.
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ORIGIN AND DIFFERENTIATION OF
MYELOID DENDRITIC CELLS

Precursor LC

&gé’ cplat
y CD14- Langherans cells (LC)
& GM-CSF +IL-4
& / o
CD34*
Macrophages
g
% @c?’
o

o

CDla Interstitial DC
CD14+ d 1DC
GM.CsF+L4  (derma )

Ditferent steps of the immune response
involving dendritic cells

- Antigen internalization

- Migration of dendritic cells to lymph nodes which is

associated with their maturation.

- Activation and polarization of T and B lymphocytes in

Ilymph nodes

Lecture 8: Vaccination [ET]

168



The 2™ PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 15-20, 2003

] %ﬂ%&’ﬁ&%ﬁ‘?’ﬁ o

maturation o + (Jerive

n'r T s .
HLA DR (green) ﬁﬂ;z TN ) ‘f:f:mﬁj ?’(} 3
""1‘? ' -t 7
g*.%, }-""‘*'-; 7 = :; R
S P ST R
DC-LAMP ( ) 1'. :__}_ . 4 5 <3 o _ , ;,;‘U‘ \:, -

24h CDAOL activation

Immature Intermediate Fully
DC mature DC

Signals r(;ﬂmlreﬁlrgo’; &lﬁleall]llﬁl)&mﬁon of

- Ligation of CD40
T cells or anti-CD40 mAb or cells transfected with CD40L (CD154)

- Pathogen derived signals
LPS, double strand RN A, bacteria or bacterial products (SAC, LTA of BG*, LAM

of mycobacteria), immunostimulatory unmethylated CpG oligonucleotides , poly
(I:C)

- Cytokines
PGE2, [FNa, TNFa and IL-1B or TNFq alone

- Cell death by necrosis (not apoptosis)
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Phenomenon associated with maturation changes of DC

- Increase in the expression of T cell costimulatory molecules like CD86 and CD40
- Increase in the capacity to produce 1L.-12

- Increase in the capacity to resist to immunosuppression by I[L-10

- Development of new repertoire of chemokine receptors, especially CCR7

- Production of DC survival molecules like TRANCE-R (= RANK)

- Redistribution of MHC class Il molecules from lysosomes to the cell surface.

- Increase of subunits associated with immunoproteasomes and PA28

- Decreased of phagocytic receptors : avp5 mtegrin for apoptotic bodies and FeyR
for immune complex.

Role of costimultory signals in the activation of T

cells

noh professional APC
or immature DC

~ mature DC
{professional APC)

signal 1 without 2nd
ICOS 5ign’1

Cytokines
signal 1 (IL-2, IL-12, IL-18)

bstimulation : 2nd sig cell tolerance

"priming T cell

OX-40

T Cells
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Arguments for using dendritic cells in cancer

VacCInes

- Cells specialized in the presentation of antigens to T cells.

- Mature dendritic cells produce cytokines favoring TH1
polarization of T cells (I1.-2, I1.-12, I1.-18).

- Dendritic cells have the ability to cross-present antigens.

Ability of dendritic cells to target exosenous
y an(t]{gen In tlﬁe cytmﬁ :

a Dendritic cell b somatic cell & Infected cell
ﬂlg L.:lb #hidmm? ) ) )
2 /ﬂ' e
wal »
\_.Célg}) @ :mallain}_.-@{)
L 00 O
ER ,+— p—
! "_“\__.T

_— ¥

53'.?<L g Class | MHC ffi

COz8YmpICF I
@ Killing

T-cell activaticn
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Arguments for using dendritic cells in cancer
yiceines

- Cells specialized in the presentation of antigens to T cells.

- Mature dendritic cells produce cytokines favoring TH1
polarization of T cells (I1.-2, I1.-12, I1.-18).

- Dendritic cells have the ability to cross-present antigens.

- Host dendritic cells are blocked in an immature state in

tumor microenvironment.

Only immature dendritic cells are found in closed contact with tumors

Immature DC (green) bind Mature DC (green) don ’t bind
to tumor cells (red) to tumor cells (red)

FITC-anti DC

a QMO%

! |
Wash

TXRed-anti cytokeratin

[ : ]
Wash

Mature DC were virtually absent in liver tissue from patients with
Hepatocellular carcinoma
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Environmental factors and local cytokine production in the
tumor microenvironment inhibit DC maturation.

- PGE2 affects early development of tissue type immature DCs, inducing
IL.-12 deficient cells with a TH2 promoting function.

- IL-10 inhibits both the ability of DCs to produce IL-12 and their
stimulatory capacity . IL -10-exposed DCs have a residual TH2-driving
function.

IL-10 treated DC are ableto induce tolerance in mice and anergy in
human T cells.

- 1L-6 , M-CSF and VEGF inhibits the maturation of DC.

Clinical anti-tumor response afer vaccination of mice with dendritic cells
pulsed with tumor antigens

TUMORS METHODS TO LOAD DC CLINICAL RESPONSES AUTHORS

-3LL

. Prevention of tumor growth NMayordome JI 1995
(lung carcinoma)

Treatment of established

tumor

- C3-HPV 16

-3T3p53 Treatment of established Gabrilovich DI 1996
fibroblastes transfected with tumor
mutated P53

-MCA-205

fibr osarcoma Treatment of established Zitvogel L. 1996
-TS/A tumor

(breast carcinoma)
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Clinical anti-tumor response afer vaccination of mice with dendritic cells
pulsed with tumor antigens

Tumors Methods to load DC Clinical responses Authors
NESA-Martl Mart 1 Prevention of tumor growth  Ribas A,
(Fibrosarcoma (Adénovirus) Treatment of established tumor 1997

transfected with Mart 1)

MC-3%-Muc 1 Muc 1 Prévention of tumor Gong J.

{Adénocarcinome (Adénovirus) g;rowth 1997
transfecte avec Muc 1)

Melanoma Treatment of established tumor Shimizu K
2001

MC38 Treatment of established Gong J.

(Adénocarcinoma) métastases 1997

16 MELANOMA METASTATIC PATIENTS

|
Y

Dendritic cells pulsed ex vivo with peptides or tumor lysates

l
!

ADMINISTRATION IN LYMPH NODE

- No Toxicity
- CTL + HSR to tumor antigens in 11/16 patients.

- 5 Clinical responses (2CR ET 3PR) even in metastatic sites.

F.O. Nestle . Nature Medecine 1998
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Human Clinical trials with DC

Murphy, Pacific Northwest Cancer foundation

Patients with prostate cancer (n = 60)

6 i.v injections (once every six weeks) of 2x107 DCs pulsed with
PMSA

25-30% overall response rate

Schuler G., Department of Dermatology, Erlangen,

Germany (J Exp. Med., 1999)
Mature DC pulsed with Mage-3A1 and a recall antigen (TT or
tuberculin) in 11 stage IV melanoma patients

Expansion Mage 3 -Al specific CTL in &/11 patients which

declined after the 1.v injection.
Regression of individual metastases in 6/11 patients

DC-based Vaccine

Progenitors / Precursors
J /y Q_\ Which subset ?
What type of maturation signal ?
How many and how often ?
Which route of injection ?

/

Antigen-loaded DCs
Which method of antigen

\ preparation and delivery ?
/ Combination with other therapies ?
How to determine efficacy?
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Mature or immature DC

- Immature and mature monocytes derived DCs were separately pulsed with a
peptide derived from tyrosinase, MelanA/MART-1 or MAGE-1 and a recall
antigen. Both DC populations were injected every 2 weeks in different lymph

nodes.

- Mature DCs induced inecreased recall antigen-speciflic CD4(+) T-cell responses
in 7/8 patients, while immature DCs did so in enly 3/8 (Jonuleit H et al. Int J
Cancer 2001).

- Expansion of peptide-specific [FN-gamma-producing CD8&(+) T cells was
observed in 5/7 patients vaccinated with mature DCs but in only 1/7 using
immature DCs. (Jonuleit H et al. Int ] Cancer 2001)

Mature or Immature DCs

The capacity of BmDC to induce an antitumor immune
response in vivo correlated to their degree of maturation
(Labeur MS et al. J Immunol 1999)

Impaired anti-tumor vresponses in the absence of
CD40/CD154 interactions are the result of a lesion in APC
function, namely II.-12 production (Mackey MF et al. J
Immunol 1998)
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Route of Immunization

DC injected s.c or intradermally migrate to the lymph node. But only 0.4
to 1% of DCs injected s.c reached the draining lymph node (Kupiec-
Weglinski JW et al. J Exp Med 1988} Lappin MB Immunology 1999)

DC administered i.v preferentially migrate to the spleen (< 15% of the
number injected) and the lung with ne migration or only trace to regional
lymph node (Morse MA et al Cancer Res 1999)(Barratt-Boyes SM et al. .J
Immunol 1997)

In mouse, superiority of s.c injection of D{Cs over iv injection in the
induction of CTL and anti-tumor immunity against subcutaneously growing
tumors (Okada N et al. Br J Cancer 2001; Eggert A et al. Cancer Res 1999;
Serody JS et al. J Immunol 2000)
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DC Immunization
—e— None
—O— SC TyryeqY
== IV TyrgggY
—&— SC Unpulsed
—=— SC M1

0 10 20 30 40 50
Time Post Tumor Induction (Days)

S.C but not i.v immunization with peptide pulsed DCs
controls s.c melanoma outgrowth.

Mullins DW. .J Exp Med 2003

- In mouse, superiority of s.c injection of DCs over iv injection in the
induction of CTL and anti-tumor immunity against subcutaneously growing
tumors (Okada N et al. Br J Cancer 2001; Eggert A et al. Cancer Res 1999;
Serody JS et al. J Immunol 2000)

- LV peptide pulsed activated DC immunization induces memory T cells in
the spleen, control metastatic-like lung tumors but not subcutaneous growing
tumors (Mullins DW et al. J Exp Med 2003).
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o e ———————— DC Immunization
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Metastatic like lung lesions are controlled by i.v immunization

and partially by s.c immunization with peptide pulsed DCs

Mullins DW .J Exp Med 2003

- In mouse, superiority of s.c injection of DCs over i.v injection in the
induction of CTL and anti-tumor immunity against subcutaneously growing

tumeors (Okada N et al. Br J Cancer 2001; Eggert A et al. Cancer Res 1999;
Serody JS et al. J Immuneol 2000)

- LV peptide pulsed activated DC immunization induces memory T cells in
the spleen, control metastatic-like lung tumors but not subcutaneous growing
tumors (Mullins DW et al. J Exp Med 2003).

- In human, iv purified DC administration was associated with a

significantly higher frequency and titer of Ag-specific Abs (Fong L. J
Immuneol 2001)

Pulse of DC with antigen coupled to a carrier (KLH) allows an increase in

the frequency of antibodies production and IgG isetype (Timmerman JM
Blood 2002).
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Intranodal immunization

- Bone marrow-derived, tumor lysate-pulsed DCs administered
intranedally generated more potent protective anti-tumor immunity
{(pulmonary metastases) than s.c or iv DC immunization. This was

associated with greater antigen-specific T- lymphocytes expansion
{Lambert LA. Cancer Res 2001).

A 200 ~

150 -
NUMBER OF
PULMONARY
METASTASES 100 -
0 L T T T —
v LN

NONE sC
DC VACCINE ROUTE

Intranodal immunization with 'TS/A tumor lysate-pulsed
DCs is more effective than s.c or i.v immunization

Lambert LA. Cancer Res 2001
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Intranodal immunization

- Bone marrow-derived, tumor lysate-pulsed DCs administered
intranedally generated more potent protective anti-tumor immunity
{(pulmonary metastases) than s.c or iv DC immunization. This was

associated with greater antigen-specific T- lymphocytes expansion
{Lambert LA. Cancer Res 2001).

- In human, patients were randomly assigned te an intravenous,
intranodal or intradermal route of peptide pulsed activated DC

immunization.

All routes of immunization induced comparable increases in tetramer-
staining CD8+ T cells.However, the intranodal route induced significantly
higher rates for de nove development of CD8+ T cells that respond by
cytokine secretion to peptide-pulsed targets (Bedrosian I et al. J Clin

Oncol 2003)
Teiramer Posifivity Pepride Reactivity DTH Pasitivity
Mo, of Patients e, of Patients Mo, of Patients Mo, of Paiients e, of Patients Mg, of Patients

Bawe of Administation and Dose With Respenss Teied With Rasporse Treated With Response Trecred
v

5millien dendrific cells 3 4 0 a1 o 4

52 rmillion dendritic cells 2 3 0 2 1 3

Tota No. of patents 5 0 1

Tota MNo. of patients 7 5 7

Patients with response, % 714 143
I

Smillien dendrific cells 3 5 4 5 5 5

50 million dendritic cells 1 2 2 2 2 3

Tota Mo, of patients 4 6 7

Tota Mo, of patients 7 8

Patients with response, % 571 85.7 875
(in} I

Smillion dendritic cells 2 3 2 3 2 3

53 million dendlritic cells 2 3 4] 3 i} 3

Tota No. of patients 4 2 2

Tota Mo, of patients & &

Patients with sesponse, % 667 333
P, by Fisher's exoc test 99 005 Q1

applied to otals

Abbravicitions: [TH, d-.lﬁypd-rypo hypnmnmivi'y,' IV, intravenous; IN, intrainadal: 10, intresd sl

Tumor specific peptide reactivity is enhanced after intranoedal immunization

Bedrosian 1. J Clin Oncol 2003
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Route of Immunization and polarization

- KLH-pulsed bone marrow-derived DCs were shown to stimulate a TH-1
cytokine response in the draining lymph nede when administered s.c and a
TH2 cytokine response when administered i.v (Morikawa Y et al

Immunology 1995)

- DBone marrow-derived, tumor lysate-pulsed DCs administered
intranodally generated more potent antigen-specific THI1-type response
than when injected s.c or i.v (Lambert L.A. Cancer Res 2001)

- In human i.d and intralymphatic administrations of purified DC induce
TH1 immunity with greater frequency than i.v administration (Fong L et
al. J Immunol 2001)

Generation in vivo of mature DC

FI3 + CpG

Administration of a bone marrow growth factor FIt3 has been shown to
expand in vive the numbers of DCs in lymph nodes, spleen and other tissues
{(Maraskovsky et al. J Exp Med 1996)

However, a significant proportion of the FL-mobilized DCs are immature

and not efficient in inducing Ag-specific T-cell responses.

In mice pretreated with FL, the simultaneous delivery of a tumor antigen
and CpG induce potent anti-tumor immunity (Merad M et al. Blood 2002).
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100% 5/5 FIt3 +Ova + CpG

80% 4/5 Flt3 + Ova + CpG
- (rechallenge)
g
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20% 1/5
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Days following tumor injection

Antigen loading and CpG activation of FL-mobilized DCs induce tumor protection

Merad M Blood 2002

Correlation between immune response and clinical response ?

Some studies did not demonstrate any correlation between the induction

of immune response and anti-tumor activity.

Immunisation of 11 melanoma patients with gp100 modified peptide
gpl00,,, , + IFA : 10 T cell response (CD8) (90%)
Clinical response : No

Immunisation of 19 melanoma patients with gp100 modified peptide
gpl0d, o, + IFA +1L-2 : 3 T cell response (CD8) (15%)
Clinical response : 42%

Rosenberg Nature Med 1998.
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Vaccination of metastatic melanoma patients
with Mage 3-Al peptide

Peptide Mage 3

Lo

B e

1 month

39 patients included.
No toxicity
25 patients received the complete treatment :
4 PR and 3 CR
. —_—
No detection of CTL. directed against Mage 3

Marchand et al 1999,

... Whereas other groups reported a correlation between the induction of

specific T cells and clinical effects
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Pulse DC with medified peptide
CEA 605-613Asp4sn (610)

J

-

L T
BL\

Flt3 L

¢ y Yaccination 28d Vaccination
¥ > ¥
| 10 % 24 *2q
+——> +—>
- Cytapheresis - Cytapheresis
- DC purification - DC purification
(Density gradient) (Density gradient)

Phase I : 12 patients
(Colon adenocarcinomas and non small lung carcinomas)

Pre vaccine Post vaccine

HLA-A*0201 Tetramer

CDs8

Identification and characterization of antigen-specific CD8 T cells
with MHC/peptide tetramers
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Correlation between immune and clinical responses™ .

Patient Clinical Tetramer+ Tetramer+
Response Prevaccine%  Postvaccine%

1 PD 0.08 0.25
2 PD 0.03 0.08
3 sD 0.15 1.11
4 PD 0.18 0.04
5 CR-10Mo 0.4 1.03
6 PD 0.10 031
7 PD 0.26 0.49
8 sD 0.43 1.05
9 PD 0.16 0.07
10 PD 0.24 0.5

11 CR-10Mo 0.28 1.03
12 MR 0.12 1.68

* P =10.002 Fong L. PNAS 2001

Cytapheresis ¢——
CD34DC

Fli3
GM-CSF
TNF

T —

18 metastatic melanoma pts

Pulse : Tumor peptides :
Control peptide
Control protein

Banchereau Cancer Res 2001
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RESULTATS

Cellular response against control antigens :
(CD4 anti-KLH and/or CTL anti Flu-MP) : 16/18 patients.

X CTL against > 1 tumor peptide derived from melanoma Ag : 16/18

T-CD8 response > 2 Mel peptide <2 Mel peptide
Tumor progression 1/10 6/7
Regression of at least 1 métastase  7/10 0/7

P =0.015

Vitiligo : 2/17 Patients
(responder patients)

AUTO-IMMUNITY AND CANCER

- Anti-tumor CDS8-CTL in cancer patients mostly recognize
melanoma melanocyte differentiation antigens (Melan A, gp100,
TRPI1 et 2, Tyrosinase...)
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AUTO-IMMUNITE ET CANCER

rVVLacZ rvVmTRP-1

Immunization with rVVTRP-1 induces destruction of
cutanecus melanocytes.

Overwijk W et al P.N.A.S.1999

AUTO-IMMUNITY AND CANCER

- Anti-tumor CD8-CTL in cancer patients mostly recognize
melanoma melanocyte differentiation antigens (Melan A, gpl100,
TRPI et 2, Tyrosinase...)

- Cancer patients responding to 11.-2 therapy more often develop
vitiligco and auto-immune thyroiditis than non responders.
(Rosenberg SA 1996).

- Autoimmune paraneoplastic syndrome is often associted with
anti-tumor clinical response. (Darnell RB Lancet 1993)
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POTENTIAL MECHANISMS LEADING TO TUMOR
ESCAPE FROM IMMUNE RECOGNITION.

POTENTIAL MECHANISMS LEADING TO TUMOR ESCAPE
FROM IMMUNE RECOGNITION.

- Antigen loss or heterogeneity of antigen expression in tumors

- Partial or globale Down regulation of MHC class I molecules on tumors

(B2 microglobulin loss, peptide transporter defect)

- Immunesuppressive factors (I1L-10, TGFB, PGE2...) in the tumor

micreenvironment.

- High expression of molecules associated with tumor resistance to immune

attack

- Fas ligand expression on tumor cells
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In vivo generation of tumor-specific CD8+ CTLs in the
absence of TGFp- signaling in T cells.

Spleen cells were isolated from transgene-positive ( [_] ) or transgene-
negative ( Il) littermate mice challenged with 10° live EL-4 cells 10 days
prior and were evaluated for their lytic activity by the 51Cr release assay
against EI.-4 targets.

Gorelik L Nature Med 2001

Wild Type Mice DN TGFRII Mice

2 x 10°
Bl6-F101.v.

Blockade of TGF- signaling in T cells renders mice resistant
to tumor challenge.

Gorelik 1.. Nature Med 2001
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Molecular or functional defects of T lymphocytes
infiltrating tumors.

- Defect in the expression of the { chain of -CD3

-Defect in the expression of transcription factors belonging
to NF-Kappa B family

. p65-Rel A

. ¢-Rel

. p50

- Defect in the expression of Jak 3
- Low perforine expression within T cells

-Expression of KIR by TIL

- Bias in TH2 polarization of TIL

Présence of « suppressive » T lymphocytes

- During cancer progression, increase in the frequency of
regulatory T lymphocytes (CD4+CD25+, or Trl producing IL-10
or TGFpB or NKT secreting IL-13) able to inhibit the activity of
specific anti-fumor lymphocytes.

- In murine models, depletion of CD4+CD25+ T lymphocytes
increases the induction of immune response and is associated
with tumor regression.
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Cancer Vaccine Indications

* Residual Disease

* Adjuvant

(After surgery if presence of risk factors)

* Genetic predisposition to cancers

PERSPECTIVES

- Molecular identification of tumor antigen associated with the
rejection of tumors.

- Better definition of the phenotype of CD8-T cells to be induced
after vaccination : avidity Tc1-Tc2, duration of the persistence

of the T cell response

- Better understanding of the factors responsible (chemokines,

Adhesion molecules) of the tumor homing of T lymphocytes.
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Table 1 Percentage of PR1-specific CTL from PEMC of CML patients

Treatment Group UPM - Stage' Time from  Treatment %Ph? Response  3%PR1-CTL'

Diagnesis®  Duration® Type*
Interferon 1 cp 15 15 54 MR 1.06
2 CP 20 18 40 MR 1.02
3 cp 5 3 75 MR 51
4 Cp 40 11 38 MR 1.52
5 cp 18 18 0 CR 42
& cp 10 10 28 PR 66
7 cP 9 2 25 PR 43
B cp 10 10 10 PR 32
g cp 14 14 o CR 1.24
1 cp 16 16 10 PR 29
11 cp 12 12 4 PR A3
P=0.0002
12 cp 42 40 85 MR <0.01
13 ¢p 12 12 100 Mone <0.01
14 BC 4 4 100 Mone <0.01
15 BC 2 2 100 None <0.01
14 cp 5 5 a5 Mone =0.01
17 <P 2 15 100 None <0.01
18 cp 30 24 100 Mone <0.01
19 cP 15 13 100 None <0.01
Molldrem Nature Med 2000
Schedule of DC administration
14
\
12
10
o
& & 4
g *
T 61 T
2 —
=

3X 6x X ax  &X  BX T7X

Weekly Every 3 Weeks

Weekly administration of peptide-pulsed DCsled to diminishing CTT. activity after
6 wk of treatment. This was not found in animals injected with DCs every 3 wk for
six treatments

Serody IS J Immunol 2000
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Synthetic and natural non-live vectors: rationale for their clinical
development in cancer vaccine protocols
E. Tartour *®*_ F. Benchetrit?, N. Haicheur?, O. Adotevi?, W.H. Fridman *?

2 Unité dimmunologie biologique, Hopital Furopéen Georges Pompidot, 20 Rue Leblane 75908 Paris Cedex 135, France
b INSERM U253, Université Pieree et Marie Curie, Paris, France

Abstract

Different arguments suggest that cytotoxic CD8 T lymphocytes (CTL) play a key role in the protection against tumors and in the
establishment of anti-tumor immunity. Unfortunately, administration of soluble proteins alone generally does not induce CD8+ T cells
presumably because antigen derived peptides are not introduced into the major histocompatibility complex (MHC) class I antigen presen-
tation pathway. Attennated recombinant live vectors such as viruses or bacteria which have the ability to deliver antigen into the cytosol of
cellshave been shown te induce cytotoxic T cell response. However, there are safety concerns associated with these approaches especially in
immunodeficient patients. Synthetic vectors such as heat shock proteins, virus like particles (VLP) and lipesomes could deliver exogenous
protein into the cytosol of cells associated with the induction of CTL and tumor immunity. We and other groups have sucessfully exploited

the criginal intracellular traffic of toxins to use them as vectors for tumor antigens.

@ 2002 Published by Elsevier Science Ltd.

Keywords: Synthetic vector; Cancer vaceine; Toxin

1. Intreduction

CD8+ T lymphocytes (CTL) have been shown to be im-
portant mediators of anti-tumor immunity in various animal
models. Several observations also suggest a roke of CTL in
the control of tumor growth in humans. In biopsies from
human regressive melanoma an in situ amplification of CTL
with anti-tumor activity was demonstrated suggesting that
these cells may contribute to the host dependent elirmination
of tumor cells [1,2]. Recently, a correlation was reported
between the efficiency of a cancer vaccine based on den-
dritic cell therapy and its ability to elicit tumor specific CTL
[3,4]. The stimulation of specific CTL therefore represent
one major goal in the design of cancer vaccines [5].

CIL recognize antigens as short peptides of 8—-10 amino
acids associated with major histocompatibility complex
(MHC) class I molecules on the surface of cells. The
majority of these peptides are derived from the cytosolic
degradation of endogenous cellular protein. In contrast, ex-
ogenous soluble antigens enter the endosomal pathway and
after being degraded in endosomal compartments, the pep-
tides generated associate with MHC class IT molecules; then
the complex is presented to CD4— T lymphocytes. These

* Corresponding anthor. Tel.: 433-1-56-08-39 43,
fax: 433-1-56-09-20-80.
E-mail address eric tartoun@egp.ap-hop-paris.fr (E. Tartour).

0264-4103/02F — see front matter ©@ 2002 Published by Elsevier Selence Ltd,

PII: 30264-410X(02)00385-7

observations may explain why in most cases soluble pep-
tides or proteins fail to prime CTL in vivo. To circumvent
this difficulty, various vectors have been developed to target
exogenous antigens into the MHC class T restricte d pathway.
Attenuated recombinant live vectors such as vinses or
bacteria and naked plasmid DNA encoding large antigenic
proteins have been shown to induce cytotoxic T cell re-
sponses [6-8]. However, there are safety concerns associated
with these approaches. Reversion of the attenuated live vec-
tor to a virulent strain by genetic recombination cannot be
excluded. Some viral vectors may cause chromosomal dele-
tions and other rearrangements when they integrate into the
genome of human cells [9]. Attenuated organisms also pose
aparticular risk to immunodeficient recipients [10]. Regard-
ing DNA vaccines, the consequence of stable integration of
exogenous DNA into the host genome is not well established.
This explains the development of alternative strategies of
induction of CTL based on the use of synthetic vectors.

2. Synthetic and non-live natural vectors with the
ability to target exogenous peptides into the cytosol and
induce CTL

A series of antigen delivery systems that efficiently intro-
duce exogenous molecules into the MHC class T pathway
have been described.
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2.1. Heat shock protein and other endoplasmic reticulum
{ER} chaperones: natural Rost vector

Heat shock proteins are molecules induced by heat shock,
glucose deprivation and other stress but most HSP are
present in abundant levels under normal conditions. HSP70
and HSP90 act as chaperones for peptides in the cytosol,
whereas GRP94 (gp96) like other ER chaperones molecules
such as calmeticulin associate with ER lumenal peptides
[11]. HSP complexed with antigenic peptides have been
shown to efficiently deliver peptides into the MHC class
I processing pathway {cross presentation)} [12]. Similarly,
murine dendritic cells sensitized with calreticulin associated
with an ovalbumin derived peptide efficiently processed and
presented this peptide to specific class I restricted T cell
hybridomas [13].

Vaccination of mice with HSP was performed with either
natural cancer-derived HSP thought to be linked with alarge
array of tumor peptides or with HSP reconstituted with spe-
cific CTL epitopes in the presence or absence of alinker. In
both cases a CTL response was elicited against the bound
peptides [14-16].

2.2, Toxing

Cell biology of bacterial toxins has shown that the en-
try and intracellular transport of these molecules is often
unconventional and most often allows for the targeting of
associated antigens into the cytosol. To face the problem of
toxicity, genetic engineering of the wild type toxin was per-
formed. In fact, toxins are often composed of a catalytic A
subunit which mediates the toxicity and a B subunit which
binds to the receptor and allows for the intracellular traffic
of the toxin. In some cases, peptide was directly coupled
to the B subunit which has been shown to act as vector in
absence of the A chain. We have fused the B subunit of the
Shiga toxin derived from Shigeiin dysenteriae to different
peptide epitopes and have shown that it could deliver these
peptide into the MHC class I intracellular pathway [17,18].
When these Shiga B fusion proteins were injected in mice,
CTL were produced that recognized the peptide associated
to the B subunit [18]. In other cases, the catalytic domain
of a toxin subunit was modified and/or substituted by anti-
genic peptides. The anthrax toxin derived from Bacilfus
anthracts, is composed of three proteing that act in binary
combination to elicit toxic effects, edema and death. Lethal
factor (LF) and edema factor (EF) are intracellularly act-
ing proteing, both of which require protective antigen (PA)
for their translocation into the cytosol of eukaryotic cells.
The amino-terminal domain of LF (LFn) has been found
to contain the information necessary for binding to PA and
me diating translocation. This domain alone lacks the lethal
potentiality which depends on the putatively enzymatic
carboxyl-terminal moiety. Different studies have shown that
fusion proteins consisting of LFn fused to peptide, when
mixed with PA, allow for MHC class I restricted presentation
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of the associated peptides and stimulate specific CTL in mice
[19].

Bordetella pertussis secretes two toxins, the pertussis
toxin (PT) composed of an enzymatically active A subunit
(S1) associated with a B oligomer (subunit 82-85) and the
invasive adenylate cyclase toxin (Cya A), a 1706 amino-acid
long protein containing a 400-residue amino-terminal do-
main that corresponds to the calmodulin-activated catalytic
region. Introduction of mutations in the catalytic region of
these molecules led to the production of detoxified tox-
ins. CTL epitopes were fused to the N terminus of the S1
subunit of PT or introduced into the permissive site of the
catalytic domain of CyaA. These inactivated toxins were
efficient in delivering exogenous peptides into the MHC
class I pathway and eliciting CTL against the CDS8 epitopes
linked to these vectors [20-22].

2.3. Other protein transduction molecules

+« The homeodomain of the Antennapedia molecule
(AntpHD), a transcription factor of Drosophila, spon-
taneously crosses cellular membranes without being
targeted in the lysosome. Antigenic peptides fused to the
homeodomain of Antennapedia are processed and pre-
sented by MHC class I molecules. Immunization of mice
with these fusion proteins could prime CTL. However,
the priming required the presence of SDS [23].

+ Outer membrane protein A from Klebsiella pneumoniae
(kpOmpA) form stable complexes with hydrophobic pep-
tides such as melanoma derived peptides and their admin-
istration in mice allows for the generation of CTL [24].

3. Mechanisms underlying the delivery of exogenous
antigens into the MHC class I pathway

3.1, Delivery of exogenous antigen into the classical MEC
class I pathway

As a general mle cytosolic proteins are processed by the
multi-enzymatic complex proteasome; the peptides released
are then transported by the TAP proteins to the endoplasmic
reticulum (ER) where they associate with nascent class I
molecules before transport of the complex to the cell surface.
The availability of inhibitors of each step of this process
enable to follow the pathway of intracellular protein traffic.

« ATX from B. anthracis consists of a monomeric cell
binding protective antigen {PA) that can form a heptamer
once activated by a cell surface protease. Heptameric PA
can then bind the enzymatic toxin monomers, LF and/or
the EF. After binding to specific surface receptors, the
protein complex is endocytosed and trafficked to the en-
dosome, where the bound LF or EF is translocated to the
cytosol following endosomal acidification. The recombi-
nant LF associated with peptides appeared then to follow

December 15-20, 2003
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the normal step of processing by proteasome and further
association and the endoplasmic reticulum with MHC
class T molecules [25].

The detoxified Cya A and the B subunit of the Shiga
toxin also target exogenous antigens in a classical MHC
class I restricted presentation pathway, since the presen-
tation of CD8 epitope is inhibited by both lactacystin,
an inhibitor of the proteasome, and brefeldin A which
disrupts the Golgi apparatus. It requires the presence of
TAP molecules. However, the mechanism of membrane
translocation of the fusion protein to the cytosol has not
vet been identified [18,26].

3.2. Delivery of exogenous antigen into unconventional
MHC class I pathways

+ MHC class I restricted presentation mediated by recom-
binant pertussis toxin (PT) was inhibited by BFA but not
prevented by proteasome inhibitor and also occurred in
antigen presenting cells from TAP deficient mice [20].
Tt is hypothesized that PT can deliver epitopes to class I
molecules directly by retrograde transport to the ER, thus
bypassing the proteasome and TAP dependent endoge-
nous pathway for presentation [27].

+ TAP and proteasome independent processing also seems
to oceurin the case of re combinant pseudomonas exotoxin
A (see further) which is endocytosed following binding
to the o2 macroglobulin receptor. Antigen presentation
with detoxified PexA was also BFA-and lactacystin in-
sensitive and not inhibited by LLnL {calpain inhibitor)
which blocks the activity of some ER resident proteases
and NH4Cl which raised the pH of lysosomes [28,29].
These results suggest that epitope generation occurs in
compartments {(early endosome?) that contain mature or
recycling class I molecules that are relatively close of the
cell surface [30]. In support of this hypothesis, it was re-
cently found that a small fraction of class I molecules
enter acidic endosomes, the pH of which could allow for
peptide exchange, before transport to the cell surface and
that this could apparently account for non-classical class
1 presentation of a viral antigen [31].

We don’t know if the repertoire of peptides generated by
this non-classical MHC class I pathway is similar to the one
obtained with endogenous protein or vectors which deliver
their immmmegenic peptides in the conventional MHC class I
pathway. The use of these vectors may allow for the presen-
tation of peptides different from those naturally presented
by tumor cells.

3.3. Phagocytosis

The groups of Harding and Song [32] and Kovacsovics-
Bankowski and Rock [33] showed that exogenous antigens
coupled to different types of patticles (beads made of la-
tex, iron or silica) could be targeted into the MHC class
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I pathway. This effect was due to the internalization of
the particles by phagocytosis. A transfer of the protein or
peptide from the phagosome to the cytosol was hypothe-
sized to explain the MHC class I presentation of peptides
derived from exogenous antigen [33]. Vims like particles
(VLP} (see further) also likely enter the cytosol from en-
dosomes and target the classical MHC class 1 pathway
[34].

4. Targeting exogenons antigens into the MHC class I
pathway does not always allow for the induction of
CTL in vive

When the Tat protein derived from HIV was conjugated
to different enzymes, it was shown that the conjugated
proteins crossed the cellular mendbrane and maintained
enzymatic activity suggesting that transport outside the
lysosomal compartment occurred. Identification of the short
cationic peptide derived from HIV-1 Tat which mediates
this translocation has led to the conjugation of proteins such
as Ova to this peptide. When antigen presenting cells were
exposed in vitro to such protein conjugates, they processed
and presented the peptides in association with MHC class
I molecules. However, the fusion proteins could not prime
CTL in vivo [35].

Similarly, exogenous fusion proteins consisting of the
binding and translocating domains of pseud omonas exotoxin
A (PE) fused with CTL epitopes are intemalized, processed,
targeted to and presented by MHC class I molecules but
they failed to induce CTL [28,36]. These two observations
suggest that in addition to the delivery of antigen into the
MHC class I pathway, other factors are requird to prime
the cellular immune response in vivo.

5. The in vivo efficiency of synthetic vectors is in part
determined by their ability to target and activate DC

For efficient T cell priming, two signals have to be de-
livered to T cells by APC: the first is represented by the
recognition of MHC—peptide complex and the second signal
requires the expression of costimulatory molecules which
are essentially displayed on the membrane of professional
antigen presenting cells such as mature dendritic cells and
to a lesser extent B lymphocytes. Administration of anti-
gen without any cell specificity will be mainly loaded on
non-activated antigen presenting cells and will elicit T cell
tolerance [37,38].

These considerations may explain the failure of the Tat
peptide or pseudomonas exotoxin A to prime CTTL in vivo,
since these vectors translocate exogenous peptides in many
cell types without any specificity for professional antigen
presenting cells.

In contrast, efficient synthetic and nataral non-live vectors
seemto preferentially target dendritic cells and other antigen
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presenting cells (B lymphocytes). For example, CyaA binds
to CD11b whose cellalar distribution mostly includes den-
dritic cells, macrophages and neutrophils [39]. The B sub-
unit of the Shiga toxin interacts with the glycolipid Gb3
which is mainly express on dendritic cells, B lymphocytes
and some epithelial cells [18,40]. Outer membrane pro-
tein A from K. paewmoniae specifically bound to profes-
sional antigen presenting cells through toll-like receptor 2
[41].

Only professional APCs like dendritic cells, macrophages
and B cells are able to bind gp96 molecules [42].

Some of these vectors such as virus like particles, HSE,
KpOmpA and PT have also been shown to induce the mat-
uration of DC and to increase the costimmlatory capacity of
other antigen presenting cells [42—46].

6. Synthetic vectors able to prime CTL without
adjuvant

Usually CD4 helpis required to allow the priming and dif-
ferentiation of CTL secondary to the triggering of maturation
of dendritic cells. It was therefore not surprising that vec-
tors with the ability to activate dendritic cells such as HSPs,
KpOmpA, PT or VLPs could prime specific CD8+ CTL in
the absence of CD4+ T cell help or adjuvant [11,20,42,47].
Interestingly, the B subunit of the Shiga toxin and the Cya
A derived from B. pertussis have not been shown to directly
activate DC but were able to stimulate an epitope specific
CTL response in mice without any adjuvant [18,48]. Their
in vivo ability to induce some DC maturation factors such
as TNFo may explain the relative efficiency of these vectors
[49,50].

7. Advantages of selecting synthetic vectors with the
ability to enhance the immunogenicity of whole protein
compared to the vectorization of peptide alone

7.1, Limits and pitfalls of the vectorization of peplide for
cancer Vaccines

For most tumor antigens, immunodominant and protec-
tive peptides have not been identified. In rare cases in which
some peptides derived from tumors have been shown to
be naturally recognized by T cells, these immunodominant
peptides may vary from individual to individual, which
may explain that even in subjects with the same HLA
Class I haplotype, the detectable CTL response to a given
antigen will not necessarily be similar [51]. In addition,
peptide vaccination is restricted to patients with a partic-
ular type of HLA and is not applicable to laige outbred
populations.

A vaccine formulation that delivers only peptides derived
from tumor antigens will also very likely fail to induce
a significant degree of protection against tumors because
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of the heterogeneity of antigen expression and immunose-
lection mechanisms which conld only be circumvented by
anti-tumor polyclonal T cell activation [52-54].

As shown in Table 1 some inactivated toxins (anthrax
toxin, CyaA, Shiga toxin) and bacteria derived protein
(KpOmpA) were efficient vectors for transferring polypep-
tides or whole proteins into the MHC class T pathway and
eliciting a CTL response [25,41,55].

7.2. Delivery of exogenous antigens in both the MHC
classes I and Il pathways resulting in the activation of a
CD4 T cell response and a humoral response

Helper T-CD4+ T cell responses play a critical role in
initiating the immune response and a key role in the priming
and differentiation of CD8+ T cells mediated in part through
the maturation of APC via their interaction with CD40 [56].
This activation of CD4+ T cells may be essential to support
the efficacy of synthetic vectors which do not directly induce
the activation of dendritic cells.

CD4+ T cell responses will also help with the induction
of the humoral immune response which has been associated
with tumor protection in melanomas, lymphomas and breast
cancers [57-59].

Different synthetic vectors have been shown to vehicule
polypeptides and to activate CD4 T cell help and humoral
eSponses.

+ HSP110 is a molecular chaperone highly efficient in
binding to large protein substrates. When non-covalently
complexed with the intracellular domain of human epider-
mal growth factor receptor protein 2 (ICD-HER-2/neu),
it elicited both CD4 and CD8 T cell responses against
peptides derived from ICD-HER-2/neu and significantly
enhanced ICD-HER-2/neu specific antibody responses
related to those seen with recombinant ICD-HER-2/neu
[60].

Some capsid proteins from different vimses like par-
vovirus, papillomavirus, and hepatitis B virus can self-
assemble into VLP. When fused to other proteins, they
keep their properties to form pseudo viral particles [34].
Different investigators have shown that CD4 T cell re-
sponses and MHC class I restricted CTL were efficiently
primed when antigens were fused or combined with
these particles [47,61,62]. Due to the highly repetitive
structure of such VLPs, they have also been shown to be
very immunogenic for B lymphocytes and induce strong
and long-lasting IgG responses in the absence of adju-
vants in both animal models and human clinical trials
[63.64].

Liposomes encapsulate peptides or proteins and target li-
posomal antigen both to the MHC classes T and 1T pathway,
which may explain the ability of liposomes to stimulate
both antibody and CTL responses [65]. The main concerns
about the use of liposomes is that a consensus to optimize
the formulation of liposomes has not yet been established.

-
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Table 1
Main characteristics of synthetic and non-live nataral vectors
Wectors Wectorization of Maturation CTL induction Humoral response Anti-turmor clinieal
whole protein of DC in mice in mice responses
HiPs + + + + +
“WLPs + + + +2 +
Liposomes + — + + +
Toxing
Cya A (B. pertussis) + ? + ? +
Lethal fastor (anthraz) + ? + ? o
Zhiga B subunit + — + + ?
Pertussiz toxin ? + + ? ?
Protein tranzdnction molecules
AntpHD ? ? +* ? ?
KpOmpa + + + + +

=Both in mice and human.
¥ iral protection,
“In the presence of SD3.

8. Assessing anti-tumor clinical responses using
synthetic or natural nonviral vectors

&.1. HSP

HSPs purified from tumors and naturally complexed with
an array of tamor associated peptides have been shown to act
as an anti-cancer vaccine in both preventive and therapeutic
clinical settings [66]. HSPs linked ex vivo to antigen in the
form of recombinant fusion proteins also protected mice
bearing tumors expressing the vectorized antigen [67].

The success of HSP vaccines in preclinical animal studies
has led to the clinical development of phase IAT trials of tu-
mor derived HSP preparations, specifically using GRP9%4 as
autologous tumor vaccine with encouraging results [68,69].

82, VLP

After injection of chimeric virus like particles consisting
of the T.1 major capsid protein from HPV, plus the entire E7
and the L2 minor capsid protein derived from HPV, mice
were protected against a challenge with tumor expressing
HPV16 E7 protein [70]. These VLP-E7 particles were also
efficient even when administered 2 weeks after the tumor
graft [71].

In a clinical trial, patients with genital warts exhibited a
protein capsid specific immune response after one injection
with HPV-6 L1 VLPs and the majority of the patients had
complete regression of their genital warts within the 20-week
observation period [72].

8.3, Toxin and bacterial products

TUsing an ovalbumin expressing mouse tumor model, Fay-
olle et al. showed that recombinant Cya A molecules car-
rying a CD8+ Ova epitope protected mice against a lethal
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dose graft of tumor cells and also caused the regression of
established tumors [73].

KpOmpA coupled to ovalbumin elicited therapeutic im-
munity to ovalbumin expressing tumors [41]. When associ-
ated with melanoma derived peptides, it inhibits the growth
of both induced or spontaneous melanomas [24].

8.4. Liposomes

Zhou et al. demonstrated that previous vaccination of mice
with ovalbumin entrapped in liposomes significantly pro-
longed the survival of mice challenged with tumor express-
ing the ovalbumin antigen compared to mice immunized
with ovalbumin alone [74]. Immunization with liposomal
formulation of weak self-antigen like idiotypes derived from
lymphoma also induced protection when mice were chal-
lenged with lymphoma [75].

9. Concerns about the immunogenicity of synthetic and
natural non-live vectors

Live vectors such as viruses are very immunogenic, which
may explain the decrease of their efficiency after the first
immunization. To face this problem, different groups have
developed prime-boost protocols that use more than one type
of virus, but this increases the safety concerns [76].

The same difficulties also seem to oceur with virus like
particles since mice with preexisting neutralizing antibodies
against VLPs and vaccinated with HPV16 E7 VLP were not
protected from HPV14 E7-positive TC-1 tumor challenge
compared to the protection observed in mice lacking these
antibodies [77].

Ag expected, no cellular or antibody responses were de-
tected against natural HSP, which represent a great advan-
tage compared to other live or synthetic vectors.
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Regarding the intrinsic immunogenicity of inactivated
toxin and bacterial products, it has been reported that preim-
munization with CyaA, anthrax toxin and KpOmpA does
not compromise subsequent CTL and immune response
against the associated peptides [24,55,78].

10. Conclusion

Different studies have now clearly shown that non-live
vectors could be used to enhance the immunogenicity of tu-
mor antigens without evidence of toxicity in murine models.
Preliminary data also suggest that anti-tmor immunity may
also be elicited after in vivo administration of these vectors
as cancer vaccines. Most preclinical experiments have been
performed with tumors expressing foreign antigens and the
development of tumor models targeting self-differentiation
antigens commonly expressed by human tumors will allow
for the assessment of the versatility and effectiveness of
these new vectors compared to classical live vectors.
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CANCER VACCINES: BETWEEN
.
Olivera ]. Finn
Whether vaccines are designed to prepare the immune system for the encounter with a pathogen or
with cancer, certain common challenges nesd to be faced, such as what antigen and what acjuvart
to use, what type of immune response to genarate and how to meke it long lasting. Gancer,
additionally, presents several unique hurdies. Gancer vaccines must Overcoime Immune suUppression
exerted by the tumaur, by previous therapy or by the effects of acvanced age of the patient. If used
for cancer prevention, vaccines must elicit effsctive long-term memeny without the potertial of
causing autoimmunity. This article addresses the common and the unigue challenges to cancer
vacdnes and the progress that Nas been made in meeting thetm. Gonsidering Now refractory cancer
has been to standard therapy, efforts to achieve immune control of this disease are well justified.
Between theidea Challenges facing all il
And the reality In addition to taking on the challenge to design better
Between the motion waccines against infectious diseases, immunologists are
And theact exploring the possibility of using vaccines against other
Falls the Shadow. ailments that involve the immune system. Mast notable
TS Efiot effortsare directed to developing vaccines for cancer
and certain antoimmune diseases. Vaccines that are
Edward Jenner’s landmark publication in 1798 (REE 1) designed to prepare the immunne system for encounter
that describes a vaccine against small pox, is considered with either infectious pathogens or with cancer or
to be the official beginning of the science of immunol- mediators of autoimmunity, all face certain common
ogy. Immunology has since then made marny contri- challenges that are reviewed here.
butions to scientific enterprise and to many different
scientific disciplines, incliding genetics, molecular biol- Cheosing the right antigen, Traditionally, successful
ogy and cellular biology. The most important contribu- vaccines have consisted of live attennated pathogens.
tion of immunelogy to im proving the quality of human Although effective at the population level, these vac-
life is the development of vaccines. cines have a small, but significant, risk of activation
Twenty-six infectious diseases are preventable that can cause disease or other harmful side effects.
through vaccination, at present. In spite of two cen- On the basis of the successes of attennated pathogen
mries of vaccine development, however, there are still vaccines and owing to the initial lack of defined
gﬂ?ﬁ%ﬁbﬁgg!ﬂ several parasitic, bacterial and viral diseases,such as tumonr antigens, the first cancer vaccines were com-
&moloj?’mﬁm Chagas, malaria, tuberculoslis and hepatitiz C,lthat pgsed of whole tumogr cell‘s that were previonsly irra-
Uniivessity of Pittsburgh have so far eluded protection throngh vaccines. diated or otherwise inactivated® In mouse models,
Cancer Instifute, E1040 Wodern times have also bronght new diseases, such as thisimmunization strategy was successful, producing
Biomedical Science Tower, HIV and cancer. The successes from the past and an tumour-specific immune responses and rejection of a
Pitisburghy Penrsyhvarsia i ing level detstanding of basi hallenge. Th Iy vacei d eith
15261, USA. ever-increasing level in our understanding of basic tumour challenge. These early vaccines used either

e-mail: ojfinn@pitt edu
doi:10.1038/ nril 150

immune mechanisms and the ability to manipulate
them, predict future victories?

tnmonr-cell lines that had accumulated many muta-
tions through numerous passages in vivo or in vitro
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SHARED TUNMOUR ANTIGENS
Molecules that are expressed by
many tamotrs and not normal
tissizes, or expressed by normal
tissiein a quantitatively and
qualitatively different form

UNIQUE TUMOUR ANTIGENS
Produets of random mutations
or gene rearrangemerts, often
induced by physical or chemical
carcinogens, and therefore
expressed uniquely by ind ividual
tumours.

EPITOPE SPREADING

A term originally applied to
responses to Ao antigens that
tend to become more diverse as
the response persists, This
phenomenon s also known as
determinant spreading or
antigen spreading, In the setting
of awaccine, it refersto responses
that are generated to antigens
other than these contained in
the vaccine.

ADJUVANT
An apent mizxed with an antigen
that enhances the immane
responseto that antigen after
imrmanization

and were, therefore, highly immunogenic, or carcinogen-
induced mumours with unique mutations that func-
tion as highly stimulatory antigens. As this work
expanded to spontanecus tumours that better mim-
icked human tnmours, whole tumonr cells proved to
be non-immunogenic or weakly immunogenic. Along
with these experiments, immunologists were deci-
phering the exact requirements for antigen specific
T-cell activation. They discovered that, inadditionto
receiving a signal through the T-cell receptor (TCR),
naive T cells required additional co-stimulatory sig-
nals. This prompted the use of vaccines that were
composed of gene-modified tumour cells that expressed
varions co-stimulatory molecules andfor cytokines,
which made them markedly more immunogenic
in animal models. Successful animal studies encour-
aged several clinical trials of cancer vaccines on the
basis of gene-modified antologous or allogeneic human
tumour cells*®.

Justas vaccines that are based on whole pathogens
are associated with risks of reactivation and develop-
ment of disease, whole mmonr-cell vaccines present sig-
nificant health risks. The most serious is the potential
for causing autoimmunity. Immature dendritic cells
(DCs) that reside in tissues take up and process dying
cells and self antigens, but in the absence of strong acti-
vating signals, such as those given by pathogens, no
immune response to these antigens is generated, To
elicitstrong immunity, the tumonr-cell vaccine must
include substances that activate DCs. In the case of
whole tumour cells, however, it should be expected that
inaddition to presenting tumour-specific antigens, acti-
vated DCs would prime immunity to many other anti-
gens (antoantigens) that are otherwise subject to
peripheral tolerance, This is nota hypothetical case —
evidence for anteimmune reactions following vaccina-
tion has accumulated from work in animal models, as
well as clinical trials®*.

The use of whole tumour cells or com plex mix-
tures of tumonr-derived material undermines one
unique advantage that immunotherapy has over
other forms of therapy — that is, specificity. The
immune response can recognize epitopes that ace
expressed by tumounr cells and target those cells for
destruction without harming normal cells, To take
advantage of specificity, the past two decades in
tmmont immunology have been characterized by
considerable effort into the discovery of tumour anti-
gens. Many such antigens were discovered and cancer
vaccines based on these antigens have been shown
in pre-clinical studies to elicit tumour-specific
immunity and establish long-term memory withont
autoimmunity!®%, For breast cancer, for example,
vaccines composed of epitopes that are derived from
rucin 1 (RER 16}, HER2/NEUY, melanoma-associated
antigen 3 (MAGE3) or other members of the MAGE
gene family'®, mammaglobin!® or carcincembryonic
antigen (CEA)® have been extensively studied and
shown to be immunogenic without causing auto-
imrounity. Several other antigens under investigation at
present will soon be added to the panel of breast-tumonr

antigens, such as cyclin Bl (REE 21), or one of many
cancer-germ-cell antigens that are specifically found in
breast tumours® Similarly, there are a large number of
antigens available for melanoma vaccines. Extensive
studies have been carried out with them in animal
models and in clinical trials®. In addition to being
well explored and understood, many of these antigens
are SHARED TUMCUR ANTIGENS. Vaccines that are composed
of these antigens can be developed for useina large
number of patients.

Recently, however, in spite of the availability of
well-defined tumour antigens, development in the
cancer-vaccine field has focused again on the use of
whole tumour cells or whole-cell [vsates as antigens.
The reazon being that these complex mixtures will
contain UNIQUE TUMOUR ANTIGENS that are expressed only
byan individual tumour that, byanalogy to unique
antigens of mouse carcinogen-induced tumours might
be more immunogenic and promote a better anti-
tumour immune response®. Fxperiments carried out
inmice transgenic for shared tumounr antigens have
shown that these antigens can elicit equally strong
antitumour immunity and tumonr rejection!®#-#,
Furthermore, it has been shown in animal models and
in some clinical trials, that a vaccine based on a shared
antigen, which elicits an antitumeour response, can
elicit responses to other antigens on that tumour
through a process known as eprrors sereapmic ™24 or
‘provoked immuniry™.

The more distnrbing reason that might be driving
the field away from vaccines that are based on defined
tumour antigens is dissatisfaction with the results that
have beenachieved inthe clinic so far. Before we under-
estimate the potential of defined tumour antigen-based
vaccines and go back to undefined tumour mixtures
that have the potential for antoimmunity, it must be
remembered that antigen-tased vaccines have beensuc-
cessful in animal models in which they have been tested
almost exclusively in mmmeur prevention. These vaccines
have not vet been given a chance toreplicate that success
in humans, becanse they are being tested exclusively as
therapeutic agents in advanced disease and often after
the failure of standard therapy.

Cheosing the right adjuvant. apjuvanTs are crucial
components of all cancer vaccines whether they are
composed of whole cells, defined proteins or peprides.
Even though, at present, there are only two adjuvants
worldwide that are approved for clinical use —
aluminum-based salts (alum) and a squalene—oil—
water emulsion (MF59) — many other substances
that inerease the immunogenicity of vaccines have
been tested and proven to be effective in animal mod-
els and humans. Many new adjuvants are molecn les of
known function and, therefore, the mechanisms of
their adjuvant action are better nnderstood. Adjuvants
can activate antigen-presenting cells (APCs) to stimu-
late T cells more efficiently, activate natural killer
(NK] cells or other cells of the innate system to produce
cytokines or promote the survival of antigen-specific
T cells.
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THELPER /2 CELLS

Tyl Tyg2 cdls. Two subsets of
activated CD4* T eells that can
be distingurished by the
cptalinesthey produce, T, 1 cells
produce interferon-1,
Iymphotoxin and tamonr-
necrosis factor, and enhance cell-
mmediated frmrmanity T2 clls
produce intedevkin-d {1L-4),
IL-5and 11-13, and suppert
humeoral imroanity.

Cytokines, such as interleukin-2 (IL-2), granulocyte—
macrophage colony-stimulating factor (GM-CSF),
IL-12,IL-4and several others, have been used as adju-
wants in cancer vaccines®. Bacterial prodncts have also
been used for many vears as effective adjuvants. The
two best known are lipopolysaccharide (LPS) from
Gram-negative bacteria and monophosphoryl lipid A
(MPL) from Saimonella. More recently, bacterial DNA
was found to have strong immunostimulatory activity
owing to the presence of unmethylated CpG dinn-
cleotides®™?? These and other bacterial productsare
bound by many different receptors that are expressed
by DCs,macrophages and perhaps NK cells and other
cells of the innate systern. This induces their matura-
tion, activation and production of pro-inflammatory
cytokines. Many of these receptors helong to the family
of Toll-like receptors that are located either on the
surface of, or inside, cells that recognize invading
pathogens®. Bacterial products are particularly good
at activating cytotexic T lymphocytes (CTLs), and
becanse of that, they have been of interest to tumour
immunologists®,

Recognition that different antigen-processing path-
ways control the presentation of antigenic peptides by
either MHC class I molecules to CD8&* T cells (endoge-
nous pathway) or MHC class IT molecules to CD4*
T cells (exogenous pathway) led 1o the development of
a class of adjuvants that conld deliver antigens to a
desired processing pathway. Vaccines that are com-
posed of all types of antigen, other than nucleic acids,
use mainly the exogenous pathway for the delivery of
antigen to APCs, This, in turn, favours the stimulation
of CD4* T cells and the production of antibody.
Antigen isrequired to end up in the cytoplasm for pro-
cessing by the proteasome and delivery to the endo-
plasmic reticulum (ER) for binding to MHC class T
molecules”. Two classes of adjuvants effectively deliver
antigens to the cytoplasm: microparticles,such as poly
{o,t-lactic-co-glycalic acid) (PLGA) microspheres®
and virus-like particles”, as well as immunostimulatory
complexes (ISCOMs) — a mixture of Quil 4 and cho-
lesteral that forms micelles®, The particulate natre of
the vaccine formulations that are imposed by these
adjuvants promotes efficient delivery of antigen to
APCs for presentation by both MHC class Tand class IT
molecules. Heat-shock proteins might also belong
to this category of adjuvants, They efficiently deliver
antigen to the MHC class I pathway and in the process
activate APCS®.

Generating the right type of imunune response.
Metastatic cancer isa systemic disease that is expected
to be monitored by systemic immunity. Many pri-
mary tumours, however, originate at mucosal sites in
which they are first enconntered by the mucosal
immune system. Increasing attention is being paid to
antigens, adjuvants and routes of administration of
vaccines that can effectively stimulate mucosal, as
well as systemic immunity®. Tounderstand immune
responses against tumours at mucosal sites, a better
understanding of the immune effector mechanisms

that are responsible for protecting the mucosa are
required. The mucosal immune system has evalved to
keep the balance between a swift reaction against
pathogens and no response to food or other environ-
mental antigens and non-pathogenic bacterial flora.
Mucosal vaccines need to maintain this well-regulated
balance at the same time as strengthening the pro-
tective response. Our understanding of the specific
characteristics and behaviour of cells of the immune
systermn at mucosal surfaces is still not complete, but
information is beginning to emerge with regard to the
migration of lymphocytes and APCs to those sitesand
the induction of immunity versus tolerance*~#

None of the cancer vaceines tested so far have been
specifically designed to elicit mucosal immunity Cne
explanation for this obvious omission is that the
aim of therapeutic vaccines is to eliminate residnal
disease, which might be considered as a role for sys-
temic immunity. However, questions are beginning to
arise about the potential of a particular immune
respense to be equally effective against tnmours in dif-
ferent sites such as the Iung, pancreas, liver or bone
marrow. Most experiments carried out with animal
models available at present, and especially with trans-
plantable tumours that grow in subcutaneous sites, do
not shed light on this subject. Another reason to con-
sider whether a particular vaccine should be applied
towards stimulating mucosal rather than systemic
immunity is that therapentic cancer vaccines are
expected to boost an already existing, albeit weak,
immnne response rather than prime new responses. If
the existing response was primed against a tumour
that originated at a mucosal site — for example, colon
cancer, cervical cancer, squamous cell carcinoma of
the head and neck (SCCHN), lung adenocarcinoma
and bladder cancer — this response might be more
effectively boosted by a mucasal rather than systemic
route of immunization. Understanding the role of
mucosal immunity in cancer is going to be more
important in the future for designing preventive can-
cer vaccines, If, for example, a vaccine is to be uged for
the prevention of polyps as a means of preventing
colon cancer, this vaccine will have to stimulate the
type of immunity that can recognize and react against
tumour antigens when they are first expressed by the
colon epithelium.

While mucosal imrmunity has not been given appro-
priate attention by tumour immunologists, the role of
THELRER 1 (Ty1)- versus Ty,2-type responses in anti-
tumour immunityand the ability of cancer vaccines
to elicit one or the other has been the focus of many
studies. Ever since these two types of CD4*" T cell were
described®, their role in many different diseases has
been well studied. With few exceptions, most effective
antitumour immune responses in animal models have
depended on the efficient generation of T, 1-cell immu-
nity that promotes CTL responses. The importance
of T,1-cell immunity for tumour regression is also
strengthened by the observation that progressive disease
is characterized by an antitumour T-cell response that is
skewed to T2 cells®,
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IDICTYPE

‘The unique portion of either
aT-cell rceptor oran
immmneglotulinmelecule,
defined by the hypervariable
regions and invelved in antigen
recognition,

ANTIEODY-DEPENDENT
CELLULAR CYTOTOXICITY
(ADCC), Killing ofantibody-
coated target cells by cells
expressing Fe receptors (FeRs)
that recognize the constant
region of thebound antibedy.
Most ADCC ismediated by
natural kiler cellsthat express
the FcR CD16 or BeyRIIT on
their odll sarface.

Even though in present animal models intentional
skewing of the immune response to the Tyl type leads
to tumour rejection, whereas a respanse skewed to the
Ty,2 type seems ineffective, in the long run it might bea
mistake to focus cancer-vaccine design on the genera-
tion of Tyl -cell imrmunity. T, 2-mediated immunity is
characterized mainly by the production of antibodies
that have been ineffective against tumour challenge in
most animal models, However, in patients, passively
administered antibadies that are specific for antigens
expressed by tumour cells have shown antitumounr
effects in B-cell lymphomas?, breast cancer® and colon
cancer®. Designing vaccines that promote T 2-type
responses to generate such antibodies in vivo would
zeemn o have numerous advantages aver the passive
administration of antibody. This isalready being done,
with some success, using vaccines against DoTYPES
expressed by B-cell lymphomas®. Vaccine-elicited anti-
bodies can mediate direct effects against tumonr cells by
fixing complement or facilitating ANTIBODY-DEPEND ENT
CELULAR cvToraricrTy [ADCC). A more important func-
tion of tumour-specific antibodies is opsonization of
tumour cells to promote their uptake by APCs. Several
cancer-vaccine trials have aimed to elicit tumonr-specific
antibodies and have succeeded. However, owing to
advanced stages of disease, the antitumour effects of
such antibodies have not been significant™.

Designing a vaccine that will skewa response to one
type (for example, T,,1) or one effector mechanism (for
example, CTL) might be an acceptable strategy for pre-
sent therapeutic vaccinations in which immediate
effects are songht, Thisstrategy is unlikely to be benefi-
cial for cancer prevention or in treating early disease in
which many mechanismsare required to synergize to
create ag large a pool as possible of effector cells to guar-
antee a large pool of memory cells. Until recently, most
cancer vaccines were based almost exclusively on WMHC
class I-restricted peptides® These vaccines did generate
some CTL activity, but the frequency and duration of
these responses was uniformly low. The requirement
for simultaneons activation by a cancer vaccine of
many components of the immune system cannot be
overestimated.

Elicitation of long-termmemory. Immune memory is
an important protective mechanism that some vaccines
can elicit and others cannot. The nature of immune
memoryand the requirements for its generation and
maintenance have only recently begun to be elnci-
dated™*. The main problem that has hampered this
field of irvestigation has been the relative pancity of spe-
cific markers that conld separate memory T cells from
other T cells, Chemakine receptors have recently been
used successfully to distingnish between functional sub-
sets of T cells inclnding memaory cells™, These,and addi-
tional markers, such as mucin-like glycoproteins®, are
starting to be reported. They will help in the evaluation
of the role of tnmour antigens, adjuvants and routes of
injection not only with regard to the complexityand
intensity of the immune response they elicit, but also for
the type of memory responge that is generated.

There isa consensus that a strong primary immune
responge is required to give rise to a large pool of
memory cells. What affects the longevity of memory
T cells, however, is not fullyunderstood and there is
much controversy with regard to the role of antigen
in this process®*. For therapeutic cancer vaccines,
these questionsare of great importance. The immune
system of a cancer patient is exposed to the tumour
antigens over a relatively long period of time and the
vaccine based on some of these antigens is expected to
boost immunity in their presence, It is not known
whether the tumour-specific T cells that are present in
the patient before vaccination are effector cells ora
mixture of effector cells and memory cells. Several
papers have claimed the existence of tumour-specific
memory cells™*. However, becanse of the inability to
separate clearly effector cells from memory cells and
the chronic presence of tumour antigen, it is not clear
towhat subset of T cells tmmonr-specific cells in cancer
patients belongand how theyare affected by vaccina-
tion. Itis also not clear whether long-term memory
can ever beachieved in chronic diseases such as cancer.
Certain requirements, especially the need for activa-
tion of Ty, cells and innate immunity, are coming to
light in the setting of chronic viral diseases® and toa
more limited extent in cancer™®, 4s reported recently,
during the generation of T-cell memory there iz a
progression from naive cells that become effector cells
when antigen is introduced, to effector memory
cells when antigen becomes limited, to central memory
cells after the clearance of antigen®, Althongh prophy-
lactic cancer vaccines in healthy young adults wonld be
expected to activate this entire differentiation pathway,
it is less clear how a therapeutic vaccine might do that
inthe presence of chronic antigen and many existing
cell populations specific for that antigen,

Additional challenges facing cancer vaccines

Aging inumune system. Patients with cancer in whom
cancer vaccines are presently being tested are, almost
without exception, of advanced age (6580 vears), many
decades after the thymus has stopped producing naive
T cells, Therefore, the generation of an effector-cell pop-
ulation in response to a vaccine depends on the recogni-
tion of the vaccine antigen by one or more memory cells
in the T-cell repertoire of the patient. Among the T cells
that respond to the vaccine there might or might notbe
the “best fit’ ones that would have been selected from
a large pool of maive clones earlier in life. In mouse
models, it can be clearly shown that young mice make
stronger primary responses than old mice. Generation
of the primary response and the conversion to mem-
oty is compromised with age®™, This is due to age-
associated changes in the function of many components
of the immune systern¥-2, At present, thete is an impor-
tant discrepancy between preclinical studiesin mouse
models and clinical trials of cancer vaccines. Few studies,
if ariy, use old mice. Those that de, report an age-related
increase in susceptibility to cancer due to changing
patterns of T-cell subsets™, azwell as difficulty in the
induction of effective antiturnour immune responses™.
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Figure 1 | A probable model of the evolution and fate of antitumour immune responses
that develop coincidently with tumour growth. a | Tumours develop over a long period of ime
through e process of accumulation of many mutatons. Whils the tumour is smalland does not
present a significant danger to the integrity of the organ of arigin, the immune systerm remains
ignorant of its presence, Dendritic cells (DCs)in the surrounding tissue are not actvated and as a
result T and B cells in the lymph node rernain in a resting state, b | When the turmour becormes
larger, heteragenseous and ultimatsly malignant, damages to the nomal tissue and products made
by the turncur cells alert the immune system mainly through the activation of resident DCs.
Actvated DCs that havs taken up products derived from darmaged normal fssues and umours,
traffic to the draining hmph node in wihich they begin to presant these products as antgens to naive
Tand B calls. The extent of DC actvation determines the sxtent of hymphocyte stimulation. Thisin
turn isregulated by many factors that determnine the imrmune competence of the patient, induding
age. ¢| Turnour-spedfic T cells, antbodies and actvated DCs reach the turmour site and atternpt to
destroy the turmour. They are only partally successful owing to an already large tumour size and
marked tumour heterogeneity thatallows the turmour to evade many imrmune effector mechanisms.
¢l | The turnour that has evaded the initial immune response continues to grow, disserrinate and
actively suppress locsl, as well as systemic, immunity ilustrated by the presence at the tumaour sits
of OCs, T and B cells that are notactvated and do not exert their respective functions

In recognition of the fact that therapeutic vaccines for
cancer will be given mostly to older individuals, increas-
ing attention should be given to designing vaccines that
can overcore at least some age-related problems. For
example, engagement of the co-stimulatory molecule
4-1BB (CD137) was shown to am plify T-cell responses in
aged mice’™ and, althongh not vet tested, engagement of
ather co-stimnlatory molecules or inactivation of nega-
tive regulators, such as cytotoxic T lymphocyte antigen 4
(CTLA4)™, might have similar effects, Farthermare,
although many adjuvants might work well in young
mice, only some might enhance immune responses in
aged individnals. CpG-DNA seems to be especially
good at enhancing cellular and humoral immunityand
promoting Ty, 1-type responses in old mice™

Age-associated immune deficiency indicates that
paediatric cancer patients might be better candidates
than adult patients for therapeutic cancer vaccines. Few
such trials have been carried out. Results from one DC-
based vaccine trial conducted on children aged between
3and 17 vears with relapsed nenroblastomas, sarcomas
and renal cancers, are unfornately only slightly more
encouraging thanresults from clinical trials in aged
patients™. This shows that even in a young patient, there
isaninfluence of previous therapy and/or the advanced
stage of the tumonr on the immune system, and indi-
cates that successinl vaccination strategies would
require vaccination not only atan earlyage, but also in
early disease and in the absence of immunosnppressive
standard therapy.

Tumour-induced immunosuppression and immune
evasion: By the time a tumour is diagnosed, there have
been many interactions between the tumour and the
immune system (FIG. 1). A tumour might have been
growing slowly without much destruction of the sur-
rounding normal tissue and so might not have been
detected by the immune system. During that time,
tumonr cells acquire additional mutations, some of
which facilitate growth and invasion. Az the mmour
becomes larger and begins to canse tissne destruction,
inaddition to defense processes, such agwound repair
and clotting mechanisms, the adaptive immune system
is also alerted owing to the activation of DCs. These
cells pick up tumour and tissue debrisand ferry’it to
the draining lymph nodes for presentation to T cells.
The presence of tumour-specific cellular and humeoral
responges in cancer patients indicates that the immune
systern has ‘seen’ the tumour. The loss of expression
of various tumour antigens or MHC molecules by
tumonr cells indicates that the immune system has
tried to get rid of the tamour. Progressive tnmour
growth, however, indicates that the mmour has ulti-
mately evaded immune defenses. This process of
immunosurveillance, which changes the tumour but
does not result in complete tmour rejection, is known
as ‘cancer immunoediting ™.

Many ways in which tumours influence the
immune systemn have been described and functional
defects have been documented in many immune
effector mechanisms. The maturation and function of
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DELAYED-TYPE
HYPERSEMSITTVITY
(DTH). & cellular immune
responseto antigen injected into
the skin that devel ops over
24-T2 hourswith the infltration
of T eellsand monocytes, and
depends on theproduction of

T helper L-specific cytokines.

DCs is inhibited in cancer patients™ ¢, Marked defects
are also seen in T-cell activation and function, which
was first reported in mice with tumours™ and later
found in patients with many types of tumour®. These
effects can be mediated by IL-10, transforming growth
factor-PB (TGF-B) and other cytokines that tumours
produce®™#, or by other less well defined soluble
factors® or cell-surface molecules® expressed by
turmaonr cells.

Suppression of adaptive antitamour immunity can
also be mediated by ‘improper activation’ of innate
immunity. It has been reported that the activation
of macrophages and polymorphonuclear cells in
response to the tumour induces a state of oxidative
stress in cancer patients that markedly suppresses the
function of T cells®. Activation of NKT cells that
might result in the production of high levels of IL-13
hasalso been reported to suppress tumour immu-
nity®. There is an ongoing effort to understand these
immunosuppressive mechanisms at the molecular
level to allow therapentic intervention. There are
enconraging reports that at least some of these defects
have been reversible through vaccinationin a small
murmber of patients®™®, These studies will now have to
extend to understanding the role in tumour immunity
of the recently described regulatory T cells®. A sub-
population of CD4*CD25* T cells has been shown to
suppress antoimmunity” and therefore might be
specifically expanded in response to the increased pre-
sentation of autoantigens during tnmour growth. The
limited number of studies that have been carried ont
with tumours in mice indicate a potential benefit
from depleting these cells*2

A complete understanding of the immune system of
patients with tumonts is important, especially when try-
ing to manipulate it with therapentic cancer vaccines.
MWany of the immunosnppressive mechanisms are corr -
mon to different tumonr types and devisinga treat-
ment regiment to reverse immunosuppression before
therapeutic vaccination might produce better results.
Therapeutic cancer
Because many primary tumours can be surgically
removed and there is often a long period of time before
the tamour recurs at metastatic sites, cancer vaccines
have been proposed as therapy that are designed to
elicitand/or boost antitumonr immunity in patients
with minimal residual disease, thereby preventing or
prolonging the time to recurrence. Few vaccines have
been tested in that optimal clinical setting Most phase I
and II studies have been carried out, so far, in late
stage disease and in the presence of a relatively large
tamonr burden after the failure of standard therapies.
Even under the best of circumstances, the success
of therapeutic vaccines will depend on the ability of
the immune system to overcome tumour-induced,
therapy-induced or age-induced immunosu ppression.
Anadditional factor that influences the effectiveness of
therapeutic vaccines will be the ontgrowth of tumour
cells that, for one reason or another, can evade the
immune response (FG.2).

The therapentic vaccine effort that hasaccumu-
lated the most clinical results has been the develop-
ment of vaccines for melanoma patients, It started
with the use of cell lysates from allogeneic tumonr-
cell linesin combination with adjuvants™®* or protein
products that are shed into the supernatants of such
cell lines®>*. Hundreds of patients with advanced
stage 11 or IV melanoma, many with metastatic dis-
ease having failed chematherapy, have participated in
these studies. In the case of one of these vaccines,
Melacine (Corixa Corporation, Seattle, Washington,
USA), phase Tand II trials in stage IV patients showed
4 10-20% response rate {clearing of some metastatic
sites) and in another 10-20% of patients disease
wag stabilized (no progression for varions periods
of time of tnmonrs that were growing at the start of
the vaccine protocel). In a multi-centre phase 1T
study, Melacine was compared with a four-drug
chemotherapy regimen and the response rates and
survival were the same®. The advantage of Melacine
over chemotherapy was that it was non-toxic and
therefore allowed a better quality of life compared
with chemotherapy. For that reason, Melacine is
now available on prescription to patients in Canada
and is awaiting approval in the United States. A
similar vaccine preparation, Canvaxin, was evalnated
in~1,000 stage IV melanoma patients and compared
with an equal number of patients wha were treated
with surgery and chemotherapy during the same
time period, but did not receive the vaccine. This
single-institution study showed a small, but statisti-
cally significant, increase in the overall survival in the
vaccinated group™. The vaccine is now being tested in
a multi-centre phase III randomized trial.

More recent versions of cancer vaccines thatare
based on autologous mmours and their various prod-
ucts include modified tumour cells***and tumonr-
derived heat-shock proteins'®. The latest report from
a phase Itrialin 35 patients with non-small-cell lung
cancer vaccinated with irradiated autologons tumour
cellsthat are engineered to secrete GM-CSF shows
post-vaccine infiltration of metastatic sites with
macrophages, granulocytes and lymphocytes, as
well as pELAYED TYPR HYPERSENSITIVITY (DTH) responses
against unmodified tumour cells in most patients.
Correlation of these events with the clinical outcome
ig less clear, with only five patients showing stabil-
ization of disease!®!, Similarly, the latest report on
the antologous tumour-derived heat-shock protein
gp96 vaccine in 39 patients with resected stage IV
melanoma indicates that 11 patients had increases in
melanoma-specific T-cell reactivity, of which two
patients had a complete responge (disappearance
of all detectable tumours) and three patients had
stable disease!®

DC-based vaccines*?are the newest development
in cancer vaccine design. DCs can be loaded with
autologous or allogeneic tumours!®*, apoptotic
bodies!®™, tnmour lysates!®®, tumour RNAWS17 and
tumont DNA® Wost of these preparations have
shown to be immunogenic and have the potential for
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Figure 2| Manipulation of antitumour immune responses by therapeutic vaccination. a| Therapeutic vaccines are
administered after the umour is diagnosed, at the tims of interactons betwesn the tumour and the immune systsm that corraspond
toparts ¢and din BIG. 1. In the most aptimal clinical sstting, therapsutic vaccines intend to boost immunity againast minimal residual
disease and prevent the outgrowth of metastases shown in parts b and €. Awvaccine hased on autologous tumour or defined tumour
antigens isadministersd in an immunostimulatory preparaton (with aduvant) that can activate Langerhans oells — dendritic cells (DCs)
that residein the epidermis. Activated Langerhans cells taks up the umour antigens and traffic to the draining kmph node in which they
presentantigens to T cels. B cells are also activated and the expected outcome is clonal expansion of turour-specic T cels and the
production of tumour-specfic antbodies. b | Tumnour-specific T cells migrate to the sites of turnour metastases where they atternpt to
kil umour cells that express antigens contained in the vacdne. Their function is compromissd by the immunosuppressive umour
microenvironement, which affects their function and leads to their death. Furthermore, tumour heterogeneity has been established aver
time. Some tumour cslls have lost expression of antigens that ars targeted by theimmune responss and others have become resistant
toimmune effector mechanisms. This allows many of the cells to evade the immune attadk, ¢| Metastazes that continue to grow are
compased of tumour cels that lack antigens recognized by T cells and sntbodies or are othenwise resistant to immune destruction.

tumour rejection in animal models, and are under-
golng evalnation in the clinic at present. Resnlts
from a phase I study of a vaccine composed of DCs
that were loaded with messenger RNA encoding
prostate-specific antigen (PSA) have been reported
recently. Vaccination of prostate cancer patients
that had raised levels of expression of PSA induced
T-cell responses against PSA in most patients and the
log slope of PSA was temporarily decreased !, indi-
cating perhaps that growth of the tumour was slowing
down.

Shared tumour antigens can be produced as syn-
thetic or recombinant proteins and are, therefore, ide-
ally suited for prophylactic vaceination of individnals
who do not havea tumour, butare at high risk of devel-
oping a tnmout. Yet, thege antigens have, so far, been
tested exclusively in therapy of advanced diseage!™H1-12,
Aswithwhole tumour-based vaccines, tumour antigen-
based vaccines have shown impressive results in pre-
venting tumours in animal models and only marginal
results in therapy of advanced diseaze in both animals
and patients'?,
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Many of the potentially insurmountable problems that
diminish the therapeuntic effects of cancer vaccines,
would not need to be considered in the setting of cancer
prevention. Animmune systemn that is primed to antici-
pate tumonr antigens, would be expected to destroy the
tumonr before it becomes clinically obviouns, heteroge-
neous, and can suppress and evade the immune response
(F1G. 3). In 2002, MerckdCompany Inc. announced pre-
liminary results of a study testing the com pany’s vaccine
against human papillomavirus type 16 (HPV16)!%.
Infection with HPV isa known cause of most cervical
cancers and HPV16 is found in over 50% of these
tmours. HPV is a common infection in the general
population and the immune response to the virns pro-
tects against chronic infection that can lead to cancer'®,
Ina minerity of individuals, the immune response seems
not to be strong enongh or of the right type, allowing the
establishment of chronic infection. The results showed,

Adiuvant

o
\=O‘\Q '

A

Lyrnph node

after the first 2 vears of a 4-year study on 2,392 women
aged between 16 and 23 years who were randomly
assigned to the vaccine or a placebo, that inthe placebo
gronp, 3.8% of women were infected with HPV16 annu-
ally compared with no infections in the vaccinated
group. These are spectacular results considering that
150,000 women in developing countries die annnally of
cervical cancer that might now be reduced by preventing
the initial infection with virns. If a world-wide HPV vac-
cination programrne were to start in 2010, it is estimated
that there would be no cases of cervical cancer by 2050
(REF 125). Results from vaccines against hepatitis B virus
(HBV), which is also known to canse cancer in chroni-
callyinfected individuals, already supports the expec-
tation of lowered cancer rates. In Taiwan, where a
national vaccination programme against HBY was
started in 1986, there has been a marked reduction in
theincidence of childhood liver cancer'®. In the HBY
vaccination programme in The Garmbia, vaccination of

Apoptosing

émourcel\

9y Q g ©
. \\’ @ : ©

Figure 3| Maniy ion of anti i resy by prophylact ination. a | Prophylactic vaccines would be
administered before the occurrence of tumours to individuals who are at high risk for developing tumours or have been diagnosed
with premalignant changes in target tissues. A vaccine based on antigen/s that are expected to be expressed by the anticipated
tumour is administered in an immunostimulatory preparation fwith adjuvant) that can activate Langerhans cells — dendritic cels
(DCs) that reside in the epidermis. Activated Langerhans cells ke up the tumour antigens and traffic to the draining lyrmph node in
which they present antigens to T cells. B cells are also activated and the expected outcome is clonal expansion of tumour-speciiic
T cels and the production of tumour-speciic antibodies. This donal expansion of effector cells is followed in time by the generation
of & pool of memory cells that are specific for the turmour anfigen/. b | If a tumour begins to grow sometime in the future, mour
antigens that reach the draining mph node wil reactivate tumour-spedific memory cells and elicit a swit secondary immune
response. This response wil be characterized by large numbers of effector T cells, high titre of antibodies and continuous activation
of DCs atthe turnour site, for continuous processing and presentation of tumour antigens and further amplification of the imrmune
response, ¢ | The incipient tumour has not besn allowed to grow large and heterogenecus and is easily sliminated by the prepared
immune response, Moreover, the memory compartmentis further expanded by this tumour-mediated boost,
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Box 1| Prophylactic I for breast cancer

Many young women with hereditary risk of breast and ovarian cancer, especially those
with mutations in the geneencoding breast cancer 1, early onset (BRCA1) or BRCAZ
(REE 152}, are, at present, offered prophylactic mastectomy and or oophorectomy. Severa
large studies show that these procedures decrease the risk of both cancers'>>*%, Other
presently available options are chemoprevention or frequent surveillance. All of these
options are associated with considerable risks!'?. Breast cancer vaccines have not been one
of the prophylactic options, in spite of the fact that promising breast-cancer antigens have
been defined and, to the extent possible, shown to be safe in phase I and 11 dinical trials in
patients with breast cancer'™!! 111119155, The two main arguments put forward against the
vaccines are! first, safety (potential cross-reactivity of the elicited immune response with
normal tissues); and second, the need for alarge number of patients and long-tarm
observation to establish efficacy. In my view, neither of these arguments is valid. In the
most extreme case of cross-reactivity, autoimmune destruction of normal breast or
ovarian tissue should have no more serious consequences than their surgical removal.
Similarly, if the statistical approaches that are used nowto select an appropriate number
of individuals at high risk allow evaluation of efficacy of prophylactic surgery or
chemotherapy, the sarme statistics, the same number of patients and the same fdlow-up
time can be applied to the evaluation of vaccine efficacy.

newborns has had 83% efficacy against acute infection
and 95% efficacy against chronic infection'®, The effect
on liver cancer is still unknown, because the vaccinated
individuals have not reached the advanced age at which
the cancers arise. Knowing the strength of the associa-
tion between chronic HBY infection and liver cancer,
it is highly probable that the results will match the
expectation of a markedly reduced incidence of cancer.
There are numerous cancers without a known virus
canse that have a bigger impactin terms of human suffer-
ing, which could also be prevented with vaccines! 21512,
“iral antigens are no different from tumour antigens in
that they bath fail to elicit good immune respensesina
therapentic setting, An HPV 16 peptide-based vaccine in
wormen with advanced cervical carcinoma elicited only
minor responses in the face of progressive disease!™, A
similar vaccine in women with an earlier stage of disease
— a high-grade HPV16-pasitive cervical intraepithelial
neoplasia — elicited slightly more convincing immune
respanses that did not translate into eradication of the

Box 2 | Prophylactic for p tic

Patients with hereditary pancreatitis caused by the common mutations in the gene
encoding trypsin have a median age of onset of the disease around 10 years of age, Half
of these patients develop chronic pancreatitis and are at increased risk of pancreatic
cancer' ®, At present, screening is recommended to patients with hereditary pancreatitis
of aged 40 years and over, and if cancer is suspected, removal of the entire pancreas is the
prophylactic option, This is a drastic measure with significant and lasting co-morbidities,
such as brittle diabetes mellitus.

Screening detects early mutations in premalignantlesions that are known tobe
precursors of pancreatic cancer, defined as pancreatic intraepithelial neoplasia
(PanIN}'“¢, The number of mutations that accumulate over time characterizes the stage
of progression of these lesions towards malignancy. Pancreatic cancer vaccines have so far
been tested only in patients with late-stage pancreatic cancer*"', These same vaccines
could be a reasonable prophylactic option for patients with chronic pancreatitis, who
after screening show cancer-promoting mutations and advanced PanINs. Although a
reduction of cancer incidence would be the ultimate end point,that might take along
time to reach, vaccinated patients could be screened asearly as a year after vaccination for
the disappearance of mutations as a way of evaluating the vaccine efficacy.

virus'®®, Results from these trials are exactly the same as
results that are obtained in mary similar trials with other
tumour antigens. The antigen, the formulationand the
delivery of vaccine are all important for its efficacy, but
the appropriate timing of administration might be the
mest important predictor of success for cancer vaccines.
The antigen has animportant role, however, in assur-
ing the safety of the vaccine-elicited immune response.
Wiral antigens that function as tumour antigens are
expected toelicit a response that is specific only for the
tmour cells that harbour them. However, many of the
well-defined tumnonr antigens are also expressed by nor-
mal tissues,albeitina reduced or modified form, and
these tissues could potentially be damaged This potential
has to be considered most seriously in the setting of can-
cer prevention. Many pre-clinical studies of vaccines
based on tumour antigens have put a special emphasis
ondefining turmour-specific epitopes and vaccine for-
mulations that will prevent turnonr growth, but not
damage normal tissues. Results with several antigens
indicate that they could be safely administered to individ-
nals at risk for developing cancer. For example, mucin 1
glycoprotein is expressed by normal epithelial cellsand
by adenocarcinomas of the breast, pancreas, colon, lung,
ovary, prostate and several others. It is also expressed by
many myelomas and some B-cell lym phomas. Learning
how to target the immune response against mucin 1to
tumours expressing mucin 1 could potentially be uged
for the prevention of all these tumonrs. Many groups
are exploring this potential by defining varions epitopes
onmucin 1 that can be used to elicit tumour-specific
immune responses'* ¥, There are quantitative and
qualitative differences in the expression of mucin 1
between normal and malignant cells. Tamounrs over-
express mucin 1 and they also markedly underglycosylate
this otherwise heavily O-glycosylated molecule. The
immune system recognizes both differences and, as seen
in anirnal models from transgenic mice to chim panzees,
it candestroy mucin-1-expressing mmours at the same
time as ignoring normal tissues thatexpress mucin 1
(REF5 12,138-142), Similar examples can be provided by
reviewing the work on other well-known antigens, such
ag CEA®I-M% and HER2 (REFS 11,07,119,146). In addition
to these antigens, which can be used safely withont risk of
antoimmunity, antigens, such as the melanoma antigens
and PS4, are known to induce autoimmunity that can be
tolerated, such as vitiligo or antoimmune prostatitis.

The future of cancer vaccines

Having done as much as is possible to showthe efficacy
and safety of several well-known tumonr antigens, it is
important to decide what will be the next step in devel-
oping these as effective cancer vaccines, One option iz to
continne testing vaccines in cancer patients in small
phase Tand [Irrials, with individual antigens in different
forms,in different vaccine formulations and with differ-
ent adjuvants, taking advantage of new technological
developments and hoping for improvements in efficacy.
The best example of a cancer vaccine that has followed
thiz option is the anti-idiotype vaccine for B-cell
lymphomas™’ — a prototype of a therapentic cancer
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Box 3 | Prophylactic i for col tal

vaccine in a relatively short period of time,

vaccine based on a unigue tumonr antigen. If the same
approach isapplied to shared tumour antigens, it will
vield vaccines for the treatment of a limited number of
patientsatmajor medical centres in developed coun-
tries. However, the impact on cancer asa global health
problem will be negligible,

Theother option is to make a decision that cancer
vaccines that have shown efficacyand safetyin pre-
clinical studies are relevant for the prevention of can-
cer and to begin to test them as such. Trials to test the
ability of mucin 1, CEA or HER2 vaccines to prevent
breast cancer in wornen at high risk should pose no big-
ger logistical and financial challenges than similar trials
of other preventive modalities, among which random-

Of the 130,000 cases of colorectal cancerthat are diagnosed in the United States each year, 15% ate hereditary with 5%
duetoeither familial adenomatous polyp osis syndrome (FAP) or hereditary non-polyposis colorectal cancer syndrome
(HNPCC), Mutations that are associated with these two syndromes are known, and individuals who have one or more of
these mutations are at increased risk of colorectal cancer'®2 Large-scale dinical trials, such as those that use non-steroidal
anti-inflammatory drugs (NSAIDs) have been carried out testing chemoprevention of polyps as a means of preventing
colon cancer. If this prevention approach is to be effective, individuals at risk will need to take the drug forlife. This brings
up the issues of drug toxicity, drug resistance, as well as non-compliance, Alternatively, the same individuals could be
immunized against a tumour antigen that is known to be differentially expressed by polyps versus normal tissue,and
expressed by all colorectal adenocarcinomas. Dysregulated expression of mucin genes in polyps has been d ocumented!®.
Colon-tumourantigen mucin 1 is not expressed by normal colon, but it is expressed by aden omat ous polyps in the
tumour-associated underglycosylated form'*, The hope for a prophylactic vaccine containing mu cin 1would be that it
would prevent the oocurrence or recurrence of polyps, Thisisanend point that can be used to evaluate the efficacy of this

ized trials on hundreds of women that are treated with
donble mastectomies or oophorectormies are taking place
(BC 1). When prevention becomesa stated goal of at least
some cancer vaccines, a different approach will be
encouraged for the identification of new tumonr anti-
gens. Instead of continuing to focus on the tumour asa
source of antigens, the emphasis could shift to premalig-
nant lesions. Many such lesions are known for pancreatic
cancer'® (BoX 2), prostate cancer®, colon cancer'™ (Box3),
esophageal cancer’™ and others. Having vaccines that
conld prevent the progression of these lesions to cancer
would make the cancer screening efforts much more nge-
ful than theyare nowand set the stage for a more general
use of prophylactic cancer vaccinesin the near future.
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Monitoring of Antigen-Specific Cytolytic T Lymphocytes in
Cancer Patients Receiving Immunotherapy

THERESA L. WHITESIDE*

University of Pittsburgh Cancer Institute and Department af Pathology, University of
Pittsburgh School of Medicine, Pitsburgh, Pennsylvania 15213

Recent progress in molecular and immunologic approaches
to discovery of tumor-associated antigens (TAA) in humans
has resulted in the characterization of a number of new epi-
topes (3, 23). In most cases, the success of these efforts de-
pended on the availability of tumor-specific T-cell lines or
clones, which were used as probes for isolation and biochem-
ical characterization of TAA (10, 55). Two types of methodol-
ogies have largely been used for antigen discovery: (i) bio-
chemical fractionation of naturally processed and presented
peptides derived from major histocompatibility complex
(MHC) class I molecules expressed by tumor cells (16) and (ii)
expression cloning of cells transfected with ¢cDNA libraries
derived from tumor cells (54). More recent introduction of the
SEREX (serological analysis of tumor antigens by recombi-
nant cDNA expression cloning) technology (47) and of com-
puter-based modeling of peptides that best fit the relevant
MHC class I molecules expressed on tumor cells (15) further
expands the list of technologies available for antigen discovery
and for identification of TAA which might be therapeutically
useful. SEREX is based on identification of recombinant tu-
mor antigens by immunoglobulin G (TgG) antibodies present
in the patient’s serum. To qualify for immunotherapy, e.g., as
components of antitumor vaccines, TAA or their newly iden-
tified epitopes have to be immunogenic, that is, able to induce
and sustain an immune response specifically targeted not only
to the immunizing epitope but to the tumeor itself. With the
exception of the products of mutated genes, few if any TAA
epitopes meet the criteria for therapeutic utility, lareely be-
cause they are self-antigens rather than nec-antigens. As such,
they are weakly immunogenic, and tolerance for self-epitopes
in tumor-bearing hosts prevents generation of strong antitu-
mor immune responses targeting these TAA. Most of the mel-
anoma-derived peptides are normal differentiation antigens,
which are overexpressed in tumor cells (3, 9, 23). The TAA
encoded by mutated genes are the exception, of course, be-
cause they are truly new antigens, but their therapeutic useful-
ness is limited to individually tailored treatments that are not
applicable to broad-scale immunizations.

Nearly all of the known TAA epitopes are ligands for Tcell
receptors {TcRs) which are clonally expressed on T lympho-
cytes: on CD8™ T cells expressing TcRs for nanopeptides as-
sociated with MHC class T molecules or on CD4% T cells
responding to larger peptides presented by MHC class IT mol-
ecules (32). The presentation of TAA-derived peptides to T
cells could be accomplished by tumor cells themselves, pro-
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Biomedical Science Tower, 211 Lothrop St, Pittsburgh, PA 15213-
2582, Phone: (412} 624-0098, Fax: (412) 624-0264 E-mail: whitesidetl
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vided they express MHC molecules (29). However, since most
human tumors express abnormally low levels of class T mole-
cules (17) and may have no or low expression of class II
antigens (32), in vivo presentation of TAA-derived peptides to
immune cells is likely to occur by the process mediated by
dendritic cells (DC) and referred to as “cross-presentation.”
The importance of DC in immune tesponses to TAA has been
emphasized in view of emerging evidence for frequent, if not
universal, defective antigen processing in tumor cells (26, 50).
This then means that DC can internalize and process TAA
for presentation to T cells bearing the appropriate TcRs, by-
passing the need for tumor cells to act as antigen-presenting
cells (APC). 8till, even if DC assume the role of TAA presen-
tation in vivo and cytolytic T lymphocytes (CTL) are generated
as a result of e flective cross-presentation, these CTL have tobe
able to access the tumor site and recognize the relevant pep-
tides expressed on the surface of tumor cells in the context of
MHC molecules in order to initiate tumor cell lysis. Therefore,
expression on the tumor cell surface of the MHC-peptide com-
plexes is a prerequisite for immunologic recognition and im-
mune cell-mediated tumor cell destruction.

TAA-specific T-cell responses following immunotherapy,
and particularly after the administration of natural or synthe-
tic anticancer vaccines, have been studied in patients with can-
cer (28, 34, 46). Barly clinical trials evaluating such vaccines
showed tumor regression even in patients with advanced dis-
ease (28, 34, 46). Quantitation of antigen-reactive T cells prior
to, during, and after therapy is crucial for future development
of antitumor vaccines. To detect the frequency of peptide-,
protein-, or tumor-specific T cells in the peripheral circulation
of patients treated with anticancer vaccines, several methods
have been developed. The objective aimed for is a measure of
effectiveness of therapy, as judged by the increased number of
circulating specific T cells responsive to vaccinating antigens
and, optimally, to autologous tumor cells as well. The assays
available for measuring of TAA-reactive T cells include (i)
cytotoxicity assays, which provide the assessment of the ability
of T-cell populations to Iyse tumor cells, (ii) cytokine expres-
sion or production assays, in which TAA-specific responses of
T cells are evaluated based on antibody-mediated detection of
intracellular cytokines or cytokines released by T cells follow-
ing stimulation with the relevant antigen, (iii) direct quantita-
tion in peripheral blood mononuclear cells (PBMC) of T cells
able to recognize and bind to a labeled peptide -MHC complex,
and (iv) enumeration of T cells expressing a specific type of
TeR, using PCR-based amplification. The purpose of this re-
view is to briefly consider advantages as well as disadvantages
of these methodologies for monitoring of TAA-specific re-
sponses in patients with cancer treated with antitumor vaccines
and other immunothe rapies.
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CYTOTOXICITY ASSAYS

Cytotoxicity assays have been in use for many years (5) for
measuring antitumor responses. Typically, they depend on the
use of a labeled tumor cell target, which is susceptible to lysis
by T cells recognizing an antigen-MHC complex present on the
tumor cell surface. There are multiple formats for perfor-
mance of cytotoxicity assays, but a chromivm release microtiter
plate method has emerged over the vears as the most widely
applicable and reliable for detection of tumor-specific CTL
(59). In fact, the chromium release assay has been the “gold
standard” for assessment of antigen-reactive T cells based on
their eytolytic effector function. The assay is performed in wells
of %-well plates, with each well containing 1,000 tumor cells
(or a surrogate target presenting the immunizing peptide) and
a defined number of effector T cells. Usually, no more than 10°
effector T cells are placed in a well, resulting in the effector-
to-target ratio of 100:1, to avoid high levels of nonspecific lysis.
It is necessary to perform the assay at several {at least four
different effector/target ratios to ascertain linear kinetics (58).
In order to observe lysis, 100 to 200 specific effector T cells
have to be present in the well, assuming that each effector T
cell can eliminate five consecutive targets during the 4-h incu-
bation period. Thus, for a cytotoxicity assay to be positive, the
frequency of CTL in the population has to be at least 1 in 1,000
cells, providing the detection limit of 10°. The available data
indicate that the frequencies in PBMC of CTL able to respond
to some of the well-defined MHC class I-restricted epitopes
are considerably below this limit of detection (11, 45) and
imply that cytotoxicity assays are not sufficiently sensitive to be
useful for monitoring of tumor-specific CTL in the peripheral
blood. However, it is possible to stimulate PBMC in bulk
cultures with antigen, vsing the procedure called “in vitro sen-
sitization” (IVS). To expand specific CTL to the numbers
detectable in chromium release assays, three to four rounds of
consecutive weekly stimulations with the antigen are required.
While TVS facilitates expansion of CTL from their precursors
(CTLp), it yields only a qualitative estimate of the presence of
specific CTL in PBMC or other lymphocyte populations. In
general, methods for evaluation of CTL responses based on ex
vive expansion may greatly underestimate the number of spe-
cific T cells, becavse some T cells have a reduced proliferative
potential, particularly in patients with cancer or certain in-
fections (30, 36). The kinetics of CTL generation in IVS may
allow for a distinction to be made between primary and
secondary T-cell responses. However, for quantitative assess-
ments of the frequency of CTL in cellular populations, cyto-
toxicity assays have to be performed following limiting dilution
and clonal expansion of CTLp.

Limiting-dilution analysis (LDA) is a microculture tech-
nique in which lymphocytes, plated at various cell doses (e.g.,
50,000 to 1.0/well) in wells of 96-well plates in the presence of
antigen, APC, and interleukin-?, underge rounds of antigen-
driven teplication, resulting in the formation of microcultures
in a proportion of the plated wells (31). A statistical formula is
then used to determine the frequency of proliferating CTLp in
the population of plated cells (53). The obtained microcultures
ot clones (if they are derived from wells containing a single
CTLp) of T cells can then be tested in cytotoxicity assays
against the relevant target to determine the proportion of wells
containing effector CTL. LD A has been extensively used in the
past for the quantitation of both virus- and tumor-specific CTL
(11, 12, 45, 53), and until recently it has provided the best
available estimates of these effector cell numbers in various
cellular populations. LDA is, however, very tedious and tech-
nically demanding. It is not easily applicable to monitoring of
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patients undergoing immunothe rapy. Furthermore, the assay is
notoriously variable and has been shown to grossly underesti-
mate the size of the viral effector CTL population in murine
studies (6, 13). For these reasons, the LDA has been largely
replaced today by newer and more accurate technologies dis-
cussed below.

A multiple-microculture assay, involving stimulation of
PBMC in a limited number of microcultures (e.g., 24 wells,
each containing 10° responding PBMC or 10* enriched CD&"
T cells), was introduced to avoid the labor-intensive LD A and
to provide a semiquantitative estimate of peptide-specific T-
cell frequencies (44). The cells are restimulated twice at weekly
intervals with irradiated autologous PBMC pulsed with the
peptide in the presence of cytokines, and on day 7 following
the third stimulation the cells are tested in chromium rele ase
assays against suitable peptide-expressing targets. Cytotoxicity
assays are performed following cold-target inhibition with
K362 targets to block NK-like activity. Simultaneously, pro-
life ration or cytokine production can be assayed in split wells,
provided T-cell expansion yvields adequate numbers of respond-
ing lymphocytes. Comparing the number of wells with CTL ac-
tivity in pre- versus postvaccination specimens, it is possible to
obtain a semiquantitative assessment of CTLp specific for sin-
gle CTL epitopes and to use the assay for monitoring of effec-
tor cells in clinical trials (unpublished data). More recent re-
ports suggest, however, that the multiple-microculture assay is
not sofficiently reproducible and that it may grossly overesti-
mate or underestimate the frequency of tumor-reactive T cells
relative to LD A or to enzyme-linked immunospot (ELISPOT)
(see below).

Owverall, cytotoxicity assays remain firmly established in the
repertoire of available CTL measurements. The ability to kill a
tumor cell target is, after all, the key functional attribute of
antitumor CTL. The specificity of killing, easily confirmed in
this assay by the inclusion of anti-MHC and anti-TcR antibod-
ies, may be in many instances more important than the assay
sensitivity. Clearly, the assay is not acceptable for scree ning of
CTLp frequencies in PBMC. As a confirmatory method, how-
ever, for measuring specific cytotoxicity, this assay is likely to
continue serving as a gold standard for antitumor effector cell
function until comparisons validate the equivalent perfor-
mance for cytokine-based or tetramer-based technologies.

CYTOKINE-BASED CTL ASSAYS

Upon activation, T lymphocytes up-regulate expression of
and secrete a number of cytokines (7). Polarization of the
cytokine repertoire in Thl and Th2 lymphocyte subpopulations
has been well documented (33, 43). A number of methods have
been introduced to measure cytokine expression in T cells
responding to specific stimuli at the protein or mBRNA level, as
reviewed recently (42). Both the population-type and single-
cell assays for cytokine expression are available (42). Here, the
focus will be on the single-cell assays applicable to CTL fre-
quency estimates, becanse these assays are increasingly fre-
quently used for monitoring of responses to tumor vaccines in
clinical trials.

Staining for intracellular cytokines involves in vitro stimula-
tion of T cells with a relevant antigen in the presence of either
monensin or brefeldin A to block secretion of the cytokine and
enhance its accumulation in the cells. The cells are stained for
surface markers (e.g., CD3, CD4, or CD8), fixed with parafor-
maldehyde, and then permeabilized in the presence of a de-
tergent to allow for access of labeled anticytokine antibody
mside the cell (21, 40). The positively stained cells are quan-
tified by multicolor flow cytometry. This procedure has been
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widely used for determining the numbers of antige n-specific T
cells among human ymphocytes and especially for differenti-
ating Thl from Th2 responses (42, 56). In addition, by using
appropriate monoclonal antibodies to surface antigens, it is
possible to differentiate cytokine-expressing memory T cells
from precursor T cells (see Table 1). The Fast Immune Cyto-
kine System available from Becton Dickinson facilitates stain-
ing and permeabilization steps and provides all necessary con-
trol reagents for detection of intracellular cytokines. However,
it is possible to purchase all the reagents separately and set up
the assay independently of the kit. The only reservation about
this method is that expression of a given cytokine cannot be
always equated with its secretion and, therefore, the assay does
not measure a cellular function. Preliminary comparisons per-
formed in my laboratory showed that a considerable discrep-
ancy existed between expression of gamma interferon (IFN-v)
as measured by flow cytometry and production of this cytokine
by in vitro-stimulated PBMC obtained from normal volunteers
and tested in ELISPOT assays (unpublished data). On the
other hand, reports from other investigators indicate that
there might be good agreement between flow cytometry and
ELISPOT assays, although formal comparisons of these two
methods are not yet available. The flow cytome try assay is also
helpful in making a distinction be tween precursor and memory
T cells: a positive assay after 4 to 6 h of stimulation with the
relevant peptide suggests a memory response which needs little
priming, while a longer period of stimulation (=24 h) is usually
necessaty for primary responses. It is possible that the discrep-
ancy in results between ELISPOT and flow cytometry assays
for TFN-y observed in my laboratory were related to the in-
ability of the 24-h ELISPOT to discriminate between primary
and memory responses (see Table 1).

More recently, a flow cytometiy-based assay for measuring
cytokine secretion by individual antigen-specific T lymphocytes
was introduced (4). Called the “MACS IEN-y secretion assay,”
this technology is designed for the detection, isolation, and
analysis of T cells responding by IFN-y secretion to brief (ap-
proximately 3- to 16-h) in vitro stimulation with a protein
antigen or a peptide (4). The assay allows for capture and
enrichment of antigen-specific T cells, thus facilitating the sub-
sequent analysis as well as expansion of these cells. The TFN-
v-secreting cells are placed in the medium of low permeability
for the secreted product (27). The secreted IFN-v is retained
on the cell surface of the secreting cell, using an affinity matrix
for the secreted cytokine (the catch reagent) which consists of
an antibody able to capture IFN-y conjugated to a cell-surface
specific antibody (4). The captured IFN-y is then detected by
the phycoerythrin-labeled second antibody specific for IFN-y
(a detection antibody). The subsequent analysis by flow cytom-
etry allows for enumeration of lymphocytes secreting TFN-y.
Similarly to all other antibody-based assays, this one depends
on the specificity and guality of anti-TFN -y antibodies and on
conditions set up for capture of the cytokine. It also offers a
possibility for enrichment of TFN-y-secreting cells by a special
matrix consisting of paramagnetic MicroBeads conjugated to
monockonal mouse anti-phycoerythrin antibody by using the fa-
miliar MACS technology. The enrichment cecurs by separation
of magnetically labeled cells on a column, using a MiniMacs
cell separator. The method has a wide range of applications,
including monitoring and functional analysis of antigen-spe-
cific T cells as well as enrichment of IFN-y-secreting cells for
determinations of TcR epitope mapping. Depending on the
conditions selected for this assay, it might be possible to dis-
criminate between early (i.e., memory) and late (ie., primary)
IFN -y expression in T-cell populations. Comparisons between
this assay and ELISPOT have not vet been made.
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The ELISPOT assay is another antibodyv-based technique
for quantitation of single cells secreting cytokines in response
to achallenge with antigen (2, 18, 20, 41, 48, 49). For detection
of IFN-v-secreting cells, nitrocellulose-lined or plastic micro-
titer plates coated with a capture antibody are used. Graded
numbers of PBMC, enriched CD&" or CD4™* T cells, or cul-
tured T cells are plated in wells of the microplate toge ther with
the appropriate APC plus antigen to stimulate secretion of the
cytokine. The number of cells plated is critical, because a
uniform lawn of single cells, only some of which (not too few
and not too many!) secrete the cytokine, is optimal for assay
quantitation. After an incubation pericd of 24 h, a detection
antibody labeled with an enzyme such as horseradish peroxi-
dase is added, followed by a suitable substrate for color devel-
opment. The cells secreting TFN-y are detected as discrete
colored spots, which are microscopically evaluated and count-
ed, using a computer-assisted video image analysis system de-
veloped especially for this purpose (18). Under optimal assay
conditions, each spot corresponds to a single cytokine-produc-
ing cell {18). In addition to objective enumeration of spots in
this system, the spot area can be determined to obtain an in-
dication of the level of produced cytokine and thus the strength
of the response to an antigen. The assay has been found to be
highly reproducible, convenient to use with cryopreserved
PBMC, and sufficiently sensitive to detect 1 IFN-y-secreting T
cell among 100,000 (2). When used with autologous DC pulsed
with lysates of tumor cells, for example, the assay can detect
not only CD8" but also CD4™ responses (19). This is impor-
tant in view of accumulating evidence that CD4" T cells play
a critical role in the induction and maintenance of antitumor
responses (37). Responses to MHC-restricted peptides pre-
sented on correctly matched APC or to non-MHC-restricted
antigens processed and presented by autologous DC can be
measured in ELISPOT assays. Because of these attributes and
its versatility, the ELISPOT assay has been widely used for
monitoring of the frequency of antigen-reactive T cells in pa-
tients treated with cancer vaccines and especially of T cells
responsive to MHC class [-restricted melanoma antigens, in-
cluding MAGE, tyrosinase, Melan-AMART-1, and gpl00 (2,
20, 38). In addition, it has been successfully used for identifi-
cation of a novel DR4-restricted Melan-A/MART-1-derived
peptide (Melan-AMART-1;, .. recognized by CD4™ T cells
obtained from HLA-DR4-positive patients with melanoma or
normal donors (60). The ELISPOT assay, which measures
cytokine secretion {a relatively late event following antigen
stimulation), does not discriminate between primary or mem-
oty responses, unless it is performed with previously separated
precursor or memory T cells (Table 1).

Assays based on detection of cytokine production, as op-
posed to cytokine expression, have been steadily gaining
ground, largely due to the perception that they are functionally
mote televant. Since these assays depend on the vse of two
antibodies recognizing distinct epitopes on the cytokine which
is being measured, they are highly specific. They are also highly
sensitive, because of the amplification step that is generally
associated with the application of antibody-based techniques.
Limited comparisons of ELISPOT with cytotoxicity assays per-
formed in my laboratoty indicated good agreement between
the two (unpublished data). In comparison to cytotoxicity,
ELISPOT assays are less labor-intensive, more reproducible,
and more cost-effective. The choice of ELISPOT versus single-
cell flow cytometry-based cytokine production assays, such as
MACS TFN -y secretion assay, depends on the availability of a
flow cytometer for serial monitoring. The requirement for a
dedicated flow cytometer may discourage some users from
implementing the MACS IFN-y secretion assays. On the other
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TABLE 1. Assays for monitoring CTL

Specificity for the following CTL type:

Assay Sensitivity
(ne. of cells) Effector Precursor Memory
Function
*1Cr release (cytotoxicity) 1/10% + + (after LDA frequency + (after IV3 with MHC class I-
estimates) restricted peptides)
ELISPOT (eytokine production) 1107 + - +
Bxpression
Single-cell flow cytometry (intracellular cytokine) 1/10° + + (CD4s* RATY + (CD4s* ROMP
Tetramers (binding to unique TeRs) 1/10% + + (CD4st RAY + (CD45* ROY

¢ Time to response, 6 b
® Time to respeonse, =24 h,

hand, ELISPOT, whose general format resembles that of the
enzyme-linked immunosorbent assay, lends itself remarkably
well to monitoring of clinical protocols and offers an opportu-
nity for quantitative assessments of CD8™ as well as CD4*
T-cell frequencies in freshly isolated or cultured cellular
populations. It is, therefore, highly likely that ELISPOT will
emerge as the assay of choice for the frequency analysis of
tumor- or virus-specific effector T cells after comparisons with
other assays are completed.

MHC-FPEFPTIDE COMPLEXES FOR DIRECT
ASSESSMENT OF LIGAND-BINDING T CELLS

An attractive approach to isolation and quantitation of pep-
tide-specific T cells in mixed lymphocyte populations was te-
cently introduced based on the use of the fluoresceinated com-
plexes containing the peptide itself linked to MHC class I
molecules (1). Commonly referred to as “tetramer binding,”
this technology involves formation of oligomeric complexes of
MHC molecules with the relevant peptide. Because a mono-
meric peptide-MHC has a very weak affinity for TeR, a strategy
was devised by M. Davis and colleagues of labeling the MHC
molecules in the complex with biotin and assembling such bio-
tinylated complexes to form tetrameric arrays on a scaffold of
avidin (1, 25). These oligomeric peptide-MHC reagents have
increased avidity for T cells expressing specific TcR, and when
they bind, a strong fluorescent signal de tectable by flow cytom-
etry is generated, thus marking the T cell which recognizes the
peptide. Another approach uses genetic linking of MHC mol-
ecules to IgG1 to produce a dimer in which IgG1 serves as a
scaffold (24). The specificity of peptide-MHC reagents is their
greatest asset, and as long as binding properties of the peptide
to TcR are preserved or improved by oligomerization, they
represent valuable and unigue probes for peptide-binding
clones of T cells. Such probes have been successtully e mployed
for both quantitation and then isolation by sorting of CD8* T
cells binding melanoma peptides in PBMC of patients with
metastatic melanoma (25). While peptide-MHC tetramers or
dimers are promising and undoubtedly highly specific reagents,
their application to monitoring or frequency analysis of clini-
cal samples presents a number of problems. First, these are
unique, custom-designed reagents, and their preparation re-
quires that both the tumor peptide and its MHC restriction be
known, limiting the vse of this technology to a handful of pep-
tides and a telatively small number of patients with cancer. The
production of oligomers, their stability, levels of multimeriza-
tion, and quality of the peptide to be incorporated into the
complex are all important factors that determine success in
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implementing this method. Second, tetramer binding is tem-
perature dependent in that staining at 4°C may result in a high
background due to the binding of tetramers to TcRs that rec-
ognize the peptide-MHC very weakly (57). At 37°C, on the oth-
er hand, the specificity of tetramer staining for strongly rec-
ognized, non-cross-reactive ligands is increased (57). Third,
because TcR can exhibit promiscuity for peptide-MHC class T
lizands, the potential for cross-reactivity exists and has to be
considered when the identification of antigen-specific CTL is
desired. Finally, the sensitivity of T-cell detection by this tech-
nology may be well below that achieved with more conven-
tional methods for single-epitope specific T cells, as discussed
above. The detection of ligand-binding T cells is based on flow
cytometry, where a lower limit of detection is generally placed
at 0.2%, which means that ~1 positive cell per 10° tested can
be detected. Furthermore, down-modulation of TcR on some
T cells in patients with cancer may also contribute to dimin-
ished sensitivity of detection. To increase sensitivity, it is pos-
sible to increase the number of total events collected or to
combine the peptide-MHC oligomer staining with a selected
set of surface markers on T cells, e.g., those expressed on the
memory-effector population, which may be expected to contain
the majority of antigen-reactive T cells (Table 1). However,
when Romero and colleagues used fluorescent HLA-A%201
tetramers to characterize Melan A/MART-1-specific T cells in
PBMC of normal donors and several patients with melanoma,
they observed that these cells displayed a naive CD45RA (hi)/
RO(—) phenotype (39). In contrast, influenza matrix-specific
CTL from these individuals had a memory CD45RA (low/RO
(+) phenotype (39). Thus, tetramers are proving to be useful
for phenotypic as well as functional characterization of anti-
gen-specific T cells (14). Nevertheless, more extensive evalua-
tion of these promising tetrameric peptide-MHC class T com-
plexes is necessary before they are accepted for monitoring of
CTL responses. A requirement for multicolor flow cytometry
restricts tetramer use to laboratories with the capability to
undertake this type of labor-intensive analysis.

While the peptide-MHC oligomer technology might not
lend itself readily to monitoring at this time, it appears to be a
valuable tool for confirmatory studies of antigen-specific T cell
subsets and for “fishing out” small numbers of antigen-specific
T cells from mixed populations of lymphooytes for their phe-
notypic and functional characterization. Furthermore, these
cells can be cloned in vitro for further characterization (14). It
is likely that future improveme nts of this promising technology
will eliminate some of the limiting steps and facilitate its
broader use in clinical laboratories.
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IMMUNOSCOPE ANALYSIS OF CDR3 DOMAINS
IN T CELLS

The complementarity-determining regions (CDR) of TeR
are the most variable parts of the receptor protein, endowing it
with diversity. The CDR are found on six loops at the distal
end of variable domains, with three loops protruding from
each of the two variable domains of TcR. The CDR3 are the
most variable of the three. The CDR are in direct contact with
the binding ligand and determine the receptor specificity. Mo-
lecular cloning of TeR genes and sequencing of hypervariable
CDR3 indicated that a broad range of specificities exist in the
TeR repertoire of an individual (35). However, for certain
antigens, the TcR repertoire is quite restricted, in the sense
that a few closely related TcR are recognized by responding
antigen-specific clones of T cells (8, 52). In principle, clono-
typic V B-specific primers can be used to detect the presence of
antigen-specific T cells (ie., T cells with a restricted VP rep-
ertoire) among mixed lymphocyte populations by reverse tran-
scriptase-PCR-based methodology. One quantitative approach
involves an initial PCR with unlabeled V- and Cp-specific
primers to determine the length of the CDR3 region. The
PCRs are setup to amplity the cDNA of interest, using primers
to the regions on either side of CDR3 (a CB-specific primer
and 1 of 24 Vp-specific primers). The product of each ampli-
fication is then visnalized by performing a runoff reaction,
which includes an additional fluorescently labeled probe. The
runoff products are sequenced on an automatic sequencer in
the presence of fluorescence size markers. The size and fluo-
rescence intensity of the fragments are then analyzed uvsing
Immunoscope software (35). The Immunoscope analysis pro-
vides results in the form of a bell-shaped curve with an average
of eight peaks for PBMC of a normal donor. The emergence of
one prominent peak signifies the presence of one or a few
cDNAs with identical or similar CDR3 regions. This means
that the T cells utilize a restricted repertoire of VP genes and
may be clonal or oligoclonal. While this technique allows for
the detection of restricted TcR repertoires of T cells, it does
not identify the ligands recognized by these T-cell clones. Tt
now appears that antigen-specific T cells can utilize quite di-
verse TcR repertoires (8, 52, 22). Thus, this technology cannot
be applied to monitoring of antigen-specific CTL responses,
simply because it is impossible to predict a priori whether a
TeR repertoire for a given antigen will be diverse or restricted.
However, the method is applicable to following changes in the
TeR repertoire in individual patients during therapy (57).

CONCLUSIONS

Sewveral new methods have been identified for monitoring of
antigen-specific CTL. A better understanding of the processes
of antigen processing, presentation, and recognition by T cells
has significantly contributed to the development of these tech-
nelogies. The availability of these technologies has focused
attention on monitoring activities and fre quencies not only of
antigen-specific effector T cells but also of memory and pre-
cursor T cells. Table 1 lists the assays that are currently avail-
able for monitoring of these populations in humans and pro-
vides estimates of the limits of detection for each assay. The
advantages and disadvantages of these assays most relevant to
their application in patient monitoring are discussed above.
The possibility for quantitation as well functional characteriza-
tion of antigen-specific T cells in populations of lymphocytes
has provided new opportunities for monitoring immune re-
sponses to individual antigens in vitro and in vivo., Application
of these methods to monitoring of patients with cancer treated
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with biologic therapies is likely to result in a definition of new
immunologic end points. However, to meet criteria for moni-
toring, the current available methods have yet to be validated.
Work is currently in progress to compare the performances of
various assays in the clinical setting, and before long it should
be possible to recommend those that are biologically and clin-
ically most relevant and economically acceptable.
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Summary

BcyRIIB, a low affinity receptor for the Fc portion of immunoglobulin G
(IgG), is thought to drive negative selection of B cells in germinal centers
(GC) by inducing apoptosis upon interaction with immune complexes. Its
expression was investigated by immunohistochemistry in 22 reactive
lymphoid tissues and 112 B-cell lymphomas. Pre-GC mantle cells, marginal
zone cells and their neoplastic counterparts expressed FcyRIIB. The B chronic
lymphocytic leukaemia (B-CLL}/small lymphocytic lymphomas were also
positive. Not detected in GC, FcyRIIB was expressed in 52% of follicular
lymphomas and in 20% of diffuse large B cell lymphomas (DLBCL). In
DLBCL, FcyRIIB expression was linked to transformation (P < 0-001).
Re-analysis of a gene profile data set from the Lymphochip microarrays
showed that FcyRIIB expression in the activated B-like DLBCL subgroup was
higher than in the GC-like one (F < 0-04), and was associated with an
adverse prognostic both in univariate (£ < 0-003} and in multivariate analysis
including the International Prognostic Indicator (IPI} (P < 0-01}. Thus these
results challenge the potentizl role of FcyRIIB during B-cell selection in GG,
and suggest a prognostic value of FcyRIIB expression in DLBCL.

Keywords: non-Hodgkin's lymphoma, FC receptor, B lymphocytes, immu-
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After leaving the bone marrow, naive B cells encountering
antigen in secondary lymphoid organs undergo crucial differ-
entiation steps that transform them into anfibody-secreting
plasma cells or memory cells (Tarlinton & Smith, 2000, In the
extrafollicular T-cell area, B cells can enter two different
pathways (MacLennan, 1994). The first pathway results inlocal
proliferation of immunoblasts and transformation into low
athnity immunoglobulin M (Ighl) secreting plasma cells. The
second pathway, which requires B cell migration into the
follicular area, gives rise to germinal centers (GC). B cell-
derived centroblasts located in the GC dark area proliferate
extensively and undergo a process of somatic mutations,
allowing diversification of their V-genes. Selection and
differentiation of centrocytes into high-affinity antibody-
secreting plasma cells and B memory cells then occurs in the
GC light zone, driven by anfigen refained on the follicular
dendritic cells (FDC) in the form of immune complexes
(Nossal, 1994; Rajewsky, 1996; Healy & Goodnow, 1998]. In
the GC, DNA recombination leads fo the deletion of Ig
constant regions, allowing Ig class switching.

Most of the major effector functions of antibodies involve
their interaction with Fc receptors [FcR] present on hemato-
poietic cells. Three categories of FcR for [gG (FoyR) exist:
FcyRI (CDe4) has a high affinity for monomeric IgG,
whereas FoyRII (CD32) and FoyRIIN (CD16) bind avidly
IgG-containing immune complexes (Fridman et al, 1992;
Gessner ef al, 1998). Depending on their cytoplasmic region
and/or their associafed chaing, FeyR digplay activating or
inhibitory roles during immune responses (Daeron, 1997). In
humans, two major FcyRID isoforms exist, FcyRILA and
FcyRIIB, which differ principally in their cytoplasmic
sequences. FcyRIIB contains an Immunoreceptor Tyrosine-
based Inhibitory Motif (ITIM) in its cytoplasmic tall. When

K - engaged with ITAM-bearing receptors, such as FcyRILA on

meonocytes (Pricop ef al, 2001] or the B cell antigen receptor
[BCR) Ign or P chains on B cells (Muta e al, 1994; Ono et al,
1996; Coggeshall, 1998), it down-regulafes activafion signals.
As the unique engagement of FeyRIIB by immune complexes
generates an apoptofic signal in chicken B cells, it has been
suggested that FcyRIIB may also play a role in negative
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selection of B cells in the GC (Pearse et af, 1999). Thus, those B
cells that express hypermutated BCR of low affinify for antigen
may be eliminated by FcyRIIB-dependent apoptosis triggered
by FDC-bound immune complexes whereas the high affinity B
cells may be protected from apoptosis and positively selected.
However, this hypothesis is challenged by the down-regulation
of BcyRIIB expression in GC B cells described recently
(Macardle et al, 2002; Rao ef al, 2002] and in the carly studies
of Pulford ef ol (1986) using the pan-anfi-FoyRII mAb KB61.

B cell lymphomas correspond to a heterogeneous set of
malignancies reflecting proliferafion of B cells at various stages
of differentiation (Jaffe ef al, 2001). In addition to chemo-
therapy regimens, anti-CD20 is currently successfully used to
treat some of these malignancies but its mechanism of action
remains unclear (Nguyen er al, 1999). Among the proposed
mechanisms, a potential role for FoyR expressed by host
effector cells has been suggested from the association of
response with FeyRIID polymorphisms (Cartron ef al, 2002)
and from the FeyR-dependent effect of anti-CD28 therapy of
human B cell lymphomas grafted in nude mice (Clynes er al,
2000). FeyR expressed by the tumour cells themselves may also
interfere with anti-CDX20 therapy. However, liffle is known
about the expression of FoyR in the different subtypes of
lymphoma.

In the present study, we have analysed a series of human
reactive lymphoid tissues and mature B-cell neoplasms using
polyclonal antibodies raised against the intracytoplasmic
portion of the receptor and which works on parafiin-
embedded tissues. Whereas a profound down-regulation of
FoyRIIB was found in GC B cells, FeyRIIB was expressed by a
subset of follicular lymphomas and DLBCL. Our study
suggests that FoyRIIB expression may be linked to transfor-
mation in follicular lymphoma and associated to adverse
prognostic in DLBCL.

Materials and methods

The anti-FeyRIIB Antibedies

The anti-FeyRIIB/IC polyclonal antibodies, previousy des-
cribed (Cassard er al, 2002), were prepared by hyperimmuni-
zation of rabbits with a recombinant Glutathione $-transferase
[GST) fused to the IC1 fo IC3 sequence of human FeyRIIB1
[GST-IC). A reverse transcription polymerase chain reaction
fragment obtained from FcyRIIB1 cDNA by using the
following amplimers 5-gctcteccaggatacectgagtge-3°  (sense)
and 5-AATACGGTTCTGGTCATCAGGCTC-3 (antisense),
was cloned into the pGEX-2T expression vector [Pharmacia
Biotech, Uppsala, Sweden) after addition of restriction sifes.
Expression of the GST-IC protein in E. coli was induced by
Lsopropyl bD-thiogalactopyranoside (IPTG) and the protein
was purified from periplasmic fraction by affinity chromatog-
raphy on glutathione agarose column (Sigma). Anti-GST
antibodies were adsorbed by three successive passages onto
G8T-coupled sepharose until there was alack of enzyme-linked

immunosorbent assay reactivity as tested on GST-coated
plates.

In confrast fo the anti-CD32 maAb KB61 (Pulford et al,
1986), anti-FcyRIIB/IC polyclonal antibodies recognize specif-
ically FcyRIIB (CD32) and not FcyRITA. Moreover, they
recognize intracytoplasmic sequences, located outside the [gG-
binding site, making a potenfial masking effect of FcyRIIB-
bound IC very unlikely.

Detection of FeyRIIB by immunohistochemistry

The cases were analysed by immunohistochemistry using
paraffin-embedded material sections prepared conventionally
or as a multi-tissue block for 11 cases of DLBCLs. The latter
cases were prepared on a single paraffin tissue block, using a
microarrayer kindly provided by G. Szekeres [Histopathology
Ltd., Pécs, Hungary), to analyse 2 x 2 mm diamefer punch
secfions for each case. For each block analysed, 4 pm slices
were deparaffinized in a routine manner. Antigen retrieval was
performed with microwave pretreatment followed by 1 h of
incubation with 5 ug/ml of anti-FeyRIIB/IC antibody. Affer
two washes, the secfions were covered with 10 pg/iml of
horseradish peroxidase-conjugated F(ab’), fragment goat anti-
rabbit IgG (Immunotech, IMO0831, Marseille, France) for
30 min. The staining was visualized with diaminobenzidine
and the nuclel counterstained with haematoxylin. In all cases,
the gquality of staining was controlled by infernal positive
confrols, such as macrophages and/or plasma cells. For
lymphoma cases, samples were considered to be positive when
af least 10% of tfumour cells were stained, buf the resulis
usually produced a clear-cut posifive patfern with the majorify
of tumour cells strongly positive at their plasma membrane. All
cases were independently reviewed by two pathologists.

The polydonal anti-FeyRIIB/IC serum gave good [HC
positivity of paraffin-embedded pellets of FcyRIIB1-transfected
melanoma cell lines but not in the non-transfected or FeyRILA-
transfected controls, confirming the specificity of this reagent
(Figs 1A and B). Good immunehistochemical technical quality
was obtained using material that was fixed with the following
solution: 10% formalin, 18% formalin-phosphate-buffered
saline, AFA [(Alcohol, Formalin, Acetic acid) and Bouin's
fixative (data not shown).

Patients

Twenty-two reactive lymphoid tissues of various origin and
112 cases of B-cell lymphomas were analysed (Table I).
Reactive lesions and systemic cases of B-cell lymphomas were
retrieved from the files of the department of Pathology, Hdtel
Dieu, Paris, France. Cenfral Nervous System [CNS] lympho-
mas were obtained either from a series included in the SNCS8
GOELAMS frial [r = 13) or a previous work using samples
obtained from the Groupe hospitalier Pitie-Salpétriére (1 = 7)
and Hépital du Val de Grice (n = 8), Paris, France (Camilleri-
Broet efal, 2000). Among the latter, the ecight human
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Fig 1. Immunohistochemical staining with the
polyclonal  anti-FeyRIIB/IC  antibodies. {A)
Strong plasma membrane staining of fixed- and
paraffin-embedded pellets of FcyRIIBI-trans-
fected melanoma cell line. {B) No staining of
fixed- and paraffin-embedded pellets of melan-
oma cell line transfected with FoyRIA {C)
Absence of detectable expression of RFcyI[IB in
reactive GC while mantle cells strongly express
this protein. {D) Staining of follicular dendritic
cells with the anti-CD23 antibody. {E) Strong
expression of RFcyllB in a case of follicular
lymphoma. {F) Absence of detectable expression
of RFcyllB in a case of follicular lymphoma. {G)
A case of diffuse large B cell lymphoma
{DLECL) showing strong RFcyIIB expression at
the plasma membrane. {H) A case of diffuse
large B cell lymphoma that does not express
REcy IIB.

Table I. Reactive lymphoid tissues analysed.

Reactive lesions 22
Spleen parenchyma 4
Follicular hyperplasia in digestive tract 3
Lymph nodes: 15

Reactive to a lung carcinoma
Castleman disease
Necrotizing lymphadenitis
Unspecified lymphadenitis

o o= o=

immunodeficiency  (HIV)-primary CNS lymphomas were
immunoblastic with plasmablastic differentiafion and associ-
ated with the Epstein-Barr virus (EBV). Formalin-ficed
material was available for all cases, except for the myelomas
that were Bouin's liquid-fixed bone marrows.

FcyRIB in B Cell Maturation and B-cell Lymphomas

For follicular lymphomas, the following information was
collected when available: histological grade (grade 3: five of
24), foci with the appearance of marginal zone [four of 24),
intracytoplasmic Ig expression (seven of 16), Bcl-2 and CD10
expression (18 of 24 and 13 of 17 respectively), bd-2 gene
rearrangement (MBR or ma loci) (seven of 18), bone
marrow involvement (12 of 17) and follow-up (death,
transformation).

Among the 46 non-HIV DLBCLs, 12 corresponded to
transformation from indelent lymphomas, which were either
known previously by history (n = 6) or recognized histolog-
ically without history of indolent lymphoma (# = 6). Among
them, seven had transformed from follicular lymphomas.
Other cases corresponded to transformation of marginal zone
lymphomas or lymphoplasmacytic lymphomas. FeyRIIB
expression was compared with Bd-2 and CD10 expression.
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Statistical analysis of FoyRIIB gene expression in DLBCL,
based on web site microarray data set

The lymphochip ¢cDNA microarray data set gene expression
patterns in DLBCL reported by Alizadeh eral [2000] was

Brc-analysed (hitp://lmpp.nih.gov/lymphoma/). The available

data set consists of 4026 values for each sample, each value
reflecting the relative abundance of a given mRNA as
compared with the mRNA pool used as a reference. The six
cDNA clones of the lymphochip that were entitled ‘IgG Fc
receptor II-B and C isoforms” and their corresponding
postprocessing values were selected. We restricted our analysis
to the 38 of the 40 DLBCL patients for whom all values were
given. Measurements were centered first and scaled. A FcyRIT
score was calculated for each sample, corresponding to a
unique linear combination [with equal weights) of these values
in order to produce simple, comparative and informative data
from the spot intensifies of the different clones. The FoyRIT
scores were then compared with the International Prognostic
Indicator (IPT) and DLBCL subgroups (GC B-like or activated
B-like) using classical #test. Considering a median cut-off for
the FeyRII score, survival curves corresponding to the low
score FeyRIL and high score FoyRII were derived from the
Kaplan-Meier estimates (Kaplan & Meier, 1958). The relation-
ship between overall survival and FcyRIIB score, IPI and
subgroups (GC B-like or activated B-like) were tested
separately or combined using Cox proporfional hazards
models (Cox, 1972). All analyses were performed with the 8-
Plus software package. The characteristics of the patients and
the results of FcyRIIB expression in our series were compared
using Fisher's exact test. Only P-values <0-05 were considered
significant.

Results

FcyRIIB expression in reactive lymphoid tissues

The pattern of FeyRIIB expression in follicles was studied in 22
reactive lymphoid fissues (Table I), whatever their origin.
Mantle cells of secondary follides clearly showed a plasma
membrane expression of FcyRIIB (Figs 1C and D). Notably,
except on rare plasma cells, no labelling was detected in GC,
neither on FDC, tingible bodies in macrophages or lymphoid
cells. In the interfollicular area, the plasma cells often showed a
strong membrane expression of FeyRIIB, but the immuno-
blasts were negative. Monocytold B-cells, found in some cases
of lymphadenitis, as well as splenic marginal zone cells, were
positive. A cytoplasmic and/or membrane staining of FeyRIIB
was detected on some histiocytic/macrophage cells located in
the interfollicular area.

FoyRIB expression i B-cell lymphomas

Results are summarized in Table II. The pattern of FcyRIIB
expression in several types of small B-cell lrmphomas closely

Table 1. FcyRIIE expression in mature B-cell lymphomas.

No.of No.of %

cases positive  positive

B-cell neaplasms studied  cases cases
B-CLL/Small lymphocytic lymphomas 7 7 100
Splenic marginal zone lymphomas & 8 100
MALT lymphomas 5 5 100
Mantle cell lymphomas 5 5 100
Myelomas 9 2 22
Follicular lymphomas 24 13 54
DLBECLs 46 9 20

De nove 34 2 &

Transformed 1z 7 58
Primary H[V-associated CNS & 2 25
lymphomas
Total 11z

MALT, mucosa-assoclated lymphoid tissne; DLECLs, diffuse large
B-cell lymphomas; CNS, central nervous system.

resembled the pattern observed in their corresponding normal
counterparts. Indeed, all mantle cell lymphomas, splenic
marginal zone lymphomas and mucosa-associated lymphoid
tissue (MALT) lymphomas strongly expressed FeyRIIB at their
plasma membrane [five, eight and five cases respectively). It
was also true for the seven B-CLL/small lymphocytic lympho-
mas. Notably, FeyRIIB was expressed by a subset of follicular
lymphomas (13 of 24] and of DIBCLs (11 of 54]. Among the
DLBCLs, two of eight HIV-associated primary EBV+ CNS
lymphomas and nine of 46 non-HIV DLBCLs were FcyRIIB-
positive (detailed below). In contrast to mature plasma cells,
which expressed strongly FcyRIIB, only two of nine myelomas

were positive.

FryRILB in follicular lymphomas: marker of progression?

In contrast to reactive GC B cells, which were constantly
negafive, 13 of 24 (54%) cases of follicular lymphomas
expressed FoyRIIB at their cyfoplasmic membrane [Figs 1E
and F). The expression levels were variable from one case to
another and, in most cases, similar fo those of mantle cells.
Two cases showed a weak expression whereas one case showed
a very strong staining (Fig 1E). No significant relationship was
observed between FoyRIIB expression and the histological
grade, Bcl-2 expression, CDI1C expression, Bcl-2 gene rear-
rangement or bone marrow involvement. No significant
association was found eifher between FoyRIIB expression and
marginal differentiation. Intracytoplasmic Ig expression was
more frequent in tumour cells from FeyRIIB-expressing cases
than in those from FeyRIIB-negative cases, but this did not
reach statistical significance in this small series (P = 0-1).
Among the 17 patients followed-up (median follow-up:
4 years), 10 expressed FcyRIIB. Of the seven FeyRITB-negative
cases, one death was recorded without recognized fransforma-
tion, two patients showed a transformation 5 and 6 years after
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the biopsy and four patients were alive without fransformation
at a median follow-up of 5 years. Of the 10 FeyRIIB-expressing
cases, three deaths were recorded, two of which followed
transformation. Moreover, five of 10 cases showed transfor-
matfion, at the fime of biopsy for one patient, within the first
year for three patients and after 4 years of evolution for the last
one. Altogether, these resulfs show that, within the first year,
transformation occurred in four of the 10 FoyRIIB-posifive
cases but in none of the seven negative cases (F = 0-1).

FeyRITB expression in DLBCL: a marker of transformed
lymphomal?

Nine of the 46 non-HIV DLBCLs (20%) expressed strongly
FcyRIIB at their plasma membrane (Figs 1G and H). No
significant association was found between FcyRIIB expression
and the prognostic marker Bel-2 (P = 1). Among the 42 cases
tested for both Bcl-2 and FcyRIIB, six of the 32 (19%) Bcl-2-
positive cases co-expressed FoyRIIB, whereas it was expressed
in fwo of the 10 (20%) Bcl-2-negative cases. CDN0 expression
was more frequently found in the FoyRIIB-negative group
without reaching statistical significance (P = 0-1). Moreover,
FeyRIIE was more fraquently expressed in the systemic cases
[seven of 24; 29%) than in the CNS cases (two of 22; 9%), but
was not significant (P = 0-14). One important level of
heterogeneity of DLBCL is that some of the cases are in fact
indolent B-cell lymphomas that have undergone transforma-
tion, often underestimated and usually with a poor prognosis.
In our series, FoyRIIB expression was found in a significantly
higher proporfion of fransformed DLBCLs [seven of 12, 58%)
than in DLBCLs withouf recognized indolent B-cell lymphoma
(two of 34, 6%) (P < 0-001).

FryRITB gene expression in DLBCL microarray studies

To further investigate the potential influence of FcyRIIB gene
expression levels on the owerall survival in DLBCL, we re-
analysed the data sef used by Alizadeh er ol (2000). Alizadch
ef al [2000) described two molecularly distinet forms (sub-
groups) of DLBCLs on the basis of their gene expression
profiles, the GC B-like DLBCLs and the activated B-like
DLBCLs, with gene expression patterns characferistic of GC B
cells and of B cells activated in vitro respectively. The GC B-like
DLBCLs patients had better overall survival than the activated
B-like DLBCLs ones. By selecting the values given by the six
<DNA clones entitfled ‘IgG Fe receptor I-FB and C isoforms’
and transforming them into a ‘FcyRIEB score’, we found that
the higher FeyRIIB score values were significantly linked fo
activated B-likke DLBCL subgroup (P = 0-04], whereas no
significant relationship was found between the FcyRIIB score
and the IPL the dinical indicator of prognosis [P = 0-17).
Moreover, a high FcyRIIB score was significantly linked fo
worse overall survival in univariate analysis (F = 0-083)
(Fig 2) as well as affer adjustment for IFI (P = 0:01). To
determine whether the FeyRIIB score could provide prognostic

FcyRIB in B Cell Maturation and B-cell Lymphomas

— Low score FeGamma2
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208 [
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Fig 2. Kaplan Meier estimates for the calculated FoyRIIB score from
microarray data set {http://llmpp.nih.gov/lymphoma/). Considering a
median cut-off, a high FoyRI score i significantly linked to worse
overall survival in univariate analysis {F = 0-003).

information regarding the two subgroups (GC B-like DLBCL
or activated B-like DLBCL), we infroduced and fested this
latter ferm in the previous mulfivariate Cox model. However,
when taking into account subgroups, neither FeyRIIB score
[P = 0-21) nor subgroups (F = 0-31) remained significant as
compared with IPI (F = 0:013). This probably relates to
collinearity effect between subgroups (GC B-like DLBCL or
activated B-like DLBCL) and the EcyRIIB score.

Discussion

This study has found a fight regulation of FoyRIIB expression
in site during B cell differentiation and in B cell malignancies.
A profound down-regulation of FoyRIIB was observed in the
GC of the 22 reactive lymphoid tissues studied, independently
of their origin (lymph nodes, digestive fract and spleen) and
the clinical situation. FcyRIIB down-regulation was transient
as pre-GC and post-GC B cells were positive. Extrafollicular
immunoblasts were negative as well, suggesting that down-
regulation is not restricted to GC. The down-regulation of
FcyRIIE observed in GG herein confirms and exfends previous
studies performed in mice (Rao ef al, 2002) and humans
[Pulford er al, 1986; Macardle ef al, 2002). It is also compatible
with the lower levels of FeyRIIB in GC B cells, as compared
with resting/activated B cells, that were seen on the lympho-

ip cDNA microarrays (http://llmpp.nih.gow] homa/).
P T tp Pp-niLgoviymp

Altogether, these results challenge the hypothesis that suggests
that one of the major roles of FcyRIIB is to trigger negative
selection of B cells expressing hypermutated BCR of low
affinity for antigen (Pearse ef el 1999). If that is the case,
FcyRIIB should be at least detectable on such cells. In contrast
to mouse EDC (Qin ef al, 2000; Rao et al, 2002), FcyRIIB was
undetectable on human FDC. However, GC formation in mice
is obtained after experimental immunization, a situation that is
different from usual human dinical situations. Moreover in

humans, immune complexes may be collected af least by
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complement receptors (Barringfon ef al, 2002), human FDC
being CD21 (CR2) and CD35 (CR1) positive.

In DLBCLs, although not significant in our series, there was
a trend for a relationship between CD10 expression (GC
marker) and FcyRIIB-negative cases. This was strengthened
upon re-analysis of the lymphochip cDNA microarray data set
from Alizadeh er ol (2000), the results showing a significant
relationship between high FeyRIIB scores and acfivated B-like
profiles in DLBCLs. Furthermore, FoyRIIB gene expression
levels are significanfly associated with a poor prognosis in
DLBCLs, independent of the IPL This ohservation is compat-
ible with a linkage between FeyRIIB-score values and the
activated B-like profile, known to be of poor prognosis. We
have found no significant relationship befween Bd-2 and
FcyRIIB expression in our series whereas it has been shown
that activated B-like DLBCLs had higher Bcl-2 mRNA levels
than were observed GC B cells. This result most probably
reflects that the full spectrum of activafed and GC B-like
DLBCLs as defined by microarray cannof be summarized by a
single antigen expression.

In our series, a significant relationship between FeyRIIB
expression and transformed cases of DLBCL was found. This
group of fransformed DLBCL included patienfs with an
indolent lymphoma component on histological biopsy, even
in the absence of a previously known history of indolent
disease. Thus, it is possible that the poor prognostic activated
B-like group of patients may include a subset of unrecognized
transformed lymphomas, which are known to be aggressive
(Bastion ef al, 1997). Moreover, the fact that a large propor-
tion (40%) of the FoyRIIB-expressing follicular lymphomas
were already transformed or in the process of fransformation
in the aggressive lymphomas, is also compatible with a possible
association of FeyRIIB with transformafion. Frequent abnor-
malifies of chromosome 1q have been deseribed in B cell
lymphomas and are correlated with poor outcome in non-
Hodgkin's lymphomas [Offit e af, 1991; Johansson et af, 1995;
Whang-Peng ef al, 199% Zimonjic efal, 2001; Martinez-
Climent ef al, 2003). These abnormalities frequently involve
the 1921-23 region, containing the FCGR2E gene. Multiple and
complex modifications such as duplication, triplication or
tranglocation occur, probably reflecting the high level of
instability of the region ([toyama ef al, 2002). In few cases, the
tranglocation of this region was assodated with hyperexpres-
sion of FeyRIIB2 protein (Callanan er al, 2008; Chen et al,
2001).

The question of the role of FcyRIIB in fumour development
was addressed in mouse models. Its expression Is associated
with an inhibition of growth of human melanoma cells in nude
mice, which occurs upon direct interaction of tumour cells
with IgG3 anti-tumour anfibodies (Cassard eral, 2002).
However, FoyRIIB expressing polyoma  virus-fransformed
3T3 cells (Zusman er al, 1996) showed increased tumourige-
nicity in immunocompetent mice when compared with
negative ones. These apparently contradictory results might
be related to host immunoregulatory influences andfor

tumour cells. In immunocompetent hosts, tumour expressing
FcyRIIB may down-regulate effector funcfions of FeyR-posit-
ive cells present in the microenvironnement, by trapping
immune complexes and thus leading to dominance of FcyRIIB
expressing tumour cells. Tumour cells may also shed FcyRIIB
under its soluble form by proteolytic cleavage or alternative
splicing of the transmembrane-encoding exon, as demonstra-
ted in the sera of mice bearing lymphoid tumours [Lynch ez al,
1992). This soluble FcyRIIB may either inhibif B-cell prolif-
eration or down-regulate the antibody-dependent effector
funcfions by competition, leading to an escape from immune
surveillance (Fridman et al, 1993). On the other hand, genes
involved in the susceptibility of lymphoid tumours to
promotor factors have been located in the fogr2 mouse locus.
A direct role of FeyRIIB in transformation is difficult to predict
on the basis of the known inhibitory functions of FeyRIIB in B
cells. It cannot be excluded that FoyRIIB expression accom-
panies that of other genel(s] involved in the transformation
process by co-amplification. Further studies have to be
performed fo draw a definite conclusion about the adverse
prognostic values of FoyRIIB expression in follicular and
DLBCL lymphomas. The anti- FeyRIIB antibody working in
paraffin sections will enable this question fo be addressed in
large retrospective studies.
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Iost cells of the immune system express receptors for the Fo region of 12G
(FcyR). This heterageneaus family of molecules (Figure 1) play a critical rale in
immunity, by linking the humoral to the cellular responses [1]. Depending on
their cytoplasmic region andfor their associated chains, FeyR display coordinate
and opposing roles in the immune system. The achivating FoyR contain an
Immunoreceptor Tyrosine-based Activation Motif (ITAM) in their cytoplasmic
reglon or in their associated signad transducing uwmts [2][3]. They inttate
inflammatory, cytolytic and phagocytic activities of immune effector cells [4]
The inhibitory FoyR contain an Immunoreceptor Tyrosine-based Inhibitory
Motf (ITIM) in their cytoplasmic tal [5]. Upon crossdinking with ITAM-
contaning receptors, they down regulate responses. The inhibitory receptors
negatively regulate Ag-specific proliferation and differenciation of B cells, IgE-
triggered mediator release by mast cells or interndization of 1gG-immune
complexes by macrophages [6]. Three classes of FoyR exmst (Figure 1), All of
them belong to the Ig-Suger Family. FeyRI are high affinity receptors (Kd = 10°
M for monomenc 1gG) whereas FoyRII and FoyRIID exhibit low affimity for

How Fry receptors bind 196

The Fr region 1§ separated fom the antigen binding parts of the IgG molecule
by a flewible hinge region and forms two structural domains, the CH2 and CH3
domains. Cellular and structurd approaches have shown that the lower hinge
reglon contans the maor binding site for FoyR. It is established that crose-
linking of FcyR membrane molecules 15 a prerequisite to IgG-mediated cell
activation. Since the Fc portion is composed of two identical polypeptide chains
which are related to each other by a two-fold axs, each I12G molecule may
potentially bind two FoyR and imtiate cellular responses even in the sbsence of
multivlent antigen. Howewer, equilibium  sedimentation experiments
performed with soluble FeyRID and FeyRIIL have shown that the stoichiometry
of the interaction of low affinmty FogR with IgG 12 1 : 1, in solution. Studies by
MNMR provided an explanation to this paradoz, suggesting that a rearrangement
occurs in the lower hinge of one heavy chan upon binding of one FoyR
molecule. This small conformationd change may preclude the binding of a
second FeyR to the second heawy chain Fo [13]). The Fo-FeyRII co-crystd
structures confirmed the 1 1 stoichiometry and showed that the horse shoe-
shaped Fc 15 slightly more opened at the N terminus of the CH2 domans in the
FeyRI1I-Fc complex compared wath other unligated Fe structures [14]

Al known FcR are members of the Iz Super Family, except for FoeRIL The
crystal structures of the extracellular domans of FoyRII [15] [16] and FeyRIII
[17] show remarkable similarity. The receptors consist of two extracellular Ig-
like domaing, D1 and D2, with acute interdomain hinge angles of 50-555 unique
to Fc receptors, and with Fo-binding region located in the D2 domain. The
recent crystal structure of the FoyRIIIb-Foyl complex [18][14] has reveded that
the receptor-ligand interface consists of the BC, C'E, FG loops and the C B
strand of the D2 domain, the hinge loop between the D1 and D2 domains of the
receptor providing additiona interactions with Feoy (Figure 2). The receptor
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monomeric 1gG, with Kd for monomeric l2G ranging from 107 to 107 M. The
high affimity FeyRI and the low affinity FoyRIIIa are composed of a ligand-
binding chain associated to signal-transducing chains bearing an ITAM motif
The low affinity FoyRIlais a single chain polypeptide which contans an ITAM
motifin its cytopl asmic part. The low affinity FeyRITb] and FoyRID 2 receptors
are single chan receptors generated by alternative splicing. They contan an
ITIM motif in their cytoplsamic tal. With the exception of MK cells and B cells
which express exclusively FoyRIlla and FoyRIIh respectively, most cell types
express both activating and inhibitory receptors (Table 1) [4]. Therefore the
cellular response depends on the relative expression of achivating and inhibitory
receptors. This ratio 13 hughly influenced by the cytokine environment. Thus Thi
cytokines (IFMy, TNFo) up regulate the expression of activating receptors
whereas Th2 cytokines up regulate the expression of inhibitory [7]. In contrast
with the other FeyR, FoyRIIIb is anchored to the plasma membrane via a C-
terminus-linked GPIL moiety [8]. Present exclusively on neutrophils, it plays a
predominant role in binding of immune complexes. Its co-aggregation with
FeyRlla activates phagocytosts, degranulation, and the respiratory burst leading
to destruction of opsonized pathogens [9][10]. Activation of neutrophils leads to
secretion of a protealyticaly cleaved soluble form of the receptor corresponding
to its two extracellular domains [11]. Soluble FoyRIIB exerts regulatory
functions by competitive inhibition of FeyR-dependent effector functions and
via binding to the complement receptor CR3 [12], leading to the production of
inflammatory mediators

Recent progress in the FoyR field led to the concept that FoyR control the
balance between autoimmunity and peripheral tolerance. In addition, because of
their absolute requirement for antibody-dependent effector cell responses, they

play a major role in the therapeutic effect of lgG-antibodies

binds asymmetnically to the lower hinge region of both Fo heawy chans
creating a 1:1 receptor ligand stoechiometry [14]. Low affinity FeyR have a low
affinity for monomeric [gG. Their biological role is indeed to bind immune
complezes Parallel FoyRIIh dimers hawe been observed in the crystal lattice
Such dimerization may occur on the cell surface, increasing the avidity of the

interaction and subsequently facilitating cell activation [17] [19].

Roles of Foy receptors in autoimmunity

Mice deleted for the ITAM-bearing signal-transducing v chan associated to
FeyRI and FoyRII or for their respective ligand binding chaing have impaired in
vitro IgG-dependent phagocytic and ADCC responses (Tahble IT) [20][21][22]

Since the y chan is associated to the high affinity receptor for IgE, the y-chain
deficient mast cells are unable to respond not only to 1gG but also to [gE. These
mice are unable to mount type I and type 11l hypersensitivity reactions and are
resistant to the induction of autoimmune diseases [23] In contrast, mice
deficent for the FoyRIIE gene exhibit enhanced inflammatory responses in vitro
and are prone to spontanequs and induced autoimmune diseases (Table III)
[24][25][26][27]. These data obtained in mice have led to the concept that many
systemic autoimmune diseases are under FoyR control and that the complement
plays an indirect role in such diseases, by regulating the ratio between activating
and inhihitory receptors on inflammatory cells (Figure 3) Most probably,
activating FoyR control autcimmoune reactions by increasing the uptake of
immune complezes and by tiggenng effector macrophages whereas the
inhibitory receptors control the aciwation of autoreactive B cells and thus
maintan periphera tolerance. In addition FoyRIIb regulates the dearance of
immune complezes by mononuclear phagocytes present in spleen and in liver. In
the human, variants of low affinity FoyRIla and FoyRIlla exist, with reduced
affinity for immune complexes due to mutations in or near the [gG-binding site

[28][29]. Linkages between such FeyR polymorphisms and autoimmune
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diseases such as SLE R4, Guillan Barré syndrome and multiple sclerosis have
been descibed. In addition polymorphism in the FeyRIITb-NA antigens (related

to FoyR glycosylation) seem also involved in systemic autoimmune diseases.

Rales of Fey receptors in antibodv-based therapies :

There has been a renewed interest since few years in the use of mabs in the
diagnostic and treatment of various tumors [30](Tsble I'V). The most impressive
clinical results have been ohtained with Rituzimab, a chimeric anti-CD20 mAh
in the treatment of B cell lymphoma [31]. A humanized ma&b that recognizes the
human oncoprotein HER-2/meu over-expressed in some breast cancers and other
tumnors, induces clinical responses [32]. Other m&hbs such as Campath-1H or 17-
14 produced encouraging results in the treatment of chronic lymphocytic
leukemia [33] or colorectal carcinoma [34] respectively. There is increasing
evidence that the Fo portion of the anti-tumor mabs is a msor component of
their therapeutic activity, through binding to FoyRs expressed by effector cells
present in the tumaor microenwironment. The polymomphisms of FyRIIb
(ValiPhe™®) and FovRIla (Higlarg'™) that affect hinding of IzG-immune
complexes predict the response to Rituximab in patients with follicular
lymphoma, supporting the hypothesis that ADCC by NK cells and macrophages
plays an important role in the clinical effect [35][36]. As demonstrated in Foy
receptor-deficient mice the anti-tumor effects of Rituzimsb and Herceptin
require the presence of the signal transducing y chain to activate FoyRI and
FeyRII expressed on monocytes/macrophages and NIC cells and are down
regulated by inkibitory FeyRIIb at the monocyte/macrophage level [37]. The
improved efficacy in tumor eradication of bispecific molecules (BSMs) that
have one am specific for tumor cells and the other specific for FoyRs on
immune effector cells, further illustrates the maor role of FoyRs in mah
immunotherapy [38]. This FoyR-dependent biologicd actiwities of therapeutic

impact on tumor growth and uwptdse in nude mice This effect 15 under the
control of T-independent Ig5 anti-tumor antibodies [47). The respechive roles of
the host immune system and of the tumor cell response in the regulation of
growth and migration of metastatic tumars by ectopic FeyR are currently under
study in our laboratary.

Conclusion

The knowledge on FeyR functions and structure has indeed progressed a lot
since their original discovery by the 70°s [49][50][51][52]. FoyR are important
molecules not only to mediate and control the effectors functions of IgG
antibodies, but they also control the autoimmunitytolerance baance in the
periphery. Furthermore, they are major actors of the efficacy of therapeutic
antibodies. The recent description of the oystal structure of the FoyR/Fc
complex opens new possibilities to manipulare FoyRAFC interactions and hence

the efficacy of such antibodies
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legends of tahles

Tahle I Expression af haumeen FeyR on cells af the Inmnune System.

Table IT Mice defidentin activating FoyR are resistant to systemic

aiteinimune diseases.
(ADCC: Ant ‘&'r\p‘ ent Ce G icity, ITP: Kiopath B Lympho Derdritic cels | M WE cellb |Heutrophils | Mast cells
Thrombocysepenic warey, ATFEA ki Hemolytic Anemi ymphocytes | Dendritic ce Mfmxszfes cel ‘ eutrop] ast ce
FerRl p—
prbtion
Table T Fnhibitory receplor control infl, ion and meintein periphercl FeRILa :ﬁmm;-mwn Bhamaviors e
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Annexe A: Curriculum vitae — Wolf Hervé Fridman
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1970-1971 Scientific Expert. Institut A. FRAPIER - University of Montreal, Canada.

1972-1973 Post-doctoral Fellow of the Canadian Medical Research Council. Laboratory of Immmunochemistry

(Pr RA. NELSON Jr). Lady Davis Institute for Medical Research of the Jewis General Hospital of
Montreal, Canada.

1975-1976 Chargé de Recherche a I'Institut National de la Santé et de la Recherche Médicale (INSERM),
Laboratory of Tumor Immunology, INSERM U.136 (Dr F.M.KOURILSKY) Institut de Recherches
sur les Maladies du Sang, Hopital Saint-Louis, Paris, France.

1976-1982 Chief, Group of Cellular Immunology. Institut de Recherches Scientifiques sur le Cancer (IRSC),
Villejuif, France.

1982-present Director. Laboratory of Cellular and Clinical Immunology, INSERM Unit 255, Institut Curie, Paris,
France. Centre de Recherches Biomédicales des Cordeliers, Paris

Clinical experience

1967-1970 Fellow of Department of Hematology (Pr J. BERNARD) Hoépital Saint-Louis, Paris, France.
1973-1977 Consultant in Immuno Hematology, Hopital Saint-Louis, Paris, France.
1977-1986 Consultant in Immunology, Institut Curie, Paris, France.

1986-present Head Laboratory of Clinical Immunology, Institut Curie, Paris, France.
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" INSERM is the equivalent of the American NIH
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SCHOLL, S., BALLOUL, J.-M., LE GOC, G., BIZOUARNE, N., SCHATZ, C., KIENY, M.-P., VINCENT-SALOMON, A.,
DENEUX, L., TARTOUR, E., VON MENSDORFF-POUILLY, S. FRIDMAN, W.H,
POUILLART, P., ACRES, B. A recombinant vaccinia virus encoding human MUCI1 and IL2 as
immunotherapy in breast cancer patients. J. Immunother., 2000, 23, 570-580.

Annexes — Curriculum vitae 235



The 2™ PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 15-20, 2003

LEBEL-BINAY, S., BERGER, A., ZINZINDOHOUE, F., CUGNENC, P.H., THIOUNN, N., FRIDMAN, W.H., and
PAGES, F. Interleukin-18: biological properties and clinical implications". European Cytokine
Network, 2000, 11, 15-25.

CASSARD, L., DRAGON-DUREY, M.-A., RALLI, A., TARTOUR, E., SALAMERO, J., FRIDMAN, W.H., SAUTES-
FRIDMAN. Expression of low-affinity Fc gamma receptor by a human metastiatic melanoma line.
Immunol. Lett., 2000, 75, 1-8.

TARTOUR, E., MEHTALI, M., SASTRE-GARAU, X., JOYEUX, 1., MATHIOT, C., PLEAU, J.-M., SQUIBAN, P.,
ROCHLITZ, C., COURTNEY, M., JANTSCHEFF, P., HERRMANN, R., POUILLART, P.,
FRIDMAN, W.H. and DORVAL T. Phase I clinical trial with IL2-transfected xenogeneic cells
administered in subcateneous metastatic tumors: clinical and immunological findings. British J.
Cancer, 2000, 83, 1454-1461.

PRICOP, L., REDECHA, P., TEILLAUD, J.-L., FREY, I., FRIDMAN, W.H., SAUTES-FRIDMAN, C. and SALMON, J.E .
Differential modulation of stimulatory and inhibitory Fcy Receptors on human monocytes by TH1
and TH2 cytokines. J. Immunol., 2001, 166, 531-537.

LESOURNE, R., BRUHNS, P., FRIDMAN, W.H. and DAERON, M. Insufficient phosphorylation prevents Fcy RIIB from
recruiting the SH2 domain-containing protein tyrosine phosphatase SHP-1. J. Biol. Chem. 2001,
276, 6327-6336.

BOUHLAL, ,H., GALON, J., KAZATCHKINE, M. D., FRIDMAN, W. H., SAUTES-FRIDMAN, C. and HAEFFNER-
CAVAILLON, N. Soluble CD16 inhibits CR3 (CD11b/CD18)-mediated infection of monocyte/
macrophages by opsonized primary R5 HIV-1. J. Immunol., 2001,166, 3377-3383.

TARTOUR, E., MOSSERI, V., JOUFFROY, T., JAULERRY, C., BRUNIN, F., FRIDMAN, W.H., RODRIGUEZ, J. Serum
soluble interleukine 2 receptor (sIL-2Ra) levels as an independent prognostic marker in head and
neck cancer. The Lancet, 2001, 357, 1263-1264 .

RADAEV.,S., MOTYKAS, S., FRIDMAN, W.H., SAUTES-FRIDMAN, C. and SUN, P.D. The structure of a human type 111
Fcy receptor in complex with Fc. J. Biol. Chem., 2001, 19, 16469-16477.

MALBEC, 0., SCHMITT, C., BRUHNS, P., LIENARD, H., KRYSTAL., G., FRIDMAN, W.H. and DAERON, M. The SH2
Domain-containing inositol5-phosphatase SHIP1 mediates cell cycle arrest by FcyRIIB. J. Biol.
Chem., 2001, 32, 30381-30391.

DRAGON-DUREY, M.-A., QUARTIER, P., FREMEAUX-BACCHI, V., BLOUIN, J., de BARACE, C., PRIEUR, A.-M.,
WEISS, L. and FRIDMAN, W.H. Molecular basis of a selective Cls deficiency associated with early
onset multiple autoimmune diseases. J. Immunol., 2001, 166, 7612-7616.

MUELLER, G.F., CREMER, L, PAULET, P.-E., NIIDA, S., MAEDA, N., LEBEQUE, S., FRIDMAN, W.H. and SAUTES-
FRIDMAN, C. Mannose receptor ligand-positive cells express the metalloprotease decysin in the B-
cell follicle. J. Immunol., 2001,167, 5052-5060.

CORONEL, A., BOYER, A., FRANSSEN, J.D., ROMET-LEMONNE, J.-L., FRIDMAN, W.H., and TEILLAUD, J.-L.
Cytokine production and T-cell activation by macrophage-dendritic cells (MAC-DC) generated for
therapeutic use. British J. Haematol., 2001, 114, 671-680.

GRUEL, N., FRIDMAN, W.H., TEILLAUD, J.-L. By-passing tumor specific and bispecific antibodies: triggering of anti-
tumor immunity by expression of anti-Fc-gamma-R scFv on cancer cell surface. Gene Ther., 2001, 8,
1721-1728.

DIEU-NOSJEAN, M.-C., MASSACRIER, C., VANBERVLIET, B., FRIDMAN, W.H., CAUX, C. IL-10 induces CCR6
expression during langerhans cell development while IL4 and IFNy suppress it. J. Immunol., 2001,
167, 5594-5602.

PAGES, F., LEBEL-BINAY, S., VIEILLEFOND, A., DENEUX, L., CAMBILLAU, M., SOUBRANE, O., DEBRE, B.,
TARDY, D., ROMET-LEMONNE-J.-L., ABASTADO, J.-P., FRIDMAN, W.H. and THIOUNN, N.
Local immunostimulation indeuced by intravesical adminsitration of autologous interferon-gamma-
activated macrophages in patients with superficial bladder cancer. Clin. Exp. Immunol., 2001, 127,
303-309.

MALBEC, O., ATTAL, J.P., FRIDMAN, W.H., DAERON, M. Negative regulation of mast cell proliferation by FcyRIIB.
Mol. Immunol., 2001, 38, 1295-1299

BENCHETRIT, F., CIREE, A., VIVES, V., WARNIER, G., GEY, A., SAUTES-FRIDMAN, C., FOSSIEZ, F., HAICHEUR,
N., FRIDMAN, W.H. and TARTOUR, E. Interleukin 17 in hibits tumor cell growth via a T cell-
dependent mechanism. Blood, 2002, 99, 2114-2121.

PAGES, F., LEBEL-BINAY, S., VIEILLEFOND, A., DENEUX, L., CAMBILLAU, M., SOUBRANE, O., DEBRE, B.,
TARDY, D., ROMETLEMONNE-J.-L., ABASTADO, J.-P., FRIDMAN, W.H. and THIOUNN,
N.Local immunostimulation induced by intravesical adminsitration of autologous interferon-gamma-
activated macrophages in patients with superficial bladder cancer. Clin. Exp. Immunol., 2002, 127,
303-309.

BATES, E.M., FRIDMAN, W.H., and MUELLER C.G. The ADAMDECI1 (DECYSIN) gene structure: evolution by
duplication in a metalloprotease gene cluster on chromosome 8p12. Immunogenetics, 2002, 54, 96-
105.

Annexes — Curriculum vitae 236



The 2™ PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 15-20, 2003

FREMEAUX-BACCHI, V., GUINNEPAIN, M.-T., CACOUB, P., DRAGON-DUREY, M.-A., MOUTHON, L., BLOUIN,
J., CHERIN, P., LAURENT, L., PIETTE, J.-C., FRIDMAN, W.H., WEISS, L., KAZATCHKINE,
M.High prevalence of monoclonal gammopathy in patients presenting with acquired angioedema of
type II. Annales of Internal Medicine, 2002, 113, 194-199.

TARTOUR, E., BENCHETRIT, F., ADOTEVI, O., and FRIDMAN, W.H. Synthetic and natural non live vectors: rationale
for their clinical development in cancer vaccine protocols. Vaccine, 2002, 3366, 1-8.

TAKAHASHI, N., COHEN-SOLAL, J., GALINHA, A., FRIDMAN, W.H., SAUTES-FRIDMAN, C. and KATO, K. N-
Glycosylation profile of recombinant human soluble Fcy receptor III. Glycobiology, 2002, 12, 507-
515.

FRIDMAN, W.H. Principles and Practice of the Biologic Therapy of Cancer New England Journal of Medicine , 2002, 347,
71-72.

CASSARD, L ., COHEN-SOLAL, J., GALINHA, A., SASTRE-GARAU, X., MATHIOT, C., GALON, J., DORVAL, T.,
BERNHEIM, A., FRIDMAN, W.H. and SAUTES-FRIDMAN, C. Modulation of tumor growth by
inhibitory Fc gamma receptor expressed by human melanoma cells. J. Clin. Invest., 2002, 110, 1549-
1557.

CREMER, L., DIEU-NOSJEAN, M.-C., MARECHAL, S., DEZUTTER-DAMBUYANT, C., GODDARD, S., ADAMS, D.,
WINTER, N., MENETRIER-CAUX, C., SAUTES-FRIDMAN, C., FRIDMAN, W.H. and
MUELLER, C.G. Long-lived immature dendritic cells mediated by TRANCE-RANK interaction.
Blood, 2002, 100, 3646-3655.

THIOUNN, N., PAGES, F., MEJEAN, A., DESCOTES, J.-L., FRIDMAN, W.H., and J.-L. ROMET-LEMONNE. Adoptive
immunotherapy of superficial bladder cancer with autologous macrophage activated killer (MAKtm)
cells. J. Urology, 2002, 168, 2373-2376.

GEY, A., KUMARI, P, SAMBANDAM, A., LECURU, F., CASSARD, L., BADOUAL, C. FRIDMAN, C,
NAGARAIJAN, B., FRIDMAN, W.H. and TARTOUR, E. Identification and characterization of a
group of cervical carcinoma patients with profound downregulation of intratumoral Type 1 (IFNy)
and type 2 (IL4) cytokine mRNA expression. Eur. J. Cancer, 2003, 39, 595-603

LEBEL-BINAY, S., THIOUNN, N., De PINIEUX, G., VIEILLEFOND, A., DEBRE, B., BONNEFOY, J.-Y,
FRIDMAN,W.H. and PAGES, F. Interleukin 18 is produced by prostate cancer cells and is secreted
in response to interferons. Int. J. Cancer, 2003, in press.

CAMILLERI-BROET, S., CASSARD, L., BROET, P., DELMER, A., Le TOUNEAU, A., DIEBOLD, J., FRIDMAN,
W.H., MOLINA, T.J., SAUTES-FRIDMAN, C. FcyRIIB is differentially expressed during B cell
maturation and in B-cell lymphomas. Brirish J. Hematol., 2003, in press.

HAICHEUR, N., BENCHETRIT, F., BISMUTH, E., LECLERC, C., FALGUIERES , T., FAYOLLE, C., AMESSOU , M.,
FRIDMAN, W.H., JOHANNES, L., TARTOUR, E. The B-subunit of Shiga toxin coupled to full size
antigenic protein elicits humoral and cell-mediated immune responses associated with a TH1
dominant polarization. Int Immunol, 2003, 15, 1161-1171

Publications — Book chapters, reviews... (last five years)

FRIDMAN, W.H. Introduction to the field. In "The immunoglobulin receptors and their physiological and pathological roles
in immunity, Jan van de Winkel and P. Mark Hogart Eds, Kluwer Academic Publishers, 1998, 1, pp
1-7.

SAUTES, C., GALON, J., BOUCHARD, C., ASTIER, A., TEILLAUD, J.-L. and FRIDMAN, W.H. Soluble FcyR, a
biological perspective. In "The immunoglobulin receptors and their physiological and pathological
roles in immunity, Jan van de Winkel and P. Mark Hogart Eds, Kluwer Academic Publishers, 1998,
24, pp 279-290.

FRIDMAN, W.H., PAGES , F., MICHON, J., TEILLAUD, J.-L., TARTOUR, E. Tumor Immunology: a new look. In: The
biotehrapy of cancers. From immunotherapy to gene therapy. S. Chouaib, Editor, Eds INSERM,
1998, 3-22.

GALON, J., MOLDOVAN, I., MARIDONNEAU-PARINI, I., FRIDMAN, W.H., SAUTES-FRIDMAN, C. Regulation of
production of soluble Fcy receptors type III by neutrophils. Proceedings of the 10th International
Congress of Immunology, Monduzzi Editore, Bologne, 1998, 231-236.

ROUARD, H., TAMASDAN, S., TEILLAUD, J.L., FRIDMAN, W.H. FcyRII signaling: a paradigm for a single chain-
transducing unit among Ig superfamily members. Proceedings of the 10th International Congress of
Immunology, Monduzzi Editore, Bologne, 1998, 279-284.

ROCHLITZ, C., JANTSCHEFF, P., BONGARTZ, G., DIETRICH, P.Y., SCHATZ, C., MEHTALI, M., COURTNEY, M.,
TARTOUR, E., DORVAL, T., FRIDMAN, W.H. and HERRMANN, R. . Gene therapy with
cytokine-transfected xenogeneic cells in metastastic tumors. In: Advances in Experimental Medicine
& Biology, 1998, 451 531-537.

FRIDMAN, W.H. Actualités en immunologie tumorale. Bull. Cancer, 1998, 85, 29-30.
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TEILLAUD, J.-L., GRUEL, N., COCHET, O., KENIGSBERG, M., DELUMEAU, SCHEIGHOFFER, F., BRACCO, L.,
FRIDMAN, W.H., TOCQUE, B. Intracellular targeting of oncogene products: a novel approach for
cancer therapy. In: The Immunologist, 1998, Supplt 1, 467.

MALBEC, O., FRIDMAN, W.H. and DAERON, M. Négative regulation of hematopoietic cell activation and proliferation
by FcyRIIB. In: Current Topics in Microbiology and Immunology. R.W. Compans, Atlanta, M.
Cooper, Birmingham, J.M. Hogle, Philadelphia, F. Melchers, Basel, M. Oldstone, La Jolla, S. Olsnes,
Oslo, M. Potter, Bethesda, H. Saedler, Cologne, P.K. Vogt, La Jolla, H. Wagner, Munich Editors,
Springer-Verlag Berlin Heidelberg, 1999, 244.

FRIDMAN, W.H. Cross-linking activating and inhibitory immuno-receptors: a novel mechanism of immunosuppression. In
"Immunopharmacologie: Strategies for immunotherapy" Eds S.N. Upadhyay, Narosa Publishing
House, New Delhi, India, 1999, 117-124.

GRUEL, N., MOUTEL, S., NAM, C.H., BEUZARD, M., FRIDMAN, W.H., TEILLAUD, J.-L. Effets endogénes et
exogeénes de 1’expression d’anticorps par des cellules tumorales : modulation d’activités oncogéniques
et recrutement d’effecteurs de I’immunité anti-tumorale. Eurocancer 2000, Eds John Libbey Eurotext,
2000, 151-154.

DAERON, M., MALBEC, O., LIENARD, H., BRUHNS, P. and FRIDMAN, W.H. Immunoreceptor tyrosine-based
inhibition motif-dependent negative regulation of mast cell activation and proliferation.In “ Mast cells
and basophils ”, 2000, 12, 185-193.

TARTOUR, E., GEY, A., HAMDI, S., VIELH, P., NAGARAJAN, B., FRIDMAN, W.H.La PCR in situ — In situ PCR: an
overview. Ann. Pathol., 2000, 20, 213-220

DAERON, M., BRUHNS, P., LESOURNE, R., MALBEC, O. and FRIDMAN, W.H. SHIP1-Mediated negative regulation of
cell activation and proliferation by FcyRIIB. In “ Activating and Inhibitory Ig-Like Receptors ” MD
Cooper, T.Takai and J.V. Ravetch Eds. Springer Verlag, Tokyo, 2001, pp.141-152.
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Annexe B: Curriculum vitae — Catherine Fridman

Catherine FRIDMAN

INSERM Unit 255

Centre de Recherches Biomédicales des Cordeliers Tel: +33 153100400

15 rue de I’Ecole de Medecine Fax: +33 140510420

75015 Paris, France Email: catherine.fridman@u255.bhdc.jussieu.fr

Present position
Senior scientist & Group leader, Inserm? U255, Centre de Recherches Biomédicales des Cordeliers

University title
Docteur és Sciences (Ph.D) University of Paris, 1974

Academic titles

Professor of Immunology - University Paris 6

Research experience

1969-1971 Boursi¢re de la Ligue Nationale Frangaise contre le Cancer
1971-1972 Assistante Chargée de Recherche, Association Claude Bernard
1972-1975 Attachée de Recherche, INSERM

1975-1981 Chargée de Recherche, INSERM

1981-1983 Maitre de Recherche, INSERM

1984-1990 Directeur de Recherche 2nd class, INSERM

1990-2000 Directeur de Recherche, 1st class INSERM

2000-present Professor, University Paris 6

Research activities

1969-1976 Institut de Recherches sur les Maladies du Sang Laboratoire d'Immunologie des Tumeurs (Dir: Dr
F.M. Kourilsky) Hopital Saint-Louis, Paris

1976-1982 Institut de Recherches Scientifiques sur le Cancer Laboratoire d'Immunologie Cellulaire, Villejuif
(Dir: Dr W.H. Fridman)

1983-2001 Institut Curie - Laboratoire d'Immunologie Cellulaire et Clinique,INSERM U255, Paris (Dir: Dr

W.H. Fridman)

2001-present Centre de Recherches Biomedicales des Cordeliers, Laboratoire d'Immunologie Cellulaire et
Clinique,INSERM U255, Paris (Dir: Dr W.H. Fridman)

Honors
1984 Laureate of the Behring Metchnikoff prize
1992 Laureate of the Petit d'Ormoy prize

Research administration activities

1982-1986 Member of CSS nr 3 (Immunology) of INSERM

1982-1997 Member of various committees for international fellowships

1986-1990 Vice-president of the French immunological society (SFI)

1995-1999 Member of CSS nr2 (Cancerology) of INSERM

1997-2002 Member of CSS1 (Immunology) of ARC (Association pour la recherche sur le cancer)

2003-present Member of CN1 (Ile de France) of ARC (Association pour la recherche sur le cancer)
2000-2003 President of the French Society for Immunological (SFI)

2 INSERM is the equivalent of the American NIH
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Editorial boards
Member of the editorial board of Immunogenetics, Journal of Immunogenetics.
Member of the executive board of Immunology Letters since 1996.

Major achievements

I am a biochemist directly involved in the characterization of membrane molecules and of their soluble products and in the
analysis of their immunoregulatory roles.

I first worked on major histocompatibility antigens in the laboratory of Professor Jean Dausset at Hopital Saint-Louis in Paris.
There I described the third major histocompatibilty locus (H2-L) and the association of HLA-antigens to 32 microglobulin.

In 1976 I founded an independant cellular immunology group with W.H. Fridman and switched to the study of receptors for IgG.
My major achievements in that field have been the identification of the soluble forms of these receptors, the analysis of their
functional roles and of their structure using recombinant molecules. I am now involved in tumor immunology, working on the
expression and role of receptors for IgG on melanoma cells.

Publications — Journals (last five years)

GALON, J., MOLDOVAN, 1., GALINHA, A., PROVOST-MARLOIE, M.-A., KAUDEWITZ, H.,, ROMAN-ROMAN,, S.,
FRIDMAN, W. H. and SAUTES, C. Identification or the cleavage site involved in production of
plasma soluble Fcy receptor type III (CD16). Eur. J. Immunol., 1998, 28, 2101-2107.

McCALL, A. M., AMOROSO, A. R., SAUTES, C., MARKS, J., WEINER,L. Characterization of anti-mouse FcgRII single-
chain Fv fragments derived from human phage display libraries Immunotechnology, 1998, 4, 71-87

TAKAHASHI, N., YAMADA, W., KATSUYOSHI M., TSUKAMOTO,T. GALINHA A., SAUTES, C. KATO K. and
SHIMADA, 1. N-glycan structures of a recombinant mouse soluble Fcy receptor II. Glycoconjugate J.,
1998, 15, 905-914.

BRUNEAU, J.-M., YEA, C.M., SPINELLA-JEAGLE, S., FUDALI, C., WOODWARD, K., ROBSON, P.A., SAUTES, C,
WESTWOOD, R., KUO, E.A., WILLIAMSON R.A., and RUUTH, E. Purification of human
dihydroorotate dehydrogenase and its inhibition by AA77 1726, the active metabolite of leflunomide.
Biochem. J., 1998, 336, 299-303.

MATHIOT, C., GALON, J., TARTOUR, E., TEILLAUD, J.-L., FACON, T., BATAILLE, R., FRIDMAN, W.H. and
SAUTES, C. Soluble CD16 in plasma cell dycrasias. Leukemia and Lymphoma, 1999, 32, 467-474.

LEONETTI, M., GALON, J., THAI, R., SAUTES-FRIDMAN C, MOINE G. and MENEZ, A. Presentation of Ag-Ab in
immune complexes is boosted by soluble bacterial Ig Binding proteins. J. Exp. Med., 1999, 189,
1217-1228

TARTOUR, E., FOSSIEZ, F., JOYEUX, 1., GALINHA, A., GEY, A., CLARET, E., SASTRE-GARAU, X., COUTURIER,
J., MOSSERI, V., VIVES, V., BANCHEREAU, J;, FRIDMAN, W. H., WIDJENES, J., LEBECQUE,
S., SAUTES-FRIDMAN, C. IL17- a T cell derived cytokine promotes tumorigenicity of human
cervical tumors in nude mice. Cancer Research, 1999, 59, 3698-3704

PAGES, F., VIVES, V., SAUTES-FRIDMAN, C., FOSSIEZ, F., BERGER, A., CUGNENC, P.-H., TARTOUR, E. and
FRIDMAN, W.H. Control of tumor development by intratumoral cytokines. Immunol. Lett., 1999,
68, 135-139.

MOLDOVAN, I., GALON, J., MARIDONNEAU-PARINI, MATHIOT, C., FRIDMAN, W.H. and SAUTES-FRIDMAN, C.

Regulation of production of soluble FcyReceptors type III in normal and pathological conditions.
Immunol. Lett., 1999, 68, 125-134.

KATO, K., SAUTES-FRIDMAN, C., YAMADA, W. KOBAYASHI, K., UCHIYAMA, S., ENOKINOZONO, J.,
GALINHA, A., KOBAYASHI, Y., FRIDMAN W.H., ARATA, Y., and SHIMADA 1. Structural
basis of the Interaction between IgG and Fcy Receptors. J. Mol. Biol, 2000, 295, 213-224

KATO.K, FRIDMAN, W.H, and SAUTES-FRIDMAN C. A conformationnal change in the Fc precludes the binding of two
Fc gamma receptor molecules to one IgG. Immunology Today, 2000, 21, 309-354.

CREMER 1., VIEILLARD V., SAUTES-FRIDMAN C., and DE MAEYER E. Inhibition of HIV transmission to CD4+ T
cells by constitutive expression of IFNb by dendritic cells. Human gene therapy, 2000, 11, 1695-1703

ZHANG, Y., TITLOW, C.C., RADAEV, S., BROOKS, A.G., FRIDMAN, W.H., SAUTES-FRIDMAN, C., SUN, P.D.
Structure of a human FcyRIII and its implication in receptor oligomerisation. Immunity, 2000, 13,
387-39s.

CASSARD, L., DRAGON-DUREY, M., RALLI, A., TARTOUR, E., SALAMERO, J., FRIDMAN, W.H., SAUTES-
FRIDMAN, C. Expression of low affinity Fc gamma receptors by a human metastatic melanoma line.
Immunology Letters, 2000, 75, 1-8

PRICOP, L., REDECHA, P., TEILLAUD, J.L., FREY, J., FRIDMAN, W.H., SAUTES-FRIDMAN, C., and SALMON, J.

Differential modulation of stimulatory and inhibitory Fcy receptors on human monocytes by Thl and
Th2 cytokines J. Immunol, 2001, 166, 531-537.
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BOUHLAL, H., GALON, J., KAZATCHKINE, M., FRIDMAN, W.H., SAUTES-FRIDMAN, C. and HAEFFNER-
CAVAILLON, N. Soluble CDI16 inhbits CR3 (CDI11b/CD18)-mediated infection of
monocyte/macrophages by opsonozed primary RS HIV-1. J. Immunol, 2001, 166, 3377-3383

RADAEV, S., MOTYKA, S., FRIDMAN, W.H., SAUTES-FRIDMAN, C. and SUN P.D. The structure of a human type III
Fcy receptor in complex with Fc. J. Biol.Chem, 2001, 276, 16469-16477

BOULAY, A., MASSON, R., CHENARD, M.P., EL FAHIME, M., CASSARD, L., BELLOCQ, J.P., SAUTES-FRIDMAN,
C., BASSET, P., and RIO, M.C. High cancer cell death in syngeneic tumors developed in host mice
deficient for the stomelysin-3 matrix metalloproteinase. Cancer Research, 2001, 61, 2189-2193

KATSUMATA, O., HARA-YOKOHAMA, M.H., SAUTES-FRIDMAN, C. NAGATSUKA, Y., KATADA, T.,
HIRABAYASHI, Y., SHIMIZU, K., FUJITA-YOSHIGAK]I, J., SUGIYA, H., FURUYAMA, S.
Association of FeyRII with low-density detergent-resistant Membranes is required for cross-linking-
dependent initiation of the tyrosine phosphorylation pathway and superoxydde generation. J.
Immunol. 2001, 167, 5814-5823

MUELLER, C.G.F., CREMER, I., PAULET, P., NIDA, S., MAEDA, N., LEBEQUE, S., FRIDMAN, W.H., SAUTES-
FRIDMAN, C. Mannose receptor ligand-positive cells express the metalloprotease decysin in the B
cell follicle. J. Immunol, 2001, 167, 5052-5060

BENCHETRIT, F., CIREE, A., VIVES, V., WARNIER, G., GEY, A., SAUTES-FRIDMAN, C., FOSSIEZ, F., HAICHEUR,
N., TARTOUR, E. Interleukin 17 inhbits tumor cell growth by means of a T-cell-dependent
mechanism. Blood, 2002, 99, 2114-2121

TAKAHASHI, T., COHEN-SOLAL, J., GALINHA, A., FRIDMAN, W.H., SAUTES-FRIDMAN, C. AND K. KATO. N-
Glycosilation profile of recombinant human soluble Fcy receptor III. Glycobiology, 2002, 12, 507-
515

CREMER, 1., DIEU-NOSJEAN, M.-C., MARECHAL, S., DEZUTTER-DAMBUYANT, C., GODDARD, S., ADAMS, D.,
WINTER, N., MENETRIER-CAUX, C., SAUTES-FRIDMAN, C., FRIDMAN, W.H. and
MUELLER, C.G.F. Long-lived immature dendritic cells mediated by TRANCE-RANK interaction.
Blood, 2002, 100, 3646-3655

CASSARD, L., COHEN-SOLAL, J.F.G., GALINHA, A., SASTRE-GARAU, X., MATHIOT, C ., GALON, J., DORVAL,
T., BERNHEIM, A., FRIDMAN, W.H., SAUTES-FRIDMAN, C. Modulation of tumor growth by
inhibitory Fc gamma receptor expressed by human melanoma cells. J. Clin. Invest., 2002, 110, 1549-
1557

GEY, A., KUMARI, P., SAMBANDAM, A., LECURE, F., CASSARD, L., BADOUAL, C., SAUTES-FRIDMAN, C.,
NAGARAIJAN, B., FRIDMAN, W.H., TARTOUR, E. Identification and characterization of a group
of cervical carcinoma patients with profound downregulation of intrtumoral Type 1 (IFNG) and Type
2 (IL4) cytokine mRNA expression. Eur.J. Cancer, 2003, 39, 595-603

CAMILLERI-BROET, S., CASSARD, L., BROET, P., DELMER, A., LE TOURNEAU, A., DIEBOLD, J., FRIDMAN
W.H., MOLINA T.J., SAUTES-FRIDMAN C. FcyRIIB is differentially expressed during B cell
maturation and in B-cell lymphomas. Br. J. Hematol., sous presse

Publications — Book chapters, reviews... (last five years)

SAUTES, C., GALON, J., BOUCHARD, C., ASTIER, A., TEILLAUD, J.-L. and FRIDMAN, W.H. Soluble FcyR, a
biological perspective. In "The immunoglobulin receptors and their physiological and pathological
roles in immunity, Jan van de Winkel and P. Mark Hogart Eds, Kluwer Academic Publishers, 1998,
24, pp 279-290.

GALON, J., MOLDOVAN, I., MARIDONNEAU-PARINI, I., FRIDMAN, W.H., SAUTES-FRIDMAN, C. Regulation of
production of soluble Fcy receptors type III by neutrophils. Proceedings of the 10th International
Congress of Immunology, Monduzzi Editore, Bologne, 1998, in press.

CASSARD, L., FRIDMAN, W.H., SAUTES-FRIDMAN, C. Monoclonal antibodies in cancer therapy: Involvement of FcyR
expressed by immune effector cells and by tumor cells. Proceedings of the 2™ International
Conference on Tumor Microenvironment progression, Therapy and prevention. Baden, Austria, June
2002.

SAUTES-FRIDMAN, C., COHEN-SOLAL J., SUN, P., KATO K., FRIDMAN W.H. Structure and function of Fc gamma
receptors, Annals of the Rheumatic diseases, 62, suppl 1, 40
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Annexe C: Curriculum vitae — Eric Tartour

Eric TARTOUR

Unité d'Immunologie Biologique

Hoépital Européen George Pompidou Tel: +33 156093942

20, rue Leblanc Fax: +3315609 2080

75908 Paris Cedex 15, France Email: eric.tartour@egp.ap-hop-paris.fr

Present position

Associate Professor in Immunology at the Georges Pompidou European Hospital (Paris), University
Pierre and Marie Curie.

Academic and Professionnal Education

1998 Senior Lecturer, University Pierre and Marie Curie, Paris.

1997 Ph.D. in Immunology, Université Denis Diderot, Paris.

1986-1991 M.D. in Internal Medicine, University René Descartes, Paris.

1989 Post graduate degree in Immunology (Institut Pasteur), Paris.

1990 Post graduate diploma in Immunology, Institut Curie, INSERM U255 (Dr. Fridman), Paris.

Academic and professionnal experience
1991-1992 Resident in the Department of Nuclear Medicine, Institut Gustave Roussy, Villejuif.

I worked under the supervision of Dr M. Schlumberger and was in charge of patients with endocrine
and neuroendocrine tumors. I took part in protocols of radioimmunotherapy for colon carcinomas
with radio-labeled monoclonal anti-ACE antibodies.

1992-1998 M.D. Assistant in Immunology. Clinical Immunology Laboratory (Director: Dr. Fridman), Institut
Curie, Paris.

I was involved in the development of new clinical protocols of immunotherapy and in the monitoring
of patients undergoing interleukin-2 therapy.

1999-present M.D. Specialist in Immunology. Clinical Immunology Laboratory, Georges Pompidou European
Hospital (Director: Prof. W.H. Fridman).

I am in charge of the immunological monitoring of patients treated by gene therapy and cancer
vaccines.

Publications — Journals (last five years)

Tartour, E., Gey, A., Sastre-Garau, X., Lombard Surin, 1., Mosseri, V., Fridman, W.H. Prognostic value of intratumoral
interferon gamma messenger RNA expression in invasive cervical carcinomas. J Natl Cancer Inst 90.
4:287-294 (1998)

Lee, RS, Tartour, E*., van der Bruggen, P., Vantomme, V., Joyeux, 1., Goud, B., Fridman, W.H., Johannes L. Major
histocompatibility complex class I presentation of exogenous tumor antigen fused to the B fragment of
Shiga toxin. Eur J Immunol. 28. 2726-2737. (1998) (*Corresponding author)

Tartour, E., Francois Fossiez, Isabelle Joyeux, Annie Galinha, Alain Gey, Emmanuel Claret, Xavier Sastre-Garau, Jérome
Couturier, Véronique Mosseri, Virginie Vives, Jacques Banchereau, Serge Lebecque, Wolf.Herman.
Fridman, C. Sautés. IL-17, a T cell derived cytokine, promotes the tumorigenicity of human cervical
tumors in nude mice. Cancer Res. 59. 3698-3704 (1999).

Tartour E, Mehtali M, Sastre-Garau X, Joyeux I, Mathiot C, Pleau JM, Squiban P, Rochlitz C, Courtney M, Jantscheff P,
Herrmann R, Pouillart P, Fridman WH, Dorval T. Phase I clinical trial with IL-2-transfected
xenogeneic cells administered in subcutaneous metastatic tumours: clinical and immunological
findings. Br J Cancer 83(11):1454-61 (2000).

Haicheur, N., Bismuth, E., Bosset, S., Adotevi, O., Warnier, G., Lacabanne, V., Desaymard, C., Amigorena, S., Ricciardi-
Castagnoli, P., Goud, B., Fridman, W.H., Johannes, L., Tartour E. The B Subunit of Shiga toxin
fused to a tumor antigen elicits CTL and targets dendritic cells to allow MHC class I presentation of
peptides derived from exogenous antigens. J. Immunol . 165. 3301-3308 (2000)

Tartour E, Mosseri V, Jouffroy T, Deneux L, Jaulerry C, Brunin F, Fridman W.H, Rodriguez J. Serum soluble interleukin-2
receptor (sIL-2Rq) levels as an independent prognostic marker in head and neck cancer. Lancet 357:
1263-1264 (2001)

Benchetrit F, Ciree A, Vives V, Gey A, Fridman C, Fossiez F, Fridman W.H, Tartour E. [L-17 inhibits tumor cell growth
via a T cell dependent mechanism. Blood 99. 2114 (2002)
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Tartour E, Benchetrit F, Haicheur N, Adotevi O, Fridman WH. Synthetic and natural non-live vectors: rationale for their
clinical development in cancer vaccine protocols. Vaccine. 20 Suppl 4:A32-9 (2002).

Haicheur N, Benchetrit F, Amessou M, Leclerc C, Falguieres T, Fayolle C, Bismuth E, Fridman WH, Johannes L, Tartour
E. The B subunit of Shiga toxin coupled to full-size antigenic protein elicits humoral and cell-
mediated immune responses associated with a Thl-dominant polarization. Int Immunol. 15:1161-71
(2003).

Gazagne A, Claret E, Wijdenes J, Yssel H, Bousquet F, Levy E, Vielh P, Scotte F, Le Goupil T, Fridman WH, Tartour E. 4
fluorospot assay to detect single T lymphocytes simultaneously producing multiple cytokines J
Immunol Methods 283. 91-98 (2003)
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Annexe D: Curriculum vitae — Sylvie Garcia

Sylvie GARCIA

Institut Pasteur Tel: +33 145688256

25, rue du Docteur Roux Fax: +33 145688639

75015 Paris, France Email: sylvie.garcia@pasteur.fr

Present position

2002-present Chargée de recherche (Senior investigator) at the unit of Biology of lymphocyte populations, Institut
Pasteur, Paris, France.

Academic Education
1986-1991 Master in Genetics and Immunology, Université Paul Sabatier, Toulouse, France.
1991-1992 D.E.A of Immunology, Université Paris VI, France
1992- 1996 PhD in Immunology, Université Paris VI, France

Professional position

1992-1996 PhD fellow at the Institut Pasteur, Paris, France
1997-1999 Post-doctoral position at the NIMR, London, England
2000-2002 Assistante de recherche at the Institut Pasteur, Paris, France

From June 2002 Chargée de recherche at the Institut Pasteur, Paris, France

Scholarship and fellowship

1992-1995 French Department of research fellowship, Unit of Retrovirus, Institut Pasteur, Paris, France

1995-1997 « SIDACTION » fellowship (France), Unit of Retrovirus, Institut Pasteur, Paris, France

1997 « Pasteur-Weizmann » fellowship (France), Unit of Retrovirus, Institut Pasteur, Paris, France

1997-1999 EMBO fellowship, (European Community), Division of Molecular Immunology, NIMR, London,
England

Teaching experience

1992 Monitor for Practical course in Immunology, Université Paris VI, France
1993 Monitor for Practical course in Immunology, Université Paris VI, France
2002 Monitor for technical course in Immunology on cytokine detection, French Society of Immunology.

Publications — Journals (last five years)

E. Ledru, H. Lecoeur, S. Garcia, T. Debord, M-L. Gougeon. Differential susceptibility to activation-induced apoptosis among
peripheral Thl subsets: correlation with Bcl-2 expression and consequences for AIDS pathogenesis.
Journal of Immunology, (1998), 160:3194.

L. Weiss, A. Roux, S. Garcia, C. Demouchy, N. Haeffner-Cavaillon, M-D. Kazatchkine, M-L. Gougeon. Persistent
expansion, in a immunodefiency virus-infected person, of Vp-restricted CD4" CD8" T lymphocytes
that express cytotoxic-associated molecules and are commited to produce interferon-gamma and
tumour necrosis factor-alpha. Journal of infectious diseases, (1998), 178:1158.

O. Akbari, N. Panjwani, S. Garcia, R. Tascon, D. Lowrie, B. Stockinger. DNA vaccination: Transfection and activation of
dendritic cells as key events for immunity. Journal of Experimental Medicine, (1999), 189:169.

S.Garcia, J. DiSanto, B. Stockinger. Following the development of a CD4 T cell response in vivo: from activation to memory
formation. Immunity, (1999), 11:163.

N. Panjwani, O. Akbari, S. Garcia, M. Brazil, B. Stockinger. The HSC73 molecular chaperone: involvement in MHC Class II
antigen presentation. Journal of Immunology, (1999), 163:1936.

C. Ferreira, T. Barthlott, S. Garcia, R. Zamoyska, B. Stockinger. Differential maintenance of naive CD4 and CD8 in normal
and T cell receptor transgenic mice. Journal of Immunology, (2000), 165:3689.

H. Lecoeur, M. Février, S. Garcia, Y. Riviére, M.L. Gougeon. A novel flow cytometric assay for quantitation and

multiparametric characterization of cell-mediated cytotoxicity. Journal of Immunological Methods,
(2001), 253:177.
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L.M. de Oliveira Pinto, S. Garcia, H. Lecoeur, C. Rapp, M.L. Gougeon. (2002) Increased sensitivity of T lymphocytes to
TNFR1 and TNFR2-mediated apoptosis in HIV-infection. Relation to expression of Bcl-2 and active
caspase-8 and caspase-3. Blood, 99 (5):1666-1675.

G. Kassioutis, S. Garcia, E. Simpson, B. Stockinger. (2002) Impairment of immunological memory in the absence of MHC
despite survival of memory cells. Nature Immunology., 3:344.

E. Ledru, M. Février, H. Lecoeur, S. Garcia, S. Boullier, ML. Gougeon ? (2003) A nonsecreted variant of interleukin-4 is
associated with apoptosis: implication for the T helper-2 polarization in HIV infection, 101 (8):3102.

Publications — Book chapters, reviews... (last five years)

M-L. Gougeon, E. Ledru, H. Lecoeur, S. Garcia. (1998), T cell apoptosis in HIV infection: mechanisms and relevance for
AIDS pathogenesis. In "Results and problems in cell differentiation”, 24:233.
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Annexe E: Curriculum vitae — Adrien Six

Adrien SIX
Immunophysiopathologie infectieuse

Institut Pasteur Tel: +33 145 68 85 81
25, rue du Docteur Roux Fax: +33 14061 3066
75015 Paris, France Email: adrien.six@pasteur.fr

Present position

1996-present Assistant-Professor, University Pierre et Marie Curie — Paris 6. Research at Institut Pasteur,
Immunophysiopathologie infectieuse, CNRS URA 1961, headed by Prof. Pierre-André Cazenave.

Education

1994-1996 Post-doctoral position: Research Associate at the Howard Hughes Medical Institute.
Developmental and Clinical Immunology, University of Alabama at Birmingham, USA.

1990-1993 Ph.D. in Immunology from the University of Paris 6, Paris. Research at Immunochimie Analytique,
Institut Pasteur, Paris.

1987-1992 Ecole Normale Supérieure de Paris

1989-1990 D.E.A. d'Immunologie de Paris-Ile de France, University of Paris 6.

1988-1989 Master's Degree of cellular biology.

Work Experience

Jan.-March 2003 University Diploma (DU) Biological and Medical Engineering on Valorization of Research and
Biomedical Innovation, CHU Saint-Antoine, Université Pierre et Marie Curie, Paris, organized by Pr.
Alain Sézeur.

September 2002 Co-organizer of the 1% PSU-IP International Teaching Platform on Cytokines, jointly organized by
Prince of Songkla University and Institut Pasteur (September 9 — 14, 2002) at The Department of
Biomedical Sciences Faculty of Medicine, Prince of Songkla University, Hat Yai, Thailand.

Invited speaker for the Molecular Immunology Course, Prince of Songkla University, Hat-Yai,
Thailand. « B-cell development », « TCR and T-cell development », « Peripheral selection of T
lymphocytes », « Immunology techniques », « Generation and Selection of T and B Cell Repertoire
Diversity ».

January 2001 Invited speaker for the Molecular Immunology Course, Prince of Songkla University, Hat-Yai,
Thailand. « B-cell development », « TCR and T-cell development », « Peripheral selection of T
lymphocytes », « Immunology techniques », « Cytokines », « Generation and Selection of T and B
Cell Repertoire Diversity », « Presentation of Institut Pasteur ».

February 1999 Invited speaker at the Biomedical Science Department, Faculty of Medicine, Prince of Songkla
University, Hat-Yai, Thailand. Lectures on « Basics in molecular biology and application to
neurosciences », « Development of T lymphocytes and expression of TCR »

Supervision & Administration Assignments

1997-present Group leader in the Unit Immunophysiopathologie infectieuse of a 5-6 people team working mainly
on the analysis of lymphocyte repertoire diversity and perturbation during pathological situations.

2002-present Member of the executive board of the French Society for Immunology

2002-présent Deputy-director of the Immunology Department Valorization Committee, member of the Valorization
Committee of Institut Pasteur

2001-présent Member of the Commission of Specialists n°65 for recruitment, University of Paris 6

2000-present Administrator of the laboratory teaching department “Ateliers de Biotechnologies”, University of
Paris 6

2000-present Member of the administrative committee of the Immunology Department, Institut Pasteur

2000-present Member of Valorization Committee of the Immunology Department, Institut Pasteur

Awards

March 1996 Joseph Reeves Award for Excellence in research by a research Fellow, Department of Medicine, University

of Alabama at Birmingham, Birmingham, USA.

Membership to Associations and Scientific Societies
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1997-present Euroscience
1991-present Société Frangaise d’Immunologie.

1991-present Association des Anciens Eléves de I’Ecole Normale Supérieure.

Publications (last five years)

“T cell receptor gene deletion circles identify recent thymic emigrants in the peripheral T cell pool” (1999) Fan-kun Kong,
Chen-lo H. Chen, Adrien Six, Richard D. Hockett, and Max D. Cooper. Proceedings of the National
Academy of Science, USA 96, 1536-1540.

“Dental's patient database in the evaluation of a dental students' clinic management” (2000) Ngampis Aksornprai-Six, Adrien
Six, Wichit Kaewsanit, Sayan Suriyothai, and Krassanai Wangrangsimakul. Journal of the Dental
Association of Thailand 50, 221-225.

“ISEApeaks: an Excel platform for GeneScan and Immunoscope data retrieval, management and analysis” (2002) Alexis
Collette and Adrien Six. Bioinformatics 18, 329-330.

“The Ig light chain restricted B6.1AS" mouse strain suggests that the /GL locus genomic organization is subject to constant
evolution” (2002) Yacine M. Amrani, Danielle Voegtlé, Xavier Montagutelli, Pierre-André Cazenave
and Adrien Six. Immunogenetics, 54, 106-119.

“New methods and software tools for high throughput CDR3 spectratyping. Application to T lymphocyte repertoire
modifications during experimental malaria” (2003) Alexis Collette, Pierre-André Cazenave, Sylviane
Pied and Adrien Six. Journal of Immunological Methods, 178, 105-116.

“A profound alteration of blood TCRB repertoire allows prediction of cerebral malaria” Alexis Collette, Sébastien Bagot,
Pierre-André Cazenave, Adrien Six and Sylviane Pied. In révision at the Journal of Immunology.

“Marginal zone B cell enrichment and strong follicular B cell reduction correlate with a delayed IgG response in a light chain
diversity restricted mouse model” Yacine M. Amrani, Dani¢le Voegtlé, Eliane Barbier, Adrien Six
and Pierre-André Cazenave. In révision at the European Journal of Immunology.

Patent, Statement of Invention

1999 Logiciel de traitement de données permettant la comparaison statistique d’ensembles de données et la
recherche de critéres de tri. Alexis Collette et Adrien Six. Déclaration d’invention n°99-92, Industrial
Partnership Department, Institut Pasteur, Paris.

2002 ISEApeaks: Une stratégie d'analyse globale et statistique des répertoires immunitaires — Application
du logiciel ISEApeaks (DI99-92) comme outil diagnostique ou pronostique de pathologies.
Déclaration d’invention n°2002-48, Direction de la Valorisation et des Partenariats Industriels de
I’Institut Pasteur. US provisional patent filed July 1st, 2002.
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Annexe F: Curriculum vitae — Suvina Ratanachaiyavong

Suvina Ratanachaiyavong
Department of Biomedical Sciences
Faculty of Medicine

Prince of Songkla University
Hat-Yai, Songkhla 90110, Thailand.

Present position
1993-present

2000-present

Tel: +66 74 429 584
Fax: +66 74 429 584
Email: rsuvina@ratree.psu.ac.th

Head of Department of Biomedical Science, Faculty of Medicine, Prince of Songkla University,

Songkhla, Thailand.

Program Director, M.Sc.-Ph.D. Program in Biomedical Sciences, Graduate School, Prince of Songkla

University, Songkhla, Thailand

Education (degrees, dates, universities)

1971
1973
1976
1977
1993

B.Sc. (2™ Class honour)
M.D.

M.Med .

Board of Internal Medicine
Ph.D

Chulalongkorn University, Bangkok, Thailand.
Chulalongkorn University, Bangkok, Thailand.
Singapore University, Singapore.

Thai Medical Council, Bangkok, Thailand.

Univ. of Wales College of Medicine, Cardiff, UK.

Career/Employment (employers, positions and dates)

1977-81
1981-82
1983-84
1984-89

1989-92

1993-present
2000-present

Specialization
®
(i)
(iii)

Lecturer

Fellow in Endocrinology
Lecturer

Research Associate and
Honorary Registrar
Senior Scientific Officer

Head, Dept of Biomed. Sci.

Program Director

main field
other fields

current research interest

Dept of Medicine, Fac of Med., PSU, Thailand.
Department of Medicine, UWCM, Cardiff, UK.
Dept of Medicine, Fac. Of Med., PSU, Thailand.
Department of Medicine, UWCM, Cardiff, UK.

Department of Medicine, King’s College School
of Medicine, Denmark Hill, London, UK.
Faculty of Medicine, PSU, Songkhla, Thailand.
MSc-PhD Program in Biomedical Sciences,
Graduate School, PSU, Songkhla, Thailand

MHC polymorphisms

Immunomodulators derived from traditional medicines
Medicinal plants and natural products

Genetic Polymorphism and disease association studies

Honors, Awards, Fellowships, Membership of Professional Societies
Thai Medical Council
The Endocrine Society of Thailand
The Royal College of Physicians of Thailand
The Science Society of Thailand

The Thai Medical Technology Society

British Society of Immunology

Society for Free Radical Biology and Medicine

Publications

Patel A., Ratanachaiyavong S., Millward B.A. Demaine A.G.(1993) Polymorphisms of aldose reductase locus (ALR2) and
susceptibility to diabetic microvascular complications. Adv Exp Med Biol.; 328: 325-332.

Ratanachaiyavong S., Fleming D., Janer M., Demaine A.G., Willcox N., Newsom-Davis J., McGregor A.M. (1994). HLA-
DPB1 polymorphisms in patients with hyperthyroid Graves' disease and early onset myasthenia

gravis. Autoimmunity;17: 94-104.

Ratanachaiyavong S., McGregor A.M. (1994) HLA-DPBI1 polymorphisms on the MHC-extended haplotypes from families
of patients with Graves' disease: two distinct HLA-DR17 haplotypes. Eur J Clin Invest; 24:309-315.
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Shields D.C., Ratanachaiyavong S., McGregor A.M., Collins A., Morton N.E. (1994) Combined segregation and linkage
analysis of Graves disease with thyroid autoantibody diathesis. Am J Hum Genet.; 55: 540-554.

De-Roux N., Shields D.C., Misrahi M., Ratanachaiyavong S., McGregor A.M., Milgrom E.(1996) Analysis of the
thyrotropin receptor as a candidate gene in familial Graves’ disease. J Clin Endocrinol Metab.; 81:
3483-3486.

Assanangkornchai S, Noi-pha K, Saunders JB, Ratanachaiyavong S. (2003) Aldehyde dehydrogenase 2 genotypes, alcohol
flushing symptoms and drinking patterns in Thai men. Psychiatry Res 118, 9-17.
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