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Translation

Lead me (by giving knowledge) from the unreal to the real;

From darkness (of ignorance) to the light (of knowledge);

From fear of death (sense of limitation) to the Knowledge immortality (limitless liberation)
OM - Let There Be Peace Peace Peace.

— Brihadaranyaka Upanishad 1.3.28
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Zusammenfassung

Zusammenfassung

Die akute myeloide Leukdmie (AML) ist eine haufige Erkrankung bei Erwachsenen. Sie zeichnet sich
durch ein schnelles Wachstum anormaler myeloider Zellen aus und ist weiterhin durch chromosomale
Veranderungen, Translokationen, Duplikationen, Inversionen, Deletionen charakterisiert. In der AML
wird die Differenzierung (Blastenkrise) geblockt und Zellen kénnen nicht in ihre verschiedenen Linien
ausdifferenzieren. Dadurch reifen diese Zellen nicht aus und entkommen dem Apoptose-Signalweg.
Eine Repression dieser Stammzellen ist fiir eine AML-Therapie notwendig. Der (ibliche Therapieansatz
fur die Behandlung der AML ist eine intensive Chemotherapie. Dennoch sterben ca. 50% dieser
Patienten. AuBerdem sind die Standardtherapien sehr toxisch und werden von &lteren Patienten
schlecht vertragen.

In verschiedenen Studien wurde die Rolle von nicht-steroidalen anti-inflammatorischen Medikamenten
(NSAIDs) Uberpraft, die eine Proliferations-Inhibierung und eine Apoptose-Induzierung bei
verschiedenen Krebszellen in-vivo und in-vitro bewirken. Deshalb wurde dieser Ansatz verwendet, um
mégliche Effekte einer Behandlung von CD34" AML- Zellen aus dem Knochenmark von Patienten sowie
AML Zelllinien mit NSAIDs zu untersuchen. Dabei wurden die Zellen mit einer physiologisch
erreichbaren Konzentration der NSAIDs (OSI-461, Sulindac Sulfide und Diclophenac) behandelt. Eine
DMSO-Behandlung mit der gleichen Konzentration diente als Kontrolle. Viabilitat, Apoptose,
Zelldifferenzierung sowie zugrunde liegende molekulare Mechanismen wurden untersucht. Es konnte
eine bestidndige Apoptose-Induzierung sowie bis zu einem gewissen Grad eine myeloide
Differenzierungskapazitat in NSAIDs behandelten Zellen nachgewiesen werden.

AuBerdem waren ein G2/M Zellzyklus-Arrest und die Inhibierung der cyclin dependent kinase-1 (CDK1)
bei OSI-461 behandelten Zellen zu sehen. AML Zellen, die mit 1 uM OSI-461 behandelt wurden, waren
nicht in der Lage, ihr proliferatives Potential wieder zu erlangen, wenn sie nach einer initialen 48
Stunden Behandlung in ein 1 uM 0SI-461 freies Medium gegeben wurden, selbst in bis zu acht Tagen
nicht. AuBerdem zeigten auch normale CD34" Zellen einen Anstieg der Apoptoserate nach einer
initialen 48-stlindigen Behandlung mit 1 uM OSI-461. Aber sie waren in der Lage, nach einer 48-
stiindigen Behandlung mit OSI-461 ihr normales Proliferationspotential wieder zu erlangen. Bei
Leukdmien ist der Schutz der normalen gesunden Stamm- und Progenitorzellen immer nétig, da
gesunde Zellen fiir die Erholung nach der Therapie essentiell sind.

Es wurden vergleichende Protein- und Genexpressionsanalysen von Diclophenac-behandelten Zellen
verwendet, um den Einfluss einer NSAID-Behandlung zu untersuchen und weitere mechanistische
Einblicke in anti-leukdmische Aktivitaten der NSAIDs als Reaktion auf die Behandlung zu erhalten. Die
Resultate zeigen eine transkriptionale Aktivierung von GADD45a sowie dem nachgeschalteten
MAPK/JNK Signalweg sowie erhdhte Proteinlevel des CASPASE 3 - Precursors. Das deutet auf eine Rolle
der c-Jun NH2-terminal kinase (JNK) in NSAID vermittelter Apoptose hin, die von der JNK-Aktivitat
abhdngt und eine Erganzung zu einer durch eines spezifischen JNK-Inhibitor erzielten Apoptose ist.

Mitglieder der AP-1 Familie sind bei in der AML herunter reguliert. Eine transkriptionale Aktivierung der
AP-1 Transkriptionsfaktoren Familienmitglieder c-Jun, JunB und Fra2 nach einer Behandlung der AML-
Zellen mit NSAIDs konnte gezeigt werden. Eine Re-Expression dieser Transkriptionsfaktoren fiihrte zu
einer Aktivierung von GADD45a sowie zu einer Apoptose-Induktion. Zusatzlich konnte gezeigt werden,

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Zusammenfassung

dass die durch 0SI-461 erzielten antiproliferativen Effekte in AML Zellen mit der Induktion der pro-
apoptotischen Zytokine MDA-7/IL-24 und der Aktivierung des Wachstumsarrests sowie der DNA-
damage inducible genes (GADD) 45a and 45y assoziiert sind. Diese Daten deuten auf ein Potential der
NSAIDs hin, den Zelleintritt zu Signalwegen zu regulieren, was zu Apoptose versus Proliferationsarrest
flhrt und dass manche von ihnen moglicherweise therapeutisches Potential fiir einen selektiven Angriff
auf leukdmische Zellen haben.

Zusammengefasst wurde GADD45a als neuer Differenzierungs und Apoptose-Induzierer in der
humanen AML identifiziert, der das Ziel der AP-1 Familienmitglieder c-Jun, JunB und Fra2 ist. Die
Ergebnisse zeigten, dass NSAIDs eine Expression der AP-1 Genfamilie re-induzieren kdnnten, wobei sie
die AML Proliferation inhibieren und eine Differenzierung induzieren. Damit erhdlt man eine neue
Einsicht in die AML Pathophysiologie und eine neue Strategie, Apoptose und Differenzierung in der
AML zu induzieren.
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ABSTRACT

AML is described by a rapid growth of abnormal myeloid cells, which are further characterized by
chromosomal abbreviations, translocations, duplications, inversions and deletions. In AML, there is a
block in differentiation (blast crisis) of stem cells. Stem cells are not able to divide into different lineage.
Therefore, these stem cells do not mature and escape the apoptotic pathway. Eradication of these
leukemic stem cells is required for the treatment of AML. The common approach for the treatment of
AML is the use of intensive chemotherapy. Yet, approximately 50% of these patients die from their
leukaemia. Furthermore, standard treatments are very toxic and poorly tolerated especially in elderly
patients.

Several studies have proven the role of Non-steroidal anti-inflammatory drugs (NSAIDs) to inhibit
proliferation and induce apoptosis in various cancer cells in-vitro and in-vivo. Therefore, this approach
was used to investigate the potential effects of NSAIDs treatment on CD34" AML cells derived from
patients” bone marrow and AML cell lines. These cells were treated with the physiologically achievable
concentration of NSAIDs (OSI-461, Sulindac Sulfide and Diclofenac). Cells treated with equal amounts of
DMSO were used as control. Viability, apoptosis and differentiation were analysed. The molecular
mechanisms involved were also observed. In present study, a consistent induction of apoptosis and to
some extent an increased myeloid differentiation capacity in NSAIDs treated AML cells was observed.

The G2/M cell cycle arrest was also observed along with Inhibition of the cyclin dependent kinase-1
(CDK1) in OSI-461 treated AML cells. AML cells treated with OSI-461 1 uM was not able regain their
proliferative potential when after initial 48 hour treatment they were placed in a medium free of OSI-
461 1 pM, even up-to 8 days. Whereas, although normal CD34" cells also showed the increase in
apoptosis after initial 48 hour OSI-461 1 uM treatment. But they were able to regain their normal
proliferative potential, when they were placed in 0OSI-461 free cell culture medium. In leukaemia
protection of normal healthy stem and progenitor cells is always needed as healthy cells are essential
for recovery after therapy.

Comprehensive protein and gene expression profiling of Diclofenac treated AML cells was utilized to
study the impact of NSAIDs treatment with the aim of gaining further mechanistic insights into the
anti-leukemic activities of NSAIDs. The findings demonstrate a transcriptional activation of DNA-
damage inducible genes (GADD) 45a and MAPK/INK pathway as well as, increased protein levels of the
CASPASE-3 precursor. This signifies the role of c-Jun NH2-terminal kinase (JNK) in NSAIDs mediated
apoptosis. Indeed this NSAIDs mediated apoptosis is dependent on JNK activity. Addition of a specific
JNK-inhibitor abrogated apoptosis.

The AP-1 family members are commonly down regulated in AML. It was found that NSAID treatment of
AML cells leads to activation of AP-1 transcription factor family members: c-Jun, JunB and Fra2. Re-
expression of these transcription factors results in activation of GADD45a and induction of apoptosis.
In addition, the OSI-461 mediated anti-proliferative effects observed in AML are associated with the
induction of the pro-apoptotic cytokine MDA-7/IL-24 and activation of the growth arrest and GADD45a
and GADD45y. These data indicate that NSAIDs are able to regulate AML cell entry to apoptotic
pathways, which leads to apoptosis versus proliferation arrest, and that some of these findings may
have therapeutic potential for the selective targeting of leukemic cells.

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Abstract Vil

In summary, GADD45a is identified as a novel inducer of differentiation and apoptosis in human AML,
targeted by the AP-1 family member’s c-Jun, JunB and Fra2. The results demonstrated that NSAIDs can
re-induce expression of AP-1 family genes, thereby inhibiting AML proliferation and inducing
differentiation. These findings provide novel insights into AML pathophysiology and provide a new
strategy to induce apoptosis and differentiation in the AML.
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Introduction

1. INTRODUCTION

1.1 Perfective aspect

Due to developments in the field of stem cell biology in 20" century, many questions like, how a single
cell grows in a multi-cellular and highly sophisticated organism can be addressed. In multicellular
organism there is a continuous turnover of the cells, due to cell death. Hence there is a need to
replenish the depleted cells. To make up the for loss of these cells and to insure maintenance and
development throughout the life of an organism small number of organ-specific cells are present,

known as stem cells (Cairns, 1981).

All cellular blood components are derived from haematopoietic stem cells (HSCs). HSCs are the first and
best-studied cells in terms of differentiation and hierarchical order. Haematopoietic cells are short lived
so there is a regular need of their regeneration throughout life of an organism (Cumano and Godin,
2007). In mammals the development of various pre, pro-precursor and mature cells is known as

“Haematopoiesis” (Figure 1).

Leukemogenic events

Clenogenic leukemic
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Bone Marrow N
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& «
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—©
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=
<

Basophil Mast cell Platelets

Figure 1: Haematopoiesis. Lineage tree, showing areas where branching can occur. A single haematopoietic cell can

differentiate and can give rise to different lineage progenitor cells, which can further proliferate and mature, finally giving rise
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to mature blood cells. (HSC = Haematopoietic stem cell, MPP = Multi-Potential Progenitors, CMP= Common Myeloid

Progenitor, CLP= Common Lymphoid Progenitor, Blast CFU = Blast colony-forming unit/cells, MEP = Megakaryocyte-Erythroid
Progenitor cell, GMP = Granulocyte Macrophage Progenitors, CFC = Colony-forming cells, CFU = Colony-Forming Unit, CFC =
Colony-forming cells, Colony-forming cells granulo-monocyte = GM- CFC, Colony-forming cell Eosinophil = Eo-CFC). Adapted

from (Dalerba et al., 2007; Lobo et al., 2007)
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In general, all blood cells can be found in bone marrow (BM), which is a primary site for synthesis of
various Haematopoietic cells. The foundation work done by Metcalf and Moore (Metcalf, 1970; Moore
and Metcalf, 1970), Till and Mc Cullock (Till and Mc, 1961) in their respective studies showed that blood
stem cells or multi-potent progenitors (MPP) are located in BM. MPP are responsible for constant make
up of blood cells. Different cells of haematopoietic stem cells (HSCs) and steps involved in HSCs
differentiation and maturation are shown in Figure 1.

1.2 Leukaemia

Rudolf Virchow coined the term “Leukaemia” in 1856, he has described that, “there is an accumulation
of abnormal White Blood Cells in patients”. “Leukaemia” is a Greek word meaning “White Blood” to
describe the condition of the blood in the patient samples.

As per the definition, leukaemia can be defined as the disease of blood in which there is a blocking of
differentiation (blast crisis) and cells are unable to divide into different lineage. These cells do not
mature and escape apoptotic pathway, leading to over production of abnormal white blood cells.

Primary cause of origin of leukaemia can be contributed due to constant accumulation of chromosomal
abbreviations, translocations, duplications, inversions and deletions (Lowenberg, 2008; Mrozek and
Bloomfield, 2006; Tallman et al., 2005). The events which induce leukaemia are suppression of
apoptosis, deregulation of cell-cycle to support uncontrolled expansion and invasion. The deregulation
of cell-cycle provides a mechanism to support further neoplastic progression.

Leukaemia can divided into two basic types

e Myeloid Leukaemia

e Lymphoid Leukaemia or Lymphocytic Leukaemia

Myeloid Leukaemia: - If there is a differentiation blockage of the myeloid cells i.e. monocytes,

macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes / platelets and
dendritic cells, it is known as myeloid leukaemia. In some cases, these cells can still advance to
maturation.

Lymphoid Leukaemia or Lymphocytic Leukaemia: - In lymphoid leukaemia or lymphocytic leukaemia as
name suggests majority of the effected cells belong to lymphoid lineage i.e. T-cells, B-cells, Nk-cells.

Leukaemia can also be divided according to progression and lineage type of the disease. Most of the
present day leukaemia falls in one of the following major classes.

e Acute Myeloid Leukaemia (AML)
e Acute Lymphocytic Leukaemia (ALL)

e Chronic Myeloid Leukaemia (CML)
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e Chronic Lymphocytic Leukaemia (CLL)
AML is related to this present study and is discussed further here.

1.3 Acute myeloid leukaemia (AML)

In 1889, Wilhelm Ebstein coined the term “acute leukaemia” to differentiate between fatal and rapidly
progressive leukaemia and mild “chronic leukaemia”. AML can be defined as a maturation arrest in BM
cells which are not able to perform their normal activity. AML is heterogeneous disease of precursor
stage myeloid cell multiagency. There is a rapid increase in immature blast cells. AML develops quickly,
if not treated can be fatal in few months of its onset. AML is associated with a wide spread of
deformities at the DNA level and in signalling pathways. AML is the second most common type of
leukaemia in USA. It is estimated that about 12,330 people were diagnosed with AML in 2010.

Leukemia

v

Myeloid Leukaemia

v

Chronic Myeloid Leukaemia, (CML)

Lymphoid Leukaemia

s_p 5.7
P bt A
Acute Myeloid Leukaemia, AML SRR

Acute Lymphoid Leukaemia, (ALL)

! e
l q.':: {'?'.C'Jf ::;‘;.
FAB Classification v
Chronic Lymphoid Leukaemia, (CLL)
WHO Classification e e
MO M1 M2 m3 M8
. C b 1 r : '.
® € . , ] F e
"ﬁr a1 & o o .

Figure 2: Classification of Leukaemia. Leukaemia can be divided based on clinical and pathologically into variety of
large groups i.e. according to which kind of blood cell is affected. Thus, first division can be between its Myeloid and Lymphoid
forms. Further, Leukaemia can be subdivided. This division makes difference between acute and chronic forms. (Adapted
from www.info-medicine.com/aml-french-american-british-fab-classification-m0.html and www.med-ed.virginia.edu/.%20../wcd/myeloid1.

cfm, web-sites last visited on 28" of July, 2011)

AML is a heterogeneous disease due to the combination of the mutations in chromosome. These
mutations play a role in the prediction of the disease. Unlike most other cancers, which are classified
based on a stage or progression, AML is classified on bases of various aspects of the disease i.e.
genomic mutations, age of patient, cytological disorders, etc. (Figure 2).
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Abiotic and biotic sources have been reported to cure AML, including Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) (Gullett et al., 2010), Green Tea (Yang and Wang, 2010), Vitamin A (Retinoic Acid)
(Shimizu et al., 2004), and curcumin powder (Das et al., 2010). But among these, NSAIDs stand apart
due to most extensively studied group of drugs in relation to cancer.

1.4 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) belong to structurally diverse group, but similar in
action. Felix Hoffmann (1897) oxidised salicylic acid to Acetylsalicylic Acid (ASA) for his father who was
suffering from the pain of arthritis (Cuzick et al., 2009). Later “Bayer” marketed this product under
trade name “ASPRIN”, thus giving rise to first commercially marketed NSAID. NSAIDs are normally used
as anti-inflammatory, anti-rheumatic, anti-pyretic, and as analgesic. NSAIDs are weak acids and they
dissolve in acidic environment of stomach giving high bioavailability. These drugs have greater affinity
to bind to the surface molecule on ribosomes, thus further increasing their action. From the beginning
of early 20" century it is known that NSAIDs arrest many tumour progressions.
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Figure 3: Metabolic pathway of arachadonic acid and cyclooxygenase (COX) pathway. Arachidonic acid,
released from membrane phospholipids by phospholipase A2 (PLA2), is metabolized by cyclooxygenases to prostaglandin H2
(PGH2) in two steps. PGH2 is converted to a variety of prostanoids by specific isomerases. COX = cyclooxygenase; PG =
prostaglandin; NSAIDs = Nonsteroidal Anti-Inflammatory Drugs; PGD2 = prostaglandin D2; PGE2 = prostaglandin E2; PGF2 =
prostaglandin F2; PGI2 = prostaglandin 12; TxA2 = Thromboxane A2. Adapted from (Thun et al., 2002; Ting and Khasawneh,
2010) and Expert Reviews in Molecular Medicine © 2003 Cambridge University Press.

Around 1940, it was first found that aspirin (NSAID) has effect on various vascular events (Xu, 2002).
Not much is known about mechanism involved in the pharmacokinetics of the NSAIDs. In 1971, John
Vane and his colleagues demonstrated that aspirin and other NSAIDs exert their pharmacologic
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activities by inhibiting the Cyclo-Oxygenase (COX). COX further causes the production of prostaglandin
(Figure 3). Prostaglandins are involved in inflammation, blood clotting, immune response and many
other physiological processes. It was discovered that COX exists in other forms COX2 and COX3 too. But
later it was found that COX3 is splice variant of COX1 (Ulrich et al., 2006). NSAIDs can also act by
inducing physical modification on lipid bi-layer membrane, NFKB signalling, Apoptosis signalling, APL-B-
Catenin pathway, PPARa/y/6 target genes and by release of MPR4 etc. (Ferreira et al., 2005; Sousa et
al., 2008).

There are many safety data reports on use of NSAIDs, but there are also reports about adverse effects
due to regular, prolonged, or excessive use of NSAIDs. In these reports NSAIDs are shown to cause
lymphoid malignancies like non—hodgkin lymphoma, asthma, effects on gastric intestine (Gl) even up to
bleeding, peptic ulcer and lesions, etc.(Lanas, 2009; Robak et al., 2008)

1.5 Effects of NSAIDs on Cancer

Various experimental, epidemiological and clinical data were churned out in 1980’s.These data showed
that NSAIDs acted positively in decreasing the development and prevention of the induction of cancers,
when NSAIDS were taken occasionally or regularly (i.e. 5 to 7 times per week) or prolonged (>2 years)
at clinical approved dose (Harris et al., 2005; Ruegg et al., 2003; Umar et al.,, 2003). NSAIDs were
reported to decrease the size and number of intestinal adenomas in-patient with Familial
Adenomatous (FAP) (Giardiello et al., 1993; Spagnesi et al., 1994; Steinbach et al., 2000). There was up
to 50 per-cent reduction in incidence of colorectal cancer in people who took NSAIDs regularly (DuBois
and Smalley, 1996; Smalley and DuBois, 1997).

Table 1 Effects of various NSAIDs on different types of cancers in clinical trials.

. Number of . Drug used in
Disease K Duration Phase Results Reference
Patients study
Celecoxib significantl
. & y (Steinbach et
FAP 77 6 months Celecoxib Il decreases the No. of colon
al., 2000)
polyps
Polyps regressed completely in Labayle et
FAP 10 4 months Sulindac 1 P g p Y ( Y
6 patients, partly in 3 al., 1991)
. Sulindac decreased No. of (Giardiello et
FAP 22 9 months Sulindac [ .
polyps by 56% and size by 65% al., 1993)
Duodenal polyps <2 mm
. i . (Nugent et al.,
FAP 24 6 months Sulindac [ regressed in 9 of 11 patients 1993)
treated with sulindac
Previous Sulindac did not statistically .
. L (Ladenheim
adenomat 44 4 months Sulindac [ significantly decrease number tal,, 1995)
et al,
ous polyps or size of poylps
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In studies on various animal models with induced or transplanted cancers, NSAIDs had inhibitory and
protective effects on FAP, esophageal, stomach, lung, skin, breast, prostate, urinary bladder, colorectal
cancer (Jacoby et al., 2000; Oshima et al., 1996; Wang et al., 2004), colon and pancreatic (Fujimura et
al., 2006; Gonzalez-Perez et al., 2003; Thun et al., 2002; Xu, 2002). In various clinical trials NSAID has
shown its effects on various cancers also. Few of the randomised clinical trials are listed in Table 1.

It is widely accepted that NSAIDs causes apoptosis and G2/M phase growth arrest (Czibere et al., 2005;
Czibere et al., 2006; Zerbini et al., 2006). NSAID (Exisulind) was reported to affect on primary leukemic
cells and leukemic cell lines such as KG1, THP-1 & SKM-1, through an induction of apoptosis by JNK
pathway (Czibere et al., 2005; 2006ab). Recent studies have shown that Aspirin (NSAID) caused
apoptosis in various human primary T & CLL-B leukemic cells and various cell lines (Iglesias-Serret et al.,
2010; Ou et al., 2010).

NSAIDs are believed to act through blockage of COX activity or independently through other targets.
These targets include B—Catenin (Lu et al., 2005), Ras (Herrmann et al., 1998), Nuclear factor kB (Bren-
Mattison et al., 2008; Yamamoto et al., 1999), Cyclin GMP (Rice et al., 2006), ERK1/2 (Rice et al., 2006),
Peroxisome proliferation activated receptor 6 (PPARS) (He et al., 1999), NSAIDs activated Gene- 1 (Kim
et al., 2005), GADD45 (Zerbini et al., 2006), IL-24 (Zerbini et al., 2006), MKK4 (Czibere et al., 2005; Dai et
al.,, 2010; Zerbini et al., 2006),(Rice et al., 2006), JNK (Czibere et al., 2005; Zerbini et al., 2006),
Epidermal growth factor receptor (Pangburn et al., 2005), prostate apoptosis response gene -4
(Herrmann et al., 1998) and CSK/SRC, etc. (Kunte et al., 2008).

1.6 NSAIDs used in present study

1.6.1 Sulindac Sulfide

Sulindac Sulfide is (Z)-5-Fluoro-2-methyl-1-[p-(methylthio) benzylidene] indene-3-acetic acid with
C,oH17FO,S molecular formula (Figure 4) and 340.41 is the molecular weight. Sulindac Sulfide and
Sulindac Sulfone are metabolites of Sulindac. Sulindac is known to cause apoptosis in different cancer
cell lines (Chan et al., 1998; Herrmann et al., 1998; Lim et al., 1999; Shiff et al., 1995; Zhang et al.,
2000). Sulindac Sulfide causes apoptosis in solid tumour cell lines through activation of JNK pathway via
GADDs (Zerbini et al., 2006). Sulindac Sulfide is shown to have anti-cancer effects in mice models
(Boolbol et al., 1996; Chiu et al., 1997). Role of Sulindac Sulfide in Familial Adenomatous Polyposis
(FAP) regression of has also been reported (Giardiello et al., 1993; Labayle et al., 1991). Further studies
are required to understand the role and pathways involved in anticancer activates.
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Figure 4: Molecular structure of Sulindac Sulfide (Source: http://www.sigmaaldrich.com/catalog/ProductDetail.do
?D7=0&N5= SEARCH_CONCAT_PNO|BRAND_KEY&N4=53131|SIGMA&N25=08Q5=0ON&F=SPEC, web-site last visited on 11" of
August, 2011)
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1.6.2 Diclofenac

Diclofenac is 2-[(2,6-Dichlorophenyl)amino]benzeneacetic acid sodium salt. Ci4H10CI;NNaO, is the
molecular formula (Figure 5) and 296.148 is the molecular mass. It is mainly used to reduce pain,
inflammation and used as analgesic agent. It is a research molecule of “Ciba-Geigy” (now Novartis) and
was discovered in 1973. Diclofenac treatment causes 60% decrease in tumour size in mouse model for
pancreatic cancer due to the increase in apoptosis in tumours cells (Mayorek et al., 2010). Diclofenac
treatment has anti-proliferative effects on various human tumours and causes apoptosis (Zerbini et al.,
2006).
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Figure 5: Molecular structure of Diclofenac (Source: http://www.sigmaaldrich.com/catalog/ProductDetail.do?D7
=0&N5=SEARCH_CONCAT_PNO|BRAND_KEY&N4=D6899|SIGMA&N25=0&QS=0ON&F=SPEC, web-site last visited on 11" of August,
2011)

1.6.3 OSl-461

OSI-461 was earlier known as CP-461, and is Z-5-fluro-2methyl-(-4 pyridene)-3-(-N-benzyl) -
indenyacetmide hydrochloride. OSI-461 (Figure 6) is a new generation drug and synthetic derivative of
Exisulind. OSI-461 lacks both COX-1 and COX-2 inhibition activity i.e. independent of COX-1 and COX-2
inhibition. OSI-461 has induced apoptosis and arrest of the cell cycle in G2/M phase in variety of human
cancer cells (Shimizu et al., 2004). 0OSI-461 has shown a slight antitumor activity in a Phase Il pilot study
with patients having hormone-refractory prostate cancer (Resta et al., 2011).

Figure 6: Molecular structure of OSI-461 Source: (Xiao et al., 2006)

1.7 Cell-cycle

Different events are required for the cellular progression and development of organisms, which
includes cell division, cell-cycle, differentiation and apoptosis. Among these one of the important
events is cell-cycle. In cell-cycle genetic material is replicated in a semi-conservative way. Cell has to

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Introduction u

pass through many stages, these are different stages of the preparation and cell division and are known
as “Cell-cycle” (Figure 7). Generally, cell divides into daughter cells, according to the requirement of the
body and in this process, passes its genetic information to the daughter cells.

- goc2s.. . =
PIC2 B Cg;::f Mitosis
GADD _I Cyclin J
B

Chromosome segregation

Quiescence

’—_\ Decision to
| GO ¥ exit cell cycle
(Resting or

Apoptosis)

S checkpoint

Interphase DNA Damage checkpoint

Figure 7: Cell-cycle. The different phases of cell cycle are represented with regulators and cell cycle checkpoints. Adapted
from (Thornton and Rincon, 2009; Vermeulen et al., 2003)

1.7.1 Cell-cycle regulation

Cell-cycle is a tightly regulated mechanism. Any abnormality in single cell organism leads to its death. It
causes malignancies in case of multicellular organism. To maintain cellular integrity and to pass an
intact copy of the genetic material, accurate cell division is essential. Maintenance of genetic material is
beneficial for cell survival and is required for cancer avoidance. The cells invest huge resources for
maintenance of the genetic material. For development of cancer, cells undergo many uncontrolled cell
divisions and escape apoptosis, due to these genetic modifications. Cells have regulatory mechanisms
to avoid these genetic modifications, deformities and alterations (Figure 7).
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1.7.2 Cell-cycle regulators
Few of the cell-cycle regulators are described below

Cyclins: -There are at least 13 cyclins known to date. Different cyclins are required to regulate cell
cycle at different stages of cell-cycle. CyclinA expression is required for cells to leave G1 phase arrest
(Bonda et al., 2010) while cyclinA/E is required in G1 to S phase transit and again in S to G2-phase
arrest. CyclinB is required in G2 to M phase transit arrest (Bucher and Britten, 2008). Cyclins are
classified on the basis of their time of expression and activation. All cyclins contain a 100 amino acids
homologous region, known as “Cyclin-Box”. Cyclins bind to cyclin dependent kinase (CDK) at this
homologues region and degeneration of cyclin leads to inactivation of CDKs.

CDKs: - Cyclin Dependent Kinases (CDKs) are activated by the formation of the complex between
cyclins and CDKs. In mammalians 12 loci are known for encoding CDKs but only CDK1, CDK2, CDK3,
CDK4 and CDK6 are directly involved in cell cycle. CDK1 is expressed in late cell-cycle and is considered
as mitotic kinases while other kinases are known to act in the Interphase (Chen et al., 2006a;
Malumbres and Barbacid, 2005). Mutations or over-expression of CDKs is associated with a number of
human cancers.

CKls: - CKls is short form of CDK inhibitors and indirectly control cell-cycle. Seven different CKIs are
known in mammals, which belong to different classes. p21, p27 & p57 CKls act in G1/S phase and are
also known as first class. P15, p16, p18 and p19 are another class of CK/ and are known as second CKis.
CKls act by inhibiting cyclins complex (CDKs).

1.7.3 Cell-cycle check points

Checkpoints can be defined as the point of cell division with further no return, In other words if a cell
has crossed this point, it is committed to next step in cell-cycle. Experiments on cells, which were
starved of serum before GO phase did not advance for cell-cycle for division, but in another scenario
even starvation of serum after GO phase did not inhibit them from cell-cycle division and to go into
mitosis. These cells appeared to be committed and continued cell-cycle (Vermeulen et al., 2003).

1.7.3.1 Major cell cycle check points

G1 Check Point: - CyclinB and CDK4 complex mediates the progression of cells in early G1-phase.
The G1 checkpoint is first line of defence against DNA damage; it delays and stops the cells with DNA
damage from entering into S-Phase. The S-phase entry of the cells is mediated by two different ways
following the DNA damage. The first and reversible pathway is CDC25A mediated de-phosphorylation
at Try15/Thri4 of CDK2-cyclinE/A. By this action CDK2-cyclinE/A is activated (Figure 7 and 8). The
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second pathway is slow and sustained. G1 arrest is caused by p53 which is induced by p21. The p21
inhibits CDK2 leading to maintenance arrest of cell-cycle (Houtgraaf et al., 2006; Warmerdam and
Kanaar, 2010). CDC25A plays a role in this checkpoint by the phosphorylation of the CDK2. If there are
DNA double-stranded breaks (DSBs) then there is activation of ATM mediated phosphorylation of Chk2.
DSBs cause inhibition of CDC45. However, single-strand breaks are repaired by activation of rad17,
RFC.9-1-1 complex and ATR through Chk1. In this pathway CDK1 cause G1 arrest by phosphorylation of
CDC25A. ATM and ATR phosphorylated p53, causes accumulation of p53 and increased activity of the
transcription factor p53 (Houtgraaf et al., 2006). p53 leads to expression of p21, an inhibitor of CDK
(Figures 7 and 8). p21 reduces activity of cyclinD/CDK4 complex by inhibiting CDK4 (Kraft et al., 2009).
AP-1 transcription factors also play role as they help in expression of cyclinD1,D2, E & CDK4 (Kraft et al.,
20009).
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Figure 8: Cell cycle checkpoint pathways. Once DNA damage is identified with the help of sensors, the checkpoint
transducers ATM and ATR undergo conformational change and/or localisation, resulting in their activation. Together with their
mediators, ATM and ATR activate a series of downstream molecules, including the checkpoint transducer kinases. Checkpoint
kinase-2 and Chk1 inactivate CDC25 phosphatases, culminating in cell cycle arrest. Adapted from (Bucher and Britten, 2008)

S-phase checkpoint: - Integrity of DNA is maintained in S-phase checkpoint. This checkpoint
monitors the DNA-damage and errors occurred during replication in S-phase (Dai and Grant, 2010).
CDK2 activity is increased in S-phase and thus contributes to the homologous recombination and DNA
repair (Warmerdam and Kanaar, 2010). CDK1, is also known as CDC2, plays an important role in this
checkpoint (Kraft et al., 2009). During S phase CDK1 or CDC2 is activated by ATR and is the key
regulator. Two pathways are reported which acted in S-phase checkpoint. First is ATR.ATM-Chk2.Chk1-
CDC25A-CDK2. Second is ATM.Nbs1.MRE11.SMC1 (Dai and Grant, 2010; Falck et al., 2002).

In S-phase, Chk1 (checkpoint kinase 1) down regulation can abrogate S-phase arrest (Xiao et al., 2003).
In the first pathway cyclinE/A-CDK2 are inhibited by the degradation of CDC25A-ATM/CHK2 &
ATR/CHK1 due to DNA damage (Bartek et al., 2004). In the second pathway ATM recruit to DNA
damage site with the help of MDC1 via senor MRN (Watrin and Peters, 2006). ATM is activated on DNA
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damaged site and it phosphorylates SMC1. SMC1 is thought to function in DNA repair and S-phase
progression. PCNA also plays a role in S-phase checkpoint via CHK1 (Bucher and Britten, 2008; Dai and
Grant, 2010).

G2/M checkpoint: - In most cancers, G1 checkpoint is defective, so G2/M checkpoint and S
checkpoint are critical in cancer. However, S-phase checkpoint is known only to slow down cell-cycle
rather than the arrest. G2/M checkpoint controls the DNA damage which has passed through G1 and S-
phase checkpoint. It forces the respective cells with DNA damage to apoptosis (Bucher and Britten,
2008). G2/M checkpoint ensures cell division is blocked, if damaged DNA or deformities are present in
DNA (Burgoyne et al., 2009). G2/M checkpoint stops the cells with the damaged DNA from entering
into M-phase. ATM-CHK2-CDC25/CDK1 pathway is activated due to double-stranded breaks and ATR-
CHK1-CDC25 by DNA lesions (Houtgraaf et al., 2006). G2/M checkpoint is mainly controlled by CDK1/
cyclinB complex, p21, Cip & p27 regulators (Wang et al., 2009). The entry of cell in M phase is
controlled by cyclinB/CDK1 complexes which are also involved in nuclear envelope breakdown. While in
M phase CDK7, a CDK activating kinase phosphorylates CDK1 of cyclinB/CDK1 complex and activate it.
In interphase cyclinB/CDK1 complex is activated by phosphorylation on Tyrosin 15 (Try15) by Myt1 and
Threonin 14 (Thrl4) by Weel (Liang et al., 2003). G2/M checkpoint works by inhibition of cyclinB/CDK1
complex by CDC25A, CDC25B and CDC25C dual specificity phosphatases that is required to
dephosphorylate these sites to activate the cyclinB/CDK1 complex and progress in mitosis (Ganzinelli et
al., 2008; Nigg, 2001; Raleigh and O'Connell, 2000). CDK1 is dephosphorylated by CDC25A in G2/M
checkpoint. CDC25A kinase is phosphorylated at Ser 76/124 and CDC20C at Ser216 by Chk1. This further
leads to CDC20A proteosomal degradation and ubiquitination via APC/C and Skpl/Cullin/F-Box
protein/SCF and ubiquition ligases (Figures 7 and 8).

In G2/M, ATR activates Chk1 by phosphorylation of CDC25A, B, and C. This phosphorylation prevents
the activation of cyclinB/Cdk1 and results in G2/M phase arrest (Boutros et al., 2006). Further sustained
G2/M phase arrest is required for the induction of the transcription factors which endogenously
inhibited CDK1 e.g. GADD45s, p21, p53 14-3-3j (Dai and Grant, 2010; Tse et al., 2007). The stress
induced activation of p38 MAPK/MK2 and inactivation of CDC25B/C, is thought to be another
mechanism involved in G2/M phase arrest (Bucher and Britten, 2008).

1.8 Cell cycle and apoptosis

Many physiological processes are balanced in human body. These processes include proper tissue
development and homeostasis. Proper balance is always required between cell cycle and apoptosis. In
fact there are many positive and negative regulations identical in cell cycle and apoptosis.
Morphological common features are shrinkage of nucleolus and cell, chromatin condensation,
membrane blebbing etc. Many cell-cycle genes i.e. p53, GADD45s, cyclins, CDKs, EF2 etc. participate in
apoptosis too. A normal human body needs proper balance in apoptosis and cell proliferation by cell
cycle. On average normal human body makes up to 60X10° cells every day. Some of these cells die or
used for maintenance and homeostasis. Uncontrolled cell division with lack of apoptosis cause further
complications like tumour formation and cancer in human body (Alenzi, 2004).
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1.9 Apoptosis

The apoptosis is a programmed cell death and plays a crucial role in regulation of many physiological
processes during embryological development as well as in adult organism. Apoptosis is highly
conserved throughout evolution (Fulda, 2009). Apoptosis is essential for the removal of unwanted,
damaged, or infected cells. Escape from apoptosis is a signal for many cancers.

Cell death by apoptosis was described in 1972 in ground-breaking publication by Kerr, Wyllie and
Currie (Kerr et al., 1972). Apoptosis is a Greek word, which is referred to falling of leaves from trees in
autumn. As its meaning suggest word was chosen for cell death in mammalian cells to represent
desirable death of cells for better survival for the host (Cohen et al., 1992). The process of physiological
cell death has been discovered more or less five times independently by various researchers in past 160
years (Cotter, 2009).
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Figure 9: Signalling pathway-showing apoptosis. GADDs, JNKs and AP-1 members leading to apoptosis. NSAIDs
cause activation of GADDs and they bind to MEKK4, MKK7 those results in JNKs phosphorylation via GADDs. JNKs leads to
phosphorylation of c-Jun (AP-1 family transcription factors) and translocated to nucleus. c-Jun through Caspases induce
apoptosis. Adapted from (Eferl and Wagner, 2003).

Apoptosis is caused by caspases (Figure 9). Caspases are cysteine-aspartic proteases or cysteine-
dependent aspartate-directed proteases and are involved in apoptosis, necrosis, and inflammation.
About 14 caspases are known for their role in Apoptosis in humans. Depending upon their role in
human apoptosis, caspases can be divided into two groups.
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Caspases 2, 8, 9 and 10 are known as initiator caspases and mediate the interaction of caspases
with upstream adaptors and effectors (Noy, 2010).

Caspases 3, 6 and 7 are known as effecter caspases or executioner caspases and catalyse the
downstream steps of apoptosis by mediating & regulating DNA repair, structural proteins & cell-cycle
related proteins (Noy, 2010).

1.9.1 Apoptosis can occur through two pathways

The intrinsic apoptotic pathway: - Intrinsic apoptotic pathway start from inside the cell in
response to cellular signals from DNA damage, a defective cell-cycle or stress signals. This pathway is
mediated by mitochondria and endoplasmic reticulum (ER). Bcl-2 family members regulate this process.
The Bcl-2 family is also involved in anti-apoptotic process. Other important players of this pathway are
Cytochrome C, Apaf-1 and pro-caspases9 (Noy, 2010).

The extrinsic pathway:-This pathway is activated from external signals by activation pro-apoptotic
receptors, which are on the cell surface (Figure 9). These cell surface death receptors include TNFa, Fas
and TRAIL etc. These receptors further bind to Caspases8 and initiate downstream signalling of
apoptotic pathway. JNK and NFKB are known target of extrinsic pathway (Figure 9). Extrinsic pathway
unlike the intrinsic pathway, triggers apoptosis independent of the p53 protein (Del Principe et al.,
2005).

1.10 JNKs

JNKs are members of MAPK (mitogen-activated protein kinase) super-family that also includes the ERK
and the p38 MAP kinases. The c-Jun N-terminal kinase (JNK) pathway and its components plays central
role in mediating the apoptotic effect of NSAIDs. JNKs are known to target AP-1 (Activator Protein — 1)
transcription factors phosphorylation especially of c-Jun and related molecules (Weston and Davis,
2007). Generally, JNKs phosphorylates c-Jun on transcriptional activation domain at Ser 63 or Ser 73
sites in response to oncogenic expression (Figure 9) (Heasley and Han, 2006) and enhance the initiation
of apoptosis. JNKs are generally activated in response to various stresses, UV or y radiation,
inflammation, growth factors, and oncogenes (Heasley and Han, 2006). Until now 10 JNK, isoforms are
known spliced form of three JNK Genes, JNK1, JNK2 and JNK3. JNK1 and JNK2 are expressed
ubiquitously, and JNK3 is expressed up to some extent in testis and heart but mainly in brain. Main
target of JNKs is c-Jun, but they can also be phosphorylated by JunD but in lesser extent and
phosphorylation of JunB via JNKs is still not clear (Shaulian, 2010).

Phosphorylation of c-Jun via JNKs was required for development and neuronal apoptosis in mice. Single
JNK knockout mice in any of three JNK did not show any development defects. These knockout mice
were more sensitive to skin cancer and induced lung tumorigenesis (Heasley and Han, 2006). JNKs
exhibited role in cell-cycle via c-Jun, which further controls cyclinD (Shaulian, 2010). JNKs appeared to
act in both pro and anti-apoptotic functions depending on the various factors i.e. tumour type, JNK
isoform etc. (Heasley and Han, 2006).

The apoptotic pathway, mediated by JNKs is initiated by diverse signals i.e. stress or oncogenic signals.
These signals activated MAP Kinase Kinase Kinase (MP3Ks) which in turn phosphorylated and activates
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MKK4/MTK1 and MKK7, the isoforms of MAP2K. The phosphorylated MKK4/MTK1 and MKK7 activates
JNK (Weston and Davis, 2007). Once activated JNKs were translocated to the nucleus, where they
phosphorylated c-Jun at Ser 63 and Ser 73 at N-terminal transactivation domain. By this transactivation
of c-Jun expression of c-Jun is increased and there was also activation of c-Jun dependent apoptotic
pathway (Li et al., 2004; Zerbini et al., 2004) (Figure 9).

1.11 AP-1 family

The activator protein-1 (AP-1) is a heterodimeric protein. AP-1 transcription factor was discovered in
1987 in Hela cell line nuclear extracts and identified by DNA element 5'-TGAGCTCA-3’ (TRE or TPA
response element). AP-1 is the first transcription factor identified in mammals and is one of the
extensively studied transcription factor, functions of which are yet to be fully understood. AP-1 is a
redox sensitive transcription factor and can sense stress. It can transduce changes in cellular redox
status by modulating gene expression according to the stress. The AP-1 is a family of proteins, which
are recognised by presence of basic leucine zipper (bZip), later is essential for DNA binding (Nair et al.,
2010; Shaulian, 2010). The AP-1 has following sub families (Nair et al., 2010; Shaulian, 2010).

Jun: - This sub-family includes c-Jun, JunB, and JunD
Fos: - This sub-family includes c-Fos, FosB, Fral and Fra-2
Besides these other sub-families are:
Activating transcription factor (ATF) family includes, ATF1, ATF2, ATF3, ATF4, ATF5, ATF6 & ATF7.
Jun dimerization protein (Jdp) family, includes Jdp1 and Jdp2
Musculoaponeurotic Fibrosarcoma (Maf) family, includes, c-Maf, MafA, MafB and MafG/F/K.

AP-1 family members are known for the Dimer formation, which can occurs between same sub-family
members or in the two sub-families to regulate the genes and the expression. Jun family can make both
homo-dimers (formed by two identical molecules) and hetero-dimers (formed by two different
macromolecules), whereas FOS members can make only hetero-dimers but. It is proved that AP-1
transcription factors are active in cell proliferation, information, differentiation, apoptosis, and cellular
migration and wound healing (Shaulian, 2010).

Major genes related to present study are described below

1.11.1 c-Jun

The c-Jun was earlier known as Jun. c-Jun is an early response transcription factor of AP-1 transcription
family and Jun sub-family. c-Jun is activated by various stimuli and mediates the transcriptional
regulation response (Black et al., 1994). c-Jun is phosphorylated at Ser 63 and Ser 73 by the JNK
pathway (Kallunki et al., 1994). c-Jun is essential for development of mice and knock down of c-Jun is
lethal for mice at E12.5 (Vesely et al., 2009). Knock-in for c-Jun with JunB or JunD rescue embryonic
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lethality until birth suggesting the overlapping functions between Jun family members (Eferl and
Wagner, 2003).

c-Jun is known as an enhancer of proliferation, and tumour promoter and oncogene, but there are
many studies, which show that c-Jun is involved in prevention of the cancer, e.g. c-Jun induces
apoptosis in UV exposed cells, killing the cells with damaged DNA. c-Jun is also involved in regulation of
tumour suppressor via p14**/p19**" (Durchdewald et al., 2009).

1.11.2 JunB

In last decades several studies on animal and clinical observations has shown JunB as a tumour
suppressor. Expression of cyclinA by any protein was first reported through JunB and later through c-
Jun, Fral etc. JunB is required for the re-entry in cell cycle after quiescence (Shaulian, 2010). The data
in previous studies suggested that there is a co-operation between JunB and c-Jun. JunB rescues and
improves survival of c-Jun deficient mice embryos (Nair et al., 2010; Shaulian, 2010). The knockout mice
for JunB was embryonic lethal and embryos died between E 8.5 and E 10.0 day due to defect in
placentation. Embryos of conditional knockout mice for JunB were without obvious abnormalities, but
adult mice developed osteopenia and myelo-proliferative diseases (Vesely et al., 2009). Transgenic
mice lacking JunB in myeloid lineage developed a myeloid disease, which resembled to Human CML
(Shaulian, 2010; Zenz and Wagner, 2006). In AML patients, JunB expression is generally down regulated
in haematopoietic stem cells (HSCs) (Shaulian, 2010).

1.11.3 Fra2

Fra2, also known as FOSL2 or FOS-like antigen 2 is the member of AP-1 transcription factor family and
FOS sub family. FOS sub family consists of three other members namely, FOSB, FOSL1 or Fral, C-FOS or
FOS. The Fra2/FOSL2 proteins form heterodimers with Jun proteins and then bind to DNA. The Fra2
knockout is lethal at birth in mice (Eferl and Wagner, 2003). In a study on mice adenocarcinoma,
CSMLO cell line, it was observed that these cells do not express Fra2/FOSL2 and very low expression of
c-Fos (Tkach et al., 2003). In other recent study on Fra2/FOSL2, deficient mice had a defect in
differentiation in osteoblast cells (Bozec et al., 2010). However, the over expression of Fra2/FOSL2,
increases tumour cell motility and invasion in breast cancer, colorectal cancer and mesothelioma
(Milde-Langosch et al., 2008).

1.12 GADDs

The Growth Arrest and DNA Damage or GADD members are mostly localized in nucleus. Five GADD
family members are known until now: GADD153, GADD34, GADD45a (GADD45alfa), GADD45B
(GADD45beta) and GADD45y (GADD45gamma). GADD45 family members are identified as regulatory
molecules, which protect cell and its survival by the process of cell-cycle arrest, DNA repair, and
apoptosis (Reddy et al., 2008; Rosemary Siafakas and Richardson, 2009). GADD45a was earlier known
as GADD45 and was discovered in Chinese hamster ovary cells (CHO) (Fornace et al.,, 1988). The
GADD45B was known as MyD118 as it was discovered as myeloid differentiation primary gene (Zhan et
al., 1994). The GADD45y was earlier known as CR6 as it was isolated by using cDNA homologues to mice
gene that is known as CR6 (Zhang et al., 1999).
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GADDA45a, GADD45B and GADD45y have shown 55% homology to each other at amino acid level and
are conserved throughout evolution. GADD45 are highly acidic with pH around 4. GADD45s functions
are not well understood (Abdollahi et al., 1991; Vairapandi et al., 2002; Zhang et al., 1999). GADD45q,
GADDA45B and GADD45y are strongly induced by stress through independent or p53 dependent way.
There was a failure of G2/M checkpoint in human cells exposed to UV and is devoid of endogenous
GADDA45s (Liebermann and Hoffman, 1998; Vairapandi et al., 2002; Wang et al., 1999). Interaction and
inhibition of CyclinB1/CDC2 complex with GADD45s also causes G1 cell-cycle arrest, which is may be via
p21. GADDs play a role in DNA repair and de-methylation also (Cretu et al., 2009). In their interaction
with MKK4 which is upstream regulator of JNK, they induce apoptosis which was validated in Hela cells
(Takekawa and Saito, 1998). Further induction of apoptosis via GADD45 dependent is shown in M1
leukemic, lung cancer etc. GADD45y plays a significant role in apoptosis of neuronal cells and UV
irradiated keratinocytes (Cretu et al., 2009). Deficiency of GADD45B in haematopoietic cells induces
apoptosis. The GADD45PB had a role in mice embryo fibroblast cell survival through NfxB. The GADD45p3
promotes cell survival through inhibition of MKK4-JNK stress response apoptotic pathway (Gupta et al.,
2006). GADD45s repaired DNA and promotes survival through PCNA (Cretu et al., 2009).

The GADD45 members especially GADD45y play an important role in cellular apoptosis (Bulavin et al.,
2003; Hollander et al., 1999). Mice which were null for GADD45B and GADD45y were more prone to
ionizing radiations, chemical carcinogens and hence had higher mutation rates and chances to have
cancer (Hollander et al., 1999). The down regulation of GADD45a and GADD45y is essential for survival
of cancer cells. The loss of GADD45a expression contributes to tumour formation, tumour growth and
decreases the rate of apoptosis, decreased rate of senescence via JNK (Tront et al., 2006). In many
primary human tumours and cell lines of breast, prostate, pituitary, adenomas, hodgkin and non-
hodgkin lymphoma, nasopharyngeal, cervical, oesophageal, lung carcinoma, and pancreatic cancer;
methylation and mutations were observed in GADD45 promoter and genes. The major step to escape
from apoptosis in tumour cells was through activation of NFxB, which causes repression of GADD45a
and GADDA45y. In recent studies, it is observed that in AML there is a down regulation of GADD45s.
GADD45a is reported a role in mice for suppression of leukemogenesis (Cretu et al., 2009; Zerbini and
Libermann, 2005).

1.13 MDA-7/IL-24

Interleukin-24 (IL-24) is also known as Melanoma differentiation-associated-7 (MDA-7) and was
discovered by subtraction hybridization of cDNA in human melanoma cells (Jiang et al., 1995). MDA-
7/IL-24 belongs to IL-10 family of cytokines and like /L-10 family of cytokines can exist as monomer or
dimer. MDA-7/IL-24 mediates its biological effects through two heterodimer receptors, IL-20R1/IL-20R2
and IL-22R1/IL-20R2 (Sarkar et al., 2002). The transcription of MDA-7/IL-24 is regulated by the AP-1 and
C/EBP transcription factor families (Madireddi et al., 2000). The MDA-7/IL-24 has antitumor activity in
many cancers via JNK/MAPK dependent or other signalling pathways and result in apoptosis of tumour
cells (Chada et al., 2004; Inoue et al., 2006). Expression of MDA-7/IL-24 via adenoviral vector carrying
the MDA-7 gene (Ad-MDA-7) cause growth suppression and apoptosis in cancer cells not to normal
cells (Otkjaer et al., 2010). Phase one clinical trial using Ad-MDA-7 is reported to have tumour
suppressor effect (Cunningham et al., 2005; Tong et al., 2005).
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2. Aim of this study

Acute myeloid leukaemia (AML) is characterized by disturbed differentiation and rapid expansion of
leukemic cells. AP-1 transcription family members are known as key regulators of myeloid
differentiation. AP-1 family members are generally down regulated in AML and thus play an important
role in pathophysiology of the disease. NSAIDs cause initiation of apoptosis effectively and G2/M phase
growth arrest in various types of cancer cells. GADD45a and GADD45y activation in-vitro and in-vivo
plays a major role in neo-plastic effect of NSAIDs (Czibere et al., 2005; Czibere et al., 2006).

Further studies should be carried-out to understand their role in AML and especially in-connection to
GADD45s and JNKs. Elucidation of pathways involved in AML rescue in NSAIDs dependent way can be
translated into clinical prospective. These pathways and their target genes can be used as therapeutic
agents for designing new safer, low cost drugs, which are able to overcome drug resistance.

However, there are some questions which need to be addressed about the pathways like, role of
different genes and involvement of transcription factors. How the NSAIDs dependent orchestra of
pathways works in the rescue of AML and cause arrest in cell cycle and apoptosis? What is role of
NSAID in apoptosis and differentiation?

Main purpose of this study was to investigate the effects of NSAIDs in AML cells and to know the
pathways activated in AML cells after treatment with NSAIDs. In present study, evidence is provided
that OSI-461 induces apoptosis and a G2/M cell cycle arrest in AML cells through MDA-7/IL-24 pathway
and GADD45a and GADD45y activation in AML patients. It has been observed that treatment of AML
cells with Sulindac Sulfide and Diclofenac leads to a consistent transcriptional activation of the AP-1
transcription factor gene and GADD45a with consecutive induction of apoptosis through a c-Jun NH2-
terminal kinase (JNK) dependent pathway.

This study provides the evidences that non-steroidal anti-inflammatory drugs (NSAIDs) can be effective
in chemoprevention or treatment of AML.
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Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Publications of the dissertation

Apoptosis
DOI 10.1007/510495-011-0624-y

ORIGINAL PAPER

The non-steroidal anti-inflammatory drugs Sulindac sulfide
and Diclofenac induce apoptosis and differentiation in human
acute myeloid leukemia cells through an AP-1 dependent pathway

Raminder Singh - Ron-Patrick Cadeddu - Julia Frobel - Christian Matthias Wilk -
Ingmar Bruns - Luiz Fernando Zerbini - Tanja Prenzel - Sonja Hartwig -
Daniela Briinnert - Thomas Schroeder - Stefan Lehr - Rainer Haas - Akos Czibere

® Springer Science+Business Media, LLC 2011

Abstract Acute myeloid lenkemia is a heterogeneous
disease with varying genetic and molecular pathologies.
Non-steroidal anti-inflammatory drugs (NSAIDs) have
been proven to possess significant anti-proliferative
potential in various cancer cells in vitro and in vivo. Hence,
treatment with these agents can be utilized to study disease
specific anti-proliferative pathways. In this study, a total
number of 42 bone marrow derived CD347 selected de
novo AML patient samples and the AML cell lines THP-1
and HL-60 were treated with the NSAIDs Sulindac sulfide
and Diclofenac. We analyzed viability, apoptosis, differ-
entiation and addressed the molecular mechanisms
involved. We found a consistent induction of apoptosis and
to some extent an increased myeloid differentiation
capacity in NSAID treated AML cells. Comprehensive
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protein and gene expression profiling of Diclofenac treated
AML cells revealed transcriptional activation of GADD4 5«
and its downstream MAPK/INK pathway as well as
increased protein levels of the caspase-3 precursor. This
pointed towards a role of the c-Jun NH,-terminal kinase
(JNK) in NSAID mediated apoptosis that we found indeed
to be dependent on JNK activity as addition of a specific
JNK-inhibitor abrogated apoptosis. Furthermore, the AP-1
transcription factor family members’ c-Jun, JunB and Fra-2
were transcriptionally activated in NSATD treated AML
cells and re-expression of these transcription factors led to
activation of GADD45¢ with induction of apoptosis.
Mechanistically, we demonstrate that NSATDs induce
apoptosis in AML through a novel pathway involving
increased expression of AP-1 heterodimers, which by itself
is sufficient to induce GADD45« expression with consec-
utive activation of JNK and induction of apoptosis.

Keywords AML - NSAID - GADD454 - Growth arrest -
Apoptosis - AP-1

Introduction

Acute myeloid leukemia {AML) represents a heteroge-
neous group of myeloid neoplasias which are driven by
varying genetic and/or moelecular alterations in clonally
evolving hematopoietic stem and progenitor cells (HSPCs)
[1-3]. As a consequence of this diversity, treatment regi-
mens are nowadays refined and tailored towards the spe-
cific genetic/molecular alterations that occur in individual
patients. In the current understanding of AML pathology
the concept is prevailing that at some point before disease
onset, the leukemic clone gains a proliferative advantage
over normal HSPCs while the ability of terminal myeloid
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differentiation is lost [4]. A common event in all these
distinct types of lenkemia is that despite eminent genetic or
molecular alterations the cell intrinsic safety mechanisms
to prevent survival of genetically “damaged” cells fail.
Genomic instability, recurrent translocations or complex
karyotype aberrations are fairly common in all types of
cancer cells, including those originating from the hemato-
poietic system [5]. Even if there was an attempt to repair
any given DNA-damage, which obviously failed, the con-
sequence in the leukemia initiating cells is not activation of
programmed cell death [6]. One may hypothesize that some
of these cell intrinsic programs still exist in malignant cells
and it is intriguing to speculate that they could be selec-
tively targeted and activated through pathways that are
commonly effective in all different types of AML or cancer
cells in general. One example for such a re-activation of a
cell intrinsic apoptosis program in cancer cells is the
activation of the p38/MAPK pathway as a consequence of
high-level expression of the pro-apoptotic cytokine mda-7/
IL-24 [7-10]. In these studies, independently from the
origin of the cancer cells, the exact same anti-proliferative
pathways were activated once mda-7/IL-24 reached a cer-
tain transcriptional threshold in these cells. Surprisingly,
this induction of high-level mda-7/T1.-24 expression could
be achieved by treatment of cancer cells with several,
structurally not related non-steroidal anti-inflammatory
drugs (NSAIDs} in vitro and in vivo [11-13]. The purpose
of this study was to evaluate, if these pathways can also be
activated in AML cells and thereby render a potentially
novel therapeutic strategy for the treatment of all subtypes
of AML. We found that treatment of AML cells with
NSAID leads to a consistent transcriptional activation of
the AP-1 transcription factor family members’ c-Jun, JunB
and Fra-2. As a consequence the growth-arrest and DNA
damage inducible gene (GADD) 45« is activated with
consecutive induction of apoptosis through a c-Jun NH;-
terminal kinase (JNK} dependent pathway.

Materials and methods
Patient samiples

Bone marrow (BM) cells from AML patients and healthy
donors were obtained after written informed consent
according to an approved protocol. CD347" cells were
selected from BM mononuclear cells (MNCs) using the
MACS immunomagnetic separation system (Miltenyi
Biotec). Patient and disease characteristics are shown in
Online Resource 1. CD34% cells were cultured in serum
free HPGM (Hematopoietic Progenitor Growth Medium;
Lonza) supplemented with recombinant human I1.-3, I1.-6
(both 10 ng/ml} and SCF (25 ng/ml) (all from Peprotech).
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Cells were maintained at 37°C for 48 h under humidified
conditions with 3% COs.

Cell culture

THP-1, PC-3 and HL-60 cells were obtained from the
American Type Culture Collection and Deutsche Samm-
lung von Mikroorganismen und Zellkulturen GmbH,
respectively. Leukemic cell lines were cultured in
RPMI1640 (Sigma-Aldrich) and PC-3 cells in HAMS F-12
medium (BioWhitaker) containing 10% fetal bovine serum
(Biochrom), 2 mM vr-glutamine, 100 U/ml penicillin and
100 ng/ml streptomycin (all Sigma-Aldrich), respectively.
Moreover, medium for THP-1 cells additionally contained
0.05 mM f-mercaptoethanol (Invitrogen). Cells were cul-
tured at 37°C, 3% CO, under humidified conditions.

Reagents

Sulindac sulfide and Diclofenac were purchased from
Sigma-Aldrich and dissolved in DMSO. For all assays,
cells were treated for 48 h with 100 pM Sulindac sulfide,
100 pM Diclofenac or equal amounts of DMSO (less than
0.1% final concentration). The JNK inhibitor JNKII
SP6001 was purchased from Calbiochem and used at final
concentrations of 40 nM.

Kinase assays and western blot analysis

The SAPK/INK kinase assay was performed according to
the manufacturer’s protocol (Cell Signaling Technology).
Briefly, treated cells were washed twice with ice-cold PBS
and transferred into cell lysis buffer (Cell Signaling
Technology) containing complete protease inhibitor cock-
tail {Roche) at 4°C. Protein concentrations were deter-
mined using the BCA protein kit according to the
manufacturer’s instructions (Pierce Biotechnology). Wes-
tern blot analysis following SDS-PAGE gel separation was
performed as described [11] using 30 pg of protein per
sample. Antibodies used were anti-phosphe-c-Jun and anti-
phospho histone H1 (all Cell Signaling Technology).
Bands were visunalized by chemiluminescence detection
{Amersham ECL™ Advance Western Blotting Detection
Kit, GE Healthcare).

Apoptosis and viability assay

Viability of treated cells was assessed by hemocytometry
following trypan blue staining. Rate of apoptosis was mea-
sured by utilizing the cell death detection ELISA-PLUS kit
according to the manufacturer’s guidelines (Roche).
Absorbance was measured at 405 nm on a Wallac multilabel
counter 1420 (Perkin Elmer) as described before [14].
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Flow cytometry analysis

Expression of the cell surface markers CD11b, CD14,
CD15 and CD114 was determined using a FACS Calibur
(Becton—Dickinson). Cells were collected and fixed in
phosphate buffered saline (PBS; Sigma-Aldrich) contain-
ing 0.1% formaldehyde. Subsequently, cells were stained
for 30 min at 4°C in the dark with anti-CD11b (APC-Cy7),
anti-CD14 (FITC), anti-CD15 (APC) and anti-CD114 (PE}
antibodies {all BD Biosciences). Samples were washed two
times with PBS containing 0.1% formaldehyde to remove
residual antibodies. Data was analyzed using the Cell Quest
Software package (Becton—Dickinson).

RINA isolation

Total RNA was extracted from cells using QIAshredder
and RNeasy Mini Kit in combination with RNase-Free
DNase Set (all Qiagen) according to the manufacturer’s
instructions. RNA was quantified using the NanoDrop
spectrophotometer (NanoDrop Technologies).

Quantitative real-time polymerase chain reaction

cDNA was generated from 100 ng RNA using the M-MLV
reverse transcriptase (Invitrogen). RT-PCR was performed
on a LightCycler 1.2 utilizing the LightCycler® FastStart
DNA Master SYBR Green [ kit (both Roche). After an initial
denaturation step of 5 min at 94°C, conditions for cycling
were 40 cycles of 30 s at 94°C, 30 s at 60°C and 30 s at
72°C. Relative gene expression levels were calculated as the
difference of CT wvalues of the gene of interest and the
housekeeping gene hGAPDH as control {ACT). The delta—
delta CT method was used for calculation of expression
differences of the respective genes. All experiments
were performed in duplicates. The following primers were
used in this study: GAPDH sense-TCCATGACAACTTTG
GTATCG, GAPDH antisense-GTCGCTGTTGAAGTCAG
AGGA; GADD45a sense-TGCTGACGCGCAGGATGTT,
GADD45x antisense-GCTGCTCAACGTCGACCC,; Fra-2
sense-TTGCCAAACGCCTAATTACC, Fra-2 antisense-
CAGGAGACGCCCTACTCAAG; c-Jun sense-TTGCCA
AACGCCTAATTACC, c-Jun antisense-CACCTGTTCCC
TGAGCATGTTG; JunB sense-ATGGAACAGCCCTTCT
ACCACG, JunB antisense-AGGCTCGGTTTCAGGAGT
TTG.

Two-dimensional difference gel electrophoresis
(2D-DIGE )

Cells were solubilized, sonicated and purified as described
previously [15]. Protein labeling with cyanine dyes was
performed according to the manufacturer’s {GE-Healthcare)

instructions. Labeled samples were combined (50 pg each
labeled with Cy3, Cy5 and Cy?2 per physical gel) and applied
adjacent to the acidic end of Immobiline” DryStrips (24 cm,
pH 4-7 and pH 6-9 linear) by cup loading. TEF was per-
formed on a MultiPhor II electrophoresis unit {GE Health-
care) as previously described [15]. Prior to second-dimension
separation using 12.5% polyacrylamide gels in a Laemmli
buffer system, IPG strips were equilibrated and protein sep-
aration by size was performed on an EttanDalt 12 system (GE
Healthcare) as depicted before [15]. Subsequently, gels were
scanned using a Typhoon 9400 laser scanner (GE Healthcare)
and protein spot abundances and statistics were determined
using Proteomweaver 4.0 image analysis software (Bio-Rad)
as previously described [16]. Selection criteria for detection
of significant changed protein spots were set as followed: (1)
protein spots have to be present in all analyzed gels; (2) the
standardized average spot volume ratio exceeds 1.8-fold; (3)
P-value lower than 0.05 (Student’s #-test).

Protein identification by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF}

For spot picking the cyanine dye-labeled gels were re-
stained with a ruthenium fluorescent stain as previously
described [17] and protein spots of interest were excised
from the 2-D gels using a Gelpix spot picker (Genetix).
Prior to MS analysis gel pieces were washed, the proteins
trypsin digested and the resulting peptides eluted as
depicted before [15]. Subsequently, 4 pl of extracted pep-
tides were applied to a MALDI Prespotted AnchorChip
target (Bruker Daltonics), incubated for 30 s and removed
quantitatively. Samples were analyzed in an Ultraflex-Tof/
Tof mass spectrometer {Bruker Daltonics) and acquired
mass spectra were automatically calibrated and annotated
using Compass 1.1 software (Bruker Daltonics). Protein
identification via peptide mass fingerprinting (PMF) was
performed on-the-fly using Biotools 3.0 (Bruker Daltonics)
by searching the human subset of SwissProt (Swiss-
Prot 49.1) and NCBInr {NCBInr 20070326.fasta) non-
redundant databases with Mascot (Version 1.9; Matrix
Science). Proteins were considered as identified, when
they were assigned with a Mascot score higher than 56
(= P < 0.05) on two different gels.

Gene expression profiling

Total RNA from treated THP-1 and HL-60 cells was
harvested as described above. Respective cRNA was
generated and hybridized to HG-U133A gene arrays
(Affymetrix), washed and scanned according to the
manufacturer’s instructions. Array images were analyzed
by dChip {following smoothing-spline neormalization
[18]. A gene was considered significantly differentially
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expressed between the DMSO and Diclofenac treated
groups, if the 90% lower confidence bound of the fold
change between these groups was >1.2 [19]. Experiments
were done in duplicates and THP-1 and HL-60 cells were
analyzed together. Pathway and network analysis was done
using Ingenuity web tools (Ingenuity Systems) Array data
have been stored in the gene expression omnibus database
{(www.ncbinlm.nih.gov/geo/; accession no: GSE28185)
according to MIAME standards.

AP-1 and GADD45« expression and luciferase vectors

The GADDA45x expression plasmid and the pGL3-
GADD435¢-luciferase vector have been described before
[20]. c-Jun, JunB and Fra-2 plasmids were generated by
inserting PCR products of the respective coding sequence
into pcDNA3 vectors using appropriate restriction sites.
Mammalian cells were transfected using Nucleofector 1
according to the mamufacturer’s {Amaxa) instructions.
Transfection efficiency was measured using a GFP
expressing plasmid. Luciferase assays were performed
utilizing the BrightGlo Luciferase Assay System (Pro-
mega) according to the manufacturer’s instructions.
Experiments were done in duplicates and empty vector
controls were used as reference.

RNA interference experiments

The ShRNA duplexes were designed with BLOCK-iT ™
RNAI Designer (Invittogen). The ShRNA sequences used
are Fra-2 top strand-CACCGAACCTCGTCTTCACC
TATCCCGAAGGATAGGTGAAGACGAGGTTC; Fra-2
bottom strand-AAAAGAACCTCGTCTTCACCTATCCT
TCGGGATAGGTGAAGACGAGGTTC; c-Jun top strand-
CACCGCCTITCGTTAACTGTGTATGTCGAAACATAC
ACAGTTAAAGGC, c-Jun bottom strand-AAAAGCCT
TCGTTAACTGTGTATGTTTCGACATACACAGTTAAC
GAAGGC; JunB top strand-CACCGCTCAAACAGAA
GGTCACCGAAGTCATGACCTTCTGTTTGAGC;, JmmB
bottom strand-AAAAGCTCAAACAGAAGGTCATGACT
TCGGTCATGACCTTCTGTTTGAGC. LacZ ShRNA was
used as the positive, non-silencing control {top strand-
CACCGCTACACAAATCAGCGATTTCGAAAAATCGC
TGATTTGTGTAG:; bottom strand-AAAACTACACAAAT
CAGCGATTTTTCGAAATCGCTGATTTGTGTAGC). Fur-
ther steps were performed according to the manufacturer’s
protocol. In brief, equal amounts (30 uM) of top and
bottom strand oligonucleotides were annealed and cloned
into the pENTRTMfU6 vector {Invitrogen). To confirm the
correct orientation and sequence of the double-strand
oligonucleotides vectors were sequenced. Plasmids were
transfected in primary AMIL cells using Nucleofector
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I (Amaxa) and were tested for specificity and efficiency by
RT-PCR.

Statistical analysis

Statistical significance was tested using paired, two-tailed
Student’s #-test to assess the significance levels of treated
samples compared to their respective DMSO controls and
P-values below 0.05 were considered significant.

Results

NSAIDs inhibit survival of acute myeloid leukemia
cells through induction of apoptosis and myeloid
differentiation

To investigate a potentially anti-proliferative effect of the
NSAIDs Sulindac sulfide and Diclofenac in AML, we
treated HL-60 and THP-1 cells as well as 25 bone marrow
derived CD347" enriched de novo AML samples (see
Online Resource 1 for patient demographics). We found a
significant induction of apoptosis in THP-1 and HL-60
cells by 3.90 and 4.01-fold for Sulindac sulfide and by 6.30
and 5.44-fold for Diclofenac, respectively (Fig. 1a). The
mean fold of apoptosis induction for the patient samples
tested was 244 and 3.34 for Diclofenac and Sulindac
sulfide, respectively (Fig. 1b). These pro-apoptotic effects
were accompanied by a significant decrease of viable cells
in all samples tested (Fig. lc, d). The mean number of
viable THP-1 cells decreased by 30 and 35% and viable
HL-60 cells decreased by 30 and 40% when cells were
treated with Sulindac sulfide or Diclofenac compared to
DMSO treated controls, respectively. The mean proportion
of viable cells from the 9 de nove AML patient samples
analyzed decreased by 23 and 31% when treated with
Sulindac sulfide or Diclofenac, respectively. Further, we
asked if treatment with NSAIDs also possesses differenti-
ation inducing capacities. Therefore, we tested cell surface
expression of CD11b, CD14, CD15 and CD114 on samples
from five individual AML patients via flow cytometry.
Here, we found that Sulindac sulfide induced myeloid
differentiation was more pronounced than in Diclofenac
treated cells. Following treatment with Sulindac sulfide 3
of 5 patient samples showed an increase in the expression
of CD11b and 4 of 5 patients showed increased expression
of CD14, CDI15 and CD114 by at least 1.5-fold, respec-
tively (Fig. le). Thus, AML cells respond to in vitro
treatment with NSAIDs with a significant induction of
apoptosis and increased expression of myeloid differenti-
ation markers.

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs
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Fig. 2 Differential proteome analysis of HL-60 cells treated with
100 uM Diclofenac for 48 h. Representative 2-D gel image of HL-60
cell lysates (pH ranges 4-7, 6-9) showing the 211 protein spots with
altered concentrations after Diclofenac treatment. Red circles repre-
sent the spots with higher and blue circles with lower expression

Differential proteomic analysis of total cell lysates
from NSAID treated AML cells reveals activation
of pro-apoptotic signaling pathways

To elucidate changes on the protein level of AML cells
as a consequence of NSAID treatment, we performed
differential 2-D gel analysis of Diclofenac or DMSO
treated HL-60 cells followed by MALDI-TOF mass spec-
trometry of trypsin digested peptides for protein identifi-
cation. Overall, we found that the expression of 211
potential protein spots changed in response to Diclofenac
treatment. Searching the Swiss-Prot non-redundant data-
base, peptide mass information revealed the identity of 69
protein spots (Fig. 2, numbers correspond to respective
proteing in Online Resource 2). These 69 identified protein
spots comprised 46 distinct proteins. Of these 46 proteins,
42 proteins had a higher concentration and four proteins
showed a lower concentration in Diclofenac treated HL-60
cells. Among the differentially expressed proteins were
components of the cytoskeleton such as the various actin
and tubulin isoforms as well as numerous proteins involved
in cell metabolism. These findings correlate well with the
observed increase of apoptosis and differentiation in AMIL
cells treated with NSATDs as both processes require the re-
organization of the cellular structure. In line with this
assumption, we also found that the caspase-3 precursor was
induced on the protein level following treatment with
Diclofenac. These results point towards an activation of the
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levels after treatment. The serial rumbers showing the position of the
identified proteins are identical to the numbers given in Online
Resowrce 2. Letters following numbers are used to distinguish
between different spots representing the same protein (Color figure
online)

MAPK/INK pathway as a potential mechanism for induc-
tion of apoptosis in AML in response to NSAID treatment.

Gene expression profiling reveals activation
of the MAPK/INK pathway with induction
of GADD45x and AP-1 family transcription factors

To gain a more comprehensive insight into the molecular
mechanisms involved in NSAID induced apoptosis and
differentiation in AMIL, we performed gene expression
analysis of THP-1 and HL-60 cells treated with Diclofenac
or DMSO. We found a total number of 253 genes that sig-
nificantly changed their level of expression in response to
Diclofenac in both cell lines with a lower bound of fold
change of >1.2 (Fig. 3a). Of these 253 genes, 114 had a
higher and 139 a lower expression as a consequence of
NSAID treatment (Online Resource 3). Among the activated
genes were GADD45a and the AP-1 transcription factor
family members c-Jun, JunB and Fos. Consecutive Inge-
nuity network and pathway analysis revealed transcriptional
changes in the network involved in transcription and cancer
progression with the AP-1 family members JUN and FOS as
center molecules (Fig. 3b). Furthermore, activation of the
MAPK/INK pathway was found to be the most significantly
changed pathway (P < 0.001, not shown). Quantitative
RT-PCR analysis confirmed the increased expression of
GADD45¢ and the AP-1 family transcription factors c-Jun,
JunB and Fra-2 in response to Sulindac sulfide or Diclofenac
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Fig. 3 Gene expression profiling of Diclofenac treated AML cells.
Prior gene expression profiling, HL-60 and THP-1 AML cells were
treated with 100 uM Diclofenac for 48 h. a M/A plot illustrating the
253 differentially expressed genes in Diclofenac and DMSO treated
THP-1 and HL-60 cells. b Ingenuity pathway analysis reveals a
network of genes involved in transcription and cancer progression to
be the top altered network following Diclofenac treatment. ¢ Quan-
titative RT-PCR analysis of GADD45¢ and AP-1 family transcription

treatment in HL-60 cells and 14 bone marrow derived de
novo AML samples. Diclofenac and Sulindac sulfide treat-
ment induced the expression of GADDA454 by 2.10 and 1.87-
fold, of c-Jun by 6.61 and 3.34-fold, of JunB by 1.69 and
1.49-fold, and of Fra-2 by 4.82 and 3.03-fold in HL-60 cells,

Fold of induction

factor expression in NSAID treated HL-60 cells. All samples were
treated with 100 pM Sulindac sulfide, 100 pM Diclofenac or equal
amounts of DMSO for 48 h prior harvest of total RNA. Data is shown
as mean fold of induction from triplicate experiments + SD.
d Quantitative RT-PCR analysis of GADD45a and AP-1 family
transcription factor expression in NSAID treated AML patient
samples. Data is shown as mean fold of induction + SD (n = 14,
*P < 0.05)

respectively (Fig. 3c). Mean fold of induction in the 14
AML patient samples following treatment with Sulindac
sulfide or Diclofenac was 11.84 and 1.67-fold for
GADD45«, 99.41 and 12.48-fold for c-Jun, 15.83 and 1.99-
fold for JunB, and 2.27 and 1.66-fold for Fra-2, respectively
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(Fig. 3d). We also tested other AP-1 transcription family
members such as Fra-1, Fos and FosB, but did not find a
significant increase in expression in response to treatment
with NSATIDs (data not shown). Overall, treatment of AML
samples with NSAIDs led to a pronounced transcriptional
activation of GADD45«, c-Jun, JunB and Fra-2 suggesting a
role for these genes in NSAID induced apoptosis and dif-
ferentiation in AML.

When combining the datasets of our geme expression
profiling and differential proteomic studies for a compre-
hensive mnetwork and signaling pathway analysis using
Ingenuity IPA 9.0, we found that the genomic and pro-
teomic approach complemented each other fairly well.
Two of the top three networks evolved around caspase-3
and JNK signaling (Online Resource 4). With regards to
the top altered biological functions in our combined
analysis approach, we found that the most significantly chan-
ged pathways all involve cellular growth, proliferation, apop-
tosis and cancer development. A full list of these pathways and
involved genes can be found in Online Resources 5-9.

NSAID induced apoptosis is mediated by activation
of INK

It is well established that activation of GADD45¢ and the
MAPK/INK pathway leads to activation of JINK with con-
secutive induction of cellular apoptosis through phosphor-
ylation of c-Jun followed by activation of the caspase-3
dependent apoptosis pathway. We had already identified an
increased protein concentration of the caspase-3 precursor in
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Diclofenac 100pM Diclofenac 100pM  Sulindac sulfide
+ JNK -

100pM 100uM + JNK-
our proteomics analysis and an increase in GADD45«
expression, so we examined if JNK is involved in NSAID
mediated apoptosis observed in AML. First, we tested if
INK is activated as a consequence of Sulindac sulfide or
Diclofenac treatment in THP-1 AML cells and found a
consistent increase in JNK activity as demonstrated by an
increased c-Jun phosphorylation in our JNK kinase assay
(Fig. 4a). Next, we treated THP-1 cells and 6 individual
AML patient samples with the aforementioned NSAIDs and
added a specific INK inhibitor that blocks JNK activity and
thereby inhibits JNK-dependent apoptesis. Here, we found
that addition of the inhibitor significantly decreased the pro-
apoptotic potency of Sulindac sulfide and Diclofenac in
THP-1 cells and the 6 AML patient samples tested. In THP-1
cells, addition of a JNK inhibitor decreased apoptosis by
51% when cells were treated with Diclofenac (Fig. 4b).
Within the patient samples, apoptosis was decreased by an
average of 40 and 26% when a JNK inhibitor was added to
the Sulindac sulfide or Diclofenac treated cells (Fig. 4c).
These data indicate that activation of JNK plays an integral
role m NSAID mediated apoptosis in AML.

Transient expression of GADD45¢ and AP-1 family
transcription factors is sufficient to induce apoptosis
in AML

To evaluate if the NSAID mediated increased expression
of GADD45« and the AP-1 transcription factor family
members itself is sufficient to induce apoptosis in AML, we
transiently overexpressed these proteins in 8 de novo bone
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marrow derived AML samples and performed consecutive
apoptosis analyses 48 h after transduction. We did not
detect an increased rate of apoptosis when ¢-Jun, JunB or
Fra-2 were transfected alone (data not shown}), but found a
1.85-fold increase when c-Jun + Fra-2, a 1.52-fold when
JunB + Fra-2 and a 1.96-fold when c-Jun + JunB were
co-transfected, respectively. We also found that expression
of GADD45x alone led to an average 2.1-fold increase in
apoptosis in the AML samiples tested (Fig. 5a). Co-trans-
fection of AP-1 factors in five patients with de novo AML
also led to an activation of transcription of GADD45« by a
133.05-fold increase when c-Jun + Fra-2, by a 10.88-fold
when JunB + Fra-2 and still by 9.87-fold when c-Jun +
JunB were added, respectively (Fig. 5b). This indicates that
GADDA45¢ may be a downstream target of these AP-1

transcription factors in NSATD treated AML cells. We also
looked for an increased expression of the differentiation
markers CD11b, CD14, CD15 and CD114 in AML patient
samples following co-transfection with c-Jun + Fra-2,
c-Jun + JunB and JunB + Fra-2. Here, only 2 out of 8
patient samples showed an increased expression of these
markers in response to co-transfection of the aforemen-
tioned AP-1 transcription factors (data not shown), indi-
cating that other NSAID-related effects may contribute to
the overall increased expression of myeloid differentiation
markers observed in response to Sulindac sulfide. To fur-
ther establish GADD45x as a downstream target of AP-1,
we performed luciferase transactivation assays in PC-3
cells. Overexpression of AP-1 monomers demonstrated
only a mild activation of the GADD45« promoter {data not
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Fig. 6 Proposed mode of action of NSAID in AML. Based on our
data we propose that the NSAIDs Sulindac sulfide and Diclofenac
lead to an induction of expression of the AP-1 transcription factors
c-Jun, JunB and Fra-2. This results in an increased expression of
GADD45¢ with activation of JNK and consecutive induction of
apoptosis

shown). This is in line with the minor effects observed
following transfection with AP-1 single factors in AML.
However, in accordance with the anti-proliferative effects
observed when AP-1 heterodimers were transduced, we
found a strong induction of the GADD45a promoter by
3.13 and 3.51-fold when Fra-2 + JunB or Fra-2 + c-Jun
were co-transfected, respectively (Fig. 5c). Further, we
asked if loss of Fra-2 + JunB prior to treatment can
abrogate apoptosis in human AML cells. Therefore, we
used RNAI to inhibit expression of JunB and Fra-2 fol-
lowing treatment, and found that knockdown of JunB +
Fra-2 decreased the induction of apoptosis for Sulindac
sulfide from 2.11 to 0.76-fold and for Diclofenac from 1.81
to 1.37 fold, respectivley. Based on the data presented in
this manuscript, we hypothesize that NSAIDs exert their
anti-proliferative effects in AMIL through activation of
AP-1 family transcription factors c-Jun, JunB and Fra-2,
which leads to an increased transcription of GADD45«
with activation of JNK (Fig. 6).

Discussion

In this report, we demonstrate that the NSAIDs Sulindac
sulfide and Diclofenac are fumctionally effective in AML
cell lines as well as primary cells from AML patients’ bone
marrow. They exert their anti-proliferative activity through
transcriptional activation of the AP-1 transcription factor
family members” c-Jun, JunB and Fra-2 as well as through
activation of GADD45«x. The transcriptional activation
of GADD45x leads to an increase in JNK activity with
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induction of the caspase-3 dependent apoptosis program.
To some extent, an increased expression of the myeloid
differentiation markers CD11b, CD14, CD15 and CD114
was observed in AML patient samples treated with Sulin-
dac sulfide. This is noteworthy as these AML samples were
(D347 selected leukemic cells cultured for 48 h in liquid
suspension cultures without any G-CSF or GM-CSF. Under
normal conditions, up to 10 days of culture in the presence
of myeloid differentiation promoting cytokines are neces-
sary to induce expression of the aforementioned differen-
tiation markers. Still, the most profound effect observed
was the significant and consistent induction of apoptosis
throughout all different types of AML tested. This included
BM samples from patients with complex aberrant karyo-
types, FLT3-ITD mutations, MLL-mutations and recurrent
translocations such as t{15,17). There is also increasing
evidence that long-term low dose intake of NSATD may
prevent certain types of cancers which is in line with
numerous studies showing a profound anti-cancer effect of
NSAID in vitro and in vivo [14, 21-24]. We do not suggest
that NSATDs should be used as single agents for the
treatment of patients who suffer from AML. We consider
them rather as additional compounds to increase the sus-
ceptibility to conventional cytotoxic drugs. Moreover, the
cell intrinsic pathways activated through NSATID in AML
that inhibit proliferation through induction of apoptosis
may be exploited through novel agents or become feasible
targets for future drug discovery studies. To shed some
light on the potential mechanisms involved in the NSAID
mediated anti-proliferative effects in AML we performed
comprehensive protein and gene expression profiling
studies. Results from these examinations were validated
using primary cells from patients with de novo AML. Ata
first glance the correlation between our two types of studies
was relatively weak. Still, both datasets complemented
each other well. A likely reason for the low overlap
between genomics and proteomics data may rely on tech-
nical reasons such as different sensitivities of the two dif-
ferent methods [25, 26]. Still, we identified 33% of the
differentially expressed potential protein spots, implying
that the actual overlap may be higher, but remains masked
due to the limitations of this approach. Nonetheless, the
increased expression of the caspase-3 precursor and pro-
teins related to cellular structure and metabolism that we
identified in the Diclofenac treated AMI cells pointed
towards activation of apoptosis and/or differentiation.
Caspase-3 is a key molecule in the MAPK/INK pathway
and has been demonstrated numerous times as a critical
mediator of drug induced apoptosis [27-30]. Reorganiza-
tion of the cellular skeleton and a high metabolic activity
are associated with both apoptosis and differentiation [31—
34]. In line with these observations, gene expression pro-
filing of Diclofenac treated THP-1 and HL-60 AML cells
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revealed that the MAPK/INK pathway was the most sig-
nificantly altered pathway in response to this treatment.
The activation of this pathway can lead to activation of
JNK with increased phosphorylation of c-Jun [35]. This
leads to its translocation to the nucleus and activation of
the caspase-3 dependent apoptosis pathway [36, 37]. In line
with this, we found that induction of apoptosis in NSAID
treated AML patient samiples and cell lines depend, at least
partially, on JNK activity. Not only did we observe an
activation of JNK in NSATD treated AML cells, we also
found that addition of a specific INK-inhibitor significantly
decreased the apoptotic potential of NSAIDs in AML.
Our gene expression analysis also showed that
GADDA43a was transcriptionally induced upon NSAID
treatment. It is well established that GADD45« is upstream
of the MAPK/INK pathway [38, 39]. GADD45x is mostly
inactive in cancer cells, while it can be induced through
either inhibition of NF-xB or activation of mda-7/11-24
[11, 20]. We did not find evidence for both of these
mechanisms in our data sets. Still, we found an increased
expression of the AP-1 family transcription factors c-Jun
and JunB. Both transcription factors have been studied
extensively with respect to their role in malignant hema-
topoiesis and could be linked to PU.1 as critical down-
streamn targets in a murine AML model [40]. In this model,
re-expression of c-Jun and JunB restored myeloid differ-
entiation and also inhibited proliferation of the PU.1 defi-
cient leukemic cells. In line with these observations, we
also observed that tramsient re-expression of c-Jun and
JunB blocked proliferation through induction of apoptosis,
although the effects on terminal differentiation of the
patient derived AML cells were limited. The AP-1 family
of transcription factors act as heterodimers and their
function on target genes depends on the composition of the
dimer [41, 42]. In line with this, we found an increased
expression of Fra-2, another AP-1 family member. It is a
Fos-related transcription factor that forms dimers with AP-
1 family members from the Jun family such as c-Jun and
JunB [42]. It is likely to assume that Fra-2 pairs with c-Jun
or JunB in NSAID treated AML samples as we observed
the most profound increase in GADD45« promoter acti-
vation when Fra-2 was co-transfected with c-Jun or JunB.
Also, transfections of single AP-1 factors did not induce
apoptosis or GADD4 3« expression, indicating that activa-
tion of several AP-1 factors through NSAID is required to
induce apoptosis in AML. Locking for a potential link
between AP-1 and GADD45¢ we found a potential AP-1
transcription factor binding site in the GADD45« promoter.
Subsequent transactivation luciferase reporter assays
revealed that the GADD45« promoter is strongly induced
by AP-1 heterodimers such as JunB 4 Fra-2 or c-Jun +
Fra-2, but not when the two Jun factors are co-transfected.

Again, single AP-1 factor transfections had no effect on the
GADD45« promoter, which fits well with our previous
observation of lack of apoptosis induction. This observa-
tion implies for the first time a direct link between AP-1
factors and GADD45 that interact in a novel pathway to
induce apoptosis in AML. Overall, we propose a model
where activation of several AP-1 family transcription fac-
tors such as c-Jun, JunB and Fra-2 through NSAID treat-
ment induces GADDA45¢ transcription in AML and to some
degree myeloid differentiation. As a further consequence,
GADD45a activates JNK, which than leads to induction of
apoptosis. These effects were observed in a broad variety
of different AML subtypes indicating that targeting this
pathway may be suitable to improve anti-proliferative
treatment modalities for patients with AML.
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Online Resource 1. Patient and disease charactensts

No. Diagnosis Age Gender Cytogenetics % Blasts BM Molecular Diagnhosis
1 AML M1 27 male 46. XY 41 N/A
2 sAML/MDS 67 female 45 XX 13,3)(q21,926),-7[1 746, XX[3] 13 N/A
3 sAMLMDS 52 male 46 XY 17 MLL-PTD
4 sAML/MDS 33 male 46, XY, 1(9:22)(q34.911) [14] 25 N/A
5 AML M2 67 male Complex 27 N/A
B AML M5 43 male NA 99 N/A
i AML M2 30 female Complex 80 NSA
8 MDS RAEBI 74 male 45, XY, -7 [18]. 48, XY, dup (1)(g34925) 7 N/A
9 AML M5 55 male 45, XY, -7 [24] 60 N/A
10 AML M2 53 female Complex 44 N/A
11 sAML/MDS 70 female 48, 300 30 N/A
12 AML M 55 female 46, XX 84 FLT3-ITD, MLL-PTD
13 AML M2 27 male 46, XY a4 MN/A
14 AML M4 23 male 46, XY inv16 46 N/A
15 AML M1 78 female 48, XY 40 N/A
18 AML M4 63 female 48, XX 37 FLT3-TD
17 AML M3 55 male 46, XY, t{15;17) [35] 95 PML-RARalpha
18 MDE RAEB I 67 male 46, XY 12 MN/A
19 AML M1 57 female 46, XX, 1(6.9)p23.q34) 80 FLT3-ITD
20 sAML/MDS 72 male Complex 40 N/A
21 sAML/MDS 48 male 45, X, -¥[22] 48, XY [1] 66 N/A
22 MDS RAEB I 87 male N#A N/A N/A
23 AML M4 78 male NAA NJ/A N/A
24 sAML/MDS 72 male 48, XY 90 N/A
28 AML M3 28 female 46, XX t(15;17) [23] 88 PML-RARalpha
27 AML M2 52 male 48. XY 20 N/A
28 sAML M4 (MDS) 63 female 46, XX 5¢-, +8 28 N/A
30 AML M1 54 female MNA 65 MN/A
31 CMML 36 male NA NiA N/A
32 AML M4 59 female 48, XX 84 FLT3-ITD
34 CMML 72 female N 8 N/A
35 AML M4 40 male 46 XY W3:21) 62 N/A
38 sAML/PY 80 female N/A 30 N/A
38 AML M1 77 female N/A N/A N/A
41 CMML 53 male 47 XY, +B [7/23]; 48 XY [16/23] 15 N/A
42 AML M1 48 female N/ 66 N/A

N/A; Not available; sAML/MDS: secondary AML after MDS; FAB classification is used
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Online Resourcs 2. Full list of identified proteins

ID_ Name Annetation MW Fold Change
‘a Filarmn-& FLMA_HUMEN 28312 -377
‘b Filamn-4 FLMA HUMAH 283152 -373
‘o Milamn-A TLFA_LILAR 203182 -347
1 Filatnn-A FLFA_HUMAR 2RMED -2.84
‘e Filamn-£& FLMA_HUMEAMN 28312 -2,84
1= Filamn-& FLMA HURMAN PRI CRAN
‘g Filamn-A FLM&_HUMAR 2831¢2 24
“h Filarnn-& FLMA_HUMEN 283el RO
23 Apha-actr - ACTHA_HUMAR 105245 2,18
2 Apha-achrin-g ACTHA HUMAR 105245 86
Aa SrreasT0protein SRPO_HIMAN FEARN oo
3h SmeseT0protein SRPTE_HUMERN 7820 2a7
4a  P-otein dicdtide orrerase precursor LI _ =AM 20440 PRIl
4b  Mrotein dis Mide-izorerase precursor [ EE UAY P D] 4700 =224
L Transitionzl endoplasmic reticohum ATPase T=R2_HUKWAN 2e818 214
E v mentiv YIME_H_MAN 22845 204
7 ATP swnthasz bata chan ATPS HUMAS SEA2S 247
G Aphzuwhang TBAI_| IUMAN SC540 5.5
9 F-b T ekt a1 pritrin 14 FRV A _HUMAN Trrdn 4.3n
‘0 B03 nbosoma prate nL3d 2L _HoMaH 12382 2.0
11z F-otein disulfide zomerase Adprecarsar HLInd_ =UsAN 5/1-16 248
11t Proten dis Mide-zorerase A3 precarsar PCI&3_~Uar L7140 -1,92
"2 Furuaryacetoacataze Fagss_HUMAN AET43 285
‘3 HADH-ubiguirone oscored actasze MNISk_Ho k&R 21737 248
149z Safotransferaze 102 ST1C2 HUMAN 35682 2,00
14t Salotransferase 102 STICZ_HUMARN AL 2z
152 Coronin-14 COR' A HUMAN 31678 20
I3k Loranim 14 COR A HURMAN 31678 LB
B M asin-Z TLS__I AR sk riE]
YT Hermentis prootein 3441 AE-I_H MAR TR < A
‘8 Blucose-6-phosohate 1-dehydrogerzse ZEPT_HUIK AN SEA53 2 6B
ldz A pha-cnclaze ENOR HUMAM 47450 21
19t A ph3-=nclase E~O&_HUMAM 47340 4.0
19 Aplia-=rn L FrO8_HUMAN Aiqan TR
19c & pha-2nclaze EMNCE_HUMAN 47350 -2437
13c Apha-znclaze EnC HUMAM 47350 =221
200 CHeLd MITZE_HIUKAR 11563
21z Prwsphoglyczrate kinsse | Pk d_HLI AN 44854
21k Paosphachacerate lnzse 1 PEKT_HUK AN Aqg |
21c Paosphaclycerate knasc 1 FGKT HUK A 44854
21z Prosphaclyczrate kinase 1 PGI_HUW AN ELEHES
22z Takuln heta-Z chain TEBZ_HUMAN 30095 k
22 T akuln beta = chan [BE2_HUMAMN aLuyYs LUy
20 Moten disfide-izorerase A3 precarsar PLIRGE_ UMAM 90 2.2
24 Poalifealing o=l o T ani gen (PORNAY PTHE_HUIW AH FENA? 2.nn
25 Pyruvala ke ase isozyres M1wW2 F=r _HIIM AN 3E339 243
26 Cytakeraor 1 Fa ] _HUMAN [=[TN -} Ty
27 Snerrudire syrthase SPEZ_HUWA™N A573 i
TR Hepudvin eiorsne HEPZ._HLUIW AH A91E ? R
29 Pasrolated protemn Fab-17 2 REITA_HUMAN 24361 )
30 Garrma-actn ALTE HUKAM 42108 -233
& Dzta-acor ACTI_HUKAN 42052 -1.82
31t Bzla-actr ATTS_HUIKWAN 42052 -1.83
42 Hcmenn HOEM_-UM AN PR i
33 Ierabn, type | cvtosholota BA K2CEA HUMALN BL1B2 4,38
34 Glutamine syrthetase GLRE_HUW AN 42034 2,80
38 Tacor dormain-coata nr g prctzan 3 TORD3_H_MARN Fzeldn 233
36 Traizhetolaze TET_-UMAN BES1D ta
17 DrAtwopo somerase 2-algha TOT2A L _MAR 17ENT -1,0%
AR F-biodfl RR-rapieat pronl-in 3 FR=l A_HUMAR 47 2R3
39 PabdrC)-tivding proter 1 SCZP1_HUMAN 37987 t.a0
AU Brain dervec neurotraghic factor prezurzor BLMF _HU AN 1YY 1)
41 Ukiguinalcytochrc e © medactzse core proten |l qi|20392900 40504 .06
425 Fruzosz-bsphosphate aldclzee & ALDOA_Ho AN 3L7320 233
42 Fruzose-b sphasphate aldclase & 3720 73
43 Titrae symhaze CISY HUMARN 51008 2,08
44 Czspasz-3precarsar TATPA_HUMAN 22044 238
45 A deidat= kinase e ne 7 1AM H AN FFAER R
A lw=rann, type | cytockelsta | FaL ] HUMAN =[N} ]l
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Online Rescurce 3. Full list of differentially expressed genes

Probe SetID  EntrezGene ID Gene Name LBFC FC
212188 at 1253 LA collagen, type Voalgha 1 A 05 353
220616_at Tidy JoAs 3 338 3,36
208102 s @t TERD =S50 pleckstin ad Se27 coman ¢otan ng 335 333
2C4BZ7_al 052 COE2 molzCule Ly 44
205972 4t PARZ 21 0CDRE A Ra valod ki gs= 2 3AT 461
2144E6_at FJAD gap jar clion prolein, dlpha 5, 406D 246 533
ZCRSTA_a CASE IUAolguedeyldle sybielase 2 6977 1kDa -y 336
rars_at KB jun B proto-oneog=ne 229 745
FOO6T_=_at T EPTRNI spectir, beta, nor-arghrcyti- 1 227 anz
2122 _at 123 ADFF adipose diferentiation-relazed nrokzin 24
210253 _a e FROF 1 prophet of Fit1, parec-like Fomeasdoman “iptio Fastor 212

870 RURZ runtrelatad ransoripton factor 2 202
04 STOM stomamn z
24241 Bz zardet-Bied cyndreme U 195

ECIES _AREZ lamirin, beta 2 lzminm S 19

eild SR vegre samors Cxchm dt-Buppin A2 vira cneocene nomolog {awian 1143

2434 F T10interfaren mcucsd protein Mich wiratr codeptide repeats | 1.7

10 AZHE zsparaqne eynthatase 163

932 CLE: COE naleiuls 1 A7

w1341 COATA DHA darzge rducible rensept - 163

79870 FTCOC. pantatne opeptioe repect dargin 2 | A%

530 FoC2ZAT s olute cartier Tarnily 22 iongani. calion wansuort=rd rheinbe (X

L) CARMKZE Calo wimeca rmod aline deperid=t Lo Jb=in lar g5e | sy | B4
SR AZLE T arylo d bieta 1A precursor-l ke procem 1 il
ACTATH_at K| HNFAR nepanyte ninclear factar 4, gamma ek
2OTETO_at 2891 KRTAL keratin 87 [
ZZ017T _s_at G479 TMFRS33 transmemb-ans protzase, ssrns b | 5E 266
20357V _at 73 COG: COES malzcule 155 275
203540_at B GFAR gha fibrilary acidc protein 154 251
217026_a 27445 TCLO: poealo (presynaptic cytomztny craterny 15 154
218924 A “No20 ARIDSB A7 nehinerastnve domam 22 (SR1H-ke) 152 4587
UL o at 29492 YR A gyeophor A (MM 2l20d grous) 151 248
L4320 oAt EELE (3% pregnarcy specihic betz-1-ghicoproton & 1.5 15
30U547 5 at ST R4 golicing factor -l 1419 119
R § 2451 IGF 2 nsuln ke groweh factor = (sorr dtomeadin A) 147 117
20654 st T9323 _ 23556 Fyporetcal protein FLJ2E55E | 47 232
218AT _ar @129 THENT1ZE. transnzribrane protan 11368 145 31z
723 Al 1361 ZNZAZ oyelic nuclzolids gated channs alcha 3 |44 144
204424 _at TERd FlA4L ntealeron-indu o= proteis 2d-ike 142 213
2roATa_=_at 1 ADAME A0 AM nretalloneptidase domain 3 43 ARG
20 BEd_x_at 1034 DR decrin 142 283
219519_=_at Fi14 SIS EC =i atid binding Ig-l be l=ctin 1, sialnadh=<in I 43 ki
218950 _5_at ET07 IPRRE smaEl orelre-rich Tratsin 142 2560
214217 _at pElg F7 11 ferrbin heavy nalyreptids 1 141 16
20026 s at o708 UM un oncogere 14 1492
206247 _at 4352 FIC T 2HE Floch homalcg £ 1 Droscph la) 14 255
209524 _ar L0270 HODGIRP2 hepatoma-denvac Crowth facior, mslated protsn 2 139 224
24310 A “0129 FEY rarey homcloc (Lrogoghiia) 134 1%
18752 _at 25547 AJAF 120 5rapt ase ororoeling complex subarit ©3 139 1,54
24210 ar 1042 OS2 L2 molzcule 135 17
SLE3 1S _a w24 CRL=". cytckine receptor Nk factor 1 135 576
X U § Tus29 CICC I02E: coiled col doram contaring 1028 135 2349
aT7A SEME4 S seradomain, immuieglobain coman transremrbrane comamn and saort cytoplasric domsin 4% | A7 341
E LI salutes carner Farily 7, (eation ic arino acid transporsr, v— svgtern] member 11 |37 159
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FOXG1. FTH1, GGPD. GALR1. GFAP, GPMGA, HAMP. HBEGF, HPGD, IFI44L, [FIT1. IGF2, IGFBP7Y, IL24. ITGB1,

Cancer tumer THIBIZ 105y, JUN LOCST152, MMP13, MYCH. NGAMT, NF1, NGF. NOTCH4. NURS0, PAHB. PGNA FDGFB, PR, 8
PGK1, PKMZ PML PRARG. PSAT1, RREET. RUNXZ, SCN7A, SIGLECT. SLCBAZ, SLCTATY, SMAD3, SOD2
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alluar Ceomth an ACTIA APC, COKMZA CSFZ Cora, GRGRT. DCN, FGF 18, FOXGT, FTHT, GRP, HBEGF. HBP1, HPGD, IGF2
Prolforton. growt of cell Ines 820E07  IGFBPY. IGHM. IL24, 1TGB1, ITGB4, JUN. LOP1. MSTIN. NF1. NFIX, NGF, NOTCH4. PDGFB. PDIA3, PFN1. PML 8
PPARG, RUNX2, SLC3A2 SLC7A11, SODZ, SRC, TPM2
ADCYAP1. ALDOA APC. BDNF. CGART, CD4. CDBB, COKN2A, CNTNZ. COROTA, CSFZ CSF3, CTLAS, CRCRY.
celluar Movement micration of cells o4gE.p7 DO EDNRB. ELH FAMSC, GPD, GRP HBEGF IGF2, ITGAM ITGB1, ITGB, JUN. KRTEA, MAPK11. MMP13 5
g NCAM1. NF1. NFIX, NGF, NR1DH, PAKZ. PDGFB, PPARG, PRKGG, RUNXZ, SLG3A2 SMADZ, SOD2. SRC.
STBGAL T, TCF7L2, WWOX
AGE. ADCYAP1, APC, APLP1, BDNF, CGART, CABP3, CD4 CDH16, COKMZA, COLBAT, GRLF1, CSFZ. GSFa
Grganismal Sunival death of animal 108E-06  GTLA4, CYP11A1 DCN, HAMP, HREGF IGF2 ITGAM, ITGB1, ITGBA, LAMB2, MAFF, MYCN, NF1. NFIX, NR4A3, 3
PDGFE. PFN1. PPARG. RUNX2. SMAD3. SOD2, SRC, TKT. WWOX
call Cvtle o1 phase 179506 POCYAPT ARC.BTRC. GAMKZE. COKN2A, GSF2. CSF3. CTLAG DTN, IGF2. IGFBRY. IGHM. ITGE1. JUN, NGF, 1
i P ‘ PPARG. RUNXZ, SOD2, SR
Cell Cycle Sty o C SN PIOCESS 9 6406 COKNZA, GSF2. CTLAM ITGB1, MYGN. PPARG, RUNKZ SMACS, S0D2 9
ADCYAP T, APC, ASNS. BTRC. CAMKZE, CASP3 CLd. CDKN2A CLTC, CSF2, CSFa. CTLAA OCN, FAMEC,
call Crcla calldivision orocess 30705 FOXGT. GRP.GYPA HBEGF, HBP1, HPGD, IGF2, IGFBP7, IGHN, IL24 ITGE1. ITGE4, JUN. IIYCN, NAMPT, o
g P NF1, NGF. NR4A1, NR4A3, PAKZ. PCNA, PDGFS, PIIL, PPARG. PSAP, RAB11A. RUNXZ. SMAD3, SOD2, SRC.
TCF7LZ TOP2A. WWOX
Fage 2 of &
‘Skeletal and Muscuar skelelal and musCUIar disorder of BONF. CBART CASF3, G0, COBG, CORNZA, CRZ, GSF2, CF3, GFAP, TG, MMP13, NGF. PPARG, RUNKZ
! . 3.20E-08 16
Disorders mice STEGALT
ACE. ADCYAPT. APC, APLF1, BDNF. CASP3, CD4, COH16. COKNZA, COLGAT, CRLFI, CSF2. CSF3, CTLAZ,
Orgarismal Survival death of mice 3BZE-06  CYP11A1, DCN. HAMP. IGFZ, ITGAM, ITGB1, ITGB4, LAMBZ. MAFF, MYCHN. MF1, NFIX. NR4A3. PDGFE, PFN1, 36
PPARG. RUNX2, SMAD3, SOD2 SRC. TKT, WWOX
Skeletal and Muscuar skeletal and muscular procass of
System Develgpmentang ol BT P 444E06  BTF3LT COKNZA CSF2 IGF2 ITGB1 JUN. PDGFB, PPARG. RUNXZ, SMAD3. TSC2203 1
Function
ADCYAR 1, APC, COART, CASF3, CD4. CDA2. CDB. COBE. CORNZA, CHD7, CRZ, CSFZ, Cara. CTLAZ FTHT.
Hematopolesis hematepolesis 536606  GEPD, HAMP. IGFZ IGHM, ITGB1. JUN, MYCN. NGF, NOTCH4, NRéAT, NR4A3. PDIA3. PML, RUMXZ. SMAD3, 2
SO0, TOP2A
Hematologial Svat ADCYAR 1, APC_ CGART, CASF, CD4, CD52, DB, COBE, CORN2A, CHD7, CRZ, CBF2, CoFa, CTLAL FTHT,
emalological System o poiesis 53BE-08  G6PD. HAMP. IGFZ IGHM, ITGB1. JUN, MYCN NGF, NOTCH4, NR4AT, NR4A3 PDIAZ PMIL, RUNX2. SMAD3, 32
Development and Function 5002 TOP2A
Cell Cyele interphasa of normal cells BI2E-06 CDKN2A, CSF2, CTLA4, DCN. IGFBP?. IGHM, ITGB1. JUN, MYCN, PPARG, RUNX2, SQ02 12
] APC. BTRC. COKN2A. CSFZ, CSF3, CTLA4 OCN, IGF2, IGFBP7, IGHM. ITGE 1. JUN, NGF, PPARG. RUNXZ.
Cell Gycle G1 phase of eukaryotic cells T63E-00 sobe 16
Protein Synthesis expression of proftein B UBE05__ACE CDKNZA CSF3 CTLAL GRF. IGHM, [TGE1_JUN_MSTN. PPARG, RUNXZ SODZ. SRC 13
ADCY10. ADCYAPT, ALDOA. APC. BDNF, GAGF3. CD4, CDKMIA. CRE, Cor2. CSFA CTLAA, OGN, IGF2. 1GHM.
Cell Death apoptosis of normal cells 8.33E-06 1124, ITGAM. ITGB1, JUN. MAPK11, MYCN. NAMPT NF1 NGF MLRP1, NR1D1. NR4A1 NR4A3, PAHB. PDIA3 38
PML. PPARG, RUNX2. SMAD3, S0D2. SRC. TOP2A, TRADD
Cell Deatn Zpoplosis of endoihelial cells 8 4BE.06__ADCY10_BDNF. CAGFS Cora, TGB1. MAPK] 1 NRAAS. PEARG, RUNXZ SRC 0
developmental process of 'AFG. CASF3, COKHNZA ECET, EDNRB, HBEGF, HBPT, IGFZ, ILZ4, ITGE1, JUN, KRT6A MAFF PPARG, RUNKZ
Cellular Development 102605 7
epithelial cells SCEL. SMAD3
Tissue Development ossification of connective fissue 1.068-05  CASP3. FGF18. MMF13. NFIX, RUNX2 5
Skeletal and Muscular
System Development and  ossification of connective fissue  105E-05  CASP3. FGF18. MMP 13, NFIX, RUNX2 5
Function
cancer hematdogic cancer 140505 CDB2 CDBA CDKNZA CSF2, CILAA. CYPAG ITGET, JUN. MAPKTT, MYCN, NCARM T, NF 1. PDIAB. PML RUNKE. 2
9 0 5lceA?. SOD2. SRC. TOPZA, TUBAS
Hemalological Drsease hematologic cancer 1 40E-05 CD52 CD8E CDKNZA CSF2 CTLA4, CYP3A4 ITGB1 JUN, MAPK1T MYCN, NCAM1, HMF1, PDIAS, PML RUNXZ2 %0
9 g SLCBA2, S0D2, SRC, TOP2A, TUBAS
Homalonaiads tovclommont of blood cale \oE.0s  ADCYAPT APC. CHART CASFS, CD4. GUGZ CD6 CUB6 CDRNZA, CHDY. CRZ, CSF2 CSr3, CTLAG FTHT, "
P P GEPD. IGF2, IGHM, ITGB1. JUN, NOTCH4, NR4A1, NRAAZ. PDIAZ RUNX2. SMAD3. SOD2. TOP2A
Hematological System develonment of blood cells 162505 ADCYAPT APC, CBART. CASP3, CD4. CDG2. CDB. CDE6. CDRNZA, CHD7. CRZ. CSF2 GSF3, CTLAZ FTHI, 23
Development and Function o "0 GBPD.IGF2 IGHI, ITGB1. JUN, NOTCH4, NR4AT. NR4AZ PDIA3 RUNXZ, SMAD3, 50D2, TOP2A
Celllar Development developmert of blood cels 162E.05 ADCYAP1. APC, CBAR1. CASP3, CD4. CD52. CD&. CD86. CDKN2A. CHD?, CR2, CSF2. CSF3. CTLA4 FTH1 58
P P GERD. IGF2. IGHM, ITGB1. JUN. NOTCHS. NR4A1. NR4AS PDIA3 RUNXZ, SMAD3, S0D2, TOP2A
APG.BDNF, BTF3L1, CASP3 GDKNZA CHOT, ECE1. ELN FGF18 FOXG1 GJAS HBEGF IGF2, ITGR1, JUN,
Tissue D developmental process of tissue  1.70E-05  KRTGA, LHXT, MMP13. MSTN, NF1. NFIX. NGF, NR4A3, PDGFB. PFN1, PKM2, PPARG. PTCD2. RUNX2, SMADG, 3
SRC, TBX4. TCFLZ TNNI, WANOX
Celllar Development Aiferentaton of tmor cell Ines. 177605 gggv:m&om CSF2. GSF3 ENDT. 1GFZ, ITGAM, JUN, LIMKZ. MSTN, NGAV, NGF. PML PPARG. RUNXZ, =
Jevelopmental process of T ADCYAR1 APC, CoAR1 CASP3, CD4, CDGZ, CDG5, C DB, CD86 COKNZA. GHDY, GSFZ, GTLAd FTHT IGFZ,
Cellular Development b 2.08E-08 25

IGHM, ITGE1, JUN, NR4A1 NR4A3 PDIAZ PPARG. RUNX2 SMADS TOP2A

Fage 3 of &

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Publications of the dissertation

APC_ BONF, CASP3. CDKNZA, CHD7, ECE1. ELN, FGF18. FOXG1, GJAS HBEGF. IGF2, ITGE1. JUN, KRTBA,

Tissue Develepment development of tissue 207E-05  LHX1, MMP13. MSTN, NF1, NFIX, NGF. NR443, PDGFB. PFN1, PPARG. PTCD2, RUNX2, SMADZ. TBX4, TGFTL2 31
TNNIT
Cellular Crowth and i of tumar call| ooipgs  ACTNA APC. COKMPA C3F2 CXORT DCN, FTHI. GRP, HBEGF, HBP1. HPGD IGF2 IGFRPT. IGHM, 1L24, -
Praliferation grown afumer cellines ITGE1. ITGB4, JUN, LCP1, NF1 NGF. PDIA3 FFN1, PPARG. RUNX2, SLC3A2 SLC7A11, S0D2, SRC
collar Develooment ot of tumor cel ncs o1ggs  ACTMA APC, COKNEA CSF2 CXCRT. DCN, FTH, GRP, HBEGF, HBP. HPGD. IGF2, IGFPT. IGHM. IL24, -
a g ITGRY, ITGB4, JUN, LGP1. NF1. NGF. FDIA3 PFN1, PPARG. RUNXZ, SLC3AZ SLGTAT1, SOD2, SRC
Sovelopmental prosess of iocd ADCVAF1 APC. GBART CASF3. CD4. CD32. CD55. CDB. CDB6. COKMNZA, GHD?, ORZ. GSF 2. CSFa. CTLAS
Cellular Development Pt 240E-05  FTHY. GEPD, IGF2. IGHM. ITGAM. ITGB1. JUN, MYCN. NGF. NOTCH#. NR4AI. NR4A3. FDIA3, ML, PPARG, 3
RUNK2. SMADS. SOD2, TOPZA
Sovelopmental o : ADCYAP1. APC, GEART CASPS, CD4, CD32, CD55, GDB. CD86 COKNZA, GHD?7, ORZ, GSF2, CSF3. CTLAS
Cellular Development evelopmental process o 246E-05  FTHY.IGFZ IGHM, ITGAM. ITGB1, JUN. MYCN, NGF. NR4A1, NR4A3, POIA3, PML, PPARG, RUNXZ. SMAD3 3
leukacytes TaR2A
APC._ BTRC. CDKNZA CSFZ, CSF2, CTLAG, DCN, IGFZ, IGFEPT, IGHW, IL24, ITGB1, JUN, MYCN. NGF. PML,
Cell Gycle interphase of eukaryolic cells 264605 PPARG. PSAP. RUNX?. SOD2. SRC 21
cancer adonocardinoma 7005 ALDDA BTRC. CABPA, COKIZA CTLA4. EDNRE, ENOT. FGF 15, FTHT. NOTCH, PCHA, PGRT. PRMZ. PPARG, -
RUNX2, SMAD3. SRM. TRADD, TUBAS, VIM
APC_CDKNZA. FOXG1 GFAP_ HBEGT. IGF2 JUN. MYCN NP1 PONA PDGFD. PPARG, RUNKZ. SLCBAZ, SRC,
Canoar head and neck tumor 2 B0E-05 TAOKI TORZA. TUBAZ, VIM 19
Hemalological System ety of korytes S40E0s  COAR1 GD4 GDU CORNZA CRZ CSFZ CoFa CTLAR HBEGE, IGFZ IGHH, [TGAM. NP T3, NFT HGF, "
Development and Function 2ty NOTCH4, NR4A1. PML. PPARG. PSAP, RUNX2, SIGLECT SMAD3
Tissus Harphdo R 340505 COAI CDS CDS5 CDKNZA, OR2. CSF2 CS73, CTLAG. FBEGE. IGF2. IGHM. ITGAM. MMFT3. NF 1. NG 7
v quantty NOTCH4. MR4AT, PML. PPARG, PSAP. RUNXZ. SIGLEGT. SMAD3
ADCYART, APC, BTRG, CAMKZE. CD4, CORNZA_ CLTC, GBF2, CSF3, CTLAd DCN, FOXGT, GRP, GYPA
Cell Cycle cel stage 400E-05  HBEGF, IGF2, IGFBP7, IGHM. IL24, ITGB1. JUN, MYCH. NGF, PAKD, PML. PPARG, PSAP. RABT1A, RUNXZ k)
SMAD3 S0D2, SRS, TOPZA
ol Cvcle R wsitgs  POCYAPT APC. BTRC. CAMIZE, CORNZA CSFZ CEF3 GTLA% DON, IGF2. IGREFT IGHM. 1124 1TGBT. JUN. =
¥ P MYCN. NGF. PML. PPARG. PSAP, RUNX2, 50D2, SRC
ol Gl cell vigion process of nomal ¢ - CDRN2A GSF2. CSF2. GTLA4, DON, HBEGF, IGF2 IGFBFT, IGHU [TGBT, TGB4, JUN. MYCN, NG NRAAS, "
¥ cells PPARG. RUNX2, SMAD3_S0D2
Tiesne Moo quantty of mononucicar nase0s  COART CDS GDBb, CDRNZA CRZ GSFZ CSF3, CTLAG, IGT2, IGHM, ITGAM. NGF NOTCHA, NRast P "
TRnalogy Jeukocytes PSAP, RUNX?, SIGLECT. SMAD3
Hematological System quanity of mononucisar o ase0s  COART CO4 CDBS, COKNZA, CRZ CBFZ COFS, CTLAZ, IGF2. IGHM, TTGAM, TGF, NOTCHA, NRAAT PHIL, o
Devalopment and Funetien _leukocytes PSAP. RUMXZ. SIGLEC1, SMAD3
ACE APLF1 BESY. BONF. BTRC, COF2, CEF3, CYP11AT EDNRE, ELN. FLNA GFAP. GRP. GYPA HBEGT.
Develogmental Disorder  davelopmental disorder 562E-05  IGF2 ITGBY, JUN. KLF15, MMP13, MSTN, MYCN. NF1. NFIX, NGF, PHL, PPARG, PROP1, RUNX2. SCN7A, e
SLC3AI SMADS. 5002, SRC
Cell Morpholagy Shape change of nomalcells___ 5B6E-05__ BONF. COKNZA_GOROIA_CSF2, DCN, FOXGT ITGAM ITGBT JUN_ NGF_RUN%2_SRC Z
Celllar Development shape change of normal cells 566605 RDNF. CDRN2A, COROIA _CSF2. DCN, FOXGT_TGAM. ITGB1_JUN_NGF. RUNX2, SRC 2
Remalological System cevelopmentoflukocytes e 19E.05  ADCTAPT APC, CIART CASPS, CDA. CD52. D6 CDEG. CORNZA, CHDT, CRZ, CSF2, Cora, CTLAZ FTFT "
Development and Fungiion P IGF2 IGHM, ITGB1. JUN, NR4A1. NR4A3 PDIAS RUNKZ, SMAD. TOPZA
Hematonoieds seveopmentol faocstes 019505 PDCVAPL APC, CEARI, CASFR, CD. CDE2, CDR, CDBE. CORN2A, CHD7, CRZ, CEF2. CSF3, CTLAA FTAT. -
P P IGF2 IGHM, ITGB1. JUN, NR4A1 NR4AZ PDIAZ RUNXZ SMAD3. TOP2A
ADCYAF1, APC_CBART, CASP3. CD4. CD52. CDG. CDBG. CDKN2A. CHD?. CRE, CSFZ. CSF3. CTLAS FTHT
Celuler Gevelopment development of leukocytes S19E05 |Gy IGHM. ITGBY. JUN. NRAAT, NR4A3. PDIA3. RUNKZ. SWMAD3. TOPZA &
Magedof &
Gene Expression Zggzztr"‘i”e‘” Smad binding 851E-05  RUNKZ. SMADA. TCF7L2 WWNOX 4
Cancer development of tumor 8EEE-05  CDA CDBB, COKNZA, CTLA, JUN. MYCN, NOTCHA, PML, RUNXZ, SMAD3 10
Hematalogical System ADCYAP1 APG. CSART CASP3, CD4. CD52, CD6. CD86. GOKNZA CHD7, CSF2. GTLA4 FTHT, IGF2, IGHM
Deveicpment and Funcion | ) UEvelopment B8SE-05 \1ap1, JUM. NRAAT NR4AZ, PDIA3. RUNX2 SMAD TOP2A =
CelFmediated Immune - ADGYAF1. APG. COART. CASP3, CD4, CDSZ. GDG. G086, CORNZA, CHDT, GSFZ, GTLAA, FTHT,[GFZ. [GHM
Response T cell development SEE05  i1gp1, UM, NR4AT NR4A3_PDIAZ, RUNK2, SMADS, TOP2A 3
Cellar Funclion and T ool dovaomment woscos  ADCTAPT APC, CEAR1 CASFG, CDI, COB2. COB, COBb CORMZA, CHDT. GOF2, CTLAL FTHT. GF2, IGHM. -
Waintenance P ° ITGB1. JUN. NR4A1 NR4A3, PDIAZ, RUNX2 SMADZ. TOPZA
- ADCYAP1, APC_ CBARY, CASP3, CD4. CD52. CDB. CDBG. CDKNZA CHD7. CSFZ, CTLAA FTHT [GF2, IGHM.
Hematopolesis T cell development SB9E0S \70B1, JUN. NRAA 1. NRAAD. PDIAZ RUNKE. SMAD3. TOPZA =
ADCYAP1, APC, CBARY. CASP3, CD4. CD52. CDB. CD85. COKNZA, CHD7, CSF2, CTLAA FTHT [GF2, IGHM.
Cellular DEVek)mem T eell deve\npmem 8 83E-05 ITGE1. JUM. NR4AT, NRAA3, PDIA3. RUNK2. SMAD2. TOP2A 23
gfj#:;gﬁ‘m and profiferation of ostevcytes 124E04  CSF2, FGF18, HBEGF, IGF2, RUNX2, SRC 6
el Cycle de@yin cell dvision process of 4 pac 5y COKNZA IGFEPT FCNA, PPARG. RUNXZ, SOD2, TOFZA 7
elkal !OIIC cells
Celluiar Development differertiation of osteonytes 198E.04__APC.CEART_CEFZ FGR 18, JUN NAMPT NF1, PPARG, RUNX2 SMADZ. SRC, VIWOX 12
Connective Tissue " "
3 5,
Development and Funcin_ OTETtaton o astecaytee 198E-04  APC.CSART. CBF2 FGF1B, JUN, NAMPT. NF1. PPARG, RUNX2, SMADE SR, WWOX 12
Cell Cycle delay in G1 phase of cell lines 216E-04  CDKNZA. IGFBP7. RUNXZ SCD2 4
Cell Morphology sprouting 243E-04  BDNF, DCN, IGF2, JUN, NCAM1, NGF, RUNX2 7
Develcpmentsl Disorder  hypertraphy 2BIE-04  ACE. BONF. CSF2, CSF3. ELN, GFAP. GRP, HBEGF. JUN, KLF15. MSTN. NF1. NGF. PPARG. RUNX2. SRC 16
Callla Development Sprouting of normal calls 307E-04 BDNF. CCN, JUN NGF. RUNKZ 5
Cell Morphalogy sprouting of nommal cells 3.07E-04  BOMF, DCN, JUN. NGF, RUNXZ Gl
Grgarismal Funclions hedling 395604 COLGAT HBEGF IL24, NF1 RUNXZ SCHNIG, SMADS SPRR3 3
Tissue Development agregation of cells 401E-04__BDNF. CABPA_CDA_CDE IGHW. ITGAM_ TTGRT_NCAMT_INF 1 NFASC. RUNXZ SCART 1. SLCIAZ 3
Tissue Development Tormation of fissue 578E-04__ BONF. DCN.IGFZ ITGB1 JUN_ LHAT NGAMT NR4A3_NUPGD, PPARG. RUNXZ SWADS, SRG_WANOX e
AFC_BTRC, CDKN2A, CSFZ, CSF3, CTLAd, DC, IGFZ, IGFBR7, IGHM, IL24. ITGB1. JUN, MYCN, NGF PHL
Cell Cycle cell stage of eukaryotic cells 8.66E-04 22

PPARG. PSAP. RUNXZ, 5002, SRC. TOPZA
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Online Rescurce 6. Ingenuity pathway analysis regarding Cancer

Calegory  Functions Annotation p-alue  Molecules

# MolecLles

AGE ACTB, ACTG1. ADAMS. AKZ. ALDOA ANAPC13. APC. BCAN. BDNF, BTRC, C4BPA. CAMKZB. CASP3, CD4, CDGZ
CDS5 CDeg. D86 COC42BPA, CDKNZA, CFTR. CSF2. CSF3. CTLA4, CXCR7. CYP11A1. CYP3A4, DCN, DDIT4.
DNALI1. EDNRB. ENC1, FAMGC. FGF 18, FLNA, FOXG1. FRY, FTH1, GEPD, GALR1. GFAP. GLUL, GPMBA. GRP. HAMP,
HBEGF. HBP1, HPGD, IFI44L, IFIT1, IFIT2, IGF2, IGFBPT. IGHM, IL24, ITGB1. ITGB4, JUN. KIRIDL1, KRT1. KRTEA.
LOCE1162, MAPK11. MMP13, MYCN, NAMPT. NCAM1, HF1. NGF. NLRP 1, NOTCH4, NRaA1, NR4AZ, NUPEQ, P4HE,
PAK2. PCNA. PDGFE. PDIA3, PDIAS, PFN1, PGK1. PKM2, PLINZ, PML. PPARG, PSAT1, RREB1, RUNXZ, SCNFA,
SIGLECT. SLC22A1, SLCBAZ. SLCTA11. SMAD3, S0D2, SPTBN1. SRC, SRM. STMNZ, STOM. SULTICZ. TAF4. TAOKT,
TBX4 TCF7L2 TNNCZ, TOPZA TPMZ. TRADD, TTC38, TUBAS VCP. VIM. WWOX

Cancer  tumorigenesis 5.77E-15

118

ACE AGTB, ACTG1. ADAMS. AKZ ALDOA, ANAPC13. APC. BCAN. BTRC, C4BPA CASPZ, CDSZ CD55. CDES, CLE6,
CDC42BPA, COKNZA, CFTR, C3F2, CSF2. CTLA4. CXCR7, CYP2A4 DCN, ODIT4, DNALIY, EDNRE, ENO1. FGF 18
FLNA, FOXG1, FRY, FTH1, GFAP, GLUL, GPMEA, GRP. HAMP. HREGF, HBP1, HPGD. IFI44L, IFIT1, IFIT2, IGF2, IGFBP7.
Cancer cancer 4.60E-14  IGHM. IL24. ITGB1. [TGB4, JUN, KIR3DLT, KRT1. KRTEA, LOCS1152, MAPK11. MMP13. MYCN, NAMPT, NCAMT. NF1.
HLRP1. NCTCH4, NR4A1, NR4A3, NUPS0. P4HE. PAKZ, PCNA, PDGFB, PDIAZ. PDIAG. PFNT, PGKT, PKM2. PLINZ. PML,
PPARG. PSAT 1 RREB1, RUNX2. SCHN7A, SIGLECT, SLC22A1, SLUGAZ, SLC7ATT, SMADS, S0D2. SPTBNT, SRC. SRM,
STMNZ, STOM, BULT1C2, TAF4, TADK1 TBX4, TNNCZ TOP2A, TPM2. TRADD, TTC38, TUBAS, VCP. VIM. WWOX

107

ACTG1 AKZ2 ALDOA. APC. BCAN, BDNF, BTRC. C4BPA, CAMK2BE, CASP3, CDM, CD52, CD55, CD86, CDC4ZBPA,
CDKN2A, CEF2, CTLA4, CXCRT. CYP3A4. DCN, DNALIT. EDNRB. ENO1, FAMSC, FGF18 FLNA, FOXG1. FTH1, GSPD,
GALR1, GFAP, GPMGA, HAMP HBEGF. HPGD, IFI44L, IFIT1. IGF2 IGFBP7, IL24, ITGB1. ITGB4, JUN, LOCS1152,
MMP13, MYCN, NCAM1. NF1. NGF. NOTCH4, NUP50, PAHE. PCNA, PDGFE. PFN1. PGK1. PKM2, PML. PPARG, PSAT1,
RREB1. RUNX2, SCN7A, SIGLECT, SLCEAZ, SLCTATI. SMAD3, 5002, SPTBN1. SRC. 5RM. STMNZ. STOM. TAF4,
TAOK1, TBX4, THNC2 TOP2A, TRADD. TUBAS, VCP, VIM, WWOX

Cancer  tumor T41E12

a4

AKZ ALDOA, APC. BDNF, ETRC, CAMKZB, CDKN2A, CSF2, CXCRY. DCN, EDNRB. FAMEC. FTH1, GALR1, GPMEA,
Cancer  benign tumor 9.99E-11  IFI44L. IFIT1. IGFZ, IGFBFT, JUN, NF1, NOTGH4, NUPS0, PGNA. PML, PFPARG, RREB1, 8CNTA, SMAD3, 50DZ. SRC.
STMNZ, TAF4, TNNC2, TOP2A, TUBAS. VCP

37
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ACTG1. ALDOA APC. BCAN, BTRG, G4BPA CASP3, CD55, CDC42BPA, COKNZA CSF2, CTLA4, CYP3A4, DNALIM,
EDNRB. ENO1. FGF18 FLNA FTH1 HAMP_ HBEGF. IFIT1, IGF2, [TGB4, JUN, LOCS1152. MMP13. MYCN, NCAM1, NF1,
NOTCH4, PAHB. PCNA, PFNT. PGK1. PKM2, PML PPARG. PSAT1, RUNX2, SIGLEC, SLCTAT1 SMAD3. S0DZ,
SPTEBN1 SRC. SRM. STMNZ, STOM. TBX4, TNNC2 TOP2A. TRADD, TUBAS, VIM, WWOX

Cancer Carcinoma 291E-09

56

ACTG1. ALDOA, APC, BCAN, BTRC, C4BPA. CASP3, CD52, CD55. CDCAZBPA, CDKN2A, CSF2, CTLA4, CYPIA4, DCN,
DNALI1 EDNRB. ENO1. FGF18, FLNA, FOXG1, FTH1. HAMP. HBEGF. IFIT1. IGFZ, IL24 ITGB4, JUN. LQC5115Z. MMP13,

Cancer  malignant tumor 45B3E-09  MYCN, NCAM1, NF1, NOTCH4, PAHB. PCNA PFN1, PGK1, PKM2. PML, PPARG, PSAT1, RUNXZ2 SCN7A, SIGLECT.
SLCTA11, EMADS, 8002 SPTBN1, SRC, SRM, STMNM2, STOM, TAF4, TADKT, TEX4, TNNCZ, TOP2A, TRADD. TUBAS,
VIM, WWOX

63

AK2 ALDOA, BTRC, CDKNZA, CSF2, EDNRB. GPMBA, FI44L, IFIT1. IGF2, JUN, MMP13. NUP&0, PCMA, PML. PPARG,

Cancer _ uterne caricer V1807 RRER1 SCNTA SRG TOPZA TUBAS VG

22

ACE ALDOA ANAPC13, APC BTRC, CASPZ, CDES, CDRH2A. CTLA4, CYP3A4. DDIT4 DNALIT ENO1, HBEGF. HBP1,
Cancer  breast cancer 196607 IFIT1 JUN, KRTGA MMP13 NAMPT, NOTCH4, NR4AT NRAA3, FAHB PCNA PDGFE. PFN1, PGK1, FLINZ, PML.
PPARG, SLCBAZ, SMAD3Z, SRC, TAOK1. TOP2A, TTC38, TUBAB. WAMOX

39

AKZ ALDOA, BTRC, CDKMZA, CSFZ EDNRB. GPMEA, IFI44L IFIT1. IGF2. JUN, MMP13. NUPS0, PCMA. FPARG, RREE1

Cancer uterine tumor 8.83E-07 SCNTA. TUBAS. VCP

APC, CDKNZA EDNRB. FOXG1. GFAP. HBEGF. IGFZ, MYCN, NF1. PDGFB, PML, PPARG, SLCBA2 SRC, TAOK1

Cancer  central hervous syeterm tumer SBEE-07  rooon TUBAS

APC, CASP, CD86, CDKN2A. CSF2. CSF3. CYP11A1. GRP. HBEGF, ITGB1. MMP13, MYCN, NF1, NGF, PPARG, SMAD3,

Cancer  hyperproliferation ZNE06 oo ToraLe

Cancer  brain tumor 259E-08  APC. CDKNZA. FOXG1. GFAP, HBEGF. IGF2. MYCN. NF1, PDGFB, PPARG. SLCBAZ, SRC, TAOK1, TOPZA, TUBAS

Cancer  disease of umor 292606 APC BTRC CD86 COKM2A. CSF2. DON, IGF2. MYGH, NCAM1. NF1. PML, PPARG. SRC. VIM

ACE. ALDOA APC, BTRC, CDKN2A, CSF3. CTLA4 EMC1. GRP, HPGD. ITGB1, ITGE4, JUM. NCAM1. PCNA. PML,

Cancer  lung cancer SHES  ppaRe SOD2 SRC, SRM, TAOK1. TOP2A. TUBAS, VI, WAOX

APC. CASF3, CD4. CD86. CDKNZA, CSF2. CTLAA. IGF2, [L24.ITGB1. JUN, MYCN, NOTCH4, PML. FPARG, RUNX2,

5 B3
Cancer  developmental process of tumor SBEOE Az soo2

Cancer tumerigenesis of colon 64108 APC. CDKM2A PPARG. SMADS

ACTGI. AFC, BTRC, C4BFA. CASF3, CDKNZA, CTLA4, FTH1. HAMF, HBEGF. IGFZ, ITGB4. JUN. NF1, F4HB. PFNT,

Cancer  digesbue organ tmor TTOE-05 bkt PKM2. PVIL. PPARG, SRC. TBXA, TOPZA, TUBAB, VI, WWOX

ADAMB. APC, CDKN2A, FOXG1, GFAP, HBEGF. IGF2, JUN, KRT1. MYCN. NF1, PAKZ, PCNA, PDGFB. PPARG, RUNX2.

Cancer  head and neck cancer BIE0  SIGlECT SLGBAZ SRS, TACK] TOP2A TUBAR VIM

Cancer  leiomyoma 334508 AKZ ALDOA, EDNRB. FTH1 GPMBA IFI44L. IFIT1. IGF2, JUN. NUPS0. PCNA PPARG. RRER1. SCN7A, SOD2. VCP

Cancer  sarcoma 052608 APC. CDKN2A. CTLA4, ITGBA, JUN. MMP13. MYCN, NCAM1, NF1, PML. PPARG, SRC, TACKT, TOP2A, TUBAS, WWWOX

Cancer neurofibrosarcoma 105605 CDKNZA ITGB4. MMP13. WF1. SRC

Cancer quantity of tumor 138606  APC. CDKN2A. CSF2 EDNRB HPGD. IGF2, JUN. NGF. TAF4

CD52. CD86. CDKN2A, CSF2, CTLA4 CYP3A4, ITGB1, JUN, MAPKT1 MYCN, NCAM1. NF1, PDIAE, PML. RUNX2,

Cancer hematdogic cancer 1.40E-05 SLCEA? SOD2. SRC TOPZA. TUBAS

ACTB, CASPS, CD86. CDKN2A, CSF2, CTLA4, CXCR?, EDNRE. FRY, GLUL. IGFEP7. ITGE4, NCAM1, NLRP1. PPARG,

Cancer  melastasis VATEDS ) O7at1, SMAD3. SRC. STMNZ, TOPZA TUBAS, VM

Cencer __ ulerine leigmyoma 158605  AKZ ALDOA, EDNRE. GPMEA. 1IF144L IFIT1, IGFZ, JUN. NUPS0, PCNA, PPARG, RREB1, SCN7A VCP

APC, CD4, CDKM2A, CLTC. FOXG1, FTH1, GEPD. HBP1, ITGE1. ITGB4. JUN, MYCN, NGF, PAK2, PDGFE. PML. PPARG.

Cancer transformation 11805 pRyiG. SLCIAZ SRC. TAFA. TSCI2DG

Cancer __myeloid leukemia 281E-05  CD8E CDKNZA CSF2, CTLA4 CYP3A4, JUN. MYCN, NCAMI. NP1 PML, SRC, TOP2A
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ALDOA, BTRC, C4BPA. CDKN2A, CTLA4, EDNRB, ENO1, FGF18, FTH1. NOTCH4, PCNA, PGK1, PKMZ. PPARG. RUNX2,

Jancer  adenocarcincma 27505 quans erM TRADD. TUBAS, VIN 20
“ancer head and neck tumor 2 80505 APC, CDKN2A. FOXG1, GFAP, HBEGF, IGF2, JUN, MYCN, NF1, PCNA. PDGFB, PPARG. RUNX2, SLCEA2, SRC, TAOK1 19
- . TOP2A. TUBAS. VIM
Sancer  lymphomagenesis 3.14E-05  CASP3 CDS52 COKNZA, CSF2 CTLA4, DCN. JUN. NCAM1, NF1, PPARG. 8RC, TACK1, TOPZA TUBAS. WiwOX 15
Sancer  transformation of cells 316605 APC, CDd, CDKNZA. CLTC. FOXG1, FTH1, GEPD. HBP1. ITGB1. ITGB4. JUN. MYCN, NGF. PAKZ, PDGFB. PML. PPARG 21
- 3 PRKCG. SLC3AZ, SRC. TSC22D3
Sancer rostate cancer 343605 BTRC, G052, CDKNZA, CTLA4, CYPIAd. EDNRB. FLNA. IFI44L. IGHM. ITGB4. PCNA, PGK1, PHML. PPARG, PSATT, 24
- P -~ RUNX2, SIGLEC, SLCBAZ S0D2 SRC. TOPZA, TRACD. TUBAS, WWOX
Jancer tumaorigenesis of neurons 3.48E-08  CASP3. COKNZA MYCN 3
sancer  fibrosarcoma 352E-05  CDKN2A, CTLA4 ITGB4 MMP12 WNF1 SRC g
Jancer  softtissue sarcoma 3IBBE-05  CDKMN2A, CTLA4, ITGB4 MMP12, MYCN. NCAMI. NF1 PPARG. SRC. TOP2A, TUBAR "
cancer tumorigenesis of benign tumaor S00E-05  APC, BTRC. COKNZA, NF1. PML 5
sancer  hyperproliferation of eukarytic cells 5.45E-05 CASP3 CD88 COKNZA CSF2 CEF3 MYCM, MF1. NGF. PPARG, SMAD3. SRC 11
N CD55. CDC42BPA, CDKMN2A, IFIT1, MYCN. PCNA. SLCTAT1, SMAD3, SPTBN1, SRC, STMNZ TMNCZ. TOP2ZA. TUBAS
Jancer  squameus-cell carcinoma GBEE05 oy 15
Jancer neuroepithelial tumer 712605  CDKN2ZA GFAP. HBEGF IGF2 MF1, PDGFE. PML. PPARG. SRC. TAQK1, TOP24 11
ancer pancreatic cancer 7ITE-05  CASP3 CDKN2A. CFTR, CTLA4, ENO1, HBEGF, ITGB4, PCNA, PML, SRC, TPM2, TUBAB. VIM 13
N APC, CD4, CDKNZA, CLTC. FOXG1, FTH1, GEPD. HEP1, ITGB4, JUN, MYCN. NGF, PAK2 PDGFE, PPARG, PRKCG,
Zancer transformation of eukaryotic cells 8.34E-05 SRC TSC2203 18
sancer  development of tumor 858E-05  CD4. CD38 COKN2A, CTLA. JUN, MYCN. NOTCHA, PML, RUNX2, SMADS 10
Sancer  myelodysplastic syndrome LGBE-05  CDB2. CDAE. CTLAA MAPK11. NF1. PDIA3. PML SRC. TOP2A 9
sancer _transformation of fibroblast cell lines 2 CD4. CDKN2A CLTC, FTH1. GBPD, HBP 1. ITGB4, JUN. MYCN, PDGFE, PRKCG, SRC. TSC2202 13
sancer transformation of cell lines 3 APC. D4, CDKM2A, CLTC. FTH1. GEPD, HBP 1. ITGB4. JUN. MYCN. NGF. PDGFB. PRKCG. SRC. TSC2203 15
Cancer  glioma B7E-O: CDKMN2A. GFAP, HBEGF. IGF2, NF1. PDGFE. PPARG. SRC. TACK, TOP2A 10
ancer _Ilymphoma 1.89E-04  CASP3 CDS52, COKNZA, CTLA4, DCN. JUN, NCAM1. PPARG. SRC. TADK1. TOP2A. TUBAZ. WWOX 13
sancer  hyperplasia. 21ME-04  APC. CASP3 CDS86. CDKN2A. CYP11A1. GRP. HBEGF. ITGB1. MMP13. MF1, NGF. PPARG. TAF4, TCF7L2 14
Sancer hyperproliferation of nommal cells 224E-04  CASP3 CD86. CDKN2A CSF2. CSF3. MYCN. MF1. NGF. PPARG. SMAD3 10
Jancer hyperproliferation of unica intima 234E-04  CDKN2A, NF1 2
Jancer tumnorigenesis of endocrine gland tumor 280E-04  COKNZA, MYCHN. VIM 3
Sancer hyperpraliferation of blood cells 2.80E-04  CD86. CDKNZA, CSF2, CSF3. MYCHN. NF1 4]
Jancer tumorigenesis of organ 3.11E-04 APC CDKNZA EDNRB. GRP HBEGF JUN PPARG. SMAD3. TCF7L2 9
Jancer  leukemia 4.33E-04  CDS2. CDB6. CDKNZA. CSF2 CTLAG CYP3A4, ITGB1. JUN, MYCN. NCAMT. NF1. PML. SLCBA2. SRC. TOP2A, TUBAB 16
Jancer chronic myeloid leukemia 437E-04 CDKN2A CSF2 GTLA4. JUN, NF1 SRC ]
sancer  liver tumor 4.96E-04  ACTG1 BTRC. CASP3, CDKM24, CTLA4, HAMP, IGF2, JUN, PFN1, PML, TOP2A, TUBAZ 12
Sancer  Iymphoid cancer B.13E-04  CASP3 CDE2 COKN2A, CTLA4, DCN. JUN, NCAM1, PCNA, PML, PPARG, SRC. TAOK1. TOP2A, TUBAS, WVOX 15
Sancer  prostatic tumor 613504 ?LEE.ECDKNM. CTLA4 CYP3A4 EDNRB, FLNA, ITGB4. PRARG, PSATT. RUNX2. SIGLEC1. SOD2. TOP2A. TRADD 15
sancer  renal cancer €.27E-04  APC. CDKN2A. CTLA4, EDNRB. IGF2. ITGB1. PML. PPARG. S8IGLEC1. TOP2A, TUBAB 11
2 2000-2011 Ingenuity Systems, Inc. All rights reserved.
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Apoplosis
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Online Resource 7. Ingenuity pathway analysis regarding Cell Cycle
Caleqory  Functions Annotation p-Valug # Molecules
APC.BTRC, CDKN2A, CEF2, CEF3. DCHN, FOXGT. GRP. GYPA, HEEGF. HPGD. IGF2. IGFBPY, [GHIM. IL24,
Cell Cycle  «cell division process of cell lines. 4.49E-08 ITGBA. JUN, MYCN. NF1. NGF. NR4A1, NR4A3 PAKZ, PCHA, PML. PRARG. PSAP. RUNX2. 8MADS 80Dz, jee)
SRC. TOPZA WWOX
ADCYAF1, APC ASNS. BTRC, CASP3 CD4. COKNZA CLTC, CSFZ, CSF3, CTLA4. FAMSC, FOXG1, GRP.
Cell Gycle  cell cycle progression 881E-08 GYPA, HBEGF, HBP1, HPGD, IGFZ, IGFBPT, IGHM, ITGE1, ITGB4, JUN, MAMPT, NF1, NGF, NR4A1, MR4A3, B
PAK2, PCNA, PML PPARG. SMAD3. SRC, TCF7L2. TOP2A, WWOX
. _ BTRC COKNZA, CSF2. CSF3. CTLA4 FOXGI1. GRP, HBEGF. HPGD. IGF2, IGHM, ITGB1, 1TGB4. NF1, NGF.
Cell Cycle  cell cycle progression of eukaryatic cells 2.15E-07 HRAA, NRAA3, PCNA. PIL PPARG, SMADS, WINOX s
Cell Cycle entry into cell division process of eukaryotic cells 9.79E-07 APC CDKN2A CSF3 CTLA4 HPGD. ITGB1. MYCN. PPARG, PEAP. RUNX2, SMAD3 8002 SRC 13
BTRC. CDKMNZA, CEFZ FOXG1, GRP. HBEGF, HPGD, IGHM, NF1, NGF, NR4A1, NR4A3. PUNA, PML, PPARG
Cell Cycle  cell cycle progression of cell lines TB0E08  gppain WOX 7
ADCYAP1. APC. BTRC, CAMKZB. CDRN2A, CSF2, CBF3. CTLA4. DCN, IGF2, IGFBPT7. IGHM, ITGB1. JUN,
CellCycle  G1phase 1.78E-06 NG, PPARG, RUNX2. 5002, SRC 19
APC.BTRC, CDKNZA, CSF2, CSF3, CTLA4, DCN, FOXG1. GRP, GYPA. HBEGF, HPGD:, IGF2, IGFBP7, IGHM,
Cell Cycle  cell division process of eukaryotic cells 251E06 IL24. ITGB1. ITGB4. JUN. MYCHN, MF1, NGF, NR4A1, NRAAZ. PAKZ. PCNA, PML. PPARG, PSAP, RUNX2 35
SMAD3. S0D2. SRC. TOP2A. WIHOX
Cell Cycle  entryinto cell division process of normal cells 264E-06 CDKM2A, CSF3. CTLA4, ITGB1, MYCN, PPARG, RUNXZ, SMADS, S0D2 ]
Cell Cyele  cell division process of tumor cell Ines 2 BAE08 APC.BTRC, CDKNZA, CSF2, C5F3, DCN, HBEGF, HPGD, IGF2. IGFBPY. IGHM, IL2d. ITGB1, NF1, NGF, 04
e ' P i NR4A1, PCNA, PML. PRARG, PSAP. S0D2, SRC. TOP2A, WWOX
ADCYAP1, APC. ASNS BTRC, CAMKZ2B, CASP3, CO4, CDKN2A. CLTC, CSF2, CSF3, CTLA4, DCN. FAMSC,
- FOXG1, GRP, GYPA, HBEGF, HBP1, HPGD., IGFZ. IGFBFY, IGHM, IL24. [TGB1. ITGB4, JUN. MYCN, NAMPT,
Gall Cycle cell division process BOTEDE NP1 NGF, NR4M . NRAAD. PAKZ. PCNA, PDGFB. PHL PPARG, PSAP. RAB11A RUNXZ SMAD SODZ. SRC. &
TCF7L2 TOP2A. WWOX
Cell Cycla  interphase of tumor cal ines 5 67E-08 g;(é BTRC, COKN2A, CSF2, CSF2, DCN, IGFZ. IGFBPY, IGHM, IL24, ITGB1. NGF. PML, PPARG. PSAF, 50D2 17
Cell Cycle  interphase of normal cells 6.32E-06 CDKNZ2A CSFZ CTLA4 DCN. IGFBFY. IGHM ITGB1. JUN. MYCN, FPARG RUNX2 S0D2 12
Cell Cycle  mnterphase of cell ines 6.35E-06 APC.BTRC, CDKNZA, CSF2, CSF3, DCN, IGF2. IGFBPT, IGHM, [L24, ITGB1. JUN, MYCN, NGF, PHL. PPARG, 0
¥ i PSAP, RUNX2 S0D2, SRC
Cell Cycle G phase of eukaryotic cells 7 63E-05 gg%ZBTRC‘ CDKN2A, CSF2. CSF2. CTLA4. DCN. IGF2. IGFBP7. IGHM. ITGE1. JUN. NGF. PPARG. RUNXZ2, 15
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Cell Cycle _entry into interphase of eukaryotic cells 1.27E-05 APGC. CDKNZA. GTLA4. ITGB1. MYCN. PPARG. PSAP, RUNXZ. SODZ. SRC 10
Cell Cycle  G1 phase of nomnal cells 141E-05 CDKN2A CSF2. CTLA4. DCN. IGFEP7. IGHM. JUN, PPARG 2
CellCycle  delayin G1 phase of eukaryotic cells 174E-05 CDKN2A IGFBP7, PPARG. RUNXZ, SOD2 9
CellCycle  re-entryinto cell division pracess of cell lines 2.24E-05 CDKNZA. CSFZ. FOXG1. MVCN. NGF. PPARG 6
Cell Cycle _entry into interphase of normal cells 2.24E-05 CDKMZA CTLA4. ITGB1 MYCN, PPARG. RUNXZ, 5002 7
Cell Cycle  mterphase of eukaryotic cells 2 BIE.04 APC. BTRC, CDKN2A, CSF2, CSF3, CTLA4, DCN, IGF2, IGFBPY. IGHM, IL24. ITGB1. JUN, MYCN, NGF, PML. >
PPARG. PSAP. RUNXZ SOD2, SRC
Cell Cycle  cell cycle progression of tumor cell lines 2.7BE-05 CDKNZA, CSF2 HBEGF, HPGD, IGHM, NF1, NGF, NR4A1, FCNA, PML, PPARG, VW/OX 12
APC. BTRC, CDKN2A, CSF2, CSF3, DCN, IGF2 IGFEFY, IGHM, IL24, ITGB1. NGF. PML, PFARG, PSAP, 80D2,
CellCycle  cell stage of tumor cell lines 3.53E-05 SRG. TOFZA 18
Cell Cycle  arrest in cell cycle progression of eukaryotic cells 3.00F-05 BTRC. COKN2A, CSF2 CTLA4, IGHM. ITGB1. NGF. NR4A1, NR4AS, PML. PPARG. SMAD3 12
ADCYAP1, APC. BTRC. CAMKZB. CD4. CDKN2A. CLTC, CSF2. CSF3, CTLA4. DCN, FOXG1, GRP. GYPA,
Cell Cycle  cell stage 4.09E-05 HBEGF. IGFZ IGFBPT. IGHM. IL24. ITGB1. JUN, MYCN. NGF, PAKZ, PML. PPARG, PSAP. RAB11A. RUNX2 33
SMAD3, S0D2. SRC. TOPZA
CellGycle  mterphase 4 EIE08 ADCYAP1, APC. BTRC. CAMK2B. CDKN2A, CSF2, CSF3. CTLA4. DCN, IGFZ, IGFBP7. IGHM. IL24, ITGB1, JUN, 23
MYCN. NGF. PML. PPARG, PSAP. RUNX2. 50D2. SRC
Cell Cycle _entry into § phase of eukaryotic cells 491E-06 APC. CDKN2A, CTLAY. ITGE1. MYCN, PPARG, PSAP, $0D2. SRC E]
CellGycle el division process of nomnal cells 5 10E-05 CDKN2A, C3F2. CSF3. CTLA4, DCN. HBEGF, IGF2, IGFBPY. IGHM, ITGB1, ITGB4, JUN, MYCN, NGF. NR4AZ. 18
PPARG. RUNX2 SWMAD3, SO0D2
CellCycle  cel stage of cell lnes 5 71E.05 APC.BTRC, CDKN2&, CSF2, CSF3, DCN, IGF2, IGFEF7, IGHM, IL24, ITGB1. JUN, MYCN, NGF, PML. PPARG, 2
PEAP. RUNX2. §0D2, SRC. TOF2A
Cell Cycle  G1 phase of tumor cell lines 6.07E-05 APC. BTRC, COKN2A, GSF2, DCN. IGF2. IGFBP7. IGHM. ITGB 1. NGF, SOD2 11
Cell Cycle  cell cycle progression of normal cells 6.75E-05 CDKN2A, CSF2, CSF3, CTLA4, IGF2, ICHM, ITGR1, ITGR4, NR4AZ, PPARG, SMAD3 11
Cell Cycle  armestin cell cycle progressicn of cell lines 6.80E-05 BTRC. CDKM2A CSFZ. IGHM. NGF. NR4A1. NR4A3. PML. PPARG. SMAD3 10
- BTRC. COKNZA, CSF2. CSF3. CTLA4 DCN. IGF2 IGFBPT. IGHM. IL24. ITGB1, JUM. NGF. NR4A1, NR4AZ,
CellCycle  armestin cell division process of eukaryotie cells 8 93E-05 FML. PPARG, SHMADI. SRC 19
CellCyele  amestin cell civision process of cell ines S 13E05 g{ﬂi%scg;gﬂ C5F2. CSF3. DCN, IGF2, IGHM. IL24. ITGB1. JUN, NGF. NR4A 1. NR4A3, PML, PPARG, 7
Cell Cycle  G1phase of cell lines 1.00E-04 APC. BTRC. CDKN2A, CSF2, CSF3. DCN. IGF2, IGFEP7. IGHM, ITGB1. NGF. RUNX2 SCD2 13
Cell Gyele  cell division pracess of lymphoma cell lines 117E-04 GSFZ, IGFBP7, IGHM. SODZ. WWOX 5
Cell Gycle  cell cycle progression of biood cells 126E-04 GDKNZA CSFZ CSF2 CTLA4, IGHM. ITGB1, SMADZ 7
CellGycle  armestin cell diision process 135604 APC.BTRC, CDKN2&, CSF2, CSF3, CTLA4, DCH, IGF2, IGFBRY, IGHNM, IL24. ITGB1. JUN, NGF, NR4AT, 2
NR4A3 PML._PPARG SMAD3 _SRC. TCF7L2
Cell Cycle  entry into $ phase of normal cells 1.54E-04 CDKNZA, CTLA4, ITGB1, MYCN. PPARG. SOD2 ]
Cell Cycle delay in cell division process of eukaryatic cells 183E-04 CDKNZA, IGFBP7. PCHA, PPARG, RUNX2, SQ02, TOPZA 7
Cell Cycle entryinta S phase of tumer cell lines 4 APC. CDKNZA. PPARG, PSAP. SRC 5
Cell Cycle  entry into cell division process of tumor cell lines 4 APC. CDKN2A, HPGD. PPARG, PSAP. SRC ]
Cell Cycle  delayn G1 phase of cell lines 4 CDKNZA. IGFBP7. RUNX2, SO02 4
CellCyele  delayin G1 phase of lymphorma call lines E-04 IGFEF7.50D2 2
Cell Cycle  arrestin cell oyele progression 27T1E-04 APC. BTRC, CDKN2A, CSF2, CTLA4, IGHM, ITGB1, NGF, NR4A1, NR4A3. PML, PPARG, SMAD3, TCF7L2 14
Cell Cycle  delay in cell stage of eukaryotic cells 3.36E-04 CDKN2A IGFBP7. PPARG. RUNXZ. 3002, TOP2ZA [
Cell Gycle  delayin cell division process of cell lines 401E-04 GDKM2A IGFBF7. PCNA RUNXZ SOD2 TOF2A [
Cell Gycle S phase of tumar cell lines 405E-04 APC. CDKN2A ITGB1. PML. PPARG, PSAP. SRC 7
Cell Cycle  arrestin G1 phase of nomal cells 5.44F-04 CDKM2A CSF2 DCN. IGFBPT. IGHM 5
Cell Cycle _armestin cell divisicn process of blood cells 5.44F-04 CDKM2A CTLA4 DCN. IGHM. ITGB1 5
Page 2 of 3
y APC. BTRC. CDKN2A, CSF2, CSF3, CTLA4, DCN, IGF2, IGFBP7, IGHM, IL24 ITGB1. JUN, MYCN, NGF, PML
Cell Cyele  cell stage of eukaryolic cells 6.66E-04 PPARG. PSAP. RUNX2, S0D2, SRC. TOP2A s
Cell Cycle  armestin cell ¢ycle progression of neuranal hybrid cells 6.95E-04 NR4AT NR4A3Z 2z
Cell Cyele  entry into 5 phase of eolon cancer cell lines 5.96E-04 APC. CDKN2A 2
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Online Resource 8. Ingenuity pathway analysis regarding Cell Death

Caleqory  Functions Annotation p-Value  Molscules

# Molecules

ACTB. ADCYAP1. APC, ASNS. ATXNI, BDMNF. BTRC. CBAR1. CASP3. CD4, CDG5. CDRNZA, CSF2, CSF3. CTLA4. CYPIA4,
COIT4. EDNRB. ENOT, FTH1, GGPD. HBEGF. IFIG, IGF2, IGFBRY. IGHM, IL24. ITGAM, ITGE1. ITGE4. JUN, KIR30L1.
MAPKA1, MYCN, NAMPT, NCAM 1, NF1, NGF, NLRP1. NR4A1, P4HB, PAKZ, PCNA, PDGFE. FDIAZ PML. PPARG, PRKAAZ
PRKCG. PSAP, SLCTAIM, 8002, BRC, BTEGAL1. TOPZA TRADD. TRIB3. VTP, WINOX

Cell Death  cell death of cell lines 1.19E-09

APC, BSNS. ATXN3. BDNF, BTRC, CEAR1, CASP3, CD4, CDA5, COKN2A, GSF2, CYP3A4 DDIT4. FTH1, GERD, HREGF
IFIG. IGF2, IGFBPT, IGHM. IL24, ITGAM. ITGB1, ITGB4, JUN, KIR3DL1. MAPK11, MYCH. NAMPT. NCAM1, NF1, NGF,
NLRP1. NR4A1. P4HE, PAK2, PCNA, PML, PPARG. PRKAA2, PSAP, SLC7A11, 5002, SRC, STEGAL1, TOP2A. TRADD,
VCP, WWOX

Cell Death  cell death of tumor cell lines 234E08

49

APC, ASNS. BONF BTRC, CHAR1T, CASP2 CD4, CD55, CDKNZA CSF2 DDIT4, GEPD. HBEGF, IFIE, IGFZ. IGFBPT. IGHWM,
Cell Death  apoptosis of tumor cell ines 854E-08  IL24, ITGAM ITGE1, ITGB4, JUN, KIR3DL1, MAPK11, MYCN, NCAM 1, NGF, NLRP1, NR4A1. P4HB, PAK2 PCNA, PML,
PPARG, PRKAAZ PSAP. SOD2 SRC STEGALT TOP2A. TRADD VGP WWOX

ADCYAF1 APC. ASNS BONF, BTRC, CSAR1, CASFP2, CD4, CD55, CDKNZA, GSF2, CSF3, CTLA4, DDIT4. EDNRB, FTH1,
GBFD, HBEGF, IFI6 IGF2, IGFBP7, IGHM. IL24, ITGAM, ITGB1, ITGB4, JUM, KIR3DL1, MAPK11, MYCN, NCAM1, NGF.
NLRP1. NR4A1, P4HB, PAKZ, PCNA, PML, PPARG. PRKAAZ, PRKCG. PSAP. 002, SRC. STEGAL1. TOP2A, TRADD.
TRIB3, WCP VWVOX

Gell Death  apoptosis of cell lines 1.23E-08

ADCY10. ADCYAP1, ALDOA, APC. ASNS, BDNF, BTRC. GEAR1, CASP3. CD4, CD56, CDKNZA. CR2, CSF2. GSF3, CTLA4,
DCN, DDIT4 EDNRB, ENQ1. FTH1, GBPD, HBEGF, IFI6 IGF2. IGFBPT, ICHM. IL24, ITGAM. ITGB1, ITGB4. JUN, KIR3DL1,
MAPK11, MYCN, NAMPT, NCAM1. NF1. NGF, NLRP1, NR1D1. NR4A1, NR4A3Z, P4HB, PAKZ, PCNA, PDIAZ, PML. PPARG
PRKAAZ PRKCG, PSAP, RUNX2, SMAD3, SOD2 SRC, STEGAL1. TOP2A. TRADD, TRIB3. VCF, WYOX

Cell Death  apoptosis of eukaryotic cells 3.37E-08

ACE. ADCYAP1, BDNF. CAMKZB. CASP3. CD4 CD55 D86 GDGAZBPA, COKN2A, CRLF1, GSFZ, C5F3, CXCR7. GYF3A4,

Gell Death  survival of eukaryotic cells 403E-08  HBEGF HTN3. IGFZ. IL24. ITGB1. JUN. MMP13. MYCN, NF1, NGF, NR4A1. NR4AZ. PCNA. PDIAZ PML. PPARG, PRKAAZ,
PRKCG. SLC22A1. SMAD3. SOD2. SRC

3

ACTB, ADCY 10. ADCYAP1, ALDOA, APC, ASNS. ATXN3. BONF. BTRC, CHAR1, CASP3, CD4, CD55, COKN2A, CR2, C5F2,
CSF3, CTLA4 CYF3A4, DCN, DDIT4, EDNRB. ENO1. FLNA. FTH1. GBPD. GFAP. HBEGF. IFI6, IGF2, IGFBP7, IGHM. ILZ4

Cell Death  cell death of eukaryotic cells 485E-08  ITGAM. ITGB1. ITGE4. JUN, KIR3DL1, MAPK11. MYCN, NAMPT, NCAM1, NF1, NGF NLRP1. NR1D1, NR4A1. NR4A3
P4HB, PAK2, PCNA, PDGFE. PDIAZ PWL, PPARG, PRKAAZ PRKCG, PSAP, RUNXZ, BLCVA1T, 8MAD3, SOD2, SRC,
STEGALT TAF4 TOP2A, TRADD. TRIB3, VCP. WWOX

il
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ACE. ADCYAP1, BDNF. CAMK2B, CASP3. CD4. CD53. CD88. CLTAZBPA, CDKN2A, GRLF 1. C5FZ, C5F3, CXCRT. CYP3A4L,

Cell Death  survival of cells G80E-02  HBEGF HTN3 IGFZ IL24,ITGB1, JUM, MMP 12, MYCN, KF1, NGF, NR4A1 NR4AS, QGT. PCNA PDIA3 PML PPARG,
PRKAAZ PRKCG. SLC22A1. SMAD3, SODZ SRC, TOPZA

ADCYAP1 CASPZ, CD4, GDKM2A CR2, CSF2 GSF3, CTLA4. DCN, EDNRB. FTH1. IGHM, ITGAM. ITGEA1, JUN, NAMPT

CellDealn  cell death of blocd cells VBSEOT yGE WRMA1, NR4AZ. PDIAS, UL, PPARG, SMAD3. SODZ, TORZA

ACE. ACTB, ACTN4, ADCY 10, ADCYAP1, ALDOA, APC ASNS, ATXN3. EDNF. BTRC, CHAR1, CASP3 CD4. CD5%
CDKN2A, CPB2. CR2 CSF2, CSF3, CTLA4, CYF3A4. DCN, DOIT4. DHRS2, ECEN. EDNRB. ENO1. FLNA. FTH1, G&PD,
GFAP. HBEGF, IFI8. IGF2. IGFEP7. IGHM. IL24, ITGAM. ITGE1, ITGB4, JUN, KIR3DL1 LAMB2, MAPK11, MYCN, NAMPT,
NCAM1, NF1, NGF, NLRP1, NR1D1, NR4A1, NR4AZ, OAS1, P4HB, PAK2, PCNA, FDGFB. PDIA2 PKM2, PML, PPARG,
PRK&AZ, PRKCG, PROP1, PSAFP RUNXZ SLCTA11, SMAD3 50D2. SRC, ST6GAL1, TAF4, TOP2A, TRADD, TRIB3. VCP,
WIWOX

Cell Death  cell death 2 43E-07

79

ADGYAP1. CASP3, CDd4, CDKNZA. CR2, CSF2, GSF3, CTLA4, DCN, IGHM. ITGAM. ITGB1. JUN, NAMPT, NGF, NR4A1,

CellDeath —apoptosis of blood cells Z7IE0T  \R4A3 PDIA3. PHIL PPARG, SMAD3, SODE. TOP2A

ACE, ACTNZ, ADCY1D. ADCYART ALDOA. APC ASNS, BONF. BTRC. CEART CASP3, CD4, CDSS, CDKNz4A, CR2, CSF2
CSF3, CTLA4, DCN, DDIT4. DHRS2, ECE1, EDNRB, ENO1, FTH1, G6PD. HBEGF, IFI6, IGF2, IGFBP7, IGHM, IL24. ITGAM,

Cell Death  apoptosis 274E-07  ITGB1,ITGB4, JUN. KIR3DL1, LAMBZ MAPK11, MYCN. NAMPT. NCAM1. NF1, NGF, NLRP1, NR1D1, NR4A1, MR483,
QAS1. P4HB PAKZ PCNA. PCIAZ PKM2 PML PPARG, PRKAAZ, PRKCG, PROP1, PSAP RUNXZ, SMAD3, SOD2. SRC
STEGAL1, TOP2A, TRADD, TRIB3, VCP, WIWOX

70

ADCYAF1 CASP32, CD4. CDKM2A CR2, C5F2, CSF3, CTLAA, DN, IGHM. ITGAM. ITGB 1 JUN, NAMPT, NGF, NR4AT,

Cell Death  apoptosis of leukocytes BOEDT o s PPARG, SMADS SO, ToPaA

CHAR1. CASP3, CD4, CD55, COKN2A, GSF2, FTH1, ITGAM. ITGB1. JUN. KIR3DL1, NGF, PAKZ, PML. SODZ TOPZA,

Cell Death  cell death of leukemia cell lines £.06E-07 TRADD

ADGYAP1. CASP3, CD4, CDKNZA. CR2, CSF2 GSF3, GTLA4, DCN, FTH1. IGHM. ITGAM. ITGE1. JUN, NAMPT, NGF,

Cell Death  cell death of leukocytes BO6E-OT  \R4a1 NR4AZ. PDIA3 PPARG SMADS, SOC2. TOP2A

Coll Death  survival of cel lines 8 02607 ACE, BONF CAMKZE. CASP3 CDS5. CDCAZBPA, CDKNZA, CSF2, CSF3, CXCRT. CYP3A4 HBEGF. IGF2. ITGE1. JUN
MYCN, NGF, NR4A1, NR4A3, PCNA, PML. PRKAAZ, PRKCG, SLC2ZA1 SOD2, SRC

B8

Cell Death _apoptosis of leukemia cell Ines 259E-06  CSAR1. CASP3. CD4. CDSS. COKM2A, CSF2. ITGAM. ITGB1. JUN. KIR3DL1, NGF. PAKZ PML. SODZ TRADD

>

Cell Dealh  cell death of lymphocytes 5 38E-06 gai\éép;o(;;iﬁ CDd4, CDKNZA, CR2, CSF2, CSF3, CTLA4, FTH1, IGHM, ITGB1, JUN, NGF, NR4A1, NR4A3, PDIA3,

ADCY10. ACCYAP 1, ALDOA, APC. ATXN3 BDNF. CASP3, CD4, CDKMN2A, CRZ, CSF2, CSF3, CTLA4 DCN, EDNRB, FLNA,
Cell Death  cell death of normal cells S76E-06  FTH1, GFAP. IGF2 IGHM. IL24, ITGAM, ITGB1, JUN, MAPK11, MYCN, NAMPT, NF1 NGF. NLRP1, NR1D1 NR4A1 NR4A3
P4HB. PDIAZ, PML. PPARG, RUNXZ. SMAD3. SCGDZ. SRC. TAF4. TOP2A. TRADD

ADCYAP1 BDNF, CASP3. CD4, CD&. CRLF1, CSF2 CSF3 HTN3. IGFZ ITGB1. JUN MMP13, MYCN, NF 1, NGF, PCNA,

Cell Death  survival of normal cells 7 B8E-06 PDIA3. PPARG, PRKGG. SMAD2, SRC

ADCY10. ADCYAF1, ALDOA, APC. BONF, CASP3, CD4, COKM2A, CR2, CSF2, GSF3. CTLA4. DTN, IGF2, IGHM, IL24,
Cell Death  apoptosis of nomal cells 833606 ITGAM, [TGBT, JUN, MAPK11. MYCN, NAMPT. NF1. NGF, NLRP1, NR1D1. NR4A1, NR4AZ, PAHE. PDIAZ, PML, PPARG,
RUNX2 SMAD3, 5CD2 SRC, TOPZA TRADC

Cell Death is of endothelial cells 936E-06 ADCY10 BONF. CASP3 CSF3 ITGB1 MAPK11 NR4A3 PPARG RUNX2. SRC

apoptosis of pheochromocytoma cell

Cell Death Ines 1.56E-05  CASP3, DDIT4, GGPD, JUN, MAPK11, NGF. PSAP. SOD2

Cell Death  apoptosis of mononuclear leukocytes 1.79E-05  ADCYAP1. CASP3, CD4, CDKN2A, CR2, CSF2, CTLA4. IGHM. ITGB1, JUN, NGF, NR4A1, NR4AS, PDIA3, SMADZ. TOP2A

Cell Death  cell death of cancer cells 210E-05  BONF, CASP2 CSF2, CTLA4, ENOT, IGHM, IL24, ITGB4, JUN. MYCN, NGF, NR4A1

Cell Death _survival of neuroglia 224F-05 BDNF IGF2 ITGB1 NF1 NGF PPARG

call death of phecchromocytoma cell 5 3o pe  ATXING, GASP3, DDIT4. GEFD, JUN. MAPK11, NGF. PSAP, S002

Cell Death
Iines

Gell Death _ cell death of tumer cells 409E-05 BDNF, CASP3 CDKN2A CSF2 CTLA4 ENO1. HBEGF. IGHM. IL24 [TGB4. JUN. MYCN, NGF. NR4A1
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Cell Death _ apoptosis of lymphocytes 4.87E-05  ADCYAP1. CASP3. CD4. COKNWZA. CR2, CTLA4. IGHM. ITGB 1 JUN. NGF. NR4A1. NR4A3. PDIA3. SMAD3. TOP2A 15
A ACE, BDONF CAMK28, CASP3, CDS5. CDCA2BPA. CDKN2A, CEF2Z, CXCR7 HBEGF, IGF2, ITGB1, MYCH. NGF, PCNA,
Cell Death  survival of umer cell lines 5.93E-05 PML PRKAAZ 5002, SRC 18
Cell Death _cell death of macrcphages 6.11 CASP3. CDKNZA CSFZ DCN. NGF. NR4A1. PPARG, S002 8
Cell Death _cell death of lymphatic system cells £.50) CASP3, CD4. COKN2A, CSF2, CSFJ. DOM. ITGAM. NAMPT. NGF. PML 0
Cell Death  cell death of phagocyles T.12E CASP3. CDKN2A. CSFZ CSF3. DCH. NAMPT. NGF. NR4A1. NR4AS. PPARG. SOD2 1
Cell Death  survival of heurons 7.50E-05  ADCYAP1. BDNF CRLF1 GSF3. IGF2 JUN. MYCN, NF1, NGF PDIA3 PRKCG "
Cell Death  cell death of lymphoma cell lines 7.90E-05  CASP3, CD4.CDAS, CSF2, FTH1. IGFBP7, IGHM, PML. PPARG, SOD2. WWAWOX 11
Cell Death  cell death of antigen presenting cells 8.50E-05  CASP3, CDKN2A, CSF2, DCN, NGF. NR4A 1, NR4A3, PPARG. 8002 ]
Cell Death _apoptosis of macrophages 1.16E-04 CASPZ CDKNzA CEF2 DCN. NGF. PPARG. SOD2 7
Cell Death  survival of central nervous system cells  1.26E-04  ADCYAP1. BDNF, IGF2, JUN. NF1. NGF, PRKCG 7
Cell Death _ cell death of connective issue cells 1.31E-04  CASP3, CDKN2A. DCN. FLNA, IGF2. IL24, ITGB1, JUN, MAPK11. NGF. NR4AT, PML, PPARG, RUNXZ. TRADD 15
Cell Death  delay in cell death of nomal cells 136E-04  BONF, CASPI CSFZ CSF3, NGF [
Cell Death  survival of heutrophils 1.40E-04 CSF2 CSF3 NGF PCNA 4
Cell Death _apoptosis of phagocyies 1.41E-04  CASP3, CDKN2A. CSFZ CSF3, DCN, NAMPT, NGF, NR4A3. PPARG, S0D2 10
Cell Death _apoptosis of cancer cells 1.49E-04  CASP3, CSF2, CTLA4, ENO1, IGHM. 1124, ITGB4, JUN, NGF, NR4A1 10
Cell Death  cell death of B lymphocytes 1.51E-04  CDKM2A, CR2, CEF2, CSF3. IGHM. NR4A1. NR4AZ. SMAD3 8
Cell Death  apoptosis of antigen presenting cells 1.74E-04  CASP3. CDKNZA. CSF2. DCN. NGF. NR4AZ, PPARG. SO02 [
Cell Death _survival of connective tissue cells 177E04  CASPI HTN3 IGFZ JUM, MMP13 NGF PPARG 7
Cell Death _ apoptosis of lymphatic system cells 1.79E-D4  CASP3, CDKNZA, CSF2, CSF3, DCN, ITGAM. NAMPT, NGF, PML 2]
Cell Death _ apoptosis of tumer eells 1.82E-04  CASP3, CDKNZA, CSF2. CTLA4, ENO1. HBEGF, IGHM. 1124, ITGB4, JUN, NGF, NR4A1 12
Cell Death apoptosis of bone mamow cells 1.99E-04 CASP3 CDKN2A CSF2 CSF3. DCM. ITGAM, NAMPT. PML g
Cell Death  cytotoxicity of neutrophils 2.34E-04  CSF2 ITGAM 2
Cell Death  cell death of nevrons 2 90E-04 /;EE;ASPSDIET.)F:::‘BDNF. CASF3, CD4. CDKNZA. C5F3, GFAP, IGFZ. JUN, MAPKT1. MYCN, NF1. NGF. MLRP1, NR1D1 19
Cell Death _ survival of hippocampal neurons 2.63E-04  ADCYAP1, BDNF, IGF2. JUN 4
Cell Death  survival of cerebral cortex cells 3.07E-04 ADCYAP1. BONF. IGF2, JUN. PRKCG 9
Cell Death _ delay in apoptosis of nomal cells 3 18E-04  CASP3, CSF2 CSF3 _NGF 4
Cell Death _ activation of caspase 3.36E-04 CDKM2A NLRP1 PML PPARG. SMAD3. VCP B
Cell Death  apoptosis of pancreatic cancer cellines  3.36E-04  ASNS. BTRC. C5AR1, CDKN2A, GEPD, IL24 6
Cell Death  cell death of breast cancer cell lines 3.74E-D4  CTASP3, DDIT4, IL24. ITGB1. ITGE4. JUN, NGF, NLRP1. PML. PPARG. 002, TRADD. VCP 13
Cell Death  activation-nduced cell deathof cell lines 4.51E-04  CTLA4. ITGB1, KIR3DL1. NR4A1 4
Cell Death _activation-nduced cell death 4.75E-04  ADCYAP1. CASP3, CTLA4, ITGB1. KIR3DLY, NR4A1 [
Cell Death _ survival of embryonic cell lines 5.31E-04 HBEGF NR4A1 NR4AD SLC2241 4
Cell Death _apoptosis of neurchlastoma cell lines £.67E-04  BDNF. CASP3 ITGB1. MYCN. NCAM1. NGF. PPARG 7
Cell Death _apoptosis of lymphomia cell ines 5.60E-04 CASP3, CD4,CD55 CEF2, IGFBP? IGHM, PML PRARG WAWOX 9
Cell Death  cell death of leukocyte cell lines 6.04E-04 ADGCYAP1. CASP3, CSF2, CSF3, CTLA4 IGHM, ITGBI1. JUN, NGF, NR4A1, STEGALI ail
Cell Death  cell death of splenocytes 6.20E-04  CASP3, CD4, NGF, PML 4
© 20002011 Ingenuity Systems, Inc. All rights reserved
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Online Resource 9. Ingenuity pathway analysis regarding Hematopoiesis
Calegory Functions Annotation p-Value  Molecules # Molecules
Hematological Svstem ADCYAP1, APC. CRART, CASP3, CD4, CDS2. CD6, CD38, CDKNRA, CHD7, CPB2, CRZ, CSF2, CSF3. CTLAG, FTH1.
Devel 4 1 )d‘F et hematological process. 4.01E-06  GEPD, HAMP, IGF2, IGHM ITGB1, JUN. MYCN, NGF, NOTCH4, NR4A1, NR4A3 PDGFB, PDIA3, PML PPARG 38
Svecpment and Function RUNX2. SMAD3. S0D2. TOP2A

Hematologicel System ADCYAP1, APC. C3ART, CASP2. CD4. COS2. CDE, CD88, CDKN2A, CHDT. CR2. CSF2, CSF3. CTLA4, FTHT. GBPD

hematopoiesis 5.36E-06  HAMP IGF2, IGHM, ITGB1, JUN. MYCN. NGF. NOTCH4, NR4A1, NR4A3, PDIA3, PML. RUNX2, SMAD3. SOD2, R
Development and Function TOP2A
Hematalogical System expansion of lymphocytes  1.27E-05  C5ART, CD4, CDSS, G086, COKNZA. CR2. CSF2 CTLA4. ICHM, PPARG 10
Devalopment and Function
Hematological System g ADCYAP1. APC. CSAR1. CD4. CD52, CD86. CDKNZA. CHD7. CR2, CSF2. CSF3. CTLA4. IGFZ. IGHM. ITGAM. ITGB1.
Development and Funcion __ Cmerentiation cfleukosytes 14805y ) wych NGF. PML PPARG. RUNX2, SMAD? 2
Hematological System davelopment of blood cells 1 82E-05 ADCYAP1. AFC, C5AR1, CASP3. CD4. CDE2. CD6. CD86, CDKN2ZA, CHDT7. CR2. CSF2. CSF2. CTLA4, FTHY. GEPD. P
Development and Funclion > 1GF2, IGHM. [TGB1. JUN. NOTCHY4. NR4AT, NR4AS, PDIAS. RUNXZ SMAD3, SOD2. TOP2A
Hematological System differentiation of 2 B4E05 ADCYAP1, APC, CEART, CD4, CDE2, CD86, CDKN2A, CHD7, CR2, CSF2, CSF3, CTLA4 IGF2Z, IGHM, ITGB1, JUN, 20
Development and Function menehuclear leukocytes - MYCN. NGF. FPARG. SMAD3
Hematological System T eell hemeostasis a34E0s  ADCYAPL APC. CBAR1, CASP3. GD4. COS2. CDB, CDBE, CDKN2A. CHDT. CORO1A. CSF2, CTLA4, FTHT, IGF2. 24
Development and Funchion - IGHM. ITGB1, JUN. NRIAT, NR4A3, PDIA3, RUNXZ. SMAD3, TOP2A
Hematological System ity of leukoeytes 3 H0E05 C5AR1. CD4. CDB86. CDKN2A, CR2. CSF2. CSF3. CTLA4. HEEGF. IGF2. IGHM, ITGAM. MMP13. NF1. NGF. 23
Development and Function 4 NOTCH4. NR4AL. PML. PPARG. PSAP. RUNX2. SIGLECT. SMAD3
Hematological System wanity of blood cels 512605 CHAR1. CD4, CDBE, CDKN2A, CR2, C8F2, CSF3. CTLA4. HBEGF, IGF2. IGHM, ITGAM, MMP13. NF1. NGF. 2
Development and Function 9 - NOTCH4. NR4A1. PDGFB. PiL. PPARG, PSAP, RUNX2 SIGLECT, SMAD3
Hematological System guantity of menonuclear 5.42E.05 CHAR1, CD4, CDBB, CDKNZA, CR2, C8F2, CSF3. CTLAY, IGF2, IGHM. ITGAM, NGF. NOTCH4, NR4A1, PML. PSAP, 19
Devalopment and Funchion leukocytes il RUNX2, SIGLEC1, SMAD3
Hematological System development of letkoeytes  6.19E-05 ADCYAP1. APC. CSAR1. CASP3. CD4. CD5Z. CDE. CD&5. CDKNZA. CHDT7. CR2. CSF2. CSF3. CTLA4. FTHI. IGFZ. 25
Development and Funclion P IGHM. ITGB1, JUN. NR4AT, NR4A3, PDIA3, RUNX2. SMAD3, TOP2A
Hematological System rolferation of leukocytes  6.68E-05 ADCYAP1, BTNLZ. CASFP3, CD4, CD6, CD86, COKNZA, CORO1A, CR2. CSF2. CSF3. CTLA4, DCN. IGHM, 1L24, 24
Development and Function P . ITGAM. ITGB1, MYCM. NF1. NGF. PRARG SIGLEC!. STEGAL1 TSC2203
Hematological System T cell develooment 2.80E-05 ADCYAP1, AFC, CBAR1, CASP3. CD4, CD52, CDE, CD86, CDKN2A, CHD7. CSF2. CTLAA FTH1. IGF2, IGHM, ITGB1, »
Development and Funchion o . JUN. NR4AT. NR4AZ, PDIAZ. RUNXZ SMAD3. TOPZA
Hematological System deveiopment of lymphocyles 3.94E-05 ADCYAP1. APC. C5AR1, CASP3Z. CD4. CDEZ. CDB. CD86, CDKN2ZA, CHDT. CR2. CSF2, CTLA4, FTHI. IGF2. IGHM. 24

Development and Funetion

ITGEA, JUN. NR4A1, NR4AS. PDIAS. RUNX2, SMAD3. TOP2A
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Hematological System

Development and Funcuen 54Vl of ncurophs 140E-04 CSF2. CSF3 NGF. PCNA 4

Hematological System

Dueclonmment an Funchon P8 of Tymphacytes 141604 CSAR1, CD4, CDS3, CDI6. CSF2. CT LAG IGHM. PPARG 8

Hematological System adnesion of leukocyte el 4 goe 04 eopo mSFR ITGAN, TGB1 SRC 5

Development and Function lines

Hematolcgical System maturation of neutrophils  1.89E-04  OSF2, CSF3, PML 3

Development and Funclion

Hematological System differentiation of ADCYAP1, APC. CGARI. CD4, CD52, GDBE, COKNZA GHD7. CR2, CSF2, CTLA®, IGF2, [GHM, ITGB1, MYCN, NGF -
2 51E-04 17

Development and Funchien lymphocytes SMAD3

Hematological System vanty of yrohocyes 297604 COPRI. CD4. CUBG CORNZA ORE. CSF2. G573 GTLA4. IGFZ. [GHM ITGAW HGF- ROTCHA. NREAT. FSAP. 1

Development and Funcion 0 e 3 RUNXZ. SIGLECA

Hematological System

Development and Funclion stimulation of granulocytes  3.80E-04  CBAR1, CSFZ CSF3, 1GF2 4

Hematological System

Davelopment ang Function _ SIMUAIO o neutaphis 385604 COART. USFZ CSF 3

Hematological System T cell respanse 405E-04 CSAR1, CASP3, CD4, CD86, CSF2, CTLA4, PPARG 7

Development and Function

Hematological System Cell movement of \57E.07 COART COA.CDG5, CDBG GFTR COROTA, G52, CSFa, ENRE, ELN, ITGAN, ITGBT NGF, PUGFE, PPARG 5

Development and Function phagocyles ' SMAD3

Hematological System feration of ngh e24e.01  ACTATT, BTNLZ CASPS, CA, CDG, CDB6, CORNZA, COROTA, CRZ GSF2 CTLAA, IGHW. 124, [TGA. [TGB1, "

Development and Funcion proliferstion of lymphocyes 3. MYCN.NGF. PPARG. SIGLECT STAGAL1. TSC22D3
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4.2 The novel compound 0SI-461 induces apoptosis and growth arrest in
human acute myeloid leukemia cells.

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Publications of the dissertation

Ann Hematol
DOI 10.1007/500277-011-12824

ORIGINAL ARTICLE

The novel compound OSI-461 induces apoptosis and growth
arrest in human acute myeloid leukemia cells

Raminder Singh - Julia Frébel - Ron-Patrick Cadeddu - Ingmar Bruns -
Thomas Schroeder - Daniela Briinnert - Christian Matthias Wilk -

Luiz Fernando Zerbini - Rainer Haas - Akos Czibere

Received: 16 March 2011 / Accepted: 15 May 2011
© Springer-Verlag 2011

Abstract Acute miyeloid leukemia (AML) is a heteroge-
neous hematological malignancy. Treatment of patients
suffering from high-risk AML as defined by clinical
parameters, cytogenetics, and/or molecular analyses is often
unsuccesstul. OSI[-461 is a pro-apoptotic compound that
has been proposed as a novel therapeutic option for patients
suffering from solid tumors like prostate or colorectal
carcinoma. But little is known about its anti-proliferative
potential in AML. Hence, we treated bone marrow derived
CD34" selected blast cells from 20 AML patients and the
five AML cell lines KG-1a, THP-1, HL-60, U-937, and
MV4-11 with the physiologically achievable concentration
of 1 uM OSI-461 or equal amounts of DMSO as a control.
Following incubation with OSI-461, we found a consistent
induction of apoptosis and an accumulation of cells in the
G2/M phase of the cell cycle. In addition, we demonstrate
that the OSI1-461 mediated anti-proliferative effects ob-
served in AML are associated with the induction of the pro-
apoptotic cytokine mda-7/IL-24 and activation of the
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growth arrest and DNA-damage inducible genes (GADD)
450 and 45y. Furthermore, OSI-461 treated leukemia cells
did not regain their proliferative potential for up to 8 days after
cessation of treatment following the initial 48 h treatment
petiod with 1 uM OSI-461. This indicates sufficient targeting
of the leukemia-initiating cells in our in vitto experiments
through OSI461. The AML samples tested in this study
included samples from patients who were resistant to
conventional chemotherapy and/or had FIT3-ITD mutations
demonstrating the high potential of OSI461 in human AML.

Keywords AML - OSI-461 - GADDA45 - Growth arrest -
Apoptosis

Introduction

Acute myeloid leukemia is a heterogencous malignancy
originating from the hematopoietic stem and progenitor cell
compartment that is characterized by the expansion of an
immature blast cell population [1]. Treatment strategies are
nowadays based on patients’ clinical parameters and
cytogenetic as well as molecular analyses. Through
extensive research over the past decade, several novel risk
factors and treatment strategies could be identified and
developed [2]. Unsolved problems include the induction of
long-term remissions in patients suffering from high-risk
AML as defined by the clinical course of their disease,
complex aberrant karyotypes, and/or mutations like FLT3-
ITD. Still, approximately 50% of these patients die from
their leukemia [2]. A feasible way to improve treatment
outcomes in those patients would include sufficient target-
ing of the leukemia initiating cells. The novel compound
OSI-461 has been widely studied in solid tumors, but little
is known about its potential in hematological malighancies
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such as AML. We could previously demonstrate that the
OSI-461 related compounds sulindac sulfide and sulindac
sulfone induce apoptosis and growth amest in a broad
variety of cancer cells through a strictly mda-7/11.-24
dependent pathway involving GADD43x and GADD45y
activation in vifro and in vivo [3, 4]. The anti-cancer
potential of the pro-apoptotic cytokine mda-7/IL-24 is
currently under investigation for various solid cancer
entities, and recent work also demonstrated an anti-
proliferative effect of mda-7/IL-24 in AML [5, 6]. Here,
we provide evidence that OSI-461 induces apoptosis and a
G2/M cell cycle arrest in AML cells, including samples
obtained from high-risk AML patients.

Materials and methods

Patient samples Patient and normal hone marrow samples
were obtained after written informed consent following an
approved protocol. Bone marrow CD34" cells were selected
by immunomagnetic cell separation (Miltenyi Biotec)
according to the manufacturer’s instructions. Primary
CD34" cells were cultured in serum-free HPGM (hemato-
poietic progenitor growth medium; Lonza) supplemented
with IL-3, IL-6 (both 10 ng/ml), and SCF (25 ng/ml; all from
Peprotech). CD34" cells were cultured at 37°C, 5% CO,
under humidified conditions. Patients’ characteristics are
detailed in Table 1.

Cell culture The AML cell lines KG-1a and HL-60 were
purchased from Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH, whereas THP-1, 17937, and
MV4-11 cells were obtained from the American Type
Culture Collection. All cell lines were purchased for the
purpose of this study and grown in RPMI 1640 (Sigma-
Aldrich) supplemented with 0.05 mM 2-mercaptoethanol,
2 mM r-glutamine, 100 U/mL penicillin, and 100 pg/mL
streptomycin (all Sigma-Aldrich). For HL-60 and U-937
cells media was completed with 20%, for KG-1a and THP-
1 cells with 10% fetal bovine serum. Cells were cultured at
37°C, 5% COy under humidified conditions.

Reagents OSI-461 was provided by OSI Pharmaceuticals
Inc. and was dissolved in DMSO (Sigma-Aldrich). Cells
were generally treated with 1 uM OSI-461. Respective
controls were treated with equal amounts of DMSO (less
than 0.1% final concentration).

Semisolid clonogenic assays Following 48 h of initial
treatment with 1 uM OSI[-461 or DMSO, cells were
seeded in semisolid ready-to-use methylcellulose growth
medium (MethoCult H4436, StemCell Technologies) at
concentrations of 1x10° cells/mL. After 2 weeks of
cultute at 37°C, 3% CO, under humidified conditions,
colonies were graded (CFU-GEMM, CFU-G/M/GM,
CFU-E, BFU-E) and counted. Each experiment was
performed in triplicates.

Table 1 Patients' characteristics

No. Diagnosis Sample status Karvotype Molecular diagnostics
AML 1 AML M1 Primary diagnosis N/A N/A
AML 2 AML M4/M5  Primary diagnosis 47, XY +8 N/A

AML 3 MDS RAEBII  Primary diagnosis 46, XY MLL-PTD
AML 4 sAML/MDS Refractory 45, XX, 1(3;3), —7/46, XX  None
AML 5 AML M1 Refractory 46, XY None
AML 6 sAML/MDS Refractory 46, XY None
AML 7 CML-BC Disease progression 46, XY, t(9;22) BCR-ABL
AML 8 AML M1 Primary diagnosis 46, XX, 1(6;9) FLT3-ITD
AML 9 sAML MDS Relapse 46, XY N/A
AML 10 AML M5 Relapse Complex None
AML 11 AML M5 Primary diagnosis 46, XX NPM1
AML 12 sAML/MDS Primary diagnosis 46, XY None
AML 13 MDS RAEBIT  Primary diagnosis 46, XX None
AML 14  AML M5b Primary diagnosis 46, XX nv(16) None
AML 15  AML M1 Primary diagnosis N/A N/A
AML 16  AML M2 Primary diagnosis N/A N/A
AML 17 sAML/MDS Refractory Complex None
AML 18  AML M4 Primary diagnosis 46, XX None
AML 15 AML M4 Relapse 46, XX FLT3-ITD
AML 20 AML M2 Relapse 46, XX FLI3-ITD
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Apoptosis and cell viability assays Measurement of apo-
ptosis following OSI-461 treatinent was performed utilizing
the Cell Death Detection ELISAplus kit (Roche). Absor-
bance was measured at 405 nm on a Victor Wallac
multilabel counter 1420 (Perkin Elmer). Viability was
assessed by counting in a hemocytometer following
frypan-blue staining.

Cell cvele analysis Distribution of cells in the cell cycle
was assayed with the FITC BrdU Flow Kit (BD
Biosciences) by BrdU and 7-amino-actinomycin D (7-
AAD) staining according to the manufacturer’s instruc-
tions. Briefly, prior analysis 3x10° cells were incubated
in 6 mL RPMI medium supplemented with 1 uM OSI-461
or 1 uM DMSO for 48 h. Following treatment, cells were
pulsed with BrdU every 6 h for 24 h prior staining and
flow-cytometric analysis on a FACS Calibur (Becton
Dickinson).

Real-time PCR Total RNA was isolated using QILAshredder
and RNeasy Mini Kit (both Qiagen) according to the
manufacturer’s instructions. The amount of extracted RNA
was quantified using the NanoDrop spectrophotometer
(NanoDrop Technologies). Real-time PCR was performed
using the LightCycler-FastStart DNA Master SYBR Green [
kit in a LightCycler 1.2 (hoth Roche Diagnostics). Relative
gene expression levels were calculated as the difference of CT
values of the gene of interest and the housekeeping gene
GAPDH as control (ACT). The delta-delta CT method
was used for calculation of expression differences of the
respective genes. Primer sequences wete as follows: mda-7/
IL-24 sense—CAAAGCCTGTGGACTTTAGCC; IL-24
antisense—GAATAGCAGAAACCGCCTGTG; human
GAPDH sense—TCCATGACAACTTTGGTATCG; human
GAPDH antisense—GTCGCTGTTGAAGTCAGAGGA;
GADD45x sense—TGCTGACGCGCAGGATGTT;
GADD45x antisense—GCTGCTCAACGTCGACCC;
GADD45y sense—CTGCATGAGTTGCTGCTGTC; and
GADD45y antisense—TTCGAAATGAGGATGCAGTG.

Statistical analysis Statistical significance was tested using
paired, two-tailed Student ¢ test to assess the significance
levels of OSI-461 treated samples compared to their
respective DMSO controls. P values lower than 0.05 wete
considered as significant.

Results

OSI-461 induces apoptosis and growth arrest in AML

Clinical trials have demonstrated that OSI-461 can
reach steady-state plasma concentrations of 2.5 uM in

humans [7]. A dose-response analysis of the FLT3-ITD
positive human AML cell line MV4-11 revealed that
0OSI-461 consistently induces apoptosis at concentra-
tions as low as 0.75 uM following 48 h of treatment
(Fig. la). In a time-response analysis with 1 uM OS[-461
in the human AML cell line KG-1a, we found that
induction of apoptosis starts as early as 36 h post-
treatment (Fig. 1b). Based on these data, we chose a
treatment period of 48 h with 1 uM of OSI-461 for our
further experiments. First, the AML cell lines HL-60,
THP-1, MV4-11, U-937, and KG-1a were treated with
1 uM OSI-461 for 48 h. Following incubation, changes
in apoptosis and cell cycle as a result of OSI-461
treatment were analyzed. We found that treatment with
1 uM OSI-461 led to a consistent induction of
apoptosis in all cell lines tested (Fig. 2a). This was
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Fig. 1 Dosge- and time-dependent response curves to OSI-461 in
AML. a FIT3-ITD positive MV4-11 cells were treated with increasing
08S1-461 concentrations ranging from 0.005 uM to 5 uM for 48 h. We
detected a steady increase in apoptotic activity starting at 0.75 uM as
measured by an increased extinction at 405 nm. b Time-response
analysis in KG-1a AML cells treated with 1 uM OSI-461 for a total of
120 h. Apoptosis was measured at the indicated time points and could
be detected as early as 36 h post-treatment start
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Fig. 2 OSI-461 induces apopto-
sis and growth arrest in AML
cell lines. a Various AML cell
lines were treated with 1 pM
081461 for 48 h prior to
measurement of apoptotic
activity. We detected a consistent
increase in apoptotic cells, as
indicated by the increased
extinction at 405 nm. Data show
means+SD of independent
triplicate experiments for each
treatment (*P<0.01). b Cell
cycle analysis was performed
by BrdU and 7-AAD staining
following 48 h of treatment with
1 uM OSI461. The upper panel
shows one representative exper-
iment in MV4-11 cells. The
lower table shows the percent-
age of cells in the respective
phases of the cell cycle, dem-
onstrating for both THP-1 and
MV4-11 cells a decrease of cells
in the proliferative S-phase,

and an increase of cells in the
G2/M-phase

OD 405 nm
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DMSC
DMSC
DMSC

Osl-461 1uM
OSl-461 1uM
OSl-461 1uM
Osl-461 1uM
Osl-461 1uM

KG1la HL-60 THP-1 U937 Mv4-11
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GO/G1 954 2783 % G0/G1 7.29 13.75
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accompanied by accumulation of the treated cells in the
GO/G1 and G2/M-phase of the cell cycle with a decreased
proportion of cells in the S-phase (Fig. 2b). Furthermore,
we tested if treatment with OSI1-461 also led to induction
of myeloid differentiation. We evaluated cell surface
expression of CD11b, CD14, CDI15, and CD114, and
performed clonogenie assays, but found no change in the
expression of the aforementioned myeloid differentiation

g Springer

markers as well as no mature colonies in our clonogenic
assays (data not shown).

O8I-461 induced apoptosis in primary AML blast cells
from patients with high-risk AML is durable

Next, we examined the pro-apoptotic capabilities of OSI-
461 in 20 bone marrow derived CD34" enriched AML
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patient samples. Following treatment with 1 pM OSI-461
for 48 h, apoptosis increased by an average of 2.2-fold as
compared to DMSO treated controls (Fig. 3a, P<0.01).
Overall, 17 of the 20 patients tested (85%) responded to
this in vitto treatment. These data point towards a potential
efficacy of OSI-461 as a pro-apoptotic agent in AML. So
we next asked if single agent treatment with OSI-461 is
sufficient to eradicate the leukemia initiating cells in vitro.
For this putpose, we freated bone marrow detived CD34"
enriched leukemia cells from patients AML 17 to AML 20
with 1 pM of OSI-461 for 48 h. Then, cells were
transterred into fully supplemented medium (IL-3, IL-6,
SCF) without DMSO or OSI-461, and cell numbers and
viability were continuously assessed every 48 h for up to
& days (192 h). We found that none of the OSI-461 treated
samples was able to regain its proliferative potential, while
the formerly DMSO ftreated cells continued to expand
rapidly. Figure 3b shows data from two patients. These data
indicate that 48 h of freatment with 1 M of OSI[-461 is
sufficient to inhibit proliferation of the leukemic cells even
after cessation of therapy for up to 8 days, indicating that
OSI-461 targets the leukemia initiating cells in vitro.

Fig. 3 Anti-proliferative effect
of OSI-461 is consistent in
human AML samples and
maintained after cessation of
therapy. a Bone marrow derived
CD34" enriched primary AML
samples from 20 patients were
treated with 1 uM OSI461 for
48 h. Experiments were carried
out in duplicates. Apoptosis was
induced by an average fold of
22 (P<0.05) with 85% of the
patients tested responding. b
Following treatment with 1 uM
081-461 for 48 h cells were

OD 405 nm

0SI-461 induces apoptosis in normal hematopoietic
CD34+ cells, which are able to recover and give rise
to differentiated progenitors after cessation of treatment

Although no hematopoietic toxicities were reported from
frials investigating OSI-461 for the treatment of patients
with solid cancers, we were interested in any potentially
toxic effect of OSI-461 on normal CD34™ hematopoietic
stem and progenitor cells (HSPCs) in vitro. Therefore, we
treated four normal bone marrow derived CD34 ™ cells with
1 uM OS8I-461 for 48 h analog to the primary AML cells
and also found an increased rate of apoptosis as a
consequence of the treatment with OSI-461 (Fig. 4a). In
contrast to primaty AML cells, normal CD34" cells did
recover from OSI-461 treatment when maintained in OSI-
461-free medium for another 96 h as shown by a steady
increase of viable cells (Fig. 4b). We further evaluated if
0OSI-461 treatment did affect the differentiation capacity of
normal CD34" HSPC in clonogenic assays. Therefore,
following 48 h of treatment with 1 pM OSI-461 or DMSO,
we transferred 1x10° HSPCs/mL into methylcellulose-
based medium supplemented with G-CSE, EPO, TPO, IL-

Womso O 0s481 1umM

trensferred in fresh, OS[-461 or 2222222222 2222222222
DMSO free, media and cultured rrr -~ -~ - - - O O Q- - -
for an additional 8 days. OSI- I e N T =R R S
461 treated AML cells did not
regain full proliferative potential b
as compared to the previously
DMSO treated cells. The parnel z 35 AML 17 z 12 AML 19
shows data for two representa- = 30 = N
tive patients e} —-DMSO = 10 DMSO
% 25 OSI-461 1pM < 0sl-461 1pM
2 59 2
8 8 6
© (0]
L 15 -
2 a4
= 10 E
k] B
g ° s 2
rd =z
0 0
Oh 48h  72h  96h 182h Oh 48h 72h 96h  192h

Time after cessation of treatment

Time after cessation of treatment

4} Springer

Molecular mechanisms of the anti-leukemic properties of Non-steroidal Anti Inflammatory Drugs



Publications of the dissertation

Ann Hematol

Fig. 4 OSI461 treatment does
not affect the hematopoietic po-
tential of normal CD34™ HSPC.
a CD34" hematopoietic stem
and progenitor cells (HSPC)
from normal donors were treated
with 1 uM OSI-461 for 48 h.
Apoptosis analysis shows, simi-
lar to the AMI patient samples,
an mcrease in apoptotic activity
in the OSI-461 treated samples. 0.5
b Normal CD34™ HSPC regain

their proliferative potential afier

cessation of 48 h of OSI-461 0
treatment, as shown by a con-

tmuocus increase i the number

of viable cells in both the

DMSO and OSI-461 treated -
cells 48 h and 96 h post-
treatment cessation. ¢ Myeloid
differentiation potential is not

1.5

OD 405 nm

oy

O

disturbed by OSI-461 treatment 1 2 3

as demonstrated by clonogenic
assays. No significant difference
between DMSO and OSI-461
treated samples could be
detected. All experiments were
done in triplicates and the data
are presented as mean+SD
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3, IL-6, and FLI3L. After 14 days in culture, colonies were
assessed and counted (Fig. 4c). We found no differences
between cells previously treated with DMSO or OSI-461
with regard to their myeloid potential, thus demonstrating
that OSI-461 treated normal CD34™ HSPCs retain their full
hematological potential.

OSI-461 anti-proliferative activities are accompanied
by induction of mda-7/I[.-24 transcription with activation
of GADD45« and GADD45y

We have previously repotted that related non-steroidal anti-
inflammatory drugs (NSAID) that cause apoptosis and a
G2/M cell eycle arrest in malighant cells utilize a strictly
mda-7/1L-24 dependent signaling pathway through
GADDA45o and GADD45vy activation. Therefore, we asked
if this may be a molecular pathway involved in OSI-461
treated hematological malignancies and found a consistent
induction of mda-7/IL-24, GADD45¢«, and GADD45y
expression in primary AML samples and AML cell lines
treated with 1 uM OSI-461 or equal amounts of DMSO for
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48 h. Median fold of induction in the nine AML patients
analyzed was 8.9 (range 2.7- to 60.3-fold) for mda-7/IL-24,
and 2.6 (range 1.4- to 77.2-fold) and 1.7 (range 1.4- to
39 8-fold) for GADD45« and GADD45v, respectively
(Fig. 5b, d). This included AML samples from patients
with FLT3-ITD and MLL mutations. Transctiptional acti-
vation of mda-7/T1L-24, GADD45«x, and GADD45y fol-
lowing OSI-461 treatiment was also consistently observed
in the AML cell lines tested here (Fig. 5a, c).

Discussion

Here, we report that the novel pro-apoptotic compound
OSI[-461 induces apoptosis and a G2/M growth atrest in
primary cells of patients with acute myeloid leukemia
(AML). These anti-proliferative effects of OSI[-461 are
accompanied by an induction of mda-7/TL-24, GADD45«,
and GADD45y transctiption. OSI-461 is an investigational
pro-apoptotic agent related to the metabolites of the
non-steroidal anti-inflammatory drug sulindac sulfoxide
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Fig. 5 Changes in gene expres-
sion following OSI-461 treat-
ment. Increase in transcript
levels of mds-7/IL-24 (a and b),
GADD45x and GADD45y

(c and d} in AML cell lines

(a and ¢), and primary AML
samples (b and d), respectively,
following treatment with 1 uM
OS8I-461 or DMSO as a control
for 48 h
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(Clinoril, Merck) [8, 9]. If does not inhibit cyclooxygenases
and is supposed to act through inhibition of cancet-specific
phosphodiesterases (PDE) 2 and 5 [9]. There are several
promising in vitro studies showing high potency of OSI-
461 against solid tumors like colorectal carcinoma, and
lung or prostate cancer [10-12]. But following phase /1L
trials were largely unsuccessful in patients with these
entities [13-16]. We believe this disctepancy is owed to
the fact that the drug concentrations used in some of the in

10
Fold of induction

100

vitro studies exceeded the achievable plasma concentration
of 2.5 uM in humans [7]. Futthermote, we postulate that
the bioavailability of the drug may be insufficient in solid
tumors as compared to the highly accessible bone marrow
environment. Data obtained from phase I and phase II trials
showed that side effects are minor with fatigue being the
most severe. There were no toxicities reported for the
hematopoietic system when doses between 200 and 800 mg
OSI-461 twice daily were given [7]. Hence, we treated all
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primary AML cells with 1 pM of OSI-461, which is an
easily achievable steady-state concentration in humans, and
found a consistent and significant induction of apoptosis.
To analyze the selectivity of OSI-461 induced apoptosis and
growth arrest on malignant cells, we also treated normal
CD34" cells obtained from mobilized healthy donors.
Although we also found an increased rate of apoptosis in
051-461 treated normal cells, the effect was only transient
and the cells were able to overcome the proliferative block
after cessation of OSI[-461 exposure while maintaining their
full myeloid potential. This is of relevance as normal and
malignant hematopoiesis can be observed side by side in
sotnie patients with myelodysplastic syndromes (MDS), and
sparing the healthy stem and progenitor cells is essential for
hematological recovery after therapy.

Asking for the mode of OSI-461 action, we found that
treatment of AML cells with OSI-461 led to induction of
apoptosis and an accumulation of cells in the G2/M phase
of the cell cycle accompanied by an increased expression of
mda-7/TL-24, GADD435«, and GADD45vy. This is in line
with previous studies where we could show that treatment
with the OSI-461 related compounds sulindac sulfide or
sulindac sulfone caused strong induction of mda-7/TL-24
transcription followed by activation of GADD45e,
GADD45y, and JNK with inhibition of CDK1 [17]. We
also found JNK-dependent induction of apoptosis in
primary cells from patients with advanced MDS in response
to treatment with sulindac sulfone [4]. Although sulindac
sulfide and sulindac sulfone were also capable of inducing
apoptosis in primary AML samples in our study, induction
of mda-7/IL-24 transcription was not observed (data not
shown). To the best of our knowledge, OSI-461 appears to
be the only available compound that is capable of inducing
mda-7/TL-24 transcription in primary AML cells. This is of
interest as mda-7/1L-24 is currently under investigation as a
potent pro-apoptotic drug for the treatment of different
malignant solid tumors, and recent studies highlighted its
efficacy as an anti-proliferative cytokine in primary AML
cells [5, 6]. The anti-proliferative effects of mda-7/IL-24 do
not depend on membrane expression of its physiological
receptors IL-20R/IL-22R as it exerts its pro-apoptotic
effects through strictly cell intrinsic pathways [18]. Current
strategies of mda-7/[L-24 delivery into malignant cells
involve the use of viral gene transter [19]. Many unsolved
problems like frequent adverse imimune reactions and
limitations related to local delivery are still not satisfactorily
resolved [19]. Our data provide a new strategy for specific
and systemic high-level induction of mda-7/1L-24 that
could exceed the efficacy of adenoviral gene transfer
approaches.

We believe that OSI461 may be more efficient for the
treatment of hematological malignancies like AMIL than
solid cancers, as concentrations as low as 0.75 uM ate
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sufficient to induce apoptosis even in AML patient cells
carrying FIT3-ITD mutations, who have a poor prognosis
with early relapses after primary induction chemotherapy
[20]. The same is true for patients who are resistant to
conventional chemotherapy, as reflected by multiple relap-
ses during the course of the disease [21, 22].

The pro-apoptotic pathways activated by OSI-461 seem
to be generally intact in AML irrespective of the various
genomic aberrations. Despite this heterogeneity, AML cells
still share two major commonalities: they are highly
proliferative and have lost their miyeloid differentiation
capacities. This may be very well where OSI1-461 and mda-
TIL-24 interfere. For the GADDA45 gene family, implica-
tions in proliferation and apoptosis in many cancers have
been established, and their downstream signaling pathways
leading to JNK activation and CDK1 inhibition can be
activated by different upstream regulators like p38, NF-kB,
or mda-7/L-24 [5, 17, 23, 24].

Another reason for a potentially higher efficacy of OSI-
461 in AML in compatison to solid tumors could be that
AML., as a systemic disease originating mainly from the
bone marrow, is more accessible to relevant drug concen-
trations than cancer cells from solid tumors. Therefore, we
strongly emphasize phase II trials to assess the efficacy and
safety of OSI-461 for the treatment of high-risk AML
patients who carry FLI3-ITD mutations ot are resistant to
chemotherapy. The drug could also be an alternative or
addition for patients suffering from advanced MDS that do
not qualify for high dose chemotherapy and are resistant to
epigenetic treatment approaches.

Our data also undetline the importance of the pro-
apoptotic potential of mda-7/T1L-24 in proliferative diseases.
In summary, OS[-461 might be the right drug for anti-
cancer treatment, but to this date, the right disease to be
treated has not been found.
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5. SUMMARY AND DISCUSSION

Acute myeloid leukaemia (AML) is a disease in which there is a constant accumulation of various
neoplastic transformations, especially genetic alterations in stem and related cells. Studies conducted
in the last decade have shed deep insights into the stem cells. It is believed now, that there are
specialized cells which cause initiation of leukaemia and known as leukaemia stem cells. It is speculated
that these leukaemia stem cells escape the programmed cell death in cell cycle. Leukemic stem cells
have high regenerative potential and pluripotency properties. These cells are able to initiate tumours
on distant and different places too; whereas normal stem cells are able to divide only at low pace that
too in respective niche (Levesque and Winkler, 2009).

Non-steroidal anti-inflammatory drugs (NSAIDs) are diverse group of heterogeneous, chemically
different substances which provide anti-inflammatory, anti-pyretic and analgesic effects. NSAIDs are
also known for their ability to inhibit proliferation of cancer cells under in-vitro and in-vivo conditions
(Fujimura et al., 2006; Gonzalez-Perez et al., 2003; Thun et al., 2002; Xu, 2002). In a previous study it
was shown that NSAIDs cause up-to 70% reduction in colonic adenomas patients (Piazza et al., 2009).
Anti-neoplastic effects of NSAIDs have already shown promising results in pre-clinical, clinical and
epidemiological studies.

NSAIDs can play an important role in the treatment of leukaemia (Levesque and Winkler, 2009).
Different modes of action of NSAIDs have been put forward. One of these is though COX
(cyclooxygenase) inhibitors. COX1 plays an important role in pathogenesis of leukaemia. MLL-AF4 is
rare genetic mutation of genes and is found in AML. MLL-AF4 knock-in mice has a lymphoid and
myeloid deregulation accompanied by increased number of cells in lymphoid and myeloid
compartments (Chen et al., 2006b). It has been shown though micro-array data that COX1 is the most
up regulated gene in GMP-MLL-AF4 leukemic cells when compared to the normal HSCs.

Besides their above said commonalities NSAIDs differ in binding affinity towards iso-enzymes of COX.
Moreover, NSAIDs are able to inhibit proliferation of cancer cells independently of COX activity,
through other targets. These targets include ERK1/2 (Rice et al., 2006), GADD45s, MKK4 and JNK
(Czibere et al., 2005; Zerbini et al., 2006) etc. In the present study three NSAIDs drugs; OSI-461 (COX1
and COX2 independent), Sulindac Sulfide (COX1 and COX2 inhibitor) and Diclofenac (selective COX2
inhibitor) were examined.

The aim of the current study was to explore the role of NSAIDs anti-neoplastic effects in AML. Emphasis
was paid to have an inside look into mechanism of induction of pro-apoptosis responses and those
pathways which are associated with pro-apoptosis responses (Figure 10). Detailed investigation was
carried-out to study the effects of NSAIDs in various human AML cells lines and primary human AML
cells with different FAB types and chromosomal abnormalities. All three NSAIDs have shown similar
effects on induction of apoptosis (2.2 to 6.30 fold change as compared to control), reduction of
proliferation (from 23% to 40% as compared to control) and cell cycle arrest in G2/M phase (from
12.09% to 12.96% accumulation of the cells as compared to control). Also, it is worth mentioning that
0SI-461 is both COX1 and COX2 independent.
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Figure 10: Schematic representation of our model of NSAIDs mediated induction of apoptosis in

human AML. NSAIDs lead to an induction of expression of the AP-1 transcription factors c-Jun, JunB and Fra2. This results in
activation of GADDs and they that results in JNKs activation and consecutive induction of apoptosis.

To find-out mode of action of NSAIDs in AML, AML cells were treated with above mentioned NSAIDs.
For controls, cells were also cultured in DMSO alone as control by using same amounts of DMSO as of
amount of NSAIDs, which was <0.1% of the final concentration. Our results confirmed the earlier
studies that NSAIDs induce apoptosis and reduction of proliferation (Zerbini et al., 2006). The
expression of MDA-7/IL-24 was increased when AML cells was treated with 0OSI-461 (2.2 to 60.3 fold
change), but not with Sulindac Sulfide and Diclofenac.

MDA-7/IL-24 is a cytokine and belongs to the /L-10 family of cytokines. In recent investigations on
treatment of maligned solid tumours it was proved that MDA-7/IL-24 causes the growth suppression
and apoptosis in cancer cells but not in normal cells. MDA-7/IL-24 is considered as a potent anti-
neoplastic with high efficacy (Rahmani et al., 2010; Yang et al., 2011). Various studies have been carried
out to examine the expression of MDA-7/IL-24 via adenoviral vector carrying the MDA-7 gene (Ad-
MDA-7) (Otkjaer et al., 2010). The transfer of MDA-7/IL-24 through adenovirus is related to the
immune reaction and it cannot deliver satisfactory levels of MDA-7/IL-24 (Sauane et al., 2008). Our
results indicate that the level induction of MDA-7/IL-24 through OSI-461 is higher and could have fewer
side effects than the adenoviral vector therapy as induction of MDA-7/ IL-24 is through the drug rather
than adenoviral vector carrying the MDA-7 gene.
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G2/M checkpoint is important as it prevents the cell with damaged DNA from entering mitosis (M-
phase) and further cell division and proliferation. In AML there is a rapid increase in number of
undifferentiated myeloid cells, which have a defective genomic DNA. In present study, G2/M arrest was
observed in OSI-461 treated AML cells. OSI-461 treated AML cells were accumulated in the G2/M phase
of the cell cycle. Initiation of apoptosis in NSAIDs treated cells was also observed. Above described data
indicates the return of the cells towards normal cell cycle and apoptosis rather than escaping it.

Induction of MDA-7/IL-24 is not affected in case of Sulindac Sulfide and Diclofenac treated AML cells.
To investigate the mechanism involved in Sulindac Sulfide and Diclofenac mediate effects on AML,
comprehensive protein and gene expression profiling of Diclofenac treated AML cells was done. There
was an increased expression of CASPASE-3 precursor and other related proteins which function in
cellular structure and metabolism. Re-organization of the cellular structure and high rate of metabolism
is associated with the differentiation and apoptosis (Cohen and Chen, 2008; Grzanka et al., 2003;
Launay et al., 2003; Rebillard et al., 2010). CASPASE-3 is a key molecule of MAPK/INK pathway and it
plays an important role in induction of apoptosis after NSAIDs treatment (Senthivinayagam et al.,
2009). These observations were further verified by flow cytometric analysis.

Gene expression data revealed that the expression of the MAPK/INK pathway is the target of NSAIDs
treatment. GADD45a, which is an upstream target of MAPK/INK pathway, was significantly up-
regulated in NSAIDs treated AML cells. GADD45 family plays an important role in proliferation and
apoptosis in the cancer (Takekawa and Saito, 1998). The GADD45 is critical in activation of JNK and
inhibition of CDK1. In most of the cancers GADD45a is down-regulated (Zerbini et al., 2006).

MAPK/INK pathway is known to cause activation of c-Jun NH2-terminal Kinase (JNK) which in turn
increases expression of c-Jun. The activation of this pathway can lead to activation of JNK with
increased phosphorylation of c-Jun. The phosphorylation of c-Jun by the MAPK / JNK pathway, initiates
Caspases-3 dependent apoptosis pathway (Johnson and Lapadat, 2002; Takada et al., 2008) (Figure 9).
MAPK / JNK pathway is related to mechanisms causing apoptosis. In line with these observations,
MAPK / JNK pathway was the most significantly altered pathway in response to the NSAIDs treatment.
The NSAIDs treatment up-regulated MAPK / JNK pathway and there was an activation of apoptosis in
AML cells. This proved that activation of this pathway is important for NSAIDs related effects.

JNK is also known for its role in repression of basal transcription level of p53 oncogene which down-
regulate the expression of p21“®* (Cripe et al., 2002). p21°** has been linked to cell cycle arrest (Tuder
et al., 2008). Effect of inhibition of JNK on rate of apoptosis in NSAIDs treated AML cells was studied by
the addition of JNK inhibitor in cell culture medium. Addition of JNK inhibitor resulted in significant
decrease of the apoptosis rate in AML cells (26% to 50% decrease).

Treatment of primary AML cells with Sulindac Sulfide lead to an increased expression of cell surface
differentiation markers like CD11b, CD14, CD15 and CD114 (at-least by 1.5 fold change respectively)
after 48 hours. CD11b is a maturation marker i.e. mature granulocytes and macrophages express the
high levels of CD11b. CD14 is a marker molecule for monocytes and macrophages. CD15 is a marker for
the identification of granulocyte cells. CD114 is granulocyte colony stimulating factor (G-CSF) receptor.
G-CSF is known to play a significant role in the hematopoietic cell differentiation into granulocytes.
Under normal conditions, 10 days are required post G-CSF or GM-CSF treatment for induction of
myeloid differentiation markers like CD11b, CD14, CD15 and CD114. But in present study expression of
these cell surface differentiation markers was observed under normal conditions without addition of G-
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CSF or GM-CSF and after 48 hours only with the addition of NSAIDs. Differential expression of the
myeloid differentiation markers in our study is a significant observation and it was complementary to
the results that NSAIDs treatment caused apoptosis in AML cells.

Further the genes which were differently expressed in the human micro-array were verified by the
guantitative real time PCR. Expression level of differential expressed genes, GADD45¢ was 1.1 to 77.2
and GADD45y 0.8 to 39.8, c-Jun 3.34 to 99.41, JunB 1.49 to 15.83 and Fra-2/FosL2 1.66 to 4.82 fold
respectively as compared to control in quantitative real time PCR.

Another observation of this study was the activation of AP-1 family transcription factors. In NSAIDs
treated AML cells, c-Jun and JunB were up-regulated. Both of the genes are known for their important
role in Leukaemia. c-Jun and JunB in mice animal model studies are known to be associated with PU.1
(Steidl et al., 2006). When transcription factor PU.1 is knockdown in mice, it leads to AML. Restoration
of c-Jun and JunB expression in the PU.1 knockdown mice cells initiates differentiation and prevents the
proliferation of the cells. In agreement with the animal model study, it was observed that when c-Jun
and JunB were re-expressed in the AML cells without treatment, there was induction of apoptosis.

Expression of Fra2/FOSL2, another AP-1 family member was also observed in our study. Fra2/FOSL2
forms heterodimer with Jun family members (Shaulian, 2010). When AML cells were transfected with
GADD450a or AP-1 family transcription factor, they have induced apoptosis in heterodimer state (1.52
to 2.1 fold increase in apoptosis rate). Transfection of AML cells with AP-1 family heterodimer was able
to increase the expression level of GADD45a (9.87 to 133.5 fold respectively). With knockdown of the
JunB+Fra2/FosL2 with shRNAI, rate of apoptosis was decreased (0.76 to 1.37 fold decrease in apoptosis
rate). This observation indicated that more than one transcription factor is required for the initiation of
the apoptosis and it can be achieved by NSAIDs treatment. It was also observed that AP-1 transcription
factors and GADD45 interact and induced apoptosis after NSAIDs treatment.

NSAIDs treatment of AML cells was responsible for apoptosis in leukemic cells even with complex
aberrant karyotypes like, FLT3-ITD mutations, MLL-mutations and recurrent translocations such as t
(15; 17). No expression of p38 or NF-kB was observed. NF-kB is known for its role in cancer by helping
the leukemic cells to escape from programmed cell death or apoptosis. Expression of NF-kB leads to
repression of GADDs and inhibition of NF-kB leads to consecutive expression of JNK thereof, apoptosis
in AML cells (Zerbini et al., 2004). Similar observations were also made in this study confirming the
important role played by NSAIDs treatment of the AML cells.

Under the present set of experimental conditions it was observed that after NSAIDs treatment of AML
cells there was an activation of AP-1 transcription factors i.e. c-Jun, JunB and Fra-2/FosL2. This
activation of AP-1 family members induced GADD45 transcription factors. GADD45 further activates
JNK. The activation of JNK initiated apoptosis and myeloid differentiation (Figure 10).

In OSI-461 treated cells initiation of apoptosis was in agreement with earlier studies on MDA-7/IL-24.
Clinical trials of phase | and phase Il, confirmed that OSI-461 was almost free of any major side effects.
Minor side effects like fatigue were reported. No haematopoietic toxicities were reported even when
doses between 200 and 800 mg OSI-461 twice daily were given (O'Bryant et al., 2009).

In-vitro observations of OSI-461 treated cells do not show any significant clinical benefits to the
patients suffering from solid tumours like colorectal carcinoma, lung or prostate cancer (O'Bryant et al.,
2009; Resta et al., 2011). Apparent dissimilarities might be due to fact that, the amount of OSI-461
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used in those studies was up-to 10 uM which is far more than the achievable plasma concentration in
patients. In humans achievable plasma concentration of OSI-461 is 2.5 uM (O'Bryant et al., 2009).

The dose response curve (killing curve) showed that initiation of apoptosis in AML cells started at 0.75
MM concentration of OSI-461 and after 36 hours of treatment. Therefore, AML cells were treated with 1
UM of OSI-461 for 48 hours. 1 uM concentration of OSI-461 is easily achievable steady-state
concentration in humans. A consistent and significant induction of apoptosis was observed after 1 uM
of 0OSI-461 treatment.

Higher availability of OSI-461 in AML than in solid tumours can be explained as - AML is a disease of
blood and originates from bone marrow. Environment of bone marrow is more accessible to relevant
drug concentrations than cancer cells from solid tumours. In a previous study it was shown that
intensive chemotherapy has no benefit for patients aged over 60 years (Knipp et al., 2007). OSI-461 can
be a safe drug for elderly patients who are resistant to chemotherapy or with high-risk AML like FLT3-
ITD. 0OSI-461 can also be an additional or alternative drug for patients suffering from MDS, for whom
high dose chemotherapy is not recommended and they are resistant to normal treatment.

Treatment of normal CD34" cells from healthy donors with OSI-461 has induced apoptosis, but these
effects were only transient and when after initial 48 hour treatment the cells were transferred to
medium without OSI-461 they overcame effects of drug and started their normal proliferation.
Whereas AML CD34" cells treated with OSI-461 1 pM was not able regain their proliferative potential
when after initial 48 hour treatment they were placed in a medium free of OSI-461, even up-to 8 days.
This phenomenon is relevant and very important in leukaemia as there is always a need to protect
normal healthy stem and progenitor cells. Protection of the healthy cells is essential for recovery after
therapy.

In the present study an increase in the rate of apoptosis after NSAIDs treatment in various primary
CD34" AML cells and in AML cell lines was observed. Freshly obtained samples from patients, indicated
that above mentioned MAPK / JNK pathway in association with GADDs can cause apoptosis after
NSAIDs treatment in various types of AML. The expression of GADDs along with AP-1 family could be a
common reason for the increase in apoptosis due the NSAIDs treatment.

For patients suffering from AML, NSAIDs can bring new hope but nerveless NSAIDs can-not be
suggested as the single agent for the treatment. Rather they can be thought of as compliment to the
conventional drugs. NSAIDs may increase action of the conventional drugs and thus, saving
susceptibility to cytotoxic effects. This study can be useful in future for the designing of the novel
chemo-preventive agents or novel agents which can target pathways specifically activated through
NSAIDs in AML.
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