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Abstract: Myeloproliferative neoplasms are clonal hematopoietic disorders characterized by excessive mature blood
cells production, dysregulated JAK-STAT signaling, and increased angiogenesis. Current therapies, such as ruxoli-
tinib, improve symptoms but lack disease-modifying effects. This study aimed to evaluate the cytotoxic and mecha-
nistic effects of STK405759, a fully synthetic microtubule targeting agent in myeloproliferative neoplasms models.
Three representative myeloproliferative neoplasms cell lines (HEL, SET-2, MEG-01) were treated with STK405759
as a single agent or in combination with ruxolitinib. Cytotoxicity was evaluated by XTT assays, apoptosis via Annexin
V/propidium iodide staining, and cell cycle distribution by flow cytometry. Microtubule dynamics were examined
by immunoblotting and immunofluorescence. Apoptosis-related proteins, cytokine secretion and JAK-STAT pathway
activation were analyzed using antibody arrays. STK405759 showed potent cytotoxicity in JAK2 V617 F-positive HEL
and SET-2 cells and BCR-ABL1-positive MEG-01 cells. Combination with ruxolitinib yielded synergistic effects in
HEL and SET-2 cells. Mechanistically, STK405759 disrupted microtubule organization, reduced a- and B-tubulin
polymerization and acetylated o-tubulin, leading to G2/M arrest and apoptosis. In SET-2 cells, STK405759 sig-
nificantly increased STAT1 phosphorylation while causing its retention in the cytoplasm. Treatment also decreased
VEGF secretion in both monocultures and HS-5 stromal co-cultures and induced IL-1B in co-cultures. These findings
demonstrate that STK405759 exerts potent cytotoxic activity, disrupts microtubules, modulates STAT1 signaling,
reduces VEGF secretion, and induces a distinct cytokine profile, while synergizing with ruxolitinib, supporting its
further preclinical development as a potential therapeutic strategy in myeloproliferative neoplasms.
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Introduction sively replaced by fibrous tissue. Approximately
8.35% of PV, 1.85 of ET and up to 15% of PMF
cases progress to secondary acute myeloid leu-
kemia (AML), primary as a result of clonal evolu-
tion and the acquisition of additional somatic

mutations [1].

Myeloproliferative neoplasms (MPNs) are clon-
al hematologic diseases characterized by ex-
cessive proliferation of myeloid lineages in the
bone marrow. MPNs are traditionally classified
into Philadelphia-positive (BCR-ABL1) chronic

myeloid leukemia (CML), which is characteriz- Hematopoietic clones in BCR-ABL1-negative

ed by increased granulocytic proliferation, and
Philadelphia-negative MPNs, which include
polycythemia vera (PV), marked by an increase
in erythrocytes; essential thrombocythemia
(ET), characterized by excessive platelet pro-
duction; and primary myelofibrosis (PMF), a dis-
order in which normal bone marrow is progres-

MPNs often harbor mutually exclusive driver
mutations in genes involved in the JAK/STAT
signaling pathway, such as Janus kinase 2
(JAK2), calreticulin (CALR), or myeloproliferative
leukemia virus oncogene (MPL). The JAK2
V617F mutation is the most common, occurring
in over 95% of PV cases, 50-75% of ET cases,
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and 40-75% of PMF cases. CALR mutations are
found in 15-30% of ET and PMF cases, while
MPL mutations are present in 4-8% of cases.
Less than 10% of patients are “triple-negative”,
lacking these common mutations [2].

The prognosis for ET and PV is generally favor-
able, with median survival estimates of 33
years for younger PV patients and 24 years for
ET patients [3]. Cytoreductive therapy, typically
with hydroxyurea, is recommended for high-risk
individuals. However, up to 15% of patients may
exhibit resistance or an inadequate response
to hydroxyurea, which is associated with a poor-
er prognosis [4].

PMF, the most severe form of MPN, presents a
broad median survival range, from as low as
two to over twenty years, depending on clinical
and molecular factors [5]. Allogeneic hemato-
poietic stem cell transplantation remains the
only potential curative therapy for PMF and
CML but is limited to a small subset of eligible
patients. For high-risk myelofibrosis and hydro-
Xyurea-resistant or intolerant PV patients, the
JAK1/JAK2 inhibitors, including the first in class
ruxolitinib, and the more recently approved
fedratinib, pacritinib, and momelotinib, are the
standard of care. Although these agents allevi-
ate symptoms, reduce pro-inflammatory cyto-
kines, and decrease splenomegaly, they do not
prevent disease progression [6, 7]. In CML,
tyrosine kinase inhibitors are widely used, but
the most primitive stem cells remain resistant
to these therapies [8].

Moderate to marked megakaryocytic hyperpla-
sia is a hallmark of all types of MPNs, driven by
increased megakaryocyte proliferation and a
progressively impaired apoptotic signaling.
These dysregulated megakaryocytes contrib-
ute significantly to the development of bone
marrow fibrosis [9]. During maturation, mega-
karyocytes undergo endomitosis, a specialized
cell cycle in which DNA replication occurs with-
out cytokinesis, leading to the formation of
large, highly polyploid cells [10]. Microtubules,
composed primarily of tubulin, are essential for
mitotic spindle function during endomitosis
and play a central role in megakaryocyte differ-
entiation and cell cycle regulation [11]. Given
this dependency, megakaryocytes may be par-
ticularly susceptible to agents that disrupt
microtubule dynamics.

STK405759, a synthetic small molecule, has
previously shown significant efficacy in myelo-
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ma, where it induces cell cycle arrest and apop-
tosis by disrupting microtubule dynamics.
Importantly, it exhibited high cytotoxic activity
against myeloma cell lines while maintaining
low toxicity toward peripheral blood mononu-
clear cells, ultimately reducing tumor burden
and prolonging survival in xenograft myeloma
models [12, 13]. Based on these encouraging
findings, we hypothesized that STK405759
may exert similar effects in MPNs, where mega-
karyocytes play a critical role in disease
pathogenesis.

To evaluate the potential of STK405759 in
MPNs, we selected three representative cell
lines reflecting key disease features: HEL (ery-
throid, JAK2V617F-mutated), SET-2 (mega-
karyoblastic, JAK2V617F-mutated and wild
type), and MEG-01 (BCR-ABL1-positive, model-
ing CML). These models enabled us to assess
the compound’s impact on megakaryocyte-
related processes such as proliferation, micro-
tubule integrity and cytokine secretion.

Materials and methods

Cell culture

Human HEL (ATCC Cat# TIB-180) and MEG-01
(ATCC Cat# CRL-2021) cells were cultured in
RPMI-1640 medium, while HS-5 cells (ATCC
Cat# CRL-11882) were maintained in DMEM
medium. Both media were supplemented with
10% fetal calf serum and a penicillin-strepto-
mycin antibiotic mix (Biological Industries,
Kibbutz Beit Haemek, Israel). SET-2 cells
(DSMZ Cat# ACC-608) were grown in RPMI-
1640 medium supplemented with 20% fetal
calf serum and the same antibiotic mix
(Biological Industries). All cell cultures were
maintained in a humidified incubator at 37°C
with 5% CO,. Routine mycoplasma testing con-
firmed that the cells were free from contamina-
tion. Cell line authentication was conducted
using short tandem repeat (STR) profiling at the
Genomics Center, Technion, Israel.

Cell viability assessment

Cells were seeded in 384-well plates and treat-
ed with graded concentrations of STK405759
(Mcule Inc., Pala Alto, USA), for different time
intervals. Cell viability was determined using
the XTT Cell Proliferation Kit (Biological
Industries), according to the manufacturer’s
instructions. For combination treatment analy-

Am J Cancer Res 2025;15(11):4676-4691



Microtubule targeting agent STK405759 in myeloproliferative neoplasms

ses, cells were exposed to various concentra-
tions of STK405759 and ruxolitinib (Sigma-
Aldrich, St. Louis, MO, USA), either as mono-
therapies or in combination, for 72 hours. Half-
maximal inhibitory concentration (IC,) and
combination indices were calculated using
CalcuSyn software (version 2), based on the
Median-Effect method.

Immunofluorescence analysis of apoptosis

Cells were treated with graded concentrations
of STK405759 for 72 h. Apoptosis was evalu-
ated by dual staining with Annexin V and prop-
idium iodide (BD Biosciences, San Jose, CA,
USA). Image acquisition and quantitative analy-
sis were performed using the Operetta CLS™
High-Content Analysis System (PerkinElmer,
Waltham, MA, USA).

Cell-cycle analysis

JAK2V617F-positive cells were treated with
graded concentrations of STK405759 for 48
hours or with a fixed concentration of 50 nM
STK405759 for different time intervals. MEG-
01 cells were treated with various concentra-
tions of STK405759 for 24 and 48 hours.
Following treatment, cells were fixed in 70%
ethanol and stored at -20°C. The next day,
cells were stained with propidium iodide (50
ug/mL) containing RNase-A (20 units/mL;
Sigma-Aldrich) for 30 minutes at 37°C. DNA
content was analyzed using a CytoFLEX flow
cytometer (Beckman Coulter, Brea, CA, USA)
and FlowJo software (BD Biosciences).

Tubulin polymerization assay

Cells were treated with STK405759 for 48
hours and lysed in microtubule-stabilizing buf-
fer containing 20 mM Tris-HCI (pH 6.8), 0.14 M
NaCl, 1 mM EGTA, 0.5% NP-40, 1 mM MgCl,,
0.4 pg/mL paclitaxel, protease inhibitor mix-
ture (Roche, Basel, Switzerland), protease
inhibitor cocktail 1 and 3 (Sigma-Aldrich), and
1 mM phenylmethylsulfonyl fluoride. Lysates
were centrifuged to separate soluble tubulin
(supernatant) from polymerized tubulin (pellet).
Both fractions were subjected to immunoblot-
ting with antibodies against a-tubulin, acetylat-
ed o-tubulin, B-tubulin, and GAPDH (all from
Sigma-Aldrich). Protein bands were quantified
using ImageJ software (version 1.53t, National
Institutes of Health, Bethesda, MD, USA).
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Immunofluorescence staining

Cells were treated with STK405759 for 72
hours. Following treatment, cells were fixed in
4% paraformaldehyde for 15 minutes and per-
meabilized with 0.3% Triton X-100 in PBS for 5
minutes at 37°C. Non-specific binding was
blocked by incubating cells with 3% bovine
serum albumin in PBS for 1 hour at room tem-
perature. Cells were then incubated overnight
at 4°C with either an anti-B-tubulin Alexa
Fluor® 488 conjugated antibody (Merck) or a
STAT1 (C-136) Alexa Fluor® 488 conjugated
antibody (Santa Cruz Biotechnology, Dallas, TX,
USA). Nuclei were counterstained with Hoe-
chst 33342 (1 pg/mL). Immunofluorescence
images were acquired using an Olympus
Fluoview FV3000 confocal microscope (Oly-
mpus, Tokyo, Japan) or Zeiss LSM780 Inverted
Confocal Microscope (Carl Zeiss AG, Germany).

Protein array analysis

Protein analysis was assessed using the
Human Apoptosis Antibody Array (Abcam,
Abcam, Boston, MA, USA), the Cytokine Human
Membrane Antibody Array (Abcam), and the
Human JAK/STAT Pathway Phosphorylation
Array (RayBiotech, Peachtree Corners, GA,
USA), following the manufacturers’ protocols.
Cells were cultured alone or with human HS-5
stromal cells and treated with 100 nM STK-
405759 for 48 hours; untreated cells served as
controls. For apoptosis and JAK/STAT arrays,
cell lysates were collected; for the cytokine
array, conditioned media was harvested and
stored at-70°C. Equal protein amounts (800 ug
per sample) were applied to the antibody-coat-
ed membranes, followed by incubation with
antibodies. Signals were visualized by enhanc-
ed chemiluminescence and quantified using
ImageQuant TL software (Cytiva, Marlborough,
MA, USA). Spot intensities were normalized to
reference controls on each membrane and fur-
ther normalized to untreated group for compar-
ative analysis.

Statistical analysis

Data were analyzed using one-way ANOVA, fol-
lowed by post hoc t-tests with Bonferroni cor-
rection for multiple comparisons. Results are
presented as the mean * standard deviation
(SD) of at least two or three independent exper-
iments, each performed with multiple technical
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replicates. Statistical significance was set at P
< 0.05.

Results

Cytotoxic effects of STK405759 and its syner-
gistic interaction with ruxolitinib in JAK2V617F-
positive MPN cells

HEL and SET-2 cells were exposed to graded
concentrations of STK405759 for 24, 48, and
72 hours and viability was measured by XTT
assay. STK405759 reduced cell viability in a
concentration- and time-dependent manner.
In HEL cells, the IC,  values decreased from
0.666 at 24 hours to 0.160 at 48 hours and
0.139 pM at 72 hours; in SET-2 cells, the IC_;
values were 0.620, 0.214, and 0.115 uM at
the respective time points (Figure 1A, 1B).

Next, we evaluated the potential synergistic
cytotoxic effects of STK405759 in combination
with ruxolitinib on JAK2V617F-positive cells.
The combination treatment resulted in mark-
edly greater cytotoxicity than either compound
alone, with combination indices of 0.253 to
0.534, consistent with strong synergy in both
cell lines (Figure 1C-F).

STK405759 disrupts microtubule organization
in HEL and SET-2 cell lines

To assess the anti-microtubule effects of
STK405759, HEL and SET-2 cells were treated
for 48 hours, and the expression of soluble and
polymerized o and ( tubulin isoforms was ana-
lyzed by Western blot. In HEL cells, STK405759
treatment led to a marked reduction in polym-
erized B-tubulin and, to a lesser extent, polym-
erized o-tubulin (Figure 2A). In SET-2 cells,
polymerized a- and B-tubulin levels were both
reduced to comparable levels (Figure 2B).
Additionally, acetylated o tubulin, a marker of
microtubule stability [14], was significantly
reduced in both cell lines.

Confocal microscopy of B-tubulin staining con-
firmed these findings, revealing disruption of
the microtubule network in STK405759-treat-
ed cells. Both HEL and SET-2 cells exhibited
tubulin bundling and accumulation, along with
depolymerization at the spindle poles. Micro-
tubule breakdown was accompanied by the
appearance of apoptotic bodies. Notably, SET-2
cells displayed elongated cytoplasmic protru-
sions following treatment (Figure 2C, 2D).
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STK405759 induces G2/M arrest in HEL and
SET-2 cells

Treatment with STK405759 for 24 hours
induced G2/M phase arrest in both HEL and
SET-2 cells. By 48 hours, an increase in poly-
ploidization was observed in both cell lines. In
parallel, a significant accumulation of cells in
the sub-GO phase, indicative of apoptotic cell
death, was detected as early as 24 hours and
became more pronounced with prolonged drug
exposure (Figure 3A, 3B).

To evaluate whether polyploidization was as-
sociated with megakaryocyte differentiation,
CD41 expression was assessed by flow cytom-
etry. While CD41 levels remained unchanged in
HEL cells (Figure 3C), STK405759 treatment
led to reduced CD41 expression in SET-2 cells
(Figure 3D), suggesting that the observed poly-
ploidy is more likely results from mitotic disrup-
tion rather than megakaryocyte differentiation.

STK405759 modulates apoptosis and JAK/
STAT signaling in HEL and SET-2 cells

STK405759 decreased cell viability primarily
through the induction of apoptosis, with necro-
sis observed at higher concentrations, as de-
termined by Annexin V/propidium iodide stain-
ing (Figure 4A, 4B). To gain insights into the
molecular mechanisms underlying STK405-
759-induced apoptosis, we examined apopto-
sis-related protein expression using a human
apoptosis antibody array. Untreated HEL and
SET-2 cells displayed similar baseline profiles
of pro- and anti-apoptotic proteins. In HEL
cells, STK405759 treatment led to a twofold
upregulation of the tumor suppressor p53
(P=0.0045) along with significant downregula-
tion of anti-apoptotic BCL-2 (-35%, P=0.038),
pro-caspase 8 (P=0.004), and pro-caspase 3
(P=0.008) (Figure 4C).

SET-2 cells exhibited a distinct apoptotic pro-
file following treatment, including a fourfold
increase in IGFBP6 (P=0.003), and 1.5 to 1.7-
fold increase in BAD (P=0.007), IGFBP2 (P=
0.021), IGFBP4 (P=0.029), and HSP60 (P=
0.036). STK405759 also reduced by more than
40% the expression of the decoy receptor
TRAILR4 (P=0.028), the X-linked inhibitor-of-
apoptosis XIAP (P=0.001), and to a lesser
extent the anti-apoptotic BCL-2 (P=0.002) and
BCL-w (P=0.003) proteins (Figure 4D).
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Figure 1. Cytotoxic effect of STK405759 on JAK2V617F-positive MPN cells. A, B. HEL and SET-2 cells were treated
with graded concentrations of STK405759 for 24, 48, and 72 hours. Cytotoxicity was analyzed using the XTT assay.
C, D. HEL and SET-2 cells were treated with STK405759, ruxolitinib or their combination at different concentrations
for 72 hours. Cytotoxicity was analyzed by XTT assay. E, F. The combination index was calculated using CompuSyn
software to evaluate drug interactions. All treatments were performed in triplicate across at least two independent
experiments. Values were normalized to the drug-free control. Data are presented as mean + SE. ****P < 0.001
vs. control; ####P < 0.001 vs. ruxolitinib; P < 0.001, *P < 0.005 vs. STK405769.

Given the central role of the JAK/STAT pathway
in MPN pathogenesis, we assessed the phos-
phorylation status of key pathways compo-
nents following STK405759 treatment. STAT1
phosphorylation increased by 80% in SET-2
cells (P=0.004) and by 13% in HEL cells
(P=0.006), while phosphorylation levels of
JAK1, JAK2, STAT3, and STAT5 remained
unchanged (Figure 5A, 5B).
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Immunofluorescence analysis further demon-
strated that STK405759 induced a dose-
dependent retention of STAT1 in the cytoplasm
and reduced its nuclear localization in both
HEL and SET-2 cells, suggesting that the
compound disrupts STAT signaling despite
enhanced phosphorylation (Figure 5C, 5D).
This effect was more pronounced in SET-2
cells.
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Figure 2. STK405759 disrupts tubulin dynamics on JAK2V617F-positive MPN cells. A, B. HEL and SET-2 cells were
treated with graded concentrations of STK405759 for 48 hours. Polymerized (insoluble) and soluble tubulin frac-
tions were separated and analyzed by immunoblotting to assess changes in tubulin dynamics. Data are presented
as mean + SE. ***P < 0.005, **P < 0.01 vs. control. C, D. Cells were treated with 100 nM STK405759 for 48 hours,
fixed and stained with an Alexa Fluor 488-conjugated anti-B-tubulin antibody (green) and Hoescht (blue) to visual-
ize nuclei. Representative confocal images acquired using a Zeiss LSM780 Inverted Confocal Microscope illustrate
disrupted microtubule organization. Scale bar: 20 pm. Magnification: 60x%.

Effect of STK405759 on cytokine secretion in
HEL and SET-2 cells

MPNs are characterized by chronic inflamma-
tion driven by both malignant and stromal cells,
which reshape the bone marrow microenviron-
ment to promote disease progression toward
myelofibrosis [15]. Given the critical role of
microtubules in cytokine secretion and their
involvement in MPN pathogenesis, we exam-
ined whether STK405759 alters the cytokine
secretory profile of HEL and SET-2 cells.

Under baseline conditions, both HEL and SET-2
cells secreted high levels of the pro-inflamma-
tory cytokines GRO and IL-8, as well as the
angiogenic factor VEGF. STK405759 treatment
reduced VEGF secretion by more than 30%
(P=0.0002) in HEL cells and by approximately
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40% (P=0.0002) in SET-2 cells. In addition,
SET-2 cells showed significant reductions in
EGF (P=0.0025), and leptin (P=0.0011) levels
following treatment (Figure 6A, 6C).

To explore the influence of bone marrow stro-
mal cells on the response to STK405759, we
co-cultured HEL or SET-2 cells with the human
bone marrow stromal cell line HS-5. Compared
to monocultures, co-cultures conditions led to
increased secretion of inflammatory mediators
including ENA-78, IL-6, GM-CSF, GRO-¢, IL-1c,
IL-1B, MCP-1 and MCP-3. STK405759 treat-
ment significantly reduced VEGF secretion by
35% in HEL/HS-5 co-cultures (P=0.004) and
by 66% in SET-2/HS-5 co-cultures (P=0.022).
Additionally, STK405759 induced a two-fold
increase in IL-1f3 secretion in both co-culture
models (Figure 6B, 6D).
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Figure 3. STK405759 induces cell cycle arrest in JAK2V617F-positive MPN cells. A, B. HEL and SET-2 cells were
treated with graded concentrations of STK405759 for different time intervals. DNA content was detected by prop-
idium iodide staining followed by flow cytometry analysis to evaluate cell cycle distribution. C, D. Flow cytometry plots
(top) and corresponding quantification (bottom) of CD41 expression in HEL and SET-2 cells following treatment. All
treatments were performed in at least two independent experiments. Values were normalized to the drug-free con-
trol. Data are presented as mean + SE. ****P < 0.001, ***P < 0.005, **P < 0.01, *P < 0.05 vs. control.

For cytokines secreted at lower levels,
STK405759 treatment led to a 30-50% reduc-
tion in the secretion of MCSF (P=0.002),
RANTES (P=0.0001), SCF (P=0.045), SDF-1
(P=0.019), TARC (P=0.020), and ANG (P <
0.0005) in SET-2/HS-5 co-cultures (Figure 6B,
6D). These findings indicate that STK405759
modulates a broad range of cytokine and
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growth factors, suggesting that it may alter the
inflammatory and fibrogenic milieu of the bone
marrow in MPNs.

Cytotoxicity of STK405759 in philadelphia
chromosome-positive MPN cells

To evaluate the anti-cancer potential of
STK405759 in Philadelphia chromosome-posi-
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Figure 4. Apoptosis analysis of STK405759 treated JAK2V617F-positive MPN cells. (A, B) Apoptosis was evaluated
by staining the cells with Annexin V (green) and propidium iodide (red) after STK405759 treatment for 72 hours, im-
ages were acquired using Operetta CLS™ high-content analysis system and quantified with Harmony 4.5 software.
Total cell death = Annexin V + propidium iodide positive cells. (C, D) HEL and (B) SET-2 cells were treated with 100
nM STK405759 for 48 h and then equal amounts of cellular proteins were subjected to a protein array using the
Human Apoptosis Antibody Array Membrane. Spot intensities were normalized to reference array spots and then to
untreated control. Data are presented as mean + SE. ****P < 0.001, ***P < 0.005, **P < 0.01 vs. control.

tive MPNs, we tested it effects on MEG-01 dent manner, with IC50 values of 0.756 uM,
cells, a human megakaryoblast cell line deriv- 0.123 uM, and 0.125 uM at 24, 48, and 72
ed from a patient with blast crisis CML. hours, respectively. The observed cytotoxicity
STK405759 significantly reduced MEG-01 cell was associated with the induction of both
viability in a concentration- and time-depen- apoptosis and necrosis (Figure 7A, 7B).
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Figure 5. STAT1 signaling following STK405759 treatment in JAK2V617F-positive MPN cells. A, B. HEL and SET-2
cells were treated with 100 nM STK405759 for 48 hours. Equal amounts of cellular protein lysates were analyzed
using the Human JAK/STAT Pathway Phosphorylation Array Membrane. Representative scanned images are shown.
Spot intensities were normalized to reference array spots and then to untreated control. Data are presented as
mean + SE. ***P < 0.005 vs. control. C, D. Representative immunofluorescence images depicting STAT1 expres-
sion and subcellular localization in HEL and SET-2 cells treated with increasing concentrations of STK405759.
Nuclei were counterstained with Hoescht. Images were acquired using an Olympus Fluoview FV3000 confocal mi-

croscope. Scale bar: 100 ym. Magnification: 40x.

STK405759 treatment induced G,/M phase
arrest at 24 hours, followed by a marked
increase in the sub-G, population at 48 and 72
hours, indicating progressive cell death. Addi-
tionally, polyploidization became evident at
later time points (Figure 7C). Consistent with its
mechanism as a microtubule targeting agent
(MTA), STK405759 induced a dose-dependent
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decrease in o- and B-tubulin polymerization
and disrupted mitotic spindle formation during
cell division (Figure 7D, 7E).

Importantly, STK405759 did not alter CD41
expression or STAT1 localization in MEG-01
cells, suggesting that its cytotoxic effects occur
independent of megakaryocytic differentiation
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Figure 6. Cytokine protein array analysis of JAK2V617F-positive MPN cells treated with STK405759. (A, C) HEL and
SET-2 cells cultured alone, and (B, D) co-cultured with HS-5 stromal cells were treated with 100 nM STK405759 for
48 hours. Equal amounts of secreted proteins were then analyzed using the Cytokine Human Membrane Antibody
Array. Representative scanned images are shown. Spot intensities were normalized to reference array spots and
then to untreated control. Data represent mean * SE from three independent experiments. ****pP < 0.001, ***P
< 0.005, **P < 0.01, *P < 0.05 vs. control.
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Figure 7. STK405759 cytotoxicity and mechanistic effects in BCR-ABL1-positive MEG-01 cells. A. Dose- and time-
dependent cytotoxicity after STK405759 treatment measured by XTT assay, values expressed as % viability relative
to control. B. Representative images of apoptosis detected by Annexin V (green) and propidium iodide (red) staining
after treatment for 72 hours, images acquired using Operetta CLS™ and quantified with Harmony 4.5 software.
Total cell death = Annexin V + propidium iodide positive cells. C. Cell cycle distribution following STK405759 treat-
ment, analyzed by propidium iodide and flow cytometry. D. Polymerized and soluble tubulin fractions analyzed by
immunoblotting. E. Representative confocal images of B-tubulin (green) and nuclei (Hoescht, blue) after 48 hours of
treatment; captured using Zeiss LSM780 confocal microscope. F. CD41 expression levels following treatment. Scale
bar: 20 ym. Magnification: 60x%. G. Representative immunofluorescence images showing STAT1 (green) expression
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and subcellular localization after STK405759 exposure; nuclei counterstained with Hoescht (blue). Scale bar: 100
um. Maghnification: 40x. Data represent mean + SE. ****P < (0.001, ***P < 0.005, **P < 0.01 vs. control.

pathways and STAT1 mediated signaling (Figure
7F, 7G).

Discussion

In this study, we showed that STK405759
exhibits potent cytotoxic activity in both BCR-
ABL1-negative (HEL and SET-2) and BCR-ABL1-
positive (MEG-01) MPN cell lines. STK405759
treatment induced concentration- and time-
dependent G,/M phase cell cycle arrest, poly-
ploidization, and both apoptotic and necrotic
cell death. These effects were associated with
disrupted o and B tubulin polymerization and
impaired mitotic spindle assembly, consistent
with its mechanism as a microtubule destabi-
lizer agent. Additionally, STK40575 impacts
MPN cells by modulating STAT1 signaling and
reducing VEGF secretion.

Increasing evidence supports the therapeutic
relevance of targeting cell cycle regulators in
hyperproliferative hematopoietic progenitors.
In this context, the CDK4/6 inhibitor palbociclib
blocks G1/S transition in JAK2V617F-positive
cells, reduces colony formation and synergizes
with JAK inhibition [16]. Likewise, alisertib, a
clinically tested Aurora kinase inhibitor, specifi-
cally targets dysregulated megakaryocytes,
promoting their maturation and polyploidiza-
tion while reducing bone marrow fibrosis, there-
by highlighting the vulnerability of MPN cells
at multiple cell cycle checkpoints [17]. In con-
trast, STK405759 acts through a distinct
mechanism, directly destabilizing microtubules
to induce growth arrest while simultaneously
modulating STAT1 signaling, cytokine secretion,
and angiogenesis. Together, these approaches
converge on the megakaryocytic hyperplasia
central to MPN pathogenesis, underscoring
cell cycle disruption as a key therapeutic vul-
nerability and offering potential combinatorial
opportunities or alternative strategies for dif-
ferent patient populations.

MPN cells harboring the JAK2V617F mutation
exhibit increased JAK2 activity and elevated
levels of phosphorylated STAT1 [18]. STAT1 is a
key transcription factor that regulates apopto-
sis, differentiation, and immune activation,
while also suppressing angiogenic factors such
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as VEGF [19]. It signaling plays a central role in
current therapeutic strategies, such as IFN-a
therapy, which activates STAT1 signaling and
preferentially targets disease-initiated stem
cells through JAK1-STAT1-ROS activation [20].
Notably, STAT1 phosphorylation is elevated in
JAK2V617F-positive ET patient derived cells
[21], and in mouse MPN models. Conversely,
STAT1 deficiency in the genetic context of
JAK2-V617F promotes erythropoiesis while
suppressing megakaryopoiesis [22], highlight-
ing STAT1's critical role in lineage regulation.
STK405759 markedly enhanced STAT1 phos-
phorylation and decreased its nuclear translo-
cation in SET-2 cells, while producing only
modest effects in HEL cells. STAT1 localization
was unaffected in MEG-01 cells. These STAT1-
related differences correlated with sensitivity
to STK405759, as cells showing pronounced
effects on both tubulin dynamics and STAT1
activity showed lower IC50 values, likely
because STK405759’s microtubule-destabiliz-
ing effects, since intact microtubules are
required for STAT1 nuclear import [23]. Im-
portantly, the downstream consequences of
microtubule disruption, including modulation of
CD41 and STAT1 signaling, appeared more pro-
nounced in cells with a JAK2-mutated/STAT1-
dependent signaling background, whereas
BCR-ABL1-driven cells were less sensitive to
these effects. This differential response high-
lights the context-dependent specificity of
STK405759 for the JAK2/STAT axis in myelo-
proliferative neoplasm models. Further studies
are warranted to evaluate STAT1 downstream
transcriptional targets and to determine the
functional consequences of impaired nuclear
localization on gene expression in MPN cells.
Collectively, these results suggest that
STK405759 not only disrupts microtubule
dynamics but also modulates key signaling
pathways relevant to MPN pathogenesis, offer-
ing insights for potential combination strate-
gies with JAK inhibitors.

Bone marrow from patients with PV, myelofibro-
sis and CML have been shown to exhibit
increased vascularity [24], and elevated VEGF
levels have been linked to JAK2V617F muta-
tional status and disease severity [25].
STK405759 significantly decreased the secre-
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tion of the pro-angiogenic factor VEGF in both
HEL and SET-2 cells, including in co-culture with
bone marrow stromal cells. Given the known
roles of angiogenesis and stromal cell sighaling
in MPN progression, these findings highlight
the dual effect of STK405759 on both malig-
nant cells and their supportive niche.

Interestingly, STK405759 decreased tubulin
acetylation yet paradoxically increased IL-1B
secretion in co-cultures of HEL and SET-2 with
HS-5 stromal cells [26]. These findings contrast
with previous reports in ATP activated macro-
phages, where microtubule-stabilizing agents
such as paclitaxel enhanced IL-1p release and
increased tubulin acetylation, while destabiliz-
ing agents like nocodazole reduced acetyla-
tion and impaired IL-1B secretion [26, 27].
Together, these results suggest that STK40-
5759 induces a distinct inflammatory signa-
ture, warranting further investigation into the
role of IL-1 mediating its anti-tumor effects.

Previous studies have shown that paclitaxel
mediated microtubule stabilization enhances
ruxolitinib efficacy via STAT1 activation in
JAK2VB17F positive cells [28]. In contrast, our
findings demonstrated that STK405759, a
microtubule destabilizing agent, also syner-
gized with ruxolitinib. This suggests that modu-
lation of tubulin dynamics, whether through
stabilization or destabilization, can potentiate
JAK inhibition and may represent a promising
combinatorial strategy in MPN therapy. The
synergy between STK405759 and ruxolitinib,
by simultaneously targeting JAK-STAT signaling
and microtubule integrity, could provide mean-
ingful clinical benefits. In ruxolitinib-refractory
myelofibrosis, dual targeting could help over-
come resistance, paralleling strategies already
employed with second generation JAK inhibi-
tors and other agents [29, 30]. In hydroxyurea-
resistant or intolerant PV and ET [31], particu-
larly in patients with a JAK2V617F-positive
background, this approach may enhance cyto-
reductive efficacy and mitigate megakaryocytic
hyperplasia. Moreover, patients with massive
splenomegaly, high fibrosis risk, or at risk of
leukemic transformation, conditions in which
aberrant angiogenesis is a key driver [32], may
particularly benefit from STK405759’s anti-
angiogenic effects, as current JAK inhibitor
monotherapy remains largely symptomatic and
fails to halt disease progression. This therapeu-
tic rationale aligns with emerging combination
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strategies in MPNs, including ruxolitinib-based
regimens, and parallels approaches using auro-
ra kinase inhibitors in ruxolitinib-experienced
patients [17, 33]. Further studies are warranted
to better understand the mechanistic basis
and clinical relevance of this synergy, particu-
larly in populations with unmet therapeutic
needs.

Recent findings highlight the therapeutic po-
tential of tubulin binding agents in the treat-
ment of AML. Microtubule disrupting antipara-
sitic drugs, such as mebendazole, have been
repurposed as differentiation therapies in
AML, showing promising preclinical activity
[34]. More recently, a novel class of tubulin
binding compounds including 0XS0074172
and 0XS0074643 was shown to induce G2/M
cell cycle arrest and promote differentiation in
AML cells, leading to reduced tumor burden in
in vivo AML models [35]. While classical MTAs
in clinical use, such as paclitaxel from Taxus
brevifolia and vincristine from Catharanthus
roseus, have shown anticancer activity in
hematologic malignancies [36], STK405759
offers several advantages as a fully synthetic
small molecule with superior manufacturing
consistency, cost-effectiveness, and optimiza-
tion potential. Its favorable selectivity profile
was established in our previous work, where
STK405759 exhibited potent cytotoxicity
against myeloma cells while maintaining mark-
edly lower toxicity toward peripheral blood
mononuclear cells, together with the ability to
overcome resistance relative to other MTAs
[12, 13]. In the present study, we further dem-
onstrate that STK405759 exerts differential
effects in MPN cell lines, based on their JAK2-
STAT1 background, reduced VEGF secretion
and synergizes with ruxolitinib, highlighting its
ability to target both proliferative and signaling
pathways relevant to MPN pathogenesis and
representing a distinct advantage compared to
classical MTAs.

Although immortalized cell lines (HEL, SET-2,
MEG-01) are widely used as MPN models [17,
37, 38], they limit the translational relevance of
our findings. Future studies should validate
these results in primary MPN patient samples
with diverse genetic backgrounds and in vivo
models to confirm the clinical applicability of
STK405759.

Taken together, these findings indicate that
STK405759 disrupts microtubule integrity and
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induces apoptosis in both Philadelphia chro-
mosome-negative (HEL and SET-2) and Phila-
delphia chromosome-positive (MEG-01) MPN
cells, while modulating STAT1 signaling, with
particularly strong effects in JAK2-mutated,
STAT-dependent contexts, highlighting differen-
tial specificity. Beyond these effects, STK-
405759 affects key extracellular factors,
reducing the pro-angiogenic VEGF closely asso-
ciated with disease progression and inducing
a distinct inflammatory cytokine signature,
including IL-1B in stromal-co-cultures. This dual
impact on angiogenesis and inflammation sug-
gests that STK405759 engages both microtu-
bule-dependent tumor intrinsic and stromal-
immune pathways contributing to its antitumor
activity. The observed synergy with ruxolitinib
underscores a promising combination strategy
to enhance efficacy and overcome resistance.
Overall, these results support further validation
of STK405759 in preclinical models and clini-
cal trials to assess its safety and therapeutic
potential in MPN patients.
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