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Abstract

ABSTRACT

Background: Acute Myeloid Leukemia (AML) is the abnormal proliferation of white blood
cells that are still developing from myeloid stem cells. It is incredibly heterogeneous and has
many subtypes based on the many translocations associated with it. One of its subtypes, the
t (6,9) AML makes up only 1% of all AMLs. AML subtype with t (6,9) is rare, has early
onset, is extremely aggressive and has poor prognosis. There is no specified targeted therapy
for t (6,9) AML, which is particularly resistant to chemotherapy as well. Gramicidin A is an
antibiotic and recently has been reported to inhibit tumorigenesis in solid cancers. Our
preliminary studies also showed its toxic effect on cell lines for myeloid leukemia. However,
the exact molecular mechanisms responsible for inhibiting cancer growth have not been

explored to establish it as a therapeutic agent for both solid and liquid tumors.

Aim: Our aim is to investigate its effects on FKH-1 cell line specific to t (6,9) AML and

U937 as control via in-silico and in vitro approaches.

Methodology: Molecular Docking of FKH1 and U937 cell line targets with ligand
(Gramicidin A) was performed using PyRx to find targets for the drug. Proteins with the
lowest binding energies were selected for further molecular analysis and modeling via
Discovery Studio Visualizer. The Insilco data presented promising binding targets,
particularly with the NUP214 domain of the oncofusion protein DEK-NUP214. The
antiproliferative potential of Gramicidin A was observed through MTT assay and further
validated through RT-PCR.

Conclusion: Interestingly, it was found that the drug Gramicidin A aggressively promotes
growth in FKH-1 cell lines, while inhibiting cell growth in U-937, K-562, and Nb4 cell lines.
The IC-50 value was achieved at drug concentration as low as 0.25 uM. Conclusively, these
results suggest a favorable role of gramicidin A as a potent inhibitor in case of highly
aggressive AML in U-937, K-562, and Nb4 cell lines while its encouraging role for FKH-1
growth calls for intricate studies to better understand tumorigenesis in t (6,9) AML.

Key words: AML (Acute Myeloid Leukemia), Gramicidin A, FKH-1, U-937, DEK-
NUP214.
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CHAPTER 1
1. INTRODUCTION

Leukemia is a pervasive global menace that continues to demand our unwavering attention
due to its severity and progression level which is causing alarming situations worldwide.
Leukemia is a heterogeneous clonal malignancy that produces abnormal white blood cells.
According to the Fourth Edition of the WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, leukemia is broadly labeled into myeloid or lymphoid lineages. Overall,
there are four types of leukemia acute myeloid leukemia (AML), acute lymphoblastic
leukemia (ALL), chronic myeloid leukemia (CML) and chronic lymphoblastic leukemia
(CLL). Despite progress in hematopoietic malignancy treatment leukemia still accounts to be
the 15" and 11™ most frequent cause of cancer incidence worldwide with 474,519 incidentrate
and 311,594 mortality rates (Du.M, 2022). According to WHO, leukemia is ranked fifthin
cancer-related death in Pakistan and reckoned for 4.1% of all cancer cases (WHO, 2019).
Ahmad, Yusuf, & Burney (2015) conducted a study in Pakistan enlightening that AML is the
most common type of leukemia in Pakistan, after CML(Ahmad et al., 2015). AML is blood
and bone marrow cancer. It is the most common kind of acute leukemia in adults. This kind
of cancer usually becomes fatal if it isn't treated properly. AML is likewise known as acute
myelogenous leukemia and acute non-lymphocytic leukemia. In AML, the myeloid stem
cells normally emerge as a sort of immature white blood cells referred to as myeloblasts (or
myeloid blasts). The myeloblasts in AML are bizarre and produce abnormal progeny. They
produce atypical white blood cells, red blood cells, or platelets and are referred to as leukemia
cells or blasts. Leukemia cells can build up within the bone marrow and blood occupying the
space of normal blood cells. When this happens, infection, anemia, or bleeding may also
occur. The leukemia cells can spread outside the blood to different parts of the body, inclusive
of the brain, spinal cord, skin, and gums. Sometimes leukemia cells form a solid tumor
referred to as myeloid sarcoma. Myeloid sarcoma is likewise called an extramedullary
myeloid tumor, granulocytic sarcoma, or chloroma. (Leukemia, 2022). With the latest
molecular strategies, along with cost- and time-effective Next-generation sequencing (NGS)

technology, a sizeable range of genetic mutations has been recognized. Six genes, including
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FMS-like tyrosine kinase three (FLT3), nucleophosmin 1 (NPM1), CCAAT/enhancer
binding protein alpha (CEBPA), Runt-associated transcription element 1 (RUNX1),
additional sex combs-like 1 (ASXL1), and tumor protein p53 (TP53), have already been
included into the risk categories proposed through the European Leukemia Net (ELN) (Yu.J,
2020). AML is classified into several subtypes, one of which is highly aggressive, with a
translocation between chromosomes 6 and 9, which accounts for only 1% of all AML cases.
The t (6,9) translocation is a rare genetic anomaly that results in the formation of a chimeric
oncofusion gene named DEK-NUP214 (previously it was called CAN) (Huret et al., 2013).

oo Tor] |

(Chromosome 6p) DNA DNA
Binding  Binding

NUP214 C (cc cc) ( FG Repeats)

(Chromosome 9q)

TRANSLOCATION
BREAKPOINT

4

DEK-NUP214 fusion Protein

Figure 1 Schematic structures of the DEK and NUP214 proteins and Translocation breakpoint
resulting in DEK/NUP214 translocation. Modified from (Huret et al., 2013).

Conventional treatment for AML includes high-dose chemotherapy, radiation therapy
gilteritinib, enasidenib, or ivosidenib targeted therapy, maintenance therapy with
midostaurin, for AML with FLT3 genetic mutation and bone marrow transplant. However,
these treatments have not generated promising results making AML an alarming situation
globally (Leukemia, 2022). Gramicidin A (GA) is a channel-forming ionophore that renders
biological membranes permeable to precise cations which disrupt cell ionic homeostasis. It
is a famous antibiotic, but its capacity as anticancerous agent has not been broadly evaluated
yet (David et al., 2015).


https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=795814&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=790244&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=794063&version=patient&language=English&dictionary=Cancer.gov
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Figure 2 Structure Of Gramicidin A (Pub Chem)

Gramicidin is a heterogeneous mixture of six antibiotic peptides acquired from the soil
bacterium Bacillus brevis. Gramicidin A is active against most Gram-positive bacteria and
inactive against Gram-negative organisms (David et al., 2015).

It is a cytotoxic drug as well as a targeted angiogenesis inhibitor that makes a significant
contribution in compromising cancer growth in vitro and in vivo as it is an effective tumor

suppressor (David et al., 2015).

Gramicidin monomers make a B-helix conformation within membranes. Dynamic
dimerization of two monomers forms a functional channel, which therefore induces local
membrane deformation. Cells preserve a low concentration of intracellular Na+ and an
excessive concentration of intracellular K+ relative to the extracellular surroundings. This
dynamic dimerization of GA causes the perturbation of Na+ and K+ homeostasis that impairs
cancer metabolism (David et al., 2015).
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Figure 3 Gramicidin A mode of action depicting its anticancer potential (David et al., 2015).

1.1. Rationale

The antibiotic Gramicidin A, known for its efficacy against CML and Acute Promyelocytic
Leukemia (APL) specific targets, is hypothesized to effectively bind to targets in t (6,9)
AML, as all three leukemia types share similar targets, thus suggesting its potential as a

targeted therapeutic approach for t(6,9) AML.
1.2. Research Objectives

The objectives of the research were:
» To find out potential targets for Gramicidin A in AML using in silicoapproaches.
* To check the antiproliferative potential of Gramicidin A in AML.

* To perform mechanistic studies of Gramicidin A in AML.
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CHAPTER 2

2. LITERATURE REVIEW

2.1. Hematopoiesis

Hematopoiesis is a process which involves the production of mature blood cells but in a
controlled manner, all happening in hematopoietic system in our body. The system
constitutes spleen, bone marrow and liver. This process initiates during early phases in the
development of embryo and it implicates excessive cells input through division and
differentiation from rejuvenating, pluripotent hematopoietic cells. (Kim et al., 2014).
Hematopoietic stem cells (HSCs) can be differed into long term- hematopoietic stem cell
(LT-HSC), short-term hematopoietic stem cell (ST-HSC), and multipotent progenitor cell
(MPP) regarding the duration of proliferation. Under normal functional conditions, rare
HSCs for example LT-HSC can propagate into all lineage of blood cells in the bone marrow.
Whereas number of HSCs in the peripheral blood become higher under myelosuppression by
granulocyte colony-stimulating factor (G-CSF) and drug stress conditions, assuming their
rapid migration from the bone marrow. These progenitor HSCs in peripheral blood are ST-

HSC, contributing directly to recovery of damaged cells and tissues. (Lee & Hong, 2020)

Process starts from HSC at the upper level which is multipotent, descending cell further
differentiate into myeloid and lymphoid lineages of blood cells (Kim, Stachura, & Traver,
2014). Focusing on these lineages, leukopoiesis, the process of leukocyte production from
HSC in the bone marrow and blood is further divided into myelopoiesis and lymphopoiesis.
Myelopoiesis comprises the series of differentiation stages leading to the production of cells
of innate immune system such as granulocytes, platelets and erythrocytes. However,

10
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Lymphopoiesis generates the cells of adaptive immune system such as T and B lymphocytes
(Mirza, 2020).

Self-
-renewal LT-HSC

ST-HSC

MOLIB[A dU0g]
uj

.
o ® o
2 00

YEXT

Basophil Eosinophil Neutrophil RBC Platelet Monocyte  T-cell B-cell NK-cell
| |

Granulocytes

Figure 4 hierarchy of Hematopoiesis.

Hematopoietic stem cells (HSCs) developing into long-term (LT)-HSC and short-term (ST)-HSC forms in bone
barrow. First, a LT-HSC having long-term self-renewal ability is transformed into a ST-HSC after which HSC
generates a multipotent progenitor cell (MPP). This MPP committed in bone marrow to turn out to be either
common lymphoid progenitor (CLP) or common myeloid progenitor (CMP). These CLP and CMP generates
mature blood cells upon differentiation such as granulocytes, erythrocytes or red blood cells (RBC), monocytes,
platelets, natural killer (NK) cells, B cells, and T cells of innate and adaptive immunity. (Bakhuraysah, Siatskas
& Petratos, 2016).

poojg [esyduag
ug

Leukemogenesis is the process that leads to development of leukemias. As they originated
from discrete, single cells in the bone marrow, so are monoclonal diseases (Irons & Stillman,
1996). Leukemia is the production of abnormal leukocytes via primary or secondary process
(Chennamadhavuni et al., 2023). It arise from mutations or transformations of hematopoietic
cells in the blood and bone marrow. One of the three major cancers of the hematopoietic
system (Leukemia, lymphoma, and myeloma). Leukemias are recurrently manifested as
liquid tumors because the abnormal cells from malignant progeny normally move out from
the bone marrow and enter the blood stream. So, markedly amplified the myeloid, lymphoid

or, in exceptional cases, erythroid lineage cells specifically abnormal cells in bone marrow
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or blood. Whereas myelomas are emerged from plasma cells that are fully differentiated and
can be found in bone marrow, tissue, or blood as dispersed clones or as solid masses. Plasma
cells in myeloma continue to divide, far from normal plasma cells, which stop proliferating
after differentiation. Lymphomas results from the malignant alteration of a single lymphocyte
that is usually present in a lymph node or can be localized outside the bone marrow in another
lymphoid tissue such as spleen or thymus. As a result, lymphomas are called solid cancer.

(Hematopoietic Cancers, 2014).

2.1.1. Prevalence of Hematopoietic Cancers

Myeloma 19%

34,920 Cases Lymphoma 48%

90,390 Cases

Leukemia 33%

61,090 Cases Total Cases: 178,520

.Lymphoma Leukemia .Myeloma

Figure 5 Figure 6 Estimated percentage of new cases of leukemia in 2021 (Cancer Facts & Figures, 2021.
American Cancer Society, 2021).

In United States, an approximation of 1,519,907 people (about the population of West
Virginia) is having or in remission from leukemia, myeloma, lymphoma, or other
hematopoietic diseases and total 186,400 people are anticipated to be diagnosed with
leukemia, lymphoma, or myeloma in 2021. The total estimate of people in remission or
having leukemia is 397,501, lymphoma and myeloma are 825,651 and 138,415 respectively
in 2021. (Cancer Facts & Figures, 2021; American Cancer Society, 2021).
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2.1.2. Prevalence of leukemia in Pakistan

In Pakistan, the increase in mortality with morbidity due to Leukemia has become a global
health concern. Although it is affecting both genders, but males are being affected at higher
rates (approximately 5.2%). According to WHO, leukemia is ranked fifth in cancer-related
death in Pakistan and reckoned for 4.1% of all cancer cases (WHO, 2019). Ahmad, Yusuf, &
Burney (2015) conducted a study in Pakistan enlightening AML is the most common typeof
leukemia in Pakistan, after CML (Ahmad et al., 2015).

Cancer in Pakistan (2020)
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Figure 7 Leukemia prevalence in Pakistan (WHO, 2020)
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2.2. Acute Myeloid Leukemia (AML)

Acute leukemia is a diversified set of hematological cancers categorized by clonal expansion
of immature lymphoid or myeloid precursors (Memon et al., 2017). Studies on etiology of
acute leukemia have been emphasized for a long time, and Infection has been considered an
etiology for many hematological cancers. (Ehsan et al., 2015). As a result of several gene
mutations and chromosomal rearrangements, hematopoietic precursor cells undergo clonal
transformations leading to the development of AML, which is a heterogeneous group
(Rubnitz et al., 2010). AML is characterized by differentiation arrest & clonal expansion of
progenitor cells of myeloid lineage. The cause of AML is heterogeneous. Most cases of AML
persist without a clear cause, however in certain patients, previous exposure of
pharmacological, industrial, or environmental DNA-damaging substances has been
associated. (Shallis et al., 2019). AML is bone marrow cancer, arising from the abnormal
proliferation of white blood cells such as monocytes or granulocytes that are still developing

from myeloid stem cells (Cancer Research UK, 2020).
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Figure 8 Origin of Acute Myeloid Leukemia.
AML can originate from abnormality either in myeloid stem cells or myeloid blast that give rise to abnormal
monocytes or granulocytes. (Cancer Research UK, 2020)
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2.2.1. Molecular pathogenesis of AML

AML is a clonal disease marked by several genetic abnormalities. At the time of diagnosis,
most cases of AML can be defined by clonal heterogeneity, with an existence of an
originating clone along with at minimum one sub-clone. (Enomic and Epigenomic
Landscapes of Adult De Novo Acute Myeloid Leukemia, 2013). Cytogenetic studies
revealed that recurrent variations in chromosomal structure are marked by acquired genetic
defects (such as somatic mutations) which play critical roles in leukaemia pathogenesis
(Mrézek, Heerema & Bloomfield, 2004). Several patterns of clonal expansion (occurring
new genetic defects in leukemic blast cells) at the time of relapse are probable tolead to

therapeutic resistance (Ding, Ley et al., 2012).

Just recently, the finding of genetic and molecular changes has resulted in the refining of
AML prognosis. Recurrent mutations in KIT, FLT3, NPM1, TET2 and CEBPA have been
found using targeted DNA sequencing. (Acute Myeloid Leukemia: From Molecular
Pathogenesis to Oral Targeted Therapies, 2019). Typical these genes play a role in the
differentiation and regeneration of myeloid cells. These genes can lead to leukemogenesis
upon mutations and alterations (Krdnke, Bullinger, Teleanu, et al., 2013). Genes linked to
the epigenetic regulation in differentiation of myeloid cells which includes DNMT3A, IDH2,
TET2 and ASXL1 are also found in preleukemic HSCs and appear early in the progression
of AML. Preleukemic stem cells can differentiate into multiple lineages and resist
chemotherapy, ultimately causing relapse. (Corces-Zimmerman, Hong, Weissman, et al.,
2014).

Molecular changes resulting in AML leukemogenesis are of two forms, for example,
transcription control changes in HSCs leading to alterations in signal transduction molecules
necessary for the growth receptors. Second is the mutations leading to the activation of
signaling molecules causing changes in functions and expressions of transcription factors,

impotent for usual differentiation of myeloid progenitor cells (Steffen et al., 2005).
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2.2.2. Deregulation of signaling pathways in AML

Several components of signaling pathways that drive hematopoietic cell proliferation and
survival, such as RAS family members, receptor tyrosine kinases (RTKSs), PISK/AKT
pathway and the RAF/MEK/ERK cascade, are disrupted in AML. The processes driving
the dysregulation of signaling in AML involve either direct activation by gain-of-function
mutations or increased expression, or indirect stimulation via mutation in upstream regulating
molecules (Scholl, Gilliland, Frohling et al., 2008). Abnormal signal transduction promotes
the survival and multiplication of hematopoietic progenitor cells in AML. Signal transduction
may be activated by various kinds of genetic mutations affecting many signaling molecules,
including RTKSs such as KIT and FLT3 as well as members of the RAS family of guanine
nucleotide-binding proteins. (Scholl et al., 2008).
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Figure 9 Aberrations in signal transduction in AML

Activation of several upstream signaling molecules are often done by mutation, overexpression,
autocrine/paracrine stimulation, or poor negative feedback. Abnormal activation of upstream
signalingmoleculesinducescontinuoussignaling viaasmall number of downstream effector cascades (forexample
PI3K/AKT and RAF/MEK/ERK), which results in increased survival & proliferation of HPCs (Scholl et al.,
2008).
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2.2.2.1. JAK-STAT Pathway Activation

The JAK-STAT pathway is a signaling cascade that involves the activation of Janus kinases
(JAKs) and signal transducers and activators of transcription (STATS) in response to
extracellular signals such as cytokines, hormones, and growth factors. Once activated, JAKS
phosphorylate STATS, which then dimerize, translocate to the nucleus, and bind to specific
DNA sequences to regulate gene expression. This pathway plays an important role in immune
response, hematopoiesis, and cell proliferation and differentiation (Moser, Edtmayer,
Siepracka & Stoiber, 2021).
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Figure 10 The JAK-STAT signaling pathway leading to differentiation, inflammation, proliferation and
survival (Moser et al, 2021)
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2.2.2.2. In Early Hematopoiesis

JAK-STAT pathway plays role in regulation of hematopoiesis, proliferation self-renewal and
survival of HSCs, upon the phosphorylation of STATS5. However, its deregulation has been
associated with many cancer types. Specifically, STAT5 has a central role in normal
lymphoid and myeloid development (Wang & Bunting, 2013). Recent study revealed the role
of JAK1 and JAK2 in HSCs. Conditionally, the deletion of JAK1 caused reduction in self-
renewal capability and reformed differentiation in HSCs, whereas JAK2 knock-out was
proved to be embryonically fatal because of inefficient erythropoiesis (Fasouli & Katsantoni,
2021). Furthermore, the deletion of JAK2 leads to the failure of BM and increased apoptosis
in certain types of HSCs (Akada et al., 2014). Another study showed that JAK3 is vital for
the development of innate lymphoid cells (Robinette et al., 2018). TYK2 plays a critical role
in regulation of B-cell tumors (Stoiber et al., 2004).

A study confirmed that the activation of STATS5 is significant in the self-renewal of normal
as well as leukemic SCs. (Kato et al., 2005) and also helps to support the development and
proliferation of blood cells. In mice that are deficient in STAT5A/5B, the hematopoietic

potential to produce different blood cells is compromised (Snow et al., 2002).
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2.2.2.3. In Acute leukemias

Levels of CDC25A, a phosphatase important for proliferation and differentiation in AML
expressing the FLT3-1TD mutation, are controlled by a complex STAT5/miR-16transcription
and translation pathway, confirming that FLT3-ITD/STAT5/miR-16/CDC25Ainterplay is
important for AML cell proliferation and differentiation (Sueur et al., 2020). Furthermore,
induced inflammatory response in the human AML niche leads to increased activity of the
JAK/STAT pathway in AML blasts and BM stromal cells promoting leukemicproliferation
(Habbel et al., 2020).

Since the 1990s, STAT1, STATS3, and STAT5 have been consistently identified to be
activated in all acute leukemic cells (Gouilleux-Gruart et al., 1996, 1997). STATL1 has been
presented to promote the growth of tumor in the leukemia development (Kovacic et al., 2006),
whereas STAT5 has a vital role in the development of both myeloid and lymphoid lineage
malignancies. AML development is a multi-step and- cause process (Gruszka et al.,2017), in
which the most common gene to be mutated is FLT3 (Ley et al., 2013). A study explained
that mutated FLT3 specific to AML can cause the induction of STATS5 targeted genes (Mizuki
et al., 2003) as well as other mutation like FLT3-D835 (Taketani et al., 2004).Another study
showed that CDC25A levels, which is a phosphatase essential for differentiation and
proliferation in AML with mutation of FLT3-ITD, are regulated by a complex pathway
involving STAT5 and miR-16. This result suggested the interplay betweenFLT3, STATS5,
miR-16 & CDC25A is fundamental for the of AML pathogenesis (Sueur et al., 2020; Fasouli
& Katsantoni, 2021).

2.2.3. The PI3K-Akt-mTOR Signaling in AML

The PI3K-Akt- mTOR is an intracellular pathway which abnormally upregulated in AML
and plays an important role in leukemogenesis, metabolism and in the bioenergetics of these

cancer cells which may depend upon the downstream signaling (Nepstad et al., 2020).

MTORCL is activated in all cases of AML, whereas PI3K is activated only in 50% of the
samples of leukemia. The activity of PI3K is related to the expression of p11006, which is
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an isoform of class 1A PI3K in leukemic cells. However, in 70% of AML samples, autocrine
signaling of IGF-1/IGF-1R results in PI3K activation, and still the targeted inhibition of this
pathway fails to induce apoptosis. Moreover, In vitro, targeted blocking of mTORC1 or
PI3K/AKT alone results in anti-leukemic effects that mainly work by inhibiting proliferation
(Park et al., 2010).
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Figure 12 Crosstalk between the Ras-Raf-MEK-ERK pathway, the PI3K-Akt-mTOR pathway and the
SYK pathway (Nepstad et al., 2020).
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2.24. Wnt Signaling in AML

Wht signaling pathway is necessary for leukemic stem cell maintenance. Studies showed the
abnormal expression of components of the Wnt pathway such as WNT2b, LEF-1, and WNT1
(Gruszka et al., 2019). Moreover, the translocation products including AMLI1/ETO,
PML/RARa, or PLZF1/RARa control the genes linked with Wnt signaling. (Miiller-Tidow
et al., 2004). Mutations in FLT3 constitute approximately 30% of all AML cases. In myeloid
progenitor cells, the association between the Wnt signaling and FLT3-1TD mutation was
examined. In cells with FLT3-ITD, a microarray study discovered higher mRNA expression
of receptor FZD-4, further confirmed by Western blotting and RT-PCR (Tickenbrock et al.,
2005). Regardless of exposure to the ligand (Wnt3a), 32D/FLT3-ITD cells showed increased
levels of B-catenin protein with respect to the control. Furthermore, wild-type FLT3 patients
did not express large quantities of 3-catenin levels, whereas 5/7 of the AML sampleswith these
mutations expressed. TCF-dependent transcription, for example, the increase in Wnt target
gene mMRNAs, was induced by FLT3-ITD. In the presence of FLT3-1TD, Wnt3a slightly
increased cell growth. AML occurs because of the mutations in HSCs or progenitorcells,
further, up regulating the Wnt signaling by several mechanisms. Other mechanisms are
inactivation of Wnt antagonist through methylation of promoter. The molecules modulating
Wnt signaling are B-catenin, LEF-1, PSMD2, phosphorylated-GSK3p8, PPARD, sFRP2,
RUNX1, XPNPEP, PCDH17, AXIN2, CXXC5, PTK7 and LLGL1. (Gruszka et al.,2019).
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2.3. Acute Myeloid Leukemia with t (6,9)

AML is classified into several subtypes, one of which is highly aggressive, with translocation
between chromosomes 6 and 9, which accounts for only 1% of all AML cases (Huret, 2013).
The t (6,9) translocation is rare genetic anomaly that results in the formation of chimeric
oncofusion gene named as DEK-NUP214 (previously it was called CAN) and is reported in
less than 2% of the children or adult cases of AML as well as in less often in some cases of
Ph-negative chronic myeloid leukemia and myelodysplastic syndrome (Moraleda, Alonzo,
Gerbing, Raimondi, Hirsch et al, 2012). Studying disease-defining translocations in AML,
such as t (8;21)-RUNX1-ETO, t (15;17)-PML-RAR, or t (6;9)-DEK-NUP214, has made it
possible to better understand disease-causing molecular pathways and recognize the vital role
that aberrant transcription regulators play in the development and progression of AML.
(Alcalay, Orleth, Sebastiani et al, 2001). The WHO classification defines AML with the t
(6,9)as a distinct disease due to its unique biology and clinical characteristics and unfulfilled
treatment needs (Arber, Orazi, Hasserjian, Thiele, Borowitz et al, 2016). Studies reported t
(6,9) AML patients are young adults mostly, with an average age of 23 to 40 years as
compared to other AML subtypes having median age of about 66 years (Arber et al, 2016).
The rate of complete remission is less than 50%, and the median survival following diagnosis
is just around a year. (Tarlock, Alonzo, Moraleda et al, 2014). In the first Complete
Remission, the only available curative therapy is hematopoietic stem cell transplantation
(Kayser et al, 2020; Chiriches et al, 2022).

2.4. Gramicidin A: A Channel Forming lonophore

lonophores are drugs that have this effect by disrupting transmembrane ion concentration
gradients. Many ionophores are naturally produced by microorganisms and these drugs have
broad-spectrum antibiotic properties against Gram-positive bacteria, fungi, parasites, and
viruses to defend themselves against competing microbes, (Kevin 11 DA, 2009). In veterinary
medicine and as growth-promoting drugs in agriculture lonophores have traditionally been
used as antibiotics (Kart A. et al, 2008), but new research has revealed that they have

exceptional anticancer properties. Most of this investigation has focused on the mobile
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carriers monensin and salinomycin as compared to channel formers' potential anticancer

properties have received little attention.

Gramicidin A is the most basic and well-studied ionophore. It was the first antibiotic to be
isolated and used in a clinical setting, and its early success paved the way for clinical
development (Kelkar DA, 2007). GA is a short linear peptide and is highly hydrophobic, and
within biological membranes a unique helix nanopore is formed that spans the membrane,
when two GA monomers dimerize end-to-end (Wang F. et al, 2017) In biological systems,
through the channel formed by GA dimers, water and inorganic monovalent cations can
freely diffuse, causing Na+ influx/K+ efflux, membrane depolarization, osmotic swelling,
and cell lysis (Wang F. et al, 2017; Otten-Kuipers MA. et al, 1996).

A broad-spectrum antibiotic activity is associated with GA (Dubos RJ, 1939; Moll GN et al,
1991), and it can now be confirmed that unlike other mobile carrier ionophores, it also has
compelling anticancer properties that are both like and distinct. Derived from the microbe
Bacillus brevis, Gramicidin A is an ionophore antibiotic like Salinomycin and is a
hydrophobic linear Penta decapeptide. In human breast adenocarcinoma cells, GrA combined
with curcumin was recently shown to induce cell apoptosis and overcome multidrug
resistance (Verdoodt B, 2012). In renal cell carcinoma, GrA may have cytotoxic and
antiangiogenic properties in vitro and in vivo (David JM. et al, 2013; David JM. et al, 2014).
Moreover, in a breast cancer cell line GrA-inspired peptides for cancer nanotherapeutics were
discovered to induce apoptosis (Chakraborty K. et al., 2018)

In previous research studies (David et al., 2015), GA is proven to be cytotoxic for RCC as
well as inhibiting angiogenesis and HIF in RCC. In preliminary study (David JM. et al.,
2013), the GA turned out to be cytotoxic against human cancer cell lines derived from renal
cell carcinoma (RCC). Resistant to both chemotherapy and radiation, Renal cell carcinoma
is a rare but deadly disease that is histologically diverse. With only 10% of survival chances,
Invasive RCC is a 5-year disease-specific cancer (Baldewijns MM. et al, 2008; Patard JJ,
2005). The six RCC cell lines tested discovered that GA treatment reduced viability. This
finding suggests that GA may be effective in various RCC subtypes, but still there were no
established treatments for the rarer RCC subtypes. In previous research, Gramicidin A was

compared to the ionophore monensin, tested in different cell lines, and it was discovered that
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GA reduced cell viability as much as monensin. However, monensin induces apoptosis cell
lines, while GA induced cell death via a necrotic mechanis (ATP depletion by blocking of
the oxidative phosphorylation and glycolytic metabolic pathways). GA was also discovered,

in vivo, to cause inhibition of tumor growth.

GrA is known to have inhibited growth of pancreatic cancer cells (Wang et al., 2019). GrA
is also known to have inhibited cell proliferation and apoptosis as well as have cause
structural changes on cell surface of cancer (Wang et al., 2019). GrA and Sal were tested for
cytotoxicity using a proliferation assay. BxPC-3 and MIA PaCa-2 inhibition was caused by
GrA. GrA was extremely effective in causing the proliferation of pancreatic cancer cell lines.
Gramicidin A was more effective than Salinomycin in 1C50 values against the cancer cells
tested. GrA can induce apoptosis. SEM clearly revealed pancreatic cancer cells
morphological changes on the cell surface. In BXxPC-3 and MIA PaCa-2 cells, over the cell
membrane there were numerous microvilli-like protrusions surface. Slender and bent
microvilli-like protrusions appeared. These microvilli-like protrusions were reduced through
GrA treatment in pancreatic cell lines. In contrast, with salinomycin no discernible
differences were observed in the two cell lines. Morphological changes were revealed in SEM
clearly on the pancreatic cancer cells surface. Almost all their microvilli-like protrusions
were lost through treatment with Gramicidin A. As compared to salinomycin theprotrusions
remained unchanged. In pancreatic cancer cell membranes, Gramicidin A induced

exceptional ultrastructural changes.

GrA shows cytotoxicity in human gastric cancer cells (Chen at el., 2019). Figure 2.4.42
depicts the chemical structure of gramicidin. The human gastric cancer SGC-7901 and BGC-
823 cells, were treated with Gramcidin A for 24 hours to observe any cytotoxic effect. This
treatment notably reduced the percentage of living cells, and gramicidin A caused the
proliferation of two different gastric cancer cells. Furthermore, from results it was observed

that SGC-7901 cells were more subtle to Gramicidin A treatment.

The chemical structure of gramicidin and its toxic effect on gastric cancer cells SGC-7901
and BGC-823 cells proliferation. a Chemical structure of gramicidin. The cell survival rate
of b SGC7901 and ¢ BGC-823 cells which were treated with 0, 0.3, 1, 3, 10 and 30 uM of

gramicidin respectively in 96-well plate were quantitatively analyzed by CCK-8 assay. The
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results are shown as the mean+SEM of three independent experiments (n=3, *P<0.05,
**P<0.01 and ***P<0.001 vs. Control)

Gramicidin A induces apoptosis and cell proliferation of Human gastric cancer cells (Chen
atel., 2019). G2/M cell cycle arrest is also caused by Gramicidin A in human gastric cancer
cells. Gramicidin A effect on the human GSCs cell cycle was then investigated. Propidium
iodide (PI) staining was used to determine cell cycle distribution, after that flow cytometry
was used. After gramicidin treatment, SGC-7901 cells percentage was lower in the G1 phase
as compared to control group G1 phase after 24 and 48 hours. The population of cells SGC-
7901 were increased in the G2/M phase after Statistical analysis. The results showed that the

cell cycle was stopped by gramicidin A at the G2/M phase.

RBE and HUCCT1, are cholangiocarcinoma cells in which cell proliferation was investigated
by Gramicidin A. Scientists discovered that these cell lines were sensitive to Gramicidin A
treatment, with 1C50 values as low as 50 Nm. Furthermore, floating cellular debris showed
the necrotic cell death in both types of cholangiocarcinoma cell lines. To investigate the
cytotoxicity of gramicidin further, Calcein AM (green, live cells) were used and ethidium
homodimer-1 (red, necrotic dead cells) staining to detect necrotic cell death. With the

treatment of Gramicidin, both the cell lines exhibited necrotic dead cells.

RNA sequencing reveals that GrA downregulates EGR4 in cholangiocarcinoma cell growth.
GrA also reduces cell proliferation in cholangiocarcinoma cell lines (Gong et al., 2019). For
the identification of potential therapy targets in cholangiocarcinoma cells, total RNA isolated
from RBE cells treated with PBS for 12 hours were used. The scientists identified
differentially expressed genes (DEGS). In RBE cells treated with gramicidin, a total of 265
DEGs were identified with PBS and gramicidin treatment. Between PBS and gramicidin
treatment, many cholesterol biosynthesis pathways were enriched, indicating that the lipid
metabolism pathway may play a key role in cholangiocarcinoma cell growth. Following this,
scientists discovered one of the most down-regulated genes in DEGs to be the early growth
response protein 4 (EGR4). In previous research, qPCR was used to verify the RNA-seq data
and discovered that EGR4 mRNA was significantly down-regulated in both
cholangiocarcinoma cells. As a result, after gramicidin treatment, the protein level of EGR4
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was notably lower in both cells. It appears cholangiocarcinoma cell growth is inhabited by
Gramicidin through downregulating EGRA4.

According to the above literature on Gramicidin A and salinomycin, GrA has been
extensively researched in solid cancers like breast cancer, human gastric cancer and so on.
Its effect on liquid cancers such as AML and CML has yet to be investigated. Salinomycin
has been studied for its effect on both solid and liquid cancers. Salinomycin has recently been
shown to target CSCs in different types of human cancers, including gastric cancer (Q. M.
Zhi et al, 2011), lung adenocarcinoma (Y. Wang, 2011), osteosarcoma (Q. L. Tang et al,
2011), colorectal cancer (T. T. Dong et al, 2011), squamous cell carcinoma (SCC) (Y. Wang,
2011), and prostate CSCs (K. Ketola. 2012), suggesting that salinomycin may be effective in
CSCs of many, if not all, types of human cancers. In this research study, the effect of
Gramicidin A will be studied on AML and CML (Liquid Cancers).
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CHAPTER 3

3. METHODOLOGY

3.1. Methodology-In Silico

In Silico approaches were used to assess the anti-cancer activity of the drugs against our
targeted cell lines and the results were then used to compare the possible targets and add to
the efficacy of the in vitro experiments. The molecular docking procedures can be employed
to model the interaction among different ligands and our target proteins at the atomic level
which allows us to study their mode of interaction at the binding site of the protein and

contemplate the biochemical process they give rise to. (Meng et al., 2011)

In the docking procedures the binding site or pocket of the macromolecule is mostly known
and if not, then the normally used approach in current docking resources employes a flexible
ligand along with a rigid receptor however it’s not the rule of thumb and a different approach
may vary depending on the software being used. The docking process efficacy basically rests
on two interlinked steps, first is scoring of the sampled conformations in which the ligand
sits in the binding pocket of the target protein molecule and then ranking them accordingly
based on their respective scoring functions (Kitchen et al., 2004b). Using the molecular
docking procedures, we can get to know the possible targets and analyze their efficacy
quantitatively which would yield our possible results, that would aid in the chain of

experiments next in the line.

3.2 Molecular Docking

3.2.1 Molecular structure of ligand

1. Obtaining the protein SDF Structure

28
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The molecular structure of Gramicidin A was obtained from PubChem and downloaded in
SDF format to be further processed for its use in the molecular docking procedure. The SDF
format of Gramicidin A as our drug was chosen as a ligand to interact with possible

macromolecule targets down in the signaling line.
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Figure 14: Obtaining Gramicidin A molecular structure from PubChem.

2. Open Bebel

The software Open Bebel was used to convert the saved SDF Gramicidin A structure to

MOLZ2 format to be analyzed using the software, Chimera.
3.Chimera

Chimera is a 3D molecular visualization software used to analyze protein structure at
molecular level down to their specific chains. The Gramicidin A ligand (protein) was
uploaded, and the structure was cleaned for any unbound or residual chain of non-interacting

atoms and then exported in PDBQT.
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3.2.2 Molecular structure of target protein/macromolecule

3.2.2.1. UniProt

UniProt is a large resource of protein database, their sequences, along with their associated
detailed annotations (“UniProt: The Universal Protein Knowledgebase,” 2017). Uniprot was
used to obtain the target protein sequences for both FKH-1 and U937 cell lines that were
suspected to be involved in the downstream signaling of the cancer progression and relapse.
12 proteins for FKH-1 and 8 proteins for U937 were selected to serve as the target molecule,
interacting with our ligand to see their mode of interaction and possible binding abilities with
each other.

3.2.2.2. NCBI Protein BLAST (Basic Local Alignment Search Tool)

A protein BLAST was carried out by using NCBI protein BLAST function, for the selected
U937 and FKH-1 proteins to get the already annotated and computed protein sequences
similar to the one’s we are targeting. The results were then analyzed on the basis of their
percentage identity and similarity with other protein structures, choosing the one with the

highest percentage identity and query cover.

RID 2EWIZBNEUTS  Ssarch expires on 04-02 16:50 pm B -
Download All v Organism oniy top 20 will appear exclude

Program BLASTP@ Citation v ‘ Type common name, binomial, taxid or group name

Database pdb  See details v + Add organism

Query ID Icl|Query_35405 Percent Identity E value Query Coverage

Description sp|P10415|BCL2_HUMAN Apoptosis regulator Bcl-2 OS |

Molecule type amino acid

Other reports  Distance tree of results Multiple alignment MSA viewer @

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ~ Select columns ¥ Show | 100V | @

to to ‘ to

[ selectall 1 sequences seiected GenPept Graphics Distance free of resulis MSA Viewer

Figure 15 NCBI BLAST of selected proteins as macromolecule drug target.
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The protein ID of the selected protein is then searched on PDB RCSB for its molecular
structure at the chain and peptide level of the protein to look for the specific chain that is
suspected to be interacting with Gramicidin A and the complete protein structure was then

saved for its use as a macromolecule in the further steps of molecular docking.
3.2.2.3. Molecular Docking (Pyrx)

Molecular docking is performed by using PyRx software, it is a user-friendly tool that
combines some more important tools like Autodock, Autodock Vina and Open Bebel which

makes it a much better option than using autodock alone (Kondapuram et al., 2021).

The target protein/macromolecule and the ligand are uploaded in their designated PDBQT
formats and the scoring sites are marked to look for interactions in those specific sequences
for ligand and protein, as PyRx was used so there is no hard and fast rule to select the x, y
and z grids to look for interaction, a general boundary was marked around the ligand and
macromolecule to look for interactions in all possible sites and conformations of the ligand

and macromolecule.

@) PyRx - Virtual Screening Tool s
File Edit View Help

T ad ERIE

Navigator
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% GA.pdbqt

B Macromolecules
£ 3thm
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Figure 16: PyRx interface, showing the grid selection for the interaction among Gramicidin A and 3thm
(An FKH-1 cell line target protein).
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Docking is started, after some hours the results will be displayed in tabular form showing the
B.E (Binding Energies) of the interactions among ligand and target molecule. As discussed
earlier, the B.E refers to a specific interaction at a specific pose and that would be used as a

reference in the visualization steps next in the line.

3.2.3 Visualization

This step comprises of ranking the scored interaction (in terms of B.E of interacting ligand
and macromolecule while docking) and analyzing their best poses, also addressing the type

of interaction they represent.
3.2.3.1. PyMol

PyMol software was used for visualization of the interactions, as it offers great 3D viewing
functionalities and generate publication quality images of molecular structures along with

other advanced rendering functions. (Seeliger & De Groot, 2010)

3.2.3.2. BIOVIA- Discovery Studio
-]

File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

COMPND 19 ENGINEERED: YES;
COMPND 20 MOL_ID: 5;

COMPND 21 MOLECULE: 146-MER DNA;

COMPND 22 CHAIN: I, 3;

COMPND 23 ENGINEERED: YES

ObjectMolecule: Read secondary structure assignments.
ObjectMolecule: Read crystal symmetry information.
CmdLoad: “* loaded as "3a6n".

Figure 17 PyMol interface, showing 3a69 (An FKH-1 cell line GA target protein).
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The next steps were performed on BIOVIA discovery studio visualizer software a protein
modeling suite. It efficiently visualizes the superimposing poses and helps identify the type
of interactions involved in the designated conformation (Nataliia, 2023). The ligand and the
macromolecule were uploaded in the best pose with the lowest B.E, which was previously

exported from Pymol.

The interactions between the target protein/macromolecule and Gramicidin A in different
binding pockets were shown in the form of discrete bonds represented by lines and dots and
following that, the interacting atoms of the ligand and macromolecule were labelled for the
type of ionic or non-ionic bump interactions they were involved in giving a more precise idea

of how our targeted protein would respond to Gramicidin A.

3.3. In Vitro Methodology

3.3.1. Cell lines in the study

In this investigation, the cell lines used for AML were FKH-1, U-937, NB4 and K562.

Table 1 Cell lines Used

FKH-1 Acute Myelocytic Cell line

U-937 Human Monocytic Leukemic Cell line

K-562 Chronic Myeloid Leukemic Cell line
Nb4 Acute Promyelocytic Leukemic Cell line

3.3.2. Culturing of cells

To prevent any contamination of the cells, both cell lines were maintained in sterileconditions
using RPMI-1640 (Gibco Life Technologies) mix supplemented with 10% fetal bovine serum
(Gibco Life Technologies) for all cell lines except FKH-1, for which 20% fetalbovine serum
was used, 1% Penstrip (Biowest), and an antimycotic agent Amphotericin in concentration
of 0.25 — 0.5 ug/ml was used. For the best growth of these cells, a water jacketed humidified

incubator was used for maintenance at 5% CO2 and 37°C.
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Approximately 1 x 10°cells/ml for U-937, K-562, and Nb4 and 2 x 10° cells/ml were kept

in culture to prevent any type of contact inhibition.
3.3.3. Freezing of cells

Two freezing solutions were created to freeze or cryopreserve these cells. Solution Icontained
80% RPMI 1640 and 20% DMSO, while solution Il had 70% RPMI 1640 and 30%FBS.

Separate eppendorf tubes containing cells were used for centrifuging them at 1200 rpm. The
acquired palette was then resuspended in 2 ml of solution | after being cleaned with PBS.
Each cryovial received 1ml of resuspension following correct pipetting upside-down. It was
dropped into the cryovial in the same manner as Solution Il. Since these cryovials contain
isopropanol, which reduces the temperature by 1°C per minute, they were then placed in Mr.
Frosty for an overnight period at -80. The cryovials were then placed in a cryobox the

following day and kept at -80 to ensure longer-term preservation.
3.3.4. Thawing of cells

Cryovials from a -80 liquid nitrogen freezer were collected, and they were quickly thawed in
an incubator for a period of 3 to 5 minutes. To prevent contamination, these cryovials were
sprayed generously with ethanol before being taken inside a laminar flow hood. Transferred
to Eppendorf, the suspension was centrifuged at 1200 rpm. The pallet was resuspended and
dissolved in media prepared beforehand which also contained FBS; 10% for all cell lines
except FKH-1 which had 20% FBS. After that, the cells were grown in a 6 well plate in a
CO02 incubator. Media was replenished every 2 days for all cell lines except FKH-1 for which
after every 3 days media was refreshed.

3.3.5. Trypan blue exclusion assay

Before plating the MTT assay each time, a trypan blue exclusion assay was conducted to
count the live cells to plate a consistent number of cells per well and obtain reliable data. The
6-well culture plate's cells from every well were removed, collected in centrifuge tubes,

pelleted, and then resuspended in 1 ml of 10% culture medium for all cell lines except FKH-
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1 for which 20% FBS was used. Reconstituted cells were vortexed before being put in 10ul
portions onto a paraffin strip and then diluted with 40ul of trypan blue dye. By pipetting up
and down, homogenized it. Finally, a hemocytometer was filled with 10ul of dilution. Due
to a damaged plasma membrane, non-viable cells absorb the dye and appear blue, whereas
viable cells exclude the dye and appear white. The precise cell count per ml was determined

by carefully counting all the viable cells in four grids of the chamber using the formula below:

No of cells in grid 1+ grid 2+ grid 3+ grid 4 X dilution factor X 10,000/ml
3.3.6. Drug Dilutions

The compound Gramicidin A was first dissolved in its solvent DMSO. The initial stock
solution has a concentration of 2mM. From the stock solution, four drug concentrations were
prepared in 10% FBS media (for U-937, K-562, and Nb4) and 20% FBS for FKH-1. The
dilution factor at each further step was constant, which resulted in a geometric progression
of the concentration in a logarithmic fashion. The 2mM stock solution was serially diluted

according to following method:
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N M
H —

media media

2mM initial stock
solution of Gramicidin A
in solvent DMSO

1.00M 0.5uM 0.25uM
Figure 18 Serial Dilution of 2mM drug in 10% FBS media

3.3.7. MTT Assay

This is a colorimetric assay, and the live cells turn the tetrazolium dye into purple-colored,
insoluble formazan crystals based on their me tabolic activity. In a 96-well plate, 15000 cells
per 50ul were plated. In triplicate wells, 50ul of the inhibitor gramicidin A at various doses
(1uM, 0.5uM, and 0.25uM and OuM) were added. 50ul of cells were treated with 50ul drug
with 0.01% DMSO in the triplicate -ve control. Additionally, a duplicate plating of 100ul
culture media (used to create drug dilutions) was performed. This was done to reduce, if any,
the impact of the drug solvent and medium. The plate was then left in an incubator for 72
hours (the time it takes for the FKH-1, U-937, NB4 and K562 cell lines to double) at 37°C
and 5% CO2. In each well of a 96-well plate containing cells and drug concentrations, 15ul
of MTT dye (5mg/ml in PBS) was added following the completion of the doubling time. This
was done to evaluate the vitality of the cells following drug treatment at various doses. The
96-well plate was placed back into the incubator for 3—4 hours to allow crystal formation
after the MTT dye addition.
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The plate was removed from the incubator after three hours, and the 100ul medium in the
wells was removed without damaging the crystals. To dissolve the formazan crystals, 100ul
of DMSO was then added to the wells. A spectrophotometric plate reader was used to

determine the absorbance at 550 nm after the crystals had completely dissolved.

Figure 19 (a) MTT cytotoxic assay pouring for U937 cell line, (b) Day 2 of MTT assay after incubation
period of 48 hours for U937

2 S e
Figure 20: MTT analysis via spectrophotometery
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3.3.7.1. Treatment of cells with gramicidin A

FKH-1, U-937, NB4 cells and K562 cells were grown in a 6-well plate at a density of 1.0 x
108 cells/ml and subjected to a 72-hour inhibitor treatment at a dose of 0.25 uM and 1uM for
all cell lines. Following treatment, RNA was extracted from the treated cells, and cDNA was

then synthesized for gene expression experiments.
3.3.8. RNA Extraction

A 2ml eppendorf was filled with 1-2 million treated cells, and the sample was spun for 5
minutes at 1200 rpm. The supernatant was discarded after which 500ul of chilled PBS was
added and centrifuged once more at 1200 rpm for five minutes. The resulting pellet was
resuspended in 1ml of TRIZOL after the supernatant was discarded (life technologies).
Pipetting cells up and down to homogenize them, then incubating them in ice for five minutes.
Then 200ul of chloroform was added, followed by 15 seconds of vigorous shaking,and 10
minutes of incubation on ice. The tube was then centrifuged for 20 minutes at 12000xg and
4 °C. Three layers of the mixture were identified: an upper aqueous layer containingRNA,
an interphase layer containing DNA that appeared as a thin white layer, and a lower organic
pink layer containing proteins. Approximately 350ul of the upper aqueous layer of the RNA
was carefully removed and transferred into another Eppendorf. The remaining Eppendorf
containing DNA and proteins was stored at -80°C for future use. Now inEppendorf in which
RNA was added, 500ul of chilled isopropanol was added, and the tube was shaken well before
being incubated on ice for 15 minutes. The tube was centrifuged for20 minutes at 12000 xg
and 4°C. The resulting pellet was rinsed with 75% chilled ethanol and centrifuged once more
at 7500 xg and 4°C for 5 minutes, discarding the supernatant in the process. Carefully
removing ethanol, the pellet was air dried for 20 minutes at room temperature inside the hood.
The pellet was resuspended in 20ul of NF water in the tube, which was then set aside at -
80°C for future cDNA synthesis.
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3.3.8.1. RNA Quality and Quantity Check

Using Nanodrop 2000 (Thermoscientific, USA), the RNA quality was measured, and the
260/280 ratio was examined to validate its purity.

200k -

DNA-SO ED.UD 1.0}

Concentration

1716.79

naful

Mlﬂe‘.as{:}g I| Results ! Return

Figure 21 Nanodrop analysis for FKH1 cell line

3.3.9. Complementary DNA (cDNA) Synthesis

1000ng of RNA was used as the reverse transcription template to create the cDNA the very
same day RNA was extracted. Thermofischer cDNA kit was used. 1uL (10uM) of oligo dT20
was taken in a 0.2mL microtube. It was supplemented with 1ul DTT (100mM), 1ul dNTPs
(2.5mM), 2ul 10x Reaction Buffer, and 0.5ul RNase Inhibitor 40U/ul. After adding 2ul of
template RNA, nuclease-free water was added to create a 20ul total volume. The reaction
profile was then established in accordance with the kit protocol after placing the microtubes

in the thermocycler.
3.3.9.1. Confirmation of cDNA Synthesis

20ul of cDNA, 2ul of 25mM MgCI2, 2.5ul of 10X reaction buffer, 1.5ul of 10mM dNTPs,
0.5ul of Tag DNA polymerase, 1ul of forward primer, 1ul of reverse primer (GAPDH), and
9.5ul of NF water were combined to make the PCR reaction mixture. GAPDH is a

housekeeping gene, and its presence ensures the presence of cDNA. The PCR profile was set
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up so that stage 1 involved initial denaturation at 95°C for 5 minutes, followed by stage 2 of
35 PCR cycles, each of which included denaturation at 95°C for 1 minute, annealing at 60°C
for 45 seconds, and cDNA strand extension at 72°C for 45 seconds. Stage 3's last
prolongation was granted for 10 minutes at 72°C. After that, the PCR product was stored at

-20°C for later processing.
3.3.9.2. Gel Electrophoresis

The validation of cDNA synthesis was performed by running the PCR result on a 2% agarose
gel for analysis. To make 50ml of 1x TAE buffer, 1g of agarose was dissolved in 50ml of 1x
TAE buffer after 1ml of 50X TAE buffer was added to 49ml of distilled water. The flask was
heated in the microwave for 30—40 seconds until the solution became clear. It was then
allowed to cool for a minute before 4 ul of ethidium bromide was added. The casting tray
was then filled with gel, which was then given time to set. Combs were then taken out, and
wells were then loaded with 4ul of PCR product and 2ul of loading dye. Thermo Scientific's
1 kb DNA ladder was used as the marker. At 90 volts and 500 amps, gel was operated for 40

minutes.
3.3.10. Real-Time PCR for Gene Expression Analysis

Real-time PCR was used to assess the gene of interest's primers by specifically amplifying
the product at 10 mM. 3 primers were used which were c-myc, EYAS3, and AXIN. The entire
process was conducted on ice. For each primer, a specific PCR strip was created. To produce
the reaction mixture, 5ul of cDNA, 1.5ul of forward and reverse primers (10 mM each), and
12.5ul of SYBR Green Master Mix (2 X) were added (solarbio). By adding 4.5ul of NF water,
the reaction volume was increased to 25ul. There were three main steps in the reaction. The
reaction mixture was first heated to 50 °C for 2 minutes, then heated to 95 °C for 10 minutes,
and then 40 cycles of PCR were added. Three incubation phases make up each PCR cycle:
1) for 15 seconds at 95 °C, 2) for 45 seconds at 60 °C, and 3) for 30 seconds at 72 °C. For
melt curve analysis, the dissociation stage was added. Three incubations were administered
during the dissociation stage: one at 95°C for 30 seconds, one at 60°C for 30 seconds, and
one at 95°C for 30 seconds. The information was gathered at 72 °C. SDS software for the



Methodology

ABI 7300 system was used for data analysis. As a housekeeping gene for normalization,
GAPDH primer was used. The 2-C technique was employed to calculate the relative

quantification of gene expression.

Figure 22 Optimization of RT-PCR for FKH 1 - cell line

3.3.11. Hemolysis Assay

To determine if Gramicidin A had a cytotoxic effect on healthy RBCs, a hemolysis assay was
conducted in a 96-well microplate. Red blood cell death is referred to as hemolysis. Red
blood cells and test materials were incubated at a pH range of 7.2-7.6 during this testing.
Whole human blood was collected in an EDTA tube, centrifuged at 500 xg for five minutes
at 4°C, and then continuously washed in PBS. Blood cells were washed with PBS four to five
times to obtain packed RBCs, after which the supernatant was discarded. PBS and packed
RBCs were combined to create 2% erythrocyte solution. PBS was serially diluted with
gramicidin A (0.25uM, 0.5uM). For these concentrations, 550ul of blood solution and 30ul
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of drug were produced in a tube and incubated at 37C for an hour. PBS was used as the
negative control, while 10% triton X was produced in erythrocyte suspension as the positive
control. The tubes were centrifuged at 500 xg for 5 min at 4°C to produce blood pellets. The
absorbance of these tubes was then measured between 405 and 550 nm, and the results were

analysed in comparison to controls.

Hemolysis = abs sample-abs negative control X100% abs positive control-abs negative

control
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CHAPTER 4
4. RESULTS

4.1. Insilico Results

The In-silico results yielded somewhat promising results that were pointing towards
Gramicidin A being an effective drug against FKH-1 cell lines and U937 too. These results
also supported the fact that our preliminary research also showed anti-cancer potential of

Gramicidin A against the K562 and NB4 cell lines under the same drug concentrations.

The results were divided under the docking results and the visualization results of the
previous data obtained. Docking results were in tabular form and contemplated the anti-

cancer activity through different types of binding interactions in different poses.

4.1.1. Docking Results

The results of the specific cell lines who target proteins were selected and potentially targeted
with our drug Gramicidin A. Docking results from PyRx were obtained in tabular form and
then the best pose showing the most favorable interaction was selected for further analyzation
of the results in the in-silico part.

Table 2 Some best target proteins that had the lowest B.E in interaction with u937 indicating good
binding.

PDB ID Cell Line = Protein name Chain Binding Energy

DOTL1 in complex
6JN2 U937 ) A B -7.2
with AF10

TNFR (superfamily
3THM U937 6) C(F) -6.6

20DB U937 CDC42 A -5.9

43
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4.1.1.1. U937

A total of 8 protein targets were selected in case of U937 to be targeted by Gramicidin A. As
we can see from Table 2, 6jN2 protein of the U937 cell line is having -7.2 B.E, which is the
lowest among all the B.E of the target proteins which were selected for the U937 cell lines.
This points towards the fact that these proteins will in turn be inhibited by the drug action of
our selected drug. The docking results of U937 yielded promising results further validating
our preliminary data of gramicidin A showing its anti-cancer potential and inhibiting the
proliferation of the cancer cells as indicated by the B.E of the best interactions among the

selected potential target proteins and gramicidin.
4.1.1.2. FKH-1

The family of selected proteins for the FKH-1 cell line were selected on the criteria of finding
the similar target proteins against the gramicidin A so that there are favorable interactions
among the protein and our targeting drug that would ultimately point towards its role in

inhibiting the proliferation of the selected cell line.

In case of FKH1, 12 proteins were selected as the target proteins and were made to dock with
Gramicidin A whose docking results were obtained in tabular form and then ranked in the

order of their increasing B.E indicating the lesser favorable interaction trend.

Table 3 Results of FKHL1 target proteins, the one's with the lowest of the B.E pointing towards the fact
that they are good potential targets for Gramicidin A.

PDB ID Cell line Protein name Chain B.E

3FMO FKH-1 Nup214 A -8.8

1Q1vV FKH-1 DEK A -5.6
LMO & anti-

4KFZ FKH-1 LMO VH A C -6.2

complex
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4.1.2. Importance Of Fkhl Results

The results of FKH1 B.E were promising and important in a sense that the target protein
which has the lowest B.E among all the 12 selected proteins in the cell line turned out to be
Nup214. Nup214 is the nucleopore protein which was involved in the development and the
manifestation of t (6,9) mutation which led to development of AML symptoms and its early

onset.

The mechanism involved binding of the Nup214 protein with the DEK protein leading to the
formation of the DEK/CAN complex which is the actual onco-fusion protein which was
sought to be targeted as indicated in the objectives of our experiments.

4.1.3. Visualization Results

The visualization results followed the docking results. On the data available we used the B.E
of the interactions in the best poses to visualize them on Pymol and look for the favorable
and the best pose, that led, we were able to get the visualized results of each of their favorable
interactions, in case of both FKH-1 and U937 respectively. After that using the exported
poses to label and visualize the type of bonds were involved in the interactions and the type
of bump interactions were leading to the changes in the mode of interaction of drug and the
target protein.

4.1.3.1. PyMol

Pymol was used to visualize the best poses of our interacting protein and gramicidin A in the
respective cell lines. The results were then exported to BIOVIA Discovery Studio for

labelling the type of bonds and bond lengths.
4.1.3.2. BIOVIA Discovery Studio

BIOVIA Discovery Studio gave us a better publication quality image of what type of bonds

and interactions were present at the molecular level among our protein and ligand.
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Our motive was to find the potential target in the U937 and FKH1 cell lines, to eliminate
them in the in vitro experiments and look for the effect of that on the proliferation of the cells
of the respective cell lines. The Pyrx results already indicated Nup214 to be the protein with

the lowest of the B.E making it the best among all the targeted proteins.

Figure 23 The type of bond interactions among Nup214 and gramicidin A along with their detailed bond
lengths and type of residues involved in the bond.
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Table 4 Shows the types of bonds involved among the 3FMO protein and Gramicidin A along with the
residues involved in the bonds.

All these results point to Nup214 being the best target candidate for Gramicidin A in FKH1

Protein Drug Binding Bonds/Interactions  Bond Interacting
(Ligand) energy Length residues
3FMO  GA ke Conventional ~ 239A  VAL367
KCAL/MOL hydrogen bond
Conventional 270 GLY7
hydrogen bond
Conventional
3.22 LEU100
hydrogen bond
Conventional
hydrogen bond 3.06 TRP157
Conventional
hydrogen bond 2.27 TRP2

Conventional

hydrogen bond
yarog 273 A TYR309
Pi-Cation
3.87A TRP4
Interaction
3.71 PRO202
Carbon hydrogen
bond interaction
5.22 PRO159

Pi-Alkyl Interaction

cell line and the results from in vitro experiments were still required to validate these in silico

results.
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4.2. Invitro Results

4.2.1. Gramicidin A interferes with the proliferation potential of U937 cell line

In this study, the action potential of gramicidin A was assessed against U937 cell line, Cells
were treated with different concentrations of gramicidin A and an MTT assay was performed

after 48 hours to assess the proliferation.

U937 MTT Assay for Gramicidin A
15 -

m Seriesl

0.5 -

Control 0.25uM 0.5uM 1uM

Figure 24 MTT assay results of Gramicidin A in U937 cell line

Cells were cultured in liquid medium (RPMI + 10% FBS+1% L-Glutamate and 1% Penicillin
and Streptomycin) to determine the proliferation ability of U937 cells in the presence of
0.01% DMSO and different concentrations of Gramicidin A. Table shows that the antibiotic
gramicidin A interferes with the proliferation potential of U937 cell lines.

4.2.2. Gramicidin A does not interfere with the proliferation potential of FKH cell line:

In this study, the action potential of gramicidin A was assessed against FKH cell line, Cells
were treated with different concentrations of gramicidin A and an MTT assay was performed

after 48 hours to assess the proliferation.
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FKH1 MTT Assay for Gramicidin A with K562 as Positive

Control
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Figure 25 FKH1 MTT assay for Gramicidin A with K562 as positive control

Cells were cultured in liquid medium (RPMI + 20% FBS+1% L-Glutamate and 1% Penicillin
and Streptomycin) to determine the proliferation ability of FKH cells in the presence of
0.01% DMSO and different concentrations of Gramicidin A. K562 was taken as positive
control. Table shows that the antibiotic gramicidin A does not interferes with the proliferation
potential of FKH cell lines and they became more aggressive after the treatment with the

Gramicidin A .

4.2.3. Hemolysis Assay

To determine whether Gramicidin A has hemolytic effect or not, a hemolysis assay was
performed. For NB4 cells, drug concentration was 0.25uM and for K562 the concentration

was 0.5uM. Hemolysis was measured by using the following formula:

Hemolysis Percentage: Sample Absorbance—Negative Control Absorbance %100

Positive Control Absorbance—Negative Control Absorbance



Results

Hemolysis
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Figure 26 Hemolysis assay results of Gramicidin A in NB4 and K562 cell lines

In our study we found 0 % hemolysis in both of the cell lines. Hence proved that gramicidin

A is nontoxic.

4.2.4. Effect on downstream signaling cascade in NB4 and K562 cell lines:

We also studied the impact of targeting the genes as described in our in-silico studies on
downstream signaling pathways as the above analysis shows a reduction in the proliferative
potential of the NB4 and K562 cell. Expression of AXIN 2 gene, EYA 3, c-Myc genes were
analyzed with different drug concentrations. In NB4, we observed reduction of gene
expression by AXIN 2 and EYA 3 while c-Myc showed progression in tumorigeneses at
0.25uM gramicidin A concentration. However, in K562 at 0.5uM gramicidin Aconcentration
AXIN 2, c-Myc and Axl enhanced the proliferation while EYA 3 significantly caused the

reduction in the gene expression.
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Figure 27 RT- PCR results of Gramicidin A in Nb4 and K562 cell lines

4.2.5. Gene Expression Analysis of Gramicidin A on FKH 1 cell line using RT-PCR:

We also studied the impact of targeting the genes as described in our in-silico studies on
downstream signaling pathways as the above analysis shows a reduction in the proliferative

potential of the FKH cell line. Expression of EYA 3 and c-Myc genes were analyzed with

different drug concentrations.

FKH1-GA-Eya 3 FKH1-GA-cmyc

3 45
4
2.5 35
2 3
25
1.5 2
1 15
0.5 1
0.5
0 0

control Gramicidin control Gramicidin

Figure 28 RT- PCR results of Gramicidin A in FKH-1 cell lines
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CHAPTER 5
5. DISCUSSION

Gramicidn A is a natural linear peptide product of 15 —mer. Double dimerization is formed
due to alternating D and L chirality that forms B-helix incorporated in a lipid bilayer. This
specific structure works as a transmembrane channel for monovalent cations (Na*, H", and
K™). (Xue.Y.W, 2022). Studies have revealed that it worked as a cytotoxic drug as well as a
targeted angiogenesis inhibitor that makes a significant contribution in compromising cancer

growth in vitro and in vivo as it is an effective tumor suppressor. (David.J.M, 2015)

Gramicidin A has shown anti cytotoxicity effect against many tumors. GA, the channel-
forming ionophore, has cytotoxic and antiangiogenic activities in RCC (Renal cell
carcinoma). The cytotoxic activity is because of ATP depletion, and the anti-angiogenic
impact is because of the inhibition of HIF (hypoxia-inducible factor) through the induction
of endogenously expressed VHL (von Hippel-Lindau tumor suppressor protein) (Xue.Y.W,
2022). Gramicidin (0.3 mg/mL) in combination with different concentrations of BisBAL NPs
has shown promising synergistic antitumor effect towards HelLa cells, achieving an < 86%

tumor growth inhibition. (Romero.C, 2021)

Our preliminary data suggested that Gramicidin A strongly interferes with leukemogenesis
in CML and APL and showed no hemolysis. Gramicidin A upon testing in vitro interferes
with the proliferation potential of PML/RARa-positive APL cells and BCR-ABL positive

CML cells (Maham et al., Manuscript in preparation).

For understanding its anti-cancerous potential, we hyphothized that the antibiotic Gramicidin
A, known for its efficacy against CML and APL specific targets, can effectively bind to
targets in t (6,9) AML, as all three leukemia types share similar targets, thus suggesting its

potential as a targeted therapeutic approach for t (6,9) AML.

In context to in-silico study, Gramicidin A was docked with all the possible protein targets
from AML cell lines, finalizing the potentially best targets based on lowest ligand-protein
binding energy. The In-silico results yielded somewhat promising results that were pointing

towards Gramicidin A being an effective drug against FKH-1 cell lines and U937 too. These
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results also supported the fact that our preliminary researches also showed anti-cancer
potential of Gramicidin A against the K562 and NB4 cell lines under the same drug
concentrations. Regarding FKH 1 cell line in silico results, we found that Gramicidin A can
target the NUP 214 region in the DEK- NUP 214 t (6,9) translocation. Through
computational techniques, we were able to discover that Gramicidin A specifically targets
the Nup214 gene in the DEK-NUP214 (previously CAN) translocation of AML.

After in-silico results, in vivo experimentations were performed suggesting that Gramicidin
A has anti cancerous potential that can target AML cell lines of NB4, U937 and K562. These
results after MTT cytotoxicty assay were also confirmed by gene expression analysis using
RT-PCR technique. Expression of AXIN 2 gene, EYA 3, c-Myc genes were analyzed with
different drug concentrations. In NB4, we observed reduction of gene expression by AXIN 2
and EYA 3 while c-Myc showed progression in tumorigenesis at 0.25uM gramicidin A
concentration. However, in K562 at 0.5uM gramicidin A concentration AXIN 2, c-Myc and
Axl enhanced the proliferation while EYA 3 significantly caused the reduction in the gene

expression.

It was found that the genes were downregulated as Gramicidn A may have interfered with

the signaling pathways of these AML cell lines. Generalized toxicity is a significant
challenge to the development of ionophores as therapies for human cancer. GA causes
hemolysis and is toxic to the liver, kidney, meninges, and olfactory apparatus. (Wang F, Qin
L, Pace CJ, Wong P, Malonis R, Gao J. Solubilized gramicidin A as potential systemic
antibiotics) but in our study in case of NB4 and k562 by performing hemolysis assay, it has
shown 0% hemolysis in both the cases. Thus, indicating that it is nontoxic to normal red
blood cells. (Maham et al., Manuscript in preparation).

Recent findings have proved that Gramicidin A is effective against solid tumors but there is
no authentic data that proves its efficacy against liquid tumors like AML. Our study is a novel
approach that proved its efficacy against leukemic cell lines. In context to the FKH- cell line,
we found that Gramicidin A was not able to inhibit the proliferation in FKH1 cell line. FKH
1 genes are poorly annoted and little is known about them. The inability of Gramicidin A
drug at different concentration against FKH1 cell line, and instead leading to an aggressive
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proliferation at even increased drug concentrations, shows a peculiar behavior, hence,
pointing out significant gaps in literature corresponding to the lack of understanding of this
cancer subtype. It also concludes that even the elimination of t (6,9) and reduced expression
of DEK- NUP 214 complex was unable to contain the proliferation of this specific AML
subtype pointing towards the fact there are some other underlying signaling pathways

involved in these cell lines’ proliferation that have not been studied or analyzed yet.



Conclusion

CHAPTER 6
6. CONCLUSION

Gramicidin A, an ionophore antibiotic, depicts tremendous cytotoxic and antiproliferative
characteristics, making it a powerful tumor suppressor. Its centralized angiogenesis inhibition
diminishes most cancer growth both in vitro and in vivo. The anticancerous abilities of
Gramicidin A have been confirmed through MTT cytotoxicity assays carried out on U937,
Nb4, and K562 cellular lines, further supported by the RT-PCR results. The promising anti-
proliferative results of Gramicidin A that are targeting the leukemic cell lines is a novel
therapeutic approach. Notably, the drug attains 1C-50 value, with powerful inhibition even at
low drug attention of 0.25 pM. These findings indicate the favorable position of Gramicidin
A as a strong inhibitor in acute myeloid leukemia, specifically in U-937, K-562, and Nb4 cell
lines. Additionally, Gramicidin A aggressively promoted proliferation in the FKH 1 cell line
which highlights the need for comprehensive studies for a better understanding of t (6:9)
High Aggressive AML.

drug

(proliferating)
U937 cell line of AML

Figure 29 the anti-cancer potential of Gramicidin A has been proved through cytotoxicity assay in U937,
Nb4 and K562 cell lines Except FKH1 cell line
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Future Prospects

CHAPTER 7
/. FUTURE PROSPECTS

The anti-cancer potential of Gramicidin A, as has already been pointed out in various
research is an avenue for targeted cancer therapy.

It also points out significant gaps in literature corresponding to the lack of
understanding of this cancer subtype.

Our research serves to open avenues and provide opportunity to further investigate:

e The role of genes involved in leukemogenesis.

e The pathways pertaining to leukemogenesis.

Further investigations may potentially validate the use of Gramicidin Aas a targeted
anti-cancer treatment for AML and its subtypes (CML, APL)

56



REFERENCES:

, A. D., Stachura, D. L., & Traver, D. (2014). Cell signaling pathways involved in
hematopoietic stem cell specification. Experimental cell research, 329(2), 227-233.
https://doi.org/10.1016/j.yexcr.2014.10.011

Raza, Y., Salman, H., & Luberto, C. (2021). Sphingolipids in Hematopoiesis:

Exploring Their Role in Lineage Commitment. Cells, 10(10), 2507.
https://doi.org/10.3390/cells10102507

Kamran M. Mirza, 4 - Hematopoiesis, Editor(s): Elaine M. Keohane, Catherine N.
Otto, Jeanine M. Walenga, Rodak's Hematology (Sixth Edition), Elsevier, 2020,
Pages 43-61, ISBN 9780323530453, https://doi.org/10.1016/B978-0-323-53045-
3.00013-1.
(https://www.sciencedirect.com/science/article/pii/B9780323530453000131)

Lee, J. Y., & Hong, S. H. (2020). Hematopoietic Stem Cells and Their Roles in Tissue
Regeneration.  International  journal of stem cells, 13(1), 1-12.
https://doi.org/10.15283/ijsc19127

Bakhuraysah, M.M., Siatskas, C. & Petratos, S. (2016). Hematopoietic stem cell

transplantation for multiple sclerosis: is it a clinical reality? Stem Cell Res Ther 7,
12. https://doi.org/10.1186/s13287-015-0272-1

Irons, R. D., & Stillman, W. S. (1996). The process of leukemogenesis.
Environmental health perspectives, 104 Suppl 6(Suppl 6), 1239-1246.
https://doi.org/10.1289/ehp.961041239

Chennamadhavuni, A., Lyengar, V., Mukkamalla, S. K. R., & Shimanovsky, A.
(2023). Leukemia. In StatPearls. StatPearls Publishing.

Chapter 20 - Hematopoietic Cancers, Editor(s): Tak W. Mak, Mary E. Saunders,

Bradley D. Jett, Primer to the Immune Response (Second Edition), Academic Cell,
2014, Pages 553-585, ISBN 9780123852458, https://doi.org/10.1016/B978-0-12-
385245-8.00020-0.
(https://www.sciencedirect.com/science/article/pii/B9780123852458000200)

57


https://doi.org/10.1016/j.yexcr.2014.10.011
https://doi.org/10.3390/cells10102507
https://doi.org/10.1016/B978-0-323-53045-3.00013-1
https://doi.org/10.1016/B978-0-323-53045-3.00013-1
https://doi.org/10.1016/B978-0-323-53045-3.00013-1
https://www.sciencedirect.com/science/article/pii/B9780323530453000131
https://doi.org/10.15283/ijsc19127
https://doi.org/10.1186/s13287-015-0272-1
https://doi.org/10.1289/ehp.961041239
https://doi.org/10.1016/B978-0-12-385245-8.00020-0
https://doi.org/10.1016/B978-0-12-385245-8.00020-0
https://doi.org/10.1016/B978-0-12-385245-8.00020-0
https://www.sciencedirect.com/science/article/pii/B9780123852458000200

10.

11.

12.

13.

14.

15.

16.

17.

Ehsan A., Khan M.A., Lone A., Arif M., Asif M.J., Riaz S. (2015). Acute Myeloid
Leukemia, Epidemiology and Seasonality. A Single Center Experience. Biomedica.
31(3):219-22.

Memon F.A., Memon A.l., Pushpa, Ahmed N., Nigar R., Ujjan 1. (2017). Clinico-
Pathological Findings in Myeloid Malignancies. A Single Center Experience. J
Liaquat Uni Med Health Sci.16(01):49-52. doi: 10.22442/jlumhs.171610505
Ahmad, S., Yusuf, R., & Burney, S. (2015). FREQUENCY OF VARIOUS TYPES
OF LEUKAEMIAS DIAGNOSED AT PAF HOSPITAL MIANWALI. Pakistan
Armed Forces Medical Journal, 65(4), 474-477. Retrieved from
https://www.pafmj.org/index.php/PAEMJ/article/view/981

Rubnitz J.E., Gibson B., Smith F.O. (2010). Acute myeloid leukemia. Hematol Oncol
Clin North Am; 35-63. doi: 10.1016/j.hoc.2009.11.008. PMID: 20113895

Shallis R.M., Wang R., Davidoff A., Ma X., Zeidan A.M. (2019). Epidemiology of
acute myeloid leukemia: Recent progress and enduring challenges. Blood Rev; 36:70-
87. doi: 10.1016/j.blre.2019.04.005. Epub 2019 Apr 29. PMID: 31101526.
Chennamadhavuni A., Lyengar V., Mukkamalla S.K.R., et al. (2023). Leukemia.

StatPearls [Internet]. Treasure Island.
https://www.ncbi.nlm.nih.gov/books/NBK560490/

https://www.cancerresearchuk.org/about-cancer/acute-myeloid-leukaemia-

aml/about-acute-myeloid-leukaemia
HuretJ.L. (2013). t (6,9)(p22; q34) DEK/NUP214. Atlas Genet Cytogenet Oncol

Haematol. Online version:.

http://atlasgeneticsoncology.org/haematological/1014/t(6;9)(p22;934)

Moraleda P.P., Alonzo T.A., Gerbing R.B., Raimondi S.C., Hirsch B.A.,
Ravindranath Y., Lange B., Woods W.G., Gamis A.S., Meshinchi S. (2012). Acute
Myeloid Leukemia with t (6,9)(p23; q34) Is Associated Poor Outcome in Childhood
AML Regardless of FLT3/ITD Status, A Report from Children's Oncology Group.
Blood; 120 (21): 2541. doi: https://doi.org/10.1182/blood.\VV120.21.2541.2541



https://www.pafmj.org/index.php/PAFMJ/article/view/981
https://www.ncbi.nlm.nih.gov/books/NBK560490/
https://www.cancerresearchuk.org/about-cancer/acute-myeloid-leukaemia-aml/about-acute-myeloid-leukaemia
https://www.cancerresearchuk.org/about-cancer/acute-myeloid-leukaemia-aml/about-acute-myeloid-leukaemia
https://www.cancerresearchuk.org/about-cancer/acute-myeloid-leukaemia-aml/about-acute-myeloid-leukaemia
http://atlasgeneticsoncology.org/haematological/1014/t(6%3B9)(p22%3Bq34)
https://doi.org/10.1182/blood.V120.21.2541.2541

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chiriches, C., Khan, D., Wieske, M. et al. Activation of signaling pathways in models
of t (6;9)-acute myeloid leukemia. (2022), Ann Hematol 101, 2179-2193. doi:
https://doi.org/10.1007/s00277-022-04905-9

Alcalay M, Orleth A, Sebastiani C, Meani N, Chiaradonna F, Casciari CS et al (2001)
Common themes in the pathogenesis of acute myeloid leukemia. Oncogene
20(40):5680-5694. https://doi.org/10.1038/sj.0nc.1204642

Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM et al (2016)
The 2016 revision to the World Health Organization classification of myeloid
neoplasms and acute leukemia. Blood 127(20):2391-2405.
https://doi.org/10.1182/blood-2016-03-643544

Appelbaum FR, Gundacker H, Head DR, Slovak ML, Willman CL, Godwin JE,
Anderson JE et al (2006) Age and acute myeloid leukemia. Blood 107:3481-3485.
https://doi.org/10.1182/blood-2005-09-3724

Chi 'Y, Lindgren V, Quigley S and Gaitonde S: An Overview. Arch Pathol Lab Med—
Vol. 2008;132. Available from:
http://www.archivesofpathology.org/doi/pdf/10.1043/1543-2165-132.11.1835
Tarlock K, Alonzo TA, Moraleda PP, Gerbing RB, Raimondi SC, Hirsch BA et al
(2014) Acute myeloid leukaemia (AML) with t(6;9) (p23;934) is associated with poor
outcome in childhood AML regardless of

textlessitextgreaterFL T3textless/itextgreater -1TD status: a report from the Children’s
Oncology Group. Br J Haematol 166:254-259. https://doi.org/10.1111/bjh.12852

Kayser S, Hills RK, Luskin MR, Brunner AM, Terré C, Westermann J et al (2020)
Allogeneic hematopoietic cell transplantation improves outcome of adults with t(6;9)

acute myeloid leukemia: results from an international collaborative study.
Haematologica 105(1):161-169. https://doi.org/10.3324/haematol.2018.208678
Cancer Genome Atlas Research Network. Genomic and epigenomic landscapes of
adult de novo acute myeloid leukemia. (2013). N Engl J Med; 368(22):2059-2074.
Mrézek K., Heerema N.A., Bloomfield C.D. (2004). Cytogenetics in acute leukemia.
Blood Rev ;18(2):115-136



https://doi.org/10.1007/s00277-022-04905-9
https://doi.org/10.1038/sj.onc.1204642
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1182/blood-2005-09-3724
http://www.archivesofpathology.org/doi/pdf/10.1043/1543-2165-132.11.1835
https://doi.org/10.1111/bjh.12852
https://doi.org/10.3324/haematol.2018.208678

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Ding L., Ley T.J,, Larson D.E., et al. (2012). Clonal evolution in relapsed acute
myeloid leukaemia revealed by whole-genome sequencing. Nature; 481(7382):506-
510.

Acute Myeloid Leukemia: From Molecular Pathogenesis to Oral Targeted Therapies.
(2019). US Pharmacist. 44(5)(Specialty & Oncology suppl):4-8

Corces-Zimmerman M.R., Hong W.J., Weissman I.L., et al. (2014). Preleukemic
mutations in human acute myeloid leukemia affect epigenetic regulators and persist
in remission. Proc Natl Acad Sci U S A; 111(7):2548-2553

Kronke J., Bullinger L., Teleanu V., et al. (2013). Clonal evolution in relapsed NPM1-
mutated acute myeloid leukemia. Blood; 122(1):100-108.

Rosenbauer, F., Koschmieder, S., Steidl, U., & Tenen, D. G. (2005). Effect of
transcription-factor concentrations on leukemic stem cells. Blood, 106(5), 1519—
1524. https://doi.org/10.1182/blood-2005-02-0717

Scholl, C., Gilliland, D. G., & Frohling, S. (2008). Deregulation of signaling
pathways in acute myeloid leukemia. Seminars in oncology, 35(4), 336-345.
https://doi.org/10.1053/j.seminoncol.2008.04.004

Moser, B., Edtmayer, S., Witalisz-Siepracka, A., & Stoiber, D. (2021). The Ups and
Downs of STAT Inhibition in Acute Myeloid Leukemia. Biomedicines, 9(8), 1051.
https://doi.org/10.3390/biomedicines9081051

Bousoik, E., and Montazeri Aliabadi, H. (2018). “Do We Know Jack” About JAK?
A Closer Look at JAK/STAT Signaling Pathway. Front. Oncol. 8:287. doi:
10.3389/fonc.2018.00287

Wang, Z., and Bunting, K. D. (2013). STAT5 in hematopoietic stem cell biology and
transplantation. Jak-Stat 2:27159. doi: 10.4161/jkst.27159

Fasouli ES and Katsantoni E (2021) JAK-STAT in Early Hematopoiesis and
Leukemia. Front. Cell Dev. Biol. 9:669363. doi: 10.3389/fcell.2021.669363

Akada, H., Akada, S., Hutchison, R. E., Sakamoto, K., Wagner, K. U., and Mohi, G.
(2014). Critical role of Jak2 in the maintenance and function of adult hematopoietic
stem cells. Stem Cells 32, 1878-1889. doi: 10.1002/stem.1711



https://doi.org/10.1182/blood-2005-02-0717
https://doi.org/10.1053/j.seminoncol.2008.04.004
https://doi.org/10.3390/biomedicines9081051

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Robinette, M. L., Cella, M., Telliez, J. B., Ulland, T. K., Barrow, A. D., Capuder, K.,
et al. (2018). Jak3 deficiency blocks innate lymphoid cell development. Mucosal
Immunol. 11, 50-60. doi: 10.1038/mi.2017.38

Stoiber, D., Kovacic, B., Schuster, C., Schellack, C., Karaghiosoff, M., Kreibich, R.,
et al. (2004). TYK2 is a key regulator of the surveillance of B lymphoid tumors. J.
Clin. Invest. 114, 1650-1658. doi: 10.1172/JCI122315

Kato, Y., lwama, A., Tadokoro, Y., Shimoda, K., Minoguchi, M., Akira, S., et al.
(2005). Selective activation of STAT5 unveils its role in stem cell self-renewal in

normal and leukemic hematopoiesis. J. Exp. Med. 202, 169-179.

Snow, J. W., Abraham, N., Ma, M. C., Abbey, N. W., Herndier, B., and Goldsmith,
M. A. (2002). STATS promotes multilineage hematolymphoid development in vivo
through effects on early hematopoietic progenitor cells. Blood 99, 95-101. doi:
10.1182/blood.v99.1.95

Gouilleux-Gruart, V., Gouilleux, F., Desaint, C., Claisse, J. F., Capiod, J. C., Delobel,

J., et al. (1996). STAT-related transcription factors are constitutively activated in
peripheral blood cells from acute leukemia patients. Blood 87, 1692—-1697.
Gouilleux-Gruart, V., Debierre-Grockiego, F., Gouilleux, F., Capiod, J. C., Claisse,
J. F., Delobel, J., et al. (1997). Activated Stat related transcription factors in acute
leukemia. Leuk. Lymphom. 28, 83-88. doi: 10.3109/10428199709058334

Kovacic, B., Stoiber, D., Moriggl, R., Weisz, E., Ott, R. G., Kreibich, R., et al. (2006).
STAT1 acts as a tumor promoter for leukemia development. Cancer Cell 10, 77-87.
doi: 10.1016/j.ccr.2006.05.025

Gruszka, A. M., Valli, D., and Alcalay, M. (2017). Understanding the molecular basis
of acute myeloid leukemias: where are we now? Intern. J. Hematol. Oncol. 6, 43-53.
doi: 10.2217/ijh-2017-0002

Ley, T. J., Miller, C., Ding, L., Raphael, B. J., Mungall, A. J., Robertson, A., et al.
(2013). Genomic and epigenomic landscapes of adult de novo acute myeloid
leukemia. N. Engl. J. Med. 368, 2059-2074. doi: 10.1056/NEJM0a1301689

Mizuki, M., Schwable, J., Steur, C., Choudhary, C., Agrawal, S., Sargin, B., et al.

(2003). Suppression of myeloid transcription factors and induction of STAT response




48.

49.

50.

ol.

52.

53.

54.

genes by AML-specific FIt3 mutations. Blood 101, 3164-3173. doi: 10.1182/blood-
2002-06-1677

Taketani, T., Taki, T., Sugita, K., Furuichi, Y., Ishii, E., Hanada, R., et al. (2004).
FLT3 mutations in the activation loop of tyrosine kinase domain are frequently found

in infant ALL with MLL rearrangements and pediatric ALL with hyperdiploidy.
Blood 103, 1085-1088. doi: 10.1182/blood-2003-02-0418

Sueur, G., Boutet, A., Gotanegre, M., Mansat-De Mas, V., Besson, A., Manenti, S.,
et al. (2020). STAT5-dependent regulation of CDC25A by miR-16 controls
proliferation and differentiation in FLT3-1TD acute myeloid leukemia. Sci. Rep.
10:1906. doi: 10.1038/s41598-020-58651-x

Nepstad, I., Hatfield, K. J., Grgnningseter, I. S., & Reikvam, H. (2020). The PI3K-
Akt-mTOR Signaling Pathway in Human Acute Myeloid Leukemia (AML) Cells.

International journal of molecular sciences, 21(8), 2907._
https://doi.org/10.3390/ijms21082907

Park, S., Chapuis, N., Tamburini, J., Bardet, V., Cornillet-Lefebvre, P., Willems, L.,
Green, A., Mayeux, P., Lacombe, C., & Bouscary, D. (2010). Role of the PI3BK/AKT
and mTOR signaling pathways in acute myeloid leukemia. Haematologica, 95(5),
819-828. https://doi.org/10.3324/haematol.2009.013797

Gruszka, A. M., Valli, D., & Alcalay, M. (2019). Wnt Signalling in Acute Myeloid
Leukaemia. Cells, 8(11), 1403. https://doi.org/10.3390/cells8111403

Mdiller-Tidow, C., Steffen, B., Cauvet, T., Tickenbrock, L., Ji, P., Diederichs, S.,
Sargin, B., Kohler, G., Stelljes, M., Puccetti, E., Ruthardt, M., deVos, S., Hiebert, S.
W., Koeffler, H. P., Berdel, W. E., & Serve, H. (2004). Translocation products in
acute myeloid leukemia activate the Wnt signaling pathway in hematopoietic cells.
Molecular and cellular biology, 24(7), 2890-2904.
https://doi.org/10.1128/MCB.24.7.2890-2904.2004

Tickenbrock, L., Schwéble, J., Wiedehage, M., Steffen, B., Sargin, B., Choudhary,
C., Brandts, C., Berdel, W. E., Miiller-Tidow, C., & Serve, H. (2005). FIt3 tandem

duplication mutations cooperate with Whnt signaling in leukemic signal



https://doi.org/10.3390/ijms21082907
https://doi.org/10.3324/haematol.2009.013797
https://doi.org/10.3390/cells8111403
https://doi.org/10.1128/MCB.24.7.2890-2904.2004

55.

56.

o7.

58.

59.

60.

61.

62.

transduction. Blood, 105(9), 3699-3706. https://doi.org/10.1182/blood-2004-07-
2924

David JM, Owens TA, Barwe SP, Rajasekaran AK Gramicidin A induces metabolic

dysfunction and energy depletion leading to cell death in renal cell carcinoma cells.
Mol Cancer Ther. 2013;12:2296-307.Doi: http://dx.doi.org/10.1158/1535-7163.MCT-13-
0445

Wang F, Qin L, Pace CJ, Wong P, Malonis R, Gao J. Solubilized gramicidin A as
potential systemic  antibiotics. Chembiochem. 2012;13:51-5. Doi:
http://dx.doi.org/10.1002/cbic.201100671

Kelkar DA, Chattopadhyay A. The gramicidin ion channel: a model membrane
protein. Biochim Biophys Acta. 2007;1768:2011-25. Doi:
http://dx.doi.org/10.1016/j.bbamem.2007.05.011

Moll GN, van den Eertwegh V, Tournois H, Roelofsen B, Op den Kamp JA, van

Deenen LL. Growth inhibition of Plasmodium falciparum in in vitro cultures by
selective action of tryptophan-N-formylated gramicidin incorporated in lipid vesicles.
Biochim Biophys Acta. 1991;1062:206-10.Doi: http://dx.doi.org/10.1016/0005-
2736(91)90394-N

Otten-Kuipers MA, Beumer TL, Kronenburg NA, Roelofsen B, Op den Kamp JA.

Effects of gramicidin and tryptophan-N-formylated gramicidin on the sodium and

potassium content of human erythrocytes. Mol Membr Biol. 1996;13:225-32. Doi:
http://dx.doi.org/10.3109/09687689609160600
Kart A, Bilgili A. lonophore Antibiotics: Toxicity, Mode of Action and Neurotoxic

Aspect of Carboxylic lonophores. Journal of Animal and veterinary Advances.
2008;7:748-51.

Kaushik V, Yakisich JS, Kumar A, Azad N, lyer AKV. lonophores: potential use as
anticancer drugs and chemosensitizers. Cancers (Basel). 2018;10(10):360.

Kevin Il DA, Meujo DAF, Hamann MT. Polyether ionophores: broad-spectrum and
promising biologically active molecules for the control of drug-resistant bacteria and

parasites. Expert Opinion on Drug Discovery. 2009;4:109-46.Doi:
http:/dx.doi.org/10.1517/17460440802661443



https://doi.org/10.1182/blood-2004-07-2924
https://doi.org/10.1182/blood-2004-07-2924
http://dx.doi.org/10.1158/1535-7163.MCT-13-0445
http://dx.doi.org/10.1158/1535-7163.MCT-13-0445
http://dx.doi.org/10.1158/1535-7163.MCT-13-0445
http://dx.doi.org/10.1002/cbic.201100671
http://dx.doi.org/10.1002/cbic.201100671
http://dx.doi.org/10.1016/j.bbamem.2007.05.011
http://dx.doi.org/10.1016/0005-2736(91)90394-N
http://dx.doi.org/10.1016/0005-2736(91)90394-N
http://dx.doi.org/10.1016/0005-2736(91)90394-N
http://dx.doi.org/10.3109/09687689609160600
http://dx.doi.org/10.1517/17460440802661443
http://dx.doi.org/10.1517/17460440802661443

63.

64.

65.

66.

67.

68.

69.

70.

Du.M, e. a. (2022). The Global Burden of Leukemia and Its Attributable Factors in
204 Countries and Territories: Findings from the Global Burden of Disease 2019
Study and Projections to 2030. Journal of Oncology.

Romero.C, e. a. (2021). Synergistic Antitumor Activity of Gramicidin/Lipophilic
Bismuth Nanoparticles (BisBAL NPs) on Human Cervical Tumor Cells. Frontiersin

Nanotechnology.

Xue.Y.W, e. a. (2022). Gramicidin A accumulates in mitochondria, reduces ATP
levels, induces mitophagy, and inhibits cancer cell growth. Chemical Science.

Leukemia. (2022, August 19). Retrieved from National Cancer Institute.
al., D. e. (2022). Journal Of Oncology.

David.J.M, e. a. (2015). Gramicidin A: A New Mission for an Old Antibiotic. Journal
Of Kidney Cancer and VHL.

Du.M, e. a. (2022). The Global Burden of Leukemia and Its Attributable Factors in
204 Countries and Territories: Findings from the Global Burden of Disease 2019
Study and Projections to 2030. Journal of Oncology.

Huret, J.-L. (2013, April 4). Atlas of Genetics and Cytogenetics in Oncology and
Hematology . Retrieved from Atlas of Genetics and Cytogenetics in Oncology and
Hematology Web site:
https://atlasgeneticsoncology.org/haematological/1014/t(6;9)(p22;934)-dek-nup214
Yu.J, e. a. (2020). Clinical implications of recurrent gene mutations in acute myeloid

leukemia. Experimental Hematology & Oncology.



Plagiarism Report

FYP plag report

RGBT

18 14« 13

Sl L& RITY INDEX HTERKET SOURCES PUsEL HCATIO RS

5%

ETLADEMT FAPESS

AT SUATES

. wvwwwi.ncbil.nlm.nih.gov

IFEETPs SO

2%

E jkcvhl.com

| PP, Sl

2%

WWwW.Cigna.com

NP SO R

Tw

n link.springer.com

[F{ i T g

1%

Xiaol Gong, Liming Zou, Miaomiac Wang, -'I %

Yingheng Zhang, Shuxian Peng, Mingtian

Zhong, Jiankui Zhou, Xun Li, Xiaodong Ma.
“Gramicidin inhibits cholangiocarcinoma cell
growth by suppressing EGR4", Artificial Cells,

Manomedicine, and Biotechnology, 2019

PubliLalbian

H Claudia Scholl, D. Gary Gilliland, Stefan

T

Frohling. *Deregulation of 5ignaling Pathways

in Acute Myeloid Leukemia”, Seminars in

Oncology, 2008

Publicalion




Haujokat. Cord. and Stefan LaufeF. 1
"SaTimmyc naCandidate DrugfoFrhe

ETimivtion of Cancer SternCells". Role of

Cancer SternCellsin Cancer Biology and

TNrapy. 201A

eAonTine.biomedcentraT.com 1
<l%

ustn M David. A appal KRaj seTaran.

"GramicidnA: ANewMissionforanOld 'r':‘l b
Antibiotic". journal of Kidsey Cancer and VHL

20) S

wwww. frontiersin.o
m NGl Source I rg -t:1 %
stemcelTres.  medcentFaT.com
. <1
m AlicijaM. GruszLa Debars Valli. Myriam < 1
Alcalay.Int Sgnallfngin Acme Myeloid *®
2079
m ;V;m.mseamhgam.net {‘I "
m digitakommons.usf.edu _{1 “

usphamnacist.com



—h
N

< 1%

] <l

core.ac.uk -
< 1%

unsworks. -
<l
m WWW. SCIENCe. 2o _::"I "
S&mttred ro Australian Nursing Federation 1
m The University 1
E Mak,

Therapy of Leukemia!
Laboratory to
ApplTtions®, Reviews in Clinical
2008

E S&mizzed Liverpool

<1

thesewps.ups-tise.fr

<Ts




ro Carolina -
25 : < | o
25 WIimir+gton 1
E WY DD X “E { 1
i
rowingscience.com 4
growingscience.co <1s
il g Ea
E <l
} B
EQ < | %
30 1
ro SheWield Hallam Unlversity . 1
dyuthi.cusat.ac.in _L:" "
-
nEPchopen.com <14
r
E < ry |

docshare.tips




- repository.uantwerpen.be {1 "
. Stefan Becker. Vhree6imensianal srructwe _‘:1
of the Staog homodimer bout to DNA", %
Nature 07/09/s 998
. mspace.lib.umar+itoba.ca "'-11 "
atents.google.com
. p i g J "'-51 W
n £abr'iallu Sueu<. Alison Dourel. Mathifda {1
%

Goianfigrc véronique Manual-N Mas
mrna ud Besson Sr*phane Manenri Sarah

Berzoli. *STAT5-oapcndcnr rpulaoon of
COL25A byiriR VG controls prolifcraifon as
oilfercntiarion in FLTIITD acute myeloid
leukemia" Sc ienrific Reports 2020

Paesano Laura. Aless<o Perott« Annamaria
8Lischini. Cec ifia Carubbi. Marta MarmiroL
F-maMaestr Sakarore lannotra aha Nelson
Marmiroli."MB Akers fartoXiElrytoHepG2
exposed ro cadmium sul@ida quantum dots'
damage Eo mitochondria Toxlcology 20s6.

(1

RuiQiWang ing Geng We'-jin Sheng Liu-¢un
Liu. MinJlcng Yong-5u 2hen. "Theionophore

(1



antibiotic gFamic idin A inhibits pancreatic
cancer stem associated with CO47 down
regulation”. Cancer Cell International. 2019

Subm ro Swinburne Unlrsizy of
TechAlogy

A

Targeted Therapy of Acute Myeloid Leukem .

Chen Feng, Nannan Gao, and Mingzhu Liu.

"Multifunctional drug carriers comprised of
mesoporous silica nanoparticles and

polyamidoamine dendrimers based on layer-

by-layer assembly”, Materials & Design, 2015.

43

44 I 1
m mﬁzget&dnnc.mm {1 "
H iﬂhmiEtEd to Australian College of Nursing {1 "
E dI.hands.net {1 "
m Wi, nature.com _,_:‘l %.
H AU, Xiubin, Shaoyu L0, Chunmei Gao, Xiao Bai, "'-:1 %.




Zahra Sepehri. Archana Banerjee Frederick S. (1
Vizeacou mar. Andrew Freywald et al. "
Oilferenrial expression of and in colon cancer
cells". IUBMB L le

B poriandpresscom <Tw
E spondidospublicsGons.com {1 "
E ibb.cnr.it ":1 %.
E archive.org {1 %.
B oo ueredm <1
- repozitorij.tsh.unizg.hr <1
B ‘Innovations and Implementations of 1 %.

Computer Aided Drug Discover Srrareges in
Rational Aug Dasign". Springer Science and

Business Media LLC. 2021

Sharmila Bapat. "Le Bernie Stem ¢alls®, {1
Cancer Stem Cells. 11/1t/2008 "




n bmccancer.biomedcentFal.com {1 “
m ccij-online.org {1 .
ﬂ docpTayeF.at '*‘-:1 “
E @urnals.plot.org {1 “
E staging.meileflab.org {1 “
E WA, aensiweb.net {1 .
E freecancercoachiog.com {1 “
E "Understanding the role for miRNA in human 1
leukemia*, RNA & DISEASE, 2015.
E E!i'?i'l.'EE*" o <1
Submitted to Georgia Perimeter College
E Sl P o E Eg {1 S
m HiroyuL Hamaguch . "Csrablishment of a (1

novel human myeTo d leukaemia cell line
(FKH-))with t(6'9)(p23'g24) and the



expression of dek-can chimaeric transcript"
Botishjournal ofHaematology &t998

Lin Zhang, Lei Sun, Lirong Wang, Juan Wang,
Dan Wang, Jue jlang, |inhui Zhang, Qi Zhou.
"Mitochondnal division inhibitor (mdivi-1)
inhibits proliferation and epithelial-
mesenchymal transition wia the NF-kB
pathway in thyroid cancer cells®, Toxicology in
Vitro, 2023

4

. M L Shall, H Gundac#er, £ 0 Bloomfielg 1
Oewaldetat. *Arelaospecttve study of69 < I
patinas wkh Q6+9#p22;q0#)AML emphasizes
theneedforapros  ve, multienzer
intaarive Mrrare jar prognosrVm Toé
ma@nancies". Leukemia 2006
. 'n"u':}rld'nl'nlldE‘_;ElEﬂLE org M
. wrap.mvkE.ac.uk "'-:1%
. two.zorz.uzh.cb {1 .
. Markus G. Manz. "BioDgy of {1 “

Stemand Progenitor Cells®* Romas



HematopoMc Cell Tran anrarlm,
t2Y)WO002

- Chen L.. "ConcomtLdOE use of Ad5z2S
cdlmeric oncolyric adenovirus Ash TRAIL gem
ad rasol produces synergisric cytotoruciry In
gastric cancer cells”. Czncer Letters. 20091 10)

1

Dulle Greensm*h, Uwa Aickelin jamie
Twycross. “CUprer 31 AWcu&aon and
CLzrificatén ofthe Dendri*c Cell Algorithm".
Springer Nience and Unless Media DC
2006

1

wiwww.mdpi.com

1




