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Abstract

Neutrophils are prominent immune components of solid tumors, which can protect against the onset
of cancer (N1) or have protumor activity (N2). Circulating neutrophils, divided into high density
neutrophils (HDN) and low density neutrophils (LDN), functionally mirror those N1 and N2 cells,
respectively. LDN, practically absent in non-pathological conditions, have been extensively studied
in cancer, due to their increased frequency in this disease and their protumor phenotype. However,
this has been mainly demonstrated in animal models and proper validation in humans is an urgent
need. In this thesis, we enlightened the clinical impact of LDN in breast cancer (BC) patients. We
observed that LDN were practically absent in healthy donors’ blood, while significantly increased in
the blood of BC patients, particularly with metastatic disease. Within the population of non-
metastatic patients, LDN were more prevalent in patients with poor response to neoadjuvant
chemotherapy than in patients with good response. The association of a higher incidence of
circulating LDN and the worse prognosis of BC patients could be explained by the protumor features
exhibited by these cells. Namely, there are more LDN expressing the immunosuppressive markers
PD-L1 and CCR4, than HDN. Additionally, LDN also showed increased expression of activation
markers; robust formation of neutrophil extracellular traps; augmented phagocytic activity and
higher capacity to release reactive oxygen species, which altogether contribute for tumor
development and metastization. Moreover, the percentage of LDN in BC patients’ blood was
positively correlated with the immunosuppressive CCR4+ regulatory T cells and negatively
correlated with activated cytotoxic T lymphocytes, corroborating the impairment on the antitumor
immune responses by LDN, which was further demonstrated ex vivo. Hence, this thesis reveals the
potential of LDN as a clinical meaningful biomarker of BC response to treatment and opens new

avenues for developing targeted immunotherapies.

Keywords: Low density neutrophils, Breast cancer, Biomarker, Neoadjuvant chemotherapy
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Resumo

Os neutrofilos sdo componentes imunes relevantes nos tumores solidos, podendo proteger contra
a progressao do cancro (N1) ou ter atividade pro-tumoral (N2). Na circulagao, os neutréfilos podem
dividir-se em neutrofilos com alta densidade (NAD) ou baixa densidade (NBD), refletindo as fungdes
de N1 e N2, respetivamente. Os NBD, praticante ausentes em contextos nao-patoldgicos, tém sido
extensivamente estudados em cancro devido ao seu fendtipo pro-tumoral e a alta
representatividade em doentes oncoldgicos. Contudo, a maioria dos estudos existentes sdo em
modelos animais e, como tal, é ainda necessaria a validagdo com amostras humanas. Nesta tese,
demonstramos o impacto clinico dos NBD em doentes com cancro da mama (CM). Observamos
que esta populagao estava praticamente ausente em individuos saudaveis e que, em contrapartida,
se encontrava significativamente enriquecida no sangue das doentes, especialmente nas
metastaticas. Verificamos que, na populacao das doentes nao-metastaticas, os NBD eram mais
prevalentes no sangue de doentes sem resposta a quimioterapia neoadjuvante, comparativamente
as doentes que responderam. A relacédo entre a elevada incidéncia de NBD e um pior prognéstico
pode explicar-se pelas caracteristicas imunossupressoras destas células. Nomeadamente, existem
mais NBD a expressar os marcadores imunossupressores PD-L1 e CCR4, comparativamente com
os NAD. Adicionalmente, os NBD apresentaram nivel elevado de expressao de marcadores de
ativagao; capacidade fagocitica aumentada; elevada produgao de espécies reativas de oxigénio e
aptiddo para formar armadilhas extracelulares dos neutrofilos, que no geral contribuem para o
desenvolvimento tumoral e metastizagdo. Observamos também que a percentagem de NBD no
sangue de doentes correlacionava-se positivamente com as células T reguladoras CCR4+ e
negativamente com os linfocitos T citotdxicos ativados, corroborando a capacidade dos NBD de
inibirem respostas imunes anti-tumorais, o que demonstramos também ex vivo. Assim, nesta tese,
evidenciamos o potencial dos NBD como biomarcador de resposta a quimioterapia neoadjuvante

em CM e abrimos novos caminhos para o desenvolvimento de imunoterapias direcionadas.

Palavras-Chave: Neutrdéfilos de baixa densidade, Cancro da mama, Biomarcador, Quimioterapia

neoadjuvante
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Chapter | — Introduction

Chapter | - Introduction

1. Cancer

Cancer develops when a cluster of cells breaks out of the mechanisms that control the cell cycle.
These abnormal cells gain the ability to proliferate in an uncontrolled manner and to escape
apoptosis, becoming immortal. Such features are a result of the accumulation of mutations, most of
them on oncogenes or tumor-suppressing genes, as the ones involved in cell cycle regulation or

DNA repair mechanisms (1).

Back in 2000, Hanahan et al suggested a compilation of six essential alterations manifested by
malignant cells, referred to as the hallmarks of cancer, to facilitate the understanding of cancer
biology (2). The six proposed hallmarks were: self-sufficiency in growth signals, insensitivity to
antigrowth signals, evasion of programmed cell death, limitless replicative potential, self-sustained
angiogenesis and capacity for tissue invasion and metastasis (2). Each of these hallmarks
corresponds to a novel biological feature acquired during tumor development, being all crucial to

the success of the process.

Years later, the authors revised the original hallmarks, as they were not sufficient to explain the
mechanisms of tumor behaviour. In this revision, the authors proposed two enabling characteristics
along with two new emerging hallmarks (3). The acquisition of the essential functional features that
allow cancer cells to thrive is only possible due to the mentioned enabling characteristics, which
are the genome instability and consequent mutability typical of malignant cells and the tumor-
promoting consequences driven from the inflammatory response associated with malignant lesions
(3). Moreover, the two proposed emerging hallmarks are key attributes involved in the pathogenesis
of cancer: the reprogramming of the cellular energy metabolism to support continuous cell
proliferation and the development of active mechanisms of evasion from immune destruction (3)

(Figure 1.1).

Thereby, over the past few years, it has become clear that tumor biology is much more complex
and dynamic than initially thought. The importance of the immune system in carcinogenesis was
brought to light and cancer can no longer be considered only by the malignant cells per se. Instead,
it is necessary to acknowledge the interactions between cancer cells and the other cell populations
present in the tumor microenvironment, namely the immune cell populations, as well as the role of
effector molecules released by the cells present. Indeed, cancer progression is dependent not only
on the features of tumor cells but also on the interplay occurring in the tumor microenvironment. In
this thesis, a focus on the immune compartment of the tumor microenvironment was made and, as

such, the tumor immune microenvironment (TIME) will be detailed below.
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Figure I. 1 — Hallmarks of cancer. Adapted from Hanahan et all, Cell 2011 (3).

2. Tumor Immune Microenvironment (TIME)

The TIME is fundamental in the determination of tumor behaviour and success, affecting also

therapeutic efficacy (4).

The immune infiltrate includes lymphocytes, such as cytotoxic T lymphocytes (CTLs) and T
regulatory cells (Tregs); and myeloid cells, namely tumor-associated neutrophils (TANs) and
myeloid-derived suppressor cells (MDSCs) (5). All of these populations portray key roles in

carcinogenesis, being able to either promote or inhibit tumor growth and progression (5).

CTLs are a subset of T cells that express the CD8 molecule, which have the ability to recognize
antigens when presented by MHC class | molecules (6). Within the TIME, CTLs are known as
frontline agents against tumor cells, having high cytotoxic capacity (6). CTLs can kill tumor cells
through different mechanisms, being one of them the granule exocytosis pathway, where perforin
and granzyme B are released (7). Perforin induces the formation of pores in the membrane of
cancer cells, allowing the traffic of granzymes, which will then act as a protease that will cleave
target substrates in the cytoplasm, ultimately leading to apoptosis (7). CTLs can also eliminate tumor
cells through the Fas/FasL system, responsible for inducing tumor cell apoptosis (7). Furthermore,
CTLs can also secrete tumor necrosis factor (TNF-) a and interferon (IFN-) y which will induce
cytotoxicity against tumor cells (8). The elimination of tumor cells by CTLs is the first step of the
immunoediting process (9,10). After the elimination phase, tumor cells and the immune populations
achieve an equilibrium, where elimination of certain tumor variants still occur, while new variants

with resistance to immune surveillance arise. This stage of tumor dormancy can go on for years in
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which the tumors remain undetected. The third and last stage is the escape, where less
immunogenic tumor variants that developed immunosuppressive mechanisms to impair the
antitumor immune responses, are able to proliferate and lead to progressively growing tumors

(9,10).

Tregs are a subset of CD4+ T cells with immunosuppressive features (6). Tregs have the ability to
suppress immune responses, including CTLs’ function, supporting tumor development (11). The
suppression mediated by Tregs may be achieved through the cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4) (12) or through the release of immunosuppressive cytokines, as transforming
growth factor (TGF-) B and interleukin (IL-) 10 (13,14).

MDSCs have a suppressive role, by the release of reactive oxygen species, nitric oxide and
arginase, which will inhibit T cell responses (15). These cells can also stimulate angiogenesis and
tumor cell extravasation, through the release of vascular endothelial growth factor (VEGF) and

metalloproteinases, respectively (15).

Neutrophils can also be present in the TIME and since these cells are the main focus of this thesis,

their role will be further explored in the upcoming section.

Aside from the cell populations, the cytokines released in the TIME are also key participants in
carcinogenesis. These molecules are secreted by immune cells as well as by tumor cells. Cytokines
are essential to provide the necessary conditions for tumor progression or elimination, to regulate
signalling pathways and for cell recruitment. Some of the main cytokines in the TIME that will be
further explored in this thesis are IFN-y, TGF-, IL-10, IL-17 and C-C chemokine ligand (CCL-) 17
(16,17).

IFN-y is a pro-inflammatory cytokine produced by tumor suppressor cells, including CTLs and acts

mainly as an anti-tumor factor, due to its immunostimulatory effect (6).

TGF-B can have ambiguous roles in the immune system; however, in cancer, it is mostly considered
an immunosuppressive player (18). In fact, TGF-p produced by cancer cells can impair the action
of different immune cells (19), such as CTLs, or even induce polarization towards
immunosuppressive phenotypes in macrophages and neutrophils (19,20), overall leading to

dampened antitumor immune responses.

IL-10 is an immune-modulatory cytokine with anti-inflammatory activity. IL-10 is produced not only
by the majority of immune cells, including T cells, macrophages and granulocytes (16,21), but also
by tumor cells (22). IL-10 has been described to promote tumor growth, resistance to apoptosis

and angiogenesis in different cancer types, such as melanoma, lung and breast cancer (23-25).

IL-17 is a pro-inflammatory cytokine mainly produced by a subtype of CD4+ T cells — the Th17 (26).
The pro-tumorigenic roles of IL-17 have been detected in multiple cancer types, such as breast,
prostate, colon and gallbladder cancer, and include the promotion of tumor proliferation,

angiogenesis, chemotherapy resistance and metastasis (27-30).
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CCL17, produced by neutrophils and macrophages, acts as a chemoattractant primarily involved in
the recruitment of CCR4+ T cells (31). The accumulation of Tregs in tumors in a CCL17-dependent

manner have been described in lung and gastric cancer (17,31,32).

3. Neutrophils

3.1 Neutrophils in the immune system

Neutrophils are part of the polymorphonuclear (PMN) leucocytes and are the most abundant type
of white blood cells, corresponding to 50-70% of the circulating leucocytes (33). In homeostasis,
neutrophils enter the circulation and migrate to tissues, where they constantly patrol for signs of
pathogens (34). These leucocytes comprise the first line of defence of the innate immune system
and are quickly recruited to the sites of infection or inflammation, where they have a primary role of

resistance against pathogens and in acute inflammation (35).

There are three main recognized means by which neutrophils can exert their antimicrobial activity
(Figure 1.2). At the infection sites, when neutrophils recognize invading microorganisms, they can
phagocytose them. Once the pathogens are encapsulated in phagosomes, the cells activate the
release of toxic substances, such as proteolytic enzymes, bactericidal proteins and reactive oxygen
species (ROS), into the phagosome, which altogether will lead to the death and destruction of the
pathogen (33,36). ROS are produced by neutrophils in an oxidative burst, characterized by a rapid
increase in oxygen uptake, increase of glucose consumption and abrupt ROS production and
release (36,37). Besides being released from the neutrophil granules into the phagosome, the
antimicrobial proteins and ROS can also be released into the extracellular medium, in a process
referred to as degranulation, and act against pathogens extracellularly (33,38). In addition to these
two ways of action, activated neutrophils may also undergo the process of NETosis, in which they
can eliminate extracellular microorganisms by releasing neutrophil extracellular traps (NETs). NETs
are composed of decondensed chromatin material and also histones, cytoplasmatic proteins and
granular enzymes, such as myeloperoxidase (MPO) and neutrophil elastase (NE), that are attached
to the DNA (33,39). The NETs are capable of binding to pathogens, preventing their spread and
facilitating their phagocytosis, as well as being able to directly kill them (33,40).
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NETosis

Figure I. 2 — Antimicrobial mechanisms of neutrophils — Phagocytosis, Degranulation and NETosis.
Adapted from Rosales, Frontiers in Physiology 2018 (34).

According to the classical view, neutrophils represent a homogenous population with the restricted
functions mentioned above. However, recent research has been demonstrating that neutrophils
have, in fact, phenotypic heterogeneity and a more diverse repertoire of functions. Neutrophils have
the ability to respond to multiple environmental signals and to produce several effector molecules
according to them. Neutrophils have been demonstrated to produce not only key pro-inflammatory
mediators, such as cytokines IL-1f3, TNF-a and IL-12 (41-43), but also anti-inflammatory molecules,
as TGF-f3 (44), that help in the resolution of inflammation. Hence, neutrophils are able to modulate
inflammation and to interact with innate immune cells, including macrophages and dendritic cells
(DCs), and also adaptive immune cells, namely T and B lymphocytes, influencing their activity
(34,35). Moreover, neutrophils may also have an active role in several diseases, including chronic
inflammation and cancer (45-47). This multitude of neutrophils’ features is possible since these
cells are transcriptionally active, being able to induce changes in the expression of effector
molecules and undergo polarization towards distinct phenotypes, as a consequence of exposure to

specific environmental signals (34,35).

Thus, in the past few years, neutrophils have emerged as crucial effectors and regulators of both
innate and adaptive immune systems and appear also as important participants in a variety of
diseases, becoming a focus of growing interest. Recent studies have indicated neutrophils as
important players in tumor biology and cancer development and so their particular role in cancer

will be further explored in the next subsection.

3.2 Neutrophils in cancer

The presence of the immune infiltrate, and particularly the presence of neutrophils, was once

considered an attempt of the immune system to eradicate cancer. However, in the past few years,
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this has become a considerably more complex topic, since cancer-associated inflammation has
been proved to play a crucial role in tumor initiation and progression (48). Indeed, patients with
advanced stages of cancer present high levels of neutrophils in their blood. Neutrophilia and the
neutrophil-to-lymphocyte ratio (NLR) have been associated with poorer prognosis in several types
of cancer, namely melanoma, breast, gastric, and non-small cell lung cancer (49-52). The
mechanisms by which tumors induce neutrophilia and further recruit neutrophils to the TIME are
yet to be completely unravelled. However, the production of granulocyte macrophage colony-
stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), IL-6 and IL-8 in the

TIME, have been indicated as possible mechanisms (53,54).

Several researchers are now focused on trying to uncover the distinct functions of neutrophils
throughout the process of carcinogenesis, from tumor initiation to growth and metastasis. As
previously mentioned, neutrophils are heterogeneous and both tumor-associated and circulating
neutrophils are capable of presenting phenotypical and functional plasticity when exposed to

specific TIME-derived cues (55).

Thereby, several subpopulations have emerged for both tumor-associated and circulating
neutrophils, based on their phenotype and function (55). These distinct neutrophil subsets will be

further explored in the following subsections.

3.2.1 Tumor-associated neutrophils

Tumor-associated neutrophils (TANs) represent a significant part of the immune cell infiltrate of
solid tumors. After being traditionally viewed as bystanders, it is now established that, once in the
TIME, neutrophils become influenced by tumor-secreted factors, experiencing possible changes in

their phenotype and taking on different functions, depending on the environmental cues.

This modulation leads to the arising of distinct subpopulations and is frequently referred to as
neutrophil polarization. In 2009, Fridlender et al., were the first to suggest that TANs may undergo
polarization into N1, with a proinflammatory and antitumor phenotype, or N2, with a protumor
phenotype, mirroring the existent nomenclature for T-helper cells and macrophages, Th1/Th2 and
M1/M2, respectively (20). It has been demonstrated that TGF-f3, an immunosuppressive cytokine,
is one of the main modulators of neutrophil polarization (20). TGF- is both produced by cancer
cells and immune cells present in the TIME and it has been shown to promote the polarization
towards a protumor phenotype (N2), as the blockade of this TGF-B signalling, in tumor-bearing
mice, favoured the accumulation of N1 (20). TGF- blockade also enhanced antitumor immunity, as
N1 neutrophils become cytotoxic and activate CTLs, helping to demonstrate that opposingly to N1,
the presence of N2 TANs benefits tumor progression (20,56). Additionally, IFN-B has also been
shown to be involved in neutrophil polarization. IFN-B has the opposite effect of TGF-f, stimulating

N1 polarization (Figure 1.3) (57).
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Figure I. 3 - N1/N2 polarization of TANs and respective activity. Adapted from Masucci, Minopoli
and Carriero, Frontiers in Oncology 2019. Figure elaborated in Biorender.

As mentioned, the N1 and N2 subsets represent anti- and pro-tumorigenic populations,
respectively, which differ both morphologically and functionally. Antitumor N1 TANs act in order to
prevent tumor growth and progression. They have hyper-segmented nuclei, a short lifespan and a
mature phenotype (58). While protumor N2 TANs act in order to support tumor development. These
cells have band-shaped nuclei, a longer lifespan and tend to present a mixture of mature and

immature phenotypes (58).

On a functional level, N1 neutrophils can display their antitumor activity through numerous
mechanisms, some of them not completely understood, but many involving the normal antimicrobial
and immune regulatory functions of neutrophils. These mechanisms include cytotoxicity through
the secretion of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), through the
release of high levels of TNF-a, nitric oxide (NO), H20- and hypochlorous acid (HOCI), which are all
mediators of cytotoxicity, leading to damage and eventual death of tumor cells (59-61), or through
antibody dependent cell-mediated cytotoxicity. Additionally, proinflammatory N1 TANs are also
capable of stimulating antitumor immune responses, recruiting and activating T cells, DCs and
macrophages (59). This subset expresses high levels of chemokines (e.g. CCL3, CXCL9 and
CXCL10) and proinflammatory cytokines (e.g. IL-12, TNF-o, GM-CSF and VEGF) that attract and
stimulate CTLs, enhancing the adaptive antitumor immune responses (20). For instance, N1 TANs
have been shown to promote T cell proliferation and lead to IFN-y increased production, limiting

tumor development (59,60).

On the contrary, N2 neutrophils have low cytotoxicity and have been shown to promote
tumorigenesis through a variety of mechanisms, most of them are yet to be completely explored.
These mechanisms include: i) promotion of genetic instability through the release of ROS (62); ii)

support of tumor growth through the production of growth factors and NE, which stimulate tumor
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cell proliferation (63); iii) involvement in the remodelling of the extracellular matrix, supporting tumor
cell invasion and dissemination, by secretion of metalloproteinases (e.g. matrix metalloproteinase
(MMP-) 9) (64); iv) stimulation of angiogenic pathways through the release VEGF (65) and v)

suppression of T cell antitumor responses (66,67) (Figure 1.3).

N2 TANs do not produce high levels of proinflammatory cytokines as do N1 TANs. Instead, N2 have
high expression of CCL17, CCL2 and arginase 1 (ARG1), indicating an immunosuppressive
phenotype (68). The chemokine CCL17 encoding gene was found to be strongly upregulated in
TANs with N2 phenotype, in comparison to the N1 TANs (69). CCL17 is a ligand for the CCR4
receptor expressed in Tregs (70), and neutrophils have been shown to attract Tregs into the TIME
via CCL17 secretion, which in its turn may promote a suppressive environment, inhibiting the
antitumor activity of CD4+ and CD8+ T cells (31). N2 neutrophils may also limit CTLs’ functions
through the release of ARG1, which is a potent inhibitor of T cells’ proper activation (54).
Additionally, it has been demonstrated that high expression of the programmed death ligand 1 (PD-
L1) in neutrophils has a profound suppressive role on T cells that express its receptor, the
programmed death protein 1 (PD-1) (71). All of these neutrophil-mediated suppression pathways
of T cell cytotoxicity enables tumor immune evasion, which is crucial for tumor survival and
progression. It is clear that neutrophils have a dual role in cancer, supporting or limiting tumor
progression through a large variety of mechanisms. Nonetheless, it is important to mention that the
paradigm of N1/N2 TANs has been described mainly based on murine models and has yet to be
replicated with human TANs, with the risk of representing an oversimplification of what actually
happens with tumor infiltrated neutrophils. In fact, the nature and function of human neutrophils in
the TIME remains largely unknown and it is likely that N1 and N2 represent only the two extremes

of a biological spectrum of neutrophil plasticity dependent on environmental modulation (34,58).

3.2.2 Circulating neutrophils

To the resemblance of what happens with TANs, circulating neutrophils are also a heterogeneous
population that can be divided into different subsets, distinguished based on density variation. In
normal health conditions, neutrophils can be isolated from whole blood using a density based
gradient, as they sediment above red blood cells in the normal density granulocytes fraction, being
known as high density neutrophils (HDN) (61). In contrast, during inflammatory and/or pathological
conditions, neutrophils can also emerge in the mononuclear fraction, being considered low density
neutrophils (LDN) (61) (Figure 1.4).

Several studies have suggested LDN as a distinct subpopulation of neutrophils that appear
transiently during self-resolving inflammations and that tend to accumulate in several pathologies
including cancer, sepsis and autoimmune diseases (72-75). Recently, LDN has become an object
of considerable clinical interest, as their frequency often appears to be correlated with disease

aggressiveness and/or response to treatment (76,77).
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Figure I. 4 — Subsets of circulating neutrophils, LDN and HDN, and respective phenotype. Adapted from
Grecian, Whyte and Walmsley, British Medical Bulletin 2018. Figure performed in Biorender.

Morphologically, HDN comprise a homogenous population of mature cells, whereas LDN represent
a mixed population composed of mature neutrophils and immature neutrophils (75) (Figure 1.4).
Phenotypically, it is still difficult to distinguish LDN from HDN, since both subsets express the same
cluster of differentiation (CD) molecules. However, the expression levels of CD11b and CD66b are
higher in LDN (75,78). CD11b and CD66b are adhesion molecules expressed by granulocytes,
which are considered activation markers since they are highly expressed by more activated cells
(79). Therefore, LDN are frequently suggested as a subpopulation of activated/degranulated
neutrophils with impaired function (75,76). Regarding their functions, LDN comprise a subset with
immunosuppressive properties, although their exact mechanisms of action are still not clearly
elucidated, while HDN play the conventional role of neutrophils, described previously in subsection
3.1 (75).

In the particular case of cancer, HDN have been shown to have the capability to kill tumor cells and
to promote antitumor immune responses, whereas LDN are not cytotoxic and display properties
that support tumor progression (77). Similarly to what happens in the tumor, it has been shown, in
tumor-bearing mice models, that HDN are capable of switching towards the LDN’ phenotype in a
TGF-B-triggered way, losing cytotoxicity against tumor cells and gaining immunosuppressive
properties (77). However, this transition may occur spontaneously, as the tumor progresses to later
stages (77). Hence, HDN and LDN are believed to mirror the phenotypes and properties of TANs
N1 and N2, respectively, presumably sharing similar mechanisms of action as the ones described

in the previous subsection. Additionally, LDN can help in the metastatic process through several
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mechanisms, though the main one involves NETs. NETs have been shown to play a protumor role
during tumor progression. By entrapping malignant cells, NETs can either promote their
proliferation through the NE present on the structure or support the early adhesion of circulating
tumor cells in distant organ sites (80-82). Moreover, MPO present in the NETs has been shown to

impair T cell activity, sustaining the protumor role of NETs (83).

Although it is well established that neutrophils feature heterogeneity in their morphology, phenotype
and function, a clearer and more precise division is yet to be achieved. Indeed, so far there are no
surface markers that allow a clear distinction into the different subsets. In fact, there is still an
ongoing debate on whether LDN and MDSCs are separate populations or not. As previously
described, MDSCs are immature myeloid cells that exhibit immunosuppressive properties. The
appearance of MDSCs is normally associated with pathological conditions like cancer or chronic
inflammation and are rarely present in homeostatic conditions (84). When activated these cells
release ROS, NO and arginase, inhibiting T cells’ activity (84). As no clear membrane marker has
been identified to differentiate neutrophils from MDSCs and the later and LDN have similar
properties, some authors suggest that MDSCs may be, in fact, a part of the neutrophil subsets with

a different level of activation (55).

Thus, there is still a lack of knowledge, especially in humans, when it comes to the full
characterization of each neutrophil subset and also clear comparison between the characteristics

of circulating neutrophils and TANSs, in order to fully comprehend these topics.

In this thesis, the role of neutrophils in cancer, especially the LDN, was characterized, with a focus

on breast cancer.

4. Immunotherapy

As mentioned, there is accumulating evidence from mice models and human cancer patients that
emphasize the importance of the immune system in identifying and eliminating malignant cells.
However, on the other hand, the immune system can also play a key role in supporting tumor
progression. Considering the pivotal role that the immune system has in the regulation of either
tumor elimination or progression, clinicians have started to take advantage of the knowledge
gathered about immune processes in order to improve cancer treatment. Indeed, immunotherapy
has been gaining considerable interest, particularly in the past decade (85). Immunotherapeutic
approaches have the advantage of using and potentiating the components of the patient’s own
immune system to specifically target cancer cells, therefore having the potential to become more
precise, personalized and effective and also to mitigate some of the side effects, when opposed to

the conventional treatments (86).

Many strategies to enhance the antitumor immune responses have been and continue to be tested

in clinical trials and some of them have even been already approved to be used in the clinic. These
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approaches include, for instance, targeted antibodies, cancer vaccines, dendritic cell-based
vaccines, checkpoint inhibitors and adoptive T cell therapy. One of the immunotherapies that has

been particularly successful so far is the immune checkpoint blockade.

Therapies using immune checkpoint inhibitors are based on the capacity that tumor cells have to
activate inhibitory immune checkpoint pathways that suppress the function of T cells. Thus, the
blockade of this immune checkpoints reinvigorates antitumor immune responses by interrupting
the inhibitory signaling pathways and ultimately promoting immune-mediated elimination of tumor-
cells (87). There are several immune checkpoints that have been studied to be used in these
blockade therapies, some of the most promising include the use of antibodies against the PD-1, PD-
L1 and CTLA-4 checkpoints.

Tumor cells are able to increase the expression of PD-L1 to interact with PD-1 expressed in CTLs,
inhibiting their cytotoxic activity (88). As such, antibodies against either PD-1 or PD-L1 have been
developed and some have already been approved to be used in the clinic in different cancer types,
for instance, nivolumab (anti-PD-1) has been approved for the treatment of melanoma, lung, kidney,
head and neck, colorectal and liver cancers (89) and atezolizumab (anti-PD-L1) for the treatment of

metastatic triple negative breast cancer, bladder and lung cancer (89).

CTLA-4 is another immune checkpoint and it is commonly expressed on the surface of T cells,
particularly on the surface of Tregs (90). The interaction between CTLA-4 and its ligands, CD80 and
CD86, present on the surface of antigen-presenting cells competes with the co-stimulatory signal
between CD28 and CD80/86, leading to the downregulation of T cells’ activity. Anti-CTLA-4
antibodies potentiate antitumor responses by blocking the inhibitory CTLA-4 receptors and
obstructing the suppressive function exerted in T cells, facilitating T cell activation (90). Ipilimumab
is one the antibodies that target CTLA-4 and it has been approved for the treatment of melanoma,

kidney and lung cancer (89).

Although immune checkpoint blockade therapies have opened new avenues in cancer treatment,
the patients’ response to these treatments is still very variable and only a minority of patients have
durable benefits and do not relapse (91). However, even if immunotherapy doesn’t work for every
patient it still represents a promising option for cancer treatment, either to be administrated by itself
or to be combined with conventional treatments, such as chemotherapy, to improve their
effectiveness. Therefore, a deeper analysis of the interplay between the tumor and the immune
system is still needed in order to continue to improve the existent therapies, as well as to reveal
new possible targets that can be used to modulate the host immune features as novel cancer

treatment options.
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5. Breast Cancer

5.1 Breast cancer features

Breast cancer (BC) is the most common malignancy in women worldwide, accounting for up to 2
million new cases per year and being estimated that 1 in every 8 women is going to be diagnosed
with this disease during their lifetime (92,93). Although male BC is rare, contributing to only 0.5-1%
of all diagnoses, when considering both females and males, BC is the second most frequent type
of cancer (92,94). As to the mortality, BC is estimated to kill more than 600 000 women per year
worldwide, representing 15% of all cancer-related deaths in women (Figure 1.5) (92). Thus, BC
remains the main cause of cancer-related death in women despite the advances in early diagnosis

and treatment.

There are numerous risk factors that may be associated with BC development. These risk factors
can be divided into two different groups, the first including inherent factors, such as sex, age, race,
family and reproductive history, and the second including extrinsic factors, such as an unhealthy
lifestyle or diet (95). BC incidence is highly correlated with age and the majority of patients are
menopausal women with more than 50 years (95). Another important intrinsic factor is the family
history, namely the inheritance of mutations in the BRCA1 and BRCAZ2 genes, with about 20-25%
of hereditary breast cancers and 5-10% of all breast cancers being caused by mutations in these
genes (96). Reproductive factors such as early menarche, late menopause, or late age of first
pregnancy may also increase breast cancer risk (96). Moreover, unhealthy lifestyles, based on a
high-fat diet, excessive alcohol consumption and smoking, can also contribute to an increased risk
to develop BC (95,96).

BC is a heterogeneous disease that can be divided into three different subtypes based on different
molecular markers (Figure 1.5). The most frequent subtype is the one that has an overexpression of
the estrogen receptor (ER) and that may also have an upregulation of the progesterone receptor
(PR). Abnormal expression and regulation of these receptors lead to uncontrolled cell division and
activation of oncogenic growth pathways in breast cancer cells (97,98). This subtype is referred to
as hormone positive or ER+ and represents around 70% of all cases. Tumors with an expression of
either of the mentioned receptors on at least 1% of tumor cells are included in the hormone positive
subtype (97). The second main molecular subtype is characterized by an amplification of the HER2
gene (human epidermal growth factor receptor 2), which encodes for a transmembrane tyrosine
kinase receptor. Tumors with amplification or overexpression of this gene are classified as HER2+
and represent approximately 15% of breast cancers (97). Patients with HER2+ breast cancer may
also present upregulation of the hormone receptors (97). The third subtype is referred to as triple
negative breast cancer (TNBC), characterized by the lack of expression of the three molecular

markers, ER, PR and HERZ2, and represents approximately 15% of the breast cancer patients (97).
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Besides the molecular-based categorization, BC can also be classified histopathologically according
to the localization of the tumor. It can be either ductal or lobular, depending if the tumor mass starts
to develop in the milk ducts or the milk-producing lobules (99). Additionally, BC can be invasive,
when it has spread from the milk duct or lobules to other tissues in the breast, or non-invasive,

referred to as “in situ” (99).

BC can be further classified according to the TNM system, in which T refers to the tumor size, N to
the presence of cancer cells in the axillary lymph nodes and M to the presence of distant metastases
(100) (Figure 1.5). The T category can be divided into T1 — tumor size less than 2 cm, T2 — tumor
size less than 5 cm, T3 — tumors bigger than 5 cm and T4 — tumors that spread into the skin and/or
chest wall or it can also represent inflammatory tumors (T4d) (101). N describes the lymph node
status: NO — absence of affected lymph nodes, N1 — palpable mobile axillary lymph nodes involved,
N2 - fixed axillary lymph nodes involved and N3 - infraclavicular, internal mammary or
supraclavicular lymph nodes involved (101). Finally, M reveals if cancer has spread to other parts
of the body or not, MO and M1 indicate the absence and presence of distant metastasis, respectively
(101).

BC survival varies according to the features of the tumor and it is different for each of the molecular
subtypes. In fact, patients with breast tumor smaller than 2 cm and without lymph node involvement
can have a survival of 99% for ER+ tumors, at least 94% for HER2+ cases and at least 85% for TNBC
(97). Whereas in more aggressive cases, when the disease has spread to other organs, patients
have a median overall survival of 5 years for ER+ and HER2+ subtypes and only 1 year for TNBC
(97).
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Figure I. 5-Breast Cancer - Incidence and mortality; Molecular Subtypes and TNM Staging. Breast cancer
accounts for approximately 25% of the cancers in women and around 12% in both sexes, worldwide;
representing about 15% of cancer-related deaths in the female population and approximately 7% in both sexes.
There are three molecular subtypes of breast cancer with different representativeness in the population. TNM
staging is used to classify breast tumor according to their size (T), the presence of affected lymph nodes (N)
and the presence of distant metastasis (M). Figure elaborated with Biorender.
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5.2 Breast cancer treatment

There are several treatment strategies for BC, depending on the molecular subtype and whether

the tumor has already metastasized or not.

For non-metastatic BC the main goal is to eliminate the tumor from the breast and from the regional
nodes when affected. Local therapy consists of surgical removal of the tumor and the compromised
axillary lymph nodes and, frequently, the surgery is followed by a radiotherapy regime (97). As for
systemic therapy, it may consist of preoperative chemotherapy (neoadjuvant chemotherapy) or
postoperative chemotherapy (adjuvant chemotherapy). In some cases, both pre- and postoperative
chemotherapy may be necessary. Neoadjuvant chemotherapy (NACT) was initially prescribed only
for patients with tumors larger than 2 cm and/or with extension to the axillary lymph nodes or with
inoperable and inflammatory tumors, with the purpose of shrinking the tumor before surgery (102).
However, NACT is starting to be used more widely, including in patients with operable early-stage
BC, due to its potential to achieve higher frequencies of complete or partial clinical response and

to allow more conservative interventions (103,104).

As mentioned above, there are several treatment approaches and chemotherapeutic regimens
available that are adjusted to each patient according to their molecular BC subtype. All patients with
ER+ tumors are submitted to endocrine therapy with antiestrogen medication (generally tamoxifen)
and some might also require chemotherapy (97). For HER2+ BC patients, the standard treatment is
the combination of chemotherapy with targeted therapy that consists of an antibody against HER2
(trastuzumab). The targeted therapy can be administrated during either neoadjuvant or adjuvant
chemotherapy regimens. For the HER2+ cases that are simultaneously positive for ER, endocrine
therapy is given in addition (97). In the case of TNBC, there are no specific therapies, hence the

treatment relies on chemotherapy alone, which can also be pre- or postoperative (97).

For metastatic BC patients, the therapeutic goals are to prolong life and alleviate symptoms, since
the disease remains incurable upon metastization. The strategies for systemic treatment used in
metastatic patients are fairly the same as the ones summarized above. Nevertheless, for metastatic
TNBC, a combination of chemotherapy with the immunotherapy anti-PD-L1 (Atezolizumab) was

approved (105).

5.3 Predictive biomarkers

As mentioned in the previous subsection there are several therapeutic approaches for BC and the
choice for the best treatment for each patient can be difficult for the clinicians. Furthermore,
focusing on the patients who are indicated for NACT, there are more than 50% of patients who do
not respond to this treatment, undergoing six months of chemotherapy without taking benefits and
having delayed an effective treatment and/or surgery (104,106). Also, by allowing a more breast-

conserving surgery, NACT could be associated with an increased local recurrence risk (104). This
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enlightens the unmeet clinical need to find predictive markers of response to treatment, in particular

to neoadjuvant regimens.

Since tumor development and response to treatment are highly dependent on the interplays that
take place in the TIME, two immune-related markers have been indicated as possible predictive
markers of breast cancer patients’ response to NACT: the tumor infiltrating lymphocytes (TILs) and

the neutrophil-to-lymphocyte ratio (NLR).

TILs have been shown to have predictive value for pathological complete response (pCR) in breast
cancer patients. Several clinical trials have supported the idea that BC patients with higher levels
of TILs have higher chances to achieve pCR. For instance, in the GeparDuo and GeparTrio
(validation study) trials, about 40% of the BC patients with biopsies presenting more than 60% of
TILs achieved pCR, while tumors without TILs only achieved 10% of pCR rates (107). Moreover, a
recent study from our group reported that activated CTLs expressing HLA-DR (an activation
marker) were mainly present in the biopsies of BC patients with a good response to NACT and that
this biomarker could efficiently predict BC response to NACT (108). This might indicate that the
infiltration of activated CTLs is a more meaningful predictive biomarker than TILs themselves, since
the latest are functionally heterogeneous and some of the populations, such as Tregs, have even

been associated with bad prognosis in BC (109).

Contrarily to TILs that are assessed in tumor tissue samples, the NLR is assessed in the peripheral
blood and has also been associated with patient prognosis in cancer (110). In breast cancer, most
studies suggest higher NLR values to be associated with poor prognosis. An NLR higher than 3 was
indicated as a pointer of poor prognosis in TNBC (111). Similarly, other authors suggested a cut-off
value for NLR of 2.05 in a cohort of ER+ breast cancer patients (112). Other studies in cohorts of
patients with the 3 different breast cancer subtypes calculated cut-off values for NLR of 4 (49), 3.33
(113) and 2.1 (114). Nevertheless, data is still conflicting regarding a threshold value for the NLR
that could make the distinction between good and bad prognosis and there are even other authors
that state there is no predictive or prognostic value for NLR in early-stage breast cancer patients
treated with NACT (115). This implies that to use the NLR in a clinic setting, further studies are

needed.

Hence, the reason why these markers of BC response to treatment are still scarcely used by
clinicians may be explained by the fact that tumors have complex mechanisms to escape immune
surveillance and that both lymphocytes and neutrophils are composed of different cell types with

opposite functions (anti- and protumor).

6. Rationale and Specific Aims

The dependency of cancer cells on their microenvironment suggests that targeting the non-cancer-

cell component of the tumour might form a basis for the development of novel therapeutic anti-
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cancer approaches. It is now well accepted that tumor infiltrated immune cells modulate the tumor
microenvironment to promote “immunotolerance” and support tumor growth (116). Neutrophils
represent a significant portion of the tumor microenvironment and impact tumor development at
multiple levels, from the remodelling of the extracellular matrix to malignant transformation,
angiogenesis and modulation of other tumor-infiltrating cells (117,118). Recently, there has been a
growing interest in characterizing neutrophils in cancer and in understanding how these cells might
impact tumor progression. It has been established that neutrophils are more heterogeneous than
initially thought and different subpopulations with distinct activities in diseases have been
suggested, based on the production of different effector molecules, under different conditions. In
cancer, tumor-associated neutrophils (TANs) can be divided into anti-tumor (N1) or pro-tumor (N2)
subsets (20). More recently, it was suggested that circulating neutrophils can also be classified into
high density neutrophils (HDN) and low density neutrophils (LDN), which functionally mirror N1 and
N2 neutrophils, respectively (77). However, there is still much uncertainty around neutrophils’
populations and their respective features. Moreover, although many research groups have been
studying the role of neutrophils in cancer and their prognostic value, the majority, especially
regarding the LDN, have been described in murine models. Thus, further investigation and

validation still need to be accomplished using human patients’ samples.

Breast cancer is the most frequent type of cancer in women worldwide (92) and, even though there
have been advances in early diagnosis and treatment, breast cancer remains the main cause of
cancer-related deaths in women. For patients who have tumors larger than 2 cm and/or with
extension to the axillary lymph node or inflammatory/inoperable tumors, the treatment of choice is
neoadjuvant chemotherapy (NACT). NACT is prescribed before surgery in order to reduce the
tumor size and allow a more conservative procedure. However, more than half of the patients
submitted to this treatment do not achieve pCR (106). Hence there is an urgent clinical need to find

new biomarkers to predict the response to NACT.

Due to the roles suggested for LDN in tumor progression and metastization and the lack of studies
in this topic using human patients, we evaluated, in BC, the clinical significance of LDN, particularly

in predicting response to NACT. Specifically, we intended to:

1. Investigate if LDN influence the clinical outcome in breast cancer patients — patient response

to NACT and tumor progression

In order to investigate if the LDN subpopulation may, in fact, influence the clinical outcome of breast
cancer patients, we intended to establish associations between the presence of LDN in the blood
and the patients’ clinical data, including NACT response, stage of the disease (non-

metastatic/metastatic) and breast cancer subtype.
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2. Characterize systemic neutrophils (both high and low density neutrophils) of breast cancer

patients

We performed a thorough phenotypic and functional characterization of patient derived LDN and
compared it to HDN. The characterization of both subsets included the assessment of the
expression of several markers, by flow cytometry, and the implementation of functional assays to
evaluate neutrophils’ functions, such as the production of reactive oxygen species (ROS),

phagocytic capacity and formation of neutrophil extracellular traps (NETS).

To further clarify the immunosuppressive features of LDN we also performed correlations between
the frequency of LDN and Tregs or CTLs present in the whole blood of these patients, as well as
with some relevant cytokines in patients’ plasma. Additionally, we performed in vitro co-cultures of
peripheral blood mononuclear cells (PBMCs) and LDN to determine if these BC patients derived-

LDN can indeed influence the activation of T cells.

To develop this work, we established a collaboration with 4 hospitals in the Lisbon area (Hospital
de Vila Franca de Xira, Hospital Santa Maria, Hospital Professor Doutor Fernando Fonseca and
Hospital CUF Descobertas) in order to obtain blood samples from breast cancer patients, who were

mainly going to be submitted to NACT.
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1. Patients’ Samples

Blood samples from 60 breast cancer patients (48 non-metastatic and 12 metastatic) were provided
by Hospital de Vila Franca de Xira, Hospital Santa Maria, Hospital CUF Descobertas and Hospital
Professor Doutor Fernando Fonseca. Approximately 10 mL of whole blood was collected in
Vacutainer tubes with EDTA (BD Biosciences) and handled within one day post collection. An
aliquot was promptly prepared for immunophenotyping by flow cytometry (see section 5) and

neutrophils were isolated as described in section 4.

1.1 Patient characteristics

A total of 60 breast cancer patients were included in this study. The inclusion criteria defined that
patients should have an invasive breast tumor, more than 18 years, understand the study in which

they will be involved and give informed consent for sample collection.

The 48 non-metastatic breast cancer patients included in the study followed the same therapeutic
regime, having been submitted to neoadjuvant chemotherapy (NACT). This treatment is mainly
administered in patients with tumor size larger than 2 cm and/or disease extension to the axillary
lymph node, or inflammatory/inoperable breast cancer and aims to reduce the size of the primary
tumor before surgery, allowing a more conservative intervention. In general, NATC includes several
cycles of treatment with chemotherapeutic drugs (doxorubicin, cyclophosphamide and paclitaxel),

during 6 months.

The patients’ clinical characteristics are summarized in Table 1.1 below.

Table Il. 1 - Characteristics of non-metastatic patients enrolled in the study (age and body mass index).
Clinical data, such as subtype of breast cancer, tumor grade, tumor dimension, Ki67 (related to the tumor
proliferation rate), node status and response to treatment are also summarized.

Age | Median - 57 (range: 31 - 80)

Body Mass Index (BMI) | Median - 26.09 (range: 19.36 — 46.68)

ER+ (PR -/+) | 31.43%

HER2+ including triple positive breast cancer | 48.57%

TNBC | 20%

Dimension (mm) | Median — 38 (range: 6 — 110)

Ki67 | Median — 35% (range: 5%— 95%)

Positive — 61.76%

Axillary lymph node invasion status
Negative — 38.24%
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Response - 50%

NACT response
Non-response - 50%

2. Healthy Donors’ Samples

Approximately 10 mL of whole blood from 8 healthy donors were also collected in Vacutainer tubes
with EDTA. Plasma, high and low density cell fractions were obtained and processed as described

below (section 4) and used as controls for comparison with the breast cancer patients’ samples.

3. Ethics

This study was accepted by the Ethical committees of Hospital de Vila Franca de Xira, Hospital
Santa Maria, Hospital CUF Descobertas, Hospital Professor Doutor Fernando Fonseca and NOVA

Medical School, Faculdade de Ciéncias Médicas da Universidade Nova de Lisboa.

Participants were recruited voluntarily and written informed consent was obtained (see appendix).
Blood samples were collected during the patients’ clinical routine and this collection did not

influence the patients’ treatment or diagnosis.

Sample processing was only performed at CEDOC/NOVA Medical School, according to the

Declaration of Helsinki.

4. Neutrophil Isolation

Neutrophils from the high and low density fractions were isolated from whole blood through
Histopaque-based density gradient centrifugation for further quantification and characterization.
Whole blood was carefully layered on top of a solution of equal volumes of Histopaque-1077 and
Histopaque-1119 (Sigma-Aldrich) in a 1:1 ratio and centrifuged at 2000 rpm for 20 min, without
break. After the centrifugation, the blood components were separated into different layers
according to density. From lower to higher density: plasma; peripheral blood mononuclear cells
(PBMCs), which are composed of lymphocytes, monocytes and, in some cases, low density
neutrophils (LDN); Histopaque solution; granulocytes, including high density neutrophils (HDN) and
red blood cells (Figure 11.1). The plasma fraction was collected and frozen at -80°C for ELISA (see
section 10). Both cellular fractions were transferred to microtubes and aliquoted for further

characterization (see sections 5, 6, 7, 8 and 9).
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Figure Il. 1 - Separation of whole blood components by density gradient centrifugation. Figure
elaborated with BioRender.

5. Immunophenotyping by Flow Cytometry

Flow cytometry is a widely used technology to perform a multi-parametric analysis of single cells in
suspension, allowing the assessment of the expression of cell surface and intracellular molecules.
In the cytometer, a continuous flow is formed and the cells in suspension pass through the laser
beam, one cell at a time. As each cell passes through the beam, the light is scattered in two different
directions. A detector in front of the light beam measures the forward scatter (FSC) and a detector
on the side of the beam measures the side scatter (SSC). The FCS gives information about the
relative size of the cells and the SSC indicates the internal complexity or granularity of the cell.
Additionally, cells can be labeled with fluorescent markers that bind to specific molecules and the
fluorescence emitted from positively stained cells is measured by fluorescence sensors. As such,
distinct cell populations can be distinguished based on differences in their size and granularity

alone, as well as based on the expression of particular molecules (119).

5.1 Antibody staining

Antibody staining for flow cytometry was performed in whole blood, as well as in the high and low
density cell fractions obtained from the whole blood. After processing the blood samples, a cocktail
of mouse anti-human monoclonal fluorescent antibodies (mAbs) was added to the samples and the
mixtures were kept in the dark for 15 min at room temperature. The mixtures consisted of 2 uL of
each mAb and 100 pL of the sample. For both whole blood and high density fraction, the staining
was followed by a step of red blood cell lysis with 2 mL of RBC lysis buffer (Biolegend), for 20 min
at 4°C. A wash step was performed by adding 1 mL of PBS 1X and centrifuged at 300 g for 5 min.

The samples were then fixed with 200 uL of FlowFix (Polysciences) and resuspended in 200 uL of
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PBS 1X before analyzing. Data were acquired in a BD FACS Canto Il with FACSDiva software v8.0.1

(BD Biosciences) and the results were analyzed using FlowJo software v10.

The mAbs used for the staining were: anti-CD3-APC (clone UCHT1), anti-CD4-FITC (OKT4), anti-
CD8-PE (HIT8a), anti-CD11b-FITC (ICRF44), anti-CD15-PE (HI98), anti-CD25-PE (BC96), anti-
CD33-APC-Cy7 (P67.6), anti-CD66b-APC (G10F5), anti-CD69-PercP (FN50), anti-CD127-PE-Cy7
(A019D5), anti-CCR4-BV421 (L291H4), anti-HLA-DR-APC (L243) and anti-PD-L1-APC (29E.2A3),

all from Biolegend.

5.2 Gating Strategy

Using the mAbs mentioned above, the immune populations were defined as follows: neutrophils as
CD15", cytotoxic T lymphocytes as CD3*/CD8*, helper T lymphocytes as CD3*/CD4* and regulatory
T lymphocytes as CD4*/CD25"s"/ CD 127",

The gating strategy to identify the different cell populations is represented in Figures 1l.2-4. The
immune populations are represented as a percentage of single cells. In the case of the immune
markers CCR4, CD11b, CD66b, CD33, CD69 and PD-L1 we wanted to evaluate their level of
expression and for this, the median fluorescent intensity (MFI) was determined. The ratio between
the MFI of the positive population and the MFI of the negative population was then calculated in
order to minimize and discard the influence of potential fluctuations in the auto-fluorescence of the
samples as well as the voltages of the flow cytometer. The negative population was established

taking into account the unstained controls.
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Figure Il. 2 - Gating strategy used to select different immune populations in the whole blood and to analyze the expression of specific markers within the CD15+,
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Figure Il. 3 — Gating strategy used to select different immune populations in the high density fraction obtained from the whole blood and to analyze the expression of

different markers within the CD15+ population.
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Figure Il. 4 - Gating strategy used to select different immune populations in the low density fraction obtained from the whole blood and to analyze the expression
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6. Evaluation of the phagocytic capacity

The phagocytic capacity of neutrophils from each subset (HDN and LDN) was assessed by using

Escherichia coli (E. coli) labeled with fluorescein isothiocyanate (FITC, Sigma).

6.1 E. coli labelling with FITC

E. coli was grown overnight in Lysogeny broth (LB) in a shaker at 37°C. The cultures were
centrifuged at 12 000 g and the pellet was resuspended in PBS 1X. Bacteria were heat-killed at
95°C for 1h and centrifuged at 12 000 g for 10 min. The bacterial pellet was resuspended in 1 mL
of 0.1 M sodium carbonate buffer (pH = 9) and incubated with 0.1 mg/mL of FITC (from a stock of
10 mg/mL in DMSO) for 1h in the dark with shaking at room temperature. In order to remove the
unbound dye, cells were rinsed 3 times with PBS 1X and centrifuged as described above. The pellet

was resuspended in 1 mL PBS 1X and stored at -80°C until further use.

6.2 Phagocytosis Assay

Neutrophils obtained (as described in section 4) from the high and low density fractions, were split
into 100 pL aliquots and incubated with 10 pL of FITC-labelled E. coli suspension, for 30 min at
37°C or 4°C. The cells incubated at 4°C were used as negative controls since phagocytosis does
not occur at this temperature. After incubation, 100 pL of trypan-blue solution (1:50 in PBS) was

added to each tube to quench FITC fluorescence of bacteria possibly attached to the neutrophils’
membrane. Cells were then washed two times with 3 mL of Hank's Balanced Salt Solution (HBSS,
HyClone) and centrifuged at 250 g for 5 min, at 8°C. The cells from the high density fraction were
submitted to an extra step of red blood cell lysis with 2 mL of RBC lysis buffer, for 20 min at room
temperature. A second wash step was performed by adding 3 mL of HBSS and centrifuged at 250
g for 5 min. The cells (HDN and LDN) were fixed with FlowFix and resuspended in 200 uL of PBS

1X before analyzing.

The phagocytic capacity was evaluated by flow cytometry and the gating strategy is represented in
Figure I1.5. The internalized bacteria were estimated by measuring the MFI of the cells. More
specifically, by calculating the ratio between the MFI of the positive population at 37°C and the MFI
of the positive population at 4°C, in order to discount the influence of the surface attached bacteria.
Higher phagocytic capacity is proportional to a higher value of internalized bacteria. The populations

were established taking into account a control without E. coli.
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Figure Il. 5 — Gating strategy used to assess the phagocytic capacity. Phagocytic ability was assessed in
both (A) high density neutrophils and (B) low density neutrophils. The internalized bacteria were estimated by
calculating the ratio between the MFI of the positive population at 37°C and the MFI of the positive population
at 4°C. Higher phagocytic capacity corresponds to higher levels of internalized bacteria.
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7. Evaluation of the oxidative burst

The oxidative burst of the high and low density neutrophils upon stimulation with phorbol 12-
myristate 13-acetate (PMA, Sigma-Aldrich) was assessed using the 2',7'-Dichlorofluorescin
diacetate (DCFH2-DA, Invitrogen) probe.

After isolating the HDN and LDN as described above (section 4), the cell suspensions were divided
into aliquots of 100 uL. For the HDN, red blood cell lysis was performed by adding 2 mL of RBC
lysis buffer and incubating for 20 min at 4°C. The cells were rinsed 2 times with PBS 1X and
centrifuged at 300 g for 5 min. After the lysis step, both HDN and LDN tubes were incubated with
DCFH2-DA probe diluted in HBSS, in a final concentration of 5 uM (stock 1 mg/mL in DMSO), for
15 min, at 37°C protected from light. Following this incubation period, neutrophil stimulation was
performed by adding 200 ng/mL of PMA for 30 min. At the end of the incubation, the tubes were
immediately transferred to ice to stop the stimulation and consequent release of reactive oxygen
species (ROS). One last wash was performed as described above, before analyzing the ROS
production levels. Two types of controls were used in this assay: a tube containing only cells (HDN
or LDN) was used as negative control and another tube with cells (HDN or LDN) containing the

probe but not the PMA stimulus to access the basal level of ROS production.

The oxidative burst upon stimulation was accessed by flow cytometry, using the gating strategy
represented in Figure I1.6. The populations were established considering the negative control. The
level of ROS released was estimated by measuring the MFI of the stimulated neutrophils; the MFI

of the non-stimulated neutrophils was also measured to assess the basal level of ROS production.
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Figure Il. 6 — Gating strategy used to assess the oxidative burst upon PMA stimulation. The oxidative
burst was assessed in both (A) high density neutrophils and (B) low density neutrophils. The level of ROS
produced was estimated by measuring the MFI of the stimulated neutrophils (+DCFH2-DA / +PMA). The MFI
of the non-stimulated neutrophils (+DCFH2-DA / -PMA) was measured to assess the basal level of ROS
production.
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8. Evaluation of neutrophil extracellular traps (NETs) formation

In order to evaluate and compare the ability to form neutrophil extracellular traps (NETS),
neutrophils from each subset (HDN and LDN) were stimulated in culture and then stained to

visualize NETs formation through confocal microscopy.

8.1 Stimulation for NETs formation

HDN and LDN were isolated from the whole blood as described above (section 4) and each fraction
was transferred to a new 15 mL falcon. Immediately after the separation process, red blood cell
lysis was performed with 10 mL of RBC lysis buffer, for 10 min at room temperature, followed by
centrifugation at 1100 rpm for 5 min. After washing with 5 mL of HBSS and centrifugation in the
same conditions, the cells were resuspended in 5 mL of RPMI-1640 medium (Gibco) supplemented
with 1% of autologous plasma. Following this, HDN and LDN were seeded on top of coverslips (13
mm), in a 12-well plate (VWR). Stimulation with 100 ng/mL of PMA was performed during 3h, at
37°C.

8.2 NETs visualization and quantification

After the incubation time, the plate was centrifuged at 1100 rpm for 5 min and the supernatant was
collected, centrifuged at 2000 rpm for 10 min to exclude all cellular debris and stored at -20°C for
ELISA. The cell culture medium was removed, and the wells were washed with PBS 1X. The cells
were fixed with 4% paraformaldehyde (PFA) for 10 min at room temperature. The wells were rinsed
two times with PBT (PBS 1X + 0.1% Triton X-100, ACROS Organics) and then blocked with PBT +
1% bovine serum albumin (BSA, Sigma-Aldrich) for 10 min. After removing the blocking solution,
the primary antibody (at a concentration of 1:100 in blocking solution) was added to each well and
left to incubate for 1h at room temperature. The primary antibody used was a mouse monoclonal
anti-Myeloperoxidase (MPO, clone 266-6K1, Santa Cruz Biotechnology). Following this, two rounds
of washing were performed with PBT. The secondary antibody goat anti-mouse Alexa 568
(Invitrogen) was added at a concentration of 1:500 in blocking solution and incubated for 45 min in
the dark at room temperature. Again, the plate was washed as described above. Counterstaining
was performed with 4',6-diamidino-2-phenylindole (DAPI) solution (0.001 mg/mL in PBS 1X), for 10
min protected from light. Washing was performed 3 times with PBS 1X with shaking and waiting 5
min between washes. Finally, the coverslips were mounted with Fluorescent Mounting Media
(DAKO) into microscopy slides. Images were acquired in a confocal microscope (LSM710, Zeiss)

and analysed with Fiji software (version: 2.0.0-rc-69/1.52p).

NETs formation was quantified by assessing the NETs area and the MPO median fluorescence
intensity. For the NETs area quantification, an automatic threshold was applied in the DAPI channel,

to remove the fluorescence related to the nuclear staining. Normalization was performed by doing
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a ratio with the nuclei number. Nuclei area was also calculated in the DAPI channel by applying an
automatic threshold and measuring the area in the “analyse particles” menu. In all quantifications,

3 different images per patient were analysed and the mean value was obtained.

9. Co-culture of LDN with PBMCs

Whole blood from 13 breast cancer patients was collected and the PBMCs fraction was isolated as
described in section 4. PBMCs were stained with anti-CD15 for 15 min in the dark on ice, followed
by a washing step with PBS 1X and centrifugation at 300 g for 5 min. Cells were then resuspended
in PBS 1X supplemented with 2% FBS and 10% Penicillin/Streptomycin (GE Healthcare) and
filtered. Cells were sorted into two populations: CD15- (PBMCs) and CD15+ (LDN). Cell sorting
was performed in BD FACS Aria lll and cells were collected in RPMI-1640 supplemented with 10%
FBS and 10% Penicillin/Streptomycin. Following this, PBMCs depleted from CD15+ cells were
cultured alone or in a 1:1 ratio with the LDN population (CD15+ cells) in a 96-well plate (Orange
Scientific). Stimulation was performed with 35 ng/mL of PMA and 1 pug/mL of ionomycin (Merk
Millipore) for 24h. After the incubation, the supernatants were collected as described in section 8.2
and stored at -20°C for ELISA. The cells were stained with anti-CD3-PerCP (clone HIT3a), CD4,
anti-CD8-PacificBlue (SK1), anti-CD69-APC-Cy7 (FN50), CD25, HLA-DR and anti-Ki-67-PE (Ki-67).
The staining was performed as described above (section 5.1), except for the intracellular marker
Ki67. After the cell surface staining, cells were fixed and permeabilized with the Fix/Perm kit
(Invitrogen) for 30 min at room temperature, in the dark. Ki67 was added for 30 min, followed by a
washing step with 1 mL of PBS 1X and centrifugation at 300 g for 5 min. The samples were then
fixed with 200 uL of FlowFix and resuspended in 200 uL of PBS 1X before analyzing. Data were
acquired in BD FACS Canto Il with FACSDiva software and the results were analyzed using FlowJo

software.

10. ELISA

Enzyme-Linked Immunosorbent Assay (ELISA) was performed for the quantification of secreted
cytokines in patients’ plasma and healthy donors’ plasma for comparison, as well as in the
supernatants of cell cultures (described in sections 8 and 9). For the first case, plasma was obtained
from whole blood as described above (section 4) and the levels of IL-10, IFN-y, CCL17, TGF-$ and
IL-17 were measured using commercial ELISA kits. In the second case, the supernatants were
harvested and stored as described above. For the supernatants from the cultures with HDN and
LDN (section 8) only CCL17 was quantified; while for the supernatants from the co-cultures with
PBMCs and LDN (section 9) only the level of secreted IFN-y was assessed. The IL-10, IFN-y, TGF-
B and IL-17 Kits, all from Biolegend, and the CCL17 kit, from R&D Systems, were used according to

the manufacturer’s instructions.
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The ELISA kits for each of the chosen cytokines were based on the sandwich method (Figure 11.7).
The general steps of this assay are next described. Briefly, a 96-well plate was coated with the
specific capture antibody in coating buffer and left to incubate overnight at 4°C. In the next morning,
the plate was washed with PBS 1X + 0.05% Tween-20 (Sigma) and then blocked with PBS 1X + 1%
BSA for 1h with shaking at room temperature. After a washing step, the standards and the samples
were added to the respective wells and incubated for 2h with shaking. Another round of washes
was performed, the detection antibody was added to each well and incubated for 1h with shaking.
Another cycle of washing was performed before adding the Avidin-HRP (horseradish peroxidase),
followed by an incubation of 30 min with shaking. A final washing step was performed and the
3,3',5,5'-Tetramethylbenzidine (TMB) substrate (Biolegend) was added to the plate and incubated
in the dark for approximately 30 min. Lastly, in order to finish the reaction, stop solution (Biolegend)
was added to the plate before reading the absorbance. The absorbances (450 and 570 nm) for
each well were read in a plate reader (Synergy HT Multi-Detection Microplate Reader, BioTek) and
used to calculate the concentration of the cytokines in the samples, taking into consideration the

standard curve values.

A
y 4 y

Figure Il. 7 — General Sandwich ELISA Steps. 1 — Coating with capture antibody; 2 — Incubation with the
specific antigen; 3 — Incubation with the detection antibody; 4 — Addition of Avidin-HRP; 5 — Addition of the
substrate; 6 — Addition of the stop solution. Figure elaborated with BioRender.

11. Statistical analysis

Statistical analysis was performed in GraphPad Prism v8.2.1. Statistical significance was considered
for p < 0.05. Comparison between samples was performed by a nonparametric Mann-Whitney test
and correlations were calculated with Spearman r test. For the comparison of the immune markers

in HDN and LDN and for the comparison of the immunological parameters regarding patient’s age,
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tumor dimension, breast cancer subtype and body mass index, a two-way ANOVA, either with
Sidak’s multiple comparisons (2 groups) or Tukey’s multiple comparisons (3 groups), was

performed. T-test was used to compare samples in a stimulated vs unstimulated condition.
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Chapter Il — Results

1. LDN are associated with a worse prognosis in breast cancer patients

Breast cancer (BC) remains the main leading cause of cancer-related deaths among women
worldwide (92). There is evidence suggesting that tumors can be heavily infiltrated by immune cells
and that the efficacy of anti-cancer chemotherapy can be influenced by the immune system (116).
Recently, neutrophils and their role in cancer have become a topic of interest. Several groups are
interested in characterizing these cells in a context of cancer and in investigating how neutrophils
might impact tumor progression. It has been established that neutrophils are a heterogeneous
population composed by different subsets with distinct activities. In fact, tumor-associated
neutrophils (TANs) can be divided into antitumor (N1) or protumor (N2) subsets (20). Moreover, it
was proposed that circulating neutrophils can also be divided into high density neutrophils (HDN)
and low density neutrophils (LDN), which functionally mirror N1 and N2 neutrophils, respectively
(77). However, most of the knowledge regarding neutrophils’ populations and their respective
features, as well as their roles in cancer, comes from studies using murine models. Thus, further
investigation and validation of these insights still need to be accomplished using human patients’
samples. In order to tackle this question, we intended to evaluate if circulating LDN have clinical

relevance in a cohort of BC patients.

1.1. Higher levels of LDN in the blood are associated with a worse prognosis and a poor

response to neoadjuvant chemotherapy in breast cancer patients

To pursue the goal of investigating if LDN have clinical relevance in BC, we assessed the presence
of LDN in the blood of three groups of individuals: healthy donors, non-metastatic BC patients and
metastatic BC patients. After a density gradient centrifugation, we determined, by flow cytometry,
the frequency of LDN and HDN present in the blood of these individuals. As expected, LDN were
almost absent in the blood of healthy individuals when comparing to non-metastatic and metastatic
BC patients (p<0.01, Figure Ill.1A). Indeed, LDN are known to arise only in inflammatory or
pathological conditions (120). Furthermore, within BC patients, we observed that the percentage of
LDN present in metastatic patients was significantly higher than the one present in non-metastatic
patients (p<0.05, Figure Ill.1A). These results sustain the idea that LDN are more frequent in more
advanced stages of cancer, corroborating that their presence is possibly correlated with

metastization and aggressiveness, as it happened in mice (82,121).

As mentioned in Chapter |, neoadjuvant chemotherapy (NACT) is the conventional treatment for
BC patients with tumors larger than 2 cm and/or disease extension to the axillary lymph nodes, or

with inoperable and inflammatory tumors. However, less than 50% of patients have a good response
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to this treatment and a poor response to NACT has been indicated as a prognostic factor for
recurrence and disease progression (106,122). As such, it is of major importance to find new
biomarkers that are able to detect, prior to treatment, which patients will not respond to NACT, in
order to promptly direct them to alternative treatments. Considering that LDN frequency in the blood
is associated with BC aggressiveness, we decided to further investigate the role of LDN in non-
metastatic patients, particularly regarding response to NACT. We hypothesized that LDN should be
more prevalent in patients who do not respond to treatment, being associated with consequent
disease progression. To assess this hypothesis, we used the blood of a cohort of 48 non-metastatic
BC patients who had been selected to perform NACT. However, only 22 patients had already
finished the treatment; so, clinical information regarding response to NACT of 26 BC patients is still

missing.

After 6 months of treatment, patients are subjected to the surgical removal of the remaining tumor
and the response is assessed trough histopathological analysis in the surgical specimen. Patients
were divided into responders and non-responders, following the criteria already established (108).
NACT responders were classified as patients who achieved a pathological complete response (n=5)
or patients who had a significant decrease in tumor size without axillary lymph node involvement
after treatment (n=6). NACT non-responders were classified as patients who did not achieve a
tumor down-staging and/or still had disease extension to the axillary lymph nodes after treatment
(n=11). We observed that NACT non-responders had a significant higher percentage of LDN
present in their blood before treatment, in comparison to NACT responders (p<0.05, Figure 1l.1B).
Thus, these results demonstrate that LDN have a discriminating power regarding patient response
to treatment, as higher levels of these neutrophils are present in patients who do not respond to

NACT. As such, this immune trace could be potentially used as a predictive biomarker.
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Figure lll. 1 — Low density neutrophils are associated with advanced stages of breast cancer and with
poor response to neoadjuvant chemotherapy. (A) Percentage of high density neutrophils (HDN) and low
density neutrophils (LDN) in the whole blood of healthy donors (white bars, n=7), in non-metastatic breast
cancer patients (grey bars, n=48) and in metastatic breast cancer patients (black bars, n=12). (B) Percentage
of high density neutrophils (HDN) and low density neutrophils (LDN) in the whole blood of non-metastatic
breast cancer patients with response to NACT (R, grey bars, n=11) and without response to NACT (NR, red
bars, n=11). Data are represented as mean + SEM. Statistical analysis: two-way ANOVA with Sidak’s multiple
comparisons, *p<0.05, **p<0.01, ****p<0.0001.
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1.2. LDN are more prevalent in patients with the ER+ breast cancer subtype

Worse prognosis in BC is usually associated with younger age (pre-menopause), obesity, disease
spread to the axillary lymph nodes and tumors larger than 20 mm (123,124). Thus, besides
investigating if LDN are associated with breast cancer aggressiveness and patient response to
NACT, we performed several comparisons between the two neutrophil subsets considering the
patients’ available clinical data (see Table Il.1 of Chapter IlI). Namely, we took into consideration
patients’ breast cancer subtype (ER+, HER2+ or TNBC, Figure lll.2A), axillary lymph node status
(node positive (N+) or node negative (N-), Figure Il.2B), tumor size (<20 mm or >20 mm, Figure
111.2C), age (<50 years old and >50 years old, Figure 1ll.2D) and body mass index (BMI, normal (18.5-
24.9), overweight (25.0-29.9) or obese (>30), Figure Ill.2E). These comparisons were performed in

order to evaluate if LDN are also associated with other factors that can be related to prognosis.

Since NACT is prescribed to BC patients regardless of their tumor subtype it was interesting to
observe that, when segregating patients by their BC subtype, patients with the ER+ subtype had a
significantly higher percentage of LDN when compared to patients with the HER2 subtype
(p=0.0003, Figure 1ll.2A) and patients with TNBC (p=0.03, Figure Il.2A). This highlights that the
assessment of LDN could be used as an important tool to determine response to NACT prior to

treatment, especially for patients with ER+ BC.

Besides the association with the BC subtype, no other significant differences were observed
between the evaluated groups, hence these results sustain the fact that this trace has the potential
to be used to predict response to NACT independently of axillary lymph node involvement, tumor

dimension, patients’ age and body mass index.
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Figure Ill. 2 - Low density neutrophils are more prevalent in the ER+ breast cancer subtype. (A)
Percentage of high density neutrophils (HDN) and low density neutrophils (LDN) in the whole blood of HER2
non-metastatic BC patients (white bars, n=17), of estrogen receptor (ER+) non-metastatic BC patients (grey
bars, n=11) and of triple negative non-metastatic BC patients (TNBC, black bars, n=7). (B) Percentage of HDN
and LDN in patients without (N-, grey bars, n=13) or with (N+, black bars, n=20) axillary lymph node
metastases. (C) Percentage of HDN and LDN in patients with tumors smaller than 20 mm (grey bars, n=6) or
tumors with at least 20 mm (black bars, n=33). (D) Percentage of HDN and LDN in BC patients younger (grey
bars, n=13) or older than 50 years old (black bars, n=28). (E) Percentage of HDN and LDN in BC patients
segregated by their body mass index: normal (white bars, n=11), overweight (grey bars, n=14) or obese (black
bars, n=9). Data are represented as mean + SEM. Statistical analysis: two-way ANOVA with Turkey’s multiple
comparisons (A and E) or with Sidak’s multiple comparisons (B, C and D), *p<0.05, **p<0.01, ***p<0.001.
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1.3. LDN are a more meaningful predictive biomarker than the NLR

As mentioned, the neutrophil-to-lymphocyte ratio (NLR) has already been implied as a possible
predictive biomarker in BC response to NACT (114,125). However, data regarding which threshold
value should be considered for NLR is still conflicting, as different authors suggest distinct values
(110). Hence, we decided to perform a comparison of the performance as predictive biomarkers
between LDN and NLR in this BC cohort. For this, we assessed the percentage of total neutrophils
and lymphocytes present in the patients’ whole blood, in order to calculate the NLR (Figure [11.3A).
After calculating the NLR the BC cohort was divided into NACT responders and non-responders,
according to the patients’ clinical information (Figure 1ll.3B). The NLR was also assessed in the

blood of healthy individuals as a comparative term (Figure 111.3B).

We observed no significant differences in the NLR when comparing both groups of BC patients.
This result combined with the observation that NACT non-responders have significantly higher
levels of LDN present in their blood pre-treatment, endorses LDN as a greater predictive factor,

than NLR.
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Figure Ill. 3 — Neutrophil-to-lymphocyte ratio is not a predictive factor of breast cancer response to
neoadjuvant chemotherapy. (A) Quantification, by flow cytometry, of the total lymphocytes and the total
neutrophils in the whole blood of breast cancer patients (n=52). (B) The quantification performed in (A) was
used to calculate the neutrophil-to-lymphocyte ratio (NLR) in healthy donors (HD, white bar, n=6), in breast
cancer patients with response to NACT (R, grey bar, n=11) and without response to NACT (NR, red bar, n=11).
Data are represented as mean + SEM.

2. LDN are a subset of highly activated cells with enhanced functions

We have seen that LDN are associated with BC aggressiveness, as more advanced, metastatic
patients, as well as patients who do not respond to NACT, have increased levels of LDN in their

blood (section 1).
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The role of neutrophils and, particularly, of LDN in cancer have been intensively studied in the past
few years. Nonetheless, studies regarding this topic using human samples are still scarce and so,
the majority of the knowledge comes from studies with animal models. Considering that human and
mice neutrophils exhibit significant biological differences, it is crucial to validate these insights in
cancer patients, in order to fully comprehend their potential clinical utility. To assess this subject,
we performed a detailed characterization of BC patients’ neutrophils, both HDN and LDN, in terms

of their phenotype and function.

2.1. LDN have increased expression of activation and immunosuppressive markers

In order to better understand why LDN are associated with worse BC prognosis and response to
treatment, we decided to perform a thorough characterization of the LDN and HDN, obtained after
density gradient centrifugation of the whole blood from the non-metastatic BC patients involved in

this study.

To perform the immunophenotyping of the LDN and HDN subsets, we assessed a set of immune
markers, by flow cytometry, regarding both the percentage of cells expressing a specific marker
and the level of expression, given by the median fluorescence intensity (MFI), of said marker. The
set of markers evaluated in this characterization was the following: CD11b, CD66b, CD33, CCR4
and PD-L1. We chose to assess these markers, based on their functions. CD11b is an adhesion
molecule present in granulocytes that is expressed by activated cells (126). CD66b is also a
molecule involved in the adhesion mechanisms, present in neutrophils and eosinophils, which is
highly expressed in activated cells (79). CD33 is expressed by granulocytes precursors and its
expression decreases as the cell matures, being considered a maturation marker (127). CCR4 is a
chemokine receptor with affinity for CCL17 and CCL22, involved in immunosuppressive pathways.
Lastly, PD-L1 is an immune checkpoint that when bound to its receptor PD-1 in T cells, inhibits their

activity.

The percentage of cells expressing these markers was similar between LDN and HDN, except for
CCR4 and PD-L1. The percentage of cells expressing CCR4 was significantly higher in the LDN
subset (p<0.0001, Figure Ill.4A), when compared with HDN. This result is particularly interesting
since the expression of CCR4 has not been previously described in neutrophils, hence this result
suggests that CCR4 may represent a good marker to distinguish LDN from HDN. Moreover, the
percentage of cells expressing PD-L1 was also higher in LDN than in HDN (p=0.007, Figure Ill.4A).
The higher percentage of cells expressing CCR4 and PD-L1 in the LDN population implies that this
subset of neutrophils has an immunosuppressive phenotype, being potentially involved in the

impairment of antitumor T cells’ responses.

When taking into account the level of expression of each marker, given by the MFI, both activation

markers, CD11b and CD66b had a significantly higher MFI in LDN, when compared to HDN
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(p=0.0018 and p<0.0001 respectively, Figure I11.4B), highlighting that LDN are more activated than
HDN.

Altogether, these results suggest that LDN are a subset of more activated cells, which have

immunosuppressive action in the context of cancer.
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Figure lll. 4 — Low density neutrophils are more activated cells with immunosuppressive function. (A)
Percentage of high density neutrophils (HDN, grey bars) and low density neutrophils (LDN, red bars)
expressing CD11b, CD66b, CD33, CCR4 and PD-L1 (assessed by flow cytometry). (B) Median fluorescence
intensity (MFI) of CD66b, CD11b, CD33, CCR4 and PD-L1 in high density neutrophils (HDN, grey bars) and in
low density neutrophils (LDN, red bars). Data corresponds to 48 non-metastatic breast cancer patients and is
represented as mean * SEM. Statistical analysis: two-way ANOVA with Sidak’s multiple comparisons,
**p<0.01, ****p<0.0001.

Moreover, we performed the same phenotypic characterization for HDN and LDN obtained from the
blood of metastatic BC patients, in order to evaluate if neutrophils suffer alterations in their
phenotype with cancer progression. For this, we performed a comparison between HDN and LDN
of non-metastatic and metastatic BC patients, regarding the percentage of cells expressing the
CD66b, CD11b, CD33, CCR4 and PD-L1 markers, as well as their respective MFI (Figure III.5).

When considering the comparison regarding these markers between HDN and LDN of metastatic
BC patients, we observed that there is also significantly higher percentage of LDN expressing
CCR4, in comparison to HDN (p<0.01, Figure Ill.5A). Additionally, although the difference is not
significant, the tendency to have more LDN expressing PD-L1 than HDN (Figure 1ll.5A) is maintained
in metastatic BC patients. Thus, in both non-metastatic and metastatic BC patients the percentages
of LDN CCR4+ and PD-L1+ are higher, when compared with HDN from their counterparts.
Regarding the level of expression of each marker, no significant differences were found between
LDN and HDN of metastatic BC patients, however it appears that a tendency for the activation
markers, CD11b and CD66b, to have higher MIF in LDN when compared to HDN, is also maintained.

Interestingly, when comparing neutrophils from metastatic and non-metastatic BC patients, the
percentage of cells expressing PD-L1 is increased in both HDN (p<0.05, Figure 1I1.5C) and LDN

(p<0.05, Figure IIl.5E) of metastatic BC patients. Also, there is a tendency in metastatic patients to
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have increased percentages of LDN CCR4+, when compared to non-metastatic patients (Figure
lI.5E). On the other hand, the expression levels of CD11b were lower in HDN (p=0.0003, Figure

I1.5D) and in LDN (p<0.01, Figure Ill.5F) of metastatic patients, in comparison to non-metastatic.

Overall, these results imply that neutrophils, from both subsets, of metastatic patients have an
enhanced immunosuppressive phenotype, suggesting that as cancer progresses the neutrophils
tend to become more immunosuppressive, supporting an environment that is favourable to tumor

development and metastization.
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Figure Ill. 5 - Neutrophils from metastatic breast cancer patients have an immunosuppressive

phenotype even more pronounced than neutrophils from non-metastatic patients. (A) Percentage of high
density neutrophils (HDN, grey bars, n=12) and low density neutrophils (LDN, red bars, n=12) from metastatic
breast cancer (BC) patients expressing CD11b, CD66b, CD33, CCR4 and PD-L1 (assessed by flow cytometry).
(B) Median fluorescence intensity (MFI) of CD11b, CD66b, CD33, CCR4 and PD-L1 in high density neutrophils
(HDN, grey bars, n=12) and in low density neutrophils (LDN, red bars, n=12) from metastatic BC patients. (C)
Percentage of high density neutrophils (HDN) expressing CD11b, CD66b, CD33, CCR4 and PD-L1 in non-
metastatic BC patients (grey bars, n=48) and in metastatic BC patients (blue bars, n=12). (D) Median
fluorescence intensity (MFI) of CD11b, CD66b, CD33, CCR4 and PD-L1 in high density neutrophils (HDN) of
non-metastatic BC patients (grey bars, n=48) and of metastatic BC patients (blue bars, n=12). (E) Percentage
of low density neutrophils (LDN) expressing CD11b, CD66b, CD33, CCR4 and PD-L1 in non-metastatic BC
patients (grey bars, n=48) and in metastatic BC patients (blue bars, n=12). (F) Median fluorescence intensity
(MFI) of CD11b, CD66b, CD33, CCR4 and PD-L1 in high density neutrophils (LDN) of non-metastatic BC
patients (grey bars, n=48) and of metastatic BC patients (blue bars, n=12). Data are represented as mean +
SEM. Statistical analysis: two-way ANOVA with Sidak’s multiple comparisons, *p<0.05, **p<0.01, ***p<0.001.
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2.2. LDN have enhanced phagocytic capacity, produce higher levels of reactive oxygen

species and release more neutrophil extracellular traps

Besides performing the immunophenotyping of LDN and HDN, by assessing the expression of the
mentioned markers, we decided to further characterize these cells in terms of their function. The
neutrophils’ function relies on three main distinct activities: the capacity to phagocyte pathogens,
the ability to generate an oxidative burst and, finally, the capacity to release neutrophil extracellular
traps (NETs) in a process designated as NETosis (33). We evaluated all these three activities in both

HDN and LDN, in order to understand whether LDN have an altered function or not.

To evaluate the phagocytic capacity, we used FITC-labelled E. coli and incubated these bacteria
with neutrophils from both subsets at 37°C and 4°C (as a negative control, since phagocytosis does
not occur at this temperature). Then, by flow cytometry, we estimated the quantity of internalized
bacteria by assessing the median fluorescence intensity (MFI) of FITC at 37°C, normalized with the
FITC MFI at 4°C. We observed that FITC intensity, which is correlated with a higher amount of
phagocytosed bacteria, was higher in LDN when compared to HDN (p<0.0001, Figure Ill.6A). This
result indicates that LDN have a higher phagocytic capacity than HDN.

The oxidative burst was assessed by quantifying the levels of reactive oxygen species (ROS)
produced upon neutrophil stimulation with PMA, using the DCFH2-DA probe. This probe becomes
fluorescent after interacting with ROS, therefore the level of ROS production was estimated by
quantifying, by flow cytometry, the median fluorescence intensity of the probe. When stimulated,
both neutrophils’ subpopulations produced similar levels of ROS (Figure 1Il.6B). For both HDN and
LDN the levels of ROS produced following stimulation were significantly higher than the ones
produced by their unstimulated counterparts (p=0.0005 and p=0.01, respectively, Figure I11.6B).
Interestingly, LDN tended to have higher ROS production even without any stimulation when
compared to HDN in the same condition (Figure Il.6B), suggesting that LDN tend to have an

enhanced ability to produce and release ROS, even at a basal level.
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Figure lll. 6 — Low density neutrophils have higher phagocytic capacity and produce more reactive

44



Chapter Ill - Results

oxygen species. (A) Phagocytic capacity was quantified as the ratio between the median fluorescence
intensity (MFI) of FITC-labelled E. coli incubated with high density neutrophils (HDN grey bar, n=11) and low
density neutrophils (LDN, red bar, n=12) at 37°C and 4°C. (B) Levels of released reactive oxygen species
(ROS) were assessed by flow cytometry in high density neutrophils without stimulation (HDN, grey bar, n=14)
and with PMA stimulation (HDN (+PMA), grey bar with stripes, n=14), and in low density neutrophils without
stimulation (LDN, red bar, n=14) and with PMA stimulation (LDN (+PMA), red bar with stripes, n=14). Data are
represented as mean + SEM. Statistical analysis: Mann-Whitney, *p<0.05, ***p<0.001, ****p<0.0001.

NETs are filamentous structures composed by decondensed chromatin and also by histones,
cytoplasmatic proteins and granular enzymes, such as myeloperoxidase (MPO), that attach to the
DNA (33). In cancer, NETs have been shown, mainly using animal models, to help in the
metastization process through their ability to entrap malignant cells and support the early adhesion
of circulating tumor cells in distant organ sites (81,128). We analyzed NETs formation in both HDN
and LDN with or without PMA stimulation. After 3h of stimulation, the neutrophils were fixed and
stained with anti-MPO followed by a counterstaining with DAPI, to visualize and quantify NETs
formation. To fully analyze the NETs, we decided to quantify three distinct features of these
structures: NETs area, MPO fluorescence intensity and nuclei enlargement. We observed that both
subsets were able to release NETs (Figure 11l.7). Regarding NETs area, stimulated HDN released
NETs that occupied a larger area, in comparison to stimulated LDN (p=0.002, Figure lIl.7B).
Interestingly, unstimulated LDN tended to produce NETs that occupied a higher area, when
compared to non-stimulated HDN (p=0.06, Figure IIl.7B). As for the MPO intensity, NETs produced
by LDN had significantly higher levels of MPO in their structure when compared to HDN, both in the
stimulated and unstimulated conditions (p=0.03 and p=0.04, respectively, Figure Il.7C). Finally,
since nuclear enlargement is an initial step of NETosis, we also quantified the nuclear area of both
subsets. Again, unstimulated LDN have an increased nuclei area when compared to unstimulated
HDN (p=0.002, Figure 1ll.7D), even if this difference is abrogated when neutrophils were stimulated
(Figure 11.7D). Therefore, these results demonstrate that LDN have an enhanced capacity to form

and release NETs with increased levels of MPO attached to their structure, at the basal level.

The increased capacity of LDN to phagocyte bacteria, release ROS and form NETs containing MPO,
even in the absence of stimulation, appears to be correlated with the fact that this subset has a
higher level of activation, demonstrated by the higher expression of CD11b and CD66b (section
2.1). In the context of cancer, there are growing evidence that an increase of these activities may
be implicated in the acceleration of tumor progression (80), sustaining the hypothesis that LDN are

a subset with protumor functions.
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Figure lll. 7 - Low density neutrophils have an enhanced capacity to produce neutrophil extracellular
traps. (A) Representative images of neutrophil extracellular traps (NETs) in high and low density neutrophils
(HDN and LDN, respectively) with and without PMA stimulation analyzed with DNA staining (DAPI, blue
channel, left panel) and MPO staining in red (middle panel). Both channels were merged (right panel) and Z
stacks (1 um between each stack) were projected with the maximum fluorescence intensity. Scale bar (white
line): 20 um. (B) Neutrophils extracellular traps (NETs) quantification by assessing the NETs area and
normalizing to the nuclei number in high density neutrophils without stimulation (HDN, grey bar, n=12) and
with PMA stimulation (HDN (+PMA), grey bar with stripes, n=12), in low density neutrophils without stimulation
(LDN, red bar, n=12) and with PMA stimulation (LDN (+PMA), red bar with stripes, n=12). (C) Neutrophil
extracellular traps (NETs) quantification by the median fluorescence intensity of myeloperoxidase (MPO) in
high density neutrophils without stimulation (HDN, grey bar, n=11) and with PMA stimulation (HDN (+PMA),
grey bar with stripes, n=11), of low density neutrophils without stimulation (LDN, red bar, n=11) and with PMA
stimulation (LDN (+PMA), red bar with stripes, n=11). (D) Quantification of the nuclei area in high density
neutrophils without stimulation (HDN, grey bar, n=11) and with PMA stimulation (HDN (+PMA), grey bar with
stripes, n=11), in low density neutrophils without stimulation (LDN, red bar, n=11) and with PMA stimulation
(LDN (+PMA), red bar with stripes, n=11). Data are represented as mean + SEM. Statistical analysis: Mann-
Whitney, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

3. LDN are correlated with immunosuppressive molecules and regulatory T

lymphocytes

We have demonstrated that LDN have an immunosuppressive phenotype, expressing higher levels
of CCR4 and PD-L1, and also that these cells have enhanced functions that have been associated

with tumor development, namely increased ROS production and NETs formation (section 2).

Considering this, we intended to investigate if LDN are also associated with other important features
of cancer. Particularly, we decided to assess if these neutrophils were associated with cytokines
with relevant roles in cancer and also with other immune cell populations, namely effector T

lymphocytes.

3.1. LDN are associated with the levels of the immunosuppressive cytokines, CCL17 and

TGF-B, present in the plasma of breast cancer patients

From the whole blood of BC patients, we also collected the plasma, in order to assess the
concentration of several relevant circulating cytokines, namely IL-10, IFN-y, TGF-B, IL-17 and

CCL17.

The chemokine CCL17 is produced by neutrophils and previous studies have shown that its
expression is increased in N2 tumor-associated neutrophils, characterized by their protumor
function (69). Interestingly, we observed that there is a positive correlation between the percentage
of LDN present in the blood and the concentration of CCL17 in BC patients’ plasma (r=0.57,
p=0.0007, Figure lI.BA, Table Ill.1). Hence, resembling N2, LDN are also correlated with higher

levels of secreted CCL17.
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TGF-B has been demonstrated to have the capacity to induce the polarization of “normal”
neutrophils towards a protumor phenotype (20); therefore, we hypothesized that the levels of this
cytokine would be increased in the plasma of patients with higher levels of LDN in their blood. As
expected, there was a positive correlation between the concentration of TGF-f in the plasma of BC

patients and the percentage of LDN in the blood (r=0.45, p=0.025, Figure 111.8B, Table IIl.1).
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Figure Ill. 8 — Low density neutrophils are positively correlated with the levels of immunosuppressive
cytokines in the plasma of breast cancer patients. (A) Correlation between the percentage of low density
neutrophils (LDN) in the blood and the concentration of CCL17 in the plasma of breast cancer patients
(Spearman r = 0.57, p=0.0007, n=32). (B) Correlation between the percentage of low density neutrophils (LDN)
in the blood and the concentration of TGF-f in the plasma of breast cancer patients (Spearman r = 0.45, p=0.025,
n=25).

As for the remaining cytokines, they were chosen because IFN-y reflects the activation status of
cytotoxic T lymphocytes (CTLs), whereas IL-10 reflects an anti-inflammatory environment and IL-
17 is a key player in the promotion of neutrophil expansion and polarization towards an
immunosuppressive phenotype. However, the concentration of IL-10 and IFN-y in the plasma of BC
patients did not show any correlation with the level of LDN in the blood (Table 1ll.1) and IL-17 was

not detected in the plasma of BC patients (Table Il1.1).

Table lll. 1 - Cytokine profile of breast cancer patients’ plasma and their correlation with low density
neutrophils (LDN).

Corrc:lation ot Spearman r p-value Significance
% LDN
ccL17 0.5653 0.0007 el
IFN-y 0.3285 0.0879 ns
IL-10 -0.2787 0.1592 ns
IL-17 NA NA NA
TGF-B8 0.4459 0.0255 *

NA (non-applicable) — IL-17 was not detected in the patients’ plasma.
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3.2. Higher levels of LDN are positively correlated with CCR4+ T regulatory lymphocytes

and negatively correlated with activated cytotoxic T cells

As mentioned in the results above, higher levels of LDN in the blood of BC patients are positively
correlated with higher secretion of CCL17. This chemokine is a ligand of CCR4, expressed in T
lymphocytes, especially in regulatory T cells (Tregs), acting as a chemoattractant of these cells
(17,31). Considering this interaction, we decided to evaluate if there was a correlation between the
presence of LDN and the presence of CCR4+ Tregs in the blood of BC patients. After the
quantification of both cell populations obtained from whole blood, we observed, as expected, that
CCR4+ Tregs were increased in the blood of patients that had higher levels of LDN, as a positive

correlation was established between these two cell populations (r=0.34, p=0.03, Figure 1I.9A).

Tregs are key players in the regulation of the adaptive immune responses, being capable of
inhibiting the activity of CTLs. Therefore, we decided to investigate if the mentioned interactions of
LDN and T cells was also reflected in the activation of CTLs. It was observed that CTLs expressing
the activation marker CD69 showed a tendency to be negatively correlated with the percentage of
LDN (r=-0.38, p=0.053, Figure I1.9B) present in the patients’ blood.

Overall, it seems that LDN can also exert indirect immunosuppression towards T lymphocytes, via
the release of CCL17, consequently recruiting CCR4+ Tregs, which in turn would contribute to

inhibit the activity of CTLs and, therefore, the antitumor immune responses.
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Figure lll. 9 — Low density neutrophils are positively correlated with CCR4+ regulatory T cells. (A)
Correlation between the percentage of low density neutrophils (LDN) and the percentage of circulating CCR4+
regulatory T cells (Tregs) in the blood of breast cancer patients (Spearman r = 0.34, p=0.03, n=41). (B)
Correlation between the percentage of low density neutrophils (LDN) and the percentage of circulating CD69+
cytotoxic T cells (CTLs) in the blood of breast cancer patients (Spearman r = -0.38, p=0.053, n=27).
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4. LDN can reduce the activation and proliferation of T lymphocytes

We have observed that LDN are increased in the blood of non-metastatic BC patients without
response to NACT and of metastatic patients (section 1). Additionally, we have concluded that LDN
are highly activated cells with immunosuppressive features (section 2), which are associated with
higher levels of CCL17 in patients’ plasma, higher percentage of CCR4+ Tregs present in the blood

and also with a lower number of activated circulating CTLs (section 3).

To better understand the role of LDN in cancer and confirm our hypothesis that BC patient-derived
LDN have the capacity to impair T lymphocytes’ activity, we conducted in vitro experiments in order
to further confirm the impact of these neutrophils in the activation and proliferation of T

lymphocytes.

For these experiments, we isolated the peripheral blood mononuclear cells (PBMCs) fraction from
patients’ blood and sorted the cells in order to obtain two populations: LDN (CD15+) and PBMCs
depleted of neutrophils (CD15-). Then, we performed a co-culture of LDN and PBMCs (depleted of
neutrophils) derived from the same patient, with or without stimulation with PMA and ionomycin
(Figure 111.10). As a control, we used a monoculture of PBMCs also depleted of neutrophils. We then
investigated, by flow cytometry, the activation and proliferation status of CD4+ T cells and CTLs, by
assessing the expression of the activation markers CD25, CD69 and HLA-DR and the proliferation
marker, Ki67. While no significant differences were found in the unstimulated condition, the
stimulated PBMCs in the presence of LDN demonstrated an overall reduction of the activation and
proliferation markers in both CD4+ T cells (Figure [l.10A) and CTLs (Figure I11.10B), when
compared to stimulated PBMCs incubated without LDN.

This result corroborates the idea that LDN weakens the ability of effector T lymphocytes to become
activated upon stimulation, which, in the context of cancer, is reflected in dampened antitumor

responses.

Furthermore, since IFN-y is a key antitumor cytokine that reflects the activation status of
lymphocytes, we also assessed the levels of this cytokine in the co-cultures’ supernatants, as an
additional readout to confirm the LDN-derived suppression of T cells (Figure 111.10C). As expected,
the IFN-y production was significantly reduced when T lymphocytes were stimulated in the presence
of LDN (p=0.007, Figure 111.10C). Hence, with these results, we corroborated that patient derived-
LDN have indeed an immunosuppressive phenotype, with the capacity to reduce the activation and

proliferation of effector T lymphocytes.

Moreover, in order to confirm the idea that LDN have immunosuppressive action towards T
lymphocytes via the release of CCL17, we assessed the production of this chemokine by HDN and
LDN. For this, we quantified the levels of CCL17 in the supernatants of cultures of HDN and LDN
obtained from BC patients’ blood, with or without 3h of stimulation with PMA (Figure 11l.10D). The
levels of CCL17 produced by HDN were similar with or without stimulus (Figure 1ll.10D). Whereas

50



Chapter Ill - Results

LDN without stimulation showed a higher capacity to release this chemokine when compared to
HDN (p=0.04, Figure I1.11B). When stimulated, this difference was further enhanced (p=0.02, when
compared to stimulated HDN, Figure Il.10D). Therefore, this result highlights that LDN have a higher
capacity to produce CCL17, which in turn, supports the idea, suggested by studies with mice (31),
that CCL17 mediates, at least in part, the interaction between LDN and T lymphocytes, enabling a

more immunosuppressive environment.
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Figure Ill. 10 - Low density neutrophils can reduce the activation level and the proliferation of effector
T lymphocytes. (A) Percentage of CD25, CD69, HLA-DR and Ki67 in cultured CD4+ T cells without stimulation
and without the addition of LDN (No P/I, No LDN, white bars), without stimulation and with the addition of LDN
(No P/I, LDN, blue bars), with PMA and ionomycin stimulation and without the addition of LDN (P/I, No LDN,
red bars) and with both stimulation and the addition of LDN (P/I, LDN, black bars), n=10. (B) Percentage of
CD25, CD69, HLA-DR and Ki67 in cultured cytotoxic T cells (CTLs) without stimulation and without the addition
of LDN (No P/I, No LDN, white bars), without stimulation and with the addition of LDN (No P/I, LDN, blue bars),
with PMA and ionomycin stimulation and without the addition of LDN (P/l, No LDN, red bars) and with both
stimulation and the addition of LDN (P/I, LDN, black bars), n=10. (C) Concentration of IFN-y produced in the
PBMCs monoculture with PMA/ionomycin stimulation (P/I - No LDN, red bar, n=8) and in the PBMCs and LDN
co-culture with PMA/ionomycin stimulation (P/I - LDN, black bar, n=8). (D) CCL17 produced by cultured high
density neutrophils without stimulation (HDN, grey bar, n=6) and with PMA stimulation (HDN (+PMA), grey bar
with stripes, n=6), low density neutrophils without stimulation (LDN, red bar, n=6) and with PMA stimulation
(LDN (+PMA), red bar with stripes, n=6). Data are represented as mean + SEM. Statistical analysis: unpaired
t-test (A and B) and Mann Whitney (C and D), *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Overall, in this thesis, we have demonstrated that low density neutrophils have an important role in
breast cancer progression and also the potential to be used as a predictive biomarker for patient
response to neoadjuvant chemotherapy. We have also demonstrated that LDN are highly activated
cells with immunosuppressive features, namely, a higher percentage of PD-L1 expression,
enhanced capacity to produce ROS and to release NETs and increased production of CCL17.
Additionally, we have observed that neutrophils express the CCR4 receptor and that this marker
may be useful to distinguish LDN from HDN, since there is a higher percentage of neutrophils
expressing CCR4 in the LDN subset. Finally, the findings of this study suggest that LDN have an
immunosuppressive action in effector T lymphocytes, inhibiting their antitumor immune responses

and promoting an environment favorable to tumor progression.
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Chapter IV — Discussion

Neutrophils, once seen as only the first responders of the innate immune system to infections, are
now being considered a prominent part of the tumor immune microenvironment (TIME) and capable
of influencing tumor development at multiple levels, becoming major players in cancer biology
(55,61,77,117). The relevance of neutrophils in tumorigenesis was first implied with the observation
that neutrophils accumulate in the peripheral blood of patients with advanced-stage cancer, which
is reflected by an increased neutrophil-to-lymphocyte ratio (NLR) (110,114). Considering this, in the
past few years, there has been a growing interest in characterizing tumor-associated neutrophils
(TANs) and investigating their role in the tumorigenic process. Indeed, it has been demonstrated
that TANs can either protect against the onset of cancer, or they can have a protumor activity and
help in tumor progression and metastization (80,129). This dichotomy led to the establishment of
two distinct TAN subsets — N1 (antitumor) and N2 (protumor) (20). These subsets are also reflected
systemically and circulating neutrophils can be divided into high density neutrophils (HDN) and low

density neutrophils (LDN), which functionally mirror N1 and N2, respectively (77).

Lately, LDN have been object of particular attention as they mainly appear in pathological contexts,
such as autoimmune diseases and cancer (130). In the particular case of cancer, this subset of
neutrophils has been shown to have immunosuppressive features and the ability to enhance tumor
progression and metastization (82,121). However, the role of LDN in cancer has been predominantly
studied using mice models and there are various dissimilar aspects in neutrophil biology between
mice and humans (131). Hence, there is an unmet need for validation studies using human samples

that support these findings and that better clarify the role played by LDN in cancer.

As such, in this thesis, we aimed to understand the clinical relevance of LDN in breast cancer (BC).
For this, we established a cohort of non-metastatic and metastatic BC patients in order to investigate
the role of LDN in the patients’ outcome, particularly regarding their response to neoadjuvant
chemotherapy (NACT, conventional treatment prescribed to BC patients with tumors larger than 2
cm or inflammatory/inoperable tumors). Additionally, we aimed to perform a thorough
characterization of human LDN’s phenotype and function and to investigate their impact in T
lymphocytes’ activity. Based on what was previously described, our main hypothesis was that LDN
should be increased in BC patients with worse prognosis, as they have immunosuppressive and

protumor characteristics.

First, we observed that, LDN were virtually absent in the blood of healthy individuals and that
metastatic BC patients had an increased percentage of LDN in their blood, when compared to non-
metastatic patients. This corroborates the previously suggested idea, based mainly on animal
studies, that LDN accumulate continuously during cancer progression (77) and are involved in the
metastization process (117,132). Additionally, when dividing the non-metastatic BC patients,

selected for neoadjuvant chemotherapy (NACT), according to their response to treatment, we
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observed that patients without response to NACT had a significantly higher percentage of LDN
present in the blood before starting the treatment, when compared to non-metastatic patients who
responded to NACT. Although a higher prevalence of neutrophils in the low density fraction had
already been observed in cancer patients, namely with breast and lung cancers, the majority of
these studies enrolled patients with advanced-stage disease and no correlation between the LDN
population and response to treatment was established before (75,77). Since an absence of
response to NACT is associated with a worse prognosis in BC (102), this suggests that LDN are

associated with the aggressiveness of the disease.

As such, our observations indicate that the percentage of LDN has the potential to be a predictive
biomarker, which could be useful to discriminate, prior to treatment, the patients who will truly take
advantage from NACT, allowing to direct the non-responders to alternative therapies, avoiding 6

months of chemotherapy-associated toxicity without benefit.

Interestingly, the most studied biomarkers for the prediction of NACT response, tumor infiltrating
lymphocytes (TILs) and NLR, have mainly been associated with triple negative breast cancer
(TNBC) (133-135). However, in this study, we observed that the estrogen receptor (ER+) BC
subtype was the one with higher percentages of LDN. Thus, it appears that LDN could be of
particular importance to predict, in advance, the response to NACT of BC patients with ER+ tumors,
which curiously are usually seen as the ones with better response to treatment and overall survival
(136).

As mentioned, NLR is one of the possible biomarkers that has been extensively studied in cancer;
however, we believe that the percentage of LDN could represent an interesting alternative with
several advantages. Indeed, we did not observe any significant differences regarding the NLR
between the NACT responders and non-responders from our cohort of BC patients. Besides this, it
is important to notice that there is still a lack of consensus on the NLR threshold that divides patients
regarding their response to treatment (110). Moreover, NLR represents the total lymphocytes and
neutrophils in circulation, which, actually, contemplate different subsets of immune cells with
divergent roles in cancer, such as cytotoxic T lymphocytes (CTLs), regulatory T cells (Tregs), HDN
and LDN. Combining these opposite immune cells as single populations (either in the case of
lymphocytes or neutrophils) is a very simplistic view that does not represent the complexity of the
immunological status. Also, it is not clear yet whether NLR is truly representative of protumor
neutrophils or simply reflects a tumor-associated inflammatory condition that leads to neutrophilia
(54,137).

Furthermore, in order to better understand how LDN differ from normal neutrophils (HDN) and
which of their features may help to explain their association with cancer progression, we performed

a profound characterization of neutrophils from both subsets.

Phenotypically, we observed that LDN have a higher expression level, indicated by a higher median

fluorescence intensity (MFI), of the activation markers CD11b and CD66b, when compared to HDN,
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which was in accordance with previously published studies, involving HIV, asthma and cancer
patients (75,138,139). Additionally, we saw that, when comparing to HDN, there was a higher
percentage of LDN expressing the immunosuppressive molecules PD-L1 and CCR4. Interestingly,
CCR4 expression has not been previously described in neutrophils, and here we observed that
LDN, in particular, express this receptor and, thus, CCR4 could represent a helpful maker to
distinguish LDN from HDN. Then, we functionally characterized HDN and LDN by assessing the
typical neutrophils’ functions: phagocytic capacity, ability to produce an oxidative burst and to
release neutrophil extracellular traps (NETs). LDN had a higher capacity to phagocyte FITC-labelled
E. coli and to release reactive oxygen species (ROS), which is in agreement with the highly activated
phenotype (CD11b""/CD66b"I") observed for this subset. Interestingly, it is known that the release
of ROS can contribute to promote genetic instability, to the activation of cell survival signals and to
the initiation of cancer-related angiogenesis and metastasis (62,140). Regarding the formation of
NETs, we observed that, upon stimulation, neutrophils from both subsets were able to form these
structures, although myeloperoxidase (MPO) fluorescence intensity was higher in LDN, whereas
NETs area was increased in HDN. It has been shown that MPO only binds to the DNA traps in later
stages of the process (39), which could mean that LDN are more prone to enter NETosis and form
more mature NETSs, although not as large as the ones produced by HDN. Mature NETs have been
demonstrated to help in the establishment of tumor cells in niches distant from the primary tumor

by attaching to them and carrying them throughout the circulation (81,82,121,128).

Overall, LDN presents, on one hand, a highly activated state and, on the other, a greater

immunosuppressive status, when compared to HDN.

Concerning the LDN immunosuppression of effector T lymphocytes, it can be achieved through
different mechanisms. Namely, PD-L1 (expressed in LDN), is a well-studied immune checkpoint
inhibitor that dampens the antitumor responses of effector T lymphocytes, by binding to its receptor
(PD-1) present in these cells (88,141). Actually, increased PD-L1 expression in neutrophils had
already been demonstrated in pathologic contexts, for instance in HIV, using human samples, and
in cancer, using mice models (142,143). Additionally, the release of ROS has been shown to reduce
the activity of effector T lymphocytes (144). Moreover, the MPO present in the NETs has also been
shown to limit T lymphocytes activity (145,146). As such, PD-L1 expression, release of ROS and
NETs containing MPO may represent different ways by which LDN can impair T lymphocytes’

antitumor action (Figure 1V.1).
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Figure IV. 1 — The role of low density neutrophils in breast cancer prognosis and response to
neoadjuvant chemotherapy. Low density neutrophils (LDN), isolated from the peripheral blood mononuclear
cell layer after whole blood density gradient centrifugation, are highly activated cells, which have a high
capacity to release neutrophil extracellular traps (NETs) and reactive oxygen species (ROS), express PD-L1
and CCR4 and release CCL17. LDN can recruit CCR4+ regulatory T cells (Tregs) in a CCL17-dependent
manner, which in turn will inhibit CD4+ T cells and cytotoxic CD8+ T lymphocytes (CTLs). CCL17 may also
bind to CCR4+ present in the LDN, although its function in LDN is not clearly understood. The inhibitory effect
that LDN have on T lymphocytes can also be achieved directly, through the PD-L1/PD-1 pathway. The
inhibition will lead to lower T lymphocytes’ activation, proliferation and IFN-y production, leading to tumor
progression, and consequently poor response to neoadjuvant chemotherapy (NACT) and a worse prognosis
for breast cancer patients.

To further corroborate the immunosuppressive action of LDN, we investigated if their presence
was associated with other immune players, particularly immunosuppressive cytokines and effector
T lymphocytes. We observed that these neutrophils were positively correlated with the
concentration of TGF-p and CCL17 in the plasma of BC patients. TGF- is a known inducer of
neutrophil polarization towards a protumor phenotype (20). Additionally, this cytokine is correlated
with increased tumor growth (147) and also macrophage polarization towards the M2 phenotype
(19), overall assisting in the maintenance of an immunosuppressive environment. As for CCL17,
this chemokine is a ligand to the CCR4 receptor and works as a chemoattractant, capable of
recruiting lymphocytes that express this receptor (Figure 1V.1). Actually, we observed a positive
correlation between LDN and CCR4+ Tregs, suggesting that CCL17-producing LDN can recruit

immunosuppressive Tregs, which is in agreement with what had been previously reported in
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animal models (31). Additionally, a previous transcriptomic analysis performed in TANs reported
that N2 neutrophils have a significant upregulation of CCL17 expression (69). As such, to
investigate if LDN maintain this trait, we quantified the concentration levels of CCL17 in the
supernatants of HDN and LDN cultures after PMA stimulation. As expected, higher levels of CCL17
were produced by LDN, sustaining the idea that this subset of neutrophils is responsible for the
recruitment and accumulation of activated Tregs in cancer patients. Moreover, since we have seen
that LDN can also express the CCR4 receptor, we believe that CCL17 produced by these
neutrophils may not only bind to CCR4+ Tregs, but also to the CCR4 expressed by the LDN
themselves (Figure IV.1). This interaction may possibly originate a positive feed-back loop,

although this hypothesis still needs to be further explored.

Tregs, on their hand, can inhibit the effector function of CTLs, impairing the antitumor immune
response and, accordingly, we also observed a tendency for a negative correlation between LDN
and activated CTLs (CD69+). To better elucidate this interaction and to validate this result with ex
vivo experiments, we performed cultures with PBMCs (depleted of the neutrophils that can appear
in this fraction) in the presence or absence of LDN obtained from the same patient. We observed
that the T lymphocytes’ activation, release of IFN-y and proliferation increased after PMA/ionomycin
stimulation. However, activation, IFN-y production and proliferation of T lymphocytes were
significantly reduced when the cells were stimulated in the presence of LDN (Figure IV.1). Once

again, these results attest the immunosuppressive action of this neutrophil subset.

Our group had previously demonstrated that CTLs expressing the activation marker HLA-DR, are
mainly present in biopsies of BC patients with good response to NACT, representing a biomarker
that could predict efficiently BC patients’ response to treatment (108). The combination of this
information with the results of this thesis appears to further support the idea that the presence of
higher levels of LDN will have an impact on effector T lymphocytes and that this impact is not only
indirect, by the recruitment and stimulation of Tregs, but also direct, since LDN can decrease the
activation and proliferation of CTLs, possibly through the release of ROS, expression of
immunosuppressive markers (PD-L1 and CCR4) and release of NETs containing MPO (Figure IV.1).
Thus, we believe that these results demonstrate the immunosuppressive features of LDN, reflect
their protumor effect and support the idea that they can be used as a possible systemic predictive

biomarker of poor response to NACT and a worse prognosis for BC patients (Figure IV.1).

The main limitations of this study were the low sample size comparing to other similar works and
the patient follow up, as we have to wait 6 months (NACT duration) to obtain the response to
treatment. Nevertheless, even with these limitations, mainly imposed by time restrictions, we have
obtained remarkable results that better elucidate the role and characteristics of human LDN and

how they may influence the outcome of BC patients.

Overall, with this thesis, we demonstrated that LDN have an important role in BC progression and

also that they may have a higher predictive power than NLR to distinguish, a priori, patients who will
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respond to NACT from the ones who will not. Additionally, we showed that human LDN are highly
activated cells with immunosuppressive features and with enhanced capacity to produce ROS and
to release NETs with increased levels of MPO attached to their structure. Moreover, our results also

highlighted that LDN have an impact on effector T lymphocytes activation and proliferation.

Nonetheless, further studies still need to be conducted namely, to validate this new biomarker.
Additionally, it is also necessary to investigate and clarify the role of CCR4 in neutrophils, as
mentioned. To accomplish this, we could perform an experiment where we would block the CCR4
receptor in neutrophils, using, for instance, a specific blocking antibody, and then assess if the
CCR4 blockade influences the secretome, the normal neutrophils’ functions or even their

immunosuppressive action on T lymphocytes.

Also, many other relevant aspects could be further explored, in the future, regarding LDN impact in
cancer. For instance, it would be interesting to investigate if cancer cells are affected by LDN,
namely in terms of their proliferation, migration and invasion abilities. For this, we could perform in
vitro experiments using co-cultures between LDN and BC cell lines. To evaluate if tumor cells’
migration capacity is affected by the presence of LDN we could perform wound healing assays
(scratch assays) (148). Furthermore, we could also perform a transwell migration/invasion assay
(148), where neutrophils would be in a well below a transwell containing the BC cells, in order to
investigate if LDN can act as chemoattracts and help the migration of cancer cells. These assays
would also be performed using HDN, as a comparison. Regarding the mentioned assays, the main
limitation would be the fact that neutrophils have a short lifespan and, therefore, it is difficult to

maintain these cells in culture for long periods of time.

Moreover, due to the immunosuppressive action of LDN in effector T lymphocytes, new targeted
immunotherapies could emerge from a deeper understanding of these cells, particularly it could be
interesting to explore possible targets to inhibit LDN activity and, consequently, release its inhibitory
impact on effector T lymphocytes. So far, the manipulation of TGF-B or the enhancement of IFN’s
activity, have shown to favor neutrophil antitumor functions (149); however, these therapies were
proved to be toxic and not well tolerated. Therefore, there is a need to continue to investigate new
immunotherapies targeting LDN that could improve treatment of breast cancer patients with poor
response to NACT and, considering the results of this thesis, we suggest that CCL17 or CCR4 may
represent potential novel therapeutic targets, although extensive studies on the topic are still

necessary.

58



59



60



Bibliography

Bibliography

10.

11.

12.

13.

14.

15.

16.

17.

Graham TA, Sottoriva A. Measuring cancer evolution from the genome. J Pathol.
2017;241(2):183-91.

Hanahan D, Weinberg RA. The Hallmarks of Cancer. Cell. 2000;100(7):57-70.

Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. Cell. 2011;144(5):646-
74.

Binnewies M, Roberts EW, Kersten K, Chan V, Fearon DF, Merad M, et al. Understanding
the tumor immune microenvironment (TIME) for effective therapy. Nat Med. 2018;24(5):541-
50.

Liu K, Yang K, Wu B, Chen H, Chen X, Chen XZ, et al. Tumor-infiltrating immune cells are
associated with prognosis of gastric cancer. Medicine (Baltimore). 2015;94(39):e1631.

Farhood B, Najafi M, Mortezaee K. CD8+ cytotoxic T lymphocytes in cancer immunotherapy:
A review. J Cell Physiol. 2019;234(6):8509-21.

Russell JH, Ley TJ. Lymphocyte-mediated cytotoxicity. Annu Rev Immunol. 2002;20:323—-
70.

Bertrand F, Montfort A, Marcheteau E, Imbert C, Gilhodes J, Filleron T, et al. TNFa blockade
overcomes resistance to anti-PD-1 in experimental melanoma. Nat Commun.
2017;8(1):2256.

Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: From
immunosurveillance to tumor escape. Nat Immunol. 2002;3(11):991-8.

Kim R, Emi M, Tanabe K. Cancer immunoediting from immune surveillance to immune
escape. Immunology. 2007;121(1):1-14.

Woo EY, Chu CS, Goletz TJ, Schlienger K, Yeh H, Coukos G, et al. Regulatory CD4+ CD25+
T Cells in Tumors from Patients with Early-Stage Non-Small Cell Lung Cancer and Late-
Stage Ovarian Cancer. Cancer Res. 2001;61(12):4766-72.

Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T, Miyara M, Fehervari Z, et al. CTLA-4 Control
over Foxp3+ Regulatory T cell function. Science (80- ). 2008;322(5899):271-5.

Jarnicki A ndrew G, Lysaght J, Todryk S, Mills KHG. Suppression of Antitumor Immunity by
IL-10 and TGF-B-Producing T Cells Infiltrating the Growing Tumor: Influence of Tumor
Environment on the Induction of CD4 and CD8 Regulatory T Cells1. J Immunol.
2006;177(2):896-904.

Thomas DA, Massagué J. TGF-B directly targets cytotoxic T cell functions during tumor
evasion of immune surveillance. Cancer Cell. 2005;8(5):369-80.

Weber R, Fleming V, Hu X, Nagibin V, Groth C, Altevogt P, et al. Myeloid-derived suppressor
cells hinder the anti-cancer activity of immune checkpoint inhibitors. Front Immunol.
2018;9:1310.

Landskron G, De la Fuente M, Thuwaijit P, Thawaijit C, Hermoso MA. Chronic Inflammation
and Cytokines in the Tumor Microenvironment. J Immunol Res. 2014;2014:149185.

Mizukami Y, Kono K, Kawaguchi Y, Akaike H, Kamimura K, Sugai H, et al. CCL17 and CCL22
chemokines within tumor microenvironment are related to accumulation of Foxp3+

61



Bibliography

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

regulatory T cells in gastric cancer. Int J Cancer. 2008;122(10):2286-93.

Akhurst RJ, Derynck R. TGF-f signaling in cancer - A double-edged sword. Trends Cell Biol.
2001;11(11):44-51.

Flavell RA, Sanjabi S, Wrzesinski SH, Licona-Limon P. The polarization of immune cells in
the tumour environment by TGFf. Nat Rev Immunol. 2010;10(8):554-67.

Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling L, et al. Polarization of Tumor-
Associated Neutrophil Phenotype by TGF-B: “N1” versus “N2” TAN. Cancer Cell.
2009;16(3):183-94.

Acuner-Ozbabacan ES, Engin BH, Guven-Maiorov E, Kuzu G, Muratcioglu S, Baspinar A, et
al. The structural network of Interleukin-10 and its implications in inflammation and cancer.
BMC Genomics. 2014;15(Suppl 4):S2.

Itakura E, Huang RR, Wen DR, Paul E, Wiinsch PH, Cochran AJ. IL-10 expression by primary
tumor cells correlates with melanoma progression from radial to vertical growth phase and
development of metastatic competence. Mod Pathol. 2011;24(6):801-9.

Garcia-Hernandez ML, Hernandez-Pando R, Gariglio P, Berumen J. Interleukin-10 promotes
B16-melanoma growth by inhibition of macrophage functions and induction of tumour and
vascular cell proliferation. Immunology. 2002;105(2):231-43.

Zeng L, O’Connor C, Zhang J, Kaplan AM, Cohen DA. IL-10 promotes resistance to
apoptosis and metastatic potential in lung tumor cell lines. Cytokine. 2010;49(3):294-302.

Llanes-Fernandez L, Alvarez-Goyanes RI, Arango-Prado M del C, Alcocer-Gonzalez JM,
Mojarrieta JC, Pérez XE, et al. Relationship between IL-10 and tumor markers in breast
cancer patients. Breast. 2006;15(4):482-9.

Jin W, Dong C. IL-17 cytokines in immunity and inflammation. Emerg Microbes Infect.
2013;2(9):e60.
Wu L, Awaji M, Saxena S, Varney ML, Sharma B, Singh RK. IL-17-CXC Chemokine Receptor

2 Axis Facilitates Breast Cancer Progression by Up-Regulating Neutrophil Recruitment. Am
J Pathol. 2020;190(1):222-33.

Coffelt SB, Kersten K, Doornebal CW, Weiden J, Vrijland K, Hau CS, et al. IL-17-producing
yd T cells and neutrophils conspire to promote breast cancer metastasis. Nature.
2015;522(7556):345-8.

Patil RS, Shah SU, Shrikhande SV, Goel M, Dikshit RP, Chiplunkar SV. IL17 producing y&T
cells induce angiogenesis and are associated with poor survival in gallbladder cancer
patients. Int J Cancer. 2016;139(4):869-81.

Wang X, Yang L, Huang F, Zhang Q, Liu S, Ma L, et al. Inflammatory cytokines IL-17 and
TNF-a up-regulate PD-L1 expression in human prostate and colon cancer cells. Immunol
Lett. 2017;184:7-14.

Mishalian I, Bayuh R, Eruslanov E, Michaeli J, Levy L, Zolotarov L, et al. Neutrophils recruit
regulatory T-cells into tumors via secretion of CCL17 - A new mechanism of impaired
antitumor immunity. Int J Cancer. 2014;135(5):1178-86.

Liu W, Wei X, Li L, Wu X, Yan J, Yang H, et al. CCR4 mediated chemotaxis of regulatory T
cells suppress the activation of T cells and NK cells via TGF-f pathway in human non-small
cell lung cancer. Biochem Biophys Res Commun. 2017;488(1):196-203.

Kolaczkowska E, Kubes P. Neutrophil recruitment and function in health and inflammation.

62



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bibliography

Nat Rev Immunol. 2013;13(3):159-75.

Rosales C. Neutrophil: A cell with many roles in inflammation or several cell types? Front
Physiol. 2018;9:113.

Mantovani A, Cassatella MA, Costantini C, Jaillon S. Neutrophils in the activation and
regulation of innate and adaptive immunity. Nat Rev Immunol. 2011;11(8):519-31.

El-Benna J, Dang PM, Gougerot-Pocidalo MA, Marie JC, Braut-Boucher F. p47phox, the
phagocyte NADPH oxidase/NOX2 organizer: Structure, phosphorylation and implication in
diseases. Exp Mol Med. 2009;41(4):217-25.

Babior BM. Oxidants From Phagocytes: Agents of Defense and Destruction. Blood.
1984;64(5):959-66.

Nguyen GT, Green ER, Mecsas J. Neutrophils to the ROScue: Mechanisms of NADPH
Oxidase Activation and Bacterial Resistance Activation and Inhibition of NADPH Oxidase.
Front Cell Infect Microbiol. 2017;7:373.

Papayannopoulos V, Metzler KD, Hakkim A, Zychlinsky A. Neutrophil elastase and
myeloperoxidase regulate the formation of neutrophil extracellular traps. J Cell Biol.
2010;191(3):677-91.

Kumar V, Sharma A. Neutrophils: Cinderella of innate immune system. Int
Immunopharmacol. 2010;10(11):1325-34.

Cassatella MA, Meda L, Gasperini S, D’Andrea A, Ma X, Trinchieri G. Interleukin-12
production by human polymorphonuclear leukocytes. Eur J Immunol. 1995;25(1):1-5.

Dubravec DB, Spriggst DR, Mannick JA, Rodrick ML. Circulating human peripheral blood
granulocytes synthesize and secrete tumor necrosis factor alpha. Proc Natl Acad Sci U S A.
1990;87(17):6758-61.

Cassatella MA. Neutrophil-derived proteins: selling cytokines by the pound. Adv Immunol.
1999;73:369-509.

Grotendorst GR, Smale G, Pencev D. Production of transforming growth factor beta by
human peripheral blood monocytes and neutrophils. J Cell Physiol. 1989;140(2):396-402.

Snelgrove RJ, Jackson PL, Hardison MT, Noerager BD, Kinloch A, Gaggar A, et al. A critical
role for LTA4H in limiting chronic pulmonary neutrophilic inflammation. Science (80- ).
2010;303(6000):90-4.

Zhou SL, Dai Z, Zhou ZJ, Wang XY, Yang GH, Wang Z, et al. Overexpression of CXCL5
mediates neutrophil infiltration and indicates poor prognosis for hepatocellular carcinoma.
Hepatology. 2012;56(6):2242-54.

Jensen HK, Donskov F, Marcussen N, Nordsmark M, Lundbeck F, Von der Maase H.
Presence of intratumoral neutrophils is an independent prognostic factor in localized renal
cell carcinoma. J Clin Oncol. 2009;27(28):4709-17.

Galdiero MR, Varricchi G, Loffredo S, Mantovani A, Marone G. Roles of neutrophils in cancer
growth and progression. J Leukoc Biol. 2018;103(3):457-64.

Dirican A, Kucukzeybek BB, Alacacioglu A, Kucukzeybek Y, Erten C, Varol U, et al. Do the
derived neutrophil to lymphocyte ratio and the neutrophil to lymphocyte ratio predict
prognosis in breast cancer? Int J Clin Oncol. 2015;20(1):70-81.

Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-Lymphocyte

63



Bibliography

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as prognostic markers in patients with
non-small cell lung cancer (NSCLC) treated with nivolumab. Lung Cancer. 2017;111:176—
81.

Szor DJ, Dias AR, Pereira MA, Ramos MFKP, Zilberstein B, Cecconello I, et al. Prognostic
role of neutrophil/lymphocyte ratio in resected gastric cancer: A systematic review and
meta-analysis. Clinics. 2018;73:€360.

Schmidt H, Bastholt L, Geertsen P, Christensen IJ, Larsen S, Gehl J, et al. Elevated
neutrophil and monocyte counts in peripheral blood are associated with poor survival in
patients with metastatic melanoma: A prognostic model. Br J Cancer. 2005;93(3):273-8.

Fridlender ZG, Albelda SM. Tumor-associated neutrophils: friend or foe? Carcinogenesis.
2012;33(5):949-55.

Uribe-Querol E, Rosales C. Neutrophils in Cancer: Two Sides of the Same Coin. J Immunol
Res. 2015;2015:983698.

Shaul ME, Fridlender ZG. Tumour-associated neutrophils in patients with cancer. Nat Rev
Clin Oncol. 2019;16(10):601-20.

Masucci MT, Minopoli M, Carriero MV. Tumor Associated Neutrophils. Their Role in
Tumorigenesis, Metastasis, Prognosis and Therapy. Front Oncol. 2019;9:1146.

Andzinski L, Kasnitz N, Stahnke S, Wu C-F, Gereke M, von K&ckritz-Blickwede M, et al. Type
I IFNs induce anti-tumor polarization of tumor associated neutrophils in mice and human. Int
J Cancer. 2016;138(8):1982-93.

Grecian R, Whyte MKB, Walmsley SR. The role of neutrophils in cancer. Br Med Bull.
2018;128(1):5-14.

Shaul ME, Fridlender ZG. Neutrophils as active regulators of the immune system in the tumor
microenvironment. J Leukoc Biol. 2017;102(2):343-9.

Granot Z, Jablonska J. Distinct Functions of Neutrophil in Cancer and Its Regulation.
Mediators Inflamm. 2015;2015:701067.

Rakic A, Beaudry P, Mahoney DJ. The complex interplay between neutrophils and cancer.
Cell Tissue Res. 2018;371(3):517-29.

Guingor N, Knaapen AM, Munnia A, Peluso M, Haenen GR, Chiu RK, et al. Genotoxic effects
of neutrophils and hypochlorous acid. Mutagenesis. 2010;25(2):149-54.

Houghton AM, Rzymkiewicz DM, Ji H, Gregory AD, Egea EE, Metz HE, et al. Neutrophil
elastase-mediated degradation of IRS-1 accelerates lung tumor growth. Nat Med.
2010;16(2):219-23.

Bekes EM, Schweighofer B, Kupriyanova TA, Zajac E, Ardi VC, Quigley JP, et al. Tumor-
recruited neutrophils and neutrophil TIMP-free MMP-9 regulate coordinately the levels of
tumor angiogenesis and efficiency of malignant cell intravasation. Am J Pathol.
2011;179(3):1455-70.

McCourt M, Wang JH, Sookhai S, Redmond HP. Proinflammatory mediators stimulate
neutrophil-directed angiogenesis. Arch Surg. 1999;134(12):1325-32.

Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Piazuelo MB, et al. Arginase |
production in the tumor microenvironment by mature myeloid cells inhibits T-cell receptor
expression and antigen-specific T-cell responses. Cancer Res. 2004;64(16):5839-49.

64



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Bibliography

Swierczak A, Mouchemore KA, Hamilton JA, Anderson RL. Neutrophils: important
contributors to tumor progression and metastasis. Cancer Metastasis Rev. 2015;34(4):735-
751.

Mishalian I, Bayuh R, Levy L, Zolotarov L, Michaeli J, Fridlender ZG. Tumor-associated
neutrophils (TAN) develop pro-tumorigenic properties during tumor progression. Cancer
Immunol Immunother. 2013;62(11):1745-56.

Shaul ME, Levy L, Sun J, Mishalian I, Singhal S, Kapoor V, et al. Tumor-associated
neutrophils display a distinct N1 profile following TGFB modulation: A transcriptomics
analysis of pro- vs. antitumor TANs. Oncoimmunology. 2016;5(11):€1232221.

Molinaro R, Pecli C, Guilherme RF, Alves-Filho JC, Cunha FQ, Canetti C, et al. CCR4
Controls the Suppressive Effects of Regulatory T Cells on Early and Late Events during
Severe Sepsis. PLoS One. 2015;10(7):e0133227.

Cheng Y, LiH, Deng Y, Tai Y, Zeng K, Zhang Y, et al. Cancer-associated fibroblasts induce
PDL1+ neutrophils through the IL6-STAT3 pathway that foster immune suppression in
hepatocellular carcinoma. Cell Death Dis. 2018;9(4):422.

Mare TA, Treacher DF, Shankar-Hari M, Beale R, Lewis SM, Chambers DJ, et al. The
diagnostic and prognostic significance of monitoring blood levels of immature neutrophils in
patients with systemic inflammation. Crit Care. 2015;19(1):57.

Midgley A, Beresford MW. Increased expression of low density granulocytes in juvenile-
onset systemic lupus erythematosus patients correlates with disease activity. Lupus.
2016;25(4):407-11.

Liu CY, Wang YM, Wang CL, Feng PH, Ko HW, Liu YH, et al. Population alterations of L-
arginase- and inducible nitric oxide synthase-expressed CD11b+/CD14-/CD15+/CD33 +
myeloid-derived suppressor cells and CD8+ T lymphocytes in patients with advanced-stage
non-small cell lung cancer. J Cancer Res Clin Oncol. 2010;136(1):35-45.

LiuY,HuY, Gu F, Liang J, Zeng Y, Hong X, et al. Phenotypic and clinical characterization of
low density neutrophils in patients with advanced lung adenocarcinoma. Oncotarget.
2017;8(53):90969-78.

Scapini P, Marini O, Tecchio C, Cassatella MA. Human neutrophils in the saga of cellular
heterogeneity: insights and open questions. Immunol Rev. 2016;273(1):48-60.

Sagiv JY, Michaeli J, Assi S, Mishalian |, Kisos H, Levy L, et al. Phenotypic diversity and
plasticity in circulating neutrophil subpopulations in cancer. Cell Rep. 2015;10(4):562-73.

Denny MF, Yalavarthi S, Zhao W, Thacker SG, Anderson M, Sandy AR, et al. A Distinct
Subset of Proinflammatory Neutrophils Isolated from Patients with Systemic Lupus
Erythematosus Induces Vascular Damage and Synthesizes Type | IFNs. J Immunol.
2010;184(6):3284-97.

Torsteinsdottir |, Arvidson NG, Hallgren R, Hakansson L. Enhanced Expression of Integrins
and CD66b on Peripheral Blood Neutrophils and Eosinophils in Patients with Rheumatoid
Arthritis, and the Effect of Glucocorticoids. Scand J Immunol. 1999;50(4):433-9.

Wu L, Saxena S, Awaji M, Singh RK. Tumor-Associated Neutrophils in Cancer: Going Pro.
Cancers (Basel). 2019;11(4):564.

Cools-Lartigue J, Spicer J, McDonald B, Gowing S, Chow S, Giannias B, et al. Neutrophil
extracellular traps sequester circulating tumor cells and promote metastasis. J Clin Invest.
2013;123(8):3446-3458.

65



Bibliography

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Hsu BE, Tabariés S, Johnson RM, Andrzejewski S, Senecal J, Lehuédé C, et al. Immature
Low-Density Neutrophils Exhibit Metabolic Flexibility that Facilitates Breast Cancer Liver
Metastasis. Cell Rep. 2019;27(13):3902-3915.e6.

Odobasic D, Kitching AR, Yang Y, O’sullivan KM, Muljadi RCM, Edgtton KL, et al. Neutrophil
myeloperoxidase regulates T-cell-driven tissue inflammation in mice by inhibiting dendritic
cell function. Blood. 2013;121(20):4195-204.

Ostrand-Rosenberg S, Fenselau C. Myeloid-Derived Suppressor Cells: Immune-
Suppressive Cells That Impair Antitumor Immunity and Are Sculpted by Their Environment.
J Immunol. 2018;200(2):422-31.

Yang Y. Cancer immunotherapy: Harnessing the immune system to battle cancer. J Clin
Invest. 2015;125(9):3335-7.

Koury J, Lucero M, Cato C, Chang L, Geiger J, Henry D, et al. Inmunotherapies: Exploiting
the immune system for cancer treatment. J Immunol Res. 2018;2018:9585614.

Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune checkpoint inhibitors: recent
progress and potential biomarkers. Exp Mol Med. 2018;50(12):1-11.

Chen L, Han X. Anti-PD-1/PD-L1 therapy of human cancer: Past, present, and future. J Clin
Invest. 2015;125(9):3384-91.

Immunotherapy - Timeline of Progress [Internet]. Cancer Research Insitute. 2020. Available
from: https://www.cancerresearch.org/immunotherapy/timeline-of-progress

Rowshanravan B, Halliday N, Sansom DM. CTLA-4: A moving target in immunotherapy.
Blood. 2018;131(1):58-67.

Fares CM, Van Allen EM, Drake CG, Allison JP, Hu-Lieskovan S. Mechanisms of Resistance
to Immune Checkpoint Blockade: Why Does Checkpoint Inhibitor Immunotherapy Not Work
for All Patients? Am Soc Clin Oncol Educ B. 2019;39:147-64.

World Health Organization. The Global Cancer Observatory. 2018.
American Cancer Society. Breast Cancer Facts & Figures 2019-2020. 2019.
Yalaza M, Inan A, Bozer M. Male Breast Cancer. J Breast Heal. 2016;12(1):1-8.

Kaminska M, Ciszewski T, topacka-Szatan K, Miotta P, Starostawska E. Breast cancer risk
factors. Prz Menopauzalny. 2015;14(3):196-202.

Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, et al. Risk factors and preventions of breast
cancer. Int J Biol Sci. 2017;13(11):1387-97.

Waks AG, Winer EP. Breast Cancer Treatment: A Review. JAMA. 2019;321(3):288-300.

Carroll JS. Mechanisms of oestrogen receptor (ER) gene regulation in breast cancer. Eur J
Endocrinol. 2016;175(1):R41-9.

Akram M, Igbal M, Daniyal M, Khan AU. Awareness and current knowledge of breast cancer.
Biol Res. 2017;50(1):33.

Vuong D, Simpson PT, Green B, Cummings MC, Lakhani SR. Molecular classification of
breast cancer. Virchows Arch. 2014;465(1):1-14.

Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A. AJCC Cancer Staging
Manual. 7th ed. New York: Springer; 2010.

66



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Bibliography

Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. Pathological
complete response and long-term clinical benefit in breast cancer: The CTNeoBC pooled
analysis. Lancet. 2014;384(9938):164-72.

Rastogi P, Anderson SJ, Bear HD, Geyer CE, Kahlenberg MS, Robidoux A, et al
Preoperative chemotherapy: Updates of national surgical adjuvant breast and bowel project
protocols B-18 and B-27. J Clin Oncol. 2008;26(5):778-85.

Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordstrom E, Bliss J, et al. Long-term
outcomes for neoadjuvant versus adjuvant chemotherapy in early breast cancer: meta-
analysis of individual patient data from ten randomised trials. Lancet Oncol. 2018;19(1):27-
39.

Markham A. Atezolizumab: First Global Approval. Drugs. 2016;76(12):1227-32.

DeMichele A, Yee D, Esserman L. Mechanisms of resistance to neoadjuvant chemotherapy
in breast cancer. N Engl J Med. 2017;377(23):2287-9.

Denkert C, Loibl S, Noske A, Roller M, Miller BM, Komor M, et al. Tumor-associated
lymphocytes as an independent predictor of response to neoadjuvant chemotherapy in
breast cancer. J Clin Oncol. 2010;28(1):105-13.

Saraiva DP, Jacinto A, Borralho P, Braga S, Cabral MG. HLA-DR in cytotoxic T lymphocytes
predicts breast cancer patients’ response to neoadjuvant chemotherapy. Front Immunol.
2018;9:2605.

Khaja ASS, Toor SM, El Salhat H, Faour |, ul Haqg N, Ali BR, et al. Preferential accumulation
of regulatory T cells with highly immunosuppressive characteristics in breast tumor
microenvironment. Oncotarget. 2017;8(20):33159-71.

Li X, Dai D, Chen B, Tang H, Xie X, Wei W. The value of neutrophil-to-lymphocyte ratio for
response and prognostic effect of neoadjuvant chemotherapy in solid tumors: A systematic
review and meta-analysis. J Cancer. 2018;9(5):861-71.

Asano Y, Kashiwagi S, Onoda N, Noda S, Kawajiri H, Takashima T, et al. Predictive Value of
Neutrophil/Lymphocyte Ratio for Efficacy of Preoperative Chemotherapy in Triple-Negative
Breast Cancer. Ann Surg Oncol. 2016;23(4):1104-10.

Xu J, Ni C, Ma C, Zhang L, Jing X, Li C, et al. Association of neutrophil/lymphocyte ratio and
platelet/lymphocyte ratio with ER and PR in breast cancer patients and their changes after
neoadjuvant chemotherapy. Clin Transl Oncol. 2017;19(8):989-96.

Marin Hernandez C, Pifiero Madrona A, Gil Vazquez PJ, Galindo Fernandez PJ, Ruiz Merino
G, Alonso Romero JL, et al. Usefulness of lymphocyte-to-monocyte, neutrophil-to-monocyte
and neutrophil-to-lymphocyte ratios as prognostic markers in breast cancer patients treated
with neoadjuvant chemotherapy. Clin Transl Oncol. 2018;20(4):476-83.

Chen Y, Chen K, Xiao X, Nie Y, Qu S, Gong C, et al. Pretreatment neutrophil-to-lymphocyte
ratio is correlated with response to neoadjuvant chemotherapy as an independent
prognostic indicator in breast cancer patients: A retrospective study. BMC Cancer.
2016;16:320.

Suppan C, Bjelic-Radisic V, La Garde M, Groselj-Strele A, Eberhard K, Samonigg H, et al.
Neutrophil/Lymphocyte ratio has no predictive or prognostic value in breast cancer patients
undergoing preoperative systemic therapy. BMC Cancer. 2015;15:1027.

Pagés F, Galon J, Dieu-Nosjean MC, Tartour E, Sautés-Fridman C, Fridman WH. Immune

67



Bibliography

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

infiltration in human tumors: A prognostic factor that should not be ignored. Oncogene.
2010;29(8):1093-102.

Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer: Neutral no more. Nat Rev
Cancer. 2016;16(7):431-46.

Jaillon S, Ponzetta A, Di Mitri D, Santoni A, Bonecchi R, Mantovani A. Neutrophil diversity
and plasticity in tumour progression and therapy. Nat Rev Cancer. 2020;20(9):485-503.

McKinnon KM. Flow cytometry: an overview. Curr Protoc Immunol. 2018;120:5.1.1-5.1.11.

Mishalian |, Granot Z, Fridlender ZG. The diversity of circulating neutrophils in cancer.
Immunobiology. 2017;222(1):82-8.

Park J, Wysocki RW, Amoozgar Z, Maiorino L, Fein MR, Jorns J, et al. Cancer cells induce
metastasis-supporting  neutrophil extracellular DNA traps. Sci Transl Med.
2016;8(361):361ra138.

Chollet P, Amat S, Cure H, De Latour M, Le Bouedec G, Mouret-Reynier MA, et al. Prognostic
significance of a complete pathological response after induction chemotherapy in operable
breast cancer. Br J Cancer. 2002;86(7):1041-6.

Cianfrocca M, Goldstein LJ. Prognostic and predictive factors in early breast cancer.
Oncologist. 2004;9(6):606-16.

Protani M, Coory M, Martin JH. Effect of obesity on survival of women with breast cancer:
Systematic review and meta-Analysis. Breast Cancer Res Treat. 2010;123(3):627-35.

Bae SJ, Cha YJ, Yoon C, Kim D, Lee J, Park S, et al. Prognostic value of neutrophil-to-
lymphocyte ratio in human epidermal growth factor receptor 2-negative breast cancer
patients who received neoadjuvant chemotherapy. Sci Rep. 2020;10:13078.

Siddigi M, Garcia ZC, Stein DS, Denny TN, Spolarics Z. Relationship between oxidative burst
activity and CD11b expression in neutrophils and monocytes from healthy individuals:
Effects of race and gender. Cytometry. 2001;46(4):243-6.

Naeim F. Chapter 2 - Principles of Immunophenotyping. In: Naeim F, Rao PN, Grody WW,
editors. Hematopathology. Academic Press; 2008. p. 27-55.

Najmeh S, Cools-Lartigue J, Rayes RF, Gowing S, Vourtzoumis P, Bourdeau F, et al.
Neutrophil extracellular traps sequester circulating tumor cells via B1-integrin mediated
interactions. Int J Cancer. 2017;140(10):2321-30.

Wang X, Qiu L, Li Z, Wang XY, Yi H. Understanding the multifaceted role of neutrophils in
cancer and autoimmune diseases. Front Immunol. 2018;9:2456.

Silvestre-Roig C, Fridlender ZG, Glogauer M, Scapini P. Neutrophil Diversity in Health and
Disease. Trends Immunol. 2019;40(7):565-83.

Eruslanov EB, Singhal S, Albelda SM. Mouse versus Human Neutrophils in Cancer: A Major
Knowledge Gap. Trends in Cancer. 2017;3(2):149-60.

Tabaries S, Ouellet V, Hsu BE, Annis MG, Rose AAN, Meunier L, et al. Granulocytic immune
infiltrates are essential for the efficient formation of breast cancer liver metastases. Breast
Cancer Res. 2015;17(1):45.

Saraiva DP, Guadalupe Cabral M, Jacinto A, Braga S. How many diseases is triple negative
breast cancer: The protagonism of the immune microenvironment. ESMO Open.
2017;2(4):e000208.

68



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

Bibliography

Faria SS, Fernandes Jr PC, Silva MJB, Lima VC, Fontes W, Freitas-Junior R, et al. The
neutrophil-to-lymphocyte ratio: A narrative review. Ecancermedicalscience. 2016;10:702.

Pruneri G, Vingiani A, Denkert C. Tumor infiltrating lymphocytes in early breast cancer.
Breast. 2018;37:207-14.

Hennigs A, Riedel F, Gondos A, Sinn P, Schirmacher P, Marmé F, et al. Prognosis of breast
cancer molecular subtypes in routine clinical care: A large prospective cohort study. BMC
Cancer. 2016;16(1):734.

Schernberg A, Moureau-Zabotto L, Del Campo ER, Escande A, Ducreux M, Nguyen F, et al.
Leukocytosis and neutrophilia predict outcome in locally advanced esophageal cancer
treated with definitive chemoradiation. Oncotarget. 2017;8(7):11579-88.

Cloke T, Munder M, Taylor G, Miiller I, Kropf P. Characterization of a Novel Population of
Low-Density Granulocytes Associated with Disease Severity in HIV-1 Infection. PLoS One.
2012;7(11):e48939.

Fu J, Tobin MC, Thomas LL. Neutrophil-like low-density granulocytes are elevated in patients
with moderate to severe persistent asthma. Ann Allergy, Asthma Immunol. 2014;113(6):635-
640.e2.

Aggarwal V, Tuli HS, Varol A, Thakral F, Yerer MB, Sak K, et al. Role of reactive oxygen
species in cancer progression: Molecular mechanisms and recent advancements.
Biomolecules. 2019;9(11):735.

Salmaninejad A, Valilou SF, Shabgah AG, Aslani S, Alimardani M, Pasdar A, et al. PD-1/PD-
L1 pathway: Basic biology and role in cancer immunotherapy. J Cell Physiol.
2019;234(10):16824-37.

Bowers NL, Helton ES, Huijbregts RPH, Goepfert PA, Heath SL, Hel Z. Immune Suppression
by Neutrophils in HIV-1 Infection: Role of PD-L1/PD-1 Pathway. PLoS Pathog.
2014;10(3):e1003993.

Sun R, Xiong Y, Liu H, Gao C, Su L, Weng J, et al. Tumor-associated neutrophils suppress
antitumor immunity of NK cells through the PD-L1/PD-1 axis. Transl Oncol.
2020;13(10):100825.

Chen X, Song M, Zhang B, Zhang Y. Reactive Oxygen Species Regulate T Cell Immune
Response in the Tumor Microenvironment. Oxid Med Cell Longev. 2016;2016:1580967.

Németh T, Modcsai A, Lowell CA. Neutrophils in animal models of autoimmune disease.
Semin Immunol. 2016;28(2):174-86.

Odobasic D, Kitching AR, Yang Y, O’Sullivan KM, Muljadi RCM, Edgtton KL, et al. Neutrophil
myeloperoxidase regulates T-cell2driven tissue inflammation in mice by inhibiting dendritic
cell function. Blood. 2013;121(20):4195-204.

Derynck R, Akhurst RJ, Balmain A. TGF-B signaling in tumor suppression and cancer
progression. Nat Genet. 2001;29(2):117-29.

Pijuan J, Barcelo C, Moreno DF, Maiques O, Sis6 P, Marti RM, et al. In vitro Cell Migration,
Invasion, and Adhesion Assays: From Cell Imaging to Data Analysis. Front Cell Dev Biol.
2019;7:107.

Granot Z. Neutrophils as a Therapeutic Target in Cancer. Front Immunol. 2019;10:1710.

69



70



Appendix

1.

Appendix

Template of the informed consents: Hospital de Vila Franca de Xira, Hospital Professor

Doutor Fernando Fonseca and Hospital CUF Descobertas

MEDICAL

DE

CONFIDENCIAL
Termo de Consentimento para Doacfio de Sangue e Tecido

Tendo recebido convite para participar num Projeto de Investigagdo, a realizar no CEDOC, NOVA
Medical School, Faculdade de Ciéncias Médicas da Universidade Novas de Lisboa, no Laboratorio
de Reparagdo de Tecidos e Inflamagdo (Investigador Principal Professor Antonio Jacinto) vem o
signatario subscrever o presente Termo de Consentimento para Doagdo de Sangue e/ou Tecido que
serdo utilizados para fins de investigagio.

Previamente solicitei esclarecimentos e informagdes que me foram transmitidos e me permitiram,
com conhecimento suficiente, optar por subscrever o presente Termo de Consentimento.

A minha decisdo foi ainda suportada pela garantia de que:

1. Todas as respostas as perguntas por mim formuladas tiveram pronta e clara resposta e o
Técnico de Saiide que conduzird o processo de recolha das amostras me informou sobre as
matérias da sua irea de intervencio;

2. A doacfio das minhas amostras seriio 10 ml de sangue e¢/ou tecido, que serio utilizadas inica
e exclusivamente para os efeitos supra indicados;

3. Os meus dados pessoais (idade, sexo, etc.) serio anénimos e serio registados separadamente
dos componentes do sangue isolados, impossibilitando o rastreio das amostras;

4. Niio sera possivel relacionar a amostra por mim doada com a minha pessoa;

5. Niio sou atualmente portador de nenhuma doenca infectocontagiosa;

6. A minha participacio voluntiria no estudo nfio me conferira direitos a qualquer
indemniza¢io ou outros lucros financeiros.

7. Posso terminar a minha participacio no estudo assim que quiser, sem repercussio na

minha prestacdo de cuidados de saide

Sexo: M F Idade:

Rubrica:

Nome do Médico Responsavel:
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Appendix

2. Template of the informed consents: Hospital Santa Maria

l HOSPITAL @Hu\lwil;ll

CENTRO HOSPITALAR MY D E
. SANTAMARIA PulidoValente

LISBOA NORTE, EPE

CONSENTIMENTO INFORMADO, ESCLARECIDO E LIVRE

para Investigacéo Clinica

1. Titulo do projecto

Neutro-tumor

2. Descrigao do projeto, sua natureza e objetivo
Nos ultimos anos, verificou-se que ao controlar o sistema imunitario presente nos doentes oncolégicos,
podemos melhorar o seu tratamento. Esta abordagem tem-se revelado muito promissora e com elevada
eficacia. Alguns estudos revelam que os neutrofilos, as células mais abundantes do sistema imunitario,
podem ajudar na progressao tumoral e levar a um pior prognostico. Neste contexto, queremos estudar
melhor estes neutrofilos e perceber o que produzem e como interagem com as células tumorais, de modo

a que no futuro possamos inibir a sua fungéo pro-tumoral.

Para tal, pretendemos obter sangue de doentes oncoldgicos antes do tratamento e passados 6 meses
apos o inicio do tratamento, de modo a colher os neutréfilos e estuda-los no laboratdrio.

3. Beneficios

Sendo este um estudo observacional ndo existem beneficios para os dadores

4. Riscos graves e riscos frequentes

Sendo que este projeto consiste essencialmente na observagdo de células do sistema imunitario ndo existe

nenhum risco associado para os dadores.
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~n3

HOSPITAL ’!{“\]’itill

CENTRO HOSPITALAR D E
SA NTAMARIA PulidoValente

LISBOA NORTE, EPE

Parte declarativa do profissional

Confirmo que expliquei a pessoa abaixo indicada, de forma adequada e inteligivel, os procedimentos necessarios ao ato

referido neste documento. Respondi a todas as questdes que me foram colocadas e assegurei-me de que houve um

d

periodo de reflexdo suficiente paraat da decisdo. Expliquei que pode pedir para interromper ou mesmo desistir,

caso sinta necessidade ou vontade de o fazer, sem que dai advenha qualquer prejuizo no contexto da sua assisténcia
clinica. Informei que para conforto e respeito da sua privacidade, os dados que me ird fornecer, permanecerdao

confidenciais e anénimos.

Nome legivel do profissional de saude: | |

Data ... .../... .../... ... ... Assinatura, nimero de cédula profissional ou nimero mecanografico (se ndo aplicével a

primeira disposi¢do)

Unidade de SAUE ... ... we. v e wen cer vee s won einsee e aos ens e e s s s e

Contato institucional do profissional de saude ... ... .. e e e v v s o wae
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3

HOSPITAL DE @ Hospital

SANTAMARIA PulidoValente

CENTRO HOSPITALAR
LISBOA NORTE, EPE

A Pessoalrepresentante

Por favor, leia com atencéo todo o contetido deste documento. Nao hesite em solicitar mais informagdes se ndo

estiver completamente esclarecido/a. Verifigue se todas as informagdes estdo corretas. Se tudo estiver

conforme, entéo assine este documento.

Parte declarativa da pessoa que consente

Declaro ter compreendido os objetivos de quanto me foi proposto e explicado pelo profissional de satide
que assina este documento, ter-me sido dada oportunidade de fazer todas as perguntas sobre o assunto
e para todas elas ter obtido resposta esclarecedora, ter-me sido garantido que ndo havera prejuizo para
0s meus direitos assistenciais se eu recusar esta solicitacdo, e ter-me sido dado tempo suficiente para
refletir sobre esta proposta. Autorizo/Nao autorizo (riscar o que nao interessa) o ato indicado.

Nome: | |

. (data) Assinatura ...
SE NAO FOR O PROPRIO A ASSINAR POR IDADE OU INCAPACIDADE (se o menor tiver discerni o deve bém assinar
em cima)
INOME: et et tet see tet see eet see een sen sen sen sen sen sen enn can sus cns aus ene sus ene sue sus s2e aus 20e
Doc. IDENTIFICAGAO N.e DATA OU VALIDADE ..... [evcee [eveuenen

GRAU DE PARENTESCO OU TIPO DE REPRESENTAGAO:

ASSINATURA ...

Nota: Este documento é feito em duas vias — uma para o processo/estudo e outra para ficar na posse de quem consente.

Adaptado da Norma n2 015/2013 de 03/10/2013 atualizada a 04/11/2015
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