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Riassunto

L’'immunoterapia basata sull’utilizzo di anticorpbm coniugati, coniugati a tossine o
radiomarcati, che riconoscono antigeni associatingore, € promettente per la cura di
tumori solidi o ematici. Un possibile target pemmiinunoterapia potrebbe essere |l
prostate stem cell antigen (PSCA), un antigene régpante alla famiglia delle “GPI-
anchored protein”. Il PSCA e un antigene di supgrfiespresso a bassi livelli nel
tessuto prostatico sano ed over espresso nel tuprostatico, pancreatico e della
vescica. L'espressione di PSCA e inoltre correfadaitivamente a “Gleason score” e
allo stadio della patologia nel tumore prostatico.

Il presente lavoro di tesi descrive la generazienearatterizzazione di un anticorpo
monoclonale murino anti PSCA (mAb), ottenuta tranté tecnologia dell’ibridoma, e
del suo frammento anticorpale a singola catenavisg€enerato clonando la regione
variabile della catena leggera,(\e della catena pesante)\hiel vettore di espressione
pHEN-2. Tramite citofluorimetria & stato dimostratbe I'anticorpo monoclonale
possiede una buona affinita e specificita di legaaikantigene. Il potenziale
diagnostico dell'anticorpo € stato dimostrato tri@miVestern Blot su lisati di tessuti
neoplastici di prostrata e pancreas, in cui 'anfio € in grado di legare I'antigene
denaturato e glicosilato, e tramite ELISA, in canticorpo si lega all’antigene espresso
da cellule precedentemente fissate. Il potenziatapeutico dell’anticorpo € stato
valutato tramite saggio di proliferazione: I'antipo da solo non € in grado di indurre
morte cellulare tramite un meccanismo diretto, meenh seguito a coniugazione
chimica con la catena A della ricina (RTA) riveltiedo citotossico su cellule PC-3
hPSCA con IG (concentrazione in grado di inibire la massimdifa@zione cellulare
del 50%) pari a 1.3x1Y valore 100 volte piu piccolo di quello ottenutoncla sola
tossina RTA.

II frammento scFv é stato prodotto nel ceppo batieE. Coli. Mediante analisi
citofluorimetrica su cellule PSCA positive e saggiomunoenzimatico sull’antigene
ricombinante € stato verificato che il frammentotiGrpale mantiene le stesse
caratteristiche di specificita di legame all'antige dell’anticorpo monoclonale
parentale, ma possiede affinita minore. QuandaHvsviene reso bivalente, tramite il



cross-linking dei monomeri utilizzando un anticorpati-myc, I'affinita raggiunge
quasi quella dell'anticorpo parentale.

Successivamente I'scFv € stato unito attraversioriesgenetica al dominio enzimatico
della tossina battericBseudomonas aeruginosa exotoxin A (PE40). L'immunotossina
risultante € espressa nel ceppo batteEic€oli e si accumula nei corpi d’inclusione.
L’analisi citofluorimetrica su cellule PSCA posiiv fatta utilizzando i corpi
d’inclusione rinaturati e contenenti I'immunotossimli fusione ha confermato che
I'interazione tra I'scFv e l'antigene viene consdev in seguito alla fusione con la
tossina PE40.

L’effetto citotossico dellimmunotossina purificaszFv-PE40 verra valutata prinna
vitro su linee cellulari PSCA positive e negative e poimodelli in vivo che

permetteranno di valutare anche eventuali effettaterali.

Abstract
Antibody-based therapy using unconjugated, toxinjegated or radiolabeled

immunoglobulins recognizing tumor-associated amngeas proven beneficial for solid
and hematolymphoid neoplasms. A suitable targeldcba prostate stem cell antigen
(PSCA), a member of the “GPIl-anchored protein”. RSE a cell surface-antigen
expressed at low levels in normal prostate tissug a@ver expressed in prostate,
pancreatic and bladder carcinomas. Moreover PS(Q#esgion is positively correlated
with Gleason score and with pathologic stage irsjate cancer.

The present thesis describes the generation andotbazation of the murine anti
PSCA monoclonal antibody (mAb), obtained by hybndo technology, and its
fragment single chain (scFv), generated by cloriirey variable heavy (¥ and light
(VL) chain sequences in the expression vector pHEN:2.mAb showed the ability to
recognize with good affinity and specificity thetima PSCA by flow cytometry. The
diagnostic potential of the mAb was demonstratedWsstern Blot performed with
prostate and pancreatic neoplastic tissue lyssitesying the binding to denaturated and
glycosylated PSCA, and by ELISA performed with @ixeells. The mAb was also
assessed for its possible use in the therapeupmagh: the cell-proliferation assay

demonstrated that the antibody alone is not abiedace cell death through a direct



mechanism, while when it is conjugated to the ri&ichain toxin (RTA) by chemical
linkage it can poison PC-3 hPSCA cells with agglCe. concentration inhibiting 50%
of the maximal cell proliferation) of 1.3xP0M, value 100 fold lower than the 4gof
the RTA toxin alone.

The scFv was produced i Coli bacteria; flow cytometric analysis on PSCA-positiv
cells and immunoenzymatic assay on the recomb@atigen proved that the antibody
fragment maintains the binding specificity of thargntal monoclonal antibody. The
affinity of the scFv is lower than the affinity ofAb but it is partially recovered making
the scFv divalent by cross-linking the scFv mona@nea an antibody-mediated myc-
Tag interaction.

To create a fusion immunotoxin (IT) the scFv waterlagenetically fused to the
enzymatic domain oPseudomonas aeruginosa exotoxin A (PE40). The resulting IT
was expressed iB. Coli bacteria and it is accumulated in the inclusiodiés. The flow
cytometric analysis on PSCA-positive cells perfadmeith the whole refolded
inclusion bodies extract containing the fusion Binftrmed that the interaction of scFv
with the PSCA is preserved after fusion to PE40.

The efficacy of purified scFv-PE40 will be analysesitro on positive and negative cell
lines and subsequentily vivo models which also will be useful to study the sffects

of this new drug.
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Abbreviations used

Ab/Abs Antibody/antibodies

BSA Bovine Serum Albumin

DMSO Dimethyl sulfoxide

DTT Dithiothreitol

EDTA Ethylenediaminetetraacetic Acid
FCS Fetal Calf Serum

FITC Fluorescein isothiocyanate

h hour

H,0 Water

B Inclusion Bodies

Ig Immunoglobulin

IHC Immunohistochemistry

IPTG isopropyl-beta-D-thiogalactopyranoside
IT/NTs Immunotoxin(s)

mAb Monoclonal antibody

MFI Medium Fluorescence Intensity

o.n. overnight

oD Optical Density

PBS Phosphate Buffered Saline

PCR Polymerase chain reaction

PE Pseudomonas aeruginosa Exotoxin A
PE40 Truncated form oPseudomonas aeruginosa Exotoxin A
PSCA Prostate Stem Cell Antigen

PSMA Prostate Specific Membrane Antigen
rpm Revolutions per minute

RT Room temperature

RTA Ricin A Chain

sckv Single-chain Fragment variable
SDS Sodium dodecyl sulfate

SPDP N-Succinimidyl-3-(2-Pyridylthio)Propionate
WT wild type

A Heavy chain variable domain

V, orV, Light chain variable domain

*HTdr Triziate-Thymidine
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Introduction

Conventional cancer therapies

The first description of a disease resembling carscéound in an Egyptian papyri and
dates back to approximately 1600 bc. Neverthel@ssl, the nineteenth century, when
anaesthesia, improved techniques and histologar@t@ made surgery more efficient,
cancer was more or less regarded as incurable.ataditherapy became the next
treatment available for cancer. In fact, the ini@nbf the linear accelerator in the first
half of the twentieth century advanced radiotherfapm a palliative method to a cancer
treatment with a curative intent. However, bothgeuy and radiation were in most
cases not sufficient to control metastastic candéoreover, the increase in the
incidence of cancer stressed the need to find dtiners of therapy for this disease.

The introduction of nitrogen mustards in the 194@s be considered the origin of
antineoplastic chemotherapy targeting all tumouiscfPapac, 2001]. Agents that
inhibit cancer growth (chemotherapy) were generedlly toxic with severe side effects.
Further classes of cell toxic agents were discaleharing the 1950-70s. Gradually,
chemotherapy has been introduced in various tumond, as palliative treatment to
relieve symptoms and increase the quality of lifeldte stages of the disease, or in
conjunction with surgery and/or radiotherapy, idasrto increase cure rates.

In general, there has been a trend towards usimipio@ations of chemotherapy agents
with different mechanisms of action to achieve madieffect.

Nevertheless, these strategies usually lack spigifof action towards tumor cells,
which accounts for the variety of possible sideeef inherent in these types of
therapies.

Radiotherapy, consisting in directing ionizing dins on the tumor mass to damage
the cancerous cells and in particular their nucéaics, can lead to DNA mutations in
the by-stander normal cells [Swt al., 2007]. The selectivity of the cytotoxic agents
used in chemotherapy, for instance, is based on higber liability of rapidly
proliferating cells to the toxic effect of theseaugs; the major drawback of this approach
is the toxicity towards healthy tissues with a dagell turnover [Schramet al., 2006].
Some indolent malignancies, due to their slow pFsgy respond poorly to conventional

treatments. Besides, tumor cells can develop ssteesie to chemotherapy drugs,
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hindering their mechanism of action or promotingitlexpulsion out of the cell before
they can act [Perez-Tomas, 2006; O’Connor, 2007].

As a consequence, the need for an improved effitacgancer therapies has been
increasingly felt in the last few years, placing fbcus of research on the development
of new drugs that combine power of action and $eled¢argeting of cancerous cells.
An ever clearer understanding of the biochemicah&that are implicated in the onset
and progression of many malignancies has alloweddisigning of tumor-specific
therapies that directly target the molecules ingdhin the development of tumors or
that selectively deliver the drug to cancerousscellne opportunity of specifically
affecting a tumor is provided by the presence ofecuar targets being selectively
expressed on the surface of cancerous cells: thesethe tumor marker antigens
[Schrameet al., 2006].

Rising of immunotherapy

The body has many defence mechanisms againstiorifugection. One cornerstone in
this defence system is antibodies, large molecwids the ability to bind to proteins
(antigens). As early as the beginning of the 20htury, scientists suggested the
potential for using the body’s own defence systémating cancer. In the 1968, Porter
and Edelman managed to identify and structuralbratterize a class of serum proteins
that could bind a virtually unlimited variety of megular targets with high specificity:
the immunoglobulins. Few years later, in 1975, imoglobulins became available as
tools for research and clinical purposes thankthéodevelopment of the hybridoma
technology by Kohler e Milstein, which allowed tbgstom generation and large-scale
production of monoclonal antibodies (mAbs) of meriarigin [Kohler and Milstein,
1975; Schramat al., 2006].

Since the early 80’s more than 200 mAbs with aatieer potential have been evaluated
in clinical trials by academic and private instibms. Although the first attempts failed
to provide a clear evidence of beneficial effects gatients, antibody-based drugs
(immunotherapeutics) have by now become importirhents in the treatment of an
increasing number of human malignancies. To datvevmAbs for cancer treatment

have been approved and marketed, with the first aneantibody for the therapy of
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colorectal cancer, approved in Germany in 1995 r@adly withdrawn from the
market) [Reicherét al., 2005; Reichert and Valge-Archer, 2007].

Antibody-based targeted therapy

The antibody-based targeted therapy of cancer dsespdifferent strategies that can be

divided in two main categories: direct and indirect

Direct strategy
The direct approach implies the binding of uncoajad antibody to a specific cell-surface
antigen. This can lead to: an altered signal tractgzh pathway, the triggering of a natural
immune response (ADCC: Antibody Dependent CellGgiotoxicity, CDC: Complement
Dependent Cytotoxicity) or the induction of apogas the malignant cell (Fig. 1) [Adams
and Weiner, 2005; Sharkey and Goldenberg, 2006].
« Antibody dependent cellular cytotoxicity (ADCC)
It occurs when antibodies bind to antigens on aotucell and their Fc portions
engage Fc receptors (FCR) on the surface of immetfeetor cells. This kind of
mechanism favours recruitment of immune cells ® tilimor site and allows
eliciting of an immune-mediated tumor-specific dgtacity.
* Complement dependent cytotoxicity (CDC)
Binding of an antibody on the target cell surfagpases its binding sites for
protein that initiate the complement cascade, altaly triggering the release of
chemotactic factors and the formation of a membrait@ck complex which
promote target cell lysis.
» Signal transduction interference
Some of the most common tumor-specific targetsgaosvth factor receptors
which are frequently overexpressed or deregulataedtwomor cells. Their
overexpression or abnormal activity promotes tunc®ll growth and
insensitivity to chemoterapeutic agents. For theson they are good targets for

immunotherpeutic approaches.



Introduction

VEGF

’{ X roduction
VEGF =" “" Tumor

e N
# = cells
.. Ab-dependent
, Vg Il cytoxicity
L o - @c{t—k ce
% Lam
Complement Signaling
cascade

Figure 1. Mechanisms of action for unconjugated aiitbodies. Traditional mechanisms of acti
include antibody-dependent cell cytotoxicity (ADC&h)d complementdependent cytotoxicity (CDC
Both require the Fc-portion of the 1gG to activaféector cell binding or compleamt proteins that ci
lead to the death of the cells. However, antibothas bind to growth factor receptors on the surfai
the tumor cell (such as EGFR) can block criticaictibpns and send signals that will lead to the's
death. Alternativelyantibodies can bind to substances produced by wnsauch as VEGF, that
essential for stimulating new blood vessel formatithereby inhibiting new tumor growtkModified
from Sharkey and Goldenberg, 2008).

Unconjugated antibodies (i.e. immunoglobulins notipgled to any effector molecule)
can be used in a direct approach, but they aralm@tys able to induce the killing of
target cells.This is because malignant cells carvesg resistant to the induction of
apoptosis and the immune system of the patienbeatefective in triggering responses
like ADCC or CDC.

Indirect strategy
The indirect strategy enhances the efficacy oftamidr antibodies by arming them by
covalent linkage to effector molecules (Fig. 2)H&amaet al., 2006].
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Figure 2. Strategies for enhancing the potency ofnéitumour antibodies. (a) Enhancing effectc
functions involve improving antibody-dependent gkl cytotoxicity and/or complemedepender
cytotoxicity by means of site-directed mutationsnaanipulation of antibody glycosylationb)( Direct
arming of antibodies entails their covalent linkagekilling machinery, such as radionuclides orimng
(for example, small molecules or proteins). Altgively, arming antibodies with cytokines isténded t
create high intratumour concentrations of cytokitzestimulate the antitumour immune response (1B,
B cells or natural killer cells), while avoidingehoxicities associated with systemic cytokinedsly. ()
Indirect arming of antibods can be achieved by attaching engineered antifsaggnents to the surfa
of liposomes loaded with drugs or toxins for tumepecific delivery. Bispecific antibodies that bita
two different antigens can be preloaded with theotoxic machinery bef® administration (indire
arming) or alternatively pre-targeted to the tumbefore delivery of the cytotoxic payloadl) (Pre-
targeting strategies aim for the selective delivefyradionuclides to tumours or selective intratum
activation of prodrug, thereby diminishing the systemic toxicities ledge cytotoxic agents. For prod
pretargeting, an antibody-fragmeatizyme fusion protein is typically allowed to lazalto a tumour ar
be cleared from the system. A prodrug is then atered anddeally converted to an active drug so
within the tumour. For radionuclide pre-targetiag,antibodystreptavidin conjugate is allowed to acc
within a tumour and is then used to capture a iatielator—radionuclide complex. scFv, singhexir

variable fragment (Modified from Carter, 2001).
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The cytotoxic power of antibodies can be greatiyraented by chemical conjugation or
genetic fusion with effector molecules like toximsugs, cytokines or enzymes [Pastan
et al., 2006]. Another option is the conjugation to compads containing radionuclides
like °°y and**!i [Wu and Senter, 2005]. These immunotherapeutentgderive their
killing ability from the toxic moiety and their ssdtive binding from the antibody to
which the toxic agent is coupled [Pastinal., 2006]. In addition to the function of
targeted delivery, the antibody often grants anaenbkd half-life on the toxic moiety
attached to it [DiJosepdt al., 2005].

Among the twelve monoclonal antibodies currentlyketed for use in immunotherapy
(Table 1), eight are naked antibodies, three dvellled with radionuclides and one is
chemically conjugated to a toxic moiety, calicheami[Reichert and Valge-Archer,
2007; Reichert¢t al., 2005].
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Generic name (trade

name)

Description

First approval indication

Year (country) of

first approval

Unconjugated mAbs

Edrecolomab

Murine, IgG2a, anti-EpCAM

Colorectal cancer

1995 (@any)*

(Panorex)
Rituximab (Rituxan) Chimeric, IgG1, anti-CD2Q Non-Hodgkin’s lymphomg 1997 (United States)
Trastuzumab ) _
Humanized, IgG1, anti-HER2 Breast cancer 1998 (Urfstadies)
(Herceptin)
Alemtuzumab Chronic lymphocytic
Humanized, IgG1, anti-CD52 2001
(Campath) leukemia
Cetuximab (Erbitux) Chimeric, IgG1, anti-EGF Colorectal cancer 2004
receptor
Bevacizumab Colorectal cancer 2004
) Humanized, IgG1, anti-VEGFNon small-cell lung cancer 2006
(Avastin) Advanced Breast cancef 2008 (United States)
Nimotuzumab Humanized, IlgG1 head/neck ;
’ ’ 2005 (China,
(TheraCIM) anti-EGF receptor epithelial cancer ( )

Panitumumab
(Vectibix)

Human, 1gG2,
anti-EGF receptor

Colorectal cancer

2006 (United States)

Immunoconjugates

Gemtuzumab
ozogamicin

(Mylotarg)

Humanized, IgG4 k, anti-
CD33, immunotoxin
(calicheamicin)

Acute myelogenous

leukemia (AML)

2000 (United States

Ibritumomab tiuxetarj

(Zevalin)

Murine, IgG1, anti-CD20,
radiolabelled (Y-90)

Non-Hodgkin’s
lymphoma

2002 (United States

134 Tositumomab

Murine, IgG2a, anti-CD20,

Non-Hodgkin’s lymphoma

2003 (United States)

(Bexxar) radiolabelled (I-131)
Chimeric, IgG1k, anti-DNA
134 ch-TNT associated antigens, Lung cancer 2003 (China)

radiolabelled (I-131)

Table 1. Monoclonal antibodies approved for cancetherapy (updated from Reichert and Valge-
Archer, 2007; Sharkest al., 2008).*Panorex was subsequently withdrawn from marketFEépiderms
growth factor; EGFR, epidermal growth factor receptEpCAM, epithelial cell adhesn molecule

HER2, human epidermal growth factor receptor 2; ¥i=@scular endothelial growth factor.
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Tumor antigens

One of the distinguishing events occurring durimg neoplastic transformation of a cell

is the abnormal expression of some surface moledike proteins or glycoproteins

acting as receptors or adhesive elements. Thes®ftmarkers” are classified as:

 Tumor Specific Antigens (TSAs), that are relatively rare. They could arise

from point mutations in oncogenes or tumor supmegenes such awms in
pancreatic and colorectal cancer [Gjertsen and &aadk, 1998] op53 in lung
cancer [Yanuclet al., 1993]. Moreover these antigens could derive fiorally
induced tumors, which constitute almost 20% otalinan cancer [Stewart and
Kleihues, 2003].

e Tumor Associated Antigens(TAAs), more common. These antigens are shared
by the tumor, where they are overexpressed, antisthes from which the tumor
originates, where they are expressed at lower .IeVkls group comprises
differentiation antigens and has mainly been found melanomas and
melanocytes, e.g. Melan-A [Coulet al., 1994] and tyrosinase [Brichastl al.,
1993] but also in other epithelial tissues suclprastate specific antigen (PSA)
found in prostate.

» Oncofetal proteins (CEA, alphafetoprotein) are normally expressedsiently
in embryonic tissues, down-regulated in normal atdssues, and re-expressed

in tumor tissues.

These types of molecules, whether specific of canusecells or associated with the
transition to neoplastic phenotype, represent thaergial targets of cancer
immunotherapy.

On each malignant cell there are multiple distsitds that may become target antigens
for a therapeutic antibody, which allows to fighancer on many fronts, thus
diminishing the chances of “escape” by the tumabph and Schreiber, 1992]. Within
a population of neoplastic cells there might benmiddial cells in which a particular
target antigen is lacking or its expression is @sped; many experimental evidences
indicate that targeting different surface proteiemarkably improves the therapeutic

efficacy of the treatment [Flavedt al., 1997].

10
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An ideal target antigen, displayed on the surfaica tumor cell, must be accessible,
comparatively over-expressed on malignat cellsfoamily distributed; it should not be

secreted or shed after binding to ligands and, mtipg on the mechanism of action of
the drug, it should or should not be internaliz€dr instance, in the case of a
therapeutic mAb whose activity is mediated by ADGICCDC, the antigen-antibody
complex must not be internalized into the cell epitise the Fc portion of the antibody
will be unable to recruit other elements of the ioma system. On the contrary,
endocytosis is necessary for delivering the fulltotyxic potential of most

immunotoxins (Fig. 3): the target in this case mustdergo ligand-induced

internalization or should alternatively possessduerently high frequency of turn-over,
thus promoting the efficient transfer of the toxiomain into the cell [Reichert and
Valge-Archer, 2007].

Antibody—drug  Turnour-
conjugate associatad
antigen

ﬁm
.

= Lysosome
=

b

Figure 3. Internalization of antibody—drug conjugates.To regain their cytotoxiactivity, the cytotoxi
agent has to be cleaved from the chemo-immunocatgudJptake of antibodsepredominantly occu
via the clathrin-mediated endocytogisthway. After binding the respective antigen aisded with
coated pits, antibodgfug conjugates will be readily endocytosed, fromere they transit throu
several stages of transport and endosomal vesid@dinally end up in a lysosome. Theliakers ant
antibody will be cleaved releasing the cytotoxicelaig which — after exitfrom the lysosomi

compartment — exerts its cytotoxic effect. (Modififzom Schramat al., 2006).
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Monoclonal antibodies

The antibodies used in cancer diagnosis and theaspylerived from the 1gG isotype.
An 1gG isotype antibody consisté two antigen-binding fragments (Fabs), which are
connected via a flexible region (thenge) to a constant (Fc) region (Fig. 4). This
structure comprises two pairs of polypeptide cha@ash pair containing a heavy and a
light chain of dissimilar sizes. Both heavy andhtigchains are folded into
immunoglobulin domains. The ‘variable domains’ e tamino-terminal part of the
molecule are the domains that identify and bindgent; the rest of the molecule is
composed of ‘constant domains’ that vary among imoglobulin classes. The Fc
portion of the immunoglobulin serves to bind a griof effector molecules of the
immune system, as well as molecules that estatiisibiodistribution of the antibody
[Trail et al., 2003]. In nature, an antibody’s function is toaggize an antigen and, by
cross reaction with other immune proteins, to anétian immunological response. This
response should direct the removal of the antigeth® cell bearing the antigen as a
result of the antigen/antibody recognition.
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antigen

S-S disulfide bond
—@ glycosilation sites
heavy chain

light chain

Figure 4. Schematic diagram of immunoglobulin struture. Each heavy and light chain in

immunoglobulin molecule contains an amitgominal variable (V) region that differs betweartibodie:
of distinct clonality. The constant region (C) ebhia limited variability that defines the two ligbhair
subtypes (k €\) and the five heavy-chain subclasses «, 3, ¢, p). The molecule representec
specifically an 1gG, with a heavy chain comprisitityee constant domains (one of them,2C

glycosilated) and a proline-ridtinge region connecting 2 and G1.

Monoclonal antibodies (mAbs) were originally deyed by Kohler and Milstein in
1975 when they successfully fused an antibody-pioduB cell with an immortalized
myeloma cell line resulting in a hybridoma [Kéhland Milstein, 1976]. These
hybridoma cells could then be cloned and screeaethfge-scale production of mAb
[Brekke and Sandlie, 2003]. Many therapeutic amiés currently under clinical
evaluation were initially derived by immunizatiorf mice and classic hybridoma
technology. A major factor limiting repeated dosifgfully murine mAbs in humans
was that the Fc region of the immunoglobulin swtetwas murine in origin [Mirilet
al., 2004]. After intravenous administration of thesAbs, patients developed human—
antimouse antibodies (HAMASs) that were shown to plax with murine mAbs upon
repeat administration and in some cases led toeaanaphylactic or chronic serum
sickness-like illness [McLaughliet al., 1998; Kim, 2003].

Molecular engineering techniques have overcomedbssacle by creating chimeras by

fusing murine variable domains, responsible for theding activity, with human
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constant domains [Neuberget al., 1985] leading to the development of a new
generation of therapeutic candidates [Reicleerdl., 2005] (Fig. 5). These chimeric
antibodies are 70% human and possess a fully hifogoortion, which makes them
considerably less immunogenic in humans and alldvesn to interact with human
effector cells and the complement cascade. With diegelopment of antibody
engineering techniques, it became possible to dsereven further the murine part of
mADbs by replacing the hypervariable loops of ayfuluman antibody with the
hypervariable loops of the murine antibody of iestr using an approach called
complementarity-determining region grafting [Joretsal., 1986]. These antibodies,
called *humanized’, are 85-90% human and are eees immunogenic than chimeric
antibodies (Fig. 5). Most of the approved mAbs umrent use are either chimeric or

humanized (Table 1).

Murine

Swapping of CDRgrafting

variable domains

Chimeric Humanized

Figure 5. Chimeric and humanized antibodiesMurine sequences are depicted in red and h
sequences in green, using light colours for ligtgic and dark colours for heavy chains. (Modifiemhi
Chamest al., 2009)
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Monoclonal antibody fragments

Many studies have demonstrated that it is possiblgoroduce various antibody
fragments that retain the binding activity of thil-fength molecule (Fig. 6) and to use
these new formats in certain specific applicatifiislliger and Hudson, 2005]. The
large size of antibodies limits tumor penetratiand their long serum half-life is not
suitable for applications such as radioimmunothgrapimaging as it would lead to
irradiation of healthy tissues and high backgrouespectively. Antibody fragments,
such as F(ab)and Fab fragments generated only by proteolygavdge, although they
lack an effector function, can be an attractiveratitive as they are rapidly eliminated
by renal clearance. To compensate for these smomgs, several groups have
proposed new engineered antibody formats.

A major breakthrough in the technology of antib@hgineering was the derivation of
single-chain molecules (scFv fragments). These ontds were obtained by joining the
variable heavy (M) and light (M) domains from an antibody with a flexible linker,
which allowed the reconstitution of the origingl/V_ association (Fig. 6). In this way,
an antibody fragment was produced in the form afirgle-chain molecule, and its
antigenic specificity was retained [Bietl al., 1988]. Because of their reduced size (28
kDa), recombinant scFv fragments demonstrated la tuor penetration and a very
rapid plasma clearance, features that make theat idels for radioimmunodiagnostic
purposes [Yokotat al., 1992]. These antibody molecules potentially carubed not
only for tumor diagnosis (imaging) but also for tevelopment of chimeric proteins in
which the recombinant antigen-binding domain istuso a cytotoxic agent, such as a
cytotoxic drug, radioisotope [Begesital., 1996; Adamst al., 1998], or a protein toxin
[Reiter and Pastan, 1998; Kreitman, 1999].

It has been shown that alteration of the V-domaiantation of scFv as well as linker
length between V-domains leads to creation of rem$ of Fv modules with different
size, flexibility and valency suited for in vivo aging and therapy. This led to the
design and expression of dimers, trimers or lagggregates of antibody fragments
[Todorovskaet al., 2001; Le Gallet al., 1999]. A number of multivalent scFv-based
structures have been engineered, including din{erinibodies or diabodies), trimeric
(trivalent or trispecific) or tetrameric (tetravateor tetraspecific) conjugates [Hudson,
1999; Hudson and Kortt, 1999; Bawtial., 1999] (Fig. 6). Generally, in comparison to
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the intact antibodies, the recombinant antibodies@hstrate lower retention time in
non-target tissues, rapid blood clearance, lowantjtative tumor retention and a better
tumor penetration due to their small size [Yokettal., 1992; Raag and Whitlow, 1995;
Milenic et al., 1991].

Bispecific antibodies have the ability to bind teifferent antigens and have been used
to crosslink various cells and molecules, althotiggy have primarily been used to
redirect effector cells to target cells. For exasp@ingle-chain Fv fragments derived
from monoclonal antibodies against a variety of amassociated antigens, such as
CD19, CD20, and HER2/neu, were combined with sdFected against CD3 or CD16
to recruit effector T-cells or NK cells [Peigbal., 2002; Xionget al., 2002]. Methods
for generating bispecific antibodies tend to bias production toward heterodimers,

that is, towards two specificities instead of one.

Enzymatically derived fragments

F(ab), Fab

110 kDa 55 kDa

Genetically engineered fragments

150 kDa scFv Diabody Minibody Triabody Tetrabody
28 kDa 55kDa 75 kDa . 100 kDa

Figure 6. Schematic representation of different anbody format. The domain-based structucd
immunoglobulins could be manipulated to yield aewidpertoire of antibody formats from 28 kDa to
kDa in size. The orange colour symbolizes differgpecificity. (Modified fromHolliger and Hudsol
2005).
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Immunotoxins

Immunotoxins (ITs) employed in cancer therapy casgra toxic, usually
proteinaceous, portion linked to a binding domaiat delivers the complex to the target
cell [Kreitman, 2006]. ITs interact with a surfatarget antigen, gain access into the
malignant cell by endocytosis, the toxic subunitekeased and kills the cell; the most
powerful ITs that have been developed so far asedan bacterial or plant toxins
[Pastaret al., 2007].

First-generation ITs were obtained by chemicallgjagating one whole toxin to a mAb
(Fig. 7a); these ITs often showed no tumoral effjcan animal models because they
lacked specificity, were unstable or not homogesewu composition. Information
gathered from structural studies on toxins hav@nddfthe functional domains of these
proteins, thereby allowing a more rational desifnavel ITs. Replacement of the toxin
natural binding domain with an antibody-derived @mled to the development of
second-generation ITs (Fig. 7b) . As for first-getien ITs, the binding domain and the
toxic portion are chemically linked, with the peatsint problem of heterogeneous
composition of the final immunoconjugate [Pasthal., 2007; Pastan, 2003].
Third-generation immunotoxins are based on thecyples of protein engineering and
exploit recombinant DNA technology: the domain witixic activity alone is genetically
fused to a defined binding domain that targetsnaotusurface antigen [Kreitman, 2006;
Pastaret al., 2007] (Fig. 7c).

For therapeutic efficacy, the conjugates have timteenalized into the cell upon binding to
their respective ligands. The cell-killing potenoff immunotoxins depends on several
biochemical properties, such as antigen-bindingnigff internalization rate, intracellular
processing and intrinsic toxin-domain potency [Haenxlat al., 2001].

In the last 10-15 years several recombinant imnuxiat have been evaluated in clinical
trials (Table 2).
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Figure 7. Schematic diagram of immunotoxins(a) First-generation immmotoxins: the whole toxin (
toxic domain, and B, binding domain) is chemicalbnjugated to mAb by disulphide bon8) Second-
generation immunotoxins: only the toxic domain iemically conjugated to mAb bydisulphide bonc

(c) Third-generation immunotoxins: only the toxic daimis genetically fused to the antibody domain.
(Modified from Chamest al., 2009).
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Agent Target antigen | Binding domain | Toxic domain Diseass
DAB3gdL 2 (Ontak) IL2R IL2 DABg3gg CTCL, CLL, NHL
BL22 CD22 dsFv PE38 HCL, CLL, NHL
LMB2 CD25 sckv PE38 NHL, Leukemias
DT335 GMCSF GMCSFR GMCSF D3ks AML
B3(Fv)-PE38 L& scFv PE38 Adenocarcinomas
B3(dsFv)-PE38 Le dsFv PE38 Adenocarcinomas
TP40 EGFR TGFa PE40 Bladder Cancer, CIS
TP38 EGFR TGFa PE38 Glioblastoma
BR96(scFv)-PE40 Le scFv PE40 Adenocarcinomas
erb38 erbB2 dsFv PE38 Breast cancer
NBI-3001 IL4AR IL4(38-37) PE38KDEL | Glioma
IL13-PE38QQR IL13R IL13 PE38QQR Glioblastomas
SS1(dsFv)-PE38 Mesothelin dsFv PE38 Mesothelioma, ovarian
and pancreatic cancers
DAB3gEGF EGFR EGF DABgg Carcinoma
TP-38 EGFR TGFa PE38 Glioblastomas

Table 2. Completed and ongoing recombinant immunotan clinical trials as of 2006(modified fron

Kreitman, 2006 and Pasta al, 2006) Abbreviations: 1L2, interleukin 2; IL2R, IL2 recept GMCSF
granulocyte-macrophage colony-stimulating factdyGBSFR, GMCSF receptor; Lelewis Y antigen; EGI

epidermal growth factor; EGFR, EGF receptor; TiGGffansforming growth factax; IL4, interleukin 4; IL4AR

IL4 receptor; IL13, interleukin 13; IL13R, IL13 regtor; 1L4(38-37), circularly permuted ILAT, diphteri
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Binding domain

In the design of an IT a variety of binding donsagan be used to selectively deliver
the drug to the intended cell target; besides mionat antibodies and fragments thence
derived, other small proteins are appropriate thl finis function, e.g. growth factors
and cytokines. Such molecules impart specificitythe IT by virtue of the higher
expression level of some receptors for growth facend cytokines on tumor cells.
Interleukin 2 (IL-2) and the Granulocyte-Macropha@elony Stimulating Factor
(GMCSF), for instance, have been employed in thesttaction of immunotherapeutic
agents to direct toxic molecules towards leukemmidymphoma cells [Frankedt al.,
2002; Olseret al., 2001].

However, due to their remarkable molecular versatdnd to the possibility of being
raised against virtually any target, antibodiespmbably the best candidates as binding

domains in ITs design [Kreitman, 2006].

Toxic domain

In the design of a therapeutic IT, protein toxinsved the best candidates as cytotoxic
domains: due to their polypeptidic structure theg imtrinsically flexible and usually
show a high stability, resisting high temperatuaesl proteolysis. Moreover, in most
cases the protein toxin is an enzyme with a fasioteer rate, and it is capable of killing
both dividing and resting cells and therefore pbédly able to kill tumors that are not
actively growing at the time of treatment and tvatuld scarcely respond to traditional
chemotherapy [Vitettat al., 1993]. The major disadvantage inherent in thpleyment

of a protein toxin of non-human origin lies in lilsely immunogenicity [Pastast al.,
2006].

Small, pharmachologically active molecules likeblastine and chalicheamicin have
been also studied as putative toxic moieties in Hewever, they are often unable to
reach the target cells at concentrations suffictenproduce a therapeutic effect and,
contrary to protein toxins, they have no enzymattvity. Another drawback is that
they can be attached to the binding domain of aanlyy through chemical conjugation
[Reichert and Valge-Archer, 2007].

The toxins that best fit the role of effector doman an immunotoxin are the ones

whose catalytic activity interferes with such canse mechanisms as protein synthesis
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that take place in most cell types. Some of thetrmpotent ITs are based on toxins of
bacterial or plant origin. Once these ITs reachrttaget site, a single molecule is
capable of killing the targeted cell [Pastml., 2007; Kreitman, 2006].

Plant toxins

Toxins of plant origin have been studied as po&tuitiugs for cancer therapy; RIPs
(Ribosome-Inactivating Proteins) are toxins that b& found stored in the seeds of
some plant species and they represent the clgdardftoxins most widely used for the
purpose of immunotoxin construction.

RIPs (e.g. ricin, abrin) are heterodimeric protemfignolecular mass of approximately
60-65 kDa, consisting of an enzimatically activecldain (A = active) connected by a
disulfide bond to a B-chain (B = binding) (Fig. 8he A-chain prevents the association
of elongation factors 1 and 2 (eEF1 and eEF2) thi¢h60S ribosome subunit, by means
of the specific removal of an adenine from the symysphate scaffold in 28S rRNA.
This puts a halt to protein synthesis and the reglidly dies [Kreitman, 2006; Fabbrini
et al., 2003]. The B-chain has the properties of a hectipecific for terminal galactose
and N-acetylgalactosamine and binds to galactesgtihated receptors on the cell
surface, thus allowing the toxin internalizatiomlldwing endocytosis, the whole toxin
is sorted to endosomes, lysosomes and finally thigi@omplex; thence ricin passes to
the endoplasmic reticulum by a retrograde routimgere the disulphide bridge that
holds together the two chains (A and B) forming titsan is reduced, thus allowing the
release of the catalytically active A chain, whisheventually retrotranslocated to the
cytosol and exerts its toxic effect on ribosomeabfétini et al., 2003; Baggaet al.,
2003].

Because the enzymatic domain alone is involvechénintoxication of the cell, plant
RIPs are reduced and the A-chain (e.g. RTA) isataal for the creation of ITs (Fig. 8)
[Kreitman, 2006].
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. A-chain
Ricin SIS'

B-chain

Ricin Achain (RTA) A-chain
1
-S

Figure 8. Plant toxins. Whole plant toxins contain activity (A) and (B) Hing domains disulfide-
bonded together. Reduction of disulfide bond rasultricin A chain (RTA), which has reduced toxyc
(Modified from Kreitman, 2006)

Bacterial toxins

Pseudomonas aeruginosa Exotoxin A (PE) and Corynebacterium diphtheriae toxin
(DT) are the bacterial toxins more widely exploifed immunotherapy. They are both
protein toxins that kill eukaryotic cells by catsilyg the transfer of the ADP-ribose
group from a NAD molecule to a modified residue of histidine, alsalled
diphthamide, which is present in the eukaryoticnghtion factor 2 (eEF2), which
determines the inhibition of protein synthesis. spite of their having a common
mechanism of action and similar size (66 kDa for &t 60 kDa for DT), the two
proteins do not show a high degree of sequence logyndPastan and FitzGerald,
1989].

Differently from ricin, both PE and DT are macromalles constituted by a single
polypeptide chain organized in three functionaltipos: a binding domain mediating
the interaction with the cell surface, a domain liogted in the translocation of the
toxin into the cytosol and another one which ipoesible for the ADP-ribosylating
enzymatic activity (Fig. 9). liPseudomonas exotoxin A, the catalytic domain is located
at the C-terminus, whereas it is at the N-termémal of DT [Kreitman, 2006].
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1 193 482 535
(A) Corynebacteriumdiphteriae toxin (DT) A B

1 252 364 400 613
(B) Pseudomonas aeruginosa Exotoxin A (PE) la

(C) 40 kDa truncated version of
Pseudomonas aeruginosa exotoxin A (PE40)

1

Figure 9. Schematic structure of bacterial toxins(A) DT is 535 amino acids in lengtnd is ompose:

of the enzymatic A domain (amino acids 1-193) amsl hinding B domain (amino acids 4835). The

translocation (T) domain is located in betwe¢R) PE is a single-chain 613 amino acigsoteir

composed of the binding domain (amino acids 1-2B&hfthe subdomain la; amino acids 3854 fornm

the subdomain Ib), translocating domain (domainaihino acids 253-364), and enzymatiomair
(domain 1ll, amino acids 400-613)C) PE40 is the 40 kDa truncated version of REaks only in th

binding domain la.

After entering the cell, the two toxins follow drstt intracellular pathways.

DT

Before being internalized, DT is proteoliticallyogessed at a specific site
within the translocation domain; the two derivingbanits are held together via
a disulphide bridge. The toxin eventually joins fmecursor of the heparin-
binding EGF-like growth factor and is endocytosé&tie low pH inside the
endosomes causes the unfolding of the toxin andetthection of the disulphide
linking the two subunits. At this stage the two dons form a hairpin structure
that generates a channel spanning the endosome rar@mithrough which the
enzymatic domain is translocated to the cytosake lam ADP-ribose group from
a NAD molecule is trapped in the active site of DT andhlfy transferred to
eEF2 [Kreitman, 2006; Potaéal., 2008].

PE

As shown in Fig. 10, PE binds to CD91, also cal&dha2-macroglobilin
receptor/low density lipoprotein receptor-relatedotein, and then is

endocytosed. In the acidic endosome environmentiB&ociates from CD91,
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undergoes a conformational change, and is cleawedhe protease furin
between residues R-279 and G-280 [Ogatal., 1992]. This results in an N-
terminal fragment of 28 kD and a C-terminal fragin@n37 kD, the latter being
composed of a portion of domain Il, domain Ib, atidof the enzymatic active
domain Ill [Ogataet al., 1990; Wedekingt al., 2001]. Both fragments are still
connected by the disulfide bond between C-265 af®#8TC encompassing the
furin cleavage site. It is speculated that underrttildly acidic conditions in the
endosomes, there is an unfolding event, possibliedaiby the binding of
chaperone proteins. This leads to a surface expaduhe disulfide bond with
subsequent reduction which is followed by a releafsthe C-terminal 37-kD
fragment [McKee and FitzGerald, 199%he enzymatic active 37-kD fragment
travels via late endosomes in a Rab9-dependent enaionthe trans-Golgi
network (TGN). There, it can bind in a pH-dependera@nner to the KDEL
receptor via its C-terminal KDEL-like sequence REMa 609-612) and is
transported to the endoplasmic reticulum (ER) [#nan and Pastan, 1995;
Jacksoret al., 1999]. The KDEL receptor cycles between the T&M the ER
via Golgi cisternae with the help of the tyrosinedse Src [Miesenbock and
Rothman, 1995; Barat al., 2003] and is responsible for recycling proteins
bearing the C-terminal amino acid code KDEL to i [Wilsonet al., 1993].
Alternatively, the 37-kD fragment of PE, which Hasund to DRM (detergent
resistant microdamain) at the cell surface, cagctly reach the TGN from early
endosomes in a pathway independent of the smalbe&d' Rab9 and presumably
reaches the endoplasmic reticulum (ER) in a limgahdent sorting pathway,
controlled by Rab6 [Whitet al., 1999; Smithet al., 2006]. Sequences in the
translocation domain Il induce the dislocation lo¢ 37-kD fragment from the
ER to the cytosol [Ogatet al., 1990; Theueet al., 1993]. Once the enzymatic
subunit of PE has reached the cytosol, it catalyaesADP ribosylation of its
target protein, the eukaryotic elongation factqeBF-2) [Iglewskiet al., 1977].
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Figure 10. Proposed mechanism of cell intoxicatioby Pseudomonas aeruginosa exotoxin A. The

toxin binds the receptor and is eventually intémsal through clathricoated vesicles. Inside endosor
the protein is cleaved into two fragments, thée@ninal one being likely transported to the ERentx
the enzymatic domain of the toxin is expelled itite cytosol and ADP-ribosylates eEFRIodified from
Pastan, let al., 2006).

PE is a preferred molecule for the constructiomwohunotoxins, because its high toxic
potential is well documented and its cytotoxic makis are well understood. For
immunotoxin design, the receptor binding domairfda 1-252) of PE is removed and
replaced by a ligand, which specifically binds totuemor-associated antigen. The
truncated form of PE (aa 253-613) is then knowrPBg0 to reflect its molecular
weight of 40 kDa [Wolf and Elsasser-Beile, 2009].

A novel tumor associated antigen: prostate stem cell antigen
(PSCA)

The PSCA gene was originally identified throughaamalysis of genes up-regulated in
the human prostate cancer LAPC-4 xenograft modelt¢Ret al., 1998]. The PSCA
gene is located on chromosome 8g24.2 and encodex3 amino acid cell surface
protein with 30% homology to stem cell antigen type(SCA-2), an immature
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lymphocyte cell surface marker. It is because s tielatively weak homology that
PSCA was named inaccurately since it is not a nnddtea stem cell population nor is
it exclusively expressed in the prostate. PSCAearltiple N-glycosylation sites and,
like SCA-2, it is a member of the Thy-1/Ly-6 fagnibf glycosylphosphatidylinositol
(GPI) anchored surface proteins. Additionally, arimeit PSCA (mPSCA) homologue
has been identified with 70% homology to human PS(Ahe nucleotide and amino
acid levels, which is located on chromosome 15tgRef al., 1998].

The function of PSCA in normal cellular processescarcinogenesis is currently
unknown, however PSCA homologues shed light onreetyaof possible roles. It has
been previously shown that GPIl-anchored proteiks, PSCA, play a role in T cell
activation [Preskyet al., 1990]. Additionally, proteins in the Thy-1 familyave been
reported to function in T cell activation and pfetation, stem cell survival, and
cytokine and growth factor responses [Rege and &f4g@006]. Furthermore, the
family of Ly-6 genes has been associated with nagenesis [Witz, 2000; Treistet
al., 1998], cellular activation [Malelet al., 1986] and cell adhesion of tumor cells
[Eshelet al., 2000]. While these studies point to potential sabé PSCA, no definitive
function has been attributed to the protein eitieernormal cellular processes or

abnormal tumorigenesis.

PSCA expression in normal tissues

With any potential immunotherapeutic target it ecessary to assess the normal tissue
expression. Ideal targets show overexpression ogettacells with limited or no
expression on normal tissues, thereby reducingitifkeof damage to normal tissues.
PSCA messenger RNA (mRNA) expression in normal hutissues was found to be
predominantly expressed in prostate, with a low@ression in placenta and a very low
(1% of the level in prostate) amount in kidney @ndlll intestine [Reiteet al., 1998,
Cunhaet al., 2006]. In situ hybridizations of normal humarogtate sections found
PSCA mRNA expression limited to the subjacent besté, with little or no staining of
secretory luminal cells [Reitest al., 1998]. In contrast, a separate study demonstrated
that PSCA expression was localized to the secradpityelial cells, with no expression
in the basal cells or prostatic stroma [Reisal., 2002]. This apparent disagreement in

PSCA mRNA localization may be due in part to thatreely short half-life of mMRNA
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in tissues combined with the sampling error inhenmeismall sectional biopsies within a
larger tissue. To clarify this discrepancy, anotsierdy analyzed PSCA protein in the
prostate, a much more stable form of expressiangusonoclonal antibodies (mAbs)
and found PSCA protein to be present in both thealband secretory epithelial cell
layers, along with the neuroendocrine cells of thestate [Guet al., 2000].
Additionally, in this study PSCA protein expressias demonstrated in the placenta,
the bladder, the neuroendocrine cells of the stbneatd colon, and weakly in the

kidneys excluding the glomeruli.

PSCA expression in cancer

In the initial study on PSCA expression in humaaspate cancer, 102 of 126 (81%)
primary human prostate tumors specimens along sétren of nine (78%) residual
tumors removed after androgen ablation therapynathistrongly for PSCA using
MRNA in situ hybridization [Reiteet al., 1998]. Analysis by immunohistochemistry
(IHC) using an anti-PSCA mAb demonstrated 105 of 1924%) prostate tumors
positive for PSCA, of which 21% stained very stigngnd 63% stained moderately
[Gu et al., 2000]. Importantly, this study also revealedgmificant correlation between
PSCA expression and Gleason score, pathologic tustege and progression to
androgen-independence. A later study also sigmifigacorrelated high PSCA intensity
with seminal vesicle invasion and capsular involeaim[Han et al., 2004]. An
additional study showed a higher percentage of steia prostate cancer cases staining
positive for PSCA mRNA compared with honmalignanbgtate disease and organ-
confined prostate cancer [Rodsal., 2002]. Specifically, prostate cancer metastages t
bone marrow, lymph node and liver stained pos§ifet PSCA expression, with bone
marrow metastases staining with comparatively highiensity [Guet al., 2000; Lam
et al., 2005].

Whether overexpression of PSCA in humans is cawesati prostate carcinogenesis
remains unknown. Studies have shown chromosome &g tcommonly amplified in
metastatic and recurrent prostate carcinoma andciassd with a poor prognosis
[Visakorpi et al., 1995, Satet al., 1999]. Additionally, PSCA is located close te it
myc oncogene, and therefore PSCA expression mawndreased incidentally with

amplification of other genes shown to be up-regaan prostate cancer [Jenkigtsal .,
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1997, Qianet al., 1995]. These results also suggest that PSCAuseéul marker of
MYC amplification on prostate cancer cells, allowibetter characterization of each
tumor [Jalkut and Reiter, 2002].

Of interest, subsequent to the identification ofCRSas a prostate tumor associated
protein, several other tumors were evaluated faCA 8xpression including pancreatic
adenocarcinoma [Argaret al., 2001; lacobuzio-Donahue al., 2002; Wenteet al.,
2005], transitional cell carcinoma [Elsammetnal., 2006; Amaraet al., 2001], renal
cell carcinoma [Elsammast al., 2006] and diffuse-type gastric cancer [The Study
Group of Millennium Genome Project for Cancer, 2008or pancreatic
adenocarcinoma, overexpression of PSCA proteinestablished via IHC in 36 of 60
(60%) primary tumors analyzed, while adjacent ndrpzancreas had no expression in
59 of 60 samples [Argaret al., 2001]. Additional analysis of pancreatic cancel
lines confirmed the cell surface expression of PS@®king it a suitable target for
immunotherapy [Wentet al., 2005]. When human transitional cell carcinoma C)C
was studied, PSCA was expressed in a majority of BGd a higher level of PSCA
expression correlated with increasing tumor graiedra et al., 2001] and was an
independent predictor of disease recurrence [Elsametral., 2006]. In addition, PSCA
MRNA expression was increased in renal cell cammand the gene expression level
correlated with histological grade, pathologicags and prognosis [Elsammaeinal.,
2006]. Finally, in an interesting recent articl@lymorphism of the PSCA gene was
shown to influence susceptibility to diffuse-typastric cancer [The Study Group of
Millennium Genome Project for Cancer, 2008].
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Aim of the research

The PhD thesis here presented is focused on thexajem of anti PSCA (prostate stem
cell antigen) monoclonal antibody and its fragmeagotential tools for diagnosis and

therapy of carcinomas expressing the tumor assatattigen PSCA.

The objectives of this project are:

* generation of anti PSCA monoclonal antibody (mAhy ats fragment single
chain (scFv);

» characterization of their binding properties onhbthe purified recombinant
PSCA and cells that express it on their cell s@fac

» evaluation of the diagnostic potential of mADb;

» generation of chemical and genetically fused imntoxias (IT);

» evaluation of the selective toxicity of these ITtarget cells;

» generation of a cellular model of polarized epitiidissue to study the efficacy

of IT in polarized cells.
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Materials and Methods

Escherichia Coli strains and growth media

 BL21 ADES3) and BL21 XDE3) pLysS: growth in LB medium.
BL21 (A\DE3) pLysS are grown in medium containing@fml chloramphenicol to
maintain the selection of pLysS plasmid;

e HB2151: growth in 2X YT medium.

LB-medium

Tryptone 10 g/l
Yeast Extract 54/
NaCl 10 g/l
2X YT-medium

Tryptone 16 g/l
Yeast Extract 10 g/l
NaCl 59/
SOCmedium

Tryptone 20 g/l
Yeast Extract 54l
NaCl 0.5 g/l
KCI 2.5 mM
MgCl, 20 mM
Glucose 20 mM

Plasmid vectors

* pET30a (5422 bp): prokaryotic expression vector.
The plasmid enabled the production of a taggednnéamant protein exploiting a 6-
His Tag on C-terminal and N-terminal tails. Thiscte carries a gene for

kanamycine resistance.
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* pET11d (5674 bp): prokaryotic expression vector.
The plasmid carries tlactamase gene for ampicillin resistance.

* pHEN2 (4522 bp): phagemid vector derived from pUZ11
Upstream of the cloning site a sequence codingh®ipelB signal peptide deriving
from the gene coding for the pectate lyaseEoWinia carotovora) leads the
periplasmic secretion of a polypeptide coded bynainame sequence in the multi-
cloning site; downstream of the polylinker therg¢his sequence for a c-myc peptide

tag. The plasmid carriesfalactamase gene for ampicillin resistance.

Preparation and transformation of competent E. Coli cells

The strains ofEscherichia coli utilized for the molecular cloning and for protein
expression are made competent to transformatigoidsmid DNA following treatment
with RF1/RF2 solutions (Tab. 1).

A single colony is picked and used to start a 1@uiture and grown o.n. at 37 °C with
shaking. Few (1-2) ml of the overnight culturehsen used to start a 50 ml culture then
grown to ORp= 0.3-0.4 at 25°C with shaking.

The bacterial culture is then kept on ice for 1Gwmes, after which it is centrifuged at
5000 rpm, 15 minutes at 4 °C. Always keeping thiés c ice temperature, they are
recovered and resuspended in 18.6 ml of sterige¢cadd RF1 solution. After 15 minutes
of incubation on ice the suspension is centrifuge8000 rpm, 15 minutes at 4 °C. The
supernatant is removed and the bacterial pelietsisspended in 4.5 ml of a sterile, ice-
cold RF2 solution. Cells are finally dispensed liquots, frozen in dry ice and kept at -
80 °C.
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Table 1 RF1/RF2 solutions

RF1 solution Concentration
RbClI 100 mM
MnCl, 50 mM
CH;COOK 30 mM
CaC}, 10 mM
Glycerol 12%

Adjust to pH 5.8 with glacial acetic acid

RF2 solution

MOPS 10 mM
RbCI 10 mM
CaCl 75 mM
Glycerol 12%

Adjust to pH 6.8 with NaOH

A 30 ul aliquot of competent cells are thawed on ice mindd into a sterile tube with 5-10
ng of plasmid DNA; in case of transformation withgation, 4l of the reactiorare used.
The mixture is gently flicked and kept on ice f@ @inutes. Afterwards a heat shock is
carried out by dipping the tube for 45 seconds 424 water bath, followed by 2 minute
incubation on ice. Eightyl of SOC medium (without antibiotics) is then addedhe tube
which is then incubated 1 hour at 37 °C with shgkifhe total amount of transformation is
then plated on agar plates supplemented with tpeoppate selective agent. Plates are
incubated inverted at 37 °C and grown o.n.

Human cell lines

*  SW?780: human cell line of urinary bladder carcinpma

* PC-3: human cell line of prostate carcinoma esthbll from the bone marrow
metastasis;

e LNCaP: human cell line of prostate carcinoma eshbtl from lymph node

metastasis;
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e DU145: human cell line of prostate carcinoma,;

* HEK 293: human embryonic kidney cell line;

* MDCK: canine cell line of kidney;

e Anti PSCA hybridoma: the hybridoma clone was detdi®m spleen lymphocytes
of a mouse previously immunized with recombinan86R; the myeloma cell line

used in the fusion was NS-1.

All cell lines are grown in flasks at 37 °C, 5% & @sing the following medium: RPMI
1640 medium (with 40 mg/l folic acid, 2 g/l NaH@dBiochromag) and DMEM (with
1000 or 4500 mg/l glucose) (Sigma) supplemented &6 Fetal Calf Serum (FCS), 2
mM L-Glutamine, 10 mM Hepes and penicillin-strepgaim 100 U/ml.

All supplements are added into the medium aftetfligi@ion through 0.22um filters.

Transfection of human cell lines

hPSCA transfected PC-3, LNCaP, HEK 293 cell linesenvobtained by transfection
with the linearized plasmid hPSCA-pcDNA3.1 accogdito the following protocol:
cells are plated in a 6 wells plate and grown usi%o confluent. Fiveul of lipids are
added to 25Ql of OPTIMEM and 2.5ug of DNA to 250ul of OPTIMEM. The two
solutions are combined to form DNA complex and beted for 30 minutes at room
temperature. Cell medium is replaced with p0@f fresh medium plus 500 of DNA
complex. The following day new fresh medium is atide the cells. To select
transfected cells the antibiotic is added to thelioma two days after transfection.
hPSCA transfected MDCK cell line was obtained gnsfection using the circular
plasmid hPSCA-pcDNAS.1 according to the followinggocol: cells are plated in a 10
cm plate and grown until 30% confluent. Mediumaplaced with growth medium plus
Polybrene (3Qug) and DNA (1-10ug). Cells are incubated for 10 hours at 37°C, 5%
CO, with gentle rocking every 2 hours. DMSO is diluiedgrowth medium and added
for 5 min at room temperature to the DNA/Polybresmdution so that DMSO final
concentration is 30%. The medium is aspiratedscalé washed twice with PBS and

incubated in growth medium alone.
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The selections of transfected cells were performgidg G418 antibiotic at different

concentrations for each cell line.

Molecular biology techniques

RNA extraction from anti PSCA hybridoma cells

Six x 10 cells of the anti-PSCA hybridoma are collectectegtrifugation (5 minutes, 150
X g, 5 °C) and washed in physiologic solution. Thd pellet is then homogenized by
resuspension in 1 ml of TrizoTRIzol Reagent — Life Technologies, Gibco BRL) and
incubated five minutes at room temperature. Twadheoh ul of chloroform are added and,
after a vigorous mix, incubated 3 minutes at RTe ahueous phase containing the RNA is
separated from the organic phase after centrifugaii 10000 rpm for 15 minutes at 4°C in
minifuge. RNA is precipitated by addition of 500igbpropanol, followed by mixing and
10 minutes incubation at 4 °C. After a wash in 7&#@nol, the RNA pellet is air-dried and
finally resuspended in 25 pl RNAse-free,(H Total RNA is quantified by

spectrophotometry: 1 unit at Qfgcorresponds to an RNA concentration ofugdml.

cDNA synthesis

Reverse transcription to cDNA is obtained usBgperScript™ First-Srand Synthesis
Systemfor RT-PCR kit (Invitrogen) following the manufacturer’s ingttions.

Before performing the amplification of the fragmeenof interest, the quality of the cDNA is
assessed through a polymerase-chain-reaction (@8Ryith a couple of primers designed

for the amplification of ribonucleoprotein S15.

Cycling programme 98°C 30 sec

98°C 10 sec
56°C 30 sec 30 cycles
72°C 45 sec
72°C 7 min
4°C end

1 ul of cDNA is used as a template in a 25 pl readhcluding a couple of primers (S15
fw and S15 rev) at a final concentration of 0.2 eéich, dNTPs (Invitrogen) at a

concentration of 0.2 mM each, 1 unit of Phusion Dplymerase (Finnzyme) and 2.5 pl
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of 10x buffer (Finnzyme) providing a final Mgconcentration of 2 mM.

Amplification of the sequences coding for variable domains of heavy
and light chains

To select the appropriate couple of primers foramplification of fragments coding for the
variable regions of heavy and light chains; (&d \, respectively) of the anti-PSCA
hybridoma clone, a panel of 25 forward and 4 revgmsmers are considered for each
variable domain (25 \yforward primers and 4;Jeverse primers; 25 Morward primers
and 4 J reverse primers). Forward primers were designestan highly conserved
sequences at the 5-end of DNA fragments fgravid \{ domains from several families of
murine immunoglobulins; reverse primers were irgsieéerred from the J regions located
at the 3'-end of \{ and \{ DNA regions.

Each forward primer is tested in a PCR reaction ith@udes a mix of the four reverse
primers. Once the best forward primer has beendblested, it is used in four individual
PCR reactions, each with a single reverse primbe forward/reverse primers pair
identified as the most appropriate for amplificatiare then re-designed as modified
versions with suitable restriction enzymes.

The sequence coding for the ¥égion of our anti-PSCA monoclonal antibody waiRPC
amplified using the primers 5’ A318 @pal 1) and 3’ J 491 (ot I), which introduce Apal |
and Not | restriction sites, respectively; the fvtagment was amplified with primers 54V
348 ®i 1) and 3’ J; 354 ho I), introducing Sfi | and Xho | sites.

0.4 pl of cDNA is used as a template in each 20 pul P€Rtron, along with 0.4 uM of
each primer, 0.2 mM of each dNTP (Invitrogen), Ql4of Phusion DNA polymerase

(Finnzyme) and 2 pl 10 x buffer, providing a fidd>* concentration of 2 mM.

Cycling programme 85°C 2 min
94°C 2 min
94°C 1 min
55°C 1 min 30 cycles
72°C 1 min
72°C 10 min
4°C end
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Amplification of the sequence coding for the whole scFv

The sequence coding for the whole scFv antibodymiplified using primers LMB3 and
pHENSeq from the pHENZ2-based construct containeg\variable regions of our anti-
PSCA mAb.

The 50 pl PCR reaction is assembled using 3 ngnoblate plasmid construct, each primer
at a 0.4 uM concentration, each dNTP (Invitrogenp.2 mM, 1 ul of Phusion DNA
polymerase (Finnzyme) and 5 pl of 10x buffer, pling a final Mg* concentration of 2
mM.

Cycling programme 98°C 30 sec

98°C 10 sec
55°C 30 sec 30cycles
72°C 50 sec
72°C 10 min
4°C end

DNA digestion with restriction enzymes

Enzymatic digestion of DNA was performed accordinghe indications provided by the
manufacturers. Typically, in each reaction 5-1Quof enzyme are used to cupd of
DNA. Reactions are usually incubated for 2 houth@recommended temperature. In Tab.

2 are shown the restriction enzymes used.

Table 2 Restriction enzymes used.
Stock

Manufacturer _
concentration
Nco | TaKaRa 10 U/ul
Not | TaKaRa 10 U/ul
Sil New England 10 U/ul
Xholl Roche 10 U/ul
Hind 111 Roche 10 u/ul
Apal | New England 10 u/ul
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Ligation

Vectors and inserts for the preparation of all toiess were purified after agarose gel
electrophoresis using tH@AEX Il Gd Extraction kit (QIAGEN), and eventually ligated
with T4 DNA ligase (New England). A 2l reaction is prepared in a tube containing 100
ng of vector, a five-fold molar excess of insegiginent, the provided ligation buffer and 1
ul of enzyme. The ligation is incubated 2 hours@C after which 4ul are used for the

transformation oE. coli cells.

Colony-PCR screening

For a rapid screening @&. coli colonies obtained after transformation with theatiign
reaction, a PCR is performed directly on bactee#t.

Using a sterile tip, cells from a single colony gieked from the LB-agar plate and
dissolved in 20ul of PCR reaction mix with: 2ul of 10x reaction buffer (Euroclone),
dNTPs mix (0.2 mM of each dNTP, Invitrogen), fordiaand reverse primers (10 pmoles

each), 1 unit of Tag DNA polymerase (Euroclone)ndicessary, also 5% DMSO is

included.
Cycling programme: 94°C___1C_min
yeingd prod 95°C 1 min
55°C 1 min 130 cycle
72°C 2 min

72°C 10 min
4°C end

The PCR reactions are analysed by agarose-geloglbotesis and staining with ethidium

bromide.

Plasmid DNA extraction from E. coli cultures

Single colonies picked from LB-agar plates (or fremall LB cultures for colony-PCR

screening) are inoculated in 5 mL for small-scaparations (miniprep), or in 50 mL for
medium-scale preparations (midiprep) of LB brothditohed with the appropriate

antibiotics (100 pg/ml Amp); the culture is grown.cat 37 °C with shaking (250 rpm) and

cells are recovered by centrifugation (5 minute3)0D rpm at RT in minifuge for
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minipreps; 10 minutes, 400@»at RT for midipreps) and the bacterial pellet igcessed
using thePureLink™ Qick Plasmid Miniprep kit (Invitrogen) for minipreps and the
PureLink™ HiPure Plasmid Filter Purification kit (Invitrogen) for midipreps, according to
instructions provided by the manufacturers. Puaitg concentration of plasmid DNA are
assessed by agarose gel electrophoresis and stthdmide staining.

Production and purification of recombinant PSCA

Production of recombinant PSCA

A single colony ofE. coli BL21 (ADE3) transformed with pET30a coding for the
recombinant human PSCA (hPSCA) is inoculated imil®f LB medium, 30 pg/ml
kanamycin, 0.1% glucose and grown o.n. at 37 °® witaking at 250 rpm. The o.n.
culture is used to start a 1 | culture in the saneelium, 30 pg/ml kanamycin which is
grown at 37 °C with shaking to an @9 between 0.7 and 0.8. Expression of the
recombinant protein is induced by addition of 1 nRPITG into the culture and
incubation is continued for 3 hours at 30 °C wittaldng. The bulk of the induced
culture is centrifuged 15 minutes at 5000 rpm, &E4nd the bacterial pellet is stored at -
20°C.

Isolation of inclusion bodies and purification by affinity
chromatography

The pellet of the harvested induced culture is spsnded in 0.02 culture volume of
Lysis Buffer (50 mM NaHPOy, 1 M NaCl, pH 8.0) additioned with Protease Intabi
(Roche), 0.1mg/ml Lysozyme (Sigma), DNase | (Rocm&) 0.1 mM PMSF (Sigma).
The suspension is incubated on ice for 30 minutelstlen sonicated on ice until cells
are lysed and the solution is no longer viscougerAtentrifugation at 10000 x g, 10
minutes at 4°C the supernatant is collected (cgm) and the pellet, that is inclusion
bodies, are washed twice with Lysis Buffer. Thelusmn bodies are resuspended in
0.015 culture medium of Denaturing Buffer (8 M yrd®0 mM sodium phosphate
buffer, 10 mM tris HCI pH 8.0) and then incubatéd@m temperature (RT) for 30
minutes. After centrifugation at 10000 x g, 10 minRT the supernatant is collected
and added to NIiNTA resin. The incubation is perfedrfor 1h at RT on an orbital
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shaker. After collecting the flow-through the ress washed in three steps with
Denaturing Buffer at decreasing pH (8.0, 6.3, 5/9)e PSCA protein is eluted with
Denaturing Buffer at pH 4.5.

Refolding of PSCA from inclusion bodies

Refolding of urea-denatured proteins from inclusdodies is attained by multi-step dialysis
that gradually decreases the concentration of deadt therefore promoting protein
refolding.

Tubular membranes with a 3 kDa cutoff (Carl Rotle)#sed.

The dialysis steps are performed at 4 °C accorditige following scheme:

- Refolding Buffer with 6 M urea (24 h)
- Refolding Buffer with 4 M urea (24 h)
- Refolding Buffer with 2 M urea (24 h)
- Refolding Buffer with no urea (24 h)
- Tris 20 mM pH 8.0 (24 h)

Refolding Buffer

TrisCl pH 8 20 mM

L-Arginine 400 mM

Urea different concentrations
Oxidized glutathione 0.5 mM

Reduced glutathione 5 mM

PMSF 0.1 mM

PSCA purification by ionic exchange

The ionic exchange purification is performed withvapure Mini Spin columns
(Vivascience) following the manufacturer’s instioos. The PSCA is eluted with 20
mM Tris HCI pH 8.0 containing 500 mM NaCl and filydialyzed in PBS buffer o.n.
at 4°C.
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Production and purification of anti PSCA scFv

Production of anti PSCA scFv

A single colony ofE. coli HB2151 transformed with pHEN-2 coding for the da8CA
scFv is inoculated in 10 ml of 2X YT medium, 100/mbampicillin, 0.1% glucose and
grown o.n. at 37 °C with shaking at 250 rpm. The. @ulture is used to start a 1 |
culture in the same medium, 100 pg/ml ampicilli,% glucose which is grown at 37
°C with shaking to an Ofgy between 0.7 and 0.8. Expression of the recombinant
protein is induced by addition of 1 mM IPTG to thdture and incubation is continued
for 20 hours at 26 °C with shaking. The bulk of thduced culture is centrifuged 15
minutes at 5000 rpm, at 4 °C and the bacteriabpislimmediately processed for periplasm

extraction.

Extraction of periplasmic fraction

Proteins were extracted from the periplasm by osntotatment by resuspending the
bacterial pellet in 0.05 culture volume of ice-celdraction buffer (30 mM TrisCl pH 8.0,
20% sucrose, 1 mM EDTA). Cells were kept on icelfdrour and then centrifugated at
15000 xg, 10 minutes at 4 °C. The supernatant containiagstiuble periplasmic fraction

is separated from the cell pellet.

Purification of scFv by affinity chromatography

The periplasm containing scFv is diluted 1:2 witM2irea, 10 mM Tris HCI pH 8.0, 150
mM NaCl, 0.2 mM DTT and then added to NiNTA resmtkat the binding of scFv to
NINTA resin occurs in weak denaturing conditionseTincubation is performed o.n. at
4°C on an orbital shaker. After collecting the fltvough the resin is washed in three
steps with Binding Buffer with increasing concetitmas of imidazole (5, 10 and 20
mM). The scFv is eluted by adding Binding Buffemtaining 250 mM imidazole.
Finally the scFv is dialyzed in PBS buffer 0.n4&€.
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Binding Buffer.

Tris 10 mM

Urea 1M

EDTA 0.1 mM

DTT 0.1 mM

Imidazole 5 mM, 10 mM, 20 mM or 250 mM
Adjust pH to 8.0

Production and purification of scFv-PE40 immunotoxin

Production of scFv-PE40 immunotoxin

A single colony oft. coli BL21 ADE3) pLysS transformed with pET11d coding for the
scFv-PE40 immunotoxin is inoculated in 10 ml of bigdium, 100 pg/ml ampicillin,
34 ug/ml chloramphenicol, 0.5% glucose, 0.05% Mg%®@d grown o.n. at 37 °C with
shaking at 250 rpm. The o.n. culture is used td std | culture in the same medium
which is grown at 37 °C with shaking to an ggbetween 0.7 and 0.8. Expression of
the recombinant protein is induced by addition omM IPTG into the culture and
incubation is continued for 3 hours at 37 °C wittaldng. The bulk of the induced
culture is centrifuged 15 minutes at 5000 rpm, aE4nd the bacterial pellet is stored at -
20°C.

Isolation, denaturation and refolding of proteins from inclusion
bodies

Pellet of harvested induced culture is resuspemadd05 culture volume of IB Wash
Buffer (20 mM Tris HCI pH 7.5, 10 mM EDTA, 1% TritoX-100) additioned with
Protease Inhibitor (Roche), 0.1mg/ml Lysozyme (SagndNase | (Roche) and 0.1 mM
PMSF (Sigma). The suspension is incubated on ic&@ominutes and then sonicated
on ice until cells are lysed and the solution idor@er viscous. After centrifugation at
10000 x g, 10 minutes at 4°C the supernatant ieated (cytoplasm) and the pellet,
that is inclusion bodies, are washed twice withVBsh Buffer and then solubilised at 5
mg/ml in 50 mM CAPS pH 11, N-Lauroylsarcosine 1.2f@ 1 mM DTT for 15 min at
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RT. After centrifugation at 10000 x g, 10 min at RiE supernatant is collected and the
refolding of denatured proteins is attained by raiép dialysis.

The dialysis steps are performed at 4 °C accorditige following scheme:

- Refolding Buffer 1 with 0.1 mM DTT (20 h)

- Refolding Buffer 1 with 0.1 mM DTT (8 h)

- Refolding Buffer 1 with no DTT (20 h)

- Refolding Buffer 1 with no DTT (8 h)

- Refolding Buffer 2 (24 h)

- Sodium phosphate buffer 5 mM pH 6.5 (24 h)

Refolding Buffer 1
TrisCl pH 8.5 20 mM
PMSF 0.1 mM

Refolding Buffer 2

TrisCl pH 8.5 20 mM
L-Arginine 400 mM
Oxidized glutathione 0.5 mM
Reduced glutathione 5 mM
PMSF 0.1 mM

Purification of scFv-PE40 immunotoxin

Purification was achieved by a first step of gkidtion on a TSK3000 SW with 20 mM
Tris, 3.4 mM EDTA, pH 7.4. Protein identificationa& checked by Western Blot.
Fractions containing scFv-PE40 were collected anen tsubjected to a second
purification step by anion-exchange chromatograp@AE column) with a buffer
containg 20 mM Tris, 3.4 mM EDTA, pH 7.4 and lingaadient of NaCl from 0 mM to
500 mM.
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Western Blot

Proteins separated by SDS-PAGE are blotted onceiltdose membranedrans-Blot
transfer Medium, BioRad) following the manufacturer’s indicationsThe
polyacrilamide gel and nitrocellulose membraneam®embled as a sandwich iMani
Trans-Blot Electrophoretic Transfer Cell (BioRad) according to the manufacturer’s
instructions, and a tension of 100 V is appliedifdrour.

Subsequently nitrocellulose membrane is incubated at 4 °C in blocking solution
(3% w/v powder milk in deionized J@) under stirring. After blocking, the membrane is
first incubated with a primary antibody recogniziagspecific epitope of the protein
analysed. This is followed by incubation with a demadish peroxidase (HRP)-
conjugated secondary antibody that interacts withFc portion of the primary. Both
antibodies are diluted in blocking solution and thembrane is rinsed twice for 5
minutes in 0.05 % Tween-20, PBS and twice for 5utds in PBS after each
incubation. Bands corresponding to the immunosetegbolypeptides are finally
detected by a chemiluminescent reaction usingBGk Western Blotting Substrate
(Pierce), according to the manufacturer’s instangi and visualized by development of
a photographic plate Hyperfilm MP High performance autoradiography film -

Amersham Biosciences).

Production of anti PSCA monoclonal antibodies

Monoclonal antibodies against PSCA were obtainednfimunization of Balb/c mice

with recombinant PSCA protein purified from backerPolyclonal hybridomas were
created following Khéler-Milstein protocol and PS@dactive polyclonal hybridomas
were identified by ELISA and flow cytometry. Poséi polyclonal hybridomas were
adapted to growth in complete RPMI cell medium #reh cloned by limiting dilution

protocol. Monoclonal hybridomas were re-analyzedtfe ability to recognize PSCA
protein. mAbs were purified from hybridoma supeamés using the affinity

chromatography on sepharose-protein G column.
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Generation of anti PSCA mAb-RTA chemical immunotoxin

Anti PSCA mAb was derivatized with the heterobiftiocal cross-linker SPDP which
reacts with mAb amino groups introducing a dithiagylgroup. After derivatization
the mAb contained 1.5 sulphidryl group/mAb molecule average. Anti PSCA mAb-
SPDP molecule was conjugated via a reducible distdpbond to the RTA toxin. The
obtained anti PSCA mAb-RTA IT was separated frontamjugated RTA by gel
filtration chromatography on TSK 3000 SW columniwhk mM sodium phosphate
buffer, 50 mM NaCl pH 7.4. A further purificatiormoim unconjugated mAb was
achieved by an affinity chromatography passage finBlue gel column with 5 mM
sodium phosphate buffer, 50 mM NaCl pH 7.4 andetlbgons were performed with the
same buffer containing 1 M NaCl. Fractions contagnihe IT, as identified by SDS-
PAGE and Western Blot analyses, were concentraigd@entricon-10 and dialysed in
PBS buffer. The IT concentration was determineduatang absorbance at 280 nm and
confirmed with BCA method.

Cells fixation by paraformaldehyde

Cells grown on a 96 wells plate were fixed with p&raformaldehyde, 2% sucrose in
PBS for 5 min at RT. After five washings with 0.801phenol red in PBS buffer the
neutralization was performed by incubation with 041glycine in PBS phenol red

buffer for 10 min at RT. After five washings witBS phenol red fixed cells were
stored with 1% BSA, 0.02% NaN3, 0.001% phenol reBBS at 4°C.

ELISA

The ELISA assay was performed on fixed cells (de®/@ or on recombinant PSCA. The
PSCA recombinant antigen was diluted at 2 ug/nRB% buffer and 50 ul/well were used to
sensitize a 96-well plate (Maxisorp, Nunc). Aftecubation o.n. at 4°C, one wash was made
with PBS and wells were quenched by addition of 2D@ell blocking solution (3% w/v BSA

in PBS) and incubation for 1 hour at 37°C. Aftewash with PBS, the primary antibody was
diluted at 5 pg/ml in blocking solution and 100well were dispensed. After 2 hours
incubation at 4°C wells were rinsed twice with @®%ween-20 in PBS and twice with PBS.
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Secondary antibody-HRP diluted in blocking solutfolowing manufacturer’s instructions
was dispensed at 100 pl/well and incubated forut bib4°C. After two washings with 0.05%
Tween-20 in PBS and two washings with PBS the assmydeveloped by addition of 100
pl/well TMB substrate (Sigma) and the reaction gempwith 100 pl/well 1M HCI. The plate
was analyzed using thdaRSAmax microplate reader with a 450 nm beam and subtracting the

background absorbance at 650 nm.

Surface Plasmon Resonance (SPR)

In recent years, surface plasmon resonance ebtbiiself as a powerful tool for the analysis
of antigen-antibody interaction by the direct defieation of the kinetic constants of
association (K, and dissociation (k). SPR provides a real-time measure of the affinity
through the monitoring of variations in the refractindex determined by the formation of
molecular complexes on the surface of a solid safles(“chip”), on which one of the two
partners involved in the interaction (e.g. the PS&#igen) is immobilized. A solution
containing the second molecular partner (e.g. ttieRSCA mAb or the derived scFv or Fab)
is flowed over the chip by a microinjection systekhthis stage (part 3 of curve in Fig. 1) the
instrument (Biacore, GeHealthcare) detects anaseré the number of molecular complexes,
signalled by a hike in RU (resonance units). Frwa portion of the sensorgram the,K
constant can be desumed. Next, a wash bufferigéldhrough the instrument, thus initiating
the dissociation stage (part 4 in Fig. 1), on wihieh Ky constant can be calculated. It is then
possible to obtain the overall dissociation coristdirthe antigen-antibody interactionp ke
Kot/ Kon
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RU (resonance units)

\4

Time (s)

Figure 1. Sensorgram of an “antigen-antibody” inteaction. 1 —Baseline (buffer flowed on the chi
2 — Change in the refraction index; 3 — Associatitage (K,); 4 — Dissociation stage (.

Flow cytometry

Cells from monolayer cultures were detached witliip$m-EDTA 0.02%, harvested,
washed two times with PBS-BSA 0.2% and re-suspendecdold PBS-BSA 0.2%
containing different concentration of the mAbs unstedy or the control ones.

After 1 hr incubation on ice, cells were washed tinges with ice-cold PBS-BSA 0.2%
and incubated with saturating concentrations of eatgF(ab’} anti-mouse
immunoglobulin (goat anti-mouse, GAM) fluorescesothyocianate (FITC-labeled).
Cell associated florescence was analyzed by a ftywometer (FacsCanto, BD
Biosciences). Because a myc tag is present at-tieen@nal of the amino acid sequence
of the scFv fragments, the cytometric analysis @alas performed using mouse anti-
myc tag antibody. The percent of positive cells #mel mean fluorescence intensity
(MFI) values were considered in evaluating antilgamel of expression.

Competitive binding studies, comparing the bindprgperties of anti PSCA mADs,
were performed by analyzing the ability of anti PS@Abs to prevent binding of
biotynilated clone 1 to SW780 cells; the bindinghadtinylated clone 1 was detected by

51



Materials and Methods

a second labeling step carried out with FITC Avid&nti PSCA clone 1 was

biotinylated with NHS-Biotin following the manifaater’s instructions.

Cytotoxicity assessment by thymidine incorporation

The effect on uptake of tritiated thymidim{TdR) by cells is taken as a measure of the
growth inhibition caused by treatment with a togmimmunotoxin. Cells are resuspended
in standard medium (RPMI 1640, 10% FBS, 2 mM Ghy 2.8 x 10 cells in a volume of
90 wl are seeded in each well of 96-well plates (GreBie-one). The molecules to be
tested are dialysed in PBS, filter-sterilized tlglmSpin-X tubes (Costar) and diluted in
sterile PBS containing 0.2% BSA. Teh of differently diluted antibody and (immuno)
toxins are finally added in each well. The platm@ibated for 36 hours at 37 °C, 5% L£O
Ten pl of*H-TdR from a 1-1.2x10cpm/ml stock in plain RPMI are added 8 hours teefor
the end time, after which the plate is kept at>*Q@nd thawed at RT the day after. Using a
cell-harvester (Wesbart), the content of each weltransferred to filter paper and

radioactivity measured using a beta counter (Wakei9, Pharmacia).

Immunofluorescence

Permeabilized cells

Cells are grown on coverslips and after two washingth PBS are fixed with 4%
paraformaldehyde for 1 hour at RT. Cells are wastwade with PBS and then
incubated twice with 50 mM NI for 10 min at RT to reduce the autofluorescenice
cells. Permeabilization is then performed by inc¢igvawith Blocking Buffer (1% BSA,
0.5% saporin in PBS) for 30 min at RT. Cells areulmated at RT for 45 min with anti
PSCA antibody diluted in Blocking Buffer. After 3ashings with Blocking Buffer, the
anti mouse-Alexa 488 diluted in Blocking Buffer alded for 45 min at RT. The
coverslips are washed twice in Blocking Buffer awtte in PBS and then mounted on
objective glass with moviol. Samples are kept ia ttark and observed by confocal

microscopy.
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Surface staining

Cells are grown on coverslips and after two washwgh cold PBS are incubated at
4°C for 1 hour with anti PSCA antibody diluted iB®. After 3 washings with cold

PBS, the anti mouse-Alexa 488 diluted in PBS iseddéor 1 hour at 4°C. The

coverslips are washed four times with cold PBS thea incubated at 37°C for 30 min
to induce antigen internalization. Cells are thieed with 4% paraformaldehyde for 1
hour at 4°C and after 4 washings with PBS the e are mounted on objective

glass with moviol. Samples are kept in the dark @oskrved by confocal microscopy.
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Production of recombinant PSCA

To create new anti PSCA mAbs the project began thighgeneration of recombinant
human PSCA (hPSCA) which was then used to immuBatk/c mice.

Total RNA was extracted from DU145 cells with Thibmuffer and specific cDNA was

retrotranscribed. PSCA specific cDNA was then ctbaosing Hind 11l restriction sites

in the pET30a prokaryotic expression vector; thesmid enabled the production of a
tagged recombinant protein exploiting a 6-His Tag@terminal and N-terminal tails.

Figure 1 shows the sequence of PSCA inserted irBp&Vector.

T7 promoter Hind 1l Hindm 17 terminator
—_— e
/J His-Tag His-Tag h

pET 30a

lacT ori )— KANr —/

Figure 1. Schematic piture of the PSCA cDNA cloned in pET30a vector usgpHind Il restriction

site.

The construct was expressed in the BLRDE3) bacterial strain. Addition of IPTG to
the culture medium triggers the overexpression IRNA polymerase, which in turn
superinduces the transcription of the PSCA genegbplaced under the control of the
T7 promoter in pET30a. After induction with IPTCciasion bodies (IB) were isolated
and then solubilized in urea containing bufferdascribed in Materials and Methods.
For protein purification solubilized IB were addedNINTA resin. Protein purification
and identification were checked by SDS-PAGE (Fig. Rractions containing PSCA
were collected and the protein subsequently reedtdry multi-step dialysis in a
“Refolding buffer” which allows the denaturing agd€nrea) to be gradually removed.
Because some contaminats were still present, laefuibnic exchange purification using
Vivapure Mini Spin column was necessary. The protein was eluted with a Qufger
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containing 500 mM NaCl. An SDS-PAGE analysis shanBSCA purity of about 90-
95%; its identity was demonstrated by Western Btaj. 3).

M W1 W2 W3 E1 E2 E3 E4

17
—_—

Figure 2. SDS-PAGE analysis of PSCA protein purifid on NiNTA column. The PSCAproteir
shows an apparent molecular weight of3¥bkDa and the smear is likely due to the preseficgea it
the sample. Abbreviations: M, protein size stangd&vd, wash with buffer at pH 8.0; W2avash witl
buffer at pH 6.3; W3, wash with buffer at pH 58, E2, E3 and E4, elution steps performed witHdy
at pH 4.5.

APMkDaPB

-ﬂ'ﬁ -]
36
L > 'n
28 |
nj‘—".

e

Figure 3. (A) SDS-PAGE and (B) Western Blot of pufied PSCA. Coomassie staining shows
purity of PSCA; Western Blot performed with anti PSCAtiaody (Abnova), recognizing the ol
recombinant PSCA, confirm the identity of the photand shows the presence of a small amou

PSCA in dimeric form. Abbreviations: M, proteinasigtandard; P, purified PSCA.
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Generation and characterization of new anti PSCA mAbs

Balb/c mice were immunized with recombinant PSCAl aheir spleen used for
hybridoma generation according to Kholer-Milstenotpcol. After a step selection by
ELISA with recombinant PSCA, positive hybridomasraveloned to obtain hybridoma
cells secreting anti PSCA monoclonal antibodies Ig8)A Ten positive clones were
obtained and mAbs secreted form hybridomas cloaediclone 2 were characterized.
The binding properties of our anti-PSCA mAbs cldheand clone 2 to the native
cellular antigen were characterized by flow cytayetith SW780, PSCA positive, and
PC-3 wild type (WT), PSCA negative, cell lines. #isown in Figure 4 and Table 1,
both our mAbs clone 1 and clone 2 are able to r@zeghe native form of PSCA and
they show a MFI (Mean Fluorescence Intensity) of 8Bd 425 respectively on SW780
(PSCA). These values are similar to the positive confelvalidated anti-PSCA
antibody clone 7F5 [Morgenrot al., 2007]), showing a MFI of 587, and greater than
the negative control (incubation with isotype cohtmAb, MFI=79). In the same
experiment no staining was obtained on PC-3 (PpQalls demonstrating the

specificity of our mAbs.

SW780PSCA* ’ PC-3 WTPSCA-

— Negctr

Anti PSCA clone7F5
= Anti PSCA clonel
AntiPSCAclone2 £
mAb B912.1 S

Count

FITC-A-FL1 Log FITC-A-FL1 Log

Figure 4. Flow cytometry with SW780 PSCA and PC-3 WT PSCA cell lines. Negative control i
obtained with isotype control mAb; clone 7F5 isaidated anti PSCA mAb described in the liters
[Morgenrothet al. 2007} clonel and clone2 are our anti PSCA mAbs; B9i®4dn anti MHC | and it
used as a positive control in the flow cytometryP@-3 WT cells. FITC-AFluorescein |sothiocyanate-

Area.
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SW780 PC-3WT

MFI MFI
Isotype control 79 189
Anti PSCA mADb clone 7F5 587 n.d.
Anti PSCA mADb clonel 554 224
Anti PSCA mAb cone2 425 244
Positive control n.d. 1926

Table 1. Binding specificity of anti PSCA mAbs analzed by flow cytometry.Staining was measur

considering two parameters: MFI (Mean Fluorescentnsity) and the percentage of positive cells.

The 1gG-isotype of our anti PSCA mAbs was determhibg an ELISA assay; results
summarized in Table 2 show that both our mAbs kgetorthe 1IgG2b subclass.

Mouse serum Neg ctr mAb clonel mAb clone2

IgM 2.41 0.23 0.27 0.3
lgG1 15 0.3 0.29 0.27
lgG2a 15 0.17 0.19 0.18
lgG2b 1.9 0.5 1.9 2.0

1gG3 151 0.22 0.21 0.22
IgA 0.73 0.21 0.19 0.18

Table 2. ELISA assay to determine the anti PSCA mAdbisotype.Mouse serum was used as a pos
control and culture medium asagative control. The values showed representdeerbance measut
at 450nM.

We further characterized the binding propertieowf mAbs in comparison with the
reference anti-PSCA antibody clone 7F5 in ordedédine possible epitope shared
during PSCA recognition. A competitive binding asseas set up using biotinylated
mADb clone 1 and unmodified anti PSCA mAbs as coitgrst Binding of biotinylated
anti PSCA clone 1 was revealed by FITC-Avidin stagn As shown in Table 3, anti
PSCA clone 1 and clone 2 are able to cross-inkilgitbinding of each other, whereas

the clone 7F5 is not able to inhibit their cellfage binding.
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Therefore anti PSCA mAbs clonel and clone2 recegthe same epitope or epitopes
that are physically or functionally associated velasr clone 7F5 recognizes a different

epitope.

Antibody MFI
Isotype control 74
Anti PSCA mAD clonel biotin 188
Anti PSCA mAb clonel biotin + clonel 91
Anti PSCA mAb clonel biotin + clone2 86
Anti PSCA mAD clonel biotin + clone7F5 141

Table 3. Competition binding experiment performed vith SW780 cells and aalyzed by flown

cytometry.

To better define the binding properties of our @8CA mAbs, their affinity was
assessed through the SPR technology (Surface RiaRasonance). This study was
performed in collaboration with Dr.ssa Mariangelgiii, INT Milan. Recombinant
PSCA was chemically coupled to the surface of an$se chip” which was then
analyzed by the instrument (BIACORE). The anti PS@Abs were tested at a
concentration of 200 nM. As shown in Figure 5 thsagiation/dissociation curves, also
called sensorgrams, of the two anti PSCA mAbs amgparable. It can be observed that
the binding properties of our mAbs are very simiMoreover, the curves demonstrate
a fast rate of association whereas the rate obdigson is slow; these characteristics
led to consider our mAbs as good tools for immuaatpy.
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Figure 5. Biacore analysis of the binding propertis of anti PSCA mAb clone 1 and clone ZThe
sensorgram shows the association/dissociation switined by flowing 200 nM of mAb over the ¢

on which recombinant PSCA was fixed.

Sequencing of i and \ regions of the two mAbs clone 1 and clone 2 shothatthey
differ only in the light chain. Because of that dmetause their binding characteristics

are comparable from now on | will consider only thAb from clone 1.

The characterization of the selected anti PSCA roéitinued by carrying out a flow
cytometric analysis with a panel of positive andatese cell lines. At the present time
SW780 cells are the only available cell line cdansitely expressing PSCA but they
present a variable antigen expression dependiras get unknown factors.

For this reason PC-3, LNCaP, HEK 293 and MDCK te#s were stably transfected
with hPSCA-pcDNAS3.1 and they showed a constantesgon of PSCA. In Table 4 are
summarized the MFI values obtained. It can be oesethat the specificity of anti

PSCA mAb is confirmed: the mAb recognizes the a&mti§SCA in transfected cells but

it does not so in mock transfected ones.

62



Results

PSCA positive cell lines (MFI values)

PSCA negative cell lines (MFI values)

PC-3* LNCaP* MDCK* HEK*293

LNCaP MDCK HEK?293

SW780 DU145 pC-

hPSCA hPSCA hPSCA hPSCA PCIWT "wr  wr wr

z:‘r’;zzle 76 65 141 191 234 | 173 189 51 205 170
r’:\’:l; PSCA | 2168 571 3253 1057 3126 | 166 224 58 248 164
z:z‘;::f nd.  nd 2833 nd. nd. |1354 1926 2076  n.d. 760

Table 4. Binding specificity of anti PSCA mAb analged by flow cytometry with PSCApositive anc
negative cell lines.Staining was measured considering two parameterst (lean Fluorescen

Intensity) and the percentage of positive cells.ttansfected cell lines.

To better define the binding properties of anti RS@ADb, its affinity was then assessed
by flow cytometry. A fixed amount of LNCaP hPSCA BC-3 hPSCA cells were

stained with increasing concentrations of anti PS@&b followed by incubation with a

saturating concentration of secondary mAb, commanBITC-labeled goat anti mouse

antibody. Figure 6 describes the results of thefiyarimetric analysis; anti PSCA
mADb reaches saturation of 50% of PSCA sites attimeentration of 23 nM and 16 nM
respectively on LNCaP hPSCA and PC-3 hPSCA.

LNCaP hPSCA

PC-3 hPSCA
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1 10 23 pIV] 100 1000
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Figure 6. Binding of anti PSCA mAb on LNCaP hPSCA ad PC-3 hPSCA.Cellswere incubated wi

increasing concentrations of anti PSCA mAb anddigmal was detected with FITi@beled goat ar

mouse IgG.
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The WT cell line LNCaP is able to express the amti§ SMA, another tumor associated
antigen. The PSMA expression is maintained in P$@Asfected LNCaP cells. In our
laboratory a good anti PSMA mAD is available: &ckes saturation of 50% of PSMA
sites at concentration of 8 nM, value consisterthvthe range of 16010 M for
antibodies of biological interest. For this reas@compared the binding of our mAb to
PSCA with the binding of anti PSMA mAb to PSMA. Ahown in Fig. 7 the
concentration of anti PSCA mAb necessary to saus@86 of antigenic sites is only 3
fold higher than the anti PSMA mAb concentratiorhe$e data confirm the good
binding properties of our anti PSCA mAb.

LNCaP hPSCA
120
110
® anti PSCA mAb
100 + A anti PSMA mAb
A
] °
c 9
gl
T 801
2
< 7041
1]
S 60
2
€ 50
a
G 404
S
< 304
20
10
2
0 7 A T T
0,01 0,1 1 10 100 1000 10000
mAb concentration (nM)

Figure 7. Binding of anti PSCA and anti PSMA mAbs 6 LNCaP hPSCA.Cells were incubated wi
increasing concentrations of anti PSCA (blue liaejanti PSMA (violet line) antibodies. Showane thi

fitting curves obtained.

Anti PSCA mAb relevance for diagnosis

It is known that differences in the glycosylatioatiern of antigens exist between
healthy and malignant tissues [Paadlial., 2003; Jankovic and Milutinovic, 2008;
Robbe-Messelott al., 2009]. To verify that our antibody is able t@wgnize possible
different isoforms of PSCA a Western Blot assay wadormed with cell lysate of
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MDCK expressing PSCA and it was developed usingamir PSCA mAb as primary

antibody. As shown in Figure 8 our mAb is able ¢ésagnize PSCA bounded to any
sugars (lane F, obtained by treating the lysate WHGlycosidase F), to hybrid sugars
or complex glycans. In fact in the non treatedltbtsate (lane /) our mAb recognizes
many bands with a molecular weight of about 25-@a.kWhen the total lysate is
treated with endoglycosidase H (lane H) the mAlmgezes a band of about 40 kDa,
corresponding to PSCA bounded to complex glycams adout 22 kDa, deriving by the
cleavage of mannose rich glycans from PSCA bounaégbrid sugars. When the total
lysate is treated with N-Glycosidase F the mAb gmizes a band of about 15 kDa,

corresponding to PSCA bounded to any sugar.

Different patterns of
/, glycosylation

—> Complex glycosylation

Hybrid sugars

Figure 8. Western Blot of MDCK hPSCA cell lysatesThe cell lysate is loaded without treatmefi (
after treatment with endoglycosidase Hi)( after treatment with N-Glycosidase IF)( Endoglycosidas
H cleaves mannose rich glycans, N-Glycosidaselelaves complex glycans. The Western Blot
performed using our anti PSCA antibody as primamyibedy and anti mouseRP as seconde
antibody.

Moreover to verify the ability of our antibody teaognize the antigen in tumor tissues
our mAb was used as primary antibody in Westerrt Berformed with tissue lysates

from patients. As shown in Figure 9 the anti PSCAbnis able to detect the presence
of denatured PSCA in 3 out of 3 prostate neoplasgue lysates and in 2 out of 3
pancreatic neoplastic tissue lysates, whereas gmalsis detected in normal tissues

(stomach, uterus and spleen) used as negativeotonithese data demonstrate the
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specificity of the signal due to the binding ofiddSCA mADb to the antigen expressed

in neoplastic tissues.

(a) Neoplastic tissues (b) Normal tissues

g0 g A4 5e6 kDa 7 8 9
83
—

Figure 9. Recognition of PSCA in neoplastic tissudsy Western Blot. (a) lanes 1 2, 3: pancreat
tumor tissue lysates; 4, 5, 6 prostate tumor ti$gseges; ) lanes 7, 8, 9dormal tissue lysates: stome
spleen and uterus respectiveljhe Western Blot was performed using our anti PS@#b as primar
antibody and anti mouse-HRP as secondary antibody.

To further characterize the diagnostic potentiabaf anti PSCA mAb an ELISA assay
was performed with cells fixed with 2% paraformdigde. Anti PSCA mAb is able to

stain SW780 cell surface whereas no signal is tedemn DU145 cell surface, a PSCA
negative cell line (Fig. 10). The ability to iddgtiPSCA on tumor tissues of patients
and on fixed cells leads us to consider our mApsssible tool in both diagnostic (for

instance immunohistochemistry, IHC) and therapeapigroaches.
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Figure 10. Whole mAb recognizes native PSCA by ELIS with whole fixed SW780 cellsOur anti-
PSCA mADb clone 1 recognizes native hPSCA on SWel88 fixed with 2% paraformaldehyde. The

ability of the mAb to recognize fixed cells couldbav its use in immunohistochemistry (IHC). The

antibody B912.1 was used as positive control bexausnds to MHC I.

Anti PSCA mAb relevance for immunotherapy

Gu et al. [2005] described the ability of an anti PSCA mAhlrtduce cell deatim vitro

through a direct, Fc-independent mechanism. Showiigure 11 are results from the

work by Guet al. [2005]. For this reason we first evaluated if onti @ SCA antibody

had cytotoxic effects by itself on a PSCA posited line. When PC-3 hPSCA cells are

incubated for 36 h with anti PSCA mAb we observedcytotoxic effect (Fig. 12).
Therefore, our anti PSCA mAb is not able to indwsd death through a direct

mechanism probably because our mAb binds to ardiffeepitope from the epitope

recognized by the anti PSCA Ab described in liter@t It is therefore interesting that

the apoptosis induction mechanism activated thro®$CA could be dissected using

mAD to different epitopes.
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Figure 11. Anti PSCA mADb, described by Gu, leads teell growth inhibition through a direct effect.
LNCaP-PSCA cells were incubated with PBS or anCR 8 Ab for theindicated time. Cell proliferatic
was measured byA] counting viable cells after Trypan Blue stainmg(B) via MTT assay. (Modifie
from Guet al., 2005).
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Figure 12. In vitro cytotoxicity using the PC-3 hPSCA cell lineThe cytotoxic effect of our anti PS(
mAb is compared with a potent toxin, RiciBhown is the percentage #fiTdR incorporation as

function of concentration.
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Because in our case the direct approach is natmuff to kill tumor cells, my research
was focused on the generation of immunotoxins (ITs)

To make sure that anti PSCA mAb represents a seit@bgeting molecule for the
design of an immunotoxin, the internalization oé tantibody following binding to
PSCA on target cells was evaluated by flow cytoynelhis assay was performed on
SW780 cells and we used Trypan Blue which is ablguench about 50-60% the
amount of surface fluorescence. All MFI values wabeained by pre-incubating cells at
4°C with a FITC labelled antibody. “MFI sample” ésd@able 5), obtained incubating
the cells with our anti PSCA mAb, was normalizethgsa negative control obtained
incubating the cells with irrelevant antibody (Mdample/MFI negative control). In this
experiment (Tab. 5) it can be observed that the MEI sample/MFI negative control
is 2.2 when cells are analysed immediately, it ei@®es to 1.07 after Trypan Blue
treatment, but it increases again to 2.07 whers @k incubated at 37°C (to induce
internalization) and then treated with Trypan Blurethe last sample Trypan Blue is not
able to quench the Ag-Ab complex fluorescence bezdlne complex has translocated
inside the cell. To confirm these results the sawrperiment was performed with
LNCaP WT cells (PSMA) incubated with anti PSMA-FITC Ab because the PSMA
internalization is known [Livet al., 1998]. Comparing the two experiments we can
demonstrate that the anti PSCA mAb is 87% intezedliafter incubation at 37 °C. For

this reason the work continued by generating chaihmemunotoxins.

MFI sample/ . 4oC +4°C + +4°C % internalized
MFI neg ctrl B +37°C+TB Ab
SW780 2.2 1.07 2.07 87%
LNCaP WT 7.3 3.6 53 45%

Table 5. Internalization assay MFI sample/MFI negative control ratio value on SW#8 LNCaP WT
cells incubated with mAb at +4°C and analyzed imiaedly (+4°C), after treatment with Trypan Bl
(+4°C + TB), after incubation at +37°&hd treatment with Trypan Blue (+4°C + TB). Reswolgaine:
with SW780 cells are compared with results obtaingtth an anti PSMA mAb and LNCaP WT cells
(PSMA), known to be able to internalize PSMA-Ab complexe
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Construction of chemical immunotoxin

The anti PSCA mAb (whole molecule) was chemicailhked to ricin A chain toxin
(RTA) to create an anti PSCA mAb-RTA immunotoxim)(l

Chemically linked immunotoxin was synthesized bpjogating RTA toxin to the anti
PSCA mAb via a disulfide bond, using the bifunctibreross-linker SPDP. After
reduction of cysteines on RTA protein by DTT andiwization of the mAb with
SPDP, the cross-linking reaction of these two retgyeook place for about 2 days at
4°C; the immunotoxin obtained was then separateoh funconjugated reagents by a
first step of gel filtration chromatography. Thera@matogram of Figure 18isplays a
purification run obtained using a Bio-Rad FPLC appss. A second step of
chromatographic purification on an Affi-Blue gel leoin allowed the removal of
unconjugated mAbs from the selected fractionss lhandatory to eliminate these free
mADs, because they could be able to compete withunotoxin for the binding to the
target Ag; this competition could mask the realitkg efficacy of the immunotoxin in
the cells assay.

Coomassie-staining of a SDS-PAGE and a Western (Bigt 14) confirmed effective
binding of RTA to the mAb and the absence of fre&bnand RTA in the purified

immunotoxin.
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Figure 13. Chromatogram of a purification run of the immunotoxin on a gel filtration column.
Abbreviations: Ab, anti PSCA mADb; IT, anti PSCA-RT@munotoxin
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Figure 14. (A) SDS-PAGE and (B) Western Blot perfaned using anti RTA antibody.
Abbreviations: mAb, anti PSCA mAb; IT, anti PSCA-RTmmunotoxin; M, protein size standard.

Cytotoxicity of the immunotoxin

The cytotoxic potential of the chemical immunotoxiras evaluated by checking the

effect of increasing concentrations of the immurot®n the incorporation of tritiated

thymidine €H-TdR) by target and non-target cells. For comparjsilso the anti PSCA

71



Results

mADb and RTA alone were tested. Cytotoxic effectsemeompared in terms of i¢;
which defines the reagent concentration able tdbinbkell proliferation of about 50%
with respect to an untreated control. The plotsFigure 15 clearly show that the
immunotoxin can inhibit the proliferation of cekxpressing the PSCA antigen, while
the mAb has no detectable toxic activity within tfaege of the concentrations used.
The immunotoxin has a more potent cytotoxic ac@sncompared with RTA toxin
alone: the 1G, value of the anti PSCA mAb-RTA is 100 times lowlen the 1G, of the
RTA toxin (Tab. 6). This difference is not detedtalm a PSCA negative cell line: the
ICso value is 1x1d (mol/l) and 5x10 (mol/l) respectively, for the anti PSCA mAb-
RTA and RTA. Comparing the kg value of our immunotoxin after targeting PC-3
hPSCA cells with another irrelevant anti CD5 immiarxan, it can be observed that the
cytotoxic effect of anti PSCA mAb-RTA is 100 foldgher than that of anti CD5 mAb-
RTA. These results signify that the greater toyi@f our immunotoxin is due to the
specific binding of anti PSCA mAb to the PSCA aatig
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Figure 15. Dose-response curves obtained by treagjrPC-3 hPSCA and PC3 WT cell lines with
increasing concentrations of the molecules descritién the picture. Shown is the percentage ¥fTdr

incorporation as a function of concentration.
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Monensin - + - +

Toxin/Immunotoxin PC-3 hPScA PC-3 WT
ICs5o(mol/l) IC5, (mol/l)

anti PSCA mAb-nRTA 1,3x10-° | 1,2x10-10 1x10-7 1,5x10-7

NRTA 1,2x10-7 2x10-8 5x10-7 1,3x10-8

Ricin 2x10-13 4x10-14

mAb OKT9-nRTA 2x10-11 3x10-12

anti CD5 mAb-nRTA 1,2x10-7 1,3x108

anti PSCA mAb >10-6 >10-6

Table 6. Values of concentrations inhibiting 50% othe maximal proliferation (ICsg) for different
molecules on positive cell line (PC-3 hPSCA) and gative cell line (PC-3 WT).Monensin isaddet
(+) or not (-) to cells during the experiment a ttoncentration of 50 nM.

The carboxylic ionophore monensin is known to iasee the cytotoxic activity of
immunoconjugates [Candiaet al., 1991]. The potentiating effect is mediated bg th
enhancement of lysosomal pH and the inhibition Dfdegradation [Ippolitiet al.,
1998]. For this reason we assessed the cytotofactefof toxins also in the presence of
50 mM monensin. As shown in Table 6, monensin ie &b enhance the cytotoxic
effect by 10 times with all tested toxins and immtaxins. Also in this case the
cytotoxic effect of anti PSCA mADb-RTA is 100 folegher than that of RTA.

Construction of an anti PSCA scFv antibody

Because our home-made anti PSCA antibody show®a gidinity and specificity we
decided to generate anti PSCA scFv by cloning #re&akle domains of heavy (Y and
light (V) chains.

The cDNA obtained from cells of our hybridoma clomas used as a template for the
PCR screening of an array of primers designed tplisnDNA fragments coding for
the V4 and . Since mouse Ig use preferentiakylight chains (1:10 ratid/k), we

employed degenerate primers for @nd J domains only. Primers for this first
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amplification were designed to match the leaderoregof the \ and % chains and

both constant regions of heavy and light chainsefiyfive PCR reactions were

carried out for each V chain combining 25 differ&ft or Vx murine domain forward

primers with a mix of fourJor J corresponding reverse primers, as showed in Figure

16. The products of Yor V¢ amplifications can be visualized on a 2% agarateagd

are approximatlyf850-390 bp long; in the picture it can be obseriret due to the

degeneration of primer sequences we obtain amgiiic products from several V

primers. Among them, according to band intensitg Bow amplification background,

we have chosen ong;\and one Y forward primers.

0.5 K e
0.3 K

0.1 K

(A) Vy amplification by PCR

ld 5 6 7 8 9 10 112 13 14 15 16 17 18 19 Ld 20 21 22 23 24 25 -

1 2 3 4 5 6 7 8

(B) V¢ amplification by PCR

Ld 9 10 11 12 13 1415 16 17 18 19 20 2122 23 24 25

Figure 16. Screening of forward primers for the amfification of DNA sequences coding forthe

variable domains of the anti PSCA mAb. PCR amplificates were analyzed by agarose

electrophoresis. Y(A) and \ (B) amplifications were tested with different faw primers (lanes 25).

The negative control (-) was a PCR reaction withteraplate Arrows indicate amplificates from prim

selected for further characterization. Ld = DNA Had

At this point it was important to test the “joinih@J) primers separately in order to

identify J; and J ones leading to the best matching pair for heawy kght chain

amplification. Figure 17 shows that twg @rimers and two,Jprimers, associated with
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the variable respectivevand \, are able to amplify the V domains. Also in thise
we have chosen the reverse primer correspondintpeosingle and most abundant

amplificate.

(A) J, primers (B) Ji primers
Ld [ I nm v [ I m v o Ld

Figure 17. Screening of reverse primers for the amplificationof DNA sequences coding for tt
variable domains of the anti PSCA mAb.PCR products obtained amplifying,VYegion using the be

forward primer with each of four reversg@rimers A) and \ region using the best forward primer v
each of four reverse, primers B). Arrows indicate amplificates from primers seézbt Ld = DNA

Ladder.

V genes obtained by PCR were sequenced using the faward and reverse primers
as for PCR reactions; to confirm that these seqgentatched V domain of mouse Ig
protein we compared by computer analysis our V dmegl DNA using Blast NCI
Software.

A second amplification was carried out to inseridl restriction sites (Sfi I/Xho | and
Apa LI/Not | for Vy and \ respectively) to facilitate directional cloning thie \\; and
Vk domains in pHEN-2 plasmid. Figure 18 representsclaematic picture of the

synthesized plasmid pHEN2-anti PSCA scFv.
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> pHENSeq
6Hisq oIl
¥~ Amber
pHEN2 stop codon

AMPr |—| M13 ori

Figure 18. Schematic picture of the plasmid pHEN2+ati PSCA scFv.

Production and purification of anti PSCA scFv antibody

The scFv protein was produced in HB21B51Coli bacterial strain using the pHEN-2
vector which contains a pelB leader sequence wausirand c-myc and His-tag
sequences down-stream to the scFv insert; thiswallan easier detection and
purification of the protein.

The level of scFv synthesis in HB2151 was firsteased in small-scale cultures. The
intracellular localization and solubility of the ngle-chain antibody expressed in
HB2151E. coli was investigated with the intention of maximizimg tshare of induced
protein being stored in the periplasmic compartmevhich normally allows the
recovery of more appropriately folded and solubidypeptides. Different conditions
for protein induction were tested (Table 7). Infeaase the cell extracts, corresponding
to the soluble cytoplasmic and periplasmic fradicand to the insoluble protein
fraction, were prepared and analyzed by Western iog an anti His Tag antibody
(Fig. 19). The band of size about 30 kDa represkstév protein. Finally we decided
to grow bacteria in 2X YT medium added with gluc@s&% and ampicillin 1q@y/ml
and induced with 1 mM IPTG for 20h at 26°C.
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Induction Induction
Temperature | duration
3h
37°C
20 h
3h
30°C
20 h
3h
26°C
20 h

Table 7. Table summarizing the induction conditiongested with the anti PSCA scFv.

26°C 30°C

kDa 'IB C Pri"IB C Pri|

Al
---e-- <«—scFv

Figure 19. Western Blot of bacterial fractions.Each fraction was obtained after induction witinl4
IPTG for 20 h at 26°C or 30°C. The band at@t®0 kDa represents our scFv protein. The We$ént
was performed with anti His Tag antibody. Abbreiains: IB, inclusion bodies; C, cytoplasmic solu

fraction; Perip, periplasmic soluble fraction.

To purify the scFv | have tried different methodg&s (ion exchange and affinity
chromatography, gel filtration) using cytoplasmpgriplasmic or insoluble protein
fractions (data not shown). The method supplying thghest yield and level of
purification was the purification from the periplais fraction by affinity

chromatography. The binding of scFv to NINTA resivhich is able to bind 6-His

tagged proteins, occurred in weak denaturing candit(see Materials and Methods).
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The periplasmic fraction was added to NiNTA resid ahen incubated o.n. at 4°C on
an orbital shaker. After sequential washings witils POmM pH=8.0 additioned with
increasing concentrations of imidazole (from 0 @r@M), the scFv protein was eluted
from the resin with a Tris buffer containing 250 miidazole. Protein purification and
identification were checked by SDS-PAGE and by WiesBlot (Fig. 20). The band of

size between 28 and 36 kDa represented scFv protein

A B
El E2 E3 E4 E5 M kDa Perip FT E1 E2 E3 E4 E5
—
=il .72
-_ |
— 55
> -

| 36
|7 s meme———
.

.
—
=

Figure 20. (A) SDSPAGE analysis and (B) Western Blot of anti PSCA scoF protein purified on
NIiNTA column. Coomassie staining shows the purity of anti PSCA st®egstern Blot performed wi
anti His Tag antibody confirms the identity of theotein. AbbreviationsM, protein size standard; Pel
periplasmic fraction of induced bacterial culturd;, flow throughof the NiNTA resin; E1, E2, E3, |

and E5, elution steps performed with Tris buffentaining 250 mM Imidazole.

Anti PSCA scFv antibody characterization

Functional and binding properties of anti PSCA sakere investigated by flow
cytometry and by ELISA using anti PSCA whole mAlxastrol.

The immunoenzymatic assay performed on recombiRSCA confirmed that the
antibody fragment produced i Coli retains the binding specificity of the parentati an
PSCA mADb, with nearly no background and no reaigtion an unrelated protein (BSA)
(Fig. 21). The signal obtained with scFv is lovean that obtained with the whole
mADb. This difference can be due to the monovalentlibg property of the scFv in
comparison with the divalent binding of the wholélm In order to create a scFv in

divalent form scFv was preincubated with anti myatikeody for 1h at room
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temperature. In this way two scFv monomers aresdinoked via an antibody-mediated
myc-Tag interaction. Staining of cells with scFv divalent form is similar to that

obtained with the whole mAb.

4,5

35 T

OPSCA

HA

25 1

, L DBSA

15 T

05 T

T = =

mAb scFv scFv +anti- neg ctr
myc

Figure 21. ELISA of recombinant PSCA.Anti PSCA scFv showsa specific binding to recombinz
PSCA. The scFv staining is lower than that of th&b. Staining of scFv preicubated with anti r
antibody is similar to that obtained with the whaiéb.

The flow cytometry analysis (Fig. 22, Tab. 8), penied with positive cell lines
(SW780, LNCaP hPSCA) and negative cell lines (P@-B, LNCaP WT), confirmed
the interaction of our scFv with the PSCA antigepressed on the surface of target
cells.

When assayed on LNCaP hPSCA cells the scFv shdwsl aalue of 834 whereas the
MFI of the negative control is 369; the mAb (whateolecule) specifically detects
PSCA cells with a MFI of 4401. Also in this case whée tscFv is preincubated with
an anti myc antibody the staining increases (MHleaf 4010) and it reaches a value

close to that obtained with whole mAD.
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(C) Anti PSCAscFv +

(A) Isotype control (B) Anti PSCAscFv anti-myc

(D) Anti PSCAmAD

Count
ST T Ve T

LNCaP hPSCA cell line

Figure 22. Flow cytometry analysis of LNCaP hPSCAalls. (A) Negative control.§) Binding of ant
PSCA scF\W) Binding of anti PSCA scFv in divalent format abi&d by preincubating it with anty m
antibody. D) Binding of mAb anti PSCA (whole antibody).

PSCA positive cell lines PSCA negative cell lines
MFT values MFT values

SW780 LNCaP hPSCA| PC-3WT LNCaP WT
Isotype control 64 369 111 184
AntiPSCA scFv 382 834 142 167
AntiPSCA scFv +anti-myc 931 4010 124 n.d.
AntiPSCA mAb 2662 4401 133 58
Positive control n.d. n.d. 525 2076

Table 8. Binding specificity of anti PSCA scFv angized by flow cytometry with PSCA positive an
negative cell lines.

To better define the binding properties of the knghain fragment its kinetic
parameters were determined by Biacore assay. Than&scollaboration with Dr.ssa
Mariangela Figini, INT Milan, the dissociation coast (Kp) of the interaction between
our scFv and recombinant PSCA was determinatechbySPR technology (Surface
Plasmon Resonance). Association/dissociation cumese obtained by flowing
different diluitions of the scFv on chips coatedhwa fixed amount of recombinant
PSCA (Fig. 23). From this curves the following Kineconstants were deduced;, k&
1.16 x 168 (1/Ms), kg = 2.65 x 1G (1/s). The resulting K (Kot / kon) is 2.29 x 16 M.
This value is consistent with atof 1.41 x 16 M determined for the Fab derived from
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our anti PSCA mAb. This means that the recombirfic@gment scFv produced .
Coli and purified from the periplasm maintains the samraling properties as the
parental Fab.

Moreover we compared the association/dissociationes obtained by injecting 200
nM of anti PSCA scFv, Fab or whole mAb on the s&B€A coated chip (Fig. 24). As

expected the scFv and Fab curves are comparableathéhe mAb shows a greater
affinity.

scFv flowed on PSCA

p. Riff.

Res
N

-100 -30 40 110 180 250 320 390 460 530 60
Time

Figure 23. Biacore analysis to determine scFv kiniet parameters. The asociation/dissociation curv

were obtained by flowing different dilutions of tkeFv over a PSCA coated chip.
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Figure 24. Biacore analysis of the binding properties of antiPSCA whole antibody and it

fragments.

Generation of a recombinant immunotoxin

PE40 toxin is known to follow a translocation rougenilar to RTA [Falnes and
Sandvig, 2000]. Moreover PE40 toxin bears in itgussce a cleavable site (5’ to the
enzymatic domain), which, once recognized by fanrurin like-proteases, allows the
intracellular separation of the vehicle from the&i¢comoiety of the IT. If the toxin
moiety is not released from the carrier molecube, toxin is not able to translocate in
the cytosol and it cannot intoxicate the cells.cfeate the fusion IT anti PSCA scFv-
PE40 we used a vector available in the labora®pET 11d plasmid carrying the PE40
toxin sequence. The scFv sequence was modified’ii/tB add a Hind Il site at 3'. As
shown in Figure 25 the PCR product is a band outlB00-900 bp; this DNA was
cloned in pET 11d plasmid with Nco I/Hind 1l restion sites; a scheme of the plasmid
is displayed in Figure 26.
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1.3 kb —

1.0kb ——
0.9 kb —

0.6 kb —

0.3 kb —

Figure 25. PCR product obtained by amplifying the ati PSCA scFv sequenceThe arow indicate
the amplificate of about 800-900 bp (lane 1). LBONA Ladder.

(3
2 2,
‘ Terminator T7

S —

™~
pET 11d (5674 bp)

Cleavable site by
furin or furin-like
proteases

Figure 26. Schematic picture of the plasmid pET11énti PSCA scFv-PE40.

A small-scale expression of the IT in BL2ADE3) pLysSE. Coli yielded an induced
protein of approximately 70kDa, as visualized bysféen Blot (Fig. 27), consistent
with the expected size for a fusion between ther $86 kDa) and PE40 (40 kDa).
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kDa n.i. 1.

95

Bk B BRI

Figure 27. Western Blot of total bacterial lysateThe Western Blot was performed using amti PE
antibody. The same amount of total protein wasddafdrm non induced (n.i.) and induced Kigcteria

cultures. The band at about 70 kDa representsritrinotoxin (IT).

To maximize the yield of the immunotoxin the batevere induced with 1 mM IPTG
for different times (3 h, 5 h, 20 h) at differeetrtperatures (30-37°C). The amount of
produced protein and its site of subcellular sterégclusion bodies, cytoplasm) were
analyzed by Western Blot using an anti PE antibedth an incubation time of 3h at
37°C the highest amount of protein was detectettheninclusion bodies fraction (Fig.
28). Moreover it was observed that the amount odpced immunotoxin increases
when bacteria are harvested just before inductioth then induced in LB medium
lacking glucose (Fig. 29). Also in this case thenamotoxin is detected in the inclusion
bodies fraction.
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Figure 28. Western Blot of bacterial fractions usig anti PE antibody. Each fraction is obtained af
induction with 1mM IPTG at 37°C for Oh (n.i.), 3l bh. The band at about 70 kDa represents the
PSCA scFv-PE40. Abbreviations: IB, inclusion bodi@scytoplasmic soluble fraction.

Figure 29. (A) SDS-PAGE and (B) Western Blot of baerial fractions. A bacterial culture we
induced with IPTG 1 mM at 37°C for 3 h in LB mediwadded (+) or lacking (-) of glucoséhe Wester
Blot was performed with an anti PE antibody. Abla&wens:IB, inclusion bodies; C, cytoplasmic solu
fraction; M, protein size standard.

Before beginning protein purifications, proteinscdted in inclusion bodies were
solubilized and refolded as described in Materald Methods. As shown in Figure 30,

during the refolding steps the immunotoxin aggregagenerating multimers with a
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molecular weight greater than 170 kDa. The ref@dprocedure is currently being

optimized.

kba M D I Il 11V V Vi

Figure 30. SDS-PAGE of samples taken at differenteps of the refolding procedure Abbreviations:

M, protein size standard; D, denatured inclusiodi®sy I-VI, inclusion bodies during refolding dialg.

An ELISA assay with recombinant PSCA provided alitatave indication of binding
selectivity for the refolded inclusion bodies canilag scFv-PE40 (Fig. 31).

4.0 4 T

O PSCA
/1 BSA

0.9

Absorbance

0.6

0.3

0.0 == | |

AntiPSCAmADb Anti PSCA scFv-PE40 Neg ctr

Figure 31. ELISA assay performed with recombinant BCA. A whole refolded IB extract containi

scFv-PE40 shows a specific binding on recombin&&A&.
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The whole refolded IB were then assessed by flotoragtry on positive (LNCaP
hPSCA) and negative (LNCaP WT) cell lines (Fig..3®jhen assayed on LNCaP
hPSCA cells the refolded IB showed a MFI value »00Q, 5 fold higher than that of
Isotype control (MFI = 222). Whereas when assayedCaP WT cells the refolded
IB showed a MFI value of 441, 1.6 fold higher ththat Isotype control (MFI = 269).
This low staining on negative cells is due to n@ecsfic binding of contaminants
present in the exctract. This assay confirmedtti@interaction of scFv with the PSCA

antigen expressed on the surface of target cefiseserved after fusion to PE40 toxin.

LNCaP hPSCA cell line
(A) Isotype control (B) Anti PSCA scFv-PE40 (C)Anti PSCAmAD

FITC-A

LNCaP WT cell line

(D) Isotype control (E) Anti PSCA scFv-PE40 (F) Positive control

Ps

Count

P3

| il l]111|1Tr Flllli“'l T T ||““|'[ ]"““'[ T [IIII‘ T
' ' ot n® o' ot nf w0 ot w0t
FITC-A FITC-A FITC-A

Figure 32. Flow cytometry on LNCaP hPSCA cells (A-BC) and LNCaP WT (D-E-F). (A-D) Isotype
control is used as negative contrd-E) Binding of whole refolded IB extract containing scFv-PE40

immunotoxin. C) Binding of anti PSCA whole antibody an#)(anti MHC | antibody were used
positive control.
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Different purification methods were tested to obttie highest amount and level of
purity of immunotoxin. In my hands the best puafion protocol consists in the
purification from refolded inclusion bodies by asfi step of gel filtration. Protein
purification and identification were checked by \Wes Blot (Fig. 33). Fractions
containing scFv-PE40 were collected and, becauseloiv protein pl (5.3), were then
subjected to a second purification step througlomudi®n on an anion-exchange resin
(QAE).

This protocol allows to obtain scFv-PE40 with nmtzmninants but it does not separate
immunotoxin monomers from multimeric forms (Fig.)340 overcome this problem

and also to increase the yield of purified protiéie purification protocol is still being
optimized.

kba M 14 15 16 17 18 19 20 21 23 25 26 2

Figure 33. Western Blot of fractions obtained fromthe first chromatographic separation of scFv-
PE40 on gel filtration. The Western Blot was performed with anti PE antibo@bbreviations: V
protein size standard; 14-27, fractions collectedfgel filtration.
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kba M T
179 o | «—multimer

— <« monomer

Figure 34. SDS-PAGE of purified immunotoxin.The scFv-PE40 (ITis present as monomer (moleci
weight of about 70 kDa) and multimer (molecular gieimore than 170 kDa). Abbreviations: ptoteir

size standard.

Generation of a cellular model of polarized epithelial tissue

The PSCA distribution and trafficking processestjoternalization could be different
in polarized cells both normal and tumoral. To gtutle efficacy of anti PSCA
immunotoxins in polarized cells a cellular model pblarized epithelial tissue
expressing PSCA was generated. Madin-Darby candrei (MDCK) cells are a well
differentiated cell line with tight junctions th&rm polarized monolayers in culture
that closely resemble epithelial tissue. For thisppse MDCK cells were transfected
with hPSCA-pcDNA3.1 plasmid and immunofluoresceneese permormed using our
anti PSCA mADb.

Immunofluorescence on permeabilized cells (Fig. 3SAowed the distribution of
PSCA in the whole molecule: it localizes on thd satface, both apical and basolateral
membrane, and in its closeness. When the immuneftgence is performed on non
permeabilized cells the anti PSCA antibody can hreanly the apical membrane
because the tight junctions do not permit the méleiach the basolateral membrane
(Fig. 35B). In this case we can appreciate that 3 distributed on all apical

membrane. A preliminary study on PSCA routing isveh in Fig. 35C where cells,
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after anti PSCA mAb binding, are incubated at 376C1 h and then subjected to the
same conditions as previous sample. It is possib&dbserve that PSCA from the apical
membrane can reach the basolateral membrane thewngh vescicules represented as
small green dots in the middle of the cell. Thi ogodel could be used to study the
PSCA routing in order to find the best toxic pontitm create potent immunotoxin and
also to study the cellular intoxication adding inmotoxins to apical or basolater or

both membranes.

(B) Non-permeabilized (C) PSCA distribution

(A) Permeabilized cells cells after internalization

¢ n,-‘“u_,.r-. iy

7 ’rﬁf'v:’. iy

Figure 35. Immunofluorescence on MDCK hPSCA cellstained with anti PSCA mAb. (A) To
evidence PSCA distribution in the whole cells, ifteation and permeabilization MDCK were incubated
with anti PSCA antibody at 4°CBJ To investigate the distribution of PSCA on thdesapica
membrane, cells were incubated with anti PSCA mAB°€ and then fixed.Q) The internalization «
PSCA from the apical membrane is obtained by stgirells with anti PSCA mAb at 4°C and, a
washing, incubating them at 37°C for 30 min. PS@# T the apical membrane can reach the basol

membrane by vescicules.
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Cancer is the second leading cause of human death to coronary disease.
Worldwide, millions of people die from cancer eve®gar and deaths generally are on
the rise. Conventional therapies, like surgeryjatherapy and chemotherapy, are not
always sufficient to eliminate the tumor and thespble metastases; moreover these
therapies are responsible of many side effectstttereason there is an urgent need for
new treatments strategies, the most promising ®peobably immunotherapy.

In this context prostate stem cell antigen (PSCépresents an ideal choice for
immunotherapy because it is highly expressed kargelproportion of human prostate,
pancreatic and bladder tumors, including metastatid hormone-refractory prostate
cancers, but has limited expression in normal éssGuet al., 2000; Wentest al.,
2005; Elsammaset al., 2006]. This restricted expression profile of RS&lso makes it

a potential diagnostic and prognostic biomarke8CA expressing cancers.

This project started with the generation of antCRSmonoclonal antibodies (mAbs)
obtained by mice immunization with recombinant PS@&#d subsequent hybridoma
generation according to Kéhler-Milstein protocoénlclones were able to recognize the
recombinant PSCA in the ELISA assay and among tinentwo having highest affinity
for the antigen were chosen: clone 1 and clonesZhA& mice were immunized with the
recombinant PSCA, it was important to evaluatéef two mAbs were able to recognize
the native PSCA expressed on the cell surfacethH®reason the mAbs were analyzed
by flow cytometry performed with SW780 (PSQAand PC-3 WT (PSCAcells. The
MFI values obtained with our mAbs were similar ammnparable to the clone 7F5, a
validated anti PSCA antibody described in literat{Morgenrothet al., 2007]. These
results demonstrate that our mAbs are able to rezeghe native PSCA with a good
specificity.

The research continued with the characterizatich@two mAbs.

It is interesting to observe that the two mAbs hawrilar characteristics. The ELISA
assay determinated that clone 1 and clone 2 befonthe same subclass: 1gG2b.
Moreover in a binding competition experiment, parfed with SW780 and analyzed
by flow cytometry, the two mAbs were able to cradsibit the binding of each other.
From this experiment it could be supposed thatwieemAbs recognize the same or at
least partially overlapping epitopes on the antidg®BCA. Thanks to the Surface
Plasmon Resonance technology, which studies tivetafbf the mAbs for the PSCA, it
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was possible to observe that the binding propedietone 1 and clone 2 are similar. In
fact the association/dissociation curves are coaiparand they show a fast rate of
association and a slow rate of dissociation dematist) that the mAbs assessed have a
good affinity for PSCA. Subsequently the varial#gion of the light (V) and heavy
(Vn) chain of the two mAbs were cloned. The comparisbrthe nucleotidic and
deduced aminoacidic sequences showed that the tiosrhave the same pvbut
different .. Kabat and Wu [1991] examined a large databaseniio acid sequences
of antibodies of various specificities and they rfduthat for many antibodies the
specificity is due to the yregion and in particular to the CDRH3 (Complemgnta
Determining Region 3 of the heavy chain). Indebdytfound that many antibodies of
distinct specificities assemble identical \domains with different Y domains. In
contrast they found that rarely antibodies witifedé#nt specificities have the samg V
domain and very different\V In the case of our anti PSCA mAbs we can supfutse
the binding specificity and affinity of the antibed is mainly due to the vdomain
because it is the same in clone 1 and clone 2lantito mAbs demonstrate comparable
binding properties, whereas the different domains could be involved in a different
role than the binding properties, like antibodybgity. Since the two mAbs have no
different binding properties clone 1 was selectaeddrther characterization.

The selected anti PSCA mAb was assessed by floanwtry with different PSCA
positive and negative cell lines. As SW780 is théy @vailable cell line constitutively
expressing PSCA with a variable expression depgnaimas yet unknown factors, PC-
3, LNCaP, HEK 293 and MDCK cell lines were stabiansfected with hPSCA-
pcDNA3.1. The flow cytometric analysis confirmedetlantibody clone 1 binding
properties to the antigen and its specificity. Bsess the possible use of our antibody
for diagnostic/therapeutic purposes, the conceatraif antibody necessary to saturate
the 50% of antigenic sites was determined by floometry. The binding curves
obtained incubating cells with increasing concditurs of mAb were determined for
two different cell lines: PC-3 hPSCA and LNCaP hRSCThe antibody reaches
saturation of 50% of PSCA sites at the concentnadiol6 nM and 23 nM respectively
on PC-3 hPSCA and LNCaP hPSCA. To verify the rdltgdof the values obtained, the
binding curve of anti Prostate Specific Membranetigan (PSMA) antibody was

determined for LNCaP hPSCA cells which are ablexpress another tumor associated
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antigen, namely PSMA. The anti PSMA mAb reachegraibn of 50 % of PSMA sites
at the concentration of 8 nM. The values obtairmdahti PSCA mAb are consistent
with that obtained for the anti PSMA mAb and withetrage of 16-10** M for
antibodies of biological interest. For this reagbe anti PSCA mAb clone 1 was
assessed for its diagnostic potential. First oftailas to be considered that the antigen
PSCA has multiple N-glycosylation sites [Reigeal.,1998], and that differences in the
glycosylation pattern of antigens exist betweenthgaand malignant tissues [Pauli et
al., 2003; Robbe-Messelot et al., 2008; Jankovit Miutinovic, 2008] and could exist
also between different patients. As our anti PSCAbmwas obtained by mice
immunization with PSCA purified from bacteria, whics non glycosylated, the mAb
was assessed by Western Blot with MDCK hPSCA gslhte and subsequently with
tumor tissue lysates from different patients tafyats ability to recognize the possible
glycosylated isoforms of the antigen. MDCK cellsrevehosen because they are a well
differentiated cell line with tight junctions th&rm polarized monolayers in culture
closely reproducing the epithelial tissue orgamizain vivo. A Western Blot assay
performed with this transfected cell line demortsalahat our mAb is able to recognize
different isoforms of the PSCA. In fact in the {dissate are present many bands with a
molecular weight between 25 kDa and 40 kDa. TheA°B&ttern of glycosylation was
verified by treating the total lysate with two egticosidases: Endoglycosidase H and
N-Glycosidase F. The band at 40 kDa correspond$fidcantigen bound to complex
sugars, in fact it shifts to 15 kDa only after treant with N-Glycosidase F which
cleaves mannose rich, hybrid and complex glycahse.dands at 25-35 kDa correspond
to the antigen bound to hybrid sugars, in fact tpeytially shift to 22 kDa after
treatment with Endoglycosidase H, which cleavesy anbnnose rich glycans, and
completely to 15 kDa after treatment with N-Glyatzse F. Because our antibody is
able to recognize different PSCA isoforms it waseased also in Western Blot with
prostate and pancreatic tumor tissue lysates fratieqs. It is interesting to observe
that also in this case our anti PSCA mAb is ableetmgnize the antigen, that the PSCA
has a unique pattern of glycosylation in each @édgsate and that the PSCA molecular
weight is the same in the tumor tissue analyze@. &dititigen could be supposed to be
glycosylated because it has a molecular weighbotia28 kDa. In the literature there is

no information available as to the molecular weighPSCA expressed in tumor tissues

95



Discussion

because the PSCA expression analysis was perfdognedmunohistochemistry (IHC)
or by flow cytometry. In future experiments it cdlde interesting to investigate if there
is a correlation between the tumor stage and ttterpaof glycosylation of PSCA which
could be involved in the PSCA function which at gresent time is still unknown.

The Western Blot assay performed with tumor tiskisates showed also that our
antibody can recognize the antigen in three otiiife prostate neoplastic tissue lysates
and in two out of three pancreatic neoplastic gdysates. These results are consistent
with the evidence that in IHC 94% of prostate tusnffeu et al., 2000] and 60% of
pancreatic adenocarcinomas [Argahial., 2001] are positive for PSCA expression.
Moreover our antibody could recognize a linear aod glycosylated epitope because it
binds to the denatured and both glycosylated amdgtygcosylated antigen as assessed
by Western Blot.

The diagnostic potential of the anti-PSCA antibedhs assessed also by ELISA with
cell fixed with 2% paraformaldehyde. Paraformald#yused in IHC to fix tissues,
could alter the antigen structure and prevent adiibbinding to the antigen. This
experiment demonstrated that the antibody can rezeghe antigen also on fixed cells.
All the binding properties examinated for our @8CA mAD clone 1 led us to consider
it as a potential tool for diagnostic purposesvilt be important to assess the antibody
performance also by the IHC technique. Moreoverathigody could be conjugated to
fluorescent tracers or radionuclides and then Bess®d forn vivo immuno-imaging
approaches; this technique could improve the disigraf micrometastases.

Preliminary studies were also performed to anatiieetherapeutic potential of our anti
PSCA mAb clone 1. Many antibodies are approved D Br are in clinical trials to
evaluate their therapeutic use in cancer therapgt Bf all the proliferation assay
performed with PC-3 hPSCA cells demonstrated thatantibody alone is not able to
induce cell death through a direct effect, butan &ill cells after linkage to the A chain
of Ricin (RTA). It is interesting to observe that @ al., 2005 demonstrated that their
anti PSCA mAb, 1G8, induces cell deathvitro through a direct, Fc-independent
mechanism. Probably the difference in cell killingtween the two anti PSCA
antibodies, clone 1 and 1G8, could be due to tbhegmtion of different epitopes. It is
interesting to observe that the binding to différBSCA epitopes could induce or not

cell apoptosis.
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The anti PSCA-RTA immunotoxin obtained by chemiaagtage of anti PSCA clone 1
mADb to RTA was assessed on PC-3 hPSCA and PC-3 &lTirees. A proliferation
assay demonstrated that the chemical immunotoxaahd00 fold higher cytotoxic
activity in PC-3 hPSCA cells compared with the Riokin alone, that is the active
enzymatic domain. Moreover the anti PSCA-RTA immorm has a 100 fold lower
toxicity on PC-3 WT cells than on PC-3 hPSCA calisl the same toxicity as RTA on
PC-3 WT cells. These results demonstrate that tbater toxicity of the immunotoxin
is due to the specific binding of anti PSCA mAhthhe PSCA antigen. The anti PSCA
clone 1 antibody could be considered as a goodchkelior the delivery of toxic
molecules to tumor cells overexpressing the antR@GA.

The monoclonal antibody described in this thesmisine and because of this it cannot
be administered to patients who could develop hwaatimouse antibodies (HAMAS).
Moreover the large size of the antibodies limitsitu penetration, and their long serum
half-life is not suitable for applications such @glioimmunotherapy or imaging. To
overcome these problems the recombinant DNA tedgyolallows to generate
fragments that retain the binding activity of thil-fength molecule and that, thanks to
their reduced size, demonstrate high tumor penetratery rapid plasma clearance and
lower immunogenicity. For this reason the varidbdavy (M) and light (M) chain of
our anti PSCA antibody were cloned to obtain theatde fragment scFv.

The anti PSCA scFv was produced in a bacteriainstiad then purified from the
periplasmic fraction. The scFv binding propertiesrev assessed by ELISA, using
recombinant PSCA, by flow cytometry, using positased negative cell lines, and by
the SPR technology. The scFv demonstrated to leetaliecognize the antigen PSCA
with the same specificity but lower affinity thahet parental whole mAb. This is
consistent with the monovalent binding moiety oé #tcFv and the divalent binding
moiety of the whole mAD; in fact the ability to binto two antigen sites greatly
increases the functional affinity [Holliger and Haath, 2005]. The Biacore analysis
moreover determined the kinetic parameters of sl Fab, derived from the whole
mAb. The K, of scFv and Fab are 2.29 x 4™ and 1.41 x 18 M respectively. This
means that the recombinant fragment scFv maintagsame binding properties as the
parental Fab. It is interesting to observe that gbEv partially recovered its affinity

when it was made artificially divalent by crosskiimg scFv monomers via an antibody-
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mediated myc-tag interaction. This was possibleabse the scFv was cloned in an
expression vector which appended a myc-tag to theri@inus of the scFv. These data
suggest that it could be possible to generate PS@ecific fragments with higher
affinity by generating a divalent minibody or dialyo For the generation of antibody
fragments for cancer therapy/diagnosis, it is ingoadrto consider another factor: “the
binding site barrier effect”. Antibodies with higiffinity bind tightly to their antigen
upon the first encounter, that is, at the periptedrihe tumor. So they do not penetrate
deeper inside the tumor until all antigen molecwdes saturated in the periphery. By
contrast moderate binders are released from thiese encountered antigens and
penetrate deeper into the tumor, ultimately leadogniform intratumoral distribution
and higher tumor uptake. For this reason an scBv lawv affinity could be better suited
for tumor targeting. The recombinant DNA technolagpuld be also exploited for the
humanization and the engineering of the optimaingyf of the anti PSCA scFv
characterized in this thesis. As regards the &ffioptimization by protein engineeering
techniques it would be important to balance thedibigp properties of the antibody
leading to an efficient tumor targeting with thentr retention effects that influence the
diffusion of therapeutic molecules within the tumor

A fusion immunotoxin (scFv-PE40) was also created obtain a more stable
immunotoxin with reproducible chemical propertiesiedto the obligatory 1:1
antibody:toxin ratio. The immunotoxin was produdada bacteria strain and it was
accumulated in the inclusion bodies. Preliminarsules obtained by flow cytometry
with PSCA positive cell lines showed that the iat#ion of scFv with the PSCA is
preserved after fusion to PE40. The efficacy ofiffatt scFv-PE40 will be analysed
vitro using positive and negative cell lines. Moreovewiil be important to study the
efficacy of anti PSCA immunotoxins in MDCK cellspalarized cell line which closely
resemble epithelial tissue. Subsequeirilyivo models will also be useful to study the

in vivo effects of this new drug.
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