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ÖZET
Kurşunel M.A. Küçük hücreli akciğer kanseri hücrelerinin T lenfositler ile
etkileşim mekanizmaları. Hacettepe Üniversitesi Sağlık Bilimleri Enstitüsü,
Tümör Biyolojisi ve İmmünolojisi Doktora Programı, Ankara, 2019. Tümörler
immün sistemden kaçmak için mikroçevrelerini yeniden şekillendirebilir. Bu amaçla,
normal hücreler tarafından da immünopatolojileri engellemek için kullanılan immün
düzenleyici mekanizmaları kullanırlar. Küçük hücreli akciğer kanseri (KHAK),
agresif tümör gelişimi, erken yayılma ve uzak metastaz eğilimi ile ilişkilidir.
Kemoterapi yanıtları optimal olarak başlamasına rağmen kısa sürede terapi direnci
gelişir. KHAK’ın bu özellikleri kanser kök hücresi (KKH) konseptini işaret
etmektedir. Son çalışmalar, KHAK’daki aday kök hücre popülasyonlarını tarif
etmektedir. Mezenkimal ve kanser kök hücreler immün-tolerojenik olduğu
belirtilmesine rağmen, KHAK kök hücrelerinin immün hücrelerle etkileşimlerinin
sonuçları hakkında pek bilgi bulunmamaktadır. Bu sebeple bu çalışmanın amacı, kök
hücre popülasyonu da dahil olmak üzere KHAK hücreleri ile T hücreler arasındaki
etkileşimi tanımlamak ve KHAK kanseri immün düzenleyici mekanizmalarını ortaya
koymaktır. Süspansiyon olarak büyüyen KHAK hücre dizileri (NCI-H82, NCI-H69,
SCLC-21), NCI-H82 ve NCI-H69'dan izole edilmiş kök hücre benzeri plastiğetutunmuş alt klonlar ve NCI-H69'un alt klononundan saflaştırılmış CD44+CD90+ alt
klonu kullanılmıştır. KKH özellikleri kondrosit, osteosit ve adiposit farklılaşması,
tümör başlatma yetisi ve RNAseq bazlı transkriptomik analiz ile doğrulanmıştır.
Sağlıklı gönüllülerden elde edilen periferik kan mononükleer hücreleri (PKMH),
KHAK hücrele klonlarıyla αCD3 mAb varlığında kültüre edilmiş ve T hücresi
aktivasyon belirteçlerinin ekspresyonu, proliferasyonu, sitokin üretimi ve inhibitör eşreseptörlerinin ekspresyonu, T hücrelerde belirlenmiştir. KHAK hücrelerindeki PDL1 ve PD-L2 ekspresyonu, IFN-γ uyarımı veya IFN-γ blokajı olan veya olmayan
PKMH ko-kültürlerinde belirlenmiştir. PD-L1 ekspresyonunun CD8+ T hücresi
çoğalması ve KHAK hücrelerinin T hücre sitotoksisitesi üzerine etkileri belirlenmiştir.
KHAK ko-kültürlerinden elde edilen TIM-3+LAG3+ ve TIM-3-LAG3- CD8+ T
hücrelerinin fonksiyonel kapasitesi in vitro ortamda değerlendirilmiştir. KHAK
hücreleri, kök hücre-benzeri KHAK hücrelerince daha belirgin olacak şekilde T hücre
aktivasyonuna izin verdi ve hatta desteklemiştir. Ayrıca kök hücre-benzeri KHAK
hücreleri, IFN-γ ve aktive edilmiş PKMH'lere maruz kaldıklarında PD-L1 ve PD-L2'yi
indükleyerek adaptif direnç özellikler sergilemiştir. Bununla birlikte, bu hücreler
üzerinde PD-L1'in varlığı, sitotoksik T lenfositleri çoğalmasına ve KHAK hücrelerinin
T-hücre sitotoksisitesine karşı hassasiyetlerinin düşmesine yol açmamıştır. Alternatif
olarak, T hücreleri üzerinde ko-inhibitör reseptörlerinin ekspresyonu, T hücrelerini
inhibitör sinyallerine açık hale getireceği için, KHAK hücrelerinin varlığında immün
baskılanmaya daha yatkın olduğu belirlenmiştir. Özetlemek gerekirse, kök hücrebenzeri KHAK hücreleri, tümör mikroçevresinde inhibitör eş-uyaran moleküllerini
indükleyerek, immün modülasyonunun düzenlenmesinde önemli rol oynayabilir ve bu
bulgular gelecek immünoterapi yaklaşımlarında rol oynayabilir.
Anahtar kelimeler: KHAK, KKH, eş-uyarım, T hücre, PD-1, PD-L1, TIM-3, LAG3
Bu proje TÜBİTAK tarafından 315S034 numaralı proje desteği ile desteklenmiştir.
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ABSTRACT
Kursunel M.A. The mechanisms of interaction between small cell lung carcinoma
cells and T lymphocytes. Hacettepe University Graduate School of Health
Sciences, Tumor Biology and Immunology Doctor of Philosophy Program,
Ankara, 2019. Tumors are capable of reshaping their microenvironment to escape
from immune destruction. For this purpose, tumor cells initiate an immune regulatory
program that is typically used by the normal cells to mitigate immunopathologies.
Small cell lung cancer (SCLC) is associated with aggressive tumor growth together
with a tendency to early dissemination and distant metastasis. Optimal drug responses
are observed upon conventional chemotherapies; yet, inevitable therapy resistance
develops shortly after. These facets of SCLC bring forward the cancer stem cell
concept. Recent studies described the candidate stem cell populations of SCLC.
Although mesenchymal or cancer stem cells are stated to be immune-tolerogenic, less
is known how SCLC stem cells interact with immune cells. Thus, the aim of the study
is to define the relationship between T cells and SCLC including its stem cell
population and reveal their immunomodulatory capacities. SCLC cell lines (NCI-H82,
NCI-H69, SCLC-21) which grow in suspension, stem cell-like adherent subclones
isolated from NCI-H82 and NCI-H69, and CD44+CD90+ subpopulation from the
adherent subclone of NCI-H69 were used. As an in vitro model, cancer stem cell (CSC)
characteristics were confirmed by chondrocyte, osteocyte and adipocyte
differentiation, tumor initiation and transcriptomics. PBMCs obtained from healthy
volunteers were co-cultured with these subclones of SCLC cells in the presence of αCD3 mAb and expression of activation markers, proliferation rate, cytokine
production, and upregulation of co-inhibitory receptors were determined on T cells.
PD-L1 and PD-L2 expression were measured on SCLC cells upon IFN-γ exposure or
PBMC co-culture with or without IFN-γ blockade. The impact of PD-L1 expression
on CD8+ T cell proliferation and T cell killing of SCLC cells were determined.
Functional capacity of TIM-3+LAG3+ and TIM-3-LAG3- CD8+T cells upon SCLC coculture was assessed in vitro. SCLC cells allowed or even supported T cell responses
more prominently by stem-like SCLC cells. Furthermore, stem-like SCLC cells
displayed adaptive resistance features by inducing PD-L1 and PD-L2 upon exposure
to IFN-γ and activated PBMCs. However, the presence of PD-L1 on these cells was
not leaded to decreased proliferation of CTLs and resistance against T cell-mediated
killing. Alternatively, upregulation of co-inhibitory receptors indicated that T cells
became prone to inhibitory signals; thus, more sensitive to immune suppression in the
presence of SCLC cells. To summarize, the stem-like SCLC subclones possess
significant immune regulatory capacities by upregulating co-inhibitory molecules in
the microenvironment which could be important for immune modulation in SCLC
tumors which have implications for future immunotherapeutic approaches.
Keywords: SCLC, CSC, costimulation, T cell activation, PD-1, PD-L1, TIM-3, LAG3
This project is partially supported by The Scientific and Technological Research
Council of Turkey (TUBITAK), project number 315S034.
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1. INTRODUCTION
Small cell lung cancer (SCLC) is a neuroendocrine malignancy with a
frequency around 13% of the lung cancer patients (1-3). Conventionally, patients
undergo platin-based therapies and optimal drug responses are observed initially (1,
3). Nevertheless, resistance to chemotherapy develops shortly after where tumor
relapse and distant metastasis occurs in most of the patients (4, 5). Overall survival is
around 11 months with treatment while it is limited with 2-4 months in patients with
relapse and metastasis (6). Both chemotherapy resistance and distant metastasis
capacity bring forward cancer stem cell concepts in SCLC. First, adherent subclones
in tumor which has enhanced proliferation and self-renewal capacity with absence of
neuronal markers have been suggested as cancer stem cells in SCLC (7-9). These cells
are shown to express common cancer stem cell (CSC) markers, give progeny into
circulating tumor cells, show resistance to chemotherapy and support metastasis (7, 8,
10). Thus, considering the prognosis of SCLC, it is crucial to develop novel therapies
to target CSCs.
Immune system surveil foreign or stressed molecular patterns; thus, due to their
neoantigens occurred upon mutations or epigenetic remodeling, tumors are
discriminated as non-self or altered-self by immune cells and eliminated (11, 12). In
order to evade from immune destruction, tumors adapt to cope with immune responses
and reshape its microenvironment for a tumor promoting inflammation, (i.e. cancer
immunoediting) (13-15). Tumor cells are able to mediate various immunosuppressive
mechanisms thus the interplay between tumor cells and immune cells is crucial to
understand the evasion strategies of tumors (15, 16). SCLC is discriminated as an
immunogenic tumor type since it carries various neoantigens with its high mutation
burden and patients usually have an ongoing inflammation with common autoimmune
paraneoplastic syndromes (17, 18). Nevertheless, current knowledge concerning the
interaction between SCLC cells and immune system components are limited. For the
purpose, understanding the mechanisms underlying the immunogenicity of SCLC cells
and its stem-like subpopulations and how they manage to escape immune destruction
is of interest.
Here, SCLC cell lines (NCI-H82, NCI-H69, SCLC-21) which are cultured in
suspension, adherent subclones isolated from NCI-H82 and NCI-H69, H82ADH and
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H69ADH, respectively and CD44+CD90+ subclone purified from H69ADH
(H69ADH/SC) were obtained and investigated. First, CSC characteristics of adherent
subclones were confirmed by in vitro differentiation to chondrocyte, osteocyte and
adipocyte, in vivo tumor initiation at lower numbers and transcriptomics. Moreover,
migration capacity of SCLC subclones were assessed. Later, PBMCs obtained from
healthy volunteers were co-cultured with the subclones of SCLC cells in the presence
of α-CD3 mAb in order to evaluate the immune modulation by SCLC cells in terms of
costimulation. Expression of T cell activation markers (CD25, 4-1BB, CD69, CD107a,
CD38, IL-10RA), proliferation rate, cytokine production and upregulation of coinhibitory receptors (PD-1, CTLA-4, TIM-3 and LAG3) were determined on T cells
upon SCLC co-cultures. Expression of these co-inhibitory mediators were also
assessed in metastatic lymph nodes of SCLC patients. Thus, PD-L1 and PD-L2
expression were measured on SCLC cells upon IFN-γ exposure or PBMC co-culture
with or without IFN-γ blockade. The impact of PD-L1 expression on T cell
proliferation and T cell-mediated killing of SCLC cells were determined. Functional
capacity of CD8+T cells expressing co-inhibitory receptors upon SCLC co-culture
were assessed in vitro. In order to evaluate their costimulatory profile, the expression
of B7 ligand family immune modulatory genes was evaluated in SCLC cells.
Proliferation assays in the co-cultures of SCLC cells with PBMCs, CD4+ T cells, CD8+
T cells and monocyte-depleted PBMCs were performed. Conditioned media secreted
from SCLC cells were used to modulate PBMC proliferation in order to evaluate the
contact dependency of SCLC-T cell interaction and the effect of soluble factors on
monocytes. T cell stimulation capacity of monocytes and PBMCs of SCLC patients
were analyzed reciprocally with that of healthy donors.
Adherent subclones obtained from SCLC cell lines displayed CSC-like features
by effectively differentiating into osteocytes, chondrocytes and to a lesser extent
adipocytes and the number required for tumor initiation was lower than that of their
parental cells. Moreover, H69ADH/SC cells revealed to have augmented migratory
capacity. RNAseq analysis also supported the induced mesenchymal and stemness
character of adherent subclones compared to the parental SCLC counterparts.
SCLC cells were found to be immunogenic by allowing and even supporting T
cell activation which was assessed by upregulation of T cell activation markers CD25,
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4-1BB, CD69 and CD107a and elevated proliferation and effector factor secretion by
CD8+ T cells. The immune modulation capacity of adherent SCLC subclones were
more prominent than that of SCLC cell lines. Monocytes were found as mediators
between SCLC cells and PBMCs to induce T cell proliferation and activation. Secreted
factors collected from SCLC cells were able to support T cell proliferation in a
concentration-dependent manner. Supportively, CD86 and HLA-DR were augmented
on monocytes cultured in SCLC supernatants. Monocytes of SCLC patients were
compatible with those obtained from healthy donors to induce T cell proliferation;
however, T cells from SCLC patients were less responsive to in vitro stimulation than
healthy donors. Thus, T cell-mediated immune suppression was assessed according to
adaptive resistance and T cell exhaustion mechanisms. Upon IFN-γ stimulation or coculturing with activated PBMCs, adherent SCLC subclones effectively upregulated
PD-L1 and PD-L2. IFN-γ was found to be a critical modulator of PD-L1 expression
on SCLC cells while its expression was associated with CSC-related markers as well.
Nevertheless, no significant immune suppression through PD-1 and its ligands were
found on T cells that were co-cultured with PD-L1 expressing SCLC cell subclones.
Apart from PD-L1 and PD-L2, SCLC cells were found to be expressing various
immune modulatory genes. Besides, SCLC cells, especially adherent subclones
effectively induced co-inhibitory receptors on T cells. Although TIM-3 and LAG3 coexpressing CD8+ T cells were functional, cytokine signature with decreased IL-2 and
elevated IL-10 expression implied a potential transitional state from effector to
exhausted stage. Nevertheless, expression of multiple co-inhibitory receptors on T
cells following interaction with SCLC might eventually lead to immune suppression
upon interaction with inhibitory ligands.
Overall, the stem-like subpopulation amongst SCLC possesses significant
immune regulatory capacities. These cells display adaptive resistance features, have
high capacity to express inhibitory ligands simultaneously support the expression of
co-inhibitory

receptors

on

activated

T

cells.

Therefore,

targeting

the

immunomodulatory capacity of CSCs might be considered as an immune intervention
therapy approach for SCLC.
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2. LITERATURE REVIEW
2.1. Small Cell Lung Cancer
Lung cancer is the second amongst newly diagnosed cancer cases both in males
and females; however it rates the first in terms of mortality (19, 20). The main risk
factors for lung cancer include smoking and pollutants (especially radon); thus, a
strong correlation was shown between the number of lung cancer cases and smokers
(19, 20). Lung cancers are histopathologically divided into small cell lung carcinoma
(SCLC) and non-small cell lung carcinoma (NSCLC) subgroups. NSCLC includes
lung adenocarcinoma, squamous cell carcinoma (SCC), and large cell carcinoma
(LCC) subtypes (Figure 2.1) (2, 20, 21). SCLC and SCC displays the strongest
association with smoking as over 95% of the patients have smoking history (22). SCLC
is an aggressive high-grade neuroendocrine malignancy defined through neuronal
differentiation

and

small

cellular

morphology

(23,

24).

Common

immunohistochemical markers used in diagnostics for SCLC are synaptophysin
(SYPT), chromogranin A (CGA) and neural cell adhesion molecule 1 (NCAM1) (25,
26). SCLC cells are histologically characterized with small size, high
nucleus/cytoplasm ratio and generally absence of nucleoli (25). SCLC cells possess
tremendous capacity of proliferation which is around more than 10 mitoses per 10
fields of 2 mm2 and ~90% Ki67 positive cells with large necrotic fields (25, 27). SCLC
is routinely divided into two subclasses; the limited stage (LS) is defined with one
radiation focus and the extensive stage (ES) covering ~75% of the SCLC cases
characterized with cancer spread throughout the lung with many foci (5, 28, 29). SCLC
cases constitute approximately 13% of the lung cancer patients. Conventional therapy
strategy for SCLC, especially if the disease is at limited stage, is platin-based
chemotherapeutics, thoracic irradiation and surgical resection (2, 3). Possibly due to
the high proliferation rate which initially promotes sensitivity to DNA-damaging
agents, standard chemotherapies provide 75% response rate (27, 30). Nevertheless,
regardless of the success achieved with initial chemotherapy, SCLC remains as one of
the deadliest tumor types due to its early dissemination and metastasis capacity and
almost inevitable chemotherapy resistance (4, 5). The dissemination of SCLC cells
starts with lymph node invasion and SCLC cells most commonly metastasize to brain
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along with other preferred sites, bone and liver (27, 31-33). While the median survival
with first-line chemotherapy (combination of cisplatin or carboplatin and etoposide) is
6-8 months for extensive stage and 15-20 months in limited stage, overall survival is
less than 4 months for an untreated patient or after tumor relapse (6, 34). Indeed, a
common second-line therapy, topotecan results with only 15-20% response rate (30).
This excess mortality rate makes SCLC seventh most common cause of cancer-related
deaths in the United States although it represents a rather small portion of lung cancer
cases (35). Thus, novel therapeutic approaches are critical to increase the therapy
response rate in SCLC. Alternative strategies used in SCLC clinical trials include
targeting of angiogenesis, cell signaling, apoptosis, DNA repair, transcription factors,
self-renewal and the immune system (36, 37). Over the last decade, significant
progress has been made in cancer immunotherapy especially with promising results of
immune checkpoint inhibitors (35, 38). Immune checkpoint inhibitors become already
incorporated in the treatment of NSCLC, either in first line or beyond (18, 39). With
the immunogenic profile and high mutational burden as described later in detail, SCLC
is considered as a promising cancer type to obtain improved outcomes with
immunotherapy (18, 39).

Figure 2.1. Histopathological representatives of lung cancers subtypes.
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Lung cancer cases are identified with very heterogeneous genetic profile which
lead to complexity in stratification of lung cancers into molecular subtypes. Indeed,
various oncogenic transformations are observed in different cells of origin during the
various formation of lung cancers (40). SCLC has a very high mutation burden while
carcinogens such as smoking is associated with higher mutation rate (Figure 2.2) (4144).

Hence, the genetic profile of SCLC is distant from NSCLC. NSCLC is

characterized with common mutations in KRAS and epidermal growth factor receptor
(EGFR) while mutations in TP53 and RB1 are the most common genetic abnormalities
seen in SCLC (42, 45, 46). Mutant TP53 might also be together with one of the
oncogenic driver mutations to form NSCLC (47). Furthermore, homozygous deletions
in pro-apoptotic genes; (tumor-suppressor inactivation, e.g. in MAPK10 and
TNFRSF6) were also found in some SCLC cases (48). Amplification of potential
oncogenes such as Myc family members (e.g. MYC, MYCN and MYCL1), activating
mutations in EGFR, KRAS and PIK3CA genes, overexpression of c-KIT,
amplification of enhancer of zeste homolog 2 (EZH2) and B‑cell lymphoma 2 (Bcl-2)
receptor tyrosine kinases, TNFRSF4, DAD1, BCL2L1, BCL2L2, Notch genes and
their downstream effectors, and inactivating mutations in Notch receptors and loss of
PTEN were found as other less common genetic abnormalities in SCLC (24, 27, 41,
43, 48-53). Additionally, certain deletions in 3p and 17p chromosomes were also
reported as rather nonspecific genetic defects found in SCLC (25).

Figure 2.2. The prevalence of somatic mutations across human cancer types (17).
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Introducing common mutations of lung cancer by gene editing in various cell
subsets found in the lung tissue served for determination of the cells of origin initiating
lung adenocarcinoma or SCLC. Simply, cell subsets with differentiation capacity in
the lung, neuroendocrine cells (NEC), Clara cells and alveolar epithelial type II cells
(AEC II) were introduced with common oncogenic mutations; K-ras activation and
loss of p53, loss of Rb1 and p53. SCLC was shown to arise either from NEC or AEC
II while AEC II cells might cause to adenocarcinoma type of NSCLC as well upon the
type of mutation (e.g. A549 cell line) (Figure 2.3) (40). Reprograming of epithelial
cell-to-small cell neuroendocrine carcinomas requires transcription factors such as
achaete-scute homolog 1 (ASCL1), neurogenic differentiation 1 (NEUROD1),
neurogenin-1 (NEUROG2), and oligodendrocyte transcription factor (OLIG2).
Among these, ASCL1 and NEUROD1 shown to be important in SCLC cells survival
and oncogenesis (54). A positive feed-back loop regulating neuroendocrine
differentiation, epithelial differentiation, tumorigenesis and malignant spread was
identified with the upregulation of ASCL1 which in turn regulates thyroid transcription
factor-1 (TTF-1) and nuclear factor IB (NFIB). Thus, ASCL1 is a critical factor for
CSC population to regulate tumorigenesis (55).
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Figure 2.3. Cell of origin and common mutations in lung cancer. a) Model of
NSCLC adenocarcinoma development from AECII cells in KrasG12Dp53f/- mice. b) Model of SCLC development from either NEC or
AECII cells in Rb1f/f;p53f/f mice (40).
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2.2. Cancer Stem Cell (Tumor Initiating Cells) Hypothesis and Small Cell
Lung Cancer
Stem cells maintain tissue homeostasis and repair with their long-term selfrenewal capacity and ability to differentiate into different cell lineages (56, 57). In
cancer, sphere formation assays and in vivo tumor formation experiments let some
tumor clones separate from others for the capacity of tumor propagation (57). CSCs or
tumor initiating cells are now characterized by the ability of tumor initiation, selfrenewal, differentiation into multiple lineages and chemo/radiation resistance (57-60).
Today, cancer is acknowledged as a hierarchically organized tissue with CSC
population generating differentiated subsets with different features that reflect the
heterogeneity of tumors (57, 61). Since CSCs share common characteristics with adult
stem cells, they are identified with common stem cell markers such as CD44, CD90,
CD133, CD87 and functional properties such as ability to exclude the Hoechst stain
(10, 62). Due to their adaptation ability and sustain tumor growth despite the immune
surveillance and therapeutic agents, these cells are recognized to be responsible to
maintain tumor development and progression (57, 63).Yet, molecular characterization
of CSCs is still an unsettled issue since the expression of defined cancer stem cell
markers varies between different cancer types and even in patient cohorts of the same
tumor type (60, 64). Similarly, generation of induced-pluripotent stem cells (iPS) was
successful upon introduction of Nanog, Oct4, Sox-2, Klf4 and c-Myc as the key
transcription factors driving stemness. Thus, expression of these transcription factors
might be an indicator of stemness in a tumor albeit the heterogeneity of CSCs (60, 65).
The pathways and genes associated with regulating stemness include oncogenes and
epithelial–mesenchymal transition (EMT) (57, 66). For instance, Notch, Wnt/βcatenin, sonic hedgehog (shh), Janus kinase/signal transducer and activator of
transcription (JAK/STAT), nuclear factor kappa beta (NF-κB), bone morphogenetic
protein (BMP) and retinoic acid (RA) signaling are often overrepresented in CSCs
(67).
SCLC is a neuroendocrine type of cancer that regulates its progression through
secreting mitogenic peptide growth factors (68). Due to their neuroendocrine origin,
SCLC cells are able to differentiate into neuronal and endocrine lineages (69). This
multipotent differentiation capacity of SCLC cells and therapy resistance may indicate

10

the CSC-like behavior of CSC cells (10). Both in commercial cell lines or primary cell
culture, SCLC cells reported to grow in suspension as aggregates. Yet, adherent
subclones from some of these primary cultures or cell lines were observed (23, 70).
The adherent clones were shown to down-regulate neuroendocrine markers and upregulate mesenchymal markers such as vimentin, Sca1, Bmp4 and CD44 (23). CD44,
a cell adhesion molecule involved in cell-to-cell interactions is a common marker for
CSCs in prostate, head and neck, colorectal, pancreatic, gastric and especially breast
cancers (71-76). Primary SCLC cell cultures constitute considerable amount of CD90+
SCLC cells and a limited number of CD44+ cells (9). CD44 expression is consistently
correlated with mesenchymal phenotype together with increased expression of EMTrelated markers. Additionally, the expression of the embryonic stem cell-related genes
Nanog and Oct4 are increased and resistance to irradiation is observed in CD44high
CD90+ subpopulation (9). Knocking CD44 down results with the loss of stem cell
characteristics in breast CSCs indicating an importance role for CD44 in endocrinerelated cancers [25]. The SCLC cells with co-expression of CD44 and CD90 were
able to form spheroids and were proposed as good candidates for the lung CSCs (9).
Additionally, common stem cell markers such as CD133, CD87, SOX2, ASCL1, Sallike protein 4 (Sall4), Oct4, CD105 and aldehyde dehydrogenase 1A1 (ALDH1A1)
together with the expression of mesenchymal genes, nestin, neural cell adhesion
molecule (NCAM), S100β and vimentin were also linked with CSC-like phenotypes
in SCLC (10, 69, 77-81). Inhibition of TGF-β signaling inhibited migration, colony
formation and EMT in SCLC CSCs (82). Additionally, IL-8 which is highly expressed
in uPAR+ SCLC CSCs, maintained self-renewal, migration, expression of stemnessrelated genes, and in vivo tumorigenicity (83). These cells can overexpress genes
associated with CSCs and drug resistance, such as abcg2, fgf1, igf1, myc, sox1, sox2
and wnt1, as well as the genes involved in angiogenesis and the Notch and Hedgehog
pathways (7). Genetic analyses on patient samples obtained at initial diagnosis and
after the relapse revealed over-expression of ATP Binding Cassette Subfamily C
Member 1 (ABCC1) gene, deletions in the mismatch repair genes (DNA mismatch
repair homologue 2 (MSH2) and DNA mismatch repair homologue 6 (MSH6)) and
more prominently activation in the WNT signaling (recurrent mutations and loss of
heterozygosity in regulators of WNT) (84). Differentiation capacity of lung epithelial
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cells into neuroendocrine phenotype is associated with Hedgehog signaling in SCLC
patients. So, in addition to expression of cancer stem cell markers such as CD44 and
CD90, elevated signaling in WNT and Hedgehog pathways can be a common signature
for CSCs in SCLC.
SCLC cells display enormous number of circulating tumor cells (CTCs)
especially in the extensive stage (85, 86). Recruitment of monocytes/macrophages into
the site of inflammation enhances detachment of CTC which are able to propagate new
tumors in immunocompromised mice (85). Indeed, these cells secrete various of
cytokines such as osteopontin (OPN), MCP-1, IL-8, chitinase-3-like-1 (CHI3L1),
platelet factor 4 (PF4) for recruiting monocytes/macrophages which regulate
angiogenesis and metastasis through vascular endothelial growth factor (VEGF) and
matrix metalloproteinase-9 (MMP9) (87, 88). Thus, tumor-associated macrophages
(TAMs) play an important role in tumor progression, suppression of antitumor
immunity and especially in dissemination/metastasis in SCLC (88). In the circulation,
both adhesion-independent epithelial cells and adherent cells expressing high levels of
mesenchymal markers (e.g. vimentin and fibronectin) together with low levels of
epithelial markers (e.g. E-cadherin and Zona Occludens 1 (ZO-1)) are observed (8).
Furthermore, mesenchymal cells contains the neuroendocrine cells positive for
mesenchymal markers such as nestin, vimentin, Sca1, Bmp4 and CD44 were
metastatic. This phenomenon shows that EMT supports migratory potential and
increase survival in the circulation (8, 85, 86, 89, 90). Expression of EMT-related
markers in SCLC CTCs are correlated with the cellular functions like migration,
invasion, production of MMPs, and resistance to chemotherapeutic drugs (91).
Intriguingly, survival of the patients with SCLC displaying EMT signature c-METhigh
E-cadherinlow is longer (10). As observed in the CSCs, CTCs elevated the expression
of mediators of noncanonical WNT pathway (92). Finally, a subpopulation of cells
with self-renewal, multipotency and tumor initiating capabilities was found in SCLC
CTCs proving that CSCs actively participate in the metastatic process through their
mesenchymal features (93).
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2.3 Tumor Immunology
Tumor immunology is defined in three phases; i. the elimination phase
representing the time point that tumors are recognized and eradicated by immune cells,
ii. the equilibrium phase, where the tumor is dormant and in the process of formation
and selection of the non-immunogenic clones, and iii. the escape phase where the
tumor cells are mainly non-immunogenic and successfully cope with immune
responses or are able to hide and escape from immune destruction via alternative
mechanisms (13). This process is called cancer immunoediting (14). In the beginning,
due to the accumulation of genetic mutations and abnormal epigenetic regulations,
cancer cells often express neoantigens, differentiation antigens or cancer-testis
antigens that can be easily recognized by the immune system (94, 95). Elimination of
tumor cells is accomplished by serial events. Tumor-associated antigens are captured
by tissue dendritic cells (DCs), these cells upregulate costimulatory molecules upon
acquiring of tumor antigens and migrate to secondary lymphoid organs where they
present the processed antigens on major histocompatibility complex (MHC) class I
and MHC class II class molecules to prime and activate T cells. Activated T cells leave
secondary lymphoid organs for trafficking to the tumor site and infiltrate into tumor
bed where they recognize tumor cells and kill them (Figure 2.4) (95). Although antitumor immunity may last for years, tumors adapt to the changing microenvironment
and by-pass immune surveillance. Continuum of immune reactions creates chronic
inflammation by activating immune-regulatory mechanisms through recruitment of
regulatory cells into tumor microenvironment, upregulating co-inhibitory molecules
or driving the secretion of regulatory cytokines. These factors in the microenvironment
eventually leads to the impairment of cytotoxicity and promotes accumulation of
dysfunctional T cells (13, 96, 97).
Almost any immune cell type might play role in tumor immunity. Yet,
immune-mediated tumor destruction mainly covered by CD8+ cytotoxic T cells,
natural killer (NK) cells and macrophages (98). Here, T cells are considered to have
great impact due to their antigen specificity which is also confirmed with the
association of their infiltration to tumor site with improved outcomes including better
response to chemotherapy and immunotherapy in various types of cancers (98-100).
As described earlier, CD8+ T cells are responsible for recognizing the tumor cells
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expressing tumor-associated antigens and kill them through perforin/granzyme
pathway or Fas/FasL mediated apoptosis (97, 101). CD4+ helper T (Th) cells support
the activation and effector functions of CD8+ T cells through secreted cytokines and
chemokines; thus, exert anti-tumor actions by driving an anti-tumor inflammation (97,
101). Nevertheless, Th cells can adopt pro-tumorigenic characters and impair antitumor immunity (102). Natural (thymus-derived) or induced (peripheral tissues)
regulatory T (Treg) cells that suppresses immune functions primarily by secreting IL10, TGF-β and/or expressing CTLA-4 and/or consuming of growth factors are
accumulated in the tumor microenvironment. Their presence is associated with poor
prognosis for many cancers (103).
Macrophages also play dual roles in tumor immunity. They classically exert
anti-tumoral functions by driving anti-tumor inflammation through IFN-γ, IL-12, IL23, TNFα, CXCL5, CXCL10 and iNOS production that support immune stimulation,
antigen presentation and T cell activation (104, 105). However, macrophages can also
be alternatively activated due to factors in the tumor microenvironment and acquire a
pro-tumorigenic character. They express immune regulatory mediators such as IL-10,
TGF-β, IL-6, arginase and VEGF which are implicated in tissue remodeling,
angiogenesis and dampening of cytotoxic responses (105, 106).
Frontline responders of immunity, neutrophils are able to kill tumor cells when
they are activated and they contribute to drive anti-tumorigenic inflammation (107).
However, tumor-derived factors stimulate neutrophils to lead to platelet activation,
tumor-associated macrophage differentiation and accumulation, tissue remodeling,
angiogenesis, and impairment of T cell-dependent anti-tumor immunity (107).
Moreover, factors derived from the tumor microenvironment stimulate myelopoiesis
and result with the accumulation of immature myeloid cells both with monocytic and
neutrophilic phenotype in circulation and in other organs including the tumor area
(108). These immature myeloid cells were shown to suppress T cell-mediated antitumor immune responses; thus they are called myeloid derived suppressor cells
(MDSCs) (109).
Dendritic cells (DCs) are crucial for the uptake of tumor antigens and
presenting them to boost T cells’ anti-tumor responses (105). Their antigen
presentation ability on both MHC class I and MHC class II molecules, cross-
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presentation and efficiently upregulate costimulatory molecules when they are
maturated with foreign antigens make them effective and professional antigen
presenting cells (APCs) (110). With their potent antigen presenting role, they are
utilized in many tumor vaccine approaches to carry tumor antigens to secondary
lymphoid organs and initiate the immune response (111). These cells are considered
as anti-tumorigenic in tumor immunotherapy.
Innate lymphoid cells (ILCs) have similar roles with T cells by regulating
inflammation through secreted cytokines yet limited antigen specificity. Thus, ILC-1
and ILC-17 subsets considered as anti-tumorigenic while ILC-2 subset was rather
considered as pro-tumorigenic by skewing immune response towards anti-cytotoxic
type 2 immunity (105, 112). Natural killer (NK) cells, considered in ILC-1 subset
however considered as one of the primary cell subsets limiting tumor growth through
direct lysis of tumor cells through perforin/granzyme-mediated cytotoxicity and
engagement of death receptors such as TRAIL receptors and FAS similar to CD8+ T
cells (113). Although they do not recognize tumors in an antigen-specific manner, they
sense stressed cells through stress ligands or down-regulation of antigen presentation
through MHC class I which is a common strategy of tumor cells to escape from antigen
specific immune destruction (114). Additionally, by expressing certain amounts of
IFN-γ, NK cells support macrophage activation, Th1 polarization, and antigen
presentation to promote adaptive responses (113, 115).
Finally, tumor-infiltrating B cells are considered to have impact on controlling
tumor progression through cytokine secretion to support anti-tumor responses and by
producing antibodies that target tumors and mediate antibody-dependent cellular
cytotoxicity (105). However, IL-10 expressing B cells with regulatory phenotype were
recently discovered which migrate to tumor site and dampen immune responses; thus
support immune evasion in cancer (116).
Alternatively, as a hallmark of cancer, tumor cells employ various immune
escape strategies to evade from immune destruction (15). Displayed immune escape
strategies by tumor cells include abnormalities in antigen presentation, blockade of
TCR-mediated signaling, secretion of immunoregulatory mediators, checkpoint
ligands that induce T cell exhaustion, metabolic suppression, tumor counterattack with
upregulation of death receptor ligands, subversion of regulatory cells (16). In detail,
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downregulation of class I MHC molecules or transcriptional regulation in the antigen
processing machinery are commonly observed in many tumor types, thus hinder the
antigen specific immune responses against these tumor cells (117-121). Although class
I MHC molecule deficient cells are expected to be more susceptible NK cell-mediated
recognition, tumor cells escape from NK-cell lysis by downregulation of stress ligands
and upregulation of killer-cell immunoglobulin-like receptors (KIRs) (122, 123).
Cognate interactions between tumor cells and T cells were shown to result with defects
in immune responses due to impairment in TCR-mediated signaling (16, 124). Factors
derived from the tumor microenvironment alters myeloid cells by converting them into
potent immunosuppressive cells or induced the transition of immature myeloid cells
with suppressive functions from bone marrow to circulation and tumor
microenvironment (108, 125). Besides, thymus-originated Tregs are frequently called
to the tumor microenvironment or peripherally generated induced Treg (iTreg) cells
are stimulated (126). Tumor cells do not only employ immune suppressive myeloid
cells but utilize from immunosuppressive mediators as well (16). TGF-β and IL-10,
potent immune regulator factors, are commonly secreted in the tumor
microenvironment either by tumor cells itself or tumor-educated stromal cells (127129). Induction of co-inhibitory receptors and ligands expression are also commonly
mediated in the tumor microenvironment (16). Most of the member of these inhibitor
receptors are upregulated on activated T cells in chronic inflammation and associated
with T cell exhaustion (130, 131) (section 2.5). Co-stimulatory regulation and inhibitor
B7 ligands were also explained in detail at section 2.4. Furthermore, expression of
glycan-binding proteins (i.e. galectins) were also shown to be induced in tumor
microenvironment and negatively affect T-cell survival, activation and cytokine
secretion (132-134). Interestingly, some of these glycan-binding proteins are found to
interact with T cell exhaustion-associated co-inhibitory receptors TIM-3 and LAG3
(135, 136). Tumor cells are also able to metabolically suppress by depleting vital
amino acids for T cell activation and proliferation through expression of various
modulators (137, 138).
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Figure 2.4. The cancer-immunity cycle in tumor elimination with stimulatory and
inhibitory factors of the cycle (95).

2.4. Costimulation, B7 Family of Ligands and Lung Cancer
T cells are crucial for an effective anti-tumor immune response and CD8+
cytotoxic T cells (CTL) along with NK cells execute the lysis of tumor cells with the
aid of CD4+ Th cells and macrophages (139, 140). Major three signals inaugurate and
modulate T cell activation; TCR:MHC complex, costimulatory molecules and secreted
factors e.g. cytokines wherein at least two signals are mandatory to provide activation
threshold. Therefore, costimulatory molecules are crucial for an effective anti-tumor
immunity (141, 142).
In the respiratory system, the first line of immune defense was provided by the
mucociliary surface containing various antimicrobial compounds such as collectins
and complement components (143). Airway epithelial cells, dendritic cells, and (in the
lower airways) alveolar macrophages are the warden of inhaled antigens and
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responsible with triggering proinflammatory or tolerogenic/antiinflammatory
downstream immune responses (144). These surveillance of foreign antigens is
orchestrated with pattern recognition receptors (PRR) including Toll-like receptors
(TLR), RIG-I-like receptors (RLR), protease-activated receptors (PAR), Nod-like
receptors (NLR), C-type lectin receptors (144). These molecules were commonly
expressed by lung-resident macrophages and dendritic cells which are located in close
proximity to the epithelial surface of the respiratory system (145). Upon recognition
of a danger/foreign signal, classical inflammatory operation was conducted where
other innate immune cells such as innate lymphoid cells (ILCs) and adaptive immune
compartments; T cells and B cells play role (146-148). Especially, the differentiation
of CD4+ T cells into different subsets of T helper cells is important in the orchestration
of immune response (146, 147).
SCLC cells need to have strategies to cope with and suppress T cell responses
in order not to be eliminated especially at the initial tumor growth and metastasis
phases (13, 149). As a common strategy, the cancer cells regulate the expression of
molecules e.g. co-inhibitory ligands or soluble factors that contribute to suppressive
microenvironment (150-152). B7-ligand family molecules B7-1, B7-2, B7-H2, B7H3, B7-H6, and B7-H7 are generally identified with stimulatory actions whereas B7H1, B7-H3, B7-DC, B7-H4, and B7-H5 are classified as inhibitory members (Figure
2.5) (153-155). These molecules provide powerful signals to modulate T cell
responses. With their direct impact on T cell activation, immune-derived expression
of these molecules are preferentially targeted by tumors. Moreover, cytotoxic stress
and secreted factors under anti-tumor inflammatory conditions (such as IFN-γ) can
directly influence the expression of B7 co-inhibitory ligands on tumor cells and in the
tumor microenvironment (156). Therefore, the tumors which do not directly suppress
or even maintain the immune reactions, take the advantage of upregulation of coinhibitory mediators as an indirect evasion strategy (156). This phenomenon is defined
as “adaptive resistance” or “secondary immune resistance” (157). From the B7 ligand
family members, PD-L1 and B7-H3 are observed to be expressed or induced on SCLC
cells (158).
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Figure 2.5. The B7 family ligands and receptors and their effects on T cell responses
(155).

2.4.1. B7-H1 (PD-L1) and B7-DC (PD-L2)
Programmed cell death protein 1 (PD-1), a co-inhibitory receptor expressed on
activated T cells, NK cells, B cells and DCs mediates suppression of these cells’
activation and effector responses (159-162). PD-1 has two ligands; B7-H1 (PD-L1)
and B7-DC (PD-L2) (155). PD-1/PD-L1 or PD-L2 interaction was identified to play a
major role in autoimmune diseases and conditions related to immunopathology (163).
Nevertheless, tumors are also capable of expressing these co-inhibitory molecules or
induce their expression on antigen presenting cells (164, 165).
PD-L1 is a type I transmembrane molecule consisting immunoglobulin (Ig)
variable (V)-like domain and Ig constant (C)-like domains with a highly conserved
intracellular

domain

(166).

PD-L1

is

expressed

on

myeloid

cells

e.g.

monocytes/macrophages, DCs as well as epithelial cells, vascular endothelial cells and
tumor cells especially under inflammatory conditions. Even lymphoid cells; T cells,
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NK cells and B cells was shown to express PD-L1 under certain conditions (167).
Expression of PD-L1 by tumor cells can be regulated by endogenous or exogenous
mechanisms. Endogenous mechanisms include intrachromosomal events such as copy
number alterations, genetic changes like inversions, deletions, translocations that lead
to chimeric fusion transcripts, disruption of 3’-untranslated region, and
extrachromosomal events containing receptor-activating mutations or receptor
overexpression, gain- or loss-of function mutations in signaling pathway, activation or
overexpression of transcription factors (167-173). Exogenous mechanisms are
summarized as response to environmental stimuli; exposure to cytokines (IFN-γ, TNFα, IL-4 and IL-10, etc.), hypoxia, anti-tumor drugs, and viral stimuli (167, 174-178).
The presence of PD-L1 is also correlated with many features of aggressive tumors
possessing stem-like features such as acquisition of epithelial to mesenchymal
transition, tumor-initiating potential, resistance to antitumor drugs/apoptosis,
increased invasiveness and metastatic potential, switch to glycolytic metabolism, and
increased tumor growth (137, 167, 179-183).
The insight on B7-ligand family molecules in the lung cancer mainly comes
from the studies on NSCLC. Expression of B7-ligand family members are reported
both on NSCLC cells and their surrounding stromal cells (184-187). PD-L1 efficiently
suppresses the responses of tumor infiltrating lymphocytes (TILs) which was also
reported in NSCLC tissues (185). Furthermore, expression of several other coinhibitory molecules PD-L2, B7-H3, and B7-H4 are observed on myeloid cells such
as macrophages and DCs in the tumor stroma as well (186). Thus, B7 ligands become
good candidates for targeting in NSCLC patients to improve anti-tumor immune
responses. Interaction of B7-ligands with T cells may result in tolerance development,
functional restriction, regulatory phenotype, arrest in cell proliferation, and even cell
death [43]. SCLC cell lines and tumor samples were shown to express PD-L1 in a very
limited capacity similar to NSCLC tumor specimens (188, 189). Even some PD-1
expression was reported on some SCLC cells to some extent (188).
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2.4.2. B7-H3
B7-H3 is a transmembrane protein belong to B7 ligand superfamily which is
reported to exert opposing roles in tumor immunology (190). B7-H3 mRNA, but not
protein expression, was detected in a variety of somatic tissues but the membrane
protein expression was shown in activated myeloid cells (for instance upon IFN-γ
stimulation) or on wide range of tumor tissues such as lymphoma, melanoma, breast
cancer, stomach, prostate, pancreas, colon, lung and clear cell renal carcinoma (154,
187, 191-200). B7-H3 binds to counter receptors on activated T cells and exerts both
activatory and inhibitory roles depending on different in vitro culture or ex vivo study
setups. Upon CD3 stimulation, B7-H3 expression was linked to increased proliferation
and IFN-γ secretion by T cells while immunoglobulin-V-like, immunoglobulin-C-like
and VCVC forms of human B7-H3 was shown to inhibit Th cell proliferation and
cytokine secretion (191, 201). Knocking B7-H3 down in mice resulted in elevated T
cell proliferation, TH1 differentiation and enhanced lung inflammation through
increased macrophage and lymphocyte infiltration (202, 203). Furthermore, B7-H3
expression was correlated with FOXP3+ TILs in NSCLC and IL-10 expression in
breast tumors (204, 205).
B7-H3 has been regarded as prognostic factor for many cancer types where its
expression was linked with parameters related with tumor progression, tumor
immunology or directly with patients’ chemotherapy resistance, progression-free or
overall survival. B7-H3 was found to be associated with better postoperative prognosis
and survival in pancreatic and gastric cancers, respectively (206, 207). On the other
hand, this molecule was elevated in NSCLC patients compared to healthy lung tissue
in which its expression is observed with lower number of TILs, presence of lymph
node metastasis and advanced TNM stage among patients (187, 208, 209). Coinhibitory B7-H3 and B7-H4 molecules were found in almost half of NSCLC cases
and their expression was related to poor prognosis and lymph node metastasis (187).
Higher serum levels of B7-H3 was also found in NSCLC patients’ sera with poor
prognosis (208). Interestingly, silencing B7-H3 expression showed its involvement in
to cell migration, invasion and metastasis together with decreased sensitivity to
chemotherapy (190, 210). JAK/STAT-3 pathway as well by affecting JAK2
phosphorylation is associated with B7-H3 expression which supports tumor
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progression (211). B7-H3 can regulate FASN, a fatty acid synthase enzyme involved
in lipid metabolism in lung cancer; high expression of B7-H3 and FASN correlates
with a better prognosis in NSCLC patients (212). B7-H3 expression leads to
downregulation of E-cadherin and beta-catenin whereas the mesenchymal N-cadherin
and vimentin become upregulated as an indicator of EMT in colorectal cancer cells
(213). EMT through activation of PI3K-AKT pathway was seen by upregulation of
SMAD1 in B7-H3 expressing tumor cells as well (213). Moreover, B7-H3 induces the
level of HIF-1α to support aerobic glycolysis in melanoma cells thus contributes to the
tumor progression (214). B7-H3 was reported to be expressed in 2/3 of the SCLC
patients while B7-H4 was rarely found (158).
2.5. T-cell Exhaustion and Lung Cancer
As an immune reaction setting, for instance in an acute viral infection, T cells
become activated to perform effector functions including rapid production of antiviral
cytokines such as IFN-γ and TNF-α, perforin/granzyme-mediated cytotoxicity, and
clonal expansion (215, 216). Yet, more than 90% of T cells die by apoptosis after the
clearance of antigen load (216, 217). A few fraction of these cells differentiate into
long-lived memory T cells and migrate to lymphatic niches or stay as tissue-resident
memory T cells for secondary reactions (217). However, previously activated T cell
clones with loss of functional capacities were found in persistent/chronic viral
infections which is not linked with apoptosis, anergy or memory phase of lymphocytes
(218). Later, it was characterized that constant antigenic or costimulatory stimulation
of T cells mainly occurred in chronic inflammation cause the expression of multiple
inhibitory receptors (e.g. PD-1, CTLA-4, TIM-3, LAG3, BTLA, CD160) on T cells
(Figure 2.6) (130, 131). Expression of multiple inhibitory receptors ultimately leads to
the loss of proliferation and cytokine secretion capacity (especially IL-2, TNF-α and
IFN-γ) of T cells and resistance to restimulation (131). This phenomenon named as “T
cell exhaustion” or functional hyporesponsiveness (130). Tumors that have evaded the
elimination phase are characterized with a chronic inflammation. T cell exhaustion
defined in permanent/chronic inflammatory conditions was also observed in many
cancer types with a similar signature molecules (219-222). Tumor cells either express
themselves or stimulate stromal or antigen presenting cells in the tumor
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microenvironment to express ligands for inhibitory receptors. Hence, they suppress
antitumor immune responses and evade from immune system based tumor destruction.
Blockade of related B7 molecules which serve as ligands for inhibitory receptors (i.e.
PD-1 and CTLA-4) expressed by exhausted T cells may restore functional responses.
Ligands for TIM-3 are galectin-9 (Gal-9), high mobility group protein B1 (HMGB1),
carcinoembryonic

antigen

cell

adhesion

molecule

1

(Ceacam-1),

and

phosphatidylserine (PtdSer) (223). LAG3 was shown to interact with class II MHC
molecules, galectin-3 (Gal-3), C-Type Lectin Domain Family 4 Member G (CLEC4G)
and Fibrinogen-like Protein 1 (FGL1) (224, 225). BTLA-4 and CD160 co-inhibitory
molecules both bind to herpesvirus entry mediator (HVEM) to regulate immune
responses while CD160 interact with MHC class I molecules as well (226). To
summarize, driving T cell exhaustion and expression of co-inhibitory ligands in the
tumor microenvironment might regulate the anti-tumor responses thus listed as an
immune evasion mechanism.

Figure 2.6. Major T cell immune checkpoints and their ligands (227).

2.6. Immune System and Cancer Stem Cells
In addition to common features of stem cells (i.e. ability to differentiate into
different lineages), CSCs also possess tumor initiating properties, capacity for EMT,
resistance to apoptosis and chemotherapy, and metastatic potential (228).
Interestingly, recent evidences indicate that expression of T cell co-inhibitory receptor
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ligands by tumor cells do not only serve to down regulate immune responses but might
support tumor cells biology to become more aggressive through CSC-related facets
(167). For instance, PD-L1, OX40L, PD-L2, B7-H3 ligand expression is high on the
tumor cells with positive mesenchymal EMT score along with PD-1, CTLA-4, TIM-3
and BTLA receptor expression (229, 230).
2.7. Immune System and Small Cell Lung Cancer
Microarray data comparing SCLC tissue and healthy lung tissue revealed that
genes involved in immune modulation are also commonly found in SCLC (24).
However, due to technical and ethical problems in obtaining SCLC tumors (only 1/7
of lung cancer cases are SCLC and most of the SCLC cases are not resectable), studies
mainly depend on immunohistochemical staining on biopsy material. Thus, tumor
microenvironment in SCLC has not been investigated thoroughly. Restricted amount
of CD45+ cells, which are mainly CD3+ T cells and macrophages, are determined in
SCLC tumors when compared to the lung adenocarcinoma cases (231). In SCLC,
infiltrating T cells display low CD8 to CD3 ratio compared to many other tumor types
(231). Correspondingly, the amount of CD3, CD8 and CD20 lymphocytes in SCLC
was found considerably less than NSCLC tumors (158). Most of the CD3+ T cells
found in tumor specimens were located at the tumor periphery and stroma (18, 232,
233). These tissue results later confirmed with genetically modified Rbp53 AdCre
mice. Although CD45+, CD3+ and myeloid cell numbers were elevated compared to
healthy mice, the infiltration of CD45+, CD3+ and myeloid cells into the tumor
remained limited (231). Even the fact that the majority of CD45+ cells were CD3+ in
the tumor area, these cells mainly located in the peritumoral regions consistent with
the SCLC patients (231). Furthermore, CD3+ T cells found in the tumor area was
mainly CD4+ T helper cells indicating a strong immune exclusion against CD8+ T
cells. In contrast, high number of infiltrated CD8+ T cells were correlated with low
tumor size, low tumor stage which represent a favorable immune profile (231, 234).
The myeloid cells into the tumor site were considerably low compared to the lung
adenocarcinomas demonstrating an uncommon microenvironment in SCLC (231).
It was shown that in SCLC, T cells are able to drive inflammation against
neoantigens. Nevertheless, only few T cells and low levels of PD-L1 expression is
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observed (27). The association of PD-L1 expression on SCLC prognosis is
controversial; while most argued PD-L1+ positive tumors have better prognosis
(indicating an active immune response in the tumor area), patients with PD-L1
expressing tumors have shorter survival time (30, 235-240). On the other hand, PD-1
expression was rather found indeterminant for SCLC prognosis (236). Higher amount
of TILs indicating a better survival; thus, increased immune infiltrate can improve the
control on SCLC tumor growth (158, 241). Brain is a common target for SCLC
metastases and immune profile in metastatic foci is similar to that of the primary
tumor. Interestingly, tumor cells in metastatic regions may have a common PD-L1
expression different than the cells in the primary tumor area indicating that epithelial
and mesenchymal subclones may possess distinct immune modulation strategies
(242).
2.7.1. Small Cell Lung Cancer and Innate Immunity
The majority of SCLC cell lines were found to be susceptible to NK-mediated
lysis although some lines require cytokine-activated NK cells to be targeted (243). The
susceptibility of SCLC cells to lysis were independent from class I MHC and β2microglobulin expression or adhesion molecules CD50, CD54, CD58, and CD102.
Although the expression of these molecules were generally lower than in healthy
tissues or other tumor models the SCLC lines were susceptible (243, 244). An
experimental model revealed that SCLC cells genetically modified to express IL-15, a
growth factor increasing effector responses by NK cells, leaded to myeloid cell and
NK cell and could only delayed the tumor growth (245). NK cells are also effective at
controlling the metastasis of SCLC cells (246). On the other hand, SCLC cells
genetically modified to express IL-2, a primary growth factor for T cells but could be
effective on the activation of NK cells as well, were associated with tumor rejection
revealing the importance of T cells in SCLC immunology (245).
CD47, an inhibitory ligand for the macrophages through the inhibitory receptor
signal-regulatory protein alpha (SIRPα), is over-expressed in some cancer types
including SCLC. Thus, targeting CD47 leads to elevation in macrophage-mediated
phagocytosis and suppresses tumor growth (247). Antigen presentation machinery is
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hampered in SCLC cells, making macrophage and dendritic cell activation and antigen
presentation crucial for anti-tumor immunity against SCLC cells.
Bronchoalveolar lavage fluid (BALF) from lung cancer patients revealed that
SCLC microenvironment has elevated numbers of neutrophils with decreased number
of macrophages. However, macrophages found in the BALF from SCLC patients were
predominantly CD163+; higher than both healthy donors or patients with NSCLC
(248). There is a remarkable link between tumor-associated macrophages (TAMs)
with the development of SCLC. They secrete bioactive mediators to reciprocally
induce STAT3 activation. IL-6-dependent elevation of STAT3 signals in SCLC cells
resulted in proliferation, invasion, chemo-resistance, and sphere formation (249).
Consistently, lower lymphocyte-to-monocyte ratio implies short progression-free and
overall survival (250).
PD-L1 expressing tumor cells were found relatively low in the tumor samples
compared to many other tumor types (wherein even the 1% positivity was set as cutoff value, the PD-L1+ specimens were ~25% (251). Tumor-infiltrating immune cells
which displayed PD-L1 in SCLC samples were ~40%. Therefore, PD-L1 is rather
expressed by myeloid or lymphoid cells to some extent in SCLC (251). On the other
hand, PD-L2 expression remains very limited in SCLC tissues (252). Interestingly, in
primary SCLC tumors both PD-L1 and PD-L2 expression was found higher in stage
I-III patients than in the metastatic disease (251, 252). Alternatively, in a study by
Chang et al., PD-L1 expression was associated with stage IV disease (240). PD-L1
which is often expressed on MDSCs and immature myeloid cells was shown to have
clinical impact by limiting the efficacy of immune therapy in SCLC patients (253).
MDSC number was elevated in SCLC patients than in healthy controls; in extensive
stage disease than in limited stage disease (253, 254). It was correlated with tumor
stage and poor overall survival (254, 255). Additionally, the amount of MDSC was
augmented following patients, vaccination against p53 while targeting MDSCs
supported vaccine-related immune responses (253, 255). In 2% of the SCLC tumors,
genomic amplification of PD-L1 was found with a massive expression of PD-L1 (173).
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2.7.2. Small Cell Lung Cancer and Adaptive Immunity
Adaptive immunity plays a critical role in the pathogenesis of SCLC as in other
cancer types. Indeed, high effector T cell:regulatory T cell (Teff:Treg) ratio shown to
correlate with long-term survival while a low ratio related recurrence (150, 256).
Similarly, significantly higher numbers of Th cells especially the IL-17-producing
subset were found in the limited stage patients than in extensive stage patients,
demonstrating a possible role for Th17 cells in controlling the dissemination of the
disease (256). On the other hand, certain molecules secreted by SCLC cell lines were
capable of inducing the expression of IL-10 and differentiation of Th cells into
CD4+CD25+FOXP3+CD127loHelios- Treg cells in vitro with the aid of IL-15
expression (257). Consistently, FOXP3+ cells, which are preferentially Tregs, found
in SCLC biopsies were correlated with poor survival (257).
Furthermore, pretreatment peripheral blood total lymphocyte count (TLC) was
considered as a prognostic factor in SCLC patients; while lymphopenia with the
indicators neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) was referred as factors for poor prognostic factors (258-260). SCLC cells are
able to express TGF-β which inhibits T cell responses (261). CD8highCD57+ T cells
were proposed to be of senescent cells however they are responsive to IL-2 and TCR
stimulation (262). In SCLC, lower numbers of CD8highCD57+ T cells were found to
correlate with elevated therapy response rate thus a favourable immune profile in
extensive-stage SCLC patients (263). Senescence-like phenotype driven by extensivestage, a systemic phase, could be an indicator of the relationship between the
functional capacity of effector T cells and chronic-inflammation induced. Higher
numbers of effector T cells found in limited stage than in extensive stage (256, 264).
Although in extensive stage, dissemination leads to systemic inflammation with the
expectation of higher number of clonally expanded effector T cells demonstrating a
dysfunctional status in T cells (256, 264). In fact, the balance between effector-toregulatory T cell were offered as a threshold to distinguish ES-SCLC (with high
regulatory cells) from LS-SCLC (with high effector cells) and as a predictor for
recurrence (256, 265).
SCLC tumors were found to be negative for co-inhibitory receptors such as
TIM-3 and LAG3 while they were identified on TILs (252). Likewise PD-L1 and PD-
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L2, expression of TIM-3 and LAG3 was found to correlate with better prognosis (252).
In the pre-clinical models, αPD-L1 monoclonal antibody (mAb) checkpoint blockade
therapies provided early response however the tumor gained resistance to αPD-L1
(266). More importantly, although PD-1 upregulation on TILs was not common in
SCLC tumors, αPD-L1 resistant tumors included PD-1+TIM-3+ or PD-1+LAG3+ CD8+
and CD4+ T cells (266). Coherently, TAMs express galectin-9, a potent TIM-3 ligand,
in the samples with resistance to αPD-L1 (266). VEGF is characterized as a factor that
significantly leads to the expression of TIM-3 on CD8+ T cells isolated from human
PBMCs upon acquired resistance to Nivolumab (266).
2.7.3. Small Cell Lung Cancer and Immunotherapy
Although SCLC patients initially benefit from chemotherapy since it
effectively targets proliferating cells, CSC-rich composition leads to inevitable therapy
resistance (267). Due to the genomic instability, SCLC cells are prone to higher
mutational burden; thus, they may possess more neoantigens than many other tumor
types. This makes SCLC a good candidate for immunotherapy approaches.
Nevertheless, initial immunotherapy clinical trials had limited success potentially due
to the need for a better understanding of the SCLC biology and immunology. Both
SCLC cell lines and tumor samples were shown to express low level of class I MHC
surface antigens such as HLA-A,-B,-C, and beta2-microglobulin (149). Moreover, no
expression of class II MHC molecules was found on SCLC cell lines or in tumor
samples (268). Transfection of SCLC cells with HLA-A1 and HLA-A2 to induce
antigen presentation resulted in activation and cytotoxicity of CD8+ T cells against
SCLC cells (269). This indicated that the neoantigens neoantigens expressed by SCLC
cells that can be targeted by immune system but SCLC remains poorly immunogenic
due

to

defects

in

antigen

presentation

(269).

More

importantly,

the

loss/downregulation of HLA molecules are recognized as an intrinsic resistance
mechanism against immune checkpoint blockade (270). IL-6 expression limits STAT1
activation and results with the low expression of HLA I antigens which could be
overcome either with IL-27 or IFN-γ (270). Corespondingly, IFN-γ can restore class I
HLA and intercellular adhesion molecule 1 (ICAM-1) thus antigen presentation to
cytotoxic T cells (271, 272). Nevertheless, IFN-γ treatment results in the upregulation

28

of HLA-DR and Fc receptors on monocytes yet no significant difference in T-cell
activation was observed in SCLC patients (273). Similarly, a DNA-based TLR9
agonist, lefitolimod, was used to induce IFN-α in SCLC patients thus boost both innate
and adaptive immunity yet no survival benefit was observed (274). One of the first
immunotherapy trials in SCLC was with interferons to utilize its cytostatic effects and
support anti-tumor immunity through induction of antigen presentation. However,
neither IFN-α nor IFN-γ stimulated significant anti-tumor T cell responses or
demonstrated survival benefit independent from combination with chemotherapy or
retinoic acid (275-278).
The highest mutation rate in SCLC tumors is on p53 gene. Vaccines against
p53 and neoantigens of p53 were developed to target SCLC. A recent early clinical
trial employing a dendritic cell-based p53 vaccine induced specific immune responses
in half of the patients and considered as a promising approach (279). Moreover, due to
the genomic instability occurring from the common mutations of p53 and Rb1 together
with Myc amplification, DNA damage repair (DDR) pathway targeting therapies are
considered (280). Currently, more than 32 ongoing trials targeting DDR pathway are
conducted with the inhibitors for; poly (ADP-ribose) polymerase (PARP), ataxia
telangiectasia and Rad3-related (ATR), Checkpoint kinase 1 (CHK), Wee1-like
protein kinase (Wee1), Aurora kinase A (AURKA) or Aurora kinase B (AURKB) in
SCLC (280). Similarly, a cancer vaccine was designed against an idiotypic antibody
for GD3 antigen, which is expressed around 60% of SCLC cases, together with
interferon stimulating Bec2/Bacille Calmette-Guerin (Bec2/BCG) (281, 282).
However, no improvement in survival, progression-free survival, or quality of life in
the vaccination arm was obtained (281). Even the addition of 13-cis-retinoic acid to
IFN-α plus chemotherapy could not achieve enhancing a higher response rate in
patients (283).
Despite to the low level expression of MHC class I antigens, both the higher
mutational burden (see Figure 2.2) leading to elevated number of neoantigens and
common autoimmun paraneoplastic syndromes reveal that SCLC is immunogenic and
patients have an ongoing inflammation in most cases (18). For instance, LambertEaton myasthenic syndrome (LEMS) occurs in some SCLC patients due to immune
response targeting neuronal markers shared by SCLC cells such as HuD, HuC, Hel-
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N1 antigens (284). Interestingly, patients with paraneoplastic syndromes have better
prognosis implicating that an active immune response against tumor antigens are able
to cope with tumor cells (285).
IL-2 is a growth factor for T cells that provides both expansion and
maintenance of functional activity to T cells and has been proposed

as an

immunotherapeutic agent (286). IL-2 induced activation and cytotoxicity of
eosinophils thus antibody-dependent cellular toxicity through Fc gamma receptor II in
SCLC patients however, no clinical benefit could be obtained (287). Although IL-2
and IL-2R were not usually expressed in SCLC, IL-2 gene transfer decreased the
tumorigenic potential in vivo and induced the myeloid cell infiltration in nude mice
(288). Clinical trials with IL-2 which leaded to 17% response rate in ES-SCLC patients
(289). Yet, insufficient efficacy and marked cytotoxic side effects of IL-2 leaded to a
disinterest for further phases (290).
Monoclonal antibodies against common tumor-associated antigens is
commonly tested to get a tumor-specific immune response through humoral immune
response. CD56 (NCAM1) which is frequently found on SCLC cells are also tested by
a mAb called “promiximab” that is conjugated with a chemotherapeutic agent (291).
In mAb therapies, in vitro T cell responses leaded to cytolysis of tumor cells in vitro
and in vivo. Synergistic effects with αCD137 and αPD-1 immunotherapies were also
reported however, these antibodies did not improve the outcomes in clinical trials (292,
293).
Myelosuppression and neutropenia are considered as major side effects of
chemotherapy in SCLC (294). Colony stimulating factors (e.g. G-CSF, GM-CSF)
which influence the granulocytic lineage used in chemotherapy protocols either
restraining

the

myelosuppression

and

overcoming

chemotherapy-associated

neutropenia (295). Only partial response was observed in some early trials of G-CSF
in relapsed SCLC patients (296). However, meta-analysis covering a dozen of clinical
trials on CSF therapies in SCLC concluded that these therapies were generally
ineffective on survival (295).
Cellular immunotherapy is another commonly used approach for many cancer
types. In pilot studies, autologous transfer of cytokine-induced killer (CIK) cells alone
or together with NK and γδT cells provided a longer overall survival in SCLC patients
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with only minimal side effects (297, 298). Similarly, expanded activated autologous
lymphocytes (EAAL) representing the stimulated PBMCs with α-CD3 and IL-2 thus
having increased percentage of CD3+, CD3+CD8+, CD45RO+, CD28+, CD29+,
CD8+CD28+ and CD3+CD16+/CD56+ cells provided longer survival in an early clinical
trial

(299).

Likewise

targeting

tumor

associated

antigens

with

mAb,

neoantigens/immune stimulatory peptides of tumor associated antigens like p53 was
loaded into dendritic cells for DC therapy (300).
Most recently, the two popular immunotherapeutic agents; nivolumab, a human
immunoglobulin (Ig) G4 PD-1 mAb and ipilimumab, a human IgG1 CTLA-4 mAb
were also tested for immune checkpoint inhibition in SCLC patients (29, 301). Preclinic and earlier trials reported durable response with nivolumab alone or nivolumab
plus ipilimumab; thus, recommended for second- or third-line treatment of SCLC by
National Comprehensive Cancer Network (29, 32, 301). Nevertheless, SCLC has
rather less PD-L1 positive cells compared to many other cancers. The response rate of
αPD-1 therapies was to be independent of PD-L1 expression in the tumor area (301).
Induction of PD-L1 expression on SCLC cells through different stimulators/agents is
suggested in pre-clinic studies to support αPD-L1 therapy response and augmented
CD8+ T cell responses (302). On the other hand, the therapy response to both
nivolumab monotherapy or nivolumab plus ipilimumab were positively correlated
with high mutation burden whereas positive responses were observed only in a limited
group of patients (29, 303). In addition to nivolumab, a next generation anti-PD-1 drug
pembrolizumab was also tested in SCLC patients. However, similar to nivolumab, it
did not show a significant benefit on the patients with relapsed disease as maintenance
therapy but partial response was observed in some patients (267, 304).
In high grade neuroendocrine carcinomas such as SCLC, PD-L1 expression
was correlated with high mutation burden (305). Therefore, immune responses
inaugurated due to the plethora of neoantigens were associated with the presence of
PD-L1 (305). With the high response rate of first-line chemotherapy in SCLC,
immunotherapies, especially α-PD-L1 therapy is considered as a second or third-line
if second line therapies were applied (topetocan or etoposide). However, recent trials
aim to combine chemotherapy and immunotherapy modalities (267). Some of these
trials include pembrolizumab and paclitaxel (NCT02551432), the antibody-drug
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conjugate rovalpituzumab tesirine with

a novel

PD-1

mAb ABBV-181

(NCT03000257), nivolumab and/or without ipilimumab (NCT03026166), and
epigenetic modulator agents (guadecitabine or tazemetostat) in combination with
checkpoint inhibitors (267). Overall, current checkpoint inhibitors targeting PD-1/PDL1 axis especially, display limited success in the clinic of SCLC (31). A recent trial of
first-line αPD-L1 mAb, Atezolizumab, plus chemotherapy in extensive-stage SCLC
with a cohort of 403 patients resulted with two months of prolonged survival without
an increased response rate (Figure 2.7) (31).

Figure 2.7. The effect of anti-PD-L1 drug, Atezolizumab on disease progression in
SCLC (31).

In addition to chemotherapy, chemoradiotherapy was offered to have
synergistic effects with checkpoint inhibitors as it happens in locally advanced
NSCLC. SCLC patients also benefit from chemoradiotherapy on immune system
(306). Radiotherapy can reprogram the tumor microenvironment through a
macrophage M1 polarization favoring T-cell infiltration (307), enhances poor
expression of class I MHC (308), activates antigen-presenting cells through
upregulation of calreticulin (309) and release of damage-associated molecular pattern
molecules, and activates NK cells via Natural Kill Group 2D (NKG2D)
upregulation(267).
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Unique metabolism of SCLC could be another hit point for the therapeutic
purpose to both slow the tumor progression and support the functional capacity of T
cells (310). Tumor cells and TILs compete for metabolites such as glucose in the tumor
microenvironment and metabolic advantages possessed by the tumor cells lead to T
cell dysfunction (137).
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3. MATERIALS AND METHODS
This thesis work was performed in Hacettepe University Cancer Institute,
Department of Basic Oncology Laboratories between the dates June 2016 – August
2019. It was approved by the Local Non-invasive Clinical Research Ethics Committee
at Hacettepe University (Doc. Nr.: GO 17/503).
3.1. Materials
The chemical and biological materials used in this project and their suppliers
are listed:
Phosphate buffered saline (PBS) (Advansta, USA), penicillin-streptomycin, Lglutamine, RPMI1640, high glucose Dulbecco’s Modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), trypsin-EDTA (Biological Industries, Israel; Biowest,
USA); Ficoll-Paque Plus 1.077 g/mL density gradient media (GE Healthcare, USA;
Sigma-Aldrich, USA); loading dye, StemPro® adipogenesis differentiation kit,
StemPro® osteogenesis differentiation kit, StemPro® chondrogenesis differentiation
kit; tris-borate-EDTA (TBE) buffer (Thermo Fisher Scientific, USA); 50bp DNA size
marker (Fermantas, Lithuania); SeaKem® LE Agarose (Lonza, USA); ethanol 96%,
isopropanol 98% (AppliChem, Germany); phorbol 12-myristate 13-acetate (PMA)
(Cell Signaling, USA); recombinant human rhIFN-γ, recombinant human rhIL-1β,
recombinant human rhIL-6, recombinant human rhTNF-α (R&D Systems, USA);
eFluor670 proliferation dye, Golgi-stop (Monensin) (eBioscience, USA); annexin V
staining kit, FACS Flow, Cell Wash (BD, USA); trypan blue, accutase, ionomycin
calcium salt, propidium iodide, 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide (MTT), sodium dodecyl sulfate (SDS), N,N-Dimetilformamid (DMF),
ethidium bromide solution (Sigma-Aldrich, USA); NCI-H69 cell line (ATCC, USA);
NCI-H82, SCLC-21H cell lines (DSMZ, Germany); dimethyl sulphoxide (DMSO)
(OriGen Biomedical AB, Sweden); CD14 microbeads and selection kit (Miltenyi,
Germany), carboxyfluoresceinsuccinimidyl (CFSE) Cell Division Tracker Kit, IFN-γ
Legend MaxTM Elisa Kit, IL-2 Legend MaxTM Elisa Kit, LEGENDplexTM Human
CD8/NK Panel Elisa Array (BioLegend, USA); cell culture plates (6-well, 12-well,
96-well plate), flasks (T25, T75), tubes (15 mL, 50 mL), serological pipettes and other
plastic lab ware (Orange Scientific, Belgium; Sarstedt, Germany; Nest, China).
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Table-3.1. Antibodies and information on their host species, clones, manufacturers,
and fluorochromes
Antibody name

Host Species

Clone

Manufacturer

Fluorochrome

4-1BB
B7-1 (CD80)
B7-2 (CD86)
B7-DC (PD-L2)
B7-H1 (PD-L1)
B7-H2
B7-H3
B7-H4
B7-H5
B7-H6
CD107a
CD127
CD25
CD3
CD3
CD4

Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Rat
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Rat
Rat
Rat
Goat
Mouse
Rabbit
Mouse
Mouse
Mouse
Mouse
Mouse

4B4-1
2D10
IT2.2
24F.10C12
MIH1
9F.8A4
DCN.70
H74
730804
875001
H4A3
A019D5
BC96
OKT3
HIT3a
SK3
A161A1
BJ18
FN50
SK1
RPA-T8
5E10
L3D10
236A/E7
MD-1
RTK2071
RTK2758
RTK2758
Polyclonal
IgG11C3C65
EPR4392
EH12.2H7
EH12.2H7
29E.2A3
F38-2E2
OTI2E2

BD Biosciences (USA)
BioLegend (USA)
BioLegend (USA)
BioLegend (USA)
BD Biosciences (USA)
BioLegend (USA)
BioLegend (USA)
eBiosciences (USA)
R&D Systems (USA)
R&D Systems (USA)
BD Biosciences (USA)
BioLegend (USA)
SONY (USA)
SONY (USA)
BioLegend (USA)
SONY (USA)
BioLegend (USA)
BioLegend (USA)
BD Biosciences (USA)
SONY (USA)
BD Biosciences (USA)
eBiosciences (USA)
BioLegend (USA)
eBiosciences (USA)
BioLegend (USA)
eBiosciences (USA)
BioLegend (USA)
BioLegend (USA)
R&D Systems (USA)
BioLegend (USA)
Abcam (USA)
BioLegend (USA)
BioLegend (USA)
BioLegend (USA)
BioLegend (USA)
Origene (USA)

PE
PE
PE
APC
PE
PE
PE
PE
PE
APC
PE
PE
APC/Cy7
PerCP Cy5.5
Unconjugated
FITC
APC/Cy7
FITC, PE
APC
PE/Cy7
APC
PE-Cy5
PE
APC
Unconjugated
PE
APC
Unconjugated
FITC
FITC
Unconjugated
FITC
Unconjugated
Unconjugated
PE
Unconjugated

CD44
CD69
CD8
CD90
CTLA-4
FoxP3
IFN-γ
IgG1 Isotype
IgG2a Isotype
IgG2a isotype
LAG3
LAG3
PD-1
PD-1
PD-L1
TIM-3
TIM-3

3.2. Buffers and solutions
Phosphate-buffered Saline (PBS) Solution: PBS solution (1X) (containing
150 mM sodium chloride and 10 mM sodium phosphate) was freshly prepared by
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dissolving one pouch of powder PBS in 500 mL distilled water as directed by the
manufacturer. The solution was autoclaved for sterilization before use.
RPMI1640 cell culture medium with 10% or 20% FBS: Complete culture
medium with 10% FBS was prepared by adding 55 mL heat-inactivated FBS and 5.5
mL (final concentration,

̴1%) penicillin/streptomycin into 500 mL RPMI1640

medium containing stable L-glutamine. For the media containing 20% FBS, 120 mL
heat-inactivated FBS and 6.2 mL (final concentration, ̴1%) penicillin/streptomycin
into 500 mL RPMI1640 medium containing stable L-glutamine. Freshly prepared
complete RPMI1640 was stored at 4°C.
High-glucose DMEM cell culture medium with 20% FBS: Complete culture
medium was prepared by adding 120 mL (final concentration ̴20%) heat-inactivated
FBS and 6 mL (final concentration, ̴1%) penicillin/streptomycin into 500 mL highglucose (4.5 gr/L glucose) medium containing stable L-glutamine. Freshly prepared
complete high glucose DMEM was stored at 4°C.
Carboxyfluoresceinsuccinimidyl

ester

(CFSE)

and

eFluor670

proliferation dye: CFSE was dissolved and prepared as 5 mM stock solution by
dissolving lyophilized CFSE (5 g) in 36 L sterile DMSO. eFluor670 proliferation
dye was prepared by dissolving 500 μg efluor670 powder in 126 L DMSO to make
it 5 mM stock solution. Stock solutions were aliquoted and kept in -80C.
Trypan blue: Trypan blue solution was prepared as 4% w/v by dissolving its
powder (40 mg) in 1X PBS. The solution was filtered through 0.22 m filter and stored
at room temperature.
MACS wash buffer: MACS wash buffer was prepared by adding 0.5% w/v
bovine serum albumin (BSA) and 2 mM EDTA in 50 mL 1X PBS. The buffer was
stored at 4ᵒC.
Propidium iodide (PI): Propidium iodide was prepared as 5mg/mL by
dissolving propidium iodide powder in distilled water. Prepared propidium iodide
solution was stored at 4C.
3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT):
MTT solution was prepared as 5 mg/mL by dissolving MTT powder in 1X PBS.
Prepared MTT solution was stored at 4C and wrapped with aluminum sheet to protect
it from the light.

36

SDS/DMF solution: SDS/DMF solution was prepared by dissolving 10 g SDS
in 25 mL DMF + 25mL distilled water. SDS powder was added in bits and mixed
gently until the solution become clear. pH was adjusted to 4.7 by sodium hydroxide
and hydrochloric acid.
Tris-Borate EDTA (TBE) buffer: Prior to use, 10X TBE buffer was diluted
to 1X with distilled water.
3.3. Cellular assays
3.3.1. Culture of cell lines and cells isolated from peripheral blood
SCLC-21H, NCI-H82 and NCI-H69 small cell lung cancer (SCLC) cell lines
and H82ADH and H69ADH (adherent derivatives of NCI-H82 and NCI-H69,
respectively) and CD44+ subpopulation of H69ADH were cultured in 20% FBS
containing complete media. The cell lines growing in suspension as large aggregates
were passaged 2-3 times per week to keep the cell concentration between 106 and
2x106 cells/mL. Adherent cells were passaged two times per week to keep them at 4080 % confluency. For the passaging of adherent cells, 20% FBS containing complete
medium was discarded and the cells were washed with 1X PBS. The cells were further
treated with 10X trypsin/ EDTA (300 μL for T25 flask and 600 μL for T75 flask) for
5-6 minutes at 37 oC humidified incubator. Loss of adherence was confirmed under
inverted microscope. Later, culture flask was washed with fresh 20% FBS containing
complete media and cells were passaged 1:2 ratio. Culture flask then filled with fresh
20% FBS containing complete media up to 16-20 mL.
Peripheral blood mononuclear cells (PBMCs), isolated from SCLC patients
and healthy donors and specific leukocyte subsets purified (e.g. monocytes, monocytedepleted PBMCs, CD4+ or CD8+ T cells) were cultured in 10% FBS containing
complete RPMI1640 medium. Cells were kept at 37oC in an incubator (Thermo
scientific (USA), HeraCell 150i) with 5% CO2 and 85% humidity.
In order to obtain adherent subpopulations, SCLC cell lines were cultured in
culture flasks kept in horizontally. Half of 20% FBS containing complete media was
discarded for two times per week together with addition of SCLC cells from NCI-H82
or NCI-69 flask suspended in fresh 20% FBS containing complete media. In about 4-
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5 weeks, adherent cells in around 30-40% confluency was observed. Then, adherent
subpopulations were cultured as described above.
CD44+ subpopulation of H69ADH were obtained through α-CD44 magnetic
activated cell sorting (MACS) or fluorescence activated cell sorting (FACS) of
H69ADH cells as described in section 3.3.5. Collected cells from MACS or FACS
were resuspended in 20% FBS containing complete media and cultured as stated
above. CD44+ ratio was analyzed regularly by flow cytometry following α-CD44
antibody staining (section 3.5.1). When CD44+ ratio was below 15-20%, α-CD44
MACS or FACS were repeated to increase CD44+ ratio. Prior to experiments, CD44
enriched H69ADH cells were sorted with FACS Aria II following to α-CD44 and αCD90 staining (section 3.3.5).
3.3.2. Thawing and freezing of SCLC cells
Commercially obtained and previously frozen SCLC cell lines, which were
kept in cryogenic vials in liquid nitrogen tank, were taken into a pre-heated beaker
containing distilled water. Before completely thawed, the cells were gently washed
with pre-heated 20% FBS containing appropriate cell culture medium and transferred
into a 50mL tube containing pre-heated 20% FBS containing complete cell culture
medium. The cells were then immediately centrifuged at 1800 rpm for 5 minutes at
room temperature (RT) to decrease the exposure time to DMSO. After removal of
supernatant, cells were resuspended in fresh 20% FBS containing complete cell culture
media and transferred into a culture flask. Flasks were then cultured in a humidified
incubator that provides 37ᵒC and 5% CO2.
For freezing the cells to store them in the vapor phase of liquid nitrogen, the
cells were transferred to a 50mL tube (adherent cells were detached from flask with
trypsin/EDTA) and centrifuged at 1800 rpm for 5 minutes at RT. Supernatant was
discarded and the cells were resuspended in 50% complete cell culture medium, 40%
FBS and 10% DMSO mixture and immediately transferred into cryogenic vials. The
vials then transferred into Mr. Frosty freezing container (Thermo Fisher Scientific,
USA), which decreases the temperature -1ᵒC/minute. Following 4-24 hours after
placed in -80ᵒC freezer, cryogenic vials were transferred and stored in liquid nitrogen
tank.

38

3.3.3. Cell Counting
Both SCLC cells or immune cells were counted on a Fuchs-Rosenthal Counting
Chamber (Hausser Scientific, USA). Briefly, the cells gently pipetted to avoid big
clumps and 10 μL of the cell suspension was mixed with 10 μL of 0.4% w/v trypan
blue solution. The mixture was loaded in between Fuchs-Rosenthal counting chamber
and cover slip via capillary action. The distance between the chamber and coverslip
is 0.1 mm and the area of the chamber is (0.1)2 mm2. Under a light microscope, cells
on 4 counting squares were counted (Figure 3.1) and the cell concentration was
calculated according to formula 3.1.

Figure 3.1. Lay-out of a Fuchs Rosenthal Counting chamber (311).
(3.1)
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3.3.4. Isolation of peripheral blood mononuclear cells (PBMCs)
Peripheral blood from SCLC patients and healthy donors was collected into
EDTA containing tubes and PBMCs were isolated by Ficoll gradient density
centrifugation. In detail, the blood samples were diluted at 1:1 v/v ratio serum-free
RPMI1640 medium. Then, it was slowly layered on the Ficoll-Paque Plus density
gradient media (density 1.077 g/mL) and centrifuged for 25 minutes at 400 g at RT.
After centrifugation, platelet + plasma layer was discarded with Pasteur pipette till 1
mL to the PBMC layer. The cloudy layer containing PBMCs was collected and washed
with PBS for 5 min at 1800 rpm at RT (Figure 3.2). After supernatant was discarded,
the PBMC pellet was re-suspended in 10 mL PBS and 10 μL of cell solution was taken
out for cell counting (section 3.3.3). PBMCs were washed for a second time with PBS,
and re-suspended in complete RPMI1640 medium.

Figure 3.2. Schematic representation of the PBMC isolation by density
centrifugation (312). At the post-spin phase of the process, PBMCs
appeared as an interphase over the Ficoll, whereas granulocytes located
beneath the Ficoll and red blood cells (RBCs) are accumulated at the
bottom of the tube.
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3.3.5. Cell purification
Fluorescence activated cell sorting (FACS): CD44+, CD44+CD90+
H69ADH/SC SCLC cells, PD-L1+ H82ADH or H69ADH cells, CD4+ or CD8+ T cells
from fresh PBMCs or TIM-3-LAG3- or TIM-3+LAG3+ CD8+ T cells from PBMCs cocultured with H69ADH/SC cells were sorted on a BD FACSAria II cell sorter (BD
Biosciences, USA) by using software FACS Diva V8.0.1 (BD). First, H69ADH cells
(section 3.3.1) or PBMCs (section 3.3.4) were harvested, following centrifugation of
the cells at 1800 rpm for 5 minutes at RT, the pellet was resuspended in 1 mL serumfree cell culture medium. The cells were labeled for 25 minutes at RT with appropriate
antibodies (e.g. anti-CD44, anti-CD90, and anti-PD-L1 for H69ADH or H82ADH
cells; anti-CD4, anti-CD8, anti-TIM-3 and anti-LAG3 for T cells) (Table 3.1). In the
meantime, the sorter was set with accudrop beads (BD Biosciences, USA) to a
convenient drop delay value. Complete culture growth medium was added to the tubes
and placed on the rack to collect sorter cell populations. The labelled cells were diluted
with complete culture growth medium and then filtered by 40 μm strainer, before
loading into the sorter.
For FACS or flow cytometric immunophenotyping, doublet discrimination for
the gating of singlet cells were performed. Doublet cells were excluded by plotting the
height (FSC-H) against area (FSC-A) values at forward scatter. The singlets were
scattered and further gated based on their size (FSC-A) and granularity (SSC-A). The
populations of interest were identified based on the staining with fluorochromelabelled antibodies.
For FACS, the gating strategies used to identify and isolate CD44+CD90+
H69ADH/SC cells (Figure 3.3), CD4+ and CD8+ T cells (Figure 3.4), PD-L1+
H69ADH cells (Figure 3.5), TIM-3-LAG3- and TIM-3+LAG3+ CD8+ T cells (Figure
3.6) were optimized. Following the sorting, the purity of isolated cells was determined
by re-running the samples on the flow cytometry. The sorted cells were centrifuged at
1800 rpm for 5 minutes at RT and resuspended in complete culture growth medium
for further assays.
For the depletion of monocytes through FACS, lymphoid cells from PBMCs
from healthy donors or SCLC patients were sorted according to size and granule
amount (FSC-A/SSC-A plot) after doublets were discriminated in FSC-A/FSC-H plot.
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Sorted cells were then verified as CD14- following labelled with α-CD14 mAb on a
flow cytometer.

Figure 3.3. The gating strategy used for the purification of CD44+CD90+
H69ADH/SC cells. In SSC-A and FSC-A plot, the SCLC cells were
gated according to size and granule amount. In FSC-A and FSC-H plot,
singlets were gated to discriminate doublets. According to CD44 and
CD90 gating, CD44+ CD90+ H69ADH population was determined and
sorted out with a purity >90%.

Figure 3.4. The gating strategy used for the purification of CD4+ and CD8+ T cell
subsets. In SSC-A and FSC-A plot, lymphoid cells were gated according
to size and granule amount. In FSC-A and FSC-H graph, singlets were
gated. CD3+ CD56- T cells were gated and CD4+ and CD8+ T cells were
sorted with a purity >95%.
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Figure 3.5. The gating strategy used for the enrichment of PD-L1+ H69ADH cell
subset. In SSC-A and FSC-A plot, a homogenous fraction of SCLC cells
were gated according to size and granule amount. In FSC-A and FSC-H
graph, singlets were selected. According to PD-L1 gating, PD-L1+
H69ADH population was determined and sorted out with purity >75%.

Figure 3.6. The gating strategy used for the enrichment of TIM-3+ LAG3+ and TIM3- LAG3- CD8+ T cell subset. In SSC-A and FSC-A plot, lymphoid
cells were gated according to size and granule amount. In FSC-A and
FSC-H graph, singlets were gated. CD3+ T cells were gated and TIM-3+
LAG3+ and TIM-3- LAG3- CD8+ T cells were sorted with purity >80%.
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Figure 3.7. The gating strategy used for the depletion of monocytes through FACS.
In FSC-A and SSC-A plot, the lymphoid cells were gated according to
size and granule amount while monocytes were gated out. The lymphoid
cells were then validated with CD14 antibody labelling.

Magnetic activated cell sorting (MACS): CD14+ monocytes were purified
from the PBMCs of healthy volunteers and SCLC patients based on the protocol given
by manufacturer (Miltenyi Biotech, Germany). Briefly, for each 107 PBMCs, the cells
were resuspended in 80 L of MACS buffer (PBS containing 0.5% BSA and 2 mM
EDTA) and 20 μL of CD14 Microbeads were further added into the cell suspension.
Followed by an incubation at 4C for 15 minutes; the cells were washed with 1-2 mL
buffer (for each 107 PBMCs) and centrifuged at 1800rpm for 10 minutes at 4C.
Supernatant was discarded and the pellet was resuspended in 500 μL buffer.
Meanwhile, an LS column was placed on the MACS separator and 3 mL MACS buffer
was used to cleanse and humidify the column. The cell suspension was then applied
onto the column. Un-labelled cells were passed through the column (monocytedepleted PBMCs) and the flow-through was collected if needed. The column was
rinsed with 3 mL MACS buffer for three times. Afterwards, the column was removed
from the separator and placed on a 15 mL tube. The plunger was compressed into the
column rigorously to flush out magnetically-labeled CD14+ monocytes. This step was
repeated with an additional 1 mL MACS buffer. Collected cells were centrifuged at
1800 rpm for 5 minutes at RT and resuspended in complete culture growth medium.
Purity of the magnetically sorted cells was assessed on an aliquot of cells with a
fluorescent-conjugated α-CD14 antibody and analyzed by flow cytometry (Figure 3.7)
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Figure 3.8. Monocytes from healthy donors or SCLC patients were purified through
MACS. Lymphocyte and monocyte distribution amongst PBMCs was
given by FSC-A, SCC-A and CD14+ distribution before and after
MACS.

3.3.6. Stimulation of SCLC cells with pro-inflammatory cytokines
SCLC cells (2x106/mL) were seeded in complete medium. After 6 hours for
suspension cells or overnight incubation for adherent cells which were checked to be
adhered in the flasks, the cells were cultured for 24 or 48 hours with pro-inflammatory
cytokines IFN-γ (150 ng/mL), IL-1β (100 pg/mL), IL-6 (5 ng/mL), and TNF-α (400
pg/mL). Then, these cells were harvested and used in further experiments.
3.3.7. Differentiation of SCLC cells into different lineages in vitro
Adherent cells were cultured in 12-well culture plates while suspension cells
were cultured in 15 mL tubes. Cells were initially cultured for 1-2 days in appropriate
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growth medium then it was replaced with differentiation media. The cells were
cultured for 21 days. The differentiation media was replaced in every 3 days.
Adipogenic differentiation: StemPro® adipocyte differentiation basal
medium and StemPro® adipogenesis supplement were mixed at 9:1 ratio to prepare a
100 mL stock differentiation medium. In order to avoid contamination, gentamycin (5
μg/mL) was added to the stock medium. For adipogenic differentiation, adherent cells
(104/cm2) were seeded in 12-well plates. Same number of suspension cells were
cultured in 1 mL differentiation medium in a 15 mL tubes.
Osteogenic differentiation: StemPro® osteocyte/chondrocyte differentiation
basal medium and StemPro® osteogenesis supplement were mixed at 9:1 ratio to
prepare a 100 mL stock differentiation medium. In order to avoid contamination,
gentamycin (5 μg/mL) was added to the stock medium. For osteogenic differentiation,
adherent cells (5x103/cm2) were seeded in 12-well plates. Same number of suspension
cells were cultured in 1 mL differentiation medium in a 15 mL tubes.
Chondrogenic differentiation: For chondrogenic differentiation, a micromass
suspension (8x105/50 μL) was prepared The cells were seeded to the plates as 5 μL
droplets (8-10 droplets/well). The plate was kept in 37ᵒC humidified incubator for 2
hours. StemPro® osteocyte/chondrocyte differentiation basal medium and StemPro®
chondrogenesis supplement were mixed at 9:1 ratio to prepare a 100 mL stock
differentiation medium. In order to avoid contamination, gentamycin (5 μg/mL) was
added to the stock medium. Then, cells were cultured in chondrogenesis differentiation
medium. Same number of suspension cells were cultured in 1 mL differentiation
medium in a 15 mL tubes.
Characterization

of

differentiation:

For

characterization

of

each

differentiation, differentiation media was removed and the samples were washed with
1X PBS. The cells were then fixed with 4% paraformaldehyde at RT for 30 minutes
and the samples were washed with 1X PBS for three times. The cells were then stained
with appropriate solutions; adipogenic: Oil red o for 10 minutes at RT, osteogenic:
Alizarin red for 3 minutes at RT, chondrogenic: Methylene blue for 10 minutes at RT.
The samples were washed with 1X PBS for three times again and monitored.
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3.3.8. Migration capacity of SCLC cells
Migration experiments were performed with Transwell® inserts having 8.0 µm
pore polycarbonate membrane (Corning, USA). The SCLC cells were resuspended in
1% FBS-containing RPMI1640 cell culture medium. Meanwhile, 24-well plate culture
wells were filled with 650 μL 10% FBS-containing cell culture medium; transwell
inserts were placed in the wells, the cells were put onto the insert (2x105 cells/100 μL).
After 16 hours of incubation, the cells migrated into the lower chamber were collected,
centrifuged and counted (section 3.3.3). Additionally, after the removal of medium
from the transwell, the cells located upper side of the polycarbonate membrane were
wiped away with cotton swabs. Then, polycarbonate membranes of the inserts were
fixed with 4ᵒC methanol and immersed in Giemsa stain and rinsed 3 times with 1X
PBS. Then, each polycarbonate membrane was cut carefully, placed on a microscope
slide and covered with a cover glass after a drop of entellan (Merckmillipore, USA)
and incubated for 1 hour. Then, all cells that have found on the lower membrane were
counted under light microscope. The total count (detached and found in the lower
chamber + bound to bottom of the membrane) was calculated and determined as
migrated cell number for each SCLC cell population.
3.3.9. Assessment of cell viability
PI exclusion test: Cisplatin and etoposide, common first-line chemotherapies
for SCLC patients were applied to the SCLC cells (NCI-H82, NCI-H69, H82ADH,
H69ADH) cultured in 24-well plates, overnight. The concentrations of the
chemotherapeutics were chosen between 0.625 μg/mL to 160 μg/mL while each dose
were applied by serial dilution of reducing the higher concentration into half. The cells
were incubated with the drugs for 48 hours. After incubation, they were collected into
flow tubes and washed and resuspended in 100 μL of CellWASH™ solution.
Incubated for 5 minutes in dark after 5 μL of PI (final concentration, 25 ng/mL) were
added into the tubes. The cells were washed with 1 mL CellWASH™ solution and
centrifuged at 1800 rpm for 5 minutes at RT. Lastly, the cells were resuspended in 150
μL of CellWASH™ and analyzed by flow cytometry (section 3.5).
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3.3.10. Co-cultures
SCLC-21H, NCI-H82, NCI-H69, H82ADH, H69ADH and H69ADH/SC cells
were seeded in complete RPMI1640 culture medium in either 24-well plates or 96well round bottom plates. Co-cultures of SCLC cells with immune cells were mainly
performed with isolated PBMCs (Section 3.3.4), monocyte-depleted PBMCs (Section
3.3.5), or with purified CD4+ or CD8+ T cells (Section 3.3.5). For the co-cultures,
SCLC cells were seeded at different ratios (0.125:1, 0.25:1, 0.5:1, 1:1, 2:1, 4:1 by
taking the number of immune cell subset as constant “1” where constant “1” represent
the convenient number of cells for the culture plates and preferred immune cell subset
(for PBMCs or monocyte-depleted PBMCs in 96-well plates 105/well; in 24-well
plates 5x105; for CD4+ or CD8+ T cells; in 96-well plates 2.5x104 cells/well). The cocultures were initiated after overnight incubation of SCLC cells so that adherent cells
retrieve their physiological character. Immune cells on the other hand, were labeled
with proliferation trackers (CFSE or eFluor670) (section 3.5.2) if required and were
stimulated with α-CD3 mAb (25 ng/mL) just before the co-culture to give the first
signal to T cells.
For 24 well format, 1.25x105 SCLC cells/well were incubated in 300 μL
complete RPMI1640 cell culture medium overnight. In the meantime, healthy donor
PBMCs were resuspended with complete RPMI1640 cell culture medium overnight
and stimulated with 50 ng/mL human α-CD3 mAb. PBMCs were plated in U-bottom
96-well plates as 1.67x105 cell/well in 120 μL and cultured for 24 hours. After 24
hours, primed PBMCs were collected and each 5x105 PBMCs in 300 μL were
transferred to a 24-well plate containing the cultured SCLC cells. Thus, the
concentration of α-CD3 mAb became 25 ng/mL in the co-cultures. The co-cultures
were incubated for 72 hours, then the cells were collected (adherent cells by Accutase
treatment in order not to disrupt surface proteins such as PD-L1 and PD-L2). In
addition, when the PBMCs were added on SCLC cells, 5 μg/mL monoclonal IFN-γ
antibody (clone B27) or 5 μg/mL IgG isotype antibody were added to co-cultures.
Instead of 72 hours, the co-cultures were terminated after 48 hours.
In another co-culture setup to understand PD-1/PD-L1 based immune
suppression by IFN-γ-treated SCLC cells, purified CD8+ T cells were co-cultured with
SCLC cells that were stimulated with IFN-γ for 48 hours. In the meantime, PBMCs
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were isolated from healthy donors and primed with α-CD3 for 24 hours, in 96 well
plates. After 24 hours of priming, PBMCs were collected and labelled with α-CD8 and
α-CD56 (section 3.3.5). The CD8+ T cells sorted out of primed PBMCs were stained
with eFluor670 cell proliferation dye (section 3.5.2). Meanwhile, SCLC cells were
collected and plated at different ratios (0.25:1, 1:1, 4:1; wherein CD8+ T cells represent
the constant “1” as 2.5x104 cells) in 96-wells and cultured for 5-6 hours for adherence
until the CD8+ T cells were added to the culture. After 72 hours of co-culture together
with 25 ng/mL α-CD3 mAb, the cells were collected into 5 mL flow tubes and stained
with PI (section 3.3.9). Thus, proliferation and viability of CD8+ T cells and SCLC
cells were analyzed by flow cytometry.
In order to assess re-stimulation capacity of CD8+ TIM-3+ LAG3+ cells
following staining with CFSE (section 3.5.2), TIM-3- LAG3- and TIM-3+ LAG3+ subpopulations were distributed in 96-well plate (2.5x104 cells/well) and further incubated
with plate-bound anti-CD3 mAb together with anti-CD28 mAb (2 μg/mL) or PBMCs
isolated from a healthy donor (6250 cells/well to create a 0.25:1 PBMC:CD8+ T cell
ratio), or healthy monocytes (section 3.3.5) (3125 cells/well to create a 0.125:1
monocyte:CD8+ T cell ratio). Following 72 hours of incubation, CD8+ T cells were
gated and proliferation was assessed based on CFSE dilution by flow cytometry.
Alternatively, back-sorted CD8+TIM-3+LAG3+ and CD8+TIM-3-LAG3- cells were restimulated with PMA (5 ng/mL) and ionomycin (2 𝜇g/mL) for 16 hours and
supernatants were collected.
In order to assess the functionality of SCLC patient-derived monocytes and
monocyte-depleted PBMCs, PBMCs were isolated from both SCLC patients and
healthy donors (section 3.3.4). Monocytes were isolated through CD14 MACS
separation (section 3.3.5) while monocyte-depleted PBMCs were obtained by FACS
according to FSC/SSC distribution (section 3.3.5). CD4+ T cells from healthy donor
PBMCs were also collected through FACS (section 3.3.5). CD4+ T cells from healthy
donors and monocyte-depleted PBMCs from both SCLC patients and healthy donors
were stained with eFluor670 proliferation dye (section 3.5.2). Co-cultures were
established by mixing the monocytes with monocyte-depleted PBMCs at a 1:9 ratio
(where “1” represent 104 cells/well). Similarly, both monocytes from healthy donors
and monocytes from SCLC patients were co-cultured with CD4+ T cells obtained from

49

healthy donors at 0.125:1, 0.25:1 and 0.5:1 monocyte:CD4+ T cell ratio (where ”1”
represent 2.5x104 cells/well). The co-cultures were incubated for 72 hours in the
presence of 25 ng/mL α-CD3 mAb stimulation and proliferation of lymphocytes were
assessed by flow cytometry (section 3.5.2).
Table 3.2. Clinical status of peripheral blood collected SCLC patients

3.3.11. Cultures in condition media
SCLC cells (SCLC-21H, NCI-H82, NCI-H69, H82ADH and H69ADH) were
seeded in fresh complete RPMI1640 cell culture medium and cultured in T25 flasks
with the 2x106cells/mL concentration. The cells were cultured for 24 hours.
Afterwards, the medium was collected and centrifuged at 1800 rpm for 5 minutes at
+4ᵒC. Meanwhile, CD14+ monocytes were isolated through CD14 MACS from
healthy donors (section 3.3.5). The monocytes isolated through MACS were
resuspended as 106 cells/500μL complete RPMI1640 medium. Then, 500 μL of the
freshly collected SCLC supernatants was added into each tube containing monocytes.
Following incubation for 24 and 48 hours, the cells were collected and used for
immunophenotyping (section 3.5.1).
3.4. Molecular Techniques
3.4.1. Total RNA Isolation
SCLC cells were treated with pro-inflammatory cytokines at ED50
concentrations (IFN-γ, 150 ng/mL; IL-1β, 100 pg/mL; IL-6, 5 ng/mL; TNF-α, 0,4
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ng/mL) indicated by the manufacturer for 24 or 48 hours. RNA isolation from
stimulated and control SCLC cells were done via RNeasy Mini Kit (Qiagen, ABD)
according to the manufacturer’s instructions. In detail, cells were centrifuged for 5
minutes at 1800 rpm, the supernatants were discarded and the cells were washed with
PBS for 5 minutes at 1800 rpm. Pellet was dissolved with 450 μL of RLT buffer
containing 1% v/v β-mercaptoethanol by rigorous pipetting, followed by harsh
vortexing for complete lysis. Ethanol (EtOH) 450 μL, 70% v/v was added by gently
pipetting and 450μL of the mixture was transferred to the spin columns and centrifuged
at 10000 rpm for 20 seconds at 4ᴼC. Later, 700 μL RW1 solution was added to the
column and centrifuged at 10000 rpm for 20 seconds at 4ᴼC. Buffer RPE, 500 μL,
containing 100% EtOH was added to the column and centrifuged at 10000 rpm for 20
seconds at 4ᴼC. The step was repeated with 500 μL buffer RPE with a centrifugation
at 13000 rpm for 4 minutes at 4ᴼC. The collection tubes were changed with the new
ones and the columns are centrifuged with 13000 rpm for 1 minute at 4ᴼC and
transferred onto RNAse/DNAse-free 1.5 mL tubes and 30 μL elution buffer or
RNAse/DNAse-free ultra-pure water was added to the columns. The columns were
kept at room temperature with open lids for 1 minute and centrifuged at 10000 rpm for
1 minute at 4ᴼC. RNA samples were stored at -80 ᴼC.
3.4.2. RNAse-free DNAse treatment
Single-and double-strand residual genomic DNA were removed by using RNA
Clean & Concentrator Kit (Zymo, ABD). Briefly, 20 μL 10X DNA digestion buffer, 5
μL DNAse I and 145 μL RNAse/DNAse-free water was added to the RNA samples
and kept at room temperature for 30 minutes. Later on, 2 volumes (400 μL) of RNA
Binding Buffer was added. EtOH (600 μL 96%) was added and mixed by pipetting.
The samples then transferred to the Zymo-Spin™ V-E Columns in two steps (600 μL
in each step) and columns were centrifuged at 13000 rpm for 1 minute. In each step,
the flow-through in the collection tube was discarded. 400 μL RNA Prep Buffer was
added and centrifuged at 13000 rpm for 1 minute and the flow-through in the collection
tube was discarded. RNA Wash Buffer (700 μL; 52mL 96% EtOH added before use
as in the manufacturer’s protocol) was added and centrifuged at 13000 rpm for 30
seconds and the flow-through in the collection tube was discarded. Again, 400 μL
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RNA Wash Buffer was added to the columns and centrifuged at 13000 rpm for 2
minutes. Columns were transferred onto RNAse/DNAse-free 1.5 mL tubes and 20-30
μL elution buffer or RNAse/DNAse-free ultra-pure water was added to the columns.
Columns were kept at room temperature with open lids for 1 minute and centrifuged
at 13000 rpm for 1 minute at 4ᵒC. RNA samples were stored at -80 ᴼC. Removal of
residual DNA was determined with PCR (section 3.4.5). If residual DNA was detected,
the DNase treatment was repeated for those samples.
3.4.3. Quantification of isolated RNA
The concentration and purity of isolated RNA was measured by UV
spectrophotometry (NanoDrop ND-1000, USA) at 230 nm, 260 nm, and 280 nm. The
quality of RNAs was determined based on the value of A260/A280 and A260/A230.
3.4.4. cDNA synthesis
cDNA synthesis was performed with RevertAid First Strand cDNA Synthesis
Kit (ThermoFisher, USA). Briefly, 1μL of oligo(DT)18 primers were added to the 500
ng RNA samples and the mixture was diluted to 12 μL with RNAse/DNAse-free water.
The mixture was kept at 65ᴼC for 5 minutes in the ARKTIK thermal cycler
(ThermoFisher, USA). Later on, 5μL 5X Reaction Buffer (1X final concertation),
1mM dNTP, 1 U/μL RiboLock RNase Inhibitor and 10 U/μL RevertAid Reverse
Transcriptase were added. The mixture was incubated in the thermal cycler at 42oC for
60 minutes and then 70oC for 10 minutes. cDNA products were stored at -20°C.
3.4.5. Polymerase chain reaction (PCR)
Each reagent was thawed on ice. A master PCR mix was prepared for the
amplification of each gene (table 3.3) and then distributed for each sample into a 200
μL tube after a brief vortex. Detailed composition of PCR mix and the primer
sequences for each gene are given in table 3.2 and table 3.3., respectively. The reaction
then was set upped according to the following conditions at the thermal cycler (Table
3.4).
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Table 3.3. PCR components and reaction mix

Table 3.4. Primer sequences of genes of interests with product size and gene
information.
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Table 3.5. Thermal cycler program for PCR reaction

3.4.6. Semi-quantitative real-time PCR
Semi-quantitative RT-PCR experiments were performed by using iTaq™
Universal SYBR® Green Supermix (Bio-Rad, USA) in the CFX Connect™ RealTime PCR Detection System (Bio-Rad, USA). A master PCR mix was prepared for
each gene according to manufacturer’s suggestions (Table 3.5) and the reaction was
set upped thermal cycler protocol for RTPCR was designed (Table 3.6). Relative gene
expression profile of genes of interests were analyzed according to the formula given
by Formula 3.2. To summarize, target gene expression of immune modulators in SCLC
cell lines upon different stimulations were normalized to the unstimulated control of
the cell line. 𝛽-actin was used as a reference gene.
Table 3.6. q-RT PCR Mix
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Table 3.7. Thermal cycler program for semi-quantitative RT-PCR reaction

3.4.7. Agarose gel electrophoresis
Agarose gel (2% w/v) was prepared in appropriate volume for the
electrophoresis tank be used, by mixing agarose and 1% TBE buffer. Prepared mixture
was microwaved until the agarose roughly melted and became homogenous. The
solution was cooled for 15-20 seconds by washing the beaker by cold water. After
mixing with of ethidium bromide (final concentration, 10 mg/mL) the agarose solution
was poured on to a tray with sealed sides and a comb placed on it. Bubbles were
removed with a pipette tip. After the gel was solidified, the comb was removed and
the tray was placed into the tank filled with 1X TBE buffer. PCR samples (10-15μL)
and 50bp DNA size marker (Thermo Fisher Scientific, USA) was prepared to contain
1X DNA loading dye (Thermo Fisher Scientific, USA) were loaded to the gel. The
products were ran for 40-60 minutes. PCR products were visualized and documented
under UV light (Kodak gel Logic 1500 digital imaging system, Carestream Health,
USA).
3.4.8. Next generation sequencing (NGS) based transcriptomic analysis
RNAseq based transcriptomic analysis was performed by Assist. Prof. Dr.
Ekim Z. Taşkıran and Dr. Beren Karaosmanoğlu from the Hacettepe University
Faculty of Medicine, Department of Medical Genetics. RNA samples from pulmonary
alveolar epithelial cells (PAEpiC) type II cells (Sciencell, USA), SCLC-21H, NCIH82, NCI-H69, H82ADH, H69ADH, H69ADH/SC, mesenchymal stem cells (MSC)
(ATCC, USA) were obtained (3.4.1) and used. Simply, cDNA was synthesized from
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10 ng RNA by VILO Superscript cDNA synthesis kit (ThermoFisher, USA). For
obtaining cDNA libraries, ultra-high multiplex PCR was performed from the cDNA
with Ion AmpliSeq™ Human Gene Expression Panel (Illumina, USA) primer pool.
The process was performed for amplification and barcoding in the Ion Chef
(ThermoFisher, USA) instrument. Each library from different samples was specifically
barcoded with a different set of sequence. After barcoding and combined emulsion
PCR at the Ion Chef, cDNA libraries were clonally amplified by Ion PI Hi-Q OT2 200
kit (ThermoFisher, USA) in the Ion Proton device. For the analysis, the sequencing
data were processed by the Torrent Suite analysis pipeline with plug-in codes on the
torrent server. Raw reads were mapped to the human genome assembly hg19
AmpliSeq Transcriptome version by Torrent mapping alignment program. The raw
data were normalized by the "read per millions" method. Differentially expressed
genes (DEG) were determined with DESeq2, 8 fold and above changes were
considered as significant and samples were analyzed comparatively by using gene
families obtained from KEGG or GO pathways (313) or gene lists from literature that
defines functional characteristics of samples.
3.5. Immunological Assays
3.5.1. Flow cytometric immune phenotyping
The surface expression of B7 ligand family members (B7-1 (CD80), B7-2
(CD86), B7-H1 (PD-L1), B7-H2 (ICOS-LG), B7-DC (PD-L2), B7-H3, B7-H4, B7H5 (VISTA) and B7-H6) were assessed on SCLC cell lines (NCI-H82, NCI-H69 and
SCLC-21H) under control cell culture or after stimulation with pro-inflammatory
cytokines for 24 hours (section 3.3.5). In addition to NCI-H82, NCI-H69 and SCLC21H cell lines, H82ADH and H69ADH cells were investigated for PD-L1 and PD-L2
expression in the presence or absence of IFN-γ stimulation together with stem cellrelated markers CD44 and CD90.
For immunophenotyping, the cells were collected and centrifuged upon
addition of 1-2 mL CellWASH™ at 1800 rpm for 5 minutes. After the removal of
supernatants, the cells were resuspended in 100 μL of CellWASH™, incubated with
the monoclonal antibodies for 30 minutes at room temperature or 40 minutes at 4ᵒC.
Following, washing with 1-2 mL CellWASH™ and centrifugation at 1800 rpm for 5
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minutes at 4ᵒC. The cells were analyzed on a flow cytometer (FACSAria II, BD
Biosciences, USA). For detail analysis to distinguish the cell populations which were
positive for specific markers were performed on FlowJo software (FlowJo LLC, USA).
B7 ligand family members; B7-1 (CD80), B7-H1 (PD-L1), B7-DC (PD-L2)
and B7-H3 were assessed on SCLC cell lines; NCI-H82, NCI-H69 and SCLC-21H
upon co-cultured with isolated PBMCs in the presence of human α-CD3 (clone HIT3a)
for 96 hours (section 3.3.10). The cells were then incubated with the monoclonal
antibodies targeting B7 ligand family, and also human α-CD45 antibody to distribute
immune cells and cancer cells. Similarly, shorter co-culture periods in 24-well plate
for immunophenotyping of SCLC cells were performed as described in section 3.3.10
and later the cells were incubated with α-CD45, α-PD-L1 and α-PD-L2 antibodies
(Figure 3.8).

Figure 3.9. Gating strategy to analyze B7 ligand family members on SCLC cells in
the co-cultures. Target cell population was gated according to FSC-A,
SSC-A distribution and the doublets were discriminated in FSC-A, FSCH plot. CD45- were gated as SCLC cells.

For T cell activation, the cells were collected and transferred to 5 mL flow
tubes from the co-cultures at 24th hour or 96th hour. They were washed with 1-2 mL
CellWASH™ and centrifuged at 1800 rpm for 5 minutes. After the removal of
supernatants, the cells were resuspended in 100 μL of CellWASH™. The cells were
then incubated with the monoclonal antibodies targeting CD25, CD69, 4-1BB, CD38,
IL10RA, PD-1, CTLA-4, TIM-3 and LAG3 molecules (Table 3.1) together with T cell
lineage antibodies α-CD3, α-CD8 and α-CD4.
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Lysosomal-associated membrane protein 1 (LAMP-1) known as CD107a
normally resides across lysosomal membranes in non-degranulating cells (314).
However, when cells start to degranulate, granule vesicles carrying e.g. cytotoxic
cytokines such as Granzyme B also consist of CD107a in the inner membrane (315).
When granule vesicles fuse with cell membrane and release their contents, CD107a
expression can be detected on the cell surface. Since it is rapidly reinternalized by the
endocytic pathway, Golgi Stop Monensin (BioLegend, USA) was used for the last 6
hours of 24 hours of stimulation to inhibit endocytic pathway to maximize CD107a
detection. Monensin prevents the degradation and acidification of endocytosed
CD107a-antibody complexes. Additionally, monoclonal α-CD107a antibody was
added to the co-culture at 1:50 dilution for the last 6 hours of 24 hours to detect the
cytotoxicity in a period of time. After incubation, cells were collected and washed with
1-2 mL CellWASH™ and centrifuged for 5 minutes at 1800 rpm. Then, additional
labelling with α-CD8 mAb was performed.
The monocytes that were cultured in the conditioned media collected from
SCLC cells (section 3.3.11) were harvested and labelled with mAb targeting CD80,
CD86, ICOS-LG (B7-H2), PD-L1, PD-L2 and HLA-DR.
3.5.2. Tracing the proliferation of T cells
PBMCs, monocyte-depleted PBMCs, CD8+ or CD4+ were counted. Each 5x106
cells were resuspended in 1 mL serum-free RPMI1640 and stained with eFluor670 dye
at a final concentration of 5M. The tubes containing cells were incubated for 10
minutes at room temperature in dark. After incubation, 5-6 mL complete RPMI1640
cell culture medium taken from +4ᵒC was added to the tube and placed on ice for 5
minutes in dark. Then, it was filled with cold complete RPMI1640 cell culture medium
and centrifuged at 1800 rpm for 5 minutes at 4ᵒC. After supernatant removal, the tube
was filled with complete RPMI1640 medium and re-centrifuged. The cells were
stimulated with human α-CD3 mAb and distributed to the 96-well plates to co-culture
them with SCLC cells. Following 96 hours of co-culturing (section 3.3.10), cells were
collected and labelled with additional markers (section 3.5.1) in dark. Percentage of
proliferation was then analyzed on a flow cytometer by gating out the undivided cells
as the brightest peak.
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Similarly, CD8+TIM-3+LAG3+ and CD8+TIM-3-LAG3- cells sorted from the
PBMC and H69ADH/SC cells co-culture were collected by centrifugation (at 1800
rpm for 5 minutes). Each 5x106 cells were resuspended in 1 mL serum-free RPMI1640
and stained with CFSE dye at a final concentration of 5 μM. The tubes containing the
cells were incubated at 37ᵒC for 15 minutes in dark. After incubation, 5-6mL complete
RPMI1640 medium taken from +4ᵒC was added and the tube was placed on ice for 5
minutes in dark. Then it was filled with cold complete RPMI1640 and centrifuged at
1800 rpm for 5 minutes at +4ᵒC. After supernatant removal, the tube was filled with
complete RPMI1640 cell culture medium and centrifuged at 1800 rpm for 5 minutes
at +4ᵒC again.
3.5.3. Multiplex Bead-based Flow Cytometric Cytokine Assay
SCLC cells (SCLC-21H, NCI-H82, NCI-H69, H82ADH, H69ADH,
H69ADH/SC) and PBMCs that were co-cultured in the presence of α-CD3 mAb for
96 hours (section 3.3.10) were collected and centrifuged at 1800 rpm for 5 minutes at
+4ᵒC.
Similarly, back-sorted CD8+TIM-3+LAG3+ and CD8+TIM-3-LAG3- cells upon
co-culture with H69ADH/SC (section 3.3.10) were incubated with PMA (5ng/mL) and
ionomycin (2 𝜇g/mL) for 16 hours. Then, the cells were collected and centrifuged at
1800 rpm for 5 minutes at +4ᵒC. The supernatants were carefully collected on ice and
stored at -80ᵒC.
Collected supernatants from the co-cultures of SCLC with PBMC, SCLC with
CD8+ cells or from the culture of PMA/ionomycin stimulated CD8+ cells were
analyzed with LEGENDplex™ Human CD8/NK Panel (BioLegend USA) testing the
soluble mediators IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-γ, TNF-α, soluble Fas, soluble
FasL, granzymeA, granzymeB, perforin, and granulysin. Supernatants from the cocultures of SCLC and PBMC, SCLC with CD8+ cells were diluted 1:1 in serum-free
RPMI1640 medium. The assay was performed according to the manufacturer’s
protocol. Briefly, all the reagents were warmed to room temperature prior to use. In 5
mL tubes, 25 μL supernatant sample, 25 μL assay buffer, 25 μL pre-mixed beads, and
25 μL detection antibodies were mixed thoroughly. The tubes were placed on a rack
and covered with aluminum foil completely to protect the tubes from direct light. Rack
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was placed on a shaker (~1,000 rpm) and incubated for 2 hours at room temperature.
After the incubation, 25 µL streptavidin-phycoerythrin (SA-PE) was added to each
tube. The rack was covered with aluminum foil again and incubated on the shaker for
additional 30 minutes. The tubes then were centrifuged for 5 minutes at 1000 x g.
Supernatant was removed and the pellets were resuspended in 200 μL of 1X Wash
Buffer. After one more centrifugation step for 5 minutes at 1000 x g, the beads were
resuspended in 200 μL of 1X Wash Buffer and read on flow cytometer. The amount
of cytokines were then analyzed according to mean fluorescence intensity (MFI)
values by using the data analysis software (LEGENDplex kit component).
3.6. In vivo tumor formation capacity of SCLC cells
SCLC cells (NCI-H82, H82ADH, NCI-H69, H69ADH) were suspended in
serum-free RPMI1640 medium at different concentrations (5x106/mL, 2x107/mL and
108/mL) and injected in 100 μL subcutaneously. Eight week-old CD1-nude mice
(Kobay A.Ş., Turkey) were used. Suspension cells were injected on the right flank
from top to bottom as 5x105, 2x106 and 107 cells, respectively while adherent cells
were injected on the left flank from top to bottom as 5x105, 2x106. Mice were followed
for 6 weeks for tumor formation. Mice were kept in individually ventilated cages and
fed with libitium food and sterile water. The room in which the mice located was
environmentally controlled on a 12:12 h dark:light cycle. The animal work performed
in this thesis work was approved by Kobay DHL A.Ş. Ethics Committee (Doc.
Nr.:251).
3.7. Immunohistochemistry (IHC)
Paraffin-embedded tumor infiltrated lymph nodes of SCLC patients were
evaluated for PD-1, TIM-3, LAG3 and PD-L1 expression by IHC. The experiments
were performed in Department of Pathology at Ankara Atatürk Göğüs Hastalıkları ve
Göğüs Cerrahisi Eğitim ve Araştırma Hastanesi under the supervision of Prof. Dr.
Funda Demirağ. Briefly, 4 μm thick sections were cut from paraffin-embedded tissues
and placed on polylysine microscope slides. Deparaffinization, dehydration and
blocking of endogenous peroxidase activity were performed. After washing of the
slides, protein blocking procedure was performed. Slides were incubated with primary
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antibodies (anti-PD-L1, for 20 minutes in 1/100 dilution; anti-PD-1, for 20 minutes in
1/250 dilution; anti-TIM-3, for 10 minutes in 1/1500 dilution; anti-LAG3, for 20
minutes in 1/625 dilution) (Table 3.1). After a second washing step, slides were
incubated with secondary antibodies and followed by streptavidin-biotin complex
incubation. Finally, horseradish peroxidase (HRP) - 3,3′-Diaminobenzidine (DAB)
chromogen complex was added. Then, hematoxylin counter-staining was performed,
the microscope slides were covered with cover slips. The staining of target molecules
was observed under conventional light microscopy and documented.
3.8. Statistical Anaylsis
Results were obtained from at least three independent experiments or as
triplicates. Mann-Whitney U test, student’s paired or unpaired t tests, ANOVA or Chisquare tests were used where appropriate to show the statistical differences. When p
values were found as ≤0.05, the differences were considered as statistically significant.
Throughout these statistical analyses, mean values were presented together with
standard deviation (SD) or standard error (SE).
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4. RESULTS
4.1. SCLC cells consist of heterogeneous subpopulations
4.1.1. Stemness-associated subpopulations in SCLC cell lines
Primary tumor cells isolated from SCLC patients or established cell lines tend
to grow in suspension cultures and form aggregates. Yet, the possibility of obtaining
adherent subclones from some suspension cultures are described in the literature (23,
70). Adherent SCLC cells have been described with mesenchymal and stemness
characters (23). Cancer stem cell markers were reported to be expressed by the
adherent SCLC subclones (23). Accordingly, the cell lines, SCLC-21H, NCI-H82 and
NCI-H69, used in this study grew in suspension as large aggregates (Figure 4.1.A).
When live cells were let in a contact with culture surface, adherent cells were emerged
in NCI-H69 and NCI-H82 cells, and they could be cultured as adherent cells (r.e.
H69ADH and H82ADH) (Figure 4.1.B). Interestingly, the adherent cells where grew
in tight cultures formed bud-like cell aggregates that lost adherence (Figure 4.1.B).
These cells that re-grew in suspension were viable and could be cultured. Next, the
percentage of SCLC cells that carry CD44 and/or CD90 stem cell-associated markers
were determined (Figure 4.2). CD90 expression was more common than CD44 on
SCLC cells (CD90+, 65.4±2.4% on SCLC-21H; 55.5±2.4% on NCI-H69; 75.4±7.1%
on H69ADH, 64.8±7.3% on NCI-H82; 67.1±3.9% on H82ADH) (Figure 4.2). On the
other hand, the percentage of CD44+ cells was ranged between 4.5-16.3 (Figure 4.2).
The SCLC cells co-expressing CD44 and CD90 was notable amongst H69ADH cells
(14.6 ± 3.8%) while their percentage amongst in other cell populations was <5%
(Figure 4.2). CD44+CD90+ H69ADH population was isolated and cultured as stem cell
subclones (H69ADH/SC) (Figure 4.1.C).
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Figure 4.1. Representative micrographs from (A) SCLC-21H, NCI-H82, NCI-H69
cell line in suspension, (B) adherent subpopulation H82ADH and
H69ADH, (C) CD44+CD90+ cells isolated from H69ADH cells are given
(bud-like cell clusters in suspension).
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Figure 4.2. CD44 and CD90 distribution of SCLC cell populations. (A) Cultured cells
were labelled with monoclonal antibodies and analyzed with flow
cytometry. (B) Expression percentage of CD44+, CD90+, CD44+CD90+
((* p<0.05, ** p<0.01, n ≥ 5).

4.1.2. Interchange between adherent and suspension cells
In order to understand the dynamics of conversion between suspension cells
and adherent cells together with H69ADH cells (CD44+ enriched) were cultured for
two subsequent passages (6 days/passage). In detail, culture of parental SCLC cell
lines and adherent subclones were plated on 24-well plate and cultured for 6 days.
Thus, adherent SCLC cell cultures were initially started with 100% adherent cell ratio
while parental cell lines were began at 0% ratio. After 6 days of culturing, both
suspension and adherent fractions were counted and adherent cell percentage in the
culture was determined. After separation of adherent and suspension cell fractions
from a culture, a subsequent six days culturing were set and adherent cell percentage
was determined again. Adherent cells isolated and cultured give rise to suspension
cells so the suspension cells in culture are increased over time. On the other hand,
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CD44+ enriched cells which adhered to the flask with spindlier shape and give rise to
less suspension cells in the culture. As mentioned in section 4.1.1. as well, adherent
cells were emerged from culture of suspension cells with a contact to culture flask. In
the first passage, 0.79±0.16% and 4.11±0.59% adherent cells were found in cultures
of NCI-H69 and NCI-H82 cell lines, respectively. These percentages were down to
0.1% in the culture of NCI-H69 while remained approximately 5% for NCI-H82 cell
line. On the other hand, adherent cell percentage were decreased to 22.79±4.34% and
57.64±5.57% for H69ADH and H82ADH, respectively in the first passage, which was
even dropped to 7.51±2.97% and 15.08±3.11% in the second passage (Figure 4.3). On
the other hand, adherent percentage of CD44+ H69ADH remained still in between 5060% for both passages (Figure 4.3).

Figure 4.3. Adherent cell percentages of cultured SCLC cells for two consecutive
passages for 6 days. In every culture well, suspension and adherent cells
were collected separately and adherent cell percentage in culture were
calculated. Later, suspension cells collected in the first passage of SCLC
cell lines and adherent cells collected from the adherent subpopulations
were cultured for a second passage and the experiment repeated for
another 6 days (n=3).
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4.1.3. Sensitivity of SCLC suspension and adherent subclones to cisplatin
and etoposide
In order to understand the chemotherapeutic sensitivity in SCLC cell subclones
(adherent and suspension), viability of SCLC cell subsets upon incubation with
cisplatin or etoposide, a common first-line chemotherapeutics (35), respectively in
SCLC, were determined. Cisplatin resulted with decreased SCLC viability under 60%
in NCI-H82 and H82ADH, 50% in NCI-H69 and H69ADH when cisplatin
concentration was selected as 40 μg/mL (Figure 4.4). On the other hand, viability of
SCLC cells upon etoposide administration remained around 80% for all subclones. No
difference was observed between SCLC cell lines and adherent SCLC cells (Figure
4.4).
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Figure 4.4. Viability of SCLC cell subclones A) NCI-H69 and H69ADH, B) NCIH82 and H82ADH upon cisplatin or etoposide incubation for 48 hours.
Overnight plated SCLC cells were cultured with cisplatin or etoposide
for 48 hours and stained with PI. Viable cell percentage were determined
in flow cytometry (n=2).
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4.1.4. Transcriptomic profile of SCLC subclones
Transcriptome analysis was performed on SCLC subclones and compared with
RNA sample obtained from type II pulmonary alveolar epithelial cells (AECII) which
are acknowledged as one of the origin cell type for SCLC. In addition, mesenchymal
stem cells (MSC) were used to compare established features of mesenchymal and
stemness character. Both global heatmap cluster (Figure 4.5.A) and principal
component analysis (PCA) (Figure 4.5.B) revealed the heterogeneity amongst SCLC
cell lines that represented a significantly altered gene expression profile with a high
variance ratio. Expectedly, parental cell lines displayed a close profile to that of their
adherent subclones (including H69ADH/SC). NCI-H69 cell subclones compared to
AECII and MSC transcriptome, NCI-H69, H69ADH and H69ADH/SC were
characterized to bear epithelial (AECII) to mesenchymal (MSC) signatures,
respectively (Figure 4.5.C). Additionally, global heatmap cluster and PCA indicated
that two adherent subclones H69ADH and H69ADH/SC were closer to each other
while H69ADH/SC and NCI-H69 were distant counterparts in terms of transcriptomic
profile. Indeed, 2359 transcripts between H69ADH/SC and H69ADH, 2436 transcripts
between H69ADH and NCI-H69, 4397 transcripts between H69ADH/SC and NCIH69 was identified with above 8-fold difference, respectively (Figure 4.5.D).
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Figure 4.5. RNA samples obtained from SCLC subclones, AECII and bone-marrow
derived MSCs were analyzed by NGS. A) Global heatmap, B,C) PCA
analysis, D) Venn diagram of DEGs for NCI-H69 and subclones.

Gene set enrichment (GSE) analysis indicated that adherent subclones (esp.
H69ADH/SC which was enhanced by cancer stem cell markers, CD44 and CD90) had
a mesenchymal-like and stemness-associated profile while SCLC cell lines displayed
a neuronal differentiated phenotype. In detail, NCI-H69 had upregulated the gene
expression which are involved in system process which implies a differentiated
phenotype, neurological system process, G-coupled receptor pathway, ion transport,
cell-cell signaling, synapse and regulation of metabolic transport compared to
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H69ADH or H69ADH/SC (Figure 4.6). The scores of differences of NCI-H69 were
higher with H69ADH/SC than with those of H69ADH. On contrary, compare to NCIH69, H69ADH and H69ADH/SC had an epithelial-mesenchymal transition state with
induced extracellular matrix organization and adhesion, which indicate pronounced
ability to migrate; upregulated stem cell markers and capacity to respond external
stimuli; to regulate immune system process (Figure 4.6). Expectedly, H69ADH had a
character associated with neuronal lineage with more cell-to-cell signaling and
synapses compared to H69ADH/SC, while H69ADH/SC had slightly induced
stemness, regulation of extracellular matrix and adhesion related gene expression
profile (Figure 4.6). These results were further validated with both mesenchymal or
stemness-related signature genes where MSCs have at least 24-fold increased
expression than AECII. Almost all signature genes was upregulated to a similar level
to that of MSCs in H69ADH/SC while these genes were lesser extend in H69ADH
(Figure 4.7). Only a few of these genes were found at significant levels in NCI-H69
cells (Figure 4.7). To sum up, the transcriptomic profile of NCI-H69 cells had a close
resemblance to AEC type II cells in terms of mesenchymal or stemness characters.
Nevertheless, H69ADH and specifically its CD44+CD90+ subclone displayed MSCrelated genes.
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Figure 4.6. GSE anaylsis of DEGs amongst NCI-H69 and its subclones. GSE was
performed using the H, C2, C5 and C7 gene sets in the MSigDB
database. A ranking metric was calculated for each gene sets as R =
−log10(q), where q is the FDR-adjusted P value.

71

Figure 4.7. Heatmap of A) mesenchymal-associated and (B) stemness-related genes
that are upregulated for at least 24-fold in MSCs compared to AEC type
II cells. Read-per-million values were normalized in 256-bit numeric
system and heat-mapped by using R programming language.
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4.1.5. Adipocyte, chondrocyte and osteocyte differentiation capacity of
NCI-H69 and H69ADH cells
Differentiation of NCI-H69 and H69ADH cells into adipocytes, chondrocytes
and osteocytes were induced with appropriate supplemented media. H69ADH
adherent SCLC cells had high capacity to differentiate into osteocytes, chondrocytes
and to a certain extent into adipocytes (Figure 4.8). However, the suspension cells
barely differentiated into these lineages.

Figure 4.8. Representative micrographs of NCI-H69 and H69ADH cells with oil red
o, methylene blue, and Alizarin red staining respectively following
adipogenic, chondrogenic and osteogenic differentiation (30x
magnification).

4.1.6. In vivo tumorigenesis capacity of NCI-H69 and H69ADH cells
In order to test the ability of tumor initiation capacity of H69ADH subclone,
both parental and adherent cells were subcutaneously inoculated at increasing numbers
into immune compromised mice. Although 107 NCI-H69 cells were required for tumor
formation, 2 x 106 H69ADH cells were able to propagate a tumor mass (Figure 4.9).
Two out of three mice injected with H69ADH SCLC cells were observed with tumors.
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With the ability of tumor initiation at lower numbers, adherent cells showed a strong
sign of being enriched in cancer stem cells.

Figure 4.9. Tumor formation capacity of NCI-H69 and H69ADH SCLC cells. A
representative CD1-nude mouse was photographed after 4-weeks of
subcutaneous inoculation of tumor cells.

4.1.7. Migration capacity of SCLC cells
Migratory capacities of SCLC subclones were evaluated by a chemotaxis assay
measuring migration of the cells from low serum to high serum concentration through
Boyden-chamber transwells. Although no difference was observed between
suspension and adherent cells in terms of migrated cell numbers, H69ADH/SC cells
possessed 4-5 fold higher migratory capacity (Figure 4.10).
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Figure 4.10. Migration capacity of SCLC subclones. Absolute number of cells
migrated into the lower chamber were plotted (*p<0.05, n=2).

4.2. Outcomes of T cell responses upon encounter with SCLC cells
4.2.1. Expression of activation markers on T cells upon co-culture with
SCLC cells
In order to test how SCLC cells modulate T cell responses, the SCLC subclones
and PBMCs were co-cultured at 0.25:1 ratio in the presence of α-CD3 mAb that
provides the first signal to T cells. Thus, the costimulatory influence of SCLC cells
could be determined on T cell responses. T cell activation markers on CD8+ gated
events were analyzed upon co-culture with SCLC cells. All SCLC subclones had a
tendency to induce CD25 expression on CD8+ T cells compared to PBMCs stimulated
with αCD3 from ~20% in to ~40%. However, CD25 expressing CD8+ T cell
percentage surged up to 94.2±3.93% when PBMCs were co-cultured with
H69ADH/SC (Figure 4.11.A). Similar to CD25 induction, a strong tendency of
augmented 4-1BB expressing CD8+ T cell percentages (>30%) were observed as
response to co-culture with SCLC cells Adherent SCLC subclones upregulated 4-1BB
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on CD8+ T cells significantly; 37.82±4.09%, 35.01±3.81% and 42.95±5.58% with
H82ADH, H69ADH and H69ADH/SC, respectively (Figure 4.11.B). Unlike CD25
and 4-1BB, co-culture of PBMCs with parental SCLC subclones did not elevate
CD69+CD8+ T cells. However, when PBMCs were co-cultured with adherent SCLC
subclones, CD69+CD8+ T cell percentages were significantly increased to
50.38±4.92%, 45.98±4.21%, 95.92±1.08% upon co-culture with H82ADH, H69ADH
and H69ADH/SC, respectively (Figure 4.11.C). Furthermore, CD107a+CD8+ T cells
were significantly augmented with SCLC subclones NCI-H82 (37.67±5.29%),
H82ADH

(35.96±3.72%),

H69ADH

(32.38±2.04%),

and

H69ADH/SC

(56.16±3.81%) compared to control PBMC (24.76 ± 2.88%) (Figure 4.11.D). On the
other hand, CD8+ T cell activation markers; CD38 and IL-10RA were not elevated in
CD8+ T cells amongst PBMCs co-cultured with SCLC cells. CD38-expressing CD8+
T cell ratio was in between 22.5-31.05% (Figure 4.11.E) while IL-10RA+CD8+ T cells
remained in the range of 6.98-11.38% (Figure 4.11.F).
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Figure 4.11. Expression of (A) CD25 (n≥4), (B) 4-1BB (n≥4), (C) CD69 (n≥4), (D)
CD107a (n≥7), (E) CD38 (n=2), (F) IL-10RA (n=2) on CD8+ T cells
amongst the PBMCs co-cultured with SCLC cells in the presence of αCD3 mAb (25ng/ml) for 24 hours at 0.25:1 SCLC:PBMC ratio. (*
p<0.05, ** p<0.01, *** p<10-3, **** p<10-4).
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Figure 4.11. (Devam) Expression of (A) CD25 (n≥4), (B) 4-1BB (n≥4), (C) CD69
(n≥4), (D) CD107a (n≥7), (E) CD38 (n=2), (F) IL-10RA (n=2) on CD8+
T cells amongst the PBMCs co-cultured with SCLC cells in the
presence of α-CD3 mAb (25ng/ml) for 24 hours at 0.25:1 SCLC:PBMC
ratio. (* p<0.05, ** p<0.01, *** p<10-3, **** p<10-4).

4.2.2. Effector functions of T cells in the co-cultures with SCLC cells
Proliferation and cytokine secretion were determined as facets of effector
functions of T cells in the co-cultures established with PBMCs and SCLC subclones.
CD8+ T cell proliferation was significantly elevated almost with all SCLC subclones.
Proliferation of CD8+ T cells in PBMCs increased from 44.13±4.95% to 54.37±9.46%
with SCLC-21H, 71.58±6.7% with NCI-H82, 65.15±6.05% with NCI-H69,
80.37±5.82% with H82ADH, 90.07±2.55% with H69ADH and 90.56±1.85% with
H69ADH/SC co-culture (Figure 4.12).
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Figure 4.12. Proliferation of CD8+ T cells that were gated in PBMCs co-cultured
with SCLC cells with α-CD3 (25ng/ml) for 96 hours in 0.25:1
SCLC:PBMC ratio (* p<0.05, ** p<0.01, *** p<10-3, **** p<10-4
n≥6).

In addition, the presence of SCLC cells increased the cytokine secretion in
PBMC co-cultures. Although IL-4, IL-17 and IL-10 was detectable, IFN-γ, sFASL,
Granzyme A (GzmA), Granzyme B (GzmB) and perforin were augmented in the
presence of SCLC cells. IFN-γ expression was increased more than 6-fold in the cocultures with adherent SCLC cells. Similarly, compared to control PBMCs, the
increase of sFASL, GzmA, GzmB and perforin secretion ~9-fold, ~12.6-fold, ~28-fold
and ~6.5-fold, respectively (Figure 4.13). TNF-α levels were not modulated in the cocultures. IL-6 expression was elevated strikingly in the co-cultures with NCI-H82 and
H82ADH. Consistent with the proliferation induction, IL-2 was induced in the cocultures of PBMCs with SCLC cells, where IL-2 amount were ranged between 311.08
– 441.78 pg/mL in SCLC co-cultures while was found 166.24 pg/mL in PBMC
cultures only (Figure 4.13). IL-6 was only elevated in the cultures with adherent SCLC
cells and parental NCI-H82 cell line.
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Figure 4.13. IL-2, IFN-γ, IL-4, IL-17, TNF-α, sFASL, GzmA, GzmB, perforin, and
IL-6 levels in the supernatants collected from the 96 hours co-cultures
(n≥3) at 0.25:1 SCLC:PBMC ratio under α-CD3 mAb stimulation were
measured with multiplex bead-based cytometric assay.
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4.2.3. Monocytes are key elements mediating the influence of SCLC cells
on T cell proliferation
To better identify the interaction between SCLC cells and T cells, co-cultures
were established with the specific immune cell types. Since, all SCLC subclones were
effectively induced T cell proliferation and IL-2 secretion in the co-cultures, parental
SCLC lines were used. In this regard, first, purified CD4+ or CD8+ T cells were cocultured with SCLC cells, again in the presence of α-CD3. However, no T cell
proliferation was observed when T cells were directly co-cultured with SCLC cells
(Figure 4.14). As an alternative approach, specific immune cell types were depleted
from PBMCs to identify the critical mediator for the SCLC-T cell interaction. When
the primary candidate, monocytes were depleted from PBMCs, immune interaction
between SCLC cells and T cells were lost and no proliferation activity was detected
(Figure 4.14). These data indicated the need for monocytes to mediate the interaction
between SCLC cells and T cells.

Figure 4.14. Representative flow cytometry histograms showing the proliferation of
PBMCs, CD4+ T cells, CD8+ T cells or monocyte-depleted PBMCs cocultured with SCLC cells with α-CD3 (25ng/ml) for 96 hours in 0.25:1
SCLC:effector cell ratio (n=3).
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4.2.4. Influence of secreted factors from SCLC cells on T cell
proliferation
To test whether stimulatory effects of SCLC cell lines come from surface
molecules or secreted factors, PBMCs were cultured with condition media collected
from SCLC cells. Condition media were diluted at different ratios and applied to
PBMCs stimulated with α-CD3 mAb (Figure 4.15). T cell proliferation amongst
PBMCs were increased at the conditioned media from all three SCLC cell lines (Figure
4.16). The proliferation activity of PBMCs with SCLC conditioned media was
compatible to that of obtained with co-cultures, especially for SCLC-21H and NCIH69.

Figure 4.15. Proliferation of PBMCs stimulated with conditioned media collected
from SCLC cell lines for 96 hours with α-CD3 (25ng/ml). Conditioned
mediums were diluted in the range of 0 - 1 with fresh cell culture
medium as stated above (n=2).
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Figure 4.16. Proliferation of PBMCs stimulated with conditioned media collected
from SCLC cell lines for 96 hours with α-CD3 (25ng/ml). Conditioned
mediums were diluted with fresh culture growth medium as 1:1 (n=5).

4.2.5. SCLC conditioned media alter costimulatory molecule expression
on monocytes
Since it was found that SCLC cells modulate immune responses through
monocytes and soluble factors are implicated in PBMCs stimulation, the effect of
SCLC condition media on monocytes’ co-stimulatory molecules (i.e. B7 ligand family
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expression) was investigated. The monocytes collected from healthy donors were
cultured with conditioned media and CD86, CD80, B7-H2, PD-L1 and PD-L2
molecules were analyzed. Inhibitor ligands PD-L1 and PD-L2 together with activator
B7-H2 expressing monocyte percentage/MFI were not modulated in the presence of
SCLC conditioned media except the increase in PD-L2 expression with NCI-H82 CM
and decrease in PD-L1 expression with SCLC-21H and NCI-H69 CM. Alternatively,
CD86 levels were significantly elevated when monocytes were cultured with
conditioned medium from NCI-H82, H82ADH, and H69ADH. An increased trend was
also observed on CD80 expressing monocytes (Figure 4.17). Additionally, HLA-DR
expression linked with antigen presentation and monocyte maturation was measured.
Although, HLA-DR expression level was not modulated with parental SCLC lines,
adherent SCLC subclones augmented its expression on monocytes (Figure 4.17).
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Figure 4.17. Expression of CD86, CD80, PD-L2, PD-L1 and median fluorescence
intensity (MFI) of B7-H2 and HLA-DR on CD14+ monocytes
stimulated with conditioned media collected from SCLC subclones for
24 hours was studied by flow cytometry (* p<0.05, ** p<0.01, ***
p<10-3, n≥4).
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4.2.6. Monocytes from SCLC patients efficiently stimulate T cell
proliferation
Functional status of monocytes and monocyte-depleted PBMCs from SCLC
patients and healthy donors was compared. No significant difference was found
between monocytes of SCLC patients and healthy donors in terms of stimulating the
proliferation of both patient monocyte-depleted PBMCs and healthy CD4+ T cells
(Figure 4.18.A and B). Alternatively, proliferation of monocyte-depleted PBMCs of
SCLC patients could not be modulated either with monocytes of SCLC patients and
healthy donors as in healthy monocyte-depleted PBMCs. In fact, the proliferation of
patient-derived

monocyte-depleted

PBMCs

were

found

16.16±6.21%

and

14.57±4.75% in the presence of healthy donor or patient monocytes. The proliferation
of monocyte-depleted PBMCs from healthy donors were 31.11±13.45% when
stimulated with the monocytes from healthy donors (Figure 4.18.C). Collectively,
either the healthy monocytes or the monocytes derived from peripheral blood of SCLC
patients were compatibly and efficiently capable of supporting the proliferation of T
cells obtained from healthy subjects or SCLC patients.
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Figure 4.18. Proliferation of (A) patient-derived monocyte-depleted PBMCs cocultured with healthy or patient monocytes at 1:9 co-culture ratio, (B)
healthy CD4+ T cells co-cultured with healthy or patient-derived
monocytes at 0.125:1, 0.25:1 or 0.5:1 ratios, (C) monocyte-depleted
PBMCs from patients or healthy donors co-coltured with healthy or
patient monocytes in 1:9 ratio, with α-CD3 (25ng/ml) for 72 hours.
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4.3. PD-1 ligand expression in SCLC subclones
4.3.1. Expression of PD-L1 and PD-L2 on SCLC cells under
immunological stress
PD-1 ligands expression upon IFN-γ stimulation were tested in RNA and
protein level. SCLC cell lines did not express under control conditions yet induced a
tenuous mRNA expression of PD-L1 upon IFN-γ stimulation (Figure 4.19). On the
other side, H69ADH expressed PD-L1 and PD-L2 tenuously and had induced
expression of PD-L1 and PD-L2 when introduced with IFN-γ (Figure 4.19). H82ADH
was also able to induce PD-L1 and PD-L2 expression efficiently in response to IFN-γ
(Figure 4.19). In general, SCLC cells did not express PD-L1 except approximately
25% of the H69ADH/SC population (Figure 4.20.A). With IFN-γ stimulation for 48
hours, expression of PD-L1 was induced in all SCLC subclones. The expression of
PD-L1 exceeded 40% while in SCLC-21H and H69ADH/SC cells, it reached to 75%
PD-L1 was significantly upregulated in SCLC-21H (from 1% to 41%), in NCI-H69
(from 0.7% to 14%) and, in H82ADH (from 2.4% to 77.6%) (Figure 4.20.A). More
interestingly, PD-L1 expression was more prominently upregulated when SCLC cells
were co-cultured with α-CD3-stimulated PBMCs primed for 24 hours in order to
induce the production of pro-inflammatory cytokines. Co-culturing with primed
PBMCs leaded significant elevation in PD-L1 expression on all SCLC cell subclones;
in SCLC-21H (from 1% to 53%), in NCI-H82 (from 1.5% to 29%), in NCI-H69 (from
0.7% to 49%), in H82ADH (from 2.4% to 70%), in H69ADH (from 7.3% to 78.5%),
and in H69ADH/SC (from 26.5% to 61.5%) (Figure 4.20.A). The co-culturing had a
greater impact on PD-L1 upregulation on SCLC cells than IFN-γ stimulation in NCIH82, NCI-H69 and H69ADH. Additionally, H69ADH/SC cells had a notable capacity
to upregulate the percentage of PD-L1. Following IFN-γ stimulation or co-culturing
with primed PBMCs, PD-L1+ SCLC cells reached to 42.5% and 61.55% on
H69ADH/SC cells while it remained 9.4% and 47.8%, respectively, on the parental
cell line NCI-H69 (Figure 4.20.A). Similarly, PD-L1 is expressed by 77.6% and 70%
of H82ADH cells upon IFN-γ stimulation or co-culturing with primed PBMCs
however PD-L1 positivity was only 9.2% and 29% in NCI-H82 cells, respectively
(Figure 4.20.A).
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A similar scenario was observed on PD-L2 expression. PD-L2 expression had
a strong tendency to be augmented on SCLC cells; in H69ADH (from 13.3% to 60.7%
after IFN-γ stimulation) and in H69ADH/SC (from 29.6% to 81.1% after IFN-γ
stimulation) (Figure 4.20.B). Interestingly, PD-L2 induction following IFN-γ
stimulation was not observed on NCI-H69, H69ADH, and H69ADH/SC cells when
these cells were co-cultured with primed PBMCs. However, co-culturing with primed
PBMCs upregulated PD-L2 expression on SCLC-21H cells (from 6.5% to 29.3%) and
H82ADH cells (from 0.5% to 52%) (Figure 4.20.B). Consistent with the PD-L1, PDL2 expression was also found more prominently on adherent SCLC cells. IFN-γ
stimulation resulted in a difference from 27.9% to 81.1% on PD-L2 positivity of NCIH69 and H69ADH/SC cells, respectively. PD-L2 expressing SCLC was raised from
8% to 52% in H82ADH cells when the cells were co-cultured with primed PBMCs
(Figure 4.20.B).

Figure 4.19. Gene expression of PD-L1 and PD-L2 in control or IFN-γ-stimulated
SCLCs. Agarose gel electrophoresis photographs were taken (bp, base
pair; NC, negative control).
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Figure 4.20. PD-L1 and PD-L2 expressing SCLC cell percentage under control
conditions, IFN-γ stimulation (150 ng/mL) for 48 hours, or co-culturing
with primed PBMCs for 72 hours. Histograms show representative
expression of PD-L1 and PD-L2 (* p<0.05, ** p<0.01, *** p<10-3,
**** p<10-4, n≥3).
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After PD-L1 and PD-L2 induction upon encountering with primed PBMCs was
shown, the essential role of IFN-γ in upregulation of PD-1 ligands was investigated.
For this purpose, a monoclonal IFN-γ neutralizing antibody or matched isotype mAb
was added in to the co-cultures of primed PBMCs and SCLC subclones. A trend
nearing statistical significance demonstrated the importance of IFN-γ on PD-L1
expression by SCLC cells (Figure 4.21). With the exception of H69ADH/SC which
the majority of the population strongly expressed PD-L1, the upregulation of PD-L1
on SCLC cells were hampered particularly on SCLC-21H (from 27.3±5.8% to
13.8±2.9%), NCI-H69 (from 28.1±5.8% to 12.8±5.8%) and H69ADH (from
26.2±1.9% to 21.3±2.0%) (Figure 4.21). On the other hand, no deduction of PD-L2
expressing SCLC cells was observed when IFN-γ mAb was introduced. Considering
the induction of PD-L2 upon IFN-γ stimulation (Figure 4.21), other pro-inflammatory
cytokines secreted by primed PBMCs might be able to compensate IFN-γ for PD-L2
expression on SCLC cells.

91

Figure 4.21. PD-L1 and PD-L2 expressing SCLC cell percentage after co-culturing
with primed PBMCs for 48 hours in the presence of either 5 ug/mL
IFN-γ mAb or IgG isotype-matched antibody (n≥3).

Next, SCLC subclones were stimulated with IFN-γ and the expression of PD1 ligands was determined on the CD44-CD90-, CD44+, CD90+ and CD44+CD90+
subpopulations. For SCLC-21H, expression of the stem cell markers CD44 and CD90
alone or together was associated with an augmented ratio of PD-L1 and PD-L2
expressing cells than CD44-CD90- SCLC-21H cells. An increase trend in PD-L1
expressing cells from CD44 CD90 double-negative to double-positive SCLC-21H
cells was observed (in CD44-CD90- 16.8±3.8%, in CD90+ 41.07±7.12%, in CD44+
57.48±7.32%, in CD44+CD90+ 76.36±5.87% (Figure 4.22). Similarly, PD-1 ligand
expression in NCI-H82 showed a trend with the expression of either or both of the
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stem cell markers however the induction was not significant. PD-L1 expressing SCLC
cell ratio was the lowest as 2.68±1.40% in CD44-CD90- while the highest as
10.1±3.3% in CD44+CD90+. H82ADH had the highest potential to induce PD-L1 in
all SCLC subclones and subpopulation thereof with the ability to induce PD-L1
independent of CD44 or CD90 expression. On the other hand, CD44 expression was
related to the potential of PD-L1 expression in H69ADH. The percentage was
increased from 4.04±0.72% in CD44-CD90- to 38.61±0.91% in CD44+ and 42.48 ±
0.91% in CD44+CD90+ subpopulations (Figure 4.22). Secondly, expression of either
stem cell marker was indicative of PD-L2 expressing cells in SCLC cell lines since
they expressed less than 1.5% in CD44-CD90- subpopulations. In SCLC-21H, the ratio
of PD-L2 expressing cells was found between 7.91-12.27% with the expression of a
stem cell marker(s) where the PD-L2 expressing cell percentage in CD44-CD90population was only ~0.2% (Figure 4.22). Similarly, CD44+CD90+ subpopulation of
NCI-H82 cell line had significantly induced PD-L2+ population (0.38±0.16%) to
(8.46±2.14%) compared to CD44-CD90- (Figure 4.22). In NCI-H69, expression of PDL2 was slightly associated with the expression of CD44 and/or CD90. In H82ADH,
CD90 or CD44 expression induced PD-L2 expressing cell ratio from 1.4±0.55% in
double negative cells to 21.54±3.42% and 22.71±2.51%, respectively (Figure 4.22).
Yet, the ratio was elevated to 34.79±2.72% in CD44+CD90+ subpopulation which is
significantly higher than any other subpopulations. In H69ADH, CD44-CD90subpopulation had a potential to bear considerable percentage of PD-L2 apart from
other subclones. However, the presence of CD44 and/or CD90 sustained the PD-L2
expressing cells 78-82% as also observed with other SCLC subclones (Figure 4.23).
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Figure 4.22. PD-L1 and PD-L2 expression of SCLC subclones that are gated into
CD44-CD90-, CD90+, CD44+, and CD44+CD90+ subpopulations
following IFN-γ (150 ng/mL) stimulation for 48 hours (* p<0.05, **
p<0.01, *** p<10-3, **** p<10-4, n≥3).
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Figure 4.23. Counterplots show representative expression of PD-L1 and PD-2.
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4.3.2. Investigation of immune suppression by PD-L1+ SCLC cells
The capacity of PD-1 ligand expressing subclones to suppress T cells through
PD-1/PD-L1 or PD-L2 axis was examined. For this purpose, PBMCs were co-cultured
with control or IFN-γ stimulated SCLC cells. Relative proliferation rates were
normalized to the PBMCs alone and proliferation was compared between the cocultures with IFN-γ stimulated SCLC cells (which had upregulated PD-L1 and PD-L2
levels) and control cells. Induction of PD-1 ligands through IFN-γ stimulation did not
alter the percentage of proliferation of PBMCs i.e. α-CD3-stimulated T cells in our coculture setup (Figure 4.24.A). Immune suppression such as PD-1/PD-L1 interaction
may affect the proliferation pace as well. Thus, >2 duplication ratio were calculated;
however, the proliferation rate of PBMCs upon co-culturing remained still
independent of the IFN-γ-stimulated or control PBMCs (Fig 4.24.B).

Figure 4.24. Relative (A) total proliferation and (B) >2 duplication of PBMCs cocultured either with on control or 48 hours IFN-γ-stimulated SCLC
cells for 96 hours with α-CD3 (25 ng/mL) at 0.25:1 SCLC:PBMC ratio
(n=3).
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Secondly, control or IFN-γ-stimulated SCLC cells were co-cultured with
purified CD4+ or CD8+ T cells that were previously co-cultured with monocytic THP1 cells which possess high capacity to provide costimulation for T cells, for 72 hours
to induce PD-1 expression. However, the proliferation rate of both CD4+ and CD8+ T
cells was not affected from the presence of PD-L1/PD-L2 expressing cells (Figure
4.25A and B). Thus, even the usage of purified T cells with PD-1 expression did not
result with immune suppression in SCLC co-cultures regardless of PD-L1 and PD-L2
expression (Figure 4.25A and B).

Figure 4.25. Proliferation of THP-1 primed CD8+ T or CD4+ T cells co-co-cultured
with either on basal growth state or 48 hours IFN-γ stimulated SCLC
cells for 72 hours with α-CD3 (25ng/ml) in 0.25:1 SCLC:T cell ratio.
(A) Total proliferation, (B) >2 duplication (n=2).

Finally, CD8+ T cells sorted out of the α-CD3 primed PBMCs were stimulated
with α-CD3-CD28 Dynabeads™ that induce strong stimulation for CD8+ T cells.
These cells were then co-cultured with IFN-γ stimulated or control SCLC cells.
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H69ADH cells had a trend to induce proliferation at 0.25:1 and 1:1 ratio while
H82ADH cells did not. Focusing on 4:1 ratio where H69ADH cells had a minor trend
to suppress CD8+ T cells, no difference on CD8+ T cell proliferation was observed
(Figure 4.26).

Figure 4.26. Proliferation of purified and primed CD8+ T cells upon co-culture with
control or IFN-γ-stimulated H82ADH and H69ADH SCLC cells, or
their PD-L1+ sorted subpopulations from 48 hours IFN-γ-stimulated
SCLC cells. Proliferation was assessed after 72 hours stimulation with
α-CD3/α-CD28 Dynabeads™ co-cultures with (A) H69ADH, (B)
H82ADH subpopulations, (C) Bar graphics T cell proliferation in cocultures at 4:1 SCLC:CD8+ ratio. (D) Relative SCLC cell death ratio in
co-cultures at 4:1 SCLC:CD8+ ratio where control group of H69ADH
was set at 100. (n=3)
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Similarly, SCLC cell viability were determined and normalized according to
setting H69ADH control group with 100% viability. In this experiment, not only PDL1/PD-L2-induced H82ADH and H69ADH cells but also purified PD-L1+ cells were
used. In H82ADH, relative cell death ratio was decreased from 68.57±7.22 in control
group to 56.46±0.67 in IFN-γ-stimulated co-culture (Figure 4.26.D). In the co-cultures
with H69ADH clone, the relative SCLC cell death was started from 100±2.97 in
control group to 88.71±2.82 and 77.52±3.06 in the co-cultures with IFN-γ-stimulated
cells and PD-L1+ cells, respectively (Figure 4.26.D).
Secretion of CD8+ T cell related factors was not suppressed by the IFN-γstimulated or PD-L1+ SCLC cells (Figure 4.27). On the contrary, IL-2, IFN-γ, IL-17,
TNF-α, sFASL, GzmA, GzmB and, IL-6 found in higher amounts in the cultures with
IFN-γ stimulated or PD-L1+ H69ADH cells compared to control cells. IL-2 and IFNγ showed a similar trend in H82ADH subclones as well. To summarize, IFN-γmediated induction of PD-L1 was not found as a critical immune suppression strategy
employed by SCLC subclones.
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Figure 4.27. IL-2, IFN-γ, IL-4, IL-17, TNF-α, sFASL, GzmA, GzmB, perforin, and
IL-6 levels in the supernatants collected from the 72 hours co-cultures
(n≥3) at 4:1 SCLC:CD8+ T cells. T cells were collected from 24 hours
primed PBMCs with α-CD3/ α-CD28 Dynabeads™
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4.3.3. The expression of immune modulatory molecules in SCLC cell
lines
Due to the finding that SCLC cells influence T cell responses and PD-L1/PDL2 members of B7 ligands were modulated upon immune responses; the expression of
other immune modulatory molecules was investigated. For the purpose, SCLC cell
lines were stimulated with pro-inflammatory cytokines; IFN-γ, IL-1β, IL-6 and TNFα and RNA expression of other B7 ligands were analyzed. NCI-H82 had tenuous
expression of CD80 (B7-1) and CD86 (B7-2) especially after pro-inflammatory
cytokines stimulation (Figure 4.28.A). Cell lines NCI-H82 and SCLC-21H expressed
B7-H2 (ICOSLG) and B7-H3 genes independent from the pro-inflammatory cytokine
stimulation (Figure 4.28.A). On the other hand, NCI-H69 expressed B7-H3 RNA to a
limited extent while B7-H2 was not expressed by NCI-H69. B7-H5 and B7-H6 RNAs
were found to be expressed in all three SCLC cell lines regardless of an obvious
tendency to be modulated with cytokines (Figure 4.28.A). On the contrary, B7-H4
gene expression could not be observed in SCLC cell lines. Since SCLC cells support
T cell activation and immune stimulatory genes that are expressed by SCLC cells; B7H3 and B7-H6 were also analyzed semi-quantitatively. However, no tendency in the
direction of gene expression (downregulation vs upregulation) was observed in both
B7-H3 and B7-H6 with the proinflammatory cytokines (Figure 4.28.B).
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Figure 4.28. Gene expression of B7-ligand family members in control or stimulated
SCLCs. Stimulation was performed with IFN-γ (150ng/ml), IL-1β (100
pg/mL), IL-6 (5 ng/mL) or TNF-α (400 pg/mL) for 48 hours. (A)
Conventional RT-PCR results where agarose gel electrophoresis
photographs were taken. (B) B7-H3 and B7-H6 gene expressions
analyzed with semi-quantitative PCR and normalized to control
condition via 2-ΔΔCT formula (H82, NCI-H82; H69, NCI-H69; 21H,
SCLC-21H; NC, negative control; bp, base pair; n=3).
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Next, surface protein expression levels of B7 ligands were determined by flow
cytometry. B7-1 was expressed to a certain extent together with B7-2 on NCI-H69 and
SCLC-21H. However, their mRNA was not detectable; thus positivity of B7-1 and B72 may be non-specific (Figure 4.29). In contrast, even though B7-H2, B7-H5 and B7H6 mRNA were found in SCLC cells, surface protein expression was not observed
(Figure 4.29). Thus, SCLC cells were considered as negative for these markers. B7H4 was not found both in mRNA or protein level in SCLC cells, in contrast B7-H3
was widely expressed. Consistent with gene expression data, NCI-H69 had low-level
B7-H3 expression while SCLC-21H and NCI-H82 displayed high expression (Figure
4.29).
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Figure 4.29. Surface expression of B7 ligand family members in control SCLC cells
or SCLC cells stimulated with IFN-γ (150ng/ml), IL-1β (100 pg/mL),
IL-6 (5 ng/mL) or TNF-α (400 pg/mL) for 24 hours. The cells were
analyzed on flow cytometry. Isotype-matched antibodies were used to
define the negative population (n=3).
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In addition to the members of B7 ligand family, expression of immune
regulators such as Arginase2 (ARG2), Cyclooxygenase2 (COX2), Indoleamine 2,3dioxygenase 1 (IDO1) , IDO2, Nitric oxide synthase 2 (NOS2), and NADPH oxidase
2 were investigated. ARG2 gene was expressed in all three SCLC cell lines
independent from inflammatory cytokine stimulation. COX2 and NOX2 genes were
expressed by NCI-H82 and SCLC-21H without representing a trend according to
inflammatory modulation while they were not expressed by NCI-H69 in any condition
(Figure 4.30). NOS2 was notably expressed by NCI-H82 and SCLC-21H while it had
a slight expression in NCI-H69. On the other hand, IDO-1 and IDO-2 were shown to
be modulated by inflammatory cytokines. IDO-1 was not expressed at basal state by
any of the SCLC cell lines while it was expressed upon IFN-γ exposure by NCI-H82
and SCLC-21H and IL-1β exposure by NCI-H82 (Figure 4.30). IDO-2 was slightly
expressed on NCI-H69 after IFN-γ, IL-1β or TNF-α stimulation. IDO-2 was expressed
by SCLC-21H at basal state however its expression was increased following IFN-γ,
IL-1β and TNF-α stimulation (Figure 4.30).

Figure 4.30. Gene expression of immune regulators in control SCLCs or SCLC cells
stimulated with IFN-γ (150ng/ml), IL-1β (100 pg/mL), IL-6 (5 ng/mL)
or TNF-α (400 pg/mL) for 48 hours was analyzed and conventional
RT-PCR gel electrophoresis photographs were taken (H82, NCI-H82;
H69, NCI-H69; 21H, SCLC-21H; NC, negative control; bp, base pair)
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4.4. Upregulation of inhibitory receptors on T cells encountered with
SCLC subclones
It was observed that SCLC cells especially that of adherent subclones,
upregulated PD-L1 and PD-L2 upon encountering with activated T cells/inflammatory
cytokines such as IFN-γ (section 4.3.1). Furthermore, stimulation of PBMCs with αCD3 for 96 hours resulted with the expression of PD-1 (20.68 ± 2.96%). Co-culturing
PBMCs with SCLC cell lines did not increase the percentage of PD-1 expressing CD8+
T cells. However, adherent SCLC cell subpopulations leaded to significant elevation
in PD-1 expressing CD8+ T cell ratio to 33.74±2.16%, 32.28±4.27% and 75.64±7.69%
in co-cultures with H82ADH, H69ADH, and H69ADH/SC, respectively (Figure
4.31.A). The increase in PD-1 expressing CD8+ T-cells in the co-cultures with
mesenchymal-like adherent subpopulations were also significantly higher than their
epithelial compartments. Consistently, the percentage of PD-1 expressing CD4+ T cells
in PBMCs stimulated with α-CD3 for 96 hours (27.05±3.72%) was increased to
87.35±4.31% upon co-culturing with H69ADH/SC while increasing with other
adherent subclones as well (Figure 4.32.A).
CTLA-4 expressing T cells from the co-cultures of PBMCs with SCLC cells
was also at low levels in accordance with PD-1+ T cells. CTLA-4+CD8+ T cell
percentage was 22.88±4.66% in control group and did not alter more than 5% in cocultures with parental SCLC cell lines. However, CTLA-4-positivity reached to
44.47±6.88% in the co-cultures with H69ADH/SC (Figure 4.31.B). CTLA-4
expressing CD4+ T cells were also elevated up to 50% in H69ADH/SC (Figure
4.32.B).
Unlike PD-1 and CTLA-4 co-inhibitory receptors, TIM-3-expressing CD8+ T
cell percentages were significantly elevated in all co-cultures with SCLC subclones
compared to PBMC only cultures. These increases were represented with the ratio of
TIM-3+CD8+ as 30.55±2.86% in PBMC control group while reached up to
41.88±5.27% in NCI-H69 co-cultures and 71.42±3.63% in H69ADH/SC co-cultures
(Figure 4.31.C). In CD4+ T cell compartment, elevation in the expression of TIM-3
was almost 3-fold higher in H69ADH/SC co-cultures (Figure 4.32.C).
LAG3 expressing CD8+ T cell ratio was also significantly elevated in the cocultures with SCLC cells compared to PBMC control group. In the control group,
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21.06±2.76% LAG3+CD8+ T cells were found while the ratio increased up to
26.73±0.99% and 43.05±6.85% in co-culturing with parental SCLC cell lines or
adherent subclones (Figure 4.31.D). More strikingly, LAG3+CD8+ T cell percentage
was elevated to 77.35±10.03% when PBMCs interacted with H69ADH/SC (Figure
4.31.D). The amount of LAG3-expressing CD4+ T cells were also augmented to
88.38±2.89% (Figure 4.32.D). Since adherent subclones of SCLC cells were more
potent to support T cell activation and induce inhibitory receptors on CD8+ T cells,
inhibitory receptor expression on CD4+ T cells was only investigated with the cocultures of adherent subclones (Figure 4.32).
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Figure 4.31. Expression of PD-1, CTLA-4, TIM-3 and LAG3 on CD8+ T cells
amongst PBMCs co-cultured with SCLC subclones in the presence of
α-CD3 mAb (25ng/mL) for 96 hours at a 0.25:1 SCLC:PBMC ratio. (*
p<0.05, ** p<0.01, *** p<10-3, **** p<10-4, n≥4).
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Figure 4.32. Expression of PD-1, CTLA-4, TIM-3 and LAG3 on CD4+ T cells
amongst PBMCs co-cultured with SCLC subclones in the presence of
α-CD3 mAb (25ng/mL) for 96 hours at a 0.25:1 SCLC:PBMC ratio. (*
p<0.05, ** p<0.01, *** p<10-3, **** p<10-4, n=4).
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4.4.1. Functional characteristics of T cells expressing TIM-3 and LAG3
co-inhibitory receptors after having experience with SCLC cells
Since it was found that H69ADH/SC promotes the expression of TIM-3 and
LAG3 molecules which are related to T cell exhaustion, CD8+ T cells were purified
according to TIM-3 and LAG3 expression. Following the 96 hours PBMC and
H69ADH/SC co-culture, CD8+ T cells were sorted according to TIM-3+LAG3+ and
TIM-3-LAG3- subpopulation. Then these cells were restimulated with α-CD3 and αCD28 mAb, α-CD3 and PBMCs co-culture or α-CD3 and monocytes co-culture. Later,
their proliferation capacities were measured. Moreover, these subpopulations were
transiently stimulated with PMA and ionomycin to screen soluble factors secreted.
TIM-3-LAG3- CD8+ T cells proliferation was less than that of double-positive cells
(Figure 4.33). On the other hand, TIM-3+LAG3+ CD8+ T cells displayed a preactivated, yet not exhausted, character since almost all CD8+ T cells proliferated
excessively with restimulation (Figure 4.33). Consistent with the CD8+ T cell
proliferation, bioactive mediators; IL-17, TNF-α, sFASL, IFN-γ, GzmA, GzmB,
perforin were found higher in TIM-3+LAG3+CD8+ T cells (Figure 4.34). Strikingly,
with the elevated amount of pro-inflammatory cytokines, IL-2 was found to be
decreased together with augmented IL-10 secretion in TIM-3+LAG3+ CD8+ T cells
(Figure 4.34). Limited amount of IL-10 was found in TIM-3-LAG3- CD8+ T cell
supernatants (Figure 4.34).

Figure 4.33. Proliferation of TIM-3-LAG3- and TIM-3+LAG3+ CD8+ T cells purified
from 96 hour co-cultures of PBMCs and H69ADH/SC at 1:0.25
SCLC:PBMC ratio were labelled with CFSE and restimulated with 2
μg/mL plate-bound α-CD3 mAb in the presence of 2 μg/mL α-CD28
mAb, PBMCs (co-culture ratio at 0.25:1), or monocytes (co-culture
ratio at 0.125:1) for 72 hours (n=3).
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Figure 4.34. IL-2, IFN-γ, IL-4, IL-17, TNF-α, sFASL, gzmA, gzmB, perforin and
IL-6 cytokine levels in the supernatants collected from the co-cultures
(n≥3) of TIM-3-LAG3- and TIM-3+LAG3+ CD8+ T cells following 16
hour stimulation of PMA (5ng/mL) and ionomycin (2 μg/mL) (n=2).

4.4.2. Analysis of checkpoint inhibitor molecules in SCLC draining
lymph nodes
Since it was found that SCLC cells promoted the expression of PD-1, TIM-3
and LAG3 on T cells, the presence of these markers in SCLC patient tissues was
evaluated. For the purpose, initially primary tumor specimen of SCLC patients were
labelled with αCD3. However, CD3+ T cells were observed to locate at the tumor
periphery but not infiltrated into the tumor (Figure 4.35). Alternatively, thirteen lymph
nodes from SCLC patients were labelled with PD-1, PD-L1, TIM-3 and LAG3 mAbs.
In all metastatic lymph nodes, the metastatic foci were explicit. Similar with primary
tumors, immune cells mainly located at the periphery of metastatic foci but with more
infiltrated cells. Many of the lymph node specimens was found to contain LAG3
expressing lymphocytes (Table 4.1 and Figure 4.36). LAG3 was even found to be
expressed focally on some metastatic tumor cells in tumor draining lymph nodes
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(Figure 4.31). Several PD-1 or TIM-3 positive lymphocytes and PD-L1 expressing
tumor cells were found in minority of the specimens (Table 4.1 and Figure 4.36).

Figure 4.35. Immunohistochemical staining of CD3 molecule on primary tumor of
SCLC patients. Representative micrograph of CD3 in sections of the
paraffin-embedded specimens are shown (20X scaling).
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Figure 4.36. Immunohistochemical staining of co-inhibitory molecules on tumor
draining lymph nodes of SCLC patients. Representative micrographs of
LAG3, PD-L1, PD-1 and TIM-3 in sections of the paraffin-embedded
specimens are shown (40X scaling).
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Table 4.1. Frequency of inhibitory molecules’ expression on tumor draining lymph
nodes from SCLC patients analyzed.
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5. DISCUSSION
Immune system limits tumor development (immune surveillance) by
discriminating self from nonself in which the tumors can be perceived as nonself or
altered-self because tumors express a wide range of neoantigens which arise from the
mutations in nascent proteins or epigenetic remodeling (11, 12). Immune system not
only intend to restrain tumor initiation, but also stops progression and metastases (15).
Conversely, tumor cells adapt to escape from immune surveillance. As a hallmark of
cancer, evasion from immune destruction and tumor-promoting inflammation are
acknowledged (15). Thus, every macroscopically detectable tumors consist of
malignant cells that have succeeded the elimination and equilibrium phases of tumor
immunology should have strategies to modulate immune responses and evolved for
immune evasion. Common immune suppression strategies employed by tumors
include abnormalities in antigen presentation, blockade of TCR-mediated signaling,
secretion of immunoregulatory mediators, checkpoint ligands that induce T cell
exhaustion, metabolic suppression, tumor counterattack with upregulation of death
receptor ligands, subversion of regulatory cells (16). Understanding the complexity
and diversity of the immune profile of the tumor cells and how the tumor
microenvironment and anti-tumor immune responses are remodeled is critical for
improving the outcomes of immunotherapy (316, 317).
Impaired antigen presentation by downregulation of class I MHC molecules
and limited numbers of CD45+ cells in the tumors indicate an immune exclusion and
possible metabolic suppression in the primary SCLC tissues (231). Nevertheless,
considering the fact that almost all SCLC cases are metastatic at the diagnosis, it can
be assumed that SCLC cells often encounter with T cells in the periphery and lymph
nodes. Thus, as a speculation, metastatic SCLC cells might have required additional
predefined immune evasion strategies to evade T cell-mediated responses. T cell
activation is controlled by three signal types; 1) TCR signaling through antigen
presented on MHC molecules, 2) costimulation, and 3) soluble factors especially
cytokines where at least two of them are required for a T cell to become activated. In
tumor immunology, tumor-specific or tumor-associated antigens that are processed
and presented on MHC molecules provide the first signals for T cells. However, the
balance of costimulation determines the fate of a T cell. Hence, this study aimed (1) to
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understand the costimulatory profile of SCLC cells, (2) to analyze T cell responses in
the presence of SCLC cells, (3) to evaluate adaptive mechanism resistance in SCLC
cells, (4) to discuss the possible immune evasion strategies of SCLC cells, and (5) to
investigate how SCLC cells direct T cell responses.
NCI-H82, NCI-H69 and SCLC-21H cell lines were used in this study in order
to serve as representative and distinct SCLC cells. NCI-H82 and SCLC-21H were
established from pleural effusions of a metastatic tumors (318, 319). NCI-H69 cells
were maintained from a lung carcinomatous tissue (320). Doubling times in the
appropriate complete media for SCLC-21H, NCI-H82, and NCI-H69 are 48h, 30h,
69h, respectively (321-323). These cell lines have c-myc overexpression and ras
expression in NCI-H82 and NCI-H69 (321-323).
Treatment of SCLC are usually based on platin-based chemotherapies,
radiotherapy in limited stage patients and only rarely surgical resection (2, 28).
Optimal initial chemotherapy response is obtained in many patients with the evidence
that the tumor shrinks. However, relapse and distant metastasis occur shortly after.
Almost inevitable chemotherapy resistance and high distant metastasis ratio of SCLC
have been associated with cancer stem cell theory in both ex vivo and in vitro studies.
Adherent subclones obtained from the suspension growing parental cell lines and
expression of stem cell markers (i.e. CD44, CD90, CD87 and CD133) are considered
as indicators of this stem cell subpopulation in SCLC (9, 10, 23). Accordingly, in this
thesis study adherent subclones from parental suspension SCLC cell lines were
obtained and cultured. One of the key features of stem cells is the ability to differentiate
into different lineages. In vitro assays, consistent with the literature, demonstrated that
adherent subclones of SCLC cells possessed stemness characters with the ability to
differentiate into osteocyte, chondrocyte and adipocyte lineages. Discrimination of
tissue stem cells and cancer stem cells relies on the ability of cancer stem cells (CSCs)
to propagate tumors. Thus, in vivo tumor initiation potential in lower numbers found
in H69ADH subclone supported the hypothesis that the adherent subclones of SCLC
to display cancer stem cell features. Furthermore, similar with the asymmetric division
of stem cells to give rise daughter cells, culture of adherent subclones formed buds or
aggregates growing in suspension as the parental cell lines. Additionally, H69ADH/SC
subclone was obtained with a mesenchymal-like character with higher migration
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capacity and gene expression profile. However, adherent subclones were not less
sensitive to the chemotherapeutics. This could be a reason of the limitation in the assay
setup since parental SCLC cells grow as 3D structural aggregates and the adherent
subclones were cultured as 2D monolayer cultures. The cells in 3D culture generally
exhibit reduced sensitivity to certain chemotherapeutic agents (324). Indeed, adherent
subclones of NCI-H69 cell line were reported to have induced chemotherapy
resistance and even become multidrug resistant (8, 325).
CD90 was commonly expressed in all SCLC cell subclones. So, CD90
percentage in a SCLC cell population was not seemed to be a discriminative parameter
to identify stem-like cancer cells. However, RNAseq analysis revealed that CD90
expression was increased from NCI-H69 to H69ADH. Even, H69ADH showed a
separate CD44+CD90high subpopulation which was then isolated as H69ADH/SC.
CD44 expression was only limited on parental SCLC cell lines and their adherent
subclones. CD44+CD90high H69ADH/SC cells showed induced mesenchymal and
stemness character. Moreover, expression of the urokinase plasminogen activator
receptor (uPAR/CD87) was linked with invasive phenotypes and poorer survival.
uPAR is one of the regulators of extracellular matrix degradation; thus, involved in
cell migration and invasion (326-328). uPAR-expressing SCLC cells was shown to
have induced stemness character with multi-drug resistance, high clonogenic activity
and coexpression of CD44 and MDR1, putative cancer stem cell markers (326).
Consistently, transcriptomics data indicated that the mesenchymal-like stem cells of
SCLC which were obtained in this study (H82ADH, H69ADH and H69ADH/SC) had
CD87 expression while the parental cell lines (SCLC-21H, NCI-H82 and NCI-H69)
did not. Another commonly used CSC marker both for NSCLC and SCLC, CD133
gene was expressed both in parental NCI-H82 and NCI-H69 cell lines and their
adherent subclones. To summarize, CD44 surface protein and CD87 mRNA together
with CD90high population might be used for identification of CSCs in SCLC cell lines
accordingly. Additionally, CSCs were shown to repeatedly initiate tumor formation to
repopulate tumors with heterogeneity and maintain tumors by dividing asymmetrically
(329-331). Thus, CSC frequency in vitro could decrease in time due to asymmetric
division and repopulation of differentiated tumors cells. An interphase between CSCs
and more differentiated tumor cells is observed as transit-amplifying cells which
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express decreased levels of stem cell markers (332). Considering the fact that, adherent
subclones had reduced CD44 and CD90high cell percentages yet possessed CSC-related
in vitro differentiation and in vivo tumor initiation capacities. Therefore, might
resemble the transit-amplifying cells between more epithelial-like SCLC cells and
H69ADH/SC cells. Indeed, the transcriptomic profile in regards to mesenchymal and
stemness together with GSE analysis revealed that adherent subclones reside in
between epithelial and stem cell fraction.
The functional hallmark of the epithelial-mesenchymal transition (EMT)
program is to allow stationary epithelial cells to gain the ability to migrate. It involves
the transcriptional alteration of many genes regulating cell adhesion, mesenchymal
differentiation, cell migration, and invasion (89, 333, 334). N-cadherin, fibronectin,
CD44, and integrin β6 are considered as potent factors for a proper cell migration in
mesenchymal cells (89, 335, 336). Thus, migratory capacity of SCLC cell subclones
hypothesized to be altered especially between suspension and adherent SCLC. The
morphology, induced expression of adhesion molecules together with mesenchymal
signature in transcriptomic analysis in adherent SCLC cells were regarded as
indicators of this character.
SCLC is characterized as an immunogenic tumor type since patients usually
have an ongoing inflammation with common autoimmune paraneoplastic syndromes
(18). Moreover, SCLC present various neoantigens due to its high mutational burden
(17). Nevertheless, immuneprofile of SCLC was not extensively verified with in vitro
cultures. Therefore, this study took the advantage of co-culturing SCLC cells with
PBMCs at various conditions from high to low effector/target ratios. It was observed
that SCLC cells modulated T cell responses when effector/target ratio was ≥1. This
occurred conceivably due to metabolic suppression in such an in vitro assay. SCLC
cells were able to express arg2, cox2, nos2, nox2, ido1, and ido2 mRNAs that can
assist to metabolic immune suppression. Thus, in order to immune profile SCLC, a coculture ratio where a high SCLC immune modulation was observed was used for the
immunological assays. The co-cultures were performed in the presence of α-CD3 mAb
since co-stimulatory supported by SCLC was investigated rather than the antigenspecific immune responses. Stem cell populations’ proliferative potential was
compatible with their parental cell lines in vitro; although, stem cells are known to be
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quiescent, in vivo (337). Besides, cell viability was sustained among the groups in the
co-cultures as a common observation.
Both the difficulty in obtaining surgical material and the limited number of
immune infiltrate in SCLC tumor tissue limit the studies aiming to understand SCLC
immunology. Thus, clinical data on SCLC immune status mainly depends on archived
biopsy materials. Here, instead of primary tumor tissue, metastatic lymph nodes were
used in order to screen the interaction between metastatic cells and immune cells. In
addition, limited number of CD3+ T cells were observed in the primary tumor tissues
which makes the investigation of co-inhibitory receptors unfeasible. In other respects,
both primary tumors and metastases consist of heterogeneous cell populations with
differentiated and stem-like cells (8). Nevertheless, EMT was shown to support tumor
cells’ migration, increase survival chance in circulation, support invasiveness and
contribute to chemotherapy resistance. A commonly accepted theory on metastasis,
“seed and soil” indicate that the route of dissemination and metastasis is influenced by
the compatible organs (338). Later, it has been speculated that multipotent and
pluripotent cancer stem cells and cancer-educated mesenchymal stem cells might play
an important role in the regulation of metastatic niche (338-340). Additionally,
mesenchymal stem cells were found to be accompany tumor cells, influenced by the
tumor microenvironment and finally regulate formation and modelling of premetastatic niche (339). In addition to secreted factors regulating EMT process of tumor
cells and directing their migration, mesenchymal stem cells can also promote
metastasis by downregulating antitumor immune responses (339, 341). Considering
that the two most common target organs for SCLC metastasis are central nervous
system organs and bone, differentiation status of cancer cells might be an important
factor. Neuroendocrine roots of SCLC and differentiation capacity of H69ADH cells
into osteocytes are indicatives that adherent SCLC subclones may show trophism to
these organs.
Our assays demonstrated that monocytes are intermediate players for T cells’
modulation by SCLC cells. Certain studies reporting immature monocyte/MDSC
presence in SCLC patients which correlates with poor therapy response and
progression (254, 339, 340). These cells could infiltrate into tumors or sites of
metastasis to regulate immune responses and remodeling the tumor microenvironment.
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However, no in vivo or ex vivo data yet demonstrated a global impact of MDSCs in
SCLC. Moreover, monocyte-depleted PBMCs or T cells could be effectively
stimulated by peripheral blood monocyte population obtained from SCLC patients and
the results were compatible with that of healthy donors’ monocytes. On the other hand,
PBMCs obtained from SCLC patients were not responsive as compared to healthy
donors’ PBMCs. This could be speculated that SCLC patients have rather a
dysfunction in lymphoid cells rather than monocytes thus induction of MDSCs should
not be the primary immune evasion strategy of SCLC cells. Rather than boosting
functionally impaired monocytes, SCLC cells seem to educate monocytes for tumorpromoting inflammation (15). The majority of tumor-infiltrating immune cells in the
primer SCLC tissues are macrophages and T cells which may support a triple
interaction between SCLC cells, monocytes/macrophages and T cells (231). Cell lines
used in this study do not express adhesion molecules CD50, CD54, CD58 and CD102
that enables cell-to-cell contact with T cells through CD2 or LFA-1 (243). This could
be another reason of why a limited contact-dependent T cell modulation was found in
SCLC co-cultures. On the other hand, decreased proliferation of patient-derived
monocyte-depleted immune PBMCs may also imply the functional defect in SCLC
patients.
After short-term incubation with SCLC cells, expression of activation markers
was elevated on CD8+ T cells, more prominently when PBMCs were co-cultured with
adherent SCLC subclones. Cytotoxicity-related CD107 on CD8+ T cells and cytotoxic
function-related factors (i.e. IFN-γ, GzmA, GzmB and perforin) in the cultures were
augmented upon SCLC culture as well. T cell proliferation was also induced together
with SCLC cells. Consistent with elevated T cell proliferation, IL-2 secretion in the
cultures was augmented. Overall, SCLC cells might not initially suppress, but even
allow and support T cell responses. Considering the fact that, the support of T cell
activation coming from the SCLC cells were greater in adherent subclones, CD80 and
CD86 induction on monocytes through adherent subclones represent a consistent
finding. To summarize, triggering the upregulation of CD86 and CD80 to some extent
on monocytes through soluble factors might be a mechanism employed by SCLC cells
to support T cell responses.
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Together with the immunogenic profile of SCLC cells and openness of T cells
to functional loses may be explained by two hypotheses on T cell-related immune
evasion mechanisms which are adaptive resistance and T cell exhaustion. According
to the adaptive resistance, tumors which do not directly suppress or even maintain the
immune reactions, take the advantage of upregulation of co-inhibitory mediators in
response to pro-inflammatory mediators such as IFN-γ and thus regulate immune
responses (174). Even though STAT1 is acknowledged as the major transcription
factor activated by IFN-γ, alternative factors bind onto the elements in the promoter
region of PD-L1 gene; STAT3 and NF-kB are also induced (174). Thus, the ligands
for PD-1 receptor, PD-L1 (B7-H1) and PD-L2 (B7-DC) can be upregulated through
IFN-γ signaling (156, 174). In conclusion, tumor cells might become immune
suppressive by rapidly initiating de novo synthesis of PD-L1 upon engagement with
IFN-γ producing Th1-cells or CTLs (156, 174). In fact, some tumor cells were shown
to support or trigger T cell activation to acquire “adaptive resistance” (156, 157).
Considering the significant elevation of IFN-γ in the co-cultures of SCLC cells with
PBMCs, this thesis study evaluated an IFN-γ-mediated adaptive resistance mechanism
used by SCLC subclones. Accordingly, IFN-γ-stimulation or encounter with activated
T cells which produce pro-inflammatory cytokines including IFN-γ effectively
upregulated PD-L1 and PD-L2 expression especially on adherent subclones of SCLC
cells. Expression of PD-L1 and PD-L2 upon IFN-γ stimulation correlated with the
expression of cancer stem cell markers CD44 and CD90. To sum up, induced stemness
character might be ease the display adaptive resistance mechanism which was also
shown in breast cancer CSCs as well (342).
There are controversial data about the correlation between PD-L1 positivity
and tumor stage which either of early or late stage patients were correlated with higher
PD-L1 expression (240, 251, 252). According to our experiments, PD-L1 expression
was regulated through inflammatory cytokines mainly with IFN-γ as expected.
Furthermore, the cells expressing PD-L1 are mainly mesenchymal-like cells with
induced migratory capacity thus the cells could be responsible from metastasis. So, it
may be speculated that in metastatic patients, cancer cells with increased capacity to
express PD-L1 display migratory capacities to lymph nodes and distant sites or vice
versa. Moreover, in vitro assays indicated that IFN-γ production was dependent on the
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lower SCLC/T cells ratio. Thus, considering the low-level immune infiltration in
primary SCLC tumors, one may conclude that the primary tumor site is not harshly
inflamed with type-1-cytokines such as IFN-γ. This may be a factor limiting the
expression of PD-L1 in the primary tumor sites (240, 251, 252). On the other hand, in
the sentinel lymph nodes, the ratio of effector immune cells to target cancer cells takes
favor on lymphocytes. Considering the immunomodulatory capacity of cancer cells
that underwent EMT to migrate in to lymph nodes, it might be concluded that
metastatic lymph nodes are rather become the most likely tissue where induce IFN-γ
secretion. Thus, the PD-L1-positive SCLC cells were expected more in metastatic
lymph nodes. Hence, PD-L1 expressing tumor cells were found in tumor-infiltrating
lymph nodes. However, no immune suppression upon PD-1/PD-L1 or PD-L2
interaction was observed in various co-culture of immune cells with IFN-γ-stimulated
or purified PD-L1+ SCLC cells. Thus, PD-1-related regulation of immune responses
does not seem to be a primary immune evasion mechanism of SCLC.
Furthermore, most cancer types are evaluated in their immune profile
especially in terms of costimulatory molecules so that the novel immunotherapeutic
approaches could be developed. However, immune profile of SCLC cells was poorly
understood. SCLC cells were reported to rarely express PD-L1 (<1% of SCLC cells in
many cases) according to evaluation by immunohistochemical analysis of tumor
samples. For the purpose, expression of PD-L1 and PD-L2 on SCLC cells were
evaluated upon IFN-γ stimulation and encountering with primed PBMCs.
Immunotherapies targeting PD-1/PD-L1 or PD-L2 axis in SCLC patients are in clinical
trials. A recently published study with 403 extensive-stage SCLC patients indicated
that atezolizumab, a PD-L1 targeting mAb resulted with only a two-month-long
increment overall survival (31). However, the response rate obtained with α-PD-L1
mAb in SCLC did not differ from the placebo group and the complete response rate
was only 2.5%. Alternatively, in NSCLC clinical trials, the response rates were
increased up to 40-45%. Correspondingly, taken together with the co-culture results
obtained here, the results in clinical trials with PD-L1 check-point blockade accord
that PD-1/PD-L1 axis is not the principal mechanism for SCLC immune evasion.
Nevertheless, observation indicating that adherent subclones of SCLC cells could
significantly upregulate PD-L1 and PD-L2 together with upregulation of PD-1 on T
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cells. Moreover, CD44+ H69ADH/SC was identified with the highest capacity to
induce PD-L1 and PD-L1 expression was correlated with IHC staining that in the
lymph nodes of some SCLC patients. In the meantime, resident lymphocytes were also
PD-1+ in some lymph nodes of SCLC specimen. Theoretically, anti-PD-1 or-PD-L1
therapy might be beneficial for some patients at least at the site of lymph node
metastasis.
In addition to induction of PD-1 and CTLA-4 on both CD4+ and CD8+ T cells
by adherent subclones of SCLC cells, TIM-3 and LAG3 were also highly upregulated
on T cells, again, more prominently in the presence of adherent subclones. With the
observation of LAG3 is the most commonly expressed checkpoint receptor on
lymphocytes in metastatic lymph nodes of SCLC patients. Thus, TIM-3+ LAG3+ CD8+
T cells were evaluated for T cell exhaustion by analyzing of the functional responses
upon re-stimulation. Clonal expansion with various stimulations revealed that TIM3+LAG3+ CD8+ T cells retain effector capacities while TIM-3-LAG3- CD8+ T cells
were also responsive as the naïve T cells. More importantly, pro-inflammatory
cytokines were higher in re-stimulated TIM-3+LAG3+ CD8+ T cell culture. However,
in addition to high expression of IFN-γ, limited amounts of IL-10 and decreased IL-2
found in TIM-3+LAG3+ CD8+ T cell cultures might be indicators of effector transition
from effector to exhaustion (343, 344). Monocytes, critical for T cell activation express
HLA-DR a class II MHC molecules, ligand of LAG3 (345, 346). Alternative to the
common positivity of LAG3 checkpoint receptor on metastatic lymph nodes of SCLC
patients, SCLC CM from adherent subclones upregulated the expression of HLA-DR.
Therefore, targeting of LAG3 might be a strong candidate for checkpoint blockade
immune intervention therapies in SCLC patients.
Immune cells are able to target and kill SCLC cells. Even in early 90s,
peripheral blood lymphocytes and lymphokine-activated killer cells stimulated with
bispecific antibodies (a hybrid of α-CD3 mAb and mAb targeting tumor-associated
antigen) were shown to kill SCLC cells more effectively than NSCLC cells (347, 348).
Thus, the immune activation obviously does not provide the control of tumor
progression, dissemination or metastasis in SCLC patients. This may be explained by
two issues; first, the effector T cells are triggered to express inhibitory receptors upon
constant signals especially from adherent or stem-like SCLC and these cancer cells are
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capable of expressing inhibitor molecules especially upon encountering with proinflammatory cytokines. Thus, activated T cells become more prone to immune
suppression. Secondly, the greater proliferation rate of SCLC cells probably
outnumbers the immune cells, which simply hinders immune-mediated killing of
SCLC cells.
Although the cells lines used in this study were able to induce tumor in nude
mice, immunology studies cannot be conducted on these immune compromised mice.
For the purpose, humanized mice could be a useful tool however this was not
applicable to the project in terms of time and finding. Moreover, SCLC tumors which
are not commonly infiltrated by CD3+ T cells, even in the primary tumor tissues from
SCLC patients were not suitable to investigate T cell-mediated responses.
To summarize, SCLC cells maintain and support T cell activation and induce
cytokine production, mainly IFN-γ secretion. While IFN-γ secretion upregulated PDL1 and PD-L2 especially on SCLC subclones bearing mesenchymal-like and/or stemlike features, the induced activation of T cells leads to the expression of co-inhibitory
receptors especially TIM-3 and LAG3 on CD4+ and CD8+ T cells which may
eventually lead to further suppression of T cells (Figure 5.1). SCLC cells produce
factors that induced co-stimulatory molecules on monocytes, therefore myeloid cells
are critical for immune modulation in SCLC. Collectively, the subclones of SCLC
possess potential to develop strategies to orchestrate inflammation and adapt to survive
from anti-tumor immunity.
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Figure 5.1. Schematical abstract of the immune outcome of the interaction between SCLC cells and T cells
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6. RESULTS AND RECOMMENDATION


Small cell lung cancer cell lines were comprised of heterogeneous subclones
including cancer stem cell-like adherent subclones.



Adherent subclones possessed capacity to differentiate into chondrocyte,
osteocyte and adipocyte lineages and were able to initiate tumors in nude mice at
lower numbers than the parental cell lines. Additionally, migratory capacity of
CD44+CD90+ clones of H69ADH/SC cells was higher than other SCLC cell
subclones.



Adherent subclones and especially H69ADH/SC had induced mesenchymal and
stemness associated gene expression profile.



SCLC cells allowed and even supported T cell activation, proliferation and
cytokine secretion which were more prominently observed with adherent
subclones.



SCLC cells did not directly modulate T cells, however monocytes were mediators
between SCLC cells and T cells.



SCLC conditioned media were able to support T cell proliferation in a dilutiondependent manner.



SCLC conditioned media augmented the expression of CD86 and HLA-DR on
monocytes, more prominently with the media from adherent subclones.



Monocytes from SCLC patients were compatible with those of healthy donors in
terms of stimulating T cell proliferation; however, patient-derived T cells were
less responsive to in vitro stimulation.



SCLC cells, especially adherent subclones were effectively upregulated PD-L1
and PD-L2 upon IFN-γ stimulation or encountering with activated PBMCs.
Expression of PD-L1 was associated with stem cell-related CD44 and CD90
expression and dependent to IFN-γ.



Induction of PD-L1 on SCLC cells did not resulted with suppression of T cell
proliferation or cytokine secretion.



SCLC cell lines expressed immunomodulatory B7-H3 ligand and secreted factors
such as arg2, cox2, nos2 and nox2 and induced the expression of ido1 and ido2
upon encountering with pro-inflammatory cytokines.
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SCLC cells (prominently the adherent subclones) elevated the expression of PD1, CTLA-4, TIM-3 and LAG3 co-inhibitory receptors on T cells.



TIM-3+LAG3+ CD8+ T cells purified from co-cultures with H69ADH/SC did not
displayed exhausted phenotype, however the cytokine signature upon restimulation of TIM-3+LAG3+ CD8+ T cells resembled a transition state from
effector to exhausted stage.



Immune modulators PD-1, PD-L1, and TIM-3 occasionally expressed on
metastatic SCLC lymph nodes. However, LAG3 expression was rather common
on metastatic SCLC lymph nodes, even with focal expression of LAG3 on SCLC
cells.



To reveal the interaction between SCLC cells and monocytes, the effect of
candidate molecules such as CSF1, CCL2, IL32 and their combination may be
investigated. Similarly, the association between these molecules with tumorinduced myeloid cells, such as myeloid-derived suppressor cells (MDSCs) may
be investigated.



The expression of LAG3 in the metastatic specimens from SCLC patients could
be extended in a larger cohort and the correlation between diseases stage,
metastatic route and the expression of stem cell-related markers can be evaluated.
Furthermore, expression of LAG3 ligands also may be investigated.



Co-inhibitory ligands of other co-inhibitory receptors might be screened in SCLC
cells and tissues.



T cell exhaustion might be investigated with longer co-culture and stimulation
setup.



As a potential biomarker, possible impact of B7-H3 molecule on the
progression/survival of SCLC patients might be evaluated.



In vivo immunotherapy approaches according to finding on this thesis could be
performed on humanized mice.
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