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Abbreviations

AV — Annexin V

AKT — Protein kinase B (PKB)

AML — Acute myelogenous leukemia

APC — Allophycocyanin

APL — Acute promyelocytic leukemia
BKM120 — Buparlisib, NVP-BKM120

CF — Citometria de Fluxo

CLL — Chronic lymphocytic leukemia

CML — Chronic myelogenous leukemia
DLBCL - Diffuse large B-cell lymphoma
DNA — Deoxyribonucleic Acid

FC — Flow cytometry

FDA — Food and Drug Administration

FITC — Fluorescein isothiocyanate

GPCR — G-protein coupled protein receptor
ICso — Half-maximal inhibitory concentration
INPP4B — Inositol polyphosphate 4-phosphatase type 11
LMA — Leucemia Mieloide Aguda

MDS — Myelodysplastic syndrome

MGUS — Monoclonal gammopathy of unknown significance
MM — Multiple myeloma, Mieloma Mdltiplo
MTOR — Mammalian target of rapamycin

PBS — Phosphate buffered saline
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Pl — Propidium lodide

PI3K — Phosphoinositide 3-kinase

PIP2 — Phosphatidylinositol 4,5 bisphosphate [P1(4,5)P2]
PIP3 — Phosphatidylinositol 3,4,5 trisphosphate [PI1(3,4,5)P3]
PTEN — Phosphatase and tensin homologue

RAEB — Refractory anemia with excess of blasts

RTK — Receptor of tyrosine kinase

SHIP1 — SH2-containing inositol-5"-phosphatase 1
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Abstract

The phosphoinositide 3-kinase (PI3K) is an intermediate signaling molecule that is
involved in the activation of multiple effector pathways such as PI3K/AKT/mTOR. PI3K plays
a very important role in key cellular processes like cell growth, survival, proliferation,
metabolism, motility and DNA transcription. This pathway is deregulated in several types of
malignancies including hematological malignancies.

The aim of this study is to evaluate the effect of Buparlisib, NVP-BKM120, hereby
called BKM120 (a pan-class I PI3K inhibitor), on in vitro models of acute myelogenous
leukemia (AML) and multiple myeloma (MM).

For this purpose, we used two in vitro models of myeloid malignancies, HEL cells
(erythroleukemia) and NB-4 cells (acute promyelocytic leukemia) and an in vitro model of
lymphoid malignancies, H929 cells (MM). Cell lines were cultured both in absence and in
presence of different concentrations of BKM120 administered in single and daily dose schemes.
Cell viability was determined at 24, 48 and 72 hours using the resazurin assay. Cell death was
analyzed by optical microscopy after May-Grunwald Giemsa staining, and by flow cytometry
(FC) using the annexin V and propidium iodide double staining. Caspases activity was
evaluated using the ApoStat probe by FC. Cell cycle analysis was also performed by FC with
PI/RNAse solution.

BKM120 induces a decrease in cell viability in a dose, time, cell-type and administration
scheme dependent manner. In fact, the calculated half maximal inhibitory concentration (I1Cso)
at 48 hours of exposure was 80 nM in the NB-4 cell line, making it the most sensible cell line,
approximately 2 uM in the HEL cell line and well beyond 10 uM, the maximal dose tested, in
the H929 cell line. Moreover, the daily administration of a small dose of BKM120 reveals a

positive effect when compared to the administration of the same dose in the single dose
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administration scheme, being this effect more pronounced in the NB-4 cell line. Morphology
and FC demonstrated that this compound induced cell death predominantly by apoptosis with
an increase of the percentage of cells expressing caspases. The cell cycle analysis showed that
BKM120 induces cell cycle arrests in the tested cell lines proving that it also has anti-
proliferative properties.

Our results show that BKM120 has the ability to induce cytotoxic and anti-proliferative
effects in acute myeloid leukemia and multiple myeloma cell lines, suggesting that PI13K could
be a promising therapeutic target for novel anti-cancer therapeutics in patients with these

malignancies, mainly with acute myeloid leukemia.

Key-Words: PI3K, BKM120, Acute Myeloid Leukemia, Multiple Myeloma, Apoptosis
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Resumo

A fosfatidilinositol 3-quinase (P13K) é uma proteina que intervém em diversas vias de
sinalizacdo intracelular, e uma vez ativada conduz a ativacdo de vias efetoras como a
PIBK/AKT/mTOR. A PI3K tem um papel muito importante em VArios processos como
crescimento, sobrevivéncia, proliferacdo, metabolismo, motilidade e transcricdo de ADN. A
desregulacdo desta via estd associada a patogénese de processos neoplasicos incluindo
neoplasias hematoldgicas.

O objetivo deste estudo é avaliar o efeito do Buparlisib, NVP-BKM120, de ora em
diante designado por BKM120, um inibidor da Classe | do PI3K em modelos in vitro de
leucemia mieloide aguda (LMA) e mieloma multiplo (MM).

Para concretizar o nosso objetivo utilizamos dois modelos de LMA, as células HEL
(eritroleucemia) e as células NB-4 (leucemia promielocitica aguda) e um modelo de MM, as
células H929. As linhas celulares foram cultivadas na auséncia e na presenca de diferentes
concentracdes de BKM120 que foi testado em esquemas de administracdo Unica e de
administracdo diaria. A viabilidade celular foi avaliada as 24, 48 e 72 horas de exposicao
utilizando um ensaio metabolico da resazurina. A morte celular foi analisada através de
microscopia 6tica (coloracdo May-Grunwald Giemsa) e por citometria de fluxo (CF) (anexina
V e o iodeto de propidio). Também por CF foi avaliada a actividade das caspases (sonda
ApoStat) e o ciclo celular através da marcacdo com lodeto de Propidio/RNase.

Os resultados demonstram que 0 BKM120 induz diminui¢do da proliferacdo celular de
modo dependente do tempo, da dose, da linha celular e do esquema de administracdo. De facto,
0 ICso calculado as 48h de exposicdo foi de 80 nM para a linha celular NB-4, revelando-se a
mais sensivel; 2 uM para a linha celular HEL e superior a 10 pM, a dose mais alta testada, para
a linha celular H929. A administracdo diaria de BKM120 mostrou-se mais eficaz na reducéo

da proliferacdo celular que a mesma dose em toma Unica, particularmente na linha celular NB-
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4. A morfologia e a CF mostram que este composto induziu morte celular predominantemente
por apoptose, com aumento da percentagem de células que expressavam caspases. A analise do
ciclo celular permitiu verificar que 0 BKM120 induziu blogueio do ciclo celular em todas as
linhas celulares testadas provando que também tem efeitos anti-proliferativos.

Os nossos resultados mostram que o BKM120 induz efeitos citotdxicos e anti-
proliferativos em linhas celulares de LMA e de MM sugerindo que o PI3K pode ser um alvo
promissor para o desenvolvimento de novos farmacos para o tratamento destas neoplasias

particularmente no caso da LMA.

Palavras-chave: PI3K, BKM120, Leucemia Mieloide Aguda, Mieloma Multiplo, Apoptose
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Introduction

Hematological malignancies are a very profound field of study. The urge to find new
treatments has enlightened the way to a better understanding of the cellular and molecular
pathology leading to the development of more targeted compounds with greater clinical
effectiveness and reduced toxicity. In the 1990s, the development of the tyrosine kinase
inhibitor imatinib, one of the first specific molecular targeted cancer therapies, revolutionized
the treatment of chronic myelogenous leukemia (CML), transforming a highly fatal disease in
a manageable chronic condition [1]. Nevertheless, some hematological malignancies still have

a very poor prognosis.

Acute myelogenous leukemia (AML) is a heterogeneous group of diseases that share a
common characteristic, a clonal proliferation of poorly differentiated hematopoietic cells that
infiltrate the bone marrow, blood and other tissues [2]. Comparing to CML, AML continues to
have a relatively poor prognosis with an overall 5 years’ survival of 25.9% [3]. The annual
incidence is 4 cases per 100 000 individuals [3]. It is also important to note that survival
improvements over the last decades can be attributed to a better supportive care [4], since AML

treatment options have not significantly changed [2].

Multiple myeloma (MM) is characterized by proliferation of malignant monoclonal
plasma cells. It is frequently preceded by a monoclonal gammopathy of unknown significance
(MGUS) which progresses to a smoldering myeloma and ultimately to multiple myeloma, when
the patient becomes symptomatic [5]. MM has an overall 5 years’ survival of 48.5% [3]. The
annual incidence is 6.3 cases per 100 000 individuals. In the last 10 years, the development of
new treatment options like thalidomide, lenalidomide and bortezomib and the autologous stem-

cell transplantation significantly improved survival [5].
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The phosphoinositide 3-kinase (PI3K) are a group of heterodimer lipid kinases whose
main function is to participate in intermediate signaling processes that are involved in various
effector and regulatory intracellular pathways. Growth factors induce the dimerization and
activation of tyrosine kinase receptors (RTK) or G-protein coupled protein receptors (GPCR)
with the possible interaction with RAS proteins, and the recruitment of PI3K to the cell
membrane. Here, after being activated, it phosphorylates the substrate phosphatidylinositol 4,5
bisphosphate (PIP2), on the 3-position of the inositol ring, leading to the synthesis of
phosphatidylinositol 3,4,5 triphosphate (PIP3). PIP3 binds to proteins that have pleckstrin
homology, like protein kinase B (AKT) and PDK1, which activates AKT through
phosphorylation. Activated AKT then activates downstream targets as the mammalian target of
rapamycin (mMTOR). The PISK/AKT/mTOR pathway, is ubiquitously expressed across all
human cells and plays a very important role in the regulation of key cellular events like cellular
growth, proliferation, survival, metabolism, motility and adhesion but may also be involved in

other cellular processes in specific tissues (Figure 1) [6-8].
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Figure 1. Receptor of tyrosine kinase (RTK) mediated activation of the class IA Phosphoinositide 3-kinase

(PI3K) pathway. Growth factor induced dimerization of its receptor and leads to transphosphorylation of the

cytoplasmic tail of the RTK. The phosphotyrosine residues act as docking sites for the SH2 domains of the
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regulatory subunit p85 of class | PI3K. Simultaneously GTP-RAS also binds to p110 playing an important role in
the activation of PI3K. Activated of class | PI3K uses phosphatidylinositol 4,5 bisphosphate (PIP2) as a substrate
to generate phosphatidylinositol 3,4,5 triphosphate (PIP3), a lipid that binds to protein kinase B (AKT) and several
other effector proteins containing PH domains that play an important role in cell survival, metabolism and cell
cycle. These effector proteins are also responsible for the activation of the TSC1/2 complex that regulates protein
synthesis. Phosphatase and tensin homologue (PTEN) is one of the regulator genes and is responsible for the

conversion of PIP3 to PIP2.

There are three classes of PI3K (class I, class Il and class I11) coded by a vast variety of
genes (Table 1) and they are differentiated based on the structure, function, coding genes and
substrates. Class | is the most studied regarding its involvement in cancer and is further
subdivided based on the type of regulatory subunit expressed [6,9]. Class IA (activated by
RTKS) has three types of catalytic subunits (p110a, p110p or p110d) that form heterodimers
with three types of regulatory subunits (p85a, p85p or p85y) [6,9]. The class IB (activated by
GPCR) has one type of catalytic subunit (p110y) that forms heterodimers with two types of
regulatory subunits (p101 or p84) [6,9]. Class Il PI3Ks are monomeric enzymes and are divided
in three different isoforms (PI3K-C2a, PI3K-C2f and PI3K-C2y) and its function is not
completely understood [6,9]. Class 11l PI3K has a catalytic subunit (Vps34) and a regulatory
subunit (Vps15). Vps34 is ubiquitous and is involved in intracellular trafficking and autophagy
[9]. While p110a and p110p are ubiquitously expressed in all cells and tissues, p1103 and p110y
are mainly expressed in leukocytes [9]. In fact, inactivation of class | PI3K leads to a block in
B lymphocyte development and conditional deletion of either phosphatase and tensin
homologue (PTEN) or SH2-containing inositol-5"-phosphatase 1 (SHIP1) is associated with an

overexpression of the myeloid lineage [10].
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Table 1. List of Phosphoinositide 3-kinase (P13K) genes.

Gene Protein Chromosomal location
Class IA PI3K PIK3CA pl10a 3025.3
PIK3CB pl10B 3022.3
PIK3CD pl10s 1936.2
PIK3R1 p85a 5013.1
PIK3R2 p85p 19p13.1
PIK3R3 p85y 1p34.1
Class IB PI3K PIK3CG pl10y 70922.3
PIK3RS5 p101 17p13.1
PIK3R6 p84/p87PIKAP 17p13.1
Class 11 PI3K PIK3C2A PIK-C2a 11p15.1
PIK3C2B PIK-C2p 1932.1
PIK3C2G PIK-C2y 12q12.3
Class 111 PI3K PIK3C3 Vps34 180123
PIK3R4 Vpsl5 3022.1

Adapted from Asati et al 2016 [11].

Given the physiological importance of this signal transduction pathway, scientific
evidence strongly suggests that deregulation in class | PI3K and in its downstream pathways is
related with progression to multiple types of cancer. PI3K may be overactivated by gain of
function mutations of RTK or GPCR, genetic and epigenetic inactivation in the regulatory
genes like PTEN, inositol polyphosphate 4-phosphatase type Il (INPP4B) and SHIP1,
mutations in RAS and mutations resulting in overactivation of PI3K subunits or PI3K effectors
like AKT or PDK1 [9,12]. Among these mutations, the one in the PIK3CA gene, which encodes
the p110a, is involved in around 30% of the cases of some of the most prevalent types of cancer
(breast, colon, endometrium, ovarium and prostate) [7,9]. PI3K signaling pathway
abnormalities are also associated with resistance to conventional therapies [13-15].
Deregulation of the PISK/AKT/mMTOR pathway is also described in hematological

malignancies and is detected in a significant number of AML [16-18] and MM [19,20] patients.
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Outside the spectrum of cancer, PI3K deregulation is also involved in other pathologies like
autoimmune diseases, rheumatic diseases and even mental illnesses like autism and
schizophrenia [21-23].

Considering the involvement of PI3K and downstream pathways in oncogenic
transformation and in resistance mechanisms to conventional therapies, the development of
compounds tailored to target this pathway is a promising field in oncology. Therefore, during
the last two decades, various compounds have been developed and six classes are currently on
clinical trials: 1. rapamycin analogs; 2. active-sitt mTOR inhibitors; 3. pan-PI3K/mTOR
inhibitors; 4. AKT inhibitors; 5. isoform-selective PI3K inhibitors; and 6. pan-class | PI3K
inhibitors [24].

One example of this last class is Buparlisib (NVP-BKM120), hereby designated
BKM120, which inhibits both class 1A PI3K catalytic subunits (p110a, p110p or p1103) and
class IB catalytic subunit (p110y). BKM120 is more effective against class IA in comparison
with class IB [25] and exerts anti-proliferative and cytotoxic effects on solid tumors [13,26]
and on hematological malignancies [27-29]. According to the ClinicalTrials.gov database, this
compound is already undergoing clinical trials in a large spectrum of advanced solid and

hematological malignancies.

In this work our aim was to evaluate the effect of BKM120 on cellular in vitro models
of hematological malignancies. We tested this compound on two models of AML (HEL and
NB-4 cells) and one model of MM (H929 cells). BKM120 effect on cell viability, cell death

and cell cycle changes was evaluated in single and daily dose administration schemes.
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Materials and Methods

Cell lines and cell culture

The HEL cell line is derived from the peripheral blood of a 30-year-old male patient
with the diagnosis of erythroleukemia [30]. This cell line has the JAK2 V617F mutation [31].
The NB-4 cell line is derived from a bone marrow sample of a 20-year-old female patient with
the diagnosis of relapsed acute promyelocytic leukemia. The cell line has the t(15;17)
translocation [32]. The H929 cell line is derived from a pleural effusion of a 62-year-old female

patient with the diagnosis of MM [33].

Cell lines were routinely grown in RPMI-1640 medium (L-glutamine 2 mM, HEPES-
Na 25 mM, penicillin 100U/mL and streptomycin 100 pg/mL) and 10% (HEL and NB-4) or
20% (H929) heat-inactivated fetal bovine serum (FBS) at 37° C in a humidified atmosphere

containing 5% COa.

Cell viability assays

Resazurin is a cell permeable compound that has redox properties and can be used to
study cell viability. Metabolically active viable cells can reduce resazurin into its resorufin
product, which is a pink and fluorescent compound. The quantity of resorufin produced can be
measured using a spectrophotometer and is proportional to the metabolic activity of the cells in

culture [34].

Cells were cultured both in absence and in presence of increasing concentrations of
BKM120, ranging from 10 nM to 10 uM, in single dose administration. Depending on cell line,
we also tested 25 nM or 250 nM of BKM120 in a daily dose administration scheme. Cell
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viability was assessed every 24 hours (at 24, 48 and 72 hours) using the resazurin assay. After
treatment, 10 pg/ml of Resazurin solution was added to the cells, which were then incubated at
37°C. Following incubation, the absorbance at 570 nm and 600 nm was measured using a
spectrophotometer (Synergy™ HT Multi-Mode Microplate Reader, BioTek Instruments) and
the viability is normalized to the control. The results were expressed in percentage (%) = SEM

of at least 5 independent experiments.

Cell death assessment

= Annexin V /Propidium lodide double staining

During the first stages of apoptosis, a negative phospholipid called phosphatidylserine,
moves from the inner to the outer layer of the plasmatic membrane. Since annexin V (AV) has
the ability to bind to this phospholipid in the presence of calcium, we can measure its expression
using FC by adding a flourochrome that binds AV. On the other hand, in necrosis, the cell
membrane becomes increasingly permeable allowing small charged molecules, to which it was
impermeable, to enter the cell. Propidium iodide (PI) uses this opportunity to enter the cell and

intercalates DNA, leading to an increase in its own fluorescence, which is detected by FC.

In this protocol, cells were simultaneously stained with AV, labeled with the fluorescent

probe APC, and PI. This assay allows us to differentiate the cells according to Table 2.
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Table 2. Cell death analysis with Annexin V/ Propidium lodide double staining by Flow Cytometry.

AV Pl
Viable cells Negative Negative
Early apoptotic cells Positive Negative
Late apoptotic/Necrotic cells Positive Positive
Necrotic cells Negative Positive

After 48 hours of exposure to BKM120, cells were co-stained with AV-APC and Pl
using the using the manufacturer’s recommended protocol. Briefly, cells were washed with ice-
cold PBS (centrifuged at 500 xg for 5 min), resuspended in 100 pL of binding buffer and
incubated with 5 puL of AV-APC solution and 2 pL of PI solution for 15 min at room
temperature in the dark. After incubation time, cells were diluted in 400 uL of binding buffer.
A six-parameter, four color FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA)
was used and at least 10.000 events collected by acquisition using CellQuest software (Becton
Dickinson, San Jose, CA). The results were analyzed with the Paint-a-Gate software and were

expressed in percentage (%) £ SEM of at least 4 independent experiments.

= Morphological analysis

Cell morphology is an important method in the evaluation of cell death. At optical
microscopy level, multiple morphological features can be used to distinguish between apoptosis
and necrosis. In apoptosis we can observe cell shrinkage and nucleus, condensations in nuclear
chromatin, karyorrhexis and blebbing of the plasma membrane. In a later stage chromatin
condensation leads to the formation of a pyknotic nuclei. In opposition, during necrosis, we can
observe a cellular edema where the cell membrane becomes permeable, but nucleus maintains
the normal characteristics and organelles start dilating [35].

Smears were made to evaluate morphological characteristics of the treated cell lines
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using optical microscopy. After 48 hours of incubation with BKM120, all conditions in study
were collected and seeded on slides. Then, cell smears were stained with May-Grunwald-
Giemsa method and cell morphology was analysed by light microscopy, using a Nikon Eclipse

801 microscope equipped with a Nikon Digital Camera DXm 1200F.

= Caspases activity evaluation

ApoStat, a probe that quantifies caspases activity by FC, acts as a cell permeable, FITC-
conjugated pan-caspase inhibitor, which irreversibly labels cells undergoing apoptotic cell

death. Increased fluorescence indicates caspases activity [36].

After 48 hours of exposure to BKM120 treatments, 1x10° cells were resuspended in 1
mL of PBS and stained with 2 pL of ApoStat® at 37°C during 15 min. Then cells were washed
and resuspended in 300 pL of PBS being ready to acquisition. A six-parameter, four color
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA) was used and at least 10.000
events collected by acquisition using CellQuest software (Becton Dickinson, San Jose, CA).
The results were analyzed with the Paint-a-Gate software and were expressed in percentage (%)

of cells expressing caspases £ SEM of at least 5 independent experiments.

Cell cycle

Pl is a fluorescent dye that has the ability to intercalate DNA. With FC, we can quantify
the fluorescence and thus infer the quantity of DNA of each cell. We also know that the DNA
quantity varies depending on the cell cycle phase. Therefore, using a specific software and the
raw data obtained in the FC, we can determine the proportion of cells in each different phase
of the cell cycle [37].

After 48 hours of BKM120 treatment, cell cycle was analyzed by FC using PI/RNAse
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solution (Immunostep). Briefly, after 48 hours of incubation, cells were collected and washed
with PBS for 5 min at 1000 xg. The pellet was resuspended in 200 pL of ice cold 70% ethanol
solution, during vortex agitation, and incubated during 30 min at 4°C. Then, cells were washed
with PBS, resuspended in 400 pL of PI/RNase solution and incubated for 15 minutes at room
temperature. Cell cycle distribution was analysed using the ModFit LT software (Verity
Software House). Results were expressed in percentage (%) of cells in the different cell cycle
phases (Go/G1, S, and G2/M) £ SEM of at least 4 independent experiments, according with the
Pl intensity. When present, a population with lower quantity of DNA then Go/G1 was identified

and called apoptotic peak, corresponding to apoptotic cells.

Statistical analysis

We used GraphPad Prism 6 software (version 6.00 for Windows; GraphPad Software,
Inc., San Diego, CA, USA). All data was expressed as mean £ SEM of the number of
independent experiments (indicated in the figure legends). One way and two-way ANOVA
were used to determine the statistical significance, considering a p value of <0.05. We used the
results from dose-response curves to create a nonlinear regression and then calculate the half

maximal inhibitory concentration (ICso) for each tested cell line.
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Results

BKM120 reduces cell viability in AML and MM cell lines

We verified that BKM120 reduced cell viability in a time, dose and cell line dependent
manner (Figure 2). During the 72 hours of exposure, cell viability assays were conducted every
24 hours and the viability progressively decreased. In fact, the 1Cso for the HEL cell line was
over 10 uM at 24 hours, 2 UM at 48 hours and 350 nM at 72 hours. For the NB-4 cell line was
2 UM at 24 hours, 80 nM at 48 hours and 40 nM at 72 hours. In the H929 cell line, the 1Cso was
over 10 pM during the 72 hours of exposure but a cell viability decrease was also evident and
happened every 24 hours. These results prove that the time of exposure to the compound
influenced cell viability. The dose also played an important role in cell viability since greater
doses of BKM120 led to faster cell viability decreases. Regarding the type of cell line, for the
same dose of compound and time frame, the NB-4 cell line had the greatest reduction in cell

viability.
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Figure 2. Dose-response curves of the single dose administration scheme of BKM120 in HEL, NB-4 and
H929 cell lines. Cells were incubated with BKM120 for 72 hours, in a density of 0.3 x 106 cells/mL for NB-4, 0.4
X 108 cells/mL for HEL and 0.5 x 10° cells/mL for H929, as indicated in the figure. Viability dose response curves
were established by resazurin assay each 24 hours, as described in the methods section. Cell viability is expressed
in cell percentage (%) normalized to control. Data are expressed as mean + SEM obtained from at least 5

independent experiments. * p < 0.05; ** p<0.01; *** p<0.001

A daily dose administration scheme was also evaluated in order to access if the
frequency of administration influenced the reduction on cell viability, when compared to the
single dose administration scheme. Results are represented in Figure 3 and demonstrate that the
administration of a small cumulative dose of BKM120 induced a more pronounced reduction
in cell viability when compared to the total dose in the single administration. The daily
administration scheme led to a statistically significant additional reduction in cell viability after

72 hours of exposure was 20% in de HEL cell line, 28% in the NB-4 cell line and about 24%
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in the H929 cell line. The NB-4 cell line was the one that benefited the most from this

administration scheme. Using the daily dose administration scheme, we also verified that, in

order to obtain the same effect, the dose needed was 10 times smaller than in single

administration scheme.
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Figure 3. Dose-response curves of the daily dose administration scheme of BKM120 in HEL, NB-4 and H929

cell lines. Cells were incubated for 72 hours, in a density of 0.3 x 108 cells/mL for NB-4, 0.4 x 10° cells/mL for

HEL and 0.5 x 10° cells/mL for H929, in the absence or the presence of the indicated concentrations of BKM120.

The dose that represents the daily dose administration scheme is identified by (+). Viability dose response curves

were established by resazurin assay each 24 hours, as described in the methods section. Cell viability is expressed

in cell percentage (%) normalized to control. Data are expressed as mean + SEM obtained from at least 5

independent experiments. Statistical analysis results from a comparison with the single dose administration of the
same dose * p < 0.05; ** p<0.01; *** p<0.001
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BKM120 induces caspase mediated apoptotic cell death in AML and
MM cell lines

We analyzed the cell death induced by BKM120 using FC, through the AV/ PI double
staining and also using optical microscopy with the May-Grinwald-Giemsa staining. A test to

evaluate the percentage of cells expressing Caspases was also conducted.

= Annexin V / Propidium lodide double staining

Our results revealed that exposure to BKM120 leads to a decrease in the number of live
cells and to a parallel increase in cell death (Figure 4). Apoptosis was the cell mechanism
activated by this inhibitor and the results were statistically significant for early apoptosis
populations in all cell lines. Differences in necrotic cells were not statistically significant.
Variations in early apoptosis were observed in the three cell lines and are dose dependent. The

increase in early apoptosis was more pronounced in the NB-4 cell line when exposed to a

BKM120 dose of 1000 nM.
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Figure 4. Evaluation of BKM120 induced cell death by flow cytometry in HEL, NB-4 and H929 cell lines.
Cells were incubated for 48 hours, in a density of 0.3 x 10° cells/mL for NB-4, 0.4 x 10° cells/mL for HEL and 0.5
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x 108 cells/mL for H929, in the absence or presence of different concentrations of BKM120 as indicated in the
figure. Cell death was detected by annexin V/propidium iodide double staining and analysed by flow cytometry
as described in the methods section. Data are expressed in percentage (%) and represent mean + SEM of at least 4
independent determinations. * p < 0.05; ** p<0.01; *** p<0.001

= Morphological analysis

Cell morphology supports the results obtained in the AV/PI studies. Cells treated with
BKM120 presented multiple morphological features that suggest apoptotic cell death (Figure
5). The main features identified are ‘blebbing’, chromatin condensation, nuclear fragmentation
and the presence of apoptotic bodies. The relative number of cells presenting features of
necrosis was not significant, further confirming that the main mechanism of cell death was
apoptosis.

Control BKM120
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Figure 5. Cell morphology analysis by optical microscopy in HEL, NB-4 and H929 cell lines. Cells were
incubated for 48 hours, in a density of 0.3 x 106 cells/mL for NB-4, 0.4 x 108 cells/mL for HEL and 0.5 x 10°

cells/mL for H929, in the absence or presence of BKM120 and stained using a May-Griinwald-Giemsa method as
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described in the methods section. The cells were analyzed by light microscopy (amplification 500x).

= Caspase activity evaluation

In order to further confirm the cell death mechanisms, we also evaluated caspases
activity (Figure 6). Results showed that increasing concentrations of BKM120 lead to an
increase in the percentage of cells expressing activated caspases. This increase was dose
dependent and statistically significant, when compared to control in the three tested cell lines.
After exposure to 100 nM of BKM120 almost 50% of NB-4 cells presented activated caspases.

HEL NB-4 H929

100

~
o«

L

% of Cells expressing
activated Caspases
8

Figure 6. Flow cytometry studies of Caspases expression levels in HEL, NB-4 and H929 cells treated with
BKM120. Cells were incubated with BKM120 for 48 hours, in a density of 0.3 x 10° cells/mL for NB-4, 0.4 x 10°
cells/mL for HEL and 0.5 x 10 cells/mL for H929. Caspases expression levels were analyzed using the ApoStat®
probe according to the protocol described in the methods section. Results are expressed in percentage of cells
expressing activated Caspases and represent the mean + SEM of at least 5 independent experiments.

*p < 0.05; ** p<0.01; *** p<0.001
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BKM120 induces cell cycle arrest in AML and MM cell lines

In order to access if PI3K inhibition mediated by BKM120 interferes with the cell cycle
progression, we conducted the PI/RNAse test as described in the methods section. As
demonstrated in Figure 7, the effect produced by BKM120 on cell cycle was cell line dependent.
For HEL (500 nM) and H929 (750 nM) cell lines, we observed a significant increase in
percentage of cells on the Go/G1 phase. In the NB-4 (100 nM) cells the significant increase was
observed in cells in S phase. In summary, this results show that BKM120 also induces dose and
cell line dependent anti-proliferative effects by inducing a cell cycle arrest. Additionally, with
this method we can also see the apoptotic peak, which represents DNA fragmentation, a typical
process in apoptotic cell death. In our results, we observed an increased in apoptotic peak been
the effect dose dependent. The differences were statistical significant in the NB-4 (100 nM) and

H929 (750 nM) cell lines.
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Figure 7. Effect of BKM120 on the cell cycle distribution of HEL, NB-4 and H929 cells by flow cytometry.
Cells were incubated with BKM120 for 48 hours, in a density of 0.3 x 10° cells/mL for NB-4, 0.4 x 108 cells/mL

for HEL and 0.5 x 10° cells/mL for H929. Cell cycle distribution was detected using Propidium iodide / RNAse
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by flow cytometry as described in the methods section. Data are expressed as percentage of cells in Apoptotic
peak, Go/G1 phase, S phase, Go/M phase and represent mean = SEM obtained from at least 4 independent

experiments. * p < 0.05; ** p<0.01; *** p<0.001

Results | 26



Phosphoinositide 3-kinase inhibition, another step in the quest to cure hematological malignancies

Discussion and Conclusion

PI3K is responsible for the activation of a very complex set of downstream pathways
which are involved in various key cellular processes. Deregulation of this protein is present in
several types of cancer, including many types of hematological malignancies. The role of PI3K
is related not only with tumorigenesis, but also with resistance to conventional chemotherapy,
making its inhibition a promising path for the development of new treatments. In this study we
evaluated the therapeutic potential of the pan-class | PI3K inhibitor - BKM120 — using in vitro

cellular models of hematological malignancies.

Our results show that BKM120 has a cytotoxic effect in AML and MM cell lines both
in single and daily dose administration schemes. The cytotoxic effect is time, dose, cell line and
scheme of administration dependent being the AML cell line the most sensible with an ICso of
80 nM (NB-4) and 2 uM (HEL) at 48 hours of exposure. The MM cell line was the less sensitive
with an 1Cso of over 10 puM even after 72 hours of exposure. The HEL cell line has the JAK2
V617F mutation [31], a TP53 mutation [38] and a PIK3R3 (p85y) substitution missense
mutation [39]. Since p85y is a class I PI3K isoform, its over-activation may contribute to
tumorigenesis. A recent study suggested that PI3K inhibitors can be combined with JAK2
inhibitors in JAK2 V617F mutated cells [40]. The NB-4 cell line has the t(15;17) [32] and there
are no documented PI3K mutations. A study with this cell line suggested that PI3K inhibitors
can potentiate apoptosis when combined with As2Osin acute promyelocytic leukemia cell lines
[41]. The H929 cell line has a rearrangement of the cellular c-myc proto-oncogene [33], a
PIK3C2B (PIK-C2p) substitution missense mutation [39] but, since this gene codes a class I
PI3K isoform, its role in tumorigenesis may not be as important as a gain of function mutation

in a class | PI3K isoform [12].
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Lymphoid cells, such as MM cells, were expected to be more sensitive to PI3K
inhibition because of the role of class | PI3K in B-cells development. Results from the cell
viability rezasurin assay show that the tested lymphoid cell line is considerably more resistant
than myeloid counterparts since its ICsp at 48 hours of exposure is greater than 10 uM. The FC
AV/PI studies also show that after exposure to a dose of 750 nM during 48 hours, 48% of the
H929 cells were marked as live, also suggesting that this cell line was the most resistant.
Nevertheless, it would have been interesting to test other lymphoid cell lines in order do access

if there is a difference between the lymphoid and myeloid lineages.

Pan-class | PI3K inhibitors are effective because they inhibit class | isoforms and
because it is believed that class | isoforms have redundant function being able to sustain PI3K
activity and activation of downstream effectors [42]. However, in order to achieve a significant
effect, they need to be administered in high doses that tend to limit clinical tolerance [24]. Other
problems with pan-class I inhibitors are their off-target effects, as they are not fully selective to
PI3K sub-units and may also bind to other kinases, leading to toxicity [24]. BKM120 adverse
effects have already been described in several phase | clinical trials and include decreased
appetite, diarrhea, nausea, hyperglycemia and rash [26]. Regarding these effects, a daily dose
administration scheme was designed in order to test if a fractionated administration of a small
cumulative dose could maintain the therapeutic effectiveness. Our results revealed that daily
dose administration led to a significant additional reduction in cell viability when compared to
the administration of the same dose at once. This type of administration scheme may have
important consequences in the clinical setting since it has the potential to minimize dose related

adverse effects.

Concerning cell death mechanisms that BKM120 activates, our results showed that it
was mediated by apoptosis, which was dose dependent and confirmed by the multiple

techniques used including a marked increase in the percentage of cells expressing caspases.

Discussion and Conclusion | 28



Phosphoinositide 3-kinase inhibition, another step in the quest to cure hematological malignancies

These results were concordant with other studies that demonstrated that BKM120 was able to

induce apoptotic cell death in the MM H929 cell line [43] and in other AML cell lines [27,28].

PI3K is not only important in cell survival regulation but also in other key cellular
processes like cell cycle regulation. We also tested BKM120 anti-proliferative effects in these
cell lines and noted cell cycle arrests, specifically in the G1 phase of NB-4 and H929 cells and
in the S phase of HEL cells. These results were dose dependent, statistically significant and had
already been demonstrated in the MM H929 cell line [43] and in other AML cell lines [27].
Another study has also described that BKM120 has the ability to interfere with microtubule

dynamics [44].

In response to the low specificity and toxicity of pan-class | inhibitors, the isoform
selective PI3K inhibitors allow a more precise inhibition, minimizing the effects on other cells
and tissues [24]. The most targeted isoform is p1105 because of its role in B-cell development;
p110a use as a target is related with the frequent mutation in its regulator gene PIK3CA and
p110p is also used since it has an important role in tumors lacking PTEN [24]. Inhibition of
p1106 isoform is already showing promising results in the treatment of some B-cell neoplasms
like chronic lymphocytic leukemia (CLL) and some non-Hodgkin lymphomas [45]. In fact, the
Food and Drug Administration (FDA), already approved the use of a p1103 isoform-selective
PI3K inhibitor, called idelalisib, in the treatment of relapsed CLL in combination with
rituximab. It would have been interesting to compare BKM120 effects with isoform selective

inhibitors in the present study.

Associations of BKM120 with conventional chemotherapy drugs used in the treatment
of hematological malignancies are also showing promising results. BKM120 has been showed
to induce apoptosis in MM cells resistant to conventional therapies [28]. PI3K inhibition has
also shown promising results in resistant myeloid leukemia since one of the mechanisms of

resistance to RTK inhibitors is overexpression of the PI3K signaling pathway. These studies
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show that targeting this pathway may help overcome or even prevent resistance mechanisms to
conventional treatments [24].

Despite being based on a cell line culture study, our results show that BKM120 could
be explored as a therapeutic approach in the treatment of hematological malignancies. Though
this being a promising conclusion, further studies are warranted to validate this compound as
an effective treatment for AML and MM. It is important to test BKM120 on three dimensional
cell cultures, on in vivo animal models and in advanced stage tumors since other factors, not
represented on cell cultures, like the microenvironment, also play a central role in the
pathogenesis of these malignancies. We also want to evaluate the molecular effects of the
compound, accessing the expression of PI3K isoforms and phosphorylation status of
downstream effector proteins like AKT and mTOR, using techniques like real time polymerase
chain reaction and western blot.

In conclusion, our study supports PI3K as a promising target in hematological
neoplasms and BKM120 as a possible therapeutic approach in AML and MM. The exploration
of cellular pathways as potential targets for cancer treatment expands our knowledge about cell
biology, therefore improving patient survival and quality of life, the ultimate goal of biomedical

research.
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