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Andrographolide acts with dexamethasone to inhibit the growth of
acute lymphoblastic leukemia CEM-C1 cells via the regulation of
the autophagy-dependent PI3K/AKT/mTOR signaling pathway
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Abstract. Acute lymphoblastic leukemia (ALL) is one of the
most common malignant tumor types of the circulatory system.
Dexamethasone (DEX) acts on the glucocorticoid (GC)
receptor (GR) and is a first-line chemotherapy drug for ALL.
However, long-term or high-dose applications of the drug can
not only cause adverse reactions, such as osteoporosis and high
blood pressure, but can also cause downregulation of GR and
lead to drug resistance. In the present study, reverse transcrip-
tion-quantitative PCR, western blotting and LysoTracker Red
staining were used to observe the effects of DEX and androgra-
pholide (AND; a botanical with antitumorigenic properties)
combined treatment. It was found that AND enhanced the
sensitivity of CEM-C1 cells, a GC-resistant cell line, to DEX,
and synergistically upregulated GR both at the transcriptional
and post-transcriptional level with DEX. The combination of
AND with DEX synergistically alkalized lysosomal lumen
and downregulated the expression of autophagy-related genes
Beclinl and microtubule-associated 1 protein light chain 3
(LC3), thereby inhibiting autophagy. Knocking down LC3
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expression enhanced GR expression, suggesting that GR
was regulated by autophagy. Furthermore, compared with
the monotherapy group (AND or DEX in isolation), AND
interacted with DEX to activate the autophagy-dependent
PIBK/AKT/mTOR signaling pathway by enhancing the phos-
phorylation of PI3K, AKT and mTOR, thereby decreasing GR
degradation and increasing the sensitivity of cells to GCs. In
conclusion, the present study demonstrated that AND exhib-
ited a synergistic anti-ALL effect with DEX via upregulation
of GR, which was orchestrated by the autophagy-related
PI3BK/AKT/mTOR signaling pathway. The results of the
present study therefore provided novel research avenues and
strategies for the treatment of ALL.

Introduction

Acute lymphoblastic leukemia (ALL) is an aggressive type
of leukemia characterized by excessive lymphoblasts or
lymphocytes in the bone marrow and peripheral blood,
which can spread to the lymph nodes, spleen, liver, central
nervous system and other organs (1,2). While it predomi-
nantly affects children, ALL represents 20% of leukemia
cases in adults, of which B cell lineage ALL constitutes
75% (3-5). Over the past decades, treatment-related mortality
rates during induction chemotherapy in patients with ALL
have decreased due to improved supportive care (6). In addi-
tion, the use of risk-directed therapy to optimize doses and
schedules of chemotherapy has been developed over the past
40 years (7), which has increased the survival probability
to 80-90% (8). Thus, most children with ALL can be cured;
however, with increasing age, adult patients have higher
white blood cell counts, a lower incidence of hyperdiploidy,
an increased incidence of adverse genetic abnormalities, and
are at lower biological risk and reduced tolerance to chemo-
therapy, which leads to poor prognosis in adult patients with
ALL (9-11). Clinical studies have demonstrated that chemo-
therapy remains the most common treatment option (12,13).
However, certain studies have reported that, in the treatment
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of ALL, cell resistance is still an important problem in
clinical treatment and relapse (14,15).

Glucocorticoids (GCs), including dexamethasone (DEX),
are commonly used in ALL chemotherapy (16). GCs func-
tion by activating the GC receptor (GR), a ligand-induced
transcription factor, which in turn regulates genes that induce
leukemic cell apoptosis (17), indicating that GCs serve an
important role in the therapy and prognosis of ALL. However,
it has been reported that the long-term application of GCs,
even at therapeutic doses, can lead to adverse reactions and
trigger downregulation of GR, which results in resistance to
GCs (18,19). Therefore, inhibiting the downregulation of GR
(thereby maintaining the sensitivity of ALL to GCs) is essen-
tial for the improvement of ALL treatment (19-22). Thus, the
exploration of a more effective combination therapy for ALL
has been of interest in recent years. Combination therapy can
reduce the dosage of GCs, lessen side effects and improve
the therapeutic effect, which is an effective method to reduce
chemotherapy resistance in ALL cells (23).

Andrographolide (AND) is the major bioactive compound
isolated from Andrographis paniculata, a medicinal herb
that is widely used in China and other parts of Asia for the
treatment of upper respiratory tract infections (24). It has
been found that AND has a wide range of therapeutic actions,
including immunosuppressant (25), antithrombotic (26),
anti-inflammatory (27), antineoplastic (28), antiviral (29,30),
antibacterial (31), antidiabetic (30,32), antioxidative (33),
antipyretic (34), anti-oedematogenic and antinociceptive
activities (35). It has also been reported that AND is a common
inhibitor of autophagy (36,37). A previous study reported that
AND could inhibit the growth of the ALL cell line Jurkat (38),
which provides some evidence for the possible clinical
application of AND in ALL.

Autophagy is an essential and conserved lysosomal
degradation pathway that controls the homeostasis of the
cytoplasm by bulk degradation of unnecessary or dysfunc-
tional cellular organelles and protein aggregates (39). In
addition to the previously described tumor-suppressive roles
of autophagy, the pro-survival function of autophagy under
stress conditions, including nutrient deprivation, hypoxia
and therapeutic stress, has been found to promote tumor
growth and progression (40,41). In the autophagy process,
precursor microtubule-associated 1 protein light chain 3
(LC3) is processed by autophagy-related protein (ATG) 4 into
cytoplasmic soluble LC3I, which is then covalently linked
to phosphatidylethanolamine (PE), by ATG7 and ATGS3, to
become lipid-soluble LC3-PE (also known as LC3II), which
then participates in membrane elongation until the formation
of the autolysosome (42,43). Consequently, LC3II, an impor-
tant multi-signal transduction regulating protein located on
the autophagic vesicular membrane, is often used as a marker
of autophagy formation (44). Beclinl was the first confirmed
mammalian autophagy gene and the first gene in the lyso-
somal degradation pathway of autophagy to be identified as a
tumor suppressor (45). Studies have demonstrated that Beclinl
binds to proteins such as vacuolated protein sorting associated
protein (VPS) 15, VPS34, UV radiation resistance associated
gene product (UVRAG) and ATG14 to form a class III PI3K
complex, which controls autophagosome formation and regu-
lates autophagy activity (46,47). In hematologic malignancies,

autophagy can either act as a chemoresistance mechanism or
have tumor-suppressive functions (21). When cells undergo
lysosomal autophagy, GRs are degraded by lysosomes (48),
thereby reducing the sensitivity of ALL cells to drugs.
Therefore, we hypothesize that autophagy is important in the
resistance of ALL cells and the GR drug receptor to GCs.

The PI3K/AKT/mTOR signaling pathway serves a crucial
role in cellular signaling and regulates various cellular func-
tions, including cell growth and death (49,50). Upon entering
the cell, PI3K catalyzes the generation of phosphatidylino-
sitol-3,4,5-triphosphate (PIP3), a second messenger, alongside
related active enzymes (such as tyrosine kinase and small
Ras-related GTPases). PIP3 subsequently activates AKT in
conjunction with phosphatidylinositol lipid-dependent protein
kinase 1. Activated AKT prevents tuberous sclerosis complex
1/2 complex degradation, promoting mTOR activation and
inhibiting cellular autophagy (51). It has been demonstrated
that activation of the PI3K/AKT/mTOR signaling pathway can
block cellular autophagy to enhance drug sensitivity in tumor
therapy (52). Consequently, targeting the PI3K/AKT/mTOR
signaling pathway to induce autophagy may increase tumor
cell susceptibility to drugs.

Based on the aforementioned studies, the present study
aimed to determine the synergistic antitumor effect of AND
and DEX on a DEX-resistant ALL cell line (CEM-C1). In
terms of autophagy and drug resistance, studying the inhibi-
tory effect of autophagy inhibitors combined with DEX on
ALL has important research value.

Materials and methods

Cell culture and drug treatment. The CEM-CI cells used in
the present study were obtained from The Cell Bank of Type
Culture Collection of The Chinese Academy of Sciences.
CEM-CI1 cells were maintained in RPMI-1640 medium (cat.
no. C11875500BT; Gibco; Thermo Fisher Scientific, Inc.) with
10% fetal bovine serum (cat. no. S711-001S; Lonsera; Shanghai
Shuangru Biotechnology Co., Ltd.) and 1% penicillin-strepto-
mycin (cat. no. sv30010; HyClone; Cytiva). Cells were kept in
a humidified atmosphere of 5% CO, at 37°C.

AND (cat. no. 365645; Sigma-Aldrich; Merck KGaA)
and DEX (cat. no. A17590;Thermo Fisher Scientific, Inc.)
were prepared in DMSO and diluted in culture medium
when needed. The final concentration of DMSO was <0.5%,
which did not affect cell survival (53). Cells were treated
with different concentrations of the drugs: Control group
(RPMI-1640 medium without drugs), 5 uM AND, 50 uM DEX
or 5 uM AND + 50 uM DEX, and then incubated for 24 h in a
humidified atmosphere of 5% CO, at 37°C.

Cell viability assay. CEM-CI cells were cultured in 96-well
plates and seeded at 1x10* cells per well. After 24 h, different
concentrations of drugs were added and the cells were incu-
bated for a further 24 h in a humidified atmosphere of 5% CO,
at 37°C. The cell treatment groups were as follows: i) Untreated
control group (control), RPMI-1640 medium without drugs;
ii) solvent control group (vehicle), 0.1% DMSO (the same
concentration used at the highest dose of AND); iii) AND only
group, AND was added at concentrations of 1.25,2.5,5, 10, 20
or 40 uM; iv) DEX group, DEX was added at concentrations
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of 12.5, 25, 50, 100, 200 or 400 uM; and v) co-treatment
group, AND and DEX were added at various concentrations
(1.25 uM AND + 12.5 uM DEX, 2.5 uM AND + 25 uM DEX,
5 uM AND + 50 uM DEX or 10 uM AND + 100 uM DEX).
After treatment, the cell viability was measured using a Cell
Counting Kit-8 (CCK-8; cat. no. CK04; Dojindo Laboratories,
Inc.) assay: CCK-8 (10 pl) was added to each well in the dark
and incubated for 4 h. The optical density was measured with a
microplate reader (Bio-Rad Laboratories, Inc.) at a wavelength
of 450 nm. The survival rate of the drug-treated groups was
compared with that of the untreated control group.

Calculation of the combined effect of AND and DEX.
CompuSyn software (version 1.0; ComboSyn, Inc.) was used
to calculate the combination index (CI) (54). If the CI was
<1, the combined effect was considered synergistic; if CI=I,
the effect of the two drugs was considered to be additive; and
if the CI was >1, the combined effect was considered to be
antagonistic.

Wright-Giemsa staining. The CEM-C1 cells were cultured in
6-well plates at 1x10° cells per well. After the aforementioned
drug treatment, cells were washed with PBS three times and
suspended in 0.5 ml PBS per well. The smear slides were
constructed slowly with 15 ul cell suspension, then fixed with
4% paraformaldehyde (cat. no. P1110; Beijing Solarbio Science
& Technology Co., Ltd.) at room temperature for 30 min.
Following this, the cells were washed three times with PBS.
The slides were then dried and stained by Wright-Giemsa (cat.
no. G1020; Beijing Solarbio Science & Technology Co., Ltd.)
staining at room temperature, according to the manufacturer's
instructions. The slides were then washed with PBS, dried and
observed under a light microscope (Olympus Corporation).
The quantification of stained cells was performed using
ImagelJ software (version 4.1; National Institutes of Health).

Reverse transcription-quantitative PCR (RT-gPCR). After the
aforementioned drug treatments in a 6-well plate, total RNA
in the treated cells was isolated using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.). RNA was reverse transcribed
into cDNA using the RevertAid First Strand cDNA Synthesis
Kit (Thermo Fisher Scientific, Inc.). The temperature protocol
for the RT was as follows: 25°C for 5 min, 42°C for 60 min and
70°C for 5 min. GR, LC3 and Beclinl were detected by qPCR
using the SYBR Green Kit (Shanghai Yeasen Biotechnology
Co., Ltd.). The amplification parameters were as follows: 95°C
for 10 min, followed by 40 cycles of 95°C for 10 sec, 60°C
for 20 sec and 72°C for 20 sec. The primer sequences used
were as follows: GR forward, 5-“AGGACCACCTCCCAA
ACTCT-3" and reverse, 5S-TGTTTTTCGAGCTTCCAGGT-3";
LC3 forward, 5'-CCGACTTATTCGAGAGCAGCATCC-3'
and reverse, 5'-GTCCGTTCACCAACAGGAAGAAGG-3
Beclinl forward, 5'-ATCTAAGGAGCTGCCGTTATAC-3'
and reverse, 5'-CTCCTCAGAGTTAAACTGGGTT-3"; and
GAPDH forward, 5-CAGGAGGCATTGCTGATGAT-3' and
reverse, 5'-GAAGGCTGGGGCTCATTT-3'". The primers
were designed and synthetized by Sangon Biotech Co.,
Ltd. Expression was analyzed using the 2424 method (55)
with GAPDH as the reference gene. All experiments were
conducted in triplicate.

Western blotting. Western blotting experiments were conducted as
previously described (53). The drug-treated cells were lysed at 4°C
in RIPA buffer (Thermo Fisher Scientific, Inc.), which contained
protease and phosphatase inhibitors (Roche Diagnostics GmbH).
The supernatant was collected for protein determination using a
BCA protein assay kit (Epizyme, Inc.; Ipsen Biopharmaceuticals,
Inc.). An equal amount of protein (30 ug/lane) was resolved via 8,
10 or 15% SDS-PAGE, and separated proteins were then trans-
ferred to a PVDF membrane. The membranes were blocked with
5% non-fat milk (Beijing Solarbio Science & Technology Co.,
Ltd.) in tris-buffered saline containing 0.1% Tween-20 for 2 h at
room temperature, and then incubated with primary antibodies
(1:1,000) overnight at 4°C. The antibodies used in the present
study were: GR (cat. no. 3660S), LC3II/LC3I (cat. no. 12741),
Beclinl (cat. no. 3495S), PI3K (cat. no. 4257S), phosphorylated
(p-)PI3K (cat. no. 4228S), AKT (cat. no. 4691S), p-AKT (cat.
no.4060S), mTOR (cat. no. 2983S), p-mTOR (cat. no. 5536S) (all
purchased from Cell Signaling Technology, Inc.), GAPDH (cat.
no. AF0006) and f-actin (cat. no. AF0003) (all purchased from
Beyotime Institute of Biotechnology). The membranes were then
incubated with horseradish peroxidase-labeled secondary anti-
bodies [anti-mouse IgG (1:2,000; cat. no. 7076; Cell Signaling
Technology, Inc.) and anti-rabbit IgG (1:2,000; cat. no. 7074; Cell
Signaling Technology, Inc.)] for 2 h at room temperature. The
immunoreactive bands were visualized using an ECL western
blot detection kit (Epizyme, Inc.; Ipsen Biopharmaceuticals,
Inc.) and a Tanon 5200 Imaging System (Tanon Science and
Technology Co., Ltd.). The intensity of the immunoblotting
bands was measured using ImageJ software.

LysoTracker Red staining. After the aforementioned drug
treatment in 6-well plates, cells were stained with LysoTracker
Red (50 nM), a specific red fluorescent dye for lysosomes, for
45 min at 37°C, followed by counterstaining with Hoechst
33342 for 15 min at room temperature in the dark. The cells
were then observed and imaged using an inverted fluorescence
microscope (Olympus Corporation).

Small interfering RNA (siRNA) and transfection. The siRNA
experiments were divided into five groups: The control (untreated
control group, RPMI-1640 medium only), 50 nM negative
control (NC; non-targeting sequence; cat. no. siNO000001-1-5),
50 nM positive control (PC; h-ACTB; siP0000002-1-5),
si-LC3-1, si-LC3-2 and si-LC3-3 (all 50 nM) groups. The
si-LC3 and NC sequences were designed and synthesized by
Guangzhou RiboBio Co., Ltd. The si-LC3 nucleotide sequences
used were as follows: si-LC3-1, 5'-ATTCCTGTACATGGT
CTAT-3}; si-LC3-2, 5"-TATGCCTCCCAGGAGACGT-3"; and
si-LC3-3, 5-GATTCCTGTACATGGTCTA-3'". For transfection,
cells were seeded into a 6-well plate at a density of 5x10° cells
per well. When the cell density reached 70-80%, 250 p1 transfec-
tion complex solution was added, which was prepared following
the instructions of the siRNA reagent kit (Guangzhou RiboBio
Co., Ltd.) and Lipofectamine® 3000 reagent (Thermo Fisher
Scientific, Inc.). In brief, solution A (5 ul 20 uM siRNA stock
solution + 120 ul RPMI-1640) was mixed with solution B (3.5 ul
Lipofectamine 3000 + 125 ul RPMI-1640) and incubated for
20 min at room temperature to form the transfection complex
solution. Cells were kept in a humidified atmosphere of 5% CO,
at 37°C for 24 h. After 24 h of transfection, total cellular proteins
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Figure 1. Effect of AND, DEX or AND + DEX on the viability of CEM-CI cells. Viability of CEM-C1 cells following (A) AND or (B) DEX treatment,
measured using a CCK-8 assay. (C) Effect of AND + DEX on CEM-CI cell viability, measured using a CCK-8 assay. 1, vehicle; 2, 1.25 yM AND + 12.5 uM
DEX; 3,2.5 uM AND + 25 yM DEX; 4,5 uM AND + 50 uM DEX; and 5, 10 uM AND + 100 xuM DEX. (D) CompuSyn software was used to analyze the CI
presented in (C). n=3; “P<0.01, “"P<0.001 vs. control. AND, andrographolide; CCK-8, Cell Counting Kit-8; CI, combination index; DEX, dexamethasone; Fa,

fraction affected.

were extracted and the transfection efficiency was analyzed by
western blotting as aforementioned.

Statistical analysis. Statistical analyses were conducted
using SPSS 25.0 (IBM Corp.). All data are presented as the
mean =+ standard deviation and all experiments were repeated
three times. Differences among groups were analyzed using
one-way ANOVA, followed by Tukey's post hoc test for
multiple comparisons. P<0.05 was considered to indicate a
statistically significant difference.

Results

Co-treatment with AND + DEX inhibits the viability of CEM-CI
cells. As shown in Fig. 1A-C, compared with the control
group, the viability of the cells incubated with AND, DEX or
AND + DEX decreased with increasing drug concentrations.
According to Fig. 1D, the CI values were all <1, indicating that
the combination of the two drugs had a synergistic effect.

Wright-Giemsa staining indicates alterations of the cell
morphology. According to the results of the Wright-Giemsa
staining (Fig. 2), compared with the administration of 5 uM
AND or 50 uM DEX groups, the CEM-C1 cells were smaller

in the AND + DEX group (Fig. 2F). In addition, the cells were
uniformly stained to purple and the number of stained cells
was reduced in the AND + DEX group (Fig. 2E). These results
indicated that, compared with the AND or DEX groups,
co-treatment with 5 yM AND + 50 xuM DEX had a greater
inhibitory effect on the growth of CEM-CI cells.

Co-treatment with AND + DEX upregulates GR expression. GR
mRNA expression in CEM-C1 cells following drug treatment
was detected via RT-qPCR. As shown in Fig. 3A, compared
with that in the control group, GR expression was significantly
increased in the DEX and AND + DEX groups, and GR expres-
sion in the AND + DEX group was higher than that in the DEX
group. Subsequently, changes in GR protein expression were
analyzed by western blotting, which further confirmed that
GR expression in CEM-C1 cells of the AND + DEX group
was significantly upregulated compared with that in the control
and DEX groups (Fig. 3B and C). The aforementioned results
suggested that the combination of the two drugs upregulated the
transcription and post-transcription levels of GR.

Co-treatment with AND + DEX alkalizes the lysosomal lumen.
LysoTracker Red is sensitive to pH alteration and can be used
to label and track acidic organelles (such as autolysosomes)
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(E) number and the (F) size of cells stained following Wright-Giemsa staining. n=3. ““P<0.001 vs. control; “/P<0.01 vs. DEX only. AND, andrographolide;
DEX, dexamethasone.

in live cells. The fluorescence intensity of LysoTracker Red  blue fluorescence following incubation with Hoechst 33342
has a negative correlation with the pH of the lysosome (56).  and the cells exhibited red fluorescence following staining with
As shown in Fig. 4A, the nucleus of CEM-CI cells exhibited = LysoTracker Red. Compared with that of the 50 M DEX group,
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the LysoTracker Red fluorescence intensity of the AND + DEX
group was significantly reduced (Fig. 4B), which suggested that
the lysosomal lumen of CEM-CI1 cells was alkalized and the
lysosomal pH was increased by co-treatment with AND + DEX.

Co-treatment with AND + DEX inhibits the expression of
autophagy-related genes. The mRNA expression levels of
Beclinl and LC3 in CEM-CI cells following treatment were
determined by RT-qPCR. As shown in Fig. 5A, compared
with that in the control group, Beclinl mRNA expression was
significantly increased in the DEX and AND + DEX groups,
and the level in the combination group was lower than that in the
DEX group. Similarly, LC3 mRNA expression was significantly
decreased in the drug-treated groups, and the LC3 mRNA
expression in the AND + DEX group was lower than that in the
DEX group (Fig. 5B). The changes in Beclinl and LC3 protein
expression were subsequently examined via western blotting. As
shown in Fig. 5C and E, the protein expression levels of Beclinl
in the AND + DEX group were reduced compared with those in
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(50 uM) on the lysosomal pH of CEM-CI cells. (A) Hoechst 33342 was used
to label the nuclei and LysoTracker Red was used to label the lysosomes
(magnification, x200). (B) Quantification of the fluorescence intensity of
cells stained following LysoTracker staining. AND, andrographolide; DEX,
dexamethasone.

the control and 50 M DEX groups. Additionally, as shown in
Fig. 5D and F, compared with the 50 M DEX group, the conver-
sion of LC3I to LC3II was reduced and the protein expression
levels of LC3II/LC3I were downregulated in the AND + DEX
group. These results indicated that the combination of these two
drugs regulated the transcription and post-transcriptional levels
of autophagy-related genes.

Co-treatment with AND + DEX alters the PI3SK/AKT/mTOR
signaling pathway in CEM-CI cells. Western blotting was
conducted to detect the expression levels of key proteins
in the PI3K/AKT/mTOR signaling pathway. As shown in
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microtubule-associated 1 protein light chain 3.

Fig. 6A-D, the levels of p-PI3K, p-AKT and p-mTOR were
significantly upregulated in the AND + DEX group compared
with the control group. However, the expression levels of total
PI3K, AKT and mTOR were not affected (Fig. 6A), indi-
cating that AND acts with DEX to alter the activation of the
aforementioned proteins, thus inhibiting autophagy.

GR expression increases following knockdown of the
autophagy-related gene, LC3. As shown in Fig. 6E, compared
with the control group, [3-actin expression was downregulated
by PC siRNA transfection at 50 and 100 nM, which did not
affect the expression of GAPDH, indicating that PC siRNA
successfully knocked down p-actin expression and that the
transfection conditions tested were suitable for subsequent
experiments. Moreover, since the initial transfection concentra-
tion recommended by the manufacturer was also 50 nM, 50 nM
was selected for subsequent experiments. In Fig. 6F and G,
compared with those in the NC group, the expression levels of
LC3 in CEM-CI cells transfected with si-LC3-1, si-LC3-2 and

si-LC3-3 were decreased, indicating that LC3 knockdown was
successful. It was also demonstrated that the knockdown effect
of si-LC3-1 was the greatest. Therefore, si-LC3-1 was selected
for subsequent experiments. GR expression after knockdown
of LC3 expression was subsequently detected by RT-qPCR
and western blotting. As shown in Fig. 6H-J, compared with
that in the control group, GR mRNA and protein expression
was increased following knockdown of LC3 expression, and
the difference was statistically significant.

Discussion

The issue of determining prognosis in relapsed patients with ALL
has been a persistent concern, with drug-resistant ALL pheno-
types being the most prominent biological feature of relapse (57).
Combination therapy has been proposed as a potential strategy
to overcome this issue (22,23,58,59). In current clinical prac-
tice, combination therapy for cancer can reduce drug toxicity
and avoid the occurrence of rapid drug resistance (60-62). A
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previous study has shown that single-agent chemotherapy can
trigger autophagy, and the presence of autophagy may induce the
multi-drug resistance mechanism of cancer cells (63). It has been
reported that AND is a common autophagy inhibitor, and the
present study demonstrated that the intensity of the LysoTracker
Red fluorescence was attenuated in the AND group compared
with the DEX group, suggesting that AND can inhibit autophagy
by alkalizing the lysosomal lumen (36,37). In the present study,
the combination of 5 uM AND + 50 uM DEX was used to inhibit
ALL cell viability. The results of the CCK-8 assay demonstrated
that the inhibition rate was as high as 51% in the 5 M AND +
50 uM DEX group, and the CI indicated that the combination of
the two drugs had a synergistic effect. The results of the present
study also demonstrated that GR expression was upregulated
at the mRNA and protein levels in the AND + DEX group
compared with the 50 xM DEX group, which indicated that the
combination of the two drugs could increase the transcription of
GR and inhibit the degradation of GR protein. These findings,
in combination with the aforementioned findings, demonstrated
that the mechanism behind GR upregulation by the combination
of these two drugs warrants further study.

Autophagy is an evolutionarily conserved process that serves
an important role in tumor cell resistance to chemotherapy, and
changes in autophagy-related gene expression may contribute
to GC resistance in ALL (64). Beclinl, an essential protein for
autophagy, transitions from its metastable homodimeric state
to interact with key modulators, such as ATG14L or UVRAG,
and form functionally distinct ATG14L or UVRAG-containing
Beclinl-VPS34 subcomplexes. The Beclinl-VPS34 complex
serves essential roles in membrane-mediated transport processes,
including autophagy and endosomal trafficking (65,66). In
coordination with the Unc-51-like autophagy activating kinase
1 complex, the Beclinl complex regulates early events in the
initiation of autophagosome formation (67,68). Another crucial
autophagy protein, LC3B (also known as ATGS8F), facilitates
autophagosome elongation and maturation, leading to the seques-
tration of autophagic cargoes (69). The results of the present study
demonstrated that the expression levels of LC3II/LC3I and Beclinl
were significantly reduced following the co-treatment with AND
+ DEX, compared with DEX alone. In addition, GR expression
was upregulated following AND + DEX treatment and following
knockdown of LC3 expression by siRNA transfection, indicating
that treatment with AND + DEX reduced the degradation of GR
by inhibiting autophagy. Therefore, AND + DEX combination
therapy may serve an anticancer role. In tumor cells, autophagy
is regulated by multiple signaling pathways (70), including the
PIBK/AKT/mTOR signaling pathway. The PI3K/AKT/mTOR
signaling pathway is widely recognized as a fundamental intracel-
lular signaling pathway that plays a role in cell physiology, cancer
cell metastasis and tumorigenesis, and inhibits autophagy when
activated (71,72). The present study demonstrated that, compared
with the control group, the p-PI3K, p-AKT and p-mTOR protein
levels were significantly upregulated in the AND + DEX group,
further indicating that this treatment combination could inhibit
autophagy by activating the PI3K/AKT/mTOR signaling pathway.

Insummary,inthe present study, AND was found toupregulate
transcriptional and post-transcriptional GR expression by inhib-
iting autophagy and the autophagy-dependent PI3K/AKT/mTOR
signaling pathway, thus increasing the sensitivity of drug-resistant
cells and serving an anti-ALL role. Therefore, the present study

provided a theoretical basis for a novel treatment for ALL, and
the presented results warrant further study.
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