
Abstract. Adult T-cell leukemia (ATL) is caused by infection
with human T-cell leukemia virus type-1 (HTLV-1). The
tetrahydrotetramethylnaphthalene derivative TMNAA has
recently been identified as a selective inhibitor of HTLV-1-
infected T-cell lines and adult T-cell leukemia (ATL) cells but
not of uninfected T-cell lines and peripheral blood
mononuclear cells (PBMCs). In the present study, more than
100 derivatives of TMNAA were synthesized and examined for
their inhibitory effects on the proliferation of various T-cell
lines and PBMCs. Among the compounds, MN417 is a more
potent inhibitor of ATL cells than TMNAA. This compound is a
novel phenanthridinone derivative with the tetrahydrotetra-
methylnaphthalene structure. Interestingly, PN-H and MN314-
B, which are also phenanthridinone derivatives but do not have
the tetrahydrotetramethylnaphthalene structure, could not
distinguish between HTLV-1-infected and uninfected T-cell
lines in terms of their anti-proliferative activity. These results
suggest that the tetrahydrotetramethylnaphthalene structure is
required for the selective inhibition of HTLV-1-infected cells. 

Adult T-cell leukemia (ATL) is a malignancy of peripheral
T-lymphocytes caused by human T-cell leukemia virus type-
1 (HTLV-1) (1). HTLV-1 infection is endemic mainly in
Japan, Caribbean islands, South America, and South Africa.

The number of HTLV-1 carriers is estimated to be 15 to 20
million worldwide (2). ATL is classified into four sub-types,
such as acute, lymphoma, smoldering, and chronic. The
median survival time of patients with chronic and smoldering
types of ATL is more than 2 years, whereas aggressive (acute
and lymphorma) types of ATL have a poor prognosis with a
median survival time of 13 months (3). Although
conventional anticancer chemotherapy against malignant
lymphomas is usually applied to patients with the aggressive
types of ATL, their mean survival time has not been
sufficiently extended (4, 5). It is, therefore, mandatory to find
novel and effective therapeutic agents against ATL.

There have been several attempts to develop novel
inhibitors of ATL targeting various cellular factors involved
in ATL cell growth. These include nuclear factor-κB (NF-
κB), proteasome, histone deacetylase (HDAC), and heat
shock protein-90 (HSP90). The NF-κB pathway is
recognized as a positive regulator of ATL cell proliferation
and survival through transcriptional activation of many pro-
survival and anti-apoptotic genes, such as Bcl-xl, and
survivin (6, 7). The NF-κB inhibitors DHMEQ and Bay 11-
7082 block the activation of NF-κB and induce apoptosis of
ATL cell lines and primary ATL cells (8, 9). ABT-737 and
YM155 suppress the Bcl-2 family and survivin, respectively,
resulting in the inhibition of cell proliferation followed by
the induction of apoptosis in ATL cells (10, 11). The
proteasome inhibitor bortezomib inhibits the degradation of
IκB in ATL cells, resulting in suppression of NF-κB and
induction of ATL cell death (12). HDAC inhibitors are a new
class of compounds, which act at the transcriptional level by
interfering with epigenetic chromatin modification and
histone de-acetylation. Furthermore, they increase acetylation
of other proteins, including nuclear transcription factors, and
this function mostly mediates their anticancer activity (13).
Several HDAC inhibitors, such as LBH589 and FR901228,
also suppress the proliferation of ATL cells and primary ATL
cells (14, 15). HSP90 proteins are expressed at a high level
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in ATL cells (16). The HSP90 inhibitor 17-DMAG decreases
the level of HSP90 and suppresses the AKT/GSK-3β/β-
catenin pathway in ATL cells (17).

We have recently found that 2-acetyl-3-hydroxy-5,6,7,8-
tetrahydro-5,5,8,8-tetrametylnaphthalene (TMNAA) is a potent
and selective inhibitor of the ATL cell line S1T but not the non-
ATL cell line MOLT-4 (18). In addition, TMNAA could also
suppress the proliferation of various T-cell lines infected with
HTLV-1 (19). Based on these findings, we attempted
identification of more potent inhibitors of ATL cells than
TMNAA. To this end, more than 100 derivatives of TMNAA
were synthesized and examined for their inhibitory effect on
the proliferation of ATL and non-ATL cells, including primary
peripheral blood mononuclear cells (PBMCs), in vitro. In the
present study, we show that a novel phenanthridinone derivative
containing the tetrahydrotetramethylnaphthalene structure is a
more potent inhibitor of ATL cells than TMNAA. The original
phenanthridinone derivative was designed, synthesized and
examined for its antiviral activity against hepatitis C virus
(HCV) (20).

Materials and Methods

Compounds. All compound were synthesized by Dr. Hashimoto and
his colleagues, according to a method previously described (18, 20).
The compounds were dissolved in dimethyl sulfoxide (DMSO)
(Nakalai Tesque, Kyoto, Japan) at a concentration of 20 mM to
exclude the cytotoxicity of DMSO and stored at −20˚C until use.

Cell lines. Six HTLV-1-infected cell lines (S1T, Su9T01, K3T, F6T,
and MT-2) and two uninfected T-cell lines (MOLT-4 and CEM)
were used in the present study. They were maintained in RPMI-
1640 medium supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100 U/ml penicillin G, and 100 μg/ml streptomycin.
S1T, Su9T01, K3T, and F6T are leukemia cell lines isolated and
established from ATL patients (ATL cell lines), while MT-2 is an
HTLV-1-transformed T-cell line (21, 22). PBMCs were obtained
from healthy volunteers under informed consent. The cells were
isolated by Ficoll-Hypaque density gradient centrifugation and
stimulated with 5 μg/ml phytohemagglutinin (PHA) in RPMI-1640
medium supplemented with 20% FBS, 100 U/ml recombinant
human interleukin-2 (kindly provided by Takeda Pharmaceutical
Company, Osaka, Japan), and antibiotics for 3 days. The above
medium without PHA was used for assay experiments with PBMCs.

Cell proliferation assay. The inhibitory effect of test compounds on
cell proliferation was determined by a tetrazolium dye method
(TetracolorONE®; Seikagaku Biobusiness, Tokyo, Japan). The cells
(1×104 cells/well for cell lines and 1×105 cells/well for PBMCs)
were cultured in the presence of various concentrations of the test
compounds in a 96-well plate. After incubation at 37˚C for 96 h, the
tetrazolium dye (10 μl) was added to each well. The cells were
further incubated at 37˚C for 2 h. The absorbance of each well was
measured at 450 and 600 nm with a microplate reader (Bio-Rad,
Richmond, CA, USA). The inhibitory effect of test compounds on
cell proliferation was also determined by the trypan blue exclusion at
24, 48, 72, and 96 h after incubation in the presence of compounds.

Apoptosis assay. The cells (5×104 cells/ml) were cultured in the
absence or presence of 10 μM TMNAA, 10 μM MN417, or 10 μM
cepharanthine (CEP) as a positive control. After incubation for 48 and
72 h, the cells were collected and washed twice with an annexin
binding buffer. Cells (1×106 cells) were further stained with
propidium iodide (PI) and Annexin V-fluorescein isothiocyanate
(FITC) using an Annexin V-FITC Apoptosis kit (eBioscience, San
Diego, CA, USA). After staining, the cells were analyzed by flow
cytometry (FACSCalibur™; Becton Dickinson, San Jose, CA, USA).

Statistical analysis. The statistical significance of the assay results
was determined by the Student’s t-test.

Results
Inhibitory effect of TMNAA derivatives on cell proliferation.
After discovery of TMNAA (Figure 1) as a selective
inhibitor of ATL cells, 105 compounds were newly-
synthesized and examined for their inhibitory effect on the
proliferation of S1T and MOLT-4 cells. Among the
compounds, 5-butyl-8,9,10,11-tetrahydro-8,8,11,11-
tetramethylbenzo[2,3-j]phenanthridin- 6(5H)-one (MN417)
(Figure 1) was found to be a more potent inhibitor of S1T
cell proliferation than TMNAA. TMNAA achieved more
than 50% inhibition at a concentration of 4 μM, while
MN417 could do so at 0.8 μM (Figure 2). Furthermore,
MN417 also more strongly inhibited the proliferation
Su9T01, K3T, and F6T cells in a dose-dependent fashion,
compared to TMNAA (Figure 2). Both compounds were
more potent inhibitors of the growth of MT-2 cells than ATL
cell lines (Figure 2). In contrast, the proliferation of the
uninfected T-cell lines MOLT-4 and CEM and PBMCs was
not affected by TMNAA and MN417 at concentrations up to
20 and 4 μM, respectively. These results suggest that, like
TMNAA, MN417 is also a potent and selective inhibitor of
ATL cells’ proliferation. To confirm the selective inhibition
of ATL cells by MN417, the viable cell number of S1T, MT-
2, MOLT-4, and CEM were also examined by trypan blue
exclusion every 24 h (up to 96 h) after drug-exposure.
MN417 strongly suppressed the growth of S1T and MT-2
cells in a time-dependent fashion at a concentration of 4 μM
(Figure 3). Again, these compounds did not affect the growth
of MOLT-4 and CEM cells at these concentrations.

Table I summarizes the 50% inhibitory concentrations
(IC50s) of TMNAA and MN417 for various T-cell lines and
PBMCs. Although there was some difference in their IC50
values for the five ATL cell lines, the values were
significantly lower than those for the uninfected T-cell lines
and PBMCs. Furthermore, MN417 appeared to be 2- to 7-
fold more potent than TMNAA. To gain insight into the
structural requirement for the selective inhibition, two
compounds structurally-related to MN417, 5-butylphe-
nanthridin-6(5H)-one (PN-H) and 5-butylbenzo[j]phenanthri-
din-6(5H)-one (MN314-B) (Figure 1), were examined for
their anti-proliferative activity. Interestingly, PN-H and
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MN314-B could not distinguish between HTLV-1-infected
and uninfected T-cell lines in terms of their activity (Table
I), suggesting that the tetrahydrotetramethylnaphthalene
structure is required for the selective inhibition of HTLV-1-
infected cells.

TMNAA and MN417 did not induce apoptosis in S1T cells.
Inhibitory effect of MN417 on cell proliferation was further
investigated by flow cytometry. S1T cells were treated with
either 10 μM TMNAA, 10 μM MN417, or 10 μM CEP and
incubated for 48 and 72 h. When annexin V-positive and PI-
negative cells, which indicate early apoptotic cells, were
analyzed, treatment of S1T cells with TMNAA and MN417
hardly increased the proportion of apoptotic cells at 48 and
72 h. Interestingly, the proportion of PI-positive cells, which
indicate dead cells, were significantly increased after
incubation with these compounds for 72 h (Figure 4),
indicating that both compounds induced non-apoptotoc cell
death in S1T cells.

Discussion

In the present study, we have demonstrated that MN417, a
TMNAA derivative, is a more potent inhibitor of several ATL
cell lines than TMNAA. In contrast, the two derivatives
containing the same phenanthridinone structure PN-H and

MN314-B (Figure 1) did not show such selective inhibition
of ATL cell growth. The results of the present study indicate
that the tetrahydrotetramethylnaphthalene structure is
required for the selective inhibition of ATL cells. MN417 is
considered to be a hybrid of TMNAA and PN-H. TMNAA
is a lead compound of selective ATL inhibitors, while PN-H
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Figure 1. Chemical structures of 2-Acetyl-3-hydroxy-5,6,7,8-tetrahydro-5,5,8,8-tetr-ametylnaphthalene (TMNAA) 5-butyl-8,9,10,11-tetrahydro-
8,8,11,11-tetramethylbenzo[2,3-j]phenanthridin-6(5H)-one (MN417), 5-butylphenanthridin-6(5H)-one (PN-H), and 5-butylbenzo[j]phenanthridin-
6(5H)-one (MN314-B).

Table I. Inhibitory effect of TMNAA and related compounds on cell
proliferation.

Cell HTLV-1 IC50 (μM)

TMNAA PN-H MN417 MN314-B

S1T + 1.65±0.03a 35.3±5.1 0.59±0.07 14.4±5.1
Su9T01 + 14.2±5.8 34.9±2.8 6.10±1.0 34.4±4.9
K3T + 30.7±2.8 38.3±5.3 6.60±0.5 36.4±8.6
F6T + 34.2±5.1 44.5±9.7 6.20±1.3 13.5±1.9
MT-2 + 1.17±0.25a 31.5±10.4 0.16±0.08 10.9±1.4
MOLT-4 − >100 53.3±3.2 23.1±1.2 37.7±7.8
CEM − >100 58.1±3.1 26.2±7.7 46.3±8.9
PBMCs − >100 ND 52.2 ND

IC50: 50% Inhibitory concentration; ND: not determined. Except for
PBMCs, all data represent mean±SD for three independent experiments.
aData are taken from reference 23.



has been shown to inhibit the replication of HCV
(unpublished data). In fact, MN417 is a weak inhibitor of
HCV replication (24). MN314-B, which is structurally
related to MN417, proved to be a selective inhibitor of HCV
replication in sub-genomic and full-genomic HCV replicon
cells (20, 24). Interestingly, both compounds did not display
significant inhibition of the hepatocellular carcinoma cell
line Huh-7, which also suggests that MN417 is optimized as
a selective inhibitor of ATL cells.

The viral transcriptional activator protein Tax plays an
important role in T-cell immortalization (25). Tax activates
not only HTLV-1 replication but also modulates the activity
of various cellular factors, such as NF-κB and AP-1.
However, S1T cells do not express HTLV-1 Env or Tax,
indicating that Tax is not a target molecule of TMNAA and
MN417 for inhibition of S1T cell growth. On the other
hand, the minus strand HTLV-1 pro-virus encodes HBZ,
also considered to be a key factor in leukemogenesis of

ATL. Like Tax, HBZ modulates the activity of NF-κB and
AP-1. In addition, HBZ RNA promotes T-cell proliferation
by E2F1, which plays an important role in the G1-to-S
phase transition of trans-activating target genes (26, 27).
Since the expression of HBZ is conserved in any kind of
ATL cells (26), the effect of TMNAA on HBZ expression
was examined in S1T cells and MT-2 cells. HBZ levels in
these cells were not altered by the presence of TMNAA
(data not shown). Furthermore, TMNAA and MN417 did
not suppress the production of HTLV-1 antigens in MT-2
cells (23 and unpublished data). These results suggest that
the molecular target of TMNAA is a host cellular factor
rather than viral gene products.

Several dysregulations of cellular processes have been
shown in HTLV-1-related T-cell disorders (28). At present, the
target molecule of TMNAA or MN417 for inhibition of ATL
cells remains unknown. As described above, while S1T and
MT-2 cells are derived from different sources (ATL vs.
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Figure 2. Inhibitory effect of compounds on cell proliferation. The cells (1×104 cells/well) were incubated in the presence of various concentrations
of compounds for 96 h. The number of various cells was determined by the tetrazolium dye method. Except for PBMCs, all data represent mean±SD
for three independent experiments. aData are taken from reference 23.



HTLV-1-transformed T cells), TMNAA and MN417 are more
potent inhibitors of these cell lines than other ATL cell lines
(Table I), (21, 22). Therefore, to gain insight into the
molecular mechanism of TMNAA in S1T cells, we performed
comprehensive gene expression analysis. It was previously
reported that gene expression of several molecules, such as
TSLC1, TCF8, and FSCN1, were significantly modulated in
ATL cells compared with CD4+ T cells (29-31). Interestingly,
gene expression of these molecules was not altered in
TMNAA-treated S1T cells (data not shown). Furthermore,
TMNAA-treated and untreated S1T and MOLT-4 cells
indicated that the gene ontology (GO) categories
GO:0045935 (positive regulation of nucleobase, nucleoside,
nucleotide and nucleic acid metabolic process), GO:0051173
(positive regulation of nitrogen compound metabolic process),
GO:0031328 (positive regulation of cellular biosynthetic
process), and GO:0009891 (positive regulation of

biosynthetic process) were highly up-regulated in TMNAA-
treated S1T cells but not in untreated S1T cells or TMNAA-
treated MOLT-4 cells (data not shown). On the other hand,
the categories GO:0005925 (focal adhesion), GO:0005924
(cell-substrate adherens junction), GO:0030055 (cell-substrate
junction), GO:0005912 (adherent junctions), GO:0070161
(anchoring junction), and GO:0016323 (basolateral plasma
membrane) were significantly down-regulated (data not
shown). These results suggest that the target molecule of
TMNAA for inhibition of ATL cells may differ from those of
other anti-ATL compounds.

In conclusion, the present study clearly demonstrated that
the novel tetrahydrotetramethylnaphthalene derivatives are
selective inhibitors of ATL cells in vitro. Although their
molecular target still remains unknown, both TMNAA and
MN417 may have a potential as promising chemotherapeutic
agents against ATL.
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Figure 3. Time-dependent suppression of cell proliferation by MN417. The cells (1×104 cells/well) were incubated in absence (closed column) or
presence (open column) of MN417 (4 μM). After incubation for 24, 48, 72, and 96 h, the number of viable cells was determined by trypan blue
exclusion. Statistical analysis was determined by the Student’s t-test (*p<0.01).
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Figure 4. Induction of S1T cell death by TMNAA and MN417. S1T cells (5×104 cells/ml) were incubated in the presence of 10 μM TMNAA, 10 μM
MN417, or 10 μM CEP for 48 and 72 h. After incubation, the cells were stained with Annexin V (AV)-FITC and PI and analyzed by flow cytometry.
The percentage of AV-positive, PI-positive, double-negative (AV-negative and PI-negative), and double-positive (AV-positive and PI-positive) are
shown by circle graphs.



References

1 Hinuma Y, Komoda H, Chosa T, Kondo T, Kohakura M,
Takenaka T, Kikuchi M, Ichimaru M, Yunoki K, Sato I, Matsuo
R, Takiuchi Y, Uchino H and Hanaoka M: Antibodies to adult T-
cell leukemia-virus-associated antigen (ATLA) in sera from
patients with ATL and controls in Japan: a nation-wide sero-
epidemiologic study. Int J Cancer 29: 631-635, 1982.

2 Proietti FA, Carneiro-Proietti AB, Catalan-Soares BC and
Murphy EL: Global epidemiology of HTLV-I infection and
associated diseases. Oncogene 24: 6058-6068, 2005.

3 Yamada Y, Tomonaga M, Fukuda H, Hanada S, Utsunomiya A,
Tara M, Sano M, Ikeda S, Takatsuki K, Kozuru M, Araki K,
Kawano F, Niimi M, Tobinai K, Hotta T and Shimoyama M: A
new G-CSF-supported combination chemotherapy, LSG15, for
adult T-cell leukaemia-lymphoma: Japan Clinical Oncology
Group Study 9303. Br J Haematol 113: 375-382, 2001.

4 Ishikawa T: Current status of therapeutic approaches to adult T-
cell leukemia. Int J Hematol 78: 304-311, 2003.

5 Taylor GP and Matsuoka M: Natural history of adult T-cell
leukemia/lymphoma and approaches to therapy. Oncogene 24:
6047-6057, 2005.

6 Mori N, Fujii M, Cheng G, Ikeda S, Yamasaki Y, Yamada Y,
Tomonaga M and Yamamoto N: Human T-cell leukemia virus
type I tax protein induces the expression of anti-apoptotic gene
Bcl-xL in human T-cells through nuclear factor-kappaB and c-
AMP responsive element binding protein pathways. Virus Genes
22: 279-287, 2001.

7 Mori N, Yamada Y, Hata T, Ikeda S, Yamasaki Y, Tomonaga M
and Yamamoto N: Expression of survivin in HTLV-I-infected T-
cell lines and primary ATL cells. Biochem Biophys Res
Commun 282: 1110-1113, 2001.

8 Watanabe M, Ohsugi T, Shoda M, Ishida T, Aizawa S,
Maruyama-Nagai M, Utsunomiya A, Koga S, Yamada Y,
Kamihira S, Okayama A, Kikuchi H, Uozumi K, Yamaguchi K,
Higashihara M, Umezawa K, Watanabe T and Horie R: Dual
targeting of transformed and untransformed HTLV-1-infected T
cells by DHMEQ, a potent and selective inhibitor of NF-kappaB,
as a strategy for chemoprevention and therapy of adult T-cell
leukemia. Blood 106: 2462-2471, 2005.

9 Mori N, Yamada Y, Ikeda S, Yamasaki Y, Tsukasaki K, Tanaka
Y, Tomonaga M, Yamamoto N and Fujii M: Bay 11-7082 inhibits
transcription factor NF-kappaB and induces apoptosis of HTLV-
I-infected T-cell lines and primary adult T-cell leukemia cells.
Blood 100: 1828-1834, 2002.

10 Ishitsuka K, Kunami N, Katsuya H, Nogami R, Ishikawa C,
Yotsumoto F, Tanji H, Mori N, Takeshita M, Miyamoto S and
Tamura K: Targeting Bcl-2 family proteins in adult T-cell
leukemia/lymphoma: in vitro and in vivo effects of the novel
Bcl-2 family inhibitor ABT-737. Cancer Lett 317: 218-225,
2012.

11 Chen J, Pise-Masison CA, Shih JH, Morris JC, Janik JE, Conlon
KC, Keating A and Waldmann TA: Markedly additive antitumor
activity with the combination of a selective survivin suppressant
YM155 and alemtuzumab in adult T-cell leukemia. Blood 121:
2029-2037, 2013.

12 Satou Y, Nosaka K, Koya Y, Yasunaga JI, Toyokuni S and
Matsuoka M: Proteasome inhibitor, bortezomib, potently inhibits
the growth of adult T-cell leukemia cells both in vivo and in
vitro. Leukemia 18: 1357-1363, 2004.

13 Barneda-Zahonero B and Parra M: Histone deacetylases and
cancer. Mol Oncol 6: 579-589, 2012.

14 Hasegawa H, Yamada Y, Tsukasaki K, Mori N, Tsuruda K,
Sasaki D, Usui T, Osaka A, Atogami S, Ishikawa C, Machijima
Y, Sawada S, Hayashi T, Miyazaki Y and Kamihira S: LBH589,
a deacetylase inhibitor, induces apoptosis in adult T-cell
leukemia/lymphoma cells via activation of a novel RAIDD-
caspase-2 pathway. Leukemia 25: 575-587, 2011.

15 Mori N, Matsuda T, Tadano M, Kinjo T, Yamada Y, Tsukasaki
K, Ikeda S, Yamasaki Y, Tanaka Y, Ohta T, Iwamasa T,
Tomonaga M and Yamamoto N: Apoptosis induced by the
histone deacetylase inhibitor FR901228 in human T-cell
leukemia virus type 1-infected T-cell lines and primary adult T-
cell leukemia cells. J Virol 78: 4582-4590, 2004.

16 Kawakami H, Tomita M, Okudaira T, Ishikawa C, Matsuda T,
Tanaka Y, Nakazato T, Taira N, Ohshiro K and Mori N:
Inhibition of heat shock protein-90 modulates multiple functions
required for survival of human T-cell leukemia virus type I-
infected T-cell lines and adult T-cell leukemia cells. Int J Cancer
120: 1811-1820, 2007.

17 Kurashina R, Ohyashiki JH, Kobayashi C, Hamamura R, Zhang Y,
Hirano T and Ohyashiki K: Anti-proliferative activity of heat shock
protein (Hsp) 90 inhibitors via beta-catenin/TCF7L2 pathway in
adult T cell leukemia cells. Cancer Lett 284: 62-70, 2009.

18 Nakamura M, Hamasaki T, Tokitou M, Baba M, Hashimoto Y
and Aoyama H: Discovery of tetrahydrotetramethylnaphthalene
analogs as adult T-cell leukemia cell-selective proliferation
inhibitors in a small chemical library constructed based on multi-
template hypothesis. Bioorg Med Chem 17: 4740-4746, 2009.

19 Hamasaki T, Toyama M, Aoyama H, White Y, Okamoto M, Arima
N, Hashimoto Y and Baba M: Selective inhibition of HTLV-1-
infected cell proliferation by a novel tetramethylnaphthalene
derivative. Anticancer Res 31: 2241-2248, 2011.

20 Nakamura M, Aoyama A, Salim MT, Okamoto M, Baba M,
Miyachi H, Hashimoto Y and Aoyama H: Structural
development studies of anti-hepatitis C virus agents with a
phenanthridinone skeleton. Bioorg Med Chem 18: 2402-2411,
2010.

21 Arima N, Molitor JA, Smith MR, Kim JH, Daitoku Y and
Greene WC: Human T-cell leukemia virus type I Tax induces
expression of the Rel-related family of �B enhancer-binding
proteins: evidence for a pretranslational component of
regulation. J Virol 65: 6892-6899, 1991.

22 Miyoshi I, Kubonishi I, Yoshimoto S, Akagi T, Ohtsuki Y, Shiraishi
Y, Nagata K and Hinuma Y: Type C virus particles in a cord T-cell
line derived by co-cultivating normal human cord leukocytes and
human leukaemic T cells. Nature 294: 770-771, 1981.

23 Toyama M, Hamasaki T, Uto T, Aoyama H, Okamoto M,
Hashmoto Y and Baba M: Synergistic inhibition of HTLV-1-
infected cell proliferation by combination of cepharanthine and
a tetramethylnaphthalene derivative. Anticancer Res 32: 2639-
2646, 2012.

24 Aoyama H, Sugita K, Nakamura M, Aoyama A, Salim MT,
Okamoto M, Baba M and Hashimoto Y: Fused heterocyclic
amino compounds as anti-hepatitis C virus agents. Bioorg Med
Chem 19: 2675-2687, 2011.

25 Robek MD and Ratner L: Immortalization of CD4+ and CD8+ T
lymphocytes by human T-cell leukemia virus type 1 Tax mutants
expressed in a functional molecular clone. J Virol 73: 4856-
4865, 1999.

Toyama et al: Selective Inhibitors of ATL Cells

1777



26 Satou Y, Yasunaga J, Yoshida M and Matsuoka M: HTLV-I basic
leucine zipper factor gene mRNA supports proliferation of adult
T cell leukemia cells. Proc Natl Acad Sci USA 103: 720-725,
2006.

27 Nevins JR: The Rb/E2F pathway and cancer. Hum Mol Genet
10: 699-703, 2001.

28 Satou Y and Matsuoka M: Virological and immunological
mechanisms in the pathogenesis of human T-cell leukemia virus
type 1. Rev Med Virol 23: 269-280, 2013.

29 Sasaki H, Nishikata I, Shiraga T, Akamatsu E, Fukami T, Hidaka
T, Kubuki Y, Okayama A, Hamada K, Okabe H, Murakami Y,
Tsubouchi H and Morishita K: Overexpression of a cell adhesion
molecule, TSLC1, as a possible molecular marker for acute-type
adult T-cell leukemia. Blood 105: 1204-1213, 2005.

30 Hidaka T, Nakahata S, Hatakeyama K, Hamasaki M, Yamashita
K, Kohno T, Arai Y, Taki T, Nishida K, Okayama A, Asada Y,
Yamaguchi R, Tsubouchi H, Yokota J, Taniwaki M, Higashi Y
and Morishita K: Down-regulation of TCF8 is involved in the
leukemogenesis of adult T-cell leukemia/lymphoma. Blood 112:
383-393, 2008.

31 Kress AK, Kalmer M, Rowan AG, Grassmann R and
Fleckenstein B: The tumor marker Fascin is strongly induced by
the Tax oncoprotein of HTLV-1 through NF-kappaB signals.
Blood 117: 3609-3612, 2011.

Received January 19, 2014
Revised February 9, 2014

Accepted February 10, 2014

ANTICANCER RESEARCH 34: 1771-1778 (2014)

1778


