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ABSTRACT

Vaccination with a poorly or not immunogenic tumfails to protect the host from a
subsequent challenge with the same tumor. The mesha underlying the failure of these
tumors to sensitize therapeutic T cells are natrbleunderstood, but the inability of host T
cells to recognize tumor has been implicated. Bressworks from our laboratory have shown
that the highly aggressive BALB/c mammary adenanarna TS/A, can be rejected if
genetically modified to express MHC class Il genpsn transfection of the MHC class I
transactivator CIITA. MHC class Il molecules arguied for presenting antigenic peptides
to T helper cell and thus activate the cascadevefits leading to immune effector functions

such as antibody production and cytolytic T cethaty.

The purpose of my thesis was to investigate whdtieeabove approach could be generalized
and thus extended to tumors of distinct histoldgicayin. Moreover, it was assessed whether
anti-tumor lymphocytes generated by this approamiidcbe used as an immunotherapeutic

tool for established cancers.

Beside the previously described TS/A-CIITA breastrcmoma cells, stable CIITA-
transfectants of colon adenocarcinoma C51, renah@zhrcinoma RENCA, and sarcoma
WEHI-164, were generated. Tumor cells transfectargse injectedn vivo and their grow
kinetics and recipient’s immune response were aedlyTumor rejection and/or retardation
of growth was found for ClITA-transfected C51 anBNRCA adenocarcinomas, as well as
WEHI-164 sarcoma. As for TS/A, this tumor rejectmorrelated mostly with the stability and

the amount of CIITA-induced MHC class Il expressibrterestingly, mice rejecting CIITA-
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transfected tumors acquired specific immunolognamory, as demonstrated by resistance to
challenge with untransfected parental tumors. Ageptcell transfer experiments

demonstrated that tumor immunity correlates withdAC8nd CD8 T lymphocytes.

In this thesis, it is also shown that CIITA-indudegHC class Il expression on tumor cells is
able to generate antitumor therapeutic T cellseéal] T cells from TS/A-vaccinated mice
were used in an adoptive cell immunotherapy (ACoilel of established tumors. The results
showed the cure at early stages and a significpntlionged survival at later stages of tumor
progression. Importantly, CD4T cells were clearly superior to CD§ cells in anti-tumor
protective function. Interestingly, the protectpleenotype was associated to both a Thl and

Th2 polarization of the immune effectors.

Of great importance, the T cells obtained from Vrzated mice were therapeutic also without
otherin vitro activation passages, like treatment with anti-GID8 IL-2, differently to some
other approaches of vaccination and ACT. Furtheen&CT induced proliferation of tumor-
specific immune splenocytes in receiving mice, llegdo rejection of subsequent tumor

challenge or to protection from metastasis in aférhaving established tumors.

These data support our original idea that ClIITAresging tumor cells can act as antigen-
presenting cells (APCs) for their own tumor-assteciaantigens to CD4T cells, to induce
specific and potent anti-tumor responses. Thesdtsesstablish the general application of our

tumor vaccine model.

This approach let us to envisage additional apfiina of this strategy for producing better
lymphocyte effectors for adoptive anti-tumor cefinmunotherapy, particularly in those cases

of tumors non-responsive to existing therapies.
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ABBREVIATIONS

Ab Antibody

APC Antigen Presenting Cell

ACT Adoptive Cell Therapy

CBP CREB Binding Protein

CIITA Class Il Transactivator

CREB  Cyclic AMP Response Element Binding
protein

CTL Cytotoxic T Lymphocyte

DC Dendritic Cell

ER Endoplasmic Reticulum

HAT Histone Acetyl-Transferase

HLA Human Leukocyte Antigens

[FN-y Interferony

li Invariant Chain

IL Interleukin

MHC Major Hystocompatibility Complex

MIIC MHC class ll-containing compartment

NK Natural Killer cell

ABBREVIATIONS

NF-Y
pCAF
RFX
S.C.
SFC

SRC-1

TAA

TAP

TCR
TGFA
Thl
Th2

TIL
TSA
TS/A
TS/A pc

VEGF
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Nuclear Factor Y
p300/CBP-Associated Factor
Regulatory Factor X
Subcutaneously
Spot-forming Cell

Steroid Receptor Co-activator 1

Tumor Associated Antigen

Transporter Associated with Antigen
Processing

T cell Receptor

Transforming Growth Factor-Beta

T helper cell type 1

T helper cell type 2

Tumor Infiltrating Lymphocyte

Tumor Specific Antigen

Mammary adenocarcinoma cells
Mammary adenocarcinoma parental cells

Vascular Endothelial Growth Factor
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1. INTRODUCTION

1.1. The Immune System

The immune system is a network of molecules, @glt$ organs that has evolved to recognize
foreign substances in the body and destroy there. talgets of the immune defences are

pathogens, such as viruses, bacteria, fungi, dret parasites.

At the heart of the immune response is the abibtylistinguish betweefself” and“non-
self”. Every cell in the body carries distinctive molksu that distinguish it asself".
Normally the body's defences do not attack tisshascarry a self-marker; rather, immune
cells coexist peacefully with other cells in a stahown as'self-tolerance: Most foreign
molecules carry distinctive markers. The immundesyssis able to recognize many millions
of distinctive non-self molecules, and to respond different ways. An"immunogenic
antigen"is a substance capable of triggering an immungorese (e.g., bacterium, virus, cells

from another individual).

The architecture of the immune system is multi-tagle with defences on several levels. Once
pathogens have entered the body, they are ded&lthyithe"innate immune systenand by
the "acquired or adaptive immune systerBbth systems consist of a multitude of cells and

molecules that interact in a complex manner toaeted eliminate pathogens.

The innate system represents the first line ofriefeo an intruding pathogen. The response
evolved is therefore rapid, and is unablé'nreemorise” the same said pathogen should the
body be exposed to it in the future. Although tlkeiscand molecules of the adaptive system

possess slower temporal dynamics, they posseghalegree of specificity and evoke a more
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potent response on secondary exposure to the mathodicating the acquisition of specific

memory.

1.2. Major Histocompatibility Complex and Antigen Pretion

The Major Histocompatibility Complex (MHC) is a tge cluster of genes found on the short
arm of chromosome 6 in humans (HLA; human leukoeyiiggens) and on chromosome 17 in

mice (H2) Echeme L

Human:HLA “Class IlI"

| e -Class Il MHCI:jgcusDH I II\QEL?E 1l B. ClascslMHC Iocgs 1

i HHIHM__&_ HitHH— -
/

a \ /
DM Proteasome Complement Cytokines:  Class I-like genes
22?32 proteins: C4, LTB,TNF, LT and pseudogenes

Factor B, c2 /

\ /

DM h / “a

1| |

i HH-
Class Il - "Class III" — Class|—

Classl MHC locus MHC locus MHC locus

MHC locus

W.B. Saunders Company items and derived items copyright € 2002 by W.B. Saunders Company.

Scheme 1Schematic overview of the genes of the MHC lo¢ustf: Abbas and Lichtman, 20D3

The MHC genes and their products are grouped intodlasses because of their chemical
structure and biological properties. Class | mdiesare made up of one heavy chain (45 kD)

encoded within the MHC and a light chain, calpdmicroglobulin 2M-12 kD) encoded by
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a different chromosome. Class Il molecules coristvo (o andp) chains of similar size (34

and 30 kD) and both encoded within the MHC.

The products of the MHC play a fundamental roledgulating immune responses. T cells
must recognise antigen as a complex with MHC mdéscuThis requires antigen to be
processed by unfolding and proteolytic digestiorfol®e it complexes with the MHC

molecule. Once formed the complex of antigenic idepand MHC are generally very stable
(half-life ~ 24hrs). Thus, the biological role oftM proteins is to bind small peptides and to
"present”these at the cell surface for the inspection okl antigen receptors. The MHC is
highly polymorphic and the allelic variation of MH®8olecules is functionally reflected: each

allelic product has a unique set of peptides, witican bind with high affinity.

The two classes of MHC molecule are specialisegrésent different sources of antigen.
MHC class | molecules present endogenously syrgeeésantigens, e.g. viral proteins. MHC
class Il molecules present exogenously deriveceprst e.g. bacterial products or viral capsid
proteins. The cell biology and expression patt@fnsach class of MHC are tailored to meet

these distinct rolesTéble .

CELLTYPE | MHC I MHC I

T cells +++ Varies, inducible in some spegjes
B cells +++ ++

Macrophages| +++ +

Dendritic cells| +++ (x10) | +++ (x10)
Granulocytes | ++ -
Endothelium | ++ - (inducible)
Hepatocytes + -

Table 1Expression of MHC class | and MHC class Il moleswea immune cells.
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MHC class | molecules are widely expressed, thaihghlevel varies between different cell
types, and their function is to present fragmenigroteins that are synthesised inside the cell
(endogenous). The peptide antigens presented snnthnner are checked by killer T-cells,
which have receptors for the class | MHC proteirige purpose of this surveillance system is
to identify abnormal body cells, such as thosecte@ with viruses or those that have turned
malignant. Such cells will display unfamiliar pejgi antigens, e.g. fragments of viral
proteins, and are attacked and destroyed. MHC dlasslecules are very unstable in the
absence of peptide. They bind peptides in the dadopc reticulum (ER). Peptides are
generated continuously in the cytoplasm by the aliagion of proteins, predominantly by the
proteasomePeptides of suitable length (~8-18 amino acids) specifically transported
across the ER membrane by a heterodimeric tramspontade up of the Transporter
Associated with Antigen Processing (TARlecules. These peptides bind to the class |
MHC molecules in the ER if they have appropriatquemce motifs, the MHC molecules
being stabilised in a partially folded state by mr@ne proteins. The peptide bound class |
MHC molecules adopt their fully folded conformatjorlease chaperone proteins and transit

to the cell surface via the Golgc¢heme 2

MHC class Il molecules are constitutively expressely by certain cells involved in immune
responses, although they can be induced on a wiaeety of cells. The immune cells
expressing MHC class Il molecules are speciallygihesl to present peptide antigens derived
from exogenous digested particles. The antigenp@asented to helper T-cells (Th), which
have receptors for MHC class Il proteins. Upon gettion of MHC class II-bound peptides,
Th cells are triggered and can subsequently aetitvet cascade of events leading to immune
effector functions such as antibody production agtblytic T cell activity. During the

intracellular processing, MHC class Il moleculesdoio a third polypeptide in the ER, called
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invariant chain or li. The invariant chain servegtpurposes. It blocks the binding of
peptides to the class Il molecule and it targetscthss Il molecule to a specialised endosomal
compartment, the MHC class ll-containing compartm@hiC). Exogenous antigens enter
the cell in membrane vesicles, either by fluid gha@ocytosis or by receptor-mediated
endocytosis. These vesicles fuse with the MIIC cartmpent. The MIIC compartment has an
acid pH and contains proteases; this combinatidalds and degrades both the antigen and
the invariant chain causing the generation of aniig peptides and the release of class I
molecules to bind those peptides with appropriagguence motifs. Then, the class I

molecules, peptide-complexed @mpty’, traffic to the plasma membrargcheme 2

Antigen Antigen MHC Peptide-MHC
uptake processing biosynthesis association
@ e —————— = j::;/\/\
g . 4 = o
>
b 4 \
= “'\% :

CD4+
Endocytosis of T cell
extracellular

protein Invariant

chain () [Clags Il MHC pathway]
Class Il MHC

Peptides in e
cytosol /
Y s:
=) =
= e > 15
Cytosolic Class |
Y Proteasome MH

protein

ER

|Class I MHC pathway|

Scheme 2Schematic overview of MHC class | and MHC cldgsight) intracellular processing and
antigen presentation pathways (Frakbbas and Lichtman, 203
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1.3. CIITA and MHC class Il molecules

The class Il transactivator (CIITA) is the mastgulator of MHC class Il gene€lfanget al.
1994; Chang et al. 1996CIITA is a transcriptional co-activator that dagot bind DNA, but
interacts with DNA-binding proteins called RFX (wdgtory factor X; consisting of
RFX5/RFXANK-RFXB/RFXAP), CREB (cyclic AMP responsglement binding protein),
and NF-Y (nuclear factor Y; consisting of NF-YA, NfB, and NF-YC) Kern et al. 1995; Zhu
et al. 2000. All these transcription factors directly bindttee X and Y conserveds-acting
sequence motifs of the MHC class Il promoters, thieg interact with distinct or overlapping

domains of CIITA §cheme }

CIITA also activates and regulates the transcniptibgenes encoding MHC class Il through
the recruitment of histone acetyl-transferases (B)Ahcluding CREB-binding protein (CBP)
(Kwok et al. 1994 p300, p300/CBP-associated factor (0 CAF) andg&teeceptor co-activator
(SRC)-1, which can acetylate histone at lysinedwess to allow gene activatioZika and
Ting, 2009. Thus, CIITA appears to be a focal point of iatdion for both DNA-binding
proteins specific for the MHC class Il promotersldar HATs to allow chromatin opening

(Wright and Ting, 2006(Scheme 3.

The MHC class Il transactivator was initially iddietd and characterized by a somatic cell
genetic approach. After the generation of a soneaticmutant (Rj 2.2.5), negative for MHC-
Il gene expressiomAgcolla et al. 1988 somatic complementation with murine MHC class |l
positive cells demonstrated the existence of a dantilocus, encoding th#ansacting
activator. This locus was mapped to mouse chromesbsnand designatedir-1 (Accolla et

al. J.Exp.Med. 1985; Accolla et al, PNAS 1985; Alecet al. 198§. Several years later, the
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product of the human equivalent of th@r-1 locus (AIR-1) was cloned by a gene

complementation approach and designated CliStAairfhle et al. 1993

Myeloid Lymphoid Non-haematopoietic
cells cells cells
DCs B cells TECs
Macrophages T cells IFNy-activated cells

Exons 2-19

pl plll plv

HATs
CBP/p300
PCAF, SRC-1

Scheme 3The promoter of MHC class Il gene.

CIITA is absolutely required for the constitutivepeession of MHC class Il in B cells and
dendritic cells and for the cytokine induction bese genes in a variety of other cell types.
Gamma interferon (IFN) is a prime example of a cytokine, which inducd$T& and

subsequently MHC class Il expressi@tefmle et al. 1994

Two of its promoters, promoter Il and promoter &g responsible for IFN-inducibility

(Muhlethaler-Mottet et al. 1998; Piskurich et al.98 Piskurich et al. 1999 Promoter Il contains
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a proximal sequence that is responsible for thetgotive expression of CIITA in B cells and
a distal sequence, which confers IffMesponsiveness. Promoter IV contains the major IFN

responsive sequencgcheme 3

1.4. Adaptive Immunity

The adaptive immune system is so-called becaus#ajpts oflearns” to recognize specific
antigens, and retains “amemory” of them for speeding up future responses. Thenilegr
occurs during a primary response to a kind of @ntigot encountered before by the immune
system. After the ending of primary response agdimesantigen, the immune system retains a
"memory"of the kind of antigen that caused the reactiahtais immune memory can confer

protection up to the lifetime of the organism.

Lymphocytes are the principal active componentthefadaptive immune system. The other
components are antigen-presenting cells (APCs)¢lwirap antigens and bring them to the

attention of lymphocytes so that they can mourit thigack.

Adaptive immune responses are initiated in the lyoigh tissue, in response to antigens
presented byprofessional antigen-presenting cellsthich role is to activate antigen-specific

naive T lymphocytesScheme 3.

The differentiation of naive CD4T cells into distinct classes of CDéffector T cells - Thl
or Th2, for example - depends on the effects ofcifiekines present during the initial phase

of CD4" T-cell activation.

Antigen-specific effector T cells and antibody-stitrg B cells are generated by clonal

expansion and differentiation over several days.
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Antigen Naive CD4+ T Effector functions: Activation of
presentation helper activation CTL and B cells
MHCl-restricted Target
MHClI-restricted CDh4 Antigen
Antigen Thi
@)
Op O
e
Cytokines
e
Th2 0© Cell-mediated
immunity
“Professional” APCs
B cells
Macrophages
Dendritic cells
Antibodies Humoral
immunity

Scheme 4Adaptive Immune Response.

The effector phase of adaptive immune responseslvies the clearance of extracellular
infectious particles by antibodiehimoral immunity and the clearance of intracellular

residues of infection through the actions of effe€@TLs, which lyse infected cells.

In particular, Thl response is generally involvedelping to activate the CD&ytotoxic T
cells that will recognize infected cells and degtthem. Naive CDZ T cells initially
stimulated in the presence of IFRNend to develop into Thl cells. In part, this éc@use this
cytokine induces or activates the transcriptiondiecleading to Thl development, and in part
because IFN- inhibits the proliferation of Th2 cells. Th2 respe, instead, is generally
involved in the activation of B cells that will ptoce antibodies. Naive CD4T cells

activated in the presence of IL-4 tend to diffelaetinto Th2 cells.
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1.5 Tumoidmmunology

Tumors are a major health problem worldwide and ohéhe most important causes of
morbidity and mortality. Tumors arise from the untolled proliferation and spread of
clones of transformed cells. One of the most caetrsial questions in immunology for over a
century has been whether the immune system cowdgnize and eliminate malignant

tumors.

The immune system coevolved with infectious diseasea way that allows survival of the
host and the pathogen. In contrast, because tumswally arise in individuals beyond
reproductive age, they are more a problem forndesidual patient than for the population as
a whole. Thus, the immune system did not develegiapstrategies to protect against cancer;
instead, tumors are fought by an immune system k@t been shaped by infectious
pathogens. Indeed, the immunobiology of canceriafiedtious diseases may be overlapping,
e.g, the recognition and elimination of both viruseofed and tumor cells seem to depend on

similar mechanisms.

From an immunologic perspective, tumor cells carvieved as altered self-cells that have
escaped normal growth-regulating mechanisms. Ir0,18%acfarlane Burnet postulated the
hypothesis ofimmune surveillancefor which a physiologic function of the immune ®m

is to recognize and destroy clones of transformedid before they grow into tumours and to
kill tumours after they are formed. Burnet propoeat the immune system defines tkelf"
before birth, and antigens, which make their fappearance after the immune system has

reached maturity, would automatically be regardethan-self"and attackedBurnet , 197).

A critical feature of the immune surveillance hypegis is that the default reaction of the

mature immune system to new antigens is activa@on, so the major question posed to
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cancer researchers by this hypothesis was how twemmanaged to sneak through this

surveillance mechanism.

The tumour cells have developed a procesgmhune evasionbften called'tumour escape”

which may be a result of several mechanishirsé et al. 1999; Dunn et al. 2004

Downrequlation of MHC class | expression

Malignant transformation of cells is often assamiatvith a reduction (or even a complete
loss) of MHC class | molecules and the selectionvidfC class I-deficient tumor escape
variants is an important phenomenon frequently s@emuman tumors Hestenstein and

Garrido, 1986; Garrido et al. 1997; Carretero et £00§.

Since CD8 CTL recognize only antigen associated with MHCssld molecules, any
alteration in the expression of these moleculetiorour cells may exert a profound effect on

CTL-mediated immune response.

Within this frame, tumor cells behave similarly dells infected by certain viruses. Indeed,
viruses often escape CTL recognition by using tleen products to reduce MHC class |
expression to the cell surface. This aim can behedin several ways, from the inhibition of
class | transcription, the inhibition of assembiyckass | heavy chain to beta-2 microglobulin,
the inhibition of transport of the mature MHC-I aeddimer to the cell surface, eteldegh,

1998; Yewdell and Bennink, 1999

Moreover, tumor-derived interleukin (IL)-10 can de#o reductions in MHC moleculeslg

Waal-Malefyt et al. 1991; Matsuda et al. 19%hd TAP expressiorsélazar-Onfray et al. 1997
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Modulation of tumour antigens

Certain tumour-specific antigens (TSAs) have bdeseoved to disappear from the surface of
tumour cells Jager et al. 200l Such"antigen loss variantsare common in rapidly growing
tumours WMaeurer et al. 1996 It has also been demonstrated that clonally ected tumour
cells are genetically unstable and can readily mequew mutations or downregulate tumour
suppressor genes through epigenetic mechanidamalfan and Weinberg, 2000; Vogelstein and

Kinzler, 2009.

Loss of signaling molecules

In cancer patients and in some tumour-bearing maderations in signal transduction
molecules are observed in T cells and naturalrkiN&K) cells (Vhiteside, 1999; Lai et al. 1996;

Levey and Srivastava, 1996

The cytoplasmic domain of the CO3subunit in the T cell receptor (TCR) complex, for

example, is involved in signal transduction anceardase in its levels has been reported in T
cells from tumor-bearing miceM{zoguchi et al. 1992 Furthermore, alterations or decreased
expression of these molecules were also shownmpltypcytes from colon cancer patients

(Nakagomi et al. 1993; Matsuda et al. 19@8 in patients with renal cell carcinomea(tour et al.

1995 and melanomazea et al. 199b

These changes, although not antigen-specific, appestart at the site of the tumour and
eventually become detectable in peripheral bloodells or splenocytes, suggesting that
tumour microenvironment induces alterations in #ignal transduction pathways. These
changes in signalling molecules can often be reélagéimmune dysfunctionbbserved in the

patients.
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Products of tumour cells suppress anti-tumour imem@sponses

A variety of tumor-derived factors contribute tetemergence of complex local and regional
immunosuppressive networks, including vascular #rel@l growth factor (VEGF), IL-10,

transforming growth factor-beta (TGH; soluble Fas and Fas ligand.

IL-10 and TGFB, for example, can be produced by the tumor cdilEmiselves or by

infiltrating stromal cellsKruger-Krasagakes et al. 1994

IL-10 has been shown to block dendritic cell-meslilgpriming of T cells into CTL féectors

in vitro (Steinbrink et al. 1999 and its expression in serum appears to haveimegaognostic

impact in certain cancergvttke et al. 199p

TGF$, an immunosuppressive cytokine, inhibits the peddition and effector functions of

lymphocytes and macrophages. T@Fndeed, has been shown to béfisient to drivein

situ expansion of regulatory T cells, thus bringingeibgr these two evasion mechanisms
(Peng et al. 200¢ TGF$ acts also on non-transformed cells, present intuh®r mass, as

well as distal cells in the host to suppress amiiiu immune responses creating an
environment of immune tolerance, augmenting angiegis, invasion and metastasis, and

increasing tumor extracellular matrix depositidMo(tsopoulos et al. 2008

An additional escape mechanism adopted by tumdis iseexpression of Fas ligand (FasL)
by some tumours, which can induce apoptosis of tunfdtrating lymphocytes (TILS)

(Hahne et al. 1996; Song et al. 2001
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1.6 Cancer Vaccination and Immunotherapy: Differ8trategies

The critical goal for immune—based approaches agaancer is from one side to create
strategies of vaccination for preventing cancerebrend from the other side to set up
strategies of immunotherapy, which can provide {@rgh and specific eradication of tumor

cells Berzofsky et al. 2004

The ability to discriminate tumor cells from normi#dsues is the first step for enabling

effective tumor destruction while minimizing toxigi(Scheme 5.

Most non hematopoietic tumors express MHC clasoleoules, but do not express MHC
class Il molecules, therefore it is generally cdastd that the predominant tumoricidal
effector mechanism is killing by CDJ cells. Most antitumor approaches were thus feeds

on the possibility to trigger these effector cells.

Activation and
Clonal Expansion Effector

. Differentiation CTL
= ) —

CD8+ T cell

FIRST SIGNAL

Scheme 5Activation of specific effector CTLs by targetllsethe first signal.

1.6.1. Vaccines

Since the discovery of tumor-associated antigemsgluhe early 1990s, rapid progress has
been made in identifying antigens and describinguime interactions in cancer patientan(
der Bruggen et al. 1991; Boon et al. 1996; Booralet200§. The cancer vaccine approach, in

particular, delineates the use of active immunizretj designed to stimulate the adaptive arm
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of the immune system directig vivo and to induce large numbers of antigen-specifaeIl
populations with effector functions that are abte nhediate immune protection against

growing tumors.

The idea of implement vaccines against cancer @enprobably from the widespread success
for the vaccines in the field of viral diseasesvprdgion, that provided a considerable base of
immunologic information on the mechanisms undamlinthe preventive responses and are

easily administered to outpatients and generallpataccause significant side effects.

In contrast to viruses and other pathogens, hows®ecines containing recombinant proteins
or synthetic antigenic peptides usually fail tound significant immune responses. During
the past years, different cancer vaccines basexymthetic peptides, ‘naked’” DNA, dendritic

cells, recombinant viruses and recombinant adense® have been clinically tested.
However, using conventional oncologic criteria finical tumor responseTherasse et al.

2000, the response rate among patients was around @R38nberg et al. 2004

1.6.2. Adoptive Cell Therapy (ACT)

The adoptive cell therapy is a passive approachirfonunotherapy and represents an
important advance in cancer immunotherapy. The polveotential of immunotherapy to
mediate the regression of large volumes of metasiégease in experimental models and in
humans was confirmed in several studi€ee administration oex vive-activated and —
expanded autologous tumor-reactive T cells, indemsd,currently one of the few
immunotherapies that can induce objective clinimdponses in significant numbers of
patients with metastatic solid tumorRogenberg et al. 2004; Rosenberg and Dudley, 2004;

Errore. L'origine riferimento non é stata trovatand Rosenberg, 20p3For example, ACT after
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lymphodepleting conditioning caused objective reses in 46% of patients with metastatic
melanoma refractory to other therapeutic modali{iesdley et al. 200g and 11% of all

patients treated are complete respondessdnberg and Dudley, 2004

1.7 Aim of the Study

Although, as we mentioned above, it is establistted the immune system can respond
against tumor cells, the cancer patient clinicakdry often demonstrates the failure of the
immune system to eliminate the tum@ogenberg et al. 2004 This is mostly due to poor
tumor-specific, MHC class-lI-restricted CD4 cell (Th) help generated in tumor-bearing
patients Hung et al. 1998; Kennedy and Celis, 2008; Muramrski Restifo, 2009 Th cells, indeed,
are required both for priming and for clonal expan®f specific CTL following re-encounter
with the antigenH&ennett et al. 1997; Schoenberger et al. 1998; &chsin et al. 2001; Janssen et

al. 2003; Hamilton et al. 2006 Scheme .

To optimize the antitumor immunological arms innter of specificity and long-lasting
memory, vaccination with tumor cells transducedchwiite AIR-1-encoded CIITA Accolla et

al. 1986; Steimle et al. 199®as been explored in our laboratory. The hypasheghat CIITA-
transfected cells may act asurrogate APC” for optimal triggering of tumor-specific Th
cells, and thus facilitate recognition of tumorasated antigens (TAA), presented by tumor
cell MHC class Il molecules. The induced MHC cldisenolecule expression, indeed, can
elicit both the tumoricidal CTL effector mechanisarsd the CD4 help mechanisms during
priming, to achieve full activation and effectonfition of tumor-specific CTLsBevan 2003

(Scheme J.
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Effector
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Memory
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Scheme 6Activation of effector CTLs by target-specifidaftor CD4 T cells, the second signal.

Antigen Naive CD4+ T Effector functions: Activation of
presentation helper activation CTL and B cells

‘ MHCl-restricted
MHCIlI-restricted cD4 Antigen

Tumor Cell Cell-mediated
immunity

Humoral

Antibodies immunity

Scheme 7Anti-tumoral Adaptive Immune Response.
1.7.1. Prophylactic Approach: CIITA-Cellular Vacein

Previous results from our laboratory showed thammlete rejection and long-lasting

antitumor memory could be obtained after vaccimatwith CIITA-expressing TS/A
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mammary adenocarcinoma cells both aliMedzza et al. 2003; Mortara et al. 200&nd in non
replicative form Kortara et al. 2009. Because of the potent immunogenicity of MHC slds
positive TS/A transfectants, it became crucialnteestigate whether CIITA-expressing tumor

cells of different histological origin can be higtdfficient immunogens as well.

The results presented here demonstrate that CIkpéessing C51 colon adenocarcinoma,
WEHI-164 fibrosarcoma, and RENCA renal adenocaromoare rejected in high percentage
of mice and/or strongly reduced in growth. Inductmf anti-tumor immunity against poorly
immunogenic tumors depended on the ability of tHéQVkclass Il-positive tumor cells to act
as antigen-presenting cells (APCs) during the prinphase, processing and presenting tumor
antigens to CD4T cells, and hence to trigger CD# cells, which in turn induce stimulation

and maturation of CTL effectors.

Importantly, the results show that immune CDHelper T cells can induce protective
antitumor responses in naive mice injected withepia untransfected tumor cells. Since
tumor rejection required also CTL, these resultplymthat primed CD4 T cells, with

functional characteristics of T helper 1 (Thl) sglfoducing IFNy, can play a more direct
role in the effector phase of tumor rejection bguaing the priming and maturation of naive

anti-tumor CTL effectors.

1.7.2. Therapeutic Approach: Adoptive Cell Immuniepg

The other important goal in tumor immunology is iommotherapy of established tumors.
Adoptive cell therapy (ACT) has been considered psssible approach. Although at clinical

level ACT results are still preliminarRfsenberg et al. 2098nevertheless the importance of
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including CD4 T helper cells together with CD8T cells to induce optimal therapeutic

effects has been establish@atony et al. 2005; Dudley et al. 2005

The generation of strong and reproducible anti-tueftectors after vaccination with CIITA-
tumor cells encouraged us to investigate theinmgeCT immunotherapeutic approaches and

to develop an efficient method to induce tumor-g§pe€TL in vivo.

In an effort to determine the components of sudaésamunotherapy in a relevant model of
established cancer, it was decided to study theilddéity of adoptive immunotherapy
approach to treat established tumor at early staljas mimic clinical situations like

metastases or recidives following surgical or rdioapy.

Antitumor efficiency of CIITA-based vaccine and ative therapy are dependent in part on
the ability of tumor-specific T cells to persishipterm and retain antitumor functiamvivo.
Ideally, with respect to effective tumor therapydaraccine development, such approaches
would not only induce tumor regression and preventor relapse, but also initiate and

amplify effective endogenous recipient T cell-tumeH interactions.

The genetic modification of tumor cells with ClITdene could allow generation of an
unlimited supply of autologous antitumor CDZ cells that in turn could primé vivo
antitumor effector CD8 T cells. Our results indicate that these effectoas potently
counteract tumor growth. These data will be disedswithin the frame of the present
knowledge of host’s adaptive immune response ag#iestumor and in the perspective of

establishing better strategies for preventing arntiéating cancer.
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2. MATERIALS AND METHODS

2.1. Animal Tumor Models

BALB/c tumor cell lines, TS/Apc, mammary adenocaorna (kindly provided by P.L.

Lollini, University of Bologna, ItalyNanni et al. 1988 RENCA, renal adenocarcinoma, C51,
colon adenocarcinoma (kindly provided by M. P. Qatm, Istituto Nazionale per lo Studio e
la Cura dei Tumori, Milan, Italy), and WEHI-164 fdsarcoma were cultured in DMEM
supplemented with L-glutamine, HEPES, and 10% reattivated fetal calf serum in a 5%

CO, atmosphere at 37°C.

5- to 10- week-old female BALB/c (H-2 mice were purchased from Harlan (Oxon, UK).

Housing, treatment and sacrifice of animals folldwational legislative provisions.

2.2. Plasmids and DNA transfection

The full-length human CIITA cDNA was obtained byeparative proofreading PCR (Fusion
Tag; Finnzymes, Helsinki, Finland) from pREP10-Q\lTplasmid, previously described
(Sartoris et al. 1996 Forward and reverse primers b&dno-I linker tails used to subclone the
PCR product into thg@LXIN2.aperetroviral vector (from Antonio Daga, Departmerit o
Translational Oncology, IST-National Cancer Redeartstitute, Genoa, Italy), modified
from pLXIN retroviral vector (Clontech, Milan, I to include additional restriction sites in

the MCS.

DNA transfections were performed withipofectamine™ 2000(Invitrogen SRL, San

Giuliano Milanese, lItaly), according to the manudmer’s instructions. TS/A, WEHI-164,
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C51 and RENCA tumor cells were transfected wiily 8f pLXIN (mock) or pLXIN-CIITA
plasmid. Stable transfectants were selected iumiinedium containing G418 (50§/mL)

and cloned by limiting dilution.

2.3. Flow cytometry analysis

Transfected cell lines were surface-stained witt82® anti-H2-K and K22-422 anti-I-E
mADbs. A FITC-conjugated goat anti-mouse immunoglimb(BD Becton Dickinson Italia
S.p.A.,Buccinasco, Milan, Italy) was used as a secondr&gagent. The phenotype of all cell
types was analyzed by an EPCSL flow cytometer and EXPO32 analysis software

(Beckman Coulter S.p.A., Milan, Italy).

2.4. Vaccination

Animals were injected subcutaneously with 3.5X{@EHI-164) or 2x1® (RENCA) or
1.5x10 (C51) or 5x16 (TS/A) parental cells or with the same dose ofespondent mock

transfected cells (empty plasmid) or CIITA-expragstells in 1001 RPMI 1640.

Tumor growth was inspected every 2-3 days, sizesared by a caliper and recorded as the

tumor area (mn).

Rejecting animals were rechallenged with the saomaotigenic dose of parental cells
subcutaneouslys(c) on the same flank. Experiments were performedttmes with groups

of four to six mice.
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2.5. Adoptive Transfer (Winn Assays) for Vaccirt+ged Immunity

The ability of various lymphoid spleen cell popidas from CIITA-tumor vaccinated and
rechallenged mice with parental tumor cells to ¢fan antitumor resistance to syngeneic
recipients was assessed four weeks after tumoalleoge (day 28). The spleen cells were
aseptically collected from the mice, in which neitithe CIITA-expressing neither the
parental tumor grew, pooled for each treatment gand used for the Winn assay. Clbt
CD8' cells were purified from the total spleen cellserssion (depleted of red blood cells),
by negative immunomagnetic sorting using the C#4 the CD84 T Cell Isolation Kit

(Miltenyi Biotech GmbH, Bergisch Gladbach, Germany)

The separation was performed according to the naatwier's instruction without
modification. Briefly, negative selection was penf@d with a pool of mAb specific for all
cells except CD4- or CDS8-positive cells. Purity was95%, as assessed by
immunofluorescence. The total or purified splenesytrom protected mice or age-matched
parental tumor-bearing mice were admixed with \@ahimor cells in a volume of 0.1 ml PBS
(E:T=80:1 for C51 tumor model or E:T=1:1 for WEHS4 tumor model). The mixture was

inoculateds.c.at the inguinal region of BALB/c recipient mice.

2.6. Ex-vivo derived tumor cells

Suspensions of single cells, derived from outgrgwimmors in mice injected with CIITA-
expressing tumor cells, were growith vitro and analyzed for MHC class Il expression.
Briefly, biopsies of tumors were removed underigteronditions, dissociated with a sterile

syringe plunger in a cell strainer withy#f@ nylon mesh (BD Becton Dickinson lItalia S.p.A.,
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Buccinasco, Milan, ltaly), resuspended and growtlcomplete DMEM medium, until the

time of flow cytometric analysis.

2.7. Adoptive Cell Therapy (ACT)

5-12 weeks old female BALB/c mice of age (six gmup= 4-5 for group) were injected
subcutaneously on the left flank with 5XI08/A mammary adenocarcinoma cells (TS/A-pc)
in 10Qul of RPMI 1640. Each group was then injected, atidict days after tumor inoculum,
near the tumor inoculation sites, with 5%10nmune splenocytes derived from mice

vaccinated with TS/A-CIITA and rejecting TS/A pataircells.

Briefly, donor BALB/c mice were immunized againketparental tumor by injecting them
s.c. on the left flank with 1x1D ClITA-expressing TS/A cells. Boost with the same
tumorigenic dose of parental TS/A (TS/A-pc) in TSINTA-rejecting animals was carried
out s.c. on the same flank. The immunized mice were usedoa®rs 2 weeks after the
parental tumor boost. Spleens were removed unegilesconditions, dissociated with a
sterile syringe plunger in a cell strainer withuA®nylon mesh (BD Becton Dickinson Italia
S.p.A., Buccinasco, Milan, Italy), treated with ACGKiffer (150mM NHCI; 10mM KHCG;;
0.1mM EDTA,; pH 7.4) and single cell suspensionsispended in RPMI 1640. Then, tumor-
bearing mice were injected with 5X16ffector spleen cells suspended in {06f RPMI

1640.

Tumors were measured twice weekly, and sizes redoas the tumor area (M All
experiments were performed in a blinded, randomfastlion and repeated independently at
least twice, with similar results. Control group these studies included mice receiving no

splenocytes. The same tumor-immune splenocytes faseddoptive immunotherapy were
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admixed at 4°C in proportions of 100:1 (E:T) witls/A-pc tumour cells and immediately

thereafter, 0.2 ml of the suspension was inoculatedn the left flank of naive animals.

2.8. Adoptive Transfer (Winn Assays) for Theramytaed Immunity

Winn assay experiments were performed also to dstraig antitumor protective cells in the
spleen of adoptive therapy-treated tumor-bearingemsacrificed 30 days after tumor cells

inoculum.

Naive mice were injecteslc. with a mixtures of 5x1DTS/A tumor cells and 1xIGreshly

isolated total splenocytes (E:T ratio of 200:1)nfron-day-6-treated tumor-bearing mice or
from control untreated tumor-bearing mice. Furthamen to study the T cell subpopulations
involved in antitumor effect, polarized Cband CD4 T cells were isolated from on-day-6-

treated tumor-bearing mice splenocytes.

Enriched CD8 (2x1(F cells) and CDAT cells (3x16 cells) were admixed with TS/A (5x40
tumour cells in a proportion equivalent to CD&1d CD4 subtypes percentages in total

spleen and inoculatesdc.on the left flank of naive animals.

2.9. ELISPOT assay

Mouse IFNy and IL-4 ELISPOT assays were used to detect tbeeepice of spleen cells
responsive to tumor cells in BALB/c mice immunizedth the CIITA-transfected cells or
cured with adoptive immunotherapy. MultiScr&&msr 96-well Immobilon-P Membrane
plates (MilliporeS.p.A., Vimodrone, Milan, Italy) were coated witbQlul of capture MM-

701 Anti-Mouse Interferony-or MM-450D Anti-Mouse Interleukin-4 (TEMA ricerc&.r.l.,
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Bologna, Italy) Purified Monoclonal Antibodies irBB (1Qug/ml) and left 2 h at 37°C. The

plates were blocked with PBS-BSA 2% for 2 h at 3@md then washed with PBS.

Responder T cells derived from the spleens of miege added to each well (3x1€ells) in
10Qul complete RPMI medium containing 10% fetal calfuse, 2mM L-glutamine, 100U/mi
penicillin/streptomycin. Control wells containedgspender splenocytes plus medium alone or

plus Concavalin A (ConA, 1@/ml).

Stimulator Mitomycin C-treated (§@/ml for 2 h at 37°C) target tumor cells f1€ells) or
gp70-derived AH1 peptide (SPSYVYHQF, synthesized Bxymm S.r.l., Milan, Italy)

(10ug/ml) were added to each test well at a resportdaukator ratio of 3:1.

In certain experiments, mAb specific for either MH{ass | (20.8.4S clone, p§/mL) or
class Il (K22.42.2 clone, p@/mL) antigens were added during the co-culturé witadiated

tumor cells.

After 48h, the plates were washed with PBS-Tweg(i205%). Detection MM-700-B Anti-
Mouse Interferon or MM-450D-B Anti-Mouse Interleukin-4 Monoclonalid@in-Labeled
(2ug/ml) Antibodies (TEMA ricerca S.r.l., Bologna, ligawere then added to each well, and

the plates were left for 3 h at room temperaturiaéndark.

After further washing, N100 HRP-Conjugated Stretiav (1:5,000) (TEMA ricerca S.r.l.,
Bologna, Italy) was added for 2h at room tempegt@olour was developed with AEC

Chromogen Kit (Sigma-Aldrich Italia Srl, Milan, Itg.

The reaction was stopped after 4-6 min, with deiedi water. The resulting spots were

counted using a stereomicroscope.
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The frequencies were then expressed as cytokirgupirg cells per million splenocytes. A
>2-fold increase in the number of spots over thatrod (splenocytes cultured in the absence

of tumor cells) was considered a positive response.

Data are expressed as number of spot-forming jgetlisnillion spleen cells.

2.10. CTL Activity Assay

CytoTox 96 cytotoxicity assay (Promega lItalia s.Milan, Italy) was used to measure the
splenocyte cytotoxic activity in treated mice acliog to the manufacturer’s protocol with
minor modification. Briefly, splenocytes were frésisolated and incubated in the presence
of Mitomycin C-treated (6@0g/ml for 2 h at 37°C) tumor parental and ClITA-expsing

target cells, at 50:1 effector-to-target cell ratio

After 5 days, splenocytes were used as effectds oelthe CTL assay. Parental tumor cells
were used as target cells and were plated at*1gélls per well on 96-well U-bottomed
plates, and splenocytes (effectors) were added timah volume of 10QL, in different
effector-to-target cell ratios (50:1, 25:1, 12:fid&:1). Plates were then incubated for 4 hin a
humidified 5% CQ chamber at 37°C and centrifuged at 59 5 min. Aliquots (5QL)
were transferred from all wells to fresh 96-weditfbottomed plates, and an equal volume of
reconstituted substrate mix was added to each Wedl.plates were then incubated in the dark
at room temperature for 30 min. Stop solutionu{50was then added, and absorbance values
were measured at 490 nm. Cell death percentageacht effector-to-target cell ratio were
calculated using [A (experimental) — A (effectobsfaneous) - A (target spontaneous)] x 100

/ [A (target maximum) - A (target spontaneous)].
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2.11. Immunohistochemical analysis

Three mice each from TS/A tumor or on-day-6-adaptiverapy-treated TS/A tumor groups
were euthanized at 14 days aftec. tumor inoculation. Cryostat sectionsu(e thick) were
immunostained using a streptavidin-biotin-alkalpigosphatase complex staining kit (Bio-
Spa Division, Milan, Italy) and naphthol-AS-MX-phgsate and Fast Red TR (Sigma, St.
Louis, MO) to visualize binding sites. The mAbs disgere anti-CD4 (GK1.5), anti-CD8
(2.43), anti—dendritic cells (DEC-205; clone NLD@5] ImmunoKontact, Lugano,
Switzerland), anti-polymorphonucleate Ly-6G (Grelgne RB6-8C5) and anti-macrophage
(clone MOMA-1; ImmunoKontact). The sections wereubated with the primary antibody
overnight at 4°C. The red reaction product wasiobthusing a mixture of 2mg naphthol-AS-
MX-phosphate dissolved in 200 N,N-dimethylformamide (Sigma) and diluted in 9.8mL of
0.1mol/L Tris-HCI (pH 8.2) and 1 mmol/L levamiso(&igma). Immediately before use,
10mg Fast Red TR salt was added. Gill's haematoxyhs used as a counter stain and the
sections were mounted in glycerol (DAKO, CarpirdaeCA). Cell counts were obtained in 8
to 12 randomly chosen fields under a Leica Wetlitgnt microscope (Solms, Germany) at
x400 magnification, 0.180mftiield. Mann-Whitney U test was used to evaluateetfubr
there was a statistically significant differencetvimen TS/A and adoptive therapy-TS/A

cellular infiltrate. Data analyses were considdrigghly significant when P < 0.005.

2.12. Statistical Analysis

Mean values +SEM were calculated for each grougaah time. Average tumor sizes were
plotted over time to display the trend of tumor elepment in each treatment group. All

statistical analyses were done using the Studéntést to evaluate significance between
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groups, except that the log-rank statistics wasl tiseest differences between groups. For all
cases, results were regarded significant if P walwere <0.01 or <0.05. Alin vivo
experiments were performed two times with group$oaf to six mice, and the results were

cumulated as they gave homogeneous results.
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3. RESULTS

3.1. Rejection of CIITA-tumors and protective imrityuragainst

parental tumors.

To evaluate the ability of naive mice to rejectT@expressing tumors, tumor cell lines of
different histotype that causes 100% mortality iALB/c mice were used. As shown in
Figure 1A, in these tumor cell lines, the absence of MHGlagene transcription correlates
with the lack of CIITA expression. The transfectiohCIITA gene, indeed, induce® novo
expression of MHC class Il molecules into the turgell lines. Morphology and growth
kineticsin vitro of transfected cells did not differ with respeztuntransfected parental cells

(data not shown).

When CIITA-transfected tumor cells were injeciadvivo, complete rejection or significant
delay in tumor growth was observed in all tumor eledwhen compared to parental tumors
and to tumor cells transfected with the mock vedfeigure 2A-B, *P<0.01). CIITA
expression indeed can inhibit tumor growth in 108Panimals implanted with WEHI-CIITA
cells and 80% of animals implanted with C51-CIITAlls, contrary to parental WEHI and
C51 cells for which tumor take was 100%. Importanith the remaining 20% of C51-CIITA
injected mice, tumors developed much later as coadpto C51 parental tumors. Although
not completely rejected, the RENCA-CIITA tumor grawore slowly than did tumors
induced by the parental cells, suggesting thairtileune response generated was ineffective

for a complete tumor rejectiofigure 2A-B).
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Capacity to reject the tumor correlated with theoant and stability of CIITA and thus
corresponding MHC class Il expressiavieqzza et al. 2003 Indeed,ex viveisolated cells
from C51-CIITA tumor-bearing mice showed decread#idC class Il expression; more
importantlyex vivaeisolated cells from RENCA-CIITA tumor-bearing mjoghich displayed
only retarded tumor growth, showed an almost cotapless of MHC class Il expression
(Figure 1B). The reasons of the reduced stability of ClITA®ssionin vivo in RENCA

cells are under investigation.

It was next evaluated whether initial vaccinatioithwthe CIITA-expressing tumor cells
would induce a memory response against the parestl. Thirty days after vaccination,
tumor-free mice were challenged with parental cell80% of animals vaccinated with
WEHI-CIITA and with C51-CIITA showed complete refemn. This protective response was
long lasting, since 90 days post-vaccination arsmere still able to reject a second tumor
challenge Table 2. Thus, vaccination with CIITA-mediated MHC clds&xpressing tumors
results in long lasting, specific anti-tumor immiynagainst MHC class Il negative parental

tumor cells.

3.2. Role of CD8effector and CD4T helper cells in CIITA-Vaccine

approach.

To verify whether the effector function in challengxperiments of tumor rejection was
mediated by specific lymphocyte subpopulations, CRad CD8 spleen cells of mice

rejecting the CIITA-tumor vaccine and a parentahdn challenge were used to protect naive
animals in adoptive transfer experiments. Thesecrxents were performed using total

spleen cells or the equivalent proportion of pedfiCD4 or CD8 tumor-immune
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splenocytes. Mice were inoculated with effector @&y tumor (T) cells, with an 80:1 (E:T)

proportion for C51 cells and a 1:1 (E:T) proportion WEHI-164 cells.

As shown inFigure 3, unselected spleen cells for both WEHI-CIITA an81cCIITA
vaccinated and challenged mice protected 100% pfcted mice from tumor growth.
Interestingly, purified CD4 T cells were extremely potent in protecting micenf WEHI
tumor take, as 80% of the animals were protectatl the remaining 20% manifested a
retarded growthRigure 3A, upper panels). Purified CD4T cells were also efficacious in
preventing tumor growth of C51 tumor, as 50% of #m@mals were protected and the
remaining 50% displayed a significant tumor growgtardation Figure 3A, lower panels).
Similar results were obtained when immune CD8cells were used in adoptive transfer; in
this case 60% of WEHI injected micEigure 3A, upper panels) and 100% of C51 injected

mice were protected-{gure 3A, lower panels).

These results strongly indicate that both CRAd CD8 T cells can act as effectors against
the tumors if previously triggered by MHC clasgdsitive tumor cells. It was subsequently
assessed whether mice resistant to tumor take eejddt a tumor challenge after 1 month
from adoptive cell transfer. Animals rejecting WEtdmors after total spleen cell, CDdr
CDS8' T cell transfer were able to reject in 100% of ¢hses a tumor rechallendégure 3B,

left panel). Similarly, mice rejecting C51 tumorfiea total spleen cells or CD4T cell
transfer acquired immunological memory and rejected100% of the cases a tumor
rechallenge, whereas only 50% of mice rejecting tthraor after CD8 cell transfer were

resistant to a further rechallendagure 3B, right panel)

These results demonstrate that CIITA-induced tummonune T cells protect naive mice and
that the antitumor responses induced with CIITAdaagaccination is dependent mostly on

CD4" and CD8 T cells, able to induce also alone transplantaigenory responses. Of great
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importance, it was shown also that not only CliTécgine-induced CDBCTLs, but also
CD4" helper T cells can induce effector antitumor resgs. Finally, it was also shown that
this anti-tumor memory is long lasting, as 90 dafger the first challenge tumor-free animals
in the all three groups are still able to rejeseaond challenge with parental cells (data not

shown).

3.3. CIlITA-tumor-mediated CD4T cell priming and generation of

anti-tumor CTLsS

CD8’ CTL are major effectors in killing the tumor ceifsvivo. However, as show above in
our experimental system primed CDR cells transferred into naive recipients cangubthe
animals likewise. To assess the importance of TD4ells in the generation of anti-tumor
CDS8’ cytolytic activity, we investigated the CTL respes in both WEHI-CIITA and C51-
CIITA vaccinated mice, 4 weeks after vaccinatiomd & naive mice receiving adoptive cell

transfer of anti-tumor immune lymphocyte subpopats.

Mice were vaccinated with ClITA-expressing WEHI®@51 tumor cells, as described above.
At week 4, splenocytes from the mice in each grawgre harvested and pooled. CTL
responses specific to tumor cells were measurddwinlg antigen restimulatiomn vitro.
Vaccinated mice developed a strong CTL activiiggre 4A,0). A second interesting step
was determining if vaccination can induce CTL remas able to be transplanted in naive
mice. As shown ifrigure 4B andFigure 4D, after adoptive transfer, CTL activity was higher
in animals that received CDZ cells as compared to animals receiving CD&ells.Indeed,
CTL activity generated by CD4T cell transfer was as high as the one generagetbthl

spleen cell transfer for both WEHI and C51 tum&3L activity was strongly reduced in
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presence of anti-MHC class I, but not anti MHC sl#is antibodies (data not shown). These
results strongly suggest that anti-tumor primed CD4cells generated by the vaccination
procedure with CIITA-transfected tumors support #etivation of naive CD8T cells to

become fully differentiated anti-tumor CTLSs.

3.4. ACT by CIITA-cell vaccine induced immune é&ffsc

We subsequently investigated whether anti-tumor umenlymphocytes could be used for
adoptive cell therapy (ACT) of established tumdfsr this approach we used effectors
generated in the more extensively studied TS/A-SN&ccination systenMeazza et al. 2003;
Mortara et al. 2006; Mortara et al. 2009 Vaccination experiments were repeated with TS/A-
LXIN-CIITA tumor cells (data not shown) and confienh the efficacy of TS/A-LXIN-CIITA
clone to induced effective protectiam vivo, fully comparable to our previous results with
TS/IA-CIITA 32.10.7 clone Nlortara et al. 200%. Donor TS/A-LXIN-CIITA-rejecting mice
were boosted one time with TS/A-pc tumor cells, &Wks before the adoptive transfer in

tumor-bearing mice.

Treatment with tumor-immune splenocytes, up to @after tumor inoculum, was efficient in

curing or significantly retarding tumor growth. Akowed inFigure 5A,B, all untreated mice

developed tumors, but, at day 0, day 1 and daye3 afmor inoculum, immune spleen cells
(ACT day 0, 1, and day 3) completely and stablyedut00%, 75% and 50% of the tumors,
respectively, and strongly retarded tumor growtkhremaining 25% (day 1) and 50% (day
3) of tumors. Injection of immune cells at day 8R day 6), time in which mice displayed
already an evident tumor mass, although not cunmas instrumental in retarding tumor

growth as observed in the non cured mice after ACday 1 and 3. Injection of immune
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spleen cells 12 days after tumor inoculum (ACT d&y was instead inefficient either in
protecting or retarding the growth of the subcutarséy inoculated mammary
adenocarcinoma. Animals injected with splenocytes bt show signs of discomfort and

their mean body weight did not differ from thattbé controls (data not shown).

Cures were defined as those animals that were timr@@rafter treatment for at least 30 days.
It was then investigated whether tumor rejectionegated by ACT (i.e., day 0, day 1 and day
3) was long-lasting. Cured animals were rechalldngéh TS/Apc 30 days after ACT to

determine the presence of immunologic memory.

All ACT-protected mice rejected the subsequent mtatetumor challenge T@able 3,
indicating again the capacity of transferred immuwedls to persistin vivo and retain

immunological memory.

3.5. Therapeutic effect of T-cell subsets.

The fact that a strong retardation of tumor growtis achieved by ACT after 6 days from
tumor inoculum prompted us to assess whether imnaffeetors from these animals were
able to influence the tumor take and/or growth whemjected with tumor cells into naive

animals.

Total spleen cells (Tot sc), were fully competenprotecting naive mice from tumor take in
100% of the animalsF{gure 5C,D). Interestingly, CD4 T cells fully protected 60% of the

animals and strongly retarded tumor growth in #raaining 40% of mice.

On the other hand, CDd cells were incapable of fully protecting theraals, although they

were still able to strongly delay tumor growth. Asgative control, the adoptive transfer of
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total splenocytes from not treated TS/A tumor-begarmice (C sc) did not affect tumor
growth. Thus, immune lymphocytes, and particul@®4" T cells had a stronger anti-tumor

protecting activity than CD8ymphocyte effectors.

3.6. CTL responses in ACT-treated mice.

TS/A tumor-bearing mice were treated with CIITA gme-induced tumor immune spleen
cells as described above. After 4 weeks, splenedyten mice of each group (O, 1, 3, 6, 12
days) were taken and CTL responses specific toteelts were measured, following antigen

re-stimulationin vitro.

Representative results, referred to spleen celld@T at day 3 and day 6, are shown in
Figure 6A. The group of cured mice (ACT day 3) developedgadr level of parental tumor-
specific lytic activity than those injected withrpatal tumor cells alone (Untreated tumors).
Those mice that were not cured, but had signiflgantduced tumor growth kinetics,

displayed a reduced but still significant cytolyaictivity (ACT at day 6).

We then assessed the CTL response of spleen deltsice that were protected when
coinjected with tumor cells and total spleen céitsn ACT day 6-treated animals (refer to

Figure 5C andFigure 5D).

Interestingly, a very strong CTL activity was obsst in these miceF{gure 6B), perhaps
because these CTL responses were less anergizedby microenvironment and gave very

high cytotoxic signals compared to ACT at day Figure 6A.
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Taken together, these results show that the amtieffector response, generated in mice
undergoing adoptive cell immunotherapy, was onhamitatively, but not qualitatively,

insufficient in controlling and counteracting tungrowth.

3.7. Adoptive cell therapy induces a massive iafibn of TS/A
tumors by CD4 T cells, CD8 T cells, dendritic cells and

granulocytes.

In order to assess the modifications induced by ACthe tumor microenvironment we then
studied by immunohistochemistry the tumor tissue paticularly the phenotype and number
of infiltrating leukocyte subpopulations in micedangoing ACT at day 6, and specifically 8
days after ACT (14 days after tumor inoculum). Aisttime point massive infiltration of
CD4" T cells, CD8 T cells and dendritic cells was observed in TSi#ndr masses as
compared with the virtually absent representatibthese lymphocyte subpopulations in the
tumor of mice not undergoing ACTFigure 7A). On the other hand, macrophages, which
were observed at discrete number already in theeated parental TS/A tumor
microenvironment, were not statistically increasdtér ACT. Importantly, instead, a very
significant increase of granulocytes (PMN) was engésin the tumor tissue after ACT.
Although this experiment did not allow to establiskactly the origin of the leukocyte
infiltrate, i.e. whether exclusively deriving froACT cells or also from host cells, it is certain
that PMN infiltration is of exclusive host derivai, as only splenic lymphocytes and
monocytes from immune mice were used in the ACTmmeg. However it appears plausible
that most of the lymphocyte subpopulations, paldityi the CD8 CTL effectors were from

the ACT derivation, since already at this very airhe point the tumor microenvironment
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displayed extensive areas of necrosis, as showigure 7B (necrotic area -nec- is depicted).
A very similar aspect of the tumor tissue was obs@in mice undergoing ACT at day O, 1
and 3, with even more dramatic increase in the rauimob necrotic areas observed (data not

shown), compatible with the superior rejecting @ityeof ACT at these time points.

3.8. Tumor-specific mixed Th1-Th2 immune respoates ACT.

To get further information on the characteristi€snamune responses taking place in ACT-
treated mice, we investigated tumor-specific H=Nand IL-4-producing spleen cells, at 4
weeks from tumor inoculum, in tumor-rejecting miafter day 3 ACT, or of mice with

delayed tumor growth after day 6 ACHigure 8).

Increased frequency of tumor-specific, IFNroducing spleen cells was observed in tumor-
cured mice Figure 8A, left panel, ACT tum) but not in day-6 ACT treated micEigure 8A,
left panel, ACT turf) when splenocytes were re-stimulatadvitro with TS/A-CIITA cells,

TS/Apc or the AH1 peptide.

The number of spleen cells producing IFNR response tan vitro stimulation with AH1
peptide, an immune-dominant peptide of the gp70 glycoprotein of an endogenous
retrovirus recognized by MHC-I-restricted CTLs o/A tumors Huang et al. 1995 was

higher in tumor-free than in tumor-bearing mi€ggre 8A).

Interestingly, the IFN~specific response of tumor-cured mice was strongtibited by anti-
MHC-II antibodies and, to much lesser extent byi-RHC-l antibodies, suggesting a Thl-

type response attributable mostly to COi4cells Eigure 8A, right panel, ACT tur).
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The frequency of IL-4-producing cells was also @aged in tumor-cured mice particularly
when spleen cells were restimulatadvitro with TS/A-CIITA and parental TS/A tumor, but

not with the AH1 peptideRigure 8B, left panel, ACT tum).

Moreover and at variance with results found for #ldroducing cells, significantly higher
numbers of IL-4 producing cells were also obselnedCT tumor-bearing miceHigure 8B,

left panel, ACT turf) when restimulate¢h vitro with all three stimuli used. Also in this case
the major IL-4-producing spleen cells in both tumared and slow-growing tumor-bearing
mice was predominantly attributable to CDR cells, as it was strongly inhibited by anti-

MHC-II, and not anti-MHC-I, antibodies={gure 8B, right panel, ACT turf).

These results indicate that a mixed Th1-Th2 typeesponse, mainly attributable to CDR

cells, was present in animals cured by ACT.

On the other hand, animals, which could not be dung ACT, although displaying slow-
growing tumors, had a predominant CDBh2-type of response. These antitumor immune
response vivo are very persistent, since we can detect it insgileen cells of cured mice

also after 1 month from tumor injection.

3.9. Tumor-specific mixed Th1l-Th2 immune respomrdes Winn

Assays

It was therefore important to assess whether theripation of the immune response in day 6
ACT-treated mice was conserved when spleen celibesfe mice were used in adoptive cell
transfer admixed with tumor cells, as we knew thesdis were capable to fully protect from
tumor take $eeFigure 5B). Interestingly, high frequency of both IFN{Figure 9A) and IL-

4-producing Figure 9B) cells were detected in the spleen of these asinvAen stimulated
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in vitro by all stimuli including TS/A parental tumors, thH1 MHC class I-restricted
peptide and, particularly, TS/A-CIITA cells. In botases, responses were strongly inhibited
by incubation with anti-MHC-II antibodies and tes$er extent, with anti-MHC-I antibodies
(Figure 9A-B, right panels). These results indicate a re-prdéion toward a mixed Th1/Th2
phenotype of the tumor-specific T cells that, &t dhnigin, were mostly polarized toward a Th2

phenotype (seEigure 8A-B, ACT tun).
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4. DISCUSSION

The aim of this investigation was two fold. First, assess whether efficacious anti-tumor
response could be generated against highly tumudgeells of different histological origin
by the CIITA transfection approach, as this is im@ot for envisaging application of this
vaccination strategy in human settings. Seconexfore the possibility of using immune,
tumor-specific lymphocytes generated by the CIllIT#br vaccination approach as

immunotherapeutic tool for established cancers.

As far as the first aim, the results presented basmbiguously show that, in addition to the
already described TS/A mammary adenocarcinokeazza et al. 2003; Mortara et al. 2006;
Mortara et al. 2009, tumors as different as colon carcinomas (C5#)sarcomas (WEHI-164)
could be rendered highly immunogenic and rejectablevivo by CIITA-mediated gene
transfer. This marked therapeutic effect, confirmethree different tumor models, not only

produces a reduction in tumor size, but results significant number of cured animals.

The results provide unprecedented preclinical erpmrtal data indicating that poorly
immunogenic tumor cells of different histotype aegected if they express MHC class I

antigens induced by stable transfection of the Mit&Ss Il transactivator CIITA.

Interestingly, although CIITA-RENCA tumor cells ddwunot be fully rejected, they greim
vivo with a significantly reduced kinetics as compatedcarental untransfected cells. This
correlated with the reduction of CIITA-mediated MHIG=xpression of the tumor arising
vivo, as we have shown previously also in the TS/A tumodel (Meazza et al. 2003 Thus,
the presence of ClITA-induced MHC-II molecules umbr cells is instrumental to trigger

antigen-specific antitumor response capable ofegtotgin vivo the vaccinated animals from
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tumor take, and, more importantly, to protect thegainst further rechallenge with parental
MHC-II negative tumor cells. CIITA-tumor vaccinatedice, indeed, potently reject parental
untransfected tumors and generate tumor-speaiing Hasting T cells of superior action in

adaptive immunotherapy.

CIHITA-induced MHC-II-positive tumor cells may achdamselves as surrogate antigen
presenting cells since they have this capabiltgr{ara et al. 200%, or they may be engulphed
as necrotic and/or apoptotic bodies by dendritilscand “fuel” dendritic cells with
preformed MHC-Il-antigenic peptide complexes wittidiéional and superior stimulating
capacity for CDZ tumor-specific T helper cells, as it has beenmtgesuggestedMortara et

al. 2009; Dolan et al. 2006 Whatever the mechanism, it appears that CIITiA,it¢ induction

of tumor cell MHC-II expression, may act as a sfiec¢adjuvant” (Kim et al. 2008, inducing
an amplification of the response induced by the T&AIs bypassing the need of identifying

the TAA relevant for the tumor rejection.

The importance of CO4T cell priming in generating and maintaining effict anti-tumor
response and tumor rejection after CIITA-tumor waaton, was witnessed by the fact that
immune CD4 T cells alone could protect naive animals from durake in adoptive cell
transfer assays both in the case of WEHI-164 and @Bnors. This protection was
accompanied by the elicitation of strong cytoldictivity mediated by CD8CTL and was
observed not only in spleen cells of CIITA-tumorcemated mice but also in spleen cells of
naive mice adoptively transferred with immune CO4cells and challenged with parental
tumors Figure 3). Indeed, in these latter mice CTL activity wagm®estronger than the one in
similar mice which received immune CDB cells. These results reiterate the importance of
anti-tumor specific, primed CDA4T cells in triggering naive anti-tumor CDST cell

precursors to become fully differentiated functio6dLs as we have recently observed also
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in a different model of therapy-induced tumor vaetion Balza et al. 2006; Mortara et al.
2007). Importantly, these results also demonstrate thate primed, CD4T helper cells do
not need MHC class Il expression on tumor cellbgaestimulated, strongly suggesting that
their restimulation and survival vivo can be maintained by a minimal requirement of tumo
antigen availability, possibly fulfiled by MHC-llestricted antigen presentation
accomplished by classical APCs having engulphedturells as necrotic and/or apoptotic

bodies, as suggested above.

The other important aim of this project was to assehether tumor-specific lymphocytes
generated by CIITA-tumor vaccination could be usesl immunotherapeutic tool for

established tumors.

Although preliminary success in several experimemtadels served as background to apply
the adoptive cell therapy (ACT) to human settingwiewed inRosenberg et al. 20p8results

in terms of cure and/or diminution of tumor massexe unsatisfactory, with a possible
exception of metastatic human melanonmagd(ey et al. 2008 Nevertheless, currently ACT
approach seems to offer better applicability wiglspect to strategies such as non-specific
immune modulation, active immunization with TAA with a wide variety of immunizing
vectors although the identification of the bésffector” for ACT and thus, in turn, the best
immune stimulation of it still remains an unresalvssue. Within this frame, it seems that the
polyclonal nature of anti-tumor immun@sponse and the presence of CO4cells are
fundamental to mediate tumor rejectidPaldoll et al. 1998; Cerundolo , 1999; Pardoll et a

2001; Yee et al. 2002; Dudley et al. 2005; Moedieal. 2005; Perez-Diez et al. 2007

In previous studies, we have found that both C#d CD8 T cells collaboratively
participated in mediating the regression of the iruICIITA-expressing TS/A mammary

adenocarcinomaMortara et al. 2005. The results presented here indicate that immune
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effectors, CDZ4 T helper cells and CD8CTLs, generated by vaccination with CIITA-
transfected tumors are capable to cure and/orfiignily reduce the growth of established

tumors in the highly aggressive TS/A tumor model.

Of great importance, the T cells obtained from waated mice were therapeutic also without
otherin vitro activation passages, like treatment with anti-GD8 IL-2, differently to some
other approaches of vaccination and AQVirfter et al. 2003; Tanaka et al. 1999 he first
finding of note, indeed, is that ACT with whole iane spleen cells undergoing neither
treatment nor amplificatiom vitro can still be totally curative in 50% of the anisat day 3
after tumor inoculum and highly effective in recagithe growth at day 6 after tumor
inoculum. The negative regulation of the anti-turmomune response in the less responsive
animals may depend on the size of the tumor. Spte#ls from BALB/c mice that were
treated at day 6, indeed, were shown to be stphbke of induce the complete protection

against TS/A tumor cells in Winn Assay experimdrigure 5C,D).

Furthermore, ACT induced proliferation of tumor-siie immune splenocytes in receiving
mice, leading to rejection of subsequent tumorlehgke or to protection from metastasis in
animals having established tumors. The secondrfindif note, indeed, is that anti-tumor
lymphocytes were long-living cells since cells eemm day 6 ACT animals, taken one
month after therapy, were extremely efficient iotpcting naive animals from tumor take in
adoptive cell transfer assays. Of great importartbés transfer of the tumor-specific
immunity did not require any other manipulationtbé recipient animals, contrary to other
studies in which hosts received adoptively tramsfércells after host lymphodepletion
treatment. Depletion of immune cells before adaptoell transfer, indeed, can markedly
improve the antitumor efficacy of transferred celilue to several different mechanisms

(Gattinoni et al. 200§ as the creation of niches for the transferrdi$ @ad the elimination of
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regulatory T cells and endogenous cells that Imineostatic proliferation of the transferred
cells, due to competition for activating cytokindgjown as the’cytokine sink” effect

(Gattinoni et al. 2005; Klebanoff et al. 2005

The third finding of note is that CD4T cells were remarkably more efficient that CDB

cells in conferring protection from tumor take.

The latter finding, along with the fact that a pdtanti-tumor CTL response was present in
these animalsHigure 6), further re-emphasizes the key role of tumor-gjehbelper signals
from CIITA-vaccine primed CD4T cells in triggering and maintaining the effectonction

of CD8" CTL naive precursors, in tumor-bearing ACT treataite although we cannot
exclude that primed CDA4T cells may include as well a subset of cytotoRid4™ T cells

(Cohen et al. 2000 Future studies will further clarify this aspect.

Assuming that Thl and Th2 CDZ cells have been shown to have distinct rolegairous
immune responseNishimura et al. 1999 including antitumor immune responses, further
phenoytypic and functional characterization of lfrephocyte subpopulations present in mice
undergoing ACT was performed. It was shown thaeeplcells from tumor-cured mice
displayed a mixed Th1/Th2 phenotype with increaseduency of both IFN- (CD4" and
CDS8' T cells) and IL-4 (CDAT cells) producing cells, whereas spleen cellmfaay6 ACT
mice with retarded tumor growth exhibited a premtl&@h2 phenotype. Interestingly, this
latter Th2 phenotype switched to a mixed Th1l/Th2natype with a strong IFM-and IL-4
type of response when these cells were used f@tiadaransfer in virgin animals, in which
they caused protection from tumor take. The onlpaapnt distinction with the mixed
Th1/Th2 phenotype observed in ACT tumor-cured mvi@es the maintenance of the AH1
peptide-specific component of response in the T2 tells. The reasons of this differential

response are presently matter of investigatiors itnportant to stress however the fact that
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switch from a prevalent Th2 to a mixed Th1/Th2 tygeresponse was accompanied by a

strong increase of cytolytic activity in these gpieells.

Taken together, these data strongly suggest teantjor anti-tumor immune cells generated
by our vaccination approach and used for ACT thedigplay a modulatable phenotype and,
depending upon their interaction with the tumor nménvironment and their relative
proportion with respect to tumor cells, they carpotarize assuming a more protective
phenotype when they are Thliqrtara et al. 200§ or both Th1/Th2 Nlortara et al. 2009 with
respect to a less protective phenotype when theyoarthey are forced to be, only of the Th2
phenotype. Several examples of a mixed Th1l/Th2 imantesponse correlating with the

tumor rejection have been reportétlifg et al. 1998; Schuler et al. 1999; Lopez eRaby.

Interestingly, we recently found that a protecfivel/Th2 type of immune response was also
observed in mice protected from tumor growth adténerapeutic procedure that targets tumor
vessels and result in intense necrosis of tumeudiBalza et al. 2006; Mortara et al. 20R7
Thus, it is likely that plasticity of immune effecs, particularly CD4T helper cells, is at the
basis of a protective anti-tumor immune response @novides these cells were originally
triggered by optimal antigen presentation generatedn our approach, by CIITA-dependent

MHC class Il expression in tumor cells.

The immunotherapeutic strategy described here wméslogous tumor cells as the
immunogen. Not all human malignancies will be anidmdo this approach, since not all
cancers can be cultured or transdudedvitro. However, phase I/l clinical trials using
autologous tumor cells as immunotherapeutic agamcurrently underway for a variety of
human tumors [neuroblastoma, breast, melanoma, tapeps glioma, papilloma

(http://cancernet.nci.nih.golv)
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Some results strongly suggest that combinatiorafhes, such as those involving vaccination
combined with adoptive T-cell transfer, may prodsgaergistic antitumor responses that are
considerably more potent than either approach usesblation Overwijk et al. 2003; Parviz et

al. 2003; Lou et al. 2004; Jorritsma et al. 200&rai et al. 2008; Chen et al. 2009

Within this frame, vaccination and therapeutic aaghes, both directed to induce specific
anti-tumor immune responses, are proposed. Thepeoaghes are based on CIITA-
genetically engineering tumor cells that becomearionmunogenic'and thereby stimulate
in vivo the generation of tumor-specific effector cell&sRlts from these strategies suggest
that the appropriate polarization of effector CDB cells induced by vaccination, could
enhance the successful tumor eradication by adogtivmunotherapy, after appropriate
amplification strategied vitro of tumor-specific vaccine-induced CDZ cells Caserta et al.

2009).

In conclusion, tumor cell modification by CIITA mayffer an alternative strategy not only for
preventive vaccination in a wide variety of tumbtg also for the generation of superior anti-

tumor immune lymphocytes for adoptive cell therapy.
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5. FIGURES and TABLES
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Figure 1. CIITA-dependent MHC-II expression on tuicells of different histotype.

A). Immunofluorescence flow cytometry profiles of CA¥ransfected C51 colon
adenocarcinoma, RENCA renal carcinoma and WEHI{ildsarcoma tumor cells stained
for MHC class Il molecules (darker histograms) asnpared with untransfected controls
(lighter histograms)B). MHC class Il phenotype @x-vivotumor cells from C51-CIITA and
RENCA-CIITA showing that these tumor cells haveeduced expression of MHC class I
cell surface molecules as resultinfvivo down regulation of expression transfected CIITA.
Cells were stained by indirect immunofluorescendé wAb specific for I-E (K22.422plus
FITC-conjugated goat anti-mouse mAb. Dashed histogrrepresent negative control of an
irrelevant isotype-matched mAb.
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Figure 2. CIITA-tumor cell lines are rejected oragtically retarded in their growth in vivo.

Equal numbers of transfected or parental tumorsaglire injected subcutaneoustyq in BALB/c
mice. At least 8 animals were injected per grough @me representative experiment of at least two is
shown for each tumor modeh) Tumor growth was monitored over time (abscissa) eesults
expressed as percentage of tumor-free mice inrttinaie.B) Tumors arising from CIlITA-transfected
cells, mock-transfected cells or from parentalscelere compared for their corresponding size over
time (abscissa) and results expressed as tumon(sizé) in the ordinate. Data represent means *
SEM of tumor volumes and significant differencemnirparental tumor group are indicated (*P<0.01).
Open symbols refer to parental untransfected tucedls; full symbols refer to ClITA-transfected
tumor cells.
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Table 2. Mice rejecting CIITA-tumors are resistdatchallenge with parental tumor and

develop long-lasting immunological memory.

1*injection | no. mice | % rejecting 1° % rejecting 2% % rejecting
injected mice challengé mice challengé mice
(30d) (90d)
WEHI-CIITA 10 100 (10/10) | WEHI-164 | 100 (10/10) WEHI-164 100 (10/10)
C51-CIITA 10 80 (8/10) C51 100 (8/8)|  c51 100 (8/8)

* in parenthesis, number of animals injected withT@Hransfected tumor / number of rejecting mice.

T first and second challenge with correspondingempiat tumors were performed after 30 days and 9@,da
respectively, from injection of CIITA transfectedars.

T 8 out of 10 mice rejected C51-CIITA tumors. All $kemice were resistant to a first and a secondectys
with parental C51 tumor cells.
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Figure 3. Role of T lymphocyte subpopulations it-amor immunity after ClIITA-vaccine.

A) Naive mice were co-injectedc with immune total spleen cells, CDdr CD8 T cells and parental
tumor cells at ratio of 80:1, 40:1, 20:1 (C51) ot,10,8:1, 0,4:1 (WEHI-164), respectively. Control
mice (Total control) were co-injected with totalleapocytes from naive animals and tumor cells at
ratio 80:1 (C51) and 1:1 (WEHI-1643) Tumor-rejecting mice after injection of listed imne cells
(see A) were challenged after 30 days with pare@&l or WEHI-164 tumor cells. Total control,
naive animals challenged with tumor cells only. Burgrowth was monitored over time (abscissa)
and the results expressed as percentage of tuemmiice in the ordinate (A and B, left panels, B
right panel). Tumors arising in adoptively transéer animals were compared for their corresponding
size over time (abscissa) and the results expreasemimor size (mfh in the ordinate (A, right
panels). Data represent means + SEM of tumor vaduaral significant differences from parental
tumor group are indicated (*P<0.01). At least 8 neals were included per group and one
representative experiment of at least two is shfmweach tumor model.
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Figure 4. CIITA-vaccine generates potent CTL resesn

Splenocytes from mice rejecting ClITA-transfectesinors and further resistant to challenge with
parental tumor (WEHI-CIITA or C51-CIITA), or from iee with growing tumors (WEHI pc or C51
pc) were taken 20 days from challenge, or at 2 ddier tumor inoculum, respectively (A and B).
Similarly, spleen cells from naive mice coinjectsith tumor cells and total immune splenocytes
(Total + chall), CD4 (CD4 + chall) or CD8(CD8 + chall) T cells (same animals as Fig.3A)reve
taken 20 days after adoptive transfer (C and D)eépcells were co-cultured with mitomycin C-
treated parental tumor cells. Five days after datinn, splenocytes were recovered and used as
effector cells. Lactate dehydrogenase (LDH) relesssay was used to measure cytotoxicity against
specific tumor target cells as described in Materand Methods. Abscissa, effector lymphocytes
versustumor cells (E/T) ratio; ordinate, percent of dpiedysis
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Figure 5. ACT of established tumors by CIITA-vaeagmduced immune effectors.

Mice weres.c injected with 5x16 TS/A tumor cells. At the selected times, frestdplated total
splenocytes from mice rejecting CIITA-TS/A and aalénge with parental tumor were used for
adoptive cell therapy (ACT). Immune cells were atgel near the tumor site. Each mouse received
5x10 total spleen cells. At least 8 animals were inetliger group.

A) Tumor growth was monitored over time (abscissa) the results expressed as percentage of mice
free of tumor in the ordinate.

B) Tumors still growing after ACT were compared otiete (abscissa) for their corresponding size
and the results expressed as tumor size¥rimrthe ordinate. Data represent means + SEM robtu
volumes and significant differences from parentatar group (C day 0) are indicated (*P<0.01).

After 4-weeks from tumor challenge, a pool of spleells from mice with delayed tumor growth,
after adoptive therapy on day 6, was used in Wilssai experiments in which 1x1tbtal, 3x16
CD4" or 2x10 CD8' cells were mixed to 5x£0TS/A tumor cells. A minimum of 8 animals were
included per group.

C) Results were expressed as percentage of tumoatfigeals (ordinate) over time.

D) For those animals which developed a tumor, thaltesvere expressed as tumor size (ordinate)
over time (abscissa). Data represent means + SBMhadr volumes and significant differences from

total splenocytes of not treated TS/A tumor-bearirige control group (C sc) are indicated (*P<0.01,
"P<0.05).
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Table 3. ACT cured mice develop long-lasting rasis¢ to subsequent tumor challenge.

ACT group” Tumor free after ACT' Tumor free after challengé
day 0 8/8 8/8
day 1 6/8 6/6
day 3 4/8 4/4

* the listed groups include only those in which gdete cure and regression of the tumor was observed

T ratio between the number of mice undergoing AGfe/ number of mice cured from tumor at 30 daysraft
ACT.

¥ cured mice were challenged with parental tumod&gs after first tumor injection. Results are expesl as
the number of mice undergoing challenge/ the nuraberice protected at 60 days after challenge
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Figure 6. CTL responses in mice undergoing adomeleimmunotherapy.

A) Splenocytes from either cured mice or mice displayeduced growth kinetics after adoptive cell
immunotherapy (ACT day 3 and ACT day 6, respecfivelere assayed at after 30 days from tumor
inoculum for their CTL activity.

B) Spleen cells of naive mice that were coinjecteth WiS/A tumor cells and immune splenocytes
from day 6 ACT and that showed no tumor growth {litansfer ACT day6), were assayed 30 days
after coinjection for their CTL activity. Distinceplenocyte populations were incubated with
mitomycin C-treated TS/A parental tumor cells. Fdays after stimulation, splenocytes were used as
effector cells in the Lactate dehydrogenase (LDélease assays to measure cytotoxicity against
specific tumor target cells. CTL activities werarquared with the CTL activity of spleen cells from
untreated, TS/A tumor bearing mice (untreated TtB#Aor). Values are expressed as percent specific
lysis (ordinate) at the distinct effector/ targatias listed in the abscissa.
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Figure 7. ACT induces a massive cellular infiltoatiof TS/A tumors.

Cellular infiltrates were analyzed for the preseatevarious leukocytes populations, namely CD4
cells (CD4), CD8 T cells (CDS8), dendritic cells (DC), polymorphonucleates (PMNjnd
macrophages (&) in TS/A tumor tissues of mice receiving ACT atyda and fourteen days after
tumor inoculum (A). Results are expressed as cathber (mean + SD) per high magnification
microscopic field and significant differences frooontrol group are indicated (*P<0.01). White
columns: untreated mice; black columns: mice tobatith adoptive therapy on day 6. Three mice per
group were used.

B), Histology of a tumor section showing extensaveas of necrosis (TS/Apc + ACT, nec) at the time
of analysis after ACT as compared to tumor tisdug control mouse injected with TS/Apc and naive

spleen cells. Staining with Gill's hematoxylin.
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Figure 8. Thl and Th2 responses in ACT cured até@ mice.

Tumor-specific IFNy- (A, left panel) and IL-4-producing (B, left pahdl cells in the spleens of mice
cured (ACT tum-) or with delayed tumor growth (A@Im") after adoptive cell immunotherapy at
day 3 or at day 6, respectively. The frequenciesFdf-y- and IL-4-producing splenocytes were
evaluated by enzyme-linked immunospot assay (ELIBPOur weeks post-tumor inoculum. The
same groups of spleen cells were analyzed for {eX-IL-4-production in the presence of mAb
specific for either MHC class | (anti-MHC classol) class Il (anti-MHC class II) molecules (A and B,
right panels). Before ELISPOT spleen cells wer¢imagdatedin vitro for 40 hours with either TS/A
parental cells (TS/A), TS/A-CIITA transfected cetls with the MHC-I restricted peptide AH1 from
the gp70 protein of an endogenous retrovirus. Spae detected using a stereomicroscope and
values calculated per 4@otal spleen cells. Columns, mean spot-formindscEFC) of triplicate
samples; bars, £SD.
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Figure 9. Thl and Th2 responses in naive mice &fien Assay from ACT treated mice.

Tumor-specific IFNy- and IL-4-producing T cells (A and B, left panelg) the spleens of mice
coinjected with TS/A and splenocytes of day 6 #daACT animals. These animals were protected
from tumor take. The assay was conducted after i@maks from coinjection. Spleen cells were also
analyzed for IFNy-or IL-4-production in the presence of mAb specftic either MHC class | (anti-
MHC class 1) or class Il (anti-MHC class II) moldées (A and B, right panels). Before ELISPOT
spleen cells were restimulated as described inghpend to Figure 9. Spots were detected using a
stereomicroscope and values calculated pérdt@l spleen cells. Columns, mean spot-formindscel
(SFC) of triplicate samples; bars, £SD.
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