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ABSTRACT

Parveen, M., Selection and Characterization of Imnmune Resistant Acute Myeloid
Leukemia cells. Hacettepe University Graduate School of Health Sciences, Tumor
Biology and Immunology Doctor of Philosophy Program, Ankara, 2024.
Resistance to immunity is associated with the selection of cancer cells with superior
capacities to survive inflammatory reactions. In the case of AML, immune reactions
induce dynamic changes at genetic and epigenetic levels, resulting in unique
morphological, phenotypic, and genetic characteristics. To investigate this
phenomenon, we developed an ex-vivo immune selection model, isolating residual
subpopulations termed "immune-experienced" AML (ieAML) cells. Upon surviving
immune reactions, these malignant blasts exhibited reduced proliferation, signs of
myeloid differentiation and activation, and decreased immunogenicity. The observed
low-pace proliferation, differentiation, and decreased immunogenicity were associated
with immune resistance in myeloid leukemia. Furthermore, in the context of immune
experience, ieAML cells displayed variations in behavior, including adhesion,
migration, and polarization capacities. These immune-experienced AML
subpopulations were found to impede T cell responses, resulting in reduced secretion
of key anti-tumor immune response mediators. Transcriptomic analyses identified a
limited set of commonly altered pathways and differentially expressed genes (DEGs)
in all ieAML cells derived from various parental cell lines. Molecular signatures
associated with interferon (IFN) and inflammatory cytokine signaling were enriched
in AML cells resistant to T cell-mediated immune reactions. Individual ieAML lines
exhibited diverse cellular responses upon subjecting them to mixed leukocyte-
leukemia cell reactions (MLLRs), highlighting the variation in the regulation of
similar pathways across different ieAML cell lines. Notably, distinctive traits of
inflammatory pathways, such as IFN-y, IFN-a, TNF-a, TGF-f, apoptosis, IL-6, and
IL-2 signaling, were enriched. Transcription factors c-MYB and KLF6 emerged as
potential markers for ieAML cells, with their expression and nuclear localization
observed in subpopulations of blasts in AML patients' bone marrow aspirates. The
nuclear localization of KLF6 and c-MYB transcription factors served as potential
indicators of immune encounter status. Interestingly, the immune modulatory
capacities of ieAML cells were transient and waned when immune selection pressure
was removed. Despite this, our findings suggest that myeloid leukemia cells harbor
subpopulations capable of adapting to the challenging conditions imposed by immune
reactions. The prior "immune experience" of these cells may contribute to secondary
resistance to immune intervention therapies. This study sheds light on the dynamics of
immune interactions in AML and underscores the importance of understanding the
adaptive mechanisms that cancer cells employ to escape immune surveillance.

Keywords: AML, Immune response, inflammation, interferon, immunotherapy, T
cell, costimulation.

This project is partially supported by The Scientific and Technological Research
Council of Turkey (TUBITAK), project number 120S909
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OZET

Parveen, M., immiin-Direncli Akut Miyeloid Losemi Hiicrelerinin Secilimi ve
Karakterizasyonu. Hacettepe Universitesi Saghk Bilimleri Enstitiisii, Tiimor
Biyolojisi ve Immiinolojisi Doktora Programi, Ankara, 2024. Bagisiklik direnci,
inflamatuvar reaksiyonlarda hayatta kalmak i¢in iistiin kapasiteye sahip kanser
hiicrelerinin secilmesiyle iliskilidir. AML vakasinda, bagisiklik reaksiyonlart genetik
ve epigenetik seviyelerde dinamik degisikliklere neden olarak benzersiz morfolojik,
fenotipik ve genetik 6zelliklere yol agmaktadir. Bu fenomeni aragtirmak igin, "immiin-
deneyimli" AML (ieAML) hiicreleri olarak adlandirilan kalint1 alt popiilasyonlar1 izole
eden bir ex-vivo immiin secim modeli gelistirdik. Immiin reaksiyonlar sonrasi sag
kalan bu malign blastlar azalmis proliferasyon, miyeloid farklilasma ve aktivasyon
belirtileri ve azalmig immiinojenite sergilemistir. Cogalmanin yavaslamasi,
farklilagsma ve azalmis immiinojenitenin gozlemlenmesi miyeloid l6semide immiin
diren¢ ile iliskilendirilmistir. Ayrica, bagisiklik deneyimi baglaminda, ieAML
hiicreleri yapisma, géc ve polarizasyon kapasiteleri bakimindan davranis degisiklikleri
sergilemistir. Bagisiklik deneyimi olan bu AML alt popiilasyonlarinin T hiicre
yanitlarin1 engelledigi ve bunun sonucunda temel anti-tiimor bagisiklik yaniti
mediatorlerinin ~ salgilanmasinin  azalmasmma neden oldugu  bulunmustur.
Transkriptomik analizlerle, cesitli parental hiicre hatlarindan tiiretilen tiim ieAML
hiicrelerinde yaygin olarak degistirilmis sinirlt sayida yolak ve farkli sekilde ifade
edilen genler (DEG'ler) tammmlanustir. interferon (IFN) ve inflamatuvar sitokin
sinyalleri ile iligkili molekiiler belirtegler, T hiicresi aracili bagisiklik reaksiyonlarina
direncli AML hiicrelerini zenginlestirmistir. Bireysel ieAML hatlar1 karisik 16kosit-
16semi hiicre reaksiyonlart (MLLR) 'ye maruz birakildiginda farkli hiicresel tepkiler
gostermistir ve farkli ieAML hiicre hatlar1 arasinda benzer yolaklarin
diizenlenmesindeki ¢esitliligi vurgulamistir. Ozellikle, IFN-y, IFN-a, TNF-a, TGF-p,
apoptoz, IL-6 ve IL-2 sinyali gibi inflamatuvar yolaklarin ayirt edici 6zelliklerini
zenginlestirmistir. c-MYB ve KLF6 transkripsiyon faktorleri, AML hastalarinin kemik
iligi aspiratlarindaki blast alt popiilasyonlarindaki ekspresyonlar1 ve niikleer
lokalizasyonlar1 agisindan ieAML hiicreleri i¢in potansiyel bir belirtecler oldugu tespit
edilmistir. KLF6 ve c¢-MYB transkripsiyon faktorlerinin niikleer lokalizasyonu,
immiin etkilesim durumunun potansiyel gostergeleri oldugu tespit edilmistir. Ilging bir
sekilde, ieAML hiicrelerinin immiin modiilator kapasiteleri gegici oldugu ve immiin
secilim baskist kaldirildiginda azaldigr goriilmiistii. Buna ragmen, bulgularimiz
miyeloid 16semi hiicrelerinin bagisiklik reaksiyonlarin olusturdugu zorlu kosullara
uyum saglayabilen alt popiilasyonlar barindirdigin1 gostermektedir. Bu hiicrelerin
onceki "immiin deneyimi" immiin miidahale tedavilerine karsi ikincil dirence katkida
bulunmus olabilir. Bu c¢alisma AML'deki immiin etkilesimlerin dinamiklerine 1s1k
tutmakta ve kanser hiicrelerinin immiin gézetimden kagmak i¢in kullandiklar1 adaptif
mekanizmalart anlamanin 6nemini vurgulamaktadir.

Anahtar kelimeler: AML , immiin yanit, inflamasyon, interferon, immiinoterapi,
T hiicresi, kostimiilasyon.

Bu proje TUBITAK tarafindan 1208909 numarali proje destegi ile desteklenmistir.
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Gating strategy for cell cycle analysis.

Gating strategy for immunophenotyping AML cells
Distribution of 13 different microbeads used in cytokine
determination, depending on size and internal fluorescence
intensity. Microbeads are divided into 2 populations with SSC
and FSC parameters and 13 populations with FL4 parameters.
The amount of cytokines that each population specifically
binds is measured by the FL2 parameter.

A) Allogenic PBMCs and AML cells were labelled with
eFluor670 and CFSE proliferation tracer fluorescent dyes,
respectively, and the mixed-leukocyte-leukemia cell reactions
(MLLRs) were established for 72h in the presence of T cell
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4.2.

4.3

4.4

4.5

4.6

4.7

stimulating CD3 mAbs. Representative flow cytometry plots
for proliferation responses of the co-cultured PBMCs and
THP-1 cells are shown. B) The change in viability of THP-1
cells in the MLLRs with increasing ratios of PBMCs was
assayed at 24h, 48h and 72h by flow cytometry following
staining with PIL.

In the MLLRs (0.25:1 co-culture ratio, 48h) established for
the isolation of surviving AML cells, PBMCs were labelled
with CFSE and AML cells left unstained. A) A representative
gating strategy used for FACS of the DRAQ7-negative viable
CD13" AML cells (CFSE-negative) and a purity analysis of
the ieAML cells obtained after the sorting are given. B) May-
Griinwald Giemsa (MGGQG) staining was done for comparing
the cytological features of wtAML and icAML cells.
Representative images out of three independent staining are
given.

Proliferation capacities of wtAML and ieAML cells were
determined by Ki67 staining. A) Immunofluorescence images
of wtTHP-1, wtU937, wtHL-60 and ieTHP-1, icU937, icHL-
60 are shown. B) Bar graphs display the mean percentage
(xSEM) of Ki67-positive cells for each AML cell line that
underwent the selection process. Scale bars, 10 pm.

Cell cycle analysis of wtAML and ieAML cells after 48 hours
and 72 hours resting in full media. A) Percentage distribution
of the cells at G2/M, S and G1/GO phases are shown for each
cell line. B) A representative flow cytometry histogram
showing the DNA content stained with PI in wtTHP-1 and
1ieTHP-1 cells.

1eAML isolated and purified after 48 hour of co-culture with
PBMCs were assessed for migration capacities compared
with wtAML cells using Boyden chamber.

wtAML cells and ie AML isolated and purified after 48 hour
of co-culture with PBMCs were assesed for adhesion. A)
Migration assessed by Boyden chamber and XCELLigence
real-time. B) Bar graphs showing adhesion capacities on
fibronectin coated and matrigel coated surfaces at 24 hours.
C) At 48 hours.

1ieAML cells isolated from 48h of co-culture with PBMCs and
wtAML cells were cultured on two different cell surface
matrix fibronectin and matrigel for polarization. A) Based on
cell area,cell perimeter and cell aspect ratio directionality of
the actin cytoskeleton on different surfaces were calculated
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4.8

4.9

4.10

4.11

4.12

based on the polarity index plot. B) Immunofluorescence
staining showing cell surface representation of actin
cytoskeleton orientations showing their polarity (nucleus,
DAPI; actin, red). The scale bars are 10 um.
Immunophenotypic markers associated with myeloid
activation and differentiation were analyzed by flow
cytometry. A) The mean percentage results obtained from
three independent analyses presented as a heatmap. B) The
markers significantly modulated between wtAML and ieAML
cells are typed in bold.

ROS and NO levels in wtAML and ieAML cells. A) Bar graph
showing ROS and NO level between wt and ie AML cells. B)
Representative histograms depict the fluorescence intensities
of H;DCFDA and DAF;DA.

Re-exposure to immune reactions reveals functional assets of
ieAML cells. A) The ieAML cells freshly purified from the
MLLRs were co-cultured with increasing amounts of PBMCs
under CD3 stimulation for 72h. The MLLRs with wtAML
cells were used as controls. The change in viability of AML
cells was determined by PI staining. (n=3, the data points are
presented as average + SEM). Representative flow cytometry
histograms are given below. B) The ieAML and wtAML cells
were co-cultured with increasing ratios of CD4" and CD8" T
cells. The percentages of proliferated T cells were calculated
and plotted.

In vitro stability of acquired characters by ieAML cells. A)
Amount of apoptotic cells upon long-term (> 96h) continuous
culturing (CC) of the ieAML cells under standard conditions
was assessed by annexin V and PI staining by flow cytometry.
One representative image out of three independent
experiments is shown. B) CFSE dilution assay for 72h was
performed for determining the proliferation rate of
continuously cultured wtAML and ieAML cells. (n=3, the
data points are presented as average + SEM) C) The
continuously cultured ieAML cells (CC) were re-exposed to
CD3-stimulated CD4" and CD8" T cells. Proliferation of T
cells was determined by flow cytometry for 72h.

The amount of T cell-associated cytokines secreted in the co-
cultures assayed by flow cytometric by multiplex bead-based
cytokine assays.A) Graph showing major cytokines with
decreased secretion in co-culture. B) The amount of cytokines
secreted by the T cells cultured with the ieAML cells (CC)
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4.20

were normalized to those cultured with the freshly obtained
1ieAML cells was plotted as a heatmap

Transcriptomic analysis of the ieAML cells. A) RNA-seq heat
maps are created and B) Hierarchical clustering analyses were
performed on purified cells. C) Venn diagrams for
upregulated and downregulated DEGs in the ieAML cells
compared to their wtAML counterparts. D) Gene set
enrichment heatmaps showing 84 common DEGs for all three
ieAML cells.

Network and pathway analyses commonly enriched in all
three ieAML cells

Heatmaps of the genes involved in enriched A) Major
biological pathways from the KEGG database are plotted for
the genes regulated commonly in all three cell lines studied.
B) Enrichment of the pathways involved in biological
processes and inflammatory responses are shown in the upper
and the lower panels, respectively. The data from commonly
regulated DEGs in all three cell lines are used for the analysis.
Gene set enrichment analysis (GSEA) of related gene sets.
The most variable genes were ranked, and enrichment scores
were calculated and plotted against the position of the genes
within the rank ordered dataset using GSEA 3.0 software. The
enrichment plots with the highest score are given.
Enrichment of the pathways involved in biological processes
and inflammatory responses are shown in the upper and the
lower panels, respectively, for each cell line studied are given
separately.

A) TCGA bioinformatics on AML patient data are analyzed
for DEGs identified in the ieAML cells and presented as a
heatmap. B) Selected gene expression in favor. Intermediate
and poor prognosis group represented as dot plot.

The expression dynamics of KLF6 and MYB genes were
analyzed by quantitative RT-PCR in ieAML cells cultured
alone for 72h. The RNA was pooled from independent
experiments (n=6) and the RT-PCR analyses were done as two
technical replicates.

KLF6 and c-MYB expression in ieAML cells. A) The
frequency of AML cells with KLF6 and c-MYB proteins in
the nuclear region are plotted (n=3). B) Bar graph showing
KLF6 and c-MYB nuclear MFI C) KLF6 and c-MYB
immunofluorescence micrographs of wtAML and ieAML
cells. Higher magnification of a representative cell is shown
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5.1

on the right-hand side (scale bar, 1 um). One representative
image out of three independent experiments is shown.

The level of nuclear KLF6 and c-MYB in the primary AML
blasts from the bone marrow aspirates of patients (n=11). A)
The pie charts given on top of the graphs show the percentage
of AML blasts with 1.5 times higher levels of nuclear KLF6
or with 1.5 times lower levels of nuclear c-MYB expression
than the average of the AML blasts found in each patient
sample on the left-hand side and the right-hand side,
respectively, each dot represents an AML blast, and the red
lines represent the median values. B) Representative
micrographs of the bone marrow aspirates, which display the
heterogeneity of AML cells with nuclear localization of KLF6
and c-MYB, are given below.

A schematical diagram showing the changes in immune
experienced AML cells (ieAML) after non-specific T cell-
mediated MLLRs.
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1. INTRODUCTION

Harnessing the immune system's anti-tumor responses has emerged as a
highly promising strategy for cancer therapy (1). In addition to the conventional
approaches, interventions such as inhibiting suppressive signals or transferring
tumor-specific T lymphocytes demonstrated effectiveness against the disease
progression and improved patient survival (2). Allogenic hematopoietic stem cell
transplantation (alloSCT) is a type of non-specific immunotherapy that is generally
utilized for the treatment of leukemia (3). Allogeneic SCT is believed to enhance
immune responses in individuals with moderate to poor risk AML by triggering the
“graft-versus-leukemia (GvL)” effect (4). Although progress has been made in
reducing mortality associated with transplants, relapse of leukemia, which usually
emerges soon after the treatment or many months after achieving remission,
continues to be a significant obstacle in therapy (5, 6). Malignant cells when
exposed to the immune system's selection pressure may undergo adaptations
favoring their survival. They reduce immunogenic potential therefore become
unable to trigger an immune response (7). Decline in immunogenicity is evident in
AML post-allogeneic SCT and is associated with relapse (7, 8). HLA-mismatched
transplants, under immunological pressure exerted by donor T cells, encounter
difficulties arising from the genetic instability of leukemia, resulting in clonal
heterogeneity and immune evasion (9). T cell exhaustion can also occur as a result
of extended exposure to leukemia antigens or costimulatory signals. This condition
is characterized by a decline in T cell proliferation, cytokine release, and cytotoxic
abilities (10). The excessive production of inhibitory receptors, such as PD-1 and
CTLA-4, further leads to the suppression of T cells (11). Nevertheless, the use of
immune checkpoint inhibitor such as CTLA-4 and PD-1 in AML has resulted in

less favorable results when compared to other cancers with immunogenic potential
(12).

Myeloid leukemia cells can constitutively express costimulatory molecules
such as CD80, CD86, and ICOS-LG, which may serve to amplify T cell responses
(11). However, a study from our laboratory group showed that leukemia cells can

develop a resistance to immunological attacks by upregulating PD-L1 and PD-L2



in response to interferon (IFN)-y released by activated T cells. This allows AML
cells to evade the immune system and acquire immune evasion capabilities (13).
AML cells produce excessive amount of costimulatory signals, which have a
deleterious influence on the responses of effector T cells. This can potentially result
in exhaustion of T cells’ functional capacities (10). These data demonstrate
similarities to cases of recurrence after transplantation, suggesting the existing of a
mechanism by which the immune system can avoid detection and attack following
SCT (8). Post-Graft-versus-Leukemia (GvL) periods be followed by relapse due to
immune reactions that lead to modification in leukemia cells, which are associated
with the development of remaining disease with improved immune modulatory

capabilities (14).

In this thesis study, we strategically exerted customized immunological
pressure on the AML cell lines, targeting, selecting and analyzing the surviving
subpopulation which we referred to as immune-experienced AML cells (icAML).
This deliberate targeting approach unveiled the characteristics of immune resistant
myeloid leukemia cells, characterized by slow proliferation, differentiation, and
decreased immunogenicity. Furthermore, our study significantly identified two
transcription factors, c-MYB and KLF6, as potential biomarkers indicative of AML
cells under immunological pressure attempting to navigate and survive the
complexities of immune modulation. Hence, our study provides valuable insight
into the complex dynamics and resilient behaviour of immunologically modulated

myeloid leukemia cells.



2. LITERATURE REVIEW

2.1. Overview and Classification of Acute Myeloid Leukemia

Acute Myeloid Leukemia (AML) is a rapidly progressing complex, and
evolving cancer, characterized by the accumulation of immature myeloid
progenitor cells known as blasts (15). These cells lack the capacity to mature into
functional blood cells due to a hindrance in normal differentiation program, which
results in uncontrolled proliferation, impaired normal growth, and decreased
vulnerability to programmed cell death (16). AML predominantly affects adults and
is a major contributor to leukemia-related deaths (17). AML is notably more
frequently observed in the older adults, patients 55 years of age and above account
for over two-thirds of all diagnoses with a typical median age of 68 years (18).
Every year, AML causes more than 80,000 fatalities worldwide, and for the next 20
years, this figure is predicted to quadruple (19). In the United States, individuals
diagnosed with AML currently have a 5-year relative survival of 30%, a significant
increase from the 18% reported in 2000 (20). The availabilty of more innovative
and effective treatment regimens had led to a reduction in mortality after
transplants, which is associated with age and post- transplant care are all
contributing factors to improvements in therapeutic outcomes in AML. According
to the recently updated data, projected 5-year overall survival (OS) is 30% and
varies significantly by age, 50% OS in younger patients but <10% OS over 60 have
been anticipated (21, 22).

While AML is primarily sporadic, individuals who have previously
underwent radiation therapy or exposure to cytotoxic agents are more likely to
develop myeloid cancers such as AML and myelodysplastic syndrome (MDS) (23).
Furthermore, a growing understanding of hereditary haematological cancers has
shown that a germline susceptibility accounts for 5-10% of AML cases (24).
Reduction in leukemic blast count with chemotherapy using cytarabine and
anthracycline is seen, there has been limited improvement in long-term outcomes
for over three decades. The median OS remains one year and the five year OS rates
for individuals aged 60 years and above range between 35% and 40% (15, 25).

AML cells obtained from patient samples generally exhibit a hierarchical cellular



arrangement. At the apex of this hierarchy resides a sub-population of leukemia
stem cells (LSCs) that have the ability for continuous regeneration which sustain
the disease in immunodeficient animals over a prolonged duration. LSCs are
characterized with limited differentiation into non-LSC blasts, which mimic LSCs.
Non-LSC blasts are unable to self-renew. Nevertheless, these cells can acquire self-
renewal capacity and generate leukemia when consequently transplanted to
immunodeficient animals. The initial conceptualization of leukemia as a
hierarchically organized disease dates back to in vitro research on AML progenitors
(26, 27). Later, Dick and co-workers showed that AML is organized in a similar
hierarchy to that of in normal hematopoiesis LSCs act as long-term drivers, like in

normal hematopoiesis (28, 29, 30).

2.2. AML Classification

At present, The World Health Organization (WHO) classification system
and the International Consensus Classification (ICC) are both widely used for
categorizing AML. According to WHO 2022 classification, the patients are
analyzed for the genetic constitution of AML blast cells including chromosomal
alterations, as well as identifying aberrant cellular development (18, 31).
while the ICC emphasizes genetic factors with clinical and prognostic significance

(32).

Table 2.1: AML classification according to differentitation stages..

FAB subtype Name

MO Undifferentiated acute myeloblastic leukemia

M1 Acute myeloblastic leukemia with minimal maturation
M2 Acute myeloblastic leukemia with maturation

M3 Acute promyelocytic leukemia (APL)

M4 Acute myelomonocytic leukemia

M4 eos Acute myelomonocytic leukemia with eosinophilia
M5 Acute monocytic leukemia

M6 Acute erythroid leukemia

M7 Acute megakaryoblastic leukemia

Two revised AML classification schemes were unveiled in 2022, taking into

account the significance of molecular profiling in diagnosis as well as




improvements in our knowledge of AML pathogenesis (33, 34). The range of
genetic anomalies that define AML is now expanded by the new classifications.
Nucleophosmin (NPM1) mutations, previously associated with MDS, are now
recognized as AML-defining due to their association with rapid progression (35,
36). CCAAT enhancer binding protein (CEBPA) mutated AML is defined
differently in the two systems, with the International consensus Commission for
myeloid neoplasm (ICC) only requiring a specific mutation, while the WHO
classification includes both biallelic mutations and specific basic leucine zipper
(bZIP) region mutations, which have distinct clinical characteristics and better

outcomes (37, 38, 39).

The classifications also vary in blast percentage thresholds for AML
diagnosis, particularly in cases with genetic abnormalities. The ICC mandates a
minimum of 10% blasts, whereas the WHO typically maintains a 20% threshold.
Additionally, the ICC introduces a new group for (MDS)/AML with 10%-19%
blasts, recognizing similarities with >20% myeloblast patients. The concept of
AML with myelodysplasia-related changes (MRC) does not appear in either
classification (40, 41, 42, 43).

The importance of genetic analysis in patients with suggestive family
history or specific molecular/cytogenetic lesions is emphasized to identify germline
predispositions (44), which can modify treatment decisions and family monitoring.
The identification of a germline predisposition can change a patient's treatment
choices, including the selection of donors for allogeneic SCT and decisions about
the appropriate conditioning regimen (45, 46). It can also affect the monitoring and
assessment of family members. For instance, DEAD-box Helicase 41 (DDX41)
germline mutations, which are the prevailing genetic predispositions in MDS and
AML (47, 48), play a role in AML development when coupled with a second "hit"
in DDX41 (49). AML patients with DDX41 germline mutations exhibit distinctive
clinical characteristics, such as a higher occurrence in males, low levels of
peripheral blood leukocytes and bone marrow blast counts, and a strong positive
response to chemotherapy, resulting in an overall favorable prognosis in contrast to

individuals with wild-type DDX41 (50).



2.3. Prognosis of AML

Long term prognosis of AML depends on the treatment response in terms of
duration and effectiveness. In complete remission, the bone marrow shows fewer
than 5% blasts, blood cell counts return to normal, and no evidence of disease or
symptoms (NED) are noted following treatment. Complete molecular remission is
typically declared when no traces of leukemia blasts are detectable in the bone
marrow. In minimal residual disease (MRD), standard tests fail to detect leukemia
blasts in the bone marrow after treatment; however, sensitive tests such as PCR or
flow cytometry can identify the residual AML blasts. Active disease occurs when
evidence of leukemia cells is present during the treatment or after the treatment i.e.
relapse. A key criterion for identifying relapse is the presence of more than 5%

myeloid blasts in the bone marrow.

AML has been classified into three risk categories as: favourable, intermediate
and adverse by the European Leukemia Network (ELN). In 2022 ELN released
updated guidelines, revising their 2017 risk classification for AML (51). These new
guidelines incorporate recent molecular discoveries and clinical trial data, with a
focus on assessment of dynamic risk factors such as residual disease negativity. Of
note, these guidelines are predominantly based on the data from patients who

received intensive treatments.

2.4. Challenges and Limitations in Current Treatment Strategies

Over the last ten years, the primary approach for treating AML has involved
a combination of anthracycline antibiotics (such as idarubicin and daunorubicin)
that impede DNA replication in dividing cells, along with nucleoside analogs (such
as cytosine arabinoside) (52, 53). This initial therapy is most commonly known as
“7+3” regimen followed by several months of cytosine arabinoside treatment in
multiple cycles. Recently, whole-genome and targeted sequencing studies have
identified mutated genes directly linked to abnormal gene expression in AML.
These mutations often affect epigenetic regulation of transcription and have become
key targets for AML treatment. Among these targets, DNA methyltransferase
(DNMT) inhibitors like azacitidine and decitabine, known as hypomethylating



agents (HMAs), are promising. In addition, inhibitors for mutated isocitrate
dehydrogenase enzymes (IDH1 and IDH2), such as AG-120, IDH305, FT-210, and
enasidenib (Stein et al. 2017), are under clinical development. Histone deacetylases
(HDAC) inhibitors (such as panobinostat, vorinostat, mocetinostat, entinostat, and
pracinostat) have proven more effective in combination with HMAs. Similarly,
inhibitors of bromodomain and extraterminal (BET) proteins (CPI-0610, TEN-010,
and GSK525'°762) have demonstrated anti-leukemia activity in animal models.
Another important class of inhibitors targets mutated FMS-like tyrosine kinase
receptor 3 (FLT3), which are prevalent in AML. Various inhibitors like sorafenib,
quizartinib, midostaurin, crenolanib, and gilteritinib are being explored in
combination with other treatments to target this mutation. Venetoclax, a selective
B-cell lymphoma 2 (BCL-2) inhibitor, was approved by FDA to be used in
combination with HMAs or lower-dose cytarabine for newly diagnosed AML
patients who are unfit for standard induction therapy. These advancements reflect a
shift toward targeted therapies that are tailored to the genetic and molecular
attributes of AML, offering new avenues for more effective and personalized

treatment strategies.

Despite these therapeutic advancements, complete remissions are often
achieved, but relapse remains a common issue. This can be due to the presence of
leukemia stem cells (LSCs), which are less developed than leukemia blasts and are
in a dormant phase of the cell cycle. Consequently, conventional drugs are
ineffective against LSCs due to their quiescence and other survival mechanisms like
drug efflux and multi-drug resistance (54, 55). While allogeneic SCT is considered
as a therapeutic choice for high-risk and relapsed AML, its success is limited by
transplant-related complications and refractory disease, resulting in significant
morbidity and mortality rates. This raises questions about the overall reliability of

current therapeutic approaches for AML with poor prognosis.

2.5. Dynamics and Heterogeneity of Leukemia Stem Cells

Conventional chemotherapy for AML, which often induces complete
remission has not been changed over the past decade. However, relapse is frequent

among patients diagnosed with AML and attributed to the presence of LSCs (56).



LSCs are developmentally more nascent than leukemia blasts and are in a quiescent
stage of the cell cycle that restricts the efficiency of conventional anti-cancer
therapeutics (57, 58, 59). These cells are proficient at removing toxic molecules by
efflux mechanisms and eventually contribute to multidrug resistance (54, 55). The
presence of drug-resistant LSCs, which survive the conditioning regimens of
intensive chemotherapy (60), may lead to the failure of allogeneic SCT, which is
considered as the only medical option in high-risk and relapsed AML. The LSC
concept was first introduced as cancer stem cells (CSCs) in AML (29, 30). Since
CSCs are considerably heterogeneous and at very low frequency, whether they exist
in all types of cancers is still disputed. In contrast, a rather clear hierarchal
organization is observed in AML, similar to normal hematopoiesis, where a rare
population of self-renewing LSC multiplies and thrives into massive amounts of
“mature” leukemic blasts, which are generally devoid of self-renewal capacity (29,
30). LSCs express two major surface antigens, CD34 and CD38, which are also
shared by normal hematopoietic stem cells (30). The CD34"CD38 population is
classically recognized as the lymphoid-primed multipotent progenitor (LMPP)-like
LSCs. On the other hand, the CD34"CD38" fraction bears similarities with the
granulocyte-macrophage progenitors (GMPs). The GMP-like LSCs are identified
with IL-3R (CD123), whereas the LMPP-like cells lack CD90, a marker associated
with the lymphoid lineage (61). Moreover, a minor subpopulation of LSCs was
identified with no CD34 expression but retained tumor-initiating capacity (62).
Albeit being shared by normal hematopoietic stem cells or progenitor cells,
additional surface molecules which are upregulated on LSCs (such as CD7, CD123,
CD32, CD33, CD244, CD44, CD47, CD96, CD99, CD157, ILIRAP, and TIM-3)
can be useful for detecting stemness in leukemia (63). Correspondingly, the plethora
of LSC-associated surface antigens is a mere indication of heterogeneity in myeloid
leukemia. These surface antigens are also potential candidates for the LSC-targeted
therapies. For example, a CD33-directed therapy with gemtuzumab ozogamicin not
only depletes the leukemia blasts but also reduces the amount of CD34°CD38"
CD33" LSC populations (64).
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Figure 2.1.  Evolution, development and relapse of acute myeloid leukemia
(AML). Illustrating therapy resistance mediated by leukemic stem
cells (LSC). Adapted from Stelmach & Trumpp, 2023 (65).

The accumulation of distinct genetic abnormalities has been evidenced for
the heterogeneity in AML. On the other hand, the impact of the microenvironment
should be considered as a confounding factor. AML blasts and LSCs that develop
in immune compartments such as bone marrow, peripheral blood, and spleen are
frequently exposed to inflammatory mediators. Accordingly, these cells tend to
adopt a biological program that favors tumor growth as well as protects them from
immune-mediated elimination. As a result, myeloid leukemia develops in close
association with immune mediators that leads to the differential expression of many
genes. Thus, in every stage of leukemogenesis, not only the immunophenotype but
also the biological characteristics of AML cells are altered under the pressure of
inflammatory responses (66, 67). Especially during disease progression, stromal
cells within the bone marrow environment provide a shelter for LSCs that are
exposed to metabolic, immune, and genomic stresses. In this haven, AML blasts
replenish and become heterogeneous, acquire resistance and immune evasion

capacities (68, 69). Two subpopulations of LSCs have been described according to
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mutational signatures; LSC populations enriched in FLT3 and nucleophosmin
(NPM1) driver mutations are annotated to the GMP-like LSCs, whereas LSC
subpopulations with isocitrate dehydrogenase (IDH)1 and IDH2 mutations are
associated with the LMPP-like cells (61). Of note, the CD34" LSCs are also
frequently identified with NPM1 (70, 71) and TET2 mutations (72). A fraction of
AML blasts bearing in LSC properties can be identified with a high potential to
establish tumors in immunocompromised animals (73) however, despite being
clonally-related to the LSCs with a common set of mutations, these cells lose their
tumor-forming capacity when obtained from older patients (74, 75). Additionally,
AML patients aged 60 and above, the long-term prognosis under conventional
chemotherapy is not favorable (76). A mutation in the enzyme DNA
methyltransferase 3A (DNMT3A) can cause dysregulation in the DNA methylation
machinery, which has been described as a pre-leukemia stage in hematopoietic stem
cells (77). Epigenetic regulation in leukemia heavily relies on histone alterations.
As a result, AML is associated with an overexpression of the lysine-specific
demethylase 1 (LSD1) enzyme, which is responsible for removing methyl groups
from histones. Inhibiting this enzyme lowers leukemia cell engraftment, a
characteristic that is correlated with the LSC population (78, 79, 80). Nevertheless,
the epigenetic regulation in AML resides at the crossroads of genetic differences
and microenvironmental factors, including many inflammatory mediators, lead to

heterogeneity (68, 69, 73).

2.6. Dysregulated Inflammatory Pathways and Heterogeneity in AML

A leukemia blast is prone to many intracellular stresses such as (1) mutations
and chromosomal alterations due to genetic instability, (ii) the dysregulated genetic
and metabolic processes, and (iii) the functional aberrations because of the
truncated proteins. These factors eventually serve as triggers for the pathways
connected to the ‘intrinsic’ inflammatory signals. Alternatively, the unrestrained
cell proliferation, the abundance of factors and metabolites released by the leukemia
cells, and the mediators produced during the immune surveillance create
microenvironment-driven stress, which generates the ‘extrinsic’ inflammatory

signals (81). Either derived from the intrinsic or extrinsic sources, the inflammatory
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signals tend to merge in common pathways (i.e., Hedgehog, Wnt/p-catenin, Notch,
JAK-STAT, PI3K/AKT, NF-kB, and p38 MAPK) that activate specific transcription
factors. Alterations in these pathways contribute not only to leukomogenesis but
also to the increase in the diversity of leukemia sub-clones (82, 83). Tumor
development can benefit both from anti- and proinflammatory molecules. TGF-f3,
IL-10, IL-1RA, and IL-35, which are anti-inflammatory mediators such as not only
limit anti-tumor immunity but also increase tumor cell survival. Whereas the
proinflammatory mediators like IL-1p, IL-6, TNF-a, GM-CSF, and IL-3 modify the
tumor microenvironment in favor of malignant progression and increase the
aggressiveness of the disease (84). Nevertheless, a balanced and constitutive
expression of these factors, which are usually found at low or moderate levels,
maintains a protumorigenic condition that bears the facets of chronic inflammation
(84).

In the bone marrow, leukemogenesis is a multistep process mediated by
transcription factors and receptors, which are also implicated in inflammatory
signaling pathways. The co-existence of KIT and RAS mutations is a driver of
malignant proliferation in patients with AML (85, 86, 87). GATA-2, a regulatory
transcription factor involved in hematopoiesis and maintenance of pluripotency
(88) can be mutated in MDS (89). The downstream mediator of Ras, p38 mitogen-
activated protein kinase (MAPK) phosphorylates and activates the GATA-2 (90).
This link between the RAS oncogene and GATA-2 forms positive feedback since
the target genes of GATA-2 include IL1B and CXCL2 (91). Alternatively, Fms-like
tyrosine kinase 3 (FLT3) and c-KIT (CD117) pathways, which are respective
receptors for FLT3 ligand and stem cell factor (SCF) cytokines, are also deregulated
in AML. These pathways contribute to cell survival and proliferation.

The nuclear receptor 4A (NR4A) group of transcription factors, which are
immediate responders to many stresses and restores the cellular homeostasis,
synergistically activate the P-catenin expression in AML blasts. Inflammatory
responses are strengthened through the B-catenin signaling and enable crosstalk
between Wnt/B-catenin and nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xB) pathways (92). Nevertheless, in a context-dependent manner, this

interaction might have either anti-tumor or pro-tumor consequences (93). The NF-
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kB family contributes to proliferation, apoptosis, intercellular communication,
angiogenesis, and inflammation. Aberrant activation of NF-kB is commonly
detected in many malignancies, including AML (94).

Oncogenic activities in AML lead to oxidative stress and DNA damage,
which activate the NF-kB pathway. This activation occurs through a mechanism
that involves the ataxia telangiectasia mutated (ATM) and the NF-kB essential
modulator (NEMO) (95). Besides, a mutation in the runt-related transcription factor
1 (RUNX1), that acts as a suppressor of NF-kB signaling, leads to abnormal
activation of the NF-xB pathway (96). The canonical NF-kB signaling is prominent
both in AML blasts and LSC and correlates with therapy resistance and escape from
apoptosis (97, 98). High levels of nitric oxide (NO) (99), heme oxygenase-1 (HO-
1), and proinflammatory molecules including TNF-a and IL-1B have been
acknowledged as markers of enhanced NF-kB activity in AML (100, 101, 102). Due
to continuous activation of NF-xB, an autocrine TNF-a secretion has been reported
in the leukemia-initiating cells or LSCs (102).

The CCAAT/enhancer-binding protein alpha (C/EBPa) controls
hematopoietic development and alters many signaling pathways. C/EBPa is
responsible for inducing myeloid-specific genes including M-CSFR, G-
CSFR, and GM-CSFR (103, 104). Loss-of-function or downregulation in C/EBPa
expression results in a differentiation deficit in the myeloid lineage. For example,
AMLI-ETO or FLT3-ITD mutations can suppress C/EBPa; therefore, interfere
with myeloid differentiation and promote leukemogenesis (105, 106). Furthermore,
genetic alterations in the C/EBPa gene have been identified in 10%-15% of
individuals diagnosed with AML (106). In addition to controlling myeloid-specific
genes, CCAAT/enhancer-binding protein alpha (C/EBPa) and its mutated variant
can interact with NF-kB, supporting prosurvival mechanisms such as Bcl-2 and
cellular caspase 8 (FLICE)-like inhibitory protein (FLIP) (107). The Janus kinase
(JAK)- signal transducer and activator of transcription (STAT) pathway, which is
activated by growth factors like granulocyte-macrophage colony-stimulating factor
(GM-CSF) and granulocyte colony-stimulating factor (G-CSF), as well as
cytokines like IL-6 and IL-10, has been associated with AML biology (84, 108, 109,
110).
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IL-6 is implicated in the acute phase reactions, regulation of hematopoiesis,
and expansion of leukemic blasts (111, 112), whereas IL-10 is one of the most
immune-suppressive cytokines that can directly impede anti-tumor immunity (113).
The intracellular signaling of cytokines depends on the activation of STAT3.
Unsurprisingly, the myelopoiesis growth factors G-CSF and GM-CSF enhance the
proliferation and viability of AML cells through phosphorylation of STAT3 and
STATS (109, 111). Especially, aberrant activation of STAT3 has been implicated in
AML and myelodysplastic syndrome (MDS) pathogenesis and associated with
reduced progression-free survival (114). On the other hand, a splice variant of
STAT3, namely, STAT3f, may interfere with the pro-tumor actions of this pathway
(115).

In acute promyelocytic leukemia (APL), a well-recognized fusion occurs
between STATS5B and retinoic acid receptor (RAR) due to a deletion on
chromosome 17 (116). This fusion protein enhances the STAT3 signaling and
hinders myeloid maturation by inhibiting the transcriptional activity of
RARa/retinoid X receptor (RxR)a. In AML, dysregulation in the JAK/STAT
pathway may contribute to immune evasion (117). Recently, a study from our group
demonstrated that the induction of myeloid maturation through RARa and RxRa
ligands in AML and MDS potentiated atypical IFN-y signaling through STAT3,
while the classical anti-tumor effects of this cytokine are typically mediated through
STAT1 (13). Therefore, inhibition of STAT3 has been anticipated as a promising
therapeutic approach in myeloid malignancies. In conclusion, the involvement of
lymphoid organs in which leukemia develops provides a continuum of factors
required for the stimulation of inflammatory pathways; whereas the bone marrow
niche supports the signals for stemness. Therefore, the pathways of inflammation
and stemness congregate to sustain the leukemogenesis and plasticity of AML
blasts. This dynamic process is the main driver of cancer heterogeneity.

IL-1pB, another crucial inflammatory cytokine, linked with unfavourable
prognosis in hematological malignancies, including AML. It is produced by
multiple cells such as macrophages, dendritic cells, fibroblasts, and endothelial
cells, its receptor IL-1R1 expression is upregulated on AML blasts (118), leading

to the formation of a potential positive feedback loop. IL-1B promotes the
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advancement of AML by activating p38 mitogen-activated protein kinase (MAPK)
and causing abnormal activation of the GATA binding protein-2 (GATA-2)
transcription factor (90). It is generated as a reaction to foreign antigens that are
identified by pattern recognition receptors (PRRs) such Toll-like receptors (TLR).
However, the synthesis of the physiologically active IL-1B molecule requires a
second stimulus through a caspase-1-related enzymatic cascade (119).

The activation of caspase-1 is facilitated by a complex consisting of multiple
proteins, known as the inflammasome complex. This complex is widely recognized
as a characteristic feature of acute inflammation (120). The inflammasome, which
plays a vital role in disorders such as autoimmunity and cancer (121, 122, 123) is
responsible for the processing of IL-1f (120). Activation of the NLRP3
inflammasome and subsequent production of IL-1B have been observed in solid
tumors, including breast, head, and neck (124), stomach, and lung malignancies,
affecting metastatic cells (124, 125). Increased serum levels of IL-1B and IL-18
(126), which promote chemoattraction and dissemination of leukemia cells have
been detected in AML. Nevertheless, proliferation of normal myeloid progenitors
is suppressed by IL-1B (127). Increased expression of NOD-like receptor family
pyrin domain containing 3 (NLRP3) inflammasome is observed in AML and is
controlled by variables such as the PML tumor suppressor protein and the KRAS
G12D mutation (128, 129). Upregulation of NLRP3 in AML blasts through the
NF-kB pathway augments the proliferation, survival, and resistance to
chemotherapy (130). ILIRAP, which is linked to IL-1R1, FLT3, and c-KIT, is
strongly correlated with poor prognosis in AML patients (131). High mobility group
box 1 (HMGBI1) governs the production of inflammatory cytokines, including
tumor necrosis factor alpha (TNF-a)), which subsequently promote the expression
of IL-1B in AML (132). TNF-a produced by leukemic stem cells (LSC) promotes
the development of leukemia and resistance to therapy (133). Thus, targeting IL-
1B, NF-«xB, caspase-1, or TNF-a exhibits anti-leukemia potential (85). Anakinra,
canakinumab, and rilonacept are among the therapeutic compounds undergoing

clinical trial evaluation (118).
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heterogeneity in AML.

2.7. Myeloid Maturation in Acute Myeloid Leukemia

Immature AML blasts accumulate in the bone marrow due to defects in
hematopoiesis and exhibit uncontrolled proliferation and growth (134). These blasts
spanning various stages of hematopoiesis, lack the capacity for differentiation or
apoptosis. In AML biology, it has been commonly believed that mutations or
multiple genetic aberrations lead to a differentiation block and enhanced cell
proliferation (135, 136). Many targeted therapies for AML focus on inducing cancer
cell differentiation (137, 138, 139). Over the past ten years, differentiation therapies
have played a key role in the treatment of APL. These therapies include the use of
all-trans retinoic acid (ATRA) (137), isocitrate dehydrogenase inhibitors (IDH)
(140, 141), anthracyclines, antibiotics (idarubicin, daunorubicin), nucleoside
analogs, DNA methyltransferase (DNMT) inhibitors such as azacytidine and
decitabine, histone deacetylases (HDAC) inhibitors, bromodomain and
extraterminal (BET) inhibitors, and Flt3-like tyrosine kinase receptor 3 (FLT3)

inhibitors.

Although induction chemotherapy leads to high rates of remission among
70-80% of patients younger than 60 years and 50% of patients older than 60 years,
relapse within six months is common, particularly in elderly patients, and is

associated with a poor prognosis (142, 143). Accordingly, a post-remission therapy
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intends to minimize relapse by removing all remaining leukemia cells (144). AML
therapies primarily aim elimination or differentiation of LSCs or the promotion of
their differentiation. It is believed that LSC maturation follows a unidirectional and
non-reversible pathway, similar to the differentiation of normal cells. Thus, relapse
is likely to arise from immature leukemia cells that possess mutations and a
blockade in differentiation, impeding their maturation in response to therapy (145,

146).

However, recent in vivo data demonstrated that AML progression is driven
by a reduced or biased differentiation rather than a repressed differentiation. In
addition, the emerging role of many transcription factors (e.g. PU.1) in controlling
the equilibrium between leukemogenic and non-leukemogenic states adds
complexity to our knowledge on AML development (147, 148). Another intriguing
finding showed that triggering AML differentiation in vivo can also result in the
formation of two mature myeloid lineages. One of those lineage did not contribute
to the disease whereas the other one persisted in extramedullary organs during
remission and had potential to relapse (149). Due to the minimal residual disease
the initial induction therapy is usually followed by consolidation therapy and
allogeneic or autologous hematopoietic SCT. For patients with AML at moderate
and poor risk categories, allogeneic SCT is considered as the preferred treatment
approach (3) generally attributed to its potent anti-leukemia effects and a robust

graft-versus leukemia effects (GvL) (4).

2.8. Allogeneic Transplantation: Addressing Relapse Dynamics in AML

Although transplant-related mortality has declined in recent decades,
relapse remains the leading cause of transplant failure. Alloreactivity against
healthy tissue, which occurs as graft-versus-host disease (GvHD), is another
plausible cause of graft failure (150, 151). GVHD and relapse are the main causes
of poor survival (OS) in AML patients treated with allo-SCT, which is still about
50% after 3 years (21).
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Figure 2.3. Immunotherapies targeting minimal residual disease (MRD) after
allogeneic hematopoietic stem cell transplantation (allo-HSCT) in
AML aim to prevent relapse. Adapted from Hattori and Nakamaki
2019 (152).

Relapse often occurs months or years after remission and typically after the
termination of therapy. Loss of immunogenicity in AML occurs after allogeneic
SCT under constant immunological selection pressure, leading to immunological
escape and relapse by several possible mechanisms. Firstly, in HLA-incongruent
grafts, the strong immunological pressure after transplantation is usually favored
by donor T cells together with the genomic instability of tumor cells, resulting in
the emergence and selection of mutant variants with genetic loss of part or all of the
HLA locus, leading to a reduction in HLA presentation, which hinders the ability
of T lymphocytes from the donor to identify and target AML cells. In addition,
downregulation of HLA expression caused by abnormalities in transcriptional
regulators may also contribute to relapse (9). Secondly, another factor that
determines the T-cell response is tumor burden. High leukemia antigen levels lead
to T cell exhaustion and simultaneous increase in inhibitory molecules expressions
such as PD-1, which upon binding with its ligands PD-L1 and PD-L2 decrease
proliferation and cytotoxic potential of reactive T cells (5). Thirdly, expression of
anti-inflammatory enzymes and cytokines and reduction of pro-inflammatory
cytokines lead to direct immunosuppression in AML. A study by Toffari et al. (8)
showed upregulation of co-inhibitory molecules (PD-L1 and B7-H3) in post-

transplant relapse and a subsequent increase in corresponding receptors on T cell,
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suggesting different mechanisms of immune evasion after transplantation. Thus,
relapse may occur after an interval of effective GvL when the immune system
becomes tolerant to residual disease and undergoes immune evasion through clonal
selection of immunoresistant progenitor cells. AML cells develop mechanisms to
evade immune responses as they expand in the primary or secondary immune

organs and are exposed to inflammatory immune responses (14).
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Figure 2.4. The strategies applied by AML cells to dodge immunological
responses. Adapted from Hattori and Nakamaki, 2019 (152).

2.9. The Immunogenicity of AML Blasts

AML cells, which were previously thought to engage only in
immunosuppression, actually can also co-stimulate T cells by expressing CD80,
CD86, and ICOS-LG from the B7 protein family on their surface, just like antigen-
presenting cells (10, 11). However, studies have shown that AML cells
encountering the cytokine IFN-y released by activated T cells initiate the expression

of PD-L1 and PD-L2 co-inhibitor molecules. This leads to inhibition of T cell
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responses by binding to the PD-1 receptor (13) . This mechanism by which AML
cells stimulate and then suppress T cell responses is termed "adaptive resistance."
Furthermore, another study by our group has shown that co-stimulation by AML

cells negatively affects effector T cell responses by causing T cell exhaustion (10).

In this context, immunotherapies have recently come to the forefront as a
treatment option for AML, which is in close relation with the immune system.
However, compared to solid tumors the outcomes of immunotherapies inhibiting
PD-1 and CTLA-4 pathways in AML patients have not been very promising (1, 12).
The underlying reason for this is that immunotherapies do not generate immune
responses from scratch, but rather reinforce pre-existing immune responses. In
addition, heterogeneities in the individual's immune system and differences within
tumor microenvironment are other obstacles for an efficient immune therapy in
AML (153). The effectiveness of PD-1 blockade therapy in classical Hodgkin
lymphoma (cHL) defies expectations based on its low mutational burden compared
to solid tumors. While cHL exhibits fewer somatic mutations, whole-exome
sequencing of HRS cells from cHL samples indicates a median of only 244
mutations per case, much lower than in solid tumors (154). Similar to other
hematological malignancies, AML cells have low mutational burden and are
therefore less immunogenic (153). Furthermore, AML cells have a tendency to lose
the surface antigens that allow the immune system to recognize them, just like in
solid tumors. As a result they are able to dodge T cell response by recruiting immune
suppressor cells, including myeloid-derived suppressor cells (MDSCs) and T
regulatory (Treg), to the tumor milieu (155). In this context, elucidating the
relationship between AML cells and immune escape mechanisms is crucial for

designing effective treatment strategies.

2.10. The Immunological Shaping of Cancer

Immune response against tumors requires the activation of "the cancer-
immune cycle," a concept derived from the research conducted by Chen et al. (156).
The cycle consists of three primary phases: 1) Identification and stimulation of
immune cells, 2) movement and penetration into the tumor's interior, and 3)

immune-driven elimination of tumor cells. Tumor immune escape is inevitable if
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there are any interruptions in these stages. Cancer cells often utilize a series of
tactics to evade detection by the immune system, hence limiting treatment efficacy.
It is imperative to determine the precise evasion mechanism employed by cancer

for each individual patient to ascertain the optimal therapeutic approach (157).

The tumor response entails various crucial pathways that encompass the
process of detection and immune activation. For example the UL16 binding protein
(ULBP) and MHC class I chain-related polypeptide A (MICA/MICB), which are
ligands for the activating NK group 2D (NKG2D) produced in response to cellular
stressors, are found in different types of tumor (158, 159). These proteins serve as
targets for specific types of T cells (y8 T cells, CD8 of3) and natural killer (NK)
cells. Upon activation, these cells facilitate cytotoxic cell-mediated death and
secrete IFN-y. Nevertheless, tumor cells have the ability to evade immune
destruction by releasing NKG2D ligands, resulting in a reduction in NKG2D
expression on host immune cells (159, 160). T cells predominantly detect
malignancies via antigen-specific T-cell receptors (TCR). As cancer cells grow, they
accumulate more mutations, resulting in the production of neoantigens and aberrant
protein expression (161). Tumor antigens can be broadly grouped into tumor-
specific antigens (TSA) and tumor-associated antigens (TAA), which are
abundantly produced by malignant cells (161, 162). The process of eliminating
tumor cells by cell-mediated killing mechanisms, specifically by NK cells, results
in a spread of tumor antigens. Next, dendritic cells (DCs) internalize the tumor
antigens, undergo maturation, and relocate to lymph nodes. There, they present
antigens to naive T cells, initiating T cell activation, differentiation, and
proliferation (159, 163). Sufficient co-stimulation is essential, since its absence

results in T cell anergy and tolerance (164).

The tumor microenvironment (TME) is frequently acknowledged with
immunosuppressive properties as a result of factors released by malignant cells and
immune cells like Tregs, MDSCs, and tumor associated macrophages (TAMs).
Interleukin 10 (IL-10), indoleamine 2, 3-deoxygenase (IDO), vascular endothelial
growth factor (VEGF), and transforming growth factor beta (TGF-B) hinder the
maturation of DCs, hence restricting the expression of co-stimulatory proteins (157,

165, 166, 167, 168, 169). Furthermore, when cytotoxic T lymphocytes (CTLs)
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move to tumor site, they eliminate tumor that display antigens on major
histocompatibility complex class I (MHC-I). Tumors can evade immune
recognition by either losing specific antigens, or gaining alterations in the antigen-
presenting machinery, which lead to diminished immunogenicity (157, 158).
Tumors become vulnerable to NK cell-induced destruction when MHC-I is lost, as
this eliminates inhibitory signals transmitted by HLA class I-binding receptors such

as killer Ig-like receptors (KIRs) (160).

The migration of immune cells inside tissues is regulated by molecules
promoting chemotaxis and adhesion (170). Chemotactic cytokines, play a crucial
role in modulating cell motion especially for immune cells. Different subsets of
immune cells express different chemokine receptors, which results in recruitment
of a specified immune cell subset proficient for the stress or infection exposed
(170). For example, the process of NK cell maturation or naive T cell differentiation
includes alterations in the chemokine receptor’s expression, enabling them to
migrate to tumor locations. The chemokine receptor CXCR3 and its ligands,
CXCL9, CXCL10, and CXCL11, that are triggered by IFN-y and partially by type
I interferon, assist in the tumor influx of leukocytes and promote tumor destruction
(157, 158, 170). The aberrant expression of various chemokine receptors and their
ligands are linked to an extensive range of human disorders including various

inflammatory conditions, malignancies and autoimmune diseases (170).

Tumor cells frequently utilize evasion strategies to impede the invasion of
anti-tumor leukocytes. Additionally, they facilitate the influx of tumor promoting
leukocytes like immature DCs, MDSCs, TAMs, and Tregs which are linked to
adverse outcomes in patients in several malignancies (162, 170). The epigenetic
silencing of chemokines such as CXCL10 and CXCL9 leads to abnormalities in the
IFN-y signaling. The mutations causing loss-of-function in Janus kinase (JAK)1/2
lead to IFN-y unresponsiveness and reduced expression of IFN-y -related genes.
The aforementioned observations highlight the crucial significance of immune cell
movement in relation to cancer, as well as the intricate interaction between
chemokines, their receptors, and inflammatory responses associated with tumors

(157, 170).
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Another crucial process known as extravasation, by which leukocytes leave
blood vessels and arrive at areas of tissue damage, infection, or tumor, is another
critical event for the passage of cells into tissues (171). Adhesion molecules such
as intracellular adhesion molecules (ICAM) and vascular adhesion molecules
(VCAM) are produced by endothelial cells to promote cell attachment (171). VEGF
is secreted in the setting of tumor growth to fulfill the oxygen and nutritional
requirements. However, VEGF-A suppresses VCAM and ICAM on endothelial
cells and hinders extravasation and impedes immune cells from homing to the
tumor location (157). When immune cells arrive at the tumor location, they begin
to carry out their effector roles, which include direct or indirect removal of tumor
cells (158, 159). T helper 1 cells (Thl), CTLs, and NK cells all produce IFN-y,
which boosts tumor immunogenicity by triggering MHC-I expression, attracting
lymphocytes that infiltrate tumors, preventing tumor cell growth via cell cycle
inhibitors, and facilitating death (158, 159). On the other hand, IFN-y also functions
as an immune modulatory mediator by causing the production of PD-L1. PD-L1
inhibits functions and/or triggers apoptosis of effector T cells and NK cells resulting
in poor prognosis (172). Prolonged phosphoinositide 3-kinase (PI3K)-protein
kinase B (PKB or AKT) network activation or constitutive STAT3 pathways

activation can also result enhanced PD-L1 expression (173, 174, 175).

To evade the anti-tumor effects of IFN-y and receive continuous stimulation
of PI3K/AKT and STAT3, tumor cells may acquire aberrations in the IFN-y
transduction pathway (176, 177, 178, 179). This enables them to resist immune

regulation.
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The mechanisms regulating immune activation or tolerance in
hematological malignancies may differ significantly from those reported for solid
cancers. Nevertheless, hematological malignancies and solid tumors share several
immune escape routes as well (180, 181, 182, 183, 184), while the latter have
specific tolerance mechanisms in place (185). Under physiological conditions, the
immune system possesses capability to discriminate between endogenous and
foreign molecules. While immune system neutralizes the non-self-molecules, it
develops a tolerance mechanism to the self-molecules (186). Tumor cells with
impaired cellular activities that have undergone mutations display tumor-associated
antigens on their surface that allow their recognition and destruction by the immune
system. With respect to pro-inflammatory cytokines (for instance IFN-y), it has long
been considered that they are crucial for triggering anti-tumor T-cell responses and

facilitating tumor rejection. Nonetheless, chronic antigen exposure coupled with
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constitutive IFN-y signaling triggers a multigenic program driven by STAT1 (which
is PD-L1 independent) and imparts resistance to immunotherapy and radiotherapy
(187). It is evident that certain tumor cells cannot be eliminated by the immune

system, resulting in the emergence of neoplastic disease (188).

To refine the intricate mechanism referred to as immunological control of
cancer, elimination, equilibrium, and escape phases of tumor immunology should
be considered. During the elimination phase, immune system activated by tumor
antigens and proinflammatory factors discharge in the tumor milieu and effectively
eradicate the majority of tumor cells. This is followed by the onset of the
equilibrium phase, which is a dynamic process involving the remaining tumor cells
that manage to survive elimination despite the presence of the immune system.
During equilibrium phase, although the immune system can keep tumor cells in
check and limit their proliferation; it cannot totally eradicate the tumor cells.
However, when this phase ends in favor of the tumor cells, the malignant cells that
evade the immune responses become desensitized to apoptotic signals proliferate

and spread by suppressing the immune responses (163).

Genomic studies of AML and other malignancies have shown that all tumors
are genetically heterogeneous and display characters of additional evolution in
response to treatment. This heterogeneity within the tumor is thought to be of
clinical importance because it is the substrate for natural selection that drives tumor
evolution, immune escape, recurrence, and resistance to therapy. Heterogeneity in
gene expression or cell state (189) and maturation plasticity (149) have recently
emerged as the major sources of relapse or immune resistance in AML in response

to various treatments.

The heterogeneous nature of AML, the mechanisms of immune modulation
and the evolution and generation of resistant subpopulation needs to be thoroughly
investigated to enhance future immune intervention therapies for hematological
malignancies. In this context, elucidating the relationship of AML cells with the
immune system and their evasion mechanisms is crucial for the effectiveness of

treatment approaches.
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3. MATERIALS AND METHODS

The study was conducted at the Department of Basic Oncology, Hacettepe
University Cancer Institute, spanning from February 2018 to July 2023. All
experiments were conducted in accordance with the local non-interventional

clinical research ethics committee (Approval No: GO 19/1142).

3.1. Materials

RPMI-1640 (Biological Industries, USA), 10X trypsin-EDTA (Biological
Industries, USA), phosphate buffered saline powder (Advansta, USA), fetal bovine
serum (FBS) heat-inactivated, trypan blue, penicillin streptomycin (Biowest,
France), propidium iodide, DRAQ7™ (Biolegend, USA),
carboxyfluoresceinsuccinimidyl (CFSE) cell tracer, anti-human CD3 mAb (Clone:
Hit3a), cell division dye eFluor670 (eBioscience, USA), LEGENDplex Human
CD8/NK Panel (13-plex), PMA (Phorbol 12-Myristate 13-Acetate, Cell Signaling,
USA), accudrop beads (BD Biosciences, USA), dimethyl sulfoxide, DNA marker
50 bp (Thermo Fisher Scientific, USA), histopaque 1.077 g/mL, ethidium bromide
solution (Sigma-Aldrich, USA), 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI), ethanol 96%, (AppliChem, Germany); Seakem® Le agarose (Lonza,
USA), isopropanol 98%, cellwash, filter paper, Sodium chloride (NaCl), DNase
enzyme (DNase I), Dream Taq buffer solution, Taq polymerase enzyme, 25 mM
dNTP solution, oligo(dT) primers, 4x reaction buffer solution, ribonuclease
inhibitor (RiboLock), reverse transcriptase (RT) enzyme (Thermo Scientific,
USA) ; 100 bp DNA marker (GeneDirex OneMark 100, USA), B-actin rabbit anti-
human monoclonal antibodies, SsoAdvanced™ Universal SYBR® Green
Supermix solution (BioRad, USA), RNeasy Mini Kit (Qiagen, USA), RNA
purification and concentration kit (Zymo Research, USA); loading dye (6x; Thermo
Scientific, USA; BioRad, USA), agarose (Lonza, Switzerland); oligonucleotides
used in polymerase chain reactions (PCR) (Sentegen, Turkey), Non-essential amino
acids (HyClone™, GE Healthcare, UK), Carboxy-dichlorodihydrofluorescent
diacetate (H.DCFDA), 4,5-diaminofluorescent Diacetate (DAF.DA), Apoptosis
assay kit (BioLegend, USA), RNA isolation kit (M&N, USA), RNA cleaning and
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concentration kit (Zymo Research, USA), MatrijelTM, fibronectin, Boyden
chamber (Corning, USA), Glass slides, Lamel (IsoLab, Germany), mounting
medium (Abcam, UK), U-bottom 96-well plates, 24-well plates, 6-well plates,
serological pipettes (SmL and 20mL), T75, T25 flasks, tubes (1.5 mL, 15 mL, 50
mL), Round base, 5 mL, 75 x 12 mm PS tubes with an integrated ventilation push
cap, 5 mL round bottom flow tubes, and other plastic materials (Sarstedt, Germany;

Nest, China).

3.2. Buffers and Solutions

Phosphate-buffered Saline (PBS): Commercially available PBS buffer pouches
were dissolved in 500mL distilled water (dH20) and sterilized by autoclaving to
obtain 1X ready to use PBS solution and later stored at 4°C for future use.
Complete RPMI-1640 medium: A culture medium with 10% FBS was prepared
by combining 55 mL of heat-inactivated FBS and 5.5 mL (final concentration
approximately 1%) of penicillin/streptomycin with 500 mL of RPMI 1640 medium
containing stable L-glutamine. The freshly prepared complete RPMI 1640 was then
stored at 4°C.

eFluor670 and Carboxyfluorescein succinimidyl ester (CFSE): For preparing a
5 mM stock solution, lyophilized CFSE (100 pg) was dissolved in 36 pLL Dimethyl
sulfoxide (DMSO) and efluor670 (500 pg) in 126 pLL. DMSO. Stock solutions were
aliquoted and stored at -80°C in dark for later use.

Trypan blue: Trypan blue 40 mg was weighed and dissolved in 1X PBS and passed
through a 0.22 uM filter to prepare a 4% (w/v) trypan solution , aliquoted 500 puL
in 1 mL eppendorf and stored at room temperature. The shelf life of the solution is
3 years at room temperature.

Anti-human CD3 monoclonal antibody (aCD3): For T cell stimulation assays, a
working volume of 5 pg/mL of anti-human CD3 were prepared in serum-free
RPMI-1640 from a stock solution of 1 mg/mL and was then aliquoted and
refrigerated at a temperature of -20° C.

Propidium iodide solution: PI (5 mg) was weighed and dissolved in 1 mL dH>O
to get a final concentration of 2.5 mM and kept away from light by aliquoting and
storing at 4°C. Shelf life of the solution +2-8°c for at least 6 months.
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Phorbol 12-myristate 13-acetate: A 200 uM stock solution was prepared by
dissolving PMA powder in DMSO. From this stock, a working solution with a
concentration of 80 uM was made using serum-free RPMI 1640, aliquoted, and
kept at -20°C.

Carboxy-dichloro-dihydro fluorescent Diacetate (H2DCFDA): 100 mg of
lyophilized H2DCFDA was dissolved in DMSO under sterile conditions to prepare
a 100 mM solution and stored at -80°C in aliquots.

4, 5-Diaminofluorescent Diacetate (DAF2DA): DAF:DA in lyophilized form
(100 mM) was dissolved in DM SO under sterile conditions and intermediate stock
solutions were prepared at a concentration of 500 pM. The prepared solutions were
stored in aliquots at -80°C.

Primary and Secondary Antibodies: Mouse anti-human mAbs (KLF2, KLF6, 3-
actin, Ki67), rabbit anti-human c-Myb monoclonal antibody used in
immunofluorescence analysis. Secondary antibodies included anti-mouse Alexa
488, anti-mouse Alexa 647, anti-rabbit Alexa 555, and DAPI, all prepared in 1X
PBS with 2% BSA at a 1:1000 dilution. Both primary and secondary antibodies

were freshly prepared for each sample staining.

3.3. Cell Culture

3.3.1 Thawing and Culturing of Acute Myeloid Leukemia Cell Lines

The cryogenic vials of THP-1, U937, and HL-60 cell lines, which were
previously stored by our laboratory members were removed from the nitrogen tank,
thawed by gently swirling in a pre-maintained water bath at 37°C. During the
thawing process, melting the ice crystals (< 2 minutes) is sufficient. At this stage,
the sample was quickly decontaminated with 70% ethanol and placed in the laminar
hood. After that, the sample was moved into a 50 mL tube with complete RPMI
1640 medium and subjected to centrifugation at 400xg for 5 minutes to get rid off
cryoprotectant DMSO. The cell pellet obtained was again suspended in complete
RPMI 1640 medium after discarding the supernatant and transferred to a T-25 cell
culture flask with 10 mL of complete RPMI 1640 medium addition along with 1X
non-essential amino acid solution and put in an incubator set at an ambient

condition of 37°C and 5% COa. Cell density was monitored every day and once
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desired cell density was obtained they were transferred to the T-75 flask with 15
mL of complete RPMI 1640 medium added, and then the passaging protocol was
followed as mentioned by American Type Culture Collection (ATCC) for each
AML cell line.

The T-75 flask was first examined under the microscope; then THP-1, HL-60, and
U937 cell suspensions were counted in a cell counter under microscope, and the
suspension volume was reduced to a cell density of 2-4x10° cells/mL, by aspirating
out 10 mL and adding 10 mL of complete RPMI-1640 to bring the total volume to
20 mL. These cell lines grow in suspension and requires passaging 3 times a week

to maintain a cell density in the range of 2-4x10° cells/mL.

3.3.2 Cell Counting

Cell counting was performed using a "Fuchs-Rosenthal Counting Chamber"
(Hausser Scientific, USA) throughout the study. The cells were repeatedly aspirated
and dispensed to achieve a uniform suspension of individual cells. Subsequently,
10 puL of trypan blue was combined with 10 uL of the cell suspension and carefully
introduced between the coverslip and the Fuchs-Rosenthal counting chamber using
capillary action. Next, employing a light microscope at a magnification of 40X
magnification, the mean value of the cells counted in the four squares of 16 squares
divided by gridlines was selected, as depicted in figure 3.1. The depth of each
square measures 0.1 mm and has a volume of 0.1 pL (100 nL). Each of the 16
squares has a side length of 1 mm. Hence, the area will measure 1 mm? and the
volume will be: 1 mm? x 0.1 mm = 0.1 mm?. As a result, the number of cells per
milliliter was calculated using the following formula, considering the 1:1 dilution
coefficient with trypan blue. (Formula 3.1).

Final volume / solute volume = Dilution Factor (DF)
Formula for cell concentration:
Area=1 mm x 1 mm= 1mm?

Volume= 1mm?2x 0.1lmm= 0.1mm?

Total cells/mL =  Total cells counted x DF x 0.5 x 104 (Formula 3.1)

No. of counted squares.
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R P

Figure 3.1. A schematic diagram for Fuchs Rosenthal Counting chamber
(Hausser Scientific, USA) (190).

3.4. Isolation of Peripheral Blood Mononuclear Cells

Blood samples were obtained from healthy individuals into EDTA tubes
(anticoagulant). Samples were diluted promptly v/v 1:1 with serum-free RPMI
1640 medium. Simultaneously, 3 mL of 1.077 g/mL density Ficoll solution, was
transferred to a 15 mL tube and the diluted blood sample was slowly layered over
it, ensuring that Ficoll and blood sample do not mix and form separate layers in the
tube. Next, the sample was centrifuged at 400 g, at room temperature, for 25
minutes at the rate of 2-4 acceleration and deacceleration. After 25 minutes,
gradient layers were formed based on the buoyancy properties of the cells in the
tube. Peripheral blood mononuclear cells (PBMCs) forms the buffy layer just above
the Ficoll solution. After removing the majority of the plasma and RPMI 1640
mixture above the bufty layer (about 1-2 mL), the translucent buffy layer containing
the mononuclear cells was collected in a separate tube and washed twice with 1X
PBS at 1800 rpm for 5 minutes. Peripheral blood layered on Ficoll (1.077 g/mL)

solution was centrifuged.
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Figure 3.2.  Schematic representation of the cell separation using the gradient
centrifugation method. At the end of the centrifugation, the PBMC
population can be isolated as a buffy layer.

3.5. Optimization of Co-Culture Ratio and Time Interval through Mixed-
Leukocyte-Leukemia Cell Reactions (MLLR)

AML cell lines (125%10° cells/mL) and PBMCs were co-cultured at various
ratios in the presence of anti-CD3 monoclonal antibody (HIT3a, 25 ng/mL). THP-
1 cells were used as a prototype for determining an optimal time interval and co-
culture ratio with PBMCs. AML cells and PBMCs were labelled with vital
fluorescent dyes (5uM), carboxyfluorescein succinimidyl ester (CFSE, BioLegend)
and eFluor670 (Invitrogen), in order to discriminate between two cell types and to
trace their proliferation activity by flow cytometry. For this cells were first washed
with 1X PBS to remove the media, then 5x10° cells were resuspended in serum free
RPMI 1640 and were stained with CFSE / eflour670 dyes at 5 uM final
concentration and incubated for 10 minutes in the dark at room temperature. After
incubation full RPMI was added to the tubes and were kept on ice for 5 minutes,
followed by a washing step at 1800 rpm for 5 minutes. Later supernatant was
discarded and cells were resuspended with complete RPMI 1640.

THP-1 cell line was used to optimize the time interval and co-culturing ratio
with the immune cells to generate a mixed-leukocyte-leukemia cell reactions

(MLLR) and to obtain at least 50% viable AML cells for further re-culturing
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experiments with allogeneic PBMCs and other immune cells, directing AML cells
to acquire resistance. For this, counted THP-1 cells and PBMCs were labeled with
proliferation dye CFSE (5 pM) and efluor670 (5 uM) respectively, without any
other molecular or biochemical manipulations on the cells prior to co-culture. Co-
cultures were performed following the protocol previously optimized in our
laboratory (11). According to this protocol, THP-1 cells were counted as 25x10°
and kept constant whereas PBMC ratio was increased starting from no PBMC (1:0
to 1:0.125, 1:0.25, 1:0.5, 1:1, 1:2, 1:4) and co-cultured together with anti-CD3
stimulation (25 ng/mL, clone: HIT3a) in a U-bottom 96-well plate (Fig. 3.3). For
ensuring consistency and homogeneity in each well, cells and anti-CD3 antibody
were first mixed in a separate tube, before distributing them into the wells, as
opposed to directly in the plate. Co-cultures were maintained for 24, 48, and 72
hours without any medium refreshment. Cells were obtained at 24, 48, and 72 hours
from the co-cultures and analyzed for viability using propidium iodide (PI; 2
pg/mL) staining and proliferation at each time point using the FACSAria II

instrument and FACS Diva software.

Target cells Effector cells
coculture in the
™ presence of anti CD3
.' 50% viable THP-1 cells
A A A
24h 48h 72h
THP-1  AMLcels PBMCs
CFSE labeled efluor670 labeled

Ratio: 1:0.25, 1:0.5, 1:1,1:2, 1:4

Figure 3.3. Schematic diagram of the experimental setup for MLLRs.

3.6. Selection and Purification of the AML Cell Population from the
MLLRs

After the optimal ratio and time point selection at which at least 50% of cells
were found to be viable next, the co-culture experimental setup was performed

using PBMCs and other leukemia cell lines U937 and HL-60. AML cells counted
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as 1x10° were co-cultured with PBMCs stained with cell division tracer CFSE at a
1:0.25 ratio at 37°C and a 5% COz environment for 48 hours. To avoid any technical
problems, which might occur due to fluorescent staining, the AML cells to be
isolated and purified for transcriptomics and other analyses were kept unlabeled in
the co-cultures. After 48 hours of co-culture with PBMC in MLLRs at a 1:0.25 ratio,
and following cell staining with propidium iodide (PI, 50 pg/mL) or DRAQ7 (2
ng/mL, BioLegend) viability dyes, the viable (PI or DRAQ7-negative) AML cells
were isolated by FACS. The purity and viability of the sorted AML cells were
verified by flow cytometry through immunophenotyping with the pan-myeloid cell
marker (anti-human mAb) CD13 (WM15), on DRAQ7-negative cells. The AML
cells isolated with a purity >96% were referred as "immune-experienced AML
(ieAML) cells" and used in further experiments.

The viable AML cells were sorted and purified using a FACS Aria II cell
sorter installed with FACS Diva V8.0.1 software (BD Biosciences, USA). The
sorter settings were set up as per the twenty-eight recommendations in the sorting
manual to sort the desired cell population. FACS sorting was adjusted and finetuned
to obtain the best drop delay value, drop drive frequency, and amplitude using BD
FACS Accudrop Beads (BD Biosciences, USA). Following sample run and doublet
exclusion, a gating strategy was designed to sort the desired cell population. The
cells were scattered depending upon the granularity in an SSC plot (side scatter-
area) and size in a FSC plot (forward scatter-area), respectively (Fig. 3.5). Next, the
target population was selected using specific fluorochrome-labeled antibodies, and
the cells (DRAQ7 negative and CD13 positive AML cells) were sorted and selected.
Later, post-sort purity of the sorted cell was determined using flow cytometric
analysis. Various analyses were conducted on the ieAML cells such as
immunophenotyping, cell cycle analysis, and re-subjected to MLLR co-cultures

with PBMCs or purified CD8" and CD4" T cells.
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Figure 3.4.  Experimental setup to purify and sort viable AML cells from the co-

cultures.
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Figure 3.5.  Gating strategy for the selection and isolation of immune-
experienced AML sub-population from co-cultures.

3.7. Purification of CD4" and CDS8" T-cells by FACS

T-cells were purified and sorted from PBMCs obtained through Ficoll gradient
separation from healthy donors peripheral blood for subsequent re-coculturing
experiments with ieAML cells. For T-cell sorting, T cells were freshly isolated from
the PBMCs and purified by FACS following labeling with the monoclonal
antibodies reactive against human CD16 (3G8), CD56 (MY31), CD4 (SK3), CD8
(SK1), (BioLegend) surface molecules. Next, cells were rinsed in complete RPMI
1640 at 1800 rpm for 5 minutes to remove unbound antibodies. At the end of

centrifugation, the supernatant was discarded, and RPMI 1640 medium was used to
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resuspend the cells and filtered through a cell strainer (40 um) (Stem Cell
Technologies, Canada) to maintain single cell suspension. Then, the cells were
subjected to a FACS. Following doublet exclusion, SSC-FSC plots based on height
(FSC-H) versus area (FSC-A) were created, as described below (Fig. 3.5) and
cytotoxic T cells and helper T cells were sorted as CD16°CD56°CD4 CD8" and
CD16'CD56'CD4"CDS8" populations, respectively. T-cells (CD4" and CD8") were
purified by Fluorescence-activated cell sorter as per the required cell number. Next,
sorted cells were subjected to purity analysis via a post-sort using a flow cytometer
(See Fig. 3.5). T-cells with a purity >96% were resuspended in complete RPMI

medium and were used in further co-cultures with AML cells.

3.8. Re co-culturing of ieAML Cells with T Cells and PBMCs

Three different AML cell lines (HL-60, U937, and THP-1) wildtype (wtAML)
and their selected immune-experienced populations (ieAML) were labeled with cell
proliferation dye CFSE (5 uM) whereas PBMCs were labeled with efluor670 (5
puM) and co-cultured at increasing PBMCs ratio (1:0.25, 1:0.5 and 1:1) for 72 hours
at 37°C and 5% COz environment stimulated with anti-CD3 monoclonal antibody.

Alternatively, in another setup, all the three wild type AML cell lines and their
selected immune-experienced populations were labeled with cell proliferation dye
CFSE (5 uM), whereas CD4" and CD8" T cells were labeled with efluor670 (5 uM)
and were co-cultured for 72 hours at increasing T cell ratio (1:0.25, 1:0.5, 1:1, 1:2
and 1:4) under the stimulation of anti-CD3 mAb. At the end of the incubation,
viability and proliferation were analyzed by flow cytometry.

In order to determine the transistency of immune-experienced AML populations
(ieAML), the ieAML cells were rested (cultured alone) for 48 and 72 hours after
purification in complete RPMI to relieve the stress they experienced during
purification now designated as, rested ieAML cells. Next, efluor670-labeled CD4"
and CD8" T cells were co-cultured with the 72-hour rested ieAML and wtAML
cells in the presence of anti-CD3 mAb at a 1:2 ratio (AML: T cell) for 72 hours at
37°C and 5% COa». Following incubation, the proliferation capacity of T cells was

assessed by flow cytometry (see section 3.5).
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3.9. Analysis of Cell Death by Annexin PI Labeling

Annexin V and PI double staining was carried out to determine the viable,
apoptotic, and necrotic percentage of wild type (wt) AML (THP-1, HL-60, U937)
and immune-experienced AML cells. The fluorescent conjugated Annexin V
molecule can bind to phosphatidylserine marking it as “early apoptotic cells”.
Furthermore, PI staining differentiates late apoptosis. ieAML cells purified from
co-cultures (freshly sorted) or after resting in full RPMI 1640 medium for 48 and
72 hours (rested) were washed off at 1800 rpm for 5 min with 1X PBS at room
temperature. After centrifugation, the cell pellet was carefully resuspended in
Annexin V binding buffer (100 pL, 1X diluted with distilled water) within a 5 mL
flow tube, accommodating a maximum of 5x10° cells, subsequent to the removal
of the supernatant. Then, the cells were incubated with 5 uL of fluorescently
conjugated Annexin V for 15 min in the dark at room temperature. At the end of the
incubation period, PI was introduced to the sample, reaching a final concentration
of 50 pg/mL. The sample was then incubated for an additional 5 minutes under the
same conditions. Following the incubation, 3 mL of CellWash solution was
introduced to remove the PI, and the mixture was centrifuged at 1800 rpm for 5
minutes at room temperature. The cell pellet was then resuspended in CellWash

solution and quickly read by flow cytometry.

3.10. Cell Cycle Analysis

Wild type AML (wtAML) cells (THP-1, HL-60, U937) and ieAML (i.e. THP-
1, HL-60, U937) cells purified from co-cultures underwent a washing step with 1X
PBS. The resulting cell pellets were then uniformly resuspended in 1 mL of cold
1X PBS. Then, approximately 2.5 mL of cold 99% ethanol was added dropwise
with a pasteur pipette while vortexing and fixed overnight at 4°C. After fixation, a
2 mL wash with 1X PBS was performed, followed by centrifugation at 1800 rpm
for 5 minutes at 4°C. Next, supernatant was removed, and RNase 40 pL (0.1
mg/mL) and PI 40 pL (2.5 mM) was applied to the cell pellet, mixed thoroughly
with a pipette, and incubated for 20 minutes in the dark at room temperature. Post-

incubation, the cells were filtered through a 40 um pore-sized mesh and run on a
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flow cytometer. Briefly, forward scatter-height (FSC-H) and forward scatter-area
(FSC-A) plots were used to eliminate clumps, doublets; then, the singlets were
stringently gated on forward scatter-width (FSC-W) and forward scatter-height
(FSC-H) plots (Fig. 3.6). The percentage of events in each cell cycle phases were

determined based on the PI fluorescence intensity (DNA content).
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Figure 3.6. Gating strategy for cell cycle analysis.

3.11. Studies on Adhesion and Migration Dynamics of ieAML and wtAML
Cells

3.11.1. Polarization Capacity of ieAML and wtAML Cells on Coated
Surfaces

Immune-experienced AML cells recovered from the 48 hours of culture
through FACS along with wtAML cells were incubated overnight on surface coated
coverslips with Matrigel (20 mg/mL) and fibronectin (2 mg/mL) placed in a 24 well
plate in an incubator in 5% CO2 environment at 37°C. After 1 hour, cells were
inspected for attachment, followed by incubation for another 16 hours. At the
incubation, the medium was carefully collected with a pipette, and the coverslips
were rinsed gently with 1X PBS to eliminate any remaining fibrillar protein clumps.
Following the removal of PBS, the samples were treated with a 4%
paraformaldehyde solution and incubated at room temperature for 15 minutes. After
the incubation period, the coverslips were rinsed with 1X PBS and then incubated
for 1 hour with a solution containing 1% BSA solution. For studying cell
polarization, samples were next incubated with Alexa488 conjugated phalloidin
(1:500 diluted in 1% BSA solution) and cell nuclei were stained with DAPI (1:1000)

at room temperature in dark for 2 hours. After incubation, the cells were washed



37

thrice with 1X PBS, gently. Next, 100 uL of mounting media was applied onto the
slide, with the coverslips placed upside down. Next, nail polish was applied to seal
the edges of the coverslip to prevent drying, and it was left undisturbed overnight
in darkness at room temperature. The prepared slides can be stored for at least two
months at +4°C. For fluorescent imaging, immersion oil was applied onto the
coverslips and the slides were placed under an epifluorescent microscope (Olympus
BX51, Japan) under a 100x objective and visualized with a cooled 5.0-megapixel
CCD color camera (DC5000i, Euromex, The Netherlands). Images from
polarization and adhesion experiments were processed digitally using advanced
Image-J (NIH, USA) software to obtain numerical data. For this purpose, the area,
perimeter, and polarity index parameters of cells growing by attaching to the
relevant surfaces were assessed. The polarity index was determined using
directional analysis of the cell's actin skeleton. A structural image filter applied for
this process assigns directional components to each image (Directionality; Fourier
Components Analysis; Nbins = 90, angle = -90; build orientation map).
Subsequently, the polarity index of the cells was computed using dispersion,
amount, and goodness values obtained obtained in accordance with the specified

formula (3.2)

Polarity index = Amount x Overlap (formula 3.2)

(180-Scatter)/180

3.11.2. Real-time Analysis of Cell Adhesion Dynamics

The cell adhesion dynamics were investigated in real-time using
xCELLigence systems (ACEA Biosciences, USA). xCELLigence real-time cell
analysis (RTCA) system consists of a station with an RTCA impedance meter, a 96-
well electronic microtiter culture plate (E-plate) placed in the station, and a
computer running the RTCA software. In the xCELLigence system, after adding
100 pL of complete RPMI 1640 medium into the E-plate wells that had previously
been surface coated with fibronectin and Matrigel, the E-plate was initially
positioned in the RTCA station, and measurements were subsequently recorded.

Next, the E-plate was taken out from the device, and the cells from different
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conditions were seeded as duplicates into 64 wells. In our experiments, conducted
in the XCELLigence system, ieAML cells purified from the 48 hours of co-cultures
with PBMCs through FACS, and wtAML cells, were seeded into the wells of E-
plate (2x10° cells per well). The plate was then returned to the RTCA station. Before
initiating the readings, the cells were permitted to sediment at the bottom of the
well for 30 minutes. In RTCA software, an E-plate figure was created, and the
recording time (24 hours) and reading interval (3 minutes) were determined. The
impedance change (cell index) between microelectrodes at the base of the E-plate
located in the RTCA station inside the incubator was measured in real-time at 37°C
and 5% CO; ambient condition. At the end of the experiment, the cell index data
was taken from the RTCA software in .xlsx (Microsoft excel, USA) format and the

analyzes were performed.

3.11.3. Migration Assay with the Boyden Chamber Reservoir

The traditional Boyden chamber reservoir employs a transwell insert, sealed
at one end by a porous membrane. The insert is positioned above a large well-
containing a medium which will attract the cells. The cells are loaded and permitted
to traverse the membrane via the pores, which exhibit a diameter range. In our setup,
we selected a 6.5 mm diameter insert with a membrane pore size 8.0 um, at which
AML cells can pass. The lower compartment of the apparatus was filled with 600
pL of RPMI 1640 solution comprising 10% FBS, whereas the purified ieAML and
wtAML were suspended in 100 pL. of RPMI 1640 solution with 1% FBS and placed
on the upper section of the membrane. The cells were then incubated for 24 hours
at a temperature of 37°C and a CO; concentration of 5%. The migration of ieAML
and wtAML cells from the upper part of the membrane to the lower part under the
influence of the serum gradient created by FBS was determined by counting the
AML cells in the lower part of the membrane.

For cell counting, at the end of incubation, the upper part of the membrane was
rapidly washed with 1X PBS and gently scraped with a cotton-tipped swab. The
medium located at the bottom of the membrane was moved to a 1.5 mL tube and
centrifuged at 400xg for 5 minutes. The resultant cell pellet was then reconstituted

with 100 pL of 1X PBS, and cell counts were conducted. Additionally, 200 pL of
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99% methanol was applied to the inner apparatus and allowed to fix for 2 minutes
at room temperature to include the cells attached to the lower part of the inner
apparatus membrane, which was removed and placed in an empty well. After
fixation, the membrane was washed twice with 1X PBS at 2 minutes interval. Later,
the membrane was soaked for 10 minutes in 10% Giemsa stain and quickly rinsed
twice with 1X PBS. Next, the membrane was air-dried and removed by cutting from
the inner apparatus. Finally, the bottom of the membrane was placed on the slide
with the lower part facing up, and the rapid mounting medium (Entellan, Merck,
Germany) was dripped and covered with a 0.17 mm thick coverslip. The cells
adhered to the membranes were counted under a light microscope, and the overall

count of migrated cells were determined.

3.12. May-Griinwald — Giemsa Staining for Morphological Analysis of
the Cells

For studying changes in morphology, purified immune experienced AML cells
and wild-type AML cells were washed with 1X PBS thrice at 1800 rpm, 5 minutes,
room temperature to remove complete RPMI 1640 medium. Next, the supernatant
was removed, cell pellets were reconstituted in 1X PBS (2 mL) and transferred into
the wells of the cytospin apparatus placed on the slide and centrifuged in a mini
cytospin device (Hettich Universal 320, Germany) at 42xg, 3 minutes at room
temperature to adhere the cells on to the slides. Next, the supernatant was disposed
off, and the cytospin apparatus was removed. The samples were centrifuged at 150
xg, 1 minute, room temperature, and left overnight to allow drying. For
morphological analysis of cells, cytological staining with May-Griinwald Giemsa
was performed. The slides were fixed in methanol for 5 minutes. After fixation, the
slides were allowed to air dry. The May-Griinwald dye diluted with distilled water
(1:10) was added to the Coplin staining jar, and the slides were placed and incubated
for 5 minutes at room temperature. The slides were then removed, washed with
distilled water twice. Then, the slides were placed into Giemsa dye 1:10 diluted
with distilled water and incubated for another 5 minutes at room temperature. The

slides were rinsed twice with distilled water after the incubation period and allowed
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to air dry vertically. Once dried, 2-3 drops of mounting solution (Entellan, Merck,
Germany) was applied and covered with a 0.17 mm thick coverslip. Images were

captured with a digital camera light microscope (DM 6000, Leica, Germany).

3.13. Immunophenotyping

For immunophenotyping, cells were resuspended in 100 pL of CellWash
solution in a 5 mL flow tube and labeled with 100 ng of the listed antibodies (see
Table 3.1): anti-human CD14 (M5E2), HLA-DR (L243), CD38 (HB-7), CD63
(H5C6), CD86 (IT2.2), CD80 (2D10), PD-L1 (MIH2), CTLA-4 (L3D10), CD40
(HB14), CD206 (15-2), PD-1 (EH12.2H7) from BioLegend; CD13 (WM15),
CD163 (GH1/61) from Sony Biotechnology; LAG3 (T47-530), and TIM3 (7D3)
from BD Biosciences. Then, the cells were incubated in the dark at 4°C for 40
minutes or at room temperature for 25 minutes after thorough mixing with a pipette.
After incubation, 1-2 mL of CellWash solution was added to the tube and
centrifuged at 1800 rpm for 5 minutes to remove unbound antibodies. Subsequently,
the supernatant was discarded, and the cells were resuspended in 100 pL of
CellWash. Using autofluorescence controls and isotype-matched antibodies, a flow
cytometer (FACSCantoTM, BD) was employed to calculate the population's
median fluorescence intensity (MFI) and percentage of positive cells. The
percentage of cells positive for specific immunophenotype molecules was also

presented as a heat map.
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Figure 3.7:  Gating strategy for immunophenotyping AML cells.
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Table: 3.1 Antibodies used for Immunophenotyping

Antibody Clone Flurochrome Manufacturer

CD14 MS5E2 PE/Cy7, APC/Cy7, PE BioLegend, USA
HLA-DR 1243 PerCP BioLegend, USA
CD38 HB-7 APC, PE/Cy7 BioLegend, USA
CD63 H5C6 Pacific Blue BioLegend, USA
CD86 1T2.2 PE, Pacific Blue BioLegend, USA
CD80 2D10 BV510 BioLegend, USA
PD-L1 MIH2 APC, PE BioLegend, USA
CTLA-4 L3D10 PE, PERCP/Cy5 BioLegend, USA
CD13 WMI15 APC/Cy7 Sony

CD163 GH1/61 PE Sony

CD40 HB14 FITC BioLegend, USA
CD206 15-2 PE/Cy7 BioLegend, USA
PD-1 EH12.2H7 APC/Cy7, BV510 BioLegend, USA
LAG3 T47-530 FITC BD Biosciences, USA
TIM3 7D3 PE BD Biosciences, USA

3.14. Molecular Analyses

3.14.1. Total RNA Isolation for Next Generation Sequencing (NGS)

The cells were selected and isolated from co-cultures with at least 95%
purity. The RNeasy Mini Kit (Qiagen, USA), a column-based isolation kit, was
utilized for total RNA isolation following the methodology advised by the
manufacturer. The purified ieAML and wtAML cells were rinsed with 1X PBS ata
centrifugal force of 400xg for 5 minutes at room temperature. Following washing,
the cell pellet (<5x10° cells) was mixed with 350 puL of RLT buffer solution
containing 1% B-mercaptoethanol RNA extraction was then carried out (per the
QIAGEN, RNeasy mini kit protocol). After quantifying the isolated RNA samples'
concentration and purity with an RNA spectrophotometer (NanoDrop ND1000,
USA), the samples were kept in storage at -80°C.
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3.14.2. Concentration and Cleaning of Isolated Total RNA Samples

If the total amount of RNA obtained was less than 10 ng, the enrichment of
mRNA was performed using the universal amplification kit (SMART mRNA
Amplification Kit, Ambion, USA). In spectrophotometric analysis, the OD values
of RNA at A260/280 and A260/230 should be in the range of 1.8-2.1 and 2.1-2.3,
respectively, to be considered pure and clean. The RNA samples obtained were
cross-checked for genomic DNA contamination by PCR, and if found, the treatment
with DNAse was repeated, and then RNA samples were further cleaned and
concentrated using an RNA concentration purification kit (Enzo, USA). After
measuring the quantity and quality of RNA, a new generation sequencing system
was applied for quantitative transcriptome analysis and elucidation of the mRNA

profile.

3.14.3. Next Generation Sequencing (NGS)

NGS was performed at the Department of Medical Genetics at Hacettepe
University Faculty of Medicine by Assoc. Prof. Dr. Ekim Z. Taskiran and
Assist.Prof. Dr. Beren Karaosmanoglu from the Hacettepe University. RNA
samples were pooled in equal amounts from at least 6 independent experiments for
each time point. For transcriptome analysis, 50 ng of each RNA sample was taken,
and amplification-based (ultra-multiplex PCR) libraries were prepared with the
AmpliSeq Human Transcriptome kit. Each prepared library was subjected to clonal
amplification by emulsion PCR (emPCR). emPCR stage was performed on the lon
One Touch device. Ion ES device was used for the purification step after emPCR.
The resulting amplified libraries were loaded on Ion PI chips and sequenced in the
Ion Proton device with the "semiconductor sequencing" method. In the data
analysis, reads obtained after the sequencing reaction was normalized with the

"Transcripts per millions" method and compared.

3.14.4. Transcriptomic Analysis

Using an Ion Torrent next-generation sequencing platform and Thermo

Fisher Scientific's AmpliSeq Human Transcriptome Kit, the expression levels of
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human RefSeq genes were evaluated. Integrated differential expression and
pathway analysis (iDEP94) was used to build hierarchical relationships between
ieAML and wtAML samples. Genes with read counts per million less than 0.5 were
eliminated, and the mean expression level for each gene was deducted during pre-
processing. A heat map output displayed the levels of gene expression. The read
counts were subjected to the logTPM transformation, as performed in edgeR, for
the purpose of cluster analysis and principal component analysis. Next, a strict
criteria: i.e a fold change > 2 and an adjusted p-value < 0.05, or ii. no significant
difference (a fold change < 2 with an adjusted p-value of < 0.05), were used to
identify differentially expressed genes (DEGs) between wtAML and ieAML.
Further, we performed STRING analysis (Search Tool for the Retrieval of
Interacting Genes/Protein) to find the changes in gene expression between wtAML
and ieAML. In order to get list of enriched gene set, Gene Set Enrichment Analysis
(GSEA) program was used to examine the DEGs in the Molecular Signature
Database (MsigDB) and compare the results with publically accessible gene lists.
The commonly up-regulated and down-regulated DEGs in all three immune-
experienced cells were identified by comparing them with their wild-type
equivalents with an adjusted p-value below 0.001 were chosen for further
investigation utilizing The Cancer Genome Atlas (TCGA). This study involved
accessing RNA-seq data from the TCGA-LAML database, encompassing details
from 149 adult patients diagnosed with acute myeloid leukemia (AML). The TCGA
data were scrutinized alongside clinical, cytogenetic, and phenotypic information,
specifically categorized as "cytogenetics risk category." Using this information,
patients were stratified into favorable, intermediate, and poor-risk groups. The
expression of the identified genes was then evaluated in each patient within their
respective risk category. The genes showing significant change in expression in all
the three risk categories were selected and its expression was evaluated in ieAML

RNA seq data.
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3.14.5. RNA Isolation for Real-time PCR (RT-PCR)

RNA extraction was conducted using the Macherey-Nagel NucleoSpin®
RNA purification kit as per the manufacturer's guidelines. For ieAML cells obtained
through FACS sorting from co-cultures at 24, 48, and 72 hours, and wtAML cells,
the procedures differed. wtAML cells were pelleted by centrifugation at 1800 rpm
for 5 minutes. The cell pellet was lysed in a 2 mL Eppendorf tube using 350 uLL RL
buffer supplemented with 1% p-mercaptoethanol, followed by vigorous vortexing
for 30 seconds. This mixture was then applied to the NucleoSpin® Filter (violet
ring), which was placed in a 2 mL collection tube and centrifuged for 1 minute at
11,000 x g to reduce lysate viscosity. After removing the filter, 350 pL ethanol
(70%) was added to the lysate, mixed by pipetting, and loaded onto the
NucleoSpin® RNA Column (light blue ring). Centrifugation for 30 seconds at
11,000 x g separated the flowthrough. The remaining steps involved adding 350 puL.
MDB to the column, centrifuging to dry the membrane, and preparing a DNase
reaction mixture. For each isolation, 10 uL of reconstituted rDNase was mixed with
90 pL Reaction Buffer, and 95 pL of this mixture was applied to the column for a
15-minute incubation at room temperature. To deactivate rDNase, 200 uL. RAW?2
buffer was added, followed by centrifugation. The RNA column, placed in a new 2
mL collection tube, underwent further washing by adding 600 pL buffer RA3 and
centrifugation. A second wash involved loading 250 pL of buffer RA3 onto the
column and centrifuging for 2 minutes to ensure membrane dryness. The final step
included placing the column in a nuclease-free collection tube, eluting RNA with
60 pL RNase-free H20, and centrifuging at 11,000 x g for 1 minute. Following

quantification, RNA samples were stored at -80 °C for future use.

The UV/VIS Spectrophotometer (NanoDrop ND-1000, USA) was
employed to quantify the concentration and assess the purity of the isolated nucleic
acids (RNAs) by measuring absorbance at OD260, OD280, and OD230 nm. RNA
purity is commonly defined by examining the ratios of OD260/280 and OD260/230.
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3.14.6. cDNA Synthesis

The isolated RNA was utilized in generating cDNA using cDNA Synthesis
Kit from New England Biolabs, USA (ProtoScript® II First Strand). This kit
contains ProtoScript II Enzyme Mix, featuring Reverse Transcriptase and Murine
RNase Inhibitor, along with the ProtoScript II Reaction Mix containing dNTPs and
an optimized buffer. The details of the cDNA synthesis reaction, including
components and steps, are provided in the following table.
The first step was to prepare a mixture of RNA sample, Oligo-dT, and RNase-free
dH>O and incubate it for 5 minutes at 65°C. Subsequently, the mixture was
promptly transferred to an ice-cold environment. In the second phase, both the
reaction mix and enzyme mix were introduced into the mixture and allowed to
incubate for one hour at 42°C, followed by a 5-minute incubation at 80°C. A thermal
cycler plate (Arktik Thermal Cycler, Thermo Fisher Scientific, USA) was utilized

for all the incubation steps.

Table 3.2 Reaction set-up for cDNA synthesis.

Final

Component concentration Volume (pnL)

Template RNA Uptolpg 5

d(T)23VN or Random Primer mix 50uM / 60uM 2

RNase-free water 1-8uL 1

Incubate 65°C for 5 min

M-MuLV reaction mix 2X 10

M-MuLV enzyme mix 10X 2

Final volume 20

Incubate 42°C for 1hr, 80°C for 5 min

3.14.7. Polymerase Chain Reaction (PCR)

Primer sequences for the gene of interest (KLF6, KLF2, B2M, ¢c-MYB,
SOD2, MCL1, and B-actin) designed for studying the relative mRNA expression
are listed below (Table 3.3).
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Table 3.3 Primer sequences for the selected genes along with the sizes in bp.

Product

Gene Forward (5°-3°) Reverse (5°-3°) size GeneBank No.
KLF6 CCCACGGCCAAGTTTACCTC AAGGCTTTTCTCCTGGCTTCC 202 NM_001160124.2
KLF2 GCACGCACACAGGTGAGAAG  ACCAGTCACAGTTTGGGAGG 269 NM_016270.4
B2M AGCAGCATCATGGAGGTTTG AGCCCTCCTAGAGCTACCTG 229 NM_004048.4
¢-MYB CTCCGTTTTAATGGCACCAGC GGTACTGCTACAAGGCTGCAA 109 NM_001161657.2
SOD2 GGCCTACGTGAACAACCTGAA  CTGTAACATCTCCCTTGGCCA 71 NM_001322819.2
MCL1  ACAAAGAGGCTGGGATGGGTT AACCAGCTCCTACTCCAGCAA 110 NM_021960.5

B-Actin  CTGGAACGGTGAAGGTGACA AAGGGACTTCCTGTAACAATGCA 140 NM_001101.5

Table 3.4 PCR components and reaction mixture.

Component Final concentration Volume (uL)
dANTP mix (2Mm) 0.2mM 2.5

Taq Buffer (10X) 1X 2.5
MgCl: (25Mm) 2.5mM 2.5
Forward Primer 0.2uM 1
Reverse Primer 0.2uM 1
dH:0 14.25
Taq DNA Polymerase(5U/nL) 0.05U/uL 0.25
Template cDNA 1

Total Volume 25

All the PCR components were brought to room temperature and gently spun, aside
the Taqg DNA Polymerase (Thermo Fisher Scientific, USA). Before the preparation
of the PCR mix, all the components except cDNA were spun. The steps were
performed on the ice. A reaction master mix of dNTP, Taq Buffer, forward and
reverse primers, MgCl2, and RNase/DNase free water (dH>O) was prepared in a 2
mL tube and spun gently for the PCR reaction setup. Next, the Tag DNA polymerase
was added and then 200 pL of reaction mix was distributed equally to each PCR
tube. Finally, the previously synthesized cDNA was added to each tube, and a
gradients PCR program was run to determine the optimal annealing temperatures
for all the targeted genes, including Pactin, in the thermal cyclers (Arktik Thermal
Cycler, Thermo Fisher Scientific, USA). The optimal annealing temperatures after
gradient PCR mentioned in Table 3.4.
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Table 3.5 Gradient PCR program for KLF6, KLF2, B2M, ¢c-MYB, MCL1, SOD2,
B-Actin.

Initial Denaturation 95°C 30 sec
Denaturation 95°C 30 sec 3
Annealing 58-63°C 30 sec %
Extension 72°C 20 sec -
Final Extension 72°C 10 min

Table 3.6 Specific annealing temperatures assessed after gradient PCR.

Genes Ta(°C)
KLF6 61
KLF2 64
B2M 60
c-MYB 63
MCL1 63
SOD2 63
B-Actin 60

3.14.8. Semiquantitative Real-time PCR

After the optimization of annealing temperatures specific to the gene of
interest, semi-quantitative RT-PCR was carried out for quantitative analysis of gene
expression in the CFX Connect™ Real-Time PCR Detection System (Bio-Rad,
USA) using iTaq™ SsoAdvanced universal SYBR green supermix (10X). Prior to
use, all the real-time PCR components were brought to room temperature. The
master mix was then prepared in a 1.5 mL tube with the required volume of forward
and reverse primers, nuclease-free dH>O, and ssoAdvanced SYBR green supermix
(Biorad, USA). The mixture was then evenly distributed to each PCR tube (Biorad,
USA). Finally, the cDNA template was added just before the samples were loaded
into the Real-Time PCR machine (BIO-RAD CFX96 Touch Real-Time PCR
Detection System, USA). The thermal cycler program for RT-PCR was prepared

considering the optimized annealing temperatures (Table 3.7). The detailed
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program and components for RT-PCR are discussed in the table. Gene of interest
and their expression profile was analyzed after they were normalized to the relative
gene expression profile of the wtAML cells according to the formula 3.3 by taking

p-actin as the reference gene.

(Formula 3.3)

—AACt = —[(Ct target gene — Ct reference gene — (Ct target gene normalizer — Ct reference gene)]

Table 3.7 Semi-quantitative RT-PCR components and associated information.

Final
Component concentration Volume (nL)
SsoAdvanced universal SYBR green supermix (10x) 1X SuL
Forward Primer 0.5 uM 1
Reverse Primer 0.5 uM 1
dH:0 2
cDNA template 1
Total volume 10 uL
Table 3.8 Program for the Semiquantitative Real Time-PCR.
Initial Denaturation 95°C 2 min
Denaturation 95°C 20 sec
Annealing 58-63°C 30 sec
Extension 72°C 30 sec
Melting curve analysis 53-95°C Ssec/step

0.5 °increment

Final 4°C 0

3.14.9. Gel Electrophoresis

For the preparation of 2 percent agarose gel (w/v), agarose was weighed and
dissolved in 1% TBE solution. The prepared mixture was heated in a microwave
until the agarose completely dissolved and became homogeneous. Subsequently,

agarose solution was then cooled for 30 seconds by swirling the conical flask in

40 cycles
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cold water. Next, ethidium bromide was incorporated into the mixture (10 mg/mL,
final concentration), and then the agarose mixture was emptied onto a gel casting
tray with a comb in place and the sides sealed. Further, a pipette tip was then used
to remove bubbles, and the gel was allowed to polymerize at room temperature.
After the gel polymerized, the comb was taken out and the gel casting tray was
placed in a tank filled with 1X TBE buffer. After adding 1X DNA loading dye (1
uL) to PCR samples (5 pL), the samples were loaded along with a 50bp DNA ladder
(Thermo Fisher Scientific, USA). The gel was run at 100V with a steady current for
1 hour. Finally, bands were visualized under UV light in a digital imaging system

(Kodak gel Logic 1500, Carestream Health, USA).

3.15. Immunofluorescence Microscopy

For immunofluorescence analyses, the slides of patients’ bone marrow
aspirates and cytospin preparations of ieAML or wtAML cells were washed with
1X PBS thrice to remove the complete RPMI 1640 medium. The method applied
for fixation through cytospin was the same as described above for May Grunwald
Giemsa staining. Once cells adhered to the slides and the slides dried completely,
1X PBS was used to rinse the cells thrice. After washing, cells were incubated for
30 minutes in 1% BSA (1:10 diluted with 1X PBS) for blocking. Following
blocking BSA was removed, and primary antibodies (KLF6 (1:200) and Ki67
(1:250)), KLF2 (1:200), f2M (1:50), c-Myb (1:100) diluted in 1% BSA were added
to the individual slides and allowed to sit at room temperature for 2.5 hours.
Following the incubation with the primary antibody, the cells were rinsed three
times with 1X PBS, and left at room temperature for 2.5 hours in the dark with
DAPI nuclear dye (1:1000), Alexa488, and Alexa555 (Abcam, UK) fluorescent-
conjugated secondary antibody (1:500) diluted with 1% BSA. At the end of the
incubation, using 1X PBS the cells were rinsed thrice again. Finally, 100 pL of
mounting media was applied to the specimens and covered with a 0.17 mm thick
coverslip. The coverslip's edges were painted with nail polish and left at room
temperature in the dark overnight to prevent drying. The prepared slides were stored

for more than 2 months at +4°C. For fluorescent imaging, 2-3 drops of immersion
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oil, were applied to the coverslips, and the slides, were viewed under an
epifluorescent microscope with a cooled 5.0-megapixel CCD color camera
(Olympus BX51, Japan) (DC5000i, Euromex, The Netherlands). Image-J (NIH,

USA) software was used to analyze the images.

Table 3.9. Clinical properties of AML patients.

AML PATIENTS
NUMBER (N) 6 at initial diagnosis
S at relapse
AGE MEDIAN (MIN-MAX) 50 (26-60)

Idarubicin, cytarabine, mitoxantrone,

CHEMOTHERAPY RECEIVED PRIOR TO . ..
venetoclax, etoposide, azacytidine,

e methotrexate, actinomycin
AML SUBTYPE

M2 2

M4 5

N/A 4

BLAST % MEDIAN (MIN-MAX) 71(30-90) at initial diagnosis

40 (25-75) at relapse

TIME TO RELAPSE AFTER SCT MEDIAN 392.5 (113-853) days

(MIN-MAX)

*Combination chemotherapy agents. SCT, stem cell transplantation.

3.16. Multiplex Cytometric Bead-Based Assay

Supernatants from ieAML and wtAML cells co-cultured with PBMCs and T
cells were carefully collected and stored at -80°C in 1.5 mL tubes. The samples
were collected from at least three independent co-culture experiments to measure
the cytokines; therefore, all the samples were combined in equal amounts on ice on
the day of the measurement. Cytokines (IL-10, IL-2, IL-6, IL-4, IL-17, sFAS,
sFASL, TNF-a, IFN-y, Perforin, Granulysin, GranzymeB, GranzymeA) abundantly
produced by Th lymphocyte subtypes and NK cells quantification were performed
using flow cytometry through a kit called "LEGENDplex™Human CD8/NK Panel
(Biolegend USA)", a fluorescently labeled microbead-based immunoassay

applying manufacturer's guidelines. The microbeads in the kit consist of 13
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populations with different sizes and fluorescent dye densities (in the FL4 filter)
(Fig. 3.8). The surface of each microbead population is coated with an antibody that
recognizes a specific cytokine. Before use, the kit was cool to RT, and the
microbeads were completely suspended by vortexing for 30 seconds. Standards
were prepared in accordance with the kit protocol by making serial dilutions of
10,000 pg/mL stock at a ratio of 1:4 referred to as Conc 0, Concl, Conc2, Conc3,
Conc4, Conc5, Conc6, Conc7. Following that, 25 pL of assay buffer and 25 pL of
the sample or standard were added to the 96 well plates. Subsequently, a volume of
25 pL of microbeads was introduced into every individual well of the plate. To
avoid bead settling, the beads were vortexed intermittently as they were being
added. Later, the plate was sealed with a plate sealer, covered with an aluminum
foil, secured with a rubber band, and left at ambient temperature on a shaker set to
500 rpm for three hours. Following incubation, a volume of 200 pL of 1X wash
solution was introduced into each well. Excess wash buffer was removed with a
multichannel pipette. Following the washing step, a volume of 25 pL of detection
antibody was introduced into each well, sealed, and covered with aluminum foil,
and left to shake for 1 hour 30 minutes as described above. The analytes previously
bound to the microbeads were now specifically bound by biotin-conjugated
antibodies after incubation with the detection antibody cocktail. Without washing
the plate, 25 puL of SA-PE (streptavidin-phycoerythrin) solution was added at the
end of the second incubation and left to shake for another half hour at 500 rpm at
room temperature. SA-PE molecules bind to the biotin of the detection antibodies,
generating a fluorescent signal (in the FL2 filter) proportional to the analyte
concentration on the microbead. To remove the unbound antibodies, 200 puL of 1X
wash buffer solution, was added to each well of the plate at the end of the
incubation. Next, the samples were resuspended, in 100 uL of 1X wash buffer
solution, analyzed by flow cytometry at a low flow rate (maximum 300
microbeads/sec), and at least 4,000 microbeads were read. The data was analyzed
by transferring the files in. fcs format to the LEGENDplex online data analysis

software and processing them.
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Figure 3.8.  Distribution of 13 different microbeads used in cytokine
determination, depending on size and internal fluorescence intensity.
Microbeads are divided into 2 populations with SSC and FSC
parameters and 13 populations with FL4 parameters. The amount of
cytokines that each population specifically binds is measured by the
FL2 parameter.

3.17. Reactive Oxygen Species and Nitric Oxide Analysis

Freshly isolated cells were rested for 48h in full media without any stimuli to
check spontaneous production of ROS and NO. The cells stimulated with PMA and
unstimulated cells were used for a burst response setting. ieAML cells and wtAML
cells were first washed with 1X PBS to remove the complete RPMI 1640. After
washing, cells were labeled with 2 pL of 10 uM 2',7'dichlorodihydrofluorescein
diacetate (HDCFDA) and 1 pL of 5 puM 4,5-diaminofluorescein diacetate
(DAF:DA), in serum-free RPMI 1640. The tubes were gently vortexed and
incubated in the dark for 25 min at 37°C. Then, 2 mL of cellwash was introduced
while placed on ice, followed by centrifugation at 1800 rpm for a duration of 5
minutes. Later, cellwash was added (100 pL) after discarding the supernatant. For
PMA stimulated condition, PMA was added to the tubes after 25 minutes of
incubation with H2DCFDA and DAF2DA, incubated for another 25 minutes at room
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temperature, and immediately placed on ice, followed by washing with cellwash at
1800rpm for 5 minutes. Finally, flow cytometry was employed to quantify the mean
fluorescence intensities of H_DCFDA and DAF>DA. The MFI of PMA-stimulated
cells was normalized to the MFI of unstimulated cells using the following formula

33

MFI pMA stimulated AML / MFI unstimulated AML (Formula 3.3)

3.18. Statistical Analysis

Each experiment was independently replicated and repeated a minimum of 3
times. All the data were statistically analyzed (ANOVA and posthoc analysis, Chi-

square, and/or Student's t-tests) using the Graphpad Prism v8 software.
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4. RESULTS

4.1. A subpopulation of AML cells withstands immune responses, slows

down their growth, and exhibits immunomodulatory characteristics

Modifications in the immune microenvironment drive cancer cells to adopt
novel characteristics, resulting in the survival of the most resilient malignant clones
against immune reactions (191). However, the absence of interaction between
immune cells and cancer cells in vitro creates a favourable environment for cancer
cell proliferation without facing immune selection pressures. Previous research
from our group demonstrated the immunogenic potential of myeloid leukemia cells
through constitutive expression of costimulatory molecules (10, 11). In this thesis
study, a co-culture experiment was performed wherein myeloid leukemia cell lines
(THP-1, HL-60, U937) were incubated with increasing amounts of peripheral blood
mononuclear cells (PBMCs) containing CD3-stimulated T cells. This setup is
named as mixed-leukocyte-leukemia cell reactions (MLLRs). In MLLRs, the T
cells showed strong proliferation, while the proliferation of leukemia cells was
significantly inhibited (Fig. 4.1 A). In general, among the three cell lines, THP-1
was used for the optimization of ratio and time intervals, while the other two cell
lines were subsequently employed for further validation and supporting
experiments. Under this immunologically harsh conditions, a small population of
leukemia cells managed to proliferate in the MLLRs (Fig. 4.1 A). Especially at 72h,
which is long enough for proliferation of leukemia cells, the percentage of viable
leukemia cells remained constant even in the co-cultures with high PBMC
proportions although proportion of the immune cells was increased in the cultures
(Fig. 4.1 B). This supported the observation that the percentage of dead cells being

counteracted by a leukemia subpopulation capable of proliferating in the MLLRs.
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Figure 4.1.  A) Allogenic PBMCs and AML cells were labelled with eFluor670
and CFSE proliferation tracer fluorescent dyes, respectively, and the
mixed-leukocyte-leukemia cell reactions (MLLRs) were established
for 72h in the presence of T cell stimulating CD3 mAbs.
Representative flow cytometry plots for proliferation responses of
the co-cultured PBMCs and THP-1 cells are shown. B) The change
in viability of THP-1 cells in the MLLRs with increasing ratios of
PBMCs was assayed at 24h, 48h and 72h by flow cytometry
following staining with PI.

Next, using the above proliferation and viability results of the co-culture, an

optimal AML cells to PBMCs ratio and incubation period was selected. The criteria
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were set as 1. myeloid leukemia cells that retained viability > 50% and incubation
period wherein AML cells tend to be more sensitive to increased co-culture ratios
with PBMCs i.e 48 hours. Thus, 1:0.25 ( AML: PBMCs) ratio with viability 70 +
8% at 48 hours of incubation was selected for further assays. Myeloid leukemia
cells that retained viability were isolated with high purity (CD13" DRAQ7™ >98%)
out of the MLLRs and referred as “immune-experienced AML (ieAML) cells
(Fig.4.2 A). Further, in order to compare the cytological features of wtAML and
ieAML cells May-Griinwald Giemsa (MGGQ) staining was performed. In general,
the ieAML cells tended to have larger nucleus and more granular cytoplasm than
the “wild-type” parental AML (WwtAML) cells. The ieU937 cells more frequently
displayed a lobulated nuclear morphology (Fig. 4.2 B).
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Figure 4.2. In the MLLRs (0.25:1 co-culture ratio, 48h) established for the
isolation of surviving AML cells, PBMCs were labelled with CFSE
and AML cells left unstained. A) A representative gating strategy
used for FACS of the DRAQ7-negative viable CD13" AML cells
(CFSE-negative) and a purity analysis of the ieAML cells obtained
after the sorting are given. B) May-Griinwald Giemsa (MGG)
staining was done for comparing the cytological features of wtAML
and ieAML cells. Representative images out of three independent
staining are given.
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Next, for studying the after effects of MLLRs, the purified ieAML cells
were maintained under standard culture conditions after the removal of immune
responses and their proliferation capacity was further studied by staining with
Ki67". The frequency of Ki67" ieAML cells was found to be less than that of
wtAML following 72h incubation in culture (ieTHP-1 vs wtTHP-1 45.78+7.2% vs
80.56+5.05%, 1eU937 vs wtU937 41.53+5.43% vs 79.654+3.68%, ieHL-60 vs
wtHL-60 60.204+4.48% vs 86.75+4.31% (Fig.4.3 A, B).

wtAML cells 1ieAML cells

THP-1 U937 HL-60

W WtAML cells
B ieAML cells

Figure 4.3.  Proliferation capacities of wtAML and ieAML cells were
determined by Ki67 staining. A) Immunofluorescence images of
wtTHP-1, wtU937, wtHL-60 and ieTHP-1,icU937, ieHL-60 are
shown. B) Bar graphs display the mean percentage (=SEM) of Ki67-
positive cells for each AML cell line that underwent the selection
process. Scale bars, 10 um. (*p < 0.05, **p <0.01).
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There was no significant difference in the cell cycle dynamics between these
two cell populations (Fig. 4.4 A). These data were compatible with the finding that
the ieAML cells continued to proliferate with a reduced pace even after removal

from the MLLRs.
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Figure 4.4.  Cell cycle analysis of wtAML and ieAML cells after 48 hours and
72 hours resting in full media. A) Percentage distribution of the cells
at G2/M, S and G1/GO0 phases are shown for each cell line. B) A
representative flow cytometry histogram showing the DNA content
stained with PI in wtTHP-1 and ieTHP-1 cells.

In response to MLLRs, properties related to migration, adhesion, and
polarization was also studied through Boyden chamber. In particular, the effects of
immune responses on AML cell behaviour were investigated through the changes
in the adhesion and migration and polarization capacities of ieAML cells. In
general, AML cells were reluctant to migrate towards serum gradient. Only a small

percentage of the cells migrated through 5 pm pore of the open chamber. As a result
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of the Boyden chamber-mediated migration capacity analysis, the ieAML cells
were able to migrate less effectively than wtAML cells at 24h displaying weaker
migration capacities compared to wtAML cells with ieTHP-1 displaying less

chemotaxis compares to wtTHP-1 (Fig. 4.5).
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Figure 4.5. ieAML cells isolated and purified after 48 hour of co-culture with
PBMCs were assessed for migration capacities compared with
wtAML cells using Boyden chamber.

Next, we aimed to compare real-time changes in adhesion dynamics on surfaces
coated with extracellular network proteins, namely fibronectin and Matrigel, as well
as a control surface. Our findings indicated that both ieTHP-1 and ieU937 exhibited
similar trends on both fibronectin and Matrigel-coated surfaces after 24 hours,
showing a significant decrease in adhesion capacity compared to their wildtype
counterparts. In contrast, ieHL-60 demonstrated an increase in adhesion capacity
during the same time frame (Fig. 4.6 B). However, at the 48h, ieTHP-1 displayed
an enhanced adhesion capacity on the fibronectin-coated surface compared to its
wildtype counterpart. Meanwhile, both i1eU937 and ieHL-60 still exhibited low
adhesion capacity (Fig. 4.6 B).
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Figure 4.6. wt AML cells and ie AML isolated and purified after 48 hour of co-
culture with PBMCs were assesed for adhesion. A) Migration
assessed by Boyden chamber and XCELLigence real-time. Bar
graphs showing adhesion capacities on fibronectin coated and
matrigel coated surfaces at B) 24 hours and C) at 48 hours of
incubation.

The polarization potential of these cells on uncoated surface and on
fibronectin or Matrigel-coated surfaces for 24 hours was investigated. Directional
analysis of the cell actin cytoskeleton after calculating polarity index showed that
1eU937 had a distinct polarity on fibronectin-coated surfaces. Polarity of wtAML
cells on fibronectin-coated surface indices were calculated as wtTHP-1, 0.07+0.02
and ieTHP-1, 0.11+0.07; wtU937, 0.03+0.01 and ieU937, 0.12+0.05; wtHL-60,
0.04+0.01 and ieHL-60, 0.11£0.06. Whereas, on the Matrigel coated surface, the
indices were calculated as wtTHP-1, 0.06+0.03 and ieTHP-1, 0.07+£0.02; wtU937,
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0.03+0.01 and ieU937, 0.08+0.02; wtHL-60, 0.05+0.01 and ieHL-60, 0.05+0.01.
The ieTHP-1 cells were found to be more polarized on Matrigel coated surface
compared to fibronectin, whereas ieHL-60 was found to be significantly more

polarized on the fibronectin coated surface (Fig. 4.7 A).
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Figure 4.7. ieAML cells isolated from 48h of co-culture with PBMCs and
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polarity index plot. B) Immunofluorescence staining showing cell
surface representation of actin cytoskeleton orientations showing
their polarity (nucleus, DAPI; actin, red). The scale bars are 10 um.
Statistical difference p < 0,05 * for p < 0.01 significance and ** for
p < 0.01 significance.

4.2. Expression of Surface Markers Associated with Myeloid Activation

and Differentiation

It has been commonly accepted that when the primary monocytes are cultured
in vitro, they naturally undergo maturation, differentiating into cells with
characteristics resembling macrophages (89). In contrast, myeloid leukemia cell
lines like THP-1, U937, and HL-60 maintain their immature traits despite exposure
to in vitro conditions. Therefore, following mixed lymphocyte leukemia reactions
(MLLRs), we compared and studied the modifications in common myeloid markers
associated with activation, differentiation, and maturation stages between wtAML
and ieAML cells. Surface expression of different markers including CD14, CD38,
CD63, HLA-DR, CD206, CD163,CD80, CD86, CD40, CTLA-4, PD-1, PD-L1 and
TIM3 were studied and changes in their expression between ieAML and wtAML
were determined (Fig. 4.8A). Expression of certain surface molecules, which are
associated with myeloid cell activation and differentiation, tended to increase on
the ieAML cells, more prominently on ieTHP-1 and ieU937 cells. The surface
expression changes of various markers were assessed across three different cell
lines. For CD14, the comparison between wild-type THP-1 (wtTHP-1) and its
immune-experienced counterpart (ieTHP-1) revealed a substantial increase in
expression from 75.68+6.73% to 98.95+0.37%. Similarly, in the U937 cell line,
CD14 expression increased notably from 39.50+£8.06% in the wild type to
90.08+5.23% in the immune-experienced cells. In contrast, HL-60 cells exhibited
a less pronounced change, with CD14 expression rising from 3.47+1.33% in wtHL-
60 to 37.63+5.05% in ieHL-60. Regarding CD80, a significant increase in
expression was observed across all ieAML cells lines upon MLLRs. For instance,
in THP-1 cells, CD80 expression surged from 46.64+£10.27% in wildtype to
86.02+7.13% in ieTHP-1cells. Conversely, CD86 showed a more variable response,
with THP-1 cells displaying an increase from 51.14£8.17% in wild-type to
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83.98+4.33% in ieTHP-1cells, while U937 cells demonstrated a more modest rise
from 67.13£2.29% in wtU937 to 75.73+1.83% in ieU937 cells. Additionally, HLA-
DR expression increased notably in THP-1 cells from 35.33+8.21% in wild-type to
84.40+2.70% in immune-experienced THP-1 cells, while U937 and HL-60 cells
showed more marginal changes. Notably, PD-L1 expression exhibited substantial
increments across all ieAML cells upon MLLRs. In THP-1 cells, PD-L1 expression
significantly increased from 14.84+5.77% in wild-type to 94.63+2.96% in ieTHP-
1 cells. Similarly, in U937 cells, PD-L1 expression surged from a baseline of
1.68+1.30% in the wild type to 44.63+10.62% in the ieU937 cells. HL-60 cells, also
showed a similar remarkable increase in PD-L1 expression pattern, rising from
2.46+0.15% in the wild type to 39.93+3.60% in the ie HL-60 counterpart (Fig. 4.8
A, B), highlighting its potential role in immune evasion mechanisms. The results
were also presented as a heatmap for enabling better understanding and
simultaneous comparison of distinct markers of the ieAML and wtAML cells. (Fig.

4.8 B).



Figure 4.8.

t
HL-60 | %
e

HL-60 U937 THP-1

129, 100- 10,
100 ) ’
® R :.
s w
B " 9.
3 8% 3
o O O2
o
T R 8
o -
E = - 4
i |
P
—~ — -~ N SR
CD14 CD38 CD63 HLA-DR
100, 00, ++ 100, "
z * 3 ?Eu- R o o 3
8 Su 2wl 3
o 3% =) 5
,Iu” U”'I [ I
- - : - > - ~
§ z2 : § 3z E 8 ¢z ¢ 8 %
- =

e —— ey

CD86

R .

CD80

[ . ———

CD163

64

»
Bwt
o
2 | Wi
o
uz-vl> g
- -h-'g. oAN RBa .3.
a 2 Y e 2 ¥
E 85 z z 3 z

CD206

Wwt
Hie

U937
HL.

0,

iquO
-75
-50

-25

A) Immunophenotypic markers associated with myeloid activation
and differentiation were analyzed by flow cytometry. B) The mean
percentage results obtained from three independent analyses
presented as a heatmap. The markers significantly modulated
between wtAML and ieAML cells are typed in bold.



65

4.3. Assessment of ROS and NO Production

Freshly isolated ieAML cells were allowed to rest for 48 hours in full media
without any stimuli, while wild-type AML (WtAML) cells were similarly used to
assess the spontaneous production of reactive oxygen species (ROS) and nitric
oxide (NO). Both cell types were subjected to PMA stimulation, and unstimulated
cells were included to establish baseline levels for burst response analysis. Using
mean fluorescence intensities of H>DCFDA and DAF;DA, the MFI of PMA-
stimulated cells was normalized to that of unstimulated cells to calculate the ROS
and NO indices. Despite observing no significant differences between wtAML and
ieAML cells in terms of ROS and NO production, the ieAML cells exhibited a
reduction in both ROS and NO production. Among the ieAML cells, ieU937
displayed a slightly more pronounced decline in ROS and NO production compared
to ieTHP-1 and ieHL-60 (Fig. 4.9 A, B).
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Figure 4.9. ROS and NO levels in wtAML and ieAML cells. A) Bar
graph showing ROS and NO level between wt and ie AML
cells. B) Representative histograms depict the fluorescence
intensities of HDCFDA and DAF,DA.
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4.4. The Impact of ieAML Cells on T Cell Responses

The ieAML cells were resubjected to MLLRs to assess their immune
modulatory capacities. Compared to the wtTHP-1 cells, the viability of ieTHP-1
remained constant in the presence of increasing numbers of the CD3-activated
PBMCs proportions (at ratios of 1:0, 1:0.25, 1:0.5, 1:1, respectively: 100+6.53%,
96+6.68%, 93.51+7.17%, 93.73+£6.99%). In contrast, the viability of wtTHP-1 cells
decreased with rising PBMC numbers in the culture (at the same ratios: 100+1.26%,
60.43+3.41%, 42.73+£3.65%, 34+4.76%) (Fig. 4.10 A).

In order to study the effect of ieAML on T cell proliferation, the ieAML cells
freshly purified from the MLLRs were co-cultured with increasing amounts of
CD4" T cells and CD8" T cells isolated from healthy individuals under CD3
stimulation for 72h. The MLLRs with wtAML cells were used as controls. CD4* T
cells and CD8" T cells were highly proliferated when co-cultured with the wtAML
with increasing numbers of T cells (e.g., at ratios of 0:1, 1:2, respectively: wtTHP-
1:CD4'T cells, 3.5+0.81%, 77.5+3.06%; wtU937:CD4"T cells, 2.6+£0.63%,
86.1+£5.11%;  wtHL-60:CD4 Tcells,  1.9+1.04%, 86.4+4.78%;  wtTHP-
1:CD8 Tcells, 4.1+£0.35%, 51.5£8.69%; wtU937:CD8'T cells, 5.6+1.50%,
66.9+9.68). In contrast, ieAML cells did not support the proliferation of T cells at
the same ratios (0:1, 1:2, respectively: ieTHP-1:CD4'T cells, 3.5+0.81%,
18.549.54%:; 1eU937:CD4'T cells, 3.8+1.85%, 27.7+15.66%; ieHL-60:CD4"T
cells, 1.9+1.04%, 77.0£4.97%; ieTHP-1:CD8'T cells, 4.1+0.35%, 10.4+1.38%;
ieU937:CD8'T cells, 3.7+0.85%, 17.9+14.28%) (Fig. 4.10 B).

Nevertheless, at 1:2 and 1:4 ratios of ieAML cell:T cell co-cultures, a minor
increase in T cell numbers was observed. Interestingly, no significant difference
was noted in CD8" T cell proliferation induced by ieHL-60 and wtHL-60 cells, even
with an increase in the AML:T cell ratio (0:1, 1:0.25, 1:0.5, 1:1, 1:2, 1:4,
respectively for ieHL-60:CD8'T cells, 7.4+1.40%, 46.1+£6.63%, 61.5£6.00%,
74.5+2.26%, 81.2+3.73%, 75.1£9.41% and wtHL-60:CDS8'T cells, 7.4+1.40%,
61.1£2.77%, 71.1+£0.87%, 72.0+5.37%, 74.0£6.35%, 76.3+5.75%) (Fig. 4.10 B).
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Figure 4.10. Re-exposure to immune reactions reveals functional assets of
1eAML cells. A) The ieAML cells freshly purified from the MLLRs
were co-cultured with increasing amounts of PBMCs under CD3
stimulation for 72h. The MLLRs with wtAML cells were used as
controls. The change in viability of AML cells was determined by PI
staining. (n=3, the data points are presented as average = SEM).
Representative flow cytometry histograms are given below. B) The
1ieAML and wtAML cells were co-cultured with increasing ratios of
CD4" and CDS8" T cells. The percentage of proliferated T cells were
calculated and plotted. Statistical difference was calculated with
Student’s t-test, (n=3, the data points are presented as average +
SEM; *p <0.05, **p <0.01).
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4.5. Transience and Heterogeneity of Immune Modulatory Capacities of

ieAML Cells

Immune resistance might be transiently acquired in response to immune
reactions (148, 149); therefore, the ieAML cells were established in long-term
cultures and their viability, proliferation and immunomodulatory capacities were
assessed. Viability of the ieAML cells was sustained upon continuous culturing
(non-apoptotic cells > 85%) (Fig. 4.11 A). Nevertheless, the proliferation rates of
the ieAML cells remained significantly slower than their parental wtAML cells,
proliferation index of wtTHP-1 vs ieTHP-1, 3.28+0.009 vs 0.31+0.07; wtU937 vs
1eU937, 3.82+0.02 vs 0.43% 0.01; wtHL-60 vs ieHL-60, 5.00 vs 1.91+0.05 (Fig.
4.11 B).

Next, impact of the continuously-cultured ieAML cells, hereafter termed as
“ieAML (CC)” cells, on CD4" T cell and CD8" T cell responses was tested. In the
presence of the ieTHP-1 (CC) cells, T cell proliferation was significantly lower than
that of observed with the wtTHP cells. Nevertheless, similar percentages of T cell
proliferation were induced in the co-cultures with the 1eU937 (CC) or the ieHL60
(CC) and their wild-type counterparts (Fig. 4.11 C).
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as average = SEM. Statistical difference was calculated with
Student’s t-test, (*p < 0.05, **p <0.01).
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While studying the T cell responses and proliferation in MLLRs with
ieAML cells that are either ieAML cells and or continuously-cultured (ie AML CC)
cells it was pertinent to analyze the cytokine reponses. Thus, after 72h of MLLRs
the supernatants collected were anlayzed for the secretion of various T cell-
associated cytokines. In parallel to the T cell proliferation, the secretion of IL-2,
TNF-0, IFN-y, granzyme A, granzyme B, and perforin, which are the important
mediators for anti-tumor immune responses, were substantially diminished in the
co-cultures of T cells and ieAML cells. Only, the levels of TNF-a, IFN-y, and
granzyme B secreted by CD8" T cells in response to ieHL-60 did not significantly
differ from those obtained in the presence of wtHL-60 cells (Fig. 4.12 A). In
general, increasing the amount of CD4" or CD8" T cells in the co-cultures with
wtAML cells resulted in a significant rise in the concentrations of these mediators

compared to the co-cultures with ieAML cells (Fig. 4.12 A).

This reduced secretion further confirmed that, compared to wild-type AML
counterparts, the ieAML subpopulation tends to be weakly immunogenic and less
vulnerable to inflammation-induced cell death. Notably, continuously-cultured
ieAML with CD4" and CD8" T cells showed an increase in T cell proliferation for
1eU937 and ieHL-60 compared to freshly obtained ieAML cell co-cultures,
indicating a transient or temporary acquired immune modulation capacity.
Therefore, to study the dynamics of T cell-associated cytokine responses, we
analyzed the supernatants from wtAML, freshly obtained ieAML cells along with
continuously-cultured ieAML cells in response to CD4" T cell and CD8" T cell
reactions. We presented the changes in cytokine release in the form of a heatmap
after individual cell line normalization (Fig. 4.12 B). The co-cultures with ieU937
or ieHL-60 continuously-cultured cells resulted in a general increase in the release
of cytokines involved in anti-tumor response, especially IFN-y, which returned to
the levels found in co-cultures with wild-type counterparts. Both ieU937 and ieHL-
60 (CC) showed a similar trend for all cytokines, returning to almost the same levels
as in wild-type AML co-cultures. On the other hand, albeit continuously-cultured
ieTHP-1 cells retained low-level immunogenic properties and still exhibited
reduced secretion of anti-tumor cytokines, including low levels of IL-2, TNF-a,

IFN-y, granzyme A, granzyme B, perforin, and sFASL. Among all cytokines, IFN-
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v appeared to be substantially more reduced in ieTHP-1 (CC) more than in freshly
obtained ieAML co-cultures (Fig. 4.12 B).

The cytokine analysis of supernatants from T cell and ieAML co-cultures
demonstrated a significant reduction in the secretion of T cell-associated cytokines
that play a crucial role in promoting anti-tumor immune responses, including IL-2,
TNF-a, IFN-y, granzyme A, and granzyme B. It's worth noting that this response
was transient and temporary for ieU937 and ieHL-60 (CC) cells.
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Figure 4.12. The amount of T cell-associated cytokines secreted in the co-
cultures assayed by flow cytometric by multiplex bead-based
cytokine assays.A) Graph showing major cytokines with decreased
secretion in co-culture. B) The amount of cytokines secreted by the
T cells cultured with the ieAML cells (CC) were normalized to those
cultured with the freshly obtained ieAML cells was plotted as a
heatmap. Statistical difference was calculated with Student’s t-test,
(*p <0.05, **p<0.01).

4.6. Limited Number of Genes were Expressed as Common Indicators of

the Immune Pressure on Myeloid Leukemia Cells

In order to reveal the molecular pathways involved in the emergence of ieAML
subpopulations, transcriptomic analyses were performed. Intriguingly, the
transcriptomic signatures of THP-1, U937 and HL-60 cell lines displayed restricted
uniformity. Hence, the corresponding ieAML subpopulations derived from each
cell line were also distinctive with specific gene expression profile, indicating the
heterogeneous nature of AML (Fig. 4.13 A). Expectedly, the hierarchical clustering
analysis revealed proximity between each ieAML population with its parental
wtAML cell line where the ieTHP cells had the most distinguishing gene expression
pattern (Fig. 4.13 B). Since our aim was to determine a common signature amongst
the ieAML populations, the most differentially and commonly expressed genes in
ieTHP-1, ieU937 and ieHL-60 cells were subjected to pathway analysis (Fig. 4.13
D). In terms of the gene expression changes, the ieTHP-1 cells (DEGs, total, 1483;
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upregulated, 888; downregulated, 595) were the most affected from the MLLRs,
followed by 1eU937 (DEGs, total, 886; upregulated, 519; downregulated, 367) and
ieHL-60 (DEGs, total, 287; upregulated, 208; downregulated, 79) (Fig. 4.13 C). A
total of 77 genes was upregulated whereas only 7 genes were downregulated
similarly in all three ieAML cells (Fig. 4.13 C, D). The genes involved in regulation
of interferon signaling (STAT1, IFI30, OASI, STAT2, IFIT3, GBPI, GBP2, GBPS,
IF16, IRF1, IRF7, ISG1)5), inflammatory cytokine signaling (CXCLS, CXCL9Y,
CXCL10, CCL2, CCL3, GZMB, IL-32, IL1p, FCGRI1A, S10048, TNFAIP?2), antigen
presentation pathways (CD74, HLA-A, HLA-B, HLA-C, HLA-E, B2M,
TAPI,TAPBP, PSMBY, PSMBI10, PSMEI), apoptotic pathways (CSRNPI,
GADD45B, PIMI1, MCLI, RELB, PPPIRI5A), cell adhesion and migration
(TUBAIA, RGS1, PRTN3, ICAM1, ITGB2, ITGB7), and cellular stress response
(SOD2, NDRGI, NCF1, SGKI) were regulated commonly in the ieAML cell
populations when compared to their wild-type counterparts (Fig. 4.13 D and Fig.
4.14,4.15 A).

All in all, only a limited number of differentially expressed genes were
common in the ieAML cell populations which might be shared markers associated

with the immune pressure on myeloid leukemia cells.
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Figure 4.13. Transcriptomic analysis of the ieAML cells. A) RNA-seq heat maps
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The 84 DEGs were compared with the KEGG database to identify the major
biological pathways regulated by genes common to all three cell lines. The gene set
was later categorized into four groups: i. genes involved in inflammatory response,
ii. apoptosis, iii. cytokine response, and iv. transcription factors (Fig. 4.15 A).
Subsequently, these gene sets underwent pathway enrichment analysis. Importantly,
the gene sets related to viral processes, anti-viral immunity, and viral infections,
which are associated with the interferon signaling, were also upregulated (Fig. 4.15
B). Additionally, other enriched pathways included those related to antigen

presentation, allograft rejection, cell-to-cell adhesion, cell migration, TNF
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signaling, negative regulation of apoptosis, and pathways associated with graft-

versus-host disease (Fig. 4.15 B).
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Figure 4.15. Heatmaps of the genes involved in enriched A) Major biological
pathways from the KEGG database are plotted for the genes
regulated commonly in all three cell lines studied. B) Enrichment of
the pathways involved in biological processes and inflammatory
responses are shown in the upper and the lower panels, respectively.
The data from commonly regulated DEGs in all three cell lines are
used for the analysis.
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The gene set enrichment analysis (GSEA) revealed that the highly expressed
genes which were shared by all three ieAML cells were compatible with those
previously reported inflammatory response and allograft rejection response gene
sets (nominal p value < 0.05) (Fig. 4.16). Hallmarks of inflammatory pathways such
as IFN-y, IFN-a, TNF-a, TGF-B, apoptosis, IL-6 and IL-2 signaling were also
enriched. Reduction in the pathways related to cell proliferation including the
targets of MYB transcription factor was also in accordance with the transcriptomics

obtained from the ieAML cells (Fig. 4.14).
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Figure 4.16. Gene set enrichment analysis (GSEA) of related gene sets. The most
variable genes were ranked, and enrichment scores were calculated
and plotted against the position of the genes within the rank ordered
dataset using GSEA 3.0 software. The enrichment plots with the

highest score are given.

AML cells are well-known for their heterogeneity. Therefore, individual

AML cell lines underwent pathway analysis to reveal the differences among them,
considering their distinct maturation stages (THP-1, U937, HL-60). In the previous

section, we focused on commonly enriched pathways; here, we highlight the
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variation in pathway enrichment. In ieTHP-1 vs wtTHP-1, the most significantly
enriched pathways included those involved in cell cycle regulation, cytokine
signaling, neutrophil degranulation, inflammatory response, viral infection, and

type Il interferon pathways (Fig. 4.17 A).
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In 1€U937 vs wtU937, there was enrichment in pathways related to cytokine
signaling and regulation, cellular response to stress, PID/AP1 pathway,
hematopoiesis and its regulation, reactive oxygen species, and pathways involved

in allograft rejection (Fig. 4.17 B).
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ieHL-60 also exhibited variation in enriched pathways, such as those involved in
cell killing, leukocyte migration, IL-18 signaling, NOD-like receptor signaling, and
pathways related to apoptosis (Fig. 4.17 C).
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ieHL-60 and ieTHP-1 shared some common pathways, including cytokine
signaling, innate immune response, type Il interferon signaling, inflammatory
response, and pathways related to viral response. Pathways involved in metabolic
processes were enriched in all three cell lines; however, in ieTHP-1, it was one of

the top-enriched pathways compared to ieU937 and ieHL-60 (Fig. 4.17 A, B, C).
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Figure 4.17. Enrichment of the pathways involved in biological processes and
inflammatory responses are shown in the upper and the lower
panels, respectively, for each cell line studied are given separately.

Nevertheless, the discrepancies among the transcriptomic signatures of
individual ieAML cell lines indicate the heterogeneity in AML. The pathway
analyses for individual ieAML lines showed the heterogeneity amongst the cells
when subjected to MLLR. Of note, similar pathways were frequently regulated at
distinct levels in each ieAML cell line (Fig. 4.17 A, B, C).

Next, the expression of 84 DEGs identified in the ieAML cells were
evaluated through TCGA bioinformatics on AML patient data. Overall, 38 genes
displayed significant expressions in AML patients’ data. These 38 genes expression
were evaluated in each prognosis group i.e favourable, intermediate and poor and

later taking averages of each gene expression, overall expression from high to low
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was presented in the form of a heatmap (Fig. 4.18 A). Out of these 38 genes the top
8 genes were selected based on the criteria that these genes have not been studied
in AML immune response category : MCLI, KLF6, B2M, SLC2A3, SOD2, STAT1
and MYB were the most regulated genes identified from the AML patient data (Fig.
4.18 A). Selected genes and their expression in individual patient’s in each
favourable, intermediate and poor prognosis group were evaluated and plotted in

the form of dot plot (Fig. 4.18 B).
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Figure 4.18. A) TCGA bioinformatics on AML patient data are analyzed for
DEGs identified in the ieAML cells and presented as a heatmap. B)
Selected gene expression in favor. Intermediate and poor prognosis
group represented as dot plot.

4.7. KLF6 and c-MYB as Transcription Factors Marking the Immune-
Experienced AML Cells.

As only a limited set of genes exhibited common regulation in all three ieAML
cells, our attention was directed towards those encoding transcription factors,
particularly those with the capacity to influence cellular behavior. Among the 84
differentially expressed genes (DEGs), 9 were identified as transcription factors
(Fig. 4.13 D, indicated by arrowheads). Notably, Kruppel-like transcription factor
6 (KLF6) and MYB genes emerged among the top two highly expressed
transcription factors in AML patients based on TCGA bioinformatics analysis (Fig.
4.18 A, arrowheads). However, we investigated other genes also that occupied the
top 10 spots in the patients' database, including MCL1, B2M, SLC2A3, IRF1,
SOD2, STAT1, CD74, PRTN3, and KLF2. While the roles of some of these genes,
such as STAT1, IRF1, CD74 and B2M, have been extensively studied in AML, our

focus was on identifying a signature gene list responsible for immune resistance in
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ieAML cells. To assess their expression, we conducted RT-PCR analysis.
Interestingly, although the expression was high in the AML patients' database from
TCGA analysis, the RT-PCR analysis yielded inconsistent results. The gene
expression was elevated only in ieTHP-1 cells, while the other two cell lines,
1eU937 and ieHL-60, showed variability in gene expression analyses (Fig. 4.19 A).
Only KLF6 and MYB genes exhibited a consistent pattern of gene expression, as
validated through quantitative gene expression analyses using RT-PCR (Fig. 4.19
A, B). Consequently, our focus shifted to KLF6 and c-MYB transcription factors,
known to play crucial roles in regulating cellular processes including

differentiation, maturation and proliferation (192, 193, 194).

In the ieAML cells, KLF6 exhibited a significant upregulation, while MYB
was identified as one of the downregulated genes (Fig. 4.13 D). Furthermore,
analysis of TCGA data revealed a significant decrease in MYB mRNA levels in
patients exhibiting intermediate and poor clinical presentations. This observation
prompted further exploration into the roles of KLF6 and MYB in the context of

their potential implications in cellular processes and the pathogenesis of AML.
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Figure 4.19. RT-PCR analyses A) Relative gene quantification for KLF6, KLF2,
MCLI1, SOD2, STAT1, B2M and ¢c-MYB for icAML cells. B) The
expression dynamics of KLF6 and MYB genes were analyzed by
quantitative RT-PCR in ieAML cells cultured alone for 72h. The
RNA was pooled from independent experiments (n=6) and the RT-
PCR analyses were done as two technical replicates.

After validating the KLF6 and c-MYB gene expression pattern in ieAML
cells through q-RT PCR the next step was to study their cellular localization at the
protein level by immunfluorescence. Here, we calculated the mean fluorescent
intensity (MFI) of KLF6 and c-MYB between the wtAML and ieAML cells in the
nuclear region of the AML blast cells. Interestingly, the nuclear localization of
KLF6 was less frequently detected in wtAML blasts (Fig. 4.20 A). However,
following MLLRs, the ratio of ieAML cells displaying KLF6 in the nuclei
significantly increased from 60+3.0 for wtTHP-1 to 79+2.3 for ieTHP-1 , 23+2.1
for wtU937 to 53+2.7 for ieU937 and 33+1.59 for wtHL-60 to 67+2.42 for ieHL-
60 (Fig. 4.20 A, C). Conversely, the nuclear c-MYB declined upon exposure to
MLLRs (wtTHP-1 120.4£2.58: ieTHP-1 3343.2; wtU937 48.27+1.72 : ieU937
38.77+1.87; wtHL-60 58.9+2.8 : ieHL-60 47.2442.54 ) (Fig. 4.20 A, C). Notably, a
perinuclear staining pattern for these transcription factors, particularly in U937

cells, was also noted (Fig. 4.20 B, C). Furthermore, the percentage of AML cells
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with KLF6 and c-MYB proteins in the nuclear region when calculated showed a
decline in c-MYB in the nuclear region in ieAML cells compared to wtAML cells
in all three cell lines THP-1, U937 and HL-60, respectively (80 to 30 %, 50 to 40%
and 90 to 60%). Whereas, KLF6 percentage increased in ieAML cells compared to
wtAML cells for THP-1, U937, HL-60 respectively (52 to 75%, 40 to 60% and 52
to 78%) (Fig. 4.20 B, C).
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and ieAML cells. Higher magnification of a representative cell is
shown on the right-hand side (scale bar, 1 um). One representative
image out of three independent experiments is shown. The data
points are presented as average + SEM. Statistical difference was
calculated with one-way ANOVA, (n=11; *p <0.05, **p <0.01).

4.8. KLF6 and c-MYB Expression in Primary AML Blasts from Bone

Marrow Aspirates of Patients

The transcription factors KLF6 and c-MYB, which were chosen from the total
of 84 differentially expressed genes (DEGs) commonly identified in immune-
experienced AML cells, exhibited clear differences in nuclear localization amidst
wtAML and ieAML cells. Subsequently, AML patient samples were utilized to
assess the nuclear localization status of KLF6 and c-MYB. In the bone marrow
aspirates from newly diagnosed (n=6) or relapsed (n=5) AML patients, we observed
a varied distribution of blast cells showcasing distinct nuclear levels of KLF6 and

c-MYB (Fig. 4.21 A).

For each sample, the percentage of blasts exhibiting high-level nuclear
localization of KLF6 (1.5 times higher KLF6 levels than the average blast
population) and low-level nuclear localization of c-MYB (1.5 times lower c-MYB
levels than the average blast population) was calculated. Generally, the majority of
AML cells displayed low-level KLF6 (range, 62-100%) and high-level c-MYB
(range, 67-100%) in the nuclear region (Fig. 4.21 A). Notably, there was an upward
trend in blasts with high-level nuclear KLF6 in patients with relapsed disease (range
at initial diagnosis, 0-27%; range at relapse, 20-38%). However, no discernible
difference was observed between samples obtained at the initial diagnosis and those
obtained at relapse for c-MYB (Fig. 4.21 A). Within the patient samples, a minority
of the blast cells displayed a distinctive pattern, featuring elevated levels of KLF6

and reduced levels of c-MYB within the cell nucleus.

This observation underscores the heterogeneity in the nuclear distribution of
these transcription factors among AML cells, suggesting potential implications for

the disease's molecular characteristics and behavior.
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Figure 4.21. The level of nuclear KLF6 and ¢c-MYB in the primary AML blasts
from the bone marrow aspirates of patients (n=11). A) The pie charts
given on top of the graphs show the percentage of AML blasts with
1.5 times higher levels of nuclear KLF6 or with 1.5 times lower
levels of nuclear c-MYB expression than the average of the AML
blasts found in each patient sample on the left-hand side and the
right-hand side, respectively, each dot represents an AML blast, and
the red lines represent the median values. B) Representative
micrographs of the bone marrow aspirates, which display the
heterogeneity of AML cells with nuclear localization of KLF6 and
c-MYB, are given below.
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5. DISCUSSION

Acute Myeloid Leukemia (AML) is a form of hematological malignancy
characterized by the accumulation of immature blasts in both the bone marrow and
bloodstream. These immature blasts typically inhabit niches abundant in growth
factors and cytokines, fostering an environment that promotes tolerance against
immune system responses. Recent advancements in genomic studies have revealed
the genetic heterogeneity of AML cells, with certain subgroups displaying
resistance to treatments, leading to the evolution of the tumor in response to
therapeutic interventions (Turati et al., 2021). Throughout this process, marked by
functional changes at both the genetic and epigenetic levels, blasts adapt by
acquiring unique, temporally limited morphological, phenotypic, and genetic
characteristics not observed in untreated or completely resistant cells. The removal
of highly immunogenic tumor cells can lead to the emergence of malignant clones
that possess enhanced abilities to withstand immune responses. This process
involves the preferential survival and proliferation of tumor cell variants that
exhibit superior resistance to the host immune system, potentially resulting in the

development of a more aggressive and evasive tumor phenotype (163, 191, 195).

Cells derived from the myeloid lineage excel in presenting antigens and
providing secondary signals crucial for eliciting T cell-mediated responses. This
indicates that myeloid-origin cells play a proficient role in the immune system by
effectively presenting foreign substances to T cells and facilitating the activation of
immune responses. Myeloid cells, such as dendritic cells and macrophages, are
essential components of the antigen-presenting cell (APC) population. They
possess a unique ability to capture, process, and present antigens to T cells,
initiating a cascade of immune responses. Additionally, these myeloid cells provide
critical secondary signals that contribute to the proper activation and modulation of
T cell-mediated immunity. This interaction, coupled with the delivery of co-
stimulatory signals and other regulatory molecules, is pivotal for the effective
initiation and regulation of T cell responses. The proficiency of myeloid cells in
antigen presentation and secondary signaling highlights their crucial role in shaping

the adaptive immune response. Understanding these processes is fundamental for
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developing strategies to modulate immune reactions in various clinical contexts,
including vaccine development and immunotherapy for diseases such as cancer.
(196, 197). Cells associated with acute myeloid leukemia (AML) have the
capability to exhibit elevated expression of costimulatory molecules. This means
that AML cells can present heightened levels of proteins that play a crucial role in
providing additional signals to immune cells during interactions, contributing to the
modulation of immune responses. In the context of AML, the increased expression
of costimulatory molecules on leukemia cells has significant implications for the
interaction between these cells and the immune system. Costimulatory molecules
are essential for the activation and regulation of immune responses. When AML
cells express high levels of these molecules, it suggests an enhanced capacity to
engage with immune cells, particularly T cells. The upregulation of costimulatory
molecules on AML cells may influence the recognition and response of the immune
system to the leukemia cells. It can impact the activation thresholds for immune
cells and contribute to the overall immune evasion strategies employed by AML
(10, 11). In the realm of acute myeloid leukemia (AML), it is common to observe
the expression of major histocompatibility complex (MHC) molecules on the
leukemia cells. These include both MHC class I and MHC class 11, which play
pivotal roles in presenting antigens to T cells, thereby influencing immune
recognition and response against AML. Moreover, the activation of T cells within
the bone marrow of individuals with AML implies an ongoing immune reaction.
The activated state of these T cells suggests that the immune system is actively
responding to the presence of AML cells in the bone marrow environment. This
activation may be a reflection of the immune system's attempt to recognize and
eliminate the leukemic cells, highlighting the dynamic interplay between AML and
the immune response within the bone marrow microenvironment. Understanding
these interactions is essential for developing targeted therapeutic strategies that
harness the immune system to combat AML effectively (198). Myeloid leukemia
cells have been acknowledged for their intricate strategies to evade the immune
system, showcasing a notable resilience in adapting to anti-tumor immune defenses.
This underscores the complex interplay between leukemia cells and the immune

response, emphasizing the need for targeted therapeutic approaches that address



91

these adaptive immune escape mechanisms in myeloid leukemia. (8, 152, 155, 199).
The dynamic interaction between the genetic and immune characteristics in acute
myeloid leukemia (AML) results in significant diversity, raising the likelihood of
the emergence of blast populations resistant to therapies and capable of thriving in
unfavorable conditions. This complexity in the interplay between genetics and the
immune response contributes to the heterogeneous nature of AML. The
heterogeneity observed among leukemia cells increases the chances of certain
populations developing resistance to therapeutic interventions. Moreover, these
resilient blast populations can adapt and flourish even in challenging and
unfavorable environments. Understanding and addressing this intricate interplay is
crucial for devising more effective therapeutic strategies against AML, considering
the potential for resistance and adaptability within the leukemia cell populations

(148, 149, 200).

The constant evolution of leukemia cells through selection and adaptation
remains active even during treatments like allogeneic bone marrow transplantation.
In the context of graft-versus-leukemia (GvL) responses, where the transplanted
immune cells attack the leukemia cells, the dynamic nature of selection and
adaptation by the leukemia cells persists. This ongoing interplay can promote
disease progression and increases the risk of relapse, emphasizing the need for
comprehensive therapeutic strategies that consider and counteract the adaptive
capacities of leukemia cells during various treatment modalities (6, 199, 201). The
lack of substantial benefits from immunotherapy in individuals with acute myeloid
leukemia (AML) underscores the need for a deeper comprehension of how
leukemia cells elude the immune response. This understanding is essential for
enhancing treatment options and developing more effective strategies to address the

immune evasion challenges posed by AML (198, 202).

The results from our study demonstrated that within myeloid leukemia cells,
there exist subpopulations that can evade the detrimental effects of the immune
system. These leukemia cells, having encountered and survived immune responses,
can adopt transient or enduring characteristics that aid them in navigating through

anti-tumor immune reactions.
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Another crucial roadblock is that the effectiveness of chemotherapy faces
constraints due to multidrug resistance (MDR), a phenomenon in which cancer cells
develop resistance to multiple drugs concurrently, rendering them impervious to
various unrelated treatments. During multidrug resistance cancer cells, often
through various mechanisms such as increased drug efflux or alterations in drug
targets, develop the ability to withstand the cytotoxic effects of multiple drugs. This
resistance poses a significant challenge in cancer treatment, as it reduces the
effectiveness of diverse therapeutic agents intended to target the malignancy (203,
204). The mechanisms of drug resistance are frequently observed in vivo that the
differences at genetic and epigenetic levels are demonstrated in residual disease
(205). This implies that, in the context of actual biological systems, drug resistance
often involves alterations at the level of both the genetic code and the epigenetic
modifications of the cellular machinery. Moreover, the myeloid leukemia cells
exposed to increasing concentrations of anti-cancer molecules are defined as drug-
resistant subclones, in vitro (206, 207). This allows researchers to simulate and
study the development of drug resistance in myeloid leukemia, offering insights
into the mechanisms and behaviors of these resistant subpopulations. Analyzing
drug-resistant subclones in vitro provides a controlled environment to investigate
the dynamics of resistance and explore potential strategies to overcome or prevent
it in the clinical treatment of myeloid leukemia. Leukemia cells employ various
mechanisms to develop resistance to multiple drugs. For instance, some resistant
cells exhibit diminished uptake or enhanced efflux of drugs, leading to a decrease
in drug absorption or an increase in expulsion. This diminishes the amount of drug
reaching 1its target within the cells, limiting its effectiveness. Additionally,
resistance may arise from improved repair of damaged DNA, where heightened
cellular mechanisms repair DNA damage caused by treatment, allowing cells to
survive and proliferate. Alterations in drug targets and metabolism can also
contribute to resistance by changing the molecular targets of drugs or cellular
metabolic pathways, rendering them less susceptible to therapeutic effects.
Furthermore, the suppression of cell death, where resistant cells evade treatment-
induced apoptosis, allows these cells to persist despite therapeutic efforts,

contributing to treatment resistance. These mechanisms collectively represent
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major contributors to therapy resistance (208). The impact of tumor
microenvironment and immune system has also been regarded as a factor
contributing to MDR through various signaling pathways (209). However,
resistance to immune intervention therapies such as checkpoint blockade and

adoptive T cell transfer needs to be better defined (14, 210).

Therefore, in the current thesis study, a conceptual model outlining a gradual
adaptation to immune responses, achieved through the acquisition of genetic and
epigenetic modifications, has been suggested. In our study, we established an in
vitro framework specifically designed to examine the biological alterations
occurring in cancer cells (AML) and to assess their capacity for modulating the
immune response. This approach allows for a detailed exploration of how cancer
cells evolve and interact with the immune system, shedding light on potential
mechanisms of adaptation and providing insights for future therapeutic strategies.
Here, we used three AML cell lines with distinct maturation and differentiation
properties and genetic backgrounds to model heterogeneous behavior of the AML
blasts. Although not specific in nature, the T cell-mediated reactions initiated in co-
cultures (MLLRs) involving myeloid leukemia cell lines and allogeneic immune
cells served as a model for elucidating the molecular mechanisms underlying
immune or secondary resistance. Analyzing the responses in this co-culture system
helps us gain insights into the ways leukemia cells may evade immune recognition
or mount resistance against immune attacks, offering a foundation for developing

more targeted and effective therapeutic approaches.

The strength of T cell responses is contingent on robust costimulatory
signals primarily transmitted via surface molecules from the B7 supergene family
(211). The costimulatory molecules CD80, CD86 and ICOSLG are frequently
expressed by leukemia blasts and may contribute to the immunogenicity of AML
(11). Conversely, the regulatory implications of the costimulatory activity offered
by myeloid leukemia cells may potentially contribute to immune evasion. This
suggests that the interactions involving costimulatory signals from these cells could
have consequences that aid in avoiding immune recognition and response (10, 11,

13).
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Consistent with our present findings, various cancer types have been
documented to exhibit heightened expression of checkpoint molecules, interferon
response genes, and pathways associated with immune regulation in response to
anti-cancer immunity (11, 13). In our study, the “immune-experienced” subclones
ieAML cells were derived from three distinct AML cell lines, each possessing
diverse characteristics and distinct biological attributes. This allowed us to explore
a range of immune responses and evaluate variations in the underlying biological
features among these subclones (212, 213) (THP-1 RRID:CVCL _0006), U-937
RRID:CVCL_0007, HL-60 RRID:CVCL_0002).

The AML cells with immune experience (ieAML) exhibited a slowdown in
proliferation accompanied by heightened immune modulation capabilities,
particularly during a specific timeframe. The impact of ieAML cells on T cell
responses was found to be really interesting, that compared to ieAML cells, CD4"
T cells and CD8" T cells highly proliferated when co-cultured with the wtAML with
increasing numbers of T cells. However, ieAML cells retards CD4" T cells and
CDS8" T cell proliferation in the co-cultures with freshly obtained ieAML. However,
this effect was transient in continuously-cultured 1eU937 and ieHL-60 cells in
contrast with ieTHP-1 which even in continuous culture showed impaired CD4" T
cells and CD8" T cells proliferation. The analysis of cytokine secretion further
confirmed that, in comparison to T cell-associated cytokine responses observed
with wtAML, co-culturing T cells with ieAML cells led to a significant reduction
in the secretion of key anti-tumor immune response mediators, such as IL-2, TNF-
o, IFN-y, granzyme A, granzyme B, and perforin during concurrent T cell
proliferation. Notably, only the levels of TNF-a, IFN-y, and granzyme B secreted
by CD8" T cells in response to ieHL-60 did not exhibit a significant difference
compared to those observed in the presence of wtHL-60 cells. Interestingly, when
using freshly obtained ieAML cells, both CD4" and CD8" T cell reactions with
continuously-cultured 1€eU937 or ieHL-60 cells resulted in a general increase.
Notably, the adverse impact of immune-experienced U937 and immune-
experienced HL-60 cells on T cell responses appeared to be less persistent
compared to that of immune-experienced THP-1 cells. The manifestation of

"immune-experience" traits in THP-1 cells consistently aligned with observed
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characteristics related to myeloid maturation and activation. This suggests a
correlation between immune history, cellular behavior, and myeloid-related
features in the context of THP-1 cells. Hence, the anti-tumor immune reactions
stimulated through MLLRs, promptly induced a significant impact on leukemia
blasts triggering the activation of alternative cellular programs aimed at ensuring
cell survival while concurrently diminishing immunogenicity. The duration of this
altered state varied among the residual populations. The persistence of this
resistance is closely tied to the continuous selection pressure exerted on the cells i.e

the continuum of selection pressure.

Importantly, discontinuing the therapeutic intervention could lead to a
resurgence of the proliferative state in AML cells. The dynamic interplay between
immune responses and leukemia cells' adaptive strategies underscores the
complexity and temporality of the observed effects, with potential implications for
treatment strategies and long-term outcomes. These findings carry potential
implications for tailoring treatment approaches and understanding the dynamics of
long-term outcomes (148, 149). In our study, THP-1 emerged as the most
significantly impacted cell line following MLLRs. In comparison to ieU937 and
1eHL-60, the immune-experienced THP-1 cells exhibited a more pronounced
upregulation of myeloid maturation and activation markers, along with a clearer

and prolonged loss of immunogenicity.

Further, our study also showed the changes in the ieAML cell surface
behaviour such as adhesion, migration and polarization capacities, indicating that
on encountering MLLRs, surviving AML sub-population may undergo a change in
cell surface behaviour to resist immune responses. This suggests that certain subsets
of myeloid leukemia cells possess mechanisms enabling them to withstand immune
challenges, and the surviving cells may acquire traits that contribute to their

resilience against anti-tumor immune responses.

Additionally, the transcriptomic signature of the immune-experienced THP-
1 cell line was notably distinct. On the other hand, ieHL-60 cells, while being the
least affected by MLLRs in terms of the tested properties, acquired substantial

capabilities to impede immune reactions. Notably, the proliferation capacity of
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1ieHL-60 cells surpassed that of ieTHP-1 and ieU937, potentially contributing to the
shorter duration of immune modulation observed in ieHL-60. Collectively, each
AML cell line utilized in our study harbored a subpopulation capable of developing
secondary immune resistance. However, our findings not only underscore the
significance of heterogeneous subpopulations among leukemia blasts but also
highlight that AML cells with diverse backgrounds can exhibit biological diversity

in response to immune reactions.

According to the current understanding of tumor immunity, the cancer
progression is preceded by the immune elimination, equilibrium and escape phases
which continuously select the fittest malignant clones to survive despite the hostile
conditions created by immune reactions (163). The signs of an active immune
reaction, such as enhanced immune infiltration and increased expression of pro-
inflammatory factors in the tumor microenvironment, have been associated with
the success of immunotherapy (155). Nevertheless, many solid tumors and
hematological malignancies are described as an immune desert and reside in an
immunosuppressive niche (214). As observed with the ieAML cells, it might be
hypothesized that the leukemia cells which experienced immune responses might
serve as seeds for non-immunogenic clones and display resistance to
immunotherapeutic interventions. As a drawback of our study, permanence of the
immune resistance signatures and epigenetic changes need to be better defined and

followed for prolonged periods in the ieAML cells.

Regulation and alterations in the expression of transcription factors are key
elements in AML pathogenesis. One of the transcription factors that exhibited a
significant upregulation in ieAML cells was KLF6 in our study. The family of the
Kriippel-like factors (KLFs) proteins is intricately involved in a diverse array of
cellular processes, encompassing the maintenance of stemness and pluripotency,
myeloid differentiation, inflammation, proliferation, and apoptosis. A notable
instance within this family is KLF6. Various functional and expression assays have
indicated that the disruption of KLF6 function contributes to the development of
cancer, inflammation-related diseases, and cardiovascular disorders. This
underscores the versatile role of KLF6 in governing fundamental aspects of cellular

function, impacting processes associated with cellular identity, immune responses,
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growth, and programmed cell death. In addition, KLF6 directly upregulated HIF1a
expression in macrophages, promoting broad innate immune cell inflammatory and
hypoxic response gene programming. Elaborating on these associations, the
involvement of KLF6 underscores its significance in orchestrating various critical
functions within the cell (193, 194, 215). This transcription factor exhibits elevated
expression levels in AML and exerts detrimental effects on tumorigenesis. It
achieves this by overseeing the regulation of genes involved in critical cellular
processes such as the cell cycle, programmed cell death, and senescence. In essence,
the heightened presence of this transcription factor in AML plays a pivotal role in
influencing the molecular pathways associated with cell growth control, cell
survival, and aging processes (194, 215). However, numerous studies have
highlighted the involvement of KLF6 as a promoter of inflammatory diseases,
including cancer. In cases of Acute Myeloid Leukemia (AML) characterized by the
8922;21q22 translocation [t(8;21)], KLF6 plays a role in influencing the expression
of downstream targets involved in leukemogenesis driven by the RUNX1-ETO
fusion protein (216). The cell lines used in our study did not carry t(8;21)
translocation (212, 213).

Additionally, we identified an upregulation of KLF6 in ieAML cells
accompanied by alteration in the nuclear localization. Conversely, the increased
translocation of KLF6 into the cell nucleus in myeloid leukemia cells following
exposure to immune reactions, might imply a potential role in the attainment of a

quiescent state in immune-experienced AML cells.

Another important transcription factor is the c-MYB transcriptional co-
activator complex plays a crucial role in the self-renewal of hematopoietic stem
cells (HSC) and the process of myelopoiesis (217, 218). In the context of AML,
there is a common reliance on the disrupted functions of c¢c-MYB (219). As
hematopoietic cells undergo terminal differentiation, the expression of MYB is
typically diminished (220, 221). This implies that c-MYB and its associated
complex are integral components in maintaining the undifferentiated state of
hematopoietic stem cells, while dysregulation of these mechanisms is frequently
observed in AML, contributing to the disease's pathogenesis. Consistent with

heightened myeloid maturation features and a decreased rate of proliferation, c-
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MYB was excluded from the nucleus and downregulated in immune-experienced
AML (ieAML) cells. This suggests that, in response to immune reactions, a MYB-
independent program takes precedence in governing the cellular processes within
myeloid leukemia blasts. This observation aligns with the heterogeneity observed
in malignant blasts from bone marrow samples of AML patients concerning the

nuclear distribution of KLF6 and c-MYB.

These observation suggests KLF6 and c-MYB transcription factors as
potential indicators of the immune encounter status in myeloid leukemia blasts. The
observed differences in the nuclear localization of specific transcription factors
could serve as potential markers for discerning the immune encounter status in
myeloid leukemia blasts, providing valuable insights for developing targeted
therapeutic strategies aimed at overcoming immune evasion mechanisms in
leukemia cells. However, further investigations are imperative to unravel the
specific roles that KLF6 and ¢c-MYB play in modulating the immune response
within the context of AML.

Thus, the key factors contributing to relapse or resistance in Acute Myeloid
Leukemia (AML) include distinctions in gene expression signatures, maturation
states, and cellular plasticity (148, 149). The immune responses can create a
dynamic and unstable microenvironment, compelling leukemic blasts to adapt their
biological program and respond to novel conditions. Utilizing a tailored ex-vivo
selection model, we identified the acquired immune resistance traits within specific

subpopulations of myeloid leukemia cells.

In summary, understanding the heterogeneity, unraveling the mechanisms of
immune regulation, and acknowledging the emergence of immune-resistant
subpopulations are crucial facets that demand thorough investigation and attention
in the context of AML. This perspective holds significant implications for
advancing and refining future immune intervention therapies targeted at
hematological malignancies. The intricate interplay between immune responses and
leukemia cells' adaptive strategies underscores the necessity for comprehensive

exploration to enhance the effectiveness of therapeutic approaches.
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6. CONCLUSION AND RECOMMENDATIONS

AML cells at different maturation stages exhibit genetic heterogeneity,
leading to resistance against treatments and immune evasion. Thus, there is
a need to develop targeted therapeutic strategies considering the genetic
heterogeneity of AML cells to overcome resistance and adaptability.

The dynamic interaction between heterogenous genetic background of
AML subpopulation and immune cells contributes to the alteration in
maturation state, activation and proliferation capacity along with
modification in immune modulation potential operational at different level
in different AML subpopulation.

The constant evolution of leukemia cells during treatments, including bone
marrow transplantation and chemotherapy highlights the need for
comprehensive therapeutic strategies.

AML subpopulation that survived immune attack “ieAML cells” are
associated with heightened expression of costimulatory and inhibitory
molecules which may impact the activation thresholds for immune cells,
contributing to immune evasion strategies.

Subpopulations of AML cells, termed "immune-experienced," can evade
the immune system and acquire traits aiding in immune modulation. Thus,
there is a need for strategies to investigate the permanence of immune
resistance signatures and epigenetic changes in immune-experienced cells
over prolonged period.

The impact of the tumor microenvironment and immune system on immune
resistance needs to be explored over a span of time where cells that survived
first and second encounter with MLLRs should further undergo multiple
immune cells encounters until this transience immune modulation becomes
permanent.

The biological and immune modulatory capacities of ieAML cells needs to
compared with multiple drug resistance AML cells, in order to trace a
common immune signatures for enhanced understanding of myeloid cells in

AML in shaping the adaptive immune response to devise strategies for
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immunotherapy that can be translated into immune intervention therapies
for the AML patients.

e The tumor microenvironment and immune system interactions contribute to
immune resistance through various signaling pathways, particularly
inflammatory pathways. Further research can be done on blocking these
inflammatory pathways and studying its effect on maturation state and
changes in T cell response.

e The lack of substantial benefits from immunotherapy in AML emphasizes
the need for a deeper understanding of immune evasion mechanisms.

e Protein expression analysis for KLF6 through western blotting can be done
in order to understand the kind of KLF6 isoform responsible for immune
resistivity in ieAML cells.

e Transcription factors like KLF6 and c-MYB play a role in immune
responses and may serve as potential markers for discerning the immune
encounter status in myeloid leukemia blasts. Exploration of the transcription
factors like KLF6 and c-MYB as therapeutic targets to modulate the
immune response in AML can be further investigated by silencing/knocking
out these two TFs in AML cells and studying there response on maturation
state.

e KLF6 and c-MYB knockout AML cells can be introduced in mice to study
the dynamics of AML immune resistivity in in-vivo studies.

e Implement long-term monitoring of KLF6 and c-MYB expression in AML
patients before chemotherapy, undergoing chemotherapy, transplantation
and after to understand the dynamics of immune responses, resistance, and
relapse.

e Adapt treatment strategies based on the continuous evolution and

adaptability of leukemia cells to immune interventions.

In conclusion, a comprehensive understanding of the interplay between genetic,
immune, and adaptive characteristics in AML is crucial for advancing effective
therapeutic approaches and improving long-term outcomes. The results and

recommendations provide a foundation for tailoring treatments to the diverse
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nature of AML, considering both genetic heterogeneity and immune evasion

strategies.

Non-specific
T cell-mediated MLLR
inflammatory response

Selection of a sub-population
Viability 1

Proliferation rate 4
Maturation/activation

Resistance to MLLR-induced death
Loss of immunogenicity

KLF6 1

c-MYB §

Figure 5.1. A schematical diagram showing the changes in immune
experiencedAML cells (ieAML) after non-specific T cell-
mediated MLLRs.
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7. GENIS OZET

Anti-timor immiin yanitlarin canlandirilmasi kanser tedavisi i¢in umut verici bir
yaklagim haline gelmistir (1). Konvansiyonel terapoétiklerle birlikte, baskilayici
sinyallerin bloke edilmesi veya tiimore 6zgli T hiicrelerinin adoptif transferi
hastaligin ilerlemesini sinirlar ve hasta sagkalimina katkida bulunur (2). Losemi
tedavisi i¢in allojenik hematopoetik kok hiicre transplantasyonu (SCT), spesifik
olmayan immiinoterapi i¢in bir arketip gorevi goérmektedir (3). Akut miyeloid
16semi (AML) riski orta ve diisiik olan hastalarda, allojenik SCT, graft-versus-
l6semi  (GvL) etkisi yoluyla immiin reaksiyonlar1 siddetlendirdigi igin
diisiiniilmiistiir (4). Transplantasyona bagli mortalite son yillarda azalmis olsa da,
tipik olarak tedavinin tamamlanmasindan sonra veya remisyondan aylar sonra
ortaya ¢ikan hastaligin niiksetmesi, I6semi tedavisindeki en biiylik basarisizliktir (5,

6).

Immiin secilim baskis1 altinda, immiinojenik potansiyelini kaybeden malign
hiicreler hayatta kalmak i¢in avantajli hale gelir (7). AML'de immiinojenite kaybi1
allojenik SCT sonrasinda da gozlenmektedir ve niiks ile iliskilendirilmistir (7, 8).
HLA-iliskisiz nakillerde, nakilden sonra gii¢lii bir immiinolojik baski genellikle
donoriin T hiicreleri tarafindan desteklenir; bununla birlikte, 16semideki genomik
instabilite, antijen sunum kapasiteleri azalmis blastlarin immdiin kagisina izin veren
onemli bir klonal heterojenite ile sonuglanir (9). Alternatif olarak, 16semi
antijenlerine veya losemi hiicrelerinden gelen kostimiilator sinyallere kronik
maruziyet T hiicre yorgunluguna yol agabilir (10). Bu hiporesponsif durumda,
yorgun T hiicreleri azalmis proliferasyon, sitokin sekresyonu ve sitotoksik
kapasiteleri ile karakterize edilir (10). Programlanmais hiicre 6liimii proteini 1 (PD-
1) ve sitotoksik T-lenfosit iligkili protein 4 (CTLA-4) gibi coklu inhibitor
reseptorlerin asir1 ekspresyonu, T hiicresi inhibisyonunun bir baska yoniidiir (11).
Ancak AML hastalarinda CTLA-4 ve PD-1 immiin kontrol noktasi1 inhibitorii (ICT)
tedavilerinden elde edilen sonuglar, immiinojenik tiimorlerden elde edilenlere

kiyasla umut verici olmamistir (12).
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Miyeloid 16semi hiicreleri, T hiicre yanitlarini gii¢lendirebilen CD80, CD86 ve
ICOS-LG gibi kostimiilator molekiil ekspresyonu ile tanimlanir (11). Bununla
birlikte, daha dnce grubumuz tarafindan gosterildigi gibi, 16semi hiicreleri 6zellikle
aktive T hiicreleri tarafindan sekrete edilen interferon (IFN)-y'ya maruz
kaldiklarinda adaptif bir diren¢ mekanizmas1 kullanabilirler (13). IFN-y, 16semi
hiicreleri tizerinde PD-L1 ve PD-L2 molekiillerinin ekspresyonunu uyarir ve bunlar
daha sonra immiin reaksiyonlarla basa ¢ikma kapasiteleri kazanir (13). Ayrica,
AML hiicreleri tarafindan siirekli olarak saglanan asir1 miktarda kostimiilator
sinyal, efektor T hiicresi yanitlar1 iizerinde olumsuz bir etkiye sahiptir ve
yorgunluga yol agabilir (10). Bu nedenle, miyeloid 16semi hiicreleri T hiicreleri ile
etkilesime girme ve giiclii anti-tiimor immiin reaksiyonlarindan sag ¢ikmak i¢in
ayrintili stratejiler gelistirme potansiyeline sahiptir. Nakil sonrasi niiks vakalarinda
da benzer gozlemler bildirilmis ve SCT sonras1 bir immiin kaginma mekanizmasina
isaret edilmistir (8). Niiks, immiin reaksiyonlarin 16semi hiicrelerini diizenledigi
etkili bir GVL araligindan sonra ortaya ¢ikabilir (8, 14). Boylece rezidiiel hastalik,

immiin modiilatdr fonksiyonlar1 gelismis blastlarin bir se¢imi olarak ortaya ¢ikar

(15).

Bu ¢aligmada, AML hiicre hatlarina 6zel bir bagisiklik baskis1 uygulanmis
ve hayatta kalan alt poptilasyonlar (bagisiklik deneyimli AML hiicreleri, ieAML
olarak adlandirilmistir) segilerek biyolojik degisimler ve bagisiklik modiilator
kapasiteleri agisindan karakterize edilmistir. Diisiik hizda ¢cogalma, farklilasma ve
azalmis immiinojenisite, miyeloid 16semide immiin direng ile iliskilendirilmistir.
Ayrica, iki transkripsiyon faktorii olan c-MYB ve KLF6'nin ekspresyonu ve niikleer
lokalizasyonu, bagisiklik baskis1 altindaki AML hiicreleri i¢in potansiyel belirtecler
olarak kaydedilmistir.

7.1. Metodoloji

Bu c¢alismada, AML patogenezine ve potansiyel terapdtik hedeflere
odaklanarak immiin deneyim kazanmis akut miyeloid 16semi (AML) hiicrelerini ve
immiinomodiilator kapasitelerini arastirmak i¢in ¢esitli metodolojiler kullanilmistir.
AML'nin sirasiyla farkli FAB M4-5, M5 ve M3 asamalarini temsil eden AML hiicre
hatlar1 (THP-1, U937, HL-60) RPMI 1640 ortaminda kiiltiire edilmistir. Periferik
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kan mononiikleer hiicreleri (PBMC'ler) saglikli goniillii kisilerden taze toplanmis
kan oOrneklerinden izole edilirken, AML tanis1 konmus hasta ornekleri hastane
arsivlerinden elde edilmistir. Calisma i¢in etik onay ve bilgilendirilmis onam
alimmistir. Proliferasyonu degerlendirmek i¢in AML hiicre hatlar1 ve PBMC'lerin
anti-CD3 monoklonal antikor ile ko-kiiltiir deneyleri yapilmis, optimal zaman
araligimm ve PBMCl'lerle ko-kiiltiir oranmi belirlemek i¢cin THP-1 hiicreleri
kullanilmistir. AML hiicreleri ve PBMCl'ler, iki hiicre tipini ayristirmak ve akis
sitometrisi ile proliferasyon aktivitelerini izlemek i¢in canli floresan boyalar olan
karboksifloresein siiksinimidil ester ve eFluor670 ile isaretlenmistir. Floresan
boyama nedeniyle olusabilecek herhangi bir teknik etkiden ka¢inmak igin,
transkriptomik ve diger analizler i¢in izole edilecek ve saflagtirilacak AML
hiicreleri ko-kiiltiirlerde isaretlenmemis olarak birakilmisti. PBMC'lerden T
hiicrelerini izole etmek ve ko-kiiltlirlerden "immiin deneyimli AML hiicreleri" (
ieAML hiicreleri) olarak adlandirilan canli AML hiicrelerini saflastirmak i¢in FACS
kullanilarak hiicre ayirma islemi gergeklestirilmistir. Hiicre canliligt Annexin V
boyama ve akis sitometrisi kullanilarak degerlendirilirken, immiinofenotipleme
cesitli ylizey belirteclerine karsi antikorlarla hiicrelerin isaretlenmesini ve akis
sitometrisi analizini saglamistir. ieAML ve wtAML hiicrelerinin yapisma ve goc
dinamikleri iizerine calismalar Matrigel ve fibronektin ile yiizey kaplamali
lamellerde gerceklestirilmisti. AML hiicrelerinin hiicre yapisma dinamikleri
xCELLigence sistemleri kullanilarak ger¢ek zamanli olarak incelenmistir. T
hiicreleri iizerindeki fonksiyonel deneyler, ko-kiiltiir deneylerinde proliferasyon ve
sitokin sekresyonunu degerlendirmistir. AML hiicrelerinin hiicre dongiisii dagilimi
akis sitometrisi kullanilarak belirlenmistir. Taze izole edilmis AML hiicreleri,
spontan ROS ve NO iiretimini kontrol etmek i¢in herhangi bir uyaran olmadan tam
ortamda 48 saat dinlendirilmistir. AML hiicre popiilasyonlar1 arasindaki gen ifadesi
farkliliklarint incelemek i¢in RNA dizileme ve biyoinformatik analiz yapilmistir.
RT-PCR gen ekspresyon seviyelerini dogrularken, protein ekspresyonunu
gorsellestirmek i¢in immiinofloresan ve 151k mikroskopisi kullanilmistir. Deney
gruplar1 arasindaki Onemli farkliliklar1 belirlemek igin istatistiksel testler
yapilmistir. Deney gruplar1 arasindaki onemli farkliliklart belirlemek igin

istatistiksel testler yapilmistir. Bu yontemler birlikte, immiin deneyim kazanmis
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AML hiicreleri ve bunlarin immiin modiilatér kapasitelerinin kapsamli bir sekilde
arastirilmasina olanak saglayarak AML patogenezi ve potansiyel terapdtik hedefler

hakkinda bilgiler sunmaktadir.

Burada, akut miyeloid 16semi (AML) i¢in ex-vivo bir immiin seleksiyon
modeli gelistirdik ve kalan alt popiilasyonlar1 "immiin-deneyimli" AML (ieAML)

hiicreleri olarak izole ettik.

7.2. Sonugclar

AML hiicrelerinin bir alt popiilasyonunun immiin reaksiyonlardan
kurtulduktan sonra immiin reaksiyonlara dayandigini, proliferasyonu yavaglattigini
ve immiinomodiilatdr dzellikler gosterdigini dogruladik. Immiin mikrogevredeki
degisiklikler kanser hiicrelerinin yeni karakterler kazanmasina yol agmakta ve
immiin reaksiyonlarda hayatta kalmak i¢in en uygun malign klonlarin se¢ilmesiyle
sonu¢lanmaktadir (16). Bununla birlikte, bagisiklik hiicreleri ile kanser hiicreleri
arasindaki etkilesim in vitro ortamda yoktur ve bu da bagisiklik secilim baskisi
olmadan kanser hiicrelerinin biiylimesini destekler. Daha 6nce grubumuz miyeloid
16semi hiicrelerinin immiinojenik potansiyelini kostimiilatéor molekiillerin yapisal
ekspresyonu yoluyla gostermistir (10, 11). Miyeloid l6semi hiicre dizilerinin (THP-
1, HL-60, U937) CD3 ile uyarilmis T hiicreleri (yani karigik 16kosit-l6semi hiicre
reaksiyonlari, MLLR'ler) barindiran artan miktarlarda PBMC'lerle inkiibe edildigi
bir ortak kiiltiir diizeneginde, T hiicreleri gii¢lii bir sekilde cogalirken, 16semi
hiicresi ¢ogalmasi 6nemli dl¢iide engellenmistir (Sekil 4.1A). Genel olarak, THP-1
prototip hiicre hatt1 olarak kullanilmis ve diger iki hiicre hatti dogrulama ve
destekleyici deneyler i¢in kullanilmistir. MLLR'lerde bulunan kiiciik bir 16semi
hiicresi popiilasyonu immiinolojik ac¢idan zorlu kosullarda ¢cogalmay1 basarmistir
(Sekil 4.1A). Ozellikle THP-1 ve diger hiicre dizilerinin ¢ogalmasina izin veren bir
siire olan 72 saatten sonra (veriler gosterilmemistir), kiiltiirlerde bagisiklik
hiicrelerinin orani artmasina ragmen canli 16semi hiicrelerinin yiizdesi sabit
kalmistir (Sekil 4.1B). Bu da 6lii hiicre yiizdesinin MLLR'lerde ¢ogalabilen bir
16semi alt popiilasyonu tarafindan dengelendigi gozlemini desteklemistir. Daha
sonra, canliligini koruyan miyeloid 16semi hiicreleri MLLR'lerden yiiksek saflikta

(CD13'DRAQ7 >%98) izole edilmis ve "immiin deneyimli AML, ieAML"
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hiicreleri olarak adlandirilmistir (Sekil 4.2A). Immiin deneyimli AML (ieAML)
hiicreleri genel olarak " wild-tip" parental AML (wtAML) hiicrelerine kiyasla daha
biiylik ¢ekirdek ve daha graniiler sitoplazmaya sahiptir. ieU937 hiicreleri daha sik
olarak lobiile niikleer morfoloji gostermistir (Sekil 4.2B). Saflastirilmis ieAML
hiicreleri standart kiiltiir kosullan altinda tutulmustur. Ki67" ieAML hiicrelerinin
frekansinin kiiltiirde 72 saat inkiibasyonun ardindan wtAML'den daha az oldugu
goriilmektedir (Sekil 4.3 A,B). Bu iki hiicre popiilasyonu arasinda hiicre dongiisii
dinamikleri agisindan énemli bir fark bulunmamaktadir (Sekil 4.4A). Bu veriler,
ieAML hiicrelerinin MLLR'lerden c¢ikarildiktan sonra bile diisiik bir hizla
cogalmaya devam ettigi bulgusuyla uyumludur. MLLR'lere yanit olarak, gdc,
yapisma ve polarizasyonla ilgili 0Ozellikler de Boyden odasi araciligiyla
incelenmistir. Ozellikle, bagisiklik yanitlarinin AML hiicre davranisi {izerindeki
etkileri, ieAML hiicrelerinin yapisma, go¢ ve polarizasyon kapasitelerindeki
degisiklikler yoluyla degerlendirilmistir. Genel olarak, AML hiicreleri serum
gradyanina dogru go¢ etme konusunda direng gostermistir. Hiicrelerin sadece kiigiik
bir yiizdesi a¢ik bélmenin 5 pm'lik gdzeneklerinden gegebilmistir. Boyden odasi
aracili goc kapasitesi analizinin bir sonucu olarak, ieAML hiicreleri 24. saatte
wtAML hiicrelerine kiyasla daha zayif go¢ kapasiteleri gostererek wtAML
hiicrelerinden daha az etkili bir sekilde go¢ edebilmis ve ieTHP-1, wtTHP-1'e
kiyasla daha az kemotaksis gozlemlenmistir (Sekil 4.5). Daha sonra, hiicre
disindaki network proteinleri, 6zellikle fibronektin ve Matrigel ile kaplanmis
ylizeylerdeki yapisma dinamiklerindeki ger¢ek zamanl degisikliklerin yani sira bir
kontrol ylizeyini karsilastirmay1 amacladik. Bulgularimiz, hem ieTHP-1 hem de
1eU937'nin 24 saat sonra fibronektin ve Matrigel kaph yiizeylerde benzer trend
gosterdigini ve wild tipi muadillerine kiyasla yapisma kapasitesinde 6nemli bir
diisiis oldugunu ortaya koymustur. Buna karsilik, ieHL-60 ayni1 zaman siirecinde
yapisma kapasitesinde bir artis gostermistir (Sekil 4.6B). Bununla birlikte, 48.
saatte, ieTHP-1 fibronektin kapli ylizeyde wild tipi muadiline kiyasla gelismis bir
yapisma kapasitesi gostermistir. Bu arada, hem ieU937 hem de ieHL-60 hala diisiik
yapisma kapasitesi gostermektedir (Sekil 4.6B). Bu hiicrelerin kaplanmamis
yiizeyde ve fibronektin veya Matrigel kapli ylizeylerde 24 saat boyunca

polarizasyon potansiyeli aragtirilmistir. Polarite indeksi hesaplandiktan sonra hiicre
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aktin hiicre iskeletinin yonlendirilmis analizi 1eU937'nin fibronektin kapl
ylzeylerde belirgin bir polariteye sahip oldugunu gostermistir. ieTHP-1
hiicrelerinin Matrigel kapli yiizeyde fibronektine kiyasla daha polarize oldugu,
ieHL-60"n ise fibronektin kapl ylizeyde 6nemli 6lgiide daha polarize oldugu

bulunmustur (Sekil 4.7A).

Primer monositlerin in vitro olarak kiiltiire edildiklerinde dogal olarak
olgunlagsmaya ugradiklar1 ve makrofajlara benzeyen 6zelliklere sahip hiicrelere
farklilastiklar1 yaygin olarak kabul edilmektedir (89). Buna karsin, THP-1, U937
ve HL-60 gibi miyeloid 16semi hiicre hatlar1 in vitro kosullara maruz kalmalarina
ragmen olgunlasmamis 6zelliklerini stirdiirmektedir. Bu nedenle, karisik lenfosit
16semi reaksiyonlarini (MLLR'ler) takiben, wtAML ve ieAML hiicreleri arasinda
aktivasyon, farklilasma ve olgunlagsma asamalariyla iliskili ortak miyeloid
belirteclerdeki degisiklikleri karsilastirdik ve inceledik. CD14, CD38, CD63, HLA-
DR, CD206, CD163, CD80, CD86, CD40, CTLA-4, PD-1, PD-L1 ve TIM3 gibi
farkl belirteglerin yiizey ekspresyonu incelenmis ve ieAML ile wtAML arasindaki
ekspresyon degisiklikleri belirlenmistir (Sekil 4.8A). Miyeloid hiicre aktivasyonu
ve farklilasmasiyla iliskili bazi yilizey molekiillerinin ekspresyonu ieAML
hiicrelerinde, daha belirgin olarak da ieTHP-1 ve 1eU937 hiicrelerinde artma
egilimindeydi. Cesitli belirteclerin ylizey ifadesi degisiklikleri li¢ farkli hiicre
hattinda degerlendirilmistir. Sonuglar ayrica ieAML ve wtAML hiicrelerinin farkl
belirteclerinin daha iyi anlagilmasini ve ayni zamanda karsilastirilmasini saglamak

icin bir 1s1 haritas1 olarak sunulmustur (Sekil 4.8B).

Daha sonra, taze izole edilmis ieAML hiicrelerinin herhangi bir uyaran
olmadan tam ortamda 48 saat dinlenmesine izin verilirken, wild-tip AML (wtAML)
hiicreleri de benzer sekilde reaktif oksijen tiirlerinin (ROS) ve nitrik oksidin (NO)
spontan liretimini degerlendirmek i¢in kullanilmistir. Her iki hiicre tipi de PMA
uyarimina maruz kalmistir ve uyarilmamais hiicreler patlama yanit1 analizi i¢in temel
seviyeleri olusturmak iizere dahil edilmistir. H-DCFDA ve DAF;DA'nin ortalama
floresan yogunluklari1 kullanilarak, PMA ile uyarilan hiicrelerin MFI degeri, ROS
ve NO endekslerini hesaplamak i¢in uyarilmamis hiicrelerinkine normalize
edilmistir. ROS ve NO fiiretimi agisindan wtAML ve ieAML hiicreleri arasinda

onemli bir fark gozlemlenmemesine ragmen, ieAML hiicreleri hem ROS hem de
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NO iiretiminde bir azalma gostermistir. leAML hiicreleri arasinda ieU937, ieTHP-
1 ve ieHL-60'a kiyasla ROS ve NO iiretiminde biraz daha belirgin bir diisiis

izlemistir.

Ayrica, 1eAML  hiicreleri  bagisiklik  modiilator  kapasitelerini
degerlendirmek i¢in MLLR'lere yeniden denenmistir. Wild-tip THP-1 hiicreleriyle
karsilastirildiginda, ieTHP-1'in canliligi CD3 ile aktive edilmis PBMC'lerin artan
sayilarmin varliginda sabit kalmustir (Sekil 4.10A). Ayrica, CD4" T hiicreleri ve
CDS8" T hiicreleri wtAML ile birlikte kiiltiirlendiginde yiiksek oranda ¢ogalirken,
ieAML hiicreleri T hiicrelerinin ¢ogalmasin1 desteklememistir (Sekil 4.10B).
Bununla birlikte, 1:2 ve 1:4 ieAML hiicresi: T hiicresi ko-kiiltiir oranlarinda, T
hiicresi sayilarinda kiiciik bir artis gdzlenmistir. Ilging bir sekilde, ieHL-60 ve
wtHL-60 hiicreleri tarafindan indiiklenen CD8" T hiicresi proliferasyonu arasinda
bir fark bulunmamaktadir (Sekil 4.10B). Immiin direng, immiin reaksiyonlara yanit
olarak gecici olarak edinilebilir (20, 21); bu nedenle, ieAML hiicreleri uzun siireli
kiiltiirlerde olusturulmus ve canliliklar, ¢ogalmalart ve immiinomodiilator
kapasiteleri degerlendirilmistir. Immiin deneyimli AML (ieAML) hiicrelerinin
canlilig: stirekli kiiltiirleme ile muhafaza edilmistir (apoptotik olmayan hiicreler >
%85) (Sekil 4.11A). Bununla birlikte, ieAML hiicrelerinin proliferasyon oranlari
parental wtAML hiicrelerinden 6nemli 6l¢iide daha yavas kalmistir (Sekil 4.11B).
Daha sonra, "ieAML (CC)" hiicreleri olarak adlandirilacak olan siirekli
kiiltiirlenmis ieAML hiicrelerinin CD4" T hiicresi ve CD8" T hiicresi yanitlari
lizerindeki etkisi test edilmistir. Immiin deneyimli THP-1 (CC) hiicrelerinin
varliginda, T hiicresi ¢ogalmasi wtTHP hiicrelerinde gozlenenden 6nemli Slgiide
daha diisiik bulunmustur. Bununla birlikte, ieU937 (CC) veya ieHL60 (CC) ve
bunlarim wild tipi muadilleriyle ko-kiiltiirlerde benzer ylizdelerde T hiicresi

proliferasyonu indiiklenmistir (Sekil 4.11C).

T hiicresi proliferasyonuna paralel olarak, anti-timor immiin yanitlar igin
onemli aracilar olan IL-2, TNF-a, IFN-y, granzim A, granzim B ve perforin
sekresyonu, T hiicreleri ve ieAML hiicrelerinin ko-kiiltiirlerinde 6nemli 6l¢iide
azalmistir. Yalnizca, ieHL-60'a yanit olarak CD8" T hiicreleri tarafindan sekrete
edilen TNF-a, IFN-y ve granzim B seviyeleri wtHL-60 hiicrelerinin varliginda elde

edilenlerden 6nemli Ol¢lide farkli degildi (Sekil 4.12A). Genel olarak, wtAML
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hiicreleriyle kokiiltiirlerde CD4" veya CD8" T hiicrelerinin miktarinin artirilmasi,
ieAML hiicreleriyle ko-kiiltiirlere kiyasla bu aracilarin konsantrasyonlarinda
Oonemli bir artisa neden olmustur (Sekil 4.12A). Bu azalmis sekresyon, wild tipi
AML muadillerine kiyasla, ieAML alt popiilasyonunun zayif immiinojenik ve
inflamasyon kaynakli hiicre Oliimiine karsi daha az hassas olma egiliminde
oldugunu dogrulamistir. T hiicresi ve ieAML ko-kiiltiirlerinden elde edilen
slipernatantlarin sitokin analizi, IL-2, TNF-o, IFN-y, granzim A ve granzim B dahil
olmak iizere anti-timor bagisiklik yanitlarinin desteklenmesinde onemli bir rol
oynayan T hiicresi ile iliskili sitokinlerin salgilanmasinda 6nemli bir azalma
oldugunu gostermistir. ieU937 ve ieHL-60 (CC) hiicreleri i¢in bu yanitin gegici ve
gecici oldugunu belirtmek gerekir. Bireysel hiicre hatti normalizasyonundan sonra
sitokin salinimindaki degisiklikleri bir 1s1 haritast seklinde sunduk (Sekil 4.12B).
Hem 1eU937 hem de ieHL-60 (CC) tiim sitokinler i¢in benzer bir trend gdstererek
wild tipi AML ko-kiiltiirlerinde oldugu gibi neredeyse ayni seviyelere donmiistiir.
Ote yandan, siirekli kiiltiirlenen ieTHP-1 hiicreleri diisiik seviyeli immiinojenik
ozelliklerini korusa da, diistik IL-2, TNF-a, IFN-y, granzim A, granzim B, perforin
ve sFASL seviyeleri de dahil olmak iizere anti-tiimor sitokinlerinin sekresyonunda
azalma goriilmiistiir. Tiim sitokinler arasinda, IFN-y'nin ieTHP-1 (CC)'de yeni elde
edilmis ieAML ko-kiiltiirlerine kiyasla onemli oOl¢iide daha fazla azaldig:

goriilmiistiir (Sekil 4.12B).

Simirli sayida gen, miyeloid l0semi hiicreleri iizerindeki bagisiklik
baskisinin ortak belirtecleri olarak tanimlanmistir. ieAML alt popiilasyonlarinin
ortaya c¢ikmasinda rol oynayan molekiiler yollar1 ortaya c¢ikarmak igin
transkriptomik analizler gerceklestirilmistir. ilging bir sekilde, THP-1, U937 ve
HL-60 hiicre hatlariin transkriptomik imzalar1 sinirli bir homojenlik gostermistir.
Dolayisiyla, her bir hiicre hattindan elde edilen karsilik gelen ieAML alt
popiilasyonlar1 da spesifik gen ekspresyon profili ile ayirt ediciydi ve bu da
AML'nin heterojen dogasina isaret ediyordu (Sekil 4.13A). Beklendigi iizere,
hiyerarsik siniflandirma analizi her bir ieAML popiilasyonu ile parental wtAML
hiicre hatti1 arasinda yakinlik oldugunu ve ieTHP hiicrelerinin en farkli gen ifade
modeline sahip oldugunu ortaya c¢ikarmistir (Sekil 4.13B). Amacimiz ieAML

popiilasyonlar1 arasinda ortak bir imza belirlemek oldugundan, ieTHP-1, 1eU937 ve
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1eHL-60 hiicrelerinde en farkli ve yaygin olarak ifade edilen genler yol analizine
tabi tutulmustur (Sekil 4.13D). Gen ifadesi degisiklikleri agisindan, ieTHP-1
hiicreleri (DEG'ler, toplam, 1483; yukar1 diizenlenmis, 888; asagi diizenlenmis,
595) MLLR'lerden en ¢ok etkilenen hiicreler olmus, bunu ieU937 (DEG'ler, toplam,
886; yukar1 diizenlenmis, 519; asag1 diizenlenmis, 367) ve ieHL-60 (DEG'ler,
toplam, 287; yukar diizenlenmis, 208; asag1 diizenlenmis, 79) izlemistir (Sekil
4.13C). Her ti¢ ieAML hiicresinde de benzer sekilde toplam 77 gen yukari regiile
edilirken sadece 7 gen asag regiile edilmistir (Sekil 4.13C,D). interferon sinyalinin
diizenlenmesinde rol oynayan genler (STAT1, IFI30, OAS1, STAT2, IFIT3, GBP1,
GBP2, GBPS5, IFI6, IRF1, IRF7, ISG15), inflamatuar sitokin sinyali (CXCLS,
CXCL9, CXCL10, CCL2, CCL3, GZMB, IL-32, IL1B, FCGR1A, S100AS,
TNFAIP2), antijen sunum yollari (CD74, HLA-A, HLA-B, HLA-C, HLA-E, B2M,
TAP1, TAPBP, PSMB9, PSMB10, PSME1), apoptotik yolaklar (CSRNPI,
GADDA45B, PIMI1, MCL1, RELB, PPP1R15A), hiicre yapismasit ve gogii
(TUBAT1A, RGSI1, PRTN3, ICAMI, ITGB2, ITGB7), ve hiicresel stres yaniti
(SOD2, NDRG1, NCFI1, SGKI1) wild tipi karsitlartyla kiyaslandiginda ieAML
hiicre popiilasyonlarinda yaygin olarak diizenlenmistir (Sek. 4.13D ve Sekil 4.14,
4.15A). Sonug olarak, miyeloid 16semi hiicreleri lizerindeki immiin baskiyla iliskili
ortak belirtegler olabilecek ieAML hiicre popiilasyonlari i¢in yalnizca sinirl sayida

farkl1 sekilde ifade edilen gen ortak bulunmustur.

84 DEG, her ii¢ hiicre hattinda da ortak olan genler tarafindan diizenlenen
onemli biyolojik yollar1 belirlemek icin KEGG veri tabani ile karsilastiriimistr.
Gen seti daha sonra dort gruba ayrilmistir: 1. inflamatuar yanitta rol oynayan genler,
ii. apoptoz, iii. sitokin yanit1 ve iv. transkripsiyon faktorleri (Sekil 4.15A). Daha
sonra, bu gen setleri yol zenginlestirme analizine dahil edilmistir. Onemli olarak,
interferon sinyali ile iligkili olan viral siirecler, anti-viral bagisiklik ve viral
enfeksiyonlarla ilgili gen setleri de yukar1 dogru diizenlenmistir (Sekil 4.15B).
Ayrica, diger zenginlestirilmis yollar arasinda antijen sunumu, allograft
rejeksiyonu, hiicreden hiicreye adezyon, hiicre gocili, TNF sinyali, apoptozun
negatif diizenlenmesi ve graft-versus-host hastaligi ile iligkili yollar yer almaktadir

(Sekil 4.15B).
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Gen seti zenginlestirme analizi (GSEA), her lic ieAML hiicresi tarafindan
paylasilan yiiksek oranda ifade edilen genlerin daha once bildirilen enflamatuar
yanit ve allogreft rejeksiyon yaniti gen setleriyle uyumlu oldugunu ortaya
koymustur (nominal p degeri < 0,05) (Sekil 4.16). IFN-y, IFN-o, TNF-a, TGF-8,
apoptoz, IL-6 ve IL-2 sinyali gibi enflamatuar yolaklarin ayirt edici 6zellikleri de
zenginlesmistir. MYB transkripsiyon faktoriinlin hedefleri de dahil olmak iizere
hiicre proliferasyonuyla ilgili yolaklardaki azalma da ieAML hiicrelerinden elde

edilen transkriptomiklerle uyumluydu (Sekil 4.14).

AML hiicreleri heterojenlikleri ile iyi bilinmektedir. Bu nedenle, farkl
olgunlagma asamalar1 (THP-1, U937, HL-60) degerlendirilerek aralarindaki
farkliliklar1 ortaya c¢ikarmak i¢in tek tek AML hiicre hatlarina yol analizi
uygulanmigtir. ieTHP-1 ve wtTHP-1'de, en Onemli Olclide zenginlestirilmis
yolaklar arasinda hiicre dongiisii diizenlemesi, sitokin sinyali, ndtrofil
degraniilasyonu, enflamatuar yanit, viral enfeksiyon ve tip II interferon yolaklar1
yer almaktadir (Sekil 4.17A). Wild-tip U937'ye kiyasla ieU937'de, sitokin sinyali
ve dilizenlenmesi, strese hiicresel yanmit, PID/AP1 yolu, hematopoez ve
diizenlenmesi, reaktif oksijen tiirleri ve allogreft rejeksiyonunda yer alan yollarla
ilgili yollarda zenginlesme goriilmistiir (Sekil 4.17B). ieHL-60 ayrica hiicre
oldiirme, 16kosit migrasyonu, IL-18 sinyali, NOD benzeri reseptor sinyali ve
apoptozla ilgili yollar gibi zenginlestirilmis yollarda da farkliliklar gostermektedir
(Sekil 4.17C). ieHL-60 ve ieTHP-1 sitokin sinyali, innat immiin yanit, tip II
interferon sinyali, inflamatuar yanit ve viral yanitla ilgili yollar dahil olmak {izere
bazi ortak yollar1 paylagsmistir. Metabolik siireclerle ilgili yolaklar her ii¢ hiicre
hattinda da zenginlesmistir; ancak ieTHP-1'de ieU937 ve ieHL-60'a kiyasla en ¢ok
zenginlesen yolaklardan biri bulunmustur (Sekil 4.17 A,B,C).

Sonug olarak, miyeloid 16semi hiicreleri tizerindeki immdiin baskiyla iligkili
ortak belirtegler olabilecek ieAML hiicre popiilasyonlari i¢in yalnizca sinirh sayida

farkli sekilde ifade edilen gen ortak bulunmustur.

Her tli¢ ieAML hiicresinde de yalnizca sinirli sayida gen birlikte diizenleme
gosterdigi i¢in, dikkatimiz transkripsiyon faktorlerini kodlayanlara, 6zellikle de

hiicresel davranisi etkileme kapasitesine sahip olanlara yoneltilmistir. Diferansiyel
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olarak ifade edilen 84 gen (DEG) arasinda 9 tanesi transkripsiyon faktorii olarak
tanimlanmistir (Sekil 4.13D, ok baslariyla gosterilmistir). Ozellikle, Kruppel
benzeri transkripsiyon faktori 6 (KLF6) ve MYB genleri, TCGA biyoinformatik
analizine dayali olarak AML hastalarinda yiliksek oranda ifade edilen ilk iki
transkripsiyon faktorii arasinda ortaya ¢ikmistir (Sekil 4.18A, ok baslar1). Bununla
birlikte, MCL1, B2M, SLC2A3, IRF1, SOD2, STAT1, CD74, PRTN3 ve KLF2
dahil olmak iizere hasta veri tabaninda ilk 10 sirada yer alan diger genleri de
arastirdik. STAT1, IRF1, CD74 ve B2M gibi bu genlerin bazilarinin rolleri AML'de
kapsamli bir sekilde calisilmis olsa da, odak noktamiz ieAML hiicrelerinde immiin
direngten sorumlu bir imza gen listesi belirlemekti. Ekspresyonlarini
degerlendirmek icin RT-PCR analizi yaptik. ilging bir sekilde, TCGA analizinden
elde edilen AML hastalarinin veritabaninda ekspresyon yiiksek olmasina ragmen,
RT-PCR analizi tutarsiz sonuglar vermistir. Gen ifadesi yalnizca ieTHP-1
hiicrelerinde yiikselirken, diger iki hiicre hatti, 1eU937 ve ieHL-60, gen ifadesi
analizlerinde degiskenlik gostermistir (Sekil 4.19A). Sadece KLF6 ve MYB
genleri, RT-PCR kullanilarak yapilan kantitatif gen ekspresyonu analizleri ile
dogrulandigi lizere tutarh bir gen ekspresyonu modeli gostermistir (Sekil 4.19A,B).
Sonu¢ olarak, odak noktamiz farklilasma, olgunlagsma ve ¢ogalma dahil olmak
iizere hiicresel siireclerin diizenlenmesinde 6nemli roller oynadig: bilinen KLF6 ve

c-MYB transkripsiyon faktorlerine yonelmistir (192, 193, 194).

Immiin deneyimli AML hiicrelerinde, KLF6 énemli bir yukari regiilasyon
gosterirken, MYB asag1 regiile edilen genlerden biri olarak tanimlanmistir (Sekil
4.13D). Ayrica, TCGA verilerinin analizi, orta ve kotii klinik tablo gosteren
hastalarda MYB mRNA seviyelerinde Onemli bir diislis oldugunu ortaya
gostermistir. Bu gozlem, hiicresel siiregler ve AML patogenezindeki potansiyel
etkileri baglaminda KLF6 ve MYB'nin rollerinin daha fazla arastirilmasina yol

acmuistir.

Immiin deneyimli (ieAML) hiicrelerinde KLF6 ve c-MYB gen ekspresyon
modelini q-RT PCR ile dogruladiktan sonra, bir sonraki adim immiinfloresan ile
protein diizeyinde hiicresel lokalizasyonlarini incelemekti. Burada, AML blast
hiicrelerinin niikleer bolgesinde wtAML ve ieAML hiicreleri arasinda KLF6 ve c-

MYB'iin ortalama floresan yogunlugunu (MFI) hesapladik. ilging bir sekilde,
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KLF6'nin niikleer lokalizasyonu wtAML blast hiicrelerinde daha az tespit edilmistir
(Sekil 4.20A). Protein diizeyinde, wtAML blastlarinda KLF6'nin niikleer
lokalizasyonu daha az siklikla tespit edilmistir MLLR'lerin ardindan,
cekirdeklerinde KLF6 tagiyan ieAML hiicrelerinin orant 6nemli dlgiide artmuistir.
Alternatif olarak, MLLR'lere maruz birakildiginda niikleer ¢c-MYB iceren
hiicrelerin yiizdesi azalmistir (Sekil 4.20A). Ozellikle U937 hiicrelerinde bu
transkripsiyon faktorleri i¢in bir periniikleer boyanma da kaydedilmistir (Sekil
4.20B, C). Ayrica, niikleer bolgede KLF6 ve c-MYB proteinlerine sahip AML
hiicrelerinin ylizdeleri hesaplandiginda, her ii¢ hiicre hattinda da wtAML
hiicrelerine kiyasla ieAML hiicrelerinde niikleer bolgede c-MYB'de bir diisiis
oldugu goriilmiistiir. KLF6 yiizdesi ise sirasiyla THP-1, U937, HL-60 i¢in wtAML
hiicrelerine kiyasla ieAML hiicrelerinde artmistir (%52 ila 75, %40 ila 60 ve %52
ila 78) (Sekil 4.20 B,C). Daha sonra, KLF6 ve c-MYB'nin niikleer lokalizasyon
durumunu belirlemek icin AML hasta 6rneklerini degerlendirdik. Yeni tan1 konmus
(n=6) veya niiks etmis (n=5) AML hastalarinin kemik iligi aspiratlarinda, KLF6 ve
c-MYB'nin farkli niikleer seviyelerine sahip blastlarin heterojen bir dagilimi
gozlenmistir (Sekil 4.21A). KLF6'nin yiiksek seviyede niikleer lokalizasyonuna
(blast popiilasyonunun ortalamasindan 1,5 kat daha yiiksek KLF6 seviyeleri) ve c-
MYB'iin diisiik seviyede niikleer lokalizasyonuna (blast popiilasyonunun
ortalamasindan 1,5 kat daha diisiik c-Myb seviyeleri) sahip blastlarin yiizdesi her
ornek icin hesaplanmistir. Genel olarak, AML hiicrelerinin biiyilik bir ¢cogunlugu
niikleer bolgede diisiik seviyede KLF6 (aralik, %62-100) ve yiiksek seviyede c-
MYB (aralik, %67-100) gostermistir (Sekil 4.21A). Niikseden hastaligi olan
kisilerde yiiksek seviyede niikleer KLF6 iceren blastlar i¢in artan bir egilim
kaydedilmistir (ilk tanidaki aralik, %0-27; niiksteki aralik, 9%20-38). Ancak, c-
MYB i¢in ilk tanida veya niikste elde edilen Orneklerde herhangi bir fark
goriilmemistir (Sekil 4.21A).

Sonug olarak, bagisiklik deneyimi olan AML hiicrelerinde belirlenen 84
DEG arasindan secilen KLF6 ve c¢-MYB transkripsiyon faktorleri AML
hiicrelerinde farkli niikleer lokalizasyon gostermistir. Hasta drneklerinde, blastlarin
kiiciik bir kism1 da cekirdekte yiiksek KLF6 ve diisik c-MYB ile karakterize
edilmektedir.
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Genel olarak, miyeloid 16semi alt popiilasyonlarinin ilk immiin yanittan
hemen sonra kazanilmis olan immiin modiilator kapasiteleri, sabit kosullarda siirl
bir siire boyunca devam edebilir. Bununla birlikte, ieTHP-1 hiicrelerinde
gozlemlendigi gibi, inflamatuar reaksiyonlar sirasinda malign hiicreler tarafindan

edinilen direng karakterleri her zaman gegici olmayabilir.

7.3. Tartisma

Akut Miyeloid Losemi (AML), hem kemik iliginde hem de kan dolagiminda
olgunlagsmamis blastlarin birikmesiyle karakterize bir hematolojik malignite
formudur. Bu olgunlasmamis blastlar genelde biiyiime faktorleri ve sitokinlerin
zengin oldugu nislerde yasar ve bagisiklik sistemi tepkilerine karsi toleransi
destekleyen bir ortami besler. Genomik c¢alismalardaki son gelismeler, AML
hiicrelerinin genetik heterojenligini ortaya cikarmis, baz1 alt gruplar tedavilere
direng gostererek terapdtik miidahalelere yanit olarak tiimoriin evrimlesmesine yol
acmustir (Turati ve ark., 2021). Hem genetik hem de epigenetik diizeylerde islevsel
degisikliklerle isaretlenen bu siire¢ boyunca blastlar, tedavi edilmemis veya
tamamen direngli hiicrelerde goézlenmeyen benzersiz, zamansal olarak sinirli
morfolojik, fenotipik ve genetik Ozellikler edinerek adaptasyon gostermektedir.
Yiiksek oranda immiinojenik tiimor hiicrelerinin ortadan kaldirilmasi, immiin
yanitlara dayanma konusunda gelismis yeteneklere sahip malign klonlarin ortaya
cikmasina yol acabilir. Bu siire¢, konaker bagisiklik sistemine karsi iistiin direng
gosteren tiimor hiicresi varyantlarmin tercihli olarak hayatta kalmasini ve
cogalmasini igerir ve potansiyel olarak daha agresif ve kagan bir tiimor fenotipinin

gelismesine neden olur (163, 191, 195).

Miyeloid soydan gelen hiicreler, antijenleri sunma ve T hiicresi aracili
yanitlar ortaya ¢ikarmak i¢in ¢ok 6nemli olan ikincil sinyalleri saglama konusunda
milkemmeldir. Bu durum, miyeloid kokenli hiicrelerin yabanci maddeleri T
hiicrelerine etkili bir sekilde sunarak ve bagisiklik yanitlarinin aktivasyonunu
kolaylastirarak bagisiklik sisteminde yetkin bir rol oynadigini gostermektedir.
Dendritik hiicreler ve makrofajlar gibi miyeloid hiicreler, antijen sunan hiicre
(APC) popiilasyonunun temel bilesenleridir. Antijenleri yakalama, isleme ve T

hiicrelerine sunma konusunda benzersiz bir yetenege sahiptirler ve bir dizi
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bagisiklik tepkisi baslatirlar. Ek olarak, bu miyeloid hiicreler T hiicresi aracili
bagisikligin uygun aktivasyonuna ve modiilasyonuna katkida bulunan kritik ikincil
sinyaller saglar. Bu etkilesim, ko-stimiilator sinyallerin ve diger diizenleyici
molekiillerin iletilmesiyle birlestiginde, T hiicresi yanitlarmin etkili bir sekilde
baslatilmas1 ve diizenlenmesi i¢in ¢ok onemlidir. Miyeloid hiicrelerin antijen
sunumu ve ikincil sinyalizasyondaki yeterliligi, adaptif bagisiklik yanitinin
sekillendirilmesindeki 6nemli rollerini vurgulamaktadir. Bu stireglerin anlasilmasi,
as1 gelistirme ve kanser gibi hastaliklar i¢in immiinoterapi dahil olmak {izere ¢esitli
klinik baglamlarda immiin reaksiyonlar1t modiile etmek i¢in stratejiler gelistirmek
icin temeldir (196, 197). Akut miyeloid 16semi (AML) ile iligkili hiicreler,
kostimiilator molekiillerin yiiksek ekspresyonunu gosterebilmektedir. Bu, AML
hiicrelerinin, etkilesimler sirasinda bagisiklik hiicrelerine ek sinyaller saglamada
onemli bir rol oynayan ve bagisiklik tepkilerinin modiilasyonuna katkida bulunan
proteinlerin yiiksek seviyelerini sunabilecegi anlamina gelir. AML kapsaminda,
16semi hiicreleri lizerinde kostimiilator molekiillerin artan ekspresyonu, bu hiicreler
ile bagisiklik sistemi arasindaki etkilesim agisindan Onemli etkilere sahiptir.
Kostimiilator molekiiller, immiin yanitlarin aktivasyonu ve diizenlenmesi i¢in
gereklidir. AML hiicreleri bu molekiilleri yiiksek seviyelerde ifade ettiginde,
bagisiklik hiicreleri, 6zellikle de T hiicreleri ile etkilesime girme kapasitesinin

arttigini gostermektedir.

AML hiicrelerinde kostimiilator molekiillerin yiikseltilmesi, bagisiklik
sisteminin 16semi hiicrelerini tanimasini ve bunlara yanit vermesini etkileyebilir.
Bagisiklik hiicreleri i¢in aktivasyon esiklerini etkileyebilir ve AML tarafindan
kullanilan genel bagisikliktan kaginma stratejilerine katkida bulunabilir (10, 11).
Akut miyeloid 16semi (AML) alaninda, 16semi hiicrelerinde major histo-uyumluluk
kompleksi (MHC) molekiillerinin ekspresyonunu gozlemlemek yaygindir. Bunlar
arasinda antijenlerin T hiicrelerine sunulmasinda 6nemli rol oynayan ve bdylece
AML'ye kars1 immiin tanima ve yanit1 etkileyen hem MHC sinif I hem de MHC
smif II bulunmaktadir. Dahasi, AML'li bireylerin kemik iligindeki T hiicrelerinin
aktivasyonu devam eden bir bagisiklik reaksiyonu anlamina gelir. Bu T hiicrelerinin
aktive olmus durumu, bagisiklik sisteminin kemik iligi ortaminda AML

hiicrelerinin varligina aktif olarak yanit verdigini gostermektedir. Bu aktivasyon,
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bagisiklik sisteminin 16semik hiicreleri tanima ve ortadan kaldirma girisiminin bir
yansimasi olabilir ve AML ile kemik iligi mikrogevresindeki bagisiklik yaniti
arasindaki dinamik etkilesimi vurgular. Bu etkilesimleri anlamak, AML ile etkili bir
sekilde miicadele etmek i¢in bagisiklik sistemini kullanan hedefe yonelik terapotik
stratejiler gelistirmek i¢in gereklidir (198). Miyeloid 16semi hiicreleri, bagisiklik
sisteminden kagmaya yonelik kompleks stratejileriyle taninmakta ve anti-timor
bagisiklik savunmalarina uyum saglamada kayda deger bir esneklik gostermektedir.
Bu durum, 16semi hiicreleri ile immiin yanit arasindaki karmasik etkilesimin altini
cizmekte ve miyeloid I6semide bu adaptif immiin kacis mekanizmalarini ele alan
hedefe yonelik terapdtik yaklagimlara duyulan ihtiyaci vurgulamaktadir (8, 152,
155, 197). Akut miyeloid l6semide (AML) genetik ve immiin 6zellikler arasindaki
dinamik etkilesim, tedavilere direncli ve elverigsiz kosullarda gelisebilen blast
popiilasyonlarinin ortaya ¢ikma olasiligini artirarak énemli ¢esitlilige neden olur.
Genetik ve immiin yanit arasindaki etkilesimdeki bu karmasiklik, AMLin
heterojen karakteristigine katkida bulunur. Losemi hiicreleri arasinda gdzlenen
heterojenlik, belirli popiilasyonlarin terapotik miidahalelere karst direng gelistirme
olasiligin1 artirmaktadir. Dahast, bu direncli blast popiilasyonlari zorlu ve elverissiz
ortamlarda bile uyum saglayabilir ve gelisebilir. Bu karmasik etkilesimin
anlagilmas1 ve ele alinmasi, 16semi hiicre popiilasyonlar: i¢indeki direng ve
uyarlanabilirlik potansiyeli goz Oniine alindiginda, AML'ye kars1 daha etkili
terapotik stratejiler gelistirmek icin ¢ok Onemlidir (148, 149, 200). Losemi
hiicrelerinin se¢ilim ve adaptasyon yoluyla siirekli evrimi, allojenik kemik iligi
transplantasyonu gibi tedaviler sirasinda bile aktif kalmaktadir. Nakledilen
bagisiklik hiicrelerinin 16semi hiicrelerine saldirdig1 graft-versus-16semi (GvL)
yanitlar1 baglaminda, l1dsemi hiicreleri tarafindan segilim ve adaptasyonun dinamik
dogas1 devam etmektedir. Devam eden bu etkilesim, hastaligin ilerlemesini tesvik
edebilir ve niiks riskini artirarak, cesitli tedavi yontemleri sirasinda l6semi
hiicrelerinin adaptif kapasitelerini dikkate alan ve bunlara kars1 koyan kapsamli
terapotik stratejilere olan ihtiyact vurgulamaktadir (6, 199, 201). Akut miyeloid
16semili (AML) bireylerde immiinoterapiden 6nemli faydalar saglanamamasi,
16semi hiicrelerinin immiin yanittan nasil kagtiginin daha derinlemesine anlagilmasi

gerektiginin altin1 ¢izmektedir. Bu anlayis, tedavi segeneklerini iyilestirmek ve
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AML'nin ortaya ¢ikardig1 bagisikliktan kaginma zorluklarini ele almak i¢in daha
etkili stratejiler gelistirmek i¢in gereklidir (198, 202).

Calismamizdan elde edilen sonuglar, miyeloid l6semi hiicreleri iginde,
bagisiklik sisteminin zararli etkilerinden kagabilen alt popiilasyonlar oldugunu
gostermistir. Bagisiklik tepkileriyle karsilasan ve hayatta kalan bu 16semi hiicreleri,
anti-timor bagisiklik tepkilerinde gezinmelerine yardimer olan gegici veya kalici

ozellikleri benimseyebilir.

Bir diger 6nemli engel ise, kemoterapinin etkinliginin, kanser hiicrelerinin
aynt anda birden fazla ilaca karsi diren¢ gelistirdigi ve onlar cesitli ilgisiz
tedavilerden etkilenmez hale getirdigi bir fenomen olan ¢oklu ila¢ direnci (MDR)
nedeniyle kisitlamalarla kars1 karsiya kalmasidir. Coklu ilag direnci sirasinda
kanser hiicreleri, genellikle artan ilag akist veya ilag hedeflerindeki degisiklikler
gibi ¢esitli mekanizmalar yoluyla, birden fazla ilacin sitotoksik etkilerine dayanma
yetenegi gelistirir. Bu direng, maligniteyi hedef almay1 amaglayan ¢esitli terapotik
ajanlarin etkinligini azalttig1 i¢in kanser tedavisinde Onemli bir zorluk teskil
etmektedir (203, 204). Ilag direnci mekanizmalari, genetik ve epigenetik
seviyelerdeki farkliliklarin rezidiiel hastalikta gosterildigi in vivo ortamda siklikla
gozlemlenmektedir (205). Bu, gergek biyolojik sistemler baglaminda, ilag
direncinin genellikle hem genetik kod hem de hiicresel mekanizmanin epigenetik
modifikasyonlar1 diizeyinde degisiklikleri icerdigi anlamina gelir. Ayrica, anti-
kanser molekiillerinin artan konsantrasyonlarina maruz kalan miyeloid 16semi
hiicreleri, in vitro olarak ilaca direncli alt klonlar olarak tanimlanmaktadir (206,
207). Bu, arastirmacilarin miyeloid l6semide ila¢ direncinin gelisimini simiile
etmelerine ve incelemelerine olanak taniyarak, bu direngli alt popiilasyonlarin
mekanizmalar1 ve davramislar1 hakkinda bilgiler sunmaktadir. Ilaca direngli alt
klonlarin in vitro olarak analiz edilmesi, direncin dinamiklerini arastirmak ve
miyeloid 16seminin klinik tedavisinde bunun iistesinden gelmek veya dnlemek igin
potansiyel stratejileri kesfetmek icin kontrollii bir ortam saglar. Losemi hiicreleri
birden fazla ilaca karsi direng gelistirmek icin c¢esitli mekanizmalar kullanir.
Ornegin, baz1 direngli hiicreler ila¢ aliminda azalma veya ila¢c atiminda artis
gostererek ilag absorpsiyonunda azalmaya veya ilag atiminda artiga neden olur. Bu

durum, hiicre i¢indeki hedefine ulasan ila¢ miktarin1 azaltarak ilacin etkinligini
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simirlandirir. Ek olarak, direng, hiicresel mekanizmalarin tedavinin neden oldugu
DNA hasarini onararak hiicrelerin hayatta kalmasina ve ¢ogalmasina izin verdigi
hasarli DNA'nin gelismis onarimindan kaynaklanabilir. ilag hedefleri ve
metabolizmasindaki degisiklikler de, ilaglarin molekiiler hedeflerini veya hiicresel
metabolik yollar1 degistirerek onlar1 terapétik etkilere daha az duyarli hale getirerek
dirence katkida bulunabilir. Ayrica, direngli hiicrelerin tedaviye bagl apoptozdan
kactig1 hiicre 6limiiniin baskilanmasi, bu hiicrelerin terapdtik cabalara ragmen
devam etmesine izin vererek tedavi direncine katkida bulunur. Bu mekanizmalar
toplu olarak tedavi direncine katkida bulunan baslica faktorlerdir (208). Tiimor
mikrocevresinin ve bagisiklik sisteminin etkisi de ¢esitli sinyal yolaklari
aracilifryla MDR'ye katkida bulunan bir faktor olarak kabul edilmektedir (209).
Bununla birlikte, kontrol noktasi blokaj1 ve adoptif T hiicre transferi gibi immiin

miidahale tedavilerine kars1 direncin daha iyi tanimlanmasi gerekmektedir (14,

210).

Bu nedenle, mevcut tez c¢alismasinda, genetik ve epigenetik
modifikasyonlarin kazanilmasiyla elde edilen bagisiklik yanitlarina kademeli bir
adaptasyonu Ozetleyen kavramsal bir model Onerilmistir. Caligmamizda, kanser
hiicrelerinde (AML) meydana gelen biyolojik degisiklikleri incelemek ve bunlarin
bagisiklik yanitin1 modiile etme kapasitelerini degerlendirmek icin 6zel olarak
tasarlanmis bir in vitro ¢ergeve olusturduk. Bu yaklasim, kanser hiicrelerinin nasil
gelistiginin ve bagisiklik sistemiyle nasil etkilesime girdiginin ayrintili bir sekilde
arastirilmasina olanak taniyarak potansiyel adaptasyon mekanizmalara 1sik
tutmakta ve gelecekteki terapotik stratejiler icin bilgiler saglamaktadir. Burada,
AML blastlarinin heterojen davranisini modellemek i¢in farkli olgunlagma ve
farklilagma ozelliklerine ve genetik arka planlara sahip tic AML hiicre hatti
kullandik. Spesifik olmamakla birlikte, miyeloid 16semi hiicre hatlar1 ve allojenik
immiin hiicreleri iceren ko-kiiltiirlerde (MLLR'ler) baslatilan T hiicresi aracili
reaksiyonlar, immiin veya ikincil direncin altinda yatan molekiiler mekanizmalarin
aydinlatilmasi i¢in bir model gorevi gormiistiir. Bu ko-kiiltiir sistemindeki yanitlari
analiz etmek, 16semi hiicrelerinin immiin tanimadan kagma veya immdiin saldirilara
kars1 direng olusturma yollar1 hakkinda bilgi edinmemize yardimci olarak daha

hedefli ve etkili terapotik yaklagimlar gelistirmek i¢in bir temel sunmaktadir.
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T hiicresi yanitlariin giicli, oncelikle B7 silipergen ailesinden yiizey
molekiilleri araciligiyla iletilen giiclii kostimiilator sinyallere baghdir (211). CD80,
CD86 ve ICOSLG kostimiilator molekiilleri 16semi blastlar1 tarafindan siklikla
ifade edilir ve AML'nin immiinojenitesine katkida bulunabilir (11). Tersine,
miyeloid 16semi hiicreleri tarafindan sunulan kostimiilatér aktivitenin diizenleyici
etkileri potansiyel olarak bagisikliktan kaginmaya katkida bulunabilir. Bunun
anlami, bu hiicrelerden gelen kostimiilator sinyalleri igeren etkilesimlerin immiin
tanima ve yanittan kaginmaya yardime1 olan sonuglari olabilecegidir (10, 11, 13).
Elde ettigimiz bulgularla tutarli olarak, c¢esitli kanser tipleri, anti-kanser
bagisikligina yanit olarak kontrol noktast molekiillerinin, interferon yanat
genlerinin ve bagisiklik diizenlemesiyle iligkili yolaklarin artan ekspresyonunu

gosterdigi belgelenmistir (11, 13).

Calismamizda, "immiin-deneyimli" alt klonlar ieAML hiicreleri, her biri
farkli 6zelliklere ve farkli biyolojik niteliklere sahip {i¢ farklit AML hiicre hattindan
tiiretilmistir. Bu, bir dizi bagisiklik yanitin1 kesfetmemize ve bu alt klonlar arasinda
altta yatan biyolojik 0Ozelliklerdeki varyasyonlar1 degerlendirmemize olanak
saglamistir (212, 213) (THP-1 RRID:CVCL _0006), U-937 RRID:CVCL _0007,
HL-60 RRID:CVCL_0002).

Immiin deneyime sahip AML hiicreleri (ieAML), 6zellikle belirli bir zaman
stirecinde artan immiin modiilasyon kapasitelerinin beraberinde proliferasyonda bir
yavaslama gostermistir. ieAML hiicrelerinin T hiicresi yanitlari lizerindeki etkisi
gercekten ilging bulunmustur; ieAML hiicrelerine kiyasla, CD4" T hiicreleri ve
CD8" T hiicreleri, artan sayida T hiicresi igeren wtAML ile birlikte kiiltiirlendiginde
yiiksek oranda ¢ogalmistir. Bununla birlikte, ieAML hiicreleri, yeni elde edilmis
ieAML ile ortak kiiltiirlerde CD4" T hiicreleri ve CD8" T hiicresi gogalmasini
geciktirmektedir. Ancak bu etki, siirekli kiiltiirde bile CD4" T hiicreleri ve CD8" T
hiicreleri proliferasyonunda bozulma gosteren ieTHP-1'in aksine, stirekli kiiltiire
alinan 1€U937 ve ieHL-60 hiicrelerinde gecici olmustur. Sitokin sekresyonunun
analizi, wtAML ile gozlemlenen T hiicresi ile iliskili sitokin yanitlarina kiyasla, T
hiicrelerinin ieAML hiicreleriyle birlikte kiiltiirlenmesinin, ayn1 anda T hiicresi
proliferasyonu sirasinda IL-2, TNF-a, I[FN-y, granzim A, granzim B ve perforin gibi

onemli anti-tiimdr immiin yanit aracilarinin sekresyonunda dnemli bir azalmaya yol
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actigim da dogrulamustir. Ozellikle, sadece ieHL-60"a yanit olarak CD8" T hiicreleri
tarafindan sekrete edilen TNF-o, IFN-y ve granzim B seviyeleri, wtHL-60
hiicrelerinin varliginda gozlenenlere kiyasla énemli bir farklilik gdstermemistir.
Ilging bir sekilde, yeni elde edilmis ieAML hiicreleri kullanildiginda, siirekli
kiiltiirlenmis ieU937 veya ieHL-60 hiicreleriyle hem CD4" hem de CD8" T hiicresi
reaksiyonlar1 genel bir artisla sonuglanmistir. Ozellikle, immiin deneyimli U937 ve
immiin deneyimli HL-60 hiicrelerinin T hiicre yanitlar1 iizerindeki olumsuz
etkisinin, immiin deneyimli THP-1 hiicrelerine kiyasla daha az kalict oldugu
gorilmistiir. THP-1 hiicrelerindeki "immiin deneyim" 06zelliklerinin tezahiiri,
miyeloid olgunlagsma ve aktivasyonla ilgili gozlemlenen Ozelliklerle tutarli bir
sekilde uyumludur. Bu, THP-1 hiicreleri baglaminda bagisiklik ge¢misi, hiicresel
davranis ve miyeloid ile ilgili 6zellikler arasinda bir korelasyon oldugunu
gostermektedir. Dolayisiyla, MLLR'ler araciligiyla uyarilan anti-timér bagisiklik
reaksiyonlari, 16semi blastlar lizerinde derhal 6nemli bir etki yaratarak hiicrenin
hayatta kalmasini saglamay1 ve ayni zamanda immiinojeniteyi azaltmayi amaglayan
alternatif hiicresel programlarin aktivasyonunu tetiklemistir. Bu degismis durumun
stiresi kalint1 popiilasyonlar arasinda degisiklik gostermistir. Bu direncin kaliciligi,
hiicreler ilizerinde uygulanan siirekli se¢ilim baskisina, yani secilim baskisinin

stirekliligine yakindan baglhdir.

Onemlisi, terapdtik miidahalenin kesilmesi AML hiicrelerinde proliferatif
durumun yeniden canlanmasina yol agabilir. Immiin yamitlar ve 18semi hiicrelerinin
adaptif stratejileri arasindaki dinamik etkilesim, tedavi stratejileri ve uzun vadeli
sonuglar i¢in potansiyel ¢ikarimlarla birlikte, gozlemlenen etkilerin karmasikliginin
ve zamansalliginin altin1 ¢izmektedir. Bu bulgular, tedavi yaklagimlarinin
uyarlanmas1 ve uzun vadeli sonuglarin dinamiklerinin anlasilmasi i¢in potansiyel
cikarimlar tagimaktadir (148, 149). Calismamizda, THP-1, MLLR'leri takiben en
onemli sekilde etkilenen hiicre hatti olarak ortaya ¢ikmistir. Immiin-deneyimli
U937 (1eU937) ve ieHL-60 ile karsilastirildiginda, immiin deneyim olan THP-1
hiicreleri, miyeloid olgunlasma ve aktivasyon belirteclerinde daha belirgin bir

ylikselme ile birlikte daha net ve uzun siireli bir immiinojenite kayb1 gostermistir.

Ayrica, ¢alismamizda ieAML hiicre yiizey davranisinda yapisma, go¢ ve

polarizasyon kapasiteleri gibi degisiklikler de gdsterilmistir; bu da MLLR'lerle
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karsilagildiginda, hayatta kalan AML alt popiilasyonunun immiin yanitlara
direnmek i¢in hiicre ylizey davranisinda bir degisiklige ugrayabilecegini
gostermektedir. Bu durum, miyeloid I6semi hiicrelerinin  belirli  alt
popiilasyonlariin immiin zorluklara dayanmalarini1 saglayan mekanizmalara sahip
oldugunu ve hayatta kalan hiicrelerin anti-tim6r immiin yanitlarina Kkarsi

direnglerine katkida bulunan 6zellikler edinebilecegini diisiindiirmektedir.

Ek olarak, immiin deneyimli THP-1 hiicre hattinin transkriptomik imzas1
belirgin sekilde farkliydi. Ote yandan, ieHL-60 hiicreleri, test edilen ozellikler
acisindan MLLR'lerden en az etkilenen hiicreler olmakla birlikte, bagisiklik
reaksiyonlarini engellemek icin dnemli yetenekler kazanmstir. Ozellikle, ieHL-60
hiicrelerinin ¢ogalma kapasitesi ieTHP-1 ve ieU937'ninkini asmis, bu da potansiyel
olarak ieHL-60'ta gozlemlenen daha kisa siireli immiin modiilasyona katkida
bulunmustur. Sonug olarak, ¢calismamizda kullanilan her AML hiicre hatt1 ikincil
immiin direng gelistirebilen bir alt popiilasyon barindirmaktadir. Bununla birlikte,
bulgularimiz sadece l0semi patlamalar1 arasinda heterojen alt popiilasyonlarin
Oonemini vurgulamakla kalmayip, ayn1 zamanda farkli ge¢mislere sahip AML
hiicrelerinin immiin reaksiyonlara yanit olarak biyolojik ¢esitlilik gosterebilecegini

de vurgulamaktadir.

Tiimdr immiinitesine ilisgkin mevcut bilgilere gore, kanserin ilerlemesinden
once immiin reaksiyonlarin yarattig1 hostil kosullara ragmen hayatta kalmak i¢in
stirekli olarak en uygun malign klonlar1 secen immiin eliminasyon, denge ve kacis
fazlar gelmektedir (163). Tiimor mikrogevresinde gelismis immiin infiltrasyon ve
pro-inflamatuar faktorlerin artan ekspresyonu gibi aktif bir immiin reaksiyonun
belirtileri, immiinoterapinin basaristyla iligskilendirilmistir (155). Bununla birlikte,
bir¢ok solid tiimor ve hematolojik malignite bir immiin ¢ol olarak tanimlanir ve
immiinosupresif bir nis icinde bulunur (214). iImmiin-deneyimli AML (ieAML)
hiicrelerinde gozlemlendigi gibi, immiin yanitlara maruz kalan 16semi hiicrelerinin
immiinojenik olmayan klonlar i¢in tohum gorevi gorebilecegi ve immiinoterapotik
miidahalelere direng gosterebilecegi varsayilabilir. Calismamizin bir dezavantaji
olarak, immiin diren¢ imzalarinin ve epigenetik degisikliklerin kaliciliginin daha

iyl tanimlanmasi ve ieAML hiicrelerinde uzun siire takip edilmesi gerekmektedir.
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Transkripsiyon faktorlerinin ekspresyonundaki diizenleme ve degisiklikler
AML patogenezinde Onemli faktorlerdir. Calismamizda ieAML hiicrelerinde
onemli dl¢iide yukar regiilasyon gosteren transkripsiyon faktorlerinden biri KLF6
bulunmustur. Kriippel benzeri faktorler (KLF'ler) protein ailesi, kokliilik ve
pluripotensinin korunmasi, miyeloid farklilagsma, inflamasyon, proliferasyon ve
apoptozisi kapsayan ¢esitli hiicresel slireglerde karmasik bir sekilde yer almaktadir.
Bu aile i¢inde dikkate deger bir 6rnek KLF6'd1r. Cesitli fonksiyonel ve ekspresyon
deneyleri, KLF6 fonksiyonunun bozulmasinin kanser, inflamasyonla ilgili
hastaliklar ve kardiyovaskiiler bozukluklarin gelisimine katkida bulundugunu
gostermistir. Bu durum, KLF6'nin hiicresel fonksiyonlarin temel ydnlerini
yonetmede, hiicresel kimlik, bagisiklik sistemi tepkileri, biiylime ve programlanmis
hiicre olimi ile iliskili siirecleri etkilemedeki gesitli roliiniin altin1 ¢izmektedir.
Buna ek olarak, KLF6 makrofajlarda HIF1a ekspresyonunu dogrudan ytikselterek,
dogustan gelen bagisiklik hiicresi enflamatuar ve hipoksik yanit gen
programlamasini tesvik etmistir. Bu iligkileri detaylandiracak olursak, KLF6'nin
katilimi, hiicre i¢indeki gesitli kritik fonksiyonlarin diizenlenmesindeki 6neminin
altimi ¢izmektedir (193, 194, 215). Bu transkripsiyon faktorii AML'de yiiksek
ekspresyon seviyeleri gosterir ve tlimorigenez lizerinde zararli etkiler uygular.
Bunu, hiicre dongiisii, programlanmis hiicre 6liimii ve yaslanma gibi kritik hiicresel
siireclerde yer alan genlerin diizenlenmesini denetleyerek basarir. Esasinda,
AML'de bu transkripsiyon faktoriiniin artan varligi, hiicre biiylime kontrolii, hiicre
sagkalimi ve yaslanma siirecleriyle iliskili molekiiler yollar1 etkilemede ¢ok 6nemli
bir rol oynamaktadir (194, 215). Bununla birlikte, ¢ok sayida ¢alisma KLF6'nin
kanser de dahil olmak iizere enflamatuar hastaliklarin bir destekleyicisi olarak rol
oynadigini vurgulamistir. 8q22;21q22 translokasyonu [t(8;21)] ile karakterize akut
miyeloid 16semi (AML) vakalarinda KLF6, RUNXI-ETO filizyon proteini
tarafindan yonlendirilen 16semogenezde yer alan asagi akis hedeflerinin ifadesini
etkilemede rol oynar (216). Calismamizda kullanilan hiicre hatlar1 t(8;21)
translokasyonu tasimamaktadir (212, 213).

Ayrica, 1eAML hiicrelerinde KLF6'nin niikleer lokalizasyonunda
degisiklikle birlikte bir yukar1 regiilasyon tespit ettik. Tersine, bagisiklik

reaksiyonlarina maruz kalmanin ardindan miyeloid 16semi hiicrelerinde KLF6'nin
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hiicre ¢ekirdegine artan translokasyonu, immiin deneyimi olan AML hiicrelerinde

hareketsiz bir durumun elde edilmesinde potansiyel bir rol anlamina gelebilir.

Bir diger 6nemli transkripsiyon faktorii olan c-MYB transkripsiyonel ko-
aktivator kompleksi, hematopoetik kok hiicrelerin (HSC) kendini yenilemesinde ve
miyelopoez siirecinde ¢ok Onemli bir rol oynamaktadir (217, 218). AML
kapsaminda, c-MY B'nin bozulmus fonksiyonlarina yaygin bir gliven s6z konusudur
(219). Hematopoetik hiicreler terminal farklilasmaya ugradikga MYB ifadesi
genelde azalir (220, 221). Bu durum, c-MYB ve iliskili kompleksinin
hematopoietik kok hiicrelerin farklilagmamis durumunun siirdiiriilmesinde entegre
komponentler oldugunu, AML'de ise bu mekanizmalarin diizensizliginin siklikla
gozlendigini ve hastaligin patogenezine katkida bulundugunu gostermektedir.
Yiiksek miyeloid olgunlagma 6zellikleri ve azalmis proliferasyon orani ile tutarl
olarak, c-MYB ¢ekirdekten ¢ikarilmis ve bagisiklik deneyimi olan AML (ieAML)
hiicrelerinde asag1 regiile edilmistir. Bu durum, immiin reaksiyonlara yanit olarak,
miyeloid l0semi blastlarindaki hiicresel siireglerin yonetilmesinde MYB'den
bagimsiz bir programin dncelikli oldugunu gostermektedir. Bu gézlem, KLF6 ve c-
MYB'nin niikleer dagilimi ile ilgili olarak AML hastalarinin kemik iligi

orneklerinden elde edilen malign blastlarda gozlenen heterojenlik ile uyumludur.

Bu gozlemler KLF6 ve c-MYB transkripsiyon faktorlerinin miyeloid 16semi
blastlarinda immiin karsilasma durumunun potansiyel gostergeleri oldugunu
gostermektedir. Spesifik transkripsiyon faktorlerinin niikleer lokalizasyonunda
gozlenen farkliliklar, miyeloid 16semi blastlarinda immiin karsilasma durumunu
ayrt etmek i¢in potansiyel belirtegler olarak hizmet edebilir ve 1semi hiicrelerinde
immiin kaginma mekanizmalarinin iistesinden gelmeyi amaclayan hedefli terapotik
stratejiler gelistirmek icin degerli bilgiler saglayabilir. Bununla birlikte, KLF6 ve
c-MYB'min AML kapsaminda bagisiklik yanitinin modiile edilmesinde oynadigi

spesifik rolleri ortaya ¢ikarmak i¢in daha fazla arastirma yapilmasi zorunludur.

Bu nedenle, Akut Miyeloid Losemide (AML) niiks veya dirence katkida
bulunan temel faktorler arasinda gen ekspresyonu imzalarindaki farkliliklar,
olgunlasma durumlar1 ve hiicresel plastisite yer almaktadir (148, 149). immiin

yanitlar dinamik ve istikrarsiz bir mikro ¢evre yaratarak 1dsemik blastlar1 biyolojik
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programlarini uyarlamaya ve yeni kosullara yanit vermeye zorlayabilir. Ozel bir ex-
vivo sec¢ilim modeli kullanarak, miyeloid 16semi hiicrelerinin belirli alt

poptilasyonlari i¢inde edinilmis immiin direng 6zelliklerini belirledik.

Ozetle, heterojenligin anlasilmasi, immiin diizenleme mekanizmalarinin
cozlilmesi ve immiin direngli alt popiilasyonlarin ortaya ¢ikisinin kabul edilmesi,
AML baglaminda kapsamli arastirma ve dikkat gerektiren ¢cok 6nemli yonlerdir. Bu
bakis acisi, hematolojik maligniteleri hedef alan gelecekteki immiin miidahale
tedavilerinin ilerletilmesi ve rafine edilmesi i¢in 6nemli ¢ikarimlara sahiptir.
Immiin yanitlar ve 16semi hiicrelerinin adaptif stratejileri arasindaki kompleks
etkilesim, terapdtik yaklagimlarin etkinligini artirmak i¢in kapsamli arastirmalarin

gerekliliginin altin1 ¢izmektedir.

7.4. Sonug ve Oneriler

e Farkli olgunlasma asamalarindaki AML hiicreleri genetik heterojenlik
gostererek tedavilere karsi dirence ve bagisiklik sisteminden kaginmaya yol
acmaktadir. Bu nedenle, direng ve uyum yeteneginin tistesinden gelmek i¢in
AML hiicrelerinin genetik heterojenligini dikkate alan hedefe yonelik tedavi
stratejilerinin gelistirilmesine ihtiyag¢ vardir.

e AML alt popililasyonunun heterojen genetik arka plani ile bagisiklik
hiicreleri arasindaki dinamik etkilesim, olgunlasma durumu, aktivasyon ve
cogalma kapasitesindeki degisikligin yan1 swra farkh AML alt
popiilasyonlarinda  farkli  diizeyde isleyen immiin modiilasyon
potansiyelindeki degisiklige katkida bulunur.

e Kemik iligi nakli ve kemoterapi dahil olmak iizere tedaviler sirasinda 16semi
hiicrelerinin siirekli evrimi, kapsamli terapdtik stratejilere olan ihtiyaci
vurgulamaktadir.

e Immiin saldiridan kurtulan AML alt popiilasyonu "ieAML hiicreleri",
immiin hiicreler i¢in aktivasyon esiklerini etkileyebilen ve immiin kaginma
stratejilerine katkida bulunan kostimiilatér ve inhibitér molekiillerin artan
ekspresyonu ile iligkilidir.

e AML  hiicrelerinin  "immiin deneyimli" olarak adlandirilan alt

poplilasyonlart immiin sistemden kacabilir ve immiin modiilasyona
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yardime1 olan 6zellikler kazanabilir. Bu nedenle, immiin direng imzalarinin
ve immiin deneyimli hiicrelerdeki epigenetik degisikliklerin uzun siire
boyunca kaliciligini aragtirmak i¢in stratejilere ihtiyag vardir.

Timoér mikrogevresinin  ve bagisiklik sisteminin  bagisiklik direnci
tizerindeki etkisinin, MLLR'lerle ilk ve ikinci karsilasmadan kurtulan
hiicrelerin, bu gegici bagisiklik modiilasyonu kalic1 hale gelene kadar birden
fazla bagisiklik hiicresiyle karsilasmasi gereken bir zaman araliginda
arastirilmasi gerekmektedir.

AML hastalar1 i¢in immiin miidahale tedavilerine doniistiiriilebilecek
immiinoterapi stratejileri gelistirmek {izere adaptif immiin yaniti
sekillendirmede AML'deki miyeloid hiicrelerin daha iyi anlagilmasi icin
ortak bir immiin imzanin izini siirmek amaciyla ieAML hiicrelerinin
biyolojik ve immiin modiilatér kapasitelerinin ¢oklu ilag direnci AML
hiicreleriyle karsilastirilmasi gerekmektedir.

Timor mikrogevresi ve immiin sistem etkilesimleri, basta enflamatuar
yolaklar olmak iizere ¢esitli sinyal yolaklar1 araciligiyla immiin dirence
katkida bulunur. Bu enflamatuar yollar1 bloke etmek ve bunun olgunlasma
durumu ve T hiicresi yanitindaki degisiklikler tizerindeki etkisini incelemek
icin daha fazla arastirma yapilabilir.

AML'de immiinoterapiden 6nemli bir fayda goriilmemesi, immiin kaginma
mekanizmalarinin daha iyi anlagilmas gerektigini vurgulamaktadir.
Immiin deneyimli (ieAML) hiicrelerinde immiin direngten sorumlu KLF6
izoformunun tiirlinii anlamak i¢in western blotlama yoluyla KLF6 i¢in
protein ekspresyon analizi yapilabilir.

KLF6 ve c-MYB gibi transkripsiyon faktorleri immiin yanitlarda rol oynar
ve miyeloid 16semi blastlarinda immiin karsilasma durumunu ayirt etmek
icin potansiyel belirtegler olarak hizmet edebilir.

AML'de immiin yaniti modile etmek i¢in KLF6 ve c-MYB gibi
transkripsiyon faktorlerinin terapotik hedefler olarak aragtirilmasi, AML
hiicrelerinde bu iki TF'nin susturulmasv/kilitlenmesive olgunlagma

durumuna yanitinin incelenmesiyle daha da arastirilabilir.
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e KLF6 ve c-MYB nakavt AML hiicreleri, in-vivo ¢alismalarda AML immiin
direncinin dinamiklerini incelemek i¢in farelere yerlestirilebilir. Bagisiklik
yanitlarinin, direncin ve niiksiin dinamiklerini anlamak i¢in AML
hastalarinda kemoterapi 6ncesinde, kemoterapi sirasinda, nakil sirasinda ve
sonrasinda KLF6 ve c-MYB ifadesinin uzun siireli izlenmesi.

e Tedavi stratejilerini, 160semi hiicrelerinin siirekli evrimine ve bagisiklik

miidahalelerine adaptasyonuna dayali olarak uyarlayin.

Sonug olarak, AML'de genetik, immiin ve adaptif 6zellikler arasindaki etkilesimin
kapsamli bir gekilde anlasilmasi, etkili terapdtik yaklagimlarin gelistirilmesi ve
uzun vadeli sonuglarin iyilestirilmesi i¢in ¢ok dnemlidir. Sonuglar ve 6neriler, hem
genetik heterojenite hem de bagisikliktan kaginma stratejileri g6z Oniinde
bulundurularak tedavilerin AML'nin ¢esitli dogasina goére uyarlanmasi igin bir

temel saglamaktadir.
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