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2 Lletal: TARGETING p-STAT3 WITH STATTIC FOR T-ALL CELL DEATH

between the ages of 2 and 5 years, as well as after the age
of 50 years, with ~60% of cases occurring in individuals

\HDUV RO-®RZHYHU WKHUH LV QR

ence in ALL incidence (5,6). Although its 5-year survival
rate is ~90%, 20% of children with ALL experience relapse
with a poor prognosis (7); in adults, the relapse rate is higher,
reaching 40-50% (8,9). Therefore, continuous efforts are
required to improve ALL treatment. Furthermore, children
with ALL exhibit poorer social, physical and emotional health
compared with their age-matched peers and siblings (10); these
children may experience depression, anxiety and attention
problems (11,12). Current ALL treatments primarily involve
combination chemotherapy using high-dose methotrexate
(MTX), mercaptopurine (6-MP) and other drugs, followed
by the regular oral or injectable administration of anticancer
drugs, such as dexamethasone (DEX), vincristine, cytarabine,
Endoxan, 6-MP and MTX (13-16). Recurrence can occur due

H[SHULPHQWY WKH YHKLFOH FRQWURO
concentration of 0.05%, while the 5, 2.5 and 1.25 uM Stattic
ovdupgsQdcdived MWBO \¢dhEerGrationist &f 0.05, 0.025 and
0.0125%, respectively.

Cell viability assay. The cytotoxic effects of Stattic on
CCRF-CEM and Jurkat cells were assessed using the Cell

Counting Kit-8 (CCK-8; cat. no. 96992; Sigma-Aldrich; Merck

.*D$ DFFRUGLQJ WR WKH PDQXIDFWXUH
total of 1x10° cells/well were seeded in 200 pl culture medium

LQ D ZHOO FHOO FXOWXUH SODWH D
for 24 h with various concentrations of Stattic (0.625, 1.25,

2.5, 5 and 10 uM) or an equivalent volume of the vehicle

control. Subsequently, CCK-8 solution was added, and plates

were incubated for another 2-3 h. Absorbance at 450 nm was

then measured using a microplate reader (Enspire 2300-0000;
PerkinElmer, Inc.).

WR WKH SUHVHQFH Rl UHVLGXDO FDQFHU FHOOV WKDW DUH GLIAFXOW

detect in the body after treatment. When these residual cancer
cells proliferate, the disease re-emerges; thus, there remains
an unmet medical need for treatment. In addition, unresolved
medical issues, which include the high risk of relapse after

Western blot analysis. For western blot analysis, cells were
treated prior to collection. In the dose-dependent experiment,
cells were treated with DMSO or different concentrations of
Stattic (1.25, 2.5and 5 uM) for 24 h. In the time-course experi-

WKH AUVW UHPLVVLRQ DQG UHIUD méNtR&Ns werd tkéated WitH DI SQ/oHIUMSHIDIIEB 8/ 16

necessitate further investigation.

Previous studies have detected the sustained activation
of the JAK2/STAT3 signaling pathway in various types of
human cancer, including blood cancer, and its association with
poor prognosis (18,19). The small molecule compound Stattic
is a potent STAT3 inhibitor, which selectively blocks the SH2
domain, regardless of its phosphorylation status (20,21). This
signal transduction is selectively inhibited by Stattic, together
with the activation, dimerization and nuclear translocation
of STAT3. The consequence of this inhibition is a greater
apoptotic rate of STAT3-dependent cancer cells (22). Based
on previous studies, the present study aimed to determine
whether Stattic can achieve anticancer effects by regulating
the role of STAT3 in ALL. The aim was to reveal the cellular
and molecular mechanisms underlying the anticancer effects
of Stattic. Understanding the related role and mechanisms of
Stattic in ALL may have extensive clinical and immunological

DQRQGK $IWHU WUHDWPHQW WKH FHOOV ZHU
prior to collection, and were then lysed in ice-cold Tris buffer
(50 mM, pH 7.5) containing the following: 5 mM EDTA,
300 mM NacCl, 0.1% Igepal, 0.5 mM NaF, 0.5 mM Na,VO,,
0.5 mM PMSF and antiprotease mixture (Roche Molecular
Diagnostics), and centrifuged at 13,000 x g for 10 min at

Y& 3URWHLQ FRQFHQWUDWLRQV ZHL
the Bradford procedure. Equal amounts of protein (25 ug)
were then separated by SDS-PAGE on 10 and 12% gels, and
were transferred to PVDF membranes. After blocking with
5% non-fat milk dissolved in PBS at room temperature for
1 h, the membranes were incubated with primary antibodies
against p-STAT3 (1:1,000; cat. no. 9145S; Cell Signaling
Technology, Inc.), STAT3 (1:1,000; cat. no. 30835S; Cell
Signaling Technology, Inc.), pro-caspase-3 (1:1,000;
cat. no. 9662S; Cell Signaling Technology, Inc.), cleaved
caspase-3 (1:1,000; cat. no. 9662S; Cell Signaling Technology,

VLIQLAFDQFH DQG WKH UHVXOWYV RIhc) K B3 (1#,000;Q04. MOWS’EHESP Oall Sig@lin® W K H

development of effective treatments for patients with ALL and
provide novel insights into the basic treatment of ALL.

Materials and methods

Cell culture. The human T-cell ALL (T-ALL) cell lines
CCRF-CEM and Jurkat (American Type Culture Collection)
were maintained in RPMI 1640 medium (Gibco; Thermo
JLVKHU 6FLHQWLAF ,QF
serum (HyClone; Cytiva), 1 mM sodium pyruvate (HyClone;
Cytiva), 100 U/ml penicillin, and 100 pg/ml streptomycin
(Gibco; Thermo Fisher Scientific, Inc.) in a humidified
atmosphere containing 5% CO, DW Y &

Reagents. Stattic (cat. no. HY-13818; MedChemEXxpress), a
selective inhibitor of STAT3, and dimethyl sulfoxide (DMSO),
which was used as a vehicle control, were procured from
Sigma-Aldrich; Merck KGaA. For cell treatments, Stattic
was dissolved in DMSO for stock preparation. In the in vitro

Technology, Inc.), p62 (1:1,000; cat. no. 5114; Cell Signaling
Technology, Inc.), Bcl-2 (1:1,000; cat. no. 26593-1-AP;
Proteintech Group, Inc.), PARP-1 (1:1,000; cat. no. sc-74470;
Santa Cruz Biotechnology, Inc.), ATG5 (1:1,000;
cat. no. sc-133158; Santa Cruz Biotechnology, Inc.), BECN1
(1:500; cat. no. sc-11427; Santa Cruz Biotechnology, Inc.) and
j-actin (1:5,000; cat. no. 3700S; Cell Signaling Technology,
Inc.), followed by incubation with an antimouse IgG,

V X S S O H PHR®- I kt@GseZohdah K antibodyH(1A7,D00; catRY. [Z@F6P2;

Cell Signaling Technology, Inc.) or an anti-rabbit 1gG,
HRP-linked secondary antibody (1:7,000; cat. no. 7074P2;
Cell Signaling Technology, Inc.). The ATG5 antibody used
in the present study can detect the ATG5-ATG12 conjugate
with a molecular weight of ~50 kDa. Bands were visual-
ized using an Enhanced Chemiluminescence Detection
Kit (MilliporeSigma) and the Alliance Q9 (Uvitec Ltd.).
The protein expression levels were normalized to j-actin.
The band intensity was measured using ImageJ software
(version 1.50i; National Institutes of Health).
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Flow cytometric analysis. $SRSWRVLV ZDV TXDQWXWH® @DVHB ROKH VLIJQV FRQAUPLQJ G

Annexin V-FITC and propidium iodide (PI) double staining.
%ULHA\ ® JCRF-CEM cells and 3x10° Jurkat cells were
treated with 5 uM Stattic or DMSO in a 24-well plate for
24 h. After treatment, the cells were collected and stained
using the Annexin V-FITC/PI apoptosis kit according to
the manufacturer's protocol (Elabscience Bionovation Inc.).
6WDLQHG FHOOV ZHUH DQDO\]HEK
of staining. Fluorescence intensities were measured using a
ARZ F\WRPHWHU )$&6&DQWR ,,
FACSDiva software (version 8.0.1; BD Biosciences). Each
experiment was performed in duplicate, at least three times
independently.

Xenograft T-ALL mouse model. Female NOD/SCID mice
(age, 9 weeks; weight, 18-22 g) were procured from the
National Laboratory Animal Center (Taipei, Taiwan). The
mice were maintained in an individually ventilated caging
system, adhering to a 12-h light/dark cycle, at a temperature
RI
to food and water. All experimental protocols were approved
by the Animal Care and Use Committee of the Taichung
Veterans General Hospital (IACUC no. La-1132052; Taichung,
Taiwan). To create tumors, 1x10° CCRF-CEM cells suspended
in a 1:1 mixture of BD Matrigel™ (cat. no. 356231; Corning,
Inc.) and RPMI-1640 medium were subcutaneously injected
LQWR WKH ADQNV RI
subcutaneously injected into mice under gas anesthesia using
LVRAXUDQH
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of heartbeat, lack of respiratory activity and pupil dilation.

Statistical analysis. Data are presented as the mean + SEM
of at least three independent experiments. To compare differ-
ences between the treatment and control groups, statistical

VLIJQLAFDQFH ZDV DVVHVVHG XVLQJ RQH

Hikeys Ridltigfe\ dahfRaPidena/tests DAt Weérk dandyzed using
GraphPad Prism software (version 6; Dotmatics). P<0.05 was

% F REAADNRN\GAHHUHHXGF R LZQGMKDWH D VWDWLVYV

Results

Stattic inhibits the viability of CCRF-CEM and Jurkat cells in
a dose-dependent manner. To assess the cytotoxic effects of
Stattic on T-ALL cells, CCRF-CEM (Fig. 1A) and Jurkat cells
(Fig. 1B) were treated with increasing concentrations of Stattic
(0.625, 1.25, 2.5, 5 and 10 uM) or vehicle control (DMSO) for
24 h. Cell viability was measured using the CCK-8 assay. In

“ Y& DQG D KXPLGLW adRibbitum accessZ L W&5) & (0 FHOOV 6WDWWLF WUHDWPHQ

dose-dependent reduction in cell viability. A statistically

VLIQLAFDQW UHGXFWLRQ ZIDWYGRENG O WH.

was further decreased at 2.5 uM and higher concentrations.
The half maximal inhibitory concentration (ICs,) value for
CCRF-CEM cells was determined to be 3.188 M, indicating
that these cells were sensitive to Stattic-induced inhibition of

H D FHK / PIREXOY @1abil AQIFgsHDA). In Jurkat cells, a similar dose-dependent

reduction in viability was observed; however, the inhibitory

LQGXFWLR®LQ RIRAWMBQ@HA&EIpronounced compared with in CCRF-CEM

LVRAXUDQH IRU PIQQD GG WW URW R Bel& USR)fific@nX tdddctions in viability were detected at

the mice were placed in a warm, dry environment and were
continuously monitored for vital signs during recovery. The
mice were returned to their original housing only after fully
recovering from anesthesia. Post-surgery, the mice were exam-
ined at least once daily, monitoring the injection site for wound
condition, including any signs of secretion, as well as assessing
body weight, eating, urination and defecation. Analgesics were
not used, as they could impact the experimental results; instead,
physical pain management strategies, such as environmental
enrichment items (e.g., toys), were provided. Mice received
wooden sticks, paper houses and similar enrichment items.

5 and 10 uM concentrations. The IC., value for Jurkat cells
was 4.89 uM, suggesting that Jurkat cells are slightly more
resistant to Stattic than CCRF-CEM cells (Fig. 1B). These
results indicated that Stattic may effectively reduce the
viability of CCRF-CEM and Jurkat cells in a dose-dependent
manner, with CCRF-CEM cells showing greater sensitivity.
The observed differential sensitivity between the two cell lines
highlights the potential for Stattic as a targeted therapeutic
agent in T-ALL.

Stattic suppresses p-STAT3 levels in CCRF-CEM and Jurkat

OLFH ZHUH VXEVHTXHQWO\ UD Q G R Rdll§. HGinlesfigAteRheveffedt ofl RaDiOoR ZTATIsighalik,

groups (n=6 mice/group): Vehicle control group and four treat-
ment groups, each receiving three different doses of Stattic (7.5,
15 and 30 mg/kg) or DEX (1 mg/kg; Taiwan Biotech Co., Ltd.).
Starting from day 6 after tumor cell injection, Stattic and DEX
were administered by intraperitoneal injection three times a
week; the volume of intraperitoneal injection per mouse was
300 pl. Stattic was dissolved in DMSO for stock preparation.

the expression levels of p-STAT3 were we examined in
CCRF-CEM (Fig. 2A) and Jurkat cells (Fig. 2B) at 8, 16
and 24 h following treatment with 5 uM Stattic or DMSO.
Total STAT3 and j-actin were used as loading controls. In
CCRF-CEM cells, Stattic treatment resulted in a reduction
LQ S 6787 OHYHOV RYHU WLPH
in p-STAT3 was observed at 24 h, indicating that Stattic

7KH AQDO FRQFHQWUDWLRQV RI '0dfactizelyppteed\®TATS pBoshioty@rbnimithiarolshgad

Stattic doses (7.5, 15, and 30 mg/kg) were 0.75, 1.5 and 3%,
respectively. For the vehicle control group, the injection
consisted of normal saline containing 3% DMSO. Tumor sizes
were measured using a digital caliper thrice weekly until the

exposure. However, total STAT3 levels remained stable across

DOO WLPH SRLQWYV VXJIJHVWLQJ WKDW

STAT3 activation without affecting its overall expression
JLIS$

GD\ RI VDFULAFH DQG WXPRU Y R O teddnazsbatistiEaDyGigiifant Wi He@noedAe@ dbdriedH

following formula: Tumor volume=length x width?. All mice
were euthanized on day 23 for subsequent analyses. Mice were

SODFHG LQWR D HXWKDQDVLD FKDPWRUL @KLEK) BNV FHODEHIOOMHY AQGHGJIV L
Y R QGhétBthtticAmayQ@nhibt EWATB Wdctivatignhnord Bffectively in
&&5) &(0 FHOOV WKDQ LQ -XUNDW FHOO

withCO, DW D ARZ UDWH RI
infusion, the mice were observed for 3 min to ensure proper

at any of the time points compared with the DMSO-treated
controls. Total STAT3 expression remained constant, similar

IRWDE

,Q -XUNDW FHOOV DOWK-RXJK
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(B) Jurkat cells was detected following treatment with different concentrations of Stattic (0.625-10 uM) for 24 h. Dose-response curves are shown The 1Cy,

values of Stattic are 3.188 UM in CCRF-CEM cells and 4.89 uM in Jurkat cells. The results are presented as the mean + SEM (n=3). "P<0.01, """P<0.0001 vs.

control group (untreated); *#P<0.001, **P<0.0001 vs. vehicle control group (0.1% DMSO). ICs,, half maximal inhibitory concentration.
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p-STAT3 and total STAT3 levels in (A) CCRF-CEM and (B) Jurkat cells treated with 5 pM Stattic or DMSO for 8, 16 and 24 h. j-actin was used as a loading
control. Vehicle control group was treated with 0.05% DMSO. The results are presented as the mean + SEM (n=3). "P<0.05. p-, phosphorylated.
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response between the two T-ALL cell lines. The suppression
of STAT3 phosphorylation suggested that Stattic may exert its
anti-proliferative effects, at least in part, through the inhibition
of STAT3-mediated signaling in CCRF-CEM cells.

Stattic induces apoptosis and autophagy-related changes
in T-ALL cells. Western blot analysis was conducted to
investigate the time-dependent effects of Stattic (5 M) on
apoptosis and autophagy markers in two T-ALL cell lines:
CCRF-CEM (Fig. 3A) and Jurkat (Fig. 3B). Both cell types
were treated for 8, 16 and 24 h with Stattic or with DMSO as
a control. In CCRF-CEM cells, an inhibition of pro-caspase-3
expression was observed at 8 and 24 h after Stattic treatment.
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while total STAT3 levels showed no major changes, indicating
selective inhibition of phosphorylation by Stattic (Fig. 4B).
These results indicated that Stattic may effectively inhibit
STAT3 activation in a dose-dependent manner in both
CCRF-CEM and Jurkat cells. The suppression of p-STAT3
without affecting total STAT3 levels further supports the role
of Stattic as a selective inhibitor of STAT3 signaling, which
could underlie its therapeutic potential in T-ALL.

Stattic modulates apoptosis and autophagy markers in
CCRF-CEM and Jurkat cells in a dose-dependent manner. To
investigate the effects of Stattic on apoptosis and autophagy;,
CCRF-CEM (Fig. 5A) and Jurkat cells (Fig. 5B) were treated

)XUWKHUPRUH D VLJQLAFDQW L Q FuithliBchédsingZddnventBatiol bf Stuttiel (625,25 aRdbHIR)Y H G

caspase-3 expression 16 h after Stattic treatment, indicating
the activated apoptotic cascade. Stattic also induced a
time-dependent upregulation of LC3B expression at 8, 16 and
24 h, suggesting enhanced autophagic activity. Meanwhile,
p62 protein levels showed a decreasing trend at 24 h, although

WKLV FKDQJH ZDV QRW VWDWLVW L F Itighebconeehtia@ohstoFIEatfioNinditainh\ah Kakted agogtsts R U W L
DOWKRXJK WKH FKDQJHV ZHL

autophagy activation. Bcl-2 expression remained relatively
VWDEOH DQG IXOO OHQJWK 3%$53

related to autophagy initiation, such as ATG5-ATG12 conju-
gate and BECNL, did not exhibit substantial changes during
the observation period (Fig. 3A). In Jurkat cells, the apoptotic
response to Stattic was less pronounced. While pro-caspase-3
levels remained relatively stable, cleaved caspase-3 exhibited
a slight increase at 16 h. LC3B levels also demonstrated a

or vehicle control (DMSQ) for 24 h. Protein expression levels
of apoptotic markers (pro-caspase-3, cleaved caspase-3) and
autophagy markers (LC3B, p62) were assessed by western
blotting, with j-actin used as a loading control. In CCRF-CEM
cells, cleaved caspase-3 levels showed an increasing trend with

DFWLYLW\

G& WS OB D X/H U@ LAIFDQQ\WFODHREKITR HLQQVF U
WLRQ DWK DNMAHFWLQJ DSRSWRW L#onS SuBgddtiht \inducio® of @ubophighl. BY contrast, the

H[SUHVVLRQ OHYHOV RI S
relatively unchanged across all treatment groups, indicating
incomplete autophagic flux. Pro-caspase-3 levels remained
stable, further supporting that apoptosis was primarily indi-
cated by the cleaved form (Fig. 5A). In Jurkat cells, a similar
trend was observed. Cleaved caspase-3 levels increased slightly

VLIQLAFDQW LQFUHIIVEIL P WO D U OD Qath highdd Statti® aoncentrations, but the changes were not

showed a decreasing trend at 24 h, indicating autophagy acti-
vation, though less prominent compared with in CCRF-CEM
FHOOV %FO
remained unchanged thereafter. Full-length PARP-1 and
autophagy-related proteins, including ATG5-ATG12 conju-
JDWH DQG % (&1
time points (Fig. 3B). Together, these results indicated that
Stattic could induce both apoptotic and autophagic processes
in CCRF-CEM and Jurkat cells, with more robust effects
observed in CCRF-CEM cells. The differential responses
between the two cell lines highlight the potential variability in
the sensitivity of T-ALL subtypes to Stattic treatment.

Stattic dose-dependently inhibits p-STAT3 expression in
CCRF-CEM and Jurkat cells. To further explore the impact of
Stattic on STAT3 signaling, CCRF-CEM (Fig. 4A) and Jurkat
cells (Fig. 4B) were treated with increasing concentrations of
Stattic (1.25, 2.5 and 5 uM) or vehicle control (DMSO) for
24 h. The expression levels of p-STAT3 and total STAT3
were measured by western blotting, with j-actin serving as
the loading control. In CCRF-CEM cells, Stattic reduced
p-STAT3 levels in a dose-dependent manner. A marked
reduction in p-STAT3 was observed at the 5 UM concentra-
tion, with statistical significance indicated. However, total
STAT3 protein expression remained unchanged across all

WUHDWPHQW JURXSV VXJIJHVWLQJ W KD aallssWhHiDhVBnawide infodnraton Ao CeIDsize ik L E L W

STAT3 phosphorylation without affecting total STAT3 levels
(Fig. 4A). Similarly, in Jurkat cells, p-STAT3 levels were

statistically significant. LC3B expression was significantly
increased in response to 5 UM Stattic, indicating the activation

H[SUHVVLRQ ZD¥X ¥ XaautdpRapiQwossesUHD\@YeF & @ QTRF-CEM cells,

D PDUNHU RI

S OHYHOV GLG QRW VKRZ D VLJQLAFD
SRWHQWLDO EORFNDGH LQ DXWRSKDJLF /

VKRZHG QR VLJQrendaf@ CoWstam ECBID theiciffeRii Static son@rDations
7KHVH AQGLQJV GHPRQVWUDWHG \

)L %
increased autophagy markers in CCRF-CEM and Jurkat cells,
while also showing a trend toward increased apoptosis in both
cell lines. The differential expression patterns of LC3B and p62
suggested that Stattic may trigger autophagy but not complete
autophagic degradation. The increased levels of cleaved
caspase-3 suggest a potential role of Stattic in promoting apop-
tosis in these T-ALL cell lines, although the changes were not
VWDWLVWLFDOO\ VLIQLAFDQW

Stattic induces early and late apoptosis in CCRF-CEM and
Jurkat cells. 7R IXUWKHU FRQAUP WKH

SUR

6WDWWLF ARZ F\WRPHWU\ ZDV SHUIR!

in CCRF-CEM (Fig. 6A) and Jurkat cells (Fig. 6B) after
treatment with 5 uM Stattic for 24 h. Cells were stained with
Annexin V-FITC and PI to differentiate between early and
late apoptotic cells, which were detected in quadrants 3 and
2, respectively. The forward scatter (FSC)/side scatter (SSC)
plots in Fig. 6A and B show the FSC and SSC characteristics

granularity, respectively. From the results of the 5 uM Stattic
treatment, the FSC/SSC plots in CCRF-CEM (Fig. 6A) and

UHGXFHG ZLWK LQFUHDVLQJ 6W D W Wirkd (FiqR GBFddI Skl \AhLiRi@asé ingtha/drab@rticA F D Q W

decrease was evident in response to the 5 UM concentration,

of cells with reduced size, indicating cell shrinkage typically
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Figure 6. Stattic induces the apoptosis of T-cell acute lymphoblastic leukemia cells. (A) CCRF-CEM and (B) Jurkat cells were treated with DMSO (vehicle

control) or 5 uM Stattic for 24 h. Flow cytometric analysis of apoptosis was evaluated using Annexin V-FITC and Pl double staining at 24 h post-treatment.
4XDQWLAFDWLRQ RI HDUO\ DQG ODWH DSRSWRWLF FHOOV LV SUHVHQWHG DV D SHUFHQWDJH
The results are presented as the mean £ SEM (n=3). "P<0.05, ""P<0.001, “**P<0.0001 vs. control group; *P<0.05, **P<0.001, **P<0.0001 vs. DMSO group.

PI, propidium iodide.

associated with apoptosis. These results were obtained after  elevated, and late apoptotic cells increased substantially
Annexin V/PI staining, highlighting the effects of Stattic on  following treatment with 5 uM Stattic compared with in the
inducing apoptotic changes in both cell lines. In CCRF-CEM  control and DMSO-treated groups (Fig. 6B). These results

cells, Stattic treatment significantly increased both early indicated that Stattic effectively promoted both early and late

and late apoptotic populations compared with the control  apoptosis in CCRF-CEM and Jurkat cells, with a particularly

and DMSO groups. The percentage of early apoptotic cells  strong effect on late apoptosis. This supports the role of Stattic
increased significantly upon treatment with 5 UM Stattic.  as a potent inducer of apoptosis in T-ALL cells, highlighting
ORUHRYHU ODWH DSRSWRWLF FHOi® ershsuRcHbteBtiaDfoVTEALQ tretm@iQ W LQFUHDVH
in the Stattic-treated group, indicating that Stattic strongly

induced the apoptosis of CCRF-CEM cells (Fig. 6A). Stattic inhibits tumor growth in the xenograft model
6LPLODUO\ LQ -XUNDW FHOOV 6W DM WALE. Wsihil B Yém it &FWnoDdd GroMéIRofDT-AILL]I Q L AF L
LQFUHDVH LQ DSRSWRVLV (DUO\ D £RRFVZRWKenBgrEftdd@y/wateHritraperitdnda@ylideEtelQ W O \
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JLIXUHIAFDF\ RI 6WDWWLF LQ LQKLELWLQJ WXPRU JURZWRK W& B X[ QR LRD | W XPPRRXV ¥ RFORXGHHORK |
with DEX (1 mg/kg), Stattic (7.5, 15 and 30 mg/kg) and a vehicle control (n=6/group). Tumor volumes were recorded three times weekly over a 23-day

period. (B) Mice were euthanized at the end of the treatment protocol and representative images of excised tumors from each treatment group at the end of

the study period are presented. (C) Tumor volumes were recorded on the last day of the experiment (day 23). (D) Tumor weights were recorded on the last

day of the experiment (day 23). The results are presented as the mean + SEM. "P<0.05, “P<0.01, "*P<0.0001, vs. vehicle control group (3% DMSO). DEX,
dexamethasone.

with Stattic three times a week. The results revealed thatwhile ~ YLDELOLW\ RI 7 $// FHOOV DIAUPLQJ LW

the control group showed a progressive growth intumorvolume VXUYLYDO Rl 7 $// FHOOV 7KH AQGLQ.

over a 22-day period, the Stattic groups (15 and 30 mg/kg) and  not only inhibited cell viability and p-STAT3 expression in a

WKH '"(; JURIXNJ SRVLWLYH FR QWU Rde-depeRdBNE HaBneb) bt alsoQriduked cell death through

cant reduction in tumor growth; the antitumor effect of Stattic  apoptosis and autophagy. In addition, Stattic suppressed tumor

was dose-dependent, with a peak effect observed at 30 mg/kg  growth in a xenograft model of T-ALL, suggesting its potential

(Fig. 7A). Excised tumor volumes measured at the end of treat-  as a therapeutic agent for this malignancy.

PHQW GPRQAUPHG VXFK D GRVH G H STHeQIBdve\dbs¢iddpendeRt\Wedurian ih e viability of

WXPRU VLW PG WKH VLJQLAFD Q\WCRFHEM &hdIVrkat del3 uNdR©@oxePthe potent cytotoxic

relative to the control group in response to all doses of Stattic HIIHFWV RI 6 WDWWLF DJDLQVW 7 $// FH
)LJ& ,Q DGGLWLRQ D VLJQLAFD Q WhalBHiBoChNd biReffecti@ iMexRiRrg TZALL pioykes-

was detected in the 15 and 30 mg/kg Stattic, and 1 mg/kg DEX  sion by inhibiting cell proliferation and promoting cell death.

treatment groups relative to the control (Fig. 7D). Theseresults ORUHRYHU WKH VLJQLAFDQW VXSSUHV)\

suggested that Stattic, along with DEX, effectively reduced DIWHU 6WDWWLF WUHDWPHQW FRQAUP

tumor burden in a dose-dependent manner, with 30 mg/kg LWRU DIAUPLQJ LWV WKHUDSHXWLF SF

Stattic being the most effective dose. STAT3 signaling pathways in T-ALL (23). The results of
the present study demonstrated that Stattic treatment may
Discussion lead to a reduction in p-STAT3 levels in both CCRF-CEM

cells and Jurkat cells, although the magnitude and timing of
The present study on the effects of Stattic on T-ALL providled LQKLELWLRQ GLIIHUHG EHWZHHQ WKH
compelling evidence for its therapeutic potential. Notably, =~ CCRF-CEM cells, which have higher basal p-STAT3 levels,
Stattic exhibited a dose-dependent inhibitory effect onthe H[KLELWHG VLJQLAFDQW KQEKKHUWDRQ RL
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cells, with inherently lower p-STAT3 expression, displayed a
similar trend but with less pronounced changes. These data
VXJIJHVWHG WKDW WKH HIIHFW RI
by the initial expression level of p-STAT3 in the T-ALL cell
line being studied. The data from both CCRF-CEM and
Jurkat cells strengthen the hypothesis regarding the ability
of Stattic to modulate p-STAT3-dependent pathways and
provide a solid foundation for future investigations involving
additional cell lines.

The present results showed a significant reduction in
p-STATS3 levels only after 24 h of Stattic treatment, whereas
shorter treatments (8 and 16 h) did not yield statistically

VLIQLAFDQW FKDQJHV 7KLV REVHU MR n&IE, whichGnighitwot fIF\aptiRife Ho@dalQ J V

in some previous studies (24,25), which reported more rapid
inhibition of STAT3 phosphorylation. Several factors could
H[SODLQ WKLV GLVFUHSDQF\
might serve a role, as the present experiments were conducted
in CCRF-CEM and Jurkat cells, which are T-ALL cell lines.
These cells may exhibit a more delayed response to Stattic due
to differences in the activation state of STAT3 or varying levels
of basal p-STAT3 expression compared with other cell lines
used in prior studies, such as solid tumor cells or other hema-
tological malignancies. Additionally, the stability of p-STAT3
and the rate of dephosphorylation may vary among different
cell lines. In some systems, STAT3 is rapidly turned over,
while in others, the phosphorylation status may be sustained
for longer periods. The delayed inhibition observed in the
current study suggested that Stattic might require sustained
exposure to accumulate sufficiently in the cells, or that a
certain threshold concentration must be reached to effectively
inhibit upstream kinases or disrupt STAT3 dimerization.
Furthermore, experimental conditions, such as cell density,

PHGLXP FRPSRVLWLRQ DQG 6WDW W lafid ErRpQaBit¢ @he/ithfoviahdR Qf FrRetiyGlykreydlated Q F H

the kinetics of p-STAT3 inhibition. The present study used
5 UM Stattic, and it is possible that lower concentrations or
shorter time points in previous studies led to different kinetic
SURAOHYV

overcome cellular compensatory mechanisms or gradual inhi-
bition of signaling pathways upstream of STAT3. This might
suggest that T-ALL cells are more resistant to immediate
STATS3 inactivation but become vulnerable with prolonged
Stattic exposure, which could be therapeutically relevant. In
VXPPDU\
cant STATS3 inhibition in the present experiments highlights
the context-dependent nature of STAT3 signaling and suggests
that prolonged Stattic exposure might be necessary to achieve
optimal therapeutic effects in T-ALL models.

The present study also demonstrated the complex interac-
tion between apoptosis and autophagy induced by Stattic in
CCRF-CEM and Jurkat cells. Increased expression levels of
both cleaved caspase-3 and LC3B markers of apoptotic and
autophagic cell death suggested a dual mechanismregarding the
promotion of cell death by Stattic. The dose-dependent nature
of these responses further highlighted the ability of Stattic to
effectively modulate these key cell death pathways (26).

The translational significance of the present results is

supported by the invivo HIAFDF\ Rl 6WDWWLF

growth in a xenograft mouse model of T-ALL. Stattic led to
a dose-dependent decrease in tumor growth, with the highest

7KH GHOD\HG LQKLELWLRQ RI
VWXG\ FRXOG UHAHFW WKH QHHG IRdapplicsblel QGHG 6WDWWLF H[SRVXUH WR

dose generating the greatest antitumor effect. Targeting
STAT3 is known to inhibit tumor growth in various types of

6 WnBeYVsUWeH 85 cBlafectal GTcsr7(27)l. hreakt QaAckrH28) Rrd G
JOLRPD 7KHVH AQGLQJV FRUUREBRUDW

data, and highlight the potential of Stattic as a targeted
therapeutic for T-ALL. These in vivo results further indicated
the translational potential of Stattic, predicting its move into
clinical trial phase. Such an approach provides a new option
for T-ALL therapy that targets STAT3 signaling, a critical
pathway in the pathogenesis of numerous malignancies.

The primary limitations of the present study include the reli-
ance on the CCRF-CEM and Jurkat cell lines, and a xenograft

complexity and heterogeneity of human T-ALL. The short-term

QDWXUH RI WKHVH H[SHULPHQWYV FDQQF
) L U V Wbr putehtied résiktaDo® mbldhasisths W Statticlirdafebt HFWBeR Q V H

research is needed to fully understand the therapeutic potential
and limitations of Stattic in treating T-ALL. Extending studies
to include diverse T-ALL subtypes, long-term treatment effects

DQG FRPSUHKHQVLYH VDIHW\ SURAOHYV

data to support clinical applications, and strengthen the prelimi-

QDU\ AQGLQJV RI WKH FXUUHQW VWXG\

we plan to use CRISPR-Cas9 or RNA interference approaches
to knock out or knock down STAT3 expression in CCRF-CEM
cells and compare the resulting effects with those of Stattic treat-
ment. This additional work will provide more direct evidence of
STAT3 dependency.

In conclusion, the results of the present study support the
potential of Stattic as a therapeutic agent against T-ALL by
inhibiting STAT3 signaling, and inducing programmed cell

GHDWK WKURXJK DSRSWRVLYVY DQG DXW

may pave the way for further clinical investigations into Stattic
STAT3 signaling in leukemia therapy.
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