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ABSTRACT

EXPLORATION FOR POSSIBLE USE OF GM-CSF RECEPTOR NUMBERS ON
MYELOID CELL POPULATIONS AS A PREDICTIVE VALUE FOR STEM CELL
TRANSPLANTATIONS

Peripheral hematopoietic stem cell transplantation is a method used in the treatment of many
diseases, especially hematological malignancies. With the method called apheresis, the
patient's own stem cells (autologous) or stem cells from a matched healthy donor (allogeneic)
are collected and transplantation is performed under appropriate conditions. Evaluation of
the quality of the received apheresis product is very important in terms of both measuring
the collection efficiency and monitoring the transplantation dynamics. Although the gold
standard CD34" stem cell count is accepted today, the centers’ evaluation and calculation
criteria differ between centers. This study aimed to determine the number and expression of
GM-CSFR (CD116) and to measure its usability as an additional predictive parameter to
CD34 in the evaluation of the quality of the apheresis product. The percentage of CD116,
Mean Fluorescent Intensity (MFI) and GM-CSF receptor number were determined in
apheresis products of autologous and allogeneic donors and in peripheral blood of healthy
donors who did not receive Granulocyte Colony-Stimulating Factor (G-CSF). Obtained data
were compared both between myeloid cells and between study groups. While the percentage
of CD116 did not show a significant difference both on myeloid cells and between groups,
MFI of CD116 and GM-CSF receptor numbers were detected on monocytes (mean MFI
value 4,8, mean GM-CSFR number 9.560 ABC/Cell) with the highest concentration in
myeloid cells, and in apheresis products of allogeneic donors among the groups (mean MFI
value 5,0, mean GM-CSFR number 9.965 ABC/Cell). There was no significant correlation
between CD34 and CD116 in apheresis products, but the highest MFI of CD116 (mean 3,79)
and GM-CSF receptor number (mean 7.506 ABC/Cell) were observed in apheresis products
from allogeneic donors with the highest leukocyte (mean 204.513/uL) and platelet (mean
165 x 10%/uL) counts. In autologous donors, a positive correlation was found between the
percentage of CD116 and the number of WBCs in the apheresis product (p = 0,008). In
conclusion, CD116 can be used as a predictive factor in evaluating the quality of apheresis

products by providing information about myeloid cell content.
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OZET

KOK HUCRE TRANSPLANTASYONLARINDA MYELOID HUCRELER
UZERINDE BULUNAN GM-CSF RESEPTOR SAYILARININ PREDIKTIF
DEGERININ ARASTIRILMASI

Periferik hematopoetik kok hiicre nakli, basta hematolojik maligniteler olmak iizere bircok
hastaligin tedavisinde kullanilan bir metoddur. Aferez adi verilen ydntemle hastanin
kendisine ait kok hiicreler (otolog) veya uygun saglikli bir donore ait kok hiicreler (allojenik)
toplanarak uygun kosullar altinda transplantasyon islemi gerceklestirilir. Alinan aferez
iriiniiniin  kalitesinin degerlendirilmesi hem toplama verimliliginin Sl¢lilmesi hem de
transplantasyon dinamiklerinin takibi acisindan olduk¢a oOnemlidir. Gilinlimiizde altin
standart CD34" kok hiicre sayisi kabul edilse de merkezler arasi degerlendirme ve hesaplama
kriterleri farklilik gdsterir. Bu ¢alismanin amaci, GM-CSFR (CD116) sayist ve ifadesinin
tespit edilerek, aferez Uriiniiniin kalitesinin degerlendirilmesine CD34'e ek prediktif bir
parametre olarak kullanilabilirligini 6lgmekti. Otolog ve allojenik dondrlere ait aferez
tirtinlerinde ve Graniilosit Koloni-Stimiilan Faktor (G-CSF) almamis saglikli dondrlere ait
periferik kan 6rneklerinde CD116 yiizdesi, Ortalama Floresan Yogunlugu (MFI) ve GM-
CSF reseptor sayisi belirlendi. Elde edilen veriler hem myleoid hiicreler arasinda hem de
calisma gruplar1 arasinda karsilastirildi. CD116 yiizdesi hem myeloid hiicreler lizerinde, hem
de gruplar arasinda anlamli bir fark gostermezken CD116 MFI'1 ve GM-CSF reseptor sayisi
myleoid hiicrelerde en yogun monositlerde (ortalama MFI degeri 4,8, ortalama GM-CSFR
sayis1 9.560 ABC/Hiicre), gruplar arasinda ise en yogun allojenik dondrlere ait aferez
triinlerinde tespit edildi (ortalama MFI degeri 5,0, ortalama GM-CSFR sayist 9.965
ABC/Hiicre). Aferez iiriinlerinde CD34 ile CD116 arasinda anlamli bir korelasyon
saptanmadi (p = 0,6) ancak en yiiksek CD116 MFI’1 (ortalama 3,79) ve GM-CSF reseptor
sayis1 (ortalama 7.506 ABC/Hiicre) en yiiksek 16kosit (ortalama 204.513/uL) ve platelet
(ortalama 165 x 10%/uL) sayisina sahip olan allojenik dondrlerden alian aferez iiriinlerinde
gozlemlendi. Otolog donoérlerde, CD116 yiizdesi ile aferez iiriiniindeki WBC sayis1 arasinda
pozitif bir korelasyon saptandi (p = 0,008). Sonug olarak, CD116, myeloid hiicre icerigi
hakkinda bilgi vererek aferez liriinlerinin kalitesinin degerlendirilmesinde prediktif bir

faktor olarak kullanilabilir.
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1. INTRODUCTION

1.1. HEMATOPOIETIC SYSTEM AND ITS DISORDERS

1.1.1. Hematopoiesis

Stem cells can renew themselves without dividing and give rise to various cell types. Stem
cells are examined in two main categories as embryonic and adult stem cells. Embryonic
stem cells originate from the inner cell mass of a blastocyst and are classified as totipotent,
pluripotent, multipotent and unipotent according to their differentiation stages. In the third
week of embryonic development also called gastrulation, the cells in the bilaminar disc form
three germ layers, endoderm, mesoderm and ectoderm. Endoderm cells differentiate into
lung, liver pancreas, stomach and intestine cells, mesoderm cells differentiate into bone,
bone marrow blood and muscle cells, ectoderm cells differentiate into nerve and skin cells.
Hematopoietic stem cells (HSCs) that reside in bone marrow, originate from the mesodermal
layer can self-renew and differentiate into all hematopoietic cells. HSCs differentiate
according to the characteristics of the microenvironment they are in (Figure 1.1.). Growth
factors, transcription factors, cytokines, hormones and extracellular signals determine the
fate of the cell [1]. The first step of hematopoiesis begins with the differentiation of
pluripotent stem cells into multipotent progenitor cells. Self-renewing multipotent
hematopoietic stem cells differentiate into CD34* multipotent hematopoietic progenitor
cells. These progenitor cells generate common lymphoid precursor and common myeloid
precursor cells. The differentiation process continues with the differentiation of multipotent
cells into precursor cells, mainly myeloblasts, erythroblasts, megakaryoblasts. Fully
differentiated mature blood cells enter the peripheral circulation [2]. Erythrocytes are
responsible for the transport of O> and CO. while leukocytes are the most important
component of a body's defense mechanism. Leukocytes can be examined in two groups:
granulocytes and agranulocytes. Granulocytes contain neutrophils, eosinophils, and
basophils which kill pathogens during an infection. Monocytes and lymphocytes have no
granules in their cytoplasm. Similar to granulocytes, monocytes help defend the body against
infectious diseases also can differentiate into dendritic cells. Lymphocytes can be classified

as antibody-producing B lymphocytes and virus-infected cell killer T lymphocytes. B



lymphocytes mature in bone marrow while T lymphocytes mature in the thymus. Natural
Killer cells also called large granular lymphocytes, kill virus-infected cells by releasing
perforin and granzyme. Platelets derived from megakaryocytes repair damaged blood vessels
and help blood clotting [3].

Hematopoietic growth factors are widely used in neutropenia, anemia treatment and stem
cell mobilization. Cytokine named Granulocyte Colony-Stimulating Factor (G-CSF) is
released by monocytes, macrophages, fibroblasts and endothelial cells, binds G-CSF
Receptor (G-CSFR) and stimulates the production of neutrophils while Granulocyte-
Macrophage Colony-Stimulating Factor (GM-CSF) is released by macrophages, T
lymphocytes, mast cells, natural killer cells, fibroblasts and endothelial cells, binds GM-CSF
Receptor (GM-CSFR) and stimulates the production of neutrophils, monocytes, and
eosinophils [4,5]. Erythropoietin (EPO) used in the treatment of anemia is secreted from the
kidney and liver in response to hypoxic stress and stimulates the production of erythrocytes
in the bone marrow [6]. IL-1, IL-3, IL-6, IL-11, thrombopoietin (TPO) and megakaryocyte
growth and development factor (MGDF) are cytokines with thrombopoietic effects by
inducing the production of megakaryocytes and platelets. TPO and IL-11 are widely used in

the treatment of chemotherapy-related thrombocytopenia [5].
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Figure 1.1. Hematopoiesis scheme [3]



1.1.2. Hematological Malignities

A genetic or/and epigenetic error and uncontrolled proliferation of cells during the
differentiation of stem cells into mature blood cells cause the formation of hematological
cancers such as leukemia, lymphoma and multiple myeloma. Chromosomal translocations,
activation of oncogenes, inhibition of tumor suppressor genes and disruption of apoptosis-
related genes are the main factors in the formation of hematological malignancies [7].
Leukemias are classified according to the type of cell they originate from (myeloid or
lymphoid) and their genotypic and phenotypic characteristics. According to the World
Health Organization (WHO) classification updated in 2016, leukemias are defined as
Myeloproliferative Neoplasms (MPN), Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Acute Myeloid Leukemia (AML) and related neoplasms, Blastic
plasmacytoid dendritic neoplasm, B-cell Lymphoblastic leukemia (B-ALL) and T-cell
Lymphoblastic Leukemia (T-ALL) [8]. In Multiple myeloma, antibody-producing plasma
cells increase in an uncontrolled manner, preventing the production of other blood cells.
Abnormal plasma cells produced in the bone marrow secrete a uniform type of
immunoglobulin protein called “paraprotein”. It is characterized by the waist, back and bone
pain, lytic lesions in the bones and increased abnormal plasma cells in the bone marrow.
While the risk of developing the disease increases with age, it is usually diagnosed over 60
years of age [9]. Lymphoma is caused by B and T lymphocyte abnormalities and is
characterized by enlarged lymph nodes. It is divided into two main categories: Hodgkin
Lymphoma and Non-Hodgkin Lymphoma. HIV, Epstein-Barr virus infection and
autoimmune diseases are risk factors for lymphoma [10]. In a global study, between 2006
and 2016, there was a 26 percent increase in leukemia cases and a 45 percent increase in
Non-Hodgkin Lymphoma cases. While leukemia was identified as the 9th deadliest cancer
type, Non-Hodgkin Lymphoma was identified as the 10th deadliest cancer type [11]. As seen
in Figure 1.2., according to a study comparing lymphoid and myeloid malignancies in
Europe in 2010: the highest incidence of lymphoid malignancies was plasma cell neoplasms

and the highest incidence of myeloid malignancies was acute myeloid leukemia [12] .
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Figure 1.2. Incidence of hematologic cancers in Europe in 2010 [12]

1.1.3. Diagnosis and Treatment of Hemalotogical Malignities

Most hematological malignancies are caused by one or more damaged protein production as
a result of a mutation in DNA or chromosomal rearrangements. At the first stage in the
diagnosis of hematological cancers, biochemistry tests, especially total blood count,
peripheral blood smear, molecular, cytogenetic and pathological tests are applied. Flow
cytometry is the most widely used method for determining the subtype of the disease and
evaluating the response rate to treatment. Acute myeloid leukemia is defined by the increase
of myeloid blasts in peripheral blood and/or bone marrow. In cytogenetic tests, t (15; 17), t
(8; 21), inv 16 or t (6; 16) positivity are important criteria in the diagnosis of AML [13].
According to the WHO Classification of Tumors of Hematopoietic and Lymphoid Tissues
revised in 2017, the blast percentage in peripheral blood or bone marrow should be > 20
percent [14]. Mutations occurring in NPM1, FLT3/ ITD, TP53 and CEBPA genes are
prognostic factors evaluated in determining favorable, moderate and poor-risk patient groups
and direct treatment. Chemotherapeutic combinations such as cytarabine and anthracycline
are administered to patients in the favorable risk group, allogeneic stem cell therapy is
recommended for patients in the moderate and poor-risk groups. Acute lymphoblastic
leukemia is characterized by increased immature lymphocytes in the bone marrow and the
positivity of CD34, CD10 and CD19 markers on these cells is diagnostic for B-ALL, while
CD2, CD3, CD7 and CD34 positivity are seen in T-ALL cases. In cytogenetic evaluations,
the presence of t (9; 22) (Philadelphia chromosome) and t (12; 21) (TEL-AML.1 fusion) aids



diagnosis and treatment. Allogeneic stem cell transplantation is recommended for relapse
and chemotherapy-resistant patients [15]. In patients with multiple myeloma, the presence
of t (4; 14), t (14, 16), t (14, 20), + 1q or dellp is considered to be a high risk in cytogenetic
examinations. A high ratio of kappa/lambda light chain and high serum paraprotein levels
indicate a poor prognosis. Plasma cells with CD45'°“CD138"CD38" expression detected in
flow cytometry tests are important criteria in diagnosis. Nowadays, autologous stem cell-
assisted high-dose chemotherapy treatment is a widely used method. Criteria such as the age
of the patient, rate of response to treatment and cardiac function determine autologous stem
cell applicability. Although autologous stem cell transplantation is generally recommended
under the age of 65, it has been observed that it is also effective over the age of 80 with
supportive treatments [16]. Lymph node biopsy and bone marrow biopsy are the main
methods used in the diagnosis of lymphoma, which is highly prevalent in young adults
between the ages of 20-40. A high proportion of CD19" B cells in the bone marrow and an
increased kappa/lambda light chain ratio aid diagnosis. While chemotherapy and
radiotherapy combinations are used in the treatment of lymphoma, autologous stem cell

transplantation is applied to patients who are resistant to treatment or relapse [17].

1.2. STEM CELL TRANSPLANTATION AND MOBILIZATION

Stem cell transplantation is used in the treatment of mainly hematological diseases, genetic
diseases, immunodeficiency diseases, solid tumor cancers and autoimmune diseases. Despite
the main source of stem cells being considered to be bone marrow, nowadays stem cells are
collected from the peripheral circulation with a process called apheresis. In the mid-1950,
total body irradiation followed by administration of bone marrow cells from homologous
animals was found to reduce the leukemia cells and restore hematopoiesis in a mouse
leukemia model [18]. Stem cell transplantation is performed in three different types,
syngeneic, autologous and allogeneic. The hematopoietic stem cell transplantation (HSCT)

type may vary depending on the disease condition or severity (Table 1.1.).



Table 1.1. Diseases in which HSCT is used

Disease Disease Condition HSCT Type Reference
After relapse
Acute mveloid In the first remission if there is a Allogeneic
Ieuker)r/ﬂa high risk cytogenetics Allogeneic [14,18]
Unresponsive to the first Allogeneic
indication
After relapse
Acute lvmphoblastic In the first remission if there is Allogeneic
Ie)lleEmia high risk cytogenetics Allogeneic [15,20]
Unresponsive to the first Allogeneic
indication
. Extremely high number of blasts
Mysel(:%ﬁ)pr:ftlc or high risk cytogenetic or Allogeneic [21]
y multiline cytopenias
. . Imatinib failure Allogeneic
Chrf;:‘l:(mgo'd Accelerated phase Allogeneic [22,23]
Blast crisis Allogeneic
. . After relapse with a more
Chronll_(‘:allj_lzlgnngocytlc aggressive phenotype or with Allogeneic [24]
high risk cytogenetics
Aplastic Anemia Critical Category Allogeneic [25]
"Spent" phase with bone marrow
Myeloprollferatlve f_allure or high-risk features_wnh Allogeneic [26]
Disorder impending bone marrow failure
or progression to acute leukemia
. Disease state with high risk .
Hemoglobinopathy brognostic features Allogeneic [27]
Intermediate- and After relapse
High-Grade Non- High-risk features in first 23:8:89832 [17,28]
Hodgkin's Lymphoma remission g '
After first remission or relapse
Holaoa-r?sraLdinN%rc])-ma with aggressive behavior or A%ﬁ('f%?:;?cor [28,29]
9 ymp Richter transformation g
Hodgkin's Lymphoma After relapse or no response to Autologous [17,28]
initial treatment '
Multiple Myeloma In the first remission Autologous [16,30]
P y After relapse g ’
Neuroblastoma First remission in advanced-stage Autologous [31]
Pediatric Central
Nervous System Aggressive malignancy Autologous [31,32]

Tumors




1.2.3. Stem Cell Transplantation

There are three types of immunological HSCT based on donor: autologous, allogeneic and
syngeneic. In autologous HSCT, auto means "self" and the patient is transplanted with self-
collected cells. In allogeneic HSCT, cells collected from a donor with Human Leukocyte
Antigen (HLA) -matched are transplanted to the patient. Syngeneic HSCT is a special
condition where the donor and recipient are identical twins [33]. The diseases treated with
transplant types and the advantages and disadvantages of each type are summarized in Table
1.2.

Table 1.2. Application areas, the advantages and disadvantages of different HSCT types

[34]
HSCT Type | Application Areas Advantages Disadvantages
Regulation of Provides GVT* effect

defective
hematopoiesis and/or

) . Does not require the
immunodeficiency,

patlgn_t to have Lack of suitable donor
sufficient bone

Allogeneic | Establishing adoptive GVHD**

. marrow . ..
immunotherapy for Risk of rejection
cancer Healthy stem cells
Facilitating high-dose

chemotherapy Less cytotoxic agents

The tumor may
contaminate the graft

No donor needed Previously damaged
stem cells may be
No GVHD difficult to collect in
sufficient numbers or
may contribute to the
risk of myelodysplasia

Facilitating high-dose

Autologous chemotherapy

Facilitating high-dose

No GVHD No GVT
chemotherapy

Syngeneic

*GVT: Graft-Versus-Tumor, **GVHD: Graft-Versus-Host Disease



The transplant process can be divided into three basic steps: conditioning regimen, stem cell
infusion, and supportive care. The purpose of the conditioning regimen is to kill cancer cells
in autologous HSCT and suppress host immunity and kill cancer cells in allogeneic HSCT.
Autologous stem cell infusion is performed to regulate myelosuppression and
hematopoiesis. The main purpose of allogeneic stem cell infusion is to correct the immune
deficiency or metabolic disorder due to abnormal hematopoietic cells in congenital
metabolic diseases and immunodeficiencies. Supportive care in allogeneic HSCT is applied
for the prevention and/or treatment of graft rejection with immunosuppressives, prevention
and/or treatment of Graft-Versus-Host Disease (GVHD) with immunosuppressives,
prevention and/or treatment of infections with antibiotics, compensation of anemia and

thrombocytopenia with transfusions [35,36].

Allogeneic HSCT is a therapeutic option for patients with acute and chronic leukemia,
myeloid dysplastic syndromes or aplastic anemia. In patients with acute myeloid and
lymphoid leukemia, allogeneic HSCT is considered if leukemia does not respond to initial
induction therapy or relapses after the initial response [35]. To ensure safe donor engraftment
in allogeneic HSCT, it is necessary to select the HLA-matched donor. The g arm of the sixth
chromosome contains the HLA gene complex. This complex consists of Class | (HLA-A,
HLA-B and HLA-C) and Class Il (HLA-DR, HLA-DQ and HLA-DP) genes [37]. The
minimum condition for the highest survival rate is high-resolution DNA matching in HLA-
A, HLA-B, HLA-C, and HLA-DRBL1 (8/8 HLA match). Allele level mismatch is associated
with worse transplant outcomes [38,39]. The fact that continuous control cannot be achieved
with chemotherapy in patients in the first remission is accepted as an indication for HSCT.
Since continuous control of chronic myeloid leukemia can be achieved with chemotherapy,
currently HSCT is only considered in patients who are unresponsive to chemotherapy or who
are in blast crisis. In patients with myelodysplastic syndrome, HSCT can be applied if there
is an increased blast count, cytogenetic abnormality or cytopenia [35]. In allogeneic HSCT,
high levels of T lymphocytes in the graft attack the skin, liver and gastrointestinal system
and cause GVHD. TNF-a and IL-1 mediated dendritic cell activation in the host causes
epithelial damage. Activation of cytotoxic T lymphocytes and natural killer (NK) cells in
later stages, along with cytokine storm, damages tissues. Damage to the skin, gastrointestinal
system mucosa and bile ducts occurring within 100 days after transplantation can become

fatal if not intervened [40].



Autologous HSCT is a therapeutic option for patients with multiple myeloma, Hodgkin
lymphoma or non-Hodgkin lymphoma in combination with high-dose chemotherapy.
Autologous HSCT has been shown to provide a survival advantage for patients with multiple
myeloma and is therefore administered after the first chemotherapy to reduce the disease
burden. Autologous HSCT in lymphoma patients is scheduled after relapse. Autologous
HSCT can be applied in diseases such as advanced stage neuroblastoma, recurrent or
aggressive Hodgkin lymphoma, recurrent low-grade non-Hodgkin lymphoma and pediatric
central nervous system tumors [35,41]. Although autologous HSCT is generally
recommended under the age of 65, it can be applied over the age of 65. Studies have shown
that in patients with multiple myeloma, reducing the dose of melphalan and performing
tandem transplants can improve survival over the age of 65 [42]. The main goal of
autologous HSCT is to compensate for the damage to the bone marrow after high-dose
chemotherapy by giving the patient's cells. It is known that high-dose chemotherapy in
addition to G-SCF increases peripheral stem cells during stem cell mobilization. Currently,
the most commonly used chemotherapeutic agent in autologous HSCT is Cyclophosphamide
(2-4 g/m?) [43].

1.2.4. Stem Cell Mobilization

Peripheral blood HSCs are used as the main graft source in most patients who undergo
autologous or allogeneic HSCT for the treatment of hematological malignancies. CD34
antigen is expressed as surface glycoprotein on HSCs and is a molecule used in clinical
identification, number determination, and separation of stem cell precursors. It is known that
the number of transplanted CD34" cells is correlated with engraftment kinetics [44]. CD34
antigen is found in 1-3 percent of bone marrow mononuclear cells (MNCs), while 0,01-0,05
percent of MNCs circulating in peripheral blood are CD34 positive [45]. Administration of
recombinant human granulocyte colony-stimulating factor [G-CSF; Filgrastim (Neupogen,
Amgen Inc, Thousand Oaks, CA)] to healthy donors at a dose of 10 pg/kg/day for 4-6 days
can increase the HSC content of the bone marrow 1,5-2 fold [46,47]. In autologous HSCT,
chemotherapeutic agents that cause transient aplasia such as high-dose Cyclophosphamide
stimulate the migration of HSCs into peripheral blood during hematopoietic recovery [48].
Recombinant human G-CSF is the most commonly used cytokine for HSCT mobilization in

patients treated with chemotherapy. By increasing the concentration of matrix
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metalloproteinase 9 (MMP-9), G-CSF induces the release of proteolytic enzymes secreted
from myeloid cells that break down the cytoadhesive connections in the bone marrow
microenvironment [49]. G-CSF, when administered alone, ensures that the concentration of
HSC in the blood reaches its maximum level approximately 5 days after administration.
Recombinant human granulocyte-macrophage colony-stimulating factor [GM-CSF;
Sargramostim (Leukine, Bayer Healthcare Pharmaceuticals, Wayne, NJ)] stimulates the
proliferation and differentiation of hematopoietic precursor cells, monocytes and dendritic
cells and induces their mobilization [50]. Combinations of G-CSF and GM-CSF are used as
rescue regimes if mobilization with G-CSF alone is not successful [51]. Plerixafor (Mozobil,
Genzyme Corporation, Cambridge, MA) is a selective and reversible C-X-C Chemokine
Receptor Type 4 (CXCR4) antagonist. Plerixafor disrupts the interaction of CXCR4 with C-
X-C Motif Chemokine Ligand 12 (CXCL12), allowing HSCs to be released into circulation.
It is known that plerixafor enriches CD34" cell mobilization with G-CSF, and there is an
average of 4,4-fold increase in CD34" cell mobilization compared to the use of G-CSF alone.
Nowadays, plerixafor is recommended as a salvage therapy for patients who have failed the

first peripheral blood mobilization trial [52].

1.3. APHERESIS: ATOOL FOR STEM CELL COLLECTION

Apheresis, which means removal/separation in Latin, is defined as the continuous processing
of the blood taken from the person and separating it into its components. This separation
process allows the desired ingredient to be retained and the remainder delivered to the person
[53]. It was first used by John Jacob Abel in 1914 to separate the plasma portion of blood to
treat toxemia in dogs with nephrectomy [54]. Apheresis is classified as donor apheresis,
therapeutic apheresis and immunotherapy, according to the type of disease and its
application (Figure 1.3.) [55]. The apheresis process takes between 1-4 hours and the cell
collection process is performed through the vascular access. Nowadays, apheresis
procedures are carried out with computerized, automatic devices in parallel with the
developing technology, with sterile disposable sets, each of which is specially produced for
the device to be used. With the help of pumps in the device during the procedure; the whole
blood of the donor is taken, mixed with an appropriate anticoagulant at the specified ratio,
anticoagulated whole blood is taken into the centrifuge system, the components in the system

are separated into layers according to their specific gravity. The components are layered as
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plasma at the top, then platelets, mononuclear cells, granulocytes and erythrocytes at the
bottom. Device detectors detect the layers, the component whose separation is programmed
is taken with some plasma and deposited in a separate bag. The other components of the
blood are combined and returned to the donor or the patient [56,57]. In therapeutic apheresis,

cell collection is performed by peripheral vascular access or a jugular catheter [55].

il

—— | eukapheresis +—— Granulocyte Apheresis

I I \
J —— Thrombopheresis
“ |‘ " Donor Apheresis — Peripheral Stem Cell Apheresis
|
® °
& ®

L— Lymphocyte Apheresis

— — Therapeutic Leukapheresis

» [Therapeutic
Apheresis

—— Plasmapheresis

— Erythrocyte Apheresis

NJ '—————— Immunotherapy —— Photopheresis

Figure 1.3. Types of apheresis [58]

1.3.1. Peripheral Stem Cell Collection

Mobilizing agents such as G-CSF and GM-CSF reduce the binding of CD34" cells in the
bone marrow to adhesion molecules and to matrix metalloproteinases that change the pattern
of the tissue matrix. These applications increase the number of CD34" cells in peripheral
blood [50,52]. Patients who have received chemotherapy or healthy donors are given the
appropriate dose of Granulocyte Colony-Stimulating Factor (G-CSF) (Filgrastim
[Neupogen]) for 5 days to increase stem cell production in the bone marrow and enable them
to enter the circulation. On the 5th day, CD34" stem cell count in peripheral blood is used to
predict hematopoietic stem cell numbers in peripheral circulation [59]. Stem cell collection
starts when the number of leukocytes in peripheral blood reaches > 1 x 10%/ul and the
number of CD34" cells reaches > 20/uL [60]. With G-CSF given following chemotherapy,

it was found that the amount of CD34" cells increased and neutrophil engraftment occurred
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faster in the patient [61]. The apheresis process takes between 1-4 hours and the cell

collection process is performed through the vascular access.

Nowadays, apheresis procedures are carried out with computerized, automatic devices in
parallel with the developing technology, with sterile disposable sets, each of which is
specially produced for the device to be used [62]. With the help of pumps in the device
during the procedure; The whole blood of the donor is taken, mixed with an appropriate
anticoagulant at the specified ratio, anticoagulated whole blood is taken into the centrifuge
system, the components in the system are separated into layers according to their specific
gravity. The components are layered as plasma at the top, then platelets, mononuclear cells,
granulocytes and erythrocytes at the bottom [63,64]. Device detectors determine the layers,
the desired component is taken and deposited in a separate bag. The other components of the

blood are combined and returned to the donor or the patient [65].

1.3.2. Evaluation and Quantification of Collected Stem Cells

The CD34 antigen is found on the surface of primitive hematopoietic stem cells [66]. By
tracking the CD34" cell count of apheresis products collected after mobilization,
optimization and fast engraftment of the graft are provided [59]. It is known that there is a
correlation between the number of CD34" infused and engraftment [67]. For successful
engraftment, 2 x 10° CD34" cells/kg were accepted as the conservative dose required for
rapid neutrophil and platelet healing, and the optimum amount of Granulocyte-Macrophage
Colony-Forming Unit (CFU-GM) required for rapid hematopoietic recovery was found to
be 20-50 x 10* CFU-GM/Kg [48]. CFU tests are based on the ability of HSCs to colonize in
a methylcellulose medium with special growth factors added. However, the test takes two
weeks to complete, and the classification of the colonies formed requires careful attention
[68]. Therefore, CD34" cell numbers are considered as the gold standard in the evaluation

of apheresis products.



13

1.4. MEASUREMENT OF CD116, THE GRANULOCYTE-MACROPHAGE
COLONY-STIMULATING FACTOR RECEPTOR

GM-CSFR (Granulocyte-Macrophage Colony-Stimulating Factor Receptor) belongs to the
hematopoietin/cytokine receptor superfamily and has a heteromeric structure. GM-CSFR
consists of o (CDw116 [GM-CSFRa]) and f (GM-CSFR) subunits. While the alpha chain
carries the binding site for GM-CSF, the beta chain is involved in signal transduction. The
beta chain also acts as a receptor for IL-3 and IL-5. GM-CSFR has two different isoforms,
membrane and secreted. As seen in Figure 1.4. the binding of GM-CSF to GM-CSFR
increases cell production by inducing JAK2 (Janus Kinase-2) autophosphorylation.
Autophosphorilated JAK?2 activates STAT5/MAPK (Signal Transducer And Activator Of
Transcription Protein-5/Mitogen-Activated Protein Kinase) thereby JAK/STAT/MAPK
pathway and induces production and differentiation of granulocytes, monocytes and
macrophages. The binding of GM-CSF to GM-CSFR induces dendritic cell maturation and
activates STAT1 and STATS3 in neutrophils and STAT5 in monocytes. Activated STATS
bind DNA and control the production, differentiation and function of monocytes,
macrophages and neutrophils. Receptor expression is enriched in neutrophils, eosinophils,
myeloid dendritic cells, plasmacytoid dendritic cells, classical monocytes, intermediate
monocytes and non-classical monocytes [69,70]. Calculations based on Antigen Binding
Capacity (ABC) show that the number of receptors on monocytes is four times higher than
the number of receptors on neutrophils. In the peripheral blood of healthy donors, the number
of GM-CSF receptors found in neutrophils was 3,23 ABC/Cell x 10% and 15,7 ABC/Cell x
10 in monocytes [71]. When the monocyte subgroups were examined, it was stated that the
classical monocytes were found in the blood at an average of 80 to 90 percent, the
intermediate monocytes at the rate of 2 to 5 percent, and the non-classical monocytes at the
rate of 2 to 10 percent [72]. The expression of CD116 in monocyte subsets in the blood was
examined and the highest expression of CD116 (approximately 100 percent) was observed
in classical monocytes, followed by intermediate monocytes (90 to 100 percent). In non-
classic monocytes, CD116 was expressed at a rate of approximately 65 to 85 percent. The
highest Mean Fluorescence Intensity (MFI) of CD116 was detected in classic monocytes,

followed by intermediate monocytes and the lowest in non-classic monocytes [73].
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Figure 1.4. GM-CSF interacts with GM-CSFR and alters the expression of inflammatory
genes [74]

Currently, there are limited studies about the CD116 levels in HSCs collected by apheresis
and the use of CD116 to predict the quality of apheresis products. Therefore, we determined
CD116 quantitative levels in apheresis samples from autologous and allogeneic donors and
in peripheral blood from healthy donors and compared them between groups and myeloid
cells. We evaluated its usability as a predictive value by investigating the correlation of
CD116 levels with other parameters.
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1.5. AIM OF THE STUDY

Evaluation of the amount and quality of stem cells in apheresis samples is vital for
autologous and allogeneic transplantations. Nowadays, the CD34" number is the only
parameter used in evaluating the quality of the apheresis product. In previous studies, the
CFU-GM number was used along with the CD34" stem cell number. However, CFU-GM
experiments are not widely used today because they require cell culture conditions and take
approximately 14 days to get results therefore not suitable for routine work. Therefore,
examining some other hematopoietic markers besides CD34 will provide new predictive

factors for stem cell transplantation.

The main aim of this study is to determine the number of CD116 receptors on myeloid cells
in apheresis samples. In addition, it was aimed to compare the factors such as the amount of
G-CSF given to the patients and donors, leukocyte number, the number of CD34" cells, the
chemotherapy received by the patient, age and gender with the number of CD116 receptors.
Finally, it was aimed to explore the predictive value of CD116 in addition to CD34 in

successful stem cell transplantations.
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2. MATERIALS AND METHODS

2.1. MATERIALS AND CHEMICALS

All stages of this research are carried out in the Stem Cell Laboratory, Hematology
Department, Yeditepe University Hospitals, Istanbul under the supervision and consultancy
of Prof. Dr. Giilderen Yanikkaya Demirel, the Head of Immunology Department. Apheresis
samples were obtained from the Apheresis Center, Hematology Department, under the

supervision and consultancy of Prof. Dr. Hasan Atilla Ozkan.

2.1.1. Instruments

Therapeutic Apheresis Machine (Spectra Optia® - Terumo BCT, USA),
Navios EX Flow Cytometry (Beckman Coulter, USA),

Hematology analyzer (Sysmex XS-500i, Japan),

Centrifuge (Hettich Rotina 38R, Germany),

Vortex mixer (Ika V4D S000 Vortex, Germany),

Transport tank (Chart MVE, USA),

Controlled rate freezer (Planer KRYO 560-16, UK),

Liquid nitrogen tank (Cryotherm Apollo 50, Germany),

+4°C refrigerator (Antech MP1-110, China),

+4°C/-20°C refrigerator (Siemens, Germany),

-80°C freezer (Sanyo, Japan).
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2.1.2. Equipments

12x75 mm flow tubes (Beckman Coulter, USA),

Micro pipettes 1000 pl (Thermo Scientific, USA), 200 pul (Thermo Scientific, USA), 20 pul
(Gilson, USA), 10 ul (Gilson, USA).

2.1.3. Solutions and Kits

QIFIKIT Beads (Agilent Dako, USA, #K0078),

Stem-Kit Reagents; CD45, CD34, 7-AAD, StemCount Beads (Beckman Coulter, USA,
#IM3630),

CD116 - PE Conjugated Antibody (Beckman Coulter, USA, #IM1977),
CD45 — A750 Conjugated Antibody (Beckman Coulter, USA, #A71119),
CD34 - PC7 Conjugated Antibody (Beckman Coulter, USA, #A51077),
CD3 - FITC Conjugated Antibody (Beckman Coulter, USA, #A07746),
CD19 - ECD Conjugated Antibody (Beckman Coulter, USA, #A07770),
VersaLyse Lysing Solution (Beckman Coulter, USA, #A09777),

IsoFlow Sheath Fluid (Beckman Coulter, USA, #8546859).
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All of the methods applied in this study were in accordance with standard operation

procedures (SOPs) of Yeditepe University Kosuyolu ihtisas Hospital Stem Cell Laboratory.

A schematic representation of methods is presented below figure (Figure 2.1.):

Control (n=20)

g

emarry

w 1!
J
!

Autologous (n=17)

Allogeneic (n=23)

Figure 2.1. Schematic presentation of the workflow of collected peripheral blood and

apheresis samples

2.2.1. Sample Collection

In this study, samples were obtained from Apheresis Unit, Yeditepe University Kosuyolu

Ihtisas Hospital.

The study titled “Determination of its Value as a Predictive Factor for Autologous

Transplantation by Comparison of G-CSF Receptor and GM-CSF Receptor Numbers on

Different Cell Groups in Peripheral Stem Cell Samples Collected by Apheresis” was

approved by Yeditepe University Clinical Research Ethics Committee on 04.03.2020

(Decision no: 1172).
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Stem cell mobilization for allogeneic donors was performed with G-CSF [Filgrastim
(Neupogen, Amgen Inc, Thousand Oaks, CA)] at a dose of 10 pg/kg/day. Stem cell
mobilization for autologous donors was performed with G-CSF [Filgrastim (Neupogen,
Amgen Inc, Thousand Oaks, CA)] at a dose of 5 pg/kg/day in addition to chemotherapy in
Lymphoma and Multiple Myeloma patients. Stem cell mobilization was performed with
Plerixafor (Mozobil, Genzyme Corporation, Cambridge, MA) at a dose of 20 mg/mL in two
Lymphoma and two Multiple Myeloma patients whose mobilization with G-CSF was not

successful.

Peripheral stem cell collection was performed by the apheresis unit with a therapeutic
apheresis machine (Spectra Optia® - Terumo BCT, USA). All apheresis samples were
delivered to the laboratory in additive-free tubes. For comparison, two mL of peripheral
blood samples from healthy volunteers who did not receive G-CSF were taken into an EDTA

tube by the Biochemistry Laboratory and delivered to the laboratory.

2.2.2. Analysis of Apheresis Samples

Total blood counts of apheresis samples were determined on the Sysmex XS-500i
Hematology Analyzer. All antibodies used in flow cytometric analysis are summarized in
Table 2.1. Samples were separated into two tubes and labeled as “CD45/Isotype Control” to
prevent autofluorescence and “CD45/CD34 Dual Positive” to detect absolute stem cell
numbers. Ten uL of 7-AAD (Beckman Coulter, USA) and CD45/Isotype Control (Beckman
Coulter, USA) were added to the control tube, 10 uL of 7-AAD and 15 pL of CD45/CD34
(Beckman Coulter, USA), added to detection tube and then mixed with 100 uL apheresis
sample. Tubes were incubated for 15 minutes at room temperature. After incubation,
erythrocyte lysis was performed with 1 mL of ammonium chloride containing VersaLyse
Lysing Solution (Beckman Coulter, USA, #A09777). Cells were incubated for 10 minutes
at room temperature. StemCount beads (Beckman Coulter, USA) were added to each tube
and reading was performed on Navios EX Flow Cytometry (Beckman Coulter, USA).
Viability, CD45"CD34" absolute number and percentage in apheresis samples were analyzed
with KALUZA Software Analysis. As shown in Figure 2.2., all gating adjustments and
CD34" cell enumeration were performed in accordance with the International Society of
Hematotherapy and Graft Engineering (ISHAGE) protocol [75]. According to the ISHAGE
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protocol, all viable leukocyte cells labeled with FITC-conjugated CD45 antibody were
analyzed in the FL-1 channel and the gate was labeled as “CD45" (Figure 2.2.a). HSCs
labeled with PE-conjugated CD34 antibody in CD45" cells were analyzed in the FL-2
channel (Figure 2.2.b). To examine the CD34" cell cluster form, CD45%™ cells in CD34*
cells were examined in the FL-1 channel (Figure 2.2.c). The fluorescence and light scatter
distribution of the CD34" cell cluster were shown in the Side Scatter (SS) and Forward
Scatter (FS) channels within the CD45%™ cells (Figure 2.2.d). Next, CD45*CD34" cells were
displayed for all events in channels FL-1 and FL-2 and StemCount beads were excluded
(Figure 2.2.e). To prove the accuracy of the SS and FS voltage/gain parameters, the smallest
viable lymphocyte cell population was examined in the SS and FS channels (Figure 2.2.1).
By examining the projection of StemCount beads against time, it was shown that fluorescent
beads passed through the flow cell homogeneously over time in singlet form (Figure 2.2.9).
StemCount beads can be used for automatic calculation of CD34" absolute cell count, but
the manual calculation was performed in this study. For detection of viable cells, 7-AAD
positive cells were examined in the FL-3 channel and excluded (Figure 2.2.h). 7-AAD

negative cells were gated and CD45" cells were analyzed through this gate.
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Figure 2.2. An apheresis sample stained with StemKit and analyzed on Navios EX Flow
Cytometry. (a) Density plot displays viable CD45" cells, (b) Density plot displays viable

CD34* HSCs, (c) Density plot displays CD45%™ cells in CD34* HSCs, (d) Density plot
displays SS and FS of CD34* HSCs in CD45%™ cells, (€) CD34*CD45" cells in all events,
(f) SS and FS of lymphocytes, (g) StemCount beads versus time, (h) Viability of all cells
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CD457CD34" absolute cell number calculated according to the formula below [75]:

WBC CountxCD45+ Cell PercentagexCD34+ Cell Percentage (2 l)
10.000 )

CD34 + Absolute Cell Count=

Measuring mobilization success and determining collection efficiency are important factors
in evaluating the quality of the apheresis product [76]. Therefore, the Collection Efficiency

Coefficient (CEC) was calculated according to the formula below [76]:

CEC(O/ )_ (CD34+cells /Kg of the recipient body weight)x Recipient body weight(kg)
0 Total volume processed (L)x Peripheral blood CD34+ cells / uL X 10

(2.2)

CEC was calculated and compared separately for apheresis samples collected from
autologous and allogeneic donors.

Estimating how many CD34" cells can be collected in a daily apheresis procedure provides
a great advantage for the donor and the apheresis unit. In a cohort of 307 allogeneic donors,
Almeida-Neto et al. reported that the number of collected CD34" cells showed a linear
correlation with the predicted CD34" cell yield [76]. The predicted CD34" cell yield was

calculated using the CEC values calculated in the formula below [76]:

(Peripheral blood CD34+ cells / pL )x CEC(%)

2.3
Recipient body weight(k) | x Total volume processed (L) ( )

Number of CD34 + cell yield (cells x 10® /kg) x [

The predicted CD34" cell was compared with the collected CD34" cell.

It is known that the main cause of GVHD in allogeneic transplantations is the host CD3" T
lymphocytes [77]. In this study, the percentage of CD3* T lymphocytes and CD19" B
lymphocytes in apheresis samples taken from allogeneic donors were determined and its
correlation with CD116 was examined. For determination of B and T lymphocyte content,
100 uL of samples were pipetted into two tubes and labeled as “Unstained Control” and
“CD3/CD19”. Five uL of CD3 - FITC Conjugated Antibody (Beckman Coulter, USA,
#A07746), 5 uL of CD19 - ECD Conjugated Antibody (Beckman Coulter, USA, # A07770)
were added to the second tube and tube one was used as a negative control. Monoclonal
antibodies were obtained from Beckman Coulter, Turkey. Tubes were incubated for 15
minutes at room temperature. After incubation, erythrocyte lysis was performed with 1 mL
of VersaLyse Lysing Solution (Beckman Coulter, USA, #A09777) and cells were incubated
for 10 minutes at room temperature. Reading was performed on Navios EX Flow Cytometry
(Beckman Coulter, USA). The percentage of CD3" T lymphocytes and CD19" B
lymphocytes on total cells were analyzed with the KALUZA Software Analysis program.
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2.2.3. Determination of GM-CSFR Numbers in Apheresis and Peripheral Blood

Samples

For determination of GM-CSF receptor numbers, 100 uL of samples were pipetted into two
tubes and labeled as “Unstained Control” and “CD45/CD116”. Ten puL of CD45 — A750
Conjugated Antibody (Lymphocyte Common Antigen, Beckman Coulter, USA, # A71119),
15 uL of CD116 - PE Conjugated Antibody (Granulocyte-Macrophage Colony-Stimulating
Factor Receptor, Beckman Coulter, USA, #IM1977), and 5 uL of CD34 — PC7 Conjugated
Antibody (Hematopoietic Progenitor Cell Antigen CD34, Beckman Coulter, USA,
#A51077), were added to the second tube and tube one was used as a negative control.
Monoclonal antibodies were obtained from Beckman Coulter, Turkey. Tubes were incubated
for 15 minutes at room temperature. After incubation, erythrocyte lysis was performed with
1 mL of VersaLyse Lysing Solution (Beckman Coulter, USA, #A09777) and cells were
incubated for 10 minutes at room temperature. Reading was performed on Navios EX Flow
Cytometry (Beckman Coulter, USA). CD45"CD116" cell absolute number and percentage
in lymphocyte, monocyte, granulocyte, and total cells were analyzed with the KALUZA
Software Analysis program. MFI represents the intensity of the antibody on the cell surface
and correlates with the number of receptors. According to the International Clinical
Cytometry Society (ICCS), the MFI of an antigen is calculated by dividing the median of
the antigen-positive population by the median of the antigen-negative population [77]. Cells
were analyzed according to their size, granularity and the fluorescence intensity of the
antibody bound to their surface receptors. All flow cytometry data were reported according
to the parameters in the Minimum Information about a Flow Cytometry experiment
(MIFlowCyt) checklist [78].



Table 2.1. Antibodies used in flow cytometry analysis

Antibody Conjugated Product
Target Brand
Name Fluorescence No
CD45/1sotype Lymphocyte Beckman
P ymP yt FITC/PE ( IM3630
Control Common Antigen Coulter, USA)
Lymphocyte
CD45/CD34 commen Angen FITC/PE (Beckman IM3630
Hematopoietic Coulter, USA)
Progenitor Cell
Antigen CD34
(Beckman
7-AAD DNA PC5 IM3630
Coulter, USA)
Lymphocyte Beckman
CD45 ' yt A750 ( AT71119
Common Antigen Coulter, USA)
CD34 rematopolene PC7 (Beckman A51077
Progenitor Cell Coulter, USA)
Antigen CD34
Granulocyte-
Beckman
CD116 Macrophage PE ( IM1977
Colony-Stimulating Coulter, USA)
Factor Receptor
CD3 Treellsuace FITC (Beckman A07746
Glycoprotein CD3 Coulter, USA)
Precursor
B-Lymphocyte (Beckman
CD19 ECD A07770

Antigen CD19

Precursor

Coulter, USA)
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For the quantitative determination of the GM-CSFR, QIFIKIT Beads (Agilent Dako, USA,
#K0078), were analyzed on flow cytometry and calibration was performed. The number of
receptors is quantitatively determined by Antigen Binding Capacity (ABC) with fluorescent
conjugated beads in QIFIKIT [79]. The kit contains two different bead cocktails: Set-Up
Cocktail and Calibration Cocktail. The beads in the Calibration Cocktail have a fluorescent
molecule attached to their surface (Figure 2.3.). There are five different bead populations
containing 1.900-799.000 receptors on their surface. MFI of each population were matched
with related receptor number and ABC were calculated according to Table 2.2. GM-CSF
receptor number per cell was compared in apheresis and peripheral blood samples based on
QIFIKIT ABC.

Count

Gate | Number | %Gated | X-Med | X-AMean | X-GMean
Al 7.039 100 246 41,4 6.67

B 3515 499 1,24 1.27 1,23

C 679 8,65 407 412 401

D 863 1226 | 16,08 16,73 15,93

E 701 9.96 51,08 53,16 51,92

F 1.198 17,02 | 16107 | 16225 155,29

Figure 2.3. Analysis of QIFIKIT bead populations



Table 2.2. QIFIKIT analytical values

Calibration Bead | Antibody Molecules Per Bead | MFI | Product No
1 1.900 1,24
2 8.100 4,07
3 40.000 16,06 K0078
4 225.000 51,08
5 799.000 161,07

MFI: Mean Fluorescence Intensity

25

Each population carries a different number of antibody molecules. MFI values calculated

separately for each population are presented in the table. The number of GM-CSF receptors

was calculated in direct proportion by choosing the MFI value close to the MFI of CD116.

2.3. STATISTICAL ANALYSIS

Student’s T-Test and One-Way Analysis of Variance (ANOVA) test were utilized for

statistical analysis and all statistical analysis was performed by MedCalc version 20.009

software. The P-value less than 0,05 was accepted as statistically significant.
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3. RESULTS

3.1. CLASSIFICATION OF STUDY GROUPS

In this study, peripheral blood samples were taken from 20 healthy donors, apheresis samples
were taken from 17 autologous donors and 23 allogeneic donors were used. The mean age
was 34 (22-47 + 7,5) for peripheral blood samples, 55 (34-68 + 10) for autologous donors
and 28 (21-46 + 6,5) for allogeneic donors (Figure 3.1.).

70 |-
60 |- Female
50 Male
6
o 4oF
(@)]
T 30}
11 12
201 1
or 9 1
0 — T | |
Peripheral Autologous Allogeneic
Blood Donors Donors

Figure 3.1. Age and gender distribution of peripheral blood controls, autologous and

allogeneic donors

Nine of the autologous donors were diagnosed with Non-Hodgkin Lymphoma and eight
were diagnosed with Multiple Myeloma. Autologous donors were mobilized with Filgrastim
(Neupogen, Amgen Inc, Thousand Oaks, CA) 5 ng/kg/day and allogeneic donors were
mobilized with Filgrastim (Neupogen, Amgen Inc, Thousand Oaks, CA) 10 ng/kg/day.
Chemotherapy was included in the mobilization regimen of patients with hematological
cancer. Patients diagnosed with Non-Hodgkin Lymphoma were mobilized with Etoposide,
and patients diagnosed with Multiple Myeloma were mobilized with Cyclophosphamide.
Plerixafor was added to the mobilization regimen of four autologous patients. In autologous
donors, apheresis was performed by peripheral vascular access in nine patients and by

jugular catheterization in eight patients. In autologous donors, apheresis was performed by
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peripheral vascular access in 19 patients and by jugular catheterization in four patients. Total
blood count was performed on apheresis samples taken from autologous and allogeneic
donors (Table 3.1. and Table 3.2.).

Apheresis and peripheral blood WBC in allogeneic donors were found to be approximately
1,5 times higher than apheresis and peripheral blood WBC in autologous donors (Figure
3.2.a and 3.2.b). While the mean WBC count before apheresis was 11.236/uL (1.230 —
23.120 + 10.450) in autologous donors, the mean WBC count before apheresis was
40.994/ul (21.990 — 65.130 + 11.183) in allogeneic donors. The mean WBC count in
apheresis samples was 124.833/uL (46.500 — 208.200 + 42.119) in autologous donors, the
mean WBC count in apheresis samples was 204.513 (155.800 — 269.700 + 31.203) in
allogeneic donors. The platelet count in allogeneic donors (mean 165 x 103 uL + 40) was
approximately two times higher than the platelet count in autologous donors (mean 79 x 10%/
uL = 77) (Figure 3.2.c).

Table 3.1. Total blood count from autologous donors

Donor WBC WEBC PLT Granulocyte | Monocyte | Lymphocyte
No (Peripheral (Apheresis) | x 10° (%) (%) (%0)
Blood) (Apheresis) | (Apheresis) | (Apheresis)
1 10.170 137.900 20 36,6 34,1 14,5
2 4.540 114.500 25 45,2 9,6 26,4
3 9.510 162.800 59 24,0 14,8 34,7
4 4.470 86.700 87 8,7 31,4 33,5
5 7.180 46.500 166 8,41 30,7 31,0
6 14.910 156.100 | 352 28,2 27,6 20,4
7 2.720 103.630 30 48,2 22,3 5,2
8 3.200 59.900 61 44,6 15,5 17,4
9 1.230 72.500 38 33,3 17,3 22,5
10 4.470 161.100 80 64,5 15,0 7,6
11 5.460 97.480 91 26,0 32,7 20,3
12 21.460 160.000 92 15,1 59,4 10,8
13 43.240 208.200 29 44,8 30,3 3,9
14 21.280 143.080 56 34,7 25,6 16,6
15 9.200 145.000 26 42,3 23,4 11,0
16 23.120 159.180 43 41,5 11,4 19,5
17 4.860 107.590 95 46,2 21,6 11,3
Mean 11.236 + 124833+ | 79+
values 10.450 42119 77 348+14,5 | 248+ 11,4 18,0+9,1

WBC: White Blood Cell, PLT: Platelet



Table 3.2. Total blood count from allogeneic donors

WBC PLT | Granulocyte | Monocyte | Lymphocyte

DONr;” (Peripheral | A:Xfrgsis) X (%) ’ (%)y ’ (?%) !

Blood) 10° | (Apheresis) | (Apheresis) | (Apheresis)
1 21.990 178.100 | 107 37,4 34,2 12,6
2 29.210 161.000 | 216 34,4 23,7 23,7
3 32.970 155.300 | 205 33,0 18,2 30,3
4 35.280 210.300 | 172 20,9 26,7 35,4
5 39.890 187.400 | 178 40,3 21,2 25,1
6 31.890 171.800 | 168 26,8 27,8 25,5
7 65.130 230.100 | 161 43,1 17,5 16,6
8 49.190 192.900 |171 37,2 23,2 25,3
9 33.090 204.300 | 196 47,7 23,2 13,5
10 50.280 249.100 | 142 15,4 32,8 35,1
11 46.030 269.700 | 173 40,7 20,8 17,7
12 55.580 233.200 57 12,0 32,5 39,9
13 53.700 223.800 | 163 42,3 18,7 22,3
14 43.550 211.800 | 133 36,2 16,6 26,9
15 29.320 238.300 | 129 36,0 17,3 31,6
16 35.630 199.000 | 160 24,3 25,0 31,2
17 43.120 228.100 | 243 38,5 20,8 23,8
18 47.160 172.800 | 204 25,6 21,7 42,0
19 47.580 155.800 | 214 20,8 37,0 29,2
20 40.070 241.400 | 164 41,0 20,0 26,0
21 52.050 223.000 | 162 38,5 21,6 18,3
22 24.260 183.400 | 147 23,2 26,6 36,7
23 34.300 183.200 | 168 38,9 21,4 23,5

Values| 11083 | 310 |iap| 2804 | 28%56 | 266+58

WBC: White Blood Cell, PLT: Platelet
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Figure 3.2. Comparison of WBC and PLT counts between donors. (a) Comparison of WBC

counts in peripheral blood samples from autologous and allogeneic donors, (b) Comparison

of WBC counts in apheresis samples from autologous and allogeneic donors, (c)

Comparison of PLT counts in apheresis samples from autologous and allogeneic donors (p

< 0,0001)
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3.2. EVALUATION OF CD34* STEM CELL COUNTS IN COLLECTED
APHERESIS SAMPLES

The percentage and the absolute number of CD34" cells in the peripheral blood before
collection and the post-collection apheresis sample were determined by flow cytometry. In
autologous donors, the mean percentage of CD34" cells in peripheral blood was 1,01 percent
(0,1 — 3,77 + 1,03) and the mean absolute CD34" cell number was 78/uL (7 — 582 + 133).
The mean percentage of CD34" cells in apheresis samples was 1,46 percent (0,21 — 5,65 +
1,23) and the mean absolute CD34" cell number was 1.743/uL (272 -7.752 + 1.871) (Table
3.3).

Table 3.3. CD34" cell count from autologous donors

Apheresis Peripheral Blood

Donor | percentage | Percentage ﬁ‘lzsrgtgf Percentage Nﬁtrﬁgleurtzf

No of CD45* | of CD34* | o). | ofCD34" | .

Cells Cells © Cells
Cells/uL Cells/uL

1 99,5 0,21 272 0,1 9

2 99,0 4,90 4.858 3,77 145

3 99,4 0,96 1.305 0,6 51

4 98,8 51 2.436 2,74 85

5 95,6 1,15 279 0,15 5

6 99,0 19 2.117 0,82 92

7 98,9 1,35 1.231 1,09 19

8 92,8 1,04 312 0,56 7

9 97,9 1,02 534 0,94 7

10 99,0 1,2 1.719 0,88 29

11 99,8 1,22 802 0,39 15

12 99,8 0,74 1.013 0,12 23

13 99,9 0,54 1.037 0,25 102

14 99,7 2,01 2.548 0,69 131

15 99,6 0,34 428 0,13 8

16 99,7 5,65 7.752 2,74 582

17 98,4 1,43 1.000 1,35 26
Mean 1.743 +
values 98,6 1,7 1,46 £1,23 1871 1,01+1,03 78 + 133

CD34: Hematopoietic Progenitor Cell Antigen CD34, CD45: Lymphocyte Common

Antigen
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In allogeneic donors, the mean percentage of CD34" cells in peripheral blood was 0,24
percent (0,13 — 0,38 + 0,06) and the mean absolute CD34" cell number was 90/uL (25 — 147
+ 36). The mean percentage of CD34" cells in apheresis samples was 0,85 percent (0,46 —
1,34 + 0,26) and the mean absolute CD34" cell number was 1.461/uL (713 — 2.670 + 491)
(Table 3.4.).

Table 3.4. CD34" cell count from allogeneic donors

Apheresis Peripheral Blood
Donor | percentage | Percentage Absolute Percentage Absolute
No | ofCDas* | ofCD3a* | Number | = ¢ g+ |Number of
Cells Cells of CD34 Cells CD34
Cells/pL Cells/pL
1 99,8 0,46 713 0,13 25
2 99,5 1,34 1.585 0,34 87
3 99,0 0,61 813 0,23 58
4 99,2 0,76 1.329 0,21 68
5 99,7 1,04 1.738 0,33 120
6 99,0 0,74 1.051 0,2 56
7 99,3 1,04 2.160 0,29 179
8 99,6 0,66 1.101 0,15 72
9 98,9 0,5 936 0,17 52
10 99,4 0,75 1.759 0,25 121
11 99,4 0,68 1.731 0,22 99
12 99,4 1,0 2.108 0,24 128
13 99,3 0,53 1.099 0,24 115
14 98,4 0,92 1.580 0,28 97
15 99,0 0,74 1.679 0,26 74
16 99,1 0,74 1.298 0,17 56
17 99,1 0,92 1.955 0,26 109
18 99,3 1,22 1.918 0,26 116
19 98,8 0,96 1.314 0,24 106
20 99,5 1,2 2.670 0,38 147
21 99,3 0,5 1.031 0,14 71
22 99,5 0,53 803 0,14 31
23 99,9 0,82 1.240 0,34 105
Mean | 995403 | 085026 | 01 * | 024006 | 90+36
Values 491

CD34: Hematopoietic Progenitor Cell Antigen CD34, CD45: Lymphocyte Common
Antigen
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Cells labeled with PC7-conjugated CD34 antibody were analyzed in the FL-5 channel and

cells labeled with A750-conjugated CD45 antibody were analyzed in the FL-8 channel

(Figure 3.3.).
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Figure 3.3. Stem cell characterization in peripheral blood and apheresis samples. (a)

CD45" leukocytes in peripheral blood, (b) CD45* leukocytes in an apheresis sample of an

autologous donor, (c) CD45" leukocytes in an apheresis sample of an allogeneic donor, d)

CD34" stem cells in peripheral blood, () CD34" stem cells in an apheresis sample of an

autologous donor, (f) CD34" stem cells in an apheresis sample of an allogeneic donor

As expected, the percentage of CD45" cells was above 95 percent in all samples. It was

found that the percentage of CD34 in the peripheral blood of autologous donors was

approximately four times higher than the percentage of CD34 in the peripheral blood of

allogeneic donors (Figure 3.4.a). Similarly, the percentage of CD34 in apheresis samples

from autologous donors was approximately 2-fold higher than the percentage of CD34 in

apheresis samples from allogeneic donors (Figure 3.4.b). When the absolute CD34" cell

count in peripheral blood was examined, it was found that the absolute CD34" cell count in

allogeneic donors was approximately 1,15 times higher than in autologous donors (Figure

3.4.c). When the absolute CD34" cell count in apheresis samples was compared, it was found
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that the absolute CD34" cell count in autologous donors was 1,19 times higher than in

allogeneic donors (Figure 3.4.d).
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Figure 3.4. Comparison of CD34 percentage and absolute cell counts in peripheral blood
and apheresis samples. (a) Comparison of CD34" cell percentage in peripheral blood
samples from autologous and allogeneic donors (p = 0,0012) , (b) Comparison of CD34*
cell percentage in apheresis samples from autologous and allogeneic donors (p = 0,0081),
(c) Comparison of absolute CD34" cell counts in peripheral blood samples from
autologous and allogeneic donors (p < 0,001), (d) Comparison of absolute CD34* cell

counts in apheresis samples from autologous and allogeneic donors (p < 0,001)

The reason for the higher error bar in mean CD34 percentage and absolute count in
peripheral blood and apheresis samples from autologous donors is due to the heterogeneity
of the patient group. Although not significant, we found that Multiple Myeloma patients had
a higher CD34" cell percentage and absolute count, so we concluded that mobilization of
Multiple Myeloma patients was more successful than the mobilization of Lymphoma

patients.
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In both autologous and allogeneic donors, the estimated number of CD34" cells determined
by calculating the CD34" cell yield significantly correlated with the number of collected
CD34" cells (Figure 3.5.a and 3.5.b). The collection efficiency coefficient was calculated
separately for autologous and allogeneic donors. While the collection efficiency was 52,3
percent in allogeneic donors, it was 84,4 percent in autologous donors. Collection efficiency
in autologous donors was higher than collection efficiency in allogeneic donors (Figure
3.5.0).
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Figure 3.5. Predicted and collected CD34" cell counts and efficiency. (a) Predicted versus
collected CD34" cells in autologous donors (p < 0,0001), (b) Predicted versus collected
CD34* cells in allogeneic donors (p < 0,0001), (c) Comparison of collection efficiency

coefficient in autologous and allogeneic donors (p = 0,002)
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3.3. GM-CSFR NUMBER IN AUTOLOGOUS DONORS

Cells labeled with PE-conjugated CD116 antibody were analyzed in the FL-2 channel.
(Figure 3.6.). In the analysis performed on total cells, the mean CD116" percentage was
found to be 71,4 percent (48,0 — 92,3 + 12,6). Co-staining was performed for CD34 and
CD116 and we found that CD34" cells did not express CD116 (Figure 3.6.c).
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Figure 3.6. Expression of CD116 in apheresis sample of an autologous donor. (a) CD116"
myeloid cells, (b) Histogram for CD116* cells, (c) CD34*CD116" cells

CD116 percentage was evaluated on lymphocytes, monocytes, granulocytes and total cells,
but since there was no significant result on lymphocytes (mean 0,6 percent & 0,4), analysis

was performed only with monocytes, granulocytes and total cells (Table 3.5.).
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Table 3.5. Percentage of CD116 on different cell groups in autologous donors

DoNr:)or Lymphocytes | Monocytes | Granulocytes Total
1 1,19 98,9 99,5 80,1
2 0,42 99,4 99,6 63,9
3 1,35 96,1 99,9 54,5
4 0,91 99,7 99,9 51,8
5 0,21 99,7 99,5 48,0
6 1,24 99,3 99,6 72,7
7 0,84 98,8 99,9 85,4
8 0,92 96,2 99,2 66,4
9 0,28 98,8 100 60,9
10 0,26 97,6 100 86,3
11 0,2 97,0 98,8 66,0
12 0,44 99,6 99,5 82,9
13 0,99 99,5 99,9 92,3
14 0,28 98,8 99,3 72,3
15 1,3 99,1 99,8 81,8
16 0,3 98,9 99,6 68,4
17 0,2 99,0 99,6 80,7

oA | 06+04 | 986+ 112 | 996+03 |714%126

The mean percentage of CD116 on monocytes was 98,6 percent (96,1 — 99,7 + 1,12) and the
mean percentage of CD116 on granulocytes was 99,6 percent (98,8 — 100 + 0,3). The mean
percentage of CD116 on granulocytes was higher than on monocytes (Figure 3.7.a). When
the fluorescence intensity was examined, the MFI of CD116 on monocytes was 4,6 (2,51 -
7,6 £1,2), while the MFI of CD116 on granulocytes was 3,07 (2,43 — 4,75 + 0,6). Total MFI
of CD116 was 3,46 (2,18 — 6,22 + 1,0). When the GM-CSFR number was calculated, an
average of 9.155 ABC/Cell (3.845 — 15.125 + 26.200) receptors were found on monocytes
and an average of 5.800 ABC/Cell (3.723 - 9.453 + 1.634) receptors were found on
granulocytes. The number of receptors on total cells was 6.632 ABC/Cell (3.340 - 12.378 +
2.447). MFI of CD116 and GM-CSFR number on monocytes were higher than on
granulocytes (Figure 3.7.b and 3.7.c) (Table 3.6.).
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Table 3.6. MFI of CD116 and GM-CSFR number on myeloid cells in autologous donors

MFI of CD116 GM-CSFR Number (ABC/Cell)
Donor
No
Monocytes | Granulocytes | Total | Monocytes | Granulocytes | Total
1 4,11 2,97 3,23 8.179 5.910 6.428
2 4,27 2,81 2,47 8.498 5.592 3.784
3 5,64 2,9 3,96 11.224 5771 7.881
4 6,46 3,98 5,95 12.856 7.920 11.841
5 5,18 2,7 2,58 10.309 5.373 3.953
6 3,22 2,88 3,11 6.408 5.731 6.189
7 4,46 3,2 2,81 8.876 6.368 5.592
8 4,64 2,66 2,18 9.234 5.293 3.340
9 7,6 4,23 3,32 15.125 8.418 6.607
10 4,53 4,75 3,39 9.015 9.453 6.746
11 4,7 2,55 3,77 9.353 3.907 7.502
12 6,3 3,14 6,22 12.538 6.249 12.378
13 3,6 3,26 3,54 7.164 7.045 7.045
14 3,75 2,43 3,12 7.463 3.723 6.209
15 4,47 2,53 4,0 8.896 3.876 7.960
16 3,35 2,64 2,39 6.667 4.045 3.662
17 2,51 2,57 2,83 3.845 3.937 5.632
\91?325 46+12 | 307+06 3’1%* 922;; 5.800 + 1.634 6‘;257*

MFI: Mean Fluorescence Intensity, GM-CSFR: Granulocyte-Macrophage Colony-

Stimulating Factor Receptor, ABC: Antigen Binding Capacity
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Figure 3.7. Expression of CD116 and GM-CSFR numbers on myeloid cells in autologous
donors. (a) Percentage of CD116 on monocytes and granulocytes (p = 0,0018), (b) MFI of
CD116 on monocytes and granulocytes (p < 0,0001), (¢) GM-CSFR numbers on
monocytes and granulocytes (p < 0,0001)

The GM-CSFR number and CD116 MFI were negatively correlated with weight (Figure
3.8.aand 3.8.b) and there was no significant correlation between GM-CSFR and age, gender
or height in autologous donors. CD116 percentage was positively correlated with leukocyte
count in apheresis samples (Figure 3.8.c) while there was no significant relation between
CD116 percentage and peripheral blood WBC count. When GM-CSFR number, percentage
and MFI value are compared with CD34 percentage and absolute number in peripheral blood
and apheresis samples, no significant correlation was observed. There was also no significant
correlation between GM-CSFR and platelet count, viability, G-CSF dose, the type of
chemotherapy, collected total CD34 cells, CD34 yield and collection efficiency coefficient.
We also compared collected CD34 cells with age, gender, height, weight peripheral blood
and apheresis WBC, platelet count but observed no correlation. In autologous donors,

chemotherapy type, indication and administration of Plerixafor (Mozobil, Genzyme
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Corporation, Cambridge, MA) had no effect on the GM-CSFR and the number of collected
CD34" stem cells.
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Figure 3.8. Correlation of CD116 percentage, MFI and GM-CSFR number in autologous
donors. (a) Correlation of CD116 MFI with weight of donors (p = 0,03), (b) Correlation of
GM-CSFR number with weight of donors (p = 0,02), (c) Correlation of CD116 percentage

with WBC in apheresis samples of autologous donors (p = 0,008)



40

3.4. GM-CSFR NUMBER IN ALLOGENEIC DONORS

Cells labeled with PE-conjugated CD116 antibody were analyzed in the FL-2 channel.
(Figure 3.9.). In the analysis performed on total cells, the mean CD116" percentage was
found to be 67,3 percent (51,8 — 83,5 + 8,3). Co-staining was performed for CD34 and
CD116 and we found that CD34" cells did not express CD116 (Figure 3.9.c).
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Figure 3.9. Expression of CD116 in apheresis sample of an allogeneic donor. (a) CD116"
myeloid cells, (b) Histogram for CD116" cells, (c) CD34"*CD116" cells

Similar to autologous donors, the percentage of CD116 was evaluated on lymphocytes,
monocytes, granulocytes, and total cells, but as there was no significant result on
lymphocytes (mean 0,1 percent + 0,1), analyze was performed with monocytes,
granulocytes, and total cells only (Table 3.7.).
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Table 3.7. Percentage of CD116 on different cell groups in allogeneic donors

D?“r(l)or Lymphocytes | Monocytes | Granulocytes | Total
1 0,22 99,4 99,9 83,5
2 0,23 99,5 99,5 68,6
3 0,17 99,8 99,6 63,9
4 0,24 99,5 99,3 56,5
5 0,26 99,5 99,9 69,5
6 0,24 99,6 100 65,4
7 0,06 99,1 99,7 74,1
8 0,03 99,6 99,9 68,9
9 0,37 99,7 99,8 82,6
10 0,32 99,8 99,9 59,4
11 0,02 99,5 99,9 76,4
12 0,05 99,7 99,8 51,8
13 0,04 99,4 99,9 73,7
14 0,02 98,7 99,8 65,4
15 0,07 99,5 99,8 63,5
16 0,11 99,7 99,9 62,1
17 0,12 99,5 99,9 70,2
18 0,2 99,9 99,9 52,5
19 0,17 99,9 99,8 66,0
20 0,05 99,6 99,9 69,0
21 0,0 99,5 99,6 76,1
22 0,2 99,7 99,8 57,3
23 0,2 99,8 99,7 72,1

\xfﬁg‘s 01+0,1 | 995402 | 99,7+0,1 |67,3+83

The mean percentage of CD116 on monocytes was 99,5 percent (98,7 — 99,9 + 0,2) and the
mean percentage of CD116 on granulocytes was 99,7 percent (99,3 — 100 + 0,1) (Figure
3.10.a). When the fluorescence intensity was examined, the MFI of CD116 on monocytes
was 5,0 (3,13 — 8,09 + 1,2), while the MFI of CD116 on granulocytes was 3,1 (2,56 — 4,1 +
0,4). Total MFI of CD116 was 3,79 (2,55 — 4,95 + 0,7). When the GM-CSFR number was
calculated, an average of 9.965 ABC/Cell (6.229 — 16.100 + 2.479) receptors were found on
monocytes and an average of 6.290 ABC/Cell (3.968 — 8.159 + 908) receptors were found
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on granulocytes. The number of receptors on total cells was 7.506 ABC/Cell (3.907 — 11.304
+ 1.540). MFI of CD116 and GM-CSFR number on monocytes were higher than on
granulocytes (Figure 3.10.b and 3.10.c) (Table 3.8.).

Table 3.8. MFI of CD116 and GM-CSFR number on myeloid cells in allogeneic donors

MFI of CD116 GM-CSFR Number (ABC/Cell)
Donor
No
Monocytes | Granulocytes | Total | Monocytes | Granulocytes | Total
1 5,58 3,42 4,43 | 11.105 6.806 8.816
2 5,68 2,77 3,46 | 11.304 5512 6.885
3 4,43 2,88 3,32 8.816 5.731 6.607
4 4,5 2,59 3,71 8.955 3.968 7.383
5 5,75 3,05 3,64 | 11443 6.070 7.244
6 8,09 4,05 568 | 16.100 8.060 11.304
7 4,7 2,9 3,96 9.353 5771 7.881
8 4,09 3,18 4,64 8.139 6.328 9.234
9 4,93 3,19 3,29 9.811 6.348 6.547
10 5,63 3,75 495 | 11.204 7.463 9.851
11 3,97 3,18 3,54 7.900 6.328 7.045
12 3,13 3,6 2,55 6.229 7.164 3.907
13 5,71 3,56 4,42 | 11.363 7.085 8.796
14 4.4 2,81 3,01 8.756 5.592 5.990
15 3,92 3,23 3,43 7.801 6.428 6.826
16 4,97 3,32 4,04 9.891 6.607 8.040
17 7,89 41 4,6 15.702 8.159 9.154
18 5,34 3,18 3,22 | 10.627 6.328 6.408
19 6,47 2,93 4,17 | 12.876 5.831 8.299
20 3,65 3,15 3,27 7.264 6.269 6.507
21 3,31 2,86 2,76 6.587 5.691 5.492
22 5,04 3,04 3,61 | 10.030 6.050 7.184
23 4,0 2,56 3,64 7.960 5.094 7.244
7.506
Mean | soi10 | 31x04 |79 | 9903% 1 r00+908 | +
Values +0,7 2.479 1,540

MFI: Mean Fluorescence Intensity, GM-CSFR: Granulocyte-Macrophage Colony-
Stimulating Factor Receptor, ABC: Antigen Binding Capacity
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Figure 3.10. Expression of CD116 and GM-CSFR numbers on myeloid cells in allogeneic
donors. (a) Percentage of CD116 on monocytes and granulocytes (p = 0,0012), (b) MFI of
CD116 on monocytes and granulocytes ( p < 0,0001), (c) GM-CSFR numbers on
monocytes and granulocytes ( p < 0,0001)

While the CD116 percentage was positively correlated with age, no correlation was observed
with weight, height and gender in allogeneic donors (Figure 3.11.a). The relationship
between CD116 percentage and B and T lymphocytes was examined. The percentage of
CD116 was found to have a negative correlation with the percentage of CD3* T lymphocytes
and CD19* B lymphocytes (Figure 3.11.b and 3.11.c). GM-CSFR number, percentage and
MFI value compared with CD34 percentage and absolute number in peripheral blood and
apheresis sample, viability, G-CSF dose, collected total CD34 cells, CD34 yield and
collection efficiency coefficient but no significant correlation was observed. We also found
that collected total CD34" cells were significantly correlated with platelet count (Figure
3.11.d).
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Figure 3.11. Correlation of CD116 percentage with T and B lymphocytes, collected CD34*

cells and platelet count in allogeneic donors. (a) Correlation of CD116 percentage with age

in apheresis samples of allogeneic donors (p = 0,004), (b) Correlation of CD116
percentage with CD3" T lymphocytes in apheresis samples of allogeneic donors (p <

0,0001), (c) Correlation of CD116 percentage with CD19* B lymphocytes in apheresis

samples of allogeneic donors (p = 0,01), (d) Correlation of collected CD34" cells with

platelet count in apheresis samples of allogeneic donors (p = 0,009)



45

3.5, GM-CSFR NUMBER IN PERIPHERAL BLOOD

Cells labeled with PE-conjugated CD116 antibody were analyzed in the FL-2 channel.
(Figure 3.12.). In the analysis performed on total cells, the mean CD116" percentage was
found to be 64,3 percent (53,4 — 74,3 + 5,5). Co-staining was performed for CD34 and
CD116 and we found that CD34" cells did not express CD116 (Figure 3.12.c).
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Figure 3.12. Expression of CD116 in peripheral blood. (a) CD116™ myeloid cells, (b)
Histogram for CD116" cells, (c) CD34"CD116" cells

CD116 percentage was evaluated on lymphocytes, monocytes, granulocytes and total cells,
but since there was no significant result on lymphocytes (mean 0,1 percent = 0,08), analysis

was performed only with monocytes, granulocytes and total cells (Table 3.9.).
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Table 3.9. Percentage of CD116 on different cell groups in peripheral blood

DoNr:)or Lymphocytes | Monocytes | Granulocytes Total
1 0,05 99,6 100 68,9
2 0,1 98,9 100 58,7
3 0,16 99,3 100 68,0
4 0,08 99,8 100 53,4
5 0,14 99,9 99,7 64,0
6 0,02 99,5 100 64,3
7 0,04 99,3 99,9 69,4
8 0,08 99,4 99,9 63,3
9 0,04 99,4 99,9 60,1
10 0,13 99,6 99,9 66,2
11 0,13 98,9 99,9 58,3
12 0,08 99,3 99,8 64,5
13 0,33 99,7 99,9 65,0
14 0,2 99,9 99,9 58,9
15 0,07 99,2 100 60,5
16 0,34 99,9 99,7 74,3
17 0,16 99,4 99,9 78,0
18 0,05 98,7 99,8 67,5
19 0,09 99,6 100 62,7
20 0,23 97,5 100 60,9

Mean | 011008 | 993+05 | 99,9+009 | 643+5,5

Values

The mean percentage of CD116 on monocytes was 99,3 percent (97,5 — 99,9 + 0,5) and the
mean percentage of CD116 on granulocytes was 99,9 percent (99,7 — 100 + 0,09) (Figure
3.13.a). When the fluorescence intensity was examined, the MFI of CD116 on monocytes
was 10,8 (6,3 — 23,2 + 4,4), while the MFI of CD116 on granulocytes was 3,0 (1,8 — 4,58 +
0,7). Total MFI of CD116 was 3,82 (2,71 — 7,59 + 1,13). When the GM-CSFR number was
calculated, an average of 24.013 ABC/Cell (12.538 —57.783, + 12.585) receptors were found
on monocytes and an average of 5.864 ABC/Cell (2.758 — 9.114 + 1.705) receptors were
found on granulocytes. The number of receptors on total cells was 7.618 ABC/Cell (5.393 -
15.105+2.251). MFI of CD116 on monocytes was approximately 3,6 times higher than the
MFI of CD116 on granulocytes (Figure 3.13.b). The number of GM-CSFR on monocytes
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was approximately 4 times higher than the number of GM-CSFR on granulocytes. (Figure
3.13.c) (Table 3.10.).

Table 3.10. MFI of CD116 and GM-CSFR number on myeloid cells in peripheral blood

MFI of CD116 GM-CSFR Number (ABC/Cell)
Donor

No
Monocytes | Granulocytes | Total | Monocytes | Granulocytes | Total
1 9,31 2,36 3,17 | 18.528 3.616 6.308
2 8,83 2,9 428 | 17.573 5.771 8.517
3 8,3 4,58 3,31 | 16.518 9.114 6.587
4 9,42 2,41 3,17 | 18.747 4.796 6.308
5 6,3 2,1 4,13 | 12538 3.217 8.219
6 9,25 4,44 3,91 | 18.409 8.836 7.781
7 8,63 3,19 2,9 17.175 6.348 5.771
8 8,18 3,05 3,17 | 16.279 6.070 6.308
9 8,05 3,2 3,25 | 16.020 6.368 6.468
10 8,31 2,87 3,9 16.538 5711 7.761
11 9,7 3,43 3,28 | 19.304 6.826 6.527
12 8,82 2,92 2,71 | 17.553 5.811 5.393
13 13,6 2,86 4,01 | 33.872 5.691 7.980
14 10,1 2,78 3,94 | 25.155 5.532 7.841
15 19,2 4,41 759 | 47.820 8.776 15.105
16 19,43 3,02 2,78 | 48.393 6.010 5.532
17 8,31 3,3 3,64 | 16.538 6.567 7.244
18 7,88 2,97 3,04 | 15.682 5.910 6.050
19 23,2 2,32 6,0 57.783 3.554 11.941
20 11,98 18 4,39 | 29.838 2.758 8.736
3,82 7.618

oean | 10844 | 3007 | + | DT 5861705 +

1,13 2.251

MFI: Mean Fluorescence Intensity, GM-CSFR: Granulocyte-Macrophage Colony-

Stimulating Factor Receptor, ABC: Antigen Binding Capacity
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Figure 3.13. Expression of CD116 and GM-CSFR numbers on myeloid cells in peripheral
blood. (a) Percentage of CD116 on monocytes and granulocytes (p = 0,0003), (b) MFI of
CD116 on monocytes and granulocytes ( p < 0,0001), (c) GM-CSFR numbers on
monocytes and granulocytes (p <0,0001)

In the peripheral blood of healthy volunteers not administered G-CSF, no correlation was
observed between CD116 percentage, MFI, and GM-CSFR number and age, gender, and
WBC count.
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3.6. COMPARISON OF AUTOLOGOUS AND ALLOGENEIC DONATIONS AND
PERIPHERAL BLOOD

After determining the percentage and MFI of CD116 and GM-CSFR numbers in apheresis
samples from autologous and allogeneic donors and peripheral blood samples from healthy

volunteers, comparisons between groups were made (Table 3.11.).

Table 3.11. Mean values of MFI of CD116 and GM-CSFR numbers in apheresis samples

from autologous and allogeneic donors and peripheral blood samples

GM-CSFR Number (ABC/Cell) MFI of CD116
Total | Monocytes | Granulocytes | Total | Monocytes | Granulocytes
Peripheral | 7.618
Blood . 2fé051§5i 5.864 + 1.705 ‘ﬁ; 108+44 | 3,04+0,7
(n=20) 2.251 ' ’
Autologous | 6.632
Donors | = | 5% 15800+ 1634 | 00 | 4612 | 307406
(n=17) 2.447 ' ’
Allogeneic | 7.506
Donors |+ | oot | 6690908 | 21| 50412 | 31404
(n=23) 1.540 ' ’

MFI: Mean Fluorescence Intensity, GM-CSFR: Granulocyte-Macrophage Colony-
Stimulating Factor Receptor, ABC: Antigen Binding Capacity

In autologous and allogeneic donors, the number of GM-CSFR and MFI of CD116 on
monocytes are approximately 1,5 times higher than the number of receptors and MFI of
CD116 on granulocytes. Since the most significant result was seen in monocytes, we
investigated the number of GM-CSFRs on monocytes between groups. The number of GM-
CSFR in monocytes was compared and the highest expression was seen in peripheral blood
with the number of an average of 24.013 receptors. When compared between donations, the
highest GM-CSFR number on monocytes was detected in allogeneic donors with an average
of 9.965 receptors, followed by autologous donors with an average of 9.155 receptors
(Figure 3.14.a). MFI of CD116 on monocytes was compared and the highest MFI was
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detected in peripheral blood with an average of 10,8. When compared between donations,
the highest MFI of CD116 on monocytes was detected in allogeneic donors with an average
of 5,0 followed by autologous donors with an average of 4,6 (Figure 3.14.c). Unlike
monocytes, no significant results were obtained when comparing the number of GM-CSFR
and MFI of CD116 on granulocytes between groups (Figure 3.14.b and 3.14.d).
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Figure 3.14. Comparison of GM-CSFR number and MFI of CD116 between groups. (a)
Comparison of GM-CSFR number on monocytes between groups (p = 0,0006), (b)
Comparison of GM-CSFR number on granulocytes between groups (p = 0,5), (c)
Comparison of MFI of CD116 on monocytes between groups (p = 0,0001), (d)
Comparison of MFI of CD116 on granulocytes between groups (p = 0,5)

When the number of GM-CSF receptors in monocytes and MFI of CD116 were examined,
a more uniform distribution was observed in apheresis samples from autologous and
allogeneic donors compared to peripheral blood. The number of GM-CSF receptors and MFI

of CD116 in granulocytes had a similar density in all groups.
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As shown in Figure 3.15., the percentage and MFI of CD116 and GM-CSFR numbers on

total cells were compared between groups, but no significant results were obtained,

consistent with similar density in violin plots.
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Figure 3.15. Comparison between groups in analysis on total cells. (a) Comparison of

percentage of CD116 on total cells, (b) Comparison of MFI of CD116 on total cells, (d)

Comparison of GM-CSFR number on total cells (p =0,6)
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We have reached to below conclusions by observation of these results:

e No significant difference was observed when the percentage and MFI of CD116 and
GM-CSFR numbers on all cells were compared, but interesting differences were
detected between groups and between cells.

e The highest MFI of CD116 and GM-CSFR numbers were detected on monocytes in
all groups.

e When the groups were compared, the highest MFI of CD116 and GM-CSFR numbers
were detected in peripheral blood.

¢ No significant correlation was found between CD116 and other predictive factors,
but the highest MFI of CD116 and GM-CSFR numbers were detected in apheresis
samples from allogeneic donors with higher WBC and PLT counts than autologous
donors.

e As a result, we concluded that there is an indirect relationship between CD116 and
the WBC and PLT counts and that CD116 may be useful in evaluating the quality of

apheresis samples.
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4. DISCUSSION

Stem cell transplantation is considered as a promising method in the treatment of many
diseases, especially hematological diseases [34]. Nowadays, the most used cell sources for
stem cell transplantations are bone marrow, peripheral stem cells and cord blood, and the
cell source is decided by considering criteria such as the type of disease, prognosis and age
of the patient [80]. Nowadays, peripheral stem cell collection with the apheresis method,
which has been used since the 20th century, is preferred because it does not require surgery
and hospitalization. Compared with bone marrow, transplantation with peripheral stem cells
has a higher risk of acute and chronic GVHD, and its effect on survival rate is not superior
to bone marrow [80,81]. Therefore, evaluation of the quality of the apheresis product is
critical for successful transplantation and engraftment follow-up. Although CD34" cell
enumeration is considered as the gold standard in determining the quality of the apheresis
product, the optimum CD34" cell percentage and number varies in each center and does not
provide information about the myeloid cells in the apheresis product [45]. In recent years,
granulocyte transfusion has been used in the treatment of bacterial and fungal infections and
GVHD due to stem cell transplantation [82]. Therefore, in addition to CD34" cells,
determining the proportion and number of myeloid cells in the apheresis product can predict

transplant success or even prevent post-transplant adverse effects.

The GM-CSF receptor (CD116) was chosen as the myeloid cell marker because CD116 is
expressed in all mature granulocyte and monocyte cells starting from the myeloid cell
progenitors [3]. In this study, the percentage of CD45"CD116" cells, MFI of CD116 and
GM-CSF receptor number were determined and compared. In addition, the relationship of
CD116 with other parameters was examined. In the study of Lanza et al., it was stated that
normal CD34" cells in the bone marrow express CD116, but in our study, no significant
CD34'CD116" cell population was detected in healthy peripheral stem cells [71]. This
difference can be explained by the fact that stem cells resident in the bone marrow are
hematopoietic progenitor stem cells at an earlier stage than peripheral stem cells stimulated
with G-CSF.
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To investigate whether stimulation with G-CSF has an effect on CD116 expression,
peripheral blood samples from healthy donors who did not receive G-CSF and apheresis
samples from autologous and allogeneic donors were compared. When the percentage and
MFI of total CD116, and number of GM-CSF receptors in autologous and allogeneic donors
and peripheral blood were compared, no significant difference was detected. From this point
of view, myeloid cell groups were compared and the percentage of CD116 did not show any
significant difference both between the groups and between cells, whereas the MFI of
CD116 and GM-CSF receptor numbers were higher on monocytes compared to
granulocytes. Monocytes were examined and the highest GM-CSF receptor number and MFI
of CD116 were detected in peripheral blood followed by allogeneic donors and lowest in
autologous donors (Figure 3.14.a and 3.14.c). Lee et al. reported that the MFI of CD116 and
the number of GM-CSF receptors in the peripheral blood were highest on classical
monocytes expressing high levels of HLA-DR, followed by intermediate monocytes and
lowest on non-classic monocytes [73]. Since classical monocytes are known to constitute
approximately 90 percent of the monocyte subsets in peripheral blood, the highest CD116
expression on monocytes may be due to the high percentage of classical monocytes in
peripheral blood [72]. When the number of MFI and GM-CSF receptors on granulocytes
were compared, no significant difference was observed between the groups. Since the
expression of the GM-CSF receptor is associated with maturation, similar GM-CSF receptor

levels in each group are expected in mature granulocytes [2].

In autologous and allogeneic donors, no significant correlation was found between the
percentage and MFI of CD116 and the GM-CSF receptor number, and the percentage and
number of CD34" cells collected. For this reason, we investigated the correlation of CD116
expression with other parameters. The correlation of CD116 expression with other factors in
apheresis samples from autologous and allogeneic donors differed from each other. MFI of
CD116 and GM-CSF receptor numbers were negatively correlated with weight in autologous
donors, while weight was not correlated with MFI of CD116 and GM-CSF receptor numbers
in allogeneic donors. The percentage of total CD116 in apheresis samples from autologous
donors was significantly correlated with apheresis WBC count (p= 0,008). Based on these
data, we detected a higher WBC count in apheresis samples containing a high percentage of
CD116. These results correlated with higher peripheral blood and apheresis WBC counts

and PLT counts in allogeneic donors that expressed higher CD116 compared to autologous



55

donors. The percentage of CD116 in allogeneic donors was positively correlated with age.
Considering that the mean age of allogeneic donors is lower than that of autologous donors,
we can conclude that CD116 is expressed higher in young donors. When the percentage of
CD116 and the percentage of B and T lymphocytes in allogeneic donors were examined, it
was seen that there was a negative correlation. (Figure 3.11.b and 3.11.c). GM-CSF is
produced by B and T lymphocytes under different conditions, but the GM-CSF receptor is

not expressed on these cells [83].

Autologous donors mobilized with G-CSF and chemotherapy showed faster cell growth than
donors mobilized with G-CSF alone [48]. However, as expected, the WBC and PLT counts
produced in autologous donors after mobilization with chemotherapy + G-CSF are lower
than in healthy allogeneic donors (Figure 3.2.). This is due to the regeneration of the bone
marrow, which is completely suppressed by chemotherapy [84]. The dose of G-CSF for both
groups of donors, type of chemotherapy and inclusion of Plerixafor in the mobilization
regimen in autologous donors did not affect CD116 expression. According to the study by
Corso et al., in autologous donors, the PLT count in the apheresis product correlates with the
number of CD34" cells collected [85]. In this study, there was no significant correlation
between PLT count and the number of CD34" cells collected in apheresis samples from
autologous donors, while a significant correlation was found between PLT count and CD34*
cell count collected in apheresis samples from allogeneic donors (p = 0,009). Calculation of
CD34" cell yield and Collection Efficiency Coefficient before apheresis provides more
effective cell collection. The optimal Collection Efficiency Coefficient for allogeneic donors
is in the range of 30 to 50 percent, and many factors can change this range [76]. The higher
Collection Efficiency Coefficient detection in autologous donors than in allogeneic donors
is due to the initiation of the collection while a lower percentage of CD34" cells are
circulating in the peripheral blood in autologous donors. This finding indicates that the
number of CD34" cells in peripheral blood changes the percentage of Collection Efficiency
Coefficient, as reported by Tiwari et al [86]. In autologous and allogeneic donors, CD34"
cell yield and the number of collected CD34" cells have a significant correlation, a result of

successful stem cell collection (p < 0,0001).
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5. CONCLUSION

Although the beginning of peripheral stem cell transplantation dates back to the 20th century,
it is frequently used in the treatment of hematological diseases in many countries and health
centers today. Since cell collection is a vital process for both the donor and the patient, it is
crucial to determine the quality of the collected cells, to determine the optimum cell amount
for transplantation and to follow the engraftment process after transplantation. Currently,
only CD34 and CD45 markers are used in the flow cytometric evaluation of the apheresis
product. In this study, we used CD116 as a marker to evaluate the quality of apheresis
products in autologous and allogeneic donors for the first time. As a result of this study, we
determined that percentage of CD116 did not differ between both groups and on myeloid
cells. When MFI of CD116 and GM-CSFR number were compared, it was found that CD116
was most intensely expressed in allogeneic donors, and most intensely expressed on
monocytes when cells were compared. Although there was no statistically direct correlation,
a higher WBC and PLT count was obtained in allogeneic donors expressing high MFI of
CD116 and GM-CSFR receptor number, and a direct correlation was found between the
percentage of CD116 in autologous donors and the number of WBCs in the apheresis
product. Finally, we conclude that CD116 may be used as a marker in assessing the quality
of the apheresis product and further experimentation is required for its use as a predictive

indicator for stem cell transplantation.
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6. FUTURE DIRECTIONS

In apheresis samples, in addition to the fact that CD116 expression at the protein level was
determined by flow cytometry, detection of CD116 gene expression by quantitative
Polymerase Chain Reaction (q-PCR) and mRNA expression by Real-Time Polymerase
Chain Reaction (RT-PCR) will support the understanding of the dynamics of this receptor.

Since G-CSF increases both cell number and maturation, it should be investigated to what
extent the expression of G-CSF receptor (CD114) changes in apheresis products and what
kind of relationship it has with CD116.

Since sufficient numbers of autologous and allogeneic donors could not be collected due to
the COVID-19 pandemic, more sample examinations will increase the accuracy of the

results.

Finally, examining the effects of CD116 expression in apheresis samples on long-term
engraftment and GVHD may contribute to the importance of evaluating CD116 in apheresis

samples.
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