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Abstract

EVEN though the last decades have seen the success of the targeted
treatments for BCRABL1-positive Chronic Myeloid Leukemia (CML),
with the outstanding achievement of placing selected patients into the
so called treatment-free remission, a minor part of these subjects face
TKI resistance and/or intolerance. Resistance is a challenging point in
the clinical management of CML, occurring in approximately 10-20%
of CML cases, due to several mechanisms, among which point
mutations of the BCR-ABL kinase domain, BCRABL overexpression
or alternative splicing, sub-efficient plasma concentration of the

inhibitor and abnormal drug efflux/influx.

The Signal Transducer and Activators of Transcription (STAT)
proteins are a family of transcription factors commonly involved in
multiple intracellular tasks and pathways, among which survival and
proliferation. The STAT family is made up of seven factors, each one
with a specific role. In particular, STAT3 and STATS (A and B) are
strictly involved in cell survival and proliferation and thus are
commonly implied in the pathogenesis of many neoplasms. STATS5 is
of peculiar interest for its critical role in cellular differentiation,

adipogenesis, oncogenesis, immune function and is known to be
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constitutively activated after the BCRABL1 effect in CML cells. STAT5
expression has been strictly linked to BCRABL1 mutations and
disease progression to accelerated and blast phase and may thus

represent a significant target to overcome resistance to TKl in CML.

In 2011, Nelson et al. evidenced the effect of STAT5 inhibition exerted
by a Pimozide, a commonly used neuroleptic drug. As far as we know,
literature reports experiments involving STATS inhibitors in
association with BCRABL inhibition only with first generation inhibitor
imatinib. There is no news about the association between STATS

inhibitors and newer generations of TKis.

The aim of this study is to explore the antineoplastic role of the STATS
inhibitor Pimozide in association with 29 and 3 generation TKils,
dasatinib and ponatinib respectively, and to identify the cytotoxic in

vitro concentrations.

For the purpose of the study, K562 cell line was used to simulate the
frame of a classical Chronic Myeloid Leukemia disease. The cytotoxic
effect was evaluated by the Trypan blue dye exclusion test. K562 cell
lines were exposed to pimozide alone and in association with
ponatinib and dasatinib at different concentrations to explore the

drugs association effect and the in vitro cytotoxic concentrations.

Pimozide showed a synergic effect when associated with ponatinib
and dasatinib in survival inhibition of K562 cell lines. This results are
of note and pave the way for a possible in vivo associations.
Moreover, an extension of the present study is evaluating the
cytotoxic effect on CML leukemic stem cells (LSC), aiming at

revealing whether STAT5 inhibition may determine a more profound



effect on CML disease and may overcome the LSC escape

mechanisms on which TKIs are not active.



Summary

Chronic Myeloid Leukemia (CML) is a clonal myeloproliferative disease,
originating by the occurrence of a translocation between chromosomes 9
and 22 in a hematopoietic stem cell, that generates the chimeric gene BCR-
ABL. The BCRABL chimeric protein works as an altered tyrosine kinase,
constitutively triggering the proliferation signal in the clone, and thus
determining a finally differentiated hyper-proliferative phenotype in the

affected subject.

In 2001, the knowledge of this main pathogenic mechanism lead to the
synthesis of the so called “magic bullet” Imatinib, a small molecule tyrosine
kinase inhibitor, purposely designed for blocking the BCR-ABL adenosyn-
tryphosphate (ATP) kinase domain and consequently interfering with the
pathogenesis of CML itself (1). For decades, the tyrosine kinase inhibitor
(TKI) imatinib and its more potent derivatives dasatinib, nilotinib, ponatinib
and bosutinib (2) have been used to treat CML with high rates of optimal
responses and achieving previously prohibited goals, like maintaining off-
therapy remissions in selected cases (3-5). The use of BCRABL-inhibiting
TKls have completely changed the CML prognosis, critically moving the
survival curve of CML straight next to the one of the general population and
drawing a wide fork respecting to the one of CML patients treated with other

previous treatment options, such as interferon (IFN), hydroxycarbamide
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(HU) or hematopoietic stem cells transplantation (HSCT) (6-8). However,
TKls can be discontinued with benefit only in a slight minority of patients,
while in the largest part of CML cases TKIs have to be assumed lifelong.
Eligibility criteria for drug discontinuation during CML remission have been
evaluated and recommended by the Gruppo Italiano per le Malattie
EMatologiche dell’Adulto (GIMEMA) in 2019, taking into consideration
different variables: disease risk (calculated with the EUTOS long term
survival score), patient’s features, presence/absence of the need for TFR,

first line TKI (4).

Previous studies have documented the presence of BCRABL1 positive
leukemic stem cells in the bone marrow of TKI-treated patients achieving
deep molecular response (DMR). These primitive CML cells are capable of
growth in colonies, even if BCRABL is not detected by polymerase chain
reaction in those patients. Patients with no detectable LSC in the bone
marrow can subsequently relapse during the treatment-free remission
follow-up, and this is consistent with the idea that LSCs sometimes cannot
be isolated because of technical limitations. Other studies revealed
persisting LSCs decrease their BCRABL expression in patients in deep

molecular response, respecting to the time point of diagnosis (9-13).

Other experiments have revealed that resistance to TKIs can be overcome
when acting on another molecular target, represented by the STAT
proteins. Pimozide, a drug already used for its neuroleptic functions, and
some of its derivatives, have been tested in preclinical models and may

inhibit the growth of K562 colonies (a cell line expressing BCRABL).

We here present the preliminary results of a preclinical study aimed at

demonstrating the effect of growth inhibition of a CML cell line (K562 cells)



when exposed to pimozide with and without second and third generation

TKI, respectively dasatinib and ponatinib.



CHAPTER

Background, Rationale and Objectives

1.1 Chronic Myeloid Leukemia

According to the Surveillance, Epidemiologic and End Results
Programme (SEER) CML represents 0.5% of all new cancer cases in
the US, with a number of estimated new cases in 2021 of 9,110 (14).
Based on age-adjusted data of the 2014-2018 period, the rate of new
CML cases in the US is 1.9 per 100,000 persons per year (14). A
recent study conducted from the Swedish registry on a total of 2,662
patients with CML diagnosed between 1973 and 2013, aged 50 years
or older, revealed that life expectancy of CML patients increased by
the year of diagnosis and is higher for younger patients. The median

age at diagnosis of CML was 69 years (6).

A study published on Lancet in 2015, retrieved data from six
consecutive or parallel prospective clinical trials on TKl-treated CML
patients at a single institution from July 2000 to September 2012. The
analysis revealed a 5-year survival comparable to that of the general
population, with a median follow-up of 99.4 months (interquartile

range 44.9-121.6) (16).



Chronic Myeloid Leukemia (CML) is a neoplasm arising from the
myeloid-committed hematopoietic stem cell, characterized by the
translocation between the chromosome 9 and 22 (19;22), that
determines the formation of a chimeric gene, BCRABL, named after
the two genes that are involved in the chromosomal aberration. ABL
(Abelson) is a tyrosine kinase with the physiological role of prevent
apoptosis and stimulate proliferation. In the chimeric molecule
BCRABL, the kinase is constitutively active and determines the hyper-
stimulation of downstream pathways leading to cell survival and

proliferation.

The classical presentation of CML is made up by: leukocytosis usually
with  White Cell Count > 30 x 109/liter with normally matured
neutrophils, anemia (or normal hemoglobin values), different degree
of thrombocytosis, splenomegaly from slight to severe, systemic

symptoms (fever, swelling, unexpected weight loss).

CML may be diagnosed in different disease phases: Chronic Phase
(CP), Accelerated Phase (AP) and Blast Crisis (BC). The most of
diagnosis are made in the CP, that assures less degree of clinical
manifestation and, in fact, it is usually an occasional diagnosis during

control exams, in the absence of a specific clinical manifestation.

Diagnosis is made according to the WHO 2016 revision of criteria for
the diagnosis of myeloid malignancies, that is specific morphological
findings at the peripheral blood smear and the presence of the
chimeric BCRABL1 mRNA transcript revealed with the Polymerase
Chain Reaction (PCR) on the peripheral blood too. Bone marrow
study is not mandatory, but sometimes it is useful to obtain adequate

material for baseline conventional cytogenetic study. This last exam is
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recommended at the moment of diagnosis, before starting TKI to
search for the so called Adjunctive Cytogenetic Alterations (ACA),
chromosomal abnormalities other than t(9;22) that account, if present,
for a worse prognosis and make diagnosis of Accelerated Phase-

Chronic Myeloid Leukemia (AP-CML).

The 2016 WHO revision updated the criteria or the diagnosis of AP-
CML, defining it as the presence of at least one of the following:
persistent leucocytosis unresponsive to treatment; persistent
thrombocytosis unresponsive to treatment; thrombocytopenia;
splenomegaly not responsive to treatment; basophils at least 20% on
peripheral blood; blasts 10-19% on peripheral blood or bone marrow;
ACA at the diagnosis or in every moment of the follow up. AP-CML is
at high risk of transformation into a blast-phase (BP), that is an acute
leukemia evolution, with myeloid or lymphoid features, and is
frequently less prone to molecular response with first generation TKI
imatinib, while is indicated upfront dasatinib high-dose (140 mg a

day).

When none of these criteria is present and the blasts count in
peripheral blood or in bone marrow is less than 10%, chronic phase

chronic myeloid leukemia (CP-CML) is diagnosed (17).

Principles of TKI therapy

BCRABL1 tyrosine kinase inhibitors were designed properly to
contrast the constitutive activation of the chimeric protein and thus
block the survival and proliferation signal that is the key pathogenic
moment of the disease. Therefore, TKls are small molecules built up

to switch off the CML pathogenesis.
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The targeted site is the kinase domain, and in particular the ATP
binding site, that has the function of linking an ATP molecule on the
TK, from which energy and a phosphate are derived to fulfil its
enzymatic property. The TK active sites may take two different
conformations: the active and the inactive status. In the active status,
the so called activation loop (A-loop), controlling the access to the
catalytic site, is “open” and the control motif (an aspartate-
phenylalanine-glycine conserved sequence — DFG motif) is placed in
the inward position and may operate the ATP stabilization in order to
place the ATP molecule in the right position to operate the
dephosphorylation. On the opposite, the inactive status consists of a
“closed” A-loop and an inward DFG position, thus preventing the ATP

from being available to the enzyme for dephosphorylation.

TKls are accordingly classified as type | inhibitors when they compete
directly with the ATP binding, recognizing and blocking the active
conformation of BCRABL, and type Il inhibitors, when they recognize
and stabilize the inactive conformation and only secondarily prevent
the ATP from finding the path to the dedicated binding site (19). Of the
available TKIls, only dasatinib acts as a pure type | inhibitor, while
imatinib, nilotinib and ponatinib operate a type |l inhibition and
bosutinib acts both as a type | and Il inhibitor. Type Il inhibitors have
more stringent binding rules and thus are more prone to suffer from
resistance, when a mutation occurs to the binding site, but express a
more specific inhibition on the ABL molecule; on the other hand, type |
inhibitors suffer less from possible mutational-based resistance, but
may recognise also non-BCRABL targets and consequently carry the
risk for adverse events coming from other TK inhibition (i.e. SRC

kinases inhibition may determine serosa effusions) (20).
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Since 2001, when the first generation TKI imatinib become available
for clinical practice the management of the disease has dramatically
changed, with an impact on prognosis to the point of obtaining overall
survival comparable to the general population. Nilotinib, dasatinib,
bosutinib and ponatinib were then developed and commercialized,
with the evidence of being faster and even more effective than

imatinib at reaching deep molecular responses (21,22).

These striking results obtained by 2nd and 3rd generation TKiIs,
however, usually came along with a heavier toxicity profile. Taking
into consideration the excellent rate of survival that we showed in the
Epidemiology section, a relevant aim of the long term treatment is to

optimize the quality of life of a person who assumes a TKI.

Treatment-free remission has recently been considered safe and
convenient for a subset of patients with CML who fulfil some criteria,
among which a deep molecular response and a long period of TK
inhibition with stable molecular response. Since the first time that TFR
was taken into consideration, in the STIM1 study, it was successfully
and safely obtained in CML patients treated with imatinib or second
generation TKls (23—-26). Reached TFR percentages vary between
studies and ranged between 38 and 70%, but in all of them safety was
similarly acceptable and consistent. Periodic molecular monitoring
permit to achieve an eventual early diagnosis of loss of MMR in
patients which fail the TFR. More than 90% of the patients who lost

the MMR and restarted the previously suspended TKI reached the

Therefore, selected patients are nowadays considered for TKI

suspension, considered to be a safe procedure, at least for centres
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that have access to robust sensitive molecular monitoring, assuring a

short-term reporting of the molecular response (27).

A step forward has been recently done with the development of a new
ABL inhibitor, asciminib, that links to the myristoylic site of the
molecule, outside the ATP cleft. That site has the role of an allosteric
regulator and asciminib is capable of determine a significant
modification to the catalytic conformation of the ABL, thus preventing
its constitutive activity. Data on large cohorts for safety and efficacy of
asciminib are still lacking and the drug is nowadays available in a
managed access program for patients without any other possible
treatment. Asciminib was active in patients with CML who had
withdrawn TKils for documented resistance or unacceptable toxicity,
including patients with ponatinib-failure and the ones with the T315I
mutation (28). Limited evidence is available for the use of
omacetaxine, a molecule that operates as an inhibitor of protein
translation, blocking the synthesis of proteins among which BCRABL1
(29). Donor transplant of Hemopoietic Stem Cells is still an option that
has to be very specifically selected and chosen, when no other

alternatives are available (30).

BCRABL—-dependent and -independent Leukemic Stem Cells

escape paths

Leukemic Stem Cells (LSCs) persistence appears to be a frequent (if
not systematic) event occurring in patients with CML obtaining any
depth of response to TKI treatment. CML LSCs can be defined as
primitive stem cells that express BCRABL1, have a higher capacity of

engraftment than bulk CD34+ cells, are prone to genomic instability
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and have impaired DNA-damage. The advantage in proliferation
provided by the presence of the chimeric protein BCRABL1 and the
concomitant capacity of laying into a quiescent status seems to be a
paradox, and though it is the most likely means by which the CML
LSCs may provide an escape form the TKI inhibition and thus persist.
This was evidenced by both in vitro and in vivo trials concluding that
CML LSCs were not “oncogene-addicted” and that targeting of BCR-

ABL1 kinase activity alone would not eliminate them (31,32).

Taking into consideration the optimal responders, the mechanism of
alternative splicing of the BCRABL1 transcript is frequently a cause
for failure to achieve DMR and thus to be considered for TFR (33). A
recent article by Kinstrie et al. reports how quiescent LSC express
CD93 at a high intensity in flow cytometry and persist in a population
of CML patient samples who demonstrate molecular relapse on TKI
withdrawal (34). In an article published in 2020, Jeanpierre et al.
demonstrated that a sub-fraction of CML LSC relies on the bone
morphogenic protein-4 (BMP4) pathway for quiescence and BCR-
ABL1-independence survival and expresses BMPR1B (BMP receptor
1b). This subset of cells are TKl-insensitive and thus may represent a

possible target of drugs aiming to CML LSC-cleavage/killing (35).

BCRABL1 was demonstrated to activate the phosphatidylinositol-3’-
kinase (PI3K)/AKT signalling, determining, among other effects,
FOXO transcription factors phosphorylation and their cytoplasmic
localization. FOXO proteins (i.e. FOXO1 and FOXO3a) in the nucleus
activate a group of genes capable to direct the cell into its cycle.
BCRABL1 constitutive signalling keeps FOXO in the cytoplasm and

causes G1 phase arrest and quiescence. Among the FOXO3a
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targets, BCL6 plays an important role in antagonizing p53 and ARF

oncosuppressors (37-40).

The Hedgehog (HH) signalling appears to be of interest as a possible
BCRABL1-indipendent mechanism of CML LSC immortalization. HH
can bind to Patched and activate a molecular intermediary called
Smoothened (SMO) mediator. SMO upregulates transcription factors
that lead to the increased MDM2-mediated p53 cleavage and thus
determines cell-cycle arrest, resistance to pro-apoptotic signals and
LSC quiescence (41,42). In an in vitro model, molecules blocking the
HH pathway have obtained LSC damage in terms of survival and self-
renewal capacity either alone or in combination with 24 generation

TKI Nilotinib (43).

Other molecules are involved in LSC escape mechanisms in presence
of a TKI, but we will not focus on this theme anymore, since it's not

the aim of the present study.

1.2 The STAT pathway in hematologic malignancies

The STAT way

The major target of the ABL kinase is the Signal Transducer and
Activation of Transcription (STAT) proteins family, that is made up by
7 different intracellular proteins that can recognize the activated auto-
phosphorylated kinase with their SH2 domain and make themselves

susceptible to phosphorylation in consequence (44).

When phosphorylated, STATs are disposed to create homodimers
with other phospho-STATs and, in the dimer conformation, access the

nucleus and link to promoters of specific genes that are related to the
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STAT protein desired effect. STATs are ubiquitary represented in cells
that are not terminally differentiated or that are inducible for any kind
of reason (virtually all cells). Regardless which kinase directly
activates a STAT protein, the cytokine receptor that is linked to that

kinase is very selective to the external signal molecule.

STATs in hematological malignancies

Of primary interest in the pathogenesis of proliferative hematologic
diseases, STAT3, STAT5A and STATSB are assigned to activate
genes related with survival, prevention of apoptosis and proliferation.
Genes codifying for these three STATs are clustered con
chromosome 17 (45). The hematologic compartment widely
expresses STATS5A and B in association with different cytokine
receptors, among which Stem Cell Factor receptor (SCFR),
Granulocyte-Monocyte Colony Stimulating Factor receptor (GM-
CSFR), G-CSFR, Erythropoietin receptor (EPOR) and Thrombopoetin

receptor (TPOR).

Some studies already explored the role of STAT3 and STATS in the
determination of different hematological malignancies, among which
BCRABL1 positive CML, Acute Myeloid Leukemia and JAK2V617F-
positive myeloproliferative neoplasms. There is evidence that some T-
cell malignancies also bear STAT3 or STATS mutations, with
subsequent overexpression of BCL-XL, supporting the cell
immortalization, and Cyclin D1, causing proliferation and tumor growth

(46-48).

STATS5 was demonstrated to have a major role in the pathogenesis of

CML, since BCRABL directly and constitutively activate STAT5 by
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phosphorylation with the effect of promoting cell survival and
proliferation. Moreover, STATS suppression in CML cells determines
apoptosis, increases sensitivity to BCRABL inhibitors even in imatinib-
resistant CML cells (49). This is of note, when considering the
possibility of blocking STATS with small molecule inhibitors with a

therapeutic purpose in CML patients.

In Acute Myeloid Leukemia (AML) and Acute Lymphoblastic Leukemia
(ALL), the chimeric protein BCRABL may be found (especially in a
frame of multiple and complex mutations and/or chromosome
abnormalities), even if in a minority of the cases. More frequently, in
AML mutations affecting the FMS-like tyrosine kinase 3 (FLT3)
receptor can be found, conferring constitutive tyrosine kinase activity
to the leukemic cells, with a permanent downstream signaling
involving pathways among which PI3K-AKT, RAS-MAPK and STAT5
(50-52). A lot of attempts have been made to target the FLT3
signaling in AML with a discreet efficacy but limited durations of
responses, mainly because of the developing of escape mechanisms
and acquired resistance. The direct targeting of STATS5, in which so
many pathways merge together, appears a convenient and possibly

effective strategy to strongly inhibit cancer survival and growth.

Chronic Myeloproliferative Neoplasms (MPNs) other than CML
frequently express the JAK2V617F mutation or other mutations
occurring on genes, such as CALR or MPL, belonging the same set of
molecules involved in transduction of the survival and proliferation
information from outside the cell to the cytoplasm. V617F mutated
JAK2 is a constitutively active tyrosine kinase, conferring cytokine
independence to myeloid precursors. In this process of gaining

cytokine-independence, STATS is absolutely required for
18



transformation and induction of a MPN. Experiments on mice with an
induced MPN, demonstrated how knocking down the STATS signal
determines reduction of splenomegaly and normalization of complete
blood count cells and abrogates the capability of EPO-independent
colony formation of the erythroid precursors. Switching back the
STATS on restored all the defects obtained with the knock down
(53,54). These observations make the MPNs another pathological
setting in which a STAT inhibitor may obtain clinical efficacy and
success. The three named pathways all of which flow into STATS are

represented in Figure1.

STAT inhibitors: pimozide and its derivatives

Pimozide is a drug commonly used for its neuroleptic effect, that also
bears a marked capacity of inhibiting STATS, discovered in 2011 by
Nelson and colleagues. The STATS suppressing activity is obtained
via decreasing its phosphorylation and consequently reducing the
expression of STATS target genes. When K562 cells are exposed to
pimozide, they arrest in the cell cycle and become prone to apoptosis.
Among the known side effects, the extrapyramidal syndrome can be a

common event.

In 2019, Tolomeo M et al. managed to synthetize pimozide derivatives
that ideally do not bear the neurological toxicity of the parent drug,
while may achieve a more potent and selective activity (55). The
authors preserved the benzimidazolinone-piperidine group, as it
resulted to be frequently seen in other active compounds and
represents a key component to exert some biological activities.

Between the numerous compounds synthetized, 2 in particular were
19



significantly more potent than pimozide (derivative 8 and 9). To
diminish the risk of developing a central nervous system adverse
event (such as the extrapyramidal syndrome reported in the pimozide
common use), the authors modified an amine into an amide functional
group, but the demonstration of success in the strategy was

impossible in the preclinical setting.

Objectives

As far as we know, literature reports experiments involving STATS5
inhibitors in association with  BCRABL inhibition only with first
generation inhibitor imatinib. There is no news about the association

between STATS inhibitors and newer generations of TKis.

The aim of this study is to explore the antineoplastic role of the STATS
inhibitor Pimozide in association with 24 and 3 generation TKiIs,
dasatinib and ponatinib respectively, and to identify the cytotoxic in

vitro concentrations.
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CHAPTER

Materials and Methods

Cell lines and cultures

For the purpose of the study, K562 cell line was used to simulate the
frame of a classical Chronic Myeloid Leukemia disease. K562 express
the chimeric oncogene BCR-ABL and is sensitive to its inhibition.
Cells were cultured in RPMI 1640 (Gibco Grand Island, New York,
USA) containing 10% foetal calf serum (Gibco), penicillin at a
concentration of 100 U/ml and streptomycin 100 pg/ml (Gibco) and L-
glutamine 2 mmol/lt (Sigma Chem. Co., St Louis, Missouri, USA) in a

5% carbonic anhydrite atmosphere, at a temperature of 37°C.

Cytotoxic assays and drug association effects

The cytotoxic effect was evaluated by the Trypan blue dye exclusion
test. To obtain data on the concentrations at which the single drugs
determine K562 growth inhibition, 2x105 cells were plated on 25mm-
diameter wells with 1 ml of complete medium and different drug
concentrations were added as follows: for dasatinib 0.01, 0.001,
0.0005, 0.0001, 0.00005 pmol/lt; for ponatinib 0.01, 0.005, 0.007

umol/lt; for pimozide 10 and 5 pmol/lt. In the pimozide-dasatinib
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association experiment, pimozide concentration chosen was 2.5
umol/lt and dasatinib 0.00005 and 0.00001 pmol/lt. Testing the
pimozide-ponatinib association, pimozide concentration chosen was
2.5 pymol/lt and dasatinib 0.005 and 0.0025 umol/lt. Concentrations
were chosen according to previous experiences and known preclinical
and clinical data on the pharmacodynamics of the inhibiting

molecules.

After 48 hours of incubation with the drugs, the percentage of vital
cells was determined and expressed in confront to the control non-

inhibited proliferating K562 cells.

To study the association between drugs, the Webb’s fractional
product method was applied, calculating the predicted values of
inhibition with the equation ¢ = a x b / 100, where c is the predicted
value and a and b are the known percentages of growth inhibition
obtained with the single drugs. The predicted value of growth
inhibition is then compared with the actual value to obtain a ratio that
is equal to 1 in a perfect additional effect, less than 1 when synergism

exists and more than 1 if the two drugs determine antagonism.
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CHAPTER

Results

K562 cell cultures with dasatinib, ponatinib and pimozide, each one
tested alone revealed after 48 hours of incubation a survival
proportional to the molarity of the solution with a 1C50, the
concentration at which 50% of the cells do not survive, equal to
0.00009 pM for dasatinib, 0.0065 pM for ponatinib and 4 pM for

pimozide (Figure 2).

Combination exposition revealed a synergic effect of the drugs tested
since the combination index (Cl) according to Webb’s fractional
product revealed a value of 0.66 and 0.8 respectively when exposing
the K562 cells to dasatinib 0.00005 uM plus pimozide 2.5 yM, and

dasatinib 0.00001 uM plus pimozide 2.5 yM (Figure 3).

Sinergy was demonstrated to be present in the association ponatinib-
pimozide, too, since Cl was 0.46 and 0.61 when K562 cells were
exposed to ponatinib 0.005 uM plus pimozide 2.5 yM and ponatinib

0.0025 uM, respectively.
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CHAPTER

Discussion

CML is a neoplasm of the myeloid-committed hematopoietic stem cell
characterized by the translocation between the chromosome 9 and
22, that determines the formation of a chimeric gene, BCRABL,
named after the two genes that are involved in the chromosomal

aberration.

In the last decades, the use of TKls has dramatically improved CML
patients’ survival, as it is today similar to the one of the general
population. Nonetheless, a few patients experience resistance to
tyrosine kinase inhibition due to either additional point mutations
occurring on the BCRABL gene that modify the molecular affinity of
the TKI to the chimeric protein or other several escape pathways

activation that are only in part known this far.

The STAT family proteins, and in particular STAT3 and STAT5A and
B are involved in the transduction of survival and proliferative signals
coming from various upstream molecules, among which also ABL.
Thus, STATS has already been identified as a potential target of

therapy in CML models (55,74,75).
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A molecule of common use in clinical practice as a neuroleptic drug,
pimozide, has been found to exert a significant inhibition of STAT5 in
2011 by Nelson et al (76). Since then, other authors studied with
success the possible application of pimozide to the direct inhibition of
the growth of cell lines of CML. Moreover, derivatives of pimozide,
obtained removing, modifying or adding chemical groups to these
molecules in the effort of design a more potent and less toxic
compound, were synthetized and tested on CML cell-lines to
demonstrate efficacy in cell growth inhibition as single agent and in

association with imatinib (74).

In the present experiment, we aimed at demonstrating how pimozide
may determine inhibition of K562 cell growth in association with

second- and third-generation TKiIs.

The Webb’s formula for drug interaction demonstrated that pimozide
at a low concentration has a synergic effect with dasatinib and/or
ponatinib, at doses that are significantly lower than the 1IC50 of the

single agent tested on K562 cells.

In particular, the association dasatinib-pimozide at a molarity of
0.00005- 2.5 pM determined a survival of 45% of the control with a
Webb’s Cl of 0.66, while the combination ponatinib-pimozide at a
concentration of 0.005-2.5 yM was associated with 40% survival, with

a Cl of 0.46.

Both these data are of note, resembling that almost half of the
concentration of TKI used to obtain around 50% inhibition of cell
growth in a culture of K562 cells determine the same effect as the full

concentration, if associated with an equally reduced concentration of
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pimozide. Since STATS was recognized as a key molecule in a lot of
hematologic malignancies, pimozide and/or its derivatives may
represent a potential, new target-therapy in the armamentarium in the
treatment of CML. If pimozide would express the same inhibiting
activity in an in vivo experiment, this evidence may open the door to a
possible therapeutic association with TKIs with evident benefits
versus the current treatment based on single-target BCRABL1

inhibition.

New perspectives of this ongoing study comprise the extension of the
work on the leukemic stem cells. Persistence of vital, quiescent LSC
in CML and their capability of escape the TKIs mechanism of action is
still a major issue in clinical practice. In fact, it is still not clear why
patients with the same BCRABL transcript, age, history of the
disease, kind and timing of deep molecular response, may have a
very different treatment-free-remission duration. The application of a
new drug for CML, with the possibility of “multi-targeting” the disease,
is surely of great interest and may solve or attenuate the problem of
TKl-resistant patients or the one of the increasing toxicity that often

occurs in patients with at least one TKI switch.

The present study is of key importance in opening new fields of
research that may lead to the development of CML treatment
schemes considering a multi-target approach that should overcome or
prevent resistance and, at the same time, may sensibly lower the rate
of TKl-related toxicity that nowadays represent a major issue and the
cost-to-pay for all the patients assuming these drugs in order to

achieve the desired survival expectations.
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Tables and figures
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Constitutive activation of STATS
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Figure 1. BCRABL chimeric transcript, FLT3 mutations and the JAK2
V617F mutation all converging into STATS.
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Figure 2. Chemical structure of Pimozide. The circle indicates the
functional benzimidazolinone-piperidine group.
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