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YAYIMLAMA VE FiKRi MULKIYET HAKLARI BEYANI

Enstitt tarafindan onaylanan lisansiistii tezimin/raporumun tamamini veya herhangi bir kismini, basili
(kagat) ve elektronik formatta arsivleme ve asagida verilen kogullarla kullanima agma iznini Hacettepe
Universitesine verdigimi bildiririm. Bu izinle Universiteye verilen kullanim haklar1 disindaki tiim fikri
miilkiyet haklarim bende kalacak, tezimin tamaminin ya da bir boliimiiniin gelecekteki ¢aligmalarda
(makale, kitap, lisans ve patent vb.) kullanim haklar1 bana ait olacaktir.

Tezin kendi orijinal ¢alismam oldugunu, baskalarinin haklarini ihlal etmedigimi ve tezimin tek yetkili
sahibi oldugumu beyan ve taahhiit ederim. Tezimde yer alan telif hakki bulunan ve sahiplerinden yazil
izin alinarak kullanilmasi zorunlu metinlerin yazili izin alinarak kullandigimi ve istenildiginde
suretlerini Universiteye teslim etmeyi taahhiit ederim.

Yiksekogretim Kurulu tarafindan yayinlanan “Lisansiistii Tezlerin Elektronik Ortamda
Toplanmasi, Diizenlenmesi ve Erisime Acilmasma iliskin Yonerge” kapsaminda tezim asagida
belirtilen kosullar haricince YOK Ulusal Tez Merkezi / H.U. Kiitiiphaneleri A¢ik Erisim Sisteminde

erigsime agilir.

o Enstitli / Fakiilte yonetim kurulu karar ile tezimin erisime agilmasi mezuniyet tarihimden
itibaren 2 yil ertelenmistir, (V

o Enstitii / Fakiilte yonetim kurulunun gerekgeli karari ile tezimin erisime agilmasi mezuniyet
tarihimden itibaren .. ay ertelenmistir.®)

o Tezimle ilgili gizlilik karar1 verilmistir.

ceccccccccee

1 “Lisansiistii Tezlerin Elektronik Ortamda Toplanmasi, Diizenlenmesi ve Erisime Acilmasina Iliskin Yonerge”

(1)  Madde 6. 1. Lisansiistii tezle ilgili patent bagvurusu yapilmasi veya patent alma siirecinin devam etmesi durumunda,
tez danismaninin onerisi ve enstitii anabilim dalinin uygun goriisii tizerine enstitii veya fakiilte yonetim kurulu iki yil
siire ile tezin erigime agilmasinin ertelenmesine karar verebilir.

(2)  Madde 6. 2. Yeni teknik, materyal ve metotlarin kullanildigi, heniiz makaleye doniigmemis veya patent gibi yontemlerle
korunmamaus ve internetten paylagilmasi durumunda 3. sahislara veya kurumlara haksiz kazang imkani olusturabilecek
bilgi ve bulgulart iceren tezler hakkinda tez danigmanimin énerisi ve enstitii anabilim dalimin uygun goriisii iizerine
enstitii veya fakiilte yénetim kurulunun gerekgeli karari ile alti ayi agmamak iizere tezin erisime agilmasi
engellenebilir.

(3)  Madde 7. 1. Ulusal ¢ikarlari veya giivenligi ilgilendiren, emniyet, istihbarat, savunma ve giivenlik, saglik vb. konulara
iliskin lisansiistii tezlerle ilgili gizlilik karari, tezin yapudigi kurum tarafindan verilir *. Kurum ve kuruluglarla yapilan
ishirligi protokolii ¢ercevesinde hazirlanan lisansiistii tezlere iligkin gizlilik karari ise, ilgili kurum ve kurulusun
onerisi ile enstitii veya fakiiltenin uygun goriisii iizerine tiniversite yonetim kurulu tarafindan verilir. Gizlilik karar
verilen tezler Yiiksekogretim Kuruluna bildiriliv. Madde 7.2. Gizlilik karari verilen tezler gizlilik siiresince enstitii
veya fakiilte tarafindan gizlilik kurallar ¢ergevesinde muhafaza edilir, gizlilik kararimn kaldirilmast halinde Tez
Otomasyon Sistemine yiiklenir

* Tez danigmaminin dnerisi ve enstitii anabilim dalimin uygun goriisii iizerine enstitii veya fakiilte yonetim kurulu
tarafindan karar verilir.
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ABSTRACT

Tavukg¢uoglu E. Comparative analysis of myeloid-derived suppressor cells from
blood and spleen in gastric and pancreatic cancer. Hacettepe University
Graduate School of Health Sciences, Tumor Biology and Immunology Doctor of
Philosophy Program, Ankara, 2022. Under physiological conditions, development
and maturation of the myeloid cells take place in the bone marrow. In case of chronic
inflammatory disorders such as cancer, production of chemokines, growth factors, and
cytokines are augmented, and myelopoiesis is boosted. However, the myeloid cells
enter circulation without full maturation and may interfere with immune responses.
These immature immunosuppressive cells are called “myeloid-derived suppressor
cells (MDSCs)”. MDSCs employ different mechanisms such as reactive oxygen
species, nitric oxide, arginase 1, indoleamine 2,3-dioxygenase to suppress immune
responses. MDSCs are accumulated in the peripheral blood, bone marrow, liver, and
especially in the spleen and support tumor formation and metastasis in tumor-bearing
mice. On the other hand, since obtaining spleen samples is very challenging, peripheral
blood is generally used in human studies. Increased amounts of MDSCs were found
in the peripheral blood of cancer patients and were associated with bad prognosis.
However, there is more room for research about MDSCs in the human spleen. In this
study, from peripheral blood and spleen samples of gastric and pancreatic cancer
patients who underwent splenectomy, the subtypes of MDSCs were determined.
Particularly, polymorphonuclear MDSCs (PMN-MDSCs) were accumulated in the
spleen, and they were in close proximity with T cells. Increased percentages of PMN-
MDSCs both in peripheral blood and spleen were associated with bad prognosis
regardless of clinical stage. Furthermore, the spleen specimens which were obtained
from the patients with traumatic injury served as non-malignant controls. PMN-
MDSCs were accumulated in injured spleen similar to that of observed in the cancer
patients. Increased percentages of PMN-MDSCs in the spleen were positively
correlated with injury severity scores. Furthermore, the splenic PMN-MDSCs as well
as the circulating PMN-MDSCs, displayed similar distribution, morphological
properties, capacities to produce reactive oxygen species, nitric oxide, and suppressed
T cells. Both in cancer and traumatic injury the expression of human MDSC-associated
immune regulatory molecules were increased. In conclusion, our results demonstrated
the immune modulatory function of the human spleen through MDSCs in
inflammatory disorders such as cancer and trauma.

Keywords: spleen, myeloid-derived suppressor cells, polymorphonuclear cells, T
cells

This study was supported by The Scientific and Technological Research Council of
Turkey (TUBITAK) (Project No:216S264 and Project No:220S701).
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OZET

Tavukc¢uoglu E. Mide ve pankreas kanserinde dalak ve periferik kan miyeloid-
kokenli baskilayic1 hiicrelerin karsilagtirmali analizi. Hacettepe Universitesi
Saghik Bilimleri Enstitiisii, Tiimor Biyolojisi ve Immiinolojisi Doktora Programu,
Ankara, 2022. Fizyolojik kosullarda, miyeloid hiicrelerin gelisimi ve olgunlagsmasi
kemik iliginde gerceklesir. Kanser gibi kronik inflamasyon siireglerinde,
kemokinlerin, biiyiime faktorlerinin ve sitokinlerin iiretimi artar, miyelopoiez uyarilir.
Ancak, olgunlagmalarin1 tamamlamadan dolasima ¢ikan miyeloid hiicreler immiin
yamtlar1 sekteye ugratirlar. Immiin yamtlari baskilama kapasitesine sahip,
miyelopoiezin farkli olgunlasma basamaklarindaki immatiir miyeloid hiicreler
“miyeloid-kokenli baskilayici hiicreler (MKBH)” olarak bilinmektedir. MKBH’ler
reaktif oksijen tiirleri, nitrik oksit, arjinaz 1, indoleamin 2,3-dioksijenaz gibi farklh
mekanizmalart kullanarak immiin yanitlar1 baskilamaktadir. Timorli farelerde
MKBH’ler periferik kan, kemik iligi, karaciger ve 6zellikle dalakta birikerek tiimor
gelisimine ve metastazina destek saglamaktadir. insanda ise dalak dokusuna erisim
¢ok zor oldugu igin calismalar genellikle periferik kan ile yapilmustir. Onceki
caligmalarda, kanser hastalarinin periferik kaninda MKBH’lerin yiiksek diizeyde
bulundugu ve bu durumun koétii prognozla iligkili oldugu gosterilmistir. Ancak,
insanda dalak dokusunda bulunan MKBH’lerin fonksiyon ve karakteri hakkinda
caligmalara ihtiya¢c duyulmaktadir. Bu calismada, splenektomi olmus mide ve
pankreas kanserli hastalarin periferik kan ve dalak 6rneklerindeki MKBH alt-tiplerinin
dagilimi belirlenmistir. Ozellikle, polimorfoniikleer MKBH’lerin (PMN-MKBH)
dalakta y1g1ldig1 ve T hiicreler ile yakin konumda bulundugu gosterilmistir. Dalak ve
periferik kanda artan PMN-MKBH yiizdesinin, klinik evreden bagimsiz sekilde kotii
sagkalimla iligkilendirilmistir. Ayrica, bu ¢alismada kanser ile iliskisi olmayan, travma
sonucu splenektomi olmus hastalarin dalak 6rnekleri ile calisilmistir. Benzer sekilde,
PMN-MKBH’lerin travmatik dalak dokusunda da biriktigi bulunmustur. Artan PMN-
MKBH yiizdesinin, yaralanma siddet skorlar1 ile pozitif korelasyon i¢inde oldugu
gosterilmistir. Ayrica, dalaktaki ve periferik kandaki PMN-MKBH’lerin benzer
dagilim gosterdigi, morfolojilerinin, reaktif oksijen tiirleri, nitrik oksit {iretim ve T
hiicre baskilama kapasitelerinin de benzer oldugu bulunmustur. Hem kanserde hem
travmada, insan MKBH-iligkili immiin regiilatér molekiillerinin ekspresyonu
artmigtir. Sonug olarak, ¢alismamiz, kanser ve travma gibi inflamatuvar hastaliklarda
insan dalagmin MKBH’ler sayesinde immiin modiilatér fonksiyonu oldugunu
gostermektedir.

Anahtar kelimeler: dalak, miyeloid-kdkenli baskilayici hiicreler, polimorfoniikleer

hiicreler, T hiicreler

Bu ¢alisma TUBITAK tarafindan desteklenmistir (Proje No: 2165264 ve Proje
No:220S701).
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In myelopoiesis, mature granulocytes, and cells of other myeloid origins
dendritic cells and monocytes are steadily formed under physiological
conditions. Under the pathological circumstances, e-MDSC, M-MDSC and
PMN-MDSCs accumulate in blood, spleen and tumor (HSPCs, hematopoietic
stem and progenitor cells; CMPs, common myeloid precursors; e-MDSC,
early myeloid-derived suppressor cells; M-MDSC, monocytic myeloid-
derived suppressor cells; PMN-MDSCs, polymorphonuclear myeloid-derived
suppressor cells). 6

Different T cell suppression mechanisms employed by M-MDSCs and PMN-
MDSCs are shown (TGF-f, transforming growth factor 3; IL-10, interleukin
10; ATP, adenosine triphosphate; pERK, phosphorylated extracellular signal-
regulated kinase; pAKT, phosphorylated protein kinase B; IDO1, indolamine
2,3-dioxygenasel; ARGI, arginase 1; iNOS, inducible nitric oxide synthase;
NO, nitric oxide; ROS, reactive oxygen species; NOX, NADPH oxidases;
TIM3, mucin domain-containing protein 3; Gal-9 Galectin-9; PD-1,
programmed death protein 1; PD-L1, programmed death ligand 1; Fas-L, Fas
ligand; IFN-y, interferon gamma; M-MDSC, monocytic myeloid-derived
suppressor cells; PMN-MDSC, polymorphonuclear myeloid-derived
suppressor cells). 12

Schematic illustration of the microanatomy of spleen is given (PALS,
periarteriolar lymphoid sheath; the image was created in BioRender.com. 20

Schematic representation of the density gradient separation. PBMCs and low-
density PMN cells accumulated over 1.077 g/mL gradient. The cells found at
the bottom of the tube were collected and again layered over 1.119 g/mL
gradient separation solution and normal-density PMN cells were recovered
over 1.119 g/mL gradient. 27

A) Confirmation of the purity of CD14" monocytes isolated by MACS. The
cells before and after MACS were labelled with anti-CD14-FITC monoclonal
antibody and analyzed on a flow cytometer. B) Confirmation of the purity of
CD66b"cells isolated by MACS and FACS. The purity of the cells before
MACS, after MACS and after MACS/FACS were assessed by labelling with

anti-CD66b-FITC monoclonal antibody and immunophenotyping. 28
[llustration of Fuchs-Rosenthal Counting Chamber. 30
50 bp DNA ladder (Thermo Fisher Scientific). 39
Protein ladder (dual color protein ladder, Bio-Rad, USA). 42
Schematic illustration of the western blot wet transfer cassette. 43

Multi-color flow cytometry immunophenotyping and gating strategy to
determine PMN-MDSC, e-MDSC, M-MDSC are given. Red arrows show the
gating strategy followed for e-MDSC and M-MDSC. Blue arrows show an



4.2.

4.3.

4.4.

4.5.

4.6.

Xiv

alternative confirmatory gating strategy followed for PMN-MDSC, which can
also be achieved by red arrows. 45

The subpopulations of MDSCs from the peripheral blood and the spleen of
gastric cancer patients and their comparison with healthy donors. A) The
percentages of PMN-MDSCs, e-MDSCs and M-MDSCs-related phenotypes
were determined by the flow cytometry (peripheral blood, healthy donors
n=41, gastric cancer patients n=23; spleen, gastric cancer patients n=22). B)
Absolute numbers of MDSCs in the peripheral blood were calculated
(peripheral blood, healthy donors n=38, gastric cancer patients n=16). C)
Absolute numbers of MDSCs in the spleen were calculated (spleen, gastric
cancer patients n=17). D) Representative flow cytometry graphs showing
HLA-DR and CD66b expressions were given to indicate the distribution of
PMN-MDSCs-related phenotypes. E) CD66b immunofluorescence and DAPI
staining was performed on frozen sections of the spleen samples (scale bar,
10 um). Red line shows the median value (ns, not significant; *p<0.05,
**p<0.01). 47

The subpopulations of MDSCs from the peripheral blood and the spleen of
gastric cancer and pancreatic cancer patients and their comparison with
healthy donors. A) The percentages of PMN-MDSCs, e-MDSCs and M-
MDSCs-related phenotypes were determined by the flow cytometry
(peripheral blood, healthy donors n=41, gastric cancer patients n=23,
pancreatic cancer patients n=9; spleen, gastric cancer patients n=22,
pancreatic cancer patients n=9). B) Absolute numbers of MDSCs in the
peripheral blood and the spleen were calculated (peripheral blood, healthy
donors n=38, gastric cancer patients n=16, pancreatic cancer patients n=9;
spleen, gastric cancer patients n=17, pancreatic cancer patients n=9; ns, not
significant; *p<0.05, **p<0.01). 48

The counts and percentages of PMN cells and monocytes. A) The counts per
deciliter (dL) and percentages of PMN cells of the patients and the healthy
donors were given according to the total blood counts. B) The counts per
deciliter (dL) and percentages of monocytes of the patients and healthy
donors were given according to the total blood counts (healthy donors, n=41,
gastric cancer patient n=22, pancreatic cancer patients n=9; ns, not
significant; *p<0.05, **p<0.01). 49

Characterization of PMN cells in the peripheral blood and the spleen of
gastric cancer patients. A) The proportion of normal-density PMN cells (ND-
1119) and low-density PMN cells (LD-1077) were determined in total PMN
cells by the flow cytometry. B) The distribution of cytologically different
stages among non-segmented cells was given. C) Representatives of PMN-
MDSCs stained with May-Griinwald Giemsa were shown (scale bar, 10 pm,
n=12). 50

Representative flow cytometry histograms were given to demonstrate the
expressions of CD11b, CD33, CD66b, HLA-DR, CD10, LOX-1, IL-4Ra,
CD16, VEGFRI, PD-L1 on the peripheral blood-and the spleen-derived
PMN-MDSCs. 51
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4.7. Representative images from immunofluorescence analysis on the spleen
specimens for CD66b, pSTAT3 and PD-L1. A) CD66b, pSTAT3 and DAPI
staining was performed on the frozen sections of the spleen (scale bar, 10
um). B) CD66b, PD-L1 immunofluorescence staining was performed on
frozen sections of the gastric cancer patients’ spleen. The representatives of
out of 3 patients were given. 52

4.8. Functional characterization of the peripheral blood-and the spleen-derived
PMN-MDSCs. A) Production capacity of reactive oxygen species (ROS), (B)
nitric oxide (NO) and (C) phagocytosis capacity against the latex beads was
compared between the peripheral blood- (n=5) and spleen-derived PMN-
MDSCs (n=9). The representative flow cytometry histograms were given in
the right side of the graphs. The data was presented as average + SEM (ns,
not significant; *p<0.05). 53

4.9. Functional and morphological characterization of the peripheral blood-and
the spleen-derived normal-density PMN (ND/PMN) cells. A) Production
capacity of reactive oxygen species (ROS), (B) nitric oxide (NO) and (C)
phagocytosis capacity against the latex beads was compared between the
peripheral blood- (n=5) and the spleen-derived ND/PMN cells (n=9). D)
Representatives of the peripheral blood- and the spleen-derived ND/PMN
cells stained with May-Grunwald Giemsa were shown. The representative
flow cytometry histograms were given in the right side of the graphs. The
data was presented as average £ SEM (ns, not significant). 54

4.10. Distribution of PMN cells in the spleen and their interaction with T cells were
analyzed. A) Distribution of splenic PMN cells in the gastric cancer patients
(n=17) and the trauma patients (n=9, control spleen) were determined by
CD15 immunohistochemistry (ca, central arteriole; wp, white pulp; scale bar,
100 um). Quantification of CD15" cells were given. B) CD66b, CD3 and
DAPI immunofluorescence staining was performed on the frozen sections of
gastric cancer patients’ spleen (scale bar, 20 um). C and E) Purified
peripheral blood-derived and spleen-derived PMN-MDSCs and normal-
density PMN cells (n=6) were co-cultured with eFluor670-labelled
monocyte-depleted PBMCs from the healthy donors (n=6) and constant
numbers of monocytes isolated from healthy donors during 72 hours under
anti-CD3 stimulation (25 ng/mL). D and F) At the end of the co-cultures, the
amount of IFN-y was measured by ELISA (at 0.5:1 PMN cell:PBMC ratio).
The data was presented as average £ SEM (ns, not significant; *p<0.05,
**p<0.01). 56

4.11. Expression of immune regulatory genes such as S100A9, S100A8, IDOI,
ARGI, COX2, GAL3, NOS2, TGF-f, PD-L1, IL-10, CCL2, and VEGFRI1
were examined on spleen tissues by quantitative RT-PCR. Gene expression
data obtained from the spleen samples of cancer patients were normalized to
the pooled peripheral blood total leukocytes from the gastric and the
pancreatic cancer patients, separately. Black line represents the median value
(gastric cancer patients n=9, pancreatic cancer patients n==8). 57
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1. INTRODUCTION

Under physiological conditions, immature myeloid cells differentiate into
macrophages, dendritic cells, and granulocytes. In case of tissue damage or the
existence of a pathogen, the myeloid cells are activated and expanded. This process is
called “myelopoiesis” and aims to boost immune elements to protect the organism
from pathological conditions (1). However, in the case of chronic inflammation such
as cancer, prolonged inflammatory signals and over expression of growth factors
stimulate the bone marrow to meet the increased demand for myeloid cells. This results
in an emergency myelopoiesis in which the immature myeloid cells fail to differentiate
into mature cells before their egress from the bone marrow (2, 3). In recent years, it
has become evident that the abnormal accumulation and function of the immature
myeloid cells are important facets of the cancer (4).

The term “myeloid-derived suppressor cells (MDSCs)” were first defined in
2007 to identify the immature and suppressive myeloid cells (5). They originated from
common myeloid progenitors and growth factors such as granulocyte-macrophage
colony-stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF),
macrophage colony-stimulating factor (M-CSF) regulate their development (6).
MDSCs are composed of immature myeloid cells at different stages of myelopoiesis
and are identified with certain myeloid lineage markers. As common properties of
MDSCs, they have low-density (<1.077 g/mL) and express low or no expressions of
HLA-DR. MDSCs are further categorized into two major groups as monocytic
MDSCs (M-MDSCs) and granulocytic/polymorphonuclear MDSCs (PMN-MDSCs)
(7). Early MDSCs (e-MDSCs) have also been identified in humans, recently (8). Other
than their low-density and absence of HLA-DR expression, there is no distinctive
phenotypical markers to discriminate MDSCs from mature neutrophils and
monocytes. Therefore, functional analyses such as T cell suppression assays are
critical for defining the MDSCs (9).

As a secondary lymphoid organ, the spleen is the primary site for blood
filtration; and, during fetal development, it also contributes to extramedullary
hematopoiesis. In tumor-bearing mice, the immature MDSCs accumulate in peripheral
blood, bone marrow, tumor microenvironment, liver, and mostly spleen. Both splenic

and circulating MDSCs have been well-characterized phenotypically and functionally



in mice. MDSCs support tumor generation and metastasis by interfering with anti-
tumor immune responses (10, 11). However, in humans, generally peripheral blood
samples have been used to study MDSCs and in several types of cancer, increased
levels of MDSCs were correlated with disease severity and poor survival rates (12).

Due to the difficulties to get fresh tissue samples, there is very limited
knowledge on the MDSCs in the human spleen. Hence, this study aims to determine
the distribution and functions of splenic MDSCs, and their comparison with circulating
MDSCs. In this manner, peripheral blood and spleen samples from treatment-naive
gastric and pancreatic cancer patients who underwent splenectomy as a part of surgical
oncology were freshly obtained. After the peripheral blood and the spleen samples
were layered over 1.077 g/mL gradient separation solution, PMN-MDSC
(CD11b"CD14°CD334mCD15"CD66b"'HLA-DR74im), M-MDSC
(CD11b"CD14'CD33"CD15°CD66b'HLA-DR™™) and e-MDSC (CDI11b"CDI14
CD33"CD15CD66b'HLA-DR ™) phenotypes were determined as “low-density”
cells by using multi-color flow cytometry. PMN-MDSCs had the highest percentages
and the absolute numbers in the peripheral blood and the spleen of cancer patients
compared to those from the peripheral blood samples of the healthy donors. Therefore,
this thesis study further focused on the PMN-MDSCs where the spleen served as a
reservoir for MDSCs. Additionally, CD66b" PMN cells were widely distributed in the
spleen, and they were in a close contact with CD3™ T cells. Next, PMN-MDSCs from
the peripheral blood and the spleen were purified and functional assays were
performed. The capacities of reactive oxygen species (ROS), nitric oxide (NO)
production, and phagocytosis were evaluated. For T cell suppression assays, peripheral
blood mononuclear cells (PBMCs) from healthy donors were isolated and co-cultured
with PMN-MDSCs at different ratios in the presence of anti-CD3 stimulation. Both
splenic and circulating PMN-MDSCs suppressed T cell proliferation and IFN-y
secretion. Furthermore, expression of several immune regulatory genes and proteins
related to MDSCs were upregulated in the spleen of the cancer patients.

As non-malignant controls, the spleen specimens from the patients who
underwent splenectomy due to severe abdominal trauma were included in this study.
PMN-MDSCs populated the spleen in traumatic patients similar to cancer patients.

Commonly, the capacity of T cell suppression, the production of ROS, NO, the



phagocytic activity, and the patterns in the expression of immune regulatory genes and
proteins were comparable between the splenic PMN-MDSCs obtained from the cancer
patients and the trauma patients.

Lastly, the PMN-MDSCs were associated with the clinical data. Increased
percentages of PMN-MDSCs in the peripheral blood and the spleen of cancer patients
were associated with poor prognosis regardless of the clinical stage. In the trauma
patients, the percentages of PMN-MDSCs were positively correlated with the injury
severity scores. Therefore, this thesis study sheds light on the immune biology of the
spleen, under distinct pathological conditions such as cancer and trauma, and reports

the impact of MDSCs on the regulation of inflammation in the human spleen.



2. LITERATURE OVERVIEW
2.1. Myelopoiesis and MDSCs

The differentiation of hematopoietic stem and progenitor cells (HSPCs) begins
with the self-renewing and multipotent hematopoietic stem cells (HSCs) in the bone
marrow. Differentiation of HSCs results in the formation of more mature multipotent
progenitors (MPPs). MPPs can further adopt features of the myeloid or lymphoid
lineages. Common myeloid precursors (CMPs) generate mature myeloid cells such as
macrophages, dendritic cells, and granulocytes in healthy individuals (1). Myeloid
differentiation and maturation are regulated by the colony stimulating factors (CSFs).
In case of tissue damage or infections, myeloid cells activate, and migrate into the site
of inflammation (2, 13). This phenomenon is called normal activation and designed to
protect the organism from pathogens and microorganisms. This is a short-term process
and terminated when danger signal is removed from the microenvironment. However,
under chronic inflammation and stress conditions, persistent and low-level
inflammatory signals (i.e., chronic inflammation) cause “pathological activation” of
the myeloid cells (12, 14). Under these conditions, bone marrow becomes insufficient
to meet the increased demand for myeloid cells; thus, emergency myelopoiesis is
initiated upon prolonged exposure to inflammatory mediators (2, 3). Increased CSFs
induce the production of myeloid cells and the egress from the bone marrow without
fully maturation. In 2007, the term “myeloid derived suppressor cells (MDSCs)” was
introduced to define these immature and immune suppressive myeloid cells (5).
MDSCs originates from a common myeloid progenitor (CMP), and they are composed
of immature myeloid cells at various stages of myelopoiesis (6) (Figure 2.1). Besides
normal myelopoiesis, granulocyte-macrophage colony-stimulating factor (GM-CSF),
granulocyte colony-stimulating factor (G-CSF), macrophage colony-stimulating
factor (M-CSF) are also responsible for the development of MDSCs. However,
MDSCs, do not represent an immature population just arising from the expansion of
myeloid cells. Several years ago, to better define the differentiation of MDSCs, Dmitry
Gabrilovich proposed a two-signal model (15). This model is composed of two phases.
In the first phase, immature myeloid cells expand, and their differentiation is inhibited

in the bone marrow through the influence of tumor-derived growth factors. The second



phase is required to convert immature myeloid cells into functional MDSCs. These
processes are mediated by complex transcriptional activities and principally pro-
inflammatory cytokines (15, 16). Signal transducer and activator of transcription 3
(STAT3) is one of the key transcription factors, which induces the production of
growth factors and pro-inflammatory cytokines such as Interleukin (IL-6) and vascular
endothelial growth factor (VEGF) and provokes differentiation of MDSCs (17). In
response to growth factors, CCAAT/enhancer-binding protein beta (C/EBPp) is
another transcription factor that plays a role in the emergency myelopoiesis,
differentiation and sustenance of suppressive functions of MDSCs (18). C/EBPf is
found in the downstream of JAK/STAT pathway, which is stimulated through the pro-
inflammatory cytokines and growth factors (19, 20). Previous studies reported that the
deletion of C/EBPP in hematopoietic cells can inhibit the generation of MDSCs and
decrease their T cell suppression capacity (21). Unlike STAT3 and C/EBP, another
transcription factor interferon regulatory factor (IRFS8) is involved as a negative
regulator in the development of MDSCs (22, 23). IRF8 expression is important for
myelopoiesis, and it favors the differentiation of monocytic cells over granulocytic

cells (24).
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Figure 2.1. In myelopoiesis, mature granulocytes, and cells of other myeloid origins
such as dendritic cells and monocytes are steadily formed under
physiological conditions. Under the pathological circumstances, e-MDSC,
M-MDSC and PMN-MDSCs accumulate in blood, spleen and tumor
(HSPCs, hematopoietic stem and progenitor cells; CMPs, common
myeloid precursors; e-MDSC, early myeloid-derived suppressor cells; M-
MDSC, monocytic myeloid-derived suppressor cells; PMN-MDSCs,
polymorphonuclear myeloid-derived suppressor cells).

Initially, MDSCs are categorized in two different groups based on their
monocytic or granulocytic origins: monocytic MDSCs (M-MDSC) and
granulocytic/polymorphonuclear MDSCs (PMN-MDSCs) both in mice and humans
(8). More recently, early MDSCs (e-MDSC) which lack the lineage markers was
identified in humans (8, 25). PMN-MDSCs (CD11b"CD14
CD33%mCD15'CD66b 'HLA-DR™) and M-MDSCs (CD11b'CD14'CD33°CD15"
CD66b HLA-DR™™) share common phenotypical properties with circulating
neutrophils and monocytes, respectively (7, 26). On the other hand, M-MDSCs can be
distinguished by the low-level or the absence of MHC class II. PMN-MDSCs
accumulate in the low-density gradient (1.077 g/mL) when peripheral blood is



centrifuged. Therefore, PMN-MDSCs have lower density than that of mature
neutrophils (15, 27). It has been previously shown that in monocytic myeloid-derived
suppressor cells (M-MDSCs) and polymorphonuclear myeloid-derived suppressor
cells (PMN-MDSCs), IRF8 expression is downregulated. In IRF8 deficient mice,
myelopoiesis is impaired and myeloid cell differentiation is skewed toward MDSCs
(28, 29). Additionally, a recent study has introduced lectin-type oxidized LDL receptor
1 (LOXT) as a new marker for identifying the human PMN-MDSCs (30). However,
unique phenotypical markers are needed for distinguishing MDSCs, and functional
analyses are essential to define them properly (9). T cell proliferation assays are
commonly used methods to assess the suppressive capacity of MDSCs (31). However,
functional assays on human MDSCs may give heterogeneous results which are
partially lack of consensus due to the on the laboratory practices and standard
operating protocols (9). To overcome these challenges, a European Cooperation in
Science and Technology (COST-EU) Action BM1404 (Mye-EUNITER) was
established and common methods for the isolation of MDSCs and suppression assays
were reported (19). These advanced protocols include gentle and immediate
processing of samples since these immature myeloid cells are susceptible to the
physical stress and easily forfeit their suppressive character and prone to cell death
(32). M-MDSCs and PMN-MDSCs have short lifespan. Especially, PMN-MDSCs
lose viability in several days, ex vivo (33, 34). Because MDSCs (particularly PMN-

MDSCs) are delicate and rare cells, cryopreservation is not recommended (9, 35).
2.2. Suppression Mechanisms of MDSCs and Their Recruitment

Phenotypical markers are not fully sufficient to discriminate MDSCs from
other circulating myeloid cells and some distinctive properties related to their
suppressive nature should be addressed (9). There are several mechanisms used by
MDSCs to suppress anti-tumor immune responses. Reactive oxygen species (ROS),
nitric oxide (NO) and arginase 1 (ARG1) were discovered as the primary suppression
mechanisms. ARG1 can be used as a suppression mechanism by M-MDSCs and PMN-
MDSCs. ROS is produced mostly by PMN-MDSCs, whereas NO is production is more
common in M-MDSCs (36).



Under physiological conditions, consistent amount of cellular ROS is
generated by several cell types. On the other hand, impairment in homeostasis,
mitochondrial activity and metabolic processes may result in excessive ROS
production that leads to oxidative stress (37-39). In order to avoid oxidative damage,
ROS is tightly controlled by scavenging systems such as catalases, peroxidases, and
nuclear factor erythroid 2-related factor 2 (Nrf2) which is an anti-oxidative
transcription factor (19, 40). The main source of intracellular ROS is mitochondria
where NADPH oxidases (NOX) that produce superoxide through transferring
electrons from NADPH to oxygen. Excessive production of ROS can be observed in
many cancers and during metastasis.

MDSCs release ROS to suppress T cells by damaging lipids, proteins and
promoting apoptosis (41). More specifically, a study showed that ROS may also
suppress antigen specific T cell responses by modifying TCR molecules and prevent
them binding from MHC molecules (42). Since ROS are unstable and can be active
for a very limited time, PMN-MDSCs should be in close-proximity with T cells to
suppress the cell responses through ROS-mediated mechanisms (19). Increased ROS
production promotes the accumulation of MDSCs in the tumor microenvironment by
inducing VEGF receptors (43). In a study, MDSCs in NOX2 deficient mice could
produce less amounts of ROS and were non-suppressive (44). Additionally, it has been
demonstrated that when ROS production is inhibited via the catalases in vitro,
suppressive functions of MDSCs can be impaired (45). Although excessive ROS
production is toxic for many of the cell types, MDSCs are resistant to ROS through an
antioxidant machinery regulated by Nrf2 (46). Under basal conditions, Nrf2 is
constitutively expressed and degraded by Kelch ECH associating protein (Keap1) in
the cytosol. However, in case of oxidative stress, cysteines residues of Keapl become
modified and Nrf2 is released from Keapl. Then, Nrf2 translocate into the nucleus,
bind antioxidant response elements and increase to the resistance of MDSCs against
ROS by producing antioxidant proteins and detoxifying enzymes. In Nrf2 deficient
mice, MDSCs were found to be more apoptotic than in the wild-type mice, it can be
claimed that Nrf2 can promote the survival of MDSCs (47).

Alternatively, MDSCs suppress T cell responses by the reduction of

extracellular L-arginine mainly metabolizing through arginase 1 (ARG1), arginase 2



(ARG2) and inducible nitric oxide synthase (iNOS, NOS2) enzymes. ARG1 and
ARG2 hydrolyze L-arginine into urea and L-ornithine whereas, iNOS hydrolyzes L-
arginine into nitric oxide (NO) and L-citrulline (48). Increased ARG1 and iNOS
activity in MDSCs deplete L-arginine which cause a decrease in the expression of
CD3( chain on T cells (49, 50). The downregulation of CD3( chain on T cells
eventually leads to the blockade of signal transduction and proliferation of the
activated T cells upon antigen-specific stimulation. It has been shown that T cells are
arrested in Go/G1 phase of the cell cycle in case of the absence of L-arginine, ex vivo
(51). On the other hand, L-arginine replenishment can recover the expression of CD3(
chain and T cell proliferation (52). Moreover, arginase inhibitors N(omega)-hydroxy-
nor-l-arginine (nor—-NOHA) and N(omega)-hydroxy-l-arginine (NOHA) can also
reverse CD3( chain loss in vitro. Recently, arginase inhibitor (INCBO001158)
combined with chemotherapy is in phase I/II for the patients with solid tumors (53).
As a product of L-arginine catabolism, NO can suppress T cells by inhibiting
janus kinase 3 (JAK3) and signal transducer and activator of transcription 5 (STATS)
in T cells, downregulating MHC-II expression on antigen presenting cells and
inducing apoptosis of T cells (54, 55). iNOS produced by MDSCs can produce
peroxynitrites that induce the nitration of the amino acids such as cysteine and
tryptophan (56, 57). Conformational changes induced by peroxynitrites on TCR and
MHC interaction cause nitration of TCR proteins on CD8" T cells. Eventually,
peroxynitrites are associated with T cell unresponsiveness and apoptosis (58). Various
signaling pathways such as januse kinase 2 (JAK2)/STAT3 and signal transducer and
activator of transcription 6 (STAT6) involved in cell survival, differentiation and
apoptosis are activated in T cells upon interaction with MDSCs. STAT3 is thought as
the main transcription factor regulating expansion and the immunosuppressive
capability of MDSCs (59). STATS3 signaling promotes the expression of cyclin D1, c-
Myc and BCLX that prevent maturation and apoptosis, induce proliferation (60). The
expression of calcium-binding pro-inflammatory proteins S100A8/S100A9 are
upregulated with the activation of STAT3 (61). In case of inflammation, intracellular
S100A8/S100A9 proteins are released to extracellular milieu (62). They are expressed
in tumor-infiltrating cells and serve as chemoattractant for the leukocytes.

S100A8/S100A9 influence the leukocytes and MDSCs by binding TLR4 and
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carboxylated N-glycans receptors (36, 63). Additionally, S100A8/S100A9
heterodimers participate in the formation of NOX2 complex responsible for the ROS
production and activate NF-kB pathway, which induces COX-2 and PGE: production.
MDSC:s can also synthesize SI00A8/S100A9 proteins, which from an autocrine loop
for migration (64). Blockade of SI00A8/S100A9 binding to their receptors, reduces
the number of MDSCs in the circulation of tumor-bearing mice (62).

Another pathway involves G-CSF-driven STAT3 activation resulting in
increased expression of c-Myc through C/EBP-B activity (65). Therefore, STAT3
regulates C/EBP-f expression in response to G-CSF in myeloid cells (66). C/EBP-3
has been reported to play role in differentiation of myeloid cells precursors into
MDSCs and involved in the accumulation of the MDSCs into the spleen of tumor-
bearing mice (67). STAT6 signaling promotes suppressive characteristics of the
myeloid cells. Following exposure to IL-13 and IL-4 through their receptor complexes
involving IL-13a and IL-4Ra (CD124) respectively, STAT6 is phosphorylated and
translocated into the nucleus. STAT6 can bind to the promoter of ARG1 gene and
upregulation of ARGI activity is observed in MDSCs (28, 68). As an important
regulator of STAT6 pathway, CD124 expression was identified on human and mice
MDSCs (69).

The immunosuppression through MDSCs can be mediated by the checkpoint
inhibitor molecules. Following the interaction with MDSCs, T cells are reported to
secrete IL-10, which induces PD-L1 expression on MDSCs in a STAT3-dependent
manner (70). PD-L1 binds its receptor PD-1 on T cells and induces T cell apoptosis
and hyporesponsiveness. As another immunosuppression strategy, MDSCs can
express Galectin-9 (Gal-9), which can bind to T cell immunoglobulin and mucin
domain-containing protein 3 (TIM3) and programmed cell death protein 1 (PD-1) to
restrain T cell-mediated anti-tumor immune responses. In response to Gal-9, T cells
can express Fas-ligand (FasL), which binds Fas on CD8" T cells and induce apoptosis
(71, 72). In vivo and in vitro studies indicated that STAT3 inhibitors may impair the
suppression capacity and the accumulation of MDSCs into the tumor
microenvironment and secondary lymphoid organs (73, 74).

MDSCs express indolamine 2,3-dioxygenasel (IDO1) that converts L-

tryptophan into kynurenine metabolites (75). Since L-tryptophan is a critical amino
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acid for T cell proliferation, depletion of L-tryptophan suppresses T cell proliferation
and promotes apoptosis via general control nonrepressed 2 (GCN2) pathways (76).
Activation of GCN2 mediates downregulation of CD3( chain on CD8" T cells that
results in the reduction of effector functions. Depletion of L-tryptophan can also
trigger T cell autophagy by inhibiting the activation of protein kinase C (PKC) and
mammalian target of rapamycin (mTOR) (19). When kynurenine pathway is activated
through depletion of L-tryptophan, it can interact with the aryl hydrocarbon receptor
(AhR) on dendritic cells and macrophages (77). This interaction drives the myeloid
cells into regulatory phenotype and promotes regulatory T cells (Treg) differentiation
by forkhead box p3 (FOXP3) induction of a transcription factor. The kynurenine
pathway involves a downstream enzymatic reaction that produces quinolinic acid and
kynurenic 3-hydroxyanthranilic acid (3-HAA). Kynurenic acid is a ligand for AhR,
which leads to inhibition of interferon gamma (IFN-y) production, CD4" T cell
proliferation and cell cycle progression (78).

Another T cell suppression mechanism used by MDSCs is through
ectoenzymes that hydrolyze ATP into adenosine. CD39 (ectonucleoside triphosphate
phosphohydrolase 1) converts ATP into AMP; and then, CD73 (ecto-5’-nucleotidase)
catalyzes the phosphorylation of AMP into adenosine. It has been shown that tumor-
derived TGF-B could induce CD39 and CD73 on MDSCs. Therefore, increased
amount of extracellular adenosine inhibits T cell activation by preventing
phosphorylation of ERK, Akt and Zap70 (79).

As MDSC:s can also secrete inhibitory cytokines transforming growth factor 3
(TGF-B) and IL-10. TGF-B inhibits effector T cell proliferation by impairing
interleukin 2 (IL-2), granzyme B, perforin and IFN-y production whereas, interleukin
10 (IL-10) interferes with interleukin 12 (IL-12) production involved in anti-tumor
immunity. Both TGF-$ and IL-10 can promote the differentiation of Treg cells (80)
(Figure 2.2). Prostoglandin E; (PGE>) is an inflammatory mediator generated by
cancer cells and myeloid cells. It binds the receptors EP2 or EP4 on MDSCs and
promotes cyclooxygenase 2 (COX-2) expression as well as ARGI, iNOS, IDOI.
Endogenous PGE initiates a positive feedback loop by amplifying the production of
these suppressive factors (81). It eventually promotes the differentiation and

accumulation of MDSCs. EP2/EP4 antagonists or COX2 inhibitors can be used to
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hinder suppressive functions of MDSCs and block the endogenous production of PGE>

(81, 82).

T cells

* Proliferation |
» Apoptosis 1

* IFN-y |

* Granzyme B |

ﬁo.
Seq0 e
~ TN
TGF-B M-MDSC PMN-MDSC
IL-10 y C\ N -
y ™
. I
ATP.-:.. N » '
\ / ]
m - [nox |
73 oS

Tcells

<

+ pERK |
* pAKT {

Figure 2.2.

T cells

- | L-Arginine
Adenosine L-Tryptophan} g‘ { \/ T cells

Different T cell suppression mechanisms employed by M-MDSCs and
PMN-MDSCs are shown (TGF-p, transforming growth factor 3; IL-10,
interleukin 10; ATP, adenosine triphosphate; pERK, phosphorylated
extracellular signal-regulated kinase; pAKT, phosphorylated protein
kinase B; IDOI1, indolamine 2,3-dioxygenasel; ARGI, arginase 1;
iNOS, inducible nitric oxide synthase; NO, nitric oxide; ROS, reactive
oxygen species; NOX, NADPH oxidases; TIM3, mucin domain-
containing protein 3; Gal-9 Galectin-9; PD-1, programmed death protein
1; PD-L1, programmed death ligand 1; Fas-L, Fas ligand; IFN-y,
interferon gamma; M-MDSC, monocytic myeloid-derived suppressor
cells; PMN-MDSC, polymorphonuclear myeloid-derived suppressor
cells).
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Immune suppression by MDSCs involves multiple mechanisms as given and
the microenvironment shapes the characteristics of MDSCs, which have high plasticity
(83). Therefore, suppressive actions may vary in the site of tumor or peripheral
lymphoid organs. In several studies, MDSCs were found to be more suppressive in the
tumor microenvironment than in spleen from the tumor-bearing mice. It can be
claimed that tumor microenvironment can affect and change the characteristics of
MDSCs. In lung and prostate cancer mice models, MDSCs isolated from tumors
expressed more Nos2 and Argl genes and suppressed T cells more than splenic
MDSCs (84, 85). In the tumor bearing-mice, splenic MDSCs inhibited antigen specific
T cell responses via ROS whereas, tumor-infiltrating MDSCs were also capable of
suppressing non-specific T cell responses via NO and Argl and expressed high levels
of PD-L1 on their surface (86). To exert their immunosuppressive functions on T cells,
MDSCs should be recruited to the tumor site or lymphoid organs to juxtapose with
target cells. At this point, chemokines drive the migration of MDSCs. In mice, CCL2
and CCLS are the major chemokines that induce the accumulation of M-MDSCs into
the tumor microenvironment (87). Although main target of CCL2 is M-MDSC:s, it can
also attract PMN-MDSCs. In the CCL2-deficient tumor-bearing mice, the recruitment
of PMN-MDSCs into the tumor microenvironment was impaired. Additionally, in
colorectal cancer patients, CCL2 mRNA in tumor was found higher than in non-tumor
tissue (88). CCL3, CCL4 and CCLS5 can also recruit CCR5" M-MDSCs and Tregs into
the tumor site (89). CXCL1, CXCL2, and CXCLS5 primarily recruit PMN-MDSCs and
accumulation of PMN-MDSCs into the tumor microenvironment was diminished in
CXCR2-deficient mice (90). Other than chemokines, galectin-3 (gal3) as a B-
galactoside-binding protein can also mediate recruitment of myeloid cells to the tumor
site and its inhibition reduced MDSC accumulation (91). In gastric cancer patients,

increased serum levels of Gal3 were correlated with the lymph node metastasis (92).
2.3. MDSC and Chronic Inflammatory Disorders

In the last decade, MDSCs were defined as one of the major regulatory cells in
the context of cancer, inflammation, autoimmunity, and transplantation (93). In mice,
MDSCs have been well-characterized functionally and phenotypically in tumor,

spleen, bone marrow, peripheral blood, and liver (10, 11). However, due to the
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challenges in obtaining fresh tissue samples, in humans MDSCs have been mostly
studied in peripheral blood samples. There are few data about MDSCs in the tumor
microenvironment and there is only one paper published about the MDSCs found in
human spleen. In the tumor-bearing mice, the frequency of MDSCs in spleen, tumor
and peripheral blood have been correlated with the tumor progression and metastasis.
There has been growing evidence about using circulating MDSCs as a prognostic
indicators for cancer patients (12).

The frequency of PMN-MDSCs and M-MDSCs was found higher in the
peripheral blood of cervical cancer patient than in healthy donors. The levels of PMN-
MDSCs were also correlated with the disease severity (94). In breast cancer patients,
circulating PMN-MDSCs were found higher than in healthy donors and was directly
proportional with the increased frequency of Tregs (95). In the peripheral blood of
brain metastatic non-small lung cancer patients, the percentages of MDSCs and Tregs
were also high. Moreover, in metastatic patients, PD-L1 expression on MDSCs was
elevated (96). Similarly, in colorectal cancer, lung cancer, and renal cancer, the levels
of circulating PMN-MDSCs were increased (69, 97, 98). In colorectal cancer, the
frequency of circulating Lin HLA-DR'CD11b"CD33" MDSCs was increased in the
patients with stage III/IV disease, and it was positively correlated with metastasis. (87).
In non-small lung cancer patients, M-MDSCs were found to be increased in the
peripheral blood and it was associated with unfavorable clinical outcome (99).

Markowitz et al. and Chen et al. reported association of elevated percentages
of circulating MDSCs in pancreatic cancer patients and in head and neck cancer
patients with the poor prognosis (100, 101). In another study, the frequency of
CD14"CD11b"HLA-DR™ MDSCs were elevated in the peripheral blood of pancreatic
cancer patients. High GM-CSF and arginase levels were also detected in these patients
and were correlated with the disease progression (102, 103). The tumor-infiltrating
LinHLA-DR'CD33'CD11b*CD15" PMN-MDSCs were also accumulated in the
pancreatic tumors whereas benign pancreatic cysts were bearing less numbers of
MDSCs. In the same study, Lin HLA-DR'CD14" M-MDSCs were more frequently
detected in the pancreatic tumors than in the peripheral blood (104). For the first time,
Jordan et al. compared the distribution and T cell suppression capacity of PMN-

MDSCs and M-MDSCs in the spleen of the patients with pancreatic cancer or benign
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pancreatic cysts (105). In gastric cancer patients, circulating CD45"CD33"°¥CD11b%m
MDSCs suppressed T cell responses via ARGI1 production, and it was negatively
correlated with the overall survival (106).

As previously mentioned, MDSCs can suppress immune responses through
various mechanisms and the abundance of MDSCs are correlated with the severity of
many diseases. Therefore, inhibition of MDSCs can be a promising approach
especially for cancer treatment. Although there are no clinically approved therapeutic
drugs targeting MDSCs, many preclinical studies and clinical trials have been
conducted in the past years. Direct or indirect targeting of MDSCs can be achieved by
promoting differentiation, reducing accumulation, depletion, or abrogation of the
suppressive functions. Firstly, the agents may promote the differentiation of MDSCs
into the mature (non-suppressive) antigen presenting cells. All-trans retinoic acid
(ATRA) is one of these agents that neutralize ROS production, upregulate glutathione
synthase, and induce the differentiation of MDSCs (107, 108). Vitamin D3 can also
promote the maturation of MDSCs. In a phase I study, administration of vitamin D3
decreased the numbers of circulating MDSCs in the head and neck squamous
carcinoma patients (109). Secondly, the recruitment of MDSCs to the tumor
microenvironment can be diminished. The activation of AMP-activated protein kinase
(AMPK) can inhibit the activation and expansion of MDSCs by hampering NF-kB
pathway and inducing oxidative stress. An inhibitor of AMPK, sunitinib, can inhibit
STATS3 activation, and reduce the frequency of MDSCs in the tumor-bearing mice and
in the patients with metastatic RCC (110). Colony-stimulating factor 1 receptor
(CSF1-R) is generally upregulated in many cancer types. Upon its ligation with CSF1,
it promotes the expansion and accumulation of MDSCs. The inhibition of CSF1-R has
a potential to inhibit the recruitment of MDSCs. A CSF1-R inhibitor, plexidartinib,
has been tested in a phase II study for glioblastoma patients (111). Additionally,
MDSCs can migrate into the tumor microenvironment through CCL5/CCRS axis. In
mice models, blockade of CCL5/CCRS axis reduced the migration of MDSCs and
limited their immunosuppressive activity, and metastasis (112, 113). Recently, a
CCRS5 antagonist, maraviroc, has been introduced in a phase I study for colorectal
cancer treatment (111). Inhibition of COX-2/PGE2 signaling by a COX-2 inhibitor,

celecoxib, has been shown to diminish MDSC-related suppression by decreasing
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production of ROS and ARG-1, and increasing the frequency of cytotoxic T
lymphocytes in mice (114). Nrf2 modulates the expression of anti-oxidant enzymes
and provides cellular protection. Anti-inflammatory triterpenoids such as CCDO-Im
and CCDO-Me have been shown to reduce ROS production by MDSCs through
upregulation of Nrf2. In a phase I study, the efficacy of CCDO-Me on pancreatic
cancer patients were shown to decrease the amount of circulating MDSCs (115).
Nitroasprin was demonstrated to improve T cell responses and repress tumor growth
in mice by targeting iNOS (116). STAT3 is another promising target to reduce the
immunosuppressive effects of MDSCs. In a phase I study, AZD9150, a STAT3
inhibitor, has been tested for patients with B cell lymphoma and circulating PMN-
MDSCs were decreased (117).

Even though MDSCs are one of the key immunosuppressive cells in the tumor
microenvironment, inhibition of MDSCs may not be sufficient to promote the anti-
tumor effects. In the last decade, immunotherapies, which impede tumor growth and
increase the survival of the cancer patients by boosting host immune system, have
revolutionized. These immunotherapeutic approaches are mainly rely on immune
checkpoint blockade molecules such as CTLA-4, PD-1, and PD-L1 inhibitors (118).
On the other hand, immunotherapy may not be successful in many patients. At this
point, MDSCs have been demonstrated to interfere with immunotherapy responses and
contribute to resistance. Accordingly, MDSCs have been proposed as prognostic
markers for monitoring the response or resistance to immunotherapies (119, 120). In
melanoma patients, circulating M-MDSCs were higher in non-responders to
ipilimumab therapy than in the responders (121). Higher frequency of M-MDSCs
hampered the efficacy of ipilimumab and caused low clinical response (122). In
patients with non-small lung cancer who were treated with nivolumab, circulating
PMN-MDSCs were lower in the responders than in the non-responders (123). These
clinical data indicated that regardless of the cancer type, MDSCs may contribute to the
resistance to immunotherapy (124). Within this context, combination
immunotherapies, which also considers of MDSCs may be a promising treatment
strategy. CCL2/CXCR?2 axis attracts MDSCs to the tumor mass (88, 125). It was
previously reported that CXCR2" MDSCs support tumor progression and T cell

exhaustion in the tumor-bearing mice. Thus, CXCR2 can serve as a druggable receptor
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to prevent the accumulation of MDSCs. In mice, a CXCR2 inhibitor, SX-682, was
reported to reduce the infiltration of PMN-MDSCs into the tumor (126). However,
with the combination of anti-PD-1 therapy, the effectiveness of CXCR2 inhibition may
be improved (127, 128). In pancreatic cancer mice models, the survival was prolonged
by CXCR2 inhibition and anti-PD-1 therapy. Recently, in melanoma patients, SX-682
combined with pembrolizumab has been tested in a phase 1 study. Other inhibitors of
CXCR2, reparixin and AZ5069, are tested in a phase II study for breast cancer (111).
In late-stage melanoma patients, the combination of ATRA with ipilimumab decreased
the frequency of circulating MDSCs (129). In a RCC mice model, the blockade of
MDSCs together with anti-PD-1 therapy resulted in increased survival compared to

the anti-PD-1 therapy alone (130).
2.4. Microanatomy and Functions of the Spleen

The spleen is located in the abdomen, serves as a blood filter and is the largest
secondary lymphoid organ. It is covered by a capsule made of connective tissue and
because there are no afferent lymphatic vessels in the spleen, all antigens and cells
reach the spleen via blood stream. The splenic arterial vessels enter the capsule and
form a branched tree-like shape. Then, smaller arterial vessels end in sinuses of spleen.
The spleen is mainly divided into two compartments as red pulp and white pulp, which
are separated by the marginal zone. Although adaptive immune reactions take place in
the white pulp, it occupies a limited area (131). Leukocytes such as dendritic cells,
neutrophils, macrophages, and monocytes, which mediate the innate immunity are
mostly found in the red pulp. Since red pulp has a unique venous structure, it can filter
the blood, remove the aged red blood cells, dead and opsonized cells from the
circulation and recycle the iron by the help of splenic macrophages. The structure of
the white pulp resembles of a multiple embedded lymph node. It contains T and B cell
compartments, and their localization are controlled by the chemokines to establish
specific zones (132). Around the splenic arterial vessels, T cell zone also called
“periarteriolar lymphoid sheath (PALS)” enables interaction with the antigen
presenting cells. The ligands for CCR7, CCL19 and CCL21 are required for T cells
motility towards the PALS. In the B cell zone (follicle), activated B cells clonally

expand and the isotype switching of immunoglobulin takes place. Additionally, in case
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of an active immune response, germinal center is formed to produce long-lived
memory B cells and high affinity antibody producing plasma B cells. In the follicles,
follicular dendritic cells produce CXCL13, which is a ligand for CXCRS5 on the B
cells. It is required for the migration of B cells toward the follicles.

The white pulp and the red pulp are not separated by a capsule but divided by
multiple layers of cells form a marginal zone, mainly composed of innate immune cells
(133). It is an important area for the cells to leave the bloodstream and enter the white
pulp. Marginal zone macrophages, marginal zone B cells and dendritic cells uniquely
designated to maintain the integrity of the structure of the marginal zone. Therefore,
large antigens cannot randomly enter the white pulp, but they are carried by the cells
of the marginal zone (134) (Figure 2.3). Albeit considering the location of adaptive
and innate immune cells predetermined, distribution of the cells can be altered
dynamically due to the magnitude of inflammation and immune responses in the
spleen. Marginal zone antigen presenting cells capture the blood borne antigens and
present them to T cells in the white pulp to initiate adaptive immune responses.
Additionally, plasmablasts can migrate from the white pulp to the red pulp for
producing the antibodies (135). Therefore, the cells of innate and adaptive immune
systems can be heterogeneously found both in the red pulp and the white pulp to shape
the immune responses.

The spleen may also contribute to extramedullary hematopoiesis (EMH). EMH
is defined by the formation of blood cells outside of the bone marrow (136). During
the fetal development, hematopoiesis takes place in the liver, spleen, and the yolk sac.
Later in the embryonic stage, hematopoietic progenitor cells migrate to the bone
marrow, and it becomes the predominant hematopoietic niche (137-139). As a
complex process, hematopoiesis can occur in special niches containing stromal cells,
megakaryocytes, adipocytes, and osteoblasts. Within the bone marrow these cells
maintain the differentiation and the self-renewal of the progenitor cells (140, 141).
Stromal-cell-derived factor-1 (SDF-1) or CXCL12/CXCR4 and CCL2/CCR2 axes
utilize homing and retention of HSPCs (142). It has been reported that CXCL12
deficiency result in a decrease in the colonization of HSPC population and impairment

in hematopoietic functions (19).
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In adults, the bone marrow is the major site of the hematopoiesis but under
physiological stress or inflammation such as cancer, HSPCs may migrate out of the
bone marrow, home to the spleen where EMH occurs (143). In mice, spleen remains
as a hematopoietic organ and HSPCs are mostly found in the red pulp. Although the
spleen of mice resembles of the human spleen, since obtaining spleen samples from
humans is very challenging, splenic myelopoiesis is still debatable in humans. In a
study, fresh spleen samples were collected from the patients with pancreatic or
colorectal cancer who underwent splenectomy. As a control group, the spleen samples
from the trauma patients or benign pathological conditions were also collected. Based
on CD117, CD34, CD38 and CD45RA positivity, splenic granulocyte/macrophage
progenitors (GMPs)-like cells were determined. Cancer patients had higher amounts
of splenic GMPs and produced more granulocyte and macrophage colonies, ex vivo
(144). In another study, fresh spleen samples from the patients with pancreatic or
gastric cancer patients and as controls from the patients with cirrhosis or benign splenic
tumors were collected. CD133 was used as a marker of human HSPCs in the spleen of
cancer patients, more CD133" progenitors were found compared to the controls (145).
Moreover, in the spleen of myelofibrosis patients, CD34" progenitors were determined
(146). In the spleen samples, which were obtained from deceased individuals because
of an acute myocardial infarction, c-kit" progenitors were found to express Ki67 (147).
These studies indicate the notion that in inflammatory disorders, the human spleen
may also serve as a hematopoietic organ to support the activity of bone marrow in

human.
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Figure 2.3. Schematic illustration of the microanatomy of spleen is given (PALS,
periarteriolar lymphoid sheath; the image was created in BioRender.com.

2.5. Clinical Practices With Splenectomy

Although spleen has important immune functions, removal of the spleen
(splenectomy) may be considered in certain pathological conditions. One of the most
common reasons of splenectomy are ruptures due to a severe abdominal trauma. In
case, the spleen cannot be repaired, the surgeon decides to perform splenectomy to
prevent internal bleeding and avoid a life-threatening condition (148). Secondly,
splenectomy is an effective treatment in hematological diseases and considered for the
patients who cannot benefit from the medications. Idiopathic thrombocytopenic
purpura (ITP) is one of the most common hematological disease, which may require
splenectomy. ITP is an autoimmune disorder characterized by decreased numbers of
platelets. IgG autoantibodies bind to the platelets and cause immune-mediated
destruction of platelets by the phagocytes of the spleen. ITP treatment relays on
immunosuppressive agents such as corticosteroids. However, in unresponsive patients,
splenectomy is routinely performed to prevent uncontrolled destruction of platelets

and risk of bleeding (149, 150).
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Due to the anatomical proximity to a tumor, splenectomy may be performed as
a part of oncological surgery for gastric and pancreatic cancers. In gastric cancer
treatment, gastrectomy, and dissection of D2 lymph nodes are suggested (151).
Depending on the surgeon’s decision, splenectomy may be performed to dissect
splenic hilar lymph nodes to prevent lymph node metastasis. However, the impact of
splenectomy on survival of the patients has been still debatable. There are studies
comparing gastrectomy plus splenectomy with gastrectomy alone in gastric cancer
patients. In some of these studies, splenectomy was not associated with increased
survival (152-155). However, since gastric cancer patients undergone splenectomy
had generally larger tumors at an advanced stage, this comparison may not be always
reliable. In contrast, certain studies reported that gastrectomy plus splenectomy was
correlated with higher survival than gastrectomy alone (59, 156). In pancreatic ductal
adenocarcinoma treatment, distal pancreatectomy is accepted as a standard procedure.
Depending on the surgeon’s decision, splenectomy may also be performed to clear the
regional lymph nodes. In pancreatic cancer, splenectomy has also been associated
either with better or worse survival (157, 158). Nevertheless, because the spleen
constitutes an important immune organ, splenectomy was considered to increase the
tendency of infections (159). Therefore, there is no consensus on the benefits and risks

of splenectomy.
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3. MATERIALS AND METHODS

This work was done in Hacettepe University Cancer Institute, Department of
Basic Oncology Laboratories from January 2018 to January 2022. Human samples
were obtained from Department of General Surgery, Hacettepe University and
Department of General Surgery, Diskapi Yildirim Beyazit Research and Training
Hospital. Immunohistochemistry experiments and morphological analyses of the cells
were performed at Department of Pathology, Hacettepe University. All experiments
with human samples were commenced after the approval of the Non-interventional
Clinical Research Ethics Committee at Hacettepe University (Approval No.: GO
16/197).

3.1 Materials

RPMI-1640, Fetal bovine serum (FBS), Pencillin-Streptomycin (Biological
Industries, Israel), Phosphate buffered saline powder (PBS) (Advansta, USA),
Histopaque 1.077 g/mL, Histopaque 1.119 g/mL, anti-human CD66b microbeads,
anti-human CD14 microbeads, LS column (Miltenyi Biotec, Germany), eFluor670
proliferation dye (eBioscience, USA), anti-human CD3 (clone:HIT3a), anti-human
IFN-y Legend Max pre-coated ELISA kit, Carboxyfluoresceinsuccinimidyl ester
(CFSE) cell division tracker kit, 10X RBC lysis solution (Biolegend, USA), anti-
human STATS3, anti-human pSTAT3 (Tyr705), anti-mouse HRP conjugated secondary
antibody, anti-rabbit HRP conjugated secondary antibody (Cell Signaling
Technologies, USA), anti-human CD66b (BD, USA), anti-human CD3, anti-human
Ki-67, DAPI, anti-mouse Alexa 488, anti-rabbit Alexa 555, anti-mouse Alexa 647,
antiray Alexa 488 secondary antibodies, mounting medium (Abcam, UK), anti-human
Nrf2, anti-human pNrf2 (Ser40), Pierce BCA protein assay kit, RIPA buffer, revertAid
first strand cDNA synthesis kit (Thermo Fisher Scientific, USA), TGX™ FastCast™
acrylamide kit 10%, TEMED, ammonium persulfate (APS), 10X Tris/Glycine SDS
buffer, 10X Tris/Glycine buffer, Tween20, Clarity ECL, Clarity ECL max, XT sample
buffer, dual color protein ladder, Mini Trans-Blot® filter paper, Immun-blot PVDF
membrane, SSO advanced universal SYBR green supermix (Bio-Rad, USA), animal
tissue RNA purification kit (Norgen Biotek, Canada), methanol (J.T. Baker, USA),

OCT tissue freezing medium (Leica, Germany), skim milk powder (Serva, Germany),
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Tris buffer powder (Takara, Japan), EDTA-free protease inhibitor cocktail, PhosSTOP
phosphatase  inhibitor =~ (Roche,  Switzerland), 5-(and-6)-carboxy-  2°,7’-
dichlorofluorescein diacetate (H2-DCF-DA), 4,5-diaminofluorescein-diacetate (DAF-
2DA), phorbol 12- myristate 13-acetate (PMA), PE-Texas Red labelled latex beads,
NaCl, trypan blue, beta-mercaptoethanol, bovine serum albumin (BSA), May-
Grinwald Giemsa, (Sigma-Aldrich, USA), DNA size marker (Thermo Fisher
Scientific, USA), SeaKem® LE Agarose (Lonza, USA), 10X Tris-borate-EDTA
(TBE) buffer (Thermo Fisher Scientific, USA), FACS flow, CellWash (BD, USA),
cell culture plastics, 96-well plates, falcons, serological pipettes (Sarstedt, Germany;

SPL, Korea).
3.2 Patients

The peripheral blood and the spleen samples from the treatment-naive and
newly diagnosed gastric and pancreatic cancer patients who underwent splenectomy
as a part of oncological surgery were collected. Spleen samples from trauma patients
who underwent splenectomy due to wounding such as gunshot or knife wounds, and
motor vehicle accidents were collected. As controls, peripheral blood samples from
age and sex-matched healthy donors who do not have any inflammatory diseases and
do not take medication regularly were obtained. As another control group, peripheral
blood samples from healthy individuals who have a splenectomy history at least 1 year
ago due to traumatic injury were collected. The spleen samples (approximately 1 cm?)
were taken in complete RPMI-1640 by a surgeon and immediately transferred the
laboratory at room temperature. The peripheral blood samples (approximately 10 mL)
were collected in the blood tubes containing EDTA. All samples were freshly collected
and processed within 1 hour. Informed consent was obtained from the patients by the
clinicians involved in this study. Clinical data of the patients and the healthy controls
enrolled in this study are given in Table 3.1. Additionally, paraffin-embedded spleen
samples from patients who underwent splenectomy because of idiopathic
thrombocytopenic purpura (ITP) (n=9) in the archives of Hacettepe University
Department of Pathology were included in the study.
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Table 3.1. Clinical data of the cancer patients, the trauma patients and the healthy
controls enrolled is given.

Healthy control  Gastric Pancreatic ~ Trauma Splenectomized

cancer cancer patients  healthy controls*
Number (n) 65 (PB) 26 11 25 9 (PB)
Age median (range) 42 (21-62) 65 (38-83) 64 (37-78) 36 (18-72) 32 (29-61)
Gender female/male 35/30 14/12 8/3 2/23 7/2
Clinical stage
Stage|l 3 5
Stage |l 7 1
Stage Il 13 2
Stage IV 3 3
1SS 1-8 (minor)
1SS 9-15 (moderate) 4
ISS 16-24 (serious)
ISS 25-49 (severe) 11
ISS 50-74 (critical)
1SS 75 (maximum) 1
SIs1 2
5152 2
SIS3 9
5154 11
SIS5 1

*Healthy controls with previous splenectomy history; PB, peripheral blood; ISS, Injury severity score;
SIS, Splenic injury score.

3.3. Buffers and Solutions

Phosphate-buffered saline (PBS): Commercially obtained powder PBS
mixture was dissolved in 500 mL distilled water to make 1X PBS. It was sterilized by
autoclaving prior to use.

Fetal Bovine Serum (FBS): A bottle of heat-inactivated FBS was thawed at
room temperature. It was aliquoted and stored at -20°C.

Complete RPMI-1640 medium: RPMI-1640 medium was completed by
adding heat-inactivated FBS (10%), 100 U/mL Penicillin, 100 pg/mL Streptomycin,
and 2 mM L-glutamine. It was stored at 4°C.
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Anti-human CD3 monoclonal antibody (mAb): Anti-human CD3 antibody
(clone, HIT3a; 1 mg/mL) was diluted with serum-free RPMI-1640 to make 2 pg/mL
working solution. The working solution was stored at -20°C.

Trypan blue: Powder trypan blue (40 mg) was dissolved in 1X PBS to make
%4 w/v solution. It was filtered thorough 0.22 um pore-sized filter and stored at room
temperature.

MACS buffer: MACS buffer was prepared in 50 mL of 1X PBS by adding
0.5% FBS and 2 mM EDTA. It was stored at 4°C.

Cell proliferation dye: Lyophilized CFSE (5 pg) was reconstituted in 36 L.
DMSO to make 5 mM solution. Lyophilized efluor670 (500 pg) was dissolved in 126
pL DMSO to make 5 mM solution. They were stored at -80°C.

Tris-Borate-EDTA buffer (TBE): TBE (10X) buffer was diluted with
distilled water to make TBE (1X) solution.

Lysis buffer for protein extraction: Lysis buffer was freshly prepared by
mixing 680 puL RIPA buffer, 20 pL phosphatase inhibitor and 300 pL protease
inhibitor.

Running buffer: Commercially obtained 10X Tris/Glycine/SDS
electrophoresis buffer (containing 25 mM Tris, 192 mM glycine and 0.1% SDS) was
diluted with distilled water to make 1X running buffer. It was stored at room
temperature.

Transfer buffer: Commercially obtained 100 mL 10X Tris/Glycine
electrophoresis buffer (containing 25 mM Tris, 192 mM glycine), 200 mL HPLC grade
methanol and 700 mL distilled water were mixed to make 1X transfer buffer.

Tris buffer: One pouch of Tris powder was dissolved in 500 mL of distilled
water to make 1 M Tris buffer. It was stored at 4°C.

NaCl solution: NaCl (29.2 gram) was dissolved in 100 mL dH»O to make 5 M
NacCl solution. It was stored at room temperature.

TBST buffer: To make 1X TBST buffer, 20 mL 1M Tris buffer, 30 mL 5M
NaCl, 5 mL Tween®20 (final concentration 0.1%) and 945 distilled water were mixed.
It was stored at 4°C.

Primary and secondary antibodies: STAT3 and pSTAT3 antibodies in 1X
TBST containing 5% BSA (1:1000 dilution), Nrf2 and pNrf2 antibodies in 1X TBST
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containing 5% BSA (diluted 1:1500), beta-actin antibody in 1X TBST containing 5%
skim milk (1:10000 dilution) were prepared for the western blot experiments. Anti-
mouse and anti-rabbit HRP-conjugated secondary antibodies were prepared in 1X
TBST containing 5% skimmed milk (1:5000 dilution). The primary antibodies used in
the immunofluorescence staining (anti-CD66b, anti-CD3, anti-Ki-67, anti-pSTAT3
and anti-PD-L1) were prepared in 1X PBS containing 2% BSA (1:100 dilution), the
secondary antibodies anti-mouse Alexa 488, anti-mouse Alexa 647, anti-rabbit Alexa
555, anti-rat Alexa 488 and DAPI were prepared in 1X PBS containing 2% BSA
(1:200 dilution). Primary antibodies were re-used and stored at 4°C for 2 weeks.

Secondary antibodies were freshly prepared for each assay.
3.4. Cell isolation and Sorting

Isolation of cells by density gradient centrifugation: Spleen tissues obtained
from the patients were macerated in 1X PBS by mechanical disruption. Suspension of
the cells were filtered through a cell strainer (40 pum pore-sized) to eliminate
aggregates and tissue debris. Peripheral blood samples were diluted with 1X PBS at
1:1 ratio. Suspension of the spleen and diluted peripheral blood samples were slowly
layered over 3 mL of 1.077 g/mL and centrifuged at 400xg for 25 minutes at room
temperature with no brake. After centrifugation, the cloudy layer consisting of “low-
density” peripheral blood mononuclear cells (PBMCs) and PMN-MDSCs were
collected. To isolate the cells with the higher densities, the samples below 1.077 g/mL
gradient separation solution were resuspended and layer over 1.119 g/mL gradient
separation solution. After centrifugation (400xg for 25 minutes at room temperature
with no brake), the cloudy layer consisting of “normal density” PMN cells were
collected. Red blood cells (RBCs) in normal density PMN cell fraction were lysed with
1X RBC lysis buffer. The buffer (3 mL) was added onto the cells and mixed by gentle
pipetting for 5-10 minutes. To get rid of lysis the buffer, complete RPMI-1640 was
added into the tube and centrifuged (1800 rpm, 5 min). The lysing process was
repeated, when necessary. The cell pellet was then resuspended in complete RPMI-

1640.
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Figure 3.1. Schematic representation of the density gradient separation. PBMCs and
low-density PMN cells accumulated over 1.077 g/mL gradient. The cells
found at the bottom of the tube were collected and again layered over
1.119 g/mL gradient separation solution and normal-density PMN cells
were recovered over 1.119 g/mL gradient.
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Magnetic-activated cell sorting (MACS): According to the protocol of
Miltenyi Human CD14" Positive Selection Kit, CD14" monocytes were purified from
the healthy donors’ PBMCs. PBMCs were counted and 10 cells were suspended with
100 puL MACS buffer (1X PBS containing 0.5% FBS and 2 mM EDTA) and 10 pL of
CD14 microbeads were added. After 20 minutes of incubation at 4°C, the cells were
washed with MACS buffer (at 1800 rpm for 5 minutes). The MACS column was
placed in the magnetic MACS separator and rinsed by 2 mL of MACS buffer.
Suspension of the cells were applied onto the column and the column was washed
twice with MACS buffer. The cells found in the flow-through fraction were collected
and called as “monocyte-depleted PBMCs”. Then, the column was removed from the
separator and magnetically labelled cells were flushed out into a 15 mL tube. The
collected cells were resuspended in complete RPMI-1640 and an aliquot of them was
labelled with anti-CD14 conjugated antibody to check the purity by the flow cytometry
(Figure 3.2 A).
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According to the protocol of Miltenyi Human CD66b" Positive Selection Kit,
CD66b" PMN cells amongst the splenocytes and PBMCs were purified. Cells were
counted and 107 cells suspended with 100 pL MACS buffer and 10 pL CD66b
microbeads were added. After for 20 minutes of incubation at 4°C, the cells were
washed with MACS buffer (at 1800 rpm for 5 minutes). The MACS column was
placed in the magnetic MACS separator and rinsed by 2 mL of MACS buffer.
Suspension of the cells were applied onto the column and the column was washed
twice with MACS buffer. Then, the column was removed from the separator and
magnetically labelled cells were flushed out into a 15 mL tube. The collected cells
were then resuspended in complete RPMI-1640 and an aliquot of them was labelled
with fluorescent-labelled anti-CD66b conjugated antibody to check the purity through
the flow cytometer (Figure 3.2 B).
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Figure 3.2. A) Confirmation of the purity of CDI14" monocytes isolated by
MACS. The cells before and after MACS were labelled with anti-
CD14-FITC monoclonal antibody and analyzed on a flow cytometer.
B) Confirmation of the purity of CD66bcells isolated by MACS and
FACS. The purity of the cells before MACS, after MACS and after
MACS/FACS were assessed by labelling with anti-CD66b-FITC
monoclonal antibody and immunophenotyping.
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Fluorescence-activated cell sorting (FACS): Followed CD66b" positive
selection by MACS, in case of the cell purity is less than %90, CD66b" cells were
enriched through FACS (FACSAria II, BD, USA) and FACS Diva V8.0.1 (BD, USA).
To isolate a pure cell population, the sorter must be initially set according to the
manufacturer’s recommendations by stabilizing the stream. Accudrop beads (BD,
USA) were then used to adjust the appropriate drop delay value and frequency to test
the sort module of FACS. After the MACS CD66b" positive selection, the cells were
resuspended in 1 mL serum-free RPMI-1640 and labelled with anti-human CD66b-
FITC. Followed by an incubation for 25 minutes at room temperature, complete
RPMI-1640 was added onto the labelled cells and the cell suspension were filtered
through 40 pm pore-sized cell strainers to remove clumps. The cell suspension was
run on FACS, and gating strategy was applied. After singlet cells were chosen and
further gated depending on their size and granularity, CD66b" positive cells were
sorted. The collected cells with a purity of >95%, were centrifuged at 1800 rpm for 5

minutes and resuspended in complete RPMI-1640 for further experiments.
3.4.1. Cell Counting

To count cells, 10 pL 0.4% trypan blue and 10 pL cell suspension were mixed
and transferred in a Fuchs-Rosenthal Counting Chamber (Hausser Scientific, USA)
and under a coverslip through capillary action. The size of the chamber is 0.1 mm x
0.1 mm (Figure 3.3) and the side of each sixteen square is 1 mm. The distance between
the chamber and the coverslip is 0.1 mm. Under a light microscope, the cells on four
of sixteen squares were counted and the cell concentration was calculated according

to the formula given below (Formula 3.1).
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4 mm

Figure 3.3. Illustration of Fuchs-Rosenthal Counting Chamber.

Area=1mmx1mm=1mm?2

= 2 = 3
Volume=1mm?x0.1 mm=0.1 mm (3.1)

) Total cell count x 10* o
Cell concentration = x Dilution factor

Number of counted squares

3.4.2. Establishing co-Cultures

Purified low-density PMN-MDSCs or normal density PMN cells were co-
cultured with healthy donors’ (eFluor670-labelled) monocyte-depleted PBMCs (10°
cells/well) at different ratios (PMN: monocyte-depleted PBMCs ratio; 0:1, 0.125:1,
0.25:1, 0.5:1 and 1:1) in round bottom 96 well plates. To provide a constant
stimulation, anti-CD3 monoclonal antibody (25 ng/mL) and constant number of
monocytes (12.5x10%/well) were added to each well. T cell proliferation was analyzed
on a flow cytometer after 72 hours of incubation. Supernatants were collected from

the co-cultures without touching the cells and stored at -80°C for further experiments.



3.5. Immunological Techniques

3.5.1. Flow Cytometry
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Surface staining: For immunophenotyping, the cells were resuspended in 100

uL CellWash solution in 5 mL tubes and 100 ng of the listed antibodies (Table 3.2)

were added. The tubes were gently vortexed and incubated in dark at 4°C for 40

minutes or at room temperature for 25 minutes. After incubation, 1-2 mL CellWash

solution was added into the tubes and centrifuged at 1800 rpm for 5 minutes. After

supernatants were discarded, the cells were resuspended in 100 pL CellWash and

analyzed on the flow cytometer (FACSAria II, BD, USA). According to the isotype-

matched antibodies, the percentage of positive cells and the median fluorescent

intensity (MFI) values were analyzed with FlowJo software (FlowJo v10, BD, USA).

Table 3.2. Information on the antibodies used for flow cytometry is given.
Antibody Clone Fluorochrome Manufacturer
CD3 UCHT1 FITC BioLegend, USA
CD10 HI10a FITC BioLegend, USA
CDl11b ICRF44 APC/Cy7, APC BioLegend, USA
CD14 MS5E2 PE/Cy7, APC/Cy7, PE BioLegend, USA
CD15 H198 APC BioLegend, USA
CDl16 3G8 PE BioLegend, USA
CD19 SJ25C1 FITC BioLegend, USA
CD20 2H7 FITC BioLegend, USA
CD33 WM353 PE/ Dazzle™594, PE/Cy7 BioLegend, USA
CD45 2D1 PerCP, PE/Dazzle™594 BioLegend, USA
CDs6 MEM-188 FITC BioLegend, USA
CD66b G10F5 APC, FITC BioLegend, USA
CD124 GO77F6 PE BioLegend, USA
CD125 Al4 PE BD, USA
CD274 (PD-L1) 29E.2A3 PE BD, USA
HLA-DR L243 PerCP BioLegend, USA
LOX-1 15C4 PE BioLegend, USA
VEGFR-1 H-225 FITC Santa Cruz, USA
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Assessment of T cell proliferation: Monocyte-depleted PBMCs were
centrifuged at 1800 rpm for 5 minutes. Then the supernatants were discarded, 5x10°
cells were resuspended in 1 mL serum-free RPMI 1640 and incubated with CFSE or
eFluor670 dyes at 5 uM final concentration. Cells were incubated at room temperature
in dark for 10 minutes and the tubes were filled with complete RPMI-1640. Then, the
tubes were placed on ice for 5 minutes and were centrifuged at 1800 rpm for 5 minutes.
After the supernatants were discarded, cells were resuspended with complete RPMI-
1640 and stimulated with anti-CD3 (25 ng/mL) for co-cultures and proliferation
assays. The CFSE or eFluor670 labelled cells were gated, and percentages of
proliferated cells were determined by the flow cytometry depending on the dilution of
the proliferation dye.

Assessment of ROS and NO production: Total leukocytes from the low-
density and the normal density fraction (10° cells in 100 pL) were resuspended in
serum-free RPMI-1640 in 5 mL tubes. The cells were labelled with conjugated anti-
human CD66b mAb and either with 1 uM ROS indicator (5-(and-6)-carboxy- 2°,7’-
dichlorofluorescein diacetate, H2-DCF-DA) and 2 uM NO indicator (4,5-
diaminofluorescein-diacetate, DAF-2DA). To determine maximum ROS and NO
production capacities, the cells were stimulated with phorbol 12-myristate 13- acetate
(PMA, 0.8 uM) at the same time of labeling with anti-CD66b and ROS or NO
indicators. The tubes were gently vortexed and incubated for 25 minutes at room
temperature. At the end of the incubation period, 1-2 mL CellWash was added into the
tubes and immediately placed on ice. After centrifuging (1800 rpm for 5 minutes), the
cells were resuspended in 100 pL CellWash and median fluorescence intensities (MFI)
of CD66b" cells were analyzed on the flow cytometery. ROS and NO production index

as calculated with a formula given (Formula 3.2).

M F|PMA—stimuIated ceIIs/'VI I:|Unstimulated cells (3-2)

Analysis of phagocytosis: Total leukocytes from the low-density and the
normal-density fraction were incubated with the PE-Texas Red labelled-latex beads in
RPMI-1640 supplemented with 5% FBS (1 uL latex beads were added onto 10° cells
resuspended in 100 pL. RPMI-1640) for 4 hours at 37°C. At the end of the incubation,
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1-2 mL CellWash solution was added into the tubes and centrifuged at 1800 rpm for 5
minutes. Then, the cells were resuspended in 100 uL CellWash and labelled with
fluorescent-conjugated anti-human CD66b mAb. After 25 minutes of incubation at
room temperature, the cells were washed with 1-2 mL CellWash and centrifuged at
1800 rpm for 5 minutes. Lastly, CD66b" cells were gated, and percentages of the cells

engulfed the latex beads were determined through flow cytometery.
3.5.2. ELISA

All reagents of the anti-human IFN-y pre-coated Legend Max ELISA kit were
brought to room temperature and the supernatants, which were collected from the co-
cultures and stored at -80°C, were thawed on ice. Wash buffer (20X) was diluted to
1X wash buffer with deionized water. The lyophilized human IFN-y standard was
reconstituted with the assay buffer provided in the kit to make 20 ng/mL standard
solution. Standards were prepared as 1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL,
62.5 pg/mL, 31.3 pg/mL and 15.6 pg/mL, by serial dilution. The assay buffer was used
as 0 pg/mL standard. The pre-coated 96 well plate was washed for four times with 300
uL wash buffer prior to use. Firstly, 50 uL assay buffer and 50 pL standards or 50 pL.
supernatants were added into the wells and plate was incubated for 2 hours at room
temperature while shaking. Then, contents of the plate were discarded and washed for
four times with the wash buffer. Secondly, 100 uL human IFN-y detection antibody
was added into the wells and the plate was incubated for 1 hour at room temperature
while shaking. Then, the contents of the plate were discarded and washed for four
times with the wash buffer. Thirdly, 100 pL avidin-HRP solution was added into the
wells and the plate was incubated for 30 minutes at room temperature while shaking.
Then, contents of the plate were discarded and washed for five times with the wash
buffer. Before the last step, 100 uL substrate solution was added into the wells and the
plate was incubated for 15 minutes in the dark. Depending on the IFN-y concentration,
the solution turned blue in color. Lastly, the reaction was stopped by the addition of
100 pL stop solution into the wells. The color was converted from blue to yellow. The
plate was measured by the plate reader at 570 nm absorbance subtracted from 450 nm.
The standard curve was drawn, and concentration of the IFN-y was calculated,

accordingly.
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3.5.3. May-Griinwald Giemsa Staining

Purified low-density PMN-MDSCs and normal density PMN cells were gently
pipetted in 1X PBS. Slides, filter card and cytofunnel were placed into the slide holder,
then the cell suspension was added into the cytofunnel. After the slides were
centrifuged at 50xg for 3 minutes (Hettich Universal 320, Germany), supernatants
were discarded and the cytofunnel was removed. To dry the slides, they were
centrifuged at 150xg for 1 minute. Giemsa stain was diluted with dH>O (1:9; v/v) and
May-Griinwald stain applied as ready-to-use solution. Firstly, the samples were
stained with May-Griinwald for 5 minutes. Then, the samples were washed with dH>O
twice. Secondly, the samples were stained with the diluted Giemsa for 5 minutes. After
Giemsa staining, the samples were washed with dH>O twice and let them dry. Air-
dried samples were covered with non-aqueous media (entellan) and a cover slip. The
images were captured under a light microscopy (Zeiss, Germany) at Hacettepe
University Faculty of Medicine, the Department of Pathology and analyzed by the help
of a pathologist.

3.5.4. Immunohistochemistry

Paraffin-embedded spleen tissues were evaluated for CD15 expression by
immunohistochemistry. The experiments were performed at Hacettepe University
Faculty of Medicine, the Department of Pathology. The archived spleen paraffin-
embedded spleen tissues were cut as 4 um thick sections. Briefly, deparaffination,
rehydration, inactivation of peroxidases and blocking steps were performed. The slides
were labelled with the anti-CD15 (C3D-1) (Diagnostic Biosystems, USA) primary
antibody by using a Leica Bond-Max autostainer (Vision Biosystems, Australia). After
a washing step, the slides were incubated with secondary antibodies and streptavidin
biotin complex. Then, horseradish peroxidase and 3,3’-Diaminobenzidine complexes
were added onto the slides and hematoxylin counterstaining was performed. Lastly,
the slides were covered with mounting medium and the cover slips. The images were
captured under a light microscope (Zeiss, Germany) at Hacettepe University Faculty

of Medicine, the Department of Pathology and analyzed by a pathologist.
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3.5.5. Immunofluorescence Staining

The spleen specimens were embedded into tissue mold containing optimal
cutting temperature (OCT) tissue freezing medium. After OCT was solidified at -
20°C, the frozen spleen tissue sections were cut 5 um thick in the cryostat (Leica
Microsystems, Germany). The sections were then transferred onto the slides coated
with poly-L-lysine. Frozen sections of the spleen were fixed with 4%
paraformaldehyde for 30 minutes at room temperature. Then, the slides were washed
for three times with 1X PBS for 5 minutes and blocked with %10 BSA for 1 hour.
After blocking, the slides were washed for three times with 1X PBS for 5 minutes,
incubated with the primary antibodies (anti-CD66b, anti-CD3, anti-Ki-67, anti-
pSTAT3 and anti-PD-L1) at dilutions indicated in the buffers’ sections (3.3) with
different combinations prepared in 1X PBS containing 2% BSA for 2 hours. At the
end of the primary antibody incubation, the slides were washed for three times with
1X PBS for 5 minutes and they were incubated with the secondary antibodies (anti-
mouse Alexa 488, anti-mouse Alexa 647, anti-rabbit Alexa 555, anti-rat Alexa 488) at
dilutions indicated in the buffers’ sections (3.3). and DAPI prepared in 1X PBS
containing 2% BSA for 1.5 hour at room temperature. Lastly, the slides were washed
for three times with 1X PBS for 5 minutes and covered with mounting media and a
cover glass. The images were captured with fluorescence microscopy (Olympus, USA)
or confocal microscopy (Zeiss, Germany). Images were analyzed by using Imagel

software (NIH image, USA).
3.6. Molecular Techniques
3.6.1. RNA isolation

RNA isolation was performed with Animal Tissue RNA Purification
Kit (Norgen Biotek, Canada). Screw-cap tubes were filled with the I mm zirconium
beads and 300 pL buffer RL supplemented with 1% beta-mercaptoethanol.
Approximately 20 mg of the spleen tissues were chopped and put into the tubes, and
they were homogenized for 30 seconds by using mini bead-beater 8 (Biospect, USA)
and rested on the ice for 30 seconds. The homogenization and the resting steps were

repeated for three times. After the cell lysate was transferred into 1.5 mL tubes,
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centrifuged for 1 minute. The supernatants were collected into clean tubes and 450 pL
96% ethanol was added and vortexed. Then, 650 uL of the mixture was applied onto
the column provided by the kit and centrifuged at 6000xg for 1 minute. Afterwards,
400 pL wash solution A was applied into the column and centrifuged at 14000xg for
2 minutes. Enzyme incubation buffer A (100 uL) and DNAse I (15 uL) was added onto
the filter in columns and incubated for 15 minutes at room temperature. After the
columns were centrifuged at 14000xg for 1 minute, the flowthrough was discarded,
wash solution A (400 uL) was added into the column and centrifuged for 14000xg for
1 minute. Elution solution A (50 ulL) was added and centrifuged at 200xg for 2
minutes. The purity and concentration of RNA was measured at 230 nm, 260 nm and
280 nm by UV spectrophotometry (NanoDrop ND-1000, USA). RNA samples were
stored at -80°C.

3.6.2. cDNA Synthesis

Complementary DNA (cDNA) synthesis was performed with RevertAid First
Strand cDNA Synthesis kit (Thermo Fisher Scientific, USA). RNA samples (1 pg) and
Oligo (dT)is primers (1 pL) were mixed thoroughly, and nuclease-free water was
added onto 12 pL final volume. Then, 4 pL 5X reaction buffer, 1 L Ribolock RNAse
inhibitor, 2 pL. 10 mM dNTP mix and 1 pL RevertAid reverse transcriptase were
added. Followed by an incubation at 42°C for 1 hour, the reaction was terminated at
70°C for 5 minutes in a thermal cycler (Arktik Thermal Cycler, Thermo Fisher
Scientific, USA). cDNA products were stored at -20°C.

3.6.3. Polymerase Chain Reaction (PCR)

PCR reagents were thawed, and experiments were performed on ice. A master
mix containing Taq Buffer, dNTP mix, MgCl,, forward primers, reverse primers,
nuclease-free water and Taq DNA polymerase (Thermo Fisher Scientific, USA) was
prepared and distributed equally into the PCR tubes. Then, cDNA was added, and the
tubes were placed into the thermal cycler and gradient PCR program was run to
determine the appropriate annealing temperatures for specification of target gene

sequences. The components and the thermal cycler PCR program are given in Table
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3.3 and Table 3.4, respectively. Forward and reverse primer oligonucleotide sequences

designed for specific amplification of the genes of interest are listed in Table 3.5.

Table 3.3. PCR components.

Components Volume Final Concentration
Taq Buffer (10X) 2.5 uL 1X
dNTP mix (2 mM) 2.5 uL 0.2 mM
MgCl, (25 mM) 2.5 ulL 2.5mM
Forward Primer 1 uL 0.2 mM
Reverse Primer 1 uL 0.2 mM
Nuclease-free water 14.25 uL
Taq DNA Polymerase (5U/ puL) 0.25 uL 0.05 U/ uL
cDNA 1 uL
Total volume 25 uL
Table 3.4. Gradient thermal cycler program.
Step Temperature Time
Initial denaturation 95°C 3 min
Denaturation 950C 30 sec
Annealing 57-65°C 30sec 40 cycles
Extension 72°C 30 sec
Final extension 72°C 5 min
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Table 3.5. Nucleotide sequences of the primers used for RT-PCR.

Gene Forward (5'-3) Reverse (5'-3") Product size NCBI accession
(bp) no.
ACTB CTGGAACGGTGAAGGTGACA AAGGGACTTCCTGTAACAATGCA 140 NM_001101.5
NOS2 GGAACCTACCAACTGACGGG GTCGATGCACAGCTGAGTGA 348 NM_000625.4
ELT1 TCGCCGGAAGTTGTATGGTTA GAGAAGCTTGTAGGTGGCAA 509 NM_001159920.2
IL-10 AGGACTTAAAGGGTTACCTGG TCACATGCGCCTTGATGT 114 NM_000572.3
coxz CCCTTGGGTGTCAAAGGTAAA TCCATCCTTGAAAAGGCGCA 267 YP_002124305.1
D01 GGGACACTTTGCTAAAGGCG TGCCTTTCCAGCCAGACAA 141 NM_002164.6
ARG1 GGAGTCATCTGGGTGGATGC GGCACATCGGGAATCTTTCCT 125 NM_001244438.2
GAL3 GCCAACGAGCGGAAAATGG GTTATTATCCAGCTTTGTATTGC 555 NM_002306.4
ccz TCGCCTCCAGCATGAAAGTC TCTTGAAGATCACAGCTTCTTTGG 213 NM_002982.4
51009  CTCCTCGGCTTTGACAGAGTG TCACCCTCGTGCATCTTCTC 321 NM_002965.4
$100A8  TCAGTATATCAGGAAAAAGGGTGC AACTCAGCTACTCTTTGTGGC 161 NM_001319197.1
TGE-B CTATTGCTTCAGCTCCACGG ATGACACAGAGATCCGCAGT 482 NM_000660.7
PD-L1 CAAGGCCGAAGTCATCTGGA GAGGTAGTTCTGGGATGACCAA 209 NM_001267706.1

3.6.4. Agarose Gel Electrophoresis

Agarose gel (1% m/v) was prepared in 1X TBE buffer. The mixture was melted
in microwave oven, after cooling ethidium bromide (final concentration 250 pg/mL)
was added. Next, the agarose solution was poured onto a tray equipped with a comb.
After the gel was solidified, the comb was removed. The gel was placed into an
electrophoresis tank, and it was filled with 1X TBE. The samples (10-15 pL) were
mixed with DNA loading dye and loaded into the wells. Additionally, 0.5 pg DNA
size marker (50 bp; Thermo Fisher Scientific, USA) was loaded. The electrophoresis
was run for 1 hour at 120V. Lastly, product bands were visualized under UV light by
Kodak gel Logic 1500 digital imaging system (Figure 3.6; Carestream Health, USA).



39

bp

800
600

450
350
300
250
200
150
100

50

Figure 3.4. 50 bp DNA ladder (Thermo Fisher Scientific).

3.6.5. Real-time PCR (RT-PCR)

After determining the optimal annealing temperatures for each primer set, real-
time PCR was performed by using SSO Advanced Universal SYBR green Supermix
(Bio-Rad, USA) on CFX Connect™ Real-Time PCR Detection System (Bio-Rad,
USA). The components of RT-PCR were thawed on the ice and a master mix was
prepared (Table 3.6). The master mix was distributed and lastly cDNA was added into
the PCR tubes. According to the previously determined annealing temperatures, the
thermal cycling programs were set (Table 3.7). Relative gene expression was analyzed
according to the Formula 3.3. The target gene expression in the spleen of the cancer
patients was normalized to the total leukocytes obtained from the peripheral blood of
the cancer patients and healthy donors. Alternatively, the target gene expression in the
spleen of the trauma patients was normalized to the total leukocytes in the circulation

of the healthy donors.



Table 3.6. Real-time PCR Components.
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Reagent Volume (ul)
SsoAdvanced Universal SYBR Green Supermix (10X) 5 1X
Forward primer 1 0.5 uM
Reverse primer 1 0.5 uM
dH0 2
cDNA 1
Total volume 10
Table 3.7. Thermal cycling program for RT-PCR.
Step Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 20 sec
Annealing 57-65°C 30 sec 40 cycles
Extension 72°C 30 sec
Melt-curve analysis 55-95¢°C 5 sec/step

0.5°C increment

- AACt= '[(Ct target gene ™ Ct reference gene)‘(Ct target gene normalizer = Ct reference gene)]

3.6.6. Preparation of protein lysates

(3.3)

Screw cap tubes were filled with the 1 mm zirconium and 500 pL ice-cold lysis

buffer containing 680 pL RIPA buffer, 20 pL phosphatase inhibitor and 300 pL

protease inhibitor. Previously archived frozen spleen tissues were cut in small pieces

and approximately 20 mg tissue was placed into the screw cap tubes. They were

homogenized for 30 seconds by using mini bead-beater 8 (Biospect, USA) and rested

on the ice for 30 seconds. The homogenization and resting steps were repeated for

three times. After the tissue lysates were transferred into pre-cooled 1.5 mL tubes, they

were centrifuged at 4°C for 10 minutes at 14000 rpm. Supernatants (protein lysates)

were collected into the pre-cooled clean 1.5 mL tubes and stored at -80°C.



41

3.6.7. Assessment of Protein Concentration and Denaturation

Protein lysates were thawed on the ice and protein concentration were
measured by bicinchoninic acid (BCA) kit (Thermo Fisher Scientific, USA). The
working reagent was prepared by mixing BCA reagent A and reagent B (50:1, reagent
A: reagent B). An ampule of 2 mg/mL albumin standard was serially diluted with the
working reagent to prepare a set of protein standards (2 mg/mL, 1.5 mg/mL, 1 mg/mL,
0.75 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.125 mg/mL ve 0.025 mg/mL). The working
reagent (200 pL) was added into the each well of a flat bottom 96-well plate. Protein
standards (10 puL) and the lysates (10 pL) were mixed, and then added into the wells
containing working reagents. The plate was mixed thoroughly and incubated at 37°C
for 30 minutes. Lastly, the optical densities were read on an optical microplate reader
(SpectraMax Plus, Molecular Devices, USA) at 562 nm. A standard curve was drawn,
and protein concentration was determined accordingly.

Beta-mercaptoethanol (5%) and 4x XT sample buffer (Bio-Rad, USA) were
mixed and freshly prepared for each assay. Then, the protein lysates were mixed with
beta-mercaptoethanol added 4x XT sample buffer (protein lysates:4x XT sample
buffer; 3:1, v/v) and denaturated at 100°C on a heat block for 5 minutes. Lastly, the

samples were placed into the ice for 5 minutes and then stored at -20°C.
3.6.8. Polyacrylamide Gel Electrophoresis

TGX™ FastCast™ acrylamide kit 10% (Bio-Rad, USA) was used to prepare
hand casting gels for SDS-PAGE. Handcast glass plates were placed into the casting
stand and stabilized. Ammonium persulfate (APS) was freshly dissolved in dH>O to
prepare 10% (w/v) solution. Resolving gel was prepared by mixing 6 mL Resolver A
solution and 6 mL Resolver B solution. To initiate polymerization, 60 uL APS (10%),
to accelerate polymerization 6 uL Tetramethyl ethylenediamine (TEMED) were added
into the Resolver A and B mixture. Resolving gel solution was mixed well and
dispensed into the handcast glass plates. Immediately, a stacking gel was prepared by
mixing 2 mL Stacker A solution and 2 mL Stacker B solution. To initiate
polymerization, 20 uL APS (10%), and to accelerate polymerization 2 pL tetramethyl
ethylenediamine (TEMED) were added into the Stacker A and B mixture. Stacking gel

solution was mixed well, dispensed slowly onto the resolving gel and a comb was
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inserted. Gels were allowed to become polymerized for 40 minutes at room
temperature before electrophoresis. Then, the plates were placed in the running module
and the electrophoresis buffer tank. The tank was filled with freshly prepared 1X
running buffer (1X Tris/Glycine/SDS buffer). The protein ladder (Figure 3.5, 7 uL)
and the lysates containing equal amounts of protein (20 pg) were loaded into the wells.

The gel was run at 75V for approximately 3 hours.

[ f

Figure 3.5. Protein ladder (dual color protein ladder, Bio-Rad, USA).

3.6.9. Protein Transfer Procedure

After SDS-PAGE was completed, the gels were removed carefully from the
tank and placed into the 1X transfer buffer. PVDF membranes were hydrated with
100% methanol for 3 minutes while shaking to provide an effective transfer and
protein binding. Then, PVDF membranes, filter papers and sponges were soaked in
freshly prepared cold 1X transfer buffer. Transfer sandwich was prepared in a cassette
as schematically demonstrated in Figure 3.6. Two filter papers were placed on two
sponges, and the gel and the membrane were placed in between the filter papers. The
membrane should be close to the anode (+) to allow the movement of negatively
charged proteins towards the anode. Air bubbles were removed gently by a roller and
the cassette was placed into the transfer tank. In the presence of a stirring magnet,

proteins were transferred at 75V for 90 minutes in the cold room (+4-8°C).
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Figure 3.6. Schematic illustration of the western blot wet transfer cassette.

3.6.10. Primary and secondary antibody incubation

After the transfer was completed, the membranes were blocked with 1X TBST
containing 5% skimmed milk while shaking (100 rpm) at room temperature. Then, the
membranes were washed with 1X TBST for 10 minutes while shaking. Diluted
primary antibodies (listed in Table 3.8) prepared in 1X TBST containing 5% BSA or
skimmed milk were added onto the membranes and incubated while shaking at 100
rpm in the cold room, overnight. Next day, primary antibody was removed, and the
membranes were washed for three times with 1X TBST while shaking (100 rpm) at
room temperature. Then, dilutions of secondary antibodies (listed in Table 3.9)
prepared in 1X TBST containing 5% skimmed milk were added on the membranes
and incubated while shaking (100 rpm) at room temperature. The membranes were

washed for three times with 1X TBST while shaking (100 rpm) at room temperature.

Table 3.8. Primary antibodies used in Western Blot experiments.

Antibody Species Dilution  Manufacturer

Beta-actin Mouse  1:10000 Santa Cruz, USA

STATS3 Rabbit  1:1000 Cell Signaling Technologies, USA
p-STAT3 (Tyr 705)  Rabbit  1:1000 Cell Signaling Technologies, USA
Nrf2 Rabbit  1:1500 Thermo Fisher Scientific, USA

p-Nrf2 Rabbit  1:1500 Thermo Fisher Scientific, USA
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Table 3.9. Secondary antibodies used in Western Blot experiments.

Antibody Species Dilution Manufacturer
Anti-mouse IgG HRP Horse  1:5000 Cell Signaling Technologies, USA
Anti-rabbit I[gG HRP Goat 1:5000 Cell Signaling Technologies, USA

3.6.11. Chemiluminescence Detection

Two components of Clarity ECL or Clarity ECL max kits (Bio-Rad, USA)
were mixed equally and added onto the membranes. After 3 minutes of incubation in
dark, the membranes were visualized on a chemiluminescence detection system

(Newton 7.0, Vilber, France). The protein quantification was done by using ImageJ

software (NIH image, USA).
3.7. Statistical Analysis

Data presented were obtained from at least three independent experiments. For
the statistical analyses, Student’s paired or unpaired t-test or analysis of variance
(ANOVA) and Chi-square where appropriate were used. P values < 0.05 were
evaluated as statiscally significant. The data are represented as median + standard error
of the mean (SEM) or mean + SEM. For the survival analysis, cut-offs of PMN-

MDSCs’ percentages were determined according to the median values.
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4. RESULTS

4.1. Characterization of MDSC:s in the Peripheral blood and Spleen of

Cancer Patients

To analyze myeloid cells, freshly obtained spleen and peripheral blood samples
of the patients were layered over 1.077 g/mL gradient. According to the previously
published work (8), immunophenotyping strategy was applied to determine the
subtypes of low-density MDSC:s. Initially, for a stringent gating strategy (Figure 4.1),
doublets were discriminated by forward scatter area (FSC-A) versus forward scatter
height (FSC-H) plot. Then, the cells were distributed based on their size and
granularity by forward scatter area (FSC-A) versus side scatter area plot (SSC-A). To
analyze all leukocytes, CD45" cells were gated, and lymphocytes, eosinophils and
basophils were excluded by selecting Lin (CD3-19-20-56)"CD125" cells. Depending
on their HLA-DR, CD33, CDI11b and CD66b expressions, CD11b"HLA-DR"
CD33™CD66b" (PMN-MDSC) and CDI11b"HLA-DR7°CD33MCD66b"CD14"(M-
MDSC), CD11b"HLA-DR”'CD33™°CD66b"CD14" (e-MDSC) were identified (Figure
4.1).

FSC-H

SSC-A
Lin (CD3-19-20-56)

FSC-A

o]
2"
3
' PMN-MDSC S S ———
CD66b FSC-A
- »
8 -
1 -
cD66b

Figure 4.1. Multi-color flow cytometry immunophenotyping and gating strategy to
determine PMN-MDSC, e-MDSC, M-MDSC are given. Red arrows
show the gating strategy followed for e-MDSC and M-MDSC. Blue
arrows show an alternative confirmatory gating strategy followed for
PMN-MDSC, which can also be achieved by red arrows.
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Based on the gating strategy, the percentages of PMN-MDSCs, M-MDSCs,
and e-MDSCs amongst splenocytes and PBMCs of the gastric cancer patients were
compared to those of in the peripheral blood of the healthy donors. The percentages of
PMN-MDSCs were significantly increased both in peripheral blood and spleen of the
patients compared to the healthy donors. Particularly, PMN-MDSCs were
accumulated in the spleen. The percentage of myeloid cells with M-MDSC phenotype
was also increased both in the peripheral blood and spleen of gastric cancer patients
whereas, there was no statistical significance for e-MDSC percentages (Figure 4.2 A).
In addition, the absolute number of MDSCs were also calculated in peripheral blood
and spleen. PMN-MDSCs were determined at the highest numbers (Figure 4.2 B and
C). The representative of flow cytometry plots showing the PMN-MDSC population
was shown in Figure 4.2 D. To determine the distribution of total PMN cells, which
highly comprise of PMN-MDSCs, in the spleen of patients, frozen sections of the
spleens were labelled with a common PMN cell marker CD66b. CD66b™ cells were
widely distributed across the spleen (Figure 4.2 E).
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Figure 4.2. The subpopulations of MDSCs from the peripheral blood and the spleen

of gastric cancer patients and their comparison with healthy donors. A)
The percentages of PMN-MDSCs, e-MDSCs and M-MDSCs-related
phenotypes were determined by the flow cytometry (peripheral blood,
healthy donors n=41, gastric cancer patients n=23; spleen, gastric cancer
patients n=22). B) Absolute numbers of MDSCs in the peripheral blood
were calculated (peripheral blood, healthy donors n=38, gastric cancer
patients n=16). C) Absolute numbers of MDSCs in the spleen were
calculated (spleen, gastric cancer patients n=17). D) Representative flow
cytometry graphs showing HLA-DR and CD66b expressions were given
to indicate the distribution of PMN-MDSCs-related phenotypes. E)
CD66b immunofluorescence and DAPI staining was performed on frozen
sections of the spleen samples (scale bar, 10 pm). Red line shows the
median value (ns, not significant; *p<0.05, **p<0.01).

The percentages and absolute numbers of MDSCs were evaluated in the

peripheral blood and spleen of pancreatic cancer patients as well. Both the percentages

and numbers of PMN-MDSCs were significantly increased in the peripheral blood and

spleen of pancreatic cancer patients. The results obtained from the pancreatic cancer
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patients were found consistent with those from the gastric cancer patients and there
was no statistical difference between two cancer types in terms of MDSC levels (PMN-
MDSCs% in the blood, healthy 1.52 4+ 0.21%; gastric cancer 12.35 + 3.65%; pancreatic
cancer 14.31 + 3.93%; spleen, gastric cancer 16.51 + 3.19%; pancreatic cancer 13.12

+ 2.55%) (Figure 4.3 A and B).
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Figure 4.3. The subpopulations of MDSCs from the peripheral blood and the spleen
of gastric cancer and pancreatic cancer patients and their comparison
with healthy donors. A) The percentages of PMN-MDSCs, e-MDSCs
and M-MDSCs-related phenotypes were determined by the flow
cytometry (peripheral blood, healthy donors n=41, gastric cancer patients
n=23, pancreatic cancer patients n=9; spleen, gastric cancer patients
n=22, pancreatic cancer patients n=9). B) Absolute numbers of MDSCs
in the peripheral blood and the spleen were calculated (peripheral blood,
healthy donors n=38, gastric cancer patients n=16, pancreatic cancer
patients n=9; spleen, gastric cancer patients n=17, pancreatic cancer
patients n=9; ns, not significant; *p<0.05, **p<0.01).

According to the previous studies, elevated numbers, and percentages of PMN
cells in peripheral blood were observed in cancer patients (12). Similarly, increased
numbers and percentages of PMN cells were observed in complete blood counts, while
there was no statistical significance found related with the monocytes (Figure 4.4 A

and B).
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Figure 4.4. The counts and percentages of PMN cells and monocytes. A) The counts
per deciliter (dL) and percentages of PMN cells of the patients and the
healthy donors were given according to the total blood counts. B) The
counts per deciliter (dL) and percentages of monocytes of the patients and
healthy donors were given according to the total blood counts (healthy
donors, n=41, gastric cancer patient n=22, pancreatic cancer patients n=9;
ns, not significant; *p<0.05, **p<0.01).

In the spleen and the peripheral blood samples, the ratio of PMN cells collected
from the normal-density (< 1.119 g/mL and > 1.077 g/mL gradient) and the low-
density (< 1.077 g/mL gradient) fractions was determined. In the spleen,
approximately 30% of the PMN cells were at low-density whereas, in peripheral blood,
only 5% of the PMN cells were in the low-density fraction (Figure 4.5 A). To examine
low-density PMN cells cytologically, May-Griinwald Giemsa staining was performed,
and the cells were morphologically classified as band cells, metamyelocytes,
myelocytes, and promyelocytes. Both in the spleen and the peripheral blood, the band
cells were detected as the most frequent immature cell type. Myelocytes were found
to be higher in the peripheral blood, whereas the distribution of myelocytes and

metamyelocytes were comparable (Figure 4.5 B and C).
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Figure 4.5. Characterization of PMN cells in the peripheral blood and the spleen of
gastric cancer patients. A) The proportion of normal-density PMN cells
(ND-1119) and low-density PMN cells (LD-1077) were determined in
total PMN cells by the flow cytometry. B) The distribution of
cytologically different stages among non-segmented cells was given. C)
Representatives of PMN-MDSCs stained with May-Griinwald Giemsa
were shown (scale bar, 10 um, n=12).

LY

To determine the differences between PMN-MDSCs isolated from the
peripheral blood and the spleen in more detail, the expression of additional surface
markers related to the myeloid maturation or suppressive characteristics of myeloid
cells (CD11b, CD33, CD66b, HLA-DR, CD10, LOX-1, IL-4Ra, CD16, VEGFRI1,
PD-L1) were investigated. Median fluorescence intensities (MFI) of these markers
were assessed. The expression of CD16 and CD10 were found higher on PMN-
MDSCs isolated from the spleen than those found in the circulation (Table 4.1 and
Figure 4.6).
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Table 4.1. MFI levels of CD11b, CD33, CD66b, HLA-DR, CD10, LOX-1, IL-
4Ra, CD16, VEGFRI, PD-L1 on the peripheral blood-and the spleen-
derived PMN-MDSCs were given (average £ SEM).

Blood PMN-MDSC Spleen PMN-MDSC
CD11b 10794.7 + 1820 10766.5 + 1808.2
CD33 1299.2 + 230.9 1367.2 £ 3216
CD66b 15153.6 + 4116.7 12110.2 + 3828.5
HLA-DR 25546 + 1645.7 951.2 + 2359
CD10 971.4 + 196.9 1566.4 + 287.8**
IL-4Ra 9525 + 4438 951.2 + 2359
LOX-1 877.8 + 166.2 774 + 1644
CD16 20555.9 + 8329.8 50620.8 + 14321.8°
VEGFR1 378.3 + 45.8 348.8 + 31.7
PD-L1 5167 + 1780.8 3511.7 + 1452.6
—— Isotype control —— Peripheral blood =— Spleen
I f 41 /) - o4 o \
o 4 ¥ J J
§. i\ | d 1) e ".‘
TANA W e /S N |\ *,\-ﬁ,ﬁ,ﬁ, SV NTAN
CD11b-APC/Cy7  CD33-PE/Cy7 CD66b-APC HLA-DR-PerCP CD16-PE
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'CD10-FITC ' PD-L1-PE IL-Ra-PE LOX-1-PE VEGFRI-FITC

Figure 4.6. Representative flow cytometry histograms were given to demonstrate the
expressions of CD11b, CD33, CD66b, HLA-DR, CD10, LOX-1, IL-4Ra,
CD16, VEGFRI1, PD-L1 on the peripheral blood-and the spleen-derived
PMN-MDSCs.

In the frozen sections of the spleen tissue, the expression of phosphorylated-
STAT3 (pSTAT3) as a transcription factor relevant to the immaturity and immune-
suppressive functions of MDSCs were evaluated on the CD66b" splenocytes. The
expression of pSTAT3 was frequently detected in the CD66b" splenocytes (Figure 4.7
A). As a marker of immunosuppression, the expression of PD-L1 was also evaluated
on CD66b" splenocytes and PD-L1 expression were not only restricted to CD66b " cells

in the gastric cancer patients’ spleen (Figure 4.7 B).
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DAPI CD66b pSTAT3 Merged

B DAPI

Figure 4.7. Representative images from immunofluorescence analysis on the spleen
specimens for CD66b, pSTAT3 and PD-L1. A) CD66b, pSTAT3 and
DAPI staining was performed on the frozen sections of the spleen (scale
bar, 10 um). B) CD66b, PD-L1 immunofluorescence staining was
performed on frozen sections of the gastric cancer patients’ spleen. The
representatives of out of 3 patients were given.

In addition to phenotypical properties, the low-density PMN-MDSCs isolated
from the peripheral blood and the spleen were compared functionally. In this manner,
the ROS and NO production capacities were examined. Compared to those from the
peripheral blood, the low-density PMN-MDSCs isolated from the spleen produced
higher amounts of ROS, significantly (Figure 4.8 A). However, there was no
significant difference detected on NO production capacity of these PMN-MDSCs
(Figure 4.8 B). As another functional analysis, the phagocytosis capacities of PMN-
MDSCs were tested and there was no statistical difference observed between the PMN

cells obtained from the different compartments (Figure 4.8 C).
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Figure 4.8. Functional characterization of the peripheral blood-and the spleen-
derived PMN-MDSCs. A) Production capacity of reactive oxygen
species (ROS), (B) nitric oxide (NO) and (C) phagocytosis capacity
against the latex beads was compared between the peripheral blood-
(n=5) and spleen-derived PMN-MDSCs (n=9). The representative flow
cytometry histograms were given in the right side of the graphs. The data
was presented as average £ SEM (ns, not significant; *p<0.05).

In addition to the PMN-MDSCs, the normal-density PMN cells isolated from
the peripheral blood and the spleen were analyzed in terms of their morphology and
functions. There was no significant difference determined related with ROS and NO
production, phagocytosis capacity and morphological properties (Figure 4.9).

To sum up, spleen of the cancer patients was highly populated with the low-

density PMN cells which have almost similar characteristics with the circulating PMN-
MDSCs.
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Figure 4.9. Functional and morphological characterization of the peripheral blood-
and the spleen-derived normal-density PMN (ND/PMN) cells. A)
Production capacity of reactive oxygen species (ROS), (B) nitric oxide
(NO) and (C) phagocytosis capacity against the latex beads was
compared between the peripheral blood- (n=5) and the spleen-derived
ND/PMN cells (n=9). D) Representatives of the peripheral blood- and
the spleen-derived ND/PMN cells stained with May-Grunwald Giemsa
were shown. The representative flow cytometry histograms were given
in the right side of the graphs. The data was presented as average + SEM

(ns, not significant).

Inhibition of T cells is an integral part of the suppressive nature of MDSCs

(15). Especially PMN-MDSCs need to be in close proximity and cell-to-cell contact

must be maintained to suppress T cell responses (57). Therefore, co-localization of the

splenic PMN-MDSCs and T cells, and consequences of their interaction were

analyzed. Initially, distribution of PMN cells in the spleen tissue was determined by

CD15 immunohistochemistry on paraffin-embedded spleen tissue sections from the

cancer patients. The spleen samples collected from the trauma patients were used as

non-malignant controls. The spleen specimens obtained from the gastric cancer

patients displayed higher amount of cells positive for CD15, which is another common

PMN marker. Particularly, PMN cells were found primarily located in the red pulp and

amassed around periarteriolar lymphoid sheaths (PALS). Quantification of CD15"

cells was also given (Figure 4.10 A)
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In the frozen sections of the spleen tissues obtained from the gastric cancer
patients, co-localization of CD3" T cells and CD66b" PMN cells was evaluated. It was
found that CD3"* T cells and CD66b" PMN cells were in close contact (Figure 4.10 B).
Next, the impact of PMN-MDSCs on T cell proliferation and IFN-y secretion were
determined as a functional measure of MDSCs’ suppressive actions. Low-density
PMN-MDSCs from the spleen and the peripheral blood of the patients were purified
and co-cultured with eFluor670-labelled monocyte-depleted PBMCs at different ratios
(PMN: monocyte-depleted PBMCs ratio; 0:1, 0.125:1, 0.25:1, 0.5:1 and 1:1) and a
constant number of monocytes under 25 ng/mL anti-CD3 stimulation for 72 hours. At
the end of the 72 hours of incubation, the percentages of proliferated T cells were
determined by flow cytometry and IFN-y secretion were analyzed through ELISA. T
cell proliferation and IFN-y secretion were suppressed by increasing amounts of the
low-density PMN-MDSCs isolated from the spleen or peripheral blood samples of
gastric cancer patients, while normal-density PMN cells isolated from healthy donors
did not interfere with T cell proliferation. Especially at 1:1 ratio, T cell proliferation
was significantly suppressed by the peripheral blood- and the spleen-derived PMN-
MDSCs (The peripheral blood-derived PMN-MDSC:PBMC, 56.1£8.5%; the spleen-
derived PMN-MDSC:PBMC, 67.4£19.6%) (Figure 4.10 C). Moreover, IFN-y
secretion from T cells was also hindered both by the spleen-derived and the peripheral
blood-derived PMN-MDSCs (Figure 4.10 D). In addition to PMN-MDSCs, the impact
of normal-density PMN cells isolated from the spleen and the peripheral blood of the
patients on T cell proliferation and IFN-y secretion were evaluated. The spleen-derived
normal-density PMN cells also suppressed T cell proliferation and IFN-y production
similar to the spleen-derived low-density PMN-MDSCs, whereas the peripheral blood-
derived normal-density PMN cells were not suppressive. The spleen-derived normal-
density PMN cells suppressed T cell proliferation significantly at 0.5:1 and 1:1 ratios
(The spleen-derived ND/PMN:PBMC, 0.5:1, 71.8+13.9%; 1:1, 35.2+12.1%) (Figure
4.10 E and F).
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Figure 4.10. Distribution of PMN cells in the spleen and their interaction with T cells
were analyzed. A) Distribution of splenic PMN cells in the gastric cancer
patients (n=17) and the trauma patients (n=9, control spleen) were
determined by CD15 immunohistochemistry (ca, central arteriole; wp,
white pulp; scale bar, 100 pm). Quantification of CD15" cells were
given. B) CD66b, CD3 and DAPI immunofluorescence staining was
performed on the frozen sections of gastric cancer patients’ spleen (scale
bar, 20 um). C and E) Purified peripheral blood-derived and spleen-
derived PMN-MDSCs and normal-density PMN cells (n=6) were co-
cultured with eFluor670-labelled monocyte-depleted PBMCs from the
healthy donors (n=6) and constant numbers of monocytes isolated from
healthy donors during 72 hours under anti-CD3 stimulation (25 ng/mL).
D and F) At the end of the co-cultures, the amount of IFN-y was
measured by ELISA (at 0.5:1 PMN cell:PBMC ratio). The data was
presented as average = SEM (ns, not significant; *p<0.05, **p<0.01).
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To better determine the immune modulation through the spleen in cancer,

expression of the immune regulatory genes mainly associated with MDSCs was

examined in the spleen tissues of the gastric cancer patients and the pancreatic cancer
patients by RT-PCR. Especially calcium binding proteins (SI00A8 and S100A9),
IDO1, ARGI, COX2, and GAL3 which are related with immunosuppressive activities

of MDSCs were found higher in the spleen of cancer patients than in their peripheral

blood. COX2 was heterogeneously distributed among the patients, whereas NOS2,

TGF-, PD-L1,

IL-10, CCL2, and VEGFR1 were in decreasing trend. Overall, there

was no significant difference observed between the gastric cancer patients and the

pancreatic cancer patients in terms of the expression of immune regulatory genes

(Figure 4.11).
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Expression of immune regulatory genes such as SI00A9, S100AS,
IDO1, ARG1, COX2, GAL3, NOS2, TGF-B, PD-L1, IL-10, CCL2,
and VEGFR1 were examined on spleen tissues by quantitative RT-
PCR. Gene expression data obtained from the spleen samples of cancer
patients were normalized to the pooled peripheral blood total
leukocytes from the gastric and the pancreatic cancer patients,
separately. Black line represents the median value (gastric cancer
patients n=9, pancreatic cancer patients n==8).

Moreover, the expression of immune regulatory transcription factors such as

Nrf2 and STAT3 and their phosphorylated forms associated with the suppressive

nature of MDSCs were analyzed on the spleen tissues of the gastric cancer patients

and the pancreatic cancer patients by Western Blot. The activity of Nrf2 and STAT3
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levels were heterogeneous among the patients. In gastric cancer, pNrf2 was found
upregulated in a patient, whereas in pancreatic cancer, pNrf2 was found upregulated
in 2 patients out of 8 patients studied as representatives of the cancer group. In
pancreatic cancer, pSTAT3 was upregulated and found significantly higher than in

gastric cancer patients (4.12 A and B).
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Figure 4.12. Analysis of immunoregulatory proteins on the spleen samples of cancer
patients. A) The Western Blot images showing the levels of pNrf2, total
Nrf2, pSTAT3, total STAT3, and beta-actin on the spleen tissues of
gastric cancer patients (n=4) and pancreatic cancer patients (n=4) were
represented. B) STAT3/Beta-actin and C) Nrf2/Beta-actin ratio was
given (ns, not significant; *p<0.05).

4.2. Comparison of MDSCs From Cancer and Trauma Patients

The malignant disease cancer has been well-acknowledged to induce MDSCs,
especially the spleen is a major organ that harbors these myeloid regulatory cells in
mouse tumor models (10). Nevertheless, in humans, the status of spleen remains
elusive in non-malignant diseases. Thus, the spleen samples from the patients who
underwent splenectomy due to traumatic injury were used as non-malignant disorder.
Based on the gating strategy (Figure 4.1), the percentages of PMN-MDSCs, M-
MDSCs, and e-MDSCs amongst the splenocytes of the trauma patients were compared
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with those from the gastric cancer patients and the pancreatic cancer patients as well
as the peripheral blood from the healthy donors. Similar to the cancer patients,
particularly PMN-MDSCs were accumulated in the spleen of trauma patients (PMN-
MDSCs% in the blood, healthy 1.52 + 0.21%; spleen, gastric cancer 16.51 + 3.19%;
pancreatic cancer 13.12 + 2.55%; trauma patient 21.93 £+ 4.4%). Although PMN-
MDSCs were the most frequent subtype of MDSCs found in the traumatic spleen, the
cells with e-MDSCs and M-MDSCs phenotypes were also found to be increased (e-
MDSCs% in the blood, healthy donors 0.43 + 0.07%; spleen, gastric cancer patients
0.53 £+ 0.1%; pancreatic cancer patients 1.2 + 0.65%; trauma patients 0.63 + 0.34%;
M-MDSCs% in the blood, healthy donors 0.92 + 0.15%; spleen, gastric cancer patients
3.78 £ 0.99%:; pancreatic cancer patients 2.07 + 1.6%; trauma patients 3.26 £+ 1.1%)
(Figure 4.13 A). The absolute numbers of MDSCs were also compared and PMN-
MDSCs were found the highest. Although M-MDSCs in the pancreatic cancer patients
exhibited an increasing trend compared to the trauma patients, there was no statistical
difference found in terms of the absolute numbers of the MDSCs among different
patient groups (Figure 4.13 B). The presence of PMN cells across the traumatic spleen
samples, frozen sections of the samples were labelled with CD66b and DAPI. CD66b "
cells were largely distributed in the spleen as also observed in the spleen tissues of the
cancer patients (Figure 4.13 C). Please refer to Figure 4.2 E for the

immununofluorescence staining of the gastric cancer patients’ spleen.
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Figure 4.13. The subpopulations of MDSCs from the spleen of trauma patients and
their comparison with gastric cancer and pancreatic cancer patients and
the peripheral blood of healthy donors. A) The percentages of PMN-
MDSCs, e-MDSCs and M-MDSCs-related phenotypes were determined
by flow cytometry (peripheral blood, healthy donors n=41; spleen,
gastric cancer patients n=23, pancreatic cancer patients n=9, trauma
patients n=19). B) Absolute numbers of MDSCs per gram of the spleen
were calculated (spleen, gastric cancer patients n=17, pancreatic cancer
patients n=9, trauma patients n=19). C) CD66b and DAPI
immunofluorescence staining was performed on frozen sections of the
spleen samples (scale bar, 10 pum) (ns, not significant; *p<0.05,
**p<0.01).

As another healthy donor group, the individuals who had a previous
splenectomy history due to traumatic injury at least 1 year ago were also included. The
percentages of the cells with PMN-MDSCs, e-MDSCs, and M-MDSCs phenotype
were compared with those of healthy donors. Compared to the healthy individuals, the
percentage and absolute number of the PMN-MDSCs were significantly increased in
circulation of the blood donors without a spleen (Circulating PMN-MDSCs%, healthy
donors 0.44 + 0.13%; individuals with previous splenectomy history 2.7 £ 0.58%).
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Additionally, the absence of spleen had no significant impact on neither the
percentages nor absolute numbers of e-MDSCs and M-MDSC:s in the peripheral blood
(Figure 4.14).
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Figure 4.14. The subpopulations of MDSCs from the peripheral blood of the
individuals (n=9) with previous splenectomy history due to traumatic
injury at least 1 year ago and their comparison with healthy donors
(n=14). A) The percentages of PMN-MDSCs, e-MDSCs and M-
MDSCs-related phenotypes were determined by the flow cytometry.
B) Absolute numbers of MDSCs per milliliter of the peripheral blood
were calculated (ns, not significant; **p<0.01).

Next, the ratio of PMN cells collected from the normal-density and the low-
density fractions of the cell suspension prepared from the traumatic spleen tissues was
determined. Approximately, 33% and 30% of the PMN cells were at the low-density
fraction in the trauma patients and the gastric cancer patients, respectively (Figure 4.15
A). PMN-MDSCs from traumatic spleen were examined cytologically by May-
Grunwald Giemsa staining. Compared with the spleen of gastric cancer patients,
metamyelocytes and promyelocytes were observed more frequently, whereas
myelocytes were less in the spleen of trauma patients. (Figure 4.15 B). Representative
images of May-Griinwald Giemsa staining of the splenic-PMN-MDSCs in the trauma

patients were given in Figure 4.15 C. Please refer to Figure 4.5 C for representative
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images of May-Griinwald Giemsa staining of the splenic-PMN-MDSCs in the gastric

cancer patients.
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Figure 4.15. Characterization of the PMN cells in the spleen of the trauma patients
(n=6) and their comparison with the gastric cancer patients (n=12). A)
The proportion of normal-density PMN cells (ND-1119) and low-
density PMN cells (LD-1077) were determined in total PMN cells by
flow cytometry. B) The distribution of cytologically different stages
among non-segmented cells was given. C) Representatives of PMN-
MDSCs isolated from the spleen of the trauma patients stained with
May-Griinwald Giemsa were shown (scale bar, 10 pm).

In the frozen sections of the injured spleen tissues, the expression of pSTAT3
and PD-L1 were evaluated on CD66b" splenocytes. As the indicators of
immunosuppression, both pSTAT3 and PD-L1 were detected not only on CD66b"
splenocytes but also other splenocytes in trauma patients. pSTAT3 was more frequent

and localized in the nuclei (Figure 4.16 A and B).
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Figure 4.16.

Representative images from immunofluorescence analysis for CD66b,
pSTAT3 and PD-L1. A) CD66b, pSTAT3 and DAPI
immunofluorescence staining was performed on frozen sections of
gastric cancer and trauma patients. B) CD66b, PD-LI1
immunofluorescence and DAPI staining was performed on the frozen
spleen sections of the trauma patients (scale bar, 10 pum). The
representatives of out of 3 patients were given.

Moreover, the functional properties of the low-density PMN-MDSCs isolated

from the spleen of the gastric cancer patients and the trauma patients were compared.

The production capacities of ROS, NO, and phagocytosis capacity of PMN-MDSCs

were determined. Splenic PMN-MDSCs from trauma patients and gastric patients

produced high amounts of ROS and NO. However, there was no statistical significance

found for ROS, NO production and phagocytosis capacities (Figure 4.17 A, B, and C).



64

Autofluorescence
Gastric cancer

Trauma patient

20
15
10

ns

ROS index
o O,
Count

Count

NO index

(@}

60
40

Modal

Latex bead* %

20 S
pr a o ut '

Latex beads-
PE-Texas Red

Gastric Trauma
cancer Patient

Figure 4.17. Functional characterization and comparison of the low-density PMN-
MDSCs isolated from the spleen of the gastric cancer patients (n=9) and
the trauma patients (n=3). A) and (B) ROS and NO production capacity
and (C) Latex bead phagocytosis capacity of the cells compared. The
representative flow cytometry histograms were given in the right side of
the graphs. The data was presented as average + SEM (ns, not
significant).

In addition to PMN-MDSCs, the normal-density PMN cells isolated from the
spleen of the gastric cancer patients and the trauma patients were analyzed and
compared. Likewise, PMN-MDSCs, there was no statistically significant difference
determined in terms of ROS, NO production and phagocytosis capacity of the normal-
density PMN cells of these two different patient groups (Figure 4.18 A, B, and C).

In conclusion, the spleen of trauma patients was also populated with low-
density PMN cells, which have almost similar morphological, phenotypical, and
functional properties with low-density PMN cells in the spleen of cancer patients.
Moreover, splenic PMN-MDSCs and the normal-density PMN cells had almost
similar ROS and NO production capacities in the trauma patients, whereas PMN-

MDSCs had higher phagocytosis capacity than the normal-density PMN cells.
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Figure 4.18. Functional characterization and the comparison of normal-density
PMN (ND/PMN) cells isolated from the spleen of the gastric cancer
patients (n=9) and the trauma patients (n=3). A) and (B) ROS and NO
production capacity and (C) Latex bead phagocytosis capacity of the
cells compared. The representative flow cytometry histograms were
given in the right side of the graphs. The data was presented as average
+ SEM (ns, not significant).

Next, distribution of the PMN cells was determined by CDI15
immunohistochemistry on the paraffin-embedded spleen tissue sections. The spleen of
the gastric cancer patients, the trauma patients, and the idiopathic thrombocytopenic
purpura (ITP) patients were compared. The infiltration of CD15" cells were found
significantly higher in the spleen of the gastric cancer patients compared with the
trauma patients and the ITP patients (Figure 4.19 A and B). More specifically, to
determine the co-localization and proliferation of CD3" T cells and CD66b" PMN
cells, CD66b, CD3, Ki67, and DAPI were stained on the tissues. CD66b" PMN cells
were placed in close proximity with CD3" T cells, which have low Ki-67 activity either

in the spleen of the gastric cancer patients and trauma patients (Figure 4.20).
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Figure 4.19. Distribution of PMN cells in the spleen and their interaction with T cells
were analyzed. A) Distribution of PMN cells in the spleen of gastric
cancer patients (n=17), trauma patients (n=9) and patients who had
splenectomy due to idiopathic thrombocytopenic purpura (ITP) (n=9)
were determined by CD15 immunohistochemistry (ca, central arteriole;
scale bar, 100 um). B) Quantification of CD15" cells were given.
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The proximity of PMN cells with T cells in the spleen were validated.
Moreover, the influence of PMN-MDSCs isolated from the traumatic spleen on T cell
proliferation IFN-y secretion was determined. For this purpose, the low-density PMN-
MDSCs from the spleen were purified and co-cultured with eFluor670-labelled
monocyte-depleted PBMCs at different ratios (PMN:monocyte-depleted PBMCs
ratio; 0:1, 0.125:1, 0.25:1, 0.5:1 and 1:1) and a constant number of monocytes under
25 ng/mL anti-CD3 stimulation for 72 hours. At the end of the incubation period, the
percentage of proliferated T cells and IFN-y levels were determined. PMN-MDSCs
isolated either from the spleen of the gastric cancer and the trauma patients
significantly suppressed T cell proliferation at 1:1 ratio and IFN-y production (Spleen,
gastric cancer patients, PMN-MDSC:PBMC, 67.4£19.6%, trauma patients, PMN-
MDSC:PBMC, 37.7£10.6%) (Figure 4.21 A and B). Furthermore, the impact of the
normal-density PMN cells (ND/PMN) isolated from the spleen on T cell proliferation
and IFN-y secretion were evaluated. The spleen-derived ND/PMN cells from the
gastric cancer patients were found more suppressive in terms of T cell proliferation
and IFN-y secretion than that of the trauma patients (Spleen, gastric cancer patients,
ND/PMN:PBMC, 0.5:1, 71.813.9%; 1:1, 35.2+12.1%, trauma patients
ND/PMN:PBMC, 0.5:1, 123+£20.7%; 1:1, 76.8+17.2%) (Figure 4.21 C and D).
However, spleen-derived PMN-MDSCs from the gastric cancer and the trauma

patients had a similar magnitude of suppression.



69

>
w

180
X
-2 T/{ — 15 —
'S .S 1204 T ¥ 3 - E
g;o = T3z _g ‘BB 1.0 -
[ g (o] £
_g 1..|_: 60_ Control PMN *% E — 3 >|- 0.5 ’l‘
E @ Spleen PMN-MDSC (gastric ca.) * % e I.IZ. 0.0
o 0 @ Spleen PMN-MDSC (trauma pt.) PTG (S0 Only  Gastric Trauma
T T T ¥ Y _— PBMC cancer patient
2 ; X A A & p
PMN:PBMC ,Qf:} gff" 0% N eFluor670 + splenic PMN-MDSC

Q-

(o]
o

s 180; .
c C 1.5
w2 I = S rt
@ S 1201 5—9—% T o 1.0
o he) —
c 5 s} =
par = >05
(@) B 60 Control PMN * S Z
E @ Spleen ND/PMN (gastric ca.) _— o = 0.0
@ Spleen ND/PMN (trauma pt.) W w W Only  Gastric Trauma
T ; PBMC cancer patient
PMN:PBMC ) A % A ] eFluor670 + splenic ND/PMN
Q- 0},{,. 09’6' 0_6;, N + splenic ND/PMN

Figure 4.21. The functional effect of PMN-MDSCs from gastric cancer or trauma
patients on T cell responses. A) and (C) Purified PMN-MDSCs and
normal-density PMN cells from the spleen of the gastric cancer patients
(n=6) and the trauma patients (n=6) and control normal-density PMN
cells were co-cultured with eFluor670-labelled monocyte-depleted
PBMCs from the healthy donors and constant numbers of monocytes
isolated from healthy donors during 72 hours under anti-CD3
stimulation (25 ng/mL). B) and (D) At the end of the co-cultures, the
amount of IFN-y was measured by ELISA (at 0.5:1 PMN cell:PBMC

ratio). The data was presented as average = SEM (ns, not significant;
*p<0.05, **p<0.01).

To evaluate the immune regulatory functions of the spleen upon trauma and
compare with cancer, expression of immune regulatory genes mainly associated with
MDSCs were examined on the spleen tissues of the gastric cancer patients and the
pancreatic cancer patients as well as the trauma patients. The data obtained from all
patient groups were normalized to pooled peripheral blood leukocytes obtained from
the healthy donors. The expression of SI00A9, ARG1, NOS2, TGF-f, IL-10, and
VEGFR1 were increased in trauma patients compared to those obtained from the
cancer patients, whereas the expression of S100AS8, IDO1, COX2, GAL3, PD-L1, and
CCL2 did not change among the groups (Figure 4.22 A). Other than the gene

expression, expression of the immune regulatory proteins such as Nrf2 and STAT3
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and their phosphorylated forms associated with the suppressive nature of MDSCs were
analyzed. The expression of Nrf2 and STAT3 was found heterogenous among the
patients (Figure 4.22 B and C). In trauma, pNrf2 and pSTAT3 was found upregulated
only in 2 patients (Figure 4.22 D). Please refer to Figure 4.12 A for the representative
Western Blot images of the gastric cancer patients’ and the pancreatic cancer patients’
spleen.

To sum up, immune regulatory proteins showed similar patterns both in trauma
and cancer patients, and there was no statistical difference observed between them

(Figure 4.22 B, C).
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Figure 4.22. The expression of immunoregulatory genes and proteins. A) The
mRNA levels of immunoregulatory genes such as SI00A9, S100AS,
IDO1, ARG1, COX2, GAL3,NOS2, TGF-B, PD-L1, IL-10, CCL2, and
VEGFR1 were examined in the spleen tissues of the gastric cancer
patients (n=9), the pancreatic cancer patients (n=8), and the trauma
patients (n=10) by quantitative RT-PCR. The data obtained from all
spleen samples were normalized to those from the pooled peripheral
blood total leukocytes obtained from the healthy donors (n=5). Black
line represents the median value. B) and (C) STAT3/Beta-actin and
Nrf2/Beta-actin ratio was given. D) The Western Blot images showing
the expressions of pNrf2, total Nrf2, pSTATS3, total STAT3, and beta-
actin on the spleen tissues of the trauma patients (n=6) were given (ns,
not significant; *p<0.05, **p<0.01).
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4.3 Association of Clinical Data With PMN-MDSCs

The spleen of both the cancer patients and the trauma patients and the
peripheral blood of the cancer patients harbored suppressive MDSCs, particularly
PMN-MDSCs. In the last part of this thesis, clinical association with PMN-MDSC
levels were investigated. The gastric cancer patients were categorized in two groups
as stage I-1I (n=10) and stage III-IV (n=11). In the peripheral blood and the spleen of
the gastric cancer patients, the percentages of PMN-MDSCs were found to be
independent of the clinical stage. However, in stage [-Il PMN-MDSCs were mostly
accumulated in the spleen (Figure 4.23 A). Next, to evaluate the overall survival of the
gastric cancer patients, the patients with stage I-II and stage III-IV were divided into
2 groups depending on the percentages of PMN-MDSC:s. In this manner, cut-offs were
determined according to PMN-MDSC levels for the peripheral blood as >15% median
of total CD11b* myeloid cells and for the spleen as >35% median of total CD11b"
myeloid cells. Significantly, both stage I-II and stage III-IV the patients with high
levels of PMN-MDSCs had shorter overall survival rates (Figure 4.23 B).
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Figure 4.23. Clinical association of the levels of PMN-MDSCs in the peripheral
blood and the spleen of gastric cancer patients. A) The percentages of
PMN-MDSCs in CD11b" myeloid cells demonstrated according to
clinical stages (Stage I-II n=10, stage III-IV n=11). The data was given
as median and min-max values. B) Overall survival of the patients at
thirty months were plotted. To determine low and high levels of PMN-
MDSCs, cut-offs were established (for the blood >15% median of total
CD11b" myeloid cells and for the spleen >35% median of total CD11b"
myeloid cells), (ns, not significant; *p<0.05, **p<0.01).

Lastly, in the trauma patients, patients were categorized according to the spleen
injury scores (SIS) and the injury severity scores (ISS). As the severity of the injury
was increased, the percentages of PMN-MDSCs accumulated into the spleen was also
found to be enhanced. Therefore, there was a positive correlation found between SIS
or ISS and the percentages of PMN-MDSCs (correlation with SIS, p=0.0182,
r=0.4776; for ISS, p=0.0226, 1=0.4947) (Figure 4.24 A and B).
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Figure 4.24. Clinical association injury scores with PMN-MDSC levels in the
trauma patients. The trauma patients were distributed according to (A)
spleen injury scores (SIS) and (B) injury severity scores (ISS) and
correlated with the percentages of PMN-MDSC.



75

5. DISCUSSION

As a secondary lymphoid organ, the spleen has a unique microanatomy, which
can filter whole blood and enable interactions for residing adaptive immune system
components such as T and B cells and circulating leukocytes and blood-borne antigens
(131). In this way, the spleen plays role in adaptive and humoral immune responses.
Other than its central role in immune responses, iron recycling, and filtering blood, the
spleen may also contribute to extramedullary hematopoiesis (EMH) (136). During
fetal development, hematopoiesis takes places in the spleen and liver. Later in
embryonic development, hematopoietic stem, and progenitor cells (HSPCs) migrate to
the bone marrow where it becomes the major site for hematopoiesis. In mice, the
spleen remains as a hematopoietic site throughout their lives, whereas in humans,
HSPCs may migrate from the bone marrow and locate in the spleen for EMH in case
of physiological stress or inflammation such as cancer (137, 138). In previous studies,
progenitor cells were detected in the spleen of cancer patients to support bone marrow
as a hematopoietic organ (144, 146). Since bone marrow becomes insufficient to meet
the increased demand for myeloid cells, they egress from bone marrow without full
maturation. The term “myeloid-derived suppressor cells (MDSCs)” was introduced to
define these immature and suppressive myeloid cells. In mice, MDSCs accumulate in
bone marrow, peripheral blood, liver, tumor microenvironment, and spleen.

In tumor-bearing mice, due to the accumulation of immature MDSCs, the
spleen can become enlarged, and splenomegaly is observed (160). However, in cancer
patients, the splenic volume may vary and there is no agreement about splenomegaly
(161). Although the spleens of mice and humans may seem similar at first sight, the
human spleen is much more complex, and many splenic cells are not completely
characterized (133). This study has the feature of one of the exceptional studies
conducted with freshly collected splenocytes from cancer patients and trauma patients
to analyze PMN-MDSCs and PMN cells. In this study, it was demonstrated that the
spleen is a reservoir for PMN cells in cancer patients and trauma patients. It allows
PMN cells to communicate with T cells and eventually enables them to regulate T cell
responses.

In physiological conditions, the spleen is recognized as a major pooling for

circulating leukocytes, which are dynamically exchanged between circulation and the
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spleen. Red blood cells and lymphocytes have the shortest intrasplenic transit times,
whereas granulocytes have longer transit times (162). Splenomegaly causes abnormal
pooling of leukocytes and more specifically, this abnormal pooling causes neutropenia
in many patients suffering splenomegaly (163). It may be hypothesized that
granulocytes retain longer in the spleen thus, they are more prone to be influenced by
splenic microenvironment and inflammatory stimulus. In acute or chronic
inflammation, production and egress of myeloid cells are increased due to emergency
myelopoiesis (3). It increases circulating PMN-MDSCs and due to trafficking between
circulation and spleen, it may serve as a supply for the reservoir of PMN-MDSCs in
the spleen. Thus, in cancer patients, PMN-MDSCs mostly accumulated in the spleen
compared to peripheral blood even in the patients with early stages.

To mediate immune suppression, MDSCs should be in close proximity with
target immune cells, which are particularly T cells (25). Therefore, to regulate immune
responses, MDSCs need to be present in the tumor microenvironment or at the site of
inflammation. The microenvironment can shape the suppressive functions of MDSCs
(164). In mice models, tumor infiltrating MDSCs were more suppressive than MDSCs
in lymphoid tissues and circulation. However, there was no drastic difference reported
in suppressive capacities of MDSCs from different tissues and circulation (84, 85). In
humans, peripheral blood has been commonly used to evaluate MDSCs due to
challenges in obtaining fresh tissue samples. In this study, both splenic and circulating
PMN-MDSCs from gastric and pancreatic cancer patients suppressed T cells to a
similar extent. The suppressive functions of circulating low-density PMN-MDSCs
have been demonstrated in many of the studies, whereas circulating normal-density
PMN cells are not suppressive. In contrast, splenic normal-density PMN cells were
almost as suppressive as splenic low-density PMN-MDSCs in cancer patients and
trauma patients. It may be interpreted that normal-density PMN cells adopt regulatory
functions because of exposure to the inflammatory microenvironment in the spleen.

Even though the low-density PMN cells co-purified with mononuclear cells are
increased in several pathological conditions, low-density fraction not only includes
PMN-MDSCs but also activated normal-density PMN cells. In response to several
inflammatory mediators and physical forces, normal-density PMN cells may become

activated, and their density may be altered dynamically. Therefore, the low-density of
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PMN cells is not always correlated with immaturity (165). To date, since there is no
discrete phenotypical marker to distinguish normal-density PMN cells and low-density
PMN-MDSCs, functional assays are mandatory to discern between them. Although T
cell suppression assays are the most common way to analyze MDSCs, numerous
approaches for T cell suppression assays have been introduced and different results
have been reported in the literature (9). To overcome these variations, a European
Cooperation in Science and Technology (COST-EU) Action BM1404 (Mye-
EUNITER) was established (35). Different working groups attended this consortium
to develop standardized functional protocols to identify MDSCs. Because PMN-
MDSCs are very sensitive and susceptible to physical stress, these advanced protocols
were carefully performed in this study.

PMN-MDSCs consist of heterogeneous groups of PMN cells, which have
different phenotypes, morphology, maturation stages, and activation status (8). CD10,
CD16, and CD11b are well-known markers to determine the differentiation status of
MDSCs and these molecules upregulate during granulocytic differentiation. Based on
previously published data, differential expressions of CD10, CD16, and CD11b were
used to propose different subtypes of PMN-MDSCs. The high expressions of CD10,
CD16, and CD11b indicated the most suppressive phenotype of PMN-MDSCs (165,
166). Accordingly, in our study, splenic and circulating PMN-MDSCs were highly
expressing these markers in cancer patients.

Compared to the peripheral blood samples of healthy donors, high levels of
S100A8 and S100A9 as a chemoattractant for PMN-MDSCs were observed in the
spleen of cancer patients and trauma patients. Furthermore, the expressions of anti-
inflammatory genes ARG1 and COX2 were also upregulated in cancer patients’ and
trauma patients’ spleen. Therefore, the spleen may adopt an anti-inflammatory
character in cancer and trauma. As PMN cells are exposed to this regulatory
microenvironment, they adopt immune suppressive and regulatory phenotypes. As
previously mentioned, functional assays were performed to analyze PMN-MDSCs in
detail. Splenic and circulating PMN-MDSCs were purified and co-cultured with
PBMC:s isolated from healthy donors under anti-CD3 stimulation for 72 hours. Splenic
and circulating PMN-MDSCs suppressed T cell proliferation IFN-y secretion. Because

peripheral blood samples could not be collected from trauma patients, only splenic
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PMN-MDSCs were evaluated, and they were also suppressive. As additional
functional analyses, the production of ROS, NO, and the capacity of phagocytosis were
analyzed. In cancer patients, splenic PMN-MDSCs had a higher capacity for ROS
production than circulating PMN-MDSCs and it may be hypothesized that they may
be more influential on T cell suppression. Although splenic PMN-MDSCs from
trauma patients tended to produce less ROS than splenic PMN-MDSCs from cancer
patients, there was no statistical difference observed.

As a weakness of this study, immune suppressive mechanisms of normal-
density PMN cells were not specifically analyzed. Furthermore, the functions and
recruitment of other immune cells such as dendritic cells, NK cells, B cells,
macrophages, and Tregs were not investigated. The interactions of these immune cells
with splenic PMN-MDSCs may have been analyzed.

In the literature, there is only one paper published about the presence of PMN-
MDSCs and M-MDSCs in the spleen of patients with pancreatic tumors and benign
cysts (105). However, due to difficulties having spleen tissue samples, the main
problem of these studies is the modest sample size. In the context of trauma, although
MDSCs have been mostly associated with chronic inflammation due to prolonged and
low-strength inflammatory stimulus, under acute inflammatory conditions such as
traumatic injury MDSCs are expanded in mice studies (167). However, there is still
lacking knowledge about the functionality and clinical significance of MDSCs in
traumatic injury (168). Recently, a study reported the presence of suppressive PMN-
MDSCs in the peripheral blood of trauma patients and, the percentages of PMN-
MDSCs were positively correlated with injury severity scores. Additionally, high
levels of PMN-MDSCs were associated with low levels of IFN-y and TGF-B in the
serum of these patients (169). In our study, spleen samples of trauma patients were
analyzed for the first time in terms of the presence and functionality of MDSCs.
Immune suppressive PMN-MDSCs accumulated in the traumatic spleen and their
frequencies were positively correlated with injury severity and spleen severity scores.
In contrast to cancer patients, the presence of PMN-MDSCs in traumatic injury is
beneficial in terms of tissue repair and wound healing.

All in all, in this study, which mainly focused on gastric cancer, pancreatic

cancer, and trauma patients, comprehensive phenotypical and functional analyses of
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PMN-MDSCs were performed. The human spleen becomes a reservoir for suppressive
PMN cells, which interact with T cells and immune regulatory organ in cancer and

trauma.
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6. RESULTS AND RECOMMENDATION

After the peripheral blood and the spleen samples of the treatment-naive the
gastric cancer patients and the pancreatic cancer patients were layered over
1.077 g/mL gradient separation solution, PMN-MDSC (CD11b"CD14
CD339mCD15"CD66b " HLA-DR4im), M-MDSC
(CD11b"CD14'CD33"CD15°CD66b'HLA-DR4im), and e-MDSC
(CD11b"CD14°CD33"CD15CD66b HLA-DR/4m) phenotypes were
determined as “low-density”.

PMN-MDSCs had the highest percentages and the absolute numbers in the
peripheral blood and the spleen of cancer patients compared to those from the
peripheral blood samples of the healthy donors.

CD66b" PMN cells were widely distributed in the spleen, and they were in a
close contact with CD3™" T cells.

Peripheral blood mononuclear cells (PBMCs) from healthy donors were
isolated and co-cultured with PMN-MDSCs at different ratios in the presence
of anti-CD3 stimulation. Both splenic and circulating PMN-MDSCs
suppressed T cell proliferation and IFN-y secretion.

Expression of several immune regulatory genes and proteins related to MDSCs
were upregulated in the spleen of the cancer patients.

As non-malignant controls, the spleen specimens from the patients who
underwent splenectomy due to severe abdominal trauma were included and
PMN-MDSCs populated the spleen in traumatic patients similar to cancer
patients.

The capacity of T cell suppression, the production of ROS, NO, the phagocytic
activity, and the patterns in the expression of immune regulatory genes and
proteins were comparable between the splenic PMN-MDSCs obtained from
the cancer patients and the trauma patients.

Increased percentages of PMN-MDSCs in the peripheral blood and the spleen
of cancer patients were associated with poor prognosis regardless of the clinical
stage.

In the trauma patients, the percentages of PMN-MDSCs were positively

correlated with the injury severity scores.
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In conclusion, our results demonstrated the immune modulatory function of the
human spleen through MDSCs in inflammatory disorders such as cancer and
trauma.

In this study, the specific immune suppression mechanisms of PMN-MDSCs
were not covered. In the co-cultures, by using specific inhibitors such as for
ROS, NO, and ARGI, specific T cell suppression mechanisms of PMN-
MDSCs may be investigated.

In case of trauma, the role of spleen through MDSCs needs to be better
elucidated. In this manner, mice models of trauma may be used to mimic
human trauma. This experiment may enable to compare the healthy spleen and
the traumatic spleen.

Lastly, after this thesis, the cancer patients will be followed to determine 5-

year overall survival.
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