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INTRODUCTION

1. ACUTE MYELOID LEUKEMIA

Acute Myeloid Leukemia (AML) is a heterogeneous disorder defined by clonal expansion
of immature myeloid cells (blasts) that infiltrate peripheral blood, bone marrow and other
tissues (1)(2). Worldwide, it is the most common myeloid leukemia, with a median age at
diagnosis of around 70 years (3) and it is curable in 35-40% of 60 years old patients and in

5-15% of those who are older than 60 (4).

1.1 Classification

In 1970 a French-American-British (FAB) co-operative group proposed, for the first time,
a uniform system of classification and nomenclature of acute myeloid leukemias, based on
morphology and immune-phenotype/cytochemical criteria, defining eight major AML
subtypes (FAB MO to M7)(Figure 1) (5).

FAB subtype Description Comments

(L 0] LIndifferertiated Myeloperoidase negative; myeloid markers positive
h1 Myeloblastic without maturation Some evidence of granulocytic differentiation

Mz Myeloblastic with maturation Maturation at or beyond the promyelocytic stage of

differentiation; can be divided into thoss with £(8;21)
AMLT-ETO fusion and those without

M3 Prormyelocytic APL; most cases have t15;17) PML-B&Rox or ancther
translocation involving RARo

W4 Myelomaonocytic

M Myelomonocytic with bone-marrow  Characterized by inversion of chomosome 16 imohing
ecsinophilia CBF B, which normally forms a heterodimer with AMLA

ME Maonocytic

MG Enythrokeulkaemia

M7 Megakaryoblastic GATA1 mutations in those assodated with Down's syndrome

AMLA, acute rmyalcid leukasmia 1; AFL, acute promyeloostic bukasmia; PML, promyelocdic leukaemia; RAR, retinoic-add receptora.
Modified from REE.&5.

Figure 1. FAB classification of AML (6).

In 2008 the World Health Organization (WHO) replaced the FAB classification system,
defining seven AML subtypes: AML with recurrent genetic abnormalities, AML with
myelodysplasia related changes, therapy-related myeloid neoplasms, AML not otherwise
specified (NOS), myeloid sarcoma, myeloid proliferations related to Down syndrome and
blastic plasmocytoid dendritic cell neoplasms (1). WHO classification’s last update was

done in 2016 providing few changes to the existing categories (Figure 2) (4).
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Acute myeloid leukemia and related neoplasms

Acute myeloid leukemia (AML) with recurrent genetic abnormalities
AML with 18,21 q22.022 1), RUNKT-RUNXTT1
AML with inw(16)(p13.1922) or 8{16;16)p13.1,922); CBFE-MYHT1
Acute promyelocytic leukemia with PML-RARA™
AML with 18 11)(p21 3:q23.3); MLLT3:KMT24"
AML with 16 8)p23:q34 1), DEK-NUP214
AML with inv(3){q21.3q26.2) or {(3:3)(q21.3:q26.2); GATAZ MECOM{EVIT)
AML {megakaryoblastic) with t(1,22)(p13.3,913.3); RBM15-MKL1°
Provisional enbity: AML with BCR-ABL1
AML with mutated NPT
AML with biallelic mutations of CEBPA®
Provisional entity: AML with mutaled RUNX1

Acute myeloid leukemia with myelodysplasia-related changes®
Therapy-related myeloid neop lasms’
Acute myeloid leukemia, not otherwise specified (NOS)

AML with minimal differentiation

AML without maturaticn

AML with maturation

Acute myelomanocylic leukemia

Acute monablastic/monocylic leukemia
Pure erythroid leukemia”

Acute megakaryoblastic |eukemia
Acute bascphilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid sarcoma

Myeleid proliferations related to Down syndrome
Transient abnormal myalopoiesis
Myeloid leukemia associated with Down syndrome

Blastic plasmacytoid dendritic cell neoplasm

Acute leukemias of ambiguous lineage
Acute undifierentiated leukemia
Mixed phenolype acute leukemia with 1{9,22)(qi4.1;,911.2); BCR-ABL "
Mixed phenotype acute leukemia with 1{v;11923.3); KMTZ2A rearranged
Mixad phenotype acute leukemia, B/myealoid, NOS
Mixed phenotype acute leukemia, Timyeloid, NOS
Provisional entity: Natural kiter (NK) cell lymphollastic leukemiadymphoma

Figure 2. WHO classification of AML (4).

1.2 Morphology

AML blasts present different sizes, a reduced cytoplasm and a larger nucleus, containing
several nucleoli. On their surface blasts can expose common differentiation (CD) markers
usually expressed by healthy immature myeloid cells like CD13, CD33 or CD34 (7).
Depending on the morphological subtype and the differentiation status they can present,
also, monocytic differentiation (CD4, CD14 and CD11b), megakaryocytes (CD14a and
CD61) or erythroid (CD36 and CD71) markers. In some cases both T and B cell lineages



antigens are co-expressed, defining a mixed phenotypic leukemia with a worse overall

survival (Figure 3) (8).

W | MO Acute myeloblastic leukaemia
; with minimal differentiation
Morphology: Immunophenotype
Can resemble LLA-L2 blasts. Medium-sized -CD13 +
blasts, rounded nucleus, fine chromatin, «CD33 +
basophilic non-granular cytoplasm, «CD11b +
prominent nucleoli. -CD11c +
«CD14 +
«CD15 +
Photo courtesy of: Acute myeloid leukemia pathophysiology, 2012
~ M1 Acute myeloblastic leukaemia
without maturation
Morphology: Immunophenotype
Medium-sized blasts with high nucleo:cytoplasm (n:c) *MPO +
ratio, rounded nuclei with immature, dispersed chromatin *CD13 +
with one or more prominent nucleoli. Blasts can show *CD33 +
fine azurophilic granulation or isolated Auer rods in *CD117+
the cytoplasm in 5% to 10% of cases =CD34 +/-
M2 Acute myeloblastic leukaemia
with maturation
Morphology: Immunophenotype
Small to medium-sized blasts with high nucleo: *MPO +
cytoplasm (n:c) ratio and rounded nuclei sometimes *CD34 +/-
located in a corner of the cytoplasm. The nucleus *CD13 +
shows dispersed, immature chromatin with one or more *CD15 +
nucleoli. The cytoplasm is basophilic and can contain *HLA-DR +/-
traces of primary azurophilic granulation or isolated -Sudan black +
Auer rods. *CD117 +/-
M3 Promyelocytic leukaemia
Morpiiology: Immunophenotype
Abundant, intensely azurophilic granulation. .CD13 +
The nucleus is usually monocytic in appearance .CD33 +
(reniform) and is either irregular or bilobed with a
e <HLA-DR -
deep cleft. Scarcely basophilic cytoplasm due to the .CD34 -

proliferation of azurophilic granulation. Some atypical
promyelocytes also contain elongated or splinter-
shaped crystalline cytoplasmic inclusions specific to
this type of leukaemia.These usually form clumps,
but differ from Auer rods in that they show a tubular
substructure on electronic microscopy.




M4 Acute myelomonocytic
leukaemia
Morphology: Immunophenotype
Large blasts, moderate nucleo:cytoplasm “CD13 +
(n:c) ratio and variable basophilia. The *CD15 +
nucleus may be rounded, kidney-shaped -CD33 +
or irregular. Nucleoli are usually prominent. *CD11b +
-CD11c +
CD14 +
-CD64 +
«CD4 +
M5 Acute monocytic
leukaemia
) ) Immunophenolype
M5a acute monoblastic leukaemia:
Large blasts with rounded nucleus and dispersed, .CD14 +
immature chromatin (1-3 nucleoli) and moderately large .CDB8 +
and intensely basophilic cytoplasm. The cytoplasm may CD4 +
show some Auer rods and/or prolongations .CD11c +
and granulations. “HLA-DR +
Mb5b acute monocytic leukaemia .CD64 +
Promonocytes have a rounded or kidney-shaped
nucleus with a less basophilic cytoplasm that is
more highly granulated than monaoblasts and contains
some vacuoles. A findings of erythrophagocytosis
together with monocytic blasts suggests a (8;16)
translocation.
M6 Acute erythroid
leukaemia
M6a erythroid leukaemia with proliferation of mixed blasts: Immunophenotype
Over 50% erythroid precursors and around 30% myeloblasts.
Morphology of erythrocytes in peripheral bloed is greatly changed, -CD13 +
with schistocytes, “pincered” or mushroom-shaped cells, +CD33 +
and spiculated echinocyte and acanthocyte cells. *CD15 +
M6b pure erythroid leukaemia: +*Glycophorin A +

Erythroids make up 80% of bone marrow
cells, with less than 3% myeloid cells.
Erythrocytes in peripheral blood consist
of macrocytes, basophilic stippling,
Howell-Jolly bodies or Cabot rings.

*Glycophorin C +

AL ..&fﬁ..'

L ‘.
{

L]

M7 :
leukaemia

Morphology:

Highly immature, polymorphic blasts. The nucleus is
eccentric with dispersed, reticulated chromatin and

1-3 prominent nucleoli. The cytoplasm is non-granular,
basophilic, and very similar in appearance to platelets,
with pseudopods or granulations. Micromegakaryocytes
and fragments of megakarioblasts are seen in peripheral
blood (giant platelets, some highly degranulated).

Acute megakaryocytic

Immunophenotype

«CD41 +
-CD61 +
-CD42 +
CD13 +
-CD33 +
-CD34 +

Figure 3. FAB classification: morphology and immunophenotype of AML subtypes (9).



1.3 Cytogenetics

AML are often characterized by non-random chromosomal abnormalities that have long
been recognized as the cause of disease development and progression (10). The advent of
next-generation sequencing has provided a better knowledge of AML genetic landscape,
identifying several key molecular abnormalities, now used for predicting outcome and
supporting the choice of treatment strategy. In 2013 the Cancer Genome Atlas Research
Network analyzed the genome of 200 adult AML cases, founding 23 significantly mutated

genes that were organized into eight functional categories (Figure 5) (11)(2):

1. Signaling genes, as the Fms Related Tyrosine Kinase gene 3 (FLT3), that confers a
proliferative advantage, acting on different important signaling pathways like RAS-
RAF, JAK-STAT and PI3K-AKT. Around 20% of all AML cases show internal
tandem duplications, in the juxta-membrane domain, or mutations, in the tyrosine
kinase domain, of the FLT3 gene, activating its signaling and promoting tumor
proliferation (12)(13).

2. Myeloid Transcription Factor genes, as the Runt-related Transcription Factor 1
(RUNX1), also known as Acute Myeloid Leukemia 1 (AML1), that physiologically
activates C/EBPa, promoting the transcription of its regulated genes (6). RUNX1 is
located at chromosome 21g22 and, in M2 AML subtype, it is frequently
translocated with the Eight Twenty One (ETO) gene, or RUNX1T1, located at
chromosome 8g22 (14). This translocation generates a fusion protein, AML-ETO,
that binds the AML1 site, inhibiting C/EBPa activation by the recruitment of

corepressors (Figure 4) (6).

Figure 4. AML-ETO fusion protein (6).

3. Nucleophosmin gene (NPM1), encoding a nucleo-cytoplasmic shuttling protein, is
the most frequent mutated gene in AML. NPM1 mutations result in the aberrant



cytoplasmic localization of the related protein, leading to myeloid proliferation and

leukemia development (15).

. Spliceosome-complex genes, such as Serine and arginine Rich Splicing Factor 2
(SRSF2), Splicing factor 3B subunit 1 (SF3B1) and U2 Small Nuclear RNA
Auxiliary Factor 1 (U2AF1), fundamental in the regulation of RNA processing.
Mutations of splicing factor genes have been associated with the development of

Myelodysplastic Syndromes (16).

. Cohesin-complex genes, as Stromal Antigen 2 (STAG2) and double-strand-break
repair protein (RAD21), important in transcriptional regulation, DNA-loop

formation and chromosome segregation.

. Genes involved in chromatin modification, as Additional sex comb-like 1
(ASXL1) and Enhancer of zeste homolog 2 (EZH2), related to chromatin
modification, as well as Histone-lysine N-methyltransferase 2A (KMT2A) -
myeloid/lymphoid leukemia translocated to 3 (MLLT3) fusion gene, originated by
the translocation t(9;11)(p22;923).

. Genes involved in DNA Metilation, such as DNA methyltransferase 3A
(DNMT3A), Ten-Eleven Translocation 2 (TET2) and Isocitrate Dehydrogenases
(IDH 1 and 2).

. Tumor-suppressor genes, such as TP53, mutated in 8%-14% of AML cases. TP53
mutations are commonly associated with a complex karyotype and confer a very

adverse prognosis with chemoresistance (17).
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Figure 5. Functional categories of genes commonly mutated in AML (2).

Another important cytogenetic alteration, characterizing M3 AML subtype, is the
translocation t(15;17). This translocation lead to the fusion of the Retinoic Acid Receptor a
(RARa) gene, located at 17921, with the Promyelocitic Leukemia gene (PML), located at
15922, creating a fusion protein, PML-RARQq, that induces a maturation block at the
promyelocytic level (18).

Depending on molecular and cytogenetic alterations and according to the European
LeukemiaNet recommendations, AML patients can be classified into four risk groups

(Figure 6) (19):
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1. Favorable, that includes acute promyelocytic leukemia, balanced abnormalities,
nucleophosmin gene mutations that aren’t associated with internal tandem
duplication mutations in FLT3 (FLT3-1TD) and CEPBA biallelic mutations.

2. Intermediate 1, that includes AML cases with a normal karyotype, excluding those
included in the previous group.

3. Intermediate 2, defined by patients with MLLT3-KMT2A fusion gene and AML
cases with cytogenetic abnormalities neither favorable nor adverse.

4. Adverse, that includes the remaining chromosomal abnormalities and patients with
a complex karyotype, identified by three or more chromosomal alterations without,
at least, one of the WHO-designed recurring translocations or inversions. Usually
patients with a complex karyotype present also a mutation or a deletion of the TP53

gene.

Risk Profile Subsets

Favorable t(8;21)(q22;922); RUNXI-RUNX1T1
inv(16) (p13.1q22) or t(16;16) (p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD (normal karyotype)
Biallelic mutated CEBPA (normal karyotype)

Intermediate-I7 Mutated NPM1 and FLT3-ITD (normal karyotype)
Wild-type NPM1 and FLT3-ITD (normal karyotype)
Wild-type NPM1 without FLT3-ITD (normal karyotype)

Intermediate-l t(9;11) (p22;q23); MLLT3-KMT2A
Cytogenetic abnormalities not classified as favorable or
adversey;
Adverse inv(3)(q21926.2) or t(3;3) (q21;q26.2); GATA2-MECOM
(EVI1)

t(6;9) (p23;q34); DEK-NUP214
t(v;11) (v;q23); KMT2A rearranged
-5 or del(5q); -7; abnl(17p); complex karyotype§

Figure 6. Current ELN risk stratification of molecular and cytogenetic alterations in AML (19).

1.4 AML treatment

Over the past 30 years the therapeutic strategy designed for AML patients remains
unchanged and it is composed by an initial intensive induction therapy followed by a
consolidation therapy, as a post-remission strategy (4). The induction therapy actually is
composed by an anthracycline, that is added to the cytarabine continuous-infusion. Using
this therapy 60-85% of patients, who have 60 years of age or younger, achieve complete
remission. Patients older than 60 present a lower rate of complete response (from 40 to
60%). Once achieved complete remission the goal of consolidation strategies is to prevent
relapse and eradicate the minimal residual disease. Conventional post-remission strategies

11



include chemotherapy, such as intermediate-dose cytarabine, for patients with favorable
genetic risk, or allogeneic hematopoietic-cell transplantation, for patients associated to the
other three risk categories. For Acute Promyelocytic Leukemia patients, the treatment with
all-trans retinoic acid (ATRA), represents the standard of care (2).

Several new compound have been studied for improving AML therapeutic alternatives.
Some of these new molecules have been developed starting from frequent molecular
alterations, such as Tyrosine Kinase (20) or IDH inhibitors (21). Other studies were
focused on hypomethylating agents (22) or immune therapies (23). Nowadays, after a more
complete understanding of AML molecular pathogenesis, a lot have to be done for using
this knowledge into clinical practice in order to develop new therapeutic alternatives for
this disease.

2. Tumor Protein 53

TP53 is a 20.000 bp gene, located on the short arm of chromosome 17 (17p13). TP53 gene
mutations are reported in the majority of tumors and the most frequent mutation is a single
monoallelic missense mutation (74%), that originates a stable full-length protein (24).
Human TP53 gene is composed by 11 exsons and encodes a 53 kDa protein, defined by

five domains (Figure 7) (25):

1. The amino-terminal domain (aa 1-42), that contains the transactivation domain,

which is responsible for the activation of downstream p53 target proteins.
2. The proline-rich domain (aa 40-92), that mediates p53 response to DNA damage.

3. The DNA-binding domain (aa 101-306), which contains the DNA binding site and
is the target of 90% of TP53 mutations in human cancers, inhibiting protein’s
DNA-binding activity (26).

4. The oligomerization domain (aa 307-355), that consists of a B-strand, which
interacts with another p53 monomer to form a dimer, followed by a a-helix which

mediates the dimerization of p53 dimers to form a tetramer.

5. The carboxy-terminal domain (aa 356-393), that presents several nuclear

localization sequences (NLYS).

12
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Figure 7. TP53 gene and protein structure (25).

p53 has a key role in the regulation of cellular response to stress signals as DNA damage,
hypoxia and hyperproliferation (27). Once activated p53 can migrate into the nucleus,
promoting the expression of several genes involved in cell growth arrest, such as protein
21 (p21), apoptosis, as bcl-2-like protein 4 (BAX) or p53 upregulated modulator of
apoptosis (PUMA), and DNA repair, such as the Growth Arrest and DNA Damage protein
(GADDA45). Moreover, p53 regulates genes involved in its own turnover and activity as E3
ubiquitin ligase mouse double minute 2 (MDM2) (28)(29). In normal conditions, p53 is
maintained at a low level and its rapid turnover is associated to a correct folding by
chaperon proteins, such as Hsp90 (30) and is mainly regulated by MDM2, which
ubiquitinates the protein, promoting its proteasomal degradation (31). MDM2 can also
shuttle p53 out of the nucleus (31)(32) and prevent its interaction with transcriptional co-
activators (33). Under stress conditions p53 is phosphorylated, mainly at serine 15 and 20,
by various sensor kinases, as ataxia-telangiectasia mutated kinase (ATM), promoting the
dissociation of p53-MDM2 complex and protein stabilization and activation (Figure 8)
(34)(35)(36)(37)(38).

13
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Cell cycle arrest DNA repair

Figure 8. p53 activation and response (38).

p53 can also interact with other important factors, such as the NAD-dependent protein
deacetylase Sirtuin 3 (SIRT-3). SIRT-3 appears, indeed, coupled with p53 during its initial
expression, usually by inhibiting p53 activity to induce growth arrest. Li et al. recently
showed how, in bladder cancer, p53 can be deacetylated by SIRT-3, partially abrogating
p53 activity to induce growth arrest (39)(40).

14



3. KEVETRIN

Kevetrin is a new molecule compound, produced by Cellceutix (41), that is water-soluble

and non-genotoxic (Figure 9). It has a 30 minutes half life and a 150-250 uM peak plasma

concentration.

S
N\/\/\ + )J\ —_—
x cl NI, NI,
C,HCIN CH,N,S
Mol. Wt.: 103 55 Mol. Wt.: 76.12
S NH HCl
NH,
CH,(CIN,S

Mol. Wt.: 179.67

Figure 9. Kevetrin chemical structure (41).

At first, it was classified as an alkylating agent and a Protein kinase B (AKT) inhibitor
(42), with anti-angiogenic properties. Experiments realized using several cancer models
revealed a great activity of the molecule in those cancers types characterized by the p53
protein expression. Moreover, the loss of p53 functionality influenced only marginally the
cytotoxicity of Kevetrin. The role of p53 in Kevetrin’s activity was further investigated,
revealing a dual mechanism of action of the molecule, depending on TP53 mutational
status (43)(44):

- in TP53 wild type models, Kevetrin was able to induce cell cycle arrest and
apoptosis through the activation and stabilization of wild type p53, resulting in an

increased expression of p53 target proteins, p21 and PUMA (45).

- in TP53 mutated models, oncogenic mutant p53 is normally complexed with
Hsp90, which is highly up-regulated in several malignancies (46)(47)(48),
including hematological ones, as AML (49), and its over-expression is related to

histone deacetylase 6 (HDACS6) positive regulation. Kevetrin was able to induce

15



HDAC6 down-regulation, negatively affecting Hsp90 expression levels and

promoting the mutated form’s degradation, with apoptosis induction (50).

Kevetrin has been extensively studied, in vivo and in vitro, in several cancer models, such
as lung, breast, colon and ovarian cancer (45)(50). Up to now Cellceutix successfully
completed the first Phase-1 clinical trial evaluating Kevetrin’s activity in Advanced Solid
Tumors, with patients showing good toleration and signs of a potential therapeutic
response (NCTO01664000) (51)(52). A Phase-lla trial will start in Platinum-Resistant
Ovarian Cancer. Recently, Kevetrin has also be awarded, by the Food and Drug
Administration, the Orphan Drug status for Ovarian Cancer, Pancreatic Cancer, and

Retinoblastoma (44).
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AIM OF THE PROJECT

Acute Myeloid Leukemia (AML) is the most common leukemia and it is characterized by
blasts clonal expansion and peripheral blood and bone marrow infiltration (2)

AML therapeutic strategies remain unchanged since 1970 (4) and the majority of patients
often eventually relapse and die due to disease progression (1).

TP53 transcription factor is a key regulator of several cellular pathways, such as DNA
repair, cell cycle, apoptosis and angiogenesis (53). It is mutated in 8-14% of AML cases
and its mutations are commonly associated with a complex karyotype, conferring a very
adverse prognosis (17).

Kevetrin is a new emerging drug with the ability to target both wild type and mutant p53
tumors, promoting apoptosis (45)(50).

The main aim of this project is to explore cellular and molecular alterations induced by
Kevetrin, focusing on its role in the p53 pathway.

The secondary objective is to clarify if Kevetrin may represent a promising therapeutic
strategy in AML treatment.

For these reasons, several cellular and molecular assays have been performed on two AML
cell lines characterized by different TP53 mutational status and cytogenetic characteristics.
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MATERIALS and METHODS

1. CELL LINES

Acute myeloid leukemia cell lines, MOLM-13 (AML M5) and KASUMI-1 (AML M2),
were obtained from the American Type Culture Collection (ATCC, Rockville, MD). Cell
lines were cultured at 37°C in a 5% CO, atmosphere, maintaining a density of 300.000
cells/ml. The culture medium was composed by RPMI 1640 (Euroclone, Milan, Italy)
supplemented with 20% heat inactivated fetal bovine serum (GE Healthcare, Piscataway,
NJ), 2 mM L-glutamine (GE Healthcare), 100 U/ml penicillin and 100 pg/ml streptomycin
(GE Healthcare) and 0.2% Mycozap (Lonza, Walkersville, MD). For all the experiments

cells were used in the exponential growth phase.

2. DRUG

Kevetrin powder was kindly provided by Cellceutix (Beverly, Massachusetts, USA),
dissolved in sterile water in a 600 ug/ml stock solution and stored at 4°C. The drug was
diluted in medium immediately before use and tested in a concentration range of 15 — 60

ug/ml.

3. TP53 MUTATION ANALYSIS

DNA was extracted from cell lines using QlAamp DNA Mini kit (Qiagen, Hilden,
Germany) in accordance with the manufacturer’s instructions. DNA quantity and quality
were assessed by Nanodrop (Celbio, Milan, Italy). Starting from 50 nanograms of DNA,
TP53 exons 5, 6, 7, 8 were amplified by Polymerase Chain Reaction and analyzed by
Direct Sequencing using 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA).

4. CELL VIABILITY ASSAY

Cell viability was determined using CellTiter 96® AQueous One Solution Cell
Proliferation Assay, based on 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) (Promega, Wisconsin, USA). Cells were
seeded in 100pul of culture medium and, after the treatment, 20ul of Solution Reagent were
added into each well of the 96-well assay plate. Cells were incubated for 3 hours (h) at

37°C and 5% CO,. The optic density (OD) was determined at a wavelength of 490 nm by
18



THERMO MULTISKAN EX microplate reader (Thermo Fisher Scientific, Massachusetts,
USA).

5. FLOW CYTOMETRY

Flow cytometric analysis were performed using a FACSCanto flow cytometer (Becton
Dickinson, San Diego, CA, USA) equipped with 488 nm (blue) and 633 (red) lasers and
10,000 events were recorded for each sample. Data acquisition and analysis were
performed using FACSDiva (Becton Dickinson).

5.1 Annexin V assay

Cells were washed once in phosphate buffered saline (PBS) and incubated with 25ul/ml of
Annexin V-fluorescein isothiocyanate (FITC) in binding buffer (eBioscence, San Diego,
CA) for 15 minutes (min) at 37°C in a humidified atmosphere in the dark. Cells were
washed in PBS and re-suspended in binding buffer. Before flow cytometric analysis,
propidium iodide (P1) was added to a final concentration of 5 ug/mi.

5.2 Tunel assay

Fragmented DNA was detected by the terminal deoxynucleotidyl transferase (TdT) nick-
end labeling (TUNEL) assay. After each treatment, cells were washed with PBS, fixed in
1% Formaldehyde on ice for 15 min, suspended in 70% ice-cold ethanol and stored
overnight (o/n) at -20°C. Cells were, then, washed in PBS and incubated 5 min at 4°C in
PBS containing 0.1% Triton X-100 (Bio-Rad, Hercules, CA). Thereafter, samples were
incubated in 50 upl of solution containing TdT and FITC conjugated dUTP
deoxynucleotides 1:1 (Roche Diagnostics GmbH, Mannheim, Germany) and incubated 90
min at 37°C in a humidified atmosphere in the dark. Samples were washed in PBS,
counterstained with 2.5 mg/ml propidium iodide (MP Biomedicals, Verona, Italy) and 10
kU/ml RNAse (Sigma-Aldrich, St. Louis, MO) for 120 min at 4°C in the dark and
analyzed by flow cytometry.

5.3 Mitochondrial Membrane Potential Depolarization Analysis (4¥m)

Cells were washed once in PBS and incubated in JC-1 Working solution (BD Biosciences
Pharmingen, San Diego, CA) for 15 min in a humidified atmosphere at 37°C in the dark,
according to manufacturer’s instructions. Cells were then washed twice, suspended in 1X

Assay Buffer (BD Biosciences) and analyzed by flow cytometry.
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5.4 Cell Cycle

After the treatment, cells were washed in PBS 1X, fixed in 70% ice-cold ethanol, stained
with 10 mg/ml propidium iodide (MP Biomedicals), 10 kU/ml RNAse (Sigma Aldrich)
and 0.01% NP40 (Sigma Aldrich) o/n at 4°C in the dark and analyzed by flow cytometry.
Data analysis were performed using ModFit 2.0 (DNA Modelling System, Verity Software
House, Inc., Topsham, ME, USA).

5.5 Active Caspase-3 Assay

The percentage of active Caspase-3 was measured using the FITC Active Caspase-3
Apoptosis Kit (BD Biosciences). After the treatment, cells were collected, washed twice
with ice-cold PBS, and incubated 20 min at 4°C in BD Cytofix/Cytoperm (BD
Biosciences). Samples were washed with BD Perm/Wash™ buffer 1X (BD Biosciences)
and incubated with 20 ul of Rabbit Anti-Active Caspase-3 (BD Biosciences) for 30 min at
room temperature (RT) in the dark. Each sample was washed in BD Perm/Wash™ buffer

and analyzed by flow cytometry. A positive control for each experiment was used.

6. IMMUNOFLUORESCENCE

After the treatment, cells were seeded in 6 wells and cultured in a humidified CO2
atmosphere for 24 and 48 h. After the count 500.000 cells were fixed in 4% (v/v)
Formaldehyde for 15 min, blocked for 60 min at RT with a 5% BSA, 0.3% Triton X-100
solution (Sigma-Aldrich) and incubated o/n at 4°C with a rabbit monoclonal anti-human
p53 antibody (Cell Signaling Technology, Inc., Danvers, MA, USA), used at a dilution of
1:1000. The day after, samples were washed with PBS, incubated with a Phycoetythrine-
conjugated anti-rabbit secondary antibody (Invitrogen, Carlsbad, CA) for 1 h at RT and
rinsed in PBS. Cells were, then, cytospinned 5 min at 800 rpm on positive-charged slides
(Bio Optica, Milan, Italy). Slides were mounted with Slowfade Diamond Antifade
Mountant with DAPI (Invitrogen) and staining was evaluated using a fluorescent
microscope (Axioscope; Zeiss, Gottingen, Germany). Controls for each experiment were

used.
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7. WESTERN BLOT

Total protein extracts were prepared in ice-cold lysis buffer (0.5% Nonidet P-40 [NP-40],
250 mM sodium chloride [NaCl], 50 mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid [Hepes], 5 mM ethylenediaminetetraacetic acid [EDTA], and 0.5 mM ethyleneglycol
bis (beta-aminoethylether)-N,N,N’,N tetraacetic acid [EGTA]) containing phosphatase
inhibitor cocktail 2 (Sigma-Aldrich), protease inhibitor (Clontech, Mountain View, CA),
and dithiothreitol (DTT) (Invitrogen). Proteins were collected 48 h after the treatment at
different concentrations (15-30-60 pg/ml). BCA protein assay kit (Pierce, Rockford, IL)
was used to measure protein concentration. Proteins were separated by polyacrylamide gel
(Bio-Rad) electrophoresis and were transferred to 0.2 um nitrocellulose membranes (Bio-
Rad). The following antibodies were used: anti-HSP90AB1 (clone 4C10, 1:2000) from
Origene, anti-p53 (clone 7F5, 1:1000), anti-SIRT-3 (clone C73E3, 1:1000), anti-Phospho-
p53 (Serl5) (clone 16G8, 1:1000), anti-p21 (clone DCS60, 1:2000) and anti-PUMA (clone
D30C10, 1:1000) all from Cell Signaling. Proteins were detected by chemiluminescence.
Anti-p-actin (clone AC-15, 1:50000) from Abcam and Anti-vinculin (1:1000) from
Invitrogen were used as normalizer. Quantitative analysis was carried out with

QuantityOne Software.

8. GENE EXPRESSION PROFILING (GEP)

RNA was isolated using TRIzol (Invitrogen) from no drug controls and samples treated
with Kevetrin 60 pug/ml. Labeled ss-cDNA was prepared from 100 ng RNA and hybridized
to Human Transcriptome Array 2.0 (Affymetrix, Santa Clara, California, USA) according
to the manufacturer’s recommendations. Three independent samples of each condition per
cell line were analyzed. Data quality control and normalization, and supervised analysis
were performed using Expression Console and Transcriptome Analysis Console softwares,
respectively (Affymetrix).

9. STATISTICAL ANALYSIS

All experiments were performed at least three times. Quantifiable data were derived from
three independent experiments. Statistical analysis was carried out using GRAPH PAD
PRISM 5.0 software by applying the Student t test for 2-group comparisons. Differences

were considered significant at p < 0.05.
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RESULTS

1. BACKGROUND

The initial aim of my research project was to evaluate the effect of innovative compounds,
in classical Hodgkin Lymphoma (cHL) cell lines, as new promising therapeutic strategies.
At first, we focused on Kevetrin, a new drug with a different mechanism of action
depending on TP53 mutational status (wild type or mutated). Sequencing cHL cell lines
(HDLMZ2, L-428, L-1236), we found that all the chosen models were characterized by
TP53 gene deletions. In order to better understand drug’s activity, we performed some
preliminary experiments on two acute myeloid leukemia (AML) cell lines with a more
defined TP53 mutational status: KASUMI-1, a TP53 mutated cell line (characterized by a
homozygous point mutation), and MOLM-13, a wild type model. Starting from the results
obtained in AML, we noticed a more selective action of the drug for the mutated cell line
and we decided to deep investigate Kevetrin’s mechanism of action in this model. We were
also supported on this way by the developing, at the Hematology institute of Bologna, of a
Phase-11 study protocol involving Kevetrin as a single agent or in combination with
Cytarabine in Acute Myeloid Leukemia patients. Starting from the study design and
encouraged by the inventor of the molecule, at first we tested a pulsed treatment, in order
to use an in vitro treatment as similar as possible to the clinical schedule, characterized by
6 hour infusion every two-three days in a four week cycle. Unfortunately, the pulsed
treatment didn’t show a clear effect. We, therefore, decided to move to a continued

treatment, in order to clarify drug’s mechanism of action in our model.

2. CELL LINES CHARACTERIZATION

At first, we verified the mutational status of the TP53 gene in the selected cell lines, in
order to confirm the one described by the literature. We sequenced TP53 gene from exon 5
to exon 8 and, for MOLM-13 cell line, we confirmed a wild type status of the TP53 gene;
for KASUMI-1 we found the described homozygous point mutation of Exon 7, associated
to a substitution of Arginine (R) with Glutamine (Q), changing residue’s polarity and

creating a disruptive mutation, with a non-functional protein (Table 1).
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AML cell lines TP53 status from literature TP53 ex5 TP53 ex6 TP53 ex7 TP53 ex8

KASUMI -1 TP53 mutated
i ) WT WT R248Q cod248 wWT
(AML-M2) Homozygous point mutation of Exon 7
CGG-->CAG
MOLM -13
TP53 wt WT WT WT WT
(AML-M5)

Table 1. TP53 mutational status of AML cell lines.

3. PULSED TREATMENT

The first schedule we tested was associated to a pulsed treatment, characterized by 6 hour
treatment plus a wash out (wo) of 66 hours (h) in a two week cycle with three pulsations

every treatment (Figure 10).

Day 1: Day 4: Day 7: Day 10:
6h treat + 66h wash out B6h+66h wo B6h+66h wo
Assays at 6h Assays at 6h+66h wo Assays at 6h+66h wo (x2) Assays at 6h+66h wo (x3)

Figure 10. Pulsed treatment schedule.

3.1 KEVETRIN INDUCES A DECREASE OF VIABILITY IN KASUMI-1 CELL
LINE

To investigate the response of AML cell lines to Kevetrin, we evaluated KASUMI-1 and
MOLM-13 cell viability using the MTS assay after exposure to different concentrations of
Kevetrin (15, 30 and 60 pug/ml) for 6h, 6h+66h wo, 6h+66h wo (x2) and 6h+66h wo (x3).
As visible in Figure 11, the two cell lines showed different outlines: the mutated one
(KASUMI-1), showed a dose and time-dependent inhibition of cell viability with IC50 at
6h+66h wo (x2) of 53 pg/ml; on the other side, the wild type cell line (MOLM-13) didn’t

show any inhibition of cell viability.
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Figure 11. Kevetrin effect on AML cell lines proliferation.

Survival curve of AML cell lines treated with different concentrations of Kevetrin (15 — 30 — 60 pg/ml) for
up to three pulsations. Values represent the mean + SD of three independent experiments in triplicate.

3.2 KEVETRIN INDUCES A SLIGHT APOPTOSIS INCREASE IN KASUMI-1
CELL LINE

To investigate the role of apoptosis into Kevetrin’s effect in our models, we examined
phosphatidylserine externalization, DNA fragmentation and Caspase-3 activation in cells
treated with 60 pug/ml Kevetrin for 6h and 6h plus 66h of wo, repeated for three times.
Regarding phosphatidylserine externalization, in KASUMI-1 cell line, after the treatment,
we observed an increase of Annexin V+ cells (early plus late apoptosis) compared to no
drug control, not statistically significant. About MOLM-13 cell line we did not observe a

significant variation of apoptotic cells percentage (Figure 12).
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Figure 12. Characterization of apoptosis induced by Kevetrin.

Quantification of Annexin V+ cells in AML cell lines no drug and treated with Kevetrin at 60 pg/ml for 6h
and 6h+66h wo (x1, x2, x3). Values represent the mean + SD of three independent experiments.

Moreover, the data obtained were confirmed by TUNEL assay (Figure 13). We evaluated

also the mitochondrial involvement and we didn’t notice any alteration of mitochondrial
membrane potential (data not shown).
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Figure 13. Evaluation of DNA fragmentation induced by Kevetrin in AML cell lines.

Percentage of DNA fragmentation in AML cell lines no drug controls and samples treated with Kevetrin at
60 pg/ml for 6h+66h wo (x1, x2, x3). Values represent the mean + SD of three independent experiments.

3.3 REDUCED KEVETRIN TREATMENT TIME HAS A LOW EFFECT ON
GENE EXPRESSION

We decided also to evaluate the effect of the treatment on gene expression regulation,
performing a gene expression profiling (GEP) after 6h of treatment. In both the cell lines,
after the treatment, we noticed an up-regulation of Metallothioneins in treated samples,
compared to controls. The alterations were mainly associated to Metallothionein 1
isoform’s subtypes and could be probably related to the oxidative stress induced by the

treatment (Figure 14).
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Figure 14. Gene expression profiling after 6h of treatment with Kevetrin.

Genes differentially expressed in AML cell lines controls and samples treated with Kevetrin at 60 pug/ml for
6h. Values are obtained from three independent experiments. Each row represents a gene and each column
represents an independent experiment. The expression level of each gene is depicted according to a color
scale shown at the top. Red and green indicate expression levels respectively above and below the median.

4. CONTINUED TREATMENT

Using a pulsed treatment we didn’t understand clearly Kevetrin’s mechanism of action in
our models. We decided, indeed, to evaluate the effect of a continued treatment of 24 and
48 h.

4.1 KEVETRIN INDUCES A DECREASE OF VIABILITY IN AML CELL LINES

KASUMI-1 and MOLM-13 cell viability was evaluated using the MTS assay, after the
exposure to different Kevetrin concentrations (15, 30 and 60 ug/ml) for 24, 48, and 72 h.
As shown in Figure 15, the mutated cell line (KASUMI-1), presented a dose and time-
dependent significant inhibition of cell viability, with 1C50 at 48 h of treatment of 44.7
pg/ml.

The wild type cell line (MOLM-13), instead, presented a significant inhibition of cell
viability only at the higher concentration (60 pug/ml), with an IC50 at 48 h of 57.8 pg/ml.
These data have demonstrated an anti-proliferative effect of Kevetrin, mostly on the

mutated model, but also on the wild type one.
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Figure 15. Kevetrin effect on AML cell lines proliferation.

Survival curve of AML cell lines treated with different concentrations of Kevetrin (15 — 30 — 60 pg/ml) for
up to 72 h. Values represent the mean + SD of three independent experiments in triplicate.

4.2 KEVETRIN INCREASES CELL SUSCEPTIBILITY TO APOPTOSIS

To investigate if apoptosis contributed to the anti-proliferative effect observed in AML cell
lines, we examined phosphatidylserine externalization and DNA fragmentation after the
treatment with Kevetrin at 15, 30 and 60 pg/ml for 24 and 48 h. As shown in Figure 16, in
the mutated cell line (KASUMI-1) we observed an increase of Annexin V+ cells (early
plus late apoptosis) in the treated samples compared to no drug control, statistically
significant, at the higher concentration, after 24 h (38.35 = 1.60 % vs 12.20 + 2.54 %) and,
extensively, after 48 h (17.30 + 1.65 % for 15 pg/ml, 32.50 £ 0.60 % for 30 pg/ml and

79.70 £ 4.57 % for 60 pug/ml vs 13.18 = 0.80 % for no drug control).
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Figure 16. Characterization of apoptosis induced by Kevetrin in KASUMI-1 cell line.

(a) Representative dot plots of Annexin V — FITC and Propidium lodide (P1) — PerCP Cy5.5 staining in
KASUMI-1 cell line no drug and treated with Kevetrin at 15, 30 and 60 ug/ml for 48 h. (b) Quantification of
Annexin V+ cells at 24 and 48 h. Values represent the mean £ SD of three independent experiments
(*, P <0.05, **, P < 0.005, ***, P <0.0005 vs no drug; ns, not significant).

The presence of a great apoptosis induction was also confirmed by the statistically
significant rise of DNA fragmentation (Figure 17 a), detected by Tunel assay, and by the
great increment of Caspase-3 cleaved form (Figure 17 b). We also evaluated the cell cycle
after 24 and 48 h of 60 pg/ml Kevetrin and we weren’t able to describe cell cycle
alterations due to the great apoptotic event (73.55 % vs 7.58 % of Apoptosis in no drug
control) (Figure 17 c).
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Figure 17. Evaluation of DNA fragmentation, Caspase-3 activation and Cell Cycle alterations induced
by Kevetrin in KASUMI-1 cell line.

() Representative dot plots after 48 h and percentage of DNA fragmentation in KASUMI-1 cell line control
and samples treated with Kevetrin 60 pg/ml for 24 and 48 h. (b) Representative cytofluorimetric histograms
after 48 h and percentage of Active Caspase-3 in control and samples treated with Kevetrin 60 pug/ml for 24
and 48 h. (c) Representative histograms of cell cycle of control and sample treated with Kevetrin 60 ug/ml
for 48 h. Values represent the mean + SD of three independent experiments (*, P < 0.05, **, P < 0.005, ***,
P < 0.0005 vs no drug; ns, not significant)

The wild type cell line (MOLM-13), in concordance with MTS data, showed a meaningful
and statistically significant rise in apoptosis after 48 h at the concentration of 60 ug/mi,
compared to no drug control, in terms of phosphatidylserine externalization (54.95 + 5.63
% vs 12.53 £ 6.15 %)(Figure 18), DNA fragmentation (42.17 £ 5.27 % vs 1.97 = 0.47
%)(Figure 19 a) and Caspase-3 activation (48.7 = 7.21 % vs 5.7 = 2.82 %)(Figure 19 b).

No differences were observed at lower concentrations.
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Also in this model we evaluated the cell cycle after 24 and 48 h of 60 pug/ml Kevetrin and
we weren’t able to point out cell cycle alterations due to the apoptosis increase (59.24 % vs

5.70 % of Apoptosis in no drug control) (Figure 19 c).
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Figure 18. Characterization of apoptosis induced by Kevetrin in MOLM-13 cell line.

(a) Representative dot plots of Annexin V — FITC and Propidium lodide (PI) — PerCP Cy5.5 staining in
MOLM-13 cell line no drug and treated with Kevetrin at 15, 30 and 60 pg/ml for 48 h. (b) Quantification of
Annexin V+ cells at 24 and 48 h. Values represent the mean + SD of three independent experiments
(*, P <0.05, **, P < 0.005, *** P < 0.0005 vs no drug; ns, not significant).
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Figure 19. Evaluation of Evaluation of DNA fragmentation, Caspase-3 activation and Cell Cycle
alterations induced in MOLM-13 cell line.

(a) Representative dot plots after 48 h and percentage of DNA fragmentation in MOLM-13 cell line control
and samples treated with Kevetrin at 60 ug/ml for 24 and 48 h. (b) Representative cytofluorimetric
histograms after 48 h and percentage of Active Caspase-3 in control and samples treated with Kevetrin at 60
pg/ml for 24 and 48 h. (c) Representative histograms of cell cycle alterations of control and sample treated 48
h with Kevetrin 60 pug/ml. Values represent the mean + SD of three independent experiments (*, P < 0.05, **,
P <0.005, ***, P < 0.0005 vs no drug; ns, not significant).

4.3 KEVETRIN INDUCES MITOCHONDRIAL DEPOLARIZATION IN AML
CELL LINES

In order to evaluate the mitochondrial involvement in the apoptotic process we decided to
measure the mitochondrial membrane depolarization after 24 and 48 h of treatment. As
shown in Figure 20 a, in KASUMI-1 cell line we observed, also in this case, a higher
sensitivity, compared to the wild type model. More in details, in the mutated model
Kevetrin exposure induced a rise of mitochondrial membrane depolarization in treated
samples referred to no drug control, statistically significant at 60 pug/ml after 24 h (14.73 =
0.89 % vs 5.40 = 2.30 %) and also at lower concentrations, after a longer exposure (9.70 +
1.70 % for 15 pg/ml, 20.97 + 1.87 % for 30 pg/ml and 64.97 + 4.29 % for 60 ug/ml vs
6.00 + 0.72 % for no drug control, after 48 h).
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Differently from KASUMI-1, MOLM-13 showed a statistically significant increase of
mitochondrial membrane depolarization only after 48 h at 60 pug/ml, compared to no drug

control (32.37 £ 7.73 % vs 3.87 £ 0.90 %) (Figure 20 b).
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Figure 20. Kevetrin alters mitochondrial membrane potential in AML cell lines.

(a) Representative contour plots reporting the percentage of mitochondrial depolarization in controls and
samples treated with Kevetrin at different concentrations (15 — 30 — 60 pg/ml) for 48 h and quantification of
KASUMI-1 cells with depolarized mitochondria membrane after 24 and 48 h. (b) Representative contour
plots reporting the percentage of mitochondrial depolarization for 48 h and quantification of MOLM-13 with
depolarized mitochondria membrane after 24 and 48 h. Values represent the mean + SD of three independent
experiments (*, p < 0.05, **, p < 0.005, ***, p < 0.0005, ns, not significant).

4.4 KEVETRIN DIFFERENTLY AFFECTS THE EXPRESSION OF p53 AND ITS
RELATED PROTEINS IN THE SELECTED MODELS

With the purpose to verify if the mechanism of action of our models was comparable to the
one proposed by Cellceutix, we performed western blot analysis on both the cell lines, after
48 h of Kevetrin exposure at the concentrations of 15, 30 and 60 pug/ml. We identified a
different mechanism of action for the mutated and the wild type model. In KASUMI-1 cell

line the treatment induced a dose-dependent decrease of SIRT-3 expression, than the
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relative untreated control. We also noticed a down-regulation of p53 total and active form
(phosphorylated on Serine 15), more evident at the higher concentration, probably related
also to the reduced expression of Hsp90; moreover we confirmed a reduced protein
activity, examining two p53 substrates, PUMA and p21, that resulted less expressed after
the treatment (Figure 21). The molecular effect in KASUMI-1 cell line wasn’t dose-

dependent, as the cellular one.
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Figure 21. Kevetrin effect on the expression of p53 and its related proteins in KASUMI-1 cell line.
(a) Representative western blots of p53, pS15 p53, SIRT-3, PUMA, p21 and Hsp90 expression levels in
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In MOLM-13, the scenario was quite different: we noticed, unequally from the described
non-hematological wild type models, a down-regulation of total p53 and a stable
expression of its active form (pS15 p53), in treated samples referred to no drug controls.
Evaluating p53 target proteins we found a reduced expression of PUMA but a great up-
regulation of p21, more evident at the higher concentration. We also found a reduction of

Hsp90 and a rise in SIRT-3 expression (Figure 22).

- 15 30 60 Kevetrin [g/ml]
o = 53
w | pSerl5 p53
| — | P21

(S e e | H3SP90ABI
[W S S e | p-Actin

[ —— —— — | PUMA
[ S S W SIRT-3

[ | (-Actin

36



™
in
M~
in

8

)

mCTRL uCTRL

g
in
Lo

in

Kevetrin15 Kevetrin 15

m Kevetrin 30 = Kevetrin 30

-

-

mKevetrin 60 mKevetrin 60

p53 expression levek
{relative to CTRL)
p515 p53 expression levek
{rehltive to CTRL)

=1
n

a8
n

(=]
=1

Ll
in
@

L
w i

¥
S
n

mCTRL uCTRL

=
in
w

Kevetrin15 Kevetrin 15

m Kevetrin 30 m Kevetrin 30

-
{reltive to CTRL)

m Kevetrin 60 mKevetrin 60

p2lexpression lkevek

-

Hsp90AB1 expression levek
{relative to CTRL)

=)

in

y L L
o= o ow s

=

(=]
[=1

2,5

i
in

ra
ra

= CTRL m CTRL

=
in

Kevetrin15 Kewvetrin 15

mKevetrin 30

-

{reltive to CTRL)
{reltive to CTRL)

| Kevetrin 60

PUMA expression levek
SIRT-3 expression levek

mKevetrin 30
0,5

I m Kevetrin 60 v
o . ) o

48h

=1
in

Figure 22. Kevetrin effect on the expression of p53 and its related proteins in MOLM-13 cell line.

() Representative western blots of p53, p53(Ser15), SIRT-3, PUMA, p21 and Hsp90 expression levels in
MOLM-13 cell line treated with Kevetrin at 15, 30 and 60 pug/ml for 48 h. B-actin was used as loading
control. (b) Relative densitometric analysis in MOLM-13 cell line treated with Kevetrin at the above

concentrations.

4.5 KEVETRIN ALTERS THE LOCALIZATION OF p53 IN AML CELL LINES

With the purpose to verify if the p53 down-regulation was also associated to a different
protein localization, we performed immunofluorescence analysis, after 24 and 48 h at the
concentration of 60 ug/ml Kevetrin.

In KASUMI-1 cell line the treatment induced a cytoplasmic localization, more evident

after 48 h, if compared to the nuclear localization of the relative control.
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In the wild type model (MOLM-13) we did not observe any alteration after 24 h and, also
in this case, we found a more p53 cytoplasmic localization after 48 h of treatment with 60

pg/ml Kevetrin (Figure 23).
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Figure 23. Expression of p53 in KASUMI-1 and MOLM-13 cell lines.

P53 protein expression before (CTRL) and after 48 h of treatment with Kevetrin 60 pg/ml. Nuclei are
stained with DAPI (DAPI= 4'-6-Diamidino-2-phenylindole), while p53 is detected through a monoclonal
antibody (red signal). Co-localization of nuclei and p53 is presented in violet in the merged image. Images
are acquired using a 20x objective.
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DISCUSSION

Acute Myeloid Leukemia (AML) is a clonal disorder defined by myeloid progenitors
expansion and proliferation. AML therapeutic strategy over the past 30 years hasn’t been
changed and, nowadays AML is curable in the most of patients younger than 60 years old.
For those older than 60 the prognosis remains unhappy (1)(2). Tumor suppressor p53 is a
fundamental regulator of several responses associated to stress signals, such as DNA
damage, hypoxia and hyperproliferation, modulating numerous genes with a key role in
cell-cycle arrest and DNA repair (27). TP53 is one of the most mutated gene in human
tumors (54). The frequency of TP53 gene mutation in AML patients is approximately 8%,
and those mutations are predominantly associated with complex aberrant karyotype,
conferring a very poor outcome (2)(17).

The novel Cellceutix’s nitrile derivative, Kevetrin, has showed a great activity in several
solid tumors, presenting a different mechanism of action for wild type and mutated TP53
models. Geoffrey S. and colleagues reported, indeed, a remarkable role of Kevetrin in
promoting p53 wild type activity restoration, inducing apoptosis through the increased
expression of p53 target genes, p21 and PUMA (45). Regarding TP53 mutated models, the
pro-apoptotic activity of this new compound can be due to the dissociation of the Hsp90-
p53 oncogenic complex that allows the mutated form’s degradation (50).

In the present study we evaluated if Kevetrin could be active also on hematological
models, testing the drug on AML cell lines. Starting from a schedule more close to the
clinical protocol, we tested a pulsed treatment that showed a particular sensitivity of the
mutated cell line (KASUMI-1), associated to a great growth arrest but a less marked
apoptosis induction. A different effect was observed on the wild type cell line (MOLM-
13), that was more resistant to the treatment.

Using a continue treatment schedule, we observed a more evident effect. Our data indicate
that Kevetrin exposure induces cell growth arrest, a great drop of mitochondrial membrane
potential and a remarkable increment of Caspase-3 cleaved form, features that contribute to
apoptotic cell death in the two cell lines. Cellular effects can be associated with a dose and
time-dependent effect in KASUMI-1 cell line but not in MOLM-13, in which we can
observe an activity only at the higher concentration, after 48 h.

We decided to clarify Kevetrin’s mechanism of action in the two cell lines, verifying if the
effect of the molecule was related to p53, as observed by Cellceutix in solid cancer models
(45)(50).
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At first we evaluated the expression of p53 in its total and active form, phosphorylated on
Serine 15, a modification that occurs after DNA damage for reducing p53-MDM2
interaction and promoting increased levels of transcriptionally active p53 (36). After 48 h
of Kevetrin 60 ug/ml exposure in KASUMI-1 cell line we found a great p53 down-
regulation, also confirmed by a different localization of the protein, more nuclear in no
drug control and cytoplasmic in the treated sample, suggesting an increased proteasomal
degradation. In concordance with the mechanism of action proposed by Cellceutix, in our
model p53 reduced expression could be due to Hsp90 down-regulation, resulting in a less
marked formation of the Hsp90-p53 oncogenic complex, with an increased protein
degradation. Several studies, indeed, underlined a higher interaction of mutated p53 to
Hsp90, compared to the wild type protein (55)(56) and how chaperon function’s inhibition
can promote mutant p53 degradation (57). We also found a down-regulated p53 active
form, associated to a more reduced expression of p53 target proteins, such as p21 and
PUMA. Moreover, we found a down-regulation of SIRT-3 protein expression (Figure 24).
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Figure 24. Kevetrin’s mechanism of action in KASUMI-1 cell line.
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Considering MOLM-13 cell line, after 48 h of treatment with Kevetrin 60 pg/ml we found,
differently from solid cancer models, a great p53 down-regulation, confirmed by a more
cytoplasmic protein localization after the treatment, compared to no drug control. p53
reduced expression could be also due to SIRT-3 up-regulation and Hsp90 down-regulation.
SIRT-3, indeed, exert an inhibitory activity on total p53, as reported by Li S. et al. (40),
and Hsp90 has been proved to be fundamental for the stability and the DNA binding
capacity of the wild type protein (58)(59). Regarding p53 active form, phosphorylated on
Serine 15, we noticed slight variations in protein expression, if compared to the great p53
down-regulation, suggesting a physiological response of the protein to the cellular damage.
In accordance with p53 activity, we observed a great up-regulation of p21, promoting cell
cycle arrest, probably associated with a drug resistance mechanism. In contrast, PUMA
protein was highly down-regulated, suggesting a p53-independent mechanism of action
(60) or a feedback regulation of the apoptotic process, after Caspase-3 activation (61)
(Figure 25).
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Figure 25. Kevetrin’s mechanism of action in MOLM-13 cell line.
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This last aspect will be subject to further research in order to ameliorate our understanding
of Kevetrin’s mechanism of action in the two cell lines. In this regard we are actually
performing gene expression profiling after 48 h of treatment with Kevetrin 60 pug/ml on
both the cell lines.

Our results suggest that Kevetrin may represent a promising drug in AML patients
treatment, both in wild type and even more in TP53 mutated tumors, through different
molecular mechanisms, giving more therapeutic alternatives in the treatment of this

disease.
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