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Constitutively activated JAK/STAT signaling pathway is a com-
mon feature of the BCR/ABL-negative classic myeloprolifera-
tive neoplasms (MPN). JAK2 small-molecule inhibitors have
been proven to be clinically efficacious; however, they are not
mutation-specific and competent enough to suppress neoplastic
clonal haematopoiesis. There is a need for exploring new thera-
peutic strategies for MPN. Additional signaling systems, such as
PI3K/Akt/mTOR and Hedgehog, are a potential treatment target.
The aim of this study was to characterise and compare the effects
of specific JAK/STAT, PI3K/Akt/mTOR, and Hedgehog signaling
inhibitors in haematological cell cultures. JAK2 p.V617F mutated
SET-2 and JAK2 wild-type UT-7 human cell lines were employed
in our study. The effect of specific signaling pathway inhibitors
was studied as time- and dose-response experiments. Viability
was measured by trypan blue exclusion and alamarBlue assays.
IC50 values were used to compare the effectiveness of inhibitors
in decreasing cell viability. Independent sample t-test was used
for statistical comparisons between experimental groups. p < 0.05
was considered significant. Our results indicate that all specific
inhibitors progressively reduced the number of viable cells as
the concentration and exposure duration increased. Inhibitors
impaired the proliferation of JAK2 mutated cells at significantly
lower doses compared to wild-type JAK2 cell line. These in vitro
data indicate that JAK/STAT and alternative PI3K/Akt/mTOR
and Hedgehog inhibitors have a potential anti-proliferative ef-
ficacy. Future studies, involving direct screening of PI3K/Akt/
mTOR, JAK/STAT, and Hedgehog signaling molecules activity,
at gene and protein level in cell-based MPN model, are required.
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INTRODUCTION

The BCR/ABL-negative classic myeloprolifera-
tive neoplasms (MPNs) that include poly-
cythemia vera (PV), essential thrombocythemia
(ET), and primary myelofibrosis (PMF) arise
from a transformed haematopoietic stem or
a progenitor cell resulting in overproduction of
mature myeloid and erythroid progeny (Van-
nuchi et al., 2009; Grinfeld et al., 2017). Clini-
cally, MPNs share the features of bone marrow
hypercellularity, an increased risk of thrombosis
or haemorrhage; incurable MPNs lead to re-
duced life expectancy and progression to acute
leukaemia (Bartaluchi et al., 2017; Grinfeld et al.,
2017). Generally, PV, ET, and PMF have undis-
tinguishable clinical and laboratory features and
are included as one entity in most trials.

It is known that MPN stem cells are defined as
a clonal population of rare cells within the bone
marrow that harbour an MPN-initiating so-
matic mutation. They are capable of indefinite
self-renewal, and undergo expansion through
a combination of cell intrinsic and cell-extrinsic
effects. The molecular basis of MPN has been
determined in almost all cases. MPN patients
are characterized by a JAK2 p.V617F (exon 14)
point mutation, which is present in 95% of pa-
tients with PV and in 50-60% of ET or PMF
patients (Vainchenker et al., 2011; Klampf] et al.,
2013). Furthermore, JAK2 exon 12 mutations
are found in 2-3% of PV patients and 5-10% of
ET and PMF patients are described by activat-
ing MPL mutations (Beer et al., 2008). Recently,
researchers have declared that CALR 52-bp dele-
tion and 5-bp insertion are present in majority of
ET and PMF patients with nonmutated JAK2 or
MPL (Klampf] et al., 2013; Nangalia et al., 2013;
Andrikovics et al., 2014), which may play a role
in the self-regeneration/proliferation of MPN
haemopoietic progenitor cells, although direct
contribution of CALR to the pathology of MPN
is not fully clarified (Rotunno et al., 2014; Ara-
ki et al., 2016; Chachoua et al., 2016).

All mentioned molecular abnormalities play
a crucial role in constitutive activation of JAK/
STAT signaling pathway. They contribute to cy-
tokine hypersensitivity and cytokine indepen-

dent growth of mutant cells, as exemplified by
the endogenous erythroid colonies (EEC) typi-
cally found in most PV patients (Dupont et al.,
2007). Retroviral, transgenic, and conditional
knock-in mouse models revealed that the ex-
pression of JAK2 p.V617F mutation is sufficient
to resume myeloproliferative neoplasms phe-
notype (Marty et al., 2010; Mullaly et al., 2010),
suggesting the central role of JAK/STAT activa-
tion in MPN ethiopathogenesis. Consequently,
aberrantly activated JAK/STAT has become an
attractive target for MPN therapy. In preclini-
cal models, ATP-competitive small-molecule
JAK?2 inhibitors prevented proliferation of JAK2
p.V617F mutant cells in vitro and mitigated
myeloproliferation in JAK2 p.V617F transgenic
animals (Quintas-Cardana et al., 2010; Van-
nucchi et al, 2011; Bogany et al., 2013; Barta-
luchi et al., 2017). It was reported that JAK2 in-
hibitors were effective in patients with PME, PV,
and ET (Cevantes et al., 2012; Verstovsek et al.,
2013). JAK2 can be inhibited by several drugs,
including ATP-mimetic small molecule kinase
inhibitors and histone deacetylase inhibitors.
Recently, among JAK2 inhibitors, ATP-compet-
itive ruxolitinib has been approved for the treat-
ment of patients with myelofibrosis, and it is in
a late-stage clinical trial for polycythemia vera
(Harrison et al., 2012; Verstovsek et al., 2013).
However, treatment with ruxolitinib is associ-
ated with only modest decrease in p.V617F allele
burden and clinical responses were documented
independent of JAK2 p.V617F mutation status
(Bartaluchi et al., 2017). Most likely, this reflects
a number of issues: (1) that inhibitors, yet devel-
oped, are not specific to mutant JAK2, and (2)
that activation or its consequence is not the only
pathogenic mechanism operating in MPN. To
overcome possible limitations and drawbacks
of ruxolitinib, novel molecules acting as ATP
competitive inhibitors of the JAK2 ATP active
site have been developed and evaluated in trials
(Pardanani et al., 2009). Lately, good tolerance,
decreased spleen size, and symptom reduction
in MPN patients have been documented (Parda-
nani et al.,, 2013; Pardanani et al., 2015).

It is already known, that the pathogenesis of
MPNs is very complex and other dysregulated
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signaling pathways may offer additional thera-
peutic targets. PI3K/Akt/mTOR signaling path-
way is a key regulator of many cellular processes
including cell survival, proliferation, and differ-
entiation, and has been found hyperactivated
in a large number of solid cancers and haema-
tological malignancies. Moreover, a few years
ago it was revealed that activation of JAK/STAT
by JAK2 mutation in MPN is associated with
increased signaling of PI3K/Akt/mTOR (Grim-
vade et al, 2009). Although PI3K/Akt/mTOR
signaling pathway was found constitutively ac-
tivated in JAK2 p.V617F mutated cells in vitro
(James et al., 2005; Bumm et al. 2006) and in
p.V617F transgenic (Shide et al., 2008) or knock-
in mice (Akada et al., 2010), the contribution of
this signaling pathway to the ethiopathogenesis
of MPN is not completely understood. Given
the crucial role of the current signalling pathway,
there is an intense interest in this field, and many
molecules, as potential specific drug, are in dif-
ferent stages of clinical evaluations. The princi-
pal target of activated Akt is mTOR, which ex-
ists in two complexes, mMTORCI1 and mTORC2.
TORC]1, formed with raptor, controls the level
of cap-dependent mRNA translation and phos-
phorylates effectors such as 4E-BP1 and S6K1.
TORCI is strongly inhibited by rapamycin and
its derivate. S6K1 and its target eIF4E have been
involved in cell transformation and are overex-
pressed in poor-prognosis cancers (Engelman,
2009; Gao et al., 2016). In several studies, the ef-
tects of mTOR inhibitors, either as a single drug
or in combination with JAK2 inhibitors, in differ-
ent cellular models and primary cells from MPN
patient were evaluated. In vitro data indicated
that everolimus, a rapamycin-derivate inhibitor
(rapalog) of mTOR, is active against MPN cells
and its combination with JAK1/2 inhibitors
produced synergism (Vannucchi et al, 2011;
Bogany et al., 2013; Bartaluchi et al., 2017). Re-
cently, the mTOR inhibitor, everolimus, has been
shown to exhibit clinical activity in phase I/II
trial in patients with myelofibrosis (Wang et al.,
2009; Guglielmelli et al., 2011). Hence, some
experimental and clinical evidence indicating
that PI3K/Akt/mTOR pathway could represent
a therapeutic target in MPNs is presented.

Autonomous activated JAK2 has become
a target for MPN therapy. Unfortunately,
the therapeutic use of JAK inhibitors is lim-
ited due to the essential role of the JAK/STAT
pathway in normal haematopoiesis. Accord-
ing to the literature, JAK2 inhibitors cause tox-
icities such as anemia and thrombocytopenia.
Consequently, there is a need to find additional
signaling pathways that can be associated with
development and maintenance of MPN clones.
Recent studies have shown that the Hedgehog
(Hh) signaling pathway has an important role in
normal haematopoiesis as well as in the patho-
genesis of myeloid malignancies (Rimkus et al.,
2016). Supposedly, Hedgehog signaling pathway,
which plays a role in the maintenance of cancer
stem cells, could provide an avenue for target-
ing stem cell-derived clonal myeloproliferation.
Unfortunately, only few studies were reported so
far (Bhagwat et al., 2013; Zingariello et al., 2013;
Tibes, Mesa, 2014; Campbell, Copland, 2015).
The experiments showed that expression of
the Glil and Ptchl, Hedgehog signal molecules,
are 20-100 times higher in granulocytes of MPN
patients when compared with normal control
cells. Researchers also observed activation of this
pathway in a murine bone marrow transplant
model of PMF (Bhagwat et al., 2013). According
to this data, the Hedgehog pathway is active in
primary samples of MPN patients and in preclin-
ical models of PME A different murine model of
PMF (Gatal“*) has shown alterations in the Hh
pathway at the gene level in the bone marrow and
spleen. Zingariello et al. (2013) suggested that
components of the Hh pathway cooperate with
TGEFp, p53, and mTOR-related genes to pro-
duce the biological phenotype of PMF (Zin-
gariello et al., 2013). Therefore, complexity of
Hedgehog regulation provides a variety of cellu-
lar targets. While nearly all known Hh pathway
antagonists target the transmembrane protein
Smo, Hyman et al. (2009) reported that small
molecules inhibitors acting downstream of Smo
could constitute a more comprehensive strategy
for treating Hh pathway-dependent tumours
(Hyman et al., 2009). These findings illustrate
challenges associated with identifying com-
pounds that can block oncogenic Hh pathway
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activity. Taken together, all the data suggest that
the Hh signaling pathway plays a role in haema-
tologic malignancies, including MPNs, and its
inhibition may block proliferation and progres-
sion of tumour cells.

In this study we explored the potent effect
of targeting JAK/STAT, PI3K/Akt/mTOR, and
Hedgehog pathways with specific inhibitors in
vitro. We evaluated the effect of JAK1/2, mTOR
and Glil/Gli2 inhibitors as single drugs in two
different cellular models. Experiments were car-
ried out with cells expressing JAK2 p.V617F mu-
tation. Cells with wild-type JAK2 were used as
a control cell line.

MATERIALS AND METHODS

Reagents. RAD001 - everolimus (a mTOR spe-
cific allosteric inhibitor against TORCI) was
purchased from Alfa Aesar (part of Thermo
Fisher Scientific), Karlsruhe, Germany. CYT387
(ATP-competitive inhibitor of JAKI1/JAK2)
was obtained from Abcam, Cambridge, United
Kingdom. HPI-1 (specific inhibitor with activity
against Glil/Gli2) was provided by Sigma-Al-
drich, Taufkirchen, Germany. RAD001, CYT387
and HPI-1 were dissolved in sterile 100% DMSO
to prepare 10 mM stock solutions (the percentage
of DMSO in experiments was lower than 0.5%).
Stocks were stored under light protected condi-
tions at —20°C. Each stock was used only once by
adding in culture medium.

Cell lines. The JAK2 p.V617F mutated SET-2
and JAK2 wild-type UT-7 human cell lines were
purchased from the German Collection of Micro-
organisms and Cell Cultures (DSMZ, Braunsch-
weig, Germany). Cell line authentication was
done by DSMZ SET-2, cell line was cultured in
RPMI-1640 (Sigma-Aldrich, Taufkirchen, Ger-
many) supplemented with 20% foetal bovine se-
rum, 100 pg/ml streptomycin, 100 units/ml pen-
icillin, and 2 mM L-glutamine (Gibco (part of
Thermo Fisher Scientific), Carlsbad, CA, USA).
The UT-7 cell line was maintained in alpha-
MEM (Sigma-Aldrich, Taufkirchen, Germany)
supplemented with 20% foetal bovine serum,
100 pg/ml streptomycin, 100 units/ml peni-
cillin, and 2 mM L-glutamine (Gibco’ (part of

Thermo Fisher Scientific), Carlsbad, CA, USA).
Recombinant human GM-CSF (Sigma-Aldrich,
Taufkirchen, Germany) was added to UT-7 cells
that require the bioactive protein for survival and
proliferation, at final concentration of 5 ng/ml.
The cell lines were grown in a standard cell cul-
ture incubator at 37°C, 100% relative humidity,
and in 5% CO,. All experiments were performed
within six months after cell thawing.

AlamarBlue assay. Cellular proliferation was
evaluated using the fluorimetric/colorimetric
alamarBlue’ cell viability assay reagent (Thermo
Fisher Scientific, Waltham, Massachusetts, USA)
and evaluated with Tecan Sunrise™ microplate
reader (Médnnedorf, Switzerland). SET-2 or UT-7
cells were plated at 5000 cells/well in 96-well
plates with round bottom (Greiner CELSTAR®,
purchased from Sigma-Aldrich, Taufkirchen,
Germany). Cells were treated with inhibitor (or
an equivalent volume of vehicle (DMSO)) 24 h
after plating and grown for 24, 48, and 72 h. Fol-
lowing the indicated growth period, alamarBlue
was added (10% of culture volume), cells were in-
cubated at 37°C/100% relative humidity/5% CO,
for 5 h and absorbance was measured at 550 nm
(excitation) and 620 nm (emission). The manu-
facturer’s recommended formulas were used to
calculate final results.

Dye exclusion assay. Trypan blue (Gibco
(part of Thermo Fisher Scientific), Carlsbad,
California, USA) solution was used for cell vi-
ability assay. Briefly, 2 x 10° cells were seeded into
35 mm diameter “TPP’ Petri dishes (Trasadingen,
Switzerland). Cells were treated with inhibitor (or
an equivalent volume of vehicle (DMSO)) 24 h
after plating. After 24, 48, and 72 h the cells were
collected, 10 pl of cell suspension was mixed with
90 pl of 0.4% Trypan blue and cell viability was
analysed with Neubauer haemocytometer (We-
ber, England) under an Olympus CK40 (Shin-
juku, Tokyo, Japan) optical microscope.

Statistical Analysis

The concentration at which 50% inhibition
(IC50) of cell proliferation occurred was calcu-
lated using Excel add-in ED50V10. IBM SPSS
Statistics 22.0 software (Armonk, NY, USA) was
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used to perform statistical tests. The data were
analyzed using independent sample t-test and
one-way analysis of variance (ANOVA), fol-
lowed by post-hoc Tukey multiple comparison
test when appropriate. The data are presented as
means * standard deviation (SD), and p < 0.05
was considered significant. Experiments were
performed in triplicate and repeated at least
three times independently.

RESULTS

We evaluated the effect of specific cell signaling
pathways inhibitors on the viability of SET-2

cells expressing the JAK2 p.V617F mutation
and UT-7 cells harbouring wild-type JAK2.
The effect of PI3K/Akt/mTOR, JAK/STAT, and
Hedgehog signaling pathways inhibitors was
studied as time- and dose-response experi-
ments after 24, 48, and 72 h, at various con-
centrations.

We found that all specific inhibitors progres-
sively reduced viable cell number as the con-
centration and exposure duration increased.
The proliferative response was observed in
both cell lines by trypan blue dye exclusion test
and alamarBlue assay. Figures 1 and 2 represent
the results of all experiments for each cell line.
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Fig. 1 (A-C). RAD001, CYT387,
and HPI-1 decrease SET-2 cell
line viability. Cells were treated
with various concentrations of in-
hibitors for 24, 48, and 72 hours.
Bar graph represents the fraction
of trypan blue-positive inhibitor
treated cells. The differences be-
tween the control group and treat-
ed cells were evaluated using inde-
pendent sample t-test. Error bars
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indicate the standard deviation
of the mean. Treatments signifi-
cantly different from the vehicle
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control at p < 0.05 are presented as
*; ** means p < 0.001 obtained by
the statistical analysis
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Fig. 2 (A-C). RAD001, CYT387
and HPI-1 decrease UT-7 cell
line viability. Cells were treated
with various concentrations
of inhibitors for 24, 48, and
72 hours. The bar graph rep-
resents the fraction of trypan
blue-positive inhibitor treated
cells. The differences between
control group and treated cells
were evaluated using indepen-
dent sample t-test. Error bars
indicate the standard devia-
tion of the mean. Treatments
significantly ~ different from
the vehicle control at p < 0.05
are presented as *; ** means
P <0.001 obtained by the statis-

Only the viability data obtained by trypan blue
assay in RAD001, CYT387, and HPI-1 are pre-
sented in Figs. 1 and 2; alamarBlue assay results
were similar.

In this study we aimed to evaluate and com-
pare the response of haematological cell line
viability to specific inhibitors of signaling mol-
ecules. Therefore, IC50 values for each inde-
pendent experiment were calculated and IC50
mean values among RADO001, CYT387, and

tical analysis

HPI-1 treatments were analyzed (see Tables 1
and 2). Our data indicate that the cell line ex-
pressing JAK2 p.V617F is exquisitely sensitive
to CYT387 as a single agent showing prolifera-
tion arrest. We found that JAK2 mutated cells
were definitely more sensitive to inhibition of
the PI3K/Akt/mTOR and Hedgehog pathways
than the wild-type counterpart UT-7 cell line.
Our data indicate that both cell lines were rela-
tively less sensitive to HPI-1.
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Table 1. The effect of RAD001, CYT387, and HPI-1 inhibitors on the proliferation rate of SET-2
cell line. Table results of the one-way ANOVA and Tukey significance test for multiple comparisons.
The data are presented as the mean and standard deviation (SD). The level of significance from the test

was p < 0.05
RADO001 mean | CYT387 mean | HPI-1 mean P 95% CI of
IC50 (SD) IC50 (SD) IC50 (SD) | value | the difference
Trypan blue exclusion assay
RADO001 vs CYT387  49.00 (3.38) 13.72 (0.87) 0.001  21.28 to 49.28
24h  RADO0O0I vs HPI-1 49.00 (3.38) 46.97 (9.03) 0.898 -11.96t0 16.03
CYT387 vs HPI-1 13.72 (0.87) 46.97 (9.03) 0.001 -47.24to0-19.25
RADO001 vs CYT387  23.28 (1.67) 7.12 (1.06) 0.0001 13.29to019.03
48h RADO0O0I vs HPI-1 23.28 (1.67) 26.99(0,12) 0.017 -6.58to -0.84
CYT387 vs HPI-1 7.12 (1.06) 26.99 (0,12) 0.0001 -22.74to -17.00
RADOOI vs CYT387  22.44 (1.27) 0.44 (0.24) 0.0001  19.91 to 24.08
72h  RADO0O01 vs HPI-1 22.44 (1.27) 15.35(0.634) 0.0001 5.00 to 9.17
CYT387 vs HPI-1 0.44 (0.24) 15.35(0.634) 0.0001 -17.00 to -12.83
alamarBlue test
RADO001 vs CYT387  46.14 (5.31) 13.64 (0.54) 0.0001  20.91 to 44.03
24h  RADO0O01 vs HPI-1 46.14 (5.31) 54.53(5.98) 0.146 -19.98t03.20
CYT387 vs HPI-1 13.64 (0.54) 54.53(5.98) 0.0001 -52.48to -29.30
RADOOI vs CYT387  26.51 (3.61) 7.63 (1.02) 0.0001  12.36 to 25.39
48h RADO001 vs HPI-1 26.51 (3.61) 31.08 (2.49) 0.159 -11.09to 1.95
CYT387 vs HPI-1 7.63 (1.02) 31.08 (2.49) 0.0001 -29.97 to -16.93
RADO001 vs CYT387  23.03 (1.15) 1.18 (0.49) 0.0001  19.62 to 24.07
72h  RADO0O01 vs HPI-1 23.03 (1.15) 15.93 (0.89) 0.0001 4.91 t0 9.35
CYT387 vs HPI-1 1.18 (0.49) 15.93 (0.89) 0.0001 -16.94to-12.50

Table 2. The effect of RAD001, CYT387 and HPI-1 inhibitors on the proliferation rate of UT-7 cell
line. Table results of the one-way ANOVA and Tukey significance test for multiple comparisons. The d
are presented as the mean and standard deviation (SD). The level of significance from test was p < 0.05

RADO001 mean | CYT387 mean | HPI-1 mean | p 95% CI of
IC50 (SD) IC50 (SD) IC50 (SD) | value the difference
Trypan blue exclusion assay

24h RADO001 vs CYT387 57.63 (8.88) 34.36 (2.67) 0.007 8.50 to 38.05
RADO001 vs HPI-1 57.63 (8.88) 57.89(4.28) 0.998  -15.03 to 14.52
CYT387 vs HPI-1 3436 (2.67) 57.89 (4.28) 0.007  -38.30 to -8.76

48h RADO001 vs CYT387  33.90 (4.77) 12.20 (0.81) 0.0001 13.46 to0 29.94
RADO01 vs HPI-1 33.90 (4.77) 57.89 (4.28) 0.222 -3.17 to 13.31
CYT387 vs HPI-1 12.20 (0.81)  57.89(4.28) 0.002  -24.87 to -8.39

72h RADO001 vs CYT387  24.00 (3.34) 9.03 (1.40) 0.001 9.13 t0 20.81

RADO001 vs HPI-1 24.00 (3.34) 24.27 (1.79)  0.988 -6.11 to 5.56
CYT387 vs HPI-1 9.03 (1.40) 24.27 (1.79) 0.0001 -21.09 to -9.41




Inhibition of mTOR, JAK/STAT, and Hedgehog pathways

129

Table 2. (Continued)

RADO001 mean | CYT387 mean | HPI-1 mean | p 95% CI of
IC50 (SD) IC50 (SD) IC50 (SD) | value the difference
alamarBlue test
24h RADO001 vs CYT387  55.80 (8.15) 43.12 (6.43) 0.093 -2.43 t0 27.81
RADO0O1 vs HPI-1 55.80 (8.15) 49.26 (1.23) 0.432 -8.58 to 21.66
CYT387 vs HPI-1 43.12 (6.43) 49.26 (1.23) 0471 -21.27 t0 8.97
48h RADO001vs CYT387  32.89 (3.44) 11.27 (1.03) 0.0001  13.59 to 29.64
RADO0O01 vs HPI-1 32.89 (3.44) 33.39 (4.22) 0.980 -8.52 t0 7.52
CYT387 vs HPI-1 11.27 (1.03) 33.39 (4.22) 0.0001 -30.14 to -14.09
72h RADO001 vs CYT387  25.78 (2.54) 7.68 (1.71) 0.0001 13.66 to 22.53
RADO0O01 vs HPI-1 25.78 (2.54) 24.14 (0.11)  0.529 -2.79 to 6.07
CYT387 vs HPI-1 7.68 (1.71) 24.14 (0.11) 0.0001 -20.88 to —12.02

DISCUSSION

Dysregulation of the JAK/STAT pathway repre-
sents the central role in the ethiopathogenesis
of MPNs. Inhibitors of the JAK2 have proven
efficacious, but they do not target the mutated
cell clone selectively and their potential activity
is constrained by myelotoxicity, indicating that
novel therapeutic strategies should be sought.
In this regard, we focused on JAK/STAT and al-
ternative signaling pathways such as PI3K/Akt/
mTOR and Hedgehog, with the objective to
characterise the efficacy of specific inhibitors in
different cellular models, including JAK2 mu-
tated and wild-type JAK2 cells. The aim of this
study was to determine the anti-proliferative
activity of PI3K/Akt/mTOR, JAK/STAT and
Hedgehog signaling inhibitors. We evaluated
the activity of RAD001, CYT387 and HPI-1
inhibitors that are currently under evaluation
in several trials (Wang et al., 2009; Guglielmel-
li et al, 2011; Pardanani et al., 2013; Parda-
nani et al., 2015). After treatment, SET-2 cells
expressing JAK2 mutation showed increased
sensitivity toward compounds, compared to
wild-type JAK2 cell line.

CYT387 inhibited proliferation of cells ex-
pressing JAK2 mutation with a lowest IC50 com-
pared to RADO001 and HPI-1 inhibitors. Our
findings acknowledged Pardanani et al. (2009)
study results where the rate of JAK2 p.V617F

mutation positive cell line proliferation, after
CYT387 exposure, was analysed (Pardana-
ni et al,, 2009). Our data indicate that CYT387
was considerably less potent at inhibiting growth
of UT-7 cells, which was probably due to its re-
stricted kinase inhibitory profile.

Until now, the potential relevance of tar-
geting PI3K/Akt/mTOR pathway with specific
inhibitors has been explored (Bogany et al,
2013; Bartalucci et al., 2017). The results of our
study confirm previous reports, suggesting that
RADO001 has an anti-proliferative effect on cells
carrying JAK2 p.V617F mutation. However,
the concentration at which 50% inhibition of
SET-2 cell proliferation occurred was slightly
greater compared to Bogani et al. (2013) results
(23.28 + 1.67 puM vs 17 £ 0.3 uM after 48 h of
compound exposure) (Bogani et al., 2013). We
are not able to provide clear explanations for
such differences, but, in our opinion, this could
be due to different cell cultivation conditions,
the types of plastics, the assays used for cell vi-
ability determination, and a number of other
variables.

To date, preclinical data on the potential role
of the Hedgehog pathway in MPN are limited.
To the best of our knowledge, only in one study
the expression of Hedgehog signaling mol-
ecules were shown to be increased up to 100-
fold in granulocytes isolated from patients with
MPNs compared with control granulocytes
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(Bhagwat et al., 2013). Therefore, cell-based in
vitro studies with the Hedgehog signaling path-
way inhibitors effect on MPN cells are warrant-
ed. This was the first study to address the anti-
proliferative effect of HPI-1 on cell line carrying
JAK2 p.V617E. Our results suggest that HPI-1
exerts an anti-proliferative effect on SET-2 cell
line. We found SET-2 cells significantly more
sensitive to HPI-1 inhibitor compared to wild-
type JAK2 UT-7 cell line. Therefore, our study
results support the involvement of the Hedge-
hog signaling pathway in MPN pathogenesis.

Opverall, there is significant interest in tra-
ditional and experimental agents acting on
the JAK/STAT, PI3K/Akt/mTOR, and Hedge-
hog signaling pathways. Unfortunately, the re-
sults of our study and modern MPN treatment
protocols are difficult to compare. All agents
used in this study are currently undergo-
ing promising clinical and preclinical testing.
The only thing that could be done is to compare
preclinical in vitro results with our data and in-
dicate directions for future research. Targeting
the mentioned pathways in MPN is clinically
relevant and suggests the opportunity of fur-
ther clinical experimentation with specific in-
hibitors as a single agent, perhaps with the use
of different drug dosage and time schedules, or
in combination with other novel molecules.

CONCLUSIONS

These in vitro data indicate that PI3K/Akt/
mTOR, JAK/STAT, and Hedgehog inhibitors
have potent anti-proliferative efficacy. More-
over, our findings show that drug-mediated
inhibition of PI3K/Akt/mTOR and Hedgehog
signaling is efficacious against MPN cells with
mutated JAK2. Concurrent targeting of the al-
ternative pathways may represent new thera-
peutic strategies. We have to admit that the lack
of proteome and post-genomic analysis is
the limitation of our study. Taken together, re-
alisation of this new treatment opportunity may
require direct screening of PI3K/Akt/mTOR,
JAK/STAT, and Hedgehog signaling molecule
activity at the gene and protein level in cell-

based MPN models. Further work is warranted
to develop the treatment regimen, safe and ef-
fective agent dose confirmation in controlled
MPN patient’s group.
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MTOR, JAK/STAT IR HEDGEHOG SIGNA-
LO PERDAVIMO INHIBITORIU POVEIKIO
ONKOHEMATOLOGINIU LASTELIU LINIJU
PROLIFERACIJAI TYRIMAS

Santrauka

Klasikinéms BCR/ABL neigiamoms mieloprolifera-
cinéms ligoms (MPL) budinga nuolat aktyvi JAK/
STAT signalo perdavimo sistema. Nustatyta, kad kli-
nikinéje praktikoje taikomi JAK2 inhibitoriai néra
specifiniai mutacijos atveju ir nepakankamai slopi-
na neoplastine klonine hematopoeze, todél butina
ieskoti naujy terapiniy MPL galimybiy. Potencialus
gydymo taikinys yra lastelés signalo perdavimo sis-
temos - PI3K/Akt/mTOR ir Hedgehog. Sios studijos
tikslas — nustatyti ir palyginti specifiniy JAK/STAT,
PI3K/Akt/mTOR bei Hedgehog signalo perdavimo
inhibitoriy poveikj hematologinéms Iasteliy lini-
joms. Tyrimo metu buvo naudojamos SET-2 laste-
lés, turincios JAK2 p.V617F mutacija, ir UT-7 laste-
liy linija, pasizyminti laukinio tipo JAK2. Specifiniy

signalo perdavimo inhibitoriy poveikis istirtas
atsizvelgiant j ekspozicijos laikg ir dozes. Lasteliy
gyvybingumas nustaytas Tripano mélio ir alamar-
Blue testais. IC50 reik§més panaudotos jvertinant
inhibitoriy efektyvuma. Statistiné analizé atlikta
pagal t-testa. Nustatytas statistiSkai reik$mingas
skirtumas tarp tiriamy grupiy, kai p < 0,05. Tyrimo
metu nustatyta, kad visi specifiniai inhibitoriai ma-
zino lasteliy gyvybinguma didéjant koncentracijai ir
ekspozicijos laikui. Lasteliy, turinéiy JAK2 mutacija,
proliferacija sutrikdyta reikémingai mazesnémis in-
hibitoriy koncentracijomis, palyginti su lastelémis,
neturin¢iomis JAK2 mutacijos. Sio in vitro tyrimo
rezultatai rodo, kad JAK/STAT ir alternatyvas PI3K/
Akt/mTOR bei Hedgehog inhibitoriai pasizymi an-
tiproliferaciniu poveikiu. Tolesniuose tyrimuose
batina i$analizuoti PI3K/Akt/mTOR, JAK/STAT ir
Hedgehog signaliniy molekuliy aktyvuma geny ir
baltymy lygmeniu panaudojant MPL lgsteliy mo-
delius.

Raktazodziai: mieloproliferacinés ligos (MPL),
JAK/STAT, PI3K/Akt/mTOR, Hedgehog, signalo

perdavimo sistemos, lasteliy linijos



