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Abbreviation List

ABBREVIATION LIST

APC: Antigen Presenting Cells

ARG1: Arginase 1

ATP: Adenosine TriPhosphate

BM: Bone Marrow

BM-MDSC: Bone Marrow-derived Myeloid-Derived Suppser Cells
CC(R/L)2: C-C chemokine (Receptor/Ligand) type 2
CD: Cluster of Differentiation
CDK4:Cyclin-Dependent Kinase 4

CDKN2A: Cyclin-Dependent Kinase iNhibitor 2A
CDP: Common DC precursor

c-FLIP: (FADD-like IL-1B-converting enzyme)-inhibitory protein
CSF-1: Colony Stimulating Factor 1

COX-2: CycloOXygenase-2

CTL: Cytotoxic T Lymphocyte

CXCL/R: chemokine (C-X-C motif) Ligand/Receptor
DC: Dendritic Cell

ECM: Extra-Cellular Matrix

EMT: Epithelial to Mesenchymal Transition

FBS: Fetal Bovine Serum

Fc: Fragment crystallizable

FIt3L: FMS-Like Tyrosine kinase 3 Ligand

FMO: Fluorescence-Minus-One

G-CSF: Granulocyte Colony Stimulating Factor

GM-CSF: Granuloyte-Macrophage Colony Stimulatingtba



Abbreviation List

GvHD: Graft-Versus-Host Disease

HD: Healthy Donor

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfauid
HGF: Hepatocyte Growth Factor

HIF1a: Hypoxia Inducible Factorel

HLA: Human Leukocyte Antigen

HSC: Hematopoietic Stem Cell

iDC: Immature DC

IDO: Indoleamine-pyrrole 2,3-DiOxygenase

IFN-y: InterFeroN Gamma

Ig: ImmunoGlobulin

IL: InterLeukin

IL-1RA: InterLeukin-1 Receptor Antagonist

IL-2Ry: gamma subunit of the InterLeukin 2 Receptor
IL4Ra: alpha subunit of the InterLeukin 4 Receptor
IMC: Immature Myeloid Cell precursor

IMDM: Iscove's Modified Dulbecco's Medium

IPMN: Intraductal Papillary Mucinous Neoplasm

KIR: Killer 1g-like Receptor

KRAS: v-Ki-ras2 Kirsten RAt Sarcoma viral oncogdrmamolog
LDL: Low-Density Lipoprotein

LIN: LINeage

LP: Lymphoid multipotent Precursor

MCL1: Induced myeloid leukemia cell differentiation
M-CSF: Macrophage Colony Stimulating Factor

MCN: Mucinous CystadeNomas



MCP-1: Monocyte Chemoattractant Protein 1

MDSC: Myeloid-Derived Suppressor Cells
MHC: Major Histocompatibility Complex
MMP: Matrix MetalloProteinase

MNC: MonoNuclear Cell

MOI: Multiplicity Of Infection

M-MDSC: Monocytic Myeloid-Derived Suppressor Cell

MP: Myeloid multipotent Precursor
MRC1: Mannose ReCeptor 1

NF-kB: Nuclear Factor-kappa B

NK: Natural Killer

NN: Naive Neutrophil

NO: Nitric Oxide

NOG: NODShi.Cg-Prkdcscidll2rG
NOSZ2: Nitric-Oxide Synthase type 2
NOX: NADPH OXidase

NS: Natural Suppressor cell

NSG: NOD.Cg-PrkdcScidll2rG

PBMC: Peripheral Blood Mononuclear Cell
PBS: Phosphate Buffered Saline

pDC: plasmacytoid Dendritic Cell
PDES5: PhosphoDiEsterase-5

PDGF: Platelet Derived Growth Factor
PDL-1: Programmed Death Ligand-1

PDX: Patient Derived Xenograft

Abbreviation List

PMN-MDSC PolyMorphoNuclear Myeloid-Derived Suppras€ell
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Rb1: RetinoBlastoma protein

RNS: Reactive Nitrogen Species

ROS: Reactive Oxygen Species

RPMI: Roswell Park Memorial Institute

SCF: Stem Cell Factor

SD: Standard Deviation

ShRNA: Short Hairpin RNA

SIRRuy: Slgnal Regulatory Protein
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SOCS2: Suppressor Of Cytokine Signaling 2
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Treg: Regulatory T cell
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Durante il processo tumorigenico, le cellule tuntiosgacernono diversi fattori,
quali citochine, chemochine e altri metaboliti, grado di promuovere lo
svilupparsi di un microambiente plastico carat®aitp da una continua
angiogenesi e da importanti modifiche del sistemaunitario (Balkwill, Charles
et al. 2005). Una delle strategie piu efficaci atidudal tumore per eludere |l
sistema immunitario € la capacita di creare un oaictbiente tollerogenico
attraverso il rimodellamento del normale processcematopoiesi. Infatti, il
tumore puo indurre la proliferazione ed il differ@amento di precursori mieloidi
in cellule mature con marcate proprieta immunoseggive. Queste cellule,
chiamate cellule soppressorie di derivazione mielojMDSCs), costituiscono
una popolazione cellulare eterogenea che si espamdalcune condizioni
patologiche, come le neoplasie, le inflammazionie einfezioni ed hanno la
capacita di inibire potentemente I'immunita antitwate mediata dai linfociti T.
La presenza e espansione di queste cellule linotavolmente lo sviluppo di
nuovi protocolli di immunoterapia anti-tumorale. buesto studio abbiamo
dimostrato la proprieta di basse dosi di diversroloterapici, caratterizzati da
differenti bersagli molecolari e da diversa atévititotossica, largamente
impiegati nella pratica clinica, di depletare in doo selettivo le MDSC
monocitarie (M-MDSC), ricostituendo completameihtgotenziale proliferativo
dei linfociti T. Inoltre, abbiamo dimostrato che lgarie formulazioni
farmacologiche effettuano la loro azione citotogsalle MDSC attivando la via
estrinseca dell’apoptosi e, in particolare, moddtanegativamente I'espressione
della proteina cellular FLICE (FADD-like ILfitconverting enzyme)-inhibitory
protein (c-FLIP), la cui attivita anti-apoptotica stata largamente descritta in
letteratura. In particolare, un recente studiodivaostrato come I'eterogeneita
delle MDSC nelle due sue sottopopolazioni, mondeita(M-MDSC) e
polimorfonucleate (PMN-MDSC), risiede nella diersttivazione delle vie
dell'apoptosi: le PMN-MDSC necessitano della progeanti-apoptotica MCL-1

per la loro corretta maturazione, mentre il diffm@amento e la sopravvivenza
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delle M-MDSC necessitano di c-FLIP (Haverkamp, &nat al. 2014). Pertanto,
abbiamo verificato l'ipotesi che c-FLIP potesse ravanche un ruolo chiave
nell'indurre e controllare lattivita immunosoppseg delle MDSC. Abbiamo,
quindi, dimostrato che I'aumentata espressione-BLI® in cellule di origine
monocitaria, attraverso l'infezione con costruténtivirali, € sufficiente per
indurre un programma soppressivo dominante, cartto dall'up-regolazione
di svariate proteine e citochine gia note in letiera per essere in grado di
espletare I'attivita soppressiva delle MDSC. L'awmta¢a espressione di c-FLIP
puo quindi generare potenti cellule mieloidi s@gsorie, in grado di inibire la
proliferazione e attivazione di linfociti T, sia vitro chein vivo in un modello di
graft versus host disease (GvHD) xenogenico dirandty come tale strategia
immunoterapica possa avere un elevato potenziateasliabilita terapeutica. In
aggiunta, abbiamo dimostrato la capacita di c-FHiPpromuovere proprieta
immunomodulatorie anche utilizzando monociti dativda un modello murino
transgenico caratterizzato dall’'over-espressionéisddorma virale di c-FLIP,
VFLIP, nelle cellule mieloidi. Anche in questo caksocellule mieloidi hanno

presentato un’estrema capacita soppressoria gitto chein vivo.

L’'up-regolazione di c-FLIP e una strategia sia watova che clinicamente

traslabile per generaex vivo cellule soppressorie, potenzialmente applicalati p
il trattamento di patologie in cui vi € un’anormadgtivazione del sistema
immunitario, come le malattie autoimmuni. Inoltr&kLIP pud essere considerato
un ottimo candidato come biomarcatore per sempléda caratterizzazione la
quantificazione delle MDSC nei pazienti oncologigiredirne la loro risposta alla
chemioterapia
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ABSTRACT

During tumor progression, cancer cells secrete mdifferent tumor-derived
factors (TDFs), like cytokines, chemokines, andabelites, which promote the
development of a flexible microenvironment inducimgt the generation of new
vessels and the modification of the immune resporiBalkwill, Charles et al.
2005). Probably the most pervasive and efficierattegy of “tumor escape” relies
on the tumor’s ability to create a tolerant micr@esnment by modification of
the normal hematopoiesis. Indeed, cancers can éndbe proliferation and
differentiation of myeloid precursors into myeladlls with immunosuppressive
functions. These cells, named myeloid-derive suggme cells (MDSCs), are a
heterogeneous population of myeloid cells emcompgssarious stages of
differentiation. MDSCs prevent the activation anddtionality of T lymphocytes,
limiting the success of immunotherapy strategiased at eradicating cancer
development. In this study, we demonstrated thatdose of chemotherapeutics
with different molecular targets and cytotoxic antiwidely used in conventional
anti-cancer therapy, were able to selectively deplaonocytic-MDSCs (M-
MDSCs), restoring the T cell proliferation. We ajs@ved that these drugs exert
their action through the activation of the extrinapoptotic death pathway and
with the specific down-regulation of cellular FLICEFADD-like IL-1B-
converting enzyme)-inhibitory protein (c-FLIP), @&Wwknown anti-apoptotic and
drug resistance factom particular, recent study in mice demonstrateat the
heterogeneity between the two main subsets of MD8@sM-MDSCs and the
polymorphonuclear/granulocytic (PMN)-MDSCs, occufsom a diverse
activation of the apoptotic pathways: PMN-MDSCs uieg the anti-apoptotic
molecule MCL-1 for their development; in contrabt;MDSC generation and
survival constitutively requires the presence &¢iLdP (Haverkamp, Smith et al.
2014). Therefore, we verified the hypothesis th&LtP can have also a role in
driving and controlling MDSC immunosuppressive m@xes. Here we describe

that the enforced expression of c-FLIP in cellsn@nocytic origin is sufficient to
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promote a strong immunosuppressive program, cleraetl by the up-regulation
of several immune-related genes. c-FLIP over-exwas generates human
myeloid suppressors, which are potent therapeats to inhibit, bothn vitro
andinvivo, T cell activation/proliferation, and mitigate theverity of graft versus
host disease (GvHD) in immunodeficient mice engihftvith human PBMCs.
Moreover, the link between c-FLIP and the immunouoiatbry properties was
also demonstrated using M-MDSC derived from a gang& (Tg) mouse model
that express FLIP in the myeloid cell lineage. Tperegulation of c-FLIP is both
original and clinically applicable as new method generateex vivo human
suppressor cells for the treatment of immune-medidisorders. Finally, c-FLIP
represents an innovative biomarker that might simpiDSC enumeration and
classification, useful to define the patient's gtatand predict the response to

chemotherapy.
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INTRODUCTION

1. Emergency myelopoiesisand MDSCs.

Myelopoiesis is a structural process where a prggein common precursor
acquires specific markers and functions of ciréntateucocytes, and in doing so
progressively lose the ability to self-renew. Nolinaphysiologic numbers of
mature neutrophils and monocytes are maintained sieady-state myelopoietic
pathway, whereas either acute infection, tissue ad@mor abnormal cellular
growth (cancer) trigger the mobilization of mataeutrophils and more immature
populations from the bone marrow and blood to mfizatory sites. The result of
this mobilization is an early depletion of bone mar reserves, creation of niche
space, and the release of local mediators, which dvive accelerated or
emergency myelopoiesis in the bone marrow. If tleeswlitions resolve quickly,
the balance of myeloid cells is restored withougatee consequences for the
host (Bronte, Brandau et al. 2016). Nevertheleggeat number of pathological
conditions, such as chronic inflammation, autoimmufisease and cancer are
associated with aberrant and sustained myeloppiediaracterized by the
accumulation of immature myeloid cells, deviatednir the standard path of
differentiation. Indeed, many tumor-derived factold@DFs), cytokines,
chemokines and metabolic soluble mediators prorantksustain the expansion
of a heterogeneous population of myeloid cells miataly skewed towards an
immunosuppressive phenotype and endowed with regulafunctions. The
appearance of this tolerogenic population, callegelmd-derived-suppressor-
cells (MDSCs), represents a common trait of camacer other diseases, such as
sepsis, bacterial, viral and parasitical infectjcaustoimmune diseases and aging.
The immunosuppressive properties of certain sulagatsyeloid cells were firstly
highlighted in 1984 by Strober who originally nam#uese cells as “natural
suppressor” (NS) cells. These cells lacked typicaarkers of common
lymphocytes, natural killer (NK) cells and macroges but, surprisingly, showed

a peculiar activity of suppressing T-cell functiolNS cells appear only briefly
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during the early maturation phases of the lymplisislies, in the placenta during
pregnancy and in neonatal maturation of lymphogsues, but they can be
induced in adults by manipulating the lymphoid uess with certain treatment
regimens such as total lymphoid irradiation (TLI) chemotherapy (Strober
1984). Technical limitations in purification andlitwe system plus the loss of a
straightforward phenotype delayed the definition tbé biological role and
activity of NS cells. The first clear involvemeritrayeloid cells in controlling the
immune system and consequently promoting tumor tirevas provided in 1995.
Seung and colleagues demonstrated that the adratiost of the antibody against
the antigen Gr-1 to immunocompetent mice reducedgiowth of UV light-
induced tumor (Seung, Rowley et al. 1995). At tlgibning, this unexpected
result was attributed to the elimination of Gr-granulocytes, but successive
reports proved that Gr-1cells were mostly CD1Tband comprised cells at
different maturation stages, both polymorphonucleand monocyte-like
(Kusmartsev and Gabrilovich 2006, Serafini, Booe#it al. 2006). For many
years the heterogeneity of the CD1/Gr-1" cells and the use of several acronyms
to define them generated some misunderstanding @nadferent groups of
investigators. In an attempt to codify analysis tbe nature and clinical
significance of these cells, in 2007 a board ofestigators agreed to use the
common term “MDSC”, highlighting their myeloid ong their immune-
suppressive function and the systemic expansicimexe cells in cancer-related

context.

1.1. Mouse MDSCs.

MDSCs are characterized by their flexible and pacutomposition for every
disease scenario and often change following thetikis and development of the
disease. In mice, historically, MDSCs were defiasdcells expressing both Gr-1
and CD11b (also known as integri) markers. Nevertheless, recent studies
have led to the identification of two main subsstth different phenotypic and
biological properties: monocytic (M)-MDSCs and puolyrphonuclear

13
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/granulocytic (PMN)-MDSCs. Both the subpopulatiasare the CD11b myeloid
marker but can be easily distinguished by the difieexpression of the two main
Gr-1 epitopes, Ly6C and Ly6G. M-MDSCs (GM1'CD115Ly6C"Ly6G)
display the highest immunosuppressive activity in antigen-non-specific
manner, whereas PMN-MDSCs (GIaAD115Ly6C°Ly6G") are less
immunosuppressive and exert their function by amigpecific mechanisms
(Figure 1A). M-MDSCs are side scatter low ($$@vhile PMN-MDSCs are side
scatter high (SS%. M-MDSCs usually express higher levels of F4/80
(macrophage marker), CD115 (c-Fms, the receptoMeESF/CSF-1), CD124
(receptora of IL-4), and CCR2 (receptor for monocytes chertraatant protein,
also known as CCL2), although these markers areunormly expressed by
MDSCs induced by all tumors. Moreover, M-MDSCs, ot PMN-MDSCs,
when cultured with granulocyte macrophage colonygdtting factor (GM-
CSF), maturen vitro and acquire F4/80 and CD11c expression (Youn, idaga
al. 2008, Dolcetti, Peranzoni et al. 2010). MDS@press variable amounts of
markers associated with early stages of myeloiterdintiation (CD31 and ER-
MP58), low levels of the major histocompatibily colex (MHC) class Il and co-
stimulatory molecules (e.g., CD80), in line witheith origin from immature
myelo-monocytic precursors (Bronte, Apolloni et 2000), as well as the co-
inhibitory molecule programmed death ligand-1 (PDL{(Youn, Nagaraj et al.
2008), which was recently associated with MDSC-deépet impairment of T cell
effector functions. In many tumor models, as wallia cancer patients, PMN-
MDSCs are the predominant subset, representing 80% of the tumor-induced
MDSCs, compared to 20 to 30% of the cells reflectihe monocytic lineage
(Gabrilovich, Ostrand-Rosenberg et al. 2012). Besidthe phenotypical
characterization, what really defines MDSCs isrth@munoregulatory activity.
This property mainly relies on the activity of enmys like arginase 1 (ARG1),
indoleamine-2,3-dioxygenase 1 (IDO1) and nitricdexsynthase 2 (NOS2/iNOS)
(Zoso, Mazza et al. 2014). The two sub-populatials® differ in the effector
pathways used to suppress T-cell activation. M-MBS&lippress CD8T-
lymphocytes proliferation mainly through activatiohiNOS and ARG1 enzymes

and through the production of reactive nitrogercgg®se(RNS). PMN-MDSCs, on
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the contrary, can express some levels of ARG1 bppress mainly through the
release of reactive oxygen species (ROS). A retemamber of M-MDSCs, in
tumor-bearing mice, acquires phenotypic, morphaaigand functional features
of PMN-MDSCs by a mechanism that involves the epégie downregulation of
the retinoblastoma protein (Rb1l) by histone dedas®g (Youn, Kumar et al.
2013). Thus, M-MDSCs not only have the capacitystimngly down-modulate
antitumor immunity but also serve as “precursohsit tmaintain the PMN-MDSC
pool. M-MDSCs proliferate faster than either PMN-BIOs or the normal
monocytes, form colonies in agar, and can generatgle range of myeloid cells
when adoptively transferred to tumor-bearing hakigl, Peranzoni et al. 2012).
By preventing the extrinsic apoptotic death pathwaag the activation of caspase-
8, the cellular FLICE (FADD-like IL-g-converting enzyme)-inhibitory protein
(c-FLIP) is constitutively required for the devetopent of M-MDSCs, whereas
myeloid cell leukemia 1 (MCL-1) protein, which coois the intrinsic
mitochondrial death pathway, is essential for tegetopment of PMN-MDSCs
(Haverkamp, Smith et al. 2014). The plasticityMIDSCs relies on the ability of
these myeloid cells to lose their lineage identity response to specific
environmental signals. MDSC recruitment into theadw side is mainly mediated
by the CCR2/CCL2 axis allowing to maintain the prese and frequency of non-
proliferating tumor-associated macrophages (TAM®pypation (Movahedi,
Laoui et al. 2010). Indeed, TDFs can induce ananpte the tumor-infiltrating
MDSC differentiation in TAMs and tumor-associateglitrophils (TANS).

1.2. Human MDSCs.

In human, the first observations of the presencienofiature cells endowed with
immunosuppressive ability were reported in 199haad and neck cancer tissues
and, initially, these cells were defined as tumdiitrating and blood circulating
CD34 cells, amplified by the tumor-released GM-CSF (Pakight et al. 1995).
To further support the role of enhanced human np@ées in generating
regulatory cells, treatment with granulocytes cglestimulating factors (G-CSF)

15
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and GM-CSF for autologous stem cells transplantati@s shown to induce
suppressive CDT4able to cause CD4and CD8 T cell apoptosis, resulting in
inhibition of T cell function (Ino, Singh et al. 29). All these studies supported
the idea that a myeloid population of monocyticeéige, under specific stimuli,
might become suppressive and a great similaritwéen these cells and murine
MDSCs was noted. Nowadays, CD34 marker is no longaesidered a universal
marker of immunosuppressive cells. These studss ahderline the substantial
heterogeneity of human MDSCs in terms of surfacekera presence and
expression level. The phenotyping of human MDSCsoisplicated by the fact
that Gr-1 is not expressed on human leukocytestipellhuman MDSC subsets
with different phenotypes have been documente@wersl types of tumors in the
last 20 years (Solito, Marigo et al. 2014). All ogfed phenotypes are defined on
the basis of a combination of myeloid markers astdaly suffer from the lack of
a specific marker. The initial assumption that MBS&e solely constituted of
immature myeloid cells (Almand, Clark et al. 2004irza, Fishman et al. 2006),
is now challenged by reports describing MDSCs witbrphology and phenotype
consistent with cells possessing more differerdidgatures. After more than 20
years of intensive study, scientists in the figdde®d upon a multiparametric flow
cytometry assay for the MDSC characterization aoditoring, which allows the
simultaneous detection of different human subdei@nfiruzzato, Brandau et al.
2016). Similarly to what previously described incei M-MDSCs share the
morphology of monocytes and are characterized byettpression of CD14 and
lack of CD15 markers (Filipazzi, Valenti et al. Z0q(Mandruzzato, Solito et al.
2009); PMN-MDSCs contain a cell population resentplgranulocytes and are
phenotypically characterized by CD15 and CD66b esfion and the absence of
CD14 (Schmielau and Finn 2001, Rodriguez, Ernsetffal. 2009, Brandau,
Trellakis et al. 2011). Finally, immature MDSCs-MDSCs are cells with
immaturity characteristics, defined essentiallyliasage negative cells, which
mouse counterpart is yet to be identified (Diaz-Moo, Salem et al. 2009)
(Solito, Falisi et al. 2011) (Figure 1B). A usefubrker for the identification of
immunesuppressive MDSCs is the CD124; in factexgression on MDSCs of

colon cancer and melanoma patients correlated avithore immunosuppressive

16



Introduction

phenotype (Mandruzzato, Solito et al. 2009). HUPMWIDSCs have been well
characterized in a long list of solid tumors: bteeancer, non-small cell lung
cancer, colon and colorectal cancer, sarcoma, lgatlder, melanoma (Diaz-
Montero, Salem et al. 2009), head and neck squacereghoma (Almand, Clark
et al. 2001), carcinoid, renal cell carcinoma (RGRodriguez, Ernstoff et al.
2009), gastrointestinal cancer, esophageal caabif@ss, Annels et al. 2011),
bladder cancer (Eruslanov, Neuberger et al. 200@jthelial cancer (Brandau,
Trellakis et al. 2011). MDSCs were also detecteddifferent hematological
malignancies, such as non-Hodgkin’s lymphoma anttiphel myeloma (Solito,
Marigo et al. 2014). Nevertheless, it remains véifficult to clearly identify
MDSC subsets in cancer patients. PMN-MDSCs are egmysensitive (Trellakis,
Bruderek et al. 2013), thus functional studies banperformed only on fresh
samples. PMN-MDSCs can contaminate peripheral blowhonuclear cells
(PBMCs) separation, as previously described foalreell cancer (RCC) where
patients’ PMN-MDSCs suppressed the proliferation Tofcells by ARG1-
mediated CD3-chain down-regulation (Zea, Rodriguez et al. 2008)reover,
patients with colon and lung cancers display ineeddevels of PMN-MDSCs in
blood as well (Mandruzzato, Solito et al. 2009)ulLiwWang et al. 2010).
Circulating M-MDSCs (CD11hin'CD33'HLA-DR'CD14) and Treg are
increased in metastatic prostatic cancer patiemtgpared to healthy donors and
negatively correlate with patients survival. Furthere, the same study showed
that patient MDSCs isolated from peripheral bloal/én immune suppressive
capabilities on activated T cells, probably throwghregulation of iINOS (Idorn,
Kollgaard et al. 2014). Also M-MDSCs are presend atetectable in the
peripheral blood of melanoma, hepatocellular cantia, and head and neck
cancer patients (Hoechst, Ormandy et al. 2008)leCtolely, all these studies
indicate that expansion of MDSCs in cancer patiénta general phenomenon
accompanying tumor progression. Circulating MDS@ele correlated with
response to therapy (Liu, Wang et al. 2010, HuZhgng et al. 2013) and surgery
(Yuan, Zhao et al. 2011) and the analysis of theical outcome of cancer
patients revealed that MDSC frequency in bloodssoaiated with prognosis and
clinical outcome (Gabitass, Annels et al. 2011).
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Figure 1. Gating strategy for the identification of mouse and human MDSC subsets. A) Gating
strategy used to define MDSC subpopulations in BM, blood and spleen of C57Bl'6 tumor-free or
MCA203 tumor-bearing mice. After exclusion of doublets (not shown), live CD11b" cells were gated
and the proportion of Lv6C and Lv6G cells was evaluated. B) Gating strategy for the identification of
MDSC subsets in the peripheral blood of healthy donors (HD) and melanoma patients. Doublets were
excluded and live PBMC were gated (not shown). (a) CD14°HLA-DR™" M-MDSC. Monocytes were
gated on the basis of FSC and SSC parameters and HLA-DR downregulation was defined by FMO
control. (b) Lin"HLA-DR-CD33* I-MDSC. (¢) CD14-CD15°CD11b" PMN-MDSC.

Adapted from Bronte V., 2016
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1.3.  MDSC immunosuppressive mechanisms.

The ability of MDSCs to control the immune respanaad block T cell activity is
now considered one of the major immunological hatks of cancer (Cavallo, De
Giovanni et al. 2011, Hanahan and Weinberg 201hd@mine, Ramachandran et
al. 2015). MDSCs inhibit immune suppressive funwiowith 4 different
mechanisms: (a) depletion of essential metabolifiels,production of reactive
oxygen species, (c) interfering with T cells migrat and viability and (d) T

regulatory lymphocyte (Treg) induction and M2 matrage reprogramming.

a) Depletion of essential metabolites. Arginine, togitan and cysteine are

essential amino acids for T cells fitness and nwdisin. L-Arginine
represents the common substrate for two enzyme®@Sidind ARGL.
INOS generates nitric oxide (NO), ARG1 convertsrghaine to urea and
L-ornithine. MDSCs express high levels of both eneg. It is well
established that NO inhibit the T-cell signalingscade downstream the
IL-2 receptor, blocking the phosphorylation andwatton of Janus protein
tyrosine kinases (JAK) 3 and signal transducer audivator of
transcription (STAT) 5 transcription factors, dowegulating MHCII gene
expression and inducing T cell apoptosis. Moreokiggh concentrations
of NO exert a direct pro-apoptotic effect on T selinduced by the
accumulation of the tumor suppressor protein p53CiP5 and TNF
receptors family members. ARG1 activity causes depletion of L-
arginine and the translational blockade ofglolain of CD3, preventing T
cells responses. L-Arginine starvation blocks proteanslation through
the accumulation of empty aminoacyl tRNA that aaties the kinase
general control non-derepressible 2 (GCN2) and phaylates the
translational of the eukaryotic initiation factor éfa (elF2) for the
isoform beta (elF2), thus interfering with protein synthesis. Another
amino acid involved in T cell function and immunegulation is
tryptophan. This amino acid degradation is catalylzg the 2 isoenzymes
of IDO enzyme, IDO1 and IDO2. These enzymes areessed by tumor

cells and specific leukocyte subsets such as TAMBgdritic cells (DCs),

19



b)

Introduction

and MDSCs (Srivastava, Sinha et al. 2010) andraw@ved in regulation
of local inflammation. In particular, the 2 enzymestalyze the
degradation of the amino acid along the kynurenpahway. L-
trypthophan starvation activates GCN2 kinase, whithurns inhibits
CD8" T cell proliferation, causing cell cycle arrestdaimducing anergy
and directs CD4T cell differentiation towards a Treg phenotype thg
forkhead box P3 (FoxP3) transcription factor uptagon (Munn, Sharma
et al. 2005); even if these findings are now cimgéx by the
demonstration that GCN2 is dispensable for T déhess independently
of environmental amino acid sensing (Van de Veldap et al. 2016).
Finally, MDSCs compete with antigen presenting <€APC), such as
macrophages and DCs, for cystine import and limé &availability of
cysteine in the microenvironment. T lymphocyteslifgmtion and fitness
rely on the availability of L-cysteine but they kaboth the enzymes to
import it, thus depending on APC, during the immogae synapsis.
Consequently, T cells display impaired activatiomd afunction in a

MDSC-conditioned, poor cysteine environment (Rdired Hus 2014).

Production of reactive oxygen species. ARG1 and NMGtvities not only

have a direct negative effect on T cells, but desad to an increased
production of highly reactive radical compoundsMpSCs, such as ROS
and RNS, all species that have a high reactivityniacromolecules like
DNA, lipids and proteins. MDSCs produce a high antaf ROS, such as
hydrogen peroxide (¥D.), which affects T cell fithess by down-regulating
CD3 ¢-chain expression and reducing cytokine secretisnobserved in
pancreatic cancer and in melanoma (Otsuji, Kimtiia.€1996, Schmielau
and Finn 2001). At high ROS concentration, radica@a directly react
with macromolecules or combine with NO to genenmai@e dangerous
RNS, such as peroxynitrite and dinitrogen trioxiddyich can avoid the
detoxifying system and nitrate/nitrosylate tyrosiwgsteine, methionine
and tryptophan in different proteins and enzymésis tchanging their
biological functions. Under pathological conditiaf&. tumor), RNS may

induce apoptosis and autophagy directing tumor utsl, and more
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importantly suppress T cell trafficking and cytatox functions
contributing in shaping an immune privileged enmirent that promotes
tumor outgrowth. RNS indeed can prevent antigemifipeactivation of
CD8' T cells, altering the immunodominant peptide dtrie; the peptide
loading process on MHC-I on target cells, the remepf T cells (TCR)
binding to peptide-MHC-I complex (Hardy, Wick et aD08) or the TCR
signaling ability (Nagaraj, Schrum et al. 2010). &Ban act o and 3
chain of the TCR and modify leukocytes traffickipgpmoting homing to
tumor of immune suppressive subsets other thanll$. Gehis is in part
mediated by tyrosine nitration of either chemokingCL2, CCLS5,
CCL21, CXCL12) or receptors (CXCR4) (Molon, Ugel &t 2011, De
Sanctis, Sandri et al. 2014).

Interfering with T cells migration and viabilitf.o exert their functions, T

cells require trafficking to lymph nodes and to tursite and this process
represents a target for MDSC inhibitory functiomanks to the activity
of the metallo-proteinase ADAM17, MDSCs cleave theselectine
(CD62L), which is a homing receptor critical foreliting naive T cells to
lymph nodes. Moreover, the RNS produced by MDSCdifypothe
CCL2/CCR2 axis by nitrosylation of CCL2. As a résohly MDSCs but
not cytotoxic T lymphocytes (TLs) are recruitedts tumor (Molon, Ugel
et al. 2011).

d) Treg induction and MZ2-macrophage reprogramming. the tumor

microenvironment, MDSCs produce high amount ofdfarming growth
factorf§ (TGF{}) and interleukin (IL)-10. TGEB- arrests T lymphocytes
cell cycle, blocks the differentiation of CDZ cells in Thl or Th2 cells
and promotes the clonal expansion of antigen-specdtural Treg cells
inducing the conversion of naive CD% cells into induced (i) Treg cells
in combination with other products, such as interie(IFN)-y and 1L-10
or retinoic acid (Serafini, Mgebroff et al. 2008péthst, Gamrekelashvili
et al. 2011). Moreover, by decreasing macrophageyation of IL-12,
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MDSCs skew macrophages towards an M2 phenotypadS@ements et
al. 2007). Thus MDSCs are also able to indirecttpnmte immune
suppression, favoring the generation or the expansf other regulatory

populations (Figure 2).

(1) Depletion of essential lymphocyte-metabolites  (4) Induction of Treg cell and M2 macrophage reprogramming
[ Treg cel differentation/sxpansion |

M2 macrophage polarization

@Pﬂ'ﬂdﬂcﬂbﬂ,o‘f reactive oxygen and nitrogen species @T

Figure 2. Immune suppressive functions of MDSCs. MDSCs inhibit the immune responses by four
main mechanisms. (1) MDSCs deplete essential metabolites for T lymphocyte fitness: lcysteine
(through its altered transport), Il-tryptophan (bv the activation of IDO1) and l-arginine (bv the
activation of both ARG1 and NOS2). The final outcome of nutrient deprivation is T cell proliferation
arrest. The depletion of l-arginine by ARG]1 activity also induces the translational blockade of the {
chain of CD3 that prevents T cells from responding to various stimuli. The production of NO inhibits
the sipnaling cascade downstream of the IL-2 receptor by different mechanisms (green panel). (2)
High arginase and NOX2 activities in combination with increased NO production by the MDSCs lead
to an increased production in ROS and RNS. High amounts of ROS affect T cells by down-regulating
CD3 { chain expression and reducing cviokine secretion. RNS can act on the ¢ and f TCR chains
preventing TCR signaling and promoting dissociation of CD3 { chain from the complex. RNS also
modifies trafficking of leukocytes promoting homing of immune suppressive subsets other than T
cells by nitration/nitrosylation of chemokines (CCL2, CCL5, CCL21, CXCL12) or receptors
(CXCR4) (red panel). (3) MDSCs interfere with T cell migration and viability; in fact, MDSCs
express the metalloproteinase ADAM17 able to cut the integrin CD62L on the membrane of T cells;
moreover, MDSCs express PDL-1, which that binds PD-1 on T cells. promoting their inactivation.
Finally, the TGF-P release bv MDSCs can promote NK cell inhibition (blue panel). (4) MDSCs drive
the differentiation of specific subsets of regulatory cells: by TGF-P release, MDSCs promote the
clonal expansion of antigen-specific natural Treg cells and induce the conversion of natve CD4 T cells
into induced Treg cells. MDSCs skew macrophages towards an M2 phenotype by releasing IL-10
(orange panel). Adapted from De SanctisF., et al, 2016
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1.4. MDSC-induced mechanism of tumor promotion.

MDSCs not only play a role in creating an immungsegsive microenvironment
but can also favor tumor growth and metastatic &préy several other
mechanisms. Firstly, MDSCs can protect tumor céitsn immune-mediated

killing; this mechanism was shown to be importamt the increased

permissiveness for metastasis seen in pregnanecifi8plly, decreased natural
killer (NK) cell functionality in pregnant mice wasdependent on MDSC
accumulation (Mauti, Le Bitoux et al. 2011). MDS@® capable of supporting
tumor growth through remodeling the tumor microeonment (Sevko and
Umansky 2013, Ortiz, Lu et al. 2014). They havenbg®own to produce vascular
endothelial growth factor (VEGF), basic fibroblagrowth factor (Bfgf),

prokineticin-2 (Bv8, a VEGF analogue) and MMP9, edisential mediators of
neoangiogenesis and tissue invasion at the tunter Bhe expression of these
molecules has been linked to MDSC-mediated meiastesl is independent of
their immunosuppressive capacity (Casella, Fedcegh €003, Tartour, Pere et al.
2011). The situation of a pre-metastatic nicheylmch non-cancer, bone marrow
cells promote future metastasis, preparing disbagans for the arrival of tumor
cells might also involve MDSC population (Kaplarsai®a et al. 2006). Mouse
models allowed to demonstrate that MDSCs appethreriungs two weeks prior
to the appearance of metastases and the present®sef cells in the lungs
correlated with decreased immune function of théssues. The hypoxia,
condition of the tumor microenvironment, induce&GF, S100A8/A9, IL-6, and

IL-10 (via activation of the sphingosine-1-phosghetceptor 1 (S1PR1)/STAT3
axis in the lungs), all mediators of the recruittn@md activation of MDSCs in the
lungs and of the establishment of the premetastatiee (Hiratsuka, Watanabe et
al. 2006, Erler, Bennewith et al. 2009, Deng, Liwalke 2012). MDSCs can assist
the metastatic process also by inducing the epih®l-mesenchymal transition
(EMT), a situation in which cells acquire improvegreading skills. In the ret
model of spontaneous mouse melanoma, CDGAD cells were shown to

infiltrate primary tumors in a mechanism that waspehdent on CXCLS5.
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Depletion of these cells resulted in smaller, lesslal tumors and a drastic
reduction in metastasis numbar.vitro co-culture experiments showed that these
cells induced a stem-like phenotype in tumor cafid that inhibition of the TGF-
B, epidermal growth factor (EGF), and/or hepatocgrewth factor (HGF)
pathways could reverse this effect (Toh, Wang .€2@l1).Bona fide MDSCs are
not produced in healthy individuals. Even in thdyeatages of cancer, cells with
an MDSC-like phenotype may not have immunosuppresactivity (Eruslanov,
Bhojnagarwala et al. 2014). Recent evidence hamkedi accumulation of
immature myeloid cells with an MDSC-like phenotypduring chronic
inflammation with the early stages of tumor devebemt. Exposure of mice to
cigarette smoke caused accumulation of these icellsng and spleen; however,
these cells became immunosuppressive MDSCs ongy #ie development of
lung cancer (Ortiz, Lu et al. 2014). Neverthele8®ir depletion increased
survival. In a model of skin carcinogenesis, acclatmn of immature myeloid
cells without suppressive function in the skin atenstrongly promoted tumor
formation that correlates with the CCL4-mediatectugment of IL-17—producing
CD4" T cells (Ortiz, Kumar et al. 2015). CDIThr1" cells were also recently
shown to control cellular senescence promoting aenaggressive disease in a
mouse model of spontaneous prostate cancer traonging the IL-lo—mediated
senescence (Di Mitri, Toso et al. 2014). Anothechagmism of MDSC-dependent
tumor senescence inhibition was described in huroaarian cancer (Cui,
Kryczek et al. 2013). The C-terminal-binding prat@i also known as CtBP2, is
a transcription corepressor recruiting both histdeacetylases, methylases and
demethylases on target genes, which in turn rersadfebmatin condensation and
gene expression. CtBP2 modulates the expressiagemdés involved in sphere
formation in ovarian primary tumor cells. MDSCs dkethis equilibrium and
promote cancer stemness and metastasis throughbtimawf microRNA101 in
tumor cells. The microRNA101 targeting CtBP2 mRNwWuces the expression of
genes involved in sphere formation such as thaneoet-binding transcription
factor 4 (OCT3/4), the sex determining region Y-BdXSOX2) and NANOG.
Accordingly, dense MDSC infiltrate, high microRNALLGexpression and low

CtBP2 levels correlated in ovarian cancer patients a worse clinical outcome
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(Cui, Kryczek et al. 2013). Thus, cells with an MD$ke phenotype play a
significant role in tumor development and prograssvia mechanisms that are

not necessarily related to their ability to supprdsmor-specific immune
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Fignre 3. Pofential role of immature myeloid cells and MDSCs in the regnlation of tumor
development and progression. A) I-MDSCs are produced in response to inflammatory stimuli. However,
these cells often lack immunosuppressive activity. They contribute to tumorigenesis by recruiting
proinflammatory CD47 | cells that promots epithelial cell proliferation. B) Tumor development is
associated with the cxpansion of cclls with acquired immunosuppressive activity (MDSCs). These cells
also promote tumor cell invasion and angingenesis and neutralize tumor cell senescence. C) Tn metastatic
turnors, MDSCs, in addition (o promoting wmor cell invesion and angiogenesis, can support EMT and
differentiation of osteoclasts supporting bone resorption.

Adapted firom Marvel D et al., 2015

responses (Figure 3).

15. Signaling pathways regulating MDSC ontogenesis and function.

There is a strong interest in elucidating the aflsignaling pathways involved in
the regulation of MDSC function. Most signaling Ipaays lead to activation of
transcription factors and genes that are involveckil proliferation, survival, and
differentiation. Therefore, it is imperative to exae the role of cell cycle
regulators during MDSC development and function.e Ténalysis of gene
expression arrays from tumor MDSCs showed a smpmti alteration in the
expression of genes involved in cell cycle contiblis widely believed that
perturbation of signaling pathways that are regluifer myeloid development
leads to the generation of MDSCs. Ras/MAPK, PI3K/Akak/Stat, TGFb,
CCAAT-enhancer-binding proteins (C/EBPand Toll-LIKE receptors (TLRS)
signaling pathways together with the cytokines MFC&M-CSF, G-CSF and
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micro RNAs (miRs) are involved in the regulationwafrious aspects of MDSC
biology. Members of the STAT family (STAT1, STATSTATS and STAT6)
play a crucial role in the polarization of myeloiglls functions. STATs are
phosphorylated by members of JAK families; they etime and are translocated
into the nucleus where they modulate the expressidarget genes. STAT3 is
one of the master transcriptional factors of MDSyamsion and its genetic
ablation promotes a substantial MDSC contraction tumor-bearing mice
(Kortylewski, Kujawski et al. 2005). STAT3 not onpromotes MDSC survival
by inducing the expression of cyclin D1, myc anad lymphoma XL (BCL-
XL), but it also increases the MDSC production @R by phagocytic oxidase
(Corzo, Cotter et al. 2009). STAT1 is the main $@iption factor downstream
IFN-y and IL-18 signaling cascade and controls important genesMBxSC
activity since STAT1-deficient MDSCs are unablarthibit T cell activation due
to the defective INOS and ARG1 up-regulation (Kugsev and Gabrilovich
2005). STAT-1 is involved in the INOS induction negdd by interferon
regulatory factor (IRF)-1. STAT5, one of the maactbrs activated by GM-CSF
in the myeloid lineage, also contributes to requMDSC survival (Xin, Zhang et
al. 2009). The activation of STAT6 as well as STAfduces the up-regulation of
ARG1 and iINOS and leads to the increased produci@uppressive cytokines,
such as TGH- (Takaku, Terabe et al. 2010). Another relevamdcaption factor
for the differentiation of the myeloid lineage aamdnaster switch for “emergency
granulopoiesis” is C/EBP(Hirai, Zhang et al. 2006, Manz and Boettcher 2014
C/EBB3 activates several genes, including c-myc, IL-@l #re gene encoding for
the common signalin@-chain receptor that regulates the signal transagludor
GM-CSF, IL-3, and IL-5 cytokines (van Dijk, Baltes al. 1999). The importance
of C/EBR in MDSC differentiation is demonstrated by the klaof their
accumulation in the spleen of tumor-bearing, C/EBFmice and the failure of
C/EBBP3-deficient bone marrow (BM) cells to differentiaten vitro into
functionally competent MDSCs (Marigo, Bosio et2010). Interestingly, a direct
link between STAT3 and C/EBPexists: STAT3 transduces G-CSF signal and
induces C/EPB expression in myeloid progenitor cells (Zhang, }guJackson

et al. 2010). Moreover, C/EBBcan be regulated by orphan nuclear receptor
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retinoic-acid-related receptor gamma full lengtlotpm (RORC1), promoting
emergency granulo-monocytopoiesis (Strauss, Satigateal. 2015). Also the

TLR family plays an important role in myeloid ceitsthe nuclear factor kappa-
light-chain-enhancer of activated B cells (NB} activation, primarily through

the myeloid differentiation primary response geBgMyD88), and myelopoiesis
during tumor progression (Hong, Chang et al. 20R&cently, phospholipase C
gamma 2 (PL&2) and src homology 2 domain-containing inositol 5
phosphatase-1 (SHIP-1), two enzymes involved insjahygic hematopoiesis,
have been reported to be potential MDSC regulatorsfact, their ablation

promotes MDSC accumulation and their immune sugpregroperties in tumor-
bearing mice, suggesting that they negatively @guMDSC biology (Pilon-

Thomas, Nelson et al. 2011, Capietto, Kim et all30 Finally, different miRs

are either up- or down-regulated during MDSC ddferation. GM-CSF- and IL-

6-mediated MDSC proliferation and differentiati@guired up regulation of miR-
21 and miR-155 (Li, Zhang et al. 2014). On the myt miR-142-3p must be
repressed to allow acquisition of immune suppresgvoperties in MDSCs;

interestingly, miR-142-3p controls the expressibrthe gp130 signaling subunit
of the IL-6 receptor complex, the downstream STAF®sphorylation, and the
balance between different isoforms of C/BBBBonda, Simonato et al. 2013).

16  Strategiesto therapeutically target MDSCs.

Since MDSCs fuel one of the main immunosuppressingelits in cancer, several
pharmacological approaches, which involve either 3D elimination or
modulation of their functions, are currently bemglored in tumor-bearing hosts.
Moreover, these novel approaches could be potgntiahslated to the therapy of
other diseases in which MDSCs can play a pathogenie, such as
immunosuppression/immune deviation associated wftionic infections. For
simplicity, we can divide these MDSC inhibitorsfaur classes according to their
ability to control: firstly, MDSC immune regulatoproperties; secondly, MDSC
development; thirdly, MDSC differentiation; anddity, MDSC depletion.

27



Introduction

Targeting MDSC immune regulatory properties. MDSCs can be functionally
inactivated by targeting their suppressive maclyirgerd, at the moment, several
approaches have been already exploited. Both ARGEOS and IL-4R
expression have been shown to be downregulated a@sponse to
phosphodiesterase-5 (PDE-5) inhibition (SerafirmrrBllo et al. 2006). A clinical
trial (number NCT00894413) with tadalafil, an initds of PDE-5, evaluated the
effect of this treatment on immune function in pats with head and neck
squamous cell carcinoma (HNSCC) and reported tlo#th BRG1 and iNOS

activities were significantly reduced in tadaldfd¢ated patients. Moreover, this

pharmaceutical treatment promoted the contractiobhath circulating and tumor-
infiltrating CD33'HLA-DRIL-4Ra” M-MDSCs in treated patients (Califano,
Khan et al. 2015). In addition, the administratmintadalafil to a patient with
end-stage relapsed/refractory multiple myeloma \abte to strongly reduce
MDSC functions favoring a durable anti-myeloma inmawand clinical response
(Noonan, Ghosh et al. 2014). Other clinical comptsrable to inhibit INOS, are
now under investigation. For example, the use twbsaspirin, a pharmacological
compound able to inhibit INOS activity affecting N®lease, was described to
normalize the immune status of orally treated, tub®aring mice improving
tumor-antigen-specific T responses and enhanciagthventive and therapeutic
effectiveness of the antitumor immunity elicited dgncer vaccination (De Santo,
Serafini et al. 2005). Interestingly, [3-(aminocamyl)furoxan-4-yl]
methylsalicylate (AT38), another NO-donating compowvas shown to decrease
MDSC inhibitory activity by reducing the nitratiosf chemoattractants, such as
CCL2 and CXCL12 chemokines, restoring the T cellitgbto migrate within
tumor primary lesion. Indeed, the administratiorira$ drug significantly reduced
the expression of both INOS and ARG1 enzymes inlonyecells, preventing
RNS generation within the tumor environment (Moloigel et al. 2011). Finally,
inhibition of COX-2 decreased the production of iomosuppressive
prostaglandin E2, limiting cancer progression. gelbéb, the COX2 inhibitor,
supplied in combination with DCs pulsed with tumlgsates improved the
survival of mesothelioma-bearing mice (Veltman, beams et al. 2010).
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Inducing MDSC depletion. Accumulating evidence indicates that the antitumor
activity of chemotherapy also relies on severaltaffet effects, especially
directed at the host immune system, that coopefatesuccessful tumor
eradication (Bracci, Schiavoni et al. 2014). In tigatar, some conventional
chemotherapy agents, such as gemcitabine and &rélaib (5-FU), showed a
highly effective cytotoxic action on MDSCs. In modetails, gemcitabine, an
antimetabolite drug (nucleoside analogue), usedHertreatment of pancreatic,
breast, ovarian, and lung cancers, was reportedefilete MDSCs in tumor-
bearing mice, resulting in enhanced antitumor imiyu(Suzuki, Kapoor et al.
2005, Le, Graham et al. 2009, Tomihara, Fuse et 28i14). Another
antimetabolite, 5-FU, used at low doses, was alsmve to induce MDSC
apoptosis (Vincent, Mignot et al. 2010). Intereglyn MDSCs are more sensitive
to these molecules than other immune cells or turetis. This dominant effect
was explained by a lower expression of thymidylsyathase by MDSCs. The
DNA-demethylating agent 5-azacytidine may also cedthe accumulation and
function of MDSCs induced in the mouse TC-1/A9 afiBAMP-C2 tumor
models (Mikyskova, Indrova et al. 2014). Docetax@, mitotic inhibitor,
semisynthetic analogue of paclitaxel) was shownntpair MDSC-suppressive
function, predominantly by blocking STAT3 phospHation and promoting
MDSC differentiation into M1 macrophages (KodumuWWoan et al. 2010).
Similarly, low-dose of paclitaxel promotes MDSC fdientiation into DCsn
vitro (Michels, Shurin et al. 2012). The anthracycline @obicin has been
described for its plethoric immunostimulatory effecand it was recently
demonstrated, in different mouse cancer modelg, ttha drug selectively, but
however transiently, eliminates and inactivates MIB$Alizadeh and Larmonier
2014). This preferential targeting of MDSCs tratedainto increased effector
lymphocyte to immunosuppressive MDSC ratios anaissociated with enhanced
CD4", CD§', and NK cell activation and pro-inflammatory cyited production,
that are fundamental prerequisites to establisheaapeutic effect mediated by
cancer immunotherapy. For example, a chemo-immenagieutic regimen based
on the association of different chemotherapies adbptive cell transfer (ACT)

of antigen-specific CDST lymphocytes was described to restrain tumor
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development and improve the overall survival of dtwbearing mice since the
chemotherapeutic treatment selectively eliminatdalS@s (Ugel, Peranzoni et al.
2012).

Targeting MDSC development. Another attractive strategy is based on
neutralizing the factors that are involved in MDS&pansion from the
hematopoietic precursors, thus compromising theswetbpment. Although
promising, this task is made complex by the plethar TDFs involved in MDSC
expansion and recruitment. Some of these factawetwer, trigger a common
intracellular pathway in MDSCs that involves theASTfamily of transcription
factors. Among the members of this family, STAT3nisll recognized as a key
regulator of MDSC biology. MDSCs are characterizgda persistent STAT3
activation induced by various alterations in tumaicroenvironment, including
oncogenic activation of receptor tyrosine kinages elease of IL-6, VEGF, and
IL-10. The consequences of STAT3 constitutive ation is the up-regulation of
the numerous STAT3-dependent genes, among whiale thiee anti-apoptotic
(BCL-X\), pro-proliferative (survivin, cyclin D1/D2), argto-angiogenic proteins
(MMP2, MMP9, and HIF). This persistent STAT3 activation also contrilsutie
the increased production of ROS by MDSCs. A selecinhibitor of the
Jak2/STAT3 pathway, JSI-124 (curcubitacin 1), waapable of increasing
Immune responses against tumors (Blaskovich, Swal. é003). This molecule
markedly reduced the number of CDIfr-1" immature myeloid cells in the
tumor microenvironment, both by increasing the@tpsis (up to 50% in a colon
carcinoma model) and by promoting their differetibia into more mature cells.
Another category of drugs comprises molecules dyresed in the clinic, which
might target STAT3 in addition to other factorsn@mib, a tyrosine kinase
inhibitor, is for example used for the treatmentsefveral tumor types for its
alleged anti-angiogenic properties (Ko, Zea et28l09, Ugel, Delpozzo et al.
2009). Sunitinib also acts by inhibiting the STAp&thway in renal carcinoma-
associated MDSCs. Antiangiogenic therapy basedhenmtodulation of VEGF
has also been considered as a possible approachnipulate MDSC expansion.

VEGF is a key regulator of physiological angiogeseduring embryogenesis,
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skeletal growth, and reproductive functions, andh@s been implicated in
pathological angiogenesis associated with tumoeldgwment (Ferrara, Gerber et
al. 2003). VEGF also affects bone marrow-derivetliscgpgromoting monocyte
chemotaxis and inducing colony formation by subsétranulocyte-macrophage
progenitor cells. VEGF-A blockade wusing the humedianti-VEGF-A
mAb bevacizumab (Avastin) was found to inhibit sigantly angiogenesis and
growth of human tumor xenografts (Shojaei and Far@008). Avastin was the
first antiangiogenic agent approved by the Food Bndg Administration of
this antibody was shown to cause also a decreageipool of a MDSC subset
(CD11BVEGFRT cells) in the peripheral blood of RCC patients gKartsev,
Eruslanov et al. 2008). Another 