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CELLULAR CHARACTERIZATION OF IMMUNE CELLS IN NON-SMALL
CELL LUNG CANCER AND MESOTHELIOMA

SUMMARY

Lung cancer is the leading cause of cancer deaths worldwide for both women and
men. Mesothelioma, form of cancer concerning membrane surrounding the lungs, is
under-examined especially in terms of immune cells. Tumor microenvironment
mainly affects immunological responses via either suppressing effector cells or
converting them to the regulatory cell types. Secretion of immune suppressor
cytokines by regulatory cell types contributes to suppression of immune responses
within cancer microenvironment. Regulatory cell types including regulatory T and B
cells contribute to the inhibitory responses with their ability to secrete anti-
inflammatory cytokines such as Interleukin-10 (IL-10).

This study aims to characterize immune cells in non-small cell lung cancer and
mesothelioma according to cell surface molecules and cytokine profiles of the cells.
Cellular characterization of effector and regulatory immune cells in blood and tumor
tissue samples of non-small cell lung cancer and mesothelioma patients is aimed to
be performed. Our second aim was to investigate the effects of NSCLC
microenvironment on healthy T and B cells. Overall, this study especially aims to
identify types of peripheral and tumor infiltrating regulatory B cells that are not
identified before in lung cancer and mesothelioma. Most of the studies in the
literature regarding regulatory B cells are restricted to the studies of peripheral blood,
which reflects only a systemic immune responses for NSCLC. For that reason,
investigating regulatory B cells within its microenviroment is necessary. To
investigate the relationship among CD4" T cells, CD19" B cells and their subsets, T
cell specific (CD4 and CD8), regulatory B cell specific (CD19, CD24 ve CD38), and
PD-1 and PD-L1 cell surface molecules were examined along with anti-
inflammatory (IL-10) and pro-inflammatory (IFNy and IL-17) cytokine profiles.

In this study, we performed flow cytometry analysis of peripheral blood and tumor
tissue samples collected from patients with NSCLC and mesothelioma from Istanbul
University, Cerrahpasa Medical School, Thoracic Surgery Department. Peripheral
Mononuclear Blood Cells (PBMC) were isolated from both healthy and patient
samples. Tumor infiltrating lymphocytes were obtained from tumor tissues that were
resected during surgery. PBMC and TILs were stimulated with CpG ODN K3 (0,7
ug/ml) for 24 hours and PMA/ionomycin before staining of IL-10 and regulatory B
cell surface markers. Immune cell characterization was performed by flow cytometry
using anti-CD4, anti-CD8, anti-CD19, anti-CD24, anti-CD38, anti-PD1, anti-1L10,
anti-IFNy and anti-IL-17 antibodies. To study the effects of NSCLC
microenvironment, CD4" T cells and B cells were purified from healthy PBMCs by
magnetic cell sorting with a column free commercial reagent kit (Stemcell). Then, B
and T cells were cultured in either tumor or normal tissue conditioned medium which
were obtained by culturing cells of tumor and normal tissue for 2 days. After that,
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IL10, IFNy and PD-L1 expression were analyzed. Proliferation assay was also
performed for T cells.

7 healty controls (3 females and 4 males, median age was 36 years; range, 25 to 52
years), 16 non-small lung cancer (3 females and 13 males, median age was 59 years;
range, 42 to 69) and 3 mesothelioma (3 males, median age was 66 years; range 55 to
78) patients were analyzed. IL-10 expression of CD4" and CD19" (0.82-24.1%; 0.85-
17.3%) cells were increased in bloods and also in TILs (0-23.7%; 0-20%) of patients
with NSCLC compared with healthy individuals. CD4" IL10" (0-35.7%) cell
frequencies were significantly increased in blood samples of mesothelioma patients.
In addition, CD19"1L10" cells were significantly increased in their tumors. 1L-10
expression by CD19°CD24"CD38" B cells (0-75%) from lung cancer patients’ blood
were greater than CD19"CD24°CD38" B cells of healthy controls. PD-1 and 1L-10
double positive B cells were significantly increased in PBMCs of LC patients (0,68-
5,45%) in comparison to healthy individuals (0-0,94%).

We observed increased 1L-10 expression by both CD4" T cells (0.82-24.1%) and
CD19" B cells (0.85-17.3%) for blood samples of the patients with lung cancer.
Moreover, there was a high incidence of IL-10 expression in their tumor infiltrating
CD4" T cells (0-23,7%) and CD19" B cells (0-20%). In addition, tumor infiltrating
CD19°IL-10" B cells (1,15-10%) were significantly increased in mesothelioma
patients. Our results were also showed that IFNy" cytotoxic T cells were significantly
decreased in TIL of lung cancer patients to the healthy control level compared with
their blood samples (20,3-94,9% to 3,03-53,2%). In addition, IFNy producing CD4*
T cell frequencies were significantly decreased in bloods of LC patients (10,4-38,3%
to 1,82-21,4%). In turn, increased CD4"1L-10" T cell frequencies suggests that CD4"
T cell response shift to the anti-inflammatory responses for both systemic and local
responses. Moreover, our in vitro studies showed that IFNy expression by CD4" T
cells decreased (15,2 to 10,7%) in tumor microenvironment compared to normal one.
Also, IL-10 production was significantly elevated in healthy control B cells when
they were cultured with supernatant of primary NSCLC tumor cells.

Even though, we have low numbers of samples, the frequency of CD19" CD24"
CD38" IL-10" B cells (0-75%) were highly increased in for NSCLC. PD-1 expression
on B cells were significatly increased in both blood (2,14-11,1%) and tumor tissue
(3,52-28,6%) samples of NSCLC patients compared to healthy individuals (0,79-
3,9%). Moreover, PD-1 and IL-10 double positive B cells were significantly
increased in both blood (0,68-5,45%) and tumor tissue samples (1,58-7,04%) of
patients with NSCLC compared to healthy individuals (0-0,94%). Altogether,
regulatory B cels were significantly elevated in both blood and TILs of patients with
NSCLC while they were significantly elevated in TILs of patients with
mesothelioma. We also observed that 1L-10 production levels of PD-L1* B cells in
tumor microenviroment were increased. In conclusion, these results indicate an anti-
inflammatory environment within tumor region both in lung cancer and
mesothelioma.
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KUCUK HUCRELI DISI AKCIGER KANSERi VE MEZOTELYOMADA
IMMUN HUCRELERIN HUCRESEL KARAKTERIZASYONU

OZET

Akciger kanseri kadin ve erkeklerdeki kanser Oliimlerinin basinda gelmektedir.
Akcigeri cevreleyen membranlarla ilgili bir kanser tiirii olan mezotelyoma ise
ozellikle immiin hiicreler yoniinden oldukc¢a az c¢alisilmistir. Tiimo6r mikrogevresi
immiinolojik cevaplar1 efektor hiicreleri baskilayarak ya da regiilator hiicre tiplerinin
olugmasina neden olarak etkiler. Regiilator hiicre tipleri tarafindan salgilanan immiin
baskilayicr sitokinler tiimdr mikrogevresinde cevabin baskilanmasina katki saglar.
Regiilator T ve B hiicreleri bunu genellikle anti-enflamatuvar bir sitokin olan
interlokin 10’u salgilayarak yaparlar. Bu calisma kiictik hiicreli dis1 akciger kanseri
ve mezotelyomali hastalarin kanlarinda ve tiimére infiltre 16kositlerde bulunan
regiilator ve efektor hiicrelerin, ifade ettikleri yilizey belirteclerine ve salgiladiklari
sitokinlere gore aydinlatilmasini amaglamaktadir. Ozellikle ¢alismamiz daha once
akciger kanserinde tanimlanmamis regiilator B hiicrelerinin detayli olarak
tanimlanmasini amaglamaktadir. Bu amacla, T hiicre spesifik (CD4, CDS), regiilator
B hiicre (Breg) spesifik (CD19, CD24 ve CD38), PD-1 ve PD-L1 yiizey belirtecleri
ile anti-enflamatuvar (IL10) ve pro-enflamatuvar (IFNy, I1L17) sitokin profillerinin
incelenmistir.

Istanbul Universitesi, Cerrahpasa Tip Fakiiltesi, Gogiis Cerrahisi bdliimiine basvuran
KHDAK ve mezotelyomali hastalardan elde edilen periferik kan &rneklerinden
mononiikleer kan hiicreler1 (PBMC) ve cerrahi operasyon sonrasinda alinan timor
dokusundan Tiimér infiltre 16kosit (TIL) elde edilmistir. IL10 ve Breg yiizey
boyamalar1 6ncesi PBMC ve TIL CpG ODN K3 (0.7 pg/ml) ile 24 saat uyarilmistir.
Hiicre tipleri ve sitokin profilleri anti-CD4, anti-CD8, anti-CD19, anti-CD24, anti-
CD38, anti-PD1, anti-IL10, anti-IFNy ve anti-IL-17 antikorlariyla boyanarak akan
hiicre Olgerde analiz edilmistir. NSCLC mikrogevresinin etkilerini aragtirmak igin,
CD4" T hiicreleri ve B hiicreleri saglikli PBMClerden manyetik ayirim y&ntemi
(Stemcell) ile izole edilmistir. Daha sonra izole edilen T ve B hiicreleri, timdr ve
normal doku hiicrelerinin 2 giin hiicre kiiltiiriinde tutulmasi ile elde edilen tiimor ya
da normal doku besi ortaminda bekletilmistir.

7 saglikli kontrol, 16 KHDAK ve 3 mezotelyomali hastada analiz yapilmistir. CD4"
ve CD19" (%0.82-24.1; %0.85-17.3) hiicrelerin IL-10 ekspresyonu kontrol ile
karsilagtirildiginda KHDAK hastalarinin hem kan hem de TIL’lerinde (%0-23.7; %0-
20) artmistir. CD4" IL10" (%0-35.7) hiicre oranlari mezotelyomali hastalarin
kanlarinda anlaml bir sekilde artmistir. Ayrica, tiimorlerindeki CD19" IL10™ hiicreler
de anlamli bir sekilde artmistir. Akciger kanseri hastalarinin  kanlarindaki
CD19°CD24"CD38" B hiicrelerinin 1L-10 ekspresyonu (%0-75) saglikli kontroller
ile karsilastirlldiginda daha fazladir. Hem PD-1 hem IL-10 pozitif B hiicreleri
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saglikli kontroller ile karsilastirildiginda (%0-0,94) KHDAK hastalarinda (%0,68-
5,45) anlamli bir sekilde artmustir.

Akciger kanseri hastalarinin kan drneklerinde, hem CD4" T hiicreleri (%0.82-24.1)
hem de CD19" B hiicreleri (%0.85-17.3) tarafindan artan IL-10 ekspresyonu
saptanmistir. Dahasi, tiimére infiltre CD4" T hiicreleri (%0-23,7) ve CD19" B
hiicrelerinde (%0-20) yiiksek oranda IL-10 ekspresyonu vardir. Ayrica CD19" IL-10"
B hiicreleri (%1,15-10) mezotelyomali hastalarda anlamli bir sekilde artmustir.
Sonuglarimiz  IFNy® sitotoksik T hiicrelerinin, akciger kanseri hastalarmin
TIL’lerinde kandaki miktarina gére anlamli bir sekilde azalip, saglikli kontrollerin
seviyesine indigini gostermistir (%20,3-94,9 den %3,03-53,2 €). Buna ek olarak,
IFNy iireten CD4" T hiicre oranlarit KHDAK hastalarinin kanlarinda anlamli bir
sekilde azalmistir (%10,4-38,3 den %1,82-21,4 e). Bu nedenle, artmis CD4" IL-10" T
hiicre oranlari, CD4" IL-10" T hiicre cevabinin hem sistemik hem de lokal cevaplar
icin anti-enflamatuvar yone kaydigini gostermektedir. Ayrica, in vitro ¢alismamiz
CD4" T hiicreleri tarafindan eksprese edilen IFNy nin normal mikrogevre ile
karsilastirildiginda tiimér mikrogevresinde azaldigini gostermektedir (%15,2 den
10,7 ye). Saglikli kontrol B hiicreleri de primer KHDAK tiimér hiicrelerinin
siipernatant1 ile muamele edildiginde IL-10 {iretimini anlaml bir sekilde artirmistir.

Her ne kadar 6rnek sayimiz az olsa da, CD19" CD24" CD38" IL-10" B hiicrelerinin
oran1 (%0-75) KHDAK’ta onemli derecede artmistir. B hiicrelerinin PD-1
ekspresyonu, saglikli kontroller ile karsilastirildiginda (%0,79-3,9), KHDAK
hastalarmin hem kan (%2,14-11,1) hem de tiimér 6rneklerinde (%3,52-28,6) anlamli
bir diizeyde artmustir. Dahasi kanlarindaki (%0,68-5,45) ve tiimor doku
orneklerindeki (%1,58-7,04) hem PD-1 hem IL-10 pozitif hiicreler, saglikli
kontroller ile karsilastirildiginda (%0-0,94) anlaml1 bir oranda artmistir. Bu sonuglara
gore, KHDAK hastalarinin hem kanlarindaki hem de TIL’lerindeki regiilator B
hiicreler anlaml1 bir sekilde artarken mezotelyomali hastalarin TIL’lerinde anlaml
bir sekilde artmistir. Ayrica, tiimor mikrogevresinde PD-L1" B hiicrelerinin IL-10
tretimi de artmistir. Sonug¢ olarak bu veriler hem akciger kanseri hem de
mezotelyomada anti-enflamatuvar bir mikrogevreye isaret etmektedir.
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1. INTRODUCTION

1.1 Lung Cancer

Lung cancer is the leading cause of mortality worldwide for both women and men. It
is also the most common cancer type in males in Turkey and in the first place for
males and females in mortality rates (Turkey Cancer Statistics 2017, TC Ministry of
Health Turkish Public Health Institution). There are two groups of lung cancer that
differ from each other in terms of biological features, clinical course and treatment
approaches: small cell (SCLC) and non-small cell lung cancer (NSCLC). NSCLC is
also a heterogenous group of lung cancer and including three types: adenocarcinoma,
squamous cell carcinoma and large cell carcinoma (Yi et al., 2014) (Figure 1.1).

adenocarcinoma large cell carcinoma

Figure 1.1 : Main types of lung cancer and their preferantial formation sites in lung,
adapted from (Strum et al., 2011).

Essential immune-based cancer therapies were developed against lung cancer. There

are numerous immunotherapy strategies which have clinical applications such as
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immune checkpoint inhibitors. Different antibodies for instance nivolumab,
atezolizumab, pembrolizumab, avelumab, tremelimumab and ipilimumab are very
promising as immune checkpoint inhibitors. They function by inhibiting or a as
antagonist of programmed cell death 1 (PD-1), programmed cell death ligand 1 (PD-
L1) and cytotoxic T-lymphocyte—associated antigen 4 (CTLA 4) inhibitory
molecules. Main idea is to reverse inhibitory mechanisms and increase the effect of
immune response in anti-tumor immunity primarily by inducing anti-tumoral T cell
activation (Brahmer and Pardoll, 2013, Anagnostou and Brahmer, 2015). In addition,
it is also critical to know mechanisms of the anti-tumor immunity since those

molecules are expressed on various cell types.

1.2 Mesothelioma

Mesothelioma is a form of cancer concerning membrane surrounding the lungs.
Incidence of mesothelioma is very rare worldwide. Main cause of mesothelioma was
revealed as asbestos which is a common name for silicate minerals. Asbestos can
influence immunecompetent cells, so in turn incidence and progression of malignant
mesothelioma. Even though there are some studies about the effects of asbestos on
mesothelioma and immune cells such as natural killer (NK) cells and T helper cells
(Miura et al., 2008, Nishimura et al., 2012), better characterization studies are
required especially to elucidate the effects of immune cells in the tumor

microenviroment.

1.3 T Cells

T cells mature in the thymus, express T cell receptor (TCR), and can express either
CD8 glycoprotein on their surface and are called CD8" T cells (cytotoxic) or CD4
glycoprotein and are then called CD4" cells (helper T cells or regulatory T cells)
(Figure 1.2).

Once T cells have completed their development, they circulate between blood and
lymph and pass from different secondary lymphoid tissues until they are activated.
Naive T cells are the cells that have not encounter any antigen yet. Activated T cells
differentiate into effector and memory cells, which may remain in the lymphoid

organs or migrate to non-lymphoid tissues. T cell mediated immunity is a part of



adaptive immune system which fights against microbial infections in an antigen
specific manner. To induce this type of responses, antigen presenting cells (APCs)
such as macrophages, dendritic cells and B cells must present specific antigens to the
T cells via interaction of MHC on their surface and T cell receptor (TCR) on T cells.
In addition to that, the proliferation and differentiation of naive T cells also require
signals provided by costimulatory molecules expressed by APCs. B7 family is the
best-defined co-stimulatory molecules that interact with CD28 on T cells. Expression
of B7 co-stimulators such as CD80 (B7.1) and CD86 (B7.2) on APCs increase by
encountering microbes to generate an optimum response. Although, some members
of CD28 family such as transmembrane protein cytotoxic T-lymphocyte antigen-4
(CTLA4) and programmed cell death 1 (PD-1) can inhibit T cell responses to control
the hyperactivation of immune responses. IL-2 is also an important player for the
generation of antigen-specific clones. After activation, T cells express high levels of
IL-2 receptor and IL-2 which drives the proliferation of cells (Abbas et al., 2012).

Activated T cells go through clonal expansion and proliferate rapidly. They exert

their effector functions through cell mediated cytotoxicity and production of various

cytokines.
) Perforin
Granzyme
T-bet GATA 3 ROR-1t Foxp3 ?
IFN-y IL-4 IL-17 IL-10 IL-9
IL-2 IL-5 IL-22 TGF-B

IL-13

Figure 1.2 : Different types of T cells and their development adapted from (Broere
etal., 2011).



1.3.1 CD8" T cells

Naive CD8" T cells differentiate into cytotoxic T cells as a result of antigenic peptide
presentation by APCs. Cytotoxic CD8" T cells secrete anti-tumor and anti-viral
cytokines such as TNF-a and IFNy. They can also lead to the apoptosis of target cells
either by perforin-granzyme or Fas-Fas ligand mediated pathways. Perforin makes
pores in the membrane of infected or malignant cell, thereby granzyme can enter into
the target cell and lead to the apoptosis of it. Another strategy for killing target cells
by CD8" cytotoxic T cells is Fas-Fas ligand mediated killing. Fas is expressed on the
surface of activated CD8+ T cells and interact with FasL on the target cell. This
interaction leads to the activation of caspase cascade and result in apoptosis of the
target cell (Broere et al., 2011).

1.3.2 CD4" T cells

CD4" T cells are classified generally as T helper cells (Th) and regulatory T cells
(Treg). Th cells have roles in adaptive immunity against cancer and pathogens
through activation of other effector immune cells. On the other hand, Tregs are

immunosuppressive cells that supress potential harmful effects of immune cells.

T helper 1 (Th1) cells are defined as interferon gamma (IFNy), tumor necrosis factor
alpha (TNF-o) secreted CD4" T cells. They mediate immune responses against
intracellular pathogens by helping to macrophages and cytotoxic T cells to Kill
pathogens. T helper 2 (Th2) cells are polarized by IL-4 and trigger humoral
immunity including B cell proliferation, class-switching and antibody production.
They produce IL-4, IL-5, IL-6, IL-10, and IL-13 cytokines and relate to
inflammatory diseases such as allergy and asthma. Th17 cells are known for their

protective effects against extracellular pathogens (Romagnani, 1999).

1.3.3 Regulatory T cells

Regulatory T cells (Tregs) play a crucial role in maintaining immunological
unresponsiveness to self-antigens and in suppressing excessive immune responses
deleterious to the host. Tregs suppress generally induction and proliferation of
effector cells. Until the discovery of Foxp3, a Treg specific marker, those cells had
been identified with unspecific markers such as CD25 or CD45RB (Hori et al., 2003,
Fontenot et al., 2005).



Tregs have been divided into two groups: Foxp3™ natural Tregs and inducible Tregs
(Figure 1.3). Natural regulatory T cells express the cell-surface marker CD25 and
transcription factor Foxp3. Other populations of antigen-specific Tregs can be
induced from naive CD4°CD25 or CD8'CD25 T cells in the periphery. The
inducible populations of Tregs are T regulatory 1 (Trl) cells, which secrete high
levels of IL-10, no IL-4 and no or low levels of IFNy; and T helper 3 (Th3) cells,
which secrete high levels of TGF-beta. Even though CD8" T cells are associated with
cytotoxic T-lymphocyte function, there are inducible CD8" regulatory T cells which
differentiate from naive CD8"CD25 T cells and can secrete IL-10 (Mills, 2004). It is
well known that Foxp3 is a critical factor for Treg functions but Trl subtype of Tregs

does not express it (Groux et al., 1997, Levings et al., 2005).
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Figure 1.3 : Major subtypes of regulatory T cells, adapted from (Mills, 2004).

Some studies demonstrated that Foxp3™ Tregs could differentiate into effector Th
cells via down regulation of Foxp3 (Floess et al., 2007). On the other hand, it is
proposed that regulatory B cells could convert Foxp3™ T cells into Foxp3™ Tregs or

could expand Treg cell population (Lee et al., 2014).

Tregs can induce immunosuppression through contact-dependent mechanisms such
as the expression of cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
programmed cell death 1 (PD-1), programmed death ligand 1 (PD-L1), lymphocyte-
activation protein 3 (LAG-3), CD39/73 and neuropilin 1 (Nrpl), or through contact
independent mechanisms, including the sequestration of IL-2 and the production of

5



the soluble immunosuppressive molecules 1L-10, TGF-B, adenosine, prostaglandin
E2 (PGE2) or galectin-1 (Marshall et al., 2016).

1.4 B Cells

B cells are important players of adaptive immunity to fight against pathogens with
the ability of antibody production, antigen presentation and generation of
immunological memory. B cells originate from hematopoietic stem cells. After
V(D)J gene recombinations, immature B cells originate in bone marrow. They exit
from bone marrow and enter circulation as transitional B cells. Then, they enter to
spleen to differentiate into either marginal zone (MZ) B cells or follicular B cells
depending on their B cell receptors (BCRs) by getting survival signals through BAFF-R
(Figure 1.4). First stage of development of B cells is completed in spleen. After
activation with a specific antigen, they enter lymph node or other lymphoid tissues.
The first activation signal occurs upon antigen binding to BCRs. Then, MZ B cells
differentiate into antibody producing short-lived plasma cells in spleen. While follicular
B cells develop in germinal centers into memory B cells or antibody producing long-
lived plasma cells (Nelson, 2010, Pieper et al., 2013).
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Figure 1.4 : Development of B cells, adapted from (Dorner et al., 2009).

Second activation signal occurs by either thymus independent or dependent
pathways. Since B cells are antigen presenting cells (APC), they present antigens to
T cells. In turn T cells provide second activation signal through their secreted
cyokines and CD40-CDA40L interaction. Activated T cells express CD40L which
binds to the CD40 on B cells. This leads to the transcription of immunoglobulin

genes, the release of cytokines from T cells and B cell proliferation. After the
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completion of T dependent B cell maturation in GCs, some of antigen activated B
cell develop into memory B cells that are capable of mounting rapid antibody

responses.

In thymus independent mechanisms, B cells can be activated with antigens directly.
Those antigens can further be subdivided into type | and type Il antigens. Type |
antigens are mitogenic stimuli such as lipopolysaccharide (LPS) or CpG. They
activate B cells through toll-like receptors. On the other hand, type Il antigens are
generally polysaccharides that engage BCR and thus induce antigen specific B cell
responses. Whereas TI type | antigens can activate both immature and mature B
cells, T1 type Il antigens only activate mature B cells (Murphy, 2012).

1.4.1 Regulatory B cells

B cells with immune suppressive functions were determined in different immune
contexts beside their protective role by antibody production, cytokine secretion and
antigen presentation to enhance inflammatory responses. Discovery of B cells with
regulatory roles happened thanks to the mouse disease models. First evidence is that
B cell deficient mice did not recovered from experimental autoimmune encephalitis
(EAE) (Wolf et al., 1996). Following that, studies in chronic colitis conducted by
Mizoguchi et al. lead to use of “regulatory B cells” term for B cells with inhibitory
features for the first time (Mizoguchi and Bhan, 2006). From that time, researchers
showed those Bregs in murine autoimmune and allergic diseases such as collagen
induced arthritis (CIA) (Fillatreau et al., 2002), contact hypersensitivity (CHS)
(Yanaba et al., 2008), EAE (Matsushita et al., 2008), asthma (Amu et al., 2010) and
lupus (Watanabe et al., 2010). Researchers also identified different phenotypes of
Bregs in various studies with different disease concepts. However, phenotypes,

molecular features and functions of Bregs remained to be clarified (Table 1.1).

1.4.2 Phenotypes and markers of human Bregs

To date, scientists have not revealed a unique phenotype marker to identify Bregs
since all markers associated with Bregs are also expressed by other B cell
subpopulations. Up to date, many Breg subsets with similar phenotypes and effector
functions have been described. Several Breg subtypes were identified in mice:
transitional 2 marginal-zone precursor (T2-MZP) cells, CD5'CD1d" B (B10) cells,



marginal-zone (MZ) B cells, Tim-1" B cells, CD138" plasma cells and plasmablasts
(Rosser and Mauri, 2015).

First human B cell that was suggested to have a regulatory function was
CD19°CD25" B cells. They were chracterized as memory B cells (CD27%)
expressing high levels of immunoglobulins and IL-10 (Amu et al., 2007). Later, both
transitional CD19* CD24" CcD38" cD1d" (Blair et al., 2010, Flores-Borja et al.,
2013) and memory CD19" CD24" CD27" (Iwata et al., 2011) Bregs were identifed in

humans.

Additionally, surface antigens expressed by B cells have been shown to confer
regulatory properties. Programmed death 1 ligand (PD-L1) interacts with PD-1on T
cells to induce tolerance and limit effector T cell responses. It has recently been
shown to be expressed on human malignant B cells in several types of lymphoma
including diffuse large B cell lymphoma (DLBCL), Hodgkin’s lymphoma, and
follicular lymphoma (Schwartz et al., 2016).

Recently, Xiao et al. (2016) identified a novel tumor-promoting PD-1"9" Breg subset
with CD5"9" cD24 " cD27"9"* CD38%™ phenotype in tumor tissues of patients with
hepatocellular carcinoma (HCC). They showed increased tumor infiltration of
PD1"" Bregs which produced IL-10 upon interaction with PD-L1 or anti-PD1
antibody. Increased tumor infiltration with PD-1"9" |L-10-producing Bregs was
associated with reduced number and dysfunction of CD8" cells. These findings
identify a uniquely suppressive PD-1" B cell subset in HCC pathogenesis (Xiao et
al., 2016).

Table 1.1 : Different Breg cell types in mouse and human.

Breg Subset Mouse Human References
T2-M2ZP cells CcD19'CD21" - (Evans et al., 2007)
CD23"CD24"
MZ cells CD19'CD21"CD23 - (Bankoti et al., 2012)
B10 cells cbs'cD1d" cD24"cD27* (Iwata et al., 2011,
Yanaba et al., 2008)
Plasma cells CD138*MHC-11"°B220" - (Shen et al., 2014)
Tim-1" B cells CD19'Tim-1* - (Ding et al., 2011)
Plasmablast CD138"CD44" CD19'CD24" (Matsumoto et al.,
cD27™ 2014)
Immature cells - CD19'CD24"CcD38"  (Blair et al., 2010)




Table 1.1 (continued) : Different Breg cell types in mouse and human.

Breg Subset Mouse Human References
Brl cells - - (van de Veenetal.,
2013)
PD-L1" B cells CD19'PD-L1" CD19'CD5"CD24™  (Khan etal., 2015)
PD-1" B cells - CD27"*cD3g™ (Xiao et al., 2016)

Brl: B regulatory 1, MZ: marginal zone; T2-MZP: transitional 2 marginal-zone precursor, Tim-1: T
cell Ig domain and mucin domain protein 1, PD-L1: Programmed death-ligand 1.

1.4.3 Regulatory mechanisms of Bregs

IL-10 is an anti-inflammatory cytokine and various immune cells such as monocytes,
macrophages, dendritic cells, B cells, CD4" and CD8" T cells are able to produce IL-
10 to suppress inflammatory responses (Couper et al., 2008). Many studies showed
that Bregs suppress immune functions via interleukin-10 (IL-10) production (Mauri
and Bosma, 2012). IL10, but not TGFp, production by CD19* CD24" CD38" cells
inhibited production of pro-inflammatory cytokines by CD4" cells (Blair et al.,
2010). In addition, IL-10 secreted by CD19* CD24"™ CD27" B cells regulated
cytokine production of monocytes (Iwata et al., 2011). CD19* cD24" cD38" cD1d"
B cells were shown to inhibit CD4" T cell proliferation and enhance Foxp3
expression in regulatory T cells by through both I1L10 and TGFp (Flores-Borja et al.,
2013).

Even though Bregs exert their suppressive responses mainly by producing IL-10 in
both mouse and humans, there are also different subsets of Bregs that have IL-10
independent mechanisms (Floudas et al., 2016, Tedder, 2015). Rosser and Mauri
(2015) reviewed that Bregs can suppress the differentiation of pro-inflammatory cells
including 1L12 producing dendritic cells, TNF-a producing monocytes, cytotoxic T
cells, Thl and Th17 cells through IL10, IL35 and TGFp production. In addition,
Bregs can also induce immune cells to differentiate into immunosuppressive T cells

such as Foxp3® Tregs and Trl cells (Figure 1.5).
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Figure 1.5 : Regulatory mechanisms of Bregs, adapted from (Rosser and Mauri.,
2015).

IL-10 producing Bregs are identified in different infection, inflammation and
tolerance settings, so it is likely that different stimuli and signals have important
roles to induce activation of Bregs. Those signals can be distinguished into two
groups: exogenous infectious stimuli and endogenous immune-mediated signals.
Toll-like receptors (TLR) are pattern recognition receptors that sense the various
microbial products and activate a range of immune cells. B cells express a variety of
TLRs that have important functions after their activation (Vitale et al., 2010). A
study used LPS treatment to induce IL-10 production by B cells and those TLR-
activated B cells can suppress T-cell mediated autoimmunity in mice (Fillatreau et
al., 2002). Later, the group of Fillatreau (Lampropoulou et al., 2008) showed that
specific TLRs are the potent inducers of suppressive B cells and important for the
induction of IL-10 secretion by B cells. LPS from Gram-negative bacteria and CpG-
containing oligonucleotides that mimic bacterial DNA have been shown to inhibit
disease progression in mouse model of T cell-mediated autoimmunity. The authors
also showed that MyD88 dependent TLR signaling is both necessary and sufficient

to stimulate IL-10 production by splenic mouse B cells. Also, immune mediated
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signals such as CD40, CD80, CD86 and BAFF have been reported to induce IL-10
secretion by B cells (Yang et al., 2010, Mauri and Bosma, 2012, Mann et al., 2007).

1.5 Immune System and Tumors

Immune cells can recognize and destroy tumor cells in order to prevent tumor
formation. Although, as a consequence of the tumor microenvironment, immune

cells with regulatory characteristics may increase upon cancer development.

1.5.1 Tumor microenvironment

Tumor microenvironment contains immune cells along with the malignant cells and
has a dynamic balance due to inhibitory and stimulatory signals. Tumor cells may
express different antigens as a result of the genetic and epigenetic alterations during
cancer formation (Topalian et al., 2012). Both innate and adaptive immune system
have a potential to destroy cancer cells and inhibit tumor growth. Natural killer (NK)
cells, and antigen presenting cells such as macrophages and dendritic cells are at the
innate immunity arm. They mediate antigen non-specific and rapid responses.
Adaptive immune system consists of humoral and cellular responses, B and T cells
respectively, has greater effect on anti-tumor immunity for certain. In order to
eliminate cancer cells, antigen presenting cells (APC) must recognize those antigens
and present them to T cells to activate them. Then, activated T cells might kill the

cancer cells (Liu and Zeng, 2012).

Different co-stimulatory (CD27, CD28, CD137, GITR, and OX-40) and co-
inhibitory molecules (CTLA-4, PD-1, TIM3, LAG3, and KIR) expressed on the
surface of effector immune cells regulate the T cell-mediated immunity. Co-
stimulatory molecules promote T-cell response while co-inhibitory molecules
restrain immune response to prevent autoimmunity in physiological status. The
ligands of this molecules are also found on non-immune cells such as tumor cells and
some normal cells of solid organs besides immune cells such as APCs (Sundar et al.,
2014). Interaction between those molecules and their ligands can lead to immune
tolerance. Moreover, cancer cells use those mechanisms to escape from the immune
system by creating a immune suppressive microenviroment that down regulates T

cell activation and cell signalling (Topalian et al., 2014).
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The programmed cell death 1 (PD-1) pathway is an important way of immune
resistance exerted by tumors. PD-1, which is a CD28 receptor family member was
recommended as a mediator of programed cell death in lymphocytes. Recent studies
showed that it was upregulated on activated B and T cells while their naive
counterparts had low expression level (Yao and Chen, 2014). The role of PD-1 was
understood as attenuator of the immune response. PD-1 has two known ligands:
programmed death cell receptor ligand 1 (PD-L1) and programmed death cell
receptor ligand 2 (PD-L2) (Figure 1.6). Upregulation and subsequent binding of PD-
1 to its ligands provide an inhibitory signal during the effector phase of the T-cell
response, reducing cytokine production, cell proliferation and cell survival signaling.
PD-1 is also highly expressed on Treg cells and enhancing their proliferation upon
binding to its ligands (Pardoll, 2012). Furthermore, in NSCLC, increased PD-1
expression on tumor infiltrating CD8" T cells was associated with impaired immune
function (Zhang et al., 2010).

B7-2 (CD86) —..><'@ YYYY—CD28 —> Activation

B7-1 (CD80) —..—» @—YY—CTLA-4 (CD152)=> Inhibition

..— PD-L1 — Inhibition

Antigen-
presceerlllting MHC =. TCR

PD-L1 (B7-H1) —‘.><Y . YY—PD-1—> Inhibition
PD-L2 (B7-DC) —.. ’.— B7-1=—> Inhibition

Figure 1.6 : PD-1 and its ligands, adapted from (Keir et al., 2008).

PD-L1 and PD-L2 are also expressed on tumor cells and thought to have a survival
role through PD-1 pathway. PD-L1 expression on tumor cells are induced by IFNy
secretion by infiltrating T helper cells (Mellman et al., 2011, Zou, 2005). In NSCLC
tumors, PD-L1 expression has been found to be upregulated (Chen et al., 2012), and
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shown to be correlated with reduced tumor T cell infiltration (Konishi et al., 2004)
and also an unfavorable prognosis (Chen et al., 2012, Mu et al., 2011, Sznol and
Chen, 2013). Lung tumor cells may also release immune suppressive cytokines such
as IL-10 and TGFp (Domagala-Kulawik et al., 2014).

1.5.2 Infiltration of immune cells

Immune cell infiltration is a key feature of almost all cancer types, including mast
cells, tumor-associated macrophages (TAMs), NK cells, NKT cells, B, and T
lymphocytes. Tumor infiltrating lymphocytes (TILs) refer to the lymphocytes within
and around the tumor cells. Many tumors appear to have an organizational
architecture that includes B cell-T cell segregation and the presence of a high
endothelial venule—like vascular structure. This architecture was named as tertiary
lymphoid structures (TLSs). Dieu-Nosjean et al. (2008) also found that immune cells
were organized in TLSs in NSCLC tumors, absent in nontumoral lung. It was
reported to be associated with a protective immunity in NSCLC patients (Germain et
al., 2014).

The immune microenvironment in lung tumors comprise T cells, B cells, natural
Killer cells, mature and immature dendritic cells (follicular dendritic cells), tumor-
associated macrophages (TAMs, type 2), myeloid-derived suppressor cells (MDSCs),
neutrophils (N1, antitumorigenic; N2, protumorigenic), and mast cells. The great
majority of immune cells are found at the interface between the tumor and the
normal tissue (invasive margin), and some are organized into tertiary TLSs. The
latter are considered a gateway for the entrance of immune cells from the blood to
the tumor (Bremnes et al., 2016) (Figure 1.7).
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Figure 1.7 : The immune contexture in non—small cell lung cancer, adapted from
(Bremnes et al., 2016).

1.5.2.1 T cell infiltration

Infiltration of CD4" and CD8" T cells have been reported to be a good prognostic
factor in lung cancer. Al-Shibli et al. (2008) reported that increasing numbers of
stromal CD4" cells correlated significantly with positive prognostic indicators for
resected NSCLC patients. Moreover, it was reported that TILs composed mostly of
CD8" T cells were significantly associated with improved survival and correlated
with tumor grade, size, vascular invasion and poor levels of differentiation among

NSCLC patients (Ruffini et al., 2009).

Despite the role of T lymphocytes in immune surveillance and control of early tumor
growth, secretion of cytokines and other soluble molecules from tumor cells recruits
Tregs to the tumor site. Tregs mediate immune tolerance and suppression of T cell
mediated immunity. Increased numbers of Tregs were found in NSCLC tumors
compared to normal tumor (Ishibashi et al., 2006). Tregs, which constitutively
express high levels of CTLA-4 in patients with lung cancer, directly inhibit
autologous T cell proliferation. In this manner, a high percentage of Tregs creates an

immune suppressive microenviroment that promotes tumor growth (Woo et al.,
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2002). Moreover, patients with stage 1 NSCLC had higher proportion of Tregs
relative to cytotoxic cells, and they had a significantly higher risk of recurrence
(Petersen et al., 2006).

1.5.2.2 B cell infiltration

Tumor infiltrating B (TIL-Bs) cells can have both positive and negative effects in
tumor microenviroment. First of all, after antigen recognition they produce tumor
specific antibodies. B cells are also antigen presenting cells, so they can present
tumor antigens to T cells in order to promote anti-tumor immunity (Crawford et al.,
2006). A study in NSCLC showed co-localization of tumor infiltrating B cells and
CD8" T cells (Al-Shibli et al., 2008). Shen et al. (2016) speculating that CD20" B
cells might have a role as APCs in tumor enviroment according to this and other
studies. B cells can also influence other immune cells through cytokine production.

There are some cancer studies correlate TIL-Bs with favorable clinical outcomes.

Visser et. al. (2005) found that genetic elimination of mature B and T cells limited
neoplastic progression in a mouse model. The study showed that B cells may be
associated with tumor promotion. TIL-Bs exert their suppressive mechanisms mainly
by Bregs through IL-10, IL-35, TGFp production and affecting other immune cell
types (Figure 1.8). First indication that human Bregs may acquire malignant
expansion was found in chronic lymphocytic leukemia (DiLillo et al., 2013). They
found that chronic lymphocytic leukemia cells resembled Bregs in their phenotype
and IL-10 secretion. In NSCLC patients, the frequency and absolute number of B10
cells are significantly elevated and further associated with the clinical stage. The
number of B10 cells are significantly increased in stage IV NSCLC patients
compared with healthy controls and stage Il and Ill patients (Liu et al., 2016).
Increased numbers of Bregs may lead to poor clinical prognosis in NSCLC and
ovarian cancer (Wei et al., 2016). Bregs can affect the function of T cells. A study
showed that Bregs could induce the anergy and apoptosis of CD4" T cells through
producing TGF-B and indoleamine 2, 3-dioxygenase (Nouel et al., 2015). Bregs can
also limit immune responses by CD8" T cells through TNF-a production (Schioppa
et al., 2011). Moreover, they can suppress the IFNy production by CD8" T cells in
ovarian cancer (Wei et al., 2016). Another mechanism that Bregs used is the

induction of regulatory mechanisms through activating Tregs. They enhance the
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expression of Foxp3 and CTLA-4 in Tregs through cell to cell contact (Kessel et al.,
2012). Furthermore, Bregs can suppress anti-tumor immunity by directly interacting
with malignant cells. It was reported that increasing frequencies of Bregs seem to be
modulated directly by tumor cells in patients with lung cancer and thus, indicate the

direct interaction between Bregs and malignant cells (Zhou et al., 2014) (Figure 1.8).
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Figure 1.8 : Negative functions of B cells in tumor immunity, adapted from (Shen et
al., 2016).
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1.6 Aim of the Study

Lung cancer is the leading cause of cancer deaths worldwide for both women and
men. Mesothelioma is a form of cancer concerning membrane surrounding the lungs.
Even though there are some studies about immune cells in both lung cancer and
mesothelioma, better characterization studies are required especially to elucidate the
effects of immune cells in the tumor microenviroment. Tumor microenviroment
mainly affects immunological responses via either supressing effector cells or
converting them to the regulatory cell types. Secretion of immune suppressor
cytokines by regulatory cell types contributes to suppression of immune responses
within cancer microenviroment. Regulatory cell types including regulatory T and B
cells contribute to the anti-inflammatory responses with their ability to secrete anti-

inflammatory cytokines such as interleukin-10 (IL-10).

This study aims to characterize immune cells in non-small cell lung cancer and
mesothelioma according to cell surface molecules and cytokine profiles of the cells.
Cellular characterization of effector and regulatory immune cells in blood and tumor
tissue samples for non-small cell lung cancer and mesothelioma patients is aimed to
be performed. Our second aim was to demonstrate the effects of NSCLC
microenvironment on healthy T and B cells. Overall, this study especially aims to
identify types of peripheral and tumor infiltrating regulatory B cells that are not
identified before in lung cancer and mesothelioma. Most of the studies in the
literature regarding regulatory B cells are restricted to the studies of peripheral blood,
which reflects only a systemic immune response for NSCLC. For that reason,
investigating regulatory B cells within its microenvironment is necessary. To
investigate the relationship among CD4" T cells, CD19" B cells and their subsets, T
cell specific (CD4 and CD8), regulatory B cell specific (CD19, CD24 ve CD38), and
PD-1 and PD-L1 cell surface molecules were examined along with anti-
inflammatory (IL-10) and pro-inflammatory (IFNy and IL-17) cytokine profiles.
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2. MATERIALS & METHODS

2.1 Materials
2.1.1 Primary cells

2.1.1.1 Peripheral mononuclear blood cells (PBMC)

Peripheral mononuclear blood cells (PBMC) were isolated via density gradient
centrifugation using Ficoll based lymphocyte separation medium (Capricorn).

2.1.1.2 Tumor infiltrating leukocytes (TIL)

Tumor infiltrating leukocytes (TIL) were isolated via enzymatic digestion using
collagenase A (Millipore), hyaluronidase (MP Biomedicals) and DNase (MP
Biomedicals) and later via density gradient centrifugation.

2.1.1.3 CD4" T cells

CD4" T cells were isolated from PBMCs of healthy controls via magnetic separation
(Stemcell). Primary CD4" T cells were cultured in Roswell Park Memorial Institute
(RPMI) medium supplemented with 10% FBS, 1% Penicillin/Streptomycin.

2.1.1.4 B cells

B cells were isolated from the spleens of PBMCs of healthy controls via magnetic
separation (Stemcell). Primary B cells were cultured in Roswell Park Memorial
Institute (RPMI) medium supplemented with 10% FBS, 1% Penicillin/Streptomycin.
2.1.2 Cell culture

Culture media and solutions used in cell culture studies can be seen in Table 2.1

and buffers used in cell culture studies are listed in Table 2.2.
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Table 2.1 : Solutions and media used in cell culture studies.

Solution Supplier Company
Roswell Park Memorial Institute .
(RPMI) Medium Gibco
Lymphocyte Separation Medium .
(LSM) Capricorn
Fetal Bovine Serum (FBS) (10%) Gibco
Penicillin/Streptomycin (1%) Gibco
Trypan Blue Lonza
DMSO Fisher-Scientific
10X Hank's Balanced Salt Solution Sigma
(HBSS)

Table 2.2 : Buffers and media used in cell culture studies.

Buffers Content and Amount

1X PBS 9,559 in 1L ddH20
10X Hank's Balanced Salt Solution .

(HBSS) 1X with ddH20

RPMI medium with 10% FBS, 1%

Complete RPMI growth medium Penicillin/Streptomyecin

10X Red blood cell lysis buffer 1X with ddH20
Cell seperation medium PBS containing 2% FBS and 1 mM
EDTA
Freezing medium FBS:DMSO (9:1 ratio, v/v)

2.1.3 Equipments and supplies

Laboratory equipment and supplies used in this study are shown in Table 2.3 and

Table 2.4 with their companies.

Table 2.3 : Laboratory equipments used in the study.

Equipment Company
Laminar Air Flow Cabinets FASTER BH-EN 2003
Pipettes 10 ul, 20 pl, 100 pl, 200 pl, 1000 pl

Socorex and
10 ul, 100 ul, 1000 ul Biohit

Electronic Pipette CappAid
Beckman Coulter Allegra ™
Centrifuges 25.R
Centrifuge
Scanspeed
Incubator with CO, BIND
Vortex Mixer Uzusio VTX-3000L,LMS
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Table 2.3 (continued) : Laboratory equipments used in the study.

Equipment Company
Quick spin LMS
Magnetic stirrer WiseStir MSH-20D, Wisd Laboratory
Equipment
Light Microscope Olympus CH30
Hemacytometer Isolab
Ice Machine Scotsman AF10
Altus ( +4°C)
Freezers Siemens (-20°C)

Haier (- 80°C)

Flow Cytometer BD Accuri C6

Table 2.4 : Laboratory supplies used in this study.

Supplies Company
Scale Precisa
Examination Gloves Tenty
Falcons (15 ml, 50 ml) Isolab
96-well F plate TPP
Serological pipettes Sarstedt
Centrifuge tubes Sarstedt
Eppendorf tubes (0,6ml, 1,5ml, 2ml) Interlab
Cell strainer (70 pum) BD

2.1.4 General chemicals

General chemicals used in this study are listed with their supplier companies in Table
2.5. CpG ODN K3 was kindly provided by Professor ihsan Giirsel and PHA was
kindly provided by Umut Can Kiigiiksezer,Ph.D.

Table 2.5 : General chemicals used in this study.

Chemical Supplier Company Application
EDTA Applichem Cell seperation
Phosphate-Buffered Saline Lonza Cell culture
(PBS) 10X
Bovine Serum Albumin (BSA) Santa Cruz Cell seperation
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Table 2.5 (continued) : General chemicals used in the study.

Chemical Supplier Company Application
lonomycin
(stock concentration:1 mg/ml) Calbiochem Treatment
PMA . :
(stock concentration:1 mg/ml) Sigma Aldrich Treatment
Collegenase A Millipore TIL isolation
DNase MP Biomedicals TIL isolation
Hyaluronidase MP Biomedicals TIL isolation
Gentamicin Thermo-fisher TIL isolation

Fixation Buffer (4%)
Permeabilization Buffer (10X)
Isopropanol

Polymyxin B sulfate

CFSE
Monensin
(stock concentration:
50 mg/ml)
1000X Brefeldin A
(stock concentration: 3 mg/ml)
Recombinant CD40L

Biolegend
Biolegend
Sigma-Aldrich
HiMedia
Laboratories
Molecular probes

Calbiochem

e-bioscience

R&D systems

Intracellular staining
Intracellular staining

Cell freezing

Tumor cell isolation

Proliferation assay

Intracellular staining

Intracellular staining

B cell culture

2.1.5 Antibodies

Antibodies used in this study are given in table 2.6.

Table 2.6 : Antibodies used in this study.

Antibody Supplier Stock Concentration
Mouse anti-human CD19 APC Biolegend 50 pg/ml
Mouse anti-human CD4 PerCP Biolegend 200 pg/ml
Mouse anti- human CD4 FITC Biolegend 200 pg/ml
Mouse anti- human CD4 PE Biolegend 100 pg/ml
Mouse anti-human CD8 FITC BD 200 pg/ml
Rat anti-human CD24 PE Biolegend 200 pg/ml
Mouse anti-human CD38 PerCP Biolegend 400 pg/ml
Anti-human IL-10 Alexa Fluor 488 Biolegend 50 pg/ml
Rat anti-human IL-10 PE Biolegend 25 pg/ml
Mouse anti-human IFNy PE Biolegend 40 pg/ml
Mouse anti-human IL-17A FITC Biolegend 25 pg/ml
Mouse anti-human PD-L1 APC Biolegend 400 pg/ml
Mouse purified anti-human PD-1 Biolegend 500 pg/ml
Anti-mouse 1gG PE Santa Cruz 400 pg/ml
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2.2 Methods
2.2.1 Determination of immune cell types in blood and TIL

2.2.1.1 Patients

7 healthy controls (3 females and 4 males, median age was 36 years; range, 25 to 52
years), 16 non-small lung cancer (3 females and 13 males, median age was 59 years;
range, 42 to 69) and 3 mesothelioma (3 males, median age was 66 years; range 55 to
78) patients from Istanbul University, Cerrahpasa Medical School, Thoracic Surgery
Department were included in this study. Tissue and blood samples were taken from
patients with operable non-small lung cancer and mesothelioma. Only blood samples
were taken from healthy controls. Blood samples were collected into EDTA tubes.
Normal tissue samples taken from the region close to the tumor region and tumor
tissue samples were obtained from patients during surgery. Tissue samples were
placed into tubes containing cold Roswell Park Memorial Institute (RPMI) 1640

culture medium and transferred to the cell culture laboratory on ice.

2.2.1.2 Isolation of peripheral mononuclear blood cells (PBMC)

Peripheral Mononuclear Blood Cells (PBMC) were isolated from blood samples by
Ficoll gradient centrifugation. Briefly, blood was diluted with the equal volume of
phosphate buffered saline (PBS). Diluted blood was layered onto Ficoll based
lymphocyte separation medium (LSM) in a falcon tube and centrifuged at 1200 g for
20 minutes. The interface between plasma and medium was collected and diluted
with RPMI 1640 and then centrifuged at 300 g for 10 minutes. Supernatant was
discarded. Cell pellet was dissolved in 2-3 ml of red blood cell lysis buffer and
incubated at room temperature for 10 minutes. Then, 5 ml RPMI 1640 was added
and centrifuged. Supernatant was discarded and cell pellet was dissolved in 1 ml
RPMI 1640. Cells were counted and cell viability was assessed with trypan blue

staining and cryopreserved in freezing medium until used for the experiments.

2.2.1.3 Isolation of tumor infiltrating lymphocytes (TIL)

Tumor infiltrating lymphocytes (TIL) were isolated separately from normal (tumor-
free) and tumor tissue by mechanic and enzymatic digestion. Firstly, tissues were

washed in Hanks’ Balanced Salt Solution (HBSS) supplemented with gentamicin (50

23



pg/ml). Then they were minced into small fragments. Those fragments were digested
in a mixture of 0,5 mg/ml Collagenase A, 0,img/ml Hyaluronidase and 0,01mg/ml
Dnase at 37 °C for 1-2 hours. The volume of enzymatic solution and the time
required for tissue dissociation were dependent on specimen characteristics. After
incubation, the cell suspension was filtered through a 70 um cell strainer and washed
twice with HBSS. Cells were counted and cell viability was assessed with trypan
blue staining. Discontinuous density gradient centrifugation was conducted to further
separate lymphocytes from erythrocytes, dead cells and tumor cells. 100% of LSM,
75% of LSM and cell suspension was layered from bottom to top in a falcon tube to
make discontinuous density gradient. Cell suspension was centrifuged at 1200 g for
20 minutes. The lower interface suspended on 100% of LSM contained TIL and
upper interface suspended on 75% of LSM contained tumor cells. Both interfaces
were collected, washed with HBSS by centrifuging at 300g for 8 minutes.
Supernatants were discarded. Cell pellets were dissolved in 2-3 ml of red blood cell
lysis buffer to lyse remaining erythrocytes. TIL and tumor cells were counted and
cell viability was assessed with Trypan blue staining and cryopreserved in freezing

medium until used for the experiments (Figure 2.1).
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Figure 2.1 : Isolation, treatment and analysis of PBMC and TILs.
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2.2.1.4 CpG ODN K3 treatment of PBMC and TILs

After seperation of PBMC and TILs from blood and biopsies of patients, cells were
distrubuted into a 96 well plate as 500.000 cells/ml. In order to induce IL-10
expression, PBMC and TILs were stimulated with 0,7 pg/ml CpG ODN K3. CpG
treatment was not performed for IFNy and IL-17 stainings. 50 ng/ml PMA, 500
ng/ml ionomycin and 3 pg/ml monensin to stop cytokine secretion were added at the

last 5 hours of culture for each staining group (Figure 2.1).

2.2.1.5 Flow cytometric analysis of PBMC and TILs

To characterize different cell types within the blood and biopsies of LC and MT
patients, various combinations of surface and intracellular stainings were performed
for different cell types. Staining groups were: CD4, CD19, 1L10; CD19, CD24,
CD38; CD19, CD24, CD38, 1L10; CD19, PD-1, IL10; CD4, CD8, CD19, IFNy; and
CD4, CD19, IL17.

Surface antigen staining

At the end of the 24 hours of incubation, cells were harvested and washed with
FACS buffer. Firstly, they were stained for 1 hour on ice in 25 ul FACS buffer with
0,15 ul of the following fluorophore conjugated surface antibodies: anti-CD4-PerCP,
anti-CD8-FITC, anti-CD19-APC, anti-CD24-PE, anti-CD38-PerCP, purified anti-
PD-1 (stock concentrations: 200 pg/ml, 200 pg/ml, 50 pg/ml, 200 pg/ml, 400 pg/ml,
and 500 pg/ml, respectively). Then, they were washed with FACS buffer by
centrifugation at 3000 rpm for 5 minutes at +4°C. Supernatants were discarded and
proceeded to the intracellular staining. For PD-1 and CD19 staining; cells were first
incubated with purified anti-PD-1 for 1 hour on ice. Then 25 ul FACS buffer
containing anti-mouse PE secondary antibody was added and incubated for 40
minutes on ice. After PD-1 staining was completed, proceeded to the CD19 staining
as both of our surface antibodies were produced in mouse. Surface staining with anti-
CD19-APC were performed in the same manner and cells were washed with FACS

buffer before intracellular staining.

Intracellular staining
Intracellular staining was carried out with: anti-1L10-Alexa Fluor 488, anti-IFNy-PE
and anti-IL17-FITC antibodies. After surface staining and washing, cells were fixed

with 100 pl of 1X Fixation buffer (Biolegend) for 15 minutes on ice. 1X Fixation
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buffer containing paraformaldehyde was diluted from 4X with 1X PBS. Cells were
washed with 350 pl of FACS buffer by centrifugation at 3000 rpm for 5 minutes
following fixation. Supernatant was discarded and pellets were resuspended in 300 ul
of 1X permeabilization buffer containing Saponin (diluted from 10X with ddH,0) to
permeabilize the cell membrane for entrance of antibodies. Saponin interacts with
membrane to make holes on it. After 10 minutes incubation on ice with 1X
permeabilization buffer, cells were centrifuged at 3000 rpm for 5 minutes. Since
permeabilizaiton buffer makes transient pores on the cell membrane, it is added to
subsequent steps of staining. Then cells were resuspended in 25 pl of
permeabilization buffer containing either 0,3 ul anti-IL10-Alexa Fluor 488, anti-
IFNy-PE or anti-IL17-FITC (stock concentrations: 50 ug/ml, 40 ug/ml, 25 pg/ml,
respectively) and incubated for 2 hours on ice in dark. Then cells were washed with
300 pul 1X permeabilization buffer by centrifugation at 300 rpm 5 minutes.
Supernatant were discarded and pellet was dissolved in 200 ul FACS buffer to
analyzed with Accuri C6 Flow Cytometry and later analysis were done with Flow Jo
software. Color compensation was performed by using single antibody stained

samples. Additively, the cells that were not stained were used as unstained control

group.
2.2.2 Effect of tumor microenvironment on immune cells

2.2.2.1 Conditioned medium preperation from tumor and normal tissue

Culture supernatants were acquired by culture of completely digested lung tumor or
normal tissue biopsy specimens. Digestion was performed as described in Section
2.2.1.3. After incubation, mixture was filtered through a 70 pm cell strainer and
washed twice with RPMI medium containing polymyxin B (20 pg/ml) to exclude
endotoxin contamination. Thereafter, digested cells were resuspended in complete
medium as 10° cells per ml and cultured in a 6 well plate. After 2 days, the

supernatants were harvested, centrifuged, and stored at —80 °C.
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2.2.2.2 PBMC isolation

Whole blood was collected from healthy individuals and PBMC isolation from
peripheral bloods of healthy control individuals was performed by Ficoll gradient

centrifugation as described in Section 2.2.1.2.

2.2.2.3 Magnetic isolation of CD4" T and B cells

CD4" T and B cells were purified from the PBMCs by magnetic cell sorting with a
column free commercial reagent kit (Stemcell EasySep™ Human CD4" Selection Kit
and Human B Cell Enrichment Kit, respectively) following the manufacturer’s
instructions. Firstly, positive selection of CD4" T cells were performed. 10 cells per
ml were resuspended in cell seperation buffer and transfered into 5 ml polystren
falcon tube. Selection cocktail that labels CD4" T cells was added as 100 pl per ml of
sample, mixed and incubated for 15 minute at room temperature. Then, magnetic
particles were added as 50 pl per ml of sample, mixed and incubated for 10 minute at
room temperature. After incubation, cell seperation buffer was added up to 2.5 ml,
mixed gently and placed into the EasySep™ magnet without the lid and incubated
for 5 minute at room temperature. After that, supernatant containing non-CD4" T
cells were transfered into a new falcon tube for B cell enrichment. For the tube
containing magnetically labeled CD4" T cells, selection procedure with magnet was

repeated for 2 more times.

For B cell enrichment, remaining PBMCs were resuspended with cell seperation
buffer as 5x10’ cells per ml. Enrichment coctail that labels non-B cells was added as
50 ul per ml of sample, mixed and incubated for 10 minute at room temperature.
Then, magnetic particles were added as 75 ul per ml of sample, mixed and incubated
for 5 minute at room temperature. After incubation, cell seperation buffer was added
up to 2.5 ml, mixed gently and placed into the EasySep™ magnet without the lid and
incubated for 5 minute at room temperature. After that, supernatant containing
enriched B cells were transfered into a new falcon tube. Isolated B and CD4" T cells
were resuspended in tumor or normal tissue conditioned mediums and plated into 96
well plate. Some of the isolated cells were seperated to check the purity and viability.

Also 10° CD4" T cells were seperated for proliferation assay.
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Flow staining for CD4 and CD19 surface markers

Purity of freshly purified CD4" T cells and B cells was determined using flow
cytometer. 5x10° CD4* T cells were stained with 0.1 pl PE conjugated anti-CD4
antibody (stock concentration: 100 ug/ml) while B cells were stained with 0.1 pl
APC conjugated anti-CD19 antibody (stock concentration: 50 pg/ml) in 25 ul FACS
Buffer in the dark on ice for 1 hour. A fraction of CD4" T cells and B cells were left
as unstained controls. Then, cells were washed once with 300 ul FACS Buffer by
centrifugation at 3000 rpm for 5 minutes. Supernatant was discarded and pellet was
resuspended in 200 pl of FACS Buffer and samples were analyzed with flow

cytometer.

2.2.2.4 B cell culture

B cells were resuspended in either tumor or normal tissue conditioned mediums as
10° cells per ml. For optimal detection of 1L-10 production by using intracellular
staining, CpG ODN K3 (0,7 pg/ml) and recombinant human CD40 ligand (1 pg/ml)
were also used. B cells were cultured for 24 hours and 50 ng/ml PMA, 500 ng/ml
ionomycin and 0,3 mg/ml 1X Brefeldin A to stop cytokine secretion were added at
the last 5 hours of culture. After 1 day of incubation, cells were harvested for surface

and intracellular staining.

2.2.2.5 CD4" T cell culture

T cells were resuspended in either tumor or normal tissue conditioned mediums as
10° cells per ml. PHA (2 pug/ml) and CpG ODN K3 (0,7 pg/ml) were also used. T
cells were cultured for 24 hours and 50 ng/ml PMA, 500 ng/ml ionomycin and 3
ug/ml 1X Brefeldin A to stop cytokine secretion were added at the last 5 hours of
culture. After 1 day of incubation, cells were harvested for surface and intracellular

staining.

2.2.2.6 Flow cytometric analysis of B and CD4" T cells

At the end of the 24 hours of incubation, cells were harvested and washed with
FACS buffer. Firstly, they were stained for 1 hour on ice in 25 pl FACS buffer with
0,15 pl of the purified anti-PD-1 (stock concentration: 500 pg/ml). Then, they were
washed with FACS buffer by centrifugation at 3000 rpm for 5 minutes at +4°C.
Supernatants were discarded and 25 pl FACS buffer containing anti-mouse PE

28



secondary antibody (stock concentration: 400 pg/ml) was added and incubated for 40
minutes on ice. After PD-1 staining was completed, proceeded to the PD-L1 staining
as both of our surface antibodies were produced in mouse. Surface staining with anti-
PD-L1-APC (stock concentration: 400 pug/ml) were performed in the same manner

and cells were washed with FACS buffer before intracellular staining.

Intracellular staining was carried out with: anti-IL10-PE for B and CD4" T cells and
anti-IFNy-PE for CD4" T cells. After surface staining and washing, cells were fixed
with 100 pl of 1X Fixation buffer (Biolegend) for 15 minutes on ice. 1X Fixation
buffer containing paraformaldehyde was diluted from 4X with 1X PBS. Cells were
washed with 350 ul of FACS buffer by centrifugation at 3000 rpm for 5 minutes
following fixation. Supernatant was discarded and pellets were resuspended in 300 pl
of 1X permeabilization buffer containing Saponin (diluted from 10X with ddH,0) to
permeabilize the cell membrane for enterence of antibodies. After 10 minutes
incubation on ice with 1X permeabilization buffer, cells were centrifuged at 3000
rpm for 5 minutes. Since permeabilizaiton buffer makes transient pores on the cell
membrane, all staining steps were performed with it after this stage. Because of that
cells were resuspended in 25 pl of permeabilization buffer containing either 0,3 ul
anti-IL10-PE (stock concentration: 25 pg/ml) or anti-IFNy-PE (stock concentration:
40 pg/ml) and incubated for 2 hours on ice in dark. Then cells were washed with 300
ul 1X Permeabilization buffer by centrifugation at 300 rpm 5 minutes. Suprnatant
were discarded and pellet was dissoleved in 200 ul FACS buffer to analyzed with
Accuri C6 Flow Cytometry and later analysis were done with Flow Jo software.

2.2.2.7 CFSE proliferation assay

For CFSE labeling, 10° CD4" T cells were resuspended in a 1 ml volume of PBS
containing 5% FBS in a fresh tube. The tube was laid horizontally. 110 ul of PBS
was added to the non-wetted portion of the plastic at the top of the tube ensuring that
was not mix with the cells, and in that 1 pl of the 5 mM stock of CFSE was
resuspended. The tube was capped and inverted quickly several times and vortexed.
The cells were left to label with CFSE by incubating for 5 min at room temperature.
Then, they were washed by diluting with ten volumes of PBS containing 5% FBS,
centrifuged at 300g for 5 min and the supernatant was discarded. Cells were washed

once more in the same manner.
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Then, labeled cells were resuspended in either tumor conditioned medium 1, tumor
conditioned medium 2, normal tissue conditioned medium 1 or normal tissue
conditioned medium 2. To stimulate the basal-level of T-cell proliferation, 2 pg/ml
PHA was added into all experimental groups. Non-PHA-induced but CFSE labelled
T cells were left to be used as the control of the proliferation. Stimulated and
unstimulated control cells were culltured in different conditioned mediums for 3

days.

2.2.3 Statistical analysis

All p values were calculated using GraphPad Prism 6.0 software. Significancies were
determined by Student t test. In all analyses, a two-tailed p-value of less than 0.05
was considered statistically significant. In column bar graphs, vertical bars indicate

standard deviations of the mean.
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3. RESULTS

3.1 CD4" T Cells in Patients with NSCLC and MT

3.1.1 CD4" T cell frequencies in patients with NSCLC and MT

Inflammation mediated by infiltrating immune cells plays a key role in cancer
pathogenesis. T cells display critical and diverse roles in the establishment and
suppression of inflammation within the tumor microenvironment. CD4" T cells
include T helper cells and Tregs. The frequencies of CD4" T cells were examined by
surface staining of CD4 which was afterwards detected by flow cytometry. For this
purpose, PBMCs were isolated from blood of healthy controls (n=6), LC patients (n=
12) and MT patients (n=2) by Ficoll density gradient centrifugation. TILs were also
isolated from tumor tissue samples of LC (n=10) and MT (n=2) patients after
enzymatic digestion. Then, PBMC and TILs were labeled with anti-CD4-PerCP and
analyzed with Flow Cytometry. Percentages of CD4" T cells were determined
compared to unstained control within lymphocyte population.

The frequency of CD4" T cells decreased in NSCLC patients’ blood (7,36-67,8%
P=0,07) compared to healthy individuals (31,6-47,9% ). CD4" T cells also tended to
decrease in MT patients’ blood (21,1; 34,3% P=0,07). A few CD4" T cell infiltration
was observed in LC (0,17-6,06%) and in MT (0,71; 2,34%) patients’ tumors (Figure
3.1).

3.1.2 IFNy producing CD4" T cells in NSCLC and MT

Thi cells are defined as IFNy and TNF-a secreted CD4" T cells. They mediate
immune responses against intracellular pathogens by helping macrophages and
cytotoxic T cells to kill pathogens (Romagnani,1999). The IFNy production of CD4"
T cells was examined by intracellular IFNy staining which was afterwards detected
by flow cytometry. For this purpose, PBMCs were isolated from blood of healthy
controls (n=6), LC patients (n= 12) and MT patients (n=3) by Ficoll gradient

centrifugation.
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Figure 3.1 : CD4" T cell percentages gated on lymphocytes for LC and MT patients’ blood
and TILs. A) CD4 staining representative quadrant plots for one blood sample from a healthy
person, as well as one blood sample and one tumor tissue sample (TIL) from LC and MT.
B)Frequencies of CD4" T cells in 6 blood samples of healthy controls; 12 blood samples, 10
lung tissue samples of LC patients and 2 blood samples, 2 lung tissue samples for MT
patients. Each dot represents one individual. Graphs were prepared using Graphpad Prism 6.
Student's t test were used for statistical analysis. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. Ctrl, control; LC, lung cancer; MT, mesothelioma; PBMC, peripheral blood
mononuclear cell; TIL, tumor infiltrating leukocytes.

32



TILs were also isolated from tumor biopsies of LC (n=5) and MT (n=3) patients.
Then, cells were stimulated with PMA and ionomycin for 5 h in the presence of

Monensin to keep the cytokines accumulated inside the golgi complex.

Percentages of CD4'TFNy" T cells were determined compared to unstained control
and CD4" cells within lymphocyte population. IFNy expression of CD4" T cells were
significantly decreased in blood of NSCLC patients compared to healthy controls
(10,4-38,3% to 1,82-21,4%). However, IFNy expression of CD4" T cells were highly
increased for blood sample of one patient with MT. IFNy producing T cells were also
observed in LC and MT tumors. There was a trend of decrease of IFNy producing T
cells in tumor tissues of patients with NSCLC and MT. (Figure 3.2).

3.1.3 IL-17 producing CD4" T cells in NSCLC and MT

IL-17 producing Th17 cells with Tregs modulate cytokine and chemokine
production, promote immune cell recruitment and help regulate anti-tumor and pro-
tumor immune cell activation states in the tumor microenvironment (Marshall et al.,
2016) . The IL-17 production of CD4" T cells was examined by intracellular IL-17
staining which was afterwards detected by flow cytometry. For this purpose, PBMCs
were isolated from blood of healthy controls (n=6), LC patients (n= 10) and MT
patients (n=4) by density gradient centrifugation. TILs were also isolated from tumor
biopsies of LC (n=4) and MT (n=4) patients.

Percentages of CD4"IL-17" T cells were determined compared to unstained control
and CD4" cells within lymphocyte population. 1L-17 expression by CD4" T cells was
not alternated among patient groups and control with slight increase in blood and
TILs of patients with NSCLC (Figure 3.3).

3.1.4 1L-10 producing CD4" T cells in NSCLC and MT

Tregs influence the tumor microenvironment during the progression of lung cancers.
The IL-10 production of CD4" T cells was examined by intracellular IL-10 antibody
staining which was afterwards detected by flow cytometry. For this purpose, PBMCs
were isolated from blood of healthy controls (n=6), LC patients (n= 12) and MT
patients (n=3) by density gradient centrifugation. TILs were also isolated from tumor

tissue samples of LC (n=5) and MT (n=3) patients.
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Figure 3.2 : CD4'IFNy" cell percentages in CD4" T lymphocytes of LC and MT patients’
blood and TILs. A) Representative quadrant plots of IFNy intracellular staining gated on
CD4" cells for one blood sample from a healthy person, as well as one blood sample and one
tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD4'IFNy" T cells in 5 blood
samples of healthy controls; 12 blood samples, 7 lung tissue samples of LC patients and 3
blood samples, 3 lung tissue samples of MT patients. Each dot represents one individual.
Graphs were prepared using Graphpad Prism 6. Student's t test were used for statistical
analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating
leukocytes.
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Figure 3.3 : CD4"IL-17" cell percentages in CD4" T lymphocytes of LC and MT patients’
blood and TILs. A) Representative quadrant plots of IL-17 intracellular staining gated on
CD4" cells for one blood sample from a healthy person, as well as one blood sample and one
tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD4"IL-17" T cells in 6
blood samples of healthy controls; 11 blood samples, 8 lung tissue samples of LC patients
and 3 blood samples, 3 lung tissue samples of MT patients. Each dot represents one
individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating

leukocytes.
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Then, cells were stimulated with 0,7 pg/ml CpG for 24 h, and PMA and ionomycin
for 5 h in the presence of Monensin to keep the cytokines accumulated inside the
Golgi complex. First, cells were labeled with anti-CD4-PerCP. After that, the cells
were fixed and permeabilized. Lastly, they were incubated with Alexa Fluor 488-

coupled anti-1L-10 antibody that was prepared inside the permeabilization buffer.

Percentages of CD4"IL-10" T cells were determined compared to unstained control
and CD4" cells within lymphocyte population. IL-10 expression of CD4" T cells
were highly increased in PBMCs (0,82-24,1%) and TILs (0-23,7%) of NSCLC
patients compared with healthy individuals (0-2,77%). In addition, IL-10 production
by CD4" T cells in MT patients’ blood (0;35,7%) were higher compared to blood of
healthy people (0-2,77%) (Figure 3.4).

3.2 CD8" T Cells in Patients with NSCLC and MT

3.2.1 CD8" T cell frequencies in patients with NSCLC and MT

The frequencies of CD8" Cytotoxic T cells were examined by surface staining of
CD8 which was afterwards detected by flow cytometry. For this purpose, PBMCs
were isolated from blood of healthy controls (n=6), LC patients (h= 13) and MT
patients (n=3) by Ficoll density gradient centrifugation. TILs were also isolated from
tumor tisuue samples of LC (n=8) and MT (n=3) patients. PBMC and TILs were
labeled with anti-CD8-FITC and analyzed with flow cytometry. Percentages of CD8"
T cells were determined compared to unstained control within lymphocyte
population. The frequency of CD8" T cells tended to decrease in LC and MT
patients’ blood compared to healthy individuals. CD8" T cell infiltration was
observed in tumor samples of LC (0,09-27,8%) and MT (3-31,9%) patients (Figure
3.5).
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Figure 3.4 : CD4"IL-10" cell percentages gated on CD4" T lymphocytes for LC and MT
patients’ blood and TILs. A) Representative quadrant plots of IL-10 intracellular staining
gated on CD4" cells for one blood sample from a healthy person, as well as one blood
sample and one tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD4'IL10" T
cells in 6 blood samples of healthy controls; 12 blood samples, 10 lung tissue samples of LC
patients and 2 blood samples, 2 lung tissue samples of MT patients. Each dot represents one
individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating
leukocytes.
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Figure 3.5 : CD8" cell percentages gated on lymphocytes for LC and MT patients’ blood
and TILs. A) CD8 staining representative quadrant plots for one blood sample from a healthy
person, as well as one blood sample and one tumor tissue sample (TIL) from LC and MT.
B)Frequencies of CD8" T cells in 6 blood samples of healthy controls; 13 blood samples, 8
lung tissue samples of LC patients and 3 blood samples, 3 lung tissue samples of MT
patients. Each dot represents one individual. Graphs were prepared using Graphpad Prism 6.
Student's t test were used for statistical analysis. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. Ctrl, control; LC, lung cancer; MT, mesothelioma; PBMC, peripheral blood
mononuclear cell; TIL, tumor infiltrating leukocytes.
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3.2.2 IFNy producing CD8" T cells in NSCLC and MT

It is known that cytotoxic T cells secrete anti-tumor cytokines such as IFNy. The
IFNy production of CD8" T cells was examined by intracellular IFNy staining which
was afterwards detected by flow cytometry. For this purpose, PBMCs were isolated
from blood of healthy controls (n=6), LC patients (n=12) and MT patients (n=3) by
density gradient centrifugation. TILs were also isolated from tumor biopsies of LC
(n=5) and MT (n=3) patients.

Percentages of CD8'IFNy" T cells were determined compared to unstained control
and CD8"cells within lymphocyte population. IFNy expression of CD8" T cells were
significantly increased (15,2-68,9% to 20,3-94,9%) in blood of patients with NSCLC
compared to healthy controls. IFNy producing T cells were also observed in LC and
MT tumors in lower levels, CD8 IFNy" cells constituted almost 80% of CD8" T cells
in tumor for one NSCLC patient (Figure 3.6).

3.3 CD19" B Cells in Patients with NSCLC and MT

3.3.1 CD19" B cell frequencies in patients with NSCLC and MT

Accumulating evidence is pointing to a role of B cells in modulating the immune
response to solid tumors. Because of this, frequencies of CD19" B cells were
examined by surface staining of CD19 which was afterwards detected by flow
cytometry. For this purpose, PBMCs were isolated from blood of healthy controls
(n=6), LC patients (n= 13) and MT patients (n=3). TILs were also isolated from
tumor biopsies of LC (n=10) and MT (n=3) patients. PBMC and TILs were labeled
with anti-CD19-APC and analyzed with flow cytometry. Percentages of CD19" B
cells were determined compared to unstained control within lymphocyte population.
B cell numbers were seem to be similar between controls’ and patients’ blood
sample. Although, increased CD19" B cell infiltration to the tumors of MT (0,98-
17,4%) and LC (0,09-33,3%) patients can be observed (Figure 3.7).
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Figure 3.6 : CD8'IFNy" cell percentages in CD8" T lymphocytes of LC and MT patients’
blood and TILs. A) Representative quadrant plots of IFNy intracellular staining gated on
CD8" cells for one blood sample from a healthy person, as well as one blood sample and one
tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD8'IFNy" T cells in 6 blood

samples of healthy controls; 12 blood samples, 7 lung tissue samples of LC patients and 2
blood samples, 2 lung tissue samples of MT patients. Each dot represents one individual.
Graphs were prepared using Graphpad Prism 6. Student's t test were used for statistical
analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating

leukocytes.
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Figure 3.7 : CD19" cell percentages gated on lymphocytes for LC and MT patients’ blood

and TILs. A) CD19 staining representative quadrant plots for one blood sample from a

healthy person, as well as one blood sample and one tumor tissue sample (TIL) from LC and

MT. B)Frequencies of CD19" B cells in 6 blood samples of healthy controls; 13 blood

samples, 10 lung tissue samples of LC patients and 3 blood samples, 3 lung tissue samples of

MT patients. Each dot represents one individual. Graphs were prepared using Graphpad

Prism 6. Student's t test were used for statistical analysis. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. Ctrl, control; LC, lung cancer; MT, mesothelioma; PBMC, peripheral blood
mononuclear cell; TIL, tumor infiltrating leukocytes.
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3.3.2 IFNy producing CD19" B cells in NSCLC and MT

The IFNy production of CD19" B cells was examined by intracellular IFNy staining
which was afterwards detected by flow cytometry. For this purpose, PBMCs were
isolated from blood of healthy controls (n=6), LC patients (n= 12) and MT patients
(n=3). TILs were also isolated from tumor biopsies of LC (n=5) and MT (n=3)
patients. Then, cells were stimulated with PMA and ionomycin for 5 h in the
presence of monensin to keep the cytokines accumulated inside the golgi complex.
First, cells were labeled with anti-CD19-APC. After that, the cells were fixed. After
that, the cells were fixed and permeabilized. Lastly, they were incubated with PE-
coupled anti-IFNy antibody that was prepared inside the permeabilization buffer.

Percentages of CD19" IFNy" B cells were determined compared to unstained control
and CD19" cells within lymphocyte population. CD19*TFNy" cells were also tend to
be but not significantly increased in bloods of LC patients (2,31-56,5% to 1,01-
81,6%) (Figure 3.8).

3.3.3 IL-17 producing CD19" B cells in NSCLC and MT

The IL-17 production of CD19" B cells was examined by intracellular IL-17
antibody staining which was afterwards detected by flow cytometry. For this
purpose, PBMCs were isolated from blood of healthy controls (n=6), LC patients (n=
10) and MT patients (n=4). TILs were also isolated from tumor biopsies of LC (n=4)
and MT (n=4) patients. Then, cells were stimulated with PMA and ionomycin for 5
h in the presence of monensin to keep the cytokines accumulated inside the golgi
complex. First, cells were labeled with anti-CD19-APC. After that, the cells were
fixed and permeabilized. Lastly, they were incubated with FITC-coupled anti-1L-17

antibody that was prepared inside the permeabilization buffer.

Percentages of CD19"IL-17" B cells were determined compared to unstained control
and CD19" cells within lymphocyte population. 1L-17 expression by CD19" B cells
(0,44-9,7%) had a trend of increase in LC patients’ blood compared to control (0,76-
3,72%) (Figure 3.9).
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Figure 3.8 : CD19'IFNy" cell percentages in CD19" B lymphocytes of LC and MT patients’
blood and TILs. A) Representative quadrant plots of IFNy intracellular staining gated on
CD19" cells for one blood sample from a healthy person, as well as one blood sample and
one tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD19'IFNy" T cells in 6
blood samples of healthy controls; 12 blood samples, 7 lung tissue samples of LC patients
and 2 blood samples, 2 lung tissue samples of MT patients. Each dot represents one
individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating
leukocytes.
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Figure 3.9 : CD19°IL-17" cell percentages in CD19" B lymphocytes of LC and MT patients’
blood and TILs. A) Representative quadrant plots of IL-17 intracellular staining gated on
CD19" cells for one blood sample from a healthy person, as well as one blood sample and

one tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD19*IL-17" T cells in 6
blood samples of healthy controls; 12 blood samples, 8 lung tissue samples of LC patients

and 3 blood samples, 3 lung tissue samples of MT patients. Each dot represents one
individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating

leukocytes.
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3.3.4 1L-10 producing CD19" B cells in NSCLC and MT

Bregs are generated in response to signals from the tumor microenvironment and in
turn promote tumor growth mainly with secreting IL-10. The IL-10 production of
CD19" B cells was examined by intracellular 1L-10 staining which was afterwards
detected by flow cytometry. For this purpose, PBMCs were isolated from blood of
healthy controls (n=6), LC patients (n= 12) and MT patients (n=3). TILs were also
isolated from tumor tissue samples of LC (n=5) and MT (n=3) patients. Then, cells
were stimulated with 0,7 pg/ml CpG for 24 h, and PMA and ionomycin for 5 h in the
presence of monensin to keep the cytokines accumulated inside the golgi complex.
First, cells were labeled with anti-CD19-APC. After that, the cells were fixed and
permeabilized. Lastly, they were incubated with Alexa Fluor 488-coupled anti-1L-10

antibody that was prepared inside the permeabilization buffer.

Percentages of CD19°IL-10" B cells were determined compared to unstained control
and CD19" cells within lymphocyte population. IL-10 expression of CD19" B cells
increased significantly in bloods (0,85-17,3%) and TILs (0-20%) of patients with
NSCLC compared with healthy individuals (0-1,46%). Moreover, IL-10 production
by MT tumor infiltrating CD19" B cells (1,15-10%) were significantly higher
compared to blood of healthy people (0-1,46%) (Figure 3.10).

3.4 CD19°CD24"CD38" B Cells in Patients with NSCLC and MT

3.4.1 CD19'CD24"CD38" B cell frequencies in patients with NSCLC and MT

IL-10 producing CD19°CD24"CD38" B cells have been characterized as a type of
regulatory B cells in literature (Blair et al., 2010, Flores-Borja et al., 2013). The
frequencies of CD19"CD24'CD38" B cells were examined by surface staining of
CD19, CD24 and CD38 which was afterwards detected by flow cytometry. For this
purpose, PBMCs were isolated from blood of healthy controls (n=6), LC patients (n=
11) and MT patients (n=3). TILs were also isolated from tumor biopsies of LC (n=4)
and MT (n=4) patients. PBMC and TILs were labeled with anti-CD19-APC, anti-
CD24-PE and anti-CD38-PerCP; analyzed with flow cytometry. Percentages of
CD19°CD24"CD38", CD19°CD24'CD38", and CD19'CD24'CD38" B cells were
determined compared to unstained control and CD19" cells within lymphocyte

population. In each group, CD19"CD24"CD38" B cells were most common type of B
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cells. Moreover, CD19°CD24°'CD38" B cells were tend to be increased in bloods of
LC patients (0,36-16,3%) compared to healthy controls (1,4-3,85%) (Figure 3.11).
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Figure 3.10 : CD19°IL-10" cell percentages gated on CD19" B lymphocytes for LC and MT
patients’ blood and TILs. A) Representative quadrant plots of TL-10 intracellular staining
gated on CD19" cells for one blood sample from a healthy person, as well as one blood
sample and one tumor tissue sample (TIL) from LC and MT. B)Frequencies of CD19"I1L10"
B cells in 6 blood samples of healthy controls; 11 blood samples, 9 lung tissue samples of
LC patients and 3 blood samples, 3 lung tissue samples of MT patients. Each dot represents
one individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer; MT,
mesothelioma; PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating
leukocytes.
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Figure 3.11 : CD19'CD24'CD38"/ CD19'CD24'CD387/ CD19°CD24 CD38" cell
percentages gated on CD19" B lymphocytes of LC patients’ blood and TILs. A)
Representative quadrant plots of CD19,CD24,CD38 staining gated on CD19" cells for one
blood sample for a healthy person, as well as one blood sample and one tumor tissue sample
(TIL) from LC and MT.. B)Frequencies of CD19°CD24°CD38"/ CD19°CD24°'CD387/
CD19°CD24'CD38" B cells in 6 blood samples for healthy controls, 10 blood samples for
LC patients, 5 tumor tissue samples for LC patients, 3 blood samples and tissue samples for
MT patients. Each dot represents one individual. Graphs were prepared using Graphpad
Prism 6. Student's t test were used for statistical analysis. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. LC, lung cancer; MT, mesothelioma; PBMC, peripheral blood mononuclear
cell; TIL, tumor infiltrating lymphocytes.
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3.4.2 I1L-10 producing CD19°CD24"CD38" B cells in NSCLC

The 1L-10 production of CD19°CD24°CD38" B cells was examined by intracellular
IL-10 antibody staining which was afterwards detected by flow cytometry. For this
purpose, PBMCs were isolated from blood of healthy controls (n=6) and LC patients
(n=11). Then, cells were stimulated with 0,7 pg/ml CpG for 24 h, and PMA and
ionomycin for 5 h in the presence of monensin to keep the cytokines accumulated
inside the golgi complex. First, cells were labeled with anti-CD19-APC, anti-CD24-
PE and anti-CD38-PerCP. After that, the cells were fixed and permeabilized. Lastly,
they were incubated with Alexa Fluor-coupled anti-IL-10 antibody that was prepared
inside the permeabilization buffer.

Percentages of CD19'CD24'CD38" IL-10", CD19'CD24'CD38 IL-10" and
CD19°CD24CD38" IL-10" B cells were determined compared to unstained control
and CD19" cells within lymphocyte population. IL-10 expression in
CD19°CD24"CD38" B cells (0-4,35% and 0-75%) were significantly higher than
CD19°CD24"CD38 B cells (0-0,77% and 0-4,82%) in both blood samples of healthy
controls and LC patients. Also, CD19°CD24"CD38" IL-10" B cells were significantly
more than CD19°CD24°CD38" IL-10" B cells (0-13,3%) in blood of LC patients.
Above all, 1L-10 expression by CD19°CD24°CD38" B cells from blood of LC
patients were greater than CD19°CD24"CD38" B cells of healthy controls (P=0,07)
(Figure 3.12).

3.5 CD19PD-1" B Cells in Patients with NSCLC and MT

3.5.1 CD19"PD-1" B cell frequencies in patients with NSCLC and MT

Recently, novel tumor-promoting PD-1Mdn Breg subset in tumor tissues of patients
with hepatocellular carcinoma were identified (Xiao et al., 2016). Therefore,
frequencies of CD19"PD-1" B cells were examined by surface staining of CD19 and
PD-1 which was afterwards detected by flow cytometry. For this purpose, PBMCs
were isolated from blood of healthy controls (n=6) and LC patients (n=4). TILs were
also isolated from tumor biopsies of LC patients (n=4). After 24 hours of CpG and 5
hours PMA and ionomycin treatment, PBMCs were labeled with anti-CD19-APC
and anti-PD-1-PE. Samples were analyzed with flow cytometry.
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Figure 3.12 : CD19°CD24"CD38"IL-10"/ CD19"CD24"CD38'IL-10/ CD19'CD24
CD38"IL-10" cell percentages gated on CD19°CD24°CD38" / CD19°CD24°CD38 /
CD19'CD24CD38" B lymphocytes of LC patients’ blood and TILs. A) Representative
quadrant plots of IL-10 intracellular staining gated on CD19*CD24'CD38" /
CD19°CD24°CD38 / CD19°CD24°CD38" cells for one blood sample from LC.
B)Frequencies of CD19°CD24'CD38"IL-10"/ CD19°CD24"CD38'IL-10/ CD19*CD24
CD38"IL-10" B cells in 6 blood samples of healthy controls and 10 blood samples of LC
patients. Each dot represents one individual. Graphs were prepared using Graphpad Prism 6.
Student's t test were used for statistical analysis. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001. LC, lung cancer; MT, mesothelioma; PBMC, peripheral blood mononuclear
cell; TIL, tumor infiltrating leukocytes.

Percentages of CD19PD-1" B cells were determined compared to unstained control
and CD19" cells within lymphocyte population. PD-1 expression of B cells were
significantly increased in blood (2,14-11,1%) and tumor tissues (3,52-28,6%) of
patients with NSCLC compared to healthy individuals (0,79-3,9%) (Figure 3.13).
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Figure 3.13 : CD19"PD-1" cell percentages gated on CD19" B lymphocytes for LC patients’
blood and TILs. A) Representative quadrant plots of PD-1 staining gated on CD19" cells for
one blood sample from a healthy person, as well as one blood sample and one tumor tissue
sample (TIL) from LC. B)Frequencies of CD19 PD-1" B cells in 6 blood samples of healthy
controls; 4 blood samples and 4 lung tissue samples of LC patients. Each dot represents one
individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer;
PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating leukocytes.

3.5.2 IL-10 producing CD19*PD-1" B cells in NSCLC and MT

The IL-10 production of CD19'PD-1" B cells was examined by intracellular IL-10
staining which was afterwards detected by flow cytometry. For this purpose, PBMCs
were isolated from blood of healthy controls (n=6) and LC patients (n=4). Then, cells
were stimulated with 0,7 pg/ml CpG for 24 h, and PMA and ionomycin for 5 h in the
presence of monensin to keep the cytokines accumulated inside the Golgi complex.
First, cells were labeled with anti-CD19-APC and anti-PD-1-PE. After that, the cells
were fixed and permeabilized. Lastly, they were incubated with Alexa Fluor-coupled

anti-1L-10 antibody that was prepared inside the permeabilization buffer.
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Percentages of CD19" PD-1" IL-10" B cells were determined compared to unstained
control and CD19" cells within lymphocyte population. PD-1 and 1L-10 double
positive B cells were significantly increased in blood samples of patients with
NSCLC (0,68-5,45%) in comparison to healthy individuals (0-0,94%) (Figure 3.14).

3.6 Effect of Tumor Microenvironment on Immune Cells

3.6.1 CD19" B and CD4" T cell isolation from peripheral blood

B and CD4" T cells were isolated from PBMCs by using Human B Cell Enrichment
Kit and CD4" Selection Kit, (see Materials&Methods, Section 2.2.3.3). Isolation of
CD4" T cells and enrichment of B cells were performed by positive and negative
selection, respectively, using magnetic separation method. Following the separation,
to detect their purity, CD4" T cells were labeled with PE-coupled anti-CD4 antibody;
B cells were labeled with APC-coupled anti-CD19 antibody and compared to
unstained control. Flow cytometry analyses showed that the CD4" T cells were
isolated with purities of 98,2% and 99,4%; the B cells were isolated with purities of
92,2% and 89,4% (Figure 3.15).

3.6.2CD4" T cells

3.6.2.1 Tumor microevironment increases I1L-10 expression of CD4" T cells

The IL-10 production of CD4'T cells was examined by intracellular IL-10 staining
which was afterwards detected by flow cytometry (Figure 3.16). For this purpose, the
cells were cultured with either tumor conditioned medium or normal tissue
conditioned medium and stimulated with 2 pg/ml PHA for 24 h compared to
unstained control is given. CD4" T cells were also stimulated with PMA and
ionomycin for 5 h in the presence of 1X Brefeldin A to keep the cytokines
accumulated inside the Golgi complex. After that, the cells were fixed and
permeabilized. Lastly, they were incubated with PE-coupled anti-1L-10 antibody that
was prepared inside the permeabilization buffer.
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Figure 3.14 : CD19'PD-17IL-10" cell percentages gated on CD19" B lymphocytes for LC
patients’ blood and TILs. A) Representative quadrant plots of IL-10 intracellular staining
gated on CD19" cells for one blood sample from a healthy person, as well as one blood
sample and one tumor tissue sample (TIL) from LC and MT. B) Frequencies of CD19*1L10"
B cells in 6 blood samples of healthy controls; 11 blood samples, 9 lung tissue samples of
LC patients and 3 blood samples, 3 lung tissue samples of MT patients. Each dot represents
one individual. Graphs were prepared using Graphpad Prism 6. Student's t test were used for
statistical analysis. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. LC, lung cancer;
PBMC, peripheral blood mononuclear cell; TIL, tumor infiltrating leukocytes.

52



A. Unstained control CD19 stained B.

004 92,2% %
4 89,4%
“kTo 0 400K 70 0 w
g
300K 7 300K ] % 50
Q 1 ] i
U) o 00K ) L . 3 |
(9] g R s 2
ok i/ ook A 20
%s & 0,05 o 4
u S e & 3
10 10 10 10 10 10° Qu‘\&o ‘\‘oé\
CD19-APC ——M» & o
C.  Unstained control CD4 stained D.
100 98,2% 99,4%
1° 0 Io -
. )
g
8 400K = %’ 60
n i
] 8
0,09 o 20
N 065 5
ol ; o 5&'»
CD4-PE & P

Figure 3.15 : Purity of B and CD4" T cells isolated from PBMCs of healthy controls. A.)
Representative flow cytometry quadrant plot of purified B cells compared to unstained
control. B cells were magnetically isolated from PBMCs by negative selection. Cells were
either stained with APC-coupled anti-CD19 antibody or left unstained (unstained control) in
order to detect the percentage of cells expressing B cell-specific surface marker CD19. B.) B
cell purities of each experiment are shown in the graph. C.) Representative flow cytometry
quadrant plot of purified CD4" T cells compared to unstained control. CD4" T cells were
magnetically isolated from PBMCs by positive selection. Cells were either stained with PE-
coupled anti-CD4 antibody or left unstained (unstained control) in order to detect the
percentage of cells expressing CD4" T cell-specific surface marker CD4. B.) CD4" T cell
purities of each experiment are shown in the graph. For the measurements BD ACCURI C6
flow cytometer and for the analyses FlowJo Software is used. Graphs are prepared with
Graphpad Prism 6 software.

As shown in Figure 3.16, when compared with the normal tissue conditioned culture,
CD4'T cells had higher levels of IL-10 production when cultured with tumor
conditioned medium. 3,71% and 2,94% of T cells cultured with tumor conditioned
medium produced IL-10 while 1,54% and 1,93% of the T cell population was IL-10
positive when T cells were cultured with normal tissue conditioned medium. Even
though there were some deviations within the two experimental data sets in the result
graph (Figure 3.16B), the IL-10 cytokine production levels of T cells in tumor
microenviroment were increased according to normal tissue microenvironment for both
of the experiments. It could be suggested that in both experiments there was a trend of
differentiation of CD4" T cells into IL10" CD4" Tregs.
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Figure 3.16 : IL-10 Levels of CD4" T cells cultured with either tumor conditioned medium
or normal tissue conditioned medium for 24 h. A.) Representative flow cytometry quadrant
plot of CD4*IL-10" T cells cultured with either tumor conditioned medium or normal tissue
conditioned medium and stimulated with 2 pg/ml PHA and 0,7 pg/ml CpG for 24 h
compared to unstained control is given. CD4" T cells were also stimulated with PMA and
ionomycin for 5 h in the presence of 1X Brefeldin A. Intracellular staining was done for IL-
10 cytokine using anti-IL10-PE antibody. B.) A graphical expression of the CD4"1L-10" T
cells cultured with either tumor conditioned medium (tumor SN) or normal tissue

conditioned medium (normal SN). For the measurements BD ACCURI C6 flow cytometer

and for the analyses FlowJo Software was used. Graphs were prepared with Graphpad Prism

6 software. Student's t test were used for statistical analysis. *p<0.05.

3.6.2.2 Tumor microevironment decreases IFNy expression of CD4" T cells

The IFNy production of CD4" T cells was examined by intracellular IFNy staining
which was afterwards detected by flow cytometry (Figure 3.17). For this purpose, the
cells cultured with either tumor conditioned medium or normal tissue conditioned
medium and stimulated with 2 pg/ml PHA for 24 h compared to unstained control is
given. CD4" T cells were also stimulated with PMA and ionomycin for 5 h in the
presence of 1X Brefeldin A to keep the cytokines accumulated inside the Golgi
complex. After that, the cells were fixed and permeabilized. Lastly, they were

incubated with PE-coupled anti-IFNy antibody.

As shown in Figure 3.17, when compared to culturing with the normal tissue
conditioned medium, CD4" T cells had lower levels of IFNy production when

cultured with tumor conditioned medium. 8,21% and 10,7% of T cells cultured with
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tumor conditioned medium produced IFNy while 8,21% and 15,2% of the T cell
population was IFNy positive when T cells were cultured with normal tissue
conditioned medium. Even though for one of the experiments IFNy level was the
same for both of the conditioned mediums, tumor microenvironment was likely to
suppress almost half of the IFNy production (Figure 3.16B). Altogether, it could be
suggested that there was a trend of suppression of IFNy production by tumor

microenvironment.
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Figure 3.17 : IFNy Levels of CD4" T cells cultured with either tumor conditioned medium
or normal tissue conditioned medium for 24 h. A.) Representative flow cytometry quadrant
plot of CD4'IFNy" T cells cultured with either tumor conditioned medium or normal tissue
conditioned medium and stimulated with 2 pg/ml PHA and 0,7 ng/ml CpG for 24 h
compared to unstained control is given. CD4" T cells were also stimulated with PMA and
ionomycin for 5 h in the presence of 1X Brefeldin A. Intracellular staining was done for
IFNy cytokine using anti-IFNy-PE antibody. B.) A graphical expression of the CD4'IFNy" T
cells cultured with either tumor conditioned medium (tumor SN) or normal tissue
conditioned medium (normal SN). For the measurements BD ACCURI C6 flow cytometer
and for the analyses FlowJo Software was used. Graphs were prepared with Graphpad Prism
6 software. Student's t test were used for statistical analysis.

3.6.2.3 Tumor microevironment enhances proliferation of CD4" T cells

To monitor an immune response, it is important to follow lymphocyte proliferation
with minimal disruption to cell viability and function. The intracellular fluorescent
dye, CFSE, has been shown to be particularly effective at monitoring lymphocyte
division in many experimental situations. CFSE has the ability to stably label

molecules within cells, with each cell division resulting in a sequential halving of
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fluorescence (Quah et al., 2007). After T cells were labeled with CFSE, they were
cultured with either tumor or normal tissue conditioned medium. To stimulate the
basal-level T-cell proliferation, PHA was added into all experimental groups
including: tumor conditioned medium 1, tumor conditioned medium 2, normal tissue
conditioned medium 1 and normal tissue conditioned medium 2. Non-PHA-induced
T cells were used as controls.

As shown in Figure 3.18, when compared with the normal tissue conditioned
medium culturing, CD4" T cells had higher proliferation capacity when cultured with
tumor conditioned medium. At least 15,2% of T cells cultured with tumor
conditioned medium were proliferated while at least 5,69% of the T cell population

was proliferated when T cells were cultured with normal tissue conditioned medium.
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Figure 3.18 : Proliferation of CD4" T cells cultured with either tumor conditioned medium
1, 2 or normal tissue conditioned medium 1,2 for 3 d. A.) Representative flow cytometry
graphs for each experimental group, with the percentage of proliferating T cells (cells left to
the unstimulated CFSE" cells) labeled in the graph. T cells were cultured with either tumor
conditioned medium or normal tissue conditioned medium and stimulated with 2 pg/ml PHA
for 3d,. B.) A graphical expression of the proliferating T cells cultured with either tumor
conditioned medium (tumor SN) or normal tissue conditioned medium (normal SN). For the
measurements BD ACCURI C6 flow cytometer and for the analyses FlowJo Software was
used. Graphs were prepared with Graphpad Prism 6 software. Student's t test were used for
statistical analysis. *p<0.05.
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3.6.3 B cells

3.6.3.1 Tumor microevironment increases I1L-10 expression by CD19" B cells

The IL-10 production of B cells was examined by intracellular IL-10 staining which
was afterwards detected by flow cytometry (Figure 3.19). For this purpose, the cells
cultured with either tumor conditioned medium or normal tissue conditioned medium
and stimulated with 1 pg/ml recombinant CD40L and 0,7 pg/ml CpG for 24 h
compared to unstained control is given. B cells were also stimulated with PMA and
ionomycin for 5 h in the presence of 1X Brefeldin A to keep the cytokines
accumulated inside the Golgi complex. After that, the cells were fixed and
permeabilized. Lastly,they were incubated with PE-coupled anti-IL-10 antibody that

was prepared inside the permeabilization buffer.

As shown in Figure 3.19, when compared with the normal tissue conditioned culture,
B cells had significantly higher levels of 1L-10 production when cultured with tumor
conditioned medium. 9,21% and 6,51% of B cells cultured with tumor conditioned
medium produced IL-10 while 0,34% and 1,26% of the B cell population was IL-10
positive when B cells were cultured with normal tissue conditioned medium. The IL-
10 cytokine production levels of B cells in tumor microenviroment were significantly
increased according to normal tissue microenvironment for both of the experiments. It
could be suggested that in both experiments there is a differentiation of B cells into

IL10" regulatory B cells.

3.6.3.2 Tumor microevironment increases numbers of PD-L1* IL-10" B cells

PD-L1 as a ligand of PD-1 is constitutively expressed on B lymophocytes,
macrophages and DC. A number of studies have indicated that PD-1/PD-L1 pathway
is a crucial modulator of host immune responses in regulation tumor immunity (Guan
et al., 2016). The IL-10 production of PD-L1" B cells was examined by intracellular
IL-10 antibody staining which was afterwards detected by flow cytometry (Figure
3.19). For this purpose, the cells cultured with either tumor conditioned medium or
normal tissue conditioned medium and stimulated with 1 pg/ml recombinant CD40L
and 0,7 ug/ml CpG for 24 h compared to unstained control is given. B cells were also
stimulated with PMA and ionomycin for 5 h in the presence of 1X Brefeldin A to
keep the cytokines accumulated inside the Golgi complex. First, cells were labeled
with anti-PD-L1-APC. After that, the cells were fixed and permeabilized. Lastly,
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they were incubated with PE-coupled anti-IL-10 antibody that was prepared inside
the permeabilization buffer.

As shown in Figure 3.20, when compared with the normal tissue conditioned
medium culturing, B cells had higher numbers of PD-L1 and IL-10 double positive B
cells when cultured with tumor conditioned medium. 4,59 and 1,68% of PD-L1" B
cells cultured with tumor conditioned medium produced IL-10 while 2,33% and
1,21% of the PD-L1" B cell population was IL-10 positive when they were cultured
with normal tissue conditioned medium. The IL-10 cytokine production levels of
PD-L1" B cells in tumor microenviroment were increased according to normal tissue
microenvironment for both of the experiments. It could be suggested that in both

experiments there is a differentiation of B cells into PD-L1*1L10" regulatory B cells.
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Figure 3.19 : IL-10 Levels of B cells cultured with either tumor conditioned medium or
normal tissue conditioned medium for 24 h. A.) Representative flow cytometry quadrant plot
of IL-10" B cells cultured with either tumor conditioned medium or normal tissue
conditioned medium and stimulated with 1 pg/ml recombinant CD40L and 0,7 pg/ml CpG
for 24 h compared to unstained control is given. B cells were also stimulated with PMA and
ionomycin for 5 h in the presence of 1X Brefeldin A. Intracellular staining was done for IL-
10 cytokine using anti-1L10-PE antibody. B.) A graphical expression of the IL-10" B cells
cultured with either tumor conditioned medium (tumor SN) or normal tissue conditioned
medium (normal SN). For the measurements BD ACCURI C6 flow cytometer and for the
analyses FlowJo Software was used. Graphs were prepared with Graphpad Prism 6 software.
Student's t test were used for statistical analysis. *p<0.05.
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Figure 3.20 : IL-10 Levels of PD-L1" B cells cultured with either tumor conditioned
medium or normal tissue conditioned medium for 24 h. A.) Representative flow cytometry
quadrant plot ofPD-L1" IL-10" B cells cultured with either tumor conditioned medium or
normal tissue conditioned medium and stimulated with 1 pg/ml recombinant CD40L and 0,7
pg/ml CpG for 24 h compared to unstained control is given. B cells were also stimulated
with PMA and ionomycin for 5 h in the presence of 1X Brefeldin A. Intracellular staining
was done for IL-10 cytokine using anti-1L10-PE antibody. B.) A graphical expression of the
IL-10" B cells cultured with either tumor conditioned medium (tumor SN) or normal tissue
conditioned medium (normal SN). For the measurements BD ACCURI C6 flow cytometer
and for the analyses FlowJo Software was used. Graphs were prepared with Graphpad Prism
6 software. Student's t test were used for statistical analysis. *p<0.05.
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4. DISCUSSION AND CONCLUSION

Lung cancer is the main cause of the cancer deaths worldwide, for this reason
understanding the immunological effector and regulator mechanims are crucial for
applying appropriate immunotherapies. The inflammatory response depends on
innate and adaptive immune cell activities to maintain tissue homeostasis. Although,
immune cell composition in the tumor microenvironment may contribute to immune
evasion and cancer development. Immune cell infiltration is a key feature of almost
all cancer types, and TILs refer to the lymphocytes within and around the tumor
cells. We observed more CD8" and CD19" cell infiltration compared to CD4" cells
both in NSCLC and mesothelioma by flow cytometry analysis (Figure 1; Figure 5;
Figure 7).

Tumor microenviroment mainly affects immunological responses via -either
supressing effector cells or converting them to the regulatory cell types. Those
regulatory cell types including regulatory T and B cells contribute to the anti-
inflammatory responses with their ability to secrete anti-inflammatory cytokines such
as IL-10, IL-35, TGFp, etc. IL-10 production by immune cells is the key factor of
anti-inflammatory responses. To detect IL-10 production by CD4" T cells and B
cells, 24 hours CpG and 5 hours of PMA/ionomycin stimulation were performed.
Activation with CpG and PMA/ionomycin cocktail is important for the optimal
detection of IL-10 production of B cells by using intracellular cytokine staining (de
Masson et al., 2014). Flow cytometry results showed that 1L-10 expression was
increased in both CD4" T cells (0.82-24.1%) and CD19" B cells (0.85-17.3%) for
blood samples of the patients with lung cancer compared to healthy individuals.
Moreover, there was a high incidence of IL-10 expression in their tumor infiltrating
CD4" T cells (0-23,7%) and CD19" B cells (0-20%). In addition, tumor infiltrating
CD19" IL-10" B cells (1,15-10%) were significantly increased in mesothelioma
patients. These results indicate an anti-inflammatory environment within tumor

region both in lung cancer and mesothelioma (Figure 3.4; Figure 3.10).

Regulatory T cells have been relatively well studied compared to regulatory B cells

in NSCLC. Ishibashi et al. (2006) showed that Tregs numbers were increased in
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NSCLC by checking Foxp3 expression in tumor tissues by real time PCR. Also,
increased Treg levels in peripheral blood relative to the stage of the disease were
highest in patients with metastatic tumors (Erfani et al., 2012). Shigematsu et al.
(2012) found a higher proportion of Tregs (CD4" CD25" Foxp3™) in TIL and lymph
nodes than in blood and presented that Tregs suppressed the induction of cytotoxic
T lymphocytes against lung cancer cells. Our results also showed that IFNy"
cytotoxic T cells were significantly decreased in TIL of lung cancer patients to the
healthy control level compared with their blood samples (20,3-94,9% to 3,03-
53,2%). Same trend can also be observed for MT patients (34,1; 55,4% to 8,33;
21,9%) (Figure 3.6).

It is known that Thl cells secrete IL-2 and IFNy that suppress Th2 responses,
whereas Th2 cells secrete IL-4 and IL-10 that inhibit Th1 responses (Mosmann et al.,
1986). Researchers have shown that peripheral blood lymphocytes from NSCLC
patients with recurrence showed an unfavorable imbalance between Thl and Th2
cells, with significantly depressed Th1l to Th2 ratios (Ito et al., 1999). Later, Th1/Th2
balance in the lung cancer studies were shifted to the Treg/Th17 balance. Peripheral
blood of NSCLC patients is characterized by a significantly higher percentage of
Th17 and Treg cells compared to healthy individuals. However, in NSCLC patients,
the levels of these two CD4" T cell subsets were inversely correlated in peripheral
blood (Duan et al., 2015). Even though, we did not check Th2 response, we showed
that IFNy producing CD4" T cell frequencies were significantly decreased in PBMCs
of LC patients (10,4-38,3% to 1,82-21,4%) and Th17 percentages did not change
significantly in both blood and tumor tissue compared to healthy individuals (Figure
2: Figure 3). In turn, increased CD4" IL-10" T cell frequencies suggests that CD4" T
cell response shift to the anti-inflammatory responses for both systemic and local
responses. Highly pure B and CD4" T cells were isolated from healthy individuals to
study effects of tumor microenvironment on B and T cells (Figure 3.15). Moreover,
our in vitro studies showed that IFNy expression by CD4" T cells decreased (15,2 to
10,7%) whereas IL-10 expression was increased (1,54 to 3,71%) when they were
cultured with tumor conditioned medium compared to normal tissue conditioned
medium. (Figure 3.16; Figure 3.17). However, the experiment must be repeated with
different tumor conditioned mediums since we need to come to an exact conclusion.

In order to determine effects of tumor microenvironment on proliferation of CD4™ T
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cells, CFSE labelling was performed prior to treatment with tumor supernatant for 3
days. The intracellular fluorescent dye, CFSE, has been found to be particularly
effective at monitoring lymphocyte division in many experimental situations via
sequential halving of fluorescence (Quah et al., 2007). According to CFSE assay,
analyzed with flow cytometry, proliferating CD4" T cells were significantly
increased in tumor microenvironment compared with the normal tissue
microenvironment. Those proliferating CD4" T cells might be Tregs (Figure 18).
However, further investigation of those proliferating cells with Treg specific
transcription factor, Foxp3 are required. Altogether, this results confirm the
suppressing ability of NSCLC tumor microenvironment.

Most of the studies in the literature regarding regulatory B cells are restricted to the
studies using peripheral blood, which reflects only a systemic immune responses for
NSCLC. For that reason, investigating regulatory B cells within its microenviroment
IS necessary. Liu et al. (2016) identified IL-10 producing B cells were upregulated in
peripheral blood of NSCLC patients without an increase of CD19" B cells which is
consistent with our results. In this study, we both checked blood and tumor tissue of
the NSCLC and mesothelioma patients. Regulatory B cels were significantly
elevated in both blood and TILs of patients with NSCLC while they were
significantly elevated in TILs of patients with mesothelioma (Figure 3.10). Also,
healthy control B cells were significantly elevated IL-10 production when they
cultured with supernatant of primary NSCLC tumor cells (Figure 3.19). IFNy and IL-
17 production were also measured in B cells but no difference was detected among

experimental groups (Figure 3.7; Figure 3.8).

Even though there are different studies showing that IL-10 producing B cells are
significantly increased in NSCLC, their phenotypes have not been identified in detail
to the date. Our aim was to identify regulatory B cells in detail for NSCLC and also
for mesothelioma. 1L-10 producing CD19°CD24°CD38" B cells has been
characterized as a type of regulatory B cells in literature (Blair et al., 2010, Flores-
Borja et al., 2013). Firstly, the frequency of CD19°CD24"CD38"IL-10" B cells (0-
75%) were highly increased in blood compared to CD19'CD24'CD38 and
CD19°CD24CD38" B cells for NSCLC (Figure 3.12) despite that
CD19°CD24°CD38" cell percentages were low and significantly did not change
within blood and TILs of patient groups compaired with healthy controls (Figure
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3.11). This results suggest that CD19"CD24"CD38"1L-10" B cells might have an
important role for immunosuppresive mechanisms for NSCLC.

There are numerous studies that analyzed relation of PD-L1 and PD-L2 expression
and fewer studies that analyzed the role of PD-1 in patient survival. However,
previously published reports using different methods such as immunohistochemistry,
microarray and flow cytometry have been controversial about PD-1 and PD-L1
prognostic value in patients with NSCLC (Lafuente-Sanchis et al., 2017). Zheng et
al. (2016) reported that PD-1 expression in blood CD4" T cells were associated with
poor clinical outcome. However, there is no study to investigate PD-1 expression of
B cells in NSCLC. Recently, novel tumor-promoting PD-1"" Breg subset in tumor
tissues of patients with hepatocellular carcinoma were identified (Xiao et al., 2016).
For these reasons, to investigate the role of PD-1 and IL10 expressions on B cells in
NSCLC, both blood and tumor tissue samples were analyzed with flow cytometry.
Even though we had low numbers of samples, we demonstrated that PD-1 expression
on B cells were significatly increased in both blood (2,14-11,1%) and tumor tissue
(3,52-28,6%) samples of NSCLC patients compared to healthy individuals (0,79-
3,9%). Moreover, PD-1 and IL-10 double positive B cells were significantly
increased in both blood (0,68-5,45%) and tumor tissue samples (1,58-7,04%) of
patients with NSCLC compared to healthy individuals (0-0,94%) (Figure 13; Figure
14). Altogether, we speculate that high PD-1 expression may contribute to the

immunosuppressive role of both peripheral and regional Bregs in NSCLC.

PD-L1 as a ligand of PD-1 is constitutively expressed on B lymophocytes,
macrophages and DCs. The PD-1/PD-L1 interaction exerts inhibitory effects that
limit effector cells response and regulate the balance between T cell activation and
tolerance. (Guan et al., 2016). We wanted to detect effects of tumor
microenvironment on PD-L1 expression of B cells and observed that IL-10
production levels of PD-L1* B cells in tumor microenviroment were increased.
Therefore we speculate that high PD-L1 expression may also contribute to the
immunosuppressive role of Bregs (Figure 3.20). We also investigated PD-1
expression on B and T cells from healthy individuals in tumor microenvironment,
however elevated PD-1 expression cannot be detected in tumor microenvironment in

vitro. This could be because of the short incubation time.
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The recognition of mechanisms of anticancer immune response may have important
therapeutic implications. For that reason, we aimed to identify immune cells in
NSCLC and under-eximined mesothelioma. Even though we have low number of
samples for mesothelioma because of its low incidence, IL10 producing regulatory B
cells were identified in cancer microenvironment. For NSCLC, peripheral and
regional Bregs that express high levels of PD-1 were identified. Moreover, IL-10
producing peripheral CD19°CD24'CD38" regulatory B cells were determined.
However, number of samples taken from lung cancer and mesothelioma patients
must be increased for better characterization. In addition, different techniques can be
used to detect PD-1, PD-L1 and IL10 in samples taken from patients.
Immunohistochemistry staining of PD-1, PD-L1, CD20 and CD4 can be performed
for NSCLC patients’ tumor and normal tissues to detect PD-1 and PD-L1 expressing
B and T cells. PD-1, PD-L1 and IL10 can be detected at mMRNA level in B and T
cells from tumor and normal tissues by using real time PCR. Altogether, our results
contributed to the literature through identifing different immune cells in NSCLC and

mesothelioma.
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