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ZUSAMMENFASSUNG

Lungenkrebs ist die am haufigsten diagnostizierte Krebsart und fiihrt die Liste der tddlichsten
Krebsarten weltweit an. Nichtkleinzelliges Lungenkarzinom (NSCLC) steht bei den Diagnosen
an erster Stelle und macht etwa 85 % aller Lungenkrebsfalle aus. Neutrophile sind heterogene
und vielseitige Zellen, die zur Tumorentwicklung beitragen. Sie sind besonders haufig in der
Tumormikroumgebung (TME) von NSCLC anzutreffen und es wurde gezeigt, dass sie die
Entwicklung von NSCLC durch ihre tumorférdernde Wirkung beglnstigen. Darliber hinaus
wurden im Blut von Krebspatienten zirkulierende Neutrophilenpopulationen identifiziert, von
denen man annimmt, dass sie eine immunsuppressive Wirkung haben. Trotzdem sind die
Mechanismen, durch die Neutrophile ihre Wirkung im NSCLC entfalten, noch nicht vollstandig
geklart, und die Klassifizierung der neutrophilen Subpopulationen im Blutkreislauf und im Tumor
ist noch ein wichtiges Forschungsgebiet. Die vorliegende Arbeit gliedert sich in zwei
unabhangige Projekte, die darauf abzielen, die Rolle der Neutrophilen im NSCLC aus zwei

verschiedenen Perspektiven zu untersuchen:

- Im ersten Projekt verwendeten wir ein hochdimensionales Screening menschlicher
Zelloberflachenmarker, um zellulare Marker zu identifizieren, die es uns ermoéglichen, zwischen
zwei zirkulierenden Neutrophilenpopulationen zu unterscheiden: den sogenannten Neutrophilen
niedriger Dichte (LDN) und den Neutrophilen hoher Dichte (HDN). Mit diesem Ansatz
kategorisierten wir 12 Oberflachenmarker als gering exprimiert von LDNs gegeniber HDNs,
wahrend 41 Oberflachenmarker in der LDN-Untergruppe gegeniber HDNs hoch exprimiert
waren. Wir entwickelten ein spezifisches Durchflusszytometrie-Panel, mit dem wir die
Uberexpression von CD36, CD41, CD61 und CD226 in der LDN-Fraktion nachweisen konnten.
Darlber hinaus bestatigten wir die Existenz von LDNs ausschlieBlich im Blut von NSCLC-

Patienten, wahrend sie im Blut von gesunden Spendern fast nicht vorkamen.

- Im zweiten Projekt untersuchten wir die Rolle eines von Neutrophilen stammenden Enzyms
namens Myeloperoxidase (MPO) in der Entwicklung von NSCLC. Mit Hilfe eines heterotopen
NSCLC-Modells in MPO-defizienten Mausen beobachteten wir eine Verringerung des
Tumorwachstums, die mit einer Zunahme der Infiltration zytotoxischer T-Zellen im Vergleich zu
MPO wildtyp-Mausen einherging. Die CD8-Depletion hob die zuvor beobachtete Verringerung

der TumorgréRe in MPO-defizienten-Mausen auf, was darauf hindeutet, dass CD8" T-Zellen
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eine wichtige Rolle spielen. In vitro fuhrte die Zugabe von MPO zu T-Zellen zu einer verringerten
Proliferation und Aktivierung von T-Zellen. Dartber hinaus wurde MPO in T-Zellen internalisiert,
wahrend eine Heparin-Vorbehandlung die MPO-Intemnalisierung blockierte und die
proliferationshemmende Wirkung von MPO in T-Zellen aufhob. Interessanterweise wurden
MPO*-Lymphozyten in Tumorproben von Patienten mit nicht-kleinzelligem Lungenkrebs
(NSCLC) gefunden, und eine In-silico-Analyse zeigte einen Uberlebensvorteil fiir Patienten mit
NSCLC und niedriger MPO-Expression.

Zusammenfassend unterstreichen unsere Ergebnisse die Bedeutung von Neutrophilen und
deren Enzymen in der Biologie von Lungenkrebs und tragen zum Verstandnis der komplexen
Rolle von diesen Zellen in Krebs bei. Insgesamt bietet diese Dissertation Ideen, wie Neutrophile
und deren Molekile als potenzielle Kandidaten fir Diagnostik und therapeutische Ziele

eingesetzt werden kénnen.
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ABSTRACT

Lung cancer is the most frequently diagnosed type of cancer and tops the list of deadliest
cancers around the world. Non-small cell lung cancer (NSCLC) leads the diagnoses and
represents about 85% of all lung cancer cases. Neutrophils are heterogeneous and versatile
cells that contribute to tumor development. They are especially abundant within the tumor
microenvironment (TME) of NSCLC and have shown to exert pro-tumorigenic actions favoring
NSCLC development. Moreover, specific circulating neutrophil populations have been identified
in the blood of cancer patients and have been proposed to depict immune-suppressive actions.
Despite this, the mechanisms by which neutrophils exert their actions in NSCLC are not
completely elucidated yet and the classification of neutrophil subpopulations in circulation and in
the tumor is still a major field to explore. The present thesis is divided in two independent

projects that aimed to address the role of neutrophils in NSCLC from two different perspectives:

- In the first project we used a high-dimensional human cell surface marker screen to identify
cellular markers that allow us to discriminate between two circulating neutrophil populations; the
so-called low-density neutrophils (LDNs) and high-density neutrophils (HDNs). Using this
approach, we categorized 12 surface markers as low expressed by LDNs vs HDNs, while 41
surface markers were highly expressed in the LDN subset vs the HDN. We designed a specific
flow cytometry panel that allowed us to validate the overexpression of CD36, CD41, CD61 and
CD226 in the LDN fraction. Moreover, we confirmed the exclusive existence of LDNs in the

blood of NSCLC patients while they were almost absent in the blood of healthy donors.

- In the second project, we investigated the role of a neutrophil-derived enzyme called
myeloperoxidase (MPO) in the development of NSCLC. Using a heterotopic NSCLC model in
MPO-deficient mice, we observed a reduction of tumor growth that was accompanied by an
increase in the infiltration of cytotoxic T cells as compared to WT mice. Moreover, the
elimination of CD8" T cells reversed the previously observed decrease in tumor size in MPO KO
mice. In vitro, MPO addition to T cells resulted in decreased proliferation and activation of T
cells. Furthermore, MPO was internalized into T cells, while heparin pre-treatment blocked MPO
internalization and reversed the anti-proliferative effect of MPO in T cells. Notably, MPO-positive
lymphocytes were present in tumor samples obtained from NSCLC patients while an in silico

analysis indicated that NSCLC patients with low MPO expression had a survival advantage.
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In summary, our findings highlight the importance of neutrophils and neutrophil-derived enzymes
in the biology of lung cancer and contribute to the understanding of the complex roles of these
cells in cancer. Altogether, this dissertation offers ideas of how neutrophils and their molecules

are potential candidates that can be used as diagnostic tools and therapeutic targets.
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1 INTRODUCTION

1.1 Lung cancer

Based on the 2020 statistics from the World Health Organization (WHQO), cancer is among the
top causes of premature mortality (4). Lung cancer is the leading contributor to cancer-related
deaths, responsible for 18% of all cancer-linked fatalities. It is also the second most prevalent
cancer diagnosis, following breast cancer, constituting 11.4% of all cancer cases (4).

Based on its histological characteristics, lung cancer can be classified as small cell lung
carcinoma, representing about 15 % of all lung cancers, and non-small cell lung cancer
(NSCLC), comprising the remaining 85% (5,6). NSCLC is further subdivided into
adenocarcinoma (most common subtype), squamous cell carcinoma and large-cell carcinoma
(7).

Environmental and genetic factors have been associated with the development of lung cancer
(5). Tobacco smoking as well as prolonged exposure to second-hand smoke lead the list of risk
factors to develop lung cancer (5,8). Other important risk factors include long-term exposure to
air pollution, occupational exposure to chemicals such asbestos, previous lung disease,
inheritance of certain single-nucleotide polymorphisms and family history of lung cancer, among
others (9). It is important to note that many cases of lung cancer are caused by a combination of
these factors, rather than a single cause (9).

Although there have been significant developments in the diagnosis and treatment of cancer,
lung cancer patients have not seen much improvement. Surgery can be a successful option for
early-stage NSCLC, but conventional chemo- and radiotherapy have limited effectiveness (7).
Additionally, new treatments like single-agent immune checkpoint inhibitors (ICl) have only
partially succeeded, with only around 20% of NSCLC patients experiencing any benefits from
this therapy (10). Late diagnosis of lung cancer, when the disease is advanced and treatment
options are limited, results in a dismal 5-years survival rate below 18% (11).

Understanding the molecular and cellular mechanisms that drive lung cancer initiation and
progression is crucial to improve early diagnosis and to generate new strategies to fight against
this disease. In this regard, the complex and dynamic interactions between cancer cells and their
surrounded niche, called tumor microenvironment (TME), not only play a critical role in cancer
initiation, progression, and response to treatment, but also represents an opportunity to develop

novel therapeutic approaches and better strategies for early diagnosis.
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1.2 Tumor microenvironment (TME)

The TME is a heterogeneous and complex network of cellular and acellular components (12).
Extracellular matrix (ECM), signaling molecules, mediators and blood vessels constitute the
noncellular part of the TME (13). Besides, a wide variety of cells are also part of this unique
niche including tumor cells, cancer stem cells, pericytes, adipocytes, fibroblasts, and immune
cells (12).

The role of the TME in controlling carcinogenesis has been highlighted for decades (14,15). This
intricate niche provides a favorable environment to proliferating cancer cells by generating new
blood vessels to overcome hypoxia and supply nutrients. Moreover, the activation,
differentiation, proliferation and apoptosis of tumor-infiltrating immune cells can be influence by
the very rough conditions of the TME (e.g. acidic pH, hypoxic milieu and presence of
immunosuppressive cytokines and chemokines) (16,17). An extra level of complexity is added
being that the TME composition varies depending of the tumor entity and state of disease. The
nature and extend of the infiltrating immune cells might determine the progress of the disease
and the response to treatment (16). In this context, identifying and understanding the role of
specific immune populations and leukocyte-derived molecules within the TME, will help us to

develop new strategies to fight against cancer.

1.2.1 Immune cells of the TME

Immune cells can be classified as innate immune cells and adaptive immune cells. Adaptive
immunity is triggered by exposure to specific antigens and utilizes immunological memory to
better respond to threats (18). T cells and B cells are part of the adaptive immune response.
Innate immunity, on the other hand, is a non-specific defense mechanism that is activated within
minutes to hours of an external invader entering the body (18). Cells such as macrophages,
neutrophils, natural killer (NK), eosinophils and dendritic cells (DC) comprise the innate immune
response.

One of the mayor tasks of the cells of the immune system is to identify and eradicate aberrant
cells in a process called immune surveillance (19). However, some cancer cells can escape from
the immune system and later on facilitate the generation of tumors and development of an
immunosuppressive TME (20).

Based on their role in tumor development, immune cells within the TME can be classified as

tumor-antagonizing, and tumor-promoting cells (21). Infiltrating immune cells with anti-
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tumorigenic capabilities include cells of the adaptive response such as CD8" cytotoxic T cells,
effector CD4" T cells and DCs, as well as innate immune cells like NK cells (22). On the other
hand, a broad diversity of immune cells that promote tumor development have been described
including CD4" T helper 2 (Th2), regulatory T cells (Treg), myeloid-derived suppressor cells
(MDSCs) and tumor-associated macrophages (TAM). Moreover, cells such as B-cells,
eosinophils and neutrophils seems to have more diverse roles acting in favor or against tumor
development (22). It is important to highlight that this classification is to facilitate the organization
of the information and with educational purposes. Almost all cells can change from pro- to anti-
tumor and vice versa depending on the cellular context, type of tumor, comprehensive
microenvironment composition, among many other factors. Therefore, the information in the
following chapters needs to be approached keeping on mind that specific immune populations

are versatile and have diverse and contrasting functions in cancer.

1.2.1.1 Tumor-antagonizing immune cells

CD8"* T cells

T lymphocytes have been broadly studied in the setting of cancer due to their cytotoxic
capabilities. In general, tumors infiltrated by cytotoxic T cells represent a positive outcome for
patients with different kinds of cancer such as breast, ovarian, bladder, pancreatic and lung
cancers (23-29). In fact, antigen specific cytotoxic CD8"* T-cells can detect anomalous antigens
found in cancer cells that are presented by major histocompatibility complex | (MHC-I) (18).
Moreover, naive CD8* T cells differentiate into effector and memory cells after antigen encounter
by antigen presenting cells (30). In short, when naive CD8* T cells (CD44"°"CD62L" in mice and
CD45RA*CCRY7" in humans; cells that have not previously encountered foreign antigens) are
exposed to antigens through the MHC-I complex, they become activated and rapidly proliferate
within 1-2 weeks (30-32). They then transform into effector CD8* T cells (CD44"CD62L"" in
mice and CD45RA'CCR7"in humans) that produce cytokines like interferon gamma (IFN-y) and
tumor necrosis factor alpha (TNF-a) and can eliminate target cells through either the
granzyme/perforin-mediated cytotoxicity or the FAS/FAS ligand pathway (30-33). Once CD8* T
cells have reached their peak in proliferation, roughly 90-95% of effector CD8" T cells undergo
programmed cell death. The remaining cells, however, transform into memory CD8" T cells
(CD44"CD62L" in mice and CD45RA" CCR7* in humans) and stay dormant until they encounter

the same or a similar antigen once more (30-32).
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CD4"* Th1 cells
Activated CD4" Th1 cells secret interleukine-2 (IL-2) which directly activates CD8" T cells (34).

Furthermore, CD4" T cells can indirectly assist CD8" T cells by sustaining pro-inflammatory

dendritic cells involved in cross-presentation. An additional method through which CD4" Th1

cells can directly combat tumor cells is by generating cytokines like IFN-y and TNF-a (34).

NK and NKT cells

High infiltration of NK and NKT cells has been associated with enhanced overall survival in a

diversity of solid tumors (35,36). NK cells are especially effective on killing circulating cancer
cells and cells with aberrant or absent MHC-I expression through the activation of two major
mechanisms; the release of Iytic granules that contain perforin and granzymes or the activation

of the death receptor-mediated apoptosis (37,38).

Dendritic cells (DC)

DCs are antigen-presenting cells that infiltrate tumors and process and present tumor-derived

antigens to naive T cells (39). Their role in priming the anti-tumor T cell response is
fundamental. DCs are classified in different subtypes with specific roles in cancer (39).
Conventional DC hold the highest potency among antigen-presenting cells and, consequently,
are robust initiators of T cell-mediated immune reactions. (39). Plasmacytoid DC (pDC) are
major producers of type | IFNs (type | IFNs comprise IFN-a, IFN-B, IFN-8, IFN-¢, IFN-k, IFN-T,
IFN-w and IFN-C; type Il IFNs comprise IFN-y; type Ill IFNs comprise IFN-A1 ,IFN- A2 ,IFN-A3

and IFN-A4) that can promote anti-tumor immunity (39).

1.2.1.2Tumor-promoting immune cells

CD4" T cells

Among the different CD4* T-cell populations that infiltrate tumors, CD4* Th2 cells and T
regulatory cells (Tregs) are generally described as tumor promoting. In fact, high infiltration of
Tregs into tumors has been linked to worse prognosis in breast (40), ovarian (41) and pancreatic
(42) cancer, among others. Cytokines such as IL-4, IL-5 and IL-13 are produced by CD4" Th2
cells and promote tumor growth (12,43). By their part, Tregs, characterized by the expression of
FOXP3 and CD25 (44), exert an immunosuppressive function (45). Production of IL-10 and

transforming growth factor beta (TGF-b) are some of the mechanisms by which Tregs constrain
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the recognition and elimination of tumor cells (45). Cytolysis of effector T cells, metabolic
disruption, and DC suppression are other mechanisms by which Tregs exert their suppressive
function (46).

Tumor-associated macrophages (TAMs)

Macrophages play a central role in endorsing tumor growth and can represent up to 50% of
tumor mass (47). Increased macrophage presence is associated with a worse prognosis for
cancer patients with various types of tumors (48). The release of some hypoxia-induced
chemoattractants such as vascular endothelial growth factor (VEGF) promote the recruitment of
TAMs that usually accumulate in hypoxic or necrotic tumor areas (49). Moreover, hypoxia can
also favor the secretion of cytokines such IL-4 therefore supporting the immunosuppressive
phenotype of macrophages (M2) (50). The role of macrophages in supporting angiogenesis is
well documented (51,52). Moreover, TAMs also promote malignant cell migration, invasion and
metastasis (53-55).

Myeloid-derived suppressor cells (MDSC)

MDSCs are inhibitory cells that can have a polymorphonuclear (PMN-MDSC) or monocytic (M-
MDSC) origin (56,57). Elevated numbers of MDSC are associated with an unfavorable
prognosis in patients with various cancer types, including breast cancer and melanoma (58-60).
MDSCs are involved in many pro-tumor functions including the inhibition of the activation of
cytotoxic CD8" T cells (61), the development of Tregs (62,63), the polarization of macrophages
to a M2 phenotype (64), the increase of angiogenesis (65) and the enhancement of tumor cell

stemness (66).

1.2.1.3 Immune cells with conflicting roles in cancer

B cells

The role of B cells in the TME is complex (67). The existence of B cells within certain tumors has
been linked to improved patient outcomes in cervical cancer (68) and NSCLC (25,69).
Conversely, the presence of B cells is associated with a poorer overall survival in patients with
bladder, breast, colorectal cancer, and other malignancies (70).

B cells can infiltrate tumors, where they often gather in specific structures called tertiary

lymphoid structures (TLS) (70). B cells can help kill tumor cells directly by activating the
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Fas/FasL or TRAIL/Apo2L pathways (71,72). Moreover, B cells produce IFN-y, that recruits and
activates NK cells and polarizes T cells towards Th1 (70,73). B cells can also produce anti-tumor
antibodies that target specific proteins on the surface of cancer cells (70).

Conversely, certain antibodies can expedite tumor progression (70,74,75), and there exists an
immunosuppressive category of B cells, called regulatory B cells, which can hinder the activity of
CD4" and CD8" T while supporting tumor growth. (70,76).

Eosinophils
Eosinophils can exert both positive and negative influences on tumors. Their impact on TME can

vary based on the specific type of tumor and its surroundings (77,78). Research indicates that
elevated eosinophil levels in both the bloodstream and within tumors can be advantageous for
several cancer types (77). In experimental tumor settings, eosinophils have the capacity to
directly inhibit tumor growth by releasing their contents or by attracting other immune cells with
anti-tumor properties(79-81). Nevertheless, eosinophils have also been linked to tumor-
promoting functions such the secretion of pro-angiogenic and matrix-remodeling soluble
mediators (77,78).

Neutrophils
Neutrophils have been more recently pointed out as an immune population that influence tumor

growth, however their roles are rather complex and will be discussed with more detail in the

following section.

1.3 Neutrophils in cancer

Neutrophils are innate immune cells that have a short lifespan and make up the majority (50-
70%) of all immune cells in the bloodstream (82). They are rapidly recruited into site of
inflammation where they quickly respond to trap and kill invading pathogens (83). Their
physiological roles mainly involve the clearance of pathogens thought mechanisms such
phagocytosis, degranulation, and the formation of extracellular neutrophil-derived networks of
DNA, fibers and proteins called neutrophil extracellular traps (NETs) (84). However, current
research has revealed that neutrophils are complex, transcriptionally active cells that respond to
multiple signals and can release cytokines and inflammatory molecules that regulate

inflammation. More recently, their role in cancer has come to the spotlight and more and more
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investigations show that neutrophils are a heterogeneous cell population with phenotypic
plasticity that possess anti- and protumor roles (82,85).

In terms of clinical implications, neutrophils are important components of the TME and increased
neutrophil numbers have been reported in a variety of cancers. To notice, neutrophils constitute
one of the dominant populations in the TME of NSCLC (86). Moreover, absolute neutrophil
counts and the neutrophil to lymphocyte ratio (NLR) have been linked with poorer outcomes in
several types of cancer including gastric, melanoma, breast and NSCLC (87-91). NLR has been
proposed as a potential biomarker for identifying cancer patients at risk and response to
treatment (92-95). Some studies have reported that NLR was able to differentiate between
NSCLC patients who responded well to anti-PD-1 therapy and those who had stable or

worsening conditions (87,96).

1.3.1 Neutrophil recruitment to the TME

Neutrophils are recruited into the TME through a complex process that happens in different
stages and involves a series of cytokines, chemokines and receptors (97). Firstly, pre-mature
neutrophils are expanded and matured in the bone marrow from hematopoietic stem cells,
secondly, they attach to endothelial cells and enter circulation, and lastly, they move towards the
tumor site in response to chemical signals (98). The process of neutrophil maturation is
regulated by two factors: granulocyte colony-stimulating factor (G-CSF in mice, and its homolog
in humans) and granulocyte macrophage colony-stimulating factor (GM-CSF in mice, and its
homolog in humans) (82). As the neutrophils mature, their nucleus changes from a round shape
to a segmented shape, and the surface antigen expression also changes (99).

The participation of two G-protein coupled receptors of the CXC chemokine receptor family,
CXCR4 and CXCR2 in mice (and their homologs in humans), and their corresponding ligands, is
crucial on the mobilization of neutrophils from the bone marrow to the bloodstream, tissues and
tumors (100,101). Both receptors are expressed on the surface of neutrophils but exert
contrasting functions. CXCR4 and its ligands, such as CXCL12, restrict neutrophil mobility; while
CXCR2 (and its ligands) is mainly responsible of the release of neutrophils (100,101). Another
important regulator of neutrophils recruitment is G-CSF, a cytokine that negatively regulates
CXCR4, thus positively regulating neutrophil migration (102). The balance of neutrophils in

circulation is orchestrated by the G-CSF and the opposing interaction between CXCR2 and
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CXCR4 and any dysregulation on the expression of these molecules will impact the mobilization
of neutrophils (100,103,104). Within the TME, cancer cells, immune cells and cancer-associated
fibroblasts are important producers of CXCR2 chemokines, while G-CSF is release by cancer
cells and macrophages (105,106). The higher concentrations of CXCR2 chemokines, such as
CXCL1-3 and CXCL5-8, and G-CSF together with higher expression of CXCR2 by neutrophils
play a dominant role in the recruitment of neutrophils into the TME (102,107,108). Other
chemokines including interleukin-8 (IL-8 or CXCL8) and members of the IL-17 family are also
key components of neutrophil recruitment by directly acting as chemo-attractants or by

regulating the expression and secretion of chemokines and ligands (109-111) .

1.4 Neutrophil heterogeneity and phenotypical plasticity in cancer

Factors from tumor cells in the surrounding environment can alter the appearance and behavior
of myeloid cells, resulting in distinct sub-groups (106). These sub-groups are highly adaptable
and can undergo significant changes in response to cytokine signals, epigenetic modifications,
and other environmental factors (106). This often leads to alterations in the structure and
functions of these cells. The so called “Th1/Th2 paradigm” originally described the dichotomy on
the pathogen-dependent immune response of T cells to the production of specific cytokines
(107). According to this, Th1 cells lead to a pro-inflammatory response, while Th2 cells are
responsible for an immunosuppressive response (107). Later, myeloid cells such as TAMs were
shown to also reflect the Th1/Th2 paradigm based on their activation status: the pro-
inflammatory M1 type and the anti-inflammatory or immunosuppressive M2 type, with additional
subtypes added more recently (108). Within the TME, TAMs can shift from an antitumor (M1) to
a protumor (M2) activation mode due to the highly active and complex secretions from the
surrounding environment (109). Similarly, tumor-associated neutrophils (TANs) can exhibit
varying levels of phenotypic adaptability as a response to various stimuli in the TME as will be

described in the following section.

1.4.1 Tumor-associated neutrophils (TANs): N1 and N2 phenotypes

TANs can be classified into two polarization states, N1 (anti-tumor) and N2 (pro-tumor) (110,
111). Some studies have shown that when exposed to regulatory factors like G-CSF or TGFp,
neutrophils transform into the N2 phenotype (82,106,112). N2 phenotype is characterized by
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increased expression of pro-tumor factors that promote immunosuppression within the TME
(82,112). Examples of those actors are CCL2, CCL5, neutrophil elastase (NE) and cathepsin G,
along with higher levels of arginase (ARG-1) (97,112). On the other hand, blocking TGFf or type
I IFNs signaling results in neutrophils with the N1 phenotype that are characterized by a hyper-
segmented nucleus and exert cytotoxic capabilities to kill cancer cells (112,113). N1 neutrophils
have higher expression of immuno-activating cytokines and chemokines such as TNF-a, ICAM-
1, and FAS (112). Although functional differences of TANs within the TME are evident, there is

currently no appropriate marker to distinguish between N1 and N2 neutrophils in the tumor (97).

1.4.2 Circulating neutrophils: High vs low-density neutrophils

Cancer patients have been found to have a mix of immature and mature neutrophils in their
bloodstream (114). The so-called low-density neutrophils (LDNs) were first reported in 1986 as a
result of the method used to separate neutrophils from blood (115). The standard procedure
involves separating leukocytes through density-gradient centrifugation, where blood is layered
on top of a density medium like Ficoll-Paque (115). During centrifugation, cells with higher
density, including neutrophils, settle just above red blood cells on the bottom of the tube while
peripheral blood mononuclear cells (PBMC) locate in the upper portion of the tube (low-density
fraction) (115). Under health conditions, neutrophils are usually only found in the lower fraction
and are known as high-density neutrophils (HDNs). However, during inflammatory processes,
neutrophils can also be found in the PBMC fraction therefore called LDNs. Among the PBMC
fraction, cells with neutrophil morphology were originally found in patients diagnosed with
systemic lupus erythematosus and rheumatoid arthritis (116—118). Since then, the presence of
LDNs has been reported in diverse inflammatory diseases including different kinds of cancer
(114,119), psoriasis (120), asthma (121), sepsis, (ANCA)-associated vasculitis (122), and
infections such as HIV (123), Plasmodium vivax (124) and Mycobacterium tuberculosis
(125,126). While initially believed that LDNs were present only under pathological or
inflammatory circumstances, LDNs have also been reported in the blood of pregnant women
(127) and in healthy individuals (128).

Increase interest in the study of LDNs is evident, especially in the clinical context, as LDNs
content often appears to correlate with disease aggressiveness and/or response to treatment
(114,129-131). Despite this, the origin, composition, and function of this neutrophil population

remain controversial. Differences based on the nucleus morphology, suggest that LDNs are a
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mixed population of immature neutrophils with ring- or band-shaped nuclei and mature
neutrophils with segmented nuclei, in comparison with HDNs that comprise a homogeneous
population of mature cells (114).

In cancer, LDNs have been found in mouse models of mesothelioma, breast and lung cancer
(114). Moreover, patients with breast, head and neck, lung and urologic cancers have also
shown the presence of LDNs in their peripheral blood (86,114,129,132). To the resemblance of
N1 and N2 TAN phenotypes, Sagiv et al. reported that HDNs exert anti-tumor capabilities, while
LDNs are immunosuppressive cells with reduced anti-tumor cytotoxicity, impaired phagocytic
activity, decrease migratory capacity and less oxidative burst (114). Phenotypic plasticity has
been shown in tumor-bearing mice, where TGF-3 can be used to switch primed HDNs into LDNs
(114). Interestingly, the ratio of circulating HDNs to LDNs can change as the tumor progresses
(114). Based on this, it has been suggested that HDNs and LDNs correspond to the N1 and N2
phenotypes of TANSs, respectively, and presumably operate through similar mechanisms.
However, there is still a lack of validated surface markers that can define LDNs and further

research is necessary to characterize this neutrophil population phenotypically and functionally.

1.5 Functions of neutrophils in the TME

As previously stated, neutrophils represent a highly heterogeneous immune population. This
diversity is reflected not only phenotypically but also functionally. In cancer, neutrophils play

opposing roles as it will be described in the following sections.

1.5.1 Anti-tumorigenic functions of neutrophils

Neutrophils can limit tumor growth by direct or indirect mechanisms that can or cannot require
physical contact of neutrophils with target cells. In vitro co-culture of murine neutrophils and
cancer cell lines, revealed that hydrogen peroxide (H20.) is secreted by neutrophils after their
contact with cancer cells (133). Secretion of H»O,, promotes the influx of Ca?" in a mechanism
that involves the H»O2-dependent TRPM2 Ca?* channel, which ultimately results in the dead of
cancer cells (133). Other strong neutrophil-derived oxidants such as hypochlorous acid (HOCI)
also exerts direct cytotoxic properties against cancer cells (134,135). Inducible nitric oxide
synthase (iNOS) production by neutrophils has also cytotoxic effects in cancer cells (136). In
some models, it has been shown that the recruitment of anti-tumor neutrophils is favored by the
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hypoxic conditions of the TME (137). Moreover, the secretion of certain cytokines such as TNF-
a, and proteases such as Cathepsin G by neutrophils favors the recruitment, proliferation and
activation of T cells, thus indirectly fighting against the tumor (138). Moreover, in early-stage
lung cancer patients, TANs can stimulate T cell proliferation and IFN-y secretion (139).
Furthermore, neutrophils can also facilitate adaptive immune response since resent research
has shown that not only macrophages and DC, but also neutrophils, can present antigens to T
cells (140). Antibody-dependent cellular cytotoxicity and target-specific antibody cytotoxicity are
other mechanisms that neutrophils use against cancer (141-143). More recently, the role of
neutrophils in positively mediating ICI has been highlighted. A study from Gungabeesoon et al.
showed that, in vivo, neutrophils of ICI-treated mice acquired an IFN gene signature and might
be crucial for the success of anti-cancer therapy (144). Moreover, Hirschhorn et al. revealed that
neutrophils might have an important function by eliminating antigen loss variants in melanoma-
bearing mice that were treated with a combination of adoptive T cell transfer therapy and ICI
(145). They found that an anti-tumorigenic subset of neutrophils was present in treated mice and
that total eradication of melanoma tumors was dependent of neutrophils in a mechanism that
involves iINOS (145).

1.5.2 Pro-tumorigenic roles of neutrophils

Diverse evidence has shown that neutrophils can act as pro-tumorigenic cells though different
phases of the carcinogenic pathway, from the initiation to the metastatic spread (82). Reactive
oxygen species (ROS) and reactive nitrogen species as well as neutrophil-derived proteases
such NE can damage epithelium and support the transformation of epithelial cells to cancer cells
(82). Moreover, high neutrophil infiltration observed in inflammation-induced models of cancer,
has been linked with higher rates of tumor formation, while the inhibition or deficiency of CXCR2
receptors and its ligands (necessary for neutrophil recruitment), resulted in retarded tumor
formation (146—149).

In addition, neutrophils can also participate in the promotion of tumor growth by inducing
proliferation of cancer cells, remodeling the ECM and inducing angiogenesis (82,150). NE can
be taken up by cancer cells with the consequent degradation of insulin receptor substrate 1
(IRS1) which promotes PI3K signaling and cell proliferation (151). Furthermore, a subset of
neutrophils has shown to inhibit the senescent state of cancer cells favoring their proliferation

(152). Production and release of matrix metalloproteinase 9 (MMP9) has been link with the
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activation of vascular endothelial growth factor (VEGFA) and subsequent induction of
angiogenesis (153,154). Neutrophils can also act as immunosuppressive cells supporting tumor
progression. ARG-1 and iINOS expressed by neutrophils can suppress CD8" T-cell-mediated
antitumor immune response (155,156). ARG-1 metabolizes L-arginine to L-ornithine and urea.
Being that arginine is an essential amino acid for the correct function of T-cell receptor, high
expression and released of ARG-1 by neutrophils in the TME, with the consequent depletion of
extracellular arginine, results in a profound suppression of T-cell responses in mice and humans
cancers (156—158). iINOS metabolizes L-arginine to NO and citrulline and it has also been
shown to be responsible of the immunosuppressive role of neutrophils (159). Interestingly,
inhibition of ARG-1 and iINOS has shown to improve the response to ICI in cancer models
(160,161).

Neutrophils can also facilitate the initiation of metastasis (162). Circulating cancer cells can be
trapped by neutrophil-released NETs, promoting the adhesion of cancer cells at distant organs
(163). There is a suggested role for neutrophils in directing cancer cells into tissues and
facilitating their retention, as certain research has identified instances where cancer cells
colocalize with endothelial cell-associated neutrophils (162). Additionally, the presence of
neutrophil clusters alongside circulating tumor cells in the peripheral blood of breast cancer
patients and in mouse models could further indicate the involvement of neutrophils in enhancing

metastatic potential (164).

1.6 Neutrophil granules

As it has been already stated, neutrophils are versatile cells with contrasting roles in cancer. It is
getting clearer that the composition of neutrophil cytoplasmic granules is closely linked to their
functionality.

Besides their segmented nucleus (two to five lobes connected by thin chromatin filaments),
neutrophil morphology is easily recognized by the presence of plentiful cytoplasmic granules that
can be classified as primary or azurophilic granules, secondary or specific granules and tertiary
or gelatinase granules (165). Primary granules contain MPO as well as other proteolytical and
bactericidal proteins such as elastase, proteinase-3, cathepsins, glucuronidase, lysozyme,
defensins, among others (166,167). Secondary granules contain lactoferrin, lipocalin/NGAL,
collagenase, gelatinase, histaminase, lysozyme, membrane receptors and so on. Tertiary

granules are enriched in MMP9 but also contain adhesion molecules (e.g. CD11b), plasma
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proteins, alkaline phosphatase, ARG-1, membrane receptors, cytochrome b558 (NOX2), etc.
(167). Besides their differences in composition, neutrophil granules are also discriminated by its
hierarchy to mobilize upon an stimuli: secondary and tertiary granules become quicker
incorporated into the cell surface upon neutrophil activation, while primary granules are usually
mobilized later (166,168). The mobilization of secondary and tertiary granules modulates
neutrophil functionality being that they contain several plasma membrane proteins that are
involved in the production of superoxide anion as well as in neutrophil adhesion and
diapedesis/extravasation (166). The release of primary granules is connected with priming and
activation of neutrophils and triggers them to fully initiate a response against invaders (166).

The process how neutrophils degranulate and release their content into the extracellular medium
is complex and involves a series of steps that initiate with neutrophil extravasation (neutrophil
recruitment cascade: tethering, rolling, adhesion, crawling and transmigration) (83) which refers
to the mobilization of neutrophils from the blood stream to the site of inflammation. The contact
of neutrophils with the endothelium (adhesion) induces neutrophil activation. Full activation of
neutrophils involves two steps: priming and activation. Priming is needed to achieve the highest
level of neutrophils degranulation and activation of the NADPH oxidase pathway (83). Exposure
of neutrophils to pathogen-associated molecular patterns PAMPs, damage-associated molecular
patterns (DAMPs), chemoattractants or grow factors in endothelial cells, triggers neutrophil
priming (83). Moreover, pro-inflammatory cytokines such as TNF-a can also trigger the priming
of neutrophils (83). Neutrophil activation is mainly regulated by chemokines such as CXCL8 (IL-
8) in humans and CXCL1, CXCL2 and CXCL5 in mice (169). Such chemokines signal via
CXCR2 to activate neutrophils and promote their adhesion to endothelium (170). There are
diverse ways in which neutrophil can resolve inflammation: phagocytosis of recognized
pathogens, degranulation, oxidative burst and formation of NETs (84). Finally, neutrophils are
removed from the tissue by macrophage phagocytosis (98).

Remarkably, several neutrophil granule-derived proteins have been associated with cancer
progression. As it has been described in previous chapters, NE and MMP9 are some examples
of neutrophil-derived molecules that contribute to tumor development. In this regard MPO has
most recently emerged as a novel player that can shed light into the complex role of neutrophils

in cancer.
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1.7 Myeloperoxidase (MPO)

MPO is a member of the heme peroxidase family (171). MPO is a highly positive charged dimer
of approximately 146 kDa formed by two functionally independent identical monomers of 73 kDa
each. Each monomer consists of a light chain (14.5 kDa), a heavy chain (58.5 kDa), a heme
group in the active site, at least three sites of asparagine linked glycosylation sites, and a bound
calcium ion (172-175). The biosynthesis of MPO starts in the bone marrow in promyelocytic
myeloid precursor cells and its expression is terminated during monocyte-to-macrophage
differentiation (176). Fully differentiated neutrophils store mature MPO in their primary
(azurophilic) granules and it represents up to 5% of the total dry weight of neutrophils (177).
Macrophages and monocytes are also a source of MPO, although at a lesser extent (178). Once
in neutrophils granules, MPO can be release to the extracellular space through various
mechanisms. Inflammatory mediators such as Toll-like receptor ligands and cytokines like
granulocyte-macrophage colony-stimulating factor (GM-CSF) and TNF can prime and activate
neutrophils and promote the secretion of MPO (179-181). Death pathways including apoptosis
and necrosis also allow the release of MPO (182-184). Moreover, the extrusion of NETs has
been reported as another mechanism of MPQO'’s release (185). MPO catalytic activity includes
the halogenation cycle and the peroxidase cycle (186). Many of the functions of MPO are related
to its ability to use H20, as a substrate to oxidize halide and pseudohalide ions (halogenation
cycle) which results in the generation of hypohalous acids including HOCI (from CI-), HOBr
(hypobromous acid from Br-), HOI (hypoiodous acid form |-) and HOSCN (hypothiocyanous acid
from SCN-) (186). The high plasma concentration of chloride (Cl-, 100-140 uM) favors the
generation of HOCI by MPO (186). Besides hypohalous acids, MPO also catalyzes the

formation of other reactive intermediates like reactive nitrogen species and tyrosyl radicals (186).

1.7.1 Physiological functions of MPO

Killing of microorganisms is one of the main physiological functions of MPO and it is closely
related to the activation of the MPO-H»O2—halide system with the subsequent production of
oxidants such as HOCI (187). In fact, MPO highly contributes to the innate immune role of
neutrophils in killing bacteria and fungus (188,189). Moreover, some studies suggest that MPO
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can also regulate the release and activity of proteases such as NE and MMP9, therefore
protecting pericellular tissues from uncontrolled proteolysis (190).

MPO also participates in the regulation of neutrophils recruitment and apoptosis. It has been
described that MPO binds to an integrin complex formed by CD11b/CD18 (necessary for the
adhesion to the endothelium and further extravasation of neutrophils) in neutrophils acting as a
chemoattractant and protecting them from apoptosis (191,192). However, MPO role in regulating
neutrophils apoptosis seems to be more complex since other research groups have shown that
the use of the MPO inhibitor 4-aminobenzoic acid hydrazide (ABAH) blocked TNF-a-induced
apoptosis in neutrophils (193). Moreover, MPO-deficient neutrophils showed phorbol ester-
induced apoptosis when compared with WT PMNs (194).

Other physiological functions of MPO include neutrophil-macrophage interactions, the formation
of lipophilic chloramines with a subsequent suppression of pro-inflammatory pathways in

macrophages, and the binding of MPO to serum proteins such albumin (2).

1.7.2 Pathological functions of MPO

MPO participates in the pathogenesis of diseases that are, usually, accompanied by high
infiltration of neutrophils and involve acute or chronic inflammation. Research has especially
focused in cardiovascular diseases where MPO expression has been associated with the clinical
risk, severity, and outcome of diverse cardiovascular diseases (195-199). In this regard, high
concentrations of active MPO has been found in circulation and arteries of patients diagnosed
with stable coronary artery disease and acute coronary syndrome (200,201). Moreover, MPO
and its derived oxidants are found in the endothelium of vessels of patients with atherosclerosis
(202,203). The involvement of MPO in atherosclerosis development and progression is
extensively documented. MPO plays a role in affecting the endothelium and promoting
endothelial dysfunction, which represents an early stage preceding the formation of
atherosclerotic plaques. The effects of MPO in endothelium include the alteration of ECM
proteins (204—206), the decrease in the bioavailability of nitric oxide (207,208), the regulation of
signaling pathways that modify vascular function (209) and the destruction of endothelial
glycocalyx (210). Later, MPO can oxidize albumin and lipoproteins such as high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) contributing to the progression of

atherosclerotic lesions (7185, 186).
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Besides atherosclerosis, MPO is involved in respiratory diseases. Patients with cystic fibrosis
and chronic obstructive pulmonary disorder contain active MPO in sputum and bronchoalveolar
fluid (213—-215). Moreover, the airways of children with cystic fibrosis exhibit high levels of HOCI-
derived oxidized compounds (216). High amounts of MPO in cystic fibrosis might be correlated
with airway obstruction (217). Some studies suggest that the roles of MPO in respiratory
diseases are linked to the action of its derived oxidants in the damage of proteins and protease
inhibitors (218,219), however more studies are needed to better understand the actions of MPO
in respiratory diseases.

MPO has also been related to neurodegenerative diseases in which increased amounts of MPO
have been found in patients suffering of Alzheimer’s disease, Parkinson’s disease and multiple
sclerosis particularly in the brain regions affected with neurodegeneration (220-222). On the
context of Parkinson's disease, MPO is found within neurons in the substantia nigra, which is
associated with elevated nitration and aggregation of a-synuclein, ultimately worsening motor
impairment (223). Additionally, in mice, the abnormal expression of MPO in astrocytes and
microglia may account for certain impacts of MPO in the process of neurodegeneration.(224).
Some of the effects of MPO in neurodegeneration have been linked to the action of MPO-
derived HOCI; in this sense, necrosis or apoptosis or neurons due to high concentrations of
HOCI can be a cause of neurodegeneration (225). Moreover, damage of myelin sheath and
neuronal injury by HOCI could explain the neurodegenerative action of MPO in multiple sclerosis
(226). Remarkably, MPO and its derived oxidants can enhance the permeability of the

blood/brain barrier by promoting endothelial damage (227).

1.7.3 MPO in cancer

In recent years, there has been a growing interest in exploring the involvement of MPO in
cancer, leading to dedicated research efforts. Although the field is still relatively new, several
reports have discussed the involvement of this enzyme in cancer regulation. MPO exhibits both
pro- and anti-tumor properties, but the majority of evidence emphasizes its role in promoting
tumor initiation and progression (2). MPO contributes to tumor initiation by creating a hyper-
mutagenic environment through the action of MPO-derived oxidants that oxidize and modify
DNA. Additionally, the presence of MPO influences cancer progression by affecting tumor

growth, apoptosis, cell migration, and metastasis. Some studies also suggest that MPO may
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play a role in regulating adaptive immunity in cancer. The following sections provide evidence

that sheds light on the emerging roles of MPO in cancer development and progression.

1.7.3.1 MPO polymorphism

The connection between cancer risk and MPO expression has been extensively studied,
particularly concerning the MPO polymorphism MPO-463G > A. (228,229). This polymorphism
(situated in the promoter region of the MPO gene) negatively affects the mRNA expression and
transcription of MPO. Less expression of MPO could be linked with reduced oxidative stress and
dismiss risk of cancer. Several case-control and meta-analysis have been performed in lung
cancer, breast cancer, gastric carcinoma, prostate cancer, cervical cancer, among others to
clarify the relation between the MPO polymorphism and cancer risk. Data suggest that MPO
polymorphism MPO-463G > A may represent a reduced risk for certain cancers (230,231) . This
could be particularly relevant in cancers in which a decreased metabolic activation of
procarcinogens is relevant, such as lung cancer (230,231). Besides the MPO polymorphism,
some studies have reported higher expression of MPO in serum and bronchoalveolar fluid of
patients with NSCLC (232) and MPO-positive cells in tumors have been used as a prognostic

factor in some cancers (233-237).

1.7.3.2 MPO in tumor initiation

The participation of MPO in the promotion of tumor initiation seems to have especial importance
is the context of lung cancer. It is well known that long exposure to ROS can result in DNA
damage and increased genomic instability which can lead to alteration in cell proliferation and
apoptosis and contribute to the formation of tumors (238). In this sense, lungs are the main
target for many carcinogenic compounds (e.g., tobacco smoke, asbestos, ozone) and
neutrophils are usually recruited to the lungs as a response to the contact of such compounds
with lung tissue. Once in lung tissue, neutrophils are activated and can contribute to tumor
formation and progression due to the release of ROS (239). In this sense, it has been reported
that MPO-derived HOCI was able to induce mutations in genes of the LUAD cell line A549 (240).
Moreover, a higher number of DNA adducts have been observed in mice with induced
pulmonary inflammation and high influx of neutrophils (240). Other studies have shown that the
exposure of A549 cells to extracellular MPO promoted the formation of early intermediates of

DNA oxidation known as DNA-centered radicals (241). Interestingly, DNA-centered radicals
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were also observed in co-culture experiments of PMA-activated neutrophils and A549 cells,
suggesting that this process could also occurs in more complex scenarios (241). MPO (through
the generation of excessive HOCI and HOBr) can also contribute to the oxidation of nitrogenous
bases and generate 5-chlorouracil, 5-chlorocytosine and 5-bromouracil which can be mutagenic
(242,243).

MPO has also been linked to the transformation of environmental pollutants and procarcinogens
to their carcinogenic form (244,245). In this sense, MPO can interact with benzo(a)pyrene (BaP,
a common component of cigarette smoke) and generate reactive metabolites such as BaP-diol-
epoxide which is capable to form DNA adducts (244). Irreversible binding of arylamine
carcinogens to DNA strands has been also documented to be mediated by MPO (246) and
some reports suggest that DNA repair mechanisms may be inhibited MPO-derived compounds
(247,248).

1.7.3.3 MPO in tumor progression

MPO might be implicated in regulation of tumor growth as has been reported by some research
groups. Increased tumor growth was observed in primary breast tumors of mice that were intra-
tumoral treated with MPO when compared with tumors of mice without MPO treatment (249).
Similarly, in an inflammation-induced mouse lung cancer model, the use of an MPO inhibitor,
KYC (N-acetyl lysyltyrosylcysteine), reduced tumor burden when compared to control mice that
did not receive the inhibitor (250). A reduction in tumor size has also been observed in a tumor
graft model in MPO knockout mice using Lewis lung carcinoma (LLC) cells (250). Besides these
interesting reports, there are still no data regarding a putative mechanism that explains how
MPO positively regulate tumor growth. On the other hand, a recent study showed that orthotopic
melanomas in aged mice grew faster in MPO knockout mice and mice treated with the MPO
inhibitor ABAH when compared with the respective controls (251). The suggested mechanism
implicated the trans-inhibition of the NF-kB kinase activity by MPO followed a reduction in the
transcriptional activity of NF-kB with subsequent changes in the expression of genes that
regulate metabolic activity, cell cycle and DNA replication in melanoma cells (251).

Besides its role tumor growth, MPO might be also implicated in the regulation of apoptosis in
cancer cells. On one side, MPO expression by ovarian cancer cells and ovarian cancer tissue
correlated with a reduction of apoptosis in a mechanism that involves the S-nitrosylation of

caspase-3 by nitric oxide (252). On the other side, high amounts of HOCI (the most common
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MPO-derived oxidant) can induce tumor cell death (253,254). In this context, malignant cells
produce high amounts of extracellular superoxide anions (due to the actions of NOX-1) which
react with HOCI to generate apoptosis-inducing hydroxyl radicals ultimately resulting in cell dead
(255). However, cancer cells have found a way to overcome this process by preventing the
synthesis of HOCI using membrane-associated catalase (256,257). Other study revealed that
MPO can potentiate the apoptotic effect of the polyphenol (-)-epigallocatechin-3-gallate (EGCG)
in myeloid leukemia cells, effect that was blocked with the MPO inhibitor ABAH, or when an
enzymatically inactive MPO was used (258). Further research is necessary to elucidate the
mechanisms by which MPO and its derived oxidants regulate apoptosis of cancer cells.

MPO might regulate migration of cancer cells since the mobility of mammary carcinoma cells
and fibroblast was increased by MPO (249). Besides, mouse breast cancer cells treated with
MPO resulted in an enhanced expression of MMP1 mRNA (ECM protein that is associated with
organ specific metastasis to the lungs) as well as an increased expression of other ECM
components such as MMP1, MMP3, collagen | and collagen IV in fibroblasts, which are
important components of the TME (249). These effects have been linked to increased tumor cell
adhesion and invasion of breast cancer cells in vitro (Panagopoulos et al., 2017).

MPO is also an important component of NETs and contribute to NET formation by driving
chromatin decondensation (259,260). In this sense, MPO could also indirectly contribute to
cancer development through its involvement in NET formation. NETs have been linked to some
of the neutrophils actions in cancer and several reports remark NETs participation in with cancer
progression, metastatic spread, cancer associated thrombosis, cancer immunoediting and

awaking of dormant cancer cells (163,261-263).

1.7.3.4 MPO and regulation of adaptive immunity

MPO could also indirectly modulate cancer development through the regulation of adaptive
immunity. The oxidation of proteins by HOCI could enhance their immunogenicity as have been
shown with oxidized proteins and glycoproteins that bind with higher affinity to receptors of
murine DCs and macrophages (264) or oxidized ovoalbumin that is processed and presented to
T cells by DCs more efficiently when compared to native ovoalbumin (265). Other research
revealed that the oxidation of proteins in ovarian cancer cells by HOCI facilitated the
phagocytosis of the malignant cells by monocyte-derived DCs (266). Moreover, co-culture of T

cells and DCs with oxidized ovarian cancer cells resulted in an increase of IFN-y production by
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T-cells (266). Further studies revealed that DCs that were triggered by HOCI-oxidized ovarian
cancer cells generated a polyclonal anti-tumor response and were able to recognize autologous
tumor (267).

MPO has been observed to have a detrimental effect on the activation ofDCs in the lymph nodes
whereas the deletion of MPO resulted in an improved activation and proliferation CD4* T cell
activation (183). On the other hand, a recent study showed that MPO-derived HOCI encourages
myeloid-derived cell and CD8 cytotoxic T cell migration towards the periphery of melanomas,
resulting in a reduction in tumor size(251). Moreover, when CD8" T-cells were exposed to HOCI,
it had a positive impact on the expression of genes related to T-cell activation, including those
involved in the MAPK and PI3K-AKT signaling pathways.(251)

Remarkably, a report from 2023 found that both MPO deficiency enhanced the repose to ICl in
an in vivo model of melanoma using aged mice (268). Moreover, the use of specific MPO
inhibitors in combination with ICI therapy enhanced the response rates when compared with the
ICI therapy alone (268). In the same study, a significant increase of myeloid cells and lymphoid
populations was observed in the TME of MPO-deficient mice when compare to wild type mice
(268).

1.8 Hypothesis and aims of the thesis

The importance of neutrophils in controlling lung cancer development has been established by
large evidence. However, neutrophils are complex cells that exhibit diverse phenotypes and
secrete a variety of molecules which play varied roles in cancer. In the end, further investigation
of the impact of neutrophils in regulating NSCLC development is needed.

The first aim of the thesis was to identify specific surface markers that allow us to discriminate
between LDNs and HDNs in patients with NSCLC. Based on previous reports, we hypothesized
that LDNs are a neutrophil population found in NSCLC patients and that they express surface
markers that are not found in HDNs. To prove this, we used an unbiased high-dimensional flow
cytometry screening, which together with bioinformatic tools, allowed us to identify surface
proteins specifically expressed by LDNs. We finally validated the results of the top
overexpressed markers using flow cytometry.

The second goal of this thesis was to unravel the role of MPO, a neutrophil-derived enzyme, in
the development of NSCLC. Our hypothesis was that MPO would positively contribute to tumor

growth. To prove this, we used MPO KO mice and WT mice and compared tumor growth and
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immune cell infiltration. We next treated T cells with MPO and investigated how the enzyme
affects lymphocyte proliferation and activation in vitro.

In detail, identifying specific surface markers that allow us to discriminate between distinct
neutrophil populations as well as understanding the role of neutrophil-derived molecules in the
pathogenesis of lung cancer is crucial to develop better strategies to fight against this disease.
In this sense LDNs and MPO might represent novel biomarkers and potential therapeutic

targets, respectively.

42
Paulina VALADEZ COSMES, PhD Thesis



2 MATERIALS AND METHODS

As parts of this dissertation have previously been published as an original research article in
Frontiers in Immunology (1) and in a preprint in BioRxiv (3) the Materials and Methods section
has been partially adapted from the article and any resemblances in regards to content and

phrasing are to be expected.

2.1 Study approval for working with clinical samples

The study complied with the Declaration of Helsinki and was approved by the Ethics Committee
of the Medical University of Graz (EK-numbers: 30-105 ex17/18, 29-593 ex 16/17 and 17-291 ex
05/06).

2.2 Human NSCLC tissue samples

Patients with NSCLC were recruited from the Department of Internal Medicine, Division of
Oncology and Department of Surgery, Division of Thoracic and Hyperbaric Surgery, Medical
University of Graz (Graz, Austria) (Table 4). All participants signed an informed consent. Healthy

volunteers were recruited as control group.

2.3 Ethical issues for animal studies

All in vivo protocols were granted by the Austrian Federal Ministry of Science and Research
(BMWF-66.010/0041-V/3b/2018 and GZ 2022-0.748.851).

2.4 Preparation of human peripheral blood leukocytes

Blood from NSCLC patients was obtained prior to treatment and during the study and blood from
healthy donors was also drawn to serve as control. The processing of the blood was performed
within 4 hours after blood draw. Blood was collected in EDTA-containing or sodium citrate-
containing tubes and platelet-rich plasma was separated by centrifugation of the samples (300
xg, 20 min). To remove erythrocytes, an equal volume of 3% dextran T-500 (Sigma-Aldrich) in
saline was added, tubes were well mixed and let them repose. After 30 min, dextran-crosslinked
erythrocytes sedimented on bottom of the tubes. The upper layer containing non-sedimented
leukocytes was layered on top of 15 mL Histopaque (Sigma-Aldrich). Finally, the samples were

centrifugated (300 xg, 20 min) to separate high-density polymorphonuclear leukocytes (PMNLs)
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from peripheral blood mononuclear cells (PBMCs). After this centrifugation, PBMCs were in the
interphase while PMNLs localized in the bottom of the tube. PBMCs were carefully removed
from the interphase with the use of a pipette and washed in Ca?+ and Mg?+-free assay buffer
and resuspended in Dulbecco’s Phosphate Buffered Saline (PBS, Gibco). On the other hand,
the supernatant was removed from the tube and the pellet was resuspended in NH4ClI to lyse
erythrocytes. Finally, remained PMNLs were washed twice in PBS without Ca?* and Mg?* and
resuspended in PBS. An EVE automated cell counter (NanoEntek) was used to measure cell

viability and cell numbers.

2.5 Cytospins
1x10° PBMCs were centrifuge (600 xg, 5 min) onto a glass slide using a Shandon Cytospin 3

Cells were stained immediately using Hemacolor® rapid staining of blood smear according to

manufacturer’s instructions (Merck).

2.6 LEGENDScreen Neutrophil Surface Marker Screening

Table 1. LEGENDScreen panels

™ i i
PBMC Panel PMNL panel We used the LEGENDScreen™ Human PE Kit (Biolegend)
CD45- AF700 CD45-AF700 to assess the surface expression profile of 361 markers

CD3-PECy5 C_D66b'APC (including 10 isotype controls) in PBMCs and PMNLs. For
CD4-BUV395 Siglec8-PeCy7

CD8-BUV496 this purpose, PBMCs and PMNLs from 6 NSCLC patients
CD19-FITC were isolated as previously described and stained for flow
CD14-BUV605 _ _ o

CD66b-APC cytometry analysis. Fixable viability dye (FVD) eFluor™
Siglec8-PECy7 780 (eBioscience) was used to discriminate live from dead

cells (incubation for 30 min at 4°C in the dark). Cells were washed twice with staining buffer (SB,
PBS+2 % FBS) and FcBlock (Biolegend) was added to the cells (incubation for 10 min at 4°C).
Next, cells were stained with the corresponding antibody master mix for PBMCs or PMNLs,
respectively (Table 1, antibody and clone details see Table 7). 3 x 10° cells per well were
distributed in the respective plates from the LEGENDScreen™ Human PE Kit and stained
according to the manufacturer’s protocol. Cells were measured on a BD LSR Il Fortessa
(BDBiosciences). After measuring samples, some showed low neutrophil viability or abnormal
FSC/SSC properties and were therefore excluded (in total 33 markers were excluded). Based on

their quality, 328 samples (markers) were included in the final analysis.
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2.7 Bioinformatics

Bioinformatic analysis were performed by Oliver Kindler. The R packages (R-Version 4.0.3) used
are listed in Table 2. Further information regarding bioinformatic analysis has been previously
described in (1,3).

Table 2. R packages used for bioinformatic analysis

R package Use

InfinityFlow without Prediction of marker co-expression
background correction | Two dimensional projection of the data using Uniform
Manifold Approximation and Projection (UMAP) plots

(269)

ggplot2_3.3.3, Drawing of graphs

pheatmap_1.0.12,

corrplot_0.84

pheatmap Heat map of significantly upregulated genes of
CPTAC LUAD data

ggpubr CD45*/CD11b*/CD11c"*/Siglec-F/Ly6G/Ly6C /F4/80*

survminer, Survival curve (MPO) and cutpoint

surv_cutpoint function Kaplan—Meier analysis

Hacksig ( z-score MPO signature (86,269)

method)

Data from the Clinical Proteomic Tumor Analysis Consortium (CPTAC) lung adenocarcinoma
(LUAD) cohort (protein, transcript, clinical, and survival data) were obtained by accessing the

cptac python package (https://pypi.org/project/cptac/).

Data from The Cancer Genome Atlas (TCGA)-LUAD cohort (transcriptomic, clinical, and survival

data) were accessed via the pan-cancer atlas hub on the UCSC Xena browser.

Software: Python 3.10.6, R 4.2.1, Platform: x86_64-conda-linux-gnu (64-bit), operating system:
Debian GNU/Linux 11 (bullseye).

2.8 Mice and cell lines

C57/B6-J/MPO™- (KO) and C57/B6-J/IMPO** (WT) mice were bred in our facilities. All in vivo
experiments were performed using mice from 6-14 weeks of age from both sexes. The murine
lung carcinoma cell lines KP (tumor cells isolated and maintained from mouse LUADs from a
KrasLSL-G12DTrp53FI/FL model on a C57BL/6 background, established in our lab) and LLC
(Gibcol/Life Technologies) were culture in Dulbecco’s Modified Eagle Medium (DMEM, Life
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Technologies) with 10% of fetal bovine serum (FBS, Life Technologies) and 1%
penicillin/streptomycin (P/S, PAA Laboratories) (complete DMEM) at 37°C and 5% CO2 in a

humidified atmosphere.

2.9 Murine tumor model

On day 0, MPO KO and WT mice were subcutaneously (s.c.) administered with KP cells or LLC
cells (5 x 10° in 450 pl PBS) into the lower right flanks. Inhaled isoflurane was used as
anesthesia. Once tumors were palpable (after ~5 days), mice were shaved and length and width
of tumors were measured every other day using a digital caliper. Mice were sacrificed on day 12
(KP tumors-bearing mice) or day 19 (LLC tumors-bearing mice) and tumors and spleens were
collected. A digital caliper was used to measure the tumors, and a scale was use to weight the
tumors and the spleens. Tumor volume was calculated by using the formula (v = length x width

x height x 11/6). Tumors were used for subsequent downstream experiments.

210 Single-cell suspensions

Tumors tissues from mice. Tumors were minced with surgical scissors and digested in Roswell
Park memorial Institute (RPMI) medium with collagenase IV (4.5 U/ml; Worthington) and DNase
I (160 mU/mL, Worthington) (30 min, 37°C) while rotating at 1000 rpm. A 40-um strainer was
used to filter the tumor digests and tumor cells were collected in a 50 ml tube. Cells were
resuspended in SB, centrifuged (500 xg, 5 min, 4°C) and washed in cold PBS. An EVE

automated cell counter was used to measure cell viability and cell numbers.

Spleen tissues from mice. A syringe plunger was used to mince spleens. A 40-um strainer was
used to filter the spleen tissue and then suspended in SB and centrifuged (500 xg, 5 min, 4°C).
1x RBC (BioLegend, # 420301) buffer was used to lyse erythrocytes (5 ml per sample, 5 min,
4°C with occasional shaking). Four volumes of PBS were added to the samples to neutralize
RBC and samples were centrifugated (500 xg, 5 min, 4°C) and washed another two times with

PBS. An EVE automated cell counter was used to measure cell viability and cell numbers

Tumor samples from NSCLC patients. NSCLC tumors were weighted and immediately transfer
to a tube containing pre-warmed RPMI medium with collagenase IV (40 U/ml; Worthington) and

DNase | (150 U/mL, Worthington) collagenase (max. 2g tissue per 20 ml medium per tube).

46
Paulina VALADEZ COSMES, PhD Thesis



Tubes with tissue were incubated in a water bath (20 min, 37 °C). Tissue was then homogenized
with a 5 ml pipette and incubated again in the water bath (10 min,37 °C). Tissue was
homogenized with a 5 ml pipette and passed through a 19-gauge needle on 10ml syringe (when
possible). A 100-um strainer was used to filter the tissue digests and centrifuged (500 xg, 5 min,
4°C). Cells were resuspended in 1x RBC lysis buffer (3 min on ice, occasional shaking). Four
volumes of PBS were added to the samples to neutralize RBC. Cells were passed through a 40-
Mm strainer, centrifuged (500 xg, 5 min, 4°C) and washed once more with PBS. An EVE

automated cell counter was used to measure cell viability and cell numbers.

211 Flow cytometry

Table 3. Mice and human flow panels

Lymphoid Panel @ Myeloid panel IFN-y panel MPO panel
(mice, surface) (mice, surface) (mice, surface) (human, surface)
CD45-AF700 CD45-BV785 CD45-FITC CD45-BV510
CD3-BUV395 Ly6C-APC CD3-BV421 CD66b-APC
CD8-PerCPCy5.5 | Ly6G-PE /Dazzle CD4-PE-Cy7 CD163-BV605
CD4-BUV496 CD11¢c-BV605 CD8-PerCP-Cy5.5 MPO-FITC
CD19-FITC PD-L1-PeCy7 IFN-y-PE CD45-BV510

NKp46-BV510 CD206-FITC
gdTCR-PECF594 | MHCII-PerCP-Cy5.5
CD62L-BV605 CD103-BV510
CD44-BUV737 CD11b-BUV737
PD-1-APC F4/80-BUV395
Lymphoid (mice, @ Siglec-F-PE
intracellular)

FoxP3-PE

Single cells from mice tumors. FVD eFluor™ 780 (eBioscience) was used to discriminate live
from dead cells (1:2000, 30 min, 4°C in the dark). Next, samples were incubated with 1 ug
TruStain FcX™ (FcBlock, Biolegend; 10 min, 4°C). For the analysis of infiltrating immune
populations, cells were divided into two groups and stained (30 min, 4°C protected from light)
with two different pre-mixed panels of antibodies, respectively (Table 3, antibody and clone
details see Tables 7 and 8). The first panel included antibodies to recognize lymphoid
populations (lymphoid panel) and the second panel was to identify myeloid populations (myeloid
panel). After staining of surface antigens for the lymphoid panel, cells were permeabilized with
Transcription Factor Buffer Set (BD Biosciences) and then cells were stained with an antibody
against FoxP3 (intracellular antigen). Some samples were also stained with an antibody to

47
Paulina VALADEZ COSMES, PhD Thesis



detect expression of IFN-y. For this purpose, 2 x 108 single-cells of tumors or spleens per well
were seeded into 96-well U-bottomed plates. Cells were incubated (4 h, 37°C) in complete RPMI
(RPMI supplemented with 10% FBS and 1% P/S) media containing 1.5 ul/ml GolgiStop (BD
Biosciences). Phorbol 12-myristate 13-acetate/ionomycin (PMA, 100 ng/ml, Sigma-Aldrich) and
ionomycin (1 pg/ml, Sigma-Aldrich) were used to stimulate T cells. Afterwards, surface and
intracellular staining (BD Cytofix/CytopermTM Kit) was performed as previously described using

a pre-mixed antibody panel (Table 3).

Single cells from human tumors. Single cells obtained from lung tumors from patients were
stained to detect MPO expression. In brief, cells were incubated with FVD eFluor™ 780 (30 min,
4°C in the dark) and 0.5 yg human of FcBlock per sample was added and incubated (10 min,
4°C). Cells were stained with the corresponding pre-mixed panel of antibodies (Table 3,
antibody and clone details see Tables 7 and 8).

Finally, all stained cells were washed, fixed with IC fixation buffer (ThermoFisher Scientific, 10
min, 4°C), washed, suspended in SB and stored at 4°c until analysis. Samples were analyzed on
a BD LSRFortessa™ or a BD Canto™ flow cytometer with FACSDiva software (BD Biosciences,
Franklin Lakes, NJ, USA). The data were compensated and analyzed using FlowJo software
(TreeStar, Ashland, OR, USA) and gates were defined using fluorescence-minus-one (FMO)

strategy (1).

212 T cell isolation and MPO treatments

The EasySep™ Human T-cell Isolation Kit (Stemcell Technologies) was used to enriched T cells
from previously isolated PBMCs of healthy donors. The enrichment of T cells is based on
negative selection. In brief, 50 x 106 PBMCs/mL were resuspended in the recommended buffer
(SB + 1 mM EDTA) in 5 ml FACS tube. An isolation cocktail was used to label unwanted cells
with antibody complexes (5 min, RT). Next, RapidSphere magnetic particles were added to the
tube. An EasySep™ magnet was used to separate the undesired magnetically-labeled cells
(tube placed in magnet for 3 min, RT). After incubation time, unlabeled T-cells were collected in
a fresh tube and washed once with PBS. A Neubauer chamber and trypan blue were used to
count the cells. Complete RPMI media was used to culture T cells and MPO (Elastin Products,

catalog no. MY862) or/and heparin were added when required.
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213 T cell proliferation

To asses T cell proliferation, we used the fluorescent proliferation dye eFluorTM 450 (eF450,
Thermo Fisher) that monitors individual cell divisions. For this purpose, 10 mio/ml T cells
suspended in PBS were labeled with 10 yM eF450 (10 min, RT). Cells were washed twice with
SB and resuspended in X-VIVO 15 media (Lonza) supplemented with 1% P/S, 50-uM [-
mercaptoethanol, 2-mM L-Glutamine, 25-mM HEPES, 5-ng/mL interleukin-2, and 1-pug/mL
aCD28. 96-well plates were pre-coated with 5 pg/ml aCD3 in PBS (overnight, 4 °C) and 2.5 x
10° T cells were seeded and incubated (72 h, 37°C). After incubation time, cells were incubated
with 0.5 uL of FcX-SB in FACS tubes (10 min, 4°C). Cells were stained with the pre-mixed
panel of antibodies (CD4-PE and CD8-FITC, 30 min, 4°C in the dark; antibody and clone details
see Table 8). Finally, T cells were washed twice with SB, fixed with IC fixation buffer (10 min,

4°C in the dark), centrifuged and resuspended in SB until measuring in a flow cytometer.

2.14 Statistical analysis

Statistical analysis of all data was performed with GraphPad Prism 6.1 (GraphPad Software, La
Jolla, CA, USA). Data were tested for normal distribution (when possible) with the Shapiro—Wilk
normality test. Data obtained from the same patient were analyzed with paired t-test (parametric)
or Wilcoxon matched-pairs test (non-parametric). The level of significance between two
experimental groups was assessed by unpaired student’s t-tests with Welch’s correction, or
Mann-Whitney test for normal-distributed or non-normal distributed groups, respectively.
Comparison for more than two experimental groups was performed by one-way analysis of
variance (ANOVA), with the indicated post hoc test. Pearson’s correlation coefficient (r) and
Spearman’s correlation coefficient rho (rs) were used to determine the correlation between
neutrophil content and MPO+ lymphocytes. Standard deviation (SD) and standard error of the
mean (SEM) were used to express the results, as is indicated in each figure legend. A p-value of

<0.05 was considered statistically significant.
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3 RESULTS

The Results section of this thesis is divided in two main parts. The first part corresponds to the
project “LDNs display a distinctive immune signature in NSCLC patients” and the second part
correspond to the project “MPO favors tumor growth and acts an immunosuppressive factor in
NSCLC” Although Part 1 and Part 2 describe the results of two independent projects, all the
findings presented in this dissertation are closely linked to the main research area of our

laboratory in where we study the role of neutrophils in the development of lung cancer.
3.1 Part 1. LDNs display a distinctive immune signature in NSCLC patients

As parts of this dissertation have previously been published as an original research article in
Frontiers in Immunology (1), the Results section has been partially adapted from the article and

any resemblances in regards to content and phrasing are to be expected.

3.1.1 Patients with NSCLC have increased content of LDNs

Table 4. Participants characteristics

All NSCLC LDNs have been found in the peripheral blood
N n =54 of patients with renal carcinoma, head and
Age 66 (45— 81) neck cancer, pancreatic cancer, colon cancer
Sex Female n = 21

Male n = 33 breast adenocarcinoma and Ilung cancer
Smoking Lisnn-=944 (86,114,129,132). To confirm the presence of

Unknown n =1 LDNs in our NSCLC patient cohort, we
Stages :;Ilgann_=818 collected blood from healthy volunteers and

Ibn=6 patients with NSCLC regardless of disease

lbn=6

b n =4 stage (Table 4).

IVn=0 To examine the content of neutrophils in the

Undefined n = 12 P
Histology | Adenocarcinoma n = 31 blood from NSCLC patients and healthy

Squamous cell carcinoman = 15

Undefined NSCLCn =8
Therapy @ No prior treatment n = 54 using density gradient centrifugation. The

Treatmentn =0

donors, PBMCs and PMNLs were separated

percentage of neutrophils (identify as CD66b*

cells) in each fraction was analyzed using flow cytometry. Moreover, whole blood of patients and

50
Paulina VALADEZ COSMES, PhD Thesis



healthy donors was also analyzed. We found an increased content of LDNs, identify as CD66b*
cells, in the PBMC fraction of NSCLC patients (median=20.4%, range 0.3-76.1%; n=26) as
compared with healthy controls (median=0.3%, range 0.1-3.9%; n=14) (Figure 1 A-B).

A
< <
S {
7 C
FSC-A CD66b-APC
) Healthy
| Cells | ™1 LDN [ - &
] 1 "N »
Healthy 47 — i, . ?. % b
# 1 & Py « .
| Iy ‘.J . s [ [}
| ey : .c% . LY P
**ISingle cefs # i 1 it . o ’ e
, " Celis| i LDN . ® o® - .
# ! s .
Patient ¥ :.. s ’'® o0
k.'. » e e
. ]
- - =
B Patient
i ] ~ ¥ LS >
PBMC PMNL w8 N . ¥ P
o9 S o
p=0.0001 p=0.0307 .- - 4
g 22 ® i
100 1007 eesese 100+ N 28 ™,
G = s " P
0 © % " ) ) 3 4‘_
3 T T 80 WY 4 S
8 80 . g 8 = 8 e e 5 e
. 60 .- ° 60 . 5 60 o 4% c3 ¢ 2
g . = . < ®ee’ % ¢ .
+ 40 "u + 40 Ty +  40- M du [ o
3 Spt @ o 8 2y = . g [
© © n © [ n," “s ¢ S . -
o 20 a 20 O 204 e . .‘. ¥ e o
© et © . . fo,. A0 a
ol N SN = 0 0+—— < i *ce ! -
Healthy Patient Healthy Patient Healthy ~Patient

Figure 1. Low-density neutrophils (LDNs) are increased in patients with NSCLC.

(A) Gating strategy to identify LDNs in blood from patients and healthy donors. Doublets were
eliminating in the first gate by plotting forward scatter height (FSC-H) vs forward scatter area
(FSC-A). Propidium iodide (PI) was used to discriminate live (PI°) vs. dead (PI*) cells. Next, total
cells were gated base on their forward scatter (FSC-A) and side scatter (SSC-A) properties.
Finally, CD66b was used to identify neutrophils (LDNs). (B) LDN (CD66b*) content was
significative increased in the PMBC fraction and whole blood (WB) of NSCLC patients (n=26)
when compared to healthy donors (n=14). No differences were observed in CD66b* content in
the PMNL fractions. (C) Cytospin images show no neutrophils in the PBMC fraction of a healthy
donor (upper image), while many neutrophils with heterogenous morphology were found in the
PBMC fraction of a NSCLC patient (lower image). Pictures were acquired with a 40X objective,
bar length 20uM. (B) Symbols represent an individual donor, and bars show the mean. The p
values (when statistically significant) are also disclosed. Data are shown as means + SD. This
figure has been adapted from (1).

Similarly, whole blood of NSCLC patients also had an increased percentage of CD66b™ cells

(median=56.4%, range 15.1-81.5%) in comparison to healthy donors (median=32.9%, range
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10.9-59.1%) (Figure 1 A-B). This result might be related with the increased number of LDNs in
patients. On the other hand, we did not observe significant differences when compared the
amount of CD66b" cells in the PMNL fraction of NSCLC patients vs healthy donors (Figure 1 A-
B). Previous studies have reported that LDNs are an heterogeneous population (114). We also
observed morphological varieties within the LDNs from in patients. Some LDNs were segmented
(mature) while others were banded and ring-shaped (immature) (Figure 1 C). As expected, no
LDNs were detected in the PBMC fraction of healthy donors (Figure 1 C).

3.1.2 Comprehensive screening of surface markers in LDNs of patients with NSCLC

Some studies have already aimed to identify markers that can be used to discriminate between
LDNs and HDNSs, although mainly focused in already known myeloid cell and neutrophil
maturation markers (99,270-272). With the purpose to better characterize the phenotype LDNs
in NSCLC patients, we decided to analyze a broader spectrum of surface markers, including

also markers that have not been previously reported to be expressed by neutrophils.

For this purpose, we used the human LEGENScreen (Biolegend) and analyzed the results using
Infinity Flow (269). The LEGENScreen kit contains 354 monoclonal antibodies that are
conjugated to a PE fluorophore allowing the identification of a broad diversity of antigens. In our
experimental approach, PBCM and PMNL fractions from patients were stained with a cocktail of
antibodies to identify neutrophils (CD45-AF700, Siglec8-PECy7 and CD66b-APC = Backbone).
Then the sample was distributed across 354 wells (each well containing one single monoclonal
antibody conjugated to PE fluorophore) and were acquired in a flow cytometer as individual
samples. Following the staining phase, each well held a portion of the overall sample, and all
cells within it were labeled with all the Backbone markers along with a single PE-conjugated
marker. After flow cytometric analysis, each well's unique dataset, which was saved in its
individual FCS file, comprised actual measurements of forward scatter (FSC) and side scatter
(SSC) parameters, all the Backbone markers, and an actual measurement of one of the specific
panel markers. Using this information, Infinity Flow (269) was performed. Infinity Flow is a
computational tool that uses machine learning to automate the process of filling in missing
information for cell surface protein expression at the individual cell level, utilizing experimental
flow cytometry data. Briefly, the intensities of PE-conjugated markers were used to predict the

specific expression of each marker of interest on all single-cell events acquired through the
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LEGENDScreen (328 fcs files were used as imput in the current study) via non-linear regression

using the intensities of the backbone markers.
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Figure 2. Comprehensive screening of surface markers in PMNLs and PBMCs from NSCLC
patients.

(A) Gating strategy for surface screening: doubles and dead cells (FVD*) were excluded.
Myeloid population (containing neutrophils and eosinophils) was gated based on the forward
FSC-) and SSC-A. Neutrophils, categorized as HDNs in the PMNL fraction and LDNs in the
PBMC fraction were distinguished as CD66b* Siglec8" cells, and the PE channel was utilized to
assess the specific surface markers. (B) Heatmap displaying marker hit expressions. Marker hits
were determined by comparing the fold change in marker expression (GeoMean) with a fold
change greater than 2 and less than 0.5 (LDNs/HDNs ratio) (refer to Table 9 for further
information). The heatmap scale represents the GeoMean, and the 'hits' indicate the markers
that are differentially regulated in LDNs (PBMC gated) compared to HDNs (PMNL gated). In the
heatmap, green indicates overexpression, while dark blue indicates downregulation. This figure
has been adapted from (1).

After analysis of the flow cytometry data, some samples were excluded due to low neutrophil live
counts or abnormal FCS/SSC properties. At the end, 328 samples (individual antigens) were
included in the analysis. LDNs (in the PBMC fraction) and HDNs (in the PMNL fraction) were
identified as CD66b" Siglec8 cells (Figure 2 A). Being that eosinophils also express CD66b, we
use Siglec8 to discriminate between neutrophils (Siglec87) and eosinophils (Siglec8*). We then

determined a LDNs/HDNs fold change in GeoMean lower than 0.5 or higher than 2 to select
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differentially expressed markers. According to this, we identified 53 markers that were up or
downregulated in LDNs when compared to HDNs (Figure 2 B and Table 9). The top four
upregulated hits (CD36 fold change=31.1, CD41 fold change=6.7, CD61 fold change=20.1,
CD226 fold change=27.8) showed a fold change above 5 (Figures 2 A-B and Table 9).

3.1.3 Identification of specific surface markers in LDNs of NSCLC patients

We next aimed to validate the findings of the surface marker screening. Based on the results
obtained from the screening panel, we chose CD36, CD41, CD61 and CD226 as part of the
highest expressed markers in the LDN fraction (Figure 3 A). Moreover, we also included Lox-1
in the validation panel because it has been previously pointed out as a specific marker of LDNs

in cancer patients (273).
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Our next goal was to validate the expression of the four selected markers. To do this, we
designed a new flow cytometry panel including CD36, CD41, CD61, CD226 and Lox-1 and stain
PBMCs and PMNLs of 13 NSCLC patients (Figures 4 A-B). Using this strategy, we validated a
significantly higher proportion of CD36 (median=48.2%, range 5.1-87.4%), CD41
(median=29.2%, range 5.3-70.8%), CD61 (median=44.4%, range 16.8-90.2%) and Lox1
(median=22.1%, range 7.7-58.3%) in the LDN fraction compared to the HDN fraction (Figures 4
B and 5A).
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Figure 4. Validation panel.

(A) Gating strategy of the validation panel. Initial gating was for single cells and total of cells. To
exclude nonviable cells, FVD stain was used, and subsequent gating was carried out to identify
CD45" cells. HDNs and LDNs were distinguished based on their forward and side scatter
characteristics. Neutrophils were identified as cells that were CD66b" and Siglec8 . (B) CD36,
CD41, CD61 and Lox-1 exhibited an increased expression in LDNs when compared to HNDs as
it is shown with the representative dot plots and histograms. This figure has been adapted from

(1).
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Accordingly, the GeoMean of the chosen markers also exhibited a significant increase in LDNs
as compared to HDNs (Figure 5 B). Furthermore, we noticed an elevated ratio of LDNs to HDNs

for all the corresponding markers, expressed as a percentage of CD66b* cells and GeoMean

(Figure 5 C).
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Figure 5. LDNs overexpress CD36, CD41, CD61 and Lox1.

(A) LDNs (n=13) exhibited an increased percentage of CD36, CD41, CD61 and Lox-1 vs. HDNs
(n=7). (B) CD36, CD41, CD61 and Lox-1 showed a higher GeoMean in LDNs vs HDNs. (C)
LDNs/HDNs ratio analyzed as % of neutrophils and GeoMean. (A-B) The p values (when
statistically significant) are also disclosed. Data are shown as means + SEM. This figure has

been adapted from (1).
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Although CD226 (median=4.6%, range 0.6-35.2%, n=6) also showed augmented expression in
LDNs vs HDNSs, it had to be excluded due to a weak separation of negative and positive

populations (Figure 6 A-B).
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Figure 6. LDNs overexpress CD226

(A) CD226 is over expressed in LDNs (depicted in green) from cancer patients (n=6) as
compared to HDNs (depicted in violet). (B) Quantitative analysis of the markers expression as %
of CD66b" cells and GeoMean in the HDN and LDNs subsets in NSCLC patients (n=6). Data are
shown as means + SEM.

3.1.4 Maturation status of LDNs and HDNs

Previous reports have shown that LDNs consist in neutrophils with different maturation status.
CD10, CD16, CD15 and CD11b are classical myeloid and maturation markers and we chose
them to compare the maturation status of LDNs and HDNs isolated from NSCLC patients
(Figure 7 A). When compared the expression of those markers in LDNs and HDNs, we found no
significant differences (Figure 7 A). On the other hand, we observed that vast majority of the
HDN fraction expressed CD10 indicating that HDNs are mature neutrophils (Figure 7 B). On the
other hand, LDNs displayed greater diversity in the ratio of CD10" vs CD10* among various
patients (Figure 7 B).
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Figure 7. Neutrophil maturation markers in LDNs and HDNSs.

(A) Expression of maturation markers in HDN and LDN from a subset (n=7-9) of NSCLC
patients. Results are represented as percentage of CD66b* cells and GeoMean. (B) Proportions
of CD10" and CD10" cells out of the HDNs and LDNs of a subset of NSCLC patients (n=7). Data
are shown as means + SEM

3.1.5 LDNs markers are co-expressed in LDNs of NSCLC patients

Our ultimate objective was to examine whether the newly identified markers in LDNs were
simultaneously expressed in a group of NSCLC patients. To do this, we used t-distributed
stochastic neighbor embedding (tSNE) plots and correlation analysis. We selected one healthy
donor and one NSCLC patient as representative samples and created tSNE plots from the
respective HDN and LDN subsets. As we expected, CD36, CD41 and CD61 were not present in
the HDN fraction of the healthy control (Figure 8 A). However, we detect Lox-1 expression in
some cells of the HDN fraction (Figure 8 A). Additionally, we noted a varied expression pattern
of the studied markers within the LDN fraction. Some cells did not exhibit any of the antigens,
while others were positive for certain markers, and a subset of cells displayed simultaneous
expression of all the markers (Figure 8 A). Additional analysis unveiled a robust correlation
between the expression of CD36, CD41, and CD61, whereas Lox-1 did not exhibit any
correlation with the other markers (Figure 8 B). Moreover, we noticed that by using the specified

markers we could capture around 80% of all LDNs (Figure 8 C).
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Figure 8. Co-expression of CD36, CD41, CD61 and Lox-1 in LDNs of patients with NSCLC.

(A) Representative tSNE visualization of HDNs and LDNs. Green spots show the fraction of cells
that expressed CD36, CD41, CD61 and Lox-1, respectively. (B) Examination of the relationship
between the four examined markers in one representative patient. Results revealed a lack of
correlation between Lox-1 and the other markers, but a substantial correlation between CD36,
CD41, and CD61 (all results statistically significant/p<0.01). (C) Percentages of marker
expression (in black) and non-expression (in grey) in the PMNL and PBMC portions of NSCLC
patients.
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3.2 Part 2. MPO favors tumor growth and acts as an immunosuppressive factor
in NSCLC

As parts of this dissertation have previously been published as a preprint article in BioXriv (3),
the Results section has been partially adapted from the preprint and any resemblances in

regards to content and phrasing are to be expected.

3.2.1 MPO expression negatively correlates with survival in patients with NSCLC

Our initial objective was to assess the prognostic significance of MPO protein expression
NSCLC. We utilized the Clinical Proteomic Tumor Analysis Consortium (CPTAC) database and
conducted Kaplan-Meier analysis to explore how MPO protein expression in primary tumor
tissues affected patient survival. The findings indicated that patients with low MPO protein
expression experienced more favorable outcomes (Figure 9 A). To further delve into the impact
of MPO, we categorized patients into MPO-high and MPO-low groups based on the median
value of MPO protein expression (Figure 9 B, Table 10). We employed Welch's t-test to identify
differentially expressed genes, using an adjusted p-value threshold of 0.05. (Figure 9 B).
Significantly upregulated genes were used to calculate an MPO signature score in the TCGA-
LUAD dataset (Figure 9 B).
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Figure 9. MPO expression is clinically relevant in patients with NSCLC.

(A) Kaplan-Meier analysis was employed to assess survival outcomes among individuals with
NSCLC who exhibited varying levels of MPO expression.). (B) A heatmap depicting genes that
showed differential expression in the MPO-high and MPO-low subgroups. (C-D) TCGA patients
were segregated into MPO-high and -low subgroups, and their progression-free and overall
survival rates were analyzed showing a survival benefit in patients with low MPO signature. Data
generated by Oliver Kindler. This figure has been adapted from (3).

The scores of upregulated and downregulated genes were strongly negatively correlated,
indicating a biological reason for this expression profile, and therefore validating the use of this
signature (Figures 10 A-B). We then evaluated the effect of the MPO signature on progression-
free interval (PFI, Figure 9 C) and overall survival (OS, Figure 9 D) and found that the low MPO

signature group had higher survival rates.
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Figure 10. Validation of MPO signature

(A) Scatterplot showing Pearson correlation between scaled MPO signature and scaled
neutrophil content in two different datasets (ICP3: Neutrophils in % CD45+ cells; TCGA-LUAD:
Percentage of Neutrophils derived from CASSANDRA website). (B) Scatterplot showing
Pearson correlation between scaled MPO signature and Control signature in ICP3 and TCGA
LUAD dataset. Data generated by Oliver Kindler. This figure has been adapted from (3).

3.2.2 Genetic depletion of MPO reduces tumor growth in vivo

Next, we aimed to investigate the role of MPO on tumor growth using a heterotopic lung tumor
engraftment mouse model. We used C57BL/6 MPO** (WT) and age-matched MPO™~ (KO). To
induce tumor growth, mice were subcutaneously injected into the flanks with KP cells (Figure 11
A) or LLC cells (Figure 11 C). We observed that lacking of MPO resulted in slower tumor growth
and reduced weight and volume of the tumors at end point (Figure 11 B and D). By assessing
tumor weight and volume, mice with MPO deficiency demonstrated a 35 % reduction in KP
tumor growth (Figure 11 B) and 40% reduction in LLC tumor growth (Figure 11 D) when

compared with their WT littermates.
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Figure 11. KO of MPO causes tumor growth reduction in vivo

(A, C) Experimental design: MPO”- (knock-out, KO) and MPO** (wild-type, WT) mice (n=18-21)
were subcutaneously (s.c) injected with KP or LLC cells on day 0.
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observed throughout the duration of the study. Mice were euthanized on day 12 (KP-bearing) or

18 (LLC-bearing) and the tumor mass and volume were measured ex-vivo. (B) MPO KO mice
had significantly less KP tumors that their WT littermates. (D) MPO KO mice had significantly
less LLC tumors that their WT littermates. (B, D) The experiment was done two times in total,
with male mice for the KP cells and female mice for the LLC cells. Data of KP and LLC -bearing

mice were combined, respectively. Symbols depict data from individual mice, and bars show the

mean. Data are shown as mean = SD *p < 0.05 and **p < 0.01 This figure has been adapted

from (3).
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3.2.3 Lacking of MPO in mice results in an anti-tumorigenic TME

Next, we analyzed the immune cell profile in the tumors of MPO KO mice compared to WT mice.

We used two flow cytometric panels to explore the infiltration of myeloid and lymphoid

populations (Figure 12, Tables 5 and 6) into KP tumors.

Table 5. Markers of myeloid and populations

Myeloid population Markers

Eosinophils CD45*/CD11b*/CD11c’/Siglec-F*

Neutrophils CD45*/CD11b*/CD11c/Siglec-F/Ly6G*

Monocytes CD45*/CD11b*/CD11c’/Siglec-F/Ly6G/Ly6C*
Macrophages CD45*/CD11b*/CD11¢"*/Siglec-F/Ly6G/Ly6C/F4/80*
Myeloid dendritic cells | CD45*/CD11b*/ F4/80*-/CD11c*/MHCII*

(mDCs)

Plasmacytoid DCs CD45*/CD11b"/ F4/80/MHCII*

(panDCs)

Dendritic cells (DCs2) CD45*/CD11b"/ F4/80/MHCII*/CD103".

Table 6. Markers of myeloid populations

Lymphoid population Markers

T cells CD45*/CD3"

NK cells CD45*/CD3/NKp46*

B cells CD45*/CD3/CD19*

CD8"* T cells CD45*/CD3*/CD8"*

CD4* T cells CD45*/CD3*/CD4*

CD8" T effector (eff.) CD45*/CD3"/CD8*/CD44*

CD8* T naive cells

CD45*/CD3*/CD8*/CD62L"*

CD8" T memory cells

CD45*/CD3*/CD8*/CD44*/CD62L"

CD4" T effector (eff.)

CD45'/CD3*/CD4*/CD44*

CD4* T naive cells

CD45*/CD3*/CD4*/CD62L"

CD4* T memory cells

CD45%/CD3*/CD4*/CD44*/CD62L"

CD4* T regulatory (T regs)

CDA45"/CD3*/CD4*/FoxP3*
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Figure 12. Flow cytometry gating strategies of mice lymphoid and myeloid panels

(A-B) Gating strategies to identify lymphoid and myeloid populations in KP and LLC tumors.
Initial two gates are to select time and single cells. Total cells were gated based in their FSC-A
and side scatter SSC-A properties. Live cells were identified as FVD- and CD45 was used to
gate immune infiltrating cells. An additional lymphocyte gate was used to exclude myeloid cells
from the lymphoid panel. The specific immune populations were then defined as is described in
Table 5 and Table 6. This figure has been adapted from (3).

The infiltration of live cells and leukocytes into KP tumors appeared to be comparable in both the
WT and MPO KO mice (Figure 13 A-B). However, significant differences in immune infiltration
were noticed in the TME of MPO-deficient mice when compared to WT mice, between the tumor
of mice lacking of MPO and WT mice, predominantly within the lymphoid cell populations. We
observed a significantly higher number of monocytes and eosinophils in the tumors of MPO KO
mice than in WT mice (Figure 13 C). Other myeloid cell populations, including neutrophils,
macrophages, DCs, mDCs, and panDCs, showed no changes between the two groups (Figure
13 C). Regarding lymphoid immune populations, we identified a significant increase in the
infiltration of y&T cells, NK cells, NKT cells, CD3* T cells, and CD8" T cells into tumors of MPO
KO mice (Figure 13 D-E). We also identified differences in the relative abundance in subtypes of
CD4" and CD8* T cells, as memory CD4" and CD8" T cells and effector CD8" T cells were
increased in MPO KO mice when compared to WT mice (Figure 14 A-B). Additionally, the
inhibitory checkpoint receptor PD-1 on tumor-infiltrating CD4* and CD8" T cells was increased in

MPO KO mice (Figure 14 C), suggesting increased immune activity of these cells.
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Figure 13. MPO influences the immune cell profile of the TME

Single cell suspension of KP tumors collected from MPO KO and WT (n=18-20) were stained
with two flow cytometric panels and analyzed by flow cytometry. The data is expressed as cells
per mg. (A, B). No differences were observed in the live and CD45" cells when compared
tumors from MPO KO vs WT. (C) A higher number of infiltrating monocytes and eosinophils was
observed in the tumors of MPO KO mice when compared to the WT littermates. (D) An
increased amount of infiltrating yOT cells, NK, NK T cells and T cells was observed in tumors of
MPO KO vs WT. (E) Tumors from MPO KO mice exhibited more CD8" T cells as compared to
tumors from WT mice. (A-E) Experiment was performed two times in total with male mice and
data were combined. Data are shown as mean + SD *p < 0.05 and **p < 0.01. Dendritic cells,
DCs2, myeloid dendritic cells, mDCs; plasmacytoid DCs, panDC; NK, natural killer cells; NKT,
natural killer T cells. This figure has been adapted from (3).
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Figure 14. KO of MPO influences the content of T cells subtypes

(A-B) Graphical representation of the absolute content (cell/mg) of subtypes of CD4* and CD8*
T cells. (A) In the CD4* T cell subset, a higher number of memory cells was observed in tumors
from MPO KO mice vs. WT. (B) In the CD8" T cell subset, a higher number of memory and
effector cells was observed in tumors from MPO KO mice vs. WT. (C) The absolute content
(cells/mg) of PD1*/CD4* and PD17/CD8" T cells was also increased in the tumors from MPO KO
mice when compared vs WT mice. (A-C) Experiment was performed two times in total with male
mice (n=18-20) and data were combined. Data are shown as mean + SD *p < 0.05 and **p <
0.01 This figure has been adapted from (3).

The analysis of lymphoid populations within spleens of non-bearing and bearing mice revealed
no differences between MPO KO and WT mice (Figure 15 A-C and Figure 16 A-C), indicating
that the observed differences in immune infiltration into the tumors are likely linked to the tumor

growth.
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Figure 15. Baseline levels of splenic lymphoid immune cells in tumor-free mice

(A-C) No significant differences were found in lymphoid and myeloid populations in the spleens
of tumor-free MPO KO and WT mice. Experiment was performed one time in total with male
mice (n=6—10). Data are shown as mean * SD. This figure has been adapted from (3).
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Figure 16. Baseline levels of splenic lymphoid immune cells in tumor-bearing mice
(A-C) No significant differences were found in lymphoid and myeloid populations in the spleens
of tumor-bearing MPO KO and WT mice. Experiment was performed one time in total with male
mice (n=7). Data are shown as mean x SD. This figure has been adapted from (3).
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3.2.4 Tumor infiltrating T cells exhibit enhanced local activation in tumors of MPO-
depleted mice

To evaluate the cytotoxic function tumor-infiltrating T cells, T cells derived from MPO KO and
WT mice were stimulated with PMA/lonomycin ex vivo and flow cytometry was used to measure
their activity. In comparison to WT mice, tumors of MPO KO mice exhibited enhanced
expression levels of IFN-y on CD8" (Figure 17 A-B) and CD4" T cells (Figure 17 C), indicating

local activation and increased tumoricidal activity of T cells.
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Figure 17. MPO absence results in an increased cytotoxic activity of T cells ex vivo

(A) Representative histograms showing the percentage of IFN-y expression in tumor-infiltrating
CD8" T cells before (unstimulated) and after PMA/lono stimulation ex vivo. (B-C) CD8* and
CD4" cells from MPO KO mice (in pink) showed increased expression of IFN- y as compared to
the WT littermates (in black). Experiment was performed one time in total with male mice (n=5-
10). Data are shown as mean + SD. *p < 0.05 lono, ionomycin; PMA, phorbol 12-myristate 13-
acetate/ionomycin. This figure has been adapted from (3).

3.2.5 Reduction of tumor size in MPO KO mice is dependent on CD8"* T cells

To explore whether the reduction in tumor size observed in MPO KO mice is associated with the
presence of CD8" T cells, mice bearing KP tumors were subjected to i.p. injections of either anti-
CD8 antibodies or control IgG isotypes. (Figure 18 A). CD8" content was monitored during the
course of the experiment demostrating the efficacy of the anti-CD8 antibodies (Figure 18 A). At
the end of the experiment, tumors were collected, weighed, measured, and analyzed using flow
cytometry. On average, the CD8" T cell pool was reduced by 90% (Figure 18 C). In the isotype-
treated groups, MPO KO mice exhibited decreased tumor weight as compared with tumors of
the WT mice (Figure 18 B). Remarcably, we observed no differences in tumor weight between
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the MPO KO and WT mice in the anti-CD8 antibody-treated groups (Figure 18 B). CD8" T-cell
content was higher in isotype-treated MPO KO mice compared to WT mice (Figure 18 C).
These findings suggest that CD8" T cells are necessary for the reduction in tumor growth

observed in MPO KO mice.
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Figure 18. CD8" T cells are necessary to reduce tumor growth in MPO KO mice.

(A) Experimental design: Mice were i.p. administered with anti-CD8 antibody (500 ug per
mouse) or isotype control on day 0. On day 1 KP cells were s.c. administered to the mice. Mice
received another two dosages of anti-CD8 antibody or isotype control on days 6 and 11. On
days 0, 5 and 11 blood was drawn for mice and the content of CD8" cells was analyzed by flow
cytometry. At the end of experiment (on day 12), mice were euthanized and tumors were
measured and weighted. (B) In the isotype-treated mice, a significant reduction of tumor weight
was observed the MPO KO mice when compared to WT mice. In contrast, in the anti CD8-
treated mice, no differences in tumor weight were observed between the two groups. (C) CD8*
cells were depleted in WT and MPO KO mice treated with anti-CD8 antibody. (B-C) Experiment
was performed one time in total with male mice (n=6-10). Data are shown as mean = SD. *p <
0.05, **p < 0.01, and ****p < 0.0001.This figure has been adapted from (3).

71
Paulina VALADEZ COSMES, PhD Thesis



3.2.6 MPO decreases proliferation and function of T cells

To comprehend the mechanisms through which MPO influences T cell behavior, we conducted
in vitro experiments. We used the proliferation dye eFlour™ 450 to stain T cells previously
isolated from healthy donors PBMCs. T cells were exposed to different concentrations of MPO
(0, 5, 10, and 20 pg/mL) for 72 hours and their proliferation was examined using flow cytometry.
Following 72 hours of MPO treatment, the proliferation of both CD4* and CD8" T cells exhibited
a reduction of approximately 20% (Figure 19 A-B).
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Figure 19. T cells exposed to MPO have decreased proliferation and function

(A) Enriched T cells (from healthy donors’ PBMCs) were labeled with the proliferation dye
eFlourTM 450 and incubated with MPO for 72 h. The monitoring of individual cell divisions was
evaluated in CD4* and CD8" T cells using flow cytometry. Each peak corresponds to different
cell divisions in MPO-treated (black) and untreated (white) cells. (B) CD4" and CD8" T cells
treated with MPO showed a reduced proliferation when compared to untreated cells (n=8). (C) T
cells were incubated with MPO for 24 h, iono/PMA was used to stimulate IFN-y production and
its expression was evaluated in CD4" and CD8* T cells by flow cytometry. A reduction in the
expression of IFN-y was observed in T cells that were treated with MPO (n=4). Data are shown
as mean + SD. n= 8. *p < 0.05, **p < 0.01, and ***p < 0.001 This figure has been adapted from

(3).
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Furthermore, we explored the impact of MPO on T cell activation. Human CD4* and CD8* T
cells were subjected to varying MPO concentrations for 24 hours, subsequently stimulated with
PMA/lono, and their capacity to produce IFN-y was evaluated using flow cytometry. In
comparison to the control group, MPO-treated T cells displayed diminished levels of IFN-y

expression, indicative of reduced activation (Figure 19 C).

3.2.7 MPO internalizes into T cells

The ability of MPO to internalize into endothelial and epithelial cells has been broadly reported
(274,275). To investigate whether MPO is also able to bind and internalize into T cells, T cells
were exposed to MPO (0, 5, 10, and 20 ug/mL) for 2 hours and flow cytometry was used to
assess its binding and intermalization into T cells (Figure 20 A). After 2 hours of treatment, more
than 50% of CD4* and CD8" T cells were MPO-positive (Figure 20 A-B).
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Figure 20. MPO binds and internalizes into T cells

(A) Gating strategy: Initial gates was to select single cells. Total cells were gated based in their
FSC-A and (SSC-A) properties. Live cells were identified as FVD-". Cells were further analyzed
for their CD4 and CD8 expression and finally MPO expression was determined within the CD8*
and CD4" populations. (B) MPO-treated CD8* and CD4* T cells showed positive MPO staining
(n=5). Data are shown as mean = SD. ***p < 0.001 This figure has been adapted from (3).
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3.2.8 Heparin blocks MPO internalization and prevents MPO effects on T cells

It has been reported that interactions between cell surface glycosaminoglycan and MPO are
required for MPO internalization into cells and soluble glycosaminoglycans such as heparin can
block MPO cellular uptake (274). Accordingly, we treated T cells with heparin for 45 minutes
followed by treatment with MPO for 2 hours which resulted in the blocking of MPO uptake by T
cells (Figure 21 A-B). Interestingly, MPO’s effect on T cell proliferation was reversed by heparin
pretreatment (Figure 21 C), implying that MPO binding and internalization to T cells are required

for its functional role.
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Figure 21. MPO'’s uptake by T cells is prevented by heparin

(A-B) T cells were pretreated with heparin for 45 minutes followed by MPO treatment for 2 hours
and positive staining for MPO was evaluated using flow cytometry. (A)Histograms showing the
fluorescence intensity in the untreated (white), MPO-treated (grey) and heparin-MPO-treated
(violet) T cells samples. (B) The percentage of MPO* CD4* and MPO* CD8" T cells was
reduced when cells were pre-treated with heparin (n=5). Data are shown as mean + SD. ***p <
0.001 (B) Cell proliferation was determined in CD4" and CD8" T cells that were pretreated with
heparin and next treated with MPO. Numbers represent the percentage of proliferative cells in
the vehicle (dotted line), MPO-treated (black line), and heparin-MPO-treated (purple line) cells (n
= 1). This figure has been adapted from (3).
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3.2.9 MPOis found in the lymphocytes of tumor samples from patients with NSCLC

Ultimately, we sought to validate whether our findings concerning MPO binding and uptake by T
cells were consistent in clinical samples. To accomplish this, we employed human LUAD tissue
specimens and utilized flow cytometry to investigate the presence of MPO within lymphocytes in
NSCLC tissues (Figure 22 A).
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Figure 22. Gating strategy to analyze MPO in tumors from NSCLC patients

(A) First two gates were to select time and singlets. Live cells were identified as FVD". Cells
were further analysed for their CD45 and myeloid and lymphoid cells were gated based on their
FSC-A and SSC-A properties and finally MPO expression was determined within the CD8* and
CD4" populations. CD66b was used to exclude myeloid cells within the lymphoid gate and MPO
presence in lymphocytes was determined as CD66b"/MPO*. MPO™ neutrophils were gated as
CD163/CD66b*/MPO". This figure has been adapted from (3).

Immunohistochemistry staining demonstrated the presence of MPO within lymphocytes in LUAD
tissues (Figure 23 A), This observation aligns with our earlier in vitro findings. Furthermore, flow
cytometry analysis of several NSCLC samples revealed the existence of a lymphocyte MPO*
population (Figure 23 B-D). It is noteworthy that there was a positive correlation between the
proportion of infiltrating neutrophils (characterized as CD163- CD66b*), which are the primary
source of MPO in NSCLC, and the proportion of MPO-positive lymphocytes in NSCLC samples
(Figure 23 E).
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Figure 23. MPO is found in lymphocytes from NSCLC tumor samples.

(A) Immunohistochemistry staining of LUAD samples showing MPO presence in inflammatory
cells, including lymphocytes (circle) (digital magnification: x80). (B) Gating strategy to recognize
MPO* lymphocytes in NSCLC patients (C) Representative dot plots of MPO™ lymphocytes in
NSCLC patients. (D) Graphs showing the percentages of MPO* lymphocytes and MPO median
fluorescence intensity (MFI). (E) A positive correlation (determined by Spearman’s correlation
coefficient rho, rs, n=7) between MPO* lymphocytes and neutrophil content in a cohort of
NSCLC patients was found. This figure has been adapted from (3).
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4 DISCUSSION

The immune system plays a pivotal role in tumor development. On the one hand, prolonged
inflammation is linked to the development of malignant tumors and on the other hand, properly
regulated immune cells can contribute to fight against cancer. Moreover, immune cells can also
be useful as biomarkers to detect cancer in earlier stages, monitor treatment response, and
predict patient survival. Cells such as T lymphocytes have been broadly studied in the context of
cancer and many of their roles are already unraveled. For their part, neutrophils have come to
the spotlight more recently showing to be phenotypically and functionally diverse and playing
divergent roles in cancer development. During my PhD | investigated the impact of neutrophils in
NSCLC from two different perspectives. In the first project we combined high dimensional flow
cytometry screening of clinical samples and bioinformatic tools to define new surface markers
that allowed us to discriminate between two neutrophil subpopulations known as LDNs and
HDNs. We validated the overexpression of four novel markers in LDNs from patients with
NSCLC and confirmed that the LDN subpopulation is increased in the blood of NSCLC patients
when compared to healthy people. In the second project, we used in vivo and in vitro models to
explore the role of a neutrophil-derived enzyme, MPO, in NSCLC. We found that MPO absence
in mice results in smaller tumors and higher lymphocyte infiltration. Moreover, in vitro data

showed that MPO modifies the function of T cells towards an immunosuppressive role.

Despite the obvious differences in the approaches and findings of both projects, our results
emphasize the importance of neutrophils and neutrophil-derived enzymes in the biology of lung
cancer and contribute to the understanding of the complex roles of neutrophils in cancer. In the
end this dissertation provides suggestions of how neutrophils and neutrophil-derived molecules

are potential candidates that can be used as diagnostic tools and therapeutic targets.
4.1 LDNs display a distinctive immune signature in NSCLC patients.

The diverse and contrasting roles of neutrophils in cancer could be explained by their
phenotypical heterogeneity. In fact, it is likely that not only the nature but also the ratio of the
diverse neutrophil subpopulations in tumors and in circulation define the overall role of these
cells in cancer. According to this, it is critical to characterize the distinct neutrophils
subpopulations based on reliable surfaces markers that allow us to isolate them, functional

characterize them and explore their potential as diagnostic and prognostic tools.
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Among the diversity of neutrophil subpopulations, LDNs have become increasingly interesting
being their presence in patients with inflammatory conditions and their usual absence in healthy
people. Our research showed that LDNs are increased in patients with NSCLC (independently of
their disease stage) when compared to healthy volunteers. Our findings are in accordance with
other reports that have shown a higher number of LDNs in patients with breast, head and neck,
lung and urologic cancers (86,114,129,132). It has been suggested that LDN content might
correlate with the state of the disease (129,276) being that their abundance is heterogeneous
within patients. The fact that the percentages of LDNs in our NSCLC cohort comprised a broad
range (0.3-76.1% of all cells in the PBMC fraction) supports this theory.

To validate the potential utility of LDN content as a biomarker for tracking cancer progression or
treatment effectiveness, additional research is needed. These studies should involve larger and
more diverse patient cohorts, encompassing various stages of the disease and individuals
undergoing different treatments. Unfortunately, exploring LDNs in the clinical setting as
diagnostic and prognostic tools is complicated due to some limitations. Such limitations include
the high workload required to isolate them (which involves sucrose gradient centrifugation and
flow cytometry staining), as well as the requirement to handle blood samples shortly after their
collection. On this regard, further characterization of neutrophil subpopulations in the blood
stream is needed. Most studies have focused on myeloid cell and neutrophil maturation markers
including CD10, CD11b, CD15, CD16, CXCR4 and PDL-1 (129,277,278). In human cancers,
LDNs overexpress CD66b, CD11b and CD15 compared to HDNs (114,132). CD10, CXCR4 and
PDL-1 were found to be differentially expressed in LDNs vs HDNs in patients with advanced
lung cancer (129). Despite these reports, a comprehensive examination of neutrophil diversity in
the bloodstream, especially in the context of cancer, is limited by the challenge of conducting
unbiased gene expression analysis on neutrophils, primarily owing to their limited RNA content.
Regardless, using a gene expression array, Lox1 (lectin-type oxidized LDL receptor 1) has been
identified as a surface marker exclusively expressed on LDNs but not in HDNs, both in the

peripheral blood and in tumors of cancer patients (273). .

To overcome some of these limitations and with the purpose of identify markers that allow us to
discriminate between LDNs and HDNs, we used blood samples of NSCLC patients and
performed an unbiased high-dimensional flow cytometry surface marker screen on LDNs and
HDNSs isolated from the PBMC and PMNL fractions, respectively. Using this approach, we aimed
to analyze a broader variety of surface markers, most of which have not been formerly described

78
Paulina VALADEZ COSMES, PhD Thesis



as neutrophil markers. We defined circulating neutrophils (LDNs and HDNs) as CD66b*Siglec8"
and used flow cytometry and bioinformatic analysis (UMAP and correlation) to validate our
results. Using this approach, we overcome the limitation of a small sample size and found
several cell surface markers that were differentially expressed in LDNs vs HDNs. We validated
the findings of the screen with the top four overexpressed markers (CD36, CD41, CD61 and
CD226). However, CD226 had to be excluded of the final analysis being the weak separation of
the positive and negative populations. At the end we could confirmed that CD36, CD41, CD61

are overexpressed in LDN fraction of NSCLC patients when compared to the HDN fraction.

It is to note that none of the four identified surface markers have been previously reported to be
expressed by neutrophils, however, CD36 and CD61 are expressed by other immune cells such
as macrophages (CD36), monocytes (CD36) and DCs (CD36 and CD61) (279-282). Moreover,
the expression of CD36 has been also reported in microvascular endothelial cells, retinal
epithelial cells, adipocytes, platelets, enterocytes, microglial cells and podocytes, as well as in
tumor cells, stromal cells and immune cells of tissues from cancer patients (279,283). In the
case of CD41, its expression has been reported in platelets and megakaryocytes (280,284,285).
A broad diversity of functions has been described for these surface markers; CD36 is a
transmembrane glycoprotein that acts as a scavenger receptor and its involved in lipid uptake,
immunological recognition, inflammation, molecular adhesion, and apoptosis (279,283); CD61
(integrinB3) is involved in the uptake of apoptotic cells and induction of immune tolerance and
together with CD41 (allb integrin) form a complex that acts as a receptor for adhesion molecules
required for platelet aggregation and clotting (280-282,285). In the context of cancer, CD36 has
been reported to participate in lipid homeostasis, immune response, angiogenesis, adhesion,
and metastasis (283). Therefore, further research is necessary to elucidate the function of these

markers in the biology of LDNs.

It is crucial to bear in mind that LDNs have been found not only in cancer patients but also in
individuals with other inflammatory conditions such as asthma, HIV, dermatomyelosis and
malaria and moreover also in non-pathological conditions like during pregnancy and in newborns
(116,117,122—-124,126,132,270,286-289). Therefore, further studies to evaluate the expression
of CD36, CD41 and CD61 in the LDN fraction of patients suffering from other pathologies as well
as in pregnant women and newborns are necessary to better understand LDNs diversity and

function.
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Our data showed that some patients exhibited low marker expression on HDNs, which support
the concept that neutrophils can change their phenotype (neutrophil plasticity), and that HDNs
and LDNs represent a spectrum of neutrophil phenotypes. Recent discoveries indicate that
LDNs from cancer patients can be found in the HDN fraction and vice versa. This aligns with
earlier research demonstrating that in mice with tumors, HDNs can transition into LDNs and vice
versa, both in vivo and ex vivo. Further research incorporating novel LDNs markers such as
CD36, CD41, and CD61, in addition to neutrophil maturation markers, would enhance our

understanding of the origin and function of LDNs.

One of the long-term goals of this project is the use of LDNs as biomarkers for lung cancer early
detection and to monitor therapy response. The use of low-dose computed tomography scan is
still broadly use as the method for early lung cancer screening, although quick, painless and
non-invasive (no dyes, no injections, and requires nothing to swallow by mouth), this method is
expensive and has a high false positive rate which demonstrate the need of alternative (or
complementary) diagnostic test that are minimally invasive and that harbor the ability to identify
malignant pulmonary nodules. Moreover, minimally invasive tests to identify biomarkers that
allow us to identify patients that will positively respond to targeted therapies (e.g. immune
checkpoint inhibitor, ICI, therapy) are highly valuable to avoid side-effects and enable fast
clinical decisions. In this context, the present study contributes to the identification of blood-
based markers for lung cancer early detection in patients with high risk of developing lung
cancer, as well as for the prediction of response to therapy. Further efforts should include
research to establish a protocol that allow the identification of LDNs in whole blood of patients
with the objective of develop rapid, easy, and affordable clinical routine method to use LDNs as
biomarkers. The identification of specific LDNs surface markers is one of the first steps towards

this goal.

Other relevant aspects of the role of LDNs in cancer development and progression need further
exploration. Although LDNs have been reported to have immunosuppressive effects on T cell
proliferation, activation and function, further studies are necessary to confirm this. The
identification of specific LDNs markers is crucial to study them. Surface markers can be used for
cell sorting and co-culture experiments and further exploration of the LDNs role not only as
immunosuppressive cells but also to study their impact in cancer cells proliferation, migration

and invasion.
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4.2 MPO favors tumor growth and acts as an immunosuppressive factor in NSCLC

The TME is comprised not only by different kind of cells but also by a variety of molecules that
support tumor development. Cells within the TME can secrete soluble factors as cytokines,
chemokines, growth factors and metabolites, among others (290). Communication between the
different cells in the TME is orchestrated in a complex way that include cell-cell contact and
autocrine or paracrine signaling. At the end, the intricate network of cells and soluble factors will

facilitate a pro- or anti-tumorigenic phenotype in the TME (290).

In NSCLC, neutrophil-derived molecules as NE, have been recently shown to possess pro-
tumorigenic properties (151). Based on this, during my PhD | aimed to understand whether

another neutrophil-derived protein called MPO contributed to NSCLC carcinogenesis.

MPO is a heme peroxidase highly expressed by neutrophils (177). Physiologically, MPO helps to
the clearance of pathogens once neutrophils arrive at the site of infection where it can be
released upon neutrophil activation or neutrophil dead (184). Moreover, MPO also plays a role in
triggering and advancing inflammatory diseases, with particular significance in the
pathophysiology of cardiovascular diseases (291,292). More recently, MPO has been also

shown to participate in the regulation of other inflammatory conditions including cancer (2).

In the present study, using public available data bases and bioinformatic analysis, we showed
that low MPO protein expression correlated with better survival prognosis of NSCLC patients in
comparison with patients with higher MPO protein expression. In this context, higher amounts of
MPO have been detected in the serum and bronchoalveolar fluid of patients with lung cancer
(232). Other research has revealed that patients with lower MPO levels have a reduced
vulnerability to develop different kinds of cancer such as lung (293), ovary (294) and breast
cancer (295). Lower MPO expression is particularly linked to the MPO polymorphism MPO-463G
> A which negatively influences the expression at mRNA levels and subsequent transcription of
MPO (228). Some studies show that a lower MPO expression is linked to reduced oxidative
stress which could explain the lower susceptibility to develop certain kinds of cancer. DNA-
damage induced by MPO-derived oxidants could also contributed to carcinogenesis (240) . In
any case, further studies are necessary to elucidate the possible use of MPO as a biomarker

since not conclusive data is available yet.
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We next observed that mice that lack MPO and that were s.c. injected with lung cancer cells
(either KP cells or LLC), developed smaller flank tumors in comparison with WT mice. Previous
studies in other laboratories have also shown that MPO KO mice developed smaller tumors in
comparison with WT controls (250). However, in a model using aged-mice (23 week-old),
researchers found that orthotopic melanomas grew slowly in WT mice (MPO+/+) when
compared to MPO KO mice and interestingly, this effect was also observed with the MPO
inhibitor ABAH, being that ABAH-treated mice developed bigger tumors when compare to WT
mice (251). The discrepancies between the findings of our study and the last-mentioned study
could be explained by the differences in the age of the mice. Regarding the efforts to investigate
the potential of MPO as a druggable target, the administration of the MPO inhibitor KYC in an
inflammatory-driven lung tumor model, resulted in a reduction of tumor burden (250). Moreover,
a report from 2023, revealed that either MPO deficiency or pharmacological inhibition of MPO
(using ABAH) enhanced the response to ICI therapy in models of melanoma in aged mice
(268). Further research with focus in the development of specific MPO inhibitors is necessary to

better explore the potential of MPO as a therapeutic target.

We also found that the TME shifted towards an anti-tumorigenic profile in the tumors of the
MPO-KO mice being that we observed higher numbers NK, NKT cells, yd T cells, and
CD3"CD8" T cells when compared to tumors of the WT mice. When further exploring the
infiltrating CD8* T cells of MPO KO vs. WT mice, we discovered an increased activation status in
the KO’s, which revealed in elevated levels of IFN-y. Moreover, the numbers of memory and
effector CD8" T cells were also enhanced in the KO’s. In general, enhanced infiltration of
cytotoxic lymphocytes (CD8* T cells and NK cells) into the TME is associated with a good
prognosis (296). However, in NSCLC tissue, it has been reported that the number of cytotoxic T
cells are reduced and have a decrease in IFN-y expression (297,298). Accordingly, the higher
infiltration of cytotoxic cells such as CD8" T cells and NK cells as well as the improved activity of
CD8* T cells observed in our model might have supported the reduction in tumor growth
observed in the MPO-KO mice vs WT. To test this hypothesis, we depleted CD8* T cells in MPO
KO and WT mice and observed no differences in tumor weight and volume between the CD8* T
cells-depleted groups. With this experiment we could confirm that CD8" T cells contribute to the
reduction in tumor growth observed in the MPO KO mice. In contrast to our findings, Liu et al.
reported that MPO depletion resulted significant decrease in CD8" cytotoxic T cells at the

periphery of s.c. melanoma tumors of aged mice (251) . The differences between our results and
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the literature suggest that the effect of MPO deficiency on the state of the TME is dependent of
tumor entity but can also be a result of the age of the mice used in the studies. Moreover, our
results show the content of CD8" T cells in homogenates of the tumors which we cannot
compare to histological staining reported in the study from Liu et al. In any case further research
is necessary to better characterize the influence of MPO in the immune infiltration of cytotoxic T
cells into the TME. Being that an enhanced infiltration of NK cells into the TME has been also
reported to correlate with a good prognosis in lung cancer (299), further studies should also

focus in investigate the relevance of NK cells in the MPO KO model.

Being the increasing interest in ICI therapy as a therapeutic strategy to fight against NSCLC, we
also measured the expression of the checkpoint inhibitory receptor PD-1 in the TME of MPO
deficient mice. We discovered increased expression of PD-1 on both CD4" and CD8" T cells. It
has been reported that only PD-1"-adoptively transferred CD8* T cells managed to regulate

tumor progression when compared to PD-1 negative CD8* T cells (300).

Besides lymphoid population we also observed an increase in infiltrating monocytes and
eosinophils in tumors of the MPO KO mice vs. WT. Although eosinophils are usually a rare
population in human NSCLC (0.3 % of all leukocytes) (301) and their role in cancer is
ambivalent, they have shown to possess tumoricidal effects in various solid tumors (77). Hence,
the rise in eosinophil count in our model could have facilitated an anti-cancer impact. Some
cautions that we need to take in consideration regarding our tumor model are related with the
relatively poor immunogenicity of our mice model being the lacking of a tumor antigen in the KP
cells that were used to generate the tumors. This means that that the immune infiltration into the
tumor mass as well as the recruitment of immune cells to the periphery of the tumors is in
general minimal. Further studies should include models that are more immunogenic for example

using (or generating) cell lines in where a tumor antigen is present.

To identify the ways in which the absence of MPO in the TME might influence T cells, we
performed proliferation and activation assays in vitro. T cells that were treated with MPO exhibit
a reduction in their proliferation as well as a decrease in the expression of IFN-y when compared
vs controls. These data suggest that MPO might directly regulate T cell behavior. Some
immunosuppressive effects of MPO have been reported previously. In vivo studies Odobasic et
al. showed that neutrophil-released MPO can interact with DCs in lymph nodes and suppress

DCs function with a subsequent inhibition of CD4* T cells activation, proliferation and
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differentiation (183). Moreover, it has also been reported that MPO can impair antigen-cross
presentation in tumors via a mechanism that involves the peroxidation of lipids (302). More
studies are needed to understand the details of how MPO specifically regulate T cell function.
Co-culture experiments of activated neutrophils and T cells are necessary to study MPO impact
on T cells in a more complex context. Moreover, the use of specific MPO inhibitors is needed to

discriminate between enzymatically-dependent and independent mechanisms of action of MPO.

We finally demonstrated that, in vitro, MPO bound and internalized into T cells and that heparin
pre-treatment blocked such interaction. Interestingly, preliminary data suggested that the effect
of MPO in impairing T cell proliferation can be reversed when T cells are pre-treated with
heparin which suggests that MPO binding to T cells is essential for its functional role. Moreover,
we also observed MPO presence in lymphocytes of tumors from NSCLC patients which
indicates that MPO binding can also be relevant in a clinical context. The uptake of MPO by
endothelial cells, neutrophils and macrophages has been broadly documented (303,304). In
neutrophils and macrophages MPO uptake seems to be mediated by mechanisms that involve
the integrins CD11b/CD18 and the manose receptor (303) however, the exact mechanism by
which MPO is internalized into endothelial cells is not well understood. Being the highly cationic
nature of MPO, it can rapidly bind into negative-charged surfaces such cellular membranes,
bacterial surfaces and extracellular matrix components, and it has been suggested that in
endothelial cells MPO internalization is carried out by a mechanism called transcytosis (274),
however more studies are needed to fully understand the mechanisms by which MPO s
internalized into different types of cells. Further research should be focused in unravel the

functional implications of MPO binding and internalization into T cells.

4.3 Conclusions

Our findings highlight neutrophils as important players in the development of NSCLC. We
showed four new surface markers (CD36, CD41, CD61 and CD226) that are differentially
express in human LDNs when compared to HDNs supporting the concept that LDNs represent a
specific neutrophil subset. This data help to the characterization of this neutrophil population in
cancer and will support further research to better understand the role of LDNs in tumor
progression as well as their potential as biomarkers to monitor disease progression and
treatment response. Moreover, we demonstrated the effect of MPO on impairing T cell behavior
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and promoting tumor growth in vitro contributing to our knowledge of the pro-tumorigenic role of
neutrophil-derived molecules. These results point out MPO as a putative therapeutic target for
NSCLC treatment.
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6 APPENDIX

Table 7. Flow cytometric antibody panels used in the LDN project.

Panel Antibody | Dilution Clone Company Catalog
number
Screening CD45- 1:200 30-F11 BioLegend 103128
panel AF700
CD3- 1:40 145-2C11 BD 563565
BUV395 Biosciences
CD8- 1:80 53-6.7 BioLegend 100734
PerCPCy5.
5
CD4- 1:80 GK1.5 BD 564667
BUV496 Biosciences
gdTCR- 1:40 GL3 BD 563532
PECF594 Biosciences
PD-1-APC | 1:40 29F.1A12 BioLegend 135210
CD62L- 1:50 MEL-14 BioLegend 104438
BV605
CD44- 1:160 IM7 BD 612799
BUV737 Biosciences
NKp46- 1:20 29A1.4 BioLegend 137623
BV510
CD19- 1:160 6D5 BioLegend 115506
FITC
CD25- 1:80 PC61 BioLegend 102051
BV785
FoxP3-PE | 1:40 FJK-16s eBio 12-5773-82
Validation CDA45- 1:160 30-F11 BioLegend 103149
panel BV785
Ly6C-APC | 1:79 HK1.4 BioLegend 128015
Ly6G-PE 1:166 1A8 BioLegend 127648
/Dazzle
CD11c- 1:20 N418 BioLegend 117334
BV605
PD-L1- 1:79 10F.9G2 BioLegend 124313
PeCy7
CD206- 1:160 C068C2 BioLegend 141703
FITC
MHCII- 1:160 M5/114.15.2 | BioLegend 107625
PerCP-
Cy5.5
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CD103-
BV510
CD11b-
BUV737
F4/80-
BUV395
Siglec-F-
PE

LDN staining | CD45-
FITC
CD3-
Bv421
CD4-PE-
Cy7
CD8-
PerCP-
Cy5.5
IFN-y-PE

Screen CD4- PE
CD8a-
FITC
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1:40

1:80

1:40

1:40

1:100

1:25

1:50

1:80

1:50

1:100
1:100

2E7

M1/70

T45-2342

E50-2440

30-F11

145-2C11

RM4-5

53-6.7

XMG1.2

RPA-T4
RPA-T8

BioLegend

BD
Biosciences
BD
Biosciences
BD
Biosciences
BioLegend

BioLegend
Biolegend

BioLegend
BioLegend

BioLegend
BioLegend

121423

612801

565614

562068

103108

100336

100528

100734

505808

300508
301006

118



Table 8. Flow cytometric antibody panels used in the MPO project.

Panel Antibody | Dilution Clone Company Catalog
number
Tumor- CD45- 1:200 30-F11 BioLegend 103128
infiltrating AF700
lymphoid CD3- 1:40 145-2C11 BD 563565
immune cells BUV395 Biosciences
(mouse) CD8- 1:80 53-6.7 BioLegend 100734
PerCPCy5.
5
CD4- 1:80 GK1.5 BD 564667
BUV496 Biosciences
gdTCR- 1:40 GL3 BD 563532
PECF594 Biosciences
PD-1-APC | 1:40 29F.1A12 BioLegend 135210
CD62L- 1:50 MEL-14 BioLegend 104438
BV605
CD44- 1:160 IM7 BD 612799
BUV737 Biosciences
NKp46- 1:20 29A1.4 BioLegend 137623
BV510
CD19- 1:160 6D5 BioLegend 115506
FITC
CD25- 1:80 PC61 BioLegend 102051
BV785
FoxP3-PE | 1:40 FJK-16s eBio 12-5773-82
Tumor- CDA45- 1:160 30-F11 BioLegend 103149
infiltrating BV785
myeloid Ly6C-APC | 1:79 HK1.4 BioLegend 128015
immune cells
(mouse) Ly6G-PE 1:166 1A8 BioLegend 127648
/Dazzle
CD11c- 1:20 N418 BioLegend 117334
BV605
PD-L1- 1:79 10F.9G2 BioLegend 124313
PeCy7
CD206- 1:160 C068C2 BioLegend 141703
FITC
MHCII- 1:160 M5/114.15.2 | BiolLegend 107625
PerCP-
Cy5.5
CD103- 1:40 2E7 BioLegend 121423
BV510
CD11b- 1:80 M1/70 BD 612801
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IFN-y
expression
(mouse)

T-cell

proliferation

(human)
IFN-y
expression
(human)

MPO

binding/intern

alization
(human)

MPO in

tumors from
patients with

NSCLC
(human)

BUV737
F4/80-
BUV395
Siglec-F-
PE
CD45-
FITC
CD3-
BVv421
CD4-PE-
Cy7

CD8-
PerCP-
Cy5.5
IFN-y-PE
CD4- PE
CD8a-
FITC
CD4- PE-
Cy7
CD8-APC
IFN-y-
BUV395
CD4-PE-
Cy7
CD8-
BV510
MPO-FITC

CDA45-
BV510
CD66b-
APC
CD163-
BV605
MPO-FITC

1:40
1:40
1:100
1:25
1:50
1:80
1:50
1:100
1:100

1:25

1:100
1:50
1:2.5
1:100
1:50
1:25

1:2,5
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T45-2342
E50-2440
30-F11
145-2C11
RM4-5
53-6.7
XMG1.2
RPA-T4
RPA-T8
RPA-T4

RPA-T8
B27

RPA-T4

RPA-T8

5B8

H130

G10F5

GH1/61

5B8

Biosciences
BD
Biosciences
BD
Biosciences
BioLegend

BioLegend
Biolegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BD
Biosciences
BioLegend
BioLegend
BD
Biosciences
BioLegend
BioLegend
BioLegend

BD
Biosciences

565614
562068
103108
100336
100528
100734
505808
300508
301006
300512

301014
563563

300512

301006

340580

304035

305118

333616

340580
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Table 9. GeoMean, MFI and percentage of expression (data expressed as % of CD66b+, % of

CD45+ and % of live) of hits identified in screen. Hits were defined by fold change marker
expression (GeoMean) with fold change > 2 and < 0.5 (ratio LDNs/HDNs)

Marker PBMC PMNL

Geo MFI Fq of | Fq of | Fq of | Geo MFI | Fq of | Fq of | Fq of

Mean CD66b CD45 | live Mean CD66b | CD45 | live

(%) (%) (%) (%) (%) | (%)

CD41 4992 | 6836 | 94.7 56.4 55.8 | 136 102 | 5.69 2.89 | 280
CD36 2679 | 4407 | 78.8 256 247 | 86,1 |822 | 042 0.40 | 0.40
CD226 2123 | 2095 | 98.1 8.95 6.98 | 76,5 | 71,9 |0.28 0.24 |0.23
CD61 2427 | 2854 | 96.5 61.4 60.9 | 121 104 | 1.97 111 | 1.07
CD102 1192 | 1275 | 71.2 17.6 16.9 | 79,9 | 758 |0.23 0.22 | 0.22
CD42b 904 | 728 59.2 35.6 352 | 94,3 | 899 |0.36 0.19 | 0.18
CD49b 741 622 67.0 41.9 416 | 106 |951 | 1.61 0.83 | 0.81
CD323 521 429 61.6 16.3 15.7 | 758 | 73,2 | 0.13 0.12 | 0.12
CD194 587 | 437 69.2 6.24 6.77 | 92,9 |629 |3.05 271 | 2.69
CD84 680 | 535 63.0 16.7 16.1 | 110 105 | 1.90 1.81 | 1.81
CD9 1980 | 3406 | 70.6 7.83 7.66 | 357 | 246 |324 20.2 | 193
CD62P 660 | 488 69.6 41.8 41.3 | 122 111 1.77 0.95 | 0.92
CD99 873 | 760 86.6 9.42 9.18 | 164 133 | 111 6.17 | 5.95
CD71 404 183 34.8 9.23 8.85 | 814 | 796 | 0.36 0.35 | 0.35
CD105 391 278 55.2 1.19 1.19 |80,9 |732 |0.32 0.31 | 0.30
CD29 3322 | 3497 | 100.0 62.0 61.5 | 850 | 752 | 833 0.44 | 0.15
C3aR 458 | 409 68.8 6.90 892 | 129 |94 |8.13 723 | 7.14
CD230 452 | 351 58.4 15.5 15.0 | 135 117 | 8.44 8.02 | 8.02
CD64 792 | 424 60.4 6.27 6.07 | 247 | 203 |214 11.2 | 10.7
LAP 214 139 17.3 1.92 1.85 [ 69,9 616 | O 0 0
CD45 664 | 593 98.5 60.2 59.2 | 222 188 | 13.5 7.14 | 6.87
Ilg light | 339 | 249 35.6 3.60 9.25 | 121 107 | 217 1.89 | 1.83
chain A
CD69 216 161 18.0 1.75 170 | 775 |694 |0 0 0
CD112 234 151 28.3 2.67 2.67 |93 79,6 | 2.29 212 | 2.06
CD49%e 780 | 650 92.3 8.92 728 | 354 |326 |595 53.3 | 52.9
CD51 162 122 12.6 3.10 299 | 77,8 | 758 |0.27 0.25 | 0.25
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CD31 3598 | 3469 | 100.0 61.0 60.4 | 1742 | 1788 | 99.9 519 | 50.9
CD63 1530 | 1384 | 99.9 62.2 61.7 | 745 | 561 | 88.9 494 | 479
CD126 421 420 85.0 8.40 8.40 | 209 199 | 9.03 845 | 8.28
CD184 524 | 465 81.8 19.9 19.2 | 261 225 | 45.5 43.3 | 433
Notch 2 150 143 3.10 0.32 9.77 | 76,3 | 69,4 | 0.66 0.56 | 0.51
CD109 178 122 19.4 1.93 193 | 91,3 | 758 | 240 228 | 222
CD191 564 | 455 81.3 8.61 759 | 305 |266 |42.1 375 | 37.3
CD107a 472 | 337 67.9 6.76 6.76 | 263 183 | 16.0 15.3 | 15.1
CD92 1185 | 1163 | 99.2 9.18 765 | 708 |699 |96.5 827 | 774
HLA- 1067 | 988 99.3 25.6 249 | 660 |644 |99.7 95.0 | 94.9
A,B,C

CD47 7586 | 7365 | 100 51.5 379 | 4699 | 4903 | 100 543 | 51.9
CD93 908 | 853 85.8 9.18 8.88 | 575 |507 |67.3 40.3 | 38.8
CD66alcle | 9686 | 10675 | 97.6 8.64 6.30 | 6136 | 6015 | 100.0 |88.1 | 855
CD97 2244 | 2270 | 100 10.8 10.4 | 1467 | 1464 | 100 58.5 | 56.5
CD32 2792 | 2992 | 99.3 10.1 9.11 | 1840 | 1906 | 100.0 |86.5 | 82.2
CD262 739 | 70,6 | 0.60 0.39 0.39 | 128 118 | 2.03 1.10 | 1.07
CD28 68,8 | 61,6 1.07 0.68 0.68 | 125 123 |0 0 0
CD278 479 |424 |0.75 0.072 | 0.072 | 88,1 | 83,5 | 0.21 0.20 | 0.20
CD1a 56,3 | 52,6 |0.76 0.071 | 0.071 | 105 | 92,5 | 2.71 255 | 2.51
CD30 649 | 629 | 0.12 0.078 | 0.077 | 122 113 |0 0 0
CD70 56 50,1 0.50 0.049 | 0.049 | 113 | 99 2.58 245 | 2.41
CD3 64,3 | 60,4 | 0.64 0.40 040 | 135 121 | 5.88 0.073 | 0.025
CD290 753 | 71,9 |0.52 0.33 0.32 | 167 152 |0 0 0%
IFN-y Rb | 78,1 | 60,4 | 3.44 0.33 0.33 | 186 147 | 8.39 7.94 | 7.79
chain

CD261 82 70,6 1.61 1.03 1.02 | 200 116 | 1.1 6.16 | 5.94
CD202b 77 65,5 1.54 0.16 8.09 | 266 |257 |30.9 27.0 | 26.1
Cadherin | 51,4 | 46,2 | 0.40 0.040 | 0.040 | 295 | 278 | 327 31.3 | 30.7
1
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Table 10. Genes derived from the CPTAC-LUAD dataset.

MPO signature

Control signature

ADGRG3
ADM
AQP9
C11orf24
CDH2
CEACAM3
CEMIP
CHD7
CTD-
3088G3.8
CXCL2
CXCL3
CXCL8
CYP24A1
ECT2
EIF4A1
EIF5A
ENTPD7
FAMG4A
FAM83D
FCAR
FCGR3B
FKBP10
FPR2
HCAR3

HIST1H4L
IL1R2
LEP

LIF
LRFN4
MRPL12
MTHFD2
NAMPT

NFXLA1
NOP56
P3H4
PCBP1
PI15
PI3
PLAUR
PLEKHG2
PNO1
PPIF
PPM1G
PVR
RCOR2
SLC2A1
SNRPA1
SNRPD1
TDG
TGM3
TTL
UBE2S
UCK2

ACOXL
ADGRF5
ADHFE1
ANK3
ANKDD1B
ANKRD44
AR
ARHGAP31

ARHGDIB
ATP13A4
ATP13A5
B3GAT1
C160rf89
C170rf50
C1orf116
CA1
CA13
CACNA1F
CAMK2D
CAPN3
CARF
CD1B
CD1E
CD302
CD40LG
CD74
CEBPA
CFAP221
CIRBP

CLK4
CNKSR2
CREBRF
CRYM
CYP4V2
CYSLTR1
ETFBKMT
FAM161B

FAM184A
FMO4
FMOS
GAB1
GANC
GPR160
GSAP
HAS3
HLA-DPB1
HLF
HNMT
HPGDS
HSD17B6
IL11RA
IL6R
KAT2B
KCNK5
KIF13A
KLHDCA
LANCL3
LRP2BP

LRRC31
MAP3K15
MAPK10
MR1
MS4A2
MYOZ1
N4BP2L1
NFIX

NIPAL3
NPC2
NRN1L
PIGR
POU2F3
PPP2R3A
PTPN13
RBL2
REPS2
RNASE1

TLRS
TMEM243
TNN
WWCH1
ZDHHC15
ZMAT1
ZNF441
ZNF540

ZNF554
ZNF563
ZNF763
ZNF846
ZRSR2

RP11-490B18.9

SCTR
SGF29
SLC15A2
SLCO9A5
SLFN14
SMCO3
SOGA3
TCEANC
TEF
TLR3

MPO Signature: genes that were significantly upregulated in the MPO high group.
Control Signature: genes that were significantly downregulated in the MPO low

group.
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