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JAK2/STAT3/c-Myc signaling pathway
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Abstract. Drug resistance and relapse of T-cell acute lympho-
blastic leukemia (T-ALL) remain significant concerns for
physicians; hence, the development and screening of effective
targeted drugs remain important. Considering that STAT3 is
emerging as a potential therapeutic target for T-ALL, T-ALL
cell lines (MOLT-4 and CUTLLI) were treated with BP-1-102,
a small-molecule inhibitor that blocks STAT3 phosphoryla-
tion. Cell Counting Kit-8 assay and colony formation assay
results showed that BP-1-102 inhibited T-ALL cell prolifera-
tion and colony formation. Flow cytometry and morphological
results demonstrated that BP-1-102 dramatically induced
apoptosis and caused cell cycle arrest at the G,/G, phase in
T-ALL cell lines. Western blotting results indicated that
BP-1-102 suppressed the JAK2/STAT3/c-Myc pathway activity
in T-ALL cell lines. In conclusion, BP-1-102 suppressed the
JAK?2/STAT3/c-Myc signaling pathway in T-ALL cells and
exerted various antitumor effects, representing a promising
targeted antitumor inhibitor.

Introduction
T-cell acute lymphoblastic leukemia (T-ALL) is a hemato-

logical malignancy with marked heterogeneity. A variety
of genetic mutations or chromosomal variations lead to the
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malignant transformation of T-cell progenitors and define
different subtypes (1,2). In Europe, the USA and Japan, T-ALL
accounts for 10-15% of pediatric ALL cases and 20-25% of
adult ALL cases. Since the introduction of intensive chemo-
therapy, the remission rate for T-ALL is increasing, and the
prognosis is gradually improving. Unfortunately, T-ALL
relapse remains a significant concern (1,3,4). Highly aggres-
sive relapsed T-ALL has a poor prognosis and is generally
resistant to chemotherapy (5-7). In the face of these clinical
challenges, researchers are committed to identifying more
specific therapeutic targets and developing more effective and
less toxic anti-leukemia drugs or drug combinations.

The Janus kinase/signal transducer and activator of tran-
scription (JAK/STAT) signaling pathway is a signaling hub that
mediates the intracellular signaling of a variety of cytokines
and growth factors. Its aberrant activation is associated with
a variety of hematological malignancies (8-10). Inhibition of
the JAK/STAT pathway holds promise for the treatment of
a range of diseases, and several inhibitors of the JAK/STAT
pathway are currently being tested in clinical trials (8). Most
STAT3 small-molecule inhibitors block STAT3 phosphoryla-
tion and/or dimerization. Several STAT3 inhibitors, including
STX-0119, STA-21, LLL-3, LLL12, XZH-5, and OPB-31121,
exhibit antitumor properties, but few have been approved for
clinical trials or clinical use (11-16).

BP-1-102, an orally available inhibitor of STAT3 phos-
phorylation, blocks STAT3 phosphorylation and dimerization
by directly interfering with the binding of phosphorylated
tyrosine residue (pTyr) of the upstream molecule to the Src
homology 2 (SH2) domain of STAT3. BP-1-102 reduces phos-
phorylated STAT3 levels in cells and subsequently inhibits
the expression of its downstream proteins c-Myc, Bcel-xL,
Cyclin D1, Survivin and VEGF, thereby suppressing the
growth, survival, migration and invasion of tumor cells (17).
BP-1-102 exerts antitumor effects in several solid tumor cell
lines, including breast cancer, non-small cell lung cancer and
gastric adenocarcinoma (17-19).

Although the majority of ALL is B-ALL, there is a greater
need for targeted therapies for T-ALL. Our preliminary results
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have demonstrated high expression of the JAK2/STAT3/c-Myc
pathway in T-ALL cell lines and samples (20,21). Given that
STAT3 mutations have been identified in T-cell malignan-
cies (22), it is worthwhile to investigate whether BP-1-102
could be used to treat T-ALL. In this study, BP-1-102 was
administered to T-ALL cell lines (MOLT4 and CUTLL1), and
its effects on cell proliferation, colony formation, apoptosis,
cell cycle distribution as well as the JAK2/STAT3/c-Myc
signaling pathway were examined. The findings revealed
that BP-1-102 can inhibit the JAK2/STAT3/c-Myc signaling
pathway in T-ALL cells, exerting various antitumor effects.
Therefore, BP-1-102 represents a promising targeted antitumor
inhibitor.

Materials and methods

Cell culture. MOLT-4 is a cell line of adult T-cell acute lympho-
blastic leukemia. CUTLLI is a cell line of childhood T-cell
lymphoblastic lymphoma. Cells were cultured in Roswell
Park Memorial Institute (RPMI) 1640 medium containing
10% fetal bovine serum (FBS). All cells were incubated in an
incubator (Thermo Scientific, Waltham, MA, USA) containing
95% air and 5% CO, at 37°C.

Reagents and Antibodies. The STAT3-specific inhibitor
BP-1-102 was purchased from MedChemExpress (MCE).
The chemical structure is shown in Fig. 1A. Antibodies
against JAK2 (#3230), STAT3 (#4904), p-STAT3 (Tyr705)
(#9145), c-Myc (#5605), Bcl-2 (#2870), Bel-xL (#2764), Cyclin
D1 (#55506) and (-actin (#3700) were purchased from Cell
Signaling Technology (CST).

Cell viability assay. The experimental groups were treated
with the indicated concentrations of BP-1-102, and the
control group was treated with an equal volume of dimeth-
ylsulfoxide (DMSO) vehicle for 48 h. Cells were seeded
at 105 ul per well in 96-well plates in quadruplicate at a
density of 1x105/ml. Ten microliters of Cell Counting Kit-8
(CCK-8) reagent (NCM Biotech, C6005) was added, and the
cells were incubated for 3 h at 37°C. The optical density
at 450 nm (OD450) was measured using a spectrophotom-
eter (Thermo Electron, Waltham, MA, USA). Relative cell
viability and half-maximal inhibitory concentration (ICs,)
were calculated.

Cell colony formation assay. Cells were mixed at a density of
4,000/ml in semisolid culture with 30% serum and indicated
concentrations of the drug. The semisolid culture system was
seeded at 1 mL per dish in 35-mm dishes in triplicate. Petri
dishes were incubated for 12 days in a humidified incubator at
37 °C. Colonies with more than 50 cells were counted under a
microscope (ZEISS, Axio Vert. Al) and photographed.

Cell apoptosis assay. Cells were seeded in 6-well plates in
triplicate at a density of 4x10°/ml and treated with 0, 15, or
20 uM BP-1-102 for 24 h, ensuring the same concentration
of DMSO in every group. Cells were subsequently stained
with Annexin V and propidium iodide (PI) dye following
the instructions of the Annexin-V-FITC kit (4A Biotech
Co., Ltd., Beijing, China). The apoptosis signal was detected

by flow cytometry (Cytek, NL-CLC) and processed with
FlowJo 10.5.3 software.

Inverted light microscopy. Cells were seeded in 6-well plates
at a density of 4x10°/ml and treated with 15 M BP-1-102 or an
equal volume of DMSO vehicle. After incubation for 6 h, the
cells were observed and photographed using an inverted light
microscope (ZEISS, Axio Vert. Al) to search for subcellular
structures, such as apoptotic bodies.

Transmission electron microscopy. Cells were seeded in 6-well
plates at a density of 4x10°/ml and treated with 15 yM BP-1-102
or an equal volume of DMSO vehicle for 6 h. Cells were then
fixed in precooled 2.5% glutaraldehyde solution for 24 h. After
dehydration, permeation, embedding, sectioning and staining,
the samples were prepared. The samples were observed and
photographed by a transmission electron microscope (Hitachi
TEM system, HT7800).

Cell cycle assay. Cells were seeded in 6-well plates in tripli-
cate at a density of 4x10°/ml and treated with 10 xM BP-1-102
or an equal volume of DMSO vehicle for 24 h. Cells were
collected and stained with PI dye (4A Biotech Co., Ltd.,
Beijing, China) after being fixed with ethanol solution. The
PI signal was detected by flow cytometry (Cytek, NL-CLC),
and cell cycle distribution was processed with ModFit LT 3.1
software.

Western blotting. Cells were seeded in 6-well plates at a
density of 1x10%/ml and treated with 15 or 20 pM BP-1-102
or an equal volume of DMSO vehicle for 6 h. Total protein
was extracted by Radio Immunoprecipitation Assay (RIPA)
lysis buffer (with protease inhibitor, phosphatase inhibitor
and phenylmethanesulfonyl fluoride added) using a sonicator
(Sonics, Newtown, CT, USA). The protein concentration
was determined using the Bicinchoninic Acid (BCA) assay
(KeyGEN Biotech, KGP902).

Twenty-five micrograms of the cell lysate was subjected
to sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Boston, MA, USA).
The membranes were sequentially incubated with 5%
skim milk, primary antibodies and horseradish peroxidase
(HRP)-conjugated secondary antibodies (Proteintech,
Chicago, IL, USA). Proteins were visualized using an
HRP-based chemiluminescence kit (Monad, PW30601S) and
Gel Imaging System (Bio-Rad, Alfred Nobel Drive, Hercules,
CA, USA). All experiments were repeated thrice. These bands
were quantified by densitometry with Scion Image software
(ImagelJ v1.53s).

Statistical methods. GraphPad Prism 8.0 (GraphPad Software,
San Diego, CA, USA) was applied for statistical analysis.
Unpaired Student t-test was used to compare normally distrib-
uted data from two groups. Dunnett's test was used for multiple
comparisons of each drug-treated group versus the control
group. Nonlinear regression was used to fit the dose-viability
curves and calculate their ICy, values. Data are expressed as
the mean + standard deviation. P<0.05 was considered statisti-
cally significant.
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Figure 1. BP-1-102 inhibits cell proliferation. (A) Chemical structure of BP-1-102. (B) Dose-viability curve of BP-1-102 in MOLT-4 cells. ICs is the half-maximal

inhibitory concentration. (C) Dose-viability curve of BP-1-102 in CUTLLI cells.
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Figure 2. BP-1-102 inhibits cell colony formation. (A) Micrographs of cell colonies of MOLT-4. Clusters >200 ym in diameter are defined as cell colonies.
Scale bar, 500 ym. (B) Bar chart of the cell colony formation rate of MOLT-4. (C) Micrographs of cell colonies of CUTLLI1. Scale bar, 500 ym. (D) Bar chart
of the cell colony formation rate of CUTLLI. "P<0.05 and “P<0.01 compared with the O M group.

Results

BP-1-102 inhibited cell proliferation. To test the antitumor
effect of BP-1-102, we first performed a CCK-8 assay to examine
the effect of BP-1-102 on T-ALL cell proliferation. We treated
the T-ALL cell line with a gradient concentration of the drug
for 48 h before the CCK-8 assay was performed. The results
showed that BP-1-102 inhibited cell proliferation, and the inhibi-
tory effect was enhanced as the drug concentration increased
(Fig. 1B and C). The half-maximal inhibitory concentration
(ICs,) of BP-1-102 in the MOLT-4 cell line was 11.56+0.47 uM
(Fig. 1B). The half-maximal inhibitory concentration (ICs,) of
BP-1-102 in the CUTLLI cell line was 14.99+0.63 uM (Fig. 1C).
The cell viability of MOLT-4 was slightly lower than that of
CUTLLI due to cell line based differences.

BP-1-102 inhibited cell colony formation. In addition to
cell proliferation, we also examined the effect of BP-1-102
on the colony formation ability of T-ALL cell lines. We
cultured T-ALL cells with methylcellulose semisolid
medium containing the indicated drug concentration for
12 days and counted the number of colonies. The results
showed that BP-1-102 inhibited the colony formation
ability of T-ALL cells (Fig. 2). The colony formation rate
of MOLT-4 was much lower than that of CUTLLI1, and the
size of its colonies was much smaller (Fig. 2). A significant
decrease in the colony formation rate of the 10 and 15 uM
groups of MOLT-4 was observed by counting the number of
colonies under a microscope (Fig. 2B). The colony forma-
tion capacity of CUTLLI was higher with dense colonies
noted in the control group (Fig. 2C). A gradient decrease
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Figure 3. BP-1-102 induces apoptosis. (A) Flow cytometry scatter plots of MOLT-4. The horizontal axis is the Annexin V fluorescence channel, and the
vertical axis is the PI fluorescence channel. Living cells are in the lower left quadrant; early apoptotic cells are in the lower right quadrant; late apoptotic cells
and necrotic cells are in the upper right quadrant. (B) Bar chart of apoptosis rates of MOLT-4. (C) Flow cytometry scatter plots of CUTLLI. (D) Bar chart of

apoptosis rates of CUTLL1. “P<0.0001 compared with the 0 xM group.

in colony formation rate of CUTLLI was observed in the
10 and 15 uM groups (Fig. 2D).

BP-1-102 induced cell apoptosis. To explore the mechanism
of the antitumor effect of BP-1-102, we examined the apop-
tosis-inducing effect of BP-1-102 in T-ALL cell lines by flow
cytometry. After incubating the T-ALL cell line with BP-1-102
for 24 h, the cells were labeled with Annexin V and PI dye,
and the fluorescence intensity of each cell was measured by
flow cytometry. The results showed that BP-1-102 induced
apoptosis in T-ALL cells and the apoptosis-inducing effect
was enhanced with increasing drug concentration (Fig. 3).
Significant MOLT-4 and CUTLLI cell apoptosis were noted
in both the 15 and 20 M groups; in particular, the 20 pM
group showed very high apoptosis rates of 93.00+0.32% and
85.66+1.00% in the two cell lines, respectively (Fig. 3B, D).
The vast majority of apoptosis in MOLT-4 and CUTLLI cells
exhibited late apoptosis (Fig. 3A and C). Considering that
20 uM BP-1-102 could lead to such a high apoptosis rate, we
concluded that among the various cytotoxic and antitumor
effects of BP-1-102, the induction of apoptosis represented its
most dominant role.

To demonstrate that apoptosis occurred in T-ALL cells
after BP-1-102 treatment, we incubated the cells with 15 uM
BP-1-102 for 6 h and then observed cell morphology using
inverted light microscopy and transmission electron micros-
copy (Fig. 4). Healthy cells in the control group were round
and full under a light microscope, and healthy organelles,
such as mitochondria, were visible under a transmission
electron microscope. In contrast, cells in the drug-treated
group showed subcellular structural features of apoptosis

and necrosis: apoptotic bodies, cell shrinkage, swollen mito-
chondria, crescent-shaped chromatin, petal-like chromatin,
pyknosis (condensed nuclei) and karyorrhexis (fragmented
nuclei). Morphological results showed that apoptosis occurred
in the drug-treated cells (Fig. 4).

BP-1-102 caused cell cycle arrest at the G,/G, phase. To
explore the mechanism of the antitumor effect of BP-1-102, we
examined the effect of BP-1-102 on the cell cycle distribution
of T-ALL cell lines by flow cytometry. MOLT-4 and CUTLL1
cells were treated with 10 xM BP-1-102 or an equal volume
of DMSO for 24 h, fixed in ethanol and then stained with PI
dye. The PI fluorescence intensity of each cell was measured
by flow cytometry. The results showed that BP-1-102 blocked
the cell cycle at the G,/G, phase (Fig. 5). The proportion of
G,/G;, phase cells in MOLT-4 increased from 33.67+0.74% to
57.27+1.06%, and the proportion of S phase cells decreased
from 65.59+1.11% to 41.16+0.92% (Fig. 5SA and B). The
percentage of G,/G, phase cells in CUTLLI increased from
26.24%+0.84% to 38.60+1.40%, and the percentage of
S phase cells decreased from 73.64+0.76% to 59.07+2.64%
(Fig. 5C and D). The altered cell cycle distribution increased
the proportion of resting cells, decreased the proportion of
proliferating cells and slowed the proliferation of the cell
population as a whole. In addition, the results showed that
there was no sub-Gl1 peak in the drug-treated group, but a
higher percentage of cellular debris.

BP-1-102 suppressed the JAK2/STAT3/c-Myc signaling
pathway. To investigate the mechanisms by which BP-1-102
exerted the various effects described above, the expression
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Figure 4. BP-1-102 induces apoptosis. Morphological assessments were performed using an inverted light microscope in (A) MOLT-4 and (B) CUTLLI cells
(scale bar, 50 ym). Morphological assessments were performed by transmission electron microscopy in (C) MOLT-4 (scale bars from left to right, 5, 1, 1 and
1 um, respectively) (D) CUTLLI cells (scale bars from left to right, 5,2, 2 and 5 pym, respectively). The annotations are as follows: 1=pyknosis (condensed
nuclei); 2=crescent-shaped chromatin; 3=karyorrhexis (fragmented nuclei); 4=apoptotic bodies; S=cell shrinkage; 6=swollen mitochondria; and 7=petal-like

chromatin.

levels of the factors involved in the JAK2-STAT3 pathway
and several downstream proteins were measured by Western
blotting. The results showed that BP-1-102 downregulated
the JAK2-STAT3 pathway and significantly inhibited c-Myc
protein expression (Fig. 6).

Although the inhibitory effects of BP-1-102 on cell prolif-
eration were slightly different between MOLT-4 and CUTLLI1
cells, the basal expression levels of the JAK2/STAT3/c-Myc
pathway were high in both cell lines. For both MOLT-4 and
CUTLLI cells, BP-1-102 significantly inhibited JAK?2 expres-
sion in a dose-dependent manner. This finding reflected the
interaction between STAT3 and JAK2 (Fig. 6A and B). The
effect of BP-1-102 on total STAT3 was not apparent and only
differed significantly in the drug-treated MOLT-4 group
(Fig. 6C and D). Regretfully, phosphorylated STAT3 was

likely minimally expressed in both T-ALL cell lines and was
not detected by Western blotting in either (data not shown).
Perhaps changes in phosphorylated STAT3 levels can be
detected by flow cytometry or enzyme-linked immunosorbent
assay (ELISA) kits.

As a classical oncogene that promotes tumor cell prolifera-
tion, c-Myc is a downstream gene of STAT3. Both the bands
of c-Myc and the histogram of its quantification reflected a
significant reduction in c-Myc expression in the drug-treated
groups, exhibiting a typical stepwise decrease. The expression
of c-Myc in the 20 uM groups was only approximately 10%
of that in the control group (Fig. 6E and F). The antitumor
effects of BP-1-102 on T-ALL cell lines were likely to result
from direct inhibition of STAT3 phosphorylation and the
subsequent indirect inhibition of c-Myc protein.
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Discussion

T-cell acute lymphoblastic leukemia is a highly aggressive
and heterogeneous hematological malignancy. Over the past
decades, a variety of targeted drugs have been developed to
target the pathological process of T-ALL. Unfortunately, none
of the new targeted drugs have been approved as first-line
treatment options. The research and development of new
targeted drugs for T-ALL are translationally important.

The JAK-STAT signaling pathway plays an important role
in leukemia pathogenesis and could be used as a potential target
for drug therapy. Activation of STAT proteins, particularly
STATS and STATS3, plays a crucial role in the pathogenesis
of lymphoid and myeloid malignancies (23). Human T-cell
lymphotropic virus type I (HTLV-I) is a cause of adult T-cell
leukemia. The JAK-STAT signaling pathway is constitutively
activated in HTLV-I-mediated malignant T cells (24). STAT3
is constitutively activated in lymphoblastoid-like cells and
Burkitt's lymphoma cells that are EBV-positive or permanently
expressing interleukin-10 (25). Recurrent STAT3 mutations
were identified in 40% of T-cell large granular lymphocytic
leukemia cases. These mutations increase the transcriptional
activity of STAT3 and lead to the upregulation of STAT3 target
genes, such as Bcl-2-like protein 1 (BCL2L1) and JAK2 (26,27).
STAT3 mutations were found in 4 of 258 patients with T-cell
tumors, and the mutations were confined to malignant cells.
These mutations in STAT3 (Y640F) lead to constitutive activa-
tion of STAT3 and malignant hematopoiesis in vivo (28). As
demonstrated by Western blotting, Cheng et al. found signifi-
cantly increased JAK?2 and STAT3 expression in T-ALL patient
samples compared with healthy controls (20). Taken together,
STAT3 emerges as a potential therapeutic target for T-ALL.

BP-1-102 is a homologue of S3I-201.1066 (29) obtained by
computer-aided optimization. As a ligand for the SH2 domain
of STAT3, BP-1-102 can compete with the pIyr of the upstream
molecule, subsequently interfering with the binding of pIyr to the
SH2 domain of STAT3 and, as a result, blocking STAT3 phos-
phorylation and dimerization (17). We administered gradient
concentrations of BP-1-102 to T-ALL cell lines and examined
its antitumor properties. The results showed that BP-1-102 inhib-
ited tumor cell proliferation and cell colony formation, induced
apoptosis and blocked the cell cycle at the G,/G, phase. The antip-
roliferative and apoptosis-inducing effects were dose-dependent.
In summary, BP-1-102 represents a promising targeted antitumor
medication that is expected to be used in clinical trials.

When the apoptosis rates were detected by flow cytometry,
the cells had been treated for 24 h, when late apoptosis domi-
nated in MOLT-4 and CUTLL1 (Fig. 3). Yet we later found
that incubation for 6 h was most suitable for morphological
analysis, when the cells exhibited the most typical apoptotic
morphological features such as apoptotic bodies (Fig. 4B).
Both Bcl-2 and Bcl-xL are classical anti-apoptotic oncogenes
downstream of STAT3 (30). The expression levels of Bcl-2 and
Bcl-xL were slightly reduced by BP-1-102 treatment, which
contributed to apoptosis. Yet such inhibition effects were weak
and poorly reproducible (data not shown).

Cyclin DI drives cell cycle progression from GO/G1 phase
to S phase. Overexpressed Cyclin D1 has oncogenic
effects (31). Xiaoxia Jiang et al once administered BP-1-102
to gastric cancer cell line AGS cells and found that Cyclin D1
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was downregulated, although the cell cycle distribution of
AGS cells was not affected significantly (18). We hypothesized
that BP-1-102 exerted its cell cycle-blocking effects on T-ALL
cells by inhibition of cyclin D1 downstream of STAT3 (Fig. 5).
Regrettably, cyclin D1 expression levels examined by Western
blotting were not significantly reduced (data not shown).
c-Myc is a transcription factor that is highly expressed in
over 70% of cancers. As a very important oncogene with a
broad role, c-Myc is involved in the regulation of proliferation,
differentiation, apoptosis and the cell cycle in many tumors (32).
c-Myc also promotes tumor angiogenesis, metastasis and
chemoresistance (33). c-Myc is a downstream gene regulated by
STAT3. The STAT3/c-Myc axis is involved in the oncogenesis,
progression, metabolism and therapeutic response of a variety
of cancers (34-37). Haizhi Yu et al. found that c-Myc expres-
sion levels were increased in patients' T-ALL cells as well as
Jurkat and DU528 T-ALL cell lines compared with peripheral
blood mononuclear cells (PBMCs) from healthy donors (21).

In the present study, c-Myc protein expression was
completely inhibited in the high-concentration group (Fig. 6).
The antiproliferative, apoptosis-inducing and cell cycle
blocking effects of BP-1-102 in T-ALL were mainly mediated
through indirect inhibition of c-Myc (Fig. 6). The principal
mechanism by which BP-1-102 exerts its antitumor effects in
T-ALL cell lines is the suppression of the JAK2/STAT3/c-Myc
oncogenic pathway (Fig. 6). Considering the driver role of
c-Myc in many types of cancers, BP-1-102 may be applied to a
wide range of other tumors.

The shortcoming of this study should be noted. Specifically,
samples from T-ALL patients have not been studied, and
in vivo studies have not been conducted. Such experiments may
further validate the antitumor effects and safety of BP-1-102.

BP-1-102 exerts anti-inflammatory effects in addition to its
antitumor effects. Qi-Ying Wu et al demonstrated that BP-1-102
inhibited JAK2/STAT3/NF-kB pathway activation in a mouse
abdominal aortic aneurysm model, thereby reducing the expres-
sion of proinflammatory cytokines, decreasing inflammatory
cell infiltration, and ultimately impeding the development
and progression of abdominal aortic aneurysms (38). Zhixian
Jiang et al. demonstrated that BP-1-102 suppressed the
JAK/STAT3/NF-«B pathway in intracranial aneurysms, reduced
the vascular inflammatory response, alleviated the symptoms of
intracranial aneurysms and prevented their rupture (39,40).

Chronic inflammation is associated with the oncogenesis
of many tumors, the most typical of which is hepatocellular
carcinoma. Transcription factors NF-xB and STAT3 are
both implicated in the development of hepatocellular
carcinoma (41,42). Regarding the mechanism of inflamma-
tion-induced malignant transformation in cancers, such as
hepatocellular carcinoma, BP-1-102 may provide researchers
with new clues. Necroptosis is a type of pro-inflammatory
cell death (43). Induction of necroptosis may bypass treatment
resistance in cancers and accelerate the development of novel
therapeutic strategies for apoptosis-resistant leukemia (44).
Whether BP-1-102 plays a role in inducing necroptosis in
leukemia is worth investigating in the future.

In summary, we demonstrated that the JAK2/STAT3/
c-Myc pathway is necessary for the survival and maintenance
of T-ALL cells. In T-ALL cell lines, BP-1-102 suppressed
the JAK2/STAT3/c-Myc signaling pathway, thus inhibiting
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cell proliferation and colony formation, inducing apoptosis
and blocking the cell cycle at the G,/G, phase. BP-1-102 is
a promising targeted inhibitor that offers an effective option
for targeted therapy in T-ALL. BP-1-102 and its potential
derivatives deserve to be explored in in vivo experiments and
clinical trials.
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