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Abstract: Background: Galbanic acid (GBA) is a sesquiterpene coumarin with valuable pharmacological effects.
Adult T-cell lymphoma (ATL) is an aggressive lymphoid malignancy with a, low survival rate. Although arsenic triox-
ide (ATO) is a standard therapeutic agent for ATL treatment, the efficacy of chemotherapy is limited due to the chemo-
resistance of cells.

Objective: The present study was carried out to investigate whether GBA in combination with ATO would improve
cytotoxicity against ATL cells.

Methods: GBA was isolated from the roots’ofiflerula szowitsiana by column chromatography on silica gel. MT-2 cells
ARTICLE HISTORY  ere treated with 20 uM GBA + 44iM ATO, andiviability was evaluated by alamarBlue assay. The cell cycle was

Received: March 29, 2022 analyzed by PI staining, while the_activity of P-glycoprotein (P-gp) was evaluated by mitoxantrone efflux assay. To

Revised: May 27, 2022 understand the molecular mechanisms of GBAeffects, the expression of NF-«B (Reld), P53, CDK4, ¢-MYC, ¢-FLIPL,

Accepted: June 03, 2022 and c-FLIPS was evaluated using real-time PCR,

11)0.021}74/1871520622666220722105802 Results: Combinatorial‘use of GBA + ATO significantly reduced the viability of MT-2 cells and induced cell cycle
arrest in the sub-G, phase. GBA improved mitoxantrone accumulation in cells, indicating that this agent has inhibitory
effects on the functionality of the"P-gp efflux pump. Moreover, real-time PCR analysis revealed that GBA + ATO
negatively regulated the expression of P53, CDK4, c-FLIPL, and c-FLIPS.

Conclusion: Due to the/interesting effects of GBA on the accumulation and toxicity of ATO, combinatorial use of
these agents could be considered a new therapeutic approach for ATL treatment.
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1. INTRODUCTION ATL is clinically characterized by lymphadenopathy, general-
ized lymph node swelling, hepatosplenomegaly, skin lesions, hy-
percalcemia, increased number of abnormal lymphocytes, and in-
creased susceptibility to opportunistic infections, including Candida
species, cytomegalovirus, and pneumocystis jiroveci [8]. ATL is
associated with poor prognosis and has a shorter overall survival
than other peripheral T cell lymphomas. Several therapeutic ap-
proaches, such as multi-agent chemotherapy, anti-viral therapy and
allogeneic hematopoietic stem cell transplantation, are currently
available, although their clinical outcomes are unsatisfactory [1, 9].
The main reasons for inefficient ATL treatment are inherent chemo-
resistance and immunosuppression, which increases the susceptibil-
ity of patients to infection [10]. Hence, introducing novel multi-
modal approaches to deal with challenges in ATL management has
great research value.
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Adult T cell leukemia (ATL) is a highly aggressive peripheral T
cell neoplasm associated with human T cell leukemia virus type 1
(HTLV-1) and is usually accompanied by visceral involvement [1].
It has been estimated that between 10 and 20 million people are
infected with HTLV-1 worldwide, and approximately 3-5% of
HTLV-1 infected subjects develop ATL [2]. HTLV-1 infected cells
express viral Tax protein that induces ¢-FLIP and c-MYC and acti-
vates signaling pathways, such as Akt [3-5]. In addition, Tax acti-
vates NF-kB, which influences the survival and proliferation of
ATL clones [6], and interacts with cyclin-dependent kinase inhibi-
tor P16, which leads to the activation of CDK4 and consequently,
promotes cell cycle via phosphorylation of RB [7].
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regulation. However, its application has been limited due to unfa-
vorable side effects. Therefore, the therapeutic potential of ATO (at
low concentrations) in combinatorial approaches is under investiga-
tion [12]. Treating HTLV-1 infected cells with ATO revealed that
this agent induced its therapeutic effects by inhibiting cell prolifera-
tion or inducing apoptosis [13, 14]. In addition, combination thera-
py with ATO triggers the degradation of Tax oncoprotein and con-
sequently inactivates NF-kB signaling pathway, which culminates
in cell death [15, 16].

Galbanic acid (GBA) is a bioactive sesquiterpene coumarin
isolated from Ferula species [17]. Ferula assafoetida and Ferula
Szowitsiana, as rich sources of GBA, are herbaceous plants of the
Umbelliferae family distributed throughout central Asia, eastern
Iran, and Afghanistan [18, 19]. GBA possesses multiple biological
activities, including anti-oxidative, anti-viral, hepatoprotective and
anti-cancer effects [20-25]. GBA exerts its anti-cancer activity in
association with apoptosis induction, anti-proliferative actions, and
inhibition of P-glycoprotein (P-gp), an ATP-dependent efflux pump
involved in resistance to chemical agents [23, 26]. Although anti-
cancer and synergic effects of GBA have been investigated in sev-
eral malignancies, the pharmaceutical effects of this valuable agent,
in single-use or in combination with chemotherapeutic drugs, have
not been indicated in ATL. Accordingly, the present study was
designed to determine whether GBA, alone or in combination with
ATO, could improve the therapeutic efficacy against ATL. In this
regard, cell viability, cell cycle, efflux activity of P-gp and expres-
sion of NF-kB (RelA), P53, CDK4, c-MYC, c-FLIPL, and c-FLIPS
were investigated upon GBA and ATO administration.

2. MATERIALS AND METHODS
2.1. Isolation of GBA

GBA (C,4H;3(0s, 2-cyclohexene-1-butanoic acid) was extracted
from the roots of Ferula szowitsiana by a previously /described
method [19]. Briefly, the roots of F. szowitsiana were air-driedat
room temperature, triturated and extracted with acetone by presoak-
ing with changing the solution thrice for 48 hat room temperature.
The combined solvent extracts were vaporizedsto yielda brownish,
viscous residual (8% yield). The residual was then.dissociated by
thin layer chromatography on silica gel using petreletm ether/ethyl
acetate (2:1) as solvent. Visualizing the fractionswas performed by
UV at 254 nm. Fractions were deterged withracetone (Merck, Ger-
many), and the active constituent was abundantly purified using the
following method; Part of the extract(15 'g)was exposed to column
chromatography on silica gel (5x50cm) using petroleum ether with
increasing volumes of acetone [petroleum ether (100), petroleum
ether—acetone (95:5), (90:10), (85:15), (80:20), (75:25), (70:30),
(60:40), (50:50) and acetone (100)].

To prepare different concentrations of GBA, at first, 2 mg of
GBA was dissolved in 100 pl dimethyl sulfoxide (DMSO, Merck,
Germany). Then, serial two-fold dilutions of GBA were prepared
using DMSO, and final concentrations were obtained by culture
medium. To avoid misinterpretation of the results due to toxic ef-
fects of DMSO, equal amounts of the solvent in all GBA concentra-
tions (0.5% v/v) were considered as the control.

2.2. Cell Culture

MT-2 cell line (HTLV-1 transformed human T cells) was ob-
tained from Pasteur Institute, Tehran, Iran. Cells were cultured in
RPMI 1640 (KBC, Iran) medium supplemented with 10% fetal
bovine serum (Gibco, USA), 1% penicillin/streptomycin (Capri-
corn, Germany) and 0.5% L- glutamine (Serena, Germany), and
incubated at 37°C with 5% CO; and a humidity of 96%.

2.3. Cytotoxicity Assay

MT-2 cells were seeded at the density of 50 x 10° cells/well in
96-well plates and treated with various concentrations of GBA (5,
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10, 20, 40, and 80 puM) for 24, 48, and 72 h. Meanwhile, cells were
treated with 2, 4, 8, and 16 uM ATO (Sigma, Germany) for 3
consecutive days. At the end of each time point, the viability of
cells was evaluated by alamarBlue assay. In this regard, 20 pl ala-
marBlue solution (0.15 g/ml, Sigma, Germany) was added to each
well, and cells were incubated until a pink fluorescent resorufin was
constituted. Then, optical density (OD) was measured at 600 nm
using a microplate reader (Epoch, BioTek, USA), and viability (%)
was calculated by the following formula: (100-(AT-AU)/(AB-AU))
x 100, in which AT, AU, and AB represent the absorbance of treat-
ed cells, untreated cells, and blank control, respectively. For combi-
natorial treatment, MT-2 cells were treated with GBA (5, 10 and 20
uM) + ATO (2 and 4 uM), concentrations less than their ICsy val-
ues, and assessed for viability after 24, 48, and 72 h.

2.4. Cell Cycle Analysis

To investigate changes induced in the cell cycle upon treatment
with GBA, ATO, and their combination, MT-2 cells were seeded at
the density of 40 x 10* cell/well in 6-well plates and treated with 20
uM GBA, 4 uM ATO, 20 uM GBA + 4 uM ATO and their relevant
DMSO controls for 48 h. Then, cells were washed and resuspended
in 480 pl of propidium,iodide (PI) staining solution, consisting of
100 pg/mL PI (Sigma, Germany), 0.1% Triton X-100 (Sigma,
Germany), and 04l %,sedium citrate (Merck, Germany) in PBS, and
incubated at 372€ for 30 min in the dark. Finally, flow cytometry
analysis wassperformed by FACS Calibur (BD Biosciences, USA)
using an EL2 filter, and data were analyzed with winMDI data
analysis software version 2.8.

2.5( Efflux Assay

To study the effect of GBA on P-gp activity, MT-2 cells were
seeded at the density of 40 x 10* cells/well in 6-well plates and
treated with 20 uM GBA for 48 h, while untreated cells and cells
treated with 0.5% DMSO were considered as controls. After cen-
trifugation, cell pellets were resuspended in mitoxantrone (10 pM,
Sigma, Germany) and incubated at 37°C for 30 min in the dark
(accumulation phase). After washing with ice-cold PBS twice, cells
were resuspended in a culture medium and incubated at 37°C for 60
min in the dark (efflux phase). Finally, the activity of P-gp was
analyzed by FACS Calibur (BD Biosciences, USA) using an FL3
filter and data were analyzed with winMDI data analysis software
version 2.8.

2.6. Real-time PCR

To understand the molecular mechanisms of our combinatorial
approach, the expression of candidate genes was evaluated by real-
time PCR. Briefly, total RNA was extracted from MT-2 cells treat-
ed with 20 uM GBA, 4 uM ATO and their combination, as well as
their relevant controls, using Tripure isolation reagent (Roche,
Germany) according to the manufacturer’s instruction. Then, cDNA
was synthesized using reverse transcriptase and random primers
according to the manufacturer’s protocol (Thermo Fisher Scientific,
USA), followed by PCR with B2 microglobulin (2M) primers. For
real-time PCR, primers and probes were designed by Allele ID,
version 5, after obtaining the desired sequences for genes NF-
kB (Reld), P53, CDK4, ¢-MYC, c¢-FLIPL, and c-FLIPS from the
National Center for Biotechnology Information (NCBI) GenBank.
Real-time PCR was performed in Rotor gene 6000 cycler (Qiagen,
Germany), using TagMan (for NF-kB (Rel4), P53, and CDK4) and
SYBR green (for ¢-MYC, c-FLIPL, and c-FLIPS), while f2M was
considered as the cellular reference gene in both methods. Table 1
represents specific primers and probes used in the present study.

2.7. Statistical Analysis

Statistical analysis was performed using Statistical Package for
Social Sciences (SPSS) software (version 16.0, SPSS, Inc, Chicago,
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Table 1. Primer and probe sequences and amplicon lengths.
Name Primer Name Sequence (5'—3") Product Length (bp)

c-MYC Forward ACTCTGAGGAGGAACAAGAA 159
Reverse TGGAGACGTGGCACCTCTT -

c-FLIPL Forward ATTGGCAATGAGACAGAGCTTC 126
Reverse CTCGGGCATACAGGCAAA -

c-FLIPS Forward CCAGAAGTACAAGCAGTCTGTTC 122
Reverse GGGCATAGGGTGTTATCATCC -

p2M Forward AATTGAAAAAGTGGAGCATTCAGA 127
Reverse GGCTGTGACAAAGTCACATGGTT -

NF-kB (RelA) Forward ACCCCTTCCAAGTTCCTATAGAAGAG 145
Reverse CGATTGTCAAAGATGGGATGAGAAAG -
Probe ACTACGACCTGAATGCTGTGCGGCTCTG -

P53 Forward CAGCATCTTATCCGAGTGGAAGG 132
Reverse GTTGTAGTGGATGGTGGTACAGTC -
Probe CTCAGGCGGCTCATAGGGCACCAC -

CDK4 Forward AAATTGGTGTCGGTGCCTATGG 135
Reverse CACGAACTGTGCTGATGGGAAG -
Probe ACAAGGECCGTGATCCCCACAGTGG -

p2M Forward TTGEECTTTCAGCAAGGACTGG 127
Reverse CEACTTAACTATCTTGGGCTGTG -
Probe TCACATGGTTCACACGGCAGGCAT -

IL, USA). Variables were compared between groups by: one-way
ANOVA and Bonferroni post-hoc tests. For gene expression analy-
sis, Spearman’s correlation test was used. p values™<0:05, <0.01,
<0.001, and < 0.0001 were considered to be statistically significant.
All data were expressed as mean =+ standard deyviation (SD).

3. RESULTS

3.1. High Concentrations of GBA Exerted Cytotoxicity on MT-2
Cells

Viability assessment of MT-2 cells indicated that GBA induced
its toxic effects in a time- and dose-dépendent manner. As present-
ed in Fig. (1), only the highest concentration of GBA (80 uM) sig-
nificantly (p<0.001) decreased viability after 24 h. Nevertheless,
GBA toxicity increased upon to 48 h, as 40 and 80 uM GBA signif-
icantly (»<0.0001) reduced cell viability, and this effect was limited
to 80 uM GBA in the last time point (72 h). The ICs, values of
GBA and ATO were calculated as 80 and 16 uM after 72 h, respec-
tively.

3.2. GBA Improved the Toxicity of ATO

In order to study the combinatorial effects of GBA and ATO,
the viability of cells was evaluated after treatment with GBA (5, 10,
and 20 uM) + ATO (2 and 4 uM), alongside their relevant controls,
including 0.5% DMSO + ATO (2 and 4 uM). As presented in Fig.
(2A), the viability of cells was significantly (p<0.05 and p<0.0001)
reduced by GBA (5, 10, and 20 uM) + ATO (4 uM) after 24 h,
which indicated improved effects of 4 uM ATO by all concentra-
tions of GBA. When treatment was extended up to 48 h, 10 and 20
uM GBA significantly (p<0.05 and p<0.0001) improved the toxici-
ty of 2 and 4 uM ATO (Fig. 2B). In addition, 5 uM GBA signifi-
cantly (p<0.01) increased the cytotoxicity of 4 uM ATO after 48 h.
However, after 72 h of treatment of cells, a significant (p<0.001)
increase in toxicity was only observed when 20 uM GBA + 4 uM
ATO were used (Fig. 2C).

3.3. Combination of GBA and ATO Induced Cell cycle Arrest
in the Sub-G; Phase

Flow cytometry analysis of the cell cycle was performed to
determine whether combinatorial effects of GBA and ATO were
associated with cell cycle changes. As shown in Fig. (3), combina-
tion of 20 uM GBA + 4 uM ATO induced significant cell cycle
arrest in the sub-G; phase (55.56%), when compared with 20 pM
GBA (2.3%), 4 uM ATO (4.03%) and 0.5% DMAO + 4 uM ATO
(3.28%).

3.4. GBA Decreased the Efflux Activity of P-gp

To determine whether GBA affects the efflux activity of P-gp,
MT-2 cells were treated with 20 uM GBA for 48 h. Then P-gp-
mediated mitoxantrone efflux was assessed by flow cytometry. As
shown in Fig. (4), treatment of cells with GBA increased mitoxan-
trone accumulation in MT-2 cells (indicated by the right shift of the
histogram) when compared with untreated and 0.5% DMSO treated
cells.

3.5. GBA, Alone and in Combination with ATO, Negatively
Regulated the Expression of Candidate Genes

To unravel the mechanism of GBA action in our study, the
expression of NF-«xB (Reld), P53, CDK4, ¢c-MYC, c-FLIPL, and c-
FLIPS was evaluated by real-time PCR. As shown in Fig. (5), the
expression of NF-kB (Reld), P53, CDK4, c-MYC, and c-FLIPS was
reduced by 20 uM GBA when compared to 0.5% DMSO. Never-
theless, significant decrease was only calculated for NF-xB (RelA)
(0.025 + 0.003, p< 0.0001), CDK4 (0.09 + 0.006, p< 0.0001), and
c-MYC (0.64 = 0.3, p< 0.001). For combinatorial use of 20 uM
GBA + 4 uM ATO, negative regulation of all genes was observed
when compared with its relevant control (0.5% DMSO + 4 uM
ATO), although it was only significant for P53 (0.03 £ 0.002, p<
0.0001), CDK4 (0.2 + 0.01, p< 0.0001), c-FLIPL (0.22 £ 0.1, p<
0.01), and c-FLIPS (0.12 £ 0.02, p< 0.001). In addition, there was a
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Fig. (1). Time-based dose-response analysis of MT-2 cells after GBA treatment. MT-2 cells were treated with increasing concentrations of GBA (5, 10, 20, 40,
and 80 puM) for 24, 48, and 72 h, and viability was evaluated with an alamarBlue assay. **p < 0.01, ***p < 0.001 and ****p < 0.0001 indicate significant
difference with relevant control (0.5% DMSO). A viability assessment was carried out at least three times, and the results are presented as mean + SD. (4 high-
er resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (2). Viability of MT-2 cells upon treatment with the combination of GBA + ATO during 3 consecutive days. Cells were treated with GBA (5, 10 and 20
uM) + ATO (2 and 4 pM), and viability was assessed after 24 (a), 48 (b) and 72 (¢) h. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 indicate
significant difference with relevant control (0.5% DMSO + ATO with similar doses). A viability assessment was carried out at least three times, and the results
are presented as mean + SD. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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figure is available in the electronic copy of the article).
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Fig. (5). Expression pattern of NF-xB (Reld) (a), P53 (b), CDK4 (c), ¢-MYC (d), c-FLIPL (e), and c-FLIPS (f) in MT-2 cells after single and combinatorial
treatments with GBA and ATO. **p < 0.01, ***%p < 0.001 and****P < 0.0001 indicate significant difference with relevant controls (untreated, 0.5% DMSO or
0.5% DMSO + ATO). Results are presented as mean + SD. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). Pearson’s correlation analysis for the expression of P53 and ¢-FLIPS in 6 ‘groups; untreated MT-2 cells and cells treated with 20 uM GBA, 4 uM
ATO, 20 uM GBA + 4 uM ATO, 0.5% DMSO and 0.5% DMSO + 4 uM ATO. (4. kigher resolution /colour version of this figure is available in the electronic

copy of the article).

significant positive correlation between the expression of c-
FLIPS and P53 (p= 0.008 and r= 0.926) (Fig. 6).

4. DISCUSSION

ATL is an aggressive malignancy of mature ‘T, cells. Since cur-
rent multi-agent chemotherapy regimens may not provide long-term
survival for ATL patients, the developmentof more efficient com-
bined chemotherapy regimens is one of the main scopes in ATL
research [1]. ATO 1S a potential chemotherapeutic agent that is
used in combination with anti-viral agents and’ IFN-a for ATL
treatment [27]. However, unfavorable side effects’of ATO limit its
clinical applications. In the present studys=we, aimed to determine
whether GBA, as a valuable pharmaceutical agent, could improve
the efficacy of ATO in ATL cells.

GBA is a natural sesquiterpene coumarin with considerable
anti-viral and anti-cancer activities [19, 21-23, 26]. Results of the
present study indicated that GBA induced toxic effects on MT-2
cells in a dose- and time-dependent manner. Previous studies have
also reported dose-depended effects of GBA on human ovarian and
lung carcinoma cells, as well as umbilical vein epithelial cells [23,
28, 29]. In addition, it has been shown that a combination of GBA
and TNF-related apoptosis-inducing ligand (TRAIL) induced toxic
effects on chemo-resistant lung cancer cells, while combinatorial
use of GBA and nanomicellar curcumin showed toxicity on murine
and human colon carcinoma cells [30, 31]. Our findings indicated,
for the first time, that combinatorial use of GBA and ATO induced
more toxic effects on ATL cells than a single administration of each
agent. Improved toxicity of ATO by GBA was confirmed via ac-
cumulation of cells in the sub-G; phase of the cell cycle. In line
with present results, it has been reported that GBA inhibited cell
cycle progression through induction of G, or sub-G; arrest in pros-
tate and lung cancer cells [32, 33]. Moreover, the combination of
GBA and TRAIL increased the sub-G, apoptotic population in re-
sistant lung carcinoma cells [31]. Similarly, the combination of
ATO with other natural coumarin and sesquiterpene derivatives
induced cytotoxicity and cell cycle arrest. In this regard, it has been
demonstrated that combinatorial use of ATO with auraptene, um-

belliprenin, and parthenolide led to the accumulation of ATL cells
in_the sub-G phase of the cell cycle [34-36].

Pumping therapeutic agents out of the cell, mediated by multi-
ple drug efflux transporters, is a serious impediment to effective
chemotherapy. Since Tax-mediated overexpression and enhanced
efflux activity of P-gp have been reported in ATL [37], agents that
inhibit P-gp activity could be used in combination with existing
medicines to increase clinical outcomes. It has been indicated that
GBA inhibited P-gp activity in chemo-resistant breast and lung
cancer cells [26, 31]. Current findings are in agreement with previ-
ous reports, as reduced efflux activity of P-gp pump was detected
after GBA treatment of ATL cells.

To ascertain the possible mechanisms involved in GBA effects,
we evaluated the expression of NF-kB (Reld), P53, CDK4, c-MYC,
c-FLIPL, and c-FLIPS genes mainly attributed to cell proliferation,
cell cycle progression, and apoptosis. HTLV-1 infection is correlat-
ed with immortalization, transformation and leukemogenesis of
cells, and finally, ATL pathogenesis [4, 5, 38-44]. As presented in
Fig. (7), HTLV-1 Tax oncoprotein alters the expression of specific
genes; it induces ¢-MYC, NF-kB, and c-FLIP, while downregulat-
ing P16 (a negative regulator of CDK4) and P53 [3-7]. Obtained
findings indicated that single administration of GBA negatively
regulated NF-«B (RelA), CDK4, and c-MYC, while its combinatori-
al use with ATO reduced the expression of CDK4, P53, c-FLIPL,
and c-FLIPS in ATL cells. CDK4 mediates G,/S cell cycle progres-
sion [45], and Tax protein interacts with inhibitors of CDK, such as
P16, leading to cell cycle progression and uncontrolled proliferation
[7, 39, 42]. Hence, negative regulation of CDK4 by GBA might
explain the accumulation of ATL cells in the sub-G; phase, as
downregulation of CDK4 inhibits the transition from G to S phase
of the cell cycle. Elevated expression of ¢-FLIP supports cancer
cells to elude immunosurveillance and promotes proliferation [46,
47]. Tax expressing HTLV-1 infected T cells express a high level
of ¢-FLIPL and c-FLIPS that contributes to inhibition of apoptosis,
blocks the receptor-mediated cell death, evades the host immune
response, and supports the development of HTLV-1-associated
diseases [5, 48]. Accordingly, downregulation of ¢-FLIPL and c-
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Fig. (7). Schematic representation of changes induced by HTLV-1 Tax protein and GBA/in the expression of candidate genes. Tax induces c-MYC, NF-xB and
¢-FLIP, while downregulating P16 and P53 [3-7]. Results of the current study indieated that single use of GBA negatively regulated NF-xB (Reld), CDK4 and
c-MYC, while GBA + ATO reduced the expression of CDK4, P53, c-FLIPL and,e-FLIPS in ATE cells. (A higher resolution / colour version of this figure is

available in the electronic copy of the article).

FLIPS upon GBA + ATO treatment could augment death receptor-
mediated apoptosis in MT-2 cells and thus, makes cells,more sus-
ceptible to apoptosis. P53 plays a crucial role in cancer prevention
by controlling the cell cycle progression and inducing apoptosis
[49, 50]. In the current study, a significant positive correlation
was found between the expression of c-FLIPSvand P33, which
could be explained by the positive involvement of P53:in"c-FLIPS
expression [51]. Since c-FLIP contributes to apoptosisitesistance,
downregulation of P53 in MT-2 cells after GBA'& ATO treat-
ment might inhibit the P53-mediated upregulation of c-FLIPS
and, therefore, reduces c-FLIPS inhibitory gffects on apoptosis.

CONCLUSION

Findings of the present study ‘demonstrated, for the first time,
that GBA improves the accumulation and toxicity of ATO in MT-2
cells. Hence, combinatorial use of GBA and ATO could be consid-
ered an effective strategy for ATL treatment. However, comple-
mentary in vitro studies on other ATL cell lines would help to bet-
ter evaluate GBA combinatorial effects and to elucidate its exact
mechanism of action. Moreover, future in vivo studies and clinical
trials are required to establish GBA as a safe and effective agent for
ATL treatment.
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