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‘...understanding how the parts relate to each other
precondition to understanding process and undeditajpprocess is

the precursor of uncovering principles.’

Bateson P Biol. Philos.21, 553-558 (2006)






UiT

NORGES
ARKTISKE
UNIVERSITET

Acknowledgements

This thesis represents the work that | have cawigdduring my Master’s Program in
Biomedicine at the University of Tromsg, Norwayycg January 2014.

First and foremost | would like to express my detpgratitude to my supervisor,
Professoifiigo Martinez-Zubiaurre , from the Department of Clinical Medicine, who
has guided me throughout my thesis with his pagemz knowledge. | thank him for his
continuous support, his stimulating discussions fanchis optimism and encouraging
words when results were unexpected but also fdingetme the space to work
independently and allowing me to make my own denswhich has helped me to grow

professionally.

Special thanks to my co-supervisor, Profe§smrBrynjar Stuge, from the Department
of Medical Biology, for introducing me to the exot world of immunology and for his

useful discussions from beginning to end.

Many thanks also tBr. Turid Hellevik , for introducing me to radiation therapy research

and for showing such a contagious enthusiasm &mareh.
Thanks toKirsten Nilsen Synngvefor her help and guidance with ELISAs andKgtil
André Camilio for introducing me to new lab techniques and gjvine the chance to

learn new skills.

| would also like to express my gratitude to myquds for supporting every decision |

have ever made and to my boyfriend, Anton for bi&land encouragement.

Tromsg_May 2015






UiT

NORGES
ARKTISKE
UNIVERSITET

Summary

Background/aim of the study: Carcinoma-associated Fibroblasts (CAFs) comprise a
heterogeneous population of cells and often reptebe major cellular component of
solid malignancies playing critical roles in tunpwogression and metastasis. The purpose
of this study was to gain more knowledge on the imasuppressive traits of CAFs
isolated from non-small cell lung carcinomas (NS¢L&nhd to explore whether high-
dose radiotherapy (HD-RT), whidias been proven to have highly favorable outcomes
in patients with early-stage inoperable periph&ra cancer, modify CAFs-mediated

immune-regulating functions in one or another dioec

Methods: The study included primary cultures of CAFs isetafrom freshly resected
NSCLC (n = 7) and freshly isolated Peripheral Bldddnonuclear Cells (PBMCS)
isolated from randomly selected healthy volunte&spotential crosstalk between
irradiated or non-irradiated CAFs and T-lymphocytess examined usinigy vitro co-
cultures and PBMCs exposed to CAF-conditioned nmadidM). Relevant cell functions
were analyzed by a series of assays including |ymoytle proliferation assays,
lymphocyte migration assays, Treg assays and Tegtdkine production. In the search
for mechanisms behind the observed effects, assefianolecular assays including
multiplex protein arrays, ELISAs, LC-MS/MS protea®i and cytokines specific
blocking assays were performed. Finally the indircf immunogenic cell death (ICD)
of CAFs in response to HD-RT (1 x 18 Gy) was stddig examining the release of high
motility group box 1 (HMGB1) and ATP into the extedlular space.

Results: All functional assays showed that CAF-derived btdufactors exhibit strong
immunosuppressive effects on PhytohaemagglutinifiRHA-L) stimulated T-cells,
affecting both their functionR<0.001) and migratiorP<0.05) rates, and this effect was
sustained after a single radiation dose of 18 Ggrddver, the 18 Gy irradiated CAF-
secretome contained the same levels of the immynpossisive cytokines, IL-6, TGE;-
PGE2, IL-10 and IDO as the non-irradiated CA-sexret. In addition, HD-RT did not
induce the release of HMGB1 and ATP by CAFs. Findlly specific blockade of well-



Summary

known factors it has been proven that IL-6, TGFRGE2 and Galectin-3 do not play

major roles in the immunosuppressive effects edditeCAFs.

Conclusion: This study demonstrate that CAF-derived solubtdcid mediate strong
immunosuppressive effects over activated T-celloalgh the soluble factor responsible
for these effects remains unknown. On the othedhtims study also demonstrates that
HD-RT do not overcome the immunosuppressive effextsted by non-irradiated CAFs
and fails to induce substantial changes in thetsped immune-regulatory molecules
secreted by these cells. Moreover, CAFs do ndtchvan ICD responses after exposure
to HD-RT.



UiT

NORGES
ARKTISKE

UNIVERSITET

Abbreviations

NSCLC: Non-Small Cell Lung
Cancer/Carcinoma

HD-RT: High-Dose Radiotherapy

CAF: Carcinoma-Associated Fibroblast
BMDC: Bone-Marrow-Derived Mesenchymal
Cell

TAM: Tumor-Associated Macrophages
ECM: Extracellular Matrix

EMT: Epithelial Mesenchymal
Transdifferentiation

a-SMA: a-Smooth Muscle Actin

FAP: Fibroblast-Activation Protein
FSP-1:Fibroblast-Specific Protein-1
PDGF: Platelet-Derived Growth Factor
MMP: Matrix degrading Metalloproteinase
SDF-1: Stromal-Derived Factor 1

IL: Interleukin

VEGF: Vascular Endothelial Growth Factor
HGF: Hepatocyte Growth Factor

EGF: Epidermal Growth Factor

TGF-p: Transforming Growth Factdi-
FGF2: Fibroblast Growth Factor 2

EPC: Epidermal Progenitor Cell

TN-C: Tenascin-C

MDSC: Myeloid-Derived Suppressor Cell
NK: Natural Killer Cell

DC: Dendritic Cell

PGEZ2: Prostaglandin E2

IDO: Indoleamine 2,3-Dioxygenase

PD: Programmed Death

CTL: Cytotoxic T lymphocytes

Th: T helper

IFN-vy: Interferony

M1: Classically activated Macrophage

Treg: T regulatory cell

M2: Alternatively activated Macrophage
M-CSF: Macrophage-Colony Stimulating
Factor

TLR: Toll-Like Receptor

TSP: Thrombospondin

ICD: Immunogenic Cell Death

DAMP: Damage-Associated Molecular Pattern
HMGB1: High-Mobility Group Box 1

CRT: Calreticulin

HSP: Heat Shock Proteins

DMEM: Dulbecco’s Modified Eagle’s Medium
IMDM: Iscove’s Modified Dulbecco’s Medium
FBS: Fetal Bovine Serum

DMSO: Dimethyl Sulfoxide

PBS: Phosphate Buffered Saline

PHA-L: Phytohemagglutinin-L

CFSE: CarboxyFluorescen Succinimidyl Ester
DTT: DiThioTreitol

CM: Conditioned Medium

PBMCS: Peripheral Blood Mononuclear Cells
FACS: Fluorescent-Activated Cell Sorting
GM-CSF: Granulocyte Macrophage-Colony-
Stimulating Factor

TNF: Tumor Necrosis Factor

HRP: Horseradish Peroxidase

TMB: Tetramethylbenzidine

SDS-PAGE: Sodium Dodecyl Sulfate—
Polyacrylamide Gel Electrophoresis

PVDF: Polyvinylidene Difluoride

MS: Mass Spectrometry

LC: Liquid Chromatography

MACS: Magnetic-Activated Cell Sorting
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1. Introduction

Around 1.5 million new patients are diagnosed ablgeancer every year worldwide, and
only 5 % will survive 10 or more years, making lurancer the leading cause of cancer-
related death in both men and worhéWithin lung cancer cases, about 80 % of tumors
are defined as Non-Small Cell Lung Cancer (NSCINSCLC develops from cells lining
the respiratory tract (bronchi, bronchioles ancealy and it can be divided into three
histological subtypes based on how cells appeaertig microscope: Squamous Cell
Carcinoma (30 %), Adenocarcinoma (30 %-40 %) andé.&ell Carcinoma (10 %-20
%)? (Figure 1.1).

Squamous Cell Carcinomais a slow growing cancer which usually begins|in
the squamous cells lining the bronchi. Is strorgdgociated with smoking.

Cells look thin and flat under the microscope.

in the periphery of the lungs and is slow growiBgpnchioalveolar carcinoma, ;‘ ﬂ‘ﬂ*;&:
is a subtype of adenocarcinoma emerging from muoelts in distal u;.-" LA ,,

Adenocarcinomais the most common form of lung cancer. It usudéyelops - ‘?w ,“ e é
. . o Se -s t :_ B PZ‘A
bronchioles or alveoli. Cells form characteristigglandular patterns. , TEPGR" G ;g!,ﬁ

# ¥ .-5. =

=

: Large Cell Carcinoma s the least common type and can appear in arnyps
the lung. Tends to grow and spread quite quicklheolymph nodes and othd
parts of the body. Cells look large and roundedeutide microscope.

=

Figure 1.1 Non-small cell lung cancer sub-typesHistological abnormalities of Squamous
carcinoma, Adenocarcinoma and Large cell carcinontle lung.

1.1.1 NSCLC diagnosis and treatment

When a lung tumor is detected usually by a chesayXtest or by a computerized
chromatography (CT) scan, biopsies specimens areatly obtained by bronchoscopy
or by CT scan ultrasound-guided transthoracic fieedle aspiration to help to diagnose
the tumor. In addition, to know whether the tumas lspread to other parts of the body
or to the lymph nodes within the lungs, patientghhalso undergo a magnetic resonance
imaging (MRI). Currently, a new generation of imagitest called positron emission
tomography (PET) scan is becoming more and morelpdpBased on the uptake of a
radiopharmaceutical tracer, typically fluor-18-l&deeFDG, this imaging reveals areas of

the body with high glucose metabolism usually asged with tumor tissués
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Even though surgery is the most effective treatnf@npatients with early stage lung
cancer (stage I), the fact is that about 65 % tikpts considered post-operative tumor
free, will relapse within two years and subsequemtie from metastatic cancer.
Moreover, due to the lack of adequate screeningearigt detection measurements, most
tumors at the time of diagnosis are in its advanoegerable stages. For this reason,
radiotherapy (RT) has become the most widely ussatrhent for NSCLC patients with
more than half of all patients undergoing RT at egmint during their disease. However,
outcomes are far from being satisfactory

Fortunately, over the last decade, new hope wittehtherapeutic strategies to treat
NSCLC patients have raised. Unlike standard treatspethe new generation of
treatments are more focused on the tumor and tkeoamvironment that supports its
progression. Including cancer immunothefamancer targeted therapgnd high-dose
radiation regimerfsalso referred as stereotactic ablative radiothe(SABR). As | will
explain later, this last treatment has been prdweddave highly favorable outcomes in
patients with early-stage inoperable peripheralglunmorS. In fact, due to the
outstanding outcomes of high-dose radiotherapy ED); this treatment is being

considered also for operable NSCLC

In the year 2000, a highly influential review alientitled the “Hallmarks of cancer” by
Hanahanet al., predicted how the cancer research community wdulth their
reductionist focus on cancer cells, which dominatesl last two decades of the'20
century, to a heterotypic cell biology point of wi.

Today, as Hanahan anticipated, it is widely acakphat the stromal cells within the
tumor microenvironment play an important role ihtae stages of tumor growth and
progressioh*2 Ever since we were in our mother's womb, our scélave been
communicating through a complex system of paracfawors and cell-cell contact
molecules in order to dictate whether a cell remguiescent, proliferates, differentiates,
or undergoes apoptosis. Processes aimed at maigthiomeostasté®

Based on this principle, as cancer cells gain asdraulate genetic mutations, the tissue
homeostasis is altered and consequently, the tassweiated stroma changes into an
activated state called “reactive” strothéFigure 1.2). In other words, the heterogeneous
mixture of non-neoplastic cells in the reactivesta are fundamentally being “educated”
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by neoplastic cells to reciprocate and promote tfipsurvival, invasion and metastasis

through paracrine signaling.

1.2.1 Cell types of the tumor microenvironment
The stromal cell population surrounding the nedpmasells consists of microvascular

endothelial cells, pericytes, activated or reacftileoblasts called cancer-associated
fibroblasts (CAFs), bone-marrow-derived mesenchyrelis (BMDC) and infiltrated or
resident inflammatory and immune cells such asiapeed macrophages called tumor
associated macrophages (TAM) and effector T-céllsthese cells are embedded in a
network of fibrous and non-fibrous proteins cakedracellular matrix (ECMY essential
for the anchorage and migration of invasive ceéligijre 1.2).

In the following sections | will focus on the robé CAFs in tumor progression and the
immune-modulating properties of CAFs.

Immune and o
inflammatory | (70~
infiltrate cells

Z17"  Pericyte l R
. Tumor cell |
' |  Endothelial cell Lymphatic vessel
BMDC

Figure 1.2 “Reactive” tumor stroma. Interactions between tumor cells and stromabkgaibmote both
invasion and angiogenesis:

Adapted from Johanna et al., Nature Reviews Ca8cer
239-252 (2009).

1.3 Cancer-associated fibroblasts

1.3.1 CAFs heterogeneity
CAFs represent the major cellular component of tilmaor stroma in most solid

malignances, and their presence in large numbersften associated with poor
prognosi$® (Figure 1.4). Different authors have reported evidence indigpathat CAFs
can derive from a wide variety of cell sources udohg tissue-resident fibroblasts,

myofibroblast$®, endothelial celf®, pericyte$®, bone-marrow celfd, smooth muscle
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cells'®, mesenchymal stem ceffsaind normal epithelial cefdwhich acquire a CAF-like
phenotype upon recruitment into the “reactive” tummacroenvironment. It has also been
widely discussed whether CAFs derive from carcinaells via epithelial-mesenchymal
trans-differentiation (EMTPY. This possibility however, seems unlikely, sinc&FsS are
not tumorigenic itself and it is still unclear whet CAFs carry genetic alterations or
not?®2¢

The different CAF sources and subtypes may expltearheterogeneity in the expression
of cellular markers within the entire CAF populatiocludinga-smooth muscle actiruf
SMA), fibroblast-activation protein (FAP), fibrolgaspecific protein-1 (FSP-1) or
platelet-derived growth factor (PDGF) receptor (FIX}. This fact contributes to the
difficulty for distinguishing among them and fronther mesenchymal subpopulations

expressing similar markefs

1.3.2 Normal Tissue Fibroblasts versus CAFs
Under normal conditions, fibroblasts maintain eplid homeostasté as well as the

integrity of the connective tissue by continuousdgreting ECM proteins like collagen
and fibronecti®®. Fibroblasts also secrete matrix degrading pretgasuch as matrix
metalloproteinase (MMPs) essential for ECM remaugli Moreover, during wound
healing fibroblasts differentiate into activated afigroblast which act as sentinel cells

that initiate tissue repair and modulate the immasgons®.

In the cancer microenvironment, activated fibrotdasr CAFs acquire an increased
contractile ability similar to the myofibroblast imound healing, which promotes the
expression ofi-SMA as the major mesenchymal marker instead oéutm expressed in
quiescent fibroblasté Unlike wound healing, fibroblasts in tumours rémactivated.
Therefore, cancer has been described as “a wouad néver heals”, due to the
permanently activated fibroblasts and its simijawith granulation tissue during wound
healing?®.

CAFs can secrete increased levels of numerous Ma#@stheir activators urokinase
plasminogen activator (uP%) immune-modulating cytokines and chemokines sisch a
Stromal-derived Factor-1 (SDF-1)/CXCL12, InterleukflL)-1, IL-8 and IL-6, and
growth factors including vascular endothelial griovidactor (VEGF), hepatocyte growth
factor (HGF), epidermal growth factor (EGF), tramsfing growth factof (TGFf),
PDGF and fibroblast growth factor 2 (FGF2). All skesoluble factors are used as
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paracrine signaling to communicate with neoplaatid non-neoplastic cells in the tumor
stroma to eventually promote tumor growth and mesag®3° (Figure 1.4 and as

autocrine signaling to maintain their own phenotype

1.3.3 CAF's role in angiogenesis
The role of CAFs in supporting tumor angiogenesigary well documented. Studies by

Orimo et al.?? showed that when MCF-7-ras human breast canderwete coinjected
with CAFs isolated from an invasive mammary ductdrcinoma, into an
immunodeficient nude mice, tumors grew faster tkanografts infused with normal
control fibroblasts isolated from a non-cancerorgaaf the same patient. In the same
study authors also demonstrated that SDF-1/CXCEl€ased at high levels by CAFs
was critical for the recruitment of endothelial geaitor cells (EPC) thereby promoting
angiogenesis in the xenogr&ftNoticeably increased vascularization was assedtiaith
the rapid growth of the tumor. A different studyyped that PDGF, released by cancer
cells, induced the release of the proangiogenimfaEGF-2, by CAFs when binding to
PDGFR on CAF¥ (Figure 1.4).

1.3.4 CAF's role in metastasis
Metastasis is the process by which cancer cells tea ability to colonize in distant

organs and develop secondary tumors. In orderdiocer cells to form a metastatic niche
they first have to acquire motile properties thiotige EMT biological process. By this
mechanism, cancer cells lose their cell-to-cellesitns and acquire a mesenchymal
phenotype with an aberrant motile and migratoryacap enabling the cells to invade the
surrounding stroma and eventually intravasatethtosascular or lymphatic system. This
process can be promoted by CAFs through the searetiHGF and TGB3%. CAFs can
also promote cell invasion and progression throtigh secretion of ECM-degrading
MMPs. ECM-degradation, in addition to provide theysical space for cancer cells
expansion and motility, results in release of ma@issociated growth factors such as
VEGF, which in turn stimulates tumor angiogen®si®ther factors released by CAFs
have been shown to be important for the acquisiometastatic phenotypes of tumor
cells. For instance, recent studies have reptitadne of the main matricellular proteins
released by CAFs, Tenascin-C (TN plays a key role in forming a metastatic niche
by enhancing NOTCH and WNT signaling pathways incea cells which triggers cell

motility and colonization by inducing loss of fo@lhesions and by providing at the same
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time a substratum that supports cell migratioN-C is also associated with tumor
angiogenesi$ (Figure 1.4). Besides the established role of fibroblasts ianmwting
EMT, other evidence indicate that CAFs can alsadl ldee breakout from the primary
tumor together with the cancer cells and entertimeccirculation figure 1.3) This way,
CAFs not only protect metastatic cells in the bleodulation but they can also provide
a favorable tumor microenvironment at the metastite’®4°

In yet another study witin vivo xenograft models, it was demonstrated that FSP-1
positive CAFs enhance tumor metastasis by promatimigflammatory environmetit

All mentioned evidence put forward the pro-invasarel pro-metastatic roles of CAFs

during cancer progression

Leading fibroblasts

Following SCCs Figure 1.3 Fibroblasts followed by squamous cell
carcinoma (SCC) cells in the process of invasion.
Fibroblasts (in red) are clearing the path intoveanatrix for
SCC (green) invasiorAdapted from Gaggioli et al., Nature
Cell Biology9, 1392-1400 (2007).

1.4.1 Inflammation: a hallmark of cancer
The presence of cytokines and chemokines reledasedhalevels by neoplastic and non-

neoplastic cells, the activated angiogenic vasuotgatthe increased levels of tumor-
infiltrating immune cells and the necrosis encoteddn human solid tumors perfectly
mirrors the chronic non-healing wound-mediated aimfination. Historically, this

inflammation was considered as an attempt by thewune system to cure cancer.
However, accumulating evidence from the beginnirigthds century indicate that

inflammation indeed enhance tumor progres€oiherefore, inflammation is now
acknowledged as one of the hallmarks of caickrfact, chronic inflammatory disorders
or wounded tissues have the potential to develtpartumof? due to the presence of
reactive nitrogen and oxygen species released dyntfiltrating immune cells which

interacts with DNA in proliferating cells resulting irreversible genomic alterations
hence favoring the acquisition of a more invasikentypé®.
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1.4.2 Immune escape
The characteristics described above may explain, wegpite expression of tumor

antigens in large numbers, most malignant cellsetgw a process of cancer immune-
editing by which under the pressure of an efficiemhune response, less immunogenic
tumor cells are selected out of the immune attdcBome of the mechanisms that have
been described in the literature through which eawells escape immune-surveillance
are summarized ifiable 1.4

Table 1.1 Mechanisms of immune evasion

Strategy Mechanism

Hide identity Mutation or down-regulation of tumor antigens
Mutation or down-regulation of MHC- |

Defects in MHC-I antigen-processing machinery (eTgAP, LMP
deficiency)

Release of immunosuppressive factc Cytokines (TGF3, IL-10, VEGF, PGE2)
Other Factors (soluble FAS, FASL and MICA)
Tolerance induction Recruitment of Regulatory T-cells through CCL22 rol&ine

Recruitment of myeloid-derived suppressor cellodigh CCL2
chemokine

Expression of ligands for T-cell inhibitory receggtde.g. PD-L1)

Immune deviation (i.e., change from Thl dominantmuime
response to a Th2 status)

Apoptosis resistance Expression of anti-apoptotic molecules in the claem
Mutation and down-regulation of pro-apoptotic moies

Given the importance of tumor inflammation in thevelopment of cancer, much effort
has been put into understanding the reciprocalaégun of tumor cells and inflammatory
cells within the tumor microenvironment includingeffector cells, TAMs, myeloid-
derived suppressor cells (MDSC), Natural Killer (N¢€lls and their secreted cytokines
to establish immunoevasithnIn spite of the increasing awareness on theplalged by
CAFs in tumor progression, data on the impact oF€An the overall tumor immunity

IS now just starting to emerge.

1.5.1 CAFs and lymphocytes
The complex cocktail of cytokines and chemokinestbin the inflammatory milieu of

tumors attracts a wide variety of different leukisy including macrophages,
granulocytes, NK cells, myeloid dendritic cells (P&hd lymphocytes. Although effector
T-lymphocytes appear to constitute the majoritythef tumor-infiltrating leukocyté$

these cells seem to be incapable of destroying itstmo
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Growing evidences also show that different immuppsessive mechanisms are behind
this phenomend®“® and that CAFs may play a rolEigure 1.4) by releasing immune-
regulating cytokines such as T@P% TGF{ regulates many cellular processes including
proliferation, differentiation and migratidhand in the context of tumor immunity this
cytokine is known for its ability to suppress thgatoxic function of CD8 T-cells
through the Smad2/3 pathway?® and for its ability to down-regulate mRNA levelf o
the activating immunoreceptor NKG2D on NK c&f®and CD8 T-cells?>°

In metastatic melanoma, CAF-derived PGE2 (ProstalgteE2) appears to be involved
in the down-regulation of NK cells natural cytotoixy receptors, NKp44 and NKp30,
compromising the ability of NK cells to kill tumdfs Consistent with these outconigs

et al.>’ demonstrated ifn vitro experiments the inhibition of both indoleamine-2,3
dioxygenase (IDO) and PGE2 released by hepatoaelihFs, could partially recover
NK cell functions.

In addition, lung-tumor derived CAFs are repori@duppress lymphocyte activation and
proliferation through cell-cell contact via the icinbitory molecules, programmed death
(PD)-ligand (L)1 and PD-L?.

1.5.2 CAFs and immune deviation
An effective systemic anti-tumor immunity involvdle activation of both CD8

cytotoxic T lymphocytes (CTL) and the CD# helper subset T helper 1 (Th1). This type
of response is also known @&l immunity which is characterized by the release of
(Interferon) (IFN)y into the extracellular space. IFNstimulate DC-mediated Thl
differentiation, enhance classically activated (Migcrophages and increase the surface
expression of MHC class | and Il molecifes/nfortunately in most cancers, as the tumor
progress the “reactive” tumor stroma may drive aitdw towards a Th2
Immunosuppressive cytokine profile, which includest, IL-5 and IL-13, promoting
tumor growth and invasiéh Cells involved in Th2 immunity includes T regulat cells
(Treg), MDSCs, alternatively activated macropha@48) and the T helper subsets Th2
and Th17 Figure 1.4).

This shift from Thl to Th2 immunity depends on tytokine milieu and accumulating
evidence show that CAF-derived soluble factors play an important role. The prove

of this theory is that elimination of CAFs with &P vaccine in mice challenged with
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4T1 tumor cells (i.e., metastatic breast canceraf)ptlas been shown to promote a shift
towards Th1 cytokine expression which resultedhikition of tumor angiogenes$fs

But which CAF-derived soluble factors promote imrmaweviation?

It has been suggested that CAF-derived IL-6 infiibit polarization by suppressing IFN-
y-mediated signaling through SOCS-1 (suppressotkme signaling), and this up-
regulation interferes with the JAK-STAT cytokineysaling pathwalt. In yet another
study, CAFs activated by ILBland TNFe has been shown to release a cytokine called
Thymic Stromal Lymphopoietin which favors DC-me@itTh2 polarizatiof?.

1.5.3 CAFsand Thl7
Th-17 subsets have been named after their signati@etor cytokine IL-17 which acts

to recruit other immune cells, that in turn releaseer cytokines resulting in a pro-
inflammatory cytokine cascade reaction that pronuatecer progressiéh Thus, high
levels of Th-17 is also associated with poor pragmand cancer relagéeSince Th-17
differentiation requires cytokines such as TEHAL-6 and IL-1°° and CAFs are proven
to release these cytokines in the tumor strongmdtiggested that CAFs may be favoring
somehow the expansion of this T-cell subfsevloreover, in the same study authors
demonstrated that CAF-released chemokine CCL5 talewn as RANTES) and CCL2

(or MCP-1) mediated migration of Th17 cells to theor microenvironment.

1.5.4 CAFs and Treg cells
Little information exists on the relation betweereds and CAFs, but their differentiation

and recruitment into the tumor stroma has beercagsd with cytokines and chemokines
released by CAFg-{gure 1.4).

Treg cells are CD4 CD25, FOXP3 positive T-cells that can inhibit T-cell effector
functions in a direct cell-cell contact dependerdanmer or through the release of
immunosuppressive cytokines such as TG#Rd IL-1G7. Based on the idea that TGF-
B may affect the generation of Tregs by stimulatiexpression of the FOXP3
transcription factor required for Treg differenidat and activatioff, it is thought that
CAFs can induce Treg differentiation and recruitit®nTGF$ secretiof’. In line with
this theory Kinoshitat al,®® found a positive correlation between the presefc@AF-
released soluble factors (T@FVEGF) and the induction of positive FOXPBregs in
NSCLC.
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15,5 CAFs and TAMs
Tumor-associated macrophages are derived fromlainag blood monocytes attracted

to the tumor microenvironment by the same chemakithat mediate Th17 migration,
CCL2. Other chemokines also involved in TAM-infdtion are VEGF and Macrophage-
Colony Stimulating Factor (M-CSF) Accumulation of TAMs in tumors has been
associated with tumor hypoxia, which together wather tumor microenvironmental
conditions, promotes polarization of the infiltrdtenacrophages towards the M2
phenotypé'. M2 macrophages, also known as alternatively attiv macrophages differs
in all aspects from the classically activated M&mpdtype: M1 polarization is dependent
on IFN+ and toll-like receptor (TLR) downstream signalsl @& involved in triggering
an anti-tumor immune response, and thus Thl immes@onse. M2 polarization on the
other hand, is induced by Th2 cytokines IL-4 anel8, and other immune-regulatory
cytokines such as IL-10 and TH&5and is important for wound repair and to control
inflammation. In addition, activated M2 macrophagas suppress T-cell activation and
proliferation by releasing prostaglandins, IL-10dafiGF$’2 Thus in analogy to
Th1/Th2, polarization towards M2 phenotype is agged with tumor growth, invasion
and metastasis.

CAFs from prostate cancer are reported to senreteased levels of CCL2 and CXCL14
associated with macrophage infiltration, tumor gloand metastagfs’s Supporting this
evidence, another study on oral squamous cell rramta, demonstrated a positive
correlation between CAFs and M2 macrophdheSAF-derived IL-6 has also been
reported to switch monocyte differentiation frontigen presenting DC to TAM by up-

regulating the expression of M-CSF receptors onaougies®,

1.5.6 CAFs and MDSCs
Myeloid-derived suppressor cells are a heterogenpopulation of immune cells which,

like TAMs, can be generated in the bone marrovesponse to cytokines released in the
tumor microenvironment. Even though the relatiopsietween CAFs and MDSC is not
yet fully understood, it is thought that CAF-dedv&€CL2 can also recruit MDSE

1.5.7 CAFs and ECM molecules
Another mechanism by which CAFs may mediate immdeeation away from Thl

signature is through the release of matricellutatgins like TN-C and thrombospondin-
1 (TSP-15°. Besides promoting tumor cell migration and ineasiTN-C may also inhibit

T-cell proliferation by binding to the T-cell redepCD3 complex and by down-

10
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regulating the expression of IL-2 receptors on Myrocyte®. TSP-1 is another
immune-modulating protein with increased expresgidmmor tissues. Even though the
role of TSP-1 in cancer progression remains coetsal, it has been proposed that TSP-
1 can interact with immune cells and suppressuhfase expression of MHC class Il and

co-stimulatory molecules on DC, inhibiting DC-meeih Th1 differentiatio??.

11
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Tumor cells and immune cells
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Figure 1.4 Carcinoma-associated fibroblasts (CAF€)s modulators of tumor progression and metastasi€AF<
are a heterogeneous population of cells with aiwated phenotype that can promote tumor growth@ndressio
through a varigt of mechanisms including increased angiogenasisiunosuppression, matrix remodeling an
facilitating epithelialmesenchymal transdifferentiation (EMT) of cancdisc& hese effects are mediated thro
paracrine signaling. CAFs can additionally affaetor progression indirectly by releasing extradal matri
proteins and recruiting tumor promoting cells sashTumorassociated macrophages (TAMs), Myeloid der
suppressor cells (MDSCs), Tregs and Th17 promaisbift to Th2 polarization.
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1.6 Radiation Therapy

1.6.1 Radiotherapy in NSCLC
Even though projects like Early Lung Cancer Actitoject (ELCAP) found that patients

diagnosed at Stage | of lung cancer have an 88a¥tcehof living another full decatfe
annual screening for populations at risk for lurgaer is not yet available in most
countries. Therefore, as stated previously, in nuastes since early lung cancer is
asymptomatic by the time of diagnosis is in its atbed or metastatic stages.
Unfortunately for these cases, surgery, is unlikelgure the cancer. In some other cases,
although lung cancer is detected early, patie@sat suitable for surgery resection due
to advanced age or tobacco-related pulmonary 8lnes

Radiotherapy (RT)Higure 1.5 is then used as an alternative approach to pedeichl
treatment in these cases for its ability to inffA damage and cell death. However,
the response to conventional radiotherapy and \&irvates has been proved to be very
modest’. A reason for this poor outcome could be becabsedbse per fraction in
conventional RT (2 Gy) is too low to control thentor. Fortunately, in the last decade,
the advancement of imaging tools for planning Ras lbeen essential to accurately
localize the tumor-bearing aréa(Figure 1.6. Techniques like image-guided
radiotherapy (IGRT) can monitor during the cour$eauliation treatment, the organ
movement, the tumor shrinkage as well as the hrentbf the patierff®’ These
revolutionary techniques have allowed deliveryighler radiation doses per fraction than
the conventional 2 Gy with an acceptable toxi€ity In inoperable early stage NSCLC,
HD-RT delivered at 54 Gy in 3 fraction regimensx(38 Gy) has been able to achieve
outcomes comparable to that of surgery with 98u%aar control and 56 % overall
survival at 3 yeafd83

Figure 1.5 More than 100 years of experience in teging cancer patients with ionizing radiation The
progress in cancer imaging tools have allowed aenamcurate radiothepy planning, more preci
radiation therapy dose delivery and a greater nbtisgue sparing today than in 1899.

13
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Figure 1.6 Coronal view of radiation treatment planfor a lung tumor in the right upper lobe. Planning
target volumes is defined within the red line antl neceive the prescribed dose (39 Gy) (3 time<zE3.
Highest dose (39 Gy) delivered is shown in red evtile blue areas are spared to less than 1006y
optimal dose planning for each patient is essetatialoid delivery of high radiation doses to nortissues
and organs while securing maximal dose to the targeme.

Adapted from - http://www.wienkav.at/kav/kfj/91033454/physik/oaiaXOD729_SBRT.htm

1.6.2 Radiation therapy can modulate tumor immunogenicity
Recent evidences indicate that RT may induce antdbt immune responses by the

generation of tumor antigens and the release ajetagignals. During many years it has
been believed that radiotherapy exerted exclusivetgunosuppressive effects triggered
by the collateral damage in the tumor tissue artti@édissue-resident antigen presenting
cells causing lymphocytopefif#’. However several recem vivo experiments and
clinical observations have reported a regressiatisiint metastatic tumors outside the
radiated fiel@°C Clearly, this systemic tumor response called @baicresponse (i.e.,
away from the target) is more likely to be explaigy a RT-induced pro-immunogenic
effect than by a RT-induced immunosuppressive effec

But how does radiation promote systemic immune aesp? Radiation can promote
cross-priming of anti-tumor T-cells by causing inmogenic cell death (ICD) associated
with the release of danger signals or alarmins fdymng tumor cells. These alarmins,
also known as damage-associated molecular patieAidPs) trigger DC activation and
maturation by binding to TLR among other cell soefaeceptors and enhance MHC class
| and class Il presentation of the tumor antigenvee peptides to CD8&nd CD4 tumor-
specific T-cells respectively. In turn, primed CDBcells migrate to the tumor tissue and
execute their effector functionsigure 1.7). Danger signals that coordinate ICD includes
the extracellular release of the high mobility grdaox 1 (HMGB1) which is a nuclear
DNA binding protein, the surface translocation loé ttndoplasmic reticulum residing
protein, calreticulin (CRT), the extracellular r@se of heat shock proteins (HSPs) 70 and

90 associated with stress cells, and the releas@®finto the extracellular spate

14
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However, the effects of radiation depends on sévactors including fraction numbers
and dose per fraction, tumor microenvironment, $ypemutations carried by the tumor
cells as well as their position in the cell cyctdhae time of radiation. Altogether, these

issues dictate the cell death pathway induced faunslif the process culminate in ICD or

n0t92,93

Radiation can induce various modes of cell deathitlzan also modulate the expression
of other cell surface molecules with immune-modatafunctions making tumor cells
visible to the immune syster&igure 1.7). Vascular endothelial cells, respond to RT by
up-regulating the expression of adhesion molecwlascular cell adhesion molecule-
1 (VCAM-1), E-selectin and Intercellular Adhesion Molle-1, facilitating T-cell arrest
and adhesiofl. RT can also induce expression of T-cell chemakitike CXCL16 that
promote primed CD8 T-cell adhesion and extravasation into the tumor
microenvironmer!f. Additionally, RT may increase the expression ofi® class |
molecule€® and NKG2D ligand¥ on the surface of tumor cells thereby increasivgy t
chances of antigen-specific CD8-cells and NK cells to recognize a tumor cellwLo
dose radiotherapy but not high-dose radiotherapgymably induces macrophages to
shift towards M1 phenotyg® Finally, RT can up-regulate expression of the Fk@th
receptor on tumor cells enhancing the ability dieetbor T-cells expressing FASL
(Ligand) to bind to and kill the cancer céls

Radiation can also modulate the cytokine produatitthin the tumor microenvironment.
For instance it can up-regulate the release of{Rhich can not only directly exert anti-
tumor immune effects but it can also promote T-attiecells recruitment, enhance DC

maturation and up-regulate MHC-I molecules on tun®lis among other effects.

1.6.3 Radiation induces a senescent-like phenotype in GAF
Besides the impact of RT on immune cells and tucetis, RT may induce phenotypic

changes on tumor-resident fibroblasts that carctftenor development. Many studies,
reviewed elsewhe?e concur that CAFs can survive ablative doses abE¥eGy.
However, CAFs exposed to single high-doses abové&syQentered into a state of
permanent cell growth arrest called senescencadugcing irreversible DNA foé?1102
Even though cells in senescent state do not divits;, are metabolically active which
means that the cells can still release solubleofacBut how the irradiated senescent-

secretory phenotype differ from the non-irradia@dF-secretory phenotype and how

15
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these soluble factors affect tumor progression,arescontroversial. While one study
reported that senescent lung-CAFs have a reducpression of the pro-angiogenic
molecules SDF-1, angiogenin and TSP-2 and showedderate reduction in migration
rates of Endothelial Cell liné8. In another study senescent human lung-fibroblasts
coinjected with cancer cells in nude mice enhargatter cells growth associated with
an increased expression of MMPs Supporting this last studgampisiand colleagues
have shown that senescent normal fibroblasts niaylstte pre-malignant and malignant
epithelial skin cells to proliferate in culture diodm tumors in mic¥>1% However, these
two last studies that reported a senescent-fibsbhpao-malignant phenotype, were
carried out with fibroblasts cell lines but not lviteactive CAFs. It is important to keep
in mind that CAFs are “activated” cells that releadevated levels of a wide array of
tumor-promoting molecules such as matrix moleculgsp-angiogenic factors,
immunosuppressive factors among other growth facfeigure 1.4), while fibroblast
residing in normal tissues are “resting” cells préasg a different secretory phenotype.
In general, relatively little information exists dine role of irradiated CAFs in cancer

progression. However, this area of knowledge regmmssthe main interest of our research

group.

Lymph node

Tumor cell dyin
B ® 94‘
°@

ﬁ%

¥
Q
to blood

circulation

Figure 1.7 Effects of radiotherapy (RT) on the tumo microenvironment. RT can induce immunogei
tumor cell death which leads to the release of dgraasociated molecular patterns (DAMPS), trigge
DC activation and maturation. Mature D@sive to the draining lymph nodes and prime amtigpecific
CD8" T-cells. In turn, primed CD8T-cells migrate to the tumor tissues and exedéi effectorfunctions
against radiotherapsesistant tumor cells. Other effects of RT on tlhadr microenvironment includes-
expression of VCAM-1, Teell chemokines, CXCL16, the increase surface esgiwa of MHC class
molecules on tumor cells and macrophages shift idsv81 phenotypeAdapted from Demaria et ¢
Frontiers in Oncology2 1-7, 2012.
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2. Aims of the study

Previous studies have reported that CAFs signifigaimduce immunosuppression.

However, it remains incompletely understood by Wwhicechanisms CAFs exert their

immunosuppressive role. Additionally, in the contekradiation, several studies agree

that fibroblasts exposed to single high-dose raéi@py undergo extensive and

irreversible phenotypic alterations: however, noicmattention has been paid yet to the

potential consequences of irradiation on CAF-mediammune-regulatory functions.

Thus, in the present project we aimed at studyimgnune-modulating properties of

primary CAFs isolated from NSCLC tumors towardsgteeral blood T-lymphocyteis

vitro, and to ascertain whether these regulatory funstilecome changed after exposure

to radiation. The main goal of this study has bméydivided into the following sub-goals:

1.

To explore CAF-mediated immune-regulatory effectsaotivated T-cells during

co-culture.

To ascertain whether the observed effects are eulhg paracrine soluble factors
or mediated by cell-cell contacts.

To study whether the same immune-regulatory effescts observed when
fibroblasts are irradiated.

To ascertain if high-dose radiation induces immumg cell death signals on
CAFs.

To search for potential CAF-produced effector moles by analyzing expression

of immune-suppressive molecules in CAFs supermatant
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3. Materials

Catalog # Supplier Origin

Classical Media
Dulbecco's Modified Eagle Medium (DMEM) D6046 SigwAldrich USA
DMEM/F-12 (1:1) 31330-038 Gibco UK
Iscove’s Modified Dulbecco’s Medium (IMDM) BE12-2E Lonza Belgium
Supplements
Fetal Bovine Serum (FBS) S0115 Biochrom Germany
Penicillin-Streptomycin P0O781 Sigma-Aldrich USA
Insulin-Transferrin-Selenium (ITS) 354350 Corning SA
Fortecortin (4mg/mL) 759423 Merck SPAIN

Catalog # Supplier Origin
Cell Detachment
Bacterial-Collagenase C9407 Sigma-Aldrich USA
Enzyme-Free detachment solution S-014-B EMDMillgor Norway
Trypsin-EDTA T4049 Sigma-Aldrich USA
Cell Freezing
Dimethyl Sulfoxide (DMSO) WAK-DMSO-10 GMBH Germany
PBMC lIsolation
Lymphoprep 1115754 Axis Shield Norway
Cell Washing
Phosphate Buffered Saline (PBS) D8537 Sigma-Aldrich USA
Bovine Serum Albumin (BSA) 43013790 AppliChem Paare  Germany
Mitogenic Reagents
Phytohaemagglutinin-L (PHA-L) 1249738 Roche Germany
Lysis Reagents
Triton X-100 T8787 Sigma-Aldrich USA
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3.3 Supplies
Catalog # Supplier Origin

Cell Culture Surfaces
96-well-plate white sterile plates 655073 Greina@-Bne Germany
Costar® Low attachment 24-well-plates CLS3473 Sigitdrich Netherlands
FalcoriMTissue culture 24-well-plates 353047 BD Falcon USA
FalcorfMTissue culture 6-well plates 353046 BD Falcon USA
NuncPetriDishes 249964 ThermoScientific USA
NuncEasyFlask 25¢ 156367 ThermoScientific Denmark
NuncEasyFlask 75¢ 156499 ThermoScientific Denmark
NuncEasyFlask 175¢m 159910 ThermoScientific Denmark
Transwell cell culture inserts CLS3464 Sigma-Aldrich USA
Cell Freezing
Nunc CryoTube Vials 363401 ThermoScientific Denmark
Other Supplies
Centrifugal Concentrator (VIVASPIN 6) Vs0612 Staiig Stedim Germany
Surgical blade P308 PARAGON UK
Syringe 300613 BD plastip Spain
Syringe Filter Unit SLHAQ033SB EMDMillipore Ireland
Nunc® inoculating loops 17773 Sigma-Aldrich USA
3.4 Stains and Dyes
Name Catalog # Supplier Origin
Cell Tracé™ CarboxyFluorescein Succimidyl Ester (CFSE) Caus5 Molecular Probes  USA
3.5 Antibodies

Conjugate Catalog # Supplier Dilution Origin
mAntibodies
Mouse anti-human CD4  PE-Alexa FIG&810 MHCDO0422 Molecular Probes 1:100 USA
Mouse anti-human CD8  PE MHCDO0804 Caltag Laborasoriel:50 USA
Mouse anti-human CD25 PE 341011 Becton Dickinson 101: USA
Primary antibodies
IDO mouse NBP2-21672 Novus Biologicals 1:500 U.K
HMGB-1- ChIP grade rabbit Ab18256 abcam 1:500 U.K
Secondary antibodies
Rabbit anti-mouse IgG  HRP Ab97046 abcam 1:5000 U.K
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Goat anti-rabbit IgG HRP Ab6721 abcam 1:5000 U.K
3.6 Drugs

Catalog # Supplier Reconstitution Origin
Anti-Inflammatory Drugs
Tocilizumab (RoActemra 20 mg/ml) 375823-41-9 ROCHE - U.K.
Diclofenac (FW = 318.1 g/mol) 15307-79-6  Cayman@ieal 50 mM in DMSO USA

Anti-TGF-1,2,3 Antibody MAB1835 R&D Systems 0.5mg/mLin PBS USA
Anti-hGalectin-3 Antibody AF1154 R&D Systems 1 md/im PBS USA
3.7 Recombinant Proteins
Catalog # Supplier Reconstitution Origin
Chemokines
Recombinant Human SDFd - 300-28A PeProTech 1@y/mL in 1 % HSA USA
Cytokines
Recombinant Human TGt 100-21 PeProTech UK
Recombinant Human IFN- 300-02 PeProTech 1 mg/mL in gMwith 0.1 % BSA USA
3.8 Kits
Catalog # Supplier Origin
ELISA Kits
Human IFNy DuoSet® ELISA DY285-05 R&D Systems USA
Human TGFB1 DuoSet® ELISA DY240-05 R&D Systems USA
Human TNFea DuoSet® ELISA DY210-05 R&D Systems USA
Indoleamine-2,3-Dioxygenase ELISA kit SEB547Mu eClone Corp. USA
Prostaglandin EExpress EIA Kit 500141 Cayman Chemical USA
Multiplex Protein Array (luminex) Kits
Bio-Plex Calibration Kit 171-203060 BIO RAD USA
Human Cytokine 10-Plex Panel LHCO001 Invitrogen USA
Immunogenic Cell Death Signals Kits
ATP Release Assay FF2000 Promega USA
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3.9 ELISAs Reagents

Catalog # Supplier Origin
DuoSet® ELISA Ancillary Products
Reagent Diluent Concentrate 1 DY997 R&D Systems USA
Color Reagent A and B DY999 R&D Systems USA
Tween 20 P416 Sigma-Aldrich USA
Sulphuric Acid (HSQr) 95-95% 100731 Millipore Germany
HEPES H3784 Sigma-Aldrich USA
Sodium Hydroxide (NaOH) (FW = 40) 71690 Sigma-Addhri USA
Wash Buffer (25x) WA126 R&D Systems USA
Reagent Diluent Concentrate 2 DY995 Sigma-Aldrich SAU
Normal Goat Serum DYO005 R&D Systems USA
Tris (FW =121.11) 72H5601 Sigma-Aldrich USA
Sodium Chloride (FW = 58.44) K26478104917 MERCK Bany
3.10 FACS Flow Products
Catalog # supplier Origin
Reagents
FACSFlow 342003 BD Bioscience Netherlands
FACSRinse 340346 BD Bioscience Netherlands
Tubes
Falcon™ Round-Bottom Polystyrene Tubes 352235 Bos&ence USA
3.11 Gel Electrophoresis and Western Blotting Products
Catalog # Supplier Origin
Gels
NuPAGE gel NP0335BOX Invitrogen USA
Reagents & Buffers
20x NUPAGEPMOPS SDS Running Buffer NPO0001 Invitrogen USA
4x NUPAGEPLDS Sample Buffer NPO0007 Invitrogen USA
10x NuPAGE reducing agent NPO0009 Invitrogen USA
Coomassie Staining Blue LC6065 Invitrogen USA
20x NUPAGPE Transfer Buffer NPO0006 Invitrogen USA
Antioxidant NPO0005 Invitrogen USA
MagicMark™ Xp Western Protein Standard LC5602 Invitrogen USA
PVDF transfer membrane, 0.45 88518 Invitrogen USA
Super signal West Pico Chemiluminescent SubstrateC-2(Bl8 ImmunoCru?! USA
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3.12 In gel-reduction, Alkylation and Digestion Reagents

Reagents Catalog # Supplier Origin
LC-MS grade Acetonitrile (ACN) P185188 VWR USA
DiThioTreitol (DTT) 43815 Sigma-Aldrich USA
lodacetamide (IAA) 16125 Sigma-Aldrich USA
LC-MS grade Formic Acid (FA) 85174 Thermo Scielatifi USA
Trypsin Porcine V5111 Promega USA
3.13 MACS Products

Catalog # Supplier Origin
Accessories
MACS MultiStand 130-042-303 Miltenyl Biotec USA
Separator
MidiMACS Separator 130-042-302 Miltenyl Biotec USA
Reagents
CD4 MicroBeads 130-045-101 Miltenyl Biotec USA
Columns
LS Columns 130-042-401 Miltenyl Biotec USA
3.14 Instruments

Supplier Origin

Bioluminescent image analyzer
Image Quant LAS 4000 GE HealthCare Germany
Centrifuges
Heraeus Sepatech Biofuge 13 Heraeus Sepatech GmbH Germany
Multifuge X3R ThermoScientific Germany
Rotina 420R Hettich Germany
Centrifugal Vacuum Concentrator (Rotavapor) Eppeihtitescience Germany
Flow Cytometry
FACSAria™ BD Bioscience USA
FACSCalibufM BD Bioscience USA
Incubators
37°C Incubator Termaks AS Norway
HERAcell 150i (CQcell culture incubator) ThermoScientific Germany
HERAcell 240i (CQ cell culture incubator) ThermoScientific Germany
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Microplate Readers

Bio-Plex® 200 systems BIO-RAD USA

EMax® Molecular Devices USA

Luminometer Labsystems Luminoskan USA

Multiskan Ascent ThermoElectronCorporation USA

Microplate Washer

WellWash 4 MK 2 ThermoElectronCorporation USA

Filtration Vacuum manifold for bead washing Pall@e . Sciences USA

Microscope

Inverted Microscope ECLIPSE TS100-F NIKON Japan

Protein measurements

NanoDrof® Spectrophotometer Saveen Werner life science USA

Sonicator

BioruptoPSonication System version 1.1 Diagenode Belgium
Supplier Origin

Flow Cytometer

CellQuestMPro Software BD Bioscience USA

Flow Jo Office V7/8 Tree star USA

FACSDiva Software BD Bioscience USA

Microplate Readers

Ascent Softwar@ ThermoElectronCorporation USA

Bio-Plex Managé™ 6.0 Software BIO-RAD USA

SoftMax® Pro Software Molecular Devices USA

Statistics Software

Excel® 2013 Microsoft USA

GraphPad Prism 5 GraphPad USA

Image Software

Spot Software 4.7 Diagnostic Instruments Inc. USA
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3.16 Mediums

Complete DMEM growth medium

DMEM with 10 % FBS and 1 % Penicillin-Streptomycin

Serum-Free DMEM medium

DMEM with 1 % Penicillin-Streptomycin, 0.1% ITS af@rtecortin (lug/mL)

CAFs Freezing medium

DMEM with 10 % DMSO and 20 % FBS

Complete IMDM medium

IMDM with 10 % FBS and 1 % Penicillin-Streptomycin

PBMCs Freezing medium

FBS with 10 % DMSO
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4. Methods

A detailed description of the methods used in tmeent study is given in the following
sections. The flowchart froffiigure 4.1 gives an overview of the pathways and methods

used and followed in the present project.

Primary CAFs cultures from NSCLC Primary PBMCs cultures from peripheral blood

Irradiated Non- Irradiated

b 1

Conditioned Medium (CM) —
assays
l 4

PBMCs cultures (+/- PHA-L) exposed to CAF-CM
(250 uL CAF-CM + 16 PBMCs) / Well

v

v v l v l
ICD MOLECULAR FUNCTIONAL Tregs
assays assays assays assays

Figure 4.1 Flowchart of pathways followed in the pesent study.Starting with the isolation and
cultures of primary CAFs from non-small cell lungrcinoma (NSCLC) and Peripheral Blood
Mononuclear Cells (PBMCs), T-cell cultures from PBMcontaining Conditioned Medium (CM) from
irradiated or non-irradiated CAFs were carried with or without the mitogenic reagent PHA-L.
Afterwards,Molecular, Functiona) TregsandBlocking assaysvere performed aiming at studying the
immune-modulating properties of CAFs and the pdssibanges induced by radiation. At the same
time Immunogenic Cell Deat{iCD) assays were performed to ascertain whethdfrsCawitch on ICD
responses after exposure to irradiatiead arrowshow assays performed with irradiated CABlack
arrows show assays performed with non-irradiated CARsple arrowshow assays performed with
both irradiated andor-irradiated CAFs culture
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Human blood samples and human lung tumor specimeresanonymously coded and a
written informed consent was obtained from all @@t and healthy volunteers in
accordance with the Declaration of Helsinki. Thedstis approved by the Regional
Ethical Committee (REK-Nord).

Lung tumour specimens were obtained from randomllgcsed patients diagnosed with
NSCLC with different stages and operated at thevéhsity Hospital of Northern
Norway, with an average age of 61 years (range/®A&T&ble 4.]). Patients included in
this study were not undergoing additional therapnemtheir samples were collected.
Peripheral blood samples were obtained from healtbiyinteer blood donors attending

the University Hospital of Northern-Norway Blood ida

Table 4.1Donor features corresponding to the source of CA$ed for experimentation in this study

Number Age Sex Tumor Type T-size (mm) T-stage and N-stage
Donor 1 60 F MD-SCC 35 mm pT2aNoO
Donor 2 67 F MD-SCC 30 mm pT1bNO
Donor 3 62 F BAA 12 mm pT1laNO
Donor 4 57 F MD-AC 30 mm pT2aN1
Donor 5 64 F LD-AC 30 mm pT1bNO
Donor 6 58 M MD-AC 60 mm pT2bNO
Donor 7 60 F BAA 6 mm pTlaNO

F: Female; M: Male

MD: Middle differentiated; LD: Low differentiated

SCC: Squamous Cell Carcinoma; BAA: Bronchioalvedldenocarcinoma; AC: Adenocarcinoma
pTla: Tumoris 2 cm or less; pT1b: Tumor is larp@n 2 cm but not larger than 3 cm; pT2a: Tumor is
5 cmor less, pT2b: Tumor is larger than 5 cm lmitiarger than 7 cm

NO: There is no spread to nearby lymph nodes; ik cancer has spread to lymph nodes within the
lung and/or around the area.

4.3.1 Selection of cell source: Primary cells
Our laboratory has chosen to work with human pnneall cultures (i.e., cells directly

isolated from a tissue and expandeditro) over cell lines (i.e., immortalized cells) for
the simple reason that primary cells display clgseenotypic characteristics of the
original tissué””. Even though fibroblasts obtained from primaryl ceiltures have a
limited proliferative capacity and may reach thatestof replicative senescence (i.e.,
permanent growth arrest), during culturing, theysely mimicin vivo fibroblasts traits.

Thus, the extrapolation ah vitro data toin vivo effects in humans can be done more
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accurately. In contrast, fibroblasts obtained ficett lines show transformed phenotypes
where chromosomal aberrations are frequently fdeading to an abnormal, unlimited
proliferative capacity®,

A limitation that can be encountered when workirithviauman primary cell cultures is
that the original features of the primary cultue change in every passage (i.e.,
subculture). Thus, to ensure consistent resultéatesd cells were expanded enough at
one time and cryopreserved to guarantee that tleveere at the same passage in all the

experiments.

4.3.2 General procedure
Human CAFs were harvested from freshly resected bumor tissues from patients

diagnosed with NSCLC and operated at our hospitahor specimens of about 1 &m
were delivered by pathologists to the laboratorthimi 24 hrs after surgical resection in
sterile DMEM (sectior.1). Samples were then processed quickly to avoiddesith in

an aseptic environment using a biological safebyres.

Four steps for isolating and culturing primary NSClibroblasts were followed:

a) Enzymatic digestion

b) Selective detachment by enzyme-free cell detachswuation
c) Fibroblasts cell passage

d) Cryopreservation of primary fibroblasts

a) Enzymatic digestion
Tumor tissues were minced into small pieces (1rin%) in a Petri dish with the help of
two surgical blades. Tissue pieces were then dellem a T-25 cell culture flask and
subjected to enzymatic digestion for 1.5 hrs witB éhg/mL bacterial-collagenase
(section3.2) in a final volume of 10 mL DMEM/F-12 (sectiénl) placing the T-25 flask
on an orbital shaker in a standard incubator a€C38%ubsequently, the digested tissue
solution was vigorously shaken in order to libenptssible cells trapped in the small
pieces of tissue, collected in a 50 mL sterile tabé spun down at 400 x g for 5 min to
eliminate collagenase. The supernatant was disd¢ade the pellet was resuspended in
24 mL of fresh complete growth medium consistindMEM supplemented with 1 %
penicillin-streptomycin and 10 % FBS (section). The cell suspension was then added
into 6-well tissue culture plates (2 mL/well) apthced in a cell culture incubator at 37°C
with low oxygen (3 % © overnight, letting the cells attach to the salithstrate.
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b) Selective detachment by enzyme-free cell detachswuation
The next day, in order to obtain pure fibroblastéures, the medium was removed from

the wells and the primary culture mixture was washéh 2 mL PBS (sectiofi.2) (per
well) for 1-2 min. The PBS was then removed, amilL2f Enzyme-Free cell detachment
solution (sectiors.2) was added to the wells. After incubating for Srat 37°C with 3
% O, the 6-well plate was examined under a microsctpeonfirm fibroblasts
detachment. In case of poor detachment 800f pre-warmed Trypsin-EDTA (0.25 %)
solution (sectior3.2) was added to the wells for 1 min. “While enzymeefsolution
detaches cells while maintaining the structuragnity of cell surface proteins, Trypsin-
EDTA cuts away the focal adhesions that are anebadhe cells to the flasks —. The
detached fibroblasts were then collected in a 13ubk, spun down at 400 x g for 5 min
and resuspended in 10 mL of complete growth med@et.suspension was then split in
two T-75 flasks and brought to a final volume ofrhiQ complete medium. Flasks were
then placed for further propagation in a cell adtincubator at 37°C in a 5 % €O
humidified atmosphere.

c) Fibroblasts cell passage
Cells were observed under a microscope every 24amg the growth medium was

replaced with fresh medium every 2-3 days untij/tfeached 80 % - 90 % confluence.
Fibroblasts have elongated shapes and are anchdepgadent, which means that they

grow in monolayers while attached to a solid orisgotid substrateRigure 4.2).

Figure 4.2 CAFs in culture.Image shows isolated NSCLC
primary fibroblasts in culture growing in monolager
attached to the surface. Characterized by theaptgsmic
extension:

Once confluent, the medium was discarded and welts detached using 5 mL Enzyme-
Free cell detachment solution for 5 min at 3 % T prevent cell aggregation, 1 mL of
Trypsin-EDTA (0.25 %) solution was added during st min of incubation. When cells
became round and detached, the cell solution wiéected in a 15 mL tube, spun down,
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resuspended with 10 mL of complete growth mediysht s two T-175 flasks with 15
mL final volume of complete DMEM medium and incutséiat 37°C, 5 % CO

d) Cryopreservation of primary fibroblasts
After reaching confluence, CAFs (from passage 2)ewdrectly used for analysis or

cryopreserved and used in later experiments. R@peeservation, cells were detached
as previously described, counted in a counting dsnspun down and cryopreserved at
— 80°C in CAFs freezing medium consisting of DMEMhAL0 % DMSO and 20 % FBS
at 5 x 10 cells per mL per CryoTube.

DMSO is the most commonly used cryoprotectant,tduts ability to prevent formation
of ice crystals during the cooling process which easily rupture the cell membrane.
However, a limitation of working with DMSO is thatcan be toxic for the cells at high
concentration (> 10 %) or if the cells are expageDMSO for prolonged periods.
Therefore, to obtain the best survival as possthieying of the cryopreserved cells was
carried out as quickly as possible. Once the CrpeTwas removed from the freezer it
was placed into a 37°C water bath until it was detepy thawed. The cell suspension
was then slowly added (drop by drop) in 10 mL permwed complete medium. Cells
were then seeded in a T-75 flask at 37°C, 5 %&D@ incubated for 24 hrs for attachment.
The next day the incubation medium was replaceti Wvésh medium to completely
remove the DMSO.

Conditioned Medium (CM) was collected from irrag@tand non-irradiated cultured
CAFs to examine fibroblasts’ paracrine effects ynphocytes. CM is the used medium
collected from cultured cells which contains mangdmator substances such as growth

factors and cytokines secreted into the mediunhbycells.

4.4.1 General procedure
At the 3rd passage CAFs were seeded at 4 xdl per T-75 flask and incubated for 24

hrs for attachment at 37°C, 5 % £@fter the initial cell attachment and spreadimgilu
60 % - 70 % confluence (ca. 2-3 days after seedihg)medium was removed and 6 mL
of complete DMEM medium was added followed by iratidn.

CAFs were irradiated with high-energy photons rasglfrom 15 megavoltage (MV)
beams produced by a Varian clinical linear-accéberand a single dose of 18 Gy (1 x
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18 Gy) was typically applied. For a beam producgdrbenergy of 15 MV, the dose from
photons to tissue is at its maximum (18 Gy) at &l mm depth within the body.
Therefore T-75 flasks were placed in the centex 20 x 20 cm field, and a depth of 30
mm was constructed by letting the beam pass thrdhgde (10 mm thick) tissue-
equivalent Perspex-plates, and positioning thergawhich transports the beam from the
linear-accelerator to the target, at 180 degreesk{elow the platesfigure 4.3).

Figure 4.3 Varian clinical linear-
accelerator. Image shows the tissue-
equivalent plates where the flask with
cultured cells was placed. The gantry was
positioned below the flas

CM was replaced with 6 mL of fresh complete medi@ndays post-irradiation and
collected 6 days post-irradiation in 15 mL tubesitdfuged (2.200 x g, 5 min) and passed
through a 0.22 pm filter for elimination of potaitcontaminant cell bodies. CM was
either used immediately for experimental analysigazen at — 80°C for further analysis
in Eppendorf Protein LoBind tubes (1 mL/tube). Ted density from the CM was about
350.000 cells/mL.

Before analysis, CAF-CM was thawed and vortexed3fdiseconds to ensure adequate
mixing of the protein suspension.

Supernatants from non-irradiated CAFs were sinyiladollected after 3-days
conditioning at a density of ~ 350.000 cells/mL.i@fportance, non-treated cells were
not allowed to reach overconfluence before hamgssince cells could enter a

senescence state.
Of note, some CAF cultures (n = 3) received a tdtale of 8 Gy in 4 fractions of 2 Gy

each (4 x 2 Gy). Fractions were delivered everiniddvia linear accelerator and the CM

of all samples was collected following the samecpdure as for the 1 x 18 Gy CAF-CM.
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Peripheral Blood Mononuclear Cells (PBMCs) from Itleavolunteers were isolated

using a density gradient media called LymphopYg(gection3.2).

4.5.1 General principles
Lymphoprep™ is a density barrier method by which cells witgher densities than this

medium (1.077 g/mL) such as red blood cells andympotphonuclear leukocytes
sediment through the medium while cells with deesitbelow 1.077 g/mL, such as

mononuclear cells, are retained at the interfacedoyrifugation.

4.5.2 General procedure
Peripheral blood obtained in bags and with a volofragpproximately 50 mL was diluted

1:1in PBS in 2 x 50 mL tubes. Approximately 24 wiLBlood — PBS was then slowly
layered over 12 mL Lymphopr&h in 4 x 50 mL tubes, followed by 30 min of
centrifugation at 700 x g at room temperature withbreaks. The PBMCs from the
interface were then carefully collected using at®aspipette in 4 x 50 mL tubes, and
washed 3 times (3x) with 40 mL of 0.2 % PBSA (sattt.2) (0.2 % bovine serum
albumin in PBS) by centrifugation at 350 x g forrhh at room temperature to eliminate
platelets. Of note, when PBMCs are washed, it {goirfant to add a protein, in this case
albumin, in the PBS to avoid cell aggregations.

After the last washing-step, supernatants wereadiled and the cells from all the tubes
were mixed in one tube and added in 10 mL freemiegium consisting of 90 % FBS
with 10 % DMSO. Cells were then rapidly added iny@ubes (1 mlL/tube) and
cryopreserved at — 80°C until analysis. The celbitg was approximately of 5 x 16ells
per CryoTube.

Before analysis, PBMCs were quickly thawed in 10 eoimplete medium consisting of
IMDM (section3.1) supplemented with 10 % FBS and 1 % penicilli®stomycin and
cultured overnight in T-75 flasks at 37°C in a %%, humidified atmosphere. Unlike
fibroblasts, PBMCs are cultured in cell suspensibas they do not attach on the surface
of the flask.

It is important to culture PBMCs in 7.5 % @®@ecause the buffering capacity of IMDM
media is optimal at this G@oncentration so the pH is maintained stable.
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T-cell proliferation assays comprising PHA-L (seati.2) -activated lymphocytes ifa)
co-culture with irradiated or non-irradiated CARFdro(b) culture with irradiated or non-
irradiated CAF-CM were carried out.

PHA-L are lectins found in plants and are carbohtetbinding proteins that bind to T-
cell surface receptors triggering T-lymphocytesvation and proliferation in an antigen
independent manner.

Rates of T-cell proliferation were assessed by Hgtometry using the CFSE (section

) dye dilution assay, also known as CFSE assay.

4.6.1 General principles
CFSE assay is an effective mean to monitor lympteogyoliferation. CFSE is a

membrane-permanent dye with high capacity to ldeiphocytes by covalently
coupling to long-lived intracellular molecules. Bhuvhen a CFSE-labeled cell divides,
the CFSE dye is divided equally between the twattar cells. This progressive halving
of fluorescence intensity within daughter cells dam clearly visualized by Flow
cytometry, Fluorescent-Activated Cell Sorting (FAGRlibur™ (section3.14).

The basic principle of FACSCaliblft is to count and identify single cells by their
physical characteristics as they pass one by soadh a light source. Besides identifying
single cells by their size and density (i.e., numiifecytoplasmic granules, membrane
size), this flow cytometer can also identify singidls by their cell-surface molecules or
their intrinsic molecules bound to either fluoresekabeled antibodies or fluorescent
dyes like CFSE. Thus, the light source which isaset beam excite the fluorescent
molecules to a higher energy state and emit lightaeying wavelengths. In the case of
CFSE labeled-intracellular molecules, green lighemitted when exposed to blue (488
nm) laser light in the flow cytometer. The integf light emitted is proportional to the
amount of dye present in the cells.

When the laser hit the cells, the light is alsgdised and the combination of scattered
and fluorescent light is detected and analyzeddigalors placed around the stream of
fluid that carries the cells. Fluorescent lightdistected by fluorescent detectors while
scattered light is detected by a Forward Scatt8C({Fwvhich corresponds to the cell size,
and a Side Scatter (SSC) which corresponds toeheensity®®. Data is then analyzed

by a computer connected to the flow cytometry usi@ellQuest” ProSoftware (section

).
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4.6.2 General procedure
Proliferation assays were divided into three parts:

a) CFSE-labeled PBMCs
b) Proliferation assays
c) Analysis via FACSCalibur

a) CFSE-labeled PBMCs
Cultured PBMCs were resuspended and collected.bral tube (leaving some cells in

the flask, for FACSCalibdM calibration), spun down (400 x g, 4 min) and walsbece

in 10 mL PBSA (0.2 %) by centrifugation (400 x gmin). After washing, cells were
resuspended in 1 mL of PBSA (0.2 %) and CellTrac&SE was added at a final
concentration of 2.5 pg/mL. The mixed was then lratad into a 37°C water bath for 15
min. Following incubation, the labeled-cells wemmled on wet ice and resuspended in
10 mL cold complete IMDM medium and washed 3x VRBISA (0.2 %).

b) Proliferation assays
In co-culture experiments, irradiated and non-iateti CAF (n = 5) cultures were seeded

in duplicates in 24-well tissue culture plates abacentration of 10.000 cells/well and
CFSE-labeled PBMCs were added at a density ofCf gells per well in 0.5 mL complete
IMDM medium (CAFs-PBMC ratio: 1:100).

For proliferation assays with CAF-CM, instead of BA\ 72 hrs CM from irradiated or
non-irradiated CAF cultures was diluted (1:1) witesh pre-warmed complete IMDM
medium and cultured with 1 x 1@BMCs.

Immediately after initiation of co-cultures and neecultures, cells were exposed to the
mitogenic reagent, PHA-L at a final concentratib gg/mL. A negative and a positive
control were prepared in duplicates by adding PBMI©se in suspension. PHA-L was
added in all the wells with exception of the negattontrol. Mixed cultures were then
incubated for 5 days at 37°C, at 7.5 %.@Banging half of the medium (25@Q) with
fresh complete IMDM medium with PHA-L (1 pug/mL) diay three.

c) Analysis via FACSCalibur
Following incubations, PBMCs were harvested in &al¢ Round-Bottom Polystyrene

Tubes, centrifuged (400 x g, 4 min) and resuspend®&mb mL of PBSA (0.2 %). CFSE
fluorescence was analyzed by FACSCalifurflow cytometer after gating the
lymphocyte population on the forward and side scaffthe Flow cytometry data was
then analyzed by FlowJo Office V7/8 software (s@tH.15).
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Of note, T-cell proliferative responses of CDénd CD4 subsets in co-culture with
irradiated and non-irradiated CAFs (n = 5) wesealetermined by FACSCalibfrflow
cytometry in duplicates. For this purpose, cellsenstained with CD4- PE-Alexa 610 or
CD8-PE conjugated monoclonal antibodies (sectiér for 30 min on ice and washed
with PBSA (0.2 %). Frequencies of CDdr CD8 T-cells with CFSE dye dilution was
determined by flow cytometry, and by plotting flascence intensity for CD8 or CD4
against CFSE dye dilution.

PE-Alexa 610-conjugated emit red light (610 nm) wb&posed to blue (488 nm); R-PE-
conjugated emit red/orange light (575 nm) when erddo blue, whereas the CFSE dye
(FITC-conjugated) emit green light (525 nm) whep@sed to blue.

Migration of PHA-L activated lymphocytes towards nddioned medium from
fibroblasts in the presence or absence of the chagtractant SDF-1 (sectich 7), was
assessed in Transwell migration chambers and athlysy Flow cytometer,
FACSCalibufM.

4.7.1 General principles
Transwell migration assays, also known as Boydemtier assays are commonly used

to measure the motile and invasive capacity of tes towards a chemo-attractant
gradient. Boyden chambers consist of lower and upgdls separated by a membrane
filter with pores. The chemo-attractant solutioplizced in the bottom wells, while cells
are added in the upper wells and after a periddrd, cells that have migrated through
the pores to the bottom wells are collected andhimali®. Membrane pore size used in
the assays should be smaller than the diametdreotells to avoid passive migration
through the pores. Thus, choosing the right pare & a key factor for success. In the
present assay, bare polystyrene transwell membvahe8 um pore size was used, since

human lymphocytes are 1@n in diameterKigure 4.4).

Transwell = p— e
. —_—
insert . s . .
_\- > '7£_ Upper Py
8umpore I \e s chamber » el

filter
Lower ‘ = =
" chamber !

Figure 4.4 Lymphocytes migration assay€xperimental setup for lymphocyte migration assesjsg
polycarbonate filter chambers with® pore size.
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Cultured PBMCs in 10 mL complete IMDM medium (seot#.5.1) were activated with
PHA-L (1 pg/mL) 24 hrs prior to the assay and incubatedTr7® flask at 37°C, 7.5 %
CO». After 24 hrs, cells were collected in a 15 mL tub@unted, spun down (400 x g, 4
min) and suspended at density of 1 £ d€lls/100uL in complete IMDM medium. Then,
100 uL of PBMCs solution were cultured in the top chambie6.5 mm diameter 8m
pore transwell culture insert (sectiGr3), and incubated in triplicates with 6QQ of
CAF-CM from irradiated and non-irradiated cultu@s= 4) (sectior4.4.1) with or
without the chemo-attractant SDF-1 at a final comr@aion of 50 ng/mL in the bottom
chamber. Cultures were incubated for 2 hrs at 37%% CQ. Following this incubation
period, transmigrated cells into the lower chambere harvested in Falcon™ Round-
Bottom Polystyrene Tubes, centrifuged (400 x g,d)mesuspended in 0.5 mL of PBSA
(0.2 %) and counted by FACSCalibtiflow cytometer for 60 seconds at high flow rate,
gating on the forward and side scatter the lymptescgopulation.

The optimal incubation time (2 hrs) and the miniefétctive concentration of the chemo-
attractant SDF-1 (50 ng/mL) was determined by tikat pxperiments. In the time-course
pilot experiment, non-activated PBMCs were cultuiedthe upper chamber and
incubated with complete IMDM medium with or withoBDF-1 (100 ng/mL) in the
lower chamber for 3, 6 and 12 hrs. In the secolad pkperiment, non-activated PBMCs
cultured in the upper chamber were incubated vathglete IMDM medium with 50, 10
and 2 ng/mL SDF-1 in the lower chamber for 2 laddftional files C.).

Quantitative measurements of cytokines and inflatorgafactors released into the
culture medium were performed using a suspensi@y &chnique. Supernatants from
(a) irradiated and non-irradiated CAF cultures (n =(%¢ction4.4.7); (b) PBMCs,
obtained from the negative and positive controlsetion4.6.2 and(c) CAF-CM —
PBMCs cultures (n = 5), also obtained from the I{ogyte proliferation assay (section
4.6.2 were thawed and analyzed in duplicates usingnaanucytokine 10-Plex panel kit

(section3.8).
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4.8.1 General principles
Multiplex protein arrays use color-coded beads ff&init a quantitative measure of

many proteins (up to 100 cytokines) precisely amdukaneously in experimental
samples. The present multiplex bead immunoassdgsgined to measure a total of 10
human cytokines: Granulocyte-macrophage colonytgtiting factor (GM-CSF), IFNs
IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 and Tumor Neosis Factor (TNF}: in serum,
plasma or tissue culture supernatants. In thi<&pfure antibodies against the cytokines
of interest are covalently coupled to beads wittinee spectral properties. The capture
antibody-coupled beads are added to the samplalkaweed to react. After the incubation
time and appropriate washing steps with a filtrati@cuum manifold (sectiof.14),
biotinylated detector antibodies are added andvaitbto bind to the specific immobilized
proteins resulting in a sandwich of antibodies atbuhe cytokine. The immune
complexes are then detected by the addition gbtstvedin conjugated to the fluorescent
protein, R-Phycoerythrin (RPE) which bind to thetlsi of the detector antibodi€d The
spectral properties of the beads and the amouassdciated RPE fluorescence is then
analyzed with a Luminex detection system which asda on the principles of flow
cytometry. This analyzer has two lasers, one lesavgnizes the beads and determines
the cytokine that is bound to it and the seconérlatetermines the magnitude of
fluorescent intensity which is proportional to #@ount of bound cytokifn&. Data is
then examined by a Bio-Plex Manager™ software (@ect 15).

When performing multiplex bead immunoassays, adstahsolution containing a known

amount of cytokines needs to be included in dugia

4.8.2 General procedure
All samples were analyzed in duplicates and intdihs of 1:4 in the same complete

DMEM medium according to the manufacturer protqealditional files A.J. A seven
point standard curve using 3-fold serial dilutiovess prepared.

Levels of proteins included in the array were dietgeising the Luminex Bio-PI&x00
system (sectiors.14), according to instructions from the manufactuRResults were
analyzed using the Bio-Plex Manafé6.0 Software which determines the absolute
concentrations of the samples by building a stahdarve for each specific cytokine
upon a five parameter algorithm equation with aghtgd function (1/3), this function
minimizes residuals (i.e., errors) at the high ehtthe standard curve (residuals increases
as concentration increases). Residuals = (Calcul@@®ncentration — Expected
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Concentration). Standards outliers analyzed by pleecent recovery ((Calculated
Concentration / Expected Concentration)*100), dated by the software were
invalidated (i.e., standard pointelow 70 % recovery or above 130 % recovery were

considered as outliers).

Further quantitative protein measurements in adliice supernatants were performed

by “sandwich” ELISAs unless otherwise indicated.

4.9.1 General principles
The principle of a sandwich ELISA method is vemypiar to the multiplex protein arrays

previously explained (sectior.8), with several substantial differences. Capture
antibodies of the ELISAs are not coupled to bebdsthey are attached to the flat surface
of a 96-well-plate. Another difference is that gteeptavidin that detects and binds to
biotinylated detection antibodies is not conjugatgth a fluorescent protein but an
enzyme (Horseradish Peroxidase (HRP)) which is ctiede by a substrate
(Tetramethylbenzidine (TMB)). The enzyme — subst@mplex converts the substrate
to a colored reaction product. Thus, ELISAs uselargnetric substrate as a reporter
instead of a fluorogenic substrate. Most importgnBLISAs can only quantify one

specific protein in a sample.

4.9.2 General procedure
A total of five ELISAs were carried out in the pees study to measure and quantify the

levels of: PGE2, IDO, TGPB4, IFN-y and TNFe.

Concentrations of PGE2, IDO, TGH-, IFN-y and TNFe in 72 hrs CM from irradiated
or non-irradiated CAFs cultures were determinechgisiPGE2 Express EIA Kit,
Indoleamine-2,3-Dioxygenease ELISA kit, Human TEFDuoSet® ELISA kit, Human
IFN-y DuoSet® ELISA kit and Human TNé&-DuoSet® ELISA kit respectively (section
) in triplicates according to the manufacturer’stinctions édditional files A.2-A.4.
Unless otherwise indicated, plates were read inu#ti8kan Ascent microplate reader
(section ) at wavelength 450 nm. Ascent Softwarsection ) was used for

construction of standard curves and determinatigoratein concentration in unknown
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samples. Curve fitting was done with a four — pagamnlogistic algorithm according to

the manufacturer’s instructions,

Solutions and reagents were provided in the kifsuochased separately (sectiof) and
reconstitute as indicated in the protocol manual.

Standard reagents were diluted by a two-fold seilations and run in duplicates for
all the ELISAs. Complete DMEM medium was used aggative control for all the

Kits unless indicated otherwise.

a) Specific features for PGE2 ELISA kit
This assay is a “competitive” ELISA where PGE2m the sample and PGE2-

acetylcholinesterase (AChe) conjugate from theckitnpete for a limited amount of
PGE2 specific monoclonal antibody. At the end & #ssay Ellman’s reagent, which
contain the substrate to AChe, is added to theswtbié product of the enzymatic reaction
is a yellow color and is inversely proportionatthe amount of PGE2 in the sample. Thus,
the higher the sample PGE2 concentration, the wehkesventual signal.

PGE2 enzyme-substrate reaction was read in an EMaxoplate reader (sectich14)

at a wavelength of 405 nm and SoftMaRro Software (sectiofi.15) was used for

construction of standard curves.

b) Specific features for IDO ELISA kit
CM from CAFs cultures treated with recombinant I1f-{t00 ng/mL) (sectiors.7) for

48 hrs were included as positive controls.
The standard curve fitting for IDO was done witlingar regression graph according to

the manufacturer’s instructions.

c) Specific features for TGB1 ELISA kit
In the present ELISA, CAF-CM were prepared as atisa4.4.1 with the exception that

at the time of irradiation instead of 6 mL of coetel DMEM medium, 6 mL of serum-
free DMEM medium (sectiofi.16) was added. The reason for these adjustment®in th
cell culture medium is that in this assay latenFIa in the samples was acid-activated
by addition of 1 M hydrochloric acid (HCI) for 10im followed by neutralization with
1.2 M NaOH /0.5 M HEPES. In view of the high levelf latent TGH31 in serum, CM
containing 10 % FBS would give a false positivaite§ hus, serum-free DMEM medium

was included as a negative control.
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d) Specific features for IFN-and TNFe ELISA kits
Concentration of IFN-and TNFe were in addition, measured in the supernatanta)of

irradiated and non-irradiated CAF-CM — PBMCs cudgifn = 2) an¢b) control PBMCs
cultures obtained from the proliferation assayst{se4.6.2. Samples were diluted 1:2
and 1:4 respectively in reagent diluent.

Supernatants of PHA-L — activated PBMCs were usedl @ositive control.

Western Blot analysis of IDO expression in nondraded CAF-CM and of CAF

intracellular IDO expression from cell lysates weagried out as described below.

4.10.1 General principles
Western blot is a technique used to analyse pretginession in a defined sample. First,

the proteins are separated by a 1D sodium dodegiats—polyacrylamide gel

electrophoresis (SDS-PAGE) according to size. BD&S-PAGE, the proteins are first
boiled together with the detergent Lithium dodeswlfate (LDS) and the reducing
reagent, DTT. The heat disrupts quaternary andcowalent bonds in the tertiary
structures of a protein, DTT reduces the covaleslfide bonds in the tertiary structure
in order to have an optimal secondary structure l2D8 helps the DTT to be more
efficient by avoiding protein refolding. MoreoveDE coats the protein with uniform
negative charges in proportion to its relative roolar weight, masking the intrinsic
charges of the protein, thus when an electric felpplied into the PAGE the negatively
charged proteins migrate towards the positive poldifferent rates depending on its
molecular weight (polypeptide length). The proteiase then transferred to a
polyvinylidene difluoride (PVDF) membrane where fitetein of interest is detected by
specific antibodies. For a successful Western blat,important to use an antibody that
specifically reacts with the protein of interestldras little or non-cross-reactivity with

other proteins.

4.10.2 General procedure
Western Blotting can be divided in five steps:

a) Sample preparation

b) Run SDS-PAGE

c) Transfer of proteins PVDF membrane

d) Protein identification with IDO-specific antibodies

e) Develop the membrane using Bioluminescent Imagdyxea
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CAF cultures treated with recombinant IFN100 ng/mL) (sectios.7) for 48 hrs were

prepared in parallel and included as positive aisitr

a) Sample preparation
CM from irradiated and non-irradiated cells (n =c2ijtured in a serum-free DMEM

medium were collected, filtered (sectidmd.l) and ultra-concentrated in VIVASPIN
centrifuge tubes (sectich3) by spinning at 2.200 x g for 30 min. The VIVASP3smple
concentrator is a tube divided into an upper comnpamt and a lower compartment
separated by a semipermeable membrane with a ntalegaight cut-off of 5.000 Da.
Six mL of CAF-CM were added in the upper comparttmAfter centrifugation, the more
concentrated sample (~1h0) was left in the upper chamber while the lesscemtrated

sample passed through the membrane to the lowerkzra

Next, to concentrated supernatant samples 1:2\¥wlame of 4x NUPAGE LDS Sample
buffer (section ) and 1:10 final volume of 10x NUPAGE sample Redgchgent
(section ) were added (the principles of Lithium dodecyfatd (LDS) sample buffer
and reducing agent are explained in seciidr).

At the same time, a fixed amount of CAFs correspramtb 5 x 10 cells were lysed with
250uL of a Mastermix containing 1:2 final volume of 8)uPAGE LDS Sample buffer
and 1:10 final volume of 10x NUPAGE Sample Redgdhkgent in Milli-Q water and

sonicated with a sonicator (sectiori4) (for cell disruption) for six 20 seconds cycles.

b) Run SDS-PAGE
All samples were heated for 10 min at 70°C. Daeatgamples (30L) were then loaded

on a 1D SDS-PAGE gel (NuUPAGHovex 4-12% Bis-Tris Gel 1.5 mm 10 well) (section
) and proteins were separated by electrophoresig0@tV for 45 min in 1x

NuPAGE®MOPS SDS Running Buffer (sectioh11), containing 0.1 % antioxidant

(section ) which prevent reoxidizing of the proteins. Addrtally, 3.L of protein

ladder (sectiors.11) for detection of molecular weight (kDa) was lodam the gel.

c) Transfer of proteins onto PVDF membrane
The negatively charged proteins from the SDS-PAGEeWransferred by electrophoresis

onto a positively charged PVDF membrane (sectidn). Prior to transfer, the PVDF
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membrane was exposed to 100 % methanol for sonmdean order to hydrate the

membrane and improve transfer and protein binding.

The polyacrylamide gel was placed on the PVDF mamdin between two filter papers

and four sponges. All the material was soaked iNIWPAGE transfer buffer (section
) containing 10 % methanol and 0.1 % antioxidaxtalaced in the blotting chamber

in 1x transfer buffer. Cold water was added toahier chamber to cool the system during

running. Blotting was performed at 30 V for 1 hdakb min.

d) Protein identification with IDO-specific antibodies
Next, the membrane was placed in 50 mL tube anckbibwith 5 mL blocking buffer

consisting of 1x TBS (Tris Buffered Saline pH 7ctntaining 0.1 % Tween20 and 5 %
non-fat dry milk for 1 hr rotating at room tempena. This step is crucial to prevent non-
specific binding of antibody to the membrane. Thembrane was then incubated rotating
overnight at 4°C with the primary antibody, IDO meemonoclonal Ige antibody
(section 3.5) diluted 1:500 in blocking buffer. Following incation period, the
membrane was washed 4x for 5 min at room temperatufBS with 0.1 % Tween20
and incubated for 2 hrs with the secondary antibétRP-conjugated rabbit polyclonal
anti-mouse IgG (section b5), diluted 1:5000 in blocking buffer.

e) Develop the membrane using Bioluminescent Imagdyxea
The membrane was washed, incubated with SuperSWeat Pico Chemiluminescent

Substrate kit (sectior3.11) and immediately imaged with a Bioluminescent Imag

Analyzer (sectiors.14).

Possible proteins in CAF supernatants from irra&diand non-irradiated cultures (n = 4),

were identified by mass spectrometric assays.

The identity of individual proteins within a hetgeneous mixture, as well as its structure,
function, post-translational modifications and sizan be determined by Mass

spectrometry (MS).
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4.11.1 General principles
The first step for the identification of proteing MS (Figure 4.5 is to separate the

different proteins by a 1D SDS-PAGE (sect#®t0.]). The second fundamental step is
the reduction and alkylation of cysteines residuegproteins. By this process, the
remaining covalent disulfide bonds are irreversibleken. Finally, the denatured
proteins are further digested by trypsin and tisalteng peptide mixture is analyzed by
MS.

The tool of MS is a Mass spectrometer and it cessisthree major components: an lon
Source which forms ions, a Mass Analyzer which mheitees the mass-to-charge ratio
(m/z) of the ions and a Detector. The three mampmanents, are in vacuum, since the
ions should move freely without hitting air moleesll

Since the analyzed samples in the present ass#aimet a complex mixture of proteins,
a Liquid Chromatography (LC) coupled to a MS supmated by tandem MS (MS/MS)
was usedKigure 4.5. In a LC-MS method, peptides are first physicalyparated (i.e.,
eluted) in a liquid chromatography and concentrated very fine capillary. As the
analytes leave the tip of the capillary (hydroghibeptides come before hydrophobic)
they are ionized (i.e., charged) into an electragpon source by gaining or losing
protons. Then an electric field guide the ionsh® mass analyzer where the ions are
sorted according to their m/z ratio. The LC-MS amdem (MS/MS) means that the
generated ions are further fragmented by energetlsion with a gas (e.g., nitrogen
(N2)) and a second Analyzer (MS2) measures the miresgabf these “daughter ions”.
Finally the detector records the m/z value of #hesiand measures its abundance, the
results are then sent to a computer connectecet®ébector which plots in a chart the
m/z values (on the x axis) against its relativeratamce (on the y axigy113

Data from these fragmented peptides from LC- MSi88en compared with the peptide
masses on a public database.

First Second
HPLC Ion Source Quadrupole  Collision Cell Quadrupole Detector
Mass Filter Mass Filter
Cdlidgon Gas

— O |

A A O o .

Q =)

od ﬁ

Figure 4.5 Schematic of tandem mass spectrometryiajor components of a LC-MS/MS.
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4.11.2 General procedure
Mass spectrometry assay can be divided in fivespart

a) Sample preparation

b) Measure protein concentration by NanoDrop® Spebitpmeter
c) Run SDS-PAGE (to clean the samples)

d) In-gel reduction, alkylation and digestion

e) Proteins identification by LC-MS/MS

a) Sample preparation
CM from irradiated and non-irradiated CAFs (n =cdjjtured in a serum-free DMEM

medium were ultra-concentrated in VIVASPIN cengiguubesgectiond4.10.2

b) Measure protein concentration by NanoDrop® Spebtvtpmeter
Protein concentration (mg/mL) of the samples waterdaned by UV absorbance

measurement at a wavelength 280 nm (A280) usingaoBNroff Spectrophotometer
machine (sectior8.14). Thoroughly mixed samples were pipetted carefolyo the
lower measurement pedestal to not introduce aiblesb Only a drop of AL of sample
was needed for the measurements. Between each nexeasu the sample pedals were
cleaned with a dry laboratory wipe. An absorbarfck @t 280 nm equals a concentration

of protein of 1 mg/mL.

c) Run SDS-PAGE
A fixed amount corresponding to 0.50 mg/mL in 80 of sample was boiled together

with 10 pL of 4x NUPAGE® LDS sample buffer and 4L of 10 x NUPAGE sample
reducing agent at 70°C for 10 min. Denatured sasnfdéuL) were then loaded on a
SDS-PAGE (NuPAGENovex 4-12% Bis-Tris Gel 1.5 mm 10 well) and sepedaby
electrophoresis at 200 V for 10-15 min in 1x NuPA®®PS SDS Running Buffer,
containing antioxidant. A protein ladder was notledl because the goal of this SDS-
PAGE was not to identify the molecular weight (k[2d)the proteins but to clean the
samples from salts and other non-protein solutesv&n loaded samples an empty well
was left to avoid overflow.

Next, the proteins within the gels were fixed watlgel fixing solution gdditional files
B.1) for 1 hr on orbital shaker and washed 3x with Mliwater for 5 min. To analyze
the bands, the gel was stained with CoomassieisgaBiue (~ 20 mL) (sectiofs.11)
and incubated on orbital shaker for one hr. Toalesgels were washed 3x for 5 min
with Milli-Q Water.
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Next, the entire band spectrum of each sample waisesl into 3 gel fractions with the
help of two surgical blades. During this processgig/ important to work in the hood and
use powder-free nitrile gloves to prevent or mirenkeratin contamination (the biggest

contaminant in protein ID). Each band was thendifierred to a LoBind Eppendorf tube.

d) In-gel reduction, alkylation and digestion
The gel bands were crushed in pieces by a stdgfmsiable inoculation loop (~1mm

pieces) and washed twice in 100 of wash solutiongdditional files B.J for 20 min at
room temperature. The excess of solution was rethaxd the gel pieces were dried by
adding 50uL of LC-MS grade ACN (sectiofs.12), after 2 min on a shaker excess of
ACN was removed.

The dried gel bands were then subjected to anlinedection and alkylation. Cysteines
were reduced by adding 5@ of 10 mM DTT (sectior.12) (additional files B.) at
56°C for 45 min. Samples were then cooled down ehiee and DTT solution was
removed. Immediately after, 50 of 55 mM IAA (section ) (additional files B.)
was added for cysteine alkylation at room tempeesfor 30 min in the dark. IAA binds
covalently to the Thiol groups of the cysteine gming the proteins to form disulfide
bonds again. Immediately after, IAA was removed @nedgel pieces were washed for 20
min with wash solution as previously described dnidd with ACN. Proteins were then
digested using 6 ngl of Trypsin Porcine (from porcine pancreas) (s@ctB.12)
(additional files B.) and rehydrated on wet ice for 30 min. Samplesewecubated
overnight at 37°C.

The next day, in order to extract the peptides fthengel, samples were cooled down on
wet ice, the excess solution was saved in an Emperidbe and gel pieces were
reconstituted with 4QL of LC-MS grade FA (sectiof.12) to stop the digestion activity.
After incubating at room temperature for 20 mirthie Eppendorf mixer, excess solution
was saved with the previous solution and the getgs were reconstituted with 60 %
ACN /0.1 % FA for 20 min in the Eppendorf mixenrRhe last time excess solution was
saved with the previous ones. Finally, the combisehllitions were vacuum by dry
solution in a Rotavapor (sectiéGnl4) until it remained 10 - 1L of sample containing

the peptides mixture.

44



4. Methods

e) Proteins identification by LC-MS/MS
Peptides mixtures containing 0.1 % FA were loaddd the LC-MS/MS by Jack-Ansgar

Bruun from the department of medical Biology at UiT

Proteins were identified by MASCOT software agathstSwiss-Prot database. Then the
results of “all entries” were compared with thoséhwhomo sapiens” taxonomy filter.
A list of proteins with a significant MASCOT Scoweas presented. Identified proteins

were then classified by functionality using ProtBiscoverer and Perseus software.

Proliferation rates were compared between threterdiit populations of T-cells in
culture with non-irradiated CAF-CM (n = 2p) a population enriched with Tregs (CD4
CD23"9" T-cells);(b) a CD4 T-cells population without Tregs (CDED253°"t T-cells)
and(c) a control group with all the T-cell subsets. Fus tpurpose CD4CD25"9" T-
cells and CDACD25°"" T-cells were sorted from freshly isolated humanRB using
magnetic-activated cell sorting (MACS) (sectiori3) and FACSAria flow cytometer

(section ).

4.12.1 General principles
The principle of the MACS separation is to isolapeecific cell populations by their

surface antigens (CD molecules). When isolatindgsceith a MACS, samples are
incubated with magnetic microbeads coated with mmmal antibodies against a
particular CD molecule. Then, the cell solutiotoiaded onto a MACS column which is
placed in a strong magnetic field. Labeled celkhhe magnetic microbeads are retained
within the column while the unlabeled cells flowdhgh. When the column is removed
from the magnetic field, the magnetic retainedscate eluted as the positively selected
cell population.

On the other hand, FACSAria Flow cytometry is based=ACSCalibur principles but
FACSAria enables subpopulation of cells gated amsbalized by fluorochrom-
conjugated monoclonal antibodies to be separabed tihe sample suspension with a high
degree of purity. When sorting cells, as the samfilew through the fluid stream a
vibrating nozzle vibrates the fluid stream and ksetine fluid into droplets containing
single cells. Droplets will then receive an elecitharge (+,-) depending on the cell
population that are carrying, then the stream opléits passes through a pair of electric
plates (+,-) so charged droplets can be sorted i1BtanL centrifuge tubes. Data is
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analyzed by a computer connected to the flow cytomesing a FACSDiva Software
(section ).

4.12.2 General procedure
Tregs assays were divided into three parts:

a) CFSE-labeled PBMCs
b) Cell sorting
c) Proliferation assays

A parallel group or control group was also prepanegrder to validate our results.

a) CFSE-labeled PBMCs
30 x 10 cultured PBMCs were labeled with CFSE (2yBnL per 20x10total cells) as

explained in sectiod.6.2 In order to stain cells uniformly the volume of GF®/as
scaled up accordingly. Labeled-CFSE PBMCs were tidinred overnight.

b) Cell sorting
The next day, PBMCs were collected, and sorted.

First separation (MACS): CD4" T-cells were isolated from the total PBMCs by pigsi
selection using CD4magnetic microbeads and a LS MACS column (sectidrd)
according to the manufacturer’s instructiossiditional files A.5. Positive selected
CD4" T-cells were then analyzed by flow cytometry faripy using CD4-PE-Alexa 610
conjugated antibody (secti@nb) and compared with the negatively selected cdlld"€®
found in the flow through and with the lymphocytefore separatior={gure 5.9).
Second separation (FACSAria) The enriched population of CHLD25"9" Tregs and
the CD4 CD23°V" T-cells population were then sorted by FACSArianirthe pure
fraction of CD4 T-cells in two 15 mL centrifuge tubes. Briefly, thare fraction of CD%
T-cells (40 x 16cells) were labeled with CD25-PE conjugated antjb@ection3.5) for

30 min on ice in the dark. Immediately after, cellsre washed with 10 mL PBSA and
resuspended in 5Q0. of IMDM supplemented with 40 % of FBS. When sogticells by
flow cytometry, lots of cells die in the proceskherefore additional FBS is added to the
growth media to help the cells to survive the pssceCells were then transferred to
Falcon™ Round-Bottom Polystyrene Tubes for FACSAnalysis.

In order to sort the two populations of interestBACSAria, lymphocytes were first
identified by forward and side scatter, and sorg@ates around the enriched population
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of CD4' CD258"9" Tregs and around the CD&D23°V"t T-cells population were placed
so that the cytometer knew which cells to sbrg(re 4.6).

For cell sorting, besides the sorted cells, a grotigells labeled with appropriate
monoclonal antibodies for FACSAria calibration iscarequired. Conjugated antibodies
(section3.5) were added for each group as showmable 4.2

Table 4.2 Group of cells with the appropriate Monoclonal Amtilies or dyes

Group of cells mAbs/dyes Amount
Cells for sorting 40 x 16 cells In 500 pL complete IMDM
CFSE dye
CD4-PE-Alexa 610 conjugated]  @L
CD25-PE conjugated 50
Cells for calibration 1x 1 cells In 100 pL complete IMDM
1s'tube Cells alone
2" tube CFSE dye
3 tube CD4-Alexa 610 conjugated ul
4" tube CD8-PE conjugated 12

c) Proliferation assays
Immediately after sorting, cells were spun down0(40g, 4 min) and resuspended in

complete IMDM medium. Proliferation assays for sieeted populations, CD4D25"9"
Tregs, CD4 CD23°V"t T-cells and for the control group in culture WEAF-CM (n =

2) were carried out as explained in secdo®.2 with the exception that instead of 24-
well-plates, 96-well-plates were used. Thus, thewamof cells and CAF-CM was scaled
down accordingly. Briefly, lymphocytes were plataié x 18 cells/well and cultured
with CAF-CM (n = 2) diluted 1:1 with complete IMDIvhedium to a final volume of
200pL.

b
(a) All events ( ) T-lymphocytes (C) CD4™ CD25" T-cells
g" . £ ) o o '; -, 1 « -
3 3 ' =4 CD4*CD25heh sorting gate
§—: S = 3 w - | P3
8 2] Lymphocytegate . - | & =3 63 Q.
23 i ; Ons'-g 0 "=
3 3 | O
2] - CDAT T-cells gate ) s | e
] ;i 3 *31CD4*CD ing gate
SRR AR AR LR RN AT A MM LA A n
50 100 150 200 250 10 10 10 10 10° 10° 10 10°
FSC CDA4-PE Alexa610 CDA4-PE Alexa610

Figure 4.6 Gating specific T-cell populations for erting in FACSAria. (a) Lymphocytes were
identified with the forward (FSC) and side scaft86C), from this gate (b) CD4T-lymphocytes
population was gated and from this gate (c) in@qaspulation of CDACD25"" Tregs and CD#
CD253%int T_cells were gated for sorting in two different . tubes.

a7



4. Methods

Next, proliferation assays with targeted cytokivesre carried out. A total of four
cytokines activities (IL-6, PGE2, TGFand Galectin-3) were targeted (one by one) with
appropriate drugs or monoclonal antibodies.

4.13.1 General principles
Cytokine targeted Drugs can have different meclmamsaction; some drugs target the

cytokines while others target a specific cytokieeaptor or the enzyme that synthesize
it.

4.13.2 General procedure
Targeted drugs used in the present assay were:

a) Tocilizumab

b) Diclofenac

c) Anti-TGF-p 1,2,3 antibody
d) Anti-hGalectin-3 antibody

a) Tocilizumab
Tocilizumab (sectio.6) is a humanized monoclonal antibody against thé teceptor.

When doing proliferation assays (sectidr6.?, tocilizumab was added at a final
concentration of ug/mL or 10ug/mL to the cultured CFSE—labeled PBMCs in 250
of complete IMDM medium and incubated for 30 mir8@¢C prior to adding CAF-CM
(n =2) to the 24-well-plates.

A control group of PBMCs cultured alone with g§/mL of Tocilizumab was prepared
in duplicates.

b) Diclofenac
Diclofenac’s (sectiof3.6) mechanism of action is to inhibit the enzyme ttedallyzes the

PGE2 synthesis, the Cyclooxygenasa-2 (COX2). Thezein order to do proliferation
assays with this targeted cytokine, isolated CAFs @) (sectiort.3.2 at a density of
about 350.000 cells/mL were cultured with or with@uclofenac at 1M or 20 uM in
complete DMEM medium (6 mL). After an incubation2dgf hrs CAF-CM of all the flasks
were collected and proliferation assays were chigd.

In order to confirm the PGEZ2 inhibition an ELISAtwithe collected CAF-CM was run
as described in secti@n9.2
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c) Anti-TGF-p 1,2,3 Antibody
Anti-TGF- 1,2,3 antibody (sectiofs.6) is a monoclonal mouse Ig@Gntibody that

directly neutralizes the TGF-in CAF-CM. Therefore, in order to proceed with the
proliferation assay, CAF-CM from non-irradiated tankés (n = 2) were first incubated
with the anti-TGHB Antibody (5ug/mL) for 1 hr at 37°C. Immediately after incubatio
period, proliferation assays were carried out. Atod group of PBMCs cultured alone
with TGF{$ Antibody (5pug/mL) was prepared in duplicates.

An ELISA was run to confirm TGB-inhibition in CAF-CM as described in sectiérd.2

d) Anti-hGalectin-3 Antibody
Anti-hGalectin-3, (sectior3.6) is a purified polyclonal goat IgG antibody thatedtly

neutralizes the Galectin-3 in CAF-CM. Thereforensaprocedures as for anti-T@GF-
1,2,3 antibody were followed. The working concetbra for Anti-hGalectin-3 was 10
pug/mL.

To study ICD responses, the extracellular reledgel® by irradiated CAFs at different
time points (1 hr, 6 hrs and 24 hrs) after irrddiaivas measured by means of a modified
luciferin-based ENLITEN ATP assay (sectidom).

4.14.1 General principles
ENLITEN ATP assay is based on a light reactiondgél by the ATP-dependent oxidation

of luciferin by luciferase. Oxyluciferin which ishé luminescence product of the
luciferase reaction, is proprotional to the amoahtATP in the cell culture samples
(Figure 4.7). In ATP assays it is important to use gloves amtk in an aseptic

environment to avoid ATP contamination from our di&n

HO COOH Firefly Luciferase e o~
S\ S> (NT
_—
\©:N/>_<S:( +ATP+0, v Nsd  +AMP PR+ CO,+ Light

MgZ+

Beetle Luciferin Oxyluciferin

Figure 4.7 ENLITEN ATP assay based reactionln the presence of ATP, Luciferin, Mgand
molecular Oxygen, the firefly luciferase catalyzée oxidation of Luciferin and synthesizes the
luminescence product, Oxyluciferin.
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4.14.2 General procedure
At the 39 passage, CAFs (n = 2) were seeded in duplicategqeh time point and

controls at a density of 40.000 cells per welldaell tissue culture plates (x5) with 500
puL of complete DMEM medium and incubated at 37°C%5CQ, for 24 hrs for
attachment. After attachment, cultures were washgd PBS and new Serum-Free
DMEM medium (50QuL) was replaced, followed by irradiation of cultsr&upernatants
were collected at 1 hr, 6 hrs and 24 hrs postdiatamh andcentrifuged (2.200 x g, 5 min)
for ATP analysis using a modified luciferin-basedLETEN ATP assay. Briefly, 10QL

of superanatant was mixed with 100 of rLuciferase/Luciferin (rL/L) reagent provided
in the kit in 96-well white sterile plates. ATP-den bioluminescence was then assesed
on a luminometer microplate reader (sectiori4). The ATP measurement were
expressed in Relative Light Units since no standarge was used.

Non-irradiated CAFs were treated in parallel witk trradiated CAFs and their CM was
used as a negative control. Lysed CAFs with 0.1rfont X-100 for 10 min (to

permeabilize the cell membrane) was used as aymosiintrol.

The secretion of HMGBL1 protein into the extracelluspace is also used as a ICD
biomarket4,

4.15.1 General procedure
CAF supernatant HMGB1 levels from irradiated and-iveadiated cultures, prepared in

24-well-plates as previously described (secttbt4.), were measured by western

blotting at different time points following the sarprotocol shown in sectiah10.2

Briefly, CAF conditioned medium was collected 1 Grhrs, 24 hrs and 120 hrs after
irradiation and ultra-concentrated using a VIVASRibdhtrifuge tubesSamples were
boiled in a reducing NUPAGE LDS sample buffer, hestd on NUPAGE Novex 4-12 %
Bis—Tris gels and electrotransferred onto a PVDFmimane. Membranes were
hybridized with rabbit polyclonal to HMGB1-ChIP giaprimary antibody (sectian5)
diluted 1:500, followed by HRP-conjugated goat ptinal anti-rabbit IgG secondary
antibody (sectio®.5) diluted 1:5000 and developed by Western blotihatreagent.

CAF lysates prepared as in sectibh0.2was used as a positive control.
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The values are expressed as means with standandoérmeans (SEM) or standard
deviations (SD) as indicated. In Multiplex protamays and ELISAs only readings above
the detection limit of the assay are representéidumes. Data were analysed using paired
Student’s t-test.P values <0.05 denoted the presence of statisticsidyificant
differences. All statistics were determined witha@nr pad prism version 5.00 for
windows (Graphpad). Graphs were made using Mictosetel 2013 and GraphPad
Prism 5 (sectios.15).
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5. Results

5.1 Irradiation promotes morphological changes of primary cultured
CAFs

In a previous work from our laboratdty the purity from isolated CAFs obtained by
methods described in sectidr8.2 was determined with the specific markeBMA. On
the same work, authors also showed by meaffisgailactosidase assays that irradiation
(1 x 18 Gy) activates premature cell senescendbelpresent study we did not perform
these assays but we could observe under an invaitzdscope that fibroblasts adopt a
flat and an enlarged morphology after irradiatiodicative of cell growth arresEigure
5.1).

Figure 5.1 CAFs morphological changes after 1 x 18Girradiation. Irradiated CAFs (1x18Gy)
adopts a senescent morphology, becoming flat afedged. Scale mm. Picture was taken with an
inverted microscope connected to SPOT 4.7 imagwand.

5.2 PHA-stimulated T-lymphocytes exhibit decreased cell

proliferation when co-cultured with irradiated and control CAFs
It has been previously shown in vivo experiments that CAFs-targeting strategies
enhance cancer immune surveillance, which suggdesis fibroblasts may play an
immunosuppressive rofe!!%118 Based on these observations, we perforineditro
functional assays to investigate whether culturesCAFs in contact with PHA-L
activated T-lymphocytes showed immune-regulatonyabdities and whether HD-RT
modifies the potential outcomes. Results Figure 5.2 show indeed a significant
immunosuppressive effect of CAFs as compared toptsitive control where PHA-
stimulated T-lymphocytes were cultured alone. kgéngly, irradiation (1 x 18 Gy) does
not alter the immunosuppressive effects.
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Figure 5.2 T-cell proliferation assays: immune-supgessive effects elicited by irradiated and
control CAFs during co-culture. T-cell proliferation assays were performed using/ eace™ CFSE-
labeled human PBMCs activated withgImL PHA. PBMCs were co-cultured with irradiate @ AiF-

CC) or non-irradiated CAFs (CAF-CC), and allowedptoliferate for 5 days. T-cell proliferation was
determined by decrease in CFSE fluorescence ityeafter gating the lymphocytes population on the
forward (FSC-H) and side scattéf) Representative flow cytometry dot plots showing peecentage

of low CFSE-labeled T-cell{B) Quantitative analysis of T-cells proliferationaat where outcomes
using CAFs from five different donors are represdntvValues (dots) represent average of duplicate
determinations. Student’s T-test valu® (&0.05).
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5.3 CD4"and CD8" T-cell subsets respond equally to irradiated and

control CAF-mediated immunosuppression
Similar co-culture assays were carried out to itigate whether the T-cell proliferative
response of PHA-activated CD&nd CD4 T-cell subsets were similar. ResultFigure
5.3 show that the proliferation rates of both subs€®4" Figure 5.3 (A) and CD8
Figure 5.3 (B) are equally inhibited (by more than 50%) by cohéind irradiated CAF-

cultures.

A B
+ PHA + PHA + CAF-CC + PHA + PHA + CAF-CC
10 0.58% 10 3

, 0.38%

+

cpg’ —

CD4

+ PHA +iCAF-CC + PHA + PHA + iCAF-CC

CFSE CFSE

Figure 5.3 Proliferative response of CD#4 and CD8" T-cell subsets are equally inhibited by
irradiated and control CAFs during co-culture. T-cell proliferation assays were performed using
CellTracé™ CFSE-labeled human PBMCs activated wifigimL PHA. PBMCs were co-cultured with
irradiated (iCAF-CC) or non-irradiated CAFs (CAF-2@nd allowed to proliferate for 5 days. PBMCs
were then stained with anti-CD4-PE Alex610 or &1Mi8-PE fluorochrome-conjugated monoclonal
antibodies. Lymphocytes were identified by forwardl side scatter, and the frequencies of Cir4
CD8" T-cells with CFSE dye dilution was determined bgtiing fluorescence intensity for CD4r
CD8" against CFSE dye dilutioRepresentative flow cytometdypt plots showing the percentage of
low CFSElabeled(A) CD4" T-cells andB) CD8" T-cells.

5.4 Conditioned Medium harvested from irradiated and control

CAFs decreases proliferation of activated T-lymphocytes
To determine if the immunosuppressive effects ofF€Avere dependent on cell-cell
contact or on paracrine signalling, we harvesteditmned media from CAFs cultivated
for 72 hrs-irradiated and non-irradiated culturedFS and then, proliferation assays

comprising PHA-L activated T-lymphocytes with CARAGvere carried out. As shown
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in Figure 5.4 the effects of both irradiated and non-irradiateAFECM on T-
lymphocytes proliferation are in the same line th@results shown in Figure 5.2.

Of importance, we also evaluated differential dBe®f low-dose fractionated
radiotherapy (to mimic standard low-dose regimemscally given in the clinic) vs.
single high-dose radiotherapy on T-lymphocytes. Hus purpose T-lymphocytes
proliferation assays were carried with CM from CAgtdtures (n = 3) treated with
fractionated radiotherapy (4 x 2 Gy), single higise radiotherapy (1 x 18 Gy), or non-
treated (control group). Immune-suppressive effeetsained unperturbed under both

radiation regimensadditional files C.3. ,
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Figure 5.4 T-cell proliferation assays: immune-supgessive effects elicited by irradiated and
control CAFs conditioned medium. T-cell proliferation assays were performed usindiTcace™
CFSE-labeled human peripheral blood mononucleds @BMCs) activated with lg/mL PHA, and
incubated with conditioned medium and fresh medatrh:1 ratio for 5 days. Assays were performed
with 72 hrs CM harvested from irradiated (iCAF-Cbt)non-irradiated (CAF-CM) CAFs cultures. T-
cell proliferation was determined by decrease inSEFfluorescence intensity after gating the
lymphocytes population on the forward (FSC-H) aiu scatter(A) Representative flow cytometry
dot plots showing the percentage of low CFSE-labdlecells. (B) Quantitative analysis of T-cell
proliferation rates, where outcomes using condd@tmmedium from five different donors are
represented. Values (dots) represent average ditdtgpdeterminations. Student’s T-test valueR(**
<0.001).
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Under the hypothesis that CAF-CM — derived immuippseassive effects shown in
Figure 5.4 are accompanied by alterations in cy#kiroduction of PHA-L activated T-
lymphocytes, we proceeded by quantifying by mudixpl protein arrays, anti-
inflammatory Eigure 5.5 (A)) and pro-inflammatory Kigure 5.5 (B) cytokines
expressed in the supernatants of activated T-lymmydke in the presence or absence of
CM from non-irradiated CAFs cultures.

Consistent with the previous outcomes, two key ITHoemune-modulating cytokines,
IFN-y and TNFe, significantly released by activated T-lymphocytgsre strongly
blocked when cultured with control CAF-CMigure 5.5). These results were confirmed
by human IFNy and TNFe — specific ELISA Kkits Figure 5.6). Conditioned medium
from irradiated CAFs showed very similar outconiaglre 5.6)

Interestingly, IL-10 was detected in T-cells/CAF-Giltures supernatants but not in
PHA-L stimulated T-cells culture$igure 5.5 (B).
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Figure 5.5 Effects of CAF-CM on T-cell-derived immunogenic cytokines. (A)Expression of pro-
inflammatory cytokines (IL-B, IFN-y, TNF-, IL-2, Granulocyte-macrophage colony-stimulating
factor (GM-CSF) and IL-8) an(B) anti-inflammatory cytokines (IL-10) were measulgd_uminex®
multiplex cytokine assays in the supernatants oARIdtivated PBMC cultures in the presence or
absence of conditioned medium from non-irradia@dK-CM) CAFs cultures. Data represent the mean
+SEM values of five different CAFs donors from dopte determinations. Student’s T-test value (*
< 0.05). ND, Non-detected.
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Figure 5.6 Inhibition of T-cells-derived immunogenc cytokines secretion by conditioned medium
from irradiated and control CAFs. Expression ofA) IFN-y and(B) TNF-a were measured by ELISA
assays in the supernatants of PHA-activated PBMf@ress in the absence or presence of conditioned
medium from irradiated (iCAF-CM) and non-irradiat@AF-CM) CAFs cultures. Data represent the
mean =SD values from four independent experimergasured in duplicates. Student’s T-test value
(*** P<0.0001). ND, Non-detected.

5.6 PHA-stimulated T-lymphocytes showed reduced migration rate
when cultured with conditioned medium from irradiated and
control CAF cultures

To further investigate CAF-mediated immunosuppkesseffects we performed
migration assays by means of a Boyden Chambera®reated lymphocytes with PHA
were seeded in the upper chamber while CAF-CM anthithout 50 ng/mL recombinant
SDF-1 protein was added in the lower chamber. Datgure 5.7 represented by the
negative control show that addition of DMEM/FBS hw&DF-1 in the lower chamber is
inducing strong migratory forces. However, additedn'SDF-1 containing supernatants
from irradiated or non-irradiated CAF cultures, ngigantly decreases the migrating
effects (up to 50%). When CAF-CM is not contain®igF-1, migration is not observed.

Once more, irradiated CAFs show similar outcomesoagrol CAFs. Of note, the same
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experiment was carried out with non-activated Tyocytes, but curiously, CAF-CM

did not modify cell migration compare to that imtwls @dditional files C.3.
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Figure 5.7 Lymphocytes migration assays: Conditiorge medium from both irradiated and non-
irradiated CAFs influence the migratory abilities of PHA-activated lymphocytes Relative number
of migrating lymphocytes (recovered from lower cliens). Lower chambers contained conditioned
medium from irradiated (iCAF-CM) and non-irradiat@AF-CM) cultures with or without SDF-1 (50
ng/mL) as chemo-attractant. Cell migration activityvards the lower chamber was significantly
reduced in wells containing CAF-CM or iCAF-CM comed to the wells where the lower chamber
contained DMEM/FBS. Histograms represent the mesiM of four different CAFs donors measured
in triplicates. Student’s T-test valueR%0.05).

5.7 Neither Tumor Cells nor Chondrocytes — conditioned medium

exert immunosuppressive effects

To prove whether the preceding immunosuppressieetsfare specific for CAFs or can
also be exerted by factors released by other geks; like tumor cells or other
mesenchymal cell-types like Chondrocytes, simildymphocytes proliferation assays
were carried out with CM from Tumor cells isolatedm NSCLC and chondrocytes
provided by Ifigo Martinez-Zubiaurre. Representatdata inFigure 5.8 show that
neither tumor cells nor chondrocytes-derived facexert the same immunosuppressive

effects as CAF-released factor (figure 5.4).
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Figure 5.8 T-cell proliferation assays: Tumor celland chondrocytes conditioned medium do not
elicit immune-suppressive effectsT-cell proliferation assays were performed usinglTace™
CFSE-labeled human PBMCs activated wittg/mL PHA, and incubated with conditioned medium
(CM) and fresh medium at 1:1 ratio for 5 days. Assaere performed with CM harvested from Tumor
Cells (TC) and Chondrocytes (C) cultures three g¢mgt-seeding. T-cell proliferation was determined
by decrease in CFSE fluorescence intensity afténgdhe lymphocytes population on the forward
(FSC-H) and side scattdkepresentativow cytometry dot plots showing the percentagkaf CFSE
labeled T-cells.

T-regulatory cells have been the topic of manyrgdie articles for their capability to
inhibit other T-cell subsets functions capable ofducing immunological
tolerancé&’11%120 The present study aimed to investigate whethegdplay any role in
the immunosuppressive effects exerted by CAFstH®purpose, an enriched population
of CD4" CD28"9" Tregs and a population of CD£D25°¥ "t T-cells from isolated

human PBMCs were sorted by MACS CD4-positive salacand FACSAria and
conventional proliferation assays with CAF-CM wéren carried out. By using MACS
CD4-positive selection, highly pure CD%-cells were obtained={gure 5.9). Results in

Figure 5.10show a comparison in proliferation rates betwédenenriched populations
of CD4' CD25"9" Tregs, the CD4CD25°" " T-cells population and a control group. As
expected, CD4CD25"" Tregs did not proliferate in any of the groupstisingly, the
positive control for the PHA-stimulated CH£D25°" "t T_cells (+PHA) failed to

proliferate. This phenomenon will be further dissesin a later section.
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Figure 5.9 Separation of CD4 cells using MACS CD4 positive selectiortD4" T-cells were isolated
from human PBMCs using CD4 Microbeads, an LS colamt a MidiMACS separator. PBMCs were
fluorescently stained with CD4-PE Alexa610 antibodymphocytes were identified by forward and
side scatter. Histograms show CD4-PE Alexa610rélscence forA) the T-lymphocytes before
separationB) CD4"™¢depleted T-cells andC) CD4" isolated T-cells.
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Figure 5.10 Comparison of proliferation rates betwen three T-cell populations CFSE-labeled
CD4" CD28'h Tregs and CD% CD25¥int T-cells were isolated from PBMCs and set up for
proliferation assays. Sixty thousand T-lymphocyémulated with PHA (1pug/mL) or unstimulated
(+PHA), were placed in culture with or without 7&sHCAF-CM. Proliferation assays were harvested
five days later and T-cell proliferation was detared by decrease in CFSE fluorescence intensigy aft
gating the lymphocytes population on the forwar8@FH) and side scatter. The representative flow
cytometry dot plots show the percentage of low Cigteled T-cells.
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The next step in our investigation was to performlenular assays to gain a deeper
knowledge of CAF-driven paracrine effects. Whiladtional assays are generally aimed
at characterizing a function of a cell, moleculasays are aimed at characterizing a
particular molecule by qualitative or quantitatteehniques.

First, we quantified the expression of acknowledgeohunosuppressive molecules in
the conditioned medium from CAFs and irradiated €Ak immune-based assays. As
shown inFigure 5.11the immunosuppressive molecules, IL-10 or IDO weredetected

in CAF-supernatants, however, other important imeategulators such as IL-4, TGF-
or PGE2 were detected, in the culture medium & éifferent CAFs donors. Once more,
results show approximately the same amounts dhede factors in supernatants from
both irradiated and non-irradiated cells.

The immunosuppressive cytokine IL-6 was also detkat both supernatants, but data
are not included since levels were above the detetimit of the assay (5000 pg/mL).
The concentration of this protein in CAFs supemiatg22 ng/mL) however, has been

already determined by our laboratory and is publisim Helleviket al.1%3
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Figure 5.11 Even expression of immunosuppressivediars measured in conditioned medium
from irradiated and non-irradiated CAFs. Levels of different immunosuppressive factors were
measured by specific Enzyme linked Immunosorbesayass (ELISA) and by Luminex® multiplex
cytokine assays in conditioned medium (CM) obtaifnedh irradiated (18 Gy) or non-irradiated (0 Gy)
CAFs cultures. Each bar represents mean +SEM & @ifferent CAFs donors from duplicate
determinations. ND. Non- detected.
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To confirm that IDO is not expressed by CAFs, WiesRlot analysis of total cell lysates
(5 x 1@ CAFs) and of concentrated proteins from 6 mL ofé8old non-irradiated CAF-
cultures supernatants were carried out. Since ¥aniintracellular enzyme that can be
triggered by IFNy or other inflammatory stimufts!, lysates of CAF-cultures (5 x 10
cells) stimulated with recombinant IFN{100 ng/mL) for 48 hrs were included as
positive controls. Results iRigure 5.12 clearly show that stimulated CAFs express
intracellular IDO (42 kDa). However, neither CAFsgunatants nor non-activated CAF-
lysates express IDO. Despite that the growth medwasichanged to a serum-free media,
a background of the secondary antibody in the CM feand due to the presence of

serum proteins.
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Figure 5.12 Neither CAFs supernatants nor non-actiated CAFs lysates express IDONestern blot
analysis of CAF cells lysates, untreated (-) (lab@sd 3) or treated (+) with recombinant Interfeyo
(IFN-y) (100 ng/ml) for 48 hrs (lanes 2 and 4 (positigateol)), and of CAF culture supernatants (CAF-
CM) untreated (lanes 5 and 7) or treated (lanesd68&) with IFNy using IDO Antibody. Data from
two CAFs donors is shown; Donor 1, lanes 1, 2,&&rDonor 2, lanes 3, 4, 7 and 8.

New or alternative immunosuppressive paracrineofaciother than those suggested in
the literature, released from CAFs and iCAFs ofiffeent donors, were identified by
proteomics. Approximately 1oy of extracellular proteins concentrated from 3ohZ2-
hrs old-culture supernatants were loaded onto aBRGSE, run for 10 min, and then the

entire spectrum was cut from the gel, excisednedlbands and analysed by LC- MS/MS.
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Proteins were identified by MASCOT software agathst Swiss-Prot database and a list
of 978 proteins with a significant MASCOT Score vei®®wn. The Mascot Score is the
total score for the individual peptide ion massesgaming a given protein. For a positive
protein identification, the mascot score has toabeve the 95 % confidence level
(P<0.05). Proteins were then classified by functigpalsing Protein Discoverer and
Perseus software. A total of 261 proteins werecsetefor its relevance in the context of
defense responses, cell communication and inflammdgtinally, from this selection, 28
proteins, listed iMable 5.1, had immune-modulating effects and could be idesdiin

supernatants from both irradiated and control CéfFat least 2 donors.
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Table 5.1List of selected immunosuppressive factors identifn common by LC-MS/MS in irradiated
(18 Gy) and control (0 Gy) CAF-supernatants

Gene Mascot  Seq.

Protein Name Name" 0 Gy 18 Gy Score coverage Function

_Pla_sr_nlnogen activatol seppiNgL n=4 n=4 11343 72.1 % Serine protease inhibitor

inhibitor-1

Eﬁ)r:(teri?]xm-related PTX3 n=4 n=4 3595 60.6 % Inflammatory reactions

Thrombospondin-1 THBS1 n=4 n=4 3325 46.5 % Adhesive glycoprotein

Complement C1r CI1R n=4 n=4 3271 59.4 % Catalytic activity

- _ _ Ligand for tyrosine-protein

Grotw_th grrest-spemflc GAS6 n=4 n=4 2852 50.2 % kinase receptors

protein- (AXL,TYRO3)

.l\/Ie.ta.IIoprotelnase TIMP1 =4 n=4 2705 68.6 % Metalloproteinase inhibitor

inhibitor-1

Complement Cls C1s n=4 n=4 2649 57.4 % Catalytic activity

Complement C3 c3 n=3 n=4 2561 65.00  /ctivationofthe
complement system
Cofactor for factor I-

Complement factor H CFH n=4 n=4 1724 55.6 % mediated inactivation of
C3b

_l\/le_ta_lloprotelnase TIMP2 =4 n=4 1594 68.2 % Metalloproteinase inhibitor

inhibitor-2

Thrombospondin-2 THBS2 n=4 n=4 1016 39.8 % Adhesive glycoprotein
Prostaglandin-H2 D-

isomerase PTGDS n=4 n=4 897 64.2 % Catalytic activity

Complement _ _ Constituent of the

component C7 cr n=3 n=3 628 50.7 % membrane attack complex

Complement factor D CFD n=4 n=4 453 47.8 % Catalytic activity

Plasminogen activator SERPINB2 n =3 n=3 418 453 % Inhibits urokinase-type

inhibitor-2 plasminogen activator

Complement factor |  CFl n=4 n=4 395 37.1% Catalytic activity

Complement C4-A CaA n=3 n=4 387 21.6 % Inflammatory process

:g&;)t Sg?k():(le(t;)roteln HSP90AB1 n=2 n=3 366 30.0 % Molecular chaperone
Regulates apoptosis, cell

Galectin-1 LGALS1 n=4 n=4 308 73.3% proliferation and
differentiation

:g‘g Sg?:llgk?;mem HSP90AA1 n=3 n=3 305 33.5% Molecular chaperone
Component of the

Complement factor B CFB n=3 n=3 301 27.9 % alternative pathway of
complement system

?rfg::imirphogenet,c BMP1 n=2 n=3 237 22.4 % Catalytic activity

Heat shock cognate _ _ Repressor of transcriptional

71 kDa protein HSPAS n=3 n=4 212 31.0% activation

Interleukin-6 IL6 n=4 n=4 205 43.9% Cytokine activity

Calreticulin CALR n=3 n=4 199 22.5% Calcium-binding chaperone

Connective tissue Mediates cell adhesion,

CTGF n=3 n=4 131 31.0 % differentiation and

growth factor proliferation

Galectin-3 LGALS3 n=4 n=4 125 28.4 % Inflammatory responses

fransforming growth - rqeprg  n=p  p=3 o1 122%  Binds to TGF-beta

factor beta receptor 3

n Number of donors in which the protein was ideatffrom a total of four analyzed
“Human
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5.12 High-dose Irradiation does not induce Immunogenic Cell Death

mechanisms
Accumulating evidences indicate that radiotheraggythe potential to boost the patients’
immune system by triggering ICE. This immune-driven effect of radiotherapy is
thought to occur as a result of released dangeakigsuch as ATP and HMGB1, to the
extracellular space by necrotic cells. Based os tiotion we explored by means of an
ENLITEN ATP assays and Western Blotting assays dratradiated CAFs at different
time points, post treatment, release ATP or HMGigh the extracellular environment.
Results clearly show that CAFs do not turn on ICBchanisms at any time point after

exposure to 1 x 18 Gy{gure 5.13.
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Figure 5.13 Irradiated CAFs do not release immunogac cell death signals. (A)Levels of
extracellular ATP measured on CAFs supernatantshat 6 hrs and 24 hrs post 1 x 18Gy irradiation
and non-irradiated cells. Positive controls weraiied by lysing the cells with 0.1 % triton X-1fa®

10 min. Each bar represent mean =SD from two difieiCAFs donors measured in triplicaté3)
Expression of high-mobility group box 1 (HMGB1) @&a) in CAFs supernatants analyzed 1 hr, 6 hrs,
24 hrs and 120 hrs after irradiation (18Gy) or am4irradiated cells (0Gy) by western blot. Positive
control represents intracellular HMGB1 levels froaran-irradiated CAFs cultures. Data from one
representative CAF donor is shown. Identical raswkire obtained with 2 different CAF donors.
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In the previous studies we found that CAF-derivadtdrs inhibit T-cell proliferative
responses (Figure 5.4). In the following study weuks on the mechanism of how CAFs
modulate T-cell inactivation. Evidence has shovat th-6, PGE2, TGH and Galectin-

3 release by non-neoplastic cells into the tumaro@nvironment, may induce a state of
Immunosuppression. To investigate whether these -@&kved anti-inflammatory
factors represent relevant mediators in the obgefveell inactivation, we used specific
neutralizing antibodies or inhibitors to supprdss éffects of IL-6, PGE2, TGF-and
Galectin-3 Figure 5.14 (A-D))with the goal to overcome the immunosuppressivecesf
of CAF-CM in proliferative assays. The pink histagrs inFigure 5.14 show that by
blocking these specific proteins with TocilizumBliclofenac, anti-TGH3 1,2,3 antibody
and anti-hGalectin-3 antibody respectively, we wad abolish the immunosuppressive
effects of CAF-CM shown in brown histograms. ELISAésts were used to determine
the blocking of PGE2 and TGFlevels in CAF-CM édditional files C.4.
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Figure 5.14 Neutralization of IL-6, PGE2, TGF$ and Galectin-3 do not overcome CAF-CM—mediated
immunosuppressive effectsProliferation assays were carried out after blogldpecific cytokines with
specific druggA) 10 ug/mL of Tocilizumab (TOC) was used to block IL-&eptor on T-lymphocyte@)

5 uM of Diclofenac (DIC) was used to block the enzy@®X2) produced by CAFs that directly synthesizes
PGE2, (C) 5ug/mL of TGF$ monoclonal antibodyaf TGF$) and (D) 10ug/mL of anti-Galectin3
polyclonal antibody (anti-Gal3) was used to neigeathe soluble TGIB-and Galectin-3 in CAF-CM
respectively DATA show quantitative analysis of T-cell proliferaticates from one representative CAF
donor. Identical results were obtained with 2 défe CAF donors. Each bar represents mean +SD value
of duplicate determinations.
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6. Discussion

Cancer-associated fibroblast is a key stromaltgp# that plays a pivotal role in cancer
progression through a) stimulation of tumor celloliperation; b) activation of
angiogenesis; c) promotion of epithelial-mesencHhymaasdifferentiation; d) regulation
of the extracellular matrix deposition and e) fotima of a metastatic-niche. Moreover,
accumulating evidence show that CAFs promote tugrawth and metastasis by
inducing f) polarization towards a Th2 immunity dngdsuppressing immune responses.

The function of CAFs in regulating the immune sgstdhas been previously
characterized, but the reported effects of CAFsTaells are still divergent. Various
studiesin vivo have demonstrated that systemic CAF-targeted pilesyaare correlated
with an increase in Thi cytokine expression and CD8ell responsé8!l’ Contrary to
this assumption, other studies have shown that kbepletion of CAFs in pancreatic
ductal adenocarcinomas is associated with poor inaswrveillance responsgés In yet
another study, co-cultures of CAFs from lung tumeith autologous tumor associated
T-cells showed donor-specific immune responsesaith ldirections, enhancing and
inhibiting T-cell functiong®. Here, in an attempt to further investigate CAFdiated
immune-modulating functions, CAF/T-cell co-culturegre carried out. Our results
indicate that CAFs isolated from freshly resected-amall cell lung carcinoma from
seven different donors exhibit consistent inhilyiteffects P<0.05) on human PHA-L
activated T-cells isolated from peripheral blood refalthy volunteers. It has been
proposed in previous studies that the expressidbAfys of the co-regulatory membrane
molecules, programmed cell death-ligands (PD-L1 BBdL2) could be involved in
immunosuppressive functioh$®!?4 Here, however, we have determined that the
inhibitory effects of CAFs is mediated by paracrangnals and not by contact-dependent
signals, since CAF-mediated suppressive responseT-tymphocytes could be
reproduced by culturing activated T-cells with CAltures supernatants.

The reason why CAF-CM-mediated immunosuppressionaee significant <0.001)
than the one demonstrated in co-cultuRes(Q.05) is that the cell density of the collected
CM was much higher (~ 350.000 CAFs/mL) than in atitces, where cells were seeded
at a density of 10.000 cells per well on a 24-vpéddite.
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In this study we also demonstrate that the immuppsassive effects observed are
specific for CAFs since the same effects couldb®oteproduced by other mesenchymal

cell types like, chondrocytes, or by freshly isetaNSCLC tumor cells.

Freshly isolated immature myeloid derived suppresslts from tumor-bearing mice was
originally shown to suppress CD8-cell responses but not CD#-cell responses via
direct cell-cell contact, and was presumably depahdn MHC class | molecuf&$12¢
Even though this view has later on been challetgyeather studies, which demonstrated
that activated MDSCs can suppress the function@liggcof both T-cell subsets in a
MHC-I-independent mannY, it is accepted that activated CDéhd CD4 T-cells may
respond differently to distinct regulatory influesg including membrane co-stimulatory
molecules and/or released facté#$?® However, the way by which immune-modulating
factors released by immune and non-immune celisariumor microenvironment shape
the immune profile is still poorly understood. hetpresent study we evaluated the effect
of CAFs on the proliferative responses of two Tl-eebsets individually and we show

that CAFs suppress both CDdnd CD8 T-cell responses similarly.

The movement of lymphocytes from the blood intottesues is believed to be promoted
by the combined action of chemokines and cell adhesiolecule$®. Orimo et al.,
demonstrated that CAFs in tumor-bearing-mice reledasvated levels of the chemokine
SDF-1/CXCL12, which results in recruitment of erdmial progenitor cells and
therefore tumor angiogene¥s Moreover, it is well characterized that SDF-1 can
promote chemotaxis of T-lymphocyte via their camsively expressed receptors
CXCR4'31132 Based on this understanding we hypothesized @#F-CM would
enhance lymphocyte migration by generating a SQffatlient. However, contrary of
what we expected, we establish here, for the tiins¢, that NSCLC fibroblast-released
factors strongly diminish the migratory capacity RIIA-L stimulated T-lymphocytes
towards the chemoattractant SDFPk(Q.05). Of importance, levels of SDF-1 released
by CAFs inin vitro assays have been detected, but at relative loslsl€é8 ng/mg of total
protein) in previous studies in our laborat@fyConsidering that the minimum amount
of SDF-1 to induce migration is 10 ng/madditional files C.} it is not surprising that
CAF-CM alone do not induce migration.

Curiously, the same migration assay repeated wotiractivated lymphocytes did not

show any alterations of the migratory capacity dyfphocytes compared to the control
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groups édditional files C.3. This may suggest that PHA-L induces expressibn o
receptor/s on T-lymphocytes which interacts withFederived soluble factors leading to
suppression of the SDF-1 receptor (CXCR-4) functiBased on these findings we
hypothesize that the soluble factor affecting T-éehctions is also affecting T-cell

migratory responses.

On the bases of these observations, it is cleathbee is a continual cross-talk between
CAFs and the diverse population of immune cellsulgh the secretion of soluble factors
that results in immunosuppression. Supporting #wsreness we observed that the
immunosuppressive response induced by CAF-CM israpanied by a decrease in the
amount of two key immune-modulating cytokines, liFllind TNFe (P<0.0001) that are
typically produced by activated T-lymphocytes aghhievels. The pro-inflammatory
cytokine, IFNy has been described in several articles for itsomapce towards anti-
tumor responses (i.e., recruitment of immune celiyanced maturation of dendritic
cells, activation of macrophages and natural kdkdts among other effects). In fact, one
of the mechanisms by which tumor cells escape inusurrveillance is through the
development of IFNe insensitivity®3. On the other hand, TNé&-is also a pro-
inflammatory cytokine involved in T-cell activati@nd proliferatiof. It could be that
CAF-released factors decrease the levels of @Nirdirectly by modulating T-
lymphocyte IFNy production, since IFN-synergizes with TNFe through the NF-kB
pathway>®.

Another fact that supports the observed CAF-immuppeessive effects is the detection
of IL-10 in the supernatants of T-cells/CAF-CM cuéts. IL-10 is an immunosuppressive
cytokine with the ability to reduce the productiohlL-2 and IFNy by T helper type 1
cellst*8, But, which cell type is actually producing thigakine in our cultures? Neither
T-cells nor CAF-culture-supernatants tested pasifior IL-10 when cultured alone.
Literature-based-research indicates that this ay&ois primarily produced by Treg cells
and M2 macrophages in the tumor microenvirondtéht® Thus, our finding that T-cells
in culture with CAF-CM produce IL-10 raises the sgtien of whether CAFs
Immunosuppressive activity on T-cells is exertedirectly through the release of
cytokines that promote the differentiation of othremunosuppressive cell types such as
Treg cells.

In an attempt to address the possibility that Teegsdd be involved in CAF-CM mediated
Immunosuppression, we wanted to compare the pralien rates between an enriched
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population of CD4 CD25"9" Tregs and CD%CD23°""t T-cells when cultured with
CAF-CM. It is expected that the enriched populatioiiregs would proliferate less than
the population without Tregs in the PHA-stimulateells since Tregs are anergic
(nonproliferative) to mitogenic stimulations butthe same time in the presence of the
mitogen they become suppressive and inhibit théf@ration of the other activated T-
cell subsetg®12013% The fact that purified CD4 CD25"9" and especially CD4
CD25°V"t T_cells failed to proliferate at all upon activatiby PHA at concentrations
that induced autologous non-purified lymphocytesPBMCs to proliferate, might
suggest that the purified CDA-cell cultures lacked a cellular component présen
PBMCs cultures that is necessary for PHA-mediatdgation. An alternative hypothesis
is that the CD25 T-cells present in the purified CH&D23°V" T-cell population also
exert immunosuppressive effects. Previous studyestier authors have reported that
immunomagnetic isolated CD4CD25 Tregs, can block the proliferation of whole
CD4 T-cell population, cultured at a 1:1 rafid Thus, based on this study, a simple pilot
experiment could be done in order to study this hgpothesis: We could isolate CD4
CD25 T-cells on one hand and CD&€D25" T-cells on the other hand and proceed with
the same experimental set-up. If the CD25 T-cell population is able to proliferate
and CD4 CD25" T-cells are hyporesponsive, it would reflect tinat isolated CD2% T-
cells in our experiment exert immunosuppressiveat$fon CD% CD25°" T-cells. All

in all, our initial hypothesis suggesting that a @dtor/s produced by CAFs have the
ability to directly promote T-cell inhibition canhbe answered by this experimental set-

up.

Granulocyte-macrophage colony-stimulating factostrengly released by activated T-
cells, and is significantly blocked when culturedhaACAF-CM. But it is still undefined

whether this cytokine has direct effects on T-é#lisand whether it exerts
Immunosuppressive or pro-inflammatory roles. Itnseethat GM-CSF can promote
traditional pro-inflammatory reactions by recrugigirculating monocytes, neutrophils
and lymphocytes and by enhancing DC maturatioi? However, in the tumor

microenvironment this cytokine can also promotenalirect immunosuppressive effect
on anti-tumor T-cell immunity through the recruitmi@f immunosuppressive cells, like

MDSCs**# Due to its puzzling role, this cytokine was hother investigated.
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Given the increasing evidences showing that filastsl are able to modulate T-cell
responses, it is of great interest to understandhyparacrine signal released by CAFs
induces the observed immunosuppressive effects.tddetermine the role of CAF-
released cytokines can be challenging. Despitentirey efforts made for gaining a more
complete understanding of the cytokine networkstangets in cancer development and
pathogenesis, the attempt to characterize a smgtekine as anti-inflammatory/pro-
inflammatory or as anti-tumorigenic/pro-tumorigemi@y be challenging due to the
inherent cytokine pleiotropy and redundancy beha¥ience, some cytokines can signal
through multiple receptor complexes and one recepdbmplex can be the target of
multiple cytokine&*>14¢

A great quantity of cytokines in the tumor milieanchave both negative and positive
effects on tumor growth, and examples of well doented cytokines produced by CAFs
that have this pleiotropic effect are IE44 TGF$8 IL-614° and IL-1B¥°9151 The last
two pro-inflammatory cytokines are examples of¢bacept that inflammation can lead
to pro-tumorigenic activities by promoting a shiifferentiation and recruitment of tumor
promoting effector cells (Treg, Thl7, Th2 and MDSBgre, we study acknowledged
cytokines produced by CAFs, including TGFPGEZ2, IDO and IL-6 that affects T-cell
functions directly or indirectly via other cellscuas Treg or Th17 cells. In addition, we
also analyze other recognized immunosuppressivecaulds, including IL-10 and IL-4.
All the investigated cytokines were detected witlamtitative approaches in CAF cell
culture supernatants with the exception of IDO AAdO.

IL-6 concentrations were above the detection lwhihe assay (5000 pg/mL) and PGE2,
IL-4, and TGFB concentrations ranged from 120 pg/mL to 261 pg/mL.

On the other hand, IDO, a tryptophan-degrading em@zyhas the potential to suppress
immunoresponses. Even though its mechanisms afrnaate not yet fully understood, it
has been suggested that the tryptophan metabadesmulated downstream upon
tryptophan degradation may induce somehow T-ckdldnce to tumofs?1>4 Although

it is widely accepted that CAFs stimulated with HsMre an important source of IDO
and/or the tryptophan metabolite kynurefi€> we did not detect IDO expression
within unstimulated CAF lysates or CAF supernatdntswestern blotting or ELISA.
Since the immunosuppressive effects observed oympHocytes are mediated by
supernatants obtained from unstimulated CAFs astwve concluded that IDO is not

our molecule of interest.
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In further attempts to define which CAF-derivedtéads responsible for the inhibitory
effects observed, we removed the expression aeftbet of CAF-produced IL-6, PGE2,
TGF{$ and Galectin-3 in individual proliferative assaidespite the high IL-6 levels
found in CAF supernatants, its inhibition did ngeccome the CAF immunosuppressive
effect. Additionally, the blocking of TGB- or PGE2 could not revert the
immunosuppressive effects by CAFs. TGHias dominated the field of cancer
progression since its discovery in the early 1980s,its ability to suppress T-cell
responses to IL¥%and its role as an immune modulator in geAr&t® In fact, previous
studies by Nazarett al.>® have shown that in the presence of function blagHRiGF{
antibodies, T-cell response was increased. Therefaur finding that TGHB-
neutralization did not promote T-cell proliferatiaas unexpected. An explanation to this
observation could be that detected levels of PGE61 pg/mL) in CAF supernatants are
not high enough to trigger T-cell tolerance. Anothgpothesis is that CAF-released
TGF has a higher impact on self-stimulation of cedllfferation (autocrine effects) than

on T-cells (paracrine effects).

Interestingly, in an effort to identify new andeeant immunomodulators in the CAFs
secretome by means of an unbiased mass spectroametiysis, we identified, among a
list of 28 immune-modulating factors, a well-knoimmmunosuppressive molecule called
Galectin-3. In adults, galectin-3 is expressed avide variety of normal cell types and
tissues. It is a cytosolic protein but it may tlanate into the nucleus or be secreted from
the cytosol into the extracellular space via the-olassical pathway®. Even though this
molecule is involved in a variety of biological pesses (cell adhesion, cell activation
and chemoattraction, cell growth and differentiaticcell cycle and apoptost&)
oncologists are interested in this molecule foagsociation in cancer progressfirn®?
This molecule can be found in large amounts inetkteacellular space in tumors where
it effects tumor-stromal behavior and function bieracting with glycosylated molecules
such as receptors, cell-cell and cell-matrix adiresnolecule¥® The inhibitory effect

of galectin-3 on T-cell proliferation and functidras been demonstrated in previous
studiesin vivo'®41% Moreover, in yet another study vitro the immunosuppressive
effects mediated by human bone marrow-derived nobg@mal stem cells were overcome
by knockingdown galectin-3 in these cifs However, in the present study CAFs
immunosuppressive effects were not reverted bygusilocking antibodies against

galectin-3.
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Of importance, the immunosuppressive and antisimfteatory Galectin-1 was also

detected in the complete CAF secretome and cosldl la¢ a potential target to revert
effects mediated by CAFs. Studies in mice have shibvat by blocking galectin-1 gene

expression in tumor cells, the levels of T-cedidiated tumor rejection was significantly
elevated®”. In our interestin vitro studies havedemonstrated that galectin-1 can be
blocked by a galectin-1-specific mouse monoclongbady °8

When a tumor is being irradiated with the aim tetd®y cancer cells, one might assume
that stromal cells present in the tumor microenviment follow the same fate. Previous
studies however, have demonstrated that CAFs alieresistant cells that adopt a
senescent-like phenotype upon HDXT But, how the acquired CAF-senescence-
associated-secretory phenotype may impact the lbvenaor fate remains elusive and
poorly studied. Previous studies with chemotherapgted CAFs reported that
chemotherapy is associated with an increased cyoioduction from these céefid
Here, we demonstrate by functional assays thatrsafats obtained from irradiated-
CAF-cultures exert the same immunosuppressive teffas the ones shown for non-
irradiated CAF cell culture supernatants, effectiogh, T-cells functionH<0.001) and
migratory capacity H<0.05). Moreover, the concentration levels of the
immunosuppressive molecules, TBFPGE2, IDO, IL-6, IL-10 and IL-4 measured by
guantitative approaches in the irradiated CAF genre are similar to the concentration
levels detected in non-irradiated CAF secretomeafly, these outcomes also give a
better understanding of the equal immunosuppresdfeets observed by irradiated and
control CAFs.

Observations in clinical trials have shown thataloEID-RT may trigger a systemic
immune response, triggered by the release of dangeals (DAMPS) from dying cancer
cells. This damage-associatadlecular patterns enhance dendritic cells phagscy/bf
tumor cells which in turn prime CD&ytotoxic T-cells with the potential to eliminate
tumor cells not only at the irradiated site bubaismotes sites. This form of cell death is
called immunogenic cell death and the three dasigeals that define and coordinate an
ICD are (i) cell surface translocation of endoplasneticulum-associated calreticulin;
(ii) extracellular release of DNA-binding proteiniGB1 and (iii) release of cytosolic

ATP®1170 Based on this premise, we hypothesized thateditia-RT cannot overcome
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the immunosuppressive effects of non-irradiated €#&fe same HD-RT should not be
able to trigger signals that enhance the activatf@D8" T-cells. Indeed, we demonstrate
here, for the first time that HD-RT does not prosoielease of CAF-ICD signals
(HMGB1 and ATP) at any of the measured time points.

It still remains unclear which radiotherapy regim@ose and fractionation) is more
effective to induce an optimal immunogenic cancagt death response: to boost the
patient’s immune system without destroying the-&untiorigenic immune cells at the
irradiation site. To this end, some authors sugtiedta high single dose of RT is more
effective than a low dos$€1’2 While other authors report that fractionated RE. (
smaller doses of radiation given more than oncehasre effective to induce a systemic
immune response than single dd2¢€ In any case, we demonstrate in this study that
non-irradiated CAFs or CAFs treated with converdidractionated radiotherapy (4 x 2
Gy) exert the same immunosuppressive effects assGgated with single high-dose

radiotherapyddditional files C.2.

In this project we demonstrate the existence obraticual cross-talk between freshly
isolated human CAFs from NSCLC and freshly isoldtedtan T-lymphocytes from

peripheral blood of healthy donors. Therefore, Glible factors may be an attractive
target for anti-cancer therapy. Five main obseovatican be highlighted from this study:
(i) CAF-derived soluble factors exhibit strong immsuappressive effects over T-cells,
affecting both their function and migration rate§i) the well characterized

immunosuppressive factors T@HDO, PGEZ2, IL-6 and Galectin-3 do not seem typla
a major role in the CAF-mediated effecis,)(HD-RT given in a single dose of 18 Gy or
in conventional fractions (4 x 2 Gy) does not owane CAFs immunosuppressive effects,
(iv) the secretome of irradiated CAFs contains theeskwvels of immunosuppressive
cytokines as non-irradiated CAFs secreton)eHD-RT does not trigger immunogenic

cell death signals.
Much effort has been put into the development ofdted drug therapies to hinder

unfavorable molecular pathways in cancer cells. &l@v, researchers are faced with

enormous challenges in trying to overcome genonstability of tumor cells that may
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be responsible for acquisition of a drug-resistgrgnotype. The increasing knowledge
of the interactions between stromal cells and resti@ cells and their importance in
tumor initiation and cancer progression may providenew strategies to develop novel
therapies aimed at targeting the genetically meaibls stromal cells or their released
factors and thus increase the possibilities to @awee drug and/or radio-resistance,
suppress tumor growth and gain local tumor coranal overall survival in patients.

It is well documented that CAFs in the tumor miecr@eonment are an active participant
in cancer formation and progression through theesien of cytokines and chemokines.
Thus, it is not surprising that during the last fggars, CAFs have been selected as a
therapeutic target against cancer progression. Menven order to generate a more
effective targeted therapy against either CAFs d&kF@&oluble factors, further
translational research on CAF versus tumor celts @AF versus tumor stromal cells

cross-talk is needed.

It is also worth mentioning that CAFs comprise gehegeneous population of cells and
that the proportion of different CAFs subtypes eary between organs anatomical areas,
the tumor type, or the tumor stageg herefore, considering that more than 100 tyges o
cancer have been defined, CAF-derived soluble faattay vary significantly among
tumor types. Moreover, aspects like oxygen defioyeastablished in fast-growing tumors
may enhance the release of cytokines and chemokioiepresent in tumors that are
highly vascularized. However, in this study we veahto gain more knowledge on the
iImmune-modulating properties of CAFs in general.

In the future, we could complete our study by wgkin different directiongi) continue
the search for the CAF-derived soluble factor/goesible for the immunosuppressive
effects; (i) study in depth Tregs-mediated immunosuppress{on; compare the
secretory phenotype of normal lung-fibroblasts wietd from non-cancer tissues with the
secretory phenotype of NSCLC-associated fibrobktstsved in this studyiv) study the
effects of CAFs on other immune cell types suchmasrophages, dendritic cells and
natural killer cells{v) study the role of CAFs in animal models gui) study potential
association of CAF abundance with infiltration ofmune cell populations (Treg, NK,
Macrophages, MDSC, Th2 and Th17) in lung tissuedS€CLC patients and/or in mice.
Another exciting phenomenon that could be studrethe future is the role of CAF-

derived exosomes on T-cell function. It has beeggssted in recent literature that one
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form of cell-cell communication between tumor cedisd the stromal cells could be
through the release of extracellular vesiclegxosomes, and that these exosomes could
carry a multitude of regulatory molecules involviedthe regulation of the immune

respons& 4173
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Additional files

A.1 Protocol for multiplex protein array

Sample type:

Pre-wet plate
Add 25 pL 1X antibody-coated beads

Vortex bead solution (30 sec.)
<4+—— Defore addition to each well

and 200 pL Wash Solution

<4— Beads washed with a filtration
vacuum manifold (sectiof.14)

l Wash 1 x 200 ul
Standard Serum/plasma/tissue culture supernatant
Add 50 pL Add 50 pL
incubation buffer incubation buffer
8 ]

Add 50 pL 8 8
Add 100 pL 3
aridaia assay diluent r r r Y

Add 50 pL

sample

N

Shake for 2 hr at RT in the dark

l Wash 2 % 200 ul

Add 100 pL 1X detector antibody

i Shake for 1 hour at RT in the dark

Wash 2 x 200 pul

Add 100 pL 1X SAV-RPE

i Shake for 30 min at RT in the dark

Wash 3x 200 pl

Add 100 pL wash buffer

i Shake for 2-3 min

Read in Luminex” Detection System

Total time: 3.5 hr

s Detector
@ Protein 5 Bead )k antibody

R-phycoerythrin
,'\ (RPE)

Adapted from Invitrogen protocc®
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A.2 Protocol for PGE Express EIA Kit (Cayman chemical)

SOOu! SF)GEH quul SO({\U\ 500}1\ 500 ul SI)qul 500 ul
SN TN NN NN N
HA]B’L‘;'M //
\ ‘,/ s1 52 s3 sS4 S5 56 57 S8
L
A o
pl Add 50 pl of appropriate standard,
o ’ blank and samples into wells
- 800 ul 500l 500l 500 pl 500 pl 500 pl 500l 500 ul
- EB A A A FA FA FA K
10ng/ml 2000 1000 500 250 125 625 313 156
Standard pg/ml pg/ml pgml pg/ml pgml pgml pgml pg/ml
1. Prepare standard curve in complete DMEM medium Immediately afier

2. Prepare all the reagents and buffers according to
manufacturer’s instructions

Add 50 pL of PGE, - ACHe
' conjugate reconstitute with EIA
. % % Buffer
£ ) /
L
*° 8
‘ ~A \ Immediately afier
i o i
3. Pre-coated plate with goat polyclonal anti-mouse I1gG () Add 50 pL of PGE, Monoclonal
and blocked (w==) with proprietary formulation of Antibody reconstitute with EIA
proteins was incubated with (1) either standard or sample Buffer
(), (2) PGE2- ACHe, ( ®9) and (3) PGE2 monoclonal
antibodies ( _})
Shake for 60 min at
RT in the dark

Empty the Wells and rinse 5 x with

—
s ‘ s s Wash buffer
L) yda
4.  Wash to remove all unbound agents Immediately after
Add 200 pL Ellman’s Reagent

reconstituted with ultra pure water

] 8

% @
Y Y # Y Y Shake for 60-90 min

at RT in the dark
5.  Develop the well with Ellman’s Reagent
Y = Goat polyclonal anti-mouse IgG
= Blocking proteins Read in EMax microplate reader at a
BO = Acetylcholinesterase linked wavelength 405-420 nm

to PGE. (Tracer)
= Specific antibody to PGE,

= Free PGE,

80



Additional files

A.3 Protocol for IDO ELISA kit (ClouD-Clone Corp.)

Anslyte Plates were already pre-coated with capture antibodies and blocked
Oof\ Bring reagents to the working concentration
Add 100 pL of sample or standards in Standard Diluent
. vy /
<
Antiboc
coated
\\f Incubate for 2 hours at 37 °C
Remove liquid without washing!
By

v Yy / Add 100 pL of Detection reagent A working solution

X
\J
Incubate 1 hour at 37 °C
Wash 3x 400 ul. Wash buffer
S
v v
Add 100 pL of Detection reagent B working solution
KL
Yy /
A Incubate 30 minutes at 37 °C
\\ f‘ Wash 5x 400 ul. Wash buffer
v
T™B Su{)stra!e
E Add 90 pl. of Substrate Solution (TMB) (easily contaminated!)
X
YV'Y

™B Incubate 15-25 minutes at 37 C

Substrate
X o
¢ Stop
\Y) Yellow
\ v

Add 50 pl. of Stop Solution

Read in Multiskan Ascent microplate reader at a wavelength 450 nm

Detection Reagent A
Biotinylated Detection Detection Reagent B
© Analyte v Gipture Antiody X\ Antibody ¢ Streptavidin-HRP

Adapted from IDO ELISA kit (ClouD-Clone Corp. sents.8)
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A.4 Protocol for DuoSet® ELISA kits (TGHL, IFN-y and TNF-« ) (R&D Systems)

Bring reagents to a working concentration

Coat the 96-well microplate with 100 pl. per well of Capture Antibody

Analyte
\

\\ Incubate overnight at RT
Wash 2x 400 ul. Wash buffer

Antiboc
coated

——» Block plates by adding 300 pl. of Block Buffer

N\
\f \ Incubate 1 hour at RT
Wash 2x 400 ul. Wash buffer

Activate samples if necessary

3
I\x Add 100 pl of sample or standards in Reagent Diluent
Yy
Incubate 2 hours at RT
Wash 2x 400 ul. Wash buffer
Y
Add 100 pL of Detection Antibody diluted in Reagent diluent
V¢
L
\ Incubate 2 hours at RT
Wash 2x 400 ul. Wash buffer
&
YYVY
——» Add 100 pl of the working dilution of Streptavidin-HRP
\\( Incubate 20 minutes at RT in the dark

Wash 2x 400 ul. Wash buffer

TMB Substrate
\

Add 100 pL of Substrate Solution (TMB)

F 5L / Incubate 20 minutes at RT in the dark

YV Y

T™B
Substrate \
A ¥

Add 50 pL of Stop Solution
VAR
Yelow Read in Multiskan Ascent microplate reader at a wavelength 450 nm

Biotinylated Detection
© Analyte \Y EhptaeAnttody X Antibody ¢ Streptavidin-HRP

Adapted from Human DuoSet® ELISA kits (R&D Systunton3.s)
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A.5 Protocol for positive selection of CDZ -cells from peripheral blood with a

MACS® separation

Magnetic labeling

© &

Magnetic separation

LS column

Elution of labeled cells

..\l

1. Collect, count and centrifuge
cells at 350 x g for 10 min

2. Resuspend cell pellet in @0
PBSA (0,2%) and 230 of CD4
MicroBeads per 10total cells

3. Incubate for 15 min. in the
refrigerato.

1. Rinse LS column with 3 mL

PBSA

2. Apply cell suspension onto

column

3. Collect unlabeled cells by
washing column 3 times with 3

mL PBSA

1. Remove column from separato

2. Pipette 5 mL of PBSA onto the
column

3. Flush out the magnetically
labeled cells by pushing the
plunger into the column.

B Solutions

B.1 Proteomics solutions
Gel-fixing Solution

Reagent Amount
Methanol 40 mL
Acetic Acid 10 mL
Milli-Q Water 50 mL

Work in the hood

10 mM DTT in 100 mM Ambic

Reagent Amount
DTT 1M 10 ul
Milli-Q water 890 pl
Ambic 1 M 100 pl
6 ng/uL Trypsin
Reagent Amount
Trypsin Porcine 10 puL
Digestion Buffer 160 pL

Wash Solution

Reagent Amount
Ambic (1M) 250L
Milli-Q water 475Q@L
LC-MS grade Acetonitrile (ACN) 5mL

55 mM IAA in 100 mM Ambic

Reagent Amount
lodacetamide (IAA) 10 mg
Milli-Q water 90QuL
Ambic 1M 100 pl

Digestion Buffer
Reagent Amount
Ambic 1M 50 uL
Milli-Q Water 900 uL
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C Additional Results

C.1 Pilot experiment: minimal effective concentrah of the chemo-attractant SDF-1
20 -

15 ~

T-Cell migration (%)

=

SDF1 SDF1
10ng/ml 2ng/ml

.l

CTR

SDF1
50ng/ml

Figure C.1 Minimal effective concentration of the bemo-attractant SDF-1.Migration assays were
carried out against three different concentratibrSDF-1 (50, 10 and 2 ng/mL) to determine the
minimal concentration of SDF-1 required for indoctiof T-cell migration.

C.2 T-lymphocyte proliferation assays with differeradiation regimens
T-lymphocytes proliferation assays were carriechvabnditioned medium from CAFs

3) treated with fractionated radiodipy (4 x 2 Gy), single high-dose
radiotherapy (1 x 18 Gy), or left untreated (cohgmup). Results ifrigure C.2 show

cultures (n

that the immune-suppressive effects remained umiied under both radiation regimens.

A

FSC-H

+PHA

+PHA

101%

83%

+PHA + CAF-CM

4%

T T
vuu ‘U‘ 107 \03 ‘0‘

+PHA +iCAF-CM (4x2Gy) +PHA +iCAF-CM (1x18Gy)

A
3% 5%

B

100 -
80 A
60 A

40 4

%o Proliferated Cells

20 4

0 4
PHA
CAF-CM
iCAF-CM (4x2Gy)

iCAF-CM (1x18Gy)

+

o4+ o+

Figure C.2 T-cell proliferation assays: immune-suppessive effects elicited by irradiated and

control CAF-CM. T-cell proliferation assays were performed usirgdlT?ace CFSE-labeled human
PBMCs activated with ig/ml PHA and cultured with CAF-CM at a 1:1 ratiog todays. Assays were
performed with CM harvested three days post-IR fioadiated (iICAF-CM) or non-irradiated (CAF-

CM) CAF cultures. T-cell proliferation was determthby measuring the CFSE fluorescence intensity
by flow cytometry after gating the lymphocytes plgion by forward and side scattefA)
Representative flow cytometry dot plots showingphecentage of CFSE low -labeled T-cells. One out
of three representative determinations is sho{@). Graph shows the rate of T-cell proliferation
determined by CFSE fluorescence loss. Data ponetsepresentative for three different CAF donors
with bars representing means from duplicate deteatitins. Student’s T-test valueR(x0.001).
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C.3 Migration assays with non-activated T-lymphoegt
Conditioned medium from both irradiated and noadrated CAFs does not influence

the migratory abilities of non-activated lymphogyEigure C.3).

354

30 1

25 4

20 4

15 4

10 |

Migrated Cells (% of input)

5

0 d
lymphocytes lymphocytes + CM

SDF-1 -+ -+
CAFCM - - v -
iCAF-CM - - - -4

Figure C.3 Lymphocytes migration assaysPercentage of migrating lymphocytes (recoveredhfro
lower chambers). Non-activated PBMCs were addédetapper chambers. Lower chambers contained
conditioned medium from irradiated (iCAF-CM) anchrioradiated (CAF-CM) cultures with or without
SDF-1 (50ng/ml) as chemoattractant. Chambers wengbated for 2h at 37°C and cells migrating to
the lower chambers were counted using flow cytoyndfiach bar represents the mean +SD of two
different CAFs donors measured in triplicates.

C.4 ELISA assays to check cytokine inhibition in GACM
Once cytokines were blocked by appropriate drugéSk tests were performed in order

to confirm inhibition. Results ifrigure C.4 show that a drug concentration qiNd of
Diclofenac is enough to block PGE2 synthesis by @0Me also see that DMEM with
10 % FBS gives a relatively high background. Ondtieer hand, 500 ng/mL off GF

Is also enough to neutralize T@Fwhereas serum free DMEM medium did not give any
background.
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6o - PGE2 _ TGF-B

140 - 70 -
B CAF-CM D1 B CAF-CM D1
120 - O CAF-CM D2 60 - O CAF-CM D2
100 1 B Control 50 | B Control
_ 80 — 40 -
£ £
= i > 20 |
5 60 230
40 4 20
20 A ' 10 -
0 A T T T \ 0 -

CAFCM CAFCM CAFCM DMEM+FBS
5uM 20uM
Diclofenac Diclofenac

CAFCM CAFCM CAFCM DMEM
500 ng/ml  5ug/ml
aTGF3 oTGF

Figure C.4 ELISA test to determine the blocking ofPGE2 and TGF$. (A) PGE2 blocked with
Diclofenac.(B) TGF blocked with anti-TGB monoclonal antibody. Each bar represent the m&an +
of duplicate determinations. D1, D2: Donor 1, 2; BM: Dulbecco's Modified Eagle's medium
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