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ABSTRACT

Cancer is one of the leading causes of death worldwide. Dendritic cells (DCs) can capture
cancer antigens and present them to T lymphocytes, after a maturation process, inducing specific
immune responses. Sialyl-Tn (STn) is a tumor-associated carbohydrate antigen that is expressed by
several carcinomas. STn downregulates the immune responses towards STn-expressing tumor cells
by inducing a tolerogenic phenotype on DCs. For this reason, a successful therapeutic approach
against this antigen has to take in consideration the activation of the immune response.

The main goal of this thesis was to assess if the use of anti-STn antibodies to block the STn
antigen could improve anti-tumor immune responses by reestablishing the mature phenotype on DCs.
To do this, STn-expressing cancer cell lines were cultured and DCs were obtained from differentiation
of monocytes. Initially, the work comprised the development and characterization of anti-STn
antibodies produced by the group through hybridoma technology, using mainly ELISA and flow
cytometry. Three hybridoma clones producing IgM anti-STn antibodies were obtained and will be
further characterized. A second part of the work included a functional in vitro characterization of
humanized anti-STn antibodies. This comprised the establishment of co-cultures between cancer cells
and DCs and assessment of the immune response of DCs against STn-expressing cancer cells, with
and without STn blockade by those antibodies. The expression of MHC-II and co-stimulatory
molecules was assessed by flow cytometry, and the expression of cytokines was assessed by ELISA
and RT-PCR. However, the reestablishment of the mature phenotype was not observed.

The work developed contributed to understanding that further improvements and assays are
necessary; and also that the production of antibodies comprises many variants that can be modified
throughout the development and characterization procedures, thus being a long process and needing
many optimizations before success can be achieved.

Keywords:
cancer, sialyl-Tn, anti-STn antibodies, dendritic cells, anti-tumor immune responses,

hybridoma technology
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RESUMO

O cancro é uma das maiores causas de morte em todo o mundo. As células dendriticas (DCs)
capturam antigénios e, apds um processo de maturacao, apresentam-nos aos linfécitos T, induzindo
respostas imunes especificas. O sialil-Tn (STn) é um carbohidrato associado a tumor, sendo
expresso por varios tipos de cancro. Este antigénio reduz as respostas imunes contra as células
tumorais que o expressam, através da inducao de um fendtipo tolerante nas DCs. Por este motivo,
terapias de sucesso contra este antigénio tém de ter em conta a activagdo da resposta imune.

O objectivo principal desta tese consistiu no uso de anticorpos anti-STn para bloqueio do STn,
de forma a avaliar se esse bloqueio restabelecia o fendtipo maduro nas DCs, melhorando as
respostas imunes anti-tumorais. Para isso foram cultivadas linhas celulares tumorais que
expressavam STn, assim como DCs obtidas da diferenciacdo de mondcitos. Inicialmente, o trabalho
envolveu o desenvolvimento e caracterizagado de anticorpos anti-STn produzidos pelo grupo através
de tecnologia de hibridoma, principalmente através de técnicas de ELISA e citometria de fluxo. Foram
obtidos trés hibridomas com capacidade de produzir anticorpos anti-STn, de isotipo IgM, que serédo
caracterizados no futuro. A segunda parte do trabalho envolveu a caracterizacdo funcional in vitro de
anticorpos anti-STn humanizados. Para isso foram estabelecidas co-culturas entre células tumorais,
blogueadas ou ndo com estes anticorpos, e DCs. A resposta imune das DCs foi avaliada através da
expressdo de moléculas co-estimulatérias e de MHC-Il, e também de citocinas, tendo-se para isso
utilizado citometria de fluxo, ELISA e RT-PCR. No entanto, o restabelecimento do fenétipo maduro
nas DCs néo foi observado.

Este trabalho permitiu compreender que sdo necessarios melhoramentos aos protocolos
usados e novos ensaios, e também que a producdo de anticorpos engloba muitas variantes que
podem ser alteradas em vérias fases do desenvolvimento, sendo assim um processo demorado e que

necessita de bastantes optimizacdes antes de se ter sucesso.

Palavras-chave:
cancro, sialil-Tn, anticorpos anti-STn, células dendriticas, respostas imunes anti-tumor,

tecnologia de hibridoma
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1. INTRODUCTION

1.1. Cancer

Cancer is one of the leading causes of death worldwide (Figure 1.1), along with cardiovascular
and neurodegenerative diseases, diabetes and chronic pulmonary diseases. The number of new
cases is expected to increase by about 70% over the next twenty years. Thus, it is important that this
disease can be correctly and early diagnosed and that effective treatments that allow its cure or that

can considerably prolong the patient’s life are made available [1,2].

Worldwide cancer statistics

8.2 million
deaths

14.1 million
new cases

Most common: lung, female breast, bowel
and prostate cancer

In women: In men:
breast cancer lung cancer
(25%) (17%)

Figure 1.1 — Worldwide cancer statistics: number of new cases and deaths in 2012. Most common cancers
(general), and top cancers affecting woman and men. Adapted from [90,91].

This disease results from the accumulation of somatic mutations in the progeny of normal
cells, which generates abnormal cells with a selective growth advantage and with an upregulated and
uncontrolled capacity of proliferation. Cancer cells can also undergo a process known as
metastasizing, in which they gain the ability of invading adjacent normal tissues and organs and
spread to distant sites throughout the body, which is the main cause of death related with this disease.
These mutations are mostly related with deoxyribonucleic acid (DNA) repair genes, tumor suppressor
genes and proto-oncogenes, arising from exposure to physical and chemical agents, from infection
with viruses, from genetic predisposition and from behaviors related with known risk factors, like
smoking [3,4]. The type of cell from which a tumor arises classifies it: tumors that arise from epithelial
cells are named carcinomas, tumors with origin on connective tissues are named sarcomas, tumors
that arise from cells of the immune system are called lymphomas and tumors generated from blood-
forming cells are named leukemias. They can also be further classified according to their primary site
[3].

Several aspects of the cell behavior distinguish cancer cells from their normal equivalents.
These aspects, known as the hallmarks of cancer (Figure 1.2), are acquired functional abilities that
allow cancer cells to survive, proliferate, and disseminate. Normal tissues ensure the homeostasis of

cell growth and proliferation by controlling the production of growth signals. Cancer cells have the



capacity of sustaining chronic proliferation by deregulating those signals, an action that also has an
influence on cell survival and energy metabolism. In addition, they have the ability to limit or evade
apoptosis and express less surface adhesion molecules, which results in morphological and
cytoskeletal modifications. Moreover, cancer cells secrete proteases, such as collagenase, that digest
components of the extracellular matrix, allowing them to invade the adjacent normal tissues; they can
secrete growth factors as well, thus stimulating angiogenesis (formation of new blood vessels), a
process needed so that the proliferating tumor cells can obtain nutrients and oxygen. These properties
of cancer cells are associated with their ability of migrating to adjacent tissues and to invade nearby

blood and lymphatic vessels, which allows them to colonize distant sites and form metastasis [3-6].

Deregulating cellular

energetics
Evading growth Enabling replicative
suppressors immortality
. Cancer . . )
Resisting cell death Inducing angiogenesis
Cell
Sustaining proliferative Activating invasion and
sighaling metastasis

Avoiding immune
destruction

Figure 1.2 — Schematic representation of the hallmarks of cancer. Adapted from [6].

1.2. Glycosylation

Glycosylation is an enzymatic process by which glycosidic linkages are created, allowing
saccharides to be bound to other saccharides, lipids or proteins, and generating glycoconjugates. The
diversity of glycans (term often applied to name the carbohydrate part of a glycoconjugate) derives
from the ways in which monosaccharides can be linked together. Differences in monosaccharide
composition, substitutions in the existing glycans, the presence or not of branching structures and the
different linkages - to other carbohydrates, to proteins or to lipids — all contribute to an increasing
diversity of glycans [7,8]. For this reason, a nomenclature strategy was adopted by the Nomenclature
Committee of the Consortium for Functional Glycomics (CFG) [9]. This strategy provides a consistent
system to represent glycan structures by both symbols and text (see Appendix I).

In eukaryotic cells, most of the secreted and cell-surface molecules originate in the
endoplasmic reticulum (ER). They are then distributed from the trans-Golgi network to several
destinations and, in the process, proteins and lipids are modified by a series of glycosylation reactions.

However, not all glycans are assembled within the ER-Golgi pathway, as some maodifications occur in



the cytoplasm and others at the plasma membrane. Nucleotide sugars (activated forms of
monosaccharides) are often transferred in glycosylation reactions, which are mediated by
glycosyltransferases, to the glycan being synthetized [10]. The biological roles of glycans are broadly
classified in four categories, all involving glycan-binding proteins: structural and modulatory roles,
intrinsic recognition, extrinsic recognition and molecular mimicry of host glycans [11,12]. The two
general classes of protein-bound glycans occur via linkages to oxygen (O-glycosylation) or nitrogen
(N-glycosylation). The process of N-glycosylation generates N-glycans through the binding of N-
acetylglucosamine (GIcNAc) residues to the amide groups of asparagine (Asn) side chains. The
process of O-glycosylation generates O-glycans, in which N-acetylgalactosamine (GalNAc) residues
are linked to the oxygen atom of threonine (Thr) or serine (Ser) side chains (Figure 1.3) [7,8]. Because
the work developed and presented in this thesis is more focused on O-glycans, more emphasis will be

given to these glycans throughout this chapter.

Asn Ser/Thr
N-glycosylation O-glycosylation
‘ Mannose (Man) ’ Sialic acid (N-Acetylneuraminic acid (Neu5Ac))

. N-acetylglucoseamine (GIcNAc) [T] N-acetylgalactosamine (GalNAc)

Figure 1.3 — Schematic representation of a N-glycosylated glycoprotein (left) and of a O-
glycosylated glycoprotein (right). Adapted from [92].

1.2.1. O-glycosylation

Glycoproteins are often heavily O-glycosylated, particularly serine- and threonine-rich mucins
that constitute mucous secretions and can also be found on the cell surface as transmembrane
glycoproteins. The biosynthesis of O-glycan chains occurs in the Golgi apparatus and involves the
sequential action of different glycosyltransferases. Thus, the pattern of O-glycans that is expressed on
a certain cell depends on the level of expression, localization and substrate specificity of the
glycosyltransferases. The structures generated by these enzymes can be further modified through
processes such as sialylation, acetylation and fucosylation [8,13,14]. The initial step of O-glycosylation
involves the transfer of a GalNAc residue from uridine diphosphate N-acetylgalactosamine (UDP-
GalNAc) to a threonine or to a serine in the amino acid chain, generating the Tn antigen (GalNAc-
Ser/Thr), which is the simplest mucin O-glycan and will be mentioned later in this chapter. The chain is
then further elongated [15-17].



1.2.2. Sialic Acids

One of the modifications than can occur on glycan structures is sialylation, through the
addition of monosaccharides, named sialic acids, which comprise a group of approximately 50
different chemical derivatives of neuraminic acid (Neu). In mammalian cells, the most common variant

is the N-acetylneuraminic acid (Neu5Ac), with a N-acetyl group on carbon 5 (Figure 1.4) [18,19].

Figure 1.4 — Structure of N-acetylneuraminic acid (Neu5Ac) [19].

Sialic acids exhibit a significant diversity due to the different alpha linkages that can be
formed. They are commonly found in the terminal positions of N- and O-glycans of glycoproteins and
are added by action of specific sialyltransferases that use cytidine monophosphate-sialic acid (CMP-
sialic acid) as donors [18,19]. These monosaccharides have several biological roles, such as the
stabilization of membranes and molecules and the modulation of interactions of the molecules and
cells with the environment; they can also serve as a biological target, allowing its recognition by a
receptor protein, or shield antigenic sites and receptors, protecting molecules from the action of

proteases or glycosidases and weakening the immune-reactivity [19,20].

1.2.3. Sialyltransferases and Sialidases

Sialylation of glycoproteins is a modification that occurs in glycans and is associated to
cancer. The level of cell surface sialylation is regulated by a diverse group of enzymes. This group
includes the enzymes that control the synthesis and availability of the activated donor substrate (CMP-
sialic acid); sialyltransferases, the enzymes that add the sialic acids; and sialidases (or
neuraminidases), the enzymes that remove the sialic acids. Most of the sialyltransferases are
localized in the Golgi apparatus, since sialic acids are added during the biosynthesis of the
glycoproteins, while sialidases are usually found in lysosomes or endosomes, for the removal of sialic
acids during the degradation of glycoproteins [18].

Sialyltransferases are a family of enzymes that vary in tissue distribution and on the type of
sialic acid linkage that they perform. Sialic acids can be added by ST3Gal-I sialyltransferase in an a2-
3 linkage to galactose (Gal); by ST6Gal-l and ST6Gal-1I sialyltransferases in an a2-6 linkage to
galactose or by ST6GalNAc sialyltransferases to N-acetylgalactosamine; or by the family of
polysialyltransferases in an a2-8 linkage to other sialic acid. Aberrant expression of these enzymes, as

well as of sialidases, is observed in cancer [18].



1.3. Glycosylation and Cancer: Tumor-Associated Carbohydrate Antigens

Glycosylation can be essential for the regulation of several physiopathological mechanisms.
For this reason, variations in the resulting glycoconjugates can interfere with cancer cell processes,
such as inflammation and immune surveillance, and with the tumor microenvironment, as they are
associated with oncogenic transformation, cancer growth, progression and metastasis. Cancer cells
exhibit a diverse series of differences on the levels and types of carbohydrate structures present on
their surfaces. These carbohydrate structures allow them to be distinguished from normal cells and
are known as tumor-associated carbohydrate antigens (TACAS). Alterations in the glycans present at
the surface of the cell can result from abnormal expression and activity of glycosyltransferases or to
their incorrect location in the Golgi apparatus [7,21].

The two main processes of tumor-associated carbohydrate alteration are the neo-synthesis
and the incomplete synthesis. The first one is commonly observed in more advanced stages of cancer
and results of a cancer-associated induction of genes that are related with the expression of
carbohydrate determinants, which leads to the de novo expression of antigens in cancer tissue. The
second process is more commonly found in early stages of cancer and results of a deficiency on the
normal synthesis of complex glycans that are usually expressed in normal epithelial cells, which leads
to the generation of truncated structures in cancer tissues [7,22,23].

The most common alterations in glycosylation are fucosylation, sialylation, truncation of O-
glycans and branching of O- and N-linked glycans. Although all these alterations have been shown to
be related with cancer [24], sialylation and truncated O-glycans will be more explored in this thesis.
Truncation of O-glycans is commonly found in secreted and transmembrane glycoproteins. Sialylated
structures of Thomsen-Friedenreich antigens are examples of truncated glycans [25,26]. The
increased expression of sialylated glycans promotes cell detachment from the original tumor site, by
disrupting cell-cell adhesion processes, leading to metastasis, which is related with poor prognosis for

the patients [7].

1.3.1. Thomsen-Friedenreich antigens

Thomsen-Friedenreich antigens are O-glycans found mainly on serine- and threonine-rich
mucins, thus being present in membrane glycoproteins. These antigens are a result of a defective
elongation of the O-glycan on the first steps of mucin glycosylation [27]. The first Thomsen—
Friedenreich antigen described was called T (or TF) antigen, forms the core 1 structure of mucin O-
glycans and consists of the disaccharide composed by a galactose B1-3 linked to a N-
acetylgalactosamine, a-linked to a serine or threonine residue (Galp1-3GalNAcal-Ser/Thr). The T
antigen is the precursor of core 2 O-glycans, but if the cancer cells lose the ability to synthesize the
core 2, this antigen can be exposed [28]. The T antigen can, in normal tissues, be substituted by other
carbohydrate chains or sialic acids and form more complex glycans. In cancer tissues, however, this
antigen is usually unsubstituted, occurring in approximately 90% of human cancers, such as breast,
bladder and prostate, thus being considered a pan-carcinoma antigen, and is also correlated with

cancer progression and metastasis [27,29]. If, on the contrary, the ability to synthetize the core 1 is



lost, its precursor, the Tn antigen, is exposed. This antigen consists of a single N-acetyl-
galactosamine a-linked to serine or threonine residue (GalNAcoal-Ser/Thr) [15,28]. The Tn antigen is
not usually found on secreted or cell-surface proteins in normal tissues, but is found in most
carcinomas, being also a pan-carcinoma antigen [30,31]. As with the T antigen, an increased
expression of the Tn antigen is related with an enhancement of cancer invasiveness and cellular
proliferation and because they are detected on early-stages of cancer development, they have
potential for being studied and used as biomarkers [32]. Both T and Tn antigens can be further
modified by, for instance, sialylation, which is how the sialyl-Tn (STn) antigen is generated (Figure
1.5).

O Galactose (Gal) @ N-Acetyineuraminic acid (NeuSAc)
[[] N-Acetylgalactosamine (GalNAc) [ll N-Acetylglucosamine (GlcNAc)
wor ]
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Tnh antigen STeGalNAc-I

UDP—O
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T antigen
S
(core 1) TgGaLI

ST antigen

Figure 1.5 — Schematic representation of the biosynthesis of Thomsen-Friedenreich antigens. Adapted from
[15,17,61].



1.3.2. Sialyl-Tn Antigen

The addition of a sialic acid residue to the carbon 6 of GalNAc (02-6 linkage) on the Tn
antigen originates the disaccharide known as sialyl-Tn (Neu5Aca2-6GalNAcal-Ser/Thr), also referred
to as CD175s [15,17,33]. Similarly, STn is also a pan-carcinoma antigen: is generally not expressed in
normal healthy tissues but is frequently detected in most carcinomas, such as pancreatic, ovarian and
lung cancers [7,26,33]. Thus, the expression of this antigen is considered pathologic since it is not a
normal biosynthetic precursor, as are the T and Tn antigens. In normal cells, the process of O-
glycosylation generates elongated and branched O-glycans that are often modified by sialylation.
However, the sialylation of the Tn antigen blocks the normal extension of the O-glycan chain, as the
STn structure cannot be further elongated, consequently blocking the synthesis of other glycosidic
structures [15,18,26] (see Figure 1.5 in the previous section). Its overexpression results of
mechanisms related to ST6GalNAc-1 upregulation or the re-localization of this enzyme from the Golgi
apparatus to the ER [7,15,25,34-37].

As previously mentioned, the expression of the STn antigen is correlated with increased tumor
growth and with the disruption of cell-cell adhesion mechanisms, increasing the processes of
migration ad invasion and, consequently, modulating a malignant phenotype and thus being
associated with a poor prognosis in cancer patients [7,15,22,33,38,39].

Since STn is expressed early in the process of cancer development and is usually not found in
healthy cells, this antigen is considered to be a helpful tumor marker in diagnosis [7,26,33]. Tumor
markers can be detected in serum, since it is a simple, sensitive and non-invasive method of
diagnosis. However, detection of STn in serum is linked to poor prognosis, as it is related with
shedding of cells from tumors into the bloodstream. This is consequently correlated with increased
tumor masses found in advanced cancers, thus making the STn antigen more useful as a prognosis

than as a diagnosis marker [33].

1.4. Immunology and Immune system

Immunology studies the reactions to foreign substances, ranging from microbes to
macromolecules, like proteins and carbohydrates, and the cellular and molecular events that occur
after an organism encounters them, a process designated as immune response [40]. The immune
system comprises different molecules, cell types, tissues and organs that protect the host by
identifying potential threats and defending it against them. The process of host defense relies on the
action and cooperation of two types of immunity: the innate immunity, which is not antigen-specific,

and the adaptive immunity, which is antigen specific [40—-42].

1.4.1. Innate immunity

The innate immunity is the first line of defense of the immune system by providing an
immediate (hours) response to a stimulus. It consists of biochemical and cellular defense mechanisms

that comprise physical and chemical barriers, phagocytic cells, Natural Killer (NK) cells, the



complement system, cytokines and other inflammation mediators. The mechanisms on this type of
immunity show a broad specificity and use a variety of pattern recognition receptors (PRRS) to
recognize structures that are common in groups of related microbes, known as pathogen associated
molecular patterns (PAMPs). One of these structures is, for instance, the lipopolysaccharide (LPS), a
component of the external membrane of the cell wall of Gram-negative bacteria. The process of
phagocytosis is one of the main mechanisms of innate immunity, enabling the destruction or
neutralization of microbes. This process is also important in the activation of the adaptive immunity, as

it will be mentioned further in this chapter [40,43].

1.4.2. Adaptive immunity

The adaptive immunity is the second line of defense of the immune system and is present only
in vertebrate organisms. It provides a late (days) but specific response to an antigen, after innate
signaling. This response is mediated by the action of T and B lymphocytes and can then generate
immunological memory and increase in magnitude with repeated exposures to a particular antigen.
The antigen can be recognized, in its native conformation, by the receptors of B lymphocytes, whereas
the recognition by T lymphocytes occurs via the presentation of antigen-derived peptide fragments in
the major histocompatibility complex (MHC) context. The recognition process will then induce the
activation and differentiation of B cells, which will produce specific antibodies against the antigen, a
mechanism known as humoral immunity; and of T cells, which will generate effector and regulator
cells, a mechanism known as cell-mediated immunity. For the development of adaptive immunity it is
required that the antigens are captured and presented to lymphocytes, a process performed by
antigen presenting cells (APCs). Dendritic cells (DCs) are professional APCs and have a central role
in antigen capture and in the induction of T lymphocyte responses against protein antigens, thus being
considered an important association between the innate and adaptive immunities [40,43,44]. Due to
the significance of these cells in the context of this thesis, they will be further explored in the next
section.

1.4.3. Dendritic cells

Dendritic cells comprise a heterogeneous population of cells located on areas of the body that
are in contact with the outside environment, such as the skin and respiratory and digestive tracts. On
non-lymphoid peripheral tissues, DCs are usually on an immature state, being highly reactive to
signals that result of infectious or inflammatory processes. The presence of, for instance, LPS, or of
inflammatory cytokines like tumor necrosis factor-alpha (TNF-a), induces on these cells a phenotypical
and functional process of maturation. This process results in the production of cytokines, chemokines
and on the expression of surface molecules such as co-stimulatory molecules (CD80 and CD86) and
molecules of the major histocompatibility complex, both necessary for an efficient presentation of the
antigens to T cells. During the maturation process, DCs enter on afferent lymphatic vessels and

migrate to the lymphatic nodes, where they will interact with naive T lymphocytes (that never



contacted with antigens), instruct them by presenting the processed antigen-derived peptides and thus
initiate the generation of a specific immunological response [40,45].

Immature DCs are highly endocytic and process endogenous and exogenous antigens, but
have a low stimulatory capacity. The mechanisms involved in the uptake of antigens include
phagocytosis, through membrane receptors, endocytosis, through Fc and C-type lectin receptors and
pinocytosis [45]. Particularly, immature DCs can be obtained in vitro by culturing monocytes with
granulocyte macrophage colony-stimulating factor (GM-CSF) and interleukin-4 (IL-4) cytokines, thus
promoting their differentiation into dendritic cells, being then usually known as monocyte-derived
dendritic cells (moDCs) [46,47].

1.4.3.1. Antigen processing and maturation

The mechanism of antigen processing and presentation of antigen-derived peptides is
mediated by MHC molecules. In humans, they are referred to as human leukocyte antigen (HLA).
These molecules can be of two classes, | and Il, designated then MHC-I and MHC-II, respectively.
MHC-I is expressed in all nucleated cells and processes and presents endogenous antigens, whereas
MHC-II processes and presents exogenous antigens, being expressed by APCs. The activation of T
cells occurs through the binding of MHC molecules to the CD28 receptor that is present in those cells
[48]. As previously mentioned, DCs possess the ability to capture and process antigens, producing
antigenic peptides which will then bind to MHC-I and MHC-1l molecules and that will be transported to
the cell surface and presented for cellular recognition by T cells. The antigen processing by dendritic
cells occurs mainly through two pathways: one cytosolic (endogenous) and one endocytic
(exogenous), through which the antigenic peptides are bound to MHC-1 and MHC-II molecules,

respectively [45,48].

1.4.3.2. Antigen presentation through the cytosolic pathway: MHC-I

In this pathway, the intracellular antigens are bound to molecules of the MHC-I complex and
later presented at the cell surface and recognized by CD8" T cytotoxic (T.) cells. Therefore, proteins of
endogenous origin, from the self or of pathogenic origin are ubiquitinated and degraded in peptides by
the proteasome. The resulting peptides are then transported to the ER, where they are bound to the
newly-synthetized MHC-I molecules. Then the MHC-I/peptide complexes are transported to the

cytoplasmic membrane through the trans-Golgi network [45,48].

1.4.3.3. Antigen presentation through the endocytic pathway: MHC-II

In this pathway, the antigens that were captured from the extracellular environment by
endocytosis, phagocytosis or pinocytosis are bound to molecules of the MHC-II complex and later
presented at the cell surface and recognized by CD4" T helper (T,) cells. After being captured, the
antigens are processed in endosomes that, in turn, maturate and fuse with lysosomes, where
enzymatic cleavage occurs. The antigenic peptides formed are bound to MHC-II molecules and the
MHC-Il/peptide complexes are transported in exocytic vesicles to the cell surface, where they will be

presented to CD4" lymphocytes. Later, the MHC-II molecules can be recycled [45,48].



1.4.3.4. Maturation of dendritic cells and antigen presentation — therapeutic potential

In immature DCs, the MHC-II molecules and degraded peptides accumulate in intracellular
vesicles. The maturation process occurs upon the uptake of antigens, throughout the migration of DCs
from peripheral tissues to lymphoid organs and is promoted by inflammatory mediators. During this
process, dendritic cells undergo functional and phenotypical alterations. They are characterized by a
reduction in the uptake machinery, losing the capacity to capture antigens, and acquire the ability to
present the processed antigens to naive T cells and stimulate them. After receiving an inducing
stimulus, the pH in the endosomes of DCs decreases, easing the processing of exogenous antigens,
which are then bound to MHC-II molecules and the MHC-Il/peptide complexes migrate to the cell
surface. Besides these functional alterations, mature dendritic cells suffer a reorganization of their
cytoskeleton, increase the expression of adhesion molecules, chemokine receptors, MHC-I and MHC-
Il molecules, co-stimulatory molecules and pro-inflammatory cytokines. Additionally to the activation of
T cells, DCs can also activate B cells, thus having a role in humoral immunity [45,46,48-51]. Since
DCs have the potential to initiate both cellular and humoral adaptive responses, their use is currently
considered in many anti-cancer therapies in order to improve the immune response against a certain
antigen [49]. Immunotherapies regarding DCs often rely on the use of DCs obtained from the patient,
which are loaded with cancer antigens ex vivo and injected back to the patient with the goal of
boosting his immune system to fight the cancer cells via expansion of T cells, eliciting a specific

immune response towards the tumor [52].

1.4.4. Antibodies

Antibodies (Abs), or immunoglobulins (lgs), are glycosylated proteins, synthetized by B
lymphocytes, that have the ability to recognize and bind to antigens (Ags) with high specificity and
affinity. Structurally, antibody molecules share the same characteristics, though displaying significant
variability in the antigen-binding regions. Antibodies have a symmetrical core structure, approximately
“Y” shaped, that is composed of two identical light (L) chains and of two identical heavy (H) chains.
Each light chain is covalently attached to a heavy chain by a disulfide bond. The same type of bond
connects the two heavy chains to each other. Functionally, there are two main regions, the N-terminal
or variable region (V) which is responsible for antigen recognition, and the C-terminal or constant
region (C) which mediates the effector properties. The antigen binding site is formed by the variable
region of one light chain (V.) adjacent to the variable region of one heavy chain (Vy). The heavy
chains of constant regions interact with cells of the immune system and other effector molecules,
mediating the biological functions of antibodies. The V|, and Vy domains have three hypervariable
regions each, also called complementary-determining regions (CDRs). Hence, antibodies consist of
three functional units: two Fab (Fragment antigen binding) fragments linked through a flexible region to
one Fc (Fragment cristallizable) fragment, which can be obtained after enzymatic cleavage (Figure
1.6) [53,54].
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Figure 1.6 — Schematic representation of an immunoglobulin structure (IgG). Adapted from [61].
Abbreviations: C (constant region), V (variable region), L (light chain), H (heavy chain), V. (variable region of the light chain),
Vy (variable region of one heavy chain), CDRs (complementary-determining regions), Fab (fragment antigen binding), Fc
(fragment cristallizable).

The differences in the heavy chains of the constant regions of an antibody molecule determine
their functional activity. Therefore, antibodies can be divided into five distinct classes or isotypes,
named IgA, IgD, IgE, IgG and IgM (Table 1.1). The heavy chains are labelled by the letter of the Greek
alphabet that corresponds to the isotype of the antibody: q, 9, €, y, and y, respectively. Also, two types
of light chains exist, called k and A, being classified by their carboxyl terminal constant regions. The
antibody molecule has two k light chains or two A light chains [53,54].

Several antibody-mediated effector functions exist, depending on the isotype, besides their
ability to specifically bind to target antigens with high affinity. These functions include the neutralization
of microbes or toxic microbial products, the opsonization of antigens for enhanced phagocytosis and
immediate hypersensitivity [53,56]. Antibodies can also mediate cell death processes by redirecting
immune effector cells, a mechanism known as antibody-dependent cell-mediated cytotoxicity (ADCC),
or by activating the complement system (known as complement-dependent cytotoxicity, CDC) and
even through blocking actions on specific molecules and soluble mediators. The mechanisms of
ADCC and CDC depend on the engagement of Fc receptors that are expressed on effector immune
cells or of the Fc region of antibodies, respectively, in order to endorse targeted cell death. All of these
characteristics are important mechanisms of action and contributed for the application of antibodies in

many therapeutic fields, one of them being anti-cancer therapies [53,54,57,58].
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Table 1.1 — Human antibody isotype characteristics. Adapted from [53-55].

Molecular Serum

Heavy Light ) ) General )
Isotype Subtypes ) ) weight half-life Functions
chain chain structure
(kDa) (days)
1gA1 al Monomer, ) )
IgA Aork 150-600 5-7 ) ) Mucosal immunity
IgA2 a2 dimer, trimer
Naive B cell antigen
IgD None o) ANork 150 2-8 Monomer
receptor
Immediate
hypersensitivity,
IgE None € ANork 190 1-5 Monomer . .
protection against
parasite worms
Opsonization,
19G1 y1 complement activation,
19G2 y2 antibody-dependent
IgG Aork 150 21-24 Monomer )
19Gs y3 cell-mediated
19G4 v4 cytotoxicity, neonatal
immunity
Naive B cell antigen
Pentamer,
IgM None g ANork 750-900 5-10 receptor, complement
Hexamer

activation

1.4.4.1. Antibody production in vitro: Hybridoma Technology

Koéhler and Milstein originally established, in 1975, a technique that allowed the generation of
monoclonal antibodies (mAbs) with high specificity and affinity [59]. Nowadays, hybridoma technology,
as it is known, is still a widely used tool for the production of monoclonal antibodies against antigens of
interest. This technology is based on the immortalization of the production of antibodies by fusing B
lymphocytes from the spleen of immunized mice with myeloma cells. Initially, the immune system of
the mouse (or other suitable host) is stimulated with the antigen of interest, which can be mixed with
adjuvants in order to boost the immune response and therefore enhance the antibody production.
Then, antibody-secreting B lymphocytes are isolated from the mouse’s spleen and fused with
myeloma cells, by using polyethylene glycol (PEG). The myeloma cell line used is immortalized, does
not secrete immunoglobulins and has the gene that codes hypoxanthine-guanine-
phosphoribosyltransferase (HGPRT) absent. The cells are cultured in hypoxanthine-aminopterin-
thymidine (HAT) selection medium. In this medium, only correctly fused cells (hybridoma cells) are
able to survive and proliferate, as they inherited the immortality from the myeloma cells and the
selective resistance of the B lymphocytes to survive in a medium with aminopterin. Afterwards, the
screening for antibody-producing cells with the desired reactivity is performed by analyzing the culture

supernatant. The hybridoma cells that are considered as positive in the screening process (this is, the
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hybridoma cells that have antibodies in their culture supernatants that show reactivity towards the
antigen of interest) are then cloned and grown so that monoclonal antibodies can in that way be
produced, continuously, in vitro (Figure 1.7) [60,61].

. Myeloma Cells SELECTION
Antigen in HAT medium
Immunization N . .
. v L
w O e o\ | @
] FUSION TN ®
B cell isolation . |

Hybridoma

Hybrid expansion
and cell cloning

Selection

=3
.
l Hybridoma

MONOCLONAL ANTIBODIES
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Figure 1.7 — Schematic representation of hybridoma technology [61].

1.4.5. Anti-tumor immunity

An appropriate anti-tumor immune response involves the action of both cellular and humoral
immune responses. Using the patient’'s own immune system for the combat of cancer is becoming
more common. This is mainly because the immune system has the potential to destroy specifically
cancer cells without offering toxicity to normal tissues, while inducing long-term memory that will allow
the prevention of cancer recurrence. Besides having this potential for cancer destruction, is it also
known that cancer can suppress the anti-tumor immune responses, leading to cancer cells not being
eliminated and continuing to proliferate. This immune suppression is associated with the aberrant
expression of TACAs by the cancer cells [33,61,62].

Cytotoxic T cells and NK cells are activated in cellular immune responses in order to eliminate
cancer cells by apoptosis. However, as previously mentioned, activation of cytotoxic T cells requires
antigen-derived peptides to be presented via MHC-I, which can be a disadvantage on the
development of a strong immune response against carbohydrate antigens. Humoral immune
responses consist of tumor-specific antibodies, which can then assist on effector functions like antigen
neutralization, phagocytosis, ADCC mediated by NK cells and complement-dependent cytotoxicity.

Also, as opposite to T cells, B cells can directly recognize carbohydrate antigens through their
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receptors, which enables their activation and antibody secretion, a process named T cell-independent
B cell activation. T cell-dependent B cell activation, however, requires the involvement of antigen-
specific T helper cells. These are activated by APCs via the presentation of antigen-derived peptides
through MHC-II. The isotype switching from the initially produced IgM antibodies to high-affinity 1gG
antibodies is mediated through the secretion of cytokines by the helper T cells. This enables the
generation of long-lasting anti-tumor humoral responses, as carbohydrate-specific plasma B cells
differentiate into memory B cells and the IgG antibodies produced can bind to the target antigen on

cancer cells, signaling them for destruction [33,38].

1.5. Anti-cancer immunotherapy

The main goal of anti-cancer immunotherapy is to neutralize or eliminate cancer cells and/or
factors that enable the survival and proliferation of those cells, by using components or mechanisms of
the patient's immune system. The interest in this kind of therapy has increased in the last years,
mainly due to its therapeutic potential: it relies on adaptive immunity for specific and effective anti-
tumor responses and it can establish immunological memory, thus eventually being able to prevent
the recurrence of the tumor. It is also an attractive strategy against cancer as it presents less side-
effects and toxicity when compared to conventional therapies [33,63]. Examples of immunotherapies
currently being applied against cancer are dendritic-cell based vaccines and monoclonal antibodies
against TACAs.

Dendritic-cell based vaccines rely on the use of DCs as APCs and as the source of the tumor
antigens to be presented to the immune system. Monocytes are collected from the patient and
differentiated into DCs ex vivo, which are loaded with one or more tumor antigens, being then injected
back into the patient. Ideally, this vaccine initiates a local inflammatory response, which then results in
the specific activation of T cells [63].

The use of monoclonal antibodies is usually combined with drugs in a mechanism of drug-
delivery by which antibodies with specificity towards a certain antigen are conjugated to a drug and
transport it to the tumor site, thus making the action of that drug more specific and localized. However,
antibodies can also be used as therapy on their own, due to their effector characteristics (mentioned
previously in section 1.4.4). Another goal towards the use of monoclonal antibodies is the reversion of
the immunologic suppression or tolerance often caused by cancer cells, which prevents the activation

of specific responses from T cells [63].

1.6. Introduction to the aim of the thesis

Cancer is currently one of the leading causes of death worldwide with the number of new
cases being expected to increase by about 70% in the next two decades [1]. Though several therapies
exist and are currently used, such as surgery and radio- and chemotherapy, they tend to fail on the
removal of residual cancer cells, and thus on the prevention of recurrence and of metastasis. For this

reason, it is important to develop new therapeutic strategies. Immunotherapies boost the patient’'s own
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immune system in order to fight cancer cells and can not only eliminate cancer cells, but also provide
immunological memory to prevent recurrence and metastasis. These therapies decrease the adverse
effects often observed on conventional cancer therapies, offering in that way an advantage over those.

Over the last decades the role of the immune system and its influence on cancer, as well as
several cancer mechanisms, became better understood. In addition, new therapeutic and diagnostic
targets were discovered, leading to an increased importance of the relevance of the field of
glycobiology in cancer research [7]. In fact, cancer cells exhibit glycosylation-related alterations which
are now considered interesting candidates for not only diagnostic but also as therapeutic targets. One
example is the sialyl-Tn antigen, which became even more interesting due to its low or absent
expression in normal cells, while being overexpressed on cancer tissues. Nonetheless, aberrantly
expressed glycans may contribute for cancer cells to escape from immunological surveillance. For
instance, it was shown that STn-expressing cancer cells have the ability to induce a tolerogenic
phenotype on dendritic cells, impairing their maturation process [64]. These results have highlighted
the importance of the STn antigen as a diagnostic marker and potential target for anti-cancer
therapies. It also highlights the importance of developing new ways to block the tolerogenic
immunomodulatory role of these cancer antigens.

Antibodies have been being broadly used as therapeutic strategies due to their high specificity
and possibility of altering the immune system through recognition by immune cells. Additionally, there
have been great improvements in the development and optimization of the methods involved in
antibody production and engineering, which promoted the introduction of antibodies into clinics [65].
The group has shown that antibodies against STn may override the tolerogenic profile of dendritic
cells [64]. Therefore, it was hypothesized that the development of targeted therapies based on
antibodies against STn may offer effective means to improve the immune responses against cancer
cells, thus being an attractive approach for immunotherapy.

The main aim of this thesis consisted in assessing whether antibodies against STn could
improve the anti-tumor immune responses. This general aim comprised two specific aims: 1)
development of anti-STn antibodies, in which this work has specifically contributed for the screening of
the specificity of antibodies produced by the group using hybridoma technology. In this work the
reactivity of hybridoma supernatants towards the STn antigen was assessed, and their
characterization was performed (Part A); 2) functional characterization of humanized anti-STn
antibodies provided by collaborators. For this purpose, humanized anti-STh monoclonal antibodies
provided by collaborators were used in co-cultures of cancer cells with moDCs to block the STn
antigen. The STn blockade was then tested if capable of preventing the tolerogenic phenotype
imposed on moDCs by STn-expressing cancer cells (Part B). The work plan proposed for this thesis is

represented on Figure 1.8.
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General Aim

Improvement of the anti-tumor immune responses against cancer cells

Aims of this thesis

Functional characterization of humanized anti-STn
antibodies provided by collaborators

Screening and characterization of antibodies
produced through hybridoma technology

Culture and characterization of cancer cell lines
expressing and not expressing STn

Determination of antibody binding specificities:
screening of supernatants collected from the
culture of hybridoma cells

Isolation of peripheral blood mononuclear
cells, immunomagnetic selection of monocytes
and differentiation into moDCs

!

- Establishment of co-cultures of cancer cells and immature moDCs
- Analysis of the maturation state of moDCs (assessment of the
expression of MHC-Il and co-stimulatory molecules and cytokines)

Figure 1.8 — Representation of the work-plan proposed for this thesis.

The results obtained in these tasks and the accomplishment of the proposed aims would then
aid in providing insights on the use of antibodies in order to improve anti-tumor responses against
cancer cells. This would be accomplished by trying to overcome the immunosuppressive effect of the
STn antigen, so that dendritic cells and T cells can be used in the future as a cellular therapy against

cancer.
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2. MATERIALS AND METHODS

2.1 Cell culture

2.1.1 Culture of breast and bladder cancer cell lines

Several cancer cell lines were used during this thesis, specifically from breast and bladder
cancer. The cell lines used were of three variants - the wild type (WT), the empty vector (EV) and the
STn positive (STn). The breast cancer cell lines used were MDA-MB-231 WT, MDA-MB-231 STn,
MCF-7 WT and MCF-7 STn and the bladder cancer cell lines used were MCR WT, MCR EV and MCR
STn.

The cell line MDA-MB-231 was originally established from a pleural effusion of a 51 year old
woman with breast adenocarcinoma [66]. The cell line MCF-7 was originally established from a pleural
effusion of a 69 year old woman with breast adenocarcinoma [67]. Both of these cell lines were,
previously, transfected with the plasmid pRc-CMV on which the complementary DNA (cDNA) of the
gene that codes the enzyme ST6GalNAc-I had been inserted, generating the cell lines MDA-MB-231
STn and MCF-7 STn [36]. The cell line MCR was originally established from a subcutaneous
metastatic lesion of a 51 year old man diagnosed with grade Ill transitional cell bladder carcinoma
[68]. This cell line was previously transduced with a lentiviral vector, the pLenti6/V5 Directional TOPO
in which the cDNA of the human gene that codes the enzyme ST6GalNAc-I had been inserted,
generating the cell line MCR STn. Also, the same cell line was transduced with the same lentiviral
vector without the cDNA insertion, generating the cell line MCR EV, which is used as a negative
control of STn expression [35].

All the cancer cell lines used are adherent and were cultured on T25 and/or T75 culture flasks
(Sarstedt) on an incubator (Panasonic) at 37°C, with a humidified atmosphere and 5% CO,. Both
bladder and breast cancer cells were cultivated in complete Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco) — see composition on Appendix Il. All the variants of the MCR and MCF-7 cells were
supplemented with 1 pl/ml of recombinant human insulin (Sigma) every two passages. The cells were
detached from the culture flasks with Trypsin-EDTA (TE) (Gibco) when a confluence of 80-90% was
observed, washed with phosphate buffered saline (PBS) (see composition on Appendix II) by
centrifugation (Eppendorf) at 200xg for 5 minutes and subcultured according to the desired dilutions
for subsequent uses. Besides being subcultured, the cell lines were also stored at -80°C by

resuspending the pellet in complete DMEM with 10% (v/v) of dimethyl sulfoxide (DMSO).

2.1.2 Culture of hybridoma cells

As it will be mentioned further in this chapter, and also in chapter 3, part of the work developed
involved the screening of supernatants collected from hybridoma cell cultures, as one of the aims of
this thesis was the development of anti-STn antibodies. The hybridoma cells that were screened for
anti-STn antibody production were obtained through hybridoma technology, a technique commonly

used to produce antibodies in vitro, as it was mentioned on section 1.4.4.1 of chapter 1. Some steps
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involved in this technique had already been performed, namely the steps of mice immunization up to
the initial screening of hybridoma cell clones. The mice had been immunized with seven antigens, all
containing STn: ovine submaxillary mucin (OSM), a STn-rich natural mucin; membrane extracts of the
STn" variant of MDA-MB-231, MCF-7 and MCR cell lines; cell lysates of the STn" variant of MDA-MB-
231 and MCR cell lines; and a mixture of cell lysates of both MDA-MB-231 STn and MCR STn cell
lines. Following immunization, the reactivity of the serums was assessed by ELISA and, according to
the serum analysis, B cells were isolated from the mice’s spleen and fused with Sp2/0 myeloma cells
to generate hybridoma cells. These were selected in HAT medium and cultured in microplates, for
further screening of the reactivity of the supernatants, selection of the clones of interest, expansion
and limiting cloning steps in order to obtain hybridoma cells producing monoclonal antibodies. An
overview of the procedure performed is illustrated on Figure 6.3 (Appendix III).

The hybridoma cells were mainly adherent and were maintained on T25 and/or T75 culture
flasks (Sarstedt) on an incubator at 37°C, with a humidified atmosphere and 5% CO,, and cultivated in
complete RPMI-1640 medium (Gibco) - see composition on Appendix Il. The hybridoma cells were
detached from the culture flasks with a scraper whenever their confluence was approximately of 80%.
After centrifugation at 200xg for 5 minutes, the supernatant was collected and stored for further
analysis. The corresponding pellet was resuspended in complete medium for subculture or
resuspended in fetal bovine serum (FBS) (Gibco) with 10% (v/v) of DMSO (Sigma) for storage in liquid

nitrogen.

2.1.3 Culture of monocytes and monocyte-derived dendritic cells (moDCs)

Monocytes were cultured in 6-well plates (Orange Scientific) on an incubator at 37°C, with a
humidified atmosphere and 5% CO,. In each well, 5x10° cells were cultured in complete RPMI-1640
medium supplemented with 1 pl/ml of recombinant human GM-CSF (Miltenyi Biotec) and 0.75 pl/ml of
recombinant human IL-4 (R&D Systems), for 5-7 days, to promote the differentiation of monocytes into
dendritic cells. The culture medium was changed on the third day of differentiation, by removing half of
the culture medium on each well and adding the equivalent volume of fresh culture medium
supplemented with GM-CSF and IL-4.

2.2 Isolation of human peripheral blood mononuclear cells by density gradient centrifugation
Part of the work that was developed, namely the one presented on section 3.3 of chapter 3,
required the use of human peripheral blood mononuclear cells (PBMCs) in order to obtain monocytes
which would later be differentiated into DCs. These cells were isolated from leuco-platelet
concentrates, also known as buffy-coats, and each concentrate was obtained from a single blood
donation (approximately 450-500 ml of blood) of healthy volunteers. The buffy-coats were provided
and ethically approved by the Portuguese Blood Institute (Instituto Portugués do Sangue e da
Transplantagéo, IPST). The donated blood is submitted to a serological test for the absence/presence
of Treponema pallidum, Human Immunodeficiency Virus (HIV), hepatitis C and hepatitis B viruses
(HCV and HBV, respectively) and human T-lymphotropic virus (HTLV). The blood collection,
separation of blood components, serological testing and other necessary processing steps were
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performed by IPST. Each buffy-coat comprises approximately 60 ml of leuco-platelet concentrate. In
order to reduce inter-sample variability, the buffy-coats were requested to be from male donors aged
between 18 years old and 60 years old and from donations of blood collected on the day before it was
used for the work of this thesis.

The PBMCs were separated from the remaining erythrocytes, granulocytes and plasma by
density gradient centrifugation, using a Biocoll separating solution (Biochrom AG). This solution has a
higher density than the lymphocytes and monocytes but is less dense than the erythrocytes and
granulocytes. Approximately 30 ml of leuco-platelet concentrate were centrifuged at room temperature
(RT), for 10 minutes at 1100xg, with no break. After centrifugation, the plasma and leukocytes were
collected and transferred into a new tube. The remaining solution was discarded. PBS was added up
to 40 ml, in order to dilute the previous mixture of leukocytes and plasma. The Biocoll separating
solution, previously stored at room temperature, was added to two new 50 ml falcon tubes (12
ml/tube) and 20 ml of the previously prepared cell suspension was slowly added to each tube, in order
not to disturb the Biocoll gradient. The samples were centrifuged at RT for 30 minutes, at 1100xg, with
no break. The plasma was discarded, the mononuclear cell rings were added to a new tube and PBS
was added up to 40 ml. Then, the sample was centrifuged at RT for 10 minutes, at 800xg. The
supernatant was removed, the pellet was resuspended in PBS and after resuspension, PBS was
added up to 40 ml. A sample of the PBMCs suspension was collected and the cells were counted
using a Neubauer chamber. The sample was centrifuged at RT for 10 minutes, at 400xg. After this
step the PBMCs were obtained, which could either be resuspended in culture medium and cultured or
further separated and used for several different assays. In this thesis, the isolation of monocytes and

their differentiation into dendritic cells was performed, as will be described on the next section.

2.3 Immunomagnetic isolation and differentiation of monocytes into immature monocyte-
derived dendritic cells

In order to isolate monocytes from PBMCs, these were resuspended in 80 ul of cold beads buffer
(see Appendix Il for the composition) for each 3x10’ cells and 20 pl of human CD14 magnetic
microbeads (Miltenyi.Biotec) were added to the suspension in the same proportion. The cell
suspension was incubated at 4°C for 15 to 30 minutes. After the incubation, 2 ml of cold beads buffer
were added for each 1x10” cells and the sample was centrifuged at RT for 10 minutes, at 300xg. After
centrifugation, the pellet was resuspended in 500 pl of cold beads buffer for each 1x10" cells and the
suspension was filtered using a 30 um nylon strainer (BD Biosciences) to remove cell aggregates. The
suspension was then added to a LS column (Miltenyi Biotec) (previously engaged on a MidiMACS
Separator (Miltenyi Biotec) by using a MACS Multistand (Miltenyi Biotec) and washed with 3 ml of cold
beads buffer). Due to the magnetic field being applied in the column, the labelled cells, (CD14"
fraction), were immobilized on the column and the unlabeled cells (CD14  fraction) were eluted from
the column to a 15 ml falcon tube. The column was then washed three times with 3 ml of cold beads
buffer. After the washing steps, the column was removed from the action of the magnetic field and 5
ml of cold beads buffer were added to the column. The CD14" fraction was eluted by insertion of the

plunger into the column. A sample of each of the fractions was collected and the cells were counted
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using a Neubauer chamber. The samples were centrifuged at RT for 10 minutes, at 400xg. Monocytes
were cultured as previously described on section 2.1.3, promoting their differentiation into immature
moDCs for 5-7 days.

2.4 Magnetic selection of STn positive cells using anti-mouse IgG; magnetic beads

Whenever it was observed that the overall percentage of cells expressing STn was reduced, a
selection of the cells expressing STn was performed, in order to enrich the cell culture on STn" cells.
This procedure was performed on MCF-7 STn, MDA-MB-231 STn and MCR STn cell lines.

The cells were detached from the flasks when a confluence of approximately 80-90% was
observed and were washed with PBS by centrifugation at 290xg for 5 minutes. After centrifugation, the
cells were counted, resuspended in 300 pl of PBS (for 5x10° cells) and stained for 30 minutes at RT
with 15 pl of anti-STn antibody B72.3 (kindly provided by collaborators). The cells were washed with
PBS by centrifugation at 290xg for 5 minutes and the cell pellet was resuspended in 120 pl of cold
beads buffer (for 5x10° cells); 60 pl of anti-mouse IgG; magnetic microbeads (Miltenyi Biotec) (for
5x10° cells) were added and the cells were incubated at 4°C for 30 minutes. The cells were washed
with cold beads buffer by centrifugation at 290xg for 5 minutes and the pellet resuspended in 2 ml of
cold beads buffer. The suspension was filtered using a 30 ym nylon strainer (BD Biosciences) to
remove cell aggregates. A LS column (Miltenyi Biotec) was engaged on a MidiMACS Separator
(Miltenyi Biotec) by using a MACS Multistand (Miltenyi Biotec) and washed with 3 ml of cold beads
buffer and the suspension was then added to the column. Due to the magnetic field being applied in
the column, the labelled cells (STn" fraction), were immobilized on the column and the unlabeled cells,
(STn" fraction) were eluted from the column to a 15 ml falcon tube. The column was washed three
times with 3 ml of cold beads buffer. After the washing steps, the column was removed from the
separator, thus interrupting the magnetic field, and 5 ml of cold beads buffer were added to the
column. The STn" fraction was eluted by insertion of the plunger into the column. The STn" fraction
was discarded and the STn® fraction was centrifuged at 290xg for 5 minutes. The pellet was
resuspended in 1 ml of cold beads buffer and the previous steps — magnetic separation — were
repeated with a new column. Again, the STn™ fraction was discarded and the STn" fraction was
centrifuged at 290xg for 5 minutes. The pellet was resuspended in complete culture medium with two
times more antibiotic, to prevent contaminations, and cultured on a T25 flask in the same conditions
mentioned on section 2.1.1. The expression of STn was assessed by flow cytometry after 4-5 days in

culture.

2.5 Techniques
2.5.1 Flow cytometry

Flow cytometry is a widely used technique that allows the measurement of characteristics of
a suspension of particles, such as cells, in a flow system, in a short period of time. The suspension of
cells flows rapidly through a beam of light, usually a laser, and ideally each cell will be analyzed
individually. Several characteristics of the cell can be analyzed, such as the light scattered at different

angles and the fluorescence intensity of one or more fluorophores, which can be used to identify
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different subsets of cells on a single suspension. The amount of scattered light that is measured is
affected by the size and shape of the cells, this is, by their structural complexity. This light can be
scattered at larger angles, thus known as side-scatter (ssc), or at lower angles in a forward direction,
thus known as forward-scatter (fsc). Therefore, the side-scatter is mostly influenced by the structural
complexity, irregularities and texture of the surface or interior of the cells, while the forward-scatter is
mostly influenced by their size and area, and as a result the scattered light will provide information
about the physical characteristics of the cells being analyzed. Besides, cytometers can also detect
fluorescent light. Fluorescent light is a light of a long wavelength that is emitted when a molecule
absorbs high energy light and then emits that energy as photons of a lower energy. This fluorescence
can be either derived from natural molecules that the cells possess or via the use of fluorescent
chemicals that are used to stain non-fluorescent molecules that are, in this way, undetectable in the
cytometer. These chemicals absorb light of specific wavelengths and emit light of different
wavelengths and for that reason the cytometer must have the appropriate filters and detectors so that
they can be detected correctly, allowing the determination of the median intensity fluorescence (MFI).
Sometimes these chemicals can be used to label different cell components directly, or they can be
conjugated to other probes, such as antibodies, thus allowing the detection of a certain specific
molecule. The MFI obtained is proportional to the amount of antibody that is binding to the cells, which
is in turn proportional to the amount of molecules expressed. In this way, a phenotypical analysis of
the cells and functional assays can be easily performed [69,70].

In all the procedures of this thesis that required analysis in a flow cytometer the data was
collected using an Attune Acoustic Focusing Cytometer (Applied Biosystems). This cytometer is
constituted by a blue (488 nm) and a red (638 nm) lasers, which allow the use of up to six different
fluorescences during the analysis. Four of them are detected by the blue laser (BL1, green; BL2,
orange; BL3, red; BL4, red) and the remaining two are detected by the red laser (RL1, light red; RL2,
dark red) [71]. On all experiments, information of at least 1x10* events was acquired with the use of
the Attune Cytometric Software (version 2.1). The data were then analyzed with the software FlowJo

(version 10) and GraphPad Prism (version 7).

2.5.1.1 General flow cytometry protocol

Most of the data acquisition performed during this thesis was done with the use of flow
cytometry. For this reason, a general protocol was used, which will be described next. However, in
some experiments, some alterations had to be made and will be mentioned on the respective
sections, to prevent an exhaustive repetition of the protocol throughout the chapter.

The desired cancer cells were detached from the culture flasks and washed with PBS by
centrifugation at 200xg for 5 minutes. The pellet was resuspended in 1 ml of culture medium and the
cells were counted. The desired number of cells to be stained and analyzed by flow cytometry (2x105
to 3x10° cells/condition) was collected into an eppendorf tube. From this point on, the cells could either
be directly used for antibody staining or, depending on the assay, treated with sialidase (as referred on
the next section). After collection of the desired cellular concentration, 500 pl of PBS were added and

the samples were centrifuged at 1500xg for 2 minutes. The supernatant was discarded and the
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previous step was repeated. The pellets were resuspended in the desired volume of PBS, in order to
then have 100 pl of cellular suspension per condition being tested. The primary antibodies were added
and the samples were incubated at 4°C for 30 minutes. After the incubation, the cells were washed
with 500 pl of PBS by centrifugation at 1500xg for 2 minutes. The supernatant was discarded and the
pellets were resuspended in 100 yl of PBS. The secondary antibody (anti-mouse Ig conjugated with
fluorescein isothiocyanate (FITC)) (Dako) was diluted 1:10 in PBS and 5 pl of this diluted antibody
were added. The samples were incubated at RT, in the dark, for 15 minutes and the cells were
washed with 500 pl of PBS by centrifugation at 1500xg for 2 minutes. The pellets were then

resuspended in 1 ml of PBS and the cells were analyzed in the flow cytometer.

2.5.1.2 Sialidase treatment

When treatment with sialidase was performed, the cells were washed with PBS by
centrifugation at 200xg for 5 minutes. The supernatant was discarded and the pellet was resuspended
in 400 pl of sialidase buffer (see Appendix Il for the composition), diluted in PBS. These 400 ul of cell
suspension were divided into two eppendorf tubes, one labelled as non-treated (NT) and the other
labelled as treated (T). For the treated sample, sialidase (from Clostridium perfringens, Roche) was
added to a final concentration of 100 mU/ml. This enzyme is responsible for the hydrolysis of the a2-6-
and a2-3-linked sialic acids of sialylated structures. Both samples were then incubated at 37°C, 5%

CO, for 90 minutes. After the incubation, the protocol was performed as described above.

2.5.1.3 Characterization of MDA-MB-231, MCF-7 and MCR cell lines — phenotypical analysis of
the expression of STn and assessment of the binding of antibodies produced by hybridoma
technology

In order to perform most of the work of this thesis it was necessary to evaluate the expression
of STn on the cell lines being used. This antigen was expected to be expressed in the STn variants
and not on the EV or WT variants. To do this, the flow cytometry protocol was performed as described
on section 2.5.1.1. Since the goal was to detect the STn antigen and to determine the percentage of
cells expressing it, anti-STn antibodies were used for this detection. Therefore, one of the following
mouse anti-STn antibodies was used as primary antibody: TKH2 (15 pl), 3F1 (2.5 pl) or B72.3 (1.5 pl)
(all of them kindly provided by collaborators). The remaining steps of the protocol were performed as
described.

When assessing the binding of antibodies present in the hybridoma supernatants to cancer
cell lines, the same protocol was followed, with the exception of two steps. After the initial distribution
of the cell suspension on the tubes for different conditions, these cells were pelleted by centrifugation
at 290xg for 2 minutes and then were resuspended in 200 ul of each supernatant. In parallel, a
positive control condition for STn binding was performed as described above, using one of the three
mouse anti-STn antibodies. The remaining steps of the protocol were performed as described.
Sialidase treatment of the cells was also performed in parallel to evaluate the specificity of the binding

of the antibodies.
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2.5.1.4 Characterization of MDA-MB-231 cells — phenotypical analysis of the expression of
MHC-II and co-stimulatory molecules; assessment of the binding of humanized anti-STn

antibodies and of human IgG;k isotype control

The binding of the humanized anti-STn antibodies (provided by collaborators) and of their
respective isotype control (IC) was also assessed, as well as the expression of other molecules, such
as MHC-II, co-stimulatory molecules and the common leukocyte antigen (usually identified by the
CD45 molecule). The flow cytometry protocol was performed as described on section 2.5.1.1. To
assess the binding of humanized anti-STn antibodies and isotype control, the cells were treated with
sialidase, distributed into eppendorf tubes and pelleted by centrifugation at 1500xg for 2 minutes.
Then the cells were resuspended in 100 pl of humanized anti-STn antibody and in 100 pl of human
IgG1k isotype control (SouthernBiotech). In parallel, a positive control condition for STn binding was
performed, using one of the three mouse anti-STn antibodies previously mentioned. Two different
secondary antibodies were used according to the primary antibody to be targeted: anti-human, to
target humanized primary antibodies, or anti-mouse, to target mouse primary antibodies. On the cells
stained with humanized anti-STn antibody and human isotype control the secondary antibody used
was an anti-human IgG (Fc specific) (Sigma) conjugated with FITC. On the cells stained with mouse
anti-STn antibody, the secondary antibody used was an anti-mouse Ig (Fab specific) (Dako)
conjugated with FITC. The volumes and dilutions of both secondary antibodies were the same as
mentioned in the general protocol. The remaining steps of the protocol were performed as described.

Since all the antibodies used on the evaluation of the expression of MHC-Il, CD45 and co-
stimulatory molecules were already conjugated with a fluorophore, the protocol was followed as
described up to the wash after the incubation with primary antibody, as the step of staining with
secondary antibody was not necessary and the cells were immediately resuspended in 1 ml of PBS
and analyzed by flow cytometry. To stain these molecules the volumes and antibodies used were: 3 pl
of anti-human HLA-DR conjugated with allophycocyanin (APC) (Immunostep, clone GRB-1) for MHC-
II; 3 yl of anti-human CD45 conjugated with phycoerythrin (PE) (Immunotools, clone MEM-28) for
common leukocyte antigen; 5 pl of anti-human CD80 conjugated with PE (Immunotools, clone MEM-
233) and 5 pl of anti-human CD86 conjugated with FITC (Immunotools, clone BU63) for CD80 and

CD86 co-stimulatory molecules, respectively.

2.5.1.5 Antibodies titration

Three humanized monoclonal anti-STn antibodies, with known concentrations, were provided
by collaborators. In this thesis they were named as mAbl, mAb2 and mAb3. All of them have the
IgGK isotype, reason why the isotype control used was also human IgG k.

With the aim of determining which antibody concentration would be used for co-culture
experiments with STn blockade (as it will be mentioned in the next section), a set of titration
experiments had to be performed to test several concentrations. The cell line MDA-MB-231 STn was
used and the flow cytometry protocol was performed as earlier described, without sialidase treatment,
though resuspending the cell pellets in 100 pl of each antibody concentration. The incubations

followed as described, in which the secondary antibody used was an anti-human IgG (Fc specific)
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conjugated with FITC. Three titration experiments were performed, each one differing in the
concentrations for reasons that will be mentioned in chapter 3. On the first experiment, the three
antibodies were tested on a set of eight concentrations: 0.0144, 0.072, 0.360, 1.8, 9, 19.5, 45 and 60
pg/ml. On the second experiment, the three antibodies were tested on a set of five concentrations: 0.8,
1.2, 2, 3.5 and 5.5 ug/ml. On the third experiment, only mAb2 was tested on a set of five
concentrations: 0.036, 0.072, 0.1, 0.36 and 0.8 pg/ml.

2.5.1.6 Establishment of co-cultures of cancer cell lines and immature monocyte-derived
dendritic cells

Following results previously obtained by the group [64,72], co-cultures of the MDA-MB-231
cell line with immature moDCs were initially established in order to evaluate the maturation state of
moDCs before and after culture with cancer cells. The variants MDA-MB-231 WT (as a STn negative
control) and MDA-MB-231 STn were used, as well as moDCs on their 6" day of differentiation. The
cancer cells were detached from the culture flasks, washed with PBS by centrifugation at 200xg for 5
minutes and counted. Then, 3x10° cells/ml were cultured in complete DMEM on the wells of a 12-well
plate for 24h, so that they would adhere and stabilize prior to the co-culture. After 24h, the culture
medium of the cancer cells was removed and the adhered cells were washed with PBS. In order to
observe the effect of the blockade of STn by humanized anti-STn antibodies in the maturation of the
moDCs, the cancer cells were incubated with the anti-STn antibodies and isotype control (previously
diluted in adhesion buffer - see Appendix Il for the composition) at 37°C, 5% CO,, for 30 minutes.
During this thesis two out of the three humanized anti-STn mAbs provided (mAbl and mAb2) were
used. A human IgG;kK isotype control was also used, always in the same concentration and diluted in
the same buffer as the mAb used for the assay. The first humanized anti-STn mAb to be used was
mAb2, at a concentration of 0.1 pg/ml. This concentration was then increased to 1.8 ug/ml when using
mAbl. The moDCs were removed from the wells and washed with PBS by centrifugation at 200xg for
10 minutes. The supernatant was discarded, the pellet of the moDCs was resuspended in adhesion
buffer and the cells were counted. Then, the moDCs were added to the wells containing cancer cells
(or antibody-coated cancer cells, when using anti-STn mAbs for STn blockade) in a proportion of 5:1
(moDCs:cancer cell). As control and to assess the maturation state before contact with cancer cells,
the same number of moDCs was added to an empty well. Additionally, as a positive stimulation control
and as a mean to verify that the moDCs were responsive to stimuli, the same number of moDCs was
stimulated with 5 pug/ml of LPS (Sigma). The co-cultures were then incubated at 37°C, 5% CO, for 2
hours. A schematic representation of these co-cultures can be found in Figure 2.1. After the
incubation, the adhesion buffer was collected from the wells and stored at -20°C for posterior cytokine
analysis (see section 2.6.4) and the wells were washed with PBS, in order to remove the remaining
moDCs that did not adhere to the cancer cells. The co-cultures, containing the cancer cells and the
moDCs adhered to them, were removed from the wells by trypsinization and the cells were washed
with PBS by centrifugation at 200xg for 10 minutes. The pellet was resuspended in PBS and the
suspension was divided in two parts: one part was used for antibody staining and analysis by flow

cytometry (as it will be mentioned further in this section); the remaining suspension was pelleted by
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centrifugation at 200xg for 10 minutes and stored at -80°C for posterior genetic expression analysis
(see section 2.7.1). The maturation state was assessed by flow cytometry, via staining with antibodies
against MHC-II and co-stimulatory molecules, and by ELISA and RT-PCR, via cytokine expression,

secretion and quantification.
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Figure 2.1 — Schematic representation of the conditions of the co-culture experiments
performed.

Though the method previously described was initially used, soon adjustments were made in
the protocol in order to adapt it to the experiments that needed to be performed according with the
results being obtained. One of the first modifications was the co-culture time-points, which were
increased from one experiment of 2 hours to two parallel experiments with the cells being co-cultured
for 6 and 24 hours. This time alteration however, brought along the need to change the solution in
which the cells were co-cultured and in which the antibodies and isotype control were diluted, in order
to maintain cell viability during that time. For those reasons, when using co-culture time-points longer
than 2 hours, the adhesion buffer was replaced by complete RPMI-1640 medium (with only 5% FBS),
supplemented with GM-CSF and IL-4 in the proportion mentioned in section 2.1.3. Despite these
alterations, the protocol was followed as previously described. The cells were stained with antibodies
and analyzed by flow cytometry, the supernatants were collected and analyzed by ELISA and the
genetic expression of cytokines was analyzed by RT-PCR.

For the analysis by flow cytometry, the cells were washed with PBS and pelleted by
centrifugation at 200xg for 10 minutes. The samples referring to each co-culture condition were
stained with 3 ul of anti-human HLA-DR conjugated with APC (Immunostep, clone GRB-1), 3 ul of
anti-human CD45 conjugated with PE (Immunotools, clone MEM-28) and 5 ul of anti-human CD86
conjugated with FITC (Immunotools, clone BU63) or 5 ul of anti-human CD80 conjugated with PE
(Immunotools, clone MEM-233). For the condition of moDCs that were not in contact with cancer cells,
a tube with unstained cells (one for each time-point) was used to adjust the side-scatter and forward-
scatter settings prior to data acquisition. The samples were incubated at 4°C, in the dark, for 30
minutes and then washed with PBS by centrifugation at 200xg for 10 minutes. When using a time-
point of 2 hours, the pellets were resuspended in 1 ml of PBS and the data was acquired shortly after.
When using the time-points of 6 and 24 hours, the pellets were resuspended in 300 ul of a 2%
paraformaldehyde fixation buffer (Polysciences, Inc.) and incubated at 4°C for at least 20 minutes.

Finally, to analyze the samples by flow cytometry, 700 ul of PBS were added to each sample and the
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data was acquired shortly after. To prevent fluorescence overlays and interferences due to the use of
different fluorochromes in the same tube, a compensation step was also performed in parallel with the
desired antibody staining. For this compensation step, the moDCs that were not in contact with cancer
cells were distributed in four tubes: one unstained and one for each fluorophore being used (in this
case, APC, PE and FITC). The cells were incubated with the antibodies as previously described and

the compensation step was performed by following the instructions on the cytometer software.

2.5.1.7 Assessment of the internalization of the humanized anti-STn antibodies

Another experiment performed was the assessment of the internalization of the humanized
anti-STn antibodies by cancer cells. In this experiment, the cells were prepared as mentioned in the
flow cytometry protocol, without sialidase treatment, and the pellets were resuspended in 100 pl of
mADb2 at a concentration of 0.1 ug/ml (diluted in adhesion buffer). The cells were incubated for 15, 30,
60, 120 and 150 minutes, at 37°C, 5% CO.. In parallel, as a control, another set of cells was incubated
in the same conditions, at 4°C. At this temperature, the cellular metabolism is reduced to a minimum
and no internalization should occur, so the MFI obtained should be approximately the same on all the
time-points. A tube of unstained cells was also prepared to adjust the side and forward scatters, as
well as the fluorescence intensity considered negative. All the protocol was performed in adhesion
buffer, to simulate the conditions of the co-cultures. After each incubation, the cells were washed with
PBS and stained with anti-human IgG-FITC secondary antibody as described. However, this staining
was performed at 4°C to guarantee that the cells would not internalize the secondary antibody. After
being washed, the cells were then fixed in 300 pl of a 2% paraformaldehyde solution and incubated at
4°C for at least 20 minutes. When the samples were to be analyzed by flow cytometry, 700 ul of PBS

were added to the samples and the data was acquired.

2.6 Enzyme-Linked Immunosorbent Assay (ELISA)

The Enzyme-Linked Immunosorbent Assay (ELISA), besides being a biochemical technique
widely used nowadays as diagnostic tool in medicine or as quality-control method in several types of
industries, is also an analytical tool widely used in biomedical research. This technique can be used
for qualitative and quantitative measurements based on enzyme-mediated colorimetric changes,
allowing the detection and quantification of specific antibodies or antigens in a sample, such as
biological fluids. Some of the most common enzymes are alkaline phosphatase and horseradish
peroxidase (HRP). The antigen is immobilized on a 96-well microplate. Then, a specific antibody is
used to bind the antigen already immobilized, and this antibody is later detected by a secondary
antibody, usually enzyme-conjugated. A color change is achieved by addition of a chromogenic
substrate, for example 3,3'5,5'-tetramethylbenzidine (TMB), which indicates the presence of the
antigen [73-75]. According to the variations performed in the procedure, different types of ELISA can
be used. On this thesis, indirect ELISA and also another variant, named capture ELISA, were used.
The capture ELISA follows the same principle of the indirect ELISA, with the exception that this variant
is used for the detection of a specific antigen in a sample by initially immobilizing a specific capture

antibody on the plate. Ideally, only the antigen of interest will bind to the immobilized antibody, and
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then a specific detection antibody will bind to that antigen of interest, thus “capturing” the antigen and
allowing its detection [73].

For the work developed in this thesis, namely regarding its first part, an anti-mouse secondary
antibody HRP-conjugated was used. TMB was used as chromogenic substrate, which yields a soluble
blue colored product when detecting HRP. The color changes to yellow after addition of an acid
solution and has a maximum absorbance at 450 nm, detectable on a spectrophotometric plate reader
[76]. The plates were read on a SpectraMax 190 Microplate Reader (Molecular Devices) and the data
were acquired using the software SoftMax Pro (version 6.4.). The results were analyzed using

Microsoft Office Excel and GraphPad Prism (version 7).

2.6.1 Screening of hybridoma clones by indirect ELISA — assessment of antibody production
and reactivity against BSM

To assess if the hybridoma clones were producing antibodies with reactivity towards STn, the
wells of 96-well plates were coated with 50 pl of bovine submaxillary mucin (BSM) at 10 pg/ml and the
plate was incubated overnight at 4°C. Duplicates were always used. The coating solution was
removed and 50 pl of sialidase at 25 mU/ml (in sialidase buffer, diluted in PBS) were added to half of
the coated wells and 50 ul of PBS were added to the remaining wells. The plate was incubated at
37°C for 90 minutes. The content of the plate was discarded, 100 pl of blocking buffer (see
composition on Appendix Il) were added to the wells and the plate was incubated for 60 minutes at
RT. The blocking buffer was discarded and the wells were washed four times. The washing steps
were always performed using 130 ul of washing buffer (0.1% Tween 20; see composition on Appendix
II). Then, 50 pl of the samples to analyze — hybridoma supernatants — were added to the
corresponding wells. In the initial screenings, these supernatants were analyzed neat, but later a
dilution of 1:15 (in washing buffer) was adopted. As positive control, an anti-STn antibody was used
out of the three mouse anti-STn antibodies previously referred, and their dilutions (in washing buffer)
were optimized to the following: TKH2 (1:500), 3F1 (1:750) and B72.3 (1:3000). Also, 50 ul of washing
buffer were added to the wells designed as a control of the secondary antibody binding. The plate was
incubated at RT for 90 minutes. The contents on the wells were discarded and the wells were washed
three times. The secondary antibody (anti-mouse Ig-HRP, BD Biosciences) was diluted 1:1000 in
washing buffer, 50 ul of diluted secondary antibody were added to all the wells and the plate was
incubated at RT for 60 minutes. Prior to its use, the substrate, TMB, was incubated in the dark at RT.
After the incubation with the secondary antibody, the content of the plate was discarded and the wells
were washed four times; 50 ul of TMB were added to all the wells and the plate was incubated at RT,
in the dark, for 15 to 30 minutes; 50 pl of HCI at 1M were added to stop the reaction. The optical

density was read at 450 nm.
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2.6.2 Screening of hybridoma clones by indirect ELISA — assessment the production of
antibodies by clones that showed no reactivity against BSM

After the assessment of antibody production with reactivity towards STn, the hybridoma clones
whose supernatants did not show reactivity towards STn were evaluated for the production of any
other type of antibody. This evaluation was performed by ELISA. The wells were coated with 50 ul of
the “negative” hybridoma supernatants. Also, 50 pl, of one “positive” supernatant were used as coating
for a positive control of antibody production and 50 pl of complete RPMI-1640 medium were used for
the coating of the secondary antibody control wells. Duplicates were always used. The plate was
incubated overnight at 4°C. The coating solutions were discarded; the addition of blocking buffer and

the remaining steps of the protocol were performed as mentioned in the previous section.

2.6.3 Isotyping assessment by capture ELISA

The wells of a 96-well plate were coated with 100 ul of each of the isotype specific antibodies
(goat anti-mouse 19G1, 19G2,, 1gG2p, 1gG3s, IgM and IgA, previously diluted 1:1000 in PBS), in duplicate,
according to the number of samples to be tested. The plate was incubated for 60 minutes at 37°C.
After the incubation, the coating solution was removed and the plate was washed three times with
washing buffer (0.05% Tween 20; see composition in Appendix II); 100 ul of the samples to be tested
were added to the wells and incubated for 60 minutes at RT, as well as the positive and negative
controls. The samples were removed and the plate was washed three times. The peroxidase-labeled
goat anti-mouse IgG (Fab specific) (Sigma) antibody was diluted 1:600 in washing buffer, 100 pl of this
antibody were added into each well and the plate was incubated at RT for 30 minutes. The non-bound
peroxidase-labeled antibody was removed and the plate was washed three times; 100 pl of TMB were
added to the wells and the plate was incubated at RT, in the dark, for 20-30 minutes. The
development of a blue color indicated a positive result and the reaction was stopped by addition of 50

pI of a 1M solution of HCI. The plate was read at 450 nm.

2.6.4 Assessment of cytokines in co-culture supernatants by capture ELISA

The assessment of cytokine production, secretion and relative quantification was performed by
capture ELISA, following the instructions of the ELISA kit for each cytokine tested. The volumes
mentioned in the ELISA kits used had been previously optimized by the group and cut to half. Initially,
the presence of four cytokines (IL-6, IL-10, IL-12 and TNF-a) was to be assessed. However, due to the
existence of issues in the remaining kits or lack of reagents, it was only possible to assess the
presence of IL-10 (Human Interleukin-10 ELISA Kit, Immunotools) and IL-12 (Total Human IL-12/IL-23
p40 ELISA Kit, Immunotools). According to the cytokine being assessed, the wells of a 96-well plate
were coated with 50 pl of capture antibody, previously diluted 1:100 in PBS. The plate was incubated
overnight at 4°C. After the incubation, the capture antibody solution was removed completely and 200
I of blocking buffer (0.05% Tween 20; see composition in Appendix Il) were added to all the wells and
the plate was incubated at RT for 60 minutes. The standards were serially diluted in blocking buffer

from a range of 4000 pg/ml to 0 pg/ml. The blocking buffer was removed completely and 50 pl of each
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standard dilution, as well as 50 yl of each sample were added to the wells. Duplicates were always
used. The plate was incubated at RT for two hours. The contents of the wells were discarded and the
plate was washed five times. All the washing steps were performed using 200 ul of washing buffer
(see composition in Appendix Il). The biotinylated detector-antibody was diluted 1:100 in blocking
buffer and 50 pl of the diluted detector antibody were added to each well. The plate was incubated at
RT for two hours. The contents of the wells were discarded and the plate was washed five times. The
poly-HRP-streptavidin conjugate was diluted 1:1000 in blocking buffer; 50 pl of this solution were
added to the wells and the plate was incubated for 20 minutes (IL-12) or 30 minutes (IL-10) at RT. The
contents of the wells were discarded and the plate was washed five times. Prior to its use, the TMB
substrate was incubated at room temperature; 50 pyl of TMB were added to each well and the plate
was incubated at RT, in the dark, for 40-50 minutes. The reaction was stopped with the addition of 25

pl of a HCI 1M solution. The optical density was read at 450 nm.

2.7 Real-Time Polymerase Chain Reaction (RT-PCR)

Real-Time Polymerase Chain Reaction (RT-PCR) is used to quickly and efficiently analyze and
quantify the expression of a certain gene. It allows the combination of the processes of amplification
and detection in one single step, as the data is collected during the polymerase chain reaction (PCR)
process as it occurs. That is attained with the use of fluorescent chemistries in which the fluorescence
intensity is correlated with the concentration of PCR product [77]. For the detection of specific
amplification products in the RT-PCR experiments that were performed in this thesis, TagMan
chemistry, also known as fluorogenic 5 nuclease chemistry, was used. It consists on the use of
oligonucleotide hydrolysis probes that are dual labelled: a reporter dye is linked to the 5’ end of the
probe and a non-fluorescent quencher is linked to the 3’ end of the probe. While the probe is intact,
the fluorescence emitted by the reporter dye is reduced by the quencher. When the target sequence is
present, the probe specifically hybridizes to it and, during the extension cycle, is cleaved by the 5
nuclease activity of the taqg DNA polymerase, which separates the reporter dye from the quencher and
promotes the increase of the signal of the reporter dye, which is detected by the device. At each cycle,
new reporter dyes are cleaved from the probes, and this results in an increase of fluorescence
intensity that is proportional to the amplicon formed [77,78]. For quantification purposes, a method of
relative quantification was used, which describes the change in expression of the target gene relatively
to a reference gene, an endogenous control. An ideal control gene should have a stable expression
regardless of experimental conditions, such as different tissues or cell types, developmental stage, or
sample treatment, thus being a gene that is constitutively expressed. For this endogenous control, two
housekeeping genes, GAPDH (that codes glyceraldehyde-3-phosphate dehydrogenase) and ACTB
(that codes B-actin) were used. The relative expression of the genes of interest was analyzed

AACT

according to the mathematical model that was developed by Livak and Schmittgen, the 2 method,

also called the comparative C+ method. The amount of target, when normalized to an endogenous

reference control and relative to a calibrator is given by: 2T

, in which C; (threshold cycle)
corresponds to the cycle number at which the amount of amplified target reaches a fixed threshold,

this is, the cycle at which the fluorescence intensity of the amplified target is greater than the
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background fluorescence; AC+t corresponds to the variation between the C; value of amplification of
the target gene and the C; value of the amplification of an endogenous control. Thus, AACt
corresponds to the variation between the ACt value of the sample of interest and the ACt value of the
calibrator sample. In this way, the data are presented as the fold change in the gene expression,

normalized to an endogenous reference gene, and relatively to a calibrator control [77,79,80].

2.7.1 Analysis, by RT-PCR, of the genetic expression of the cells recovered from the co-culture
experiments

In order to analyze the genetic expression of the cells recovered from the co-cultures, a
ribonucleic acid (RNA) extraction and its posterior conversion to cDNA were performed.

The GenElute Mammalian Total RNA Miniprep Kit (Sigma Aldrich) was used for the RNA
extraction. The lysis mixture was prepared by adding 10 ul of 2-mercaptoethanol (Sigma) per 1 ml of
lysis solution. Then, 250 ul of this mixture were added to each tube and the cells were lysed by
thorough pipetting. The lysate was then collected and filtered with a filtration column by centrifugation.
All the centrifugation steps were performed at 12000xg for 2 minutes, at 4°C. The filtration column was
discarded and 250 pl of 70% ethanol were added to the filtered lysate and thoroughly mixed by
pipetting. The previous mixture was then added onto a binding column and RNA was bound to the
column by centrifugation. The flow-through liquid was discarded. The column, now with the bound
RNA, was washed with 250 ul of wash solution 1 by centrifugation and the flow-through liquid was
discarded. The DNase | (Quiagen) was prepared by mixing 10 ul of DNase | with 70 pl of digest buffer
by inversion, for each sample tube. These 80 ul were added directly onto the filter in the binding
column and incubated at RT for 15 minutes. After the incubation, 250 pl of wash solution 1 were
added to the column and the column was washed by centrifugation. The flow-through liquid was
discarded, 500 yl of wash solution 2 were added into the column and the column was washed by
centrifugation. The flow-through liquid was discarded, a second volume of 500 pl of wash solution 2
was added into the column and the column was washed by centrifugation. The flow-through liquid was
discarded and the remaining ethanol was removed from the column by centrifugation of the dry
column. The flow-through liquid and the collection tube were discarded and the column was placed on
a new collection tube. The RNA was eluted from the column by addition of 55 pl of elution solution into
the binding column and centrifugation. The flow-through liquid was recovered and added a second
time into the binding column and the column was centrifuged. The binding column was discarded and
the purified RNA was then recovered in the flow-through liquid.

The conversion of RNA to cDNA performed was based on the strategy that random primers
hybridize to several regions of RNA, thus allowing its subsequent transcription via the action of the
reverse transcriptase enzyme. The RNA was reverse transcribed to cDNA by using the High-Capacity
cDNA Transcription Kit (Applied Biosystems). To do this, 50 ul of the purified RNA were added to a
PCR tube. The mix for the conversion was prepared by adding 10 ul of buffer 10x, 10 ul of random
primers 10x, 4 uyl of 100 mM deoxynucleoside triphosphate (dNTPs) mixture, 7.5 ul of reverse
transcriptase enzyme and 18.5 pl RNase free H,O (Nzytech), to a final volume of 50 pl of mix per

sample. This mix was added to the RNA samples on a proportion of 1:1. The cDNA synthesis was
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performed on a thermocycler (MJ Research), according to the program described in Table 2.1. After

the conversion reaction, the cDNA samples were stored at -20°C until further use.

Table 2.1 — Program used in the cDNA synthesis reaction.

Stepl | Step2 | Step 3 | Step 4
Temperature (°C) 25 37 85 4

Time 10 min | 120 min | 5 sec 00

For the RT-PCR experiments, each PCR reaction was performed on a volume of 10 pl. The
samples were prepared by adding, in duplicate, 2 yl of probe (B-actin and GAPDH, for endogenous
controls; IL-6, IL-10, IL-12 and TNF-a, for the genes of interest) (Applied Biosystems), per tube, diluted
1:4, 3 ul of cDNA and 5 pl of TagMan Fast Universal PCR Master Mix 2x (Applied Biosystems). The
reactions were performed on a Rotor-Gene 6000 Series (Corbett) according to Table 2.2.

Table 2.2 — Reaction conditions used in the RT-PCR experiments.

Step 1 (1 cycle) | Step 2 (40-50 cycles)
Temperature (°C) 95 95 60

Time 20 seconds 3 seconds | 30 seconds

The C; was determined by analysis of the curves using the Rotor-Gene 6000 series software
(version 1.7). Microsoft Office Excel was used to perform the following analysis and calculations
needed for applying the comparative Ct method. The relative mRNA levels were normalized against
the arithmetic mean of the expression of the GAPDH and ACTB genes and calculated with the
equation 274¢Tx1000, which allows to infer the number of messenger RNA (mMRNA) molecules of each
gene of interest per 1000 molecules of the endogenous controls. The relative quantification was
performed by applying the comparative C+ method as described above and results were analyzed
using GraphPad Prism (version 7).

2.8 Statistical analysis

The statistical analysis of the experimental results obtained was performed using the software
GraphPad Prism 7. The data were statistically analyzed with the t-Student test and a value of p<0.05
was considered to be statistically significant (“ * “ means that the p-value was inferior than 0.05, “ **”
means that the p-value was inferior than 0.01 and “ *** “ means that the p-value was inferior to
0.0001).
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3. RESULTS AND DISCUSSION

The main goals of this thesis comprised the development/screening and characterization of
anti-STn antibodies, either developed by the group or provided by collaborators. For this reason, and
since the whole process of antibody production is quite extensive and was already in progress when
this thesis started, the results presented in this chapter are divided in two main parts: the development
and screening of anti-STn antibodies produced using hybridoma technology (here referred as Part A);
and the characterization of humanized anti-STn monoclonal antibodies produced by a biotechnology
company (here referred as Part B). Another part of the work, common to both parts A and B, involved
the phenotypical characterization of cancer cell lines. Part A consisted mostly on the screening of
hybridoma supernatants to assess their antibody production capacity and the reactivity of those
antibodies towards the STn antigen, as well as their specificity. An initial characterization of the
antibodies was also performed. Part B consisted on a functional characterization of humanized anti-
STn antibodies provided by collaborators. The group previously reported that the STn antigen induced
a tolerogenic phenotype on dendritic cells. DCs, when in contact with cancer lines expressing the STn
antigen, showed a less mature profile and reduced ability to activate T cells [64]. Thus, the second
part of this thesis involved testing the efficiency of the humanized anti-STn antibodies on the blockade
of the STn antigen on cancer cell lines and evaluation of whether that blockade would reestablish the
mature phenotype of DCs.

3.1. Phenotypical characterization of cancer cell lines by flow cytometry

To perform the procedures needed on both part A and part B of this thesis, different cancer cell
lines were initially cultured, as it was previously mentioned in chapter 2. A phenotypical
characterization was performed by flow cytometry, with and/or without sialidase treatment. In this
characterization, the focus was mostly on evaluation of the expression of STn, the antigen of interest,
both in STn" and WT/EV (STn) cell lines. As expected, it was observed that all the WT/EV variants of
the cell lines were not expressing this antigen. To guarantee that the cells maintained the phenotype
of interest, this is, that the expression of STn was maintained, this procedure was performed often.
This allowed to observe that, of the three STn" cell lines that were being cultured (MDA-MB-231 STn,
MCF-7 STn and MCR STn), only the cell line MDA-MB-231 STn showed to have approximately 70-
85% of the cells expressing STn in a stable way throughout several passages. On the contrary, the
percentage of cells expressing STn on the MCF-7 STn cell line rapidly decreased. Therefore, it was
necessary to perform an enrichment procedure to increase the STn™ population in this cell line.
However, using flow cytometry, it was observed that this cell line had almost no cells expressing STn
and, because of this, the cell line was discarded and further procedures were performed using only the
MDA-MB-231 and MCR cell lines, as well as their variants. The MCR STn cell line showed a stable
expression on 70-80% of the cells for 2-3 passages, yet it dropped to approximately 30-50% after 5-6

passages. The observed loss of STn expression on MCF-7 STn and MCR STn cell lines and the
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stability of the expression on the MDA-MB-231 STn cell line has already been reported before by the
group [81]. However, in this thesis it was observed that the loss or decrease in STn expression
occurred in the early passages of these cell lines. It was also previously reported that constitutive
expression of ST6GalNAc-I in MCR cells resulted in a down-regulation of several genes involved in
different mechanisms of DNA repair and chromosomal segregation [82]. This is possibly why the cells
show a decrease in the expression of STn, since the transfection/transduction process causes genetic
instability and for that reason the cells tend to seek stability by losing the inserted plasmid throughout
their growth and proliferation process. Since that instability was observed on both MCF-7 STn and
MCR STn cell lines, the work of this thesis, which will be presented further in this chapter, was
performed using mainly MDA-MB-231 WT and MDA-MB-231 STn cells.

Besides the assessment of STn expression, the expression of MHC-Il molecules via HLA-DR
staining, of CD45, common leukocyte antigen marker, and of co-stimulatory molecules, CD80 and
CD86 was also assessed, by flow cytometry, on the MDA-MB-231 STn cell line. This phenotypical
evaluation, though expected to be negative, was performed to assure that, when analyzing co-cultured
cells, it would be possible to discriminate cancer cells from DCs, based on these markers. The binding
capacity of the isotype control to be used on those co-culture assays was also assessed. These

results are shown on Figure 3.1.
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Figure 3.1 - Phenotypical analysis performed, by flow cytometry, on the MDA-MB-231 STn cells. On all
histograms, the yy axis represents the number of cells and the xx axis represents the fluorescence intensity of
each fluorophore used. On figures A-D, the black line represents the negative control (unstained cells) and the
grey line represents the staining of anti-CD80-PE (A), anti-CD45-PE (B), anti-CD86-FITC (C) and anti-HLA-DR-
APC (D). On figure E, the negative control (cells stained only with the secondary antibody) is represented by the
grey filled histogram, as well as the staining of human IgGik isotype control in cells treated with sialidase (grey
line) and in cells non-treated with sialidase (black line).
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It was observed, as expected, that the MDA-MB-231 STn cell line does not express CDA45,
CD80, CD86 or HLA-DR [83], which means that, when these cells are co-cultured with dendritic cells,
all the staining obtained for these molecules will be due only to the DCs and that the cancer cells will
not have contribution in that staining. Also, it was observed that the isotype control does not bind to

the cancer cells, either with or without previous treatment with sialidase, which was also expected [84].

3.2. Part A: Development and screening of anti-STn antibodies using hybridoma technology

As mentioned in the beginning of this chapter, this part of the work consisted mostly on the
screening of hybridoma supernatants and analysis of their reactivity towards STn; this was performed
by ELISA, using BSM as target-antigen, and by flow cytometry, using cells modified to express STn

and their negative controls.

3.2.1. Analysis of the reactivity of the hybridoma supernatants by indirect ELISA and flow
cytometry

The hybridoma technology was used in order to produce anti-STn antibodies. Work regarding
mice immunization, serum screening and fusion of B cells with myeloma cells to generate hybridoma
cells had already been performed, as well as an initial screening of the culture supernatants of the
hybridoma cells obtained. BSM was used as target for the screening of the supernatants collected
from the hybridoma cell cultures by ELISA, since it has a STn content of approximately 50% [85]. BSM
was either in its native form or treated with sialidase. The enzyme used cleaves a2-3- and a2-6-linked
sialic acids. Since STn is a truncated O-glycan containing a sialic acid a2-6-linked, this treatment
allowed the assessment of the presence of antibodies with sialic acid-dependent binding. When
antibodies that showed this dependent binding were present in the supernatants being tested, a
reduction of optical density would be obtained for the samples tested after the BSM had been
previously treated with sialidase. This strategy was used in order to direct the selection of hybridoma
clones towards the ones that were producing antibodies that would bind specifically to sialic acids,
since the main target was the STn antigen.

From the seven antigens used to immunize the mice (see section 2.1.2 of chapter 2), only
OSM-derived hybridoma cells seemed to produce antibodies with reactivity towards BSM and to
simultaneously present sialic acid-dependent binding. The fact that OSM was the only antigen that
later originated antibody-producing hybridoma cells with the desired reactivity may be due to its high
STn content, of approximately 90% [86], and probably much higher than the one found in cell lysates
or membrane extracts. Though the production of antibodies with that reactivity was assessed, a
decrease in the production of these antibodies was observed in some of the initial selected hybridoma
clones, which eventually reached a point of no antibody production. Since hybridoma cells are
generated from the fusion of two different types of cell, they are frequently unstable, which could
explain this loss of antibody production during cell culture. This is probably related with their genomic
instability, as reported before [87]. Taking that into account, the work proceeded with only one of the

hybridoma clones, derived from immunization with OSM, here named 2C5. When testing the 2C5
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supernatant by flow cytometry on STn" cells treated or not with sialidase it was observed that the
antibodies present in the supernatant showed an increased staining of the cells treated with sialidase
(that had their sialic acids removed), as seen in Figure 3.2, B)). A pattern similar to the positive
control, an anti-STn antibody (3F1), was expected, in which a decreased binding on sialidase-treated
cells was observed (Figure 3.2 A) and 3.3 A)). For this reason, it was hypothesized that this hybridoma
clone was probably producing a mixture of antibodies that bound either to structures that were
exposed after treatment with sialidase, such as T and Tn antigens, or to non-sialylated structures.

Nevertheless, this hybridoma clone was still at an initial stage of cloning and therefore prone to

produce antibodies with different specificities.
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Figure 3.2 — Assessment, by flow cytometry, of the binding of the supernatant from the hybridoma clone 2C5
to the MDA-MB-231 STn cells. On the histograms, the yy axis represents the number of cells and the xx axis
represents the fluorescence intensity of FITC. The grey filled histogram represents the negative control (cells
stained only with the secondary antibody), the black line represents the binding to cells non-treated with
sialidase and the grey line represents the binding to cells treated with sialidase. A) Positive control staining
with an anti-STn antibody (3F1). B) Staining obtained when using the supernatant of the hybridoma clone 2C5.

From these results, the work proceeded to a first limiting cloning of this 2C5 hybridoma clone,

from which 34 clones were obtained, with only one of them showing no reactivity towards BSM when

tested by ELISA. The reactivity of these clones was also assessed using flow cytometry, and two

different staining patterns were obtained. For some clones, a pattern similar to the one obtained for

the initial 2C5 clone was observed (Figure 3.3, B)), and others had a similar staining when compared

to the anti-STn positive control (Figure 3.3, A) and B)).
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Figure 3.3 — Assessment, by flow cytometry, of the binding of the supernatants from the hybridoma clones 2C5/1D6
and 2C5/2C4 to the MDA-MB-231 STn cells. On the histograms, the yy axis represents the number of cells and the xx
axis represents the fluorescence intensity of FITC. The grey filled histogram represents the negative control (cells
stained only with the secondary antibody), the black line represents the binding to cells non-treated with sialidase and
the grey line represents the binding to cells treated with sialidase. A) Positive control staining with an anti-STn

antibody (3F1). B) Staining obtained when using the supernatant from the hybridoma clone 2C5/1D6). C) Staining
obtained when using the supernatant from the hybridoma clone 2C5/2C4).

Given this, 3 clones were selected that would represent the different staining patterns
obtained: 1D6 (2C5/1D6), 2B1 (2C5/2B1) and 2C4 (2C5/2C4). For these, a second limiting cloning
was performed. From this, clone 2C5/1D6 originated 38 positive clones; clone 2C5/2B1 originated 58
clones (52 positive and 6 negative); and clone 2C5/2C4 originated 23 clones (1 positive and 22
negative). The reactivity of these clones was also assessed by ELISA. In order to select only the best
six clones from the positive ones that resulted of the second limiting cloning, they were ordered from
highest to lowest by the difference in OD obtained between sialidase-treated and non-treated results
(OD at 450 nm obtained when testing the supernatant against sialidase-treated BSM and OD at 450
nm obtained when testing the supernatant against non-treated BSM). This is exemplified with one of
the clones on Figure 3.4. The selected final six clones, with the exception of the only positive clone
from clone 2C5/2C4, were the ones that presented the higher difference: two from clone 2C5/2B1,

here named 1C3 (2C5/2B1/1C3) and 1C4 (2C5/2B1/1C4); and three from clone 2C5/1D6, here named
N (2C5/1D6/N), H (2C5/1D6/H) and DD (2C5/1D6/DD).
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Figure 3.4 - ELISA results obtained for the clones resulting from the second limiting cloning of the 2C5/1D6
hybridoma clone. A) ODs at 450 nm obtained for all the clones, for the negative control (BSM with secondary
antibody) and for the STn-positive control (3F1 bound to BSM). The ODs obtained for non-treated BSM are
represented in black and the ODs obtained for sialidase-treated BSM are represented in grey. B) Method used to
select the best clones: difference of the ODs obtained for non-treated and sialidase treated BSM for all the
clones, ordered from highest (down) to lowest (up).

Several ELISA assays were performed to assess the titer of the selected clones. However, it
was observed that after some time in culture, five of the six clones were not showing reactivity towards
BSM. A difference in the OD at 450 nm between the non-treated BSM and the sialidase-treated BSM

was observed only in the clone 2C5/1D6/N. On the contrary, for the other five clones similar ODs at
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450 nm were observed for both non-treated and treated BSM (Figure 3.5). Also, hybridoma cells of
these five clones seemed to lose the antibody production after being thawed, which led to the
hypothesis that besides the genetic instability already mentioned earlier in this chapter, the freezing

process could also be contributing to the loss of this ability.
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Figure 3.5 - ELISA results obtained for the six selected clones. A) ODs at 450 nm obtained for all the clones,
for the negative control (secondary antibody) and for the STn-positive control (anti-STn mAb 3F1). The ODs
obtained for non-treated BSM are represented in black and the ODs obtained for sialidase-treated BSM are
represented in grey. B) Difference of the ODs obtained for non-treated and sialidase treated BSM for all the
clones, ordered from highest to lowest.

Since at this time only one clone seemed to be stable and producing antibodies against
sialylated structures, a third limiting cloning was performed, from which 41 clones were obtained: 39
with positive reactivity and 2 with no reactivity towards BSM. All the positive clones derived from the
clone N bound to BSM and showed the same pattern of reduction of binding after sialidase treatment,
as it had been observed for the parent clone. Some of the positive clones were also tested against
STn" cells by flow cytometry and the reduction in the staining was confirmed after the cells were
treated with sialidase (data not shown).

After three limiting cloning steps had been performed, it could be said with some confidence
that the positive clones that derived from clone N were monoclonal. It could also be presumed that
they had specificity towards sialylated structures, like STn, since a tendency for a decreased binding
against the targets after treatment with sialidase was observed by ELISA and flow cytometry analysis
against BSM and STn" cells, respectively (Figure 3.6). Additionally, it was observed that all the

positive clones were able to maintain a high antibody titer production. Taking this into account, it was
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decided to select three of the positive clones to further purify, characterize and perform functional

assays. The three final clones were named final hybridoma clone 1 (FHC1), 2 (FHC2) and 3 (FHC3).
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Figure 3.6 - Assessment, by flow cytometry, of the binding of the supernatant from the final hybridoma clone 2
(FHC2) to the MDA-MB-231 STn cells. The yy axis represents the number of cells and the xx axis represents
the fluorescence intensity of FITC. The grey filled histogram represents the negative control (cells stained only
with the secondary antibody), the black line represents the binding to cells non-treated with sialidase and the
grey line represents the binding to cells treated with sialidase. A) Positive control staining with an anti-STn
antibody (B72.3). B) Staining obtained when using the supernatant from the hybridoma clone FHC2.

During this screening process, the production of antibodies by the hybridoma clones that did
not show, by ELISA, reactivity towards BSM, was also assessed. The goal of this assessment was to
verify if these negative clones did not have the capacity of producing antibodies or if the antibodies
produced were not reactive against BSM. It was observed that these clones were not producing
antibodies, having probably lost the ability to produce them due to genetic instability or due to the

freeze/thaw procedures, as previously mentioned.

3.2.2. Antibody purification and expansion for large scale production

The process of characterization of the antibodies requires larger amounts of supernatant, as
the antibodies present in those supernatants can be characterized by several techniques. This implies
the process of culturing the hybridoma clones in larger culture flasks, allowing the collection of an
increased volume of supernatant, a process known as expansion. It is, however, also important to
purify the antibodies before expansion and further characterization, so that, ideally, no substances
interfere in those procedures.

The complete culture medium used for the culture of the hybridoma cells contains serum,

which by itself contains a mixture of components like albumin, lipoproteins, hormones, other
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immunoglobulins and growth factors essential for the culture of animal cells. However, the use of
serum in cultures of hybridoma cells leads to difficulties in antibody purification, which is needed for
further characterization steps. For this reason, the culture medium of the three final clones was
changed from complete RPMI-1640 to serum-free medium (Gibco), in order to remove the main
contaminants existent in the complete medium and to eliminate the need of serum supplementation,
allowing an increase in the purity of the produced antibodies. Like this, the hybridoma cells had less
availability of nutrients that were mainly used for cell proliferation, leading to an increase/stimulation of
antibody production. During the adaptation of these clones to the new serum-free medium some
changes were observed, like the loss of adhesion in the first weeks of culture, probably due to the loss
of adhesion factors present in the complete medium previously used. After that time it was observed
that the clones were once again starting to become adherent. The supernatants of these three final
hybridoma cells, now in serum-free medium, were tested by ELISA and by flow cytometry and, though
the culture medium was changed, the reactivity towards BSM and the binding to STn" cells, which was
decreased after treatment with sialidase, was still observed (Figure 3.7). After assessing the
production of antibodies with the desired specificity, the hybridoma cells were expanded to larger

culture flasks, in order to collect more supernatant for further characterization steps.
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Figure 3.7- Assessment, by flow cytometry, of the binding of the supernatant from the final hybridoma clone 1
(FHC1) after culture in serum-free medium to the MDA-MB-231 STn cells. On the histograms, the yy axis
represents the number of cells and the xx axis represents the fluorescence intensity of FITC. The grey filled
histogram represents the negative control (cells stained only with the secondary antibody), the black line
represents the binding to cells non-treated with sialidase and the grey line represents the binding to cells
treated with sialidase. A) Positive control staining with an anti-STn antibody (B72.3). B) Staining obtained
when using the supernatant from the hybridoma clone FHC1.
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3.2.3. Isotyping of the hybridoma clones by capture ELISA

One of the initial steps of characterization performed was the determination of the isotype of
the antibodies produced by the hybridoma cells. This was achieved by capture ELISA, which allowed
detecting the presence of 19G, 19G2a, 19Gp, 1gG3, IgM and IgA isotypes. The candidate clones (FHC1,
FHC2 and FHC3) were evaluated. All of them showed positive results for an IgM isotype, which is
consistent with the knowledge that the IgM class is the first being produced, before class switching
occurs. This isotyping procedure was applied throughout the limiting cloning and screening steps up to
the final clones, as exemplified in Figure 3.8 with the final hybridoma clone 1. All the clones analyzed
throughout the limiting cloning and screening steps presented the same isotype as the final clones,

IgM.
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Figure 3.8 - Isotyping of the final hybridoma clone 1 supernatant by capture ELISA. An IgG; anti-STn antibody
(B72.3) was used as control; a purified IgM antibody was used as positive control; serum-free culture medium
was used as negative control.

The IgM isotype is the first to be produced in humoral immune response to antigen exposure
and its activity is mostly related with the activation of the complement system and agglutination
reactions, thus being an effective neutralizing agent in early stages of infection. Due to the pentamer
large size, IgM molecules are mainly found in blood, not being able to diffuse to extravascular sites
like 1gG molecules. Thus, they are often considered not so relevant in terms of the induction and
involvement on a strong cellular immune response against cancer cells, as most of the therapeutic
antibodies currently used have other isotypes, mainly IgG. However, as reported by An et al., IgM
antibodies against STn structures have already been developed and showed significant inhibitory
effect on the proliferation and migration of STn” cells and on
tumor growth by inducing apoptosis [88]. This shows that this type of antibodies has the potential to be

used, not only for diagnostic purposes as frequently reported, but also for therapeutic purposes. The
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most promising clone was tested by immunohistochemistry against bladder cancer tissue, and the
staining obtained showed specificity towards structures containing sialic acid (data not shown).
Nevertheless, more assays are going to be performed in the future in order to obtain a full

characterization of the anti-STn antibodies produced by the group.

3.3. Part B: Characterization of humanized anti-STn monoclonal antibodies produced by a

biotechnology company

This part of the work consisted mostly on the functional characterization of humanized anti-
STn antibodies, in vitro, using cancer cell lines as models. Based on the results of Carrascal et al.
[64], it was hypothesized that, by blocking the interaction of STn with DCs, the tolerogenic effect
imposed on DCs by this antigen would not occur and, therefore, a normal maturation profile would be
observed. Hence, based on this hypothesis, the humanized anti-STn antibodies were used to block
the STn at the surface of cancer cells and these were co-cultured with DCs, in order to assess if the

maturation profile could be reestablished.

3.3.1. Titration of humanized anti-STh monoclonal antibodies

As previously mentioned, three humanized antibodies with reactivity towards STn were
provided to the group by collaborators. It was initially needed to determine the concentration of each
antibody that would then be used for the STn blockade in the co-culture assays. To do this, a set of
titrations of each of the antibodies (mAbl, mAb2 and mAb3) was performed, using flow cytometry,
against MDA-MB-231 STn cells, comprising a range of concentrations between 0.0144 ug/ml and 60
pg/ml (Figure 3.9). Although all three mAbs showed similar staining of the cells up to a concentration
of 1.8 pg/ml, on higher concentrations a decrease in the number of cells being stained and in the
intensity of the staining was observed (Figure 3.9, A)), mainly when using mAb2 and mAb3. This was
also related with an increased cellular death due to higher antibody concentrations being used, as
observed in the ssc/fsc profiles (Figure 3.9, B)). Based on the dot plots of the ssc/fsc profiles, it was
observed that cells stained with mAbl and mAb3 showed a decrease in cell viability when using
antibody concentrations above 1.8 pg/ml. On cells stained with mAb2, decreased cell viability was

observed after staining with antibody concentrations above 0.360 ug/ml.
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Figure 3.9 - Titration, by flow cytometry, of the humanized anti-STn mAbs against MDA-MB-231 STn cells. A) On
the yy axis is represented the number of cells and on the xx axis is represented the fluorescence intensity
associated with FITC. The red line represents the negative control (cells stained only with the secondary
antibody), and the mAbs are represented by the blue (mAbl), the orange (mAb2) and the black (mAb3) lines.
The concentrations tested are indicated on the upper right corner of the histogram representations. B) Dot plot
representation of the ssc/fsc profiles obtained for three of the concentrations used. The black line represents the
gate used to select the cells of interest.
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Since cell death at higher concentrations in all three antibodies tested was observed, another
titration experiment was performed using a set of lower concentrations, ranging from 0.8 ug/ml to 5.5
pg/ml. Once again, it was observed that only mAbl maintained the stain on the cancer cells as the
antibody concentration increased. Both mAb2 and mAb3 stained a lower number of cells when using a
concentration higher than 1.2 ug/ml (Figure 3.10). However, this time, almost no cell death was

observed, which was believed to be due to the presence of BSA in the adhesion buffer, thus having a

stabi

ilizing effect on the cells, maintaining their viability.
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Figure 3.10 - Titration, by flow cytometry, of the humanized anti-STn mAbs against MDA-MB-231 STn cells. On
the yy axis is represented the number of cells and on the xx axis is represented the fluorescence intensity
associated with FITC. The red line represents the negative control (cells stained only with the secondary
antibody), and the mAbs are represented by the blue (mAbl), the orange (mAb2) and the black (mAb3) lines.

The concentrations tested are indicated on the upper right corner of the histogram representations.

Because in this second titration experiment it was not certain if the concentrations could or not
be already inducing cellular death, and because non-specific staining (left peak on the mAbs
histograms, Figure 3.10), that increased as the concentration of antibody used also increased, was
observed, a third titration experiment was performed. A set of five concentrations, lower than the ones
previously tested, was used. The binding of only mAb2, which was meanwhile decided to be the first
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of the three humanized anti-STn antibodies to be used in the co-cultures assays, was assessed. A
range of concentrations from 0.036 pg/ml to 0.8 yg/ml was used. Up to 0.1 pg/ml, almost no non-
specific staining was obtained, with a MFI value of 12960 for the lowest concentration (0.036 ug/ml)
and 23432 for the next concentration (0.072 pg/ml). The same was observed for the concentration of
0.1 yg/ml (MFI=33692), though with a slight increase of the non-specific staining (Figure 3.11). At a
concentration of 0.36 ug/ml, this non-specific staining is increased again, and the MFI value also
increased to 57286, although it can be observed in the histogram representations that the number of
cells stained is lower. Lastly, for the highest concentration tested (0.8 pg/ml), a MFI value of 23536
was obtained, being lower than the previous ones probably because the number of cells being stained
is also lower, and due to an increase of the non-specific staining.
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Figure 3.11 - Titration, by flow cytometry, of the humanized anti-STn mAb against MDA-MB-231 STn cells. On
the yy axis is represented the number of cells and on the xx axis is represented the fluorescence intensity
associated with FITC. The grey filled histogram represents the negative control (cells stained only with the
secondary antibody), and the staining observed with mAb2 is represented by the black line. Two of the five
concentrations tested are indicated on the upper right corner of the histogram representations.

For the reasons mentioned above, the hypothesis of using the concentrations of 0.036, 0.072
or 0.8 pg/ml was discarded. Since the goal of these titration experiments was to find the best
concentration of antibody that does not compromise cell viability and that minimizes the non-specific
binding to low-affinity targets, a concentration of 0.1 ug/ml was selected from the two remaining
concentrations. This concentration was then going to be used for the mAb2 in the co-culture assays,
as it will be mentioned further in this chapter, since that, although with an inferior MFI value, is the one

that appears to promote less non-specific binding.
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3.3.2. Assessment of the immunological response of DCs: evaluation of the adhesion and
maturation status of moDCs after establishment of co-cultures with STn" and STn  cancer cells

Before starting the co-culture assays between cancer cell lines and DCs with the anti-STn
antibodies for blockade of the STn antigen, as it was the goal, the procedure of co-cultures was
performed without the STn blockade. The main reason for this initial procedure without anti-STn
antibodies was to reproduce the assays previously performed by the group [64,72], this time using the
MDA-MB-231 cell line. This was mostly in order to assess if similar results to the previous ones
obtained could be achieved, and to guarantee that all the variants in the assay (such as the cell lines,
the buffers and the manipulation of monocyte-derived dendritic cells during their differentiation
process) were functioning before the assays with the humanized anti-STn antibodies.

The co-cultures were performed as described in chapter 2. The co-cultured cells (moDCs
adhered to cancer cells) were stained with anti-CD80, anti-CD86 and anti-HLA-DR antibodies and
further analyzed by flow cytometry. Though the expression of CD80 and CD86 molecules can be used
to assess the maturation state of dendritic cells, one clear marker of maturation is the molecule HLA-
DR (MHC-II). The same principle can be applied to the CD80 and CD86 co-stimulatory molecules,
though in this case sometimes the assessment of the maturation state of dendritic cells is not so
obvious, since these molecules have a low expression when compared to HLA-DR.

MDA-MB-231 STn cells were used to assess the influence of the STn expressed on the
surface of cancer cells when in contact with DCs in the co-cultures. MDA-MB-231 WT cells, which had
been previously assessed by flow cytometry, and observed not to be expressing the STn antigen,
were used as a negative control. A control condition of moDCs cultured alone was also used. First, the
percentage of moDCs that adhered to cancer cells was assessed: this percentage was slightly lower
in the co-culture with the WT variant (64.8%) when compared to the STn variant (72.8%) (Figure 3.12,
A)). Secondly, the maturation status of DCs in the co-cultures was assessed. The MFI obtained for the
staining of CD80 molecule was similar in all three conditions, reason why the maturation status of the
DCs cannot be assessed from this specific result (Figure 3.12, B)). It was also observed that the
contact with cancer cells leads to an increased expression of CD86 (induces maturation). The
tolerogenic effect of STn was observed, as reported by the group, since the condition in which moDCs
were co-cultured with MDA-MB-231 STn cells showed a lower MFI value (1175) than the co-culture
with the WT variant (1332) (Figure 3.12, C)). Regarding the staining of HLA-DR, the results had the
same tendency described for the CD86 molecule, though the MFI values obtained were higher and the
difference observed between the co-culture with the WT (109723) and the STn (78565) variants was

more notorious (Figure 3.12, D)).
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Figure 3.12 — Results, obtained by flow cytometry, for the co-culture assay without anti-STn blocking mAb (n=1).
A) Percentage of dendritic cells that adhered to cancer cells. B) MFI values obtained for staining with anti-CD80
antibody. C) MFI values obtained for staining with anti-CD86 antibody. D) MFI values obtained for staining with
anti-HLA-DR antibody.

All these results were similar to the ones previously obtained by the group [64,72]. Taking
these results into account, the same experiment was performed using the anti-STn mAb2 as a STn

blocker, as it will be presented in the next section.

3.3.3. Assessment of the immunological response of DCs: evaluation of the adhesion and
maturation status after establishment of co-cultures of dendritic cells with cancer cells coated
with the anti-STn mAb2

As previously mentioned, the anti-STn mAb2 was selected to be the first one to be tested as
STn blocker in the co-cultures of cancer cells and moDCs. The selection of this anti-STn antibody over
the other two available was mainly because at concentrations lower than 0.36 ug/ml it was observed
an increased MFI value with an increased number of cells being stained, when comparing with anti-
STn mAbl and mAb3 (Figure 3.9). Therefore, previously to the co-culture with moDCs, the MDA-MB-
231 cells (variant WT and variant STn) were incubated with humanized anti-STh mAb2 and human
IgGk isotype control (IC), both at the selected concentration (0.1 ug/ml), for 30 minutes, at 37°C. An
isotype control is an antibody that does not have specificity to the target of interest, but matches the
class and type of the primary antibody. It was used in the experiment as a negative control, to help
differentiate from non-specific effects that may arise solely by the presence of any antibody and not
from the specific interaction of an antibody with its target antigen. After this antibody incubation period,
the immature moDCs were added to the co-culture and further incubated for two hours, in adhesion

buffer, in order to assess if the blockade of the STn antigen would reestablish the mature phenotype
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on DCs. The cells were stained as it was described in the previous section and in chapter 2, and
analyzed by flow cytometry. The results presented are the average of two independent co-cultures
performed in the same conditions. In terms of the adhesion of moDCs to cancer cells, the results
observed were similar to the ones previously obtained: moDCs tend to adhere more to the STn variant
in comparison to the WT variant. This was observed in all conditions tested as shown in Figure 3.13,
A). The MFI values obtained for the staining with the anti-CD86 antibody were similar in all the
conditions, for both WT and STn variants, being also similar to the MFI value obtained for the
condition of moDCs that were not in contact with cancer cells (Figure 3.13, C)). This tendency was
also observed in the staining for HLA-DR, although in this case an increase in the MFI values of the
conditions of co-culture with cancer cells was observed, when compared to the condition of moDCs
that were not co-cultured with cancer cells. Almost no difference was observed in the MFI values of
the co-cultures with the WT variant when compared to the STn variant. An increase in the MFI on the
condition with the anti-STn mAb2 was expected to be observed, if the mature phenotype was
reestablished; however, neither that nor the reduction caused by the presence of the STn antigen -
the tolerogenic phenotype - was observed, as the MFI values obtained were similar (Figure 3.13, D)).
The results concerning the staining for the CD80 molecule were also different than what was
expected: decreased MFI values in all conditions of co-culture with variant STn when comparing to the
WT variant. It was also observed that the moDCs that were cultured alone had a similar MFI to the
condition of the co-culture with the WT variant in all conditions (Figure 3.13, B)), a tendency that had
already been observed previously (Figure 3.12, B)). An increase in the MFI was observed in the
condition with the blocking anti-STn antibody, which was the expected result. This could be related to
an increased expression of the co-stimulatory molecule CD80, which could mean a reestablishment of
the mature phenotype on DCs. However, this result is not enough to conclude that the STn blockade
with the mAb2 did indeed reestablish the mature phenotype on dendritic cells, since that result was
not observed with HLA-DR, an important maturation marker. The differences and similarities observed
can also be due to the fact that the moDCs used were derived from monocytes isolated from
peripheral blood of two different donors, which contributes to an increase in the variability of the

results obtained.
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Figure 3.13 — Results, obtained by flow cytometry, for the co-culture assay with anti-STn blocking mAb2, at a
concentration of 0.1 ug/ml (n=2). The error bars represent the standard deviation from the average values. A)
Percentage of dendritic cells that adhered to cancer cells. B) MFI values obtained for staining with anti-CD80
antibody. C) MFI values obtained for staining with anti-CD86 antibody. D) MFI values obtained for staining with
anti-HLA-DR antibody.

A capture ELISA assay was also performed in order to quantity the cytokines present in the
supernatant of the co-cultures, namely IL-10 and IL-12. However, only a slight color development (low
OD values) was obtained, which did not allow the cytokines in the supernatants to be quantified. One
reason for this could be that the co-culture time is of two hours and that time itself may not have been
enough to have the cytokines expressed and secreted to the supernatant. Because some differences
might be detected in the gene expression after two hours, a RT-PCR experiment was performed to
assess the expression of the genes IL6, IL10, IL12 and TNF. The data obtained showed that the
expression ratio of these genes (STn variant in relation to WT variant) was lower in the condition of co-

culture with mAb2-coated cells, for all the four genes (Figure 3.14). Besides that, it was also observed
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that the condition of co-culture with isotype control had an increased expression ratio, when
comparing to the other two conditions, of IL6 (Figure 3.14, A)), IL10 (Figure 3.14, B)) and I1L12 (Figure
3.14, C)). The expression ratio was also approximately the same for all the genes in the condition of
the co-culture with the isotype control. Regarding TNF, the expression ratio was similar to the
condition of moDCs cultured just with cancer cells (Figure 3.14, D)). Additionally, is was noticed that
the relative RNA levels of IL-6 were the highest of the four genes tested, almost 4-fold more than the
levels of TNF-a (data not shown). This led to the hypothesis that the cancer cells could also be

producing IL-6, hence the relatively high levels of expression of this cytokine when compared to the

others.
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Figure 3.14 — Ratio between the gene expression of moDCs incubated with MDA-MB-231 STn (cells only, and in
the presence of isotype control and blocking mAb2), and the gene expression of moDCs incubated with MDA-
MB-231 WT in the same conditions (n=1). A) IL6; B) IL10; C) IL12; D) TNF.

Taking into account the results obtained in the assays with the anti-STn mAb2, and since no
evidence was observed that using this antibody to block STn was decreasing the tolerogenic
phenotype and/or reestablishing the mature phenotype on moDCs, it was hypothesized if the cancer
cells could be internalizing the antibodies, hence decreasing the blocking of the STn antigen. In order
to address this question, an internalization assay was performed, as described in the next section and
in chapter 2. Moreover, the increased expression of the genes in the condition of co-culture with
isotype control led to the hypothesis that the isotype control (or the mAb2) could be having some
effect on the moDCs alone, which was not expected. Thus, a culture of moDCs with the isotype
control and anti-STn antibody was performed to assess if some interaction was possibly affecting the

results of the co-cultures, as it will also be mentioned further in this chapter.
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3.3.4. Assessment of the internalization of the humanized anti-STn mAbs by the cancer cells

In order to test the hypothesis that the anti-STn mAb2 was being internalized by the cancer
cells, an internalization assay was performed by flow cytometry, as described in chapter 2. The cancer
cells (MDA-MB-231, WT and STn variants) were incubated with mAb2 in the same concentration used
in the co-culture experiment (0.1 ug/ml). The WT variant was used as a control, as it was already
mentioned that these cells do not express the STn antigen. The MFI values obtained for each of the
five time points tested, from 15 minutes (the usual minimum required for flow cytometry staining) up to
150 minutes (the total time of incubation with antibody in the co-culture experiments), were analyzed.
The staining with FITC-conjugated secondary antibody was performed at 4°C to minimize the
internalization of this antibody, so that it could be assessed if the anti-STn antibody had been
internalized, via a decrease in the fluorescence intensity observed with time. As shown in Figure 3.15,
it was observed that, for MDA-MB-231 WT cells (Figure 3.15, A)) there was a slight decrease in the
MFI between 120 and 150 minutes; in MDA-MB-231 STn cells (Figure 3.15, B)) this decrease
occurred earlier, between 30 and 60 minutes. However, taking into account that these time points
comprise the two hours of the co-culture experiment, plus the 30 minutes of pre-incubation with the
anti-STn antibody, it was considered that the decrease in the MFI corresponded only to a slight
decrease in surface bound antibody but was not strong enough to show that internalization had
occurred. Therefore, from this result, it was excluded that the co-culture results were affected by

internalization of the humanized antibodies.
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Figure 3.15 — MFI values associated with FITC, obtained by flow cytometry, on the internalization assay
performed with cells MDA-MB-231 WT (A) and STn (B) variants and mAb2 (n=1). The black bars represent the
MFI obtained after incubation at 37°C and the grey bars represent the MFI obtained after the control incubation
at 4°C.
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3.3.5. Assessment of the effect of humanized anti-STn antibody (mAb1) and isotype control (IC)
on immature moDCs

Considering the results obtained up to this point, some alterations to the protocol being
performed were applied and will be addressed further in this chapter. Since the desired effect of the
reduction of the tolerogenic phenotype through the blockade of the STn antigen with mAb2 was not
being observed with a two-hour co-culture, the time of the co-culture experiment was increased to 6
and 24 hours. This increase in the co-culture time raised an awareness about the viability of the cells
being used, reason why the adhesion buffer was replaced with complete RPMI-1640 medium, with
only 5% of FBS and supplemented with GM-CSF and IL-4 cytokines, to guarantee the viability of
moDCs. Lastly, in addition to the anti-STn mAb2, mAbl was also tested. The concentration used in
the experiment was also changed, increasing to 1.8 ug/ml. This concentration was almost twenty
times higher than the previous one tested (0.1 yg/ml) and is also the concentration above which
increased cell death was observed in the titration experiments mentioned earlier in this chapter (see
section 3.3.1). These alterations on the anti-STn antibody used and on the concentration were based
on the results obtained and also on suggestions from the collaborators.

The hypothesis of the anti-STn antibody mAbl and the isotype control being, in some way,
interacting with the moDCs, leading to an unwanted effect on the results of the co-culture experiments,
was assessed. To do this, immature moDCs were cultured alone, with isotype control and with mAb1l
(both at 1.8 pg/ml), for 6 and 24 hours. After the incubation, the cells were stained with anti-CD86 and
anti-HLA-DR antibodies and analyzed by flow cytometry. Considering the results regarding the CD86
molecule, the MFI values obtained for the moDCs cultured with isotype control and mAb1 were similar
to the value obtained for the moDCs cultured alone, after 6 hours and 24 of incubation (Figure 3.16, A)
and B), respectively). Regarding HLA-DR, the results were also similar between the three conditions,
though a slight increase in the MFI value of the culture with mAb1 after 6 hours (Figure 3.16, C)) and a
decrease in all values after 24 hours (Figure 3.16, D)) were observed.

A) B) Q) D)
2000+ 2000+ 150000 100000
15001 1500 800001

100000 <0000

T | T | T T

% 1000 L 1000 L .

50000
5001 5001 20000
o 04 o4 o4

Figure 3.16 — Results, obtained by flow citometry, for the culture of moDCs and isotype control and anti-STn blocking
mAbl, at a concentration of 1.8 pyg/ml (n=1). A) MFI values obtained for staining with anti-CD86 antibody, after
incubation of 6 hours. B) MFI values obtained for staining with anti-CD86 antibody, after incubation of 24 hours. C) MFI
values obtained for staining with anti-HLA-DR antibody, after incubation of 6 hours. D) MFI values obtained for staining
with anti-HLA-DR antibody, after incubation of 24 hours.
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These results did not seem to show that the interaction between the isotype control/mAbl and
the moDCs was having an effect on their maturation status, so a new co-culture experiment with the
new conditions was performed to assess if different results could be obtained from the ones obtained
with mAb2.

3.3.6. Assessment of the immunological response of DCs: evaluation of the adhesion and
maturation status after establishment of co-cultures of dendritic cells with cancer cells coated
with the anti-STn mAb1

Besides the alterations mentioned in the previous section, further modifications were
performed, namely the use of other control conditions. Another condition of moDCs cultured alone was
added, but in this case the cells were stimulated with 5 ug/ml of LPS, being then used as a positive
control of maturation and as a way to assess if the immature moDCs were responsive to stimuli. Also,
a condition with just cancer cells cultured alone was added, in order to later assess the expression of
cytokines by the cancer cells, since the previously obtained results originated the hypothesis that the
cancer cells could be expressing IL-6. In the co-culture experiments with these conditions, however,
only the MDA-MB-231 STn cell line was used, mainly because at this point the idea was to focus on
the main goal of the application of these antibodies: the STn blockade and decrease of the tolerogenic
phenotype. This could be assessed by comparing the condition of the co-culture of STn" cancer cells
and moDCs to the same condition but with mAbl-coated cancer cells, so it was decided not use the
WT variant, as a comparative model, at this point. This does not exclude that a STn™ variant could be
used in future experiments, once all the conditions are optimized and the desired effect is obtained.

After an incubation of 6 hours, the MFI values obtained for CD86 were similar between all
conditions, thus reinforcing the tolerogenic phenotype caused by STn. The condition in which the
moDCs were stimulated with LPS had a MFI value similar to the other conditions, though slightly
increased (Figure 3.17, A)). This created the hypothesis that either the moDCs were not responsive to
stimuli or this incubation time could not be enough to see a difference between this condition and the
others, this is, that 6 hours could not be enough to have a stronger stimulation of moDCs. However,
after 24 hours the expected increase in the MFI value in this condition was observed. This increase
was approximately seven times higher in comparison to the other conditions, showing that the moDCs
used were indeed responsive to stimuli. The moDCs that were co-cultured with STn" cells showed a
decrease in the MFI values when comparing to the condition of DCs cultured alone, which reflected
the tolerogenic phenotype driven by STn. Furthermore, no increase in the MFI values obtained in the
staining of this molecule was observed in the condition with mAb1-coated cancer cells, maintaining the
hypothesis that the reestablishment of the mature phenotype had not been achieved (Figure 3.17, B)).
The same tendency that had been observed with CD86 after 6 hours was observed when regarding
HLA-DR. The moDCs stimulated with LPS presented almost the same MFI values as the other
conditions, with the exception of the moDCs cultured alone, which had lower MFI values, showing
again that the contact with cancer cells tends to maturate the moDCs (Figure 3.17, C)). After 24 hours
the values for the stimulation with LPS had almost doubled, thus confirming that the moDCs used

were responsive to stimuli. This was not observed in the other conditions (Figure 3.17, D)), as these
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values almost did not differ from the ones obtained at 6 hours. These results, together with the ones
obtained for CD86, showed that once again the goal of reestablishing the mature phenotype via
blockade of the STn antigen was not achieved. Besides that, it was also observed that, after
incubation of 24 hours, the percentage of moDCs that adhered to cancer cells was reduced to almost
half of the percentage obtained in the incubation of 6 hours (Figure 3.17, E)). This may be due to loss
of cell viability, since after 24 hours some cancer cells may have died and therefore detached from the
bottom of the well; and also some cancer cells with moDCs adhered to them may have been lost in
the washing steps before trypsinization of the co-cultures and collection of the cells. Moreover, the
variability observed in the three experiments performed was probably promoted by the usage of
moDCs differentiated from monocytes of different donors and by the manipulation of the monocytes
during their differentiation into DCs.
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Figure 3.17 — Results, obtained by flow cytometry, for the co-culture assay with anti-STn blocking mAb1, at a
concentration of 1.8 ug/ml (n=3). The error bars represent the standard deviation from the average values. A)
MFI values obtained for staining with anti-CD86 antibody, after incubation of 6 hours. B) MFI values obtained
for staining with anti-CD86 antibody, after incubation of 24 hours, and zoom to some conditions. C) MFI
values obtained for staining with anti-HLA-DR antibody, after incubation of 6 hours. D) MFI values obtained
for staining with anti-HLA-DR antibody, after incubation of 24 hours. E) Percentage of dendritic cells that
adhered to cancer cells (6 and 24 hours).
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The presence of cytokines in the supernatant of the co-cultures was also assessed by ELISA.
It had been previously observed (section 3.3.3) that the two-hour co-culture did not seem to be
enough for cytokines to be expressed and secreted to the supernatant. Taking into account that the
experiments with mAbl were performed on two time-points, 6 and 24 hours, it was hypothesized that
maybe at these time-points the presence of cytokines in the supernatant could already be detected
and that these cytokines could be quantified. However, as explained in chapter 2, only the presence of
IL-10 and IL-12 could be assessed. The results are presented on Table 3.1. As expected, the highest
concentrations of both cytokines were observed on the condition in which the moDCs had been
stimulated with LPS, leading to an increased maturation status. Similarly, it was observed that the
control condition of moDCs cultured alone had an increased concentration of these cytokines when
comparing to the conditions of the co-cultures with STn" cancer cells. Considering that the results
obtained by flow cytometry showed no evidence of the reestablishment of the mature phenotype, this
result also reinforced that idea. The values obtained for IL-12 are higher than the ones obtained for IL-
IL-10

immunosuppressive action, mostly regulatory, and IL-12 is a pro-inflammatory cytokine responsible for

10, which was expected, since that is a cytokine with an anti-inflammatory and
the induction of the differentiation of CD4" T lymphocytes into a Th1 phenotype [89]. Despite that, the
values obtained for IL-12 were not considered relevant to indicate an increase in the maturation state
after STn blockade, as they are around fourteen times lower than the ones obtained in the LPS-
stimulated moDCs after 24 hours of co-culture, which reflects the production of this cytokine by

activated dendritic cells.

Table 3.1 — Average concentrations (+ standard deviation) obtained, by ELISA, for cytokines IL-10 and IL-12 for
all the conditions of the co-culture experiment with mAb1, after analysis of the supernatants collected after 6 and
24 hours (n=3).

[IL-10] (pg/ml) [IL-12] (pg/ml)

6h 24h 6h 24h
DCs + LPS 879.8+614.1 | 2230+1705 | 2647+556.7 | 3773+206.2
DCs 0 65.58:75.04 | 1458+17 | 44512527
MDA-MB-231 STn 0 0 0 3.583+6.207
MDA-MB-231 STn + DCs 0 24.42+2226 | 8.833+153 | 277.9+259
MDA-MB-231 STn + IC + DCs 0 26.75+32.49 | 10.83+18.76 | 269.3+208.1
MDA'MB'Z%SST” TMABL+ 1 5 083+3.608 | 33.92430.41 | 13.67+23.24 | 256.3+240.1

As in the co-culture experiments with mAb2, a RT-PCR analysis of the genes coding these
cytokines was performed. In the results regarding the relative RNA levels of each cytokine (data not
shown), the expression of all four genes was upregulated on the condition of moDCs stimulated with
LPS, as expected. This result was consistent with the maturation process. This was observed mostly
after 6 hours, as a decrease in the expression was observed after 24 hours. It was also observed that
the MDA-MB-231 STn cells did not seem to be expressing IL-10, IL-12 and TNF-a, therefore not
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contributing in this way to the co-cultures results. However, the expression of IL-6 was similar to the
other conditions of co-culture with cancer cells, which again created the hypothesis that the levels of
IL-6 observed in the co-cultures are mostly produced by cancer cells and not by moDCs, as it had
already been considered in the experiment with mAb2. Concerning IL-10, with the exception of the
condition with LPS stimulation, almost no upregulation was observed after 6 hours. After 24 hours, the
RNA levels were lower and mostly only observed in the conditions in which MDA-MB-231 STn cells
were not present, this is, on the condition of moDCs cultured alone and on the condition of moDCs
cultured alone in the presence of LPS. The same was observed for IL-12 at 6 hours: almost no
upregulation on all conditions with the exception of the one with LPS stimulation. This was also
observed at 24 hours, though the LPS-maturated moDCs showed a much inferior RNA level than at 6
hours. The results observed on IL-12 equally apply to TNF-a, especially at 6 hours, since that at 24
hours a decrease on the condition with LPS but a slight increase in the condition of moDCs cultured
alone were observed.

The analysis of the expression ratios obtained in the co-culture of STn" cancer cells, in relation
to the condition with isotype control, showed that IL-6 and TNF-a maintained a similar expression
between 6 and 24 hours of co-culture (Figure 3.18, A) and D), respectively). In IL-10 and IL-12 there
was a decrease in the expression at 24 hours, more noticeable in IL-12 (Figure 3.18, B) and C),
respectively).
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Figure 3.18 — Ratio between the gene expression of moDCs incubated with MDA-MB-231 STn in the presence
of blocking mAb2 and the gene expression of moDCs incubated with MDA-MB-231 STn in the presence of
isotype control, after 6 (black bars) and 24h (grey bars) (n=3). The error bars represent the standard deviation
from the average values. A) IL6; B) IL10; C) IL12; D) TNF.

From these results, and considering the total set of results previously obtained by flow
cytometry and ELISA, it was concluded that the reduction of the tolerogenic phenotype and
reestablishment of the mature phenotype was not achieved. It was observed, in all experiments
performed, a strong variability between experiments, due to the differences in the blood collected from
different donors, from which the monocytes were isolated to be differentiated into moDCs. Additionally,
the manipulation of these cells during the differentiation process could have also contributed to these

differences. Despite the reestablishment of the mature phenotype not being observed in the results
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obtained, the work developed contributed to understanding that further improvements and assays will
be necessary, mostly relying on optimization of the co-culture procedures and anti-STn antibody
concentrations to be used.
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4. GENERAL CONCLUSIONS AND FUTURE PERSPECTIVES

Sialyl-Tn (STn) is an interesting tumor-associated carbohydrate antigen and potential target
for anti-cancer therapies due to its expression by over 80% of the carcinomas and absence in the
respective normal healthy cells. The group has reported that the presence of STn on the surface of
cancer cells has an influence on dendritic cells (DCs) by inducing a tolerogenic phenotype. This can
be regarded as a strategy developed by cancer cells to evade the recognition and destruction by the
immune system, since DCs with a tolerogenic phenotype are less prone to activate T cells and to
promote a specific and directed response against STn. Thus, a successful therapeutic approach
against STn has to take in consideration the activation of the immune response. At present, a number
of immunotherapies are being developed in order to boost the patient’s immune system and direct its
response towards the tumor. These therapies offer advantage over conventional anti-cancer therapies
by reducing side-effects and preventing more efficiently recurrence and metastasis. Considering the
relevance of STn as a potential target and its influence on the immune system, the development of
targeted immunotherapies against STn is an attractive approach to treat patients with STn-expressing
tumors. Antibodies are currently being broadly used as therapeutic strategies, namely targeted
immunotherapies against cancer, due to their high specificity and possibility of activating the immune
system through recognition by immune cells.

The main goal of this thesis was to assess if the use of anti-STn antibodies to block the STn
antigen could improve anti-tumor immune responses by reestablishing the mature phenotype on DCs.
The work developed was divided in two parts, each with specific goals.

The first part of the work comprised the development and characterization of anti-STn
antibodies by hybridoma technology. To this purpose, mice were immunized with seven distinct
antigens containing STn. When the serum recovered from the mice seemed to be positive for the
presence of anti-STn antibodies, mice were sacrificed and the B cells collected from their spleen and
fused with myeloma cells, generating hybridoma cells. Out of seven antigens used, only OSM showed
to be immunogenic enough to promote a strong humoral response and the development of antibodies
against STn. The reactivity of the antibodies in the supernatant of the fused hybridoma clones was
assessed by ELISA and flow cytometry. The hybridoma clones showed to produce antibodies that
reacted against sialylated structures and also against other structures, exposed after sialidase
treatment. Throughout the screening process, the hybridoma clones were selected according to the
production of antibodies and their reactivity towards sialylated structures. Six hybridoma clones were
selected but due to genetic instability and/or freezing/thawing processes, five of those clones lost the
ability to produce antibodies. The remaining one was further cloned and the three best clones were
selected and considered as the final clones to be further characterized. All the clones tested were of
IgM isotype, including the final ones. The IgM isotype is the first to be produced by B cells, and is
more easily obtained towards glycan antigens through direct presentation by APCs, as carbohydrates
alone, without a peptide carrier, cannot be presented by MHC molecules and then recognized by T
cells. High-affinity 1gG isotype antibodies have the capacity to bind to the target cancer cells and mark

them for destruction by either antibody-dependent cell-mediated cytotoxicity or by complement
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activation, thus being efficient for immunotherapy applications. However, the class switching from IgM
to IgG only occurs through T cell-dependent B cell activation, this is, when B cells receive stimulatory
signals from T helper cells. Also, throughout the screening process, the ELISA technique used and the
dilutions adopted for the anti-STn positive controls were optimized, and the same occurred with flow
cytometry, with the addition of the optimization of the sialidase treatment conditions. The main
conclusion for this part is that mouse anti-STn antibodies were successfully produced through
hybridoma technology, with the producing hybridoma clones maintaining a stable antibody production
in culture. Further characterization steps will be performed by several techniques, such as western
blot, glycoarrays and immunohistochemistry, also including flow cytometry testing with different cell
lines. Possible interesting improvements for future attempts of antibody production through hybridoma
technology could include an initial targeting towards IgG-producing clones, since this isotype is mainly
involved in opsonization and antibody-dependent cell-mediated cytotoxicity processes, thus being the
most common isotype found in therapeutic antibodies.

The second part of the work comprised a functional in vitro characterization of humanized anti-
STn antibodies through the assessment of the immune response of DCs against STn-expressing
cancer cells, with and without STn blockade by those antibodies. This implied, besides the culture of
cancer cell lines, the use of DCs generated from monocytes that were isolated from peripheral blood
mononuclear cells. Co-cultures between cancer cells and DCs were established and several assays
were performed, in order to assess the effect of the blockade of the STn antigen in the maturation
process of DCs. Throughout the co-culture process, two humanized anti-STn antibodies were tested,
in two different concentrations. Moreover, the conditions of the assay, in terms of controls, reagents
and incubation times were also optimized. However, it was not possible to observe the
reestablishment of the mature phenotype in the assays performed. The blockade of the STn antigen
with these antibodies did not show relevant differences in the expression of MHC-II (HLA-DR)
molecules, co-stimulatory molecules (CD80/CD86) and cytokines (IL-6, IL-10, IL-12 and TNF-a).
Besides staining by flow cytometry, ELISA and RT-PCR experiments were also performed and the
results obtained were consistent within the three techniques. Furthermore, some experiments were
repeated, in the same conditions, by our collaborators, namely the co-cultures with mAb1l as blocking
antibody and the similar results were obtained (data not shown). Therefore, further optimization steps
might be applied to the procedure. In the future, different co-culture conditions may be tested, such as
the co-culture times, the cell lines used, and the antibody and its concentration. Concentrations of
antibody higher than 1.8 pg/ml will be tested, though viability studies should be performed in parallel
as it was observed that higher concentrations seemed to induce cell death. Other STn-expressing cell
lines can also be tested. Once that the reestablishment of the mature phonotype is observed, the DCs
will be loaded with tumor antigens obtained in the presence and absence of the blocking antibodies.
The effect of that blockade will be studied by the capacity of antigen-loaded DCs to activate T cells, an
important step needed for the induction of tumor-specific immune responses.

The work developed in both parts implied the use of cancer cell lines expressing STn. Three
cell lines were initially used (MDA-MB-231 STn, MCR STn and MCF-7 STn), although two of them

rapidly lost the expression of the STn antigen, possibly due to genomic instability, as previously
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observed by the group. Another future procedure will be the performance of a new transduction or
transfection of these and other cell lines, so that the enzyme ST6GalNAc-I will be overexpressed,
allowing the expression of STn, which will also contribute for a new set of STn-expressing cell lines to
be tested and used in assays like the ones performed in the second part of this thesis.

The work developed contributed to understanding that further improvements and assays are
necessary. It also contributed to the understanding that the production of antibodies, though achieved
by a simple process through hybridoma technology, comprises many variants that can be modified
during the screening processes, as well as during the characterization procedures, thus being a long
process and needing many optimizations along the way before success can be achieved.

Hopefully, in the future, new immunotherapies will be developed targeting specifically the STn
antigen, and will contribute for a better and earlier diagnosis and treatment, promoting a reduction in

the number of cancer-related deaths.
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6. APPENDIXES

Appendix I: Symbol and Text Nomenclature for Representation of Glycan Structure [9]
(as selected by the Nomenclature Committee Consortium of Functional Glycomics, based on a version
originally put forth by Stuart Kornfeld and later adapted by the editors of the textbook Essentials of

Glycobiology (Cold Spring Harbor Laboratory Press)

Symbol Nomenclature (Figqure 6.1):

% The symbol nomenclature must be convenient for the annotation of mass spectra. To this
end, it was decided that:
- Each sugar type (i.e. sugars of the same mass: hexose, hexosamine and N-
acetylhexosamine), should have the same symbol shape;
- Isomers of each sugar type (e.g. mannose/galactose/glucose) should be
differentiated by color or by black/white/shading;
- Where possible, the same color or shading should be used for derivatives of hexose
(e.g. the corresponding N-acetylhexosamine and hexosamine);
- Representing different sugars using the same shape but different orientation should
be avoided so that structures can be represented either horizontally or vertically.
% Colored symbols should still appear distinguishable when copied or printed in black and
white;
% Considering 10% of the population is color blind, the use of both red and green for the same
shaped symbols should be avoided;
% When desired, linkage information can be represented in text next to a line connecting the
symbols (e.g. alpha4, beta4).

Hexoses; Circles
Mmmammms Print in color Print in black & white
Hexosamines: Squares divided diagonally
+Galactose stereochemistry: with Blackoutline O [] [N O O N
*Glucose stereochemistry: BLUE (0,0,250) with Black outline O HE N O B N
*Mannose stereochemistry: GREEN (0,200,50) with Black outline O - B O D El
*Fucose: RED (250,0,0) with Black outline A A
*Xylose: (5-pointed star) ORANGE (250,234,213) with Black outline* *
Acidic Sugars (Diamonds)
*NeuAc: PURPLE (200,0,200) with Black outline \ 4 ¢
*NeuGc: LIGHT BLUE (233,255,255) with Black outline <o <
*KDN: GREEN (0,200,50) with Pattern & Black outline O
*GlcA: BLUE (0,0,250)/Upper segment with Black outline v S
*ldoA: TAN (150,100,50)/Lower segment with Black outline <@ 1 4
*GalA: /Left segment with Black outline o N2
*ManA: GREEN (0,200,50)/Right segment with Black outline o g

Figure 6.1 — Symbol nomenclature adopted for glycan structures.
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Text Nomenclature (Figure 6.2):

% A 'modified International Union of Pure and Applied Chemistry (IUPAC) condensed' text
nomenclature, which includes the anomeric carbon but not the parentheses, and which can be written
in either a linear or 2D version is recommended:

- Including the anomeric carbon is important, and is likely to become increasingly
more so in the future as more complicated structures are discovered;

- The presence of parentheses (which then necessitates the use of brackets to
indicate branching structures) is unnecessarily cumbersome, particularly when representing the
structure in 2D form.

Linear: NeuAca2-3Galpl-4(Fucal-3)GleNAcp1-2Mana.1-R
2D: NGUACQ2-3G8||31\4
/3G|CNAC[‘}1 -2Manai-R
Fucal

Figure 6.2 — Text nomenclature adopted for glycan structures, both linear and 2D [9].
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Appendix Il: Composition of the solutions and reagents used in the work developed

Adhesion buffer: Solution containing 20 mM of Tris-HCI (pH 8.0), 150 mM of NaCl, 1 mM of CacCl,, 1
mM of MgCl, and 0.5% of BSA, in distilled water

Beads buffer: Solution containing 0.5% of BSA (w/v) and 2 mM of EDTA, in PBS 1x

Blocking buffer (indirect ELISA): Solution containing 5% low-fat milk (w/v) in washing buffer (indirect
ELISA, see below)

Blocking buffer/reagent diluent (cytokines capture ELISA): Solution containing 2% of BSA (w/v) in

washing buffer (capture ELISA, see below)

Complete DMEM culture medium: Simple DMEM supplemented with 10% (v/v) FBS, 2 mM L-

glutamine, 100 U/ml of penicillin and 100 pg/ml of streptomycin

Complete RPMI-1640 culture medium: Simple RPMI-1640 medium, supplemented with 10% (v/v)

FBS, 2 mM L-glutamine, 100 U/ml of penicillin, 100 pg/ml of streptomycin, 1 mM sodium pyruvate and
1% (v/v) MEM non-essential amino acids

PBS 1x: Solution containing 1.47 mM of KH,PO,, 4.29 mM of Na,HPO,.7H,0, 137 mM of NaCl and
2.68 mM of KCl, in distilled water (pH=7.4)

Sialidase buffer (1x): 10 mM Na,HPO, in MiliQ water (pH=6.0)

Washing buffer (capture ELISA): Solution containing 0.05% (v/v) of Tween 20 in PBS 1x

Washing buffer (indirect ELISA): Solution containing 0.1% (v/v) of Tween 20 in PBS 1x
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Appendix lll: Schematic representation of the hybridoma technology procedure adopted

Myeloma Cells
Antigen

Immunization »‘-

ﬁ] o 9
2D @9

FUSION
l B cell isolation
+ OSM
* MDA-MB-231 $Tn membrane extracts
* MCF-7 STn membrane extracts
* MCR S$Tn membrane extracts
* MDA-MB-231 STn cell lysates
* MCR STn cell lysates
* MDA-MB-231 STn + MCR STn cell lysates
Antibody characterization:
ELISA
Flow Cytometry
Western Blot

Immunohistochemistry

Glycan Microarrays

ELISA - reactivity
towards BSM

SELECTION
in HAT medium

—~ @
- @

N o}
o ‘Y

SCREENING

Hybridoma
.o e
Hybrid expansion and limiting -:\ %
cloning (3 to 4 rounds) :
@f v
\
Assessment of antibody reactivity: .
ELISA (BSM), Flow cytometry (STn* cancer cells) | Hybridoma
3 final clones Selection
® 0
\ ‘ ~Ler 0 P9 )
\ l ¢ !
< f , ~ PPN o
e
MONOCLONAL ANTIBODIES CLONAL EXPANSION

Figure 6.3 - Schematic representation of the hybridoma technology procedure adopted by the group for the
development of anti-STn monoclonal antibodies. Adapted from [61].
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