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Adult T cell leukemia (ATL) is one of the most
refractory malignant hematological diseases.
Our previous studies demonstrated HTLV-1Tax
protein involvement in clinical manifestation of
the aggressive type of ATL and suggested ‘the
potential application of agents to inhibit Tax
expression for ATL treatment. In the present
study, we first examined Tax involvement in the
resistance to VP-16-induced apoptosis using four
HTLV-1 infected T cell clones and cTax DNA-
transfected cells. Next, we examined whether
cyclosporin A reduced expression of Tax and its
related transfer factors on Western blot and CAT
assay. We further investigated whether cyclo-
sporin A in combination with VP-16 can induce
apoptosis in HTLV-1 infected T cells. Tax-produc-
ing T cells, K3T and F6T, were resistant to VP-16
induced growth inhibition compared with that of
the nonproducing cells, S1T and Su9T01. Experi-
ments using S1T and Tax-expressing cDNA-
transfected S1T demonstrated Tax-induced
resistance to VP-16 induction of apoptosis by
DNA ladder formation. Cyclosporin A reduced

Tax expression in K3T by Western blot analysis

and on CAT assay, showing maximal reduction of
61% and 60% compared to control culture using
LTR CAT transfected Jurkat cells and K3T cells,
respectively. Cyclosporin A also reduced the
nuclear expression of two Tax-related transfer
factors, ATF-1 and ATF-2 on Western blot. Cyclo-
sporin A alone did not show any cytotoxicity by
itself, but sensitized cells to VP-16 when com-
bined with VP-16. Cyclosporin A may be a useful
anti-ATL agent when combined with other anti-
cancer agents possibly related to Tax inhibition.
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INTRODUCTION

Adult T-cell leukemia (ATL) is a malignant disease of
CD4-positive T cells associated with human T-cell
lymphotropic virus type 1 (HTLV-1) infection [Yoshida
et al., 1982; Seiki et al., 1983, 1984]. In contrast to many
other RNA tumor viruses, HTLV-1 lacks a classical
oncogene [Seiki et al., 1983, 1984]. The mechanism of
CD4 T-lymphocyte transformation by HTLV-1 has not
yet been identified. Recently, attention has focused on
the oncogenic potential of Tax protein of HTLV-1.
A recent study by Hasegawa et al. [2006] reported the
thymus-derived leukemia-lymphoma in mice trans-
genic for Tax gene. Therefore, it is very likely that Tax
protein is very related to ATL development in HTLV-1
carriers. Tax protein serves as a potent transcriptional
activator of its own long terminal repeat (LTR) as well as
select cellular growth related genes [Sodroski et al.,
1984; Incue et al., 1986; Maruyama et al., 1987;
Siekevitz et al., 1987; Fujii et al., 1988]). Tax activation

Grant sponsor: Japanese Ministry of Health, Labour and
Welfare (partial support to NA); Grant sponsor: Kagoshima
University for Frontier Science Research Center Program (partial
support to NA).

*Correspondence to: Naomichi Arima, Division of Host
Response, Center for Chronic Viral Diseases, Kagoshima Uni-
versity Graduate School of Medical and Dental Sciences, Sakur-
agaoka 8-35-1, Kagoshima 890-8544, Japan.

E-mail: nao@m2.kufm kagoshima-u.ac.jp

Accepted 9 August 2007

DOI 10.1002/jmv.21028

Published online in Wiley InterScience
(www.interscience.wiley.com)

@WILEY .
InterScience®

OISCOVER SOMETHING GREAT




Cyclosporin A Inhibits HTLV-I Tax Expression

of the LTR and these growth-related genes involves the
transfer factor ATF/TREB and nuclear factor xB (NF-
kB), respectively [Ballard et al., 1988; Leung and Nabel,
1988; Ruben et al., 1988; Hai et al., 1989; Kieran et al.,
1990; Yoshimura et al., 1990].
_ Clinical features of ATL are characterized by hetero-
geneity described as smoldering, chronic, acute, and
lymphoma types [Uchiyama et al., 1977; Shimoyama,
1991). Acute and lymphoma types are categorized into
aggressive ATL and are still very refractory to conven-
tional chemotherapies [Uozumi and Arima, 2005]. In a
previous study, we demonstrated that HTLV-1 Tax
protein induces part of the clinical manifestations of
acute type ATL through a nuclear transfer factor, NF-
kB [Arima et al., 1999]. Particularly, Tax protein
induces activation of cellular genes including growth
related cytokines or its receptors such as IL-2, IL-2
receptor, and IL-6, via Tax activation of NF-xB and
other nuclear factors [Arima et al., 1999]. Therefore, any
method of inhibiting the Tax protein could be a
potentially useful therapy for acute type ATL and
probably for lymphoma type, another refractory type.
Cyclosporin A, one of calcineurin inhibitors, is well
known as an immune suppressant that inhibits cytokine
production and T cell activation [Kronke et al., 1984;
Liu, 1993]. Thinking together with Tax—NF-xB path-
way activation of growth related cytokine genes, these
findings suggest that cyclosporin A also affects the ATL
tumor cell itself. Further, the very recent success of
allogenic stem cell transplantation for ATL has pro-
moted the frequent usage of cyclosporin A to control
graft versus host diseases [Utsunomiya et al., 2001;
Okamura et al., 2003]. Under such circumstances, the
question of whether cyclosporin A affects the growth of
tumor cells or function of anti-cancer agents for ATL is
very significant. In the present study, we examined
whether cyclosporin A can inhibits HTLV-1 Tax pro-
duction in HTLV-1-infected T cell clones and further if
cyclosporin A can be used in treatment for ATL
particularly Tax-related refractory type ATL.

MATERIALS AND METHODS

HTLV-1 Infected Cell Lines, and
the Tax-Transfected Cell Line

HTLV-1 infected T cell lines (F6T, K3T, S1T, Su9T01)
were established in our laboratory from peripheral blood
mononuclear cells of ATL patients [Arima et al., 1991].
F6T and K3T cells are Tax producers, whereas S1T and
Su9T01 cells are non-producers. The S1T cTax-neo
clones consist of S1T cells stably transfected with zax
and neomycin resistant gene expressing vector
pcTaxWT, which contains wild-type tax ¢cDNA and a
neomycin-resistant gene in a construct [Kieran et al.,
1990] by the electroporation method [Wano et al., 1988].
Viable cells in medium containing the antibiotics G418/

neomycin (Sigma, St. Louis, MO) were cloned by limit- -

ing dilution. Multiple clones were then screened for Tax
protein by in situ immunostaining and for fax mRNA by
reverse transcriptase-polymerase chain reaction. A
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clone that markedly expressed Tax protein was selected
for further study. Cells were maintained with 10% fetal
calf serum complemented RPMI 1640 medium contain-
ing antibiotics.

Cell Growth Activity by MTT Assay

Cells were cultured at a concentration of 10%/200 pl in
medium with various concentrations of cyclosporin A or
VP-16 for 72 hr in flat-bottomed micro titer plates
(Coster, Cambridge, MA). Cyclosporin A (donated by
Nippon Kayaku Co., Tokyo, Japan) was dissolved in
10 mM/L ethanol and frozen at —30°C until used. VP-16
(Etoposide, donated from Novartis Pharma Co., Tokyo,
Japan), a key drug for ATL treatment, was stored at
room temperature and diluted with medium when used.

One hundred microliter of MTT solution (5 pg/ml of
20% SDS) was added to each well and then the plates
were incubated for additional 4 hr. The plates were read
at 570 nm using a model 550 Micro Plate Reader (Bio-
Rad, Hercules, CA).

Western Blot for Tax and ATF Proteins

Whole cell lysates were prepared as described pre-
viously [Arima et al.; 2004]. The collected cells cultured
with or without various concentrations of cyclosporin A
were lysed in lysis solution [20 mM Tris pH 8.0, 150 mM
NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM phenyl-
methylsulfonyl fluoride (PMSF)]. Nuclear extract was
prepared as previously described [Stein et al., 1989].
Briefly, cells were suspended in a lysis solution [10 mM
HEPES, pH 7.9, 1 mM EDTA, 60 mM KC], 0.04% NP-40,
1 mM dithiothreitol, 1 mM PMSF]. After centrifuging,
nuclei were sedimented at 1,200g for 5 min, and
resuspended in nuclear suspension buffer (250 mM Tris
pH7.8, 60 mM KCl, 1 mM EDTA, 1 mM DTT, 1 mM
PMSF). The nuclear extract was collected after three
cycles of freezing and thawing in an ethanol-dry ice bath
and followed by centrifugation 7,000¢g for 15 min.

Western blotting was performed with NuPage TM
Electrophoresis System (Invitrogen, Carlsbad, CA).
Briefly, whole cell lysate (40 pg) was resuspended in
reduced sample buffer (Invitrogen), then electrophoresed
on a 4-12% Bis-Tris Gel with MOPS running buffer,
blotted to nitrocellulose, and sequentially probed with
mouse monoclonal antibodies against Tax [Tanaka et al.,
1995], ATF-1, ATF-2, and B-actin (Santa Cruz Biotech-
nology, Santa Cruz, CA). Horseradish peroxidase (HRP)-
conjugated anti-mouse IgG (Santa Cruz Biotechnology)
was then added, and the specific band for each antibody
was detected by autoradiography using enhanced chem-
iluminescence (ECL Plus; Amersham, Piscataway, NJ).

DNA Electrophresis Assay

The pattern of DNA fragmentation of cultured cells
was analyzed as described previously [Bullock et al.,
1993]. In brief, the cultured cells were precultured with
the agents, and DNA of the cells was extracted by the
chloroform/phenol method. DNAs were electrophoresed
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on 4% Nusieve 3:1 agarose gel as described previously.
DNA ladder was visualized by ethidium bromide.

CAT Aésay for Tax Transcription Activity

To assay Tax transcription activity/HTLV-1 long

terminal repeat (LTR), we established several reporter
cells, Jurkat LTR CAT, and K3T LTR CAT. In brief, an
HTLVL-1 LTR chloramphenicol acetyl transferase
(CAT)-expressing plasmid (Pu3R-I) with a neomycin
resistant gene was transfected to Jurkat cells and K3T
cells by electroporation [Wano et al., 1988). The reporter
cells were selected with G418 containing solution and
cloned by limiting dilution. CAT activity was assayed
according to Neumann et al. [1987]. In brief, after 24 hr
culture of cells with cyclosporin A, cell extracts were
prepared and assayed for CAT activity. All results were
normalized based on protein recovery and results
expressed as radioactivity (dpm).

The protocol of the present study has been approved
by a suitably constituted Ethics Committee of the
institution within which the work was undertaken and
that it conforms to the provisions of the Declaration of
Helskinki in 1995.

-RESULTS

VP-16 Induced Growth Inhibition of HTLV-1
Infected Cells in a Concentration-
Responsive Manner

As shown in Figure 1, VP-16 induced growth inhib-
ition of all HTLV-1 infected T cell clones tested in a
concentration-dependent manner. However, K3T and
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Fig. 1. HTLV-1 Tax inhibition of VP-16 induced the growth
inhibition in Tax-producing HTLV-1 infected T cells. Ten thousands
cells were cultured with VP-16 in 96-well flat bottom plates for 72 hr.
Growth activities of the cells were determined by the MTT assay
described in Materials and Methods. Closed circle represents F6T,
closed square K3T, open circle Su8T01, and open square S1T. Data are
expressed as mean % SD of triplicate cultures. IC50 in S1T, Su9T01,
K3T, or F6T is 0.10, 0.37, 0.65, or >3.0 pg/ml, respectively.
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F6T, Tax producers, showed resistance to VP-16
compared with Su9T01 and S1T, Tax nonproducers.
These findings suggest that HTLV-1 Tax protein
inhibits VP-16 induction of cell growth inhibition.

Tax Involved Resistance Against VP-16
Induced Apoptosis :

To examine whether Tax is responsible for this
resistance to VP-16, we used Tax-expressing DNA-
transfected S1T cells that were previously established
in our laboratory. As shown in Figure 2, VP-16 induced
growth inhibition in SIT and S1Tneo at a lower
concentrationthan thatin S1TcTax cell. Next, to examine
whether the apoptosis is involved in the VP-16 induced
cell growth inhibition and whether Tax protein induces
the resistance to VP-16, we performed DNA ladder
formation. Figure 3 shows that VP-16 induces the DNA
ladder formation in SIT cell in a concentration-respon-
sive manner, and that the clear resistance to P-16 is
observed in S1Tc¢Tax cells. These findings show that VP-
16 induces apoptosis in S1T cell and that HTLV-1 Tax
protein induces the resistance to VP-16.

Cyclosporin A Inhibits Tax and ATF
Expression in HTLV-1 Infected Clones

Previous studies including ours demonstrated that
HTLV-1 Tax protein is responsible for refractoriness to

. conventional chemotherapies or aggressiveness of this

disease [Arima et al., 1999; Arima and Tei, 2003]. These
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Fig. 2. HTLV-1 Tax iphibition of VP-16 induced the growth
inhibition in Tax cDNA-transfected S1T cells. Ten thousand cells were
cultured with VP-16 in 96-well flat bottom plates for 72 hr. Growth
activities of the cells'were determined by the MTT assay described in
Materials and Methods. Closed circle represents S1T¢Tax neo cells,
open circle SIT cells, and open square S1T neo cells. Data are expressed
as mean + SD of triplicate cultures. IC50 in S1T, S1T neo, or S1TcTax
neo is 0.059, 0.052, or 0.122 pg/ml, respectively. There are significant
differences between S1T and S1TcTax neo (P < 0.01) and between S1T
neo and S1TcTax neo (P < 0.01 by student’s t-test).
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Fig. 3. HTLV-1 Tax inhibition of VP-16 induced DNA ladder
formation in S1T ¢Tax DNA-transfected S1T cells. The cells were
precultured with various concentrations of VP-16 as described in
Materials and Methods, and DNA was extracted by the chloroform/
phenol method. DNA samples were electrophoresed on 4% Nusieve 3:1
agarose gel and visualized by ethidium bromide.

findings suggest that Tax expression is one of the
therapeutic targets in ATL. Next, we performed West-
ern blot to examine whether cyclosporin A inhibits Tax
expression of Tax-producing HTLV-1 clone, K3T. As
shown in Figure 4A, cyclosporin A clearly reduced Tax
expression in a concentration-responsive manner.
The reduction of Tax expression was seen from 0.1 pM
cyclosporin A at lowest concentration of the agent.
This concentration is consistent with pharmaco-
logical concentration in plasma. Further, we examined
whether cyclosporin A reduces nuclear transfer factors,
ATF-1 and ATF-2 expression in the nuclei of K3T cells.
As shown in Figure 4B, cyclosporin A inhibited ATF-1
and ATF-2 expression in the nucleus, which is probably
responsible for Tax expression. Next, we confirmed and
estimated quantitatively Tax inhibition of cyclosporin A
using K3T and Jurkat cells transfected with HTLV-1
LTR CAT DNA. Figure 5A demonstrates the inhibitory
effect of cyclosporin A on CAT activity of K3T LTR CAT
cell at a minimal concentration of 0.1 pM. Cyclosporin A
showed a maximal 61% inhibition compared to eontrol
culture at a concentration of 0.5 uM in K3T LTR CAT
cells. We also examined the cyclosporin A inhibitory
effect on Tax expression in Jurkat T cells transfected
with a HTLV-1 LTR CAT construct, Jurkat LTR CAT
cells. Figure 5B also demonstrated a maximal 60%
inhibition compared to control culture at concentrations

" ranging from 0.1 to 2 UM, indicating that this inhibition
is not specific to K3T cells. These findings further
suggest that cyclosporin A in combination with VP-16
induced apoptosis in ATL cells.

Cyclosporin A Sensitizes HTLV-1 Tax
Producing Cells to VP-16

These findings rise a possibility that cyclosporin A
sensitizes cells to VP-16 via reduction of Tax expression.
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To examine whether cyclosporin A in combination with
VP-16 sensitizes cells to VP-16, we compared the
sensitivity of Tax-producing HTLV-1 cells to VP-16 in
the presence of 0.5 uM cyclosporin A by MTT assay. As
shown in Figure 6, cyclosporin A significantly sensitized
the cell to VP-16.

.DISCUSSION

Among four clinical types of ATL, lymphoma and
acute types are very aggressive and refractory to
conventional chemotherapies. Many protocols were
tried for the aggressive types, but ended in unsatis-
factory results. The best of these protocolsis the LSG-16
protocol by the Japanese Clinical Oncology Group
(JCOG-LSG), although median survival time is only
13 months and the 5-year survival is 17.5% [Yamada
et al., 2001]. Several factors are responsible for the poor
prognosis of ATL; the advanced age of the patients,
organ infiltration by tumor cells, immune dysfunction,
and multi-drug resistance of tumor cells. Many studies
have demonstrated a worse prognosis among elderly
patients with hematological malignancies [Arimitage
et al., 1989; Gisselbrecht et al., 1998]. The mean onset
age of ATL patients during the recent 10-year period at
our institute has been 62.9 years old with a range from
41 to 89 [Matsushita et al., 1999]. Generally, elderly
people have dysfunctions of various organs, and the
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Fig. 4. Cyclosporin A inhibition of Tax protein expression (A), ATF-
1, and ATF-2 expression (B). One million K3T cells were cultured with
various concentrations of cyclosporin A for 3 days and whole cell lysates
were extracted as described in Materials and Methods. The whole cell
lysates (40 pg) for Tax and actin or nuclear extracts (15 pg) for ATF-1,
ATF-2, and Histon were resuspended in reduced sample buffer
(Invitrogen), then electrophoresed on a 4-12% Bis-Tris Gel with
MOPS running buffer, blotted to nitrocellulose, and sequentially
probed with mouse monoclonal antibodies against Tax, ATF-1, ATF-
2, B-actin, and Histon H1. Horseradish peroxidase (HRP)-conjugated
anti-mouse IgG was then added, and the specific band for each antibody
was detected by autoradiography using enhanced chemiluminescence
as described in Materials and Methods.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 5. Cyclosporin A inhibition of CAT activity in K3T cells (A) or
Jurkat cells (B) transfected with HTLV-1 LTR CAT construct. After
24 hr culture of cells with various conecentrations of cyclosporin A, cell
extracts were prepared and assayed for CAT activity as described in
Materials and Methods. All results were normalized based on protein
recovery and results were expressed as percentage of radioactivity. All
cultures with cyclosprin A were significantly lower than that without
cyclosporin A (P<0.05% by student’s i-test) in either cells. No
significant difference was seen between any cultures with the agent
in either cell.
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Fig. 6. Cyclosporin A sensitization of VP-16 growth inhibition of
HTLV-1 Taz-producing cells. Ten thousand K3T cells were cultured
with VP-16 in the presence (closed circle) or absence (cpen circle) of
0.5 uM cyclosporin A in 96-well flat bottom plates for 72 hr. The cell
growth activities were determined by MTT assay as described in
Materials and Methods. Data are expressed as mean + SD of triplicate
cultures. IC50 with or without cyclosporin A is 0.62 or 0.41 pg/ml,
respectively (P < 0.05 by student’ ¢-test).
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intense chemotherapies are often interrupted due to the
toxicities of these drugs in elderly people. The inter-
ruption of chemotherapy is a major factor in the
refractoriness of ATL.

Tumor cell infiltration into organs promotes organ
dysfunction and worsens the prognosis. Recent studies
have demonstrated that adhesion molecules are consid-
ered responsible for infiltration into skin or other organs
in ATL. Many studies demonstrated the involvement of
lymphocyte function-associated antigen-1 (LFA-1), E-
selectin, sialyl Lewis X antigen (Slex), ICAM-1, and
LFA-3in tumor infiltration into skin and other organs in
ATL [Ishikawa et al., 1993; Furukawa et al., 1994].
Several adhesion molecules are shown to be related to
HTLV-1 Tax expression [Tanaka et al., 1995; Hiraiwa
et al., 1997]. L-selectin, which mediates the initial step
of leukocyte adhesion to vascular endothelium, is also
transactivated by HTLV-1 Tax in fresh leukemia cells of
ATL [Takewaki et al., 1995]. These findings demon-
strate that tumor cell infiltration is caused by HTLV-1
Tax at least in part and that refractoriness or a worse

. prognosis is caused by HTLV-1 Tax as a result.

Marked dysfunction of cellular immunity in ATL
patients has been reported [Hamaoka, 1992]. Fatal lung
infection is reported in more than 80% of infections in
ATL [Yoshioka et al., 1985]. Dysfunction of T cell or
dendritic cell is considered partly responsible for the
fatal infections in ATL. The immune dysfunction in ATL
is also likely related to cytokines at least in part. At
present, cytokines such as interleukin-1ea (IL-1a), IL-1B,
IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-15, transforming
growth factor-p (TGF-B), tumor necrosis factor « (TNF-
o), granulo-monocyte-colony stimulating factor (GM-
CSF), G-CSF, and parathyroid hormone related peptide
(PTHrP) have been shown to be produced spontaneously
in HTLV-1-infected T-cells or primary ATL cells {Arima,
1997]. Among them, overexpression of TGF-B is consid-
ered to promote immune suppression [Huang and Lee,
2003]. The second candidate for an immune suppressive
cytokine-related substance is soluble IL-2 receptor «
(sIL-2Ra). IL-2 is a major cytokine produced by T cells
and activates T cell functions [Morgan et al., 1976;
Taniguchi et al., 1983]. High concentration of sIL 2Ro
promotes dysfunctlon of normal T cells via binding to
and inactivating of IL-2.

Resistance to anti-cancer drugs is also a major cause of
treatment failure in ATL. Several mechanisms of
multidrug resistance have been demonstrated, such as
p-glycoprotein, multidrug-resistance protein (MDR1),
multidrug-resistance-associated protein (MRP) 1-5
[Borst et al., 2000], and lung resistance-related protein
(LRP) [Scheper et al., 1993]. Recently, Lau et al. [1998)
demonstrated that Tax protein induces MDR1 gene
expression in ATL cells. We recently demonstrated that
ATL cells acquired resistance to DXR, VP-16, and
vindesine in association with LRP expression, and that
LRP mRNA is induced by HTLV-1 Tax expression
[Sakaki et al., 2002].

Another mechanism of Tax-related deterioration
of prognosis is the dysfunction of cell cycle regulation.
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Tax-related escape from negative cell cycle regulation or
apoptosis induction in ATL cells is shown at two levelsin
either p53 or pl6. One level is functional inactivation
of the p53 protein by Tax binding to p53 [Mulloy et al.,
1998; Pise-Masison et al., 1998]. Another level is p53
gene mutation; Sakashita et al. [1992] demonstrated
that more than 50% of p53 genes in ATL cells were
mutants. These two mechanisms also exist in pl6
[Suzuki et al., 1996]. The gene alterations of p16 and
p53 are suggested to be caused by Tax-induced dysfunc-
tion of the DNA repair system; inhibition of DNA-8
polymerase expression [Jeang et al., 1990). These
.findings strongly suggest that the Tax protein is also
related at least in part to ATL resistance to conventional
chemotherapies. Therefore, the Tax protein could be one
of the targets of treatment for ATL.

Cyclosporin A was originally known as an intensive
immune suppressant in organ transplantation medi-
cine [Schreiber, 1991). Cyclosporin A is a representa-
tive immunophilin, and conforms a complex with a
cyclophiline. The complex binds a calcineurin and
inhibits its dephosphorylation, resulting in inhibiting
translocation of nuclear transfer factors of NF-AT and
NF-xB. The inhibition of NF-AT and NF-xB nuclear
translocation causes the inhibition of cytokine produc-
tion such as IL-2, IL-5, IFNy, and TNFqa, and suppres-
sion of T and B cell function as a result [Schreiber,
1991]. At present, cyclosporin A is widely used for
treatment of autoimmune diseases and GVHD in stem

cell transplantation for malignant hematological dis-

eases including ATL as a strong immune suppressant.

The precise molecular basis of the relation between
cyclosporin A and HTLV-1 Tax remains unclear. In the
present study, we first demonstrated that cyclosporin A
inhibits Tax protein expression in a Tax-producing
HTLV-1 infected T cell clone by Western blot. Further,
we demonstrated that a pharmacological concentration
of this agent reduced Tax production almost 40% on
HTLV-1LTR CAT assay. HTLV-1 Tax protein increases
the rate of transcription from the HTLV-1 promoter
[Felber et al., 1985]. The HTLV-1 promoter contains
three copies of a 21-bp repeat, called the Tax-responsive
element (TRE). Recently, cDNAs encoding the Tax-
responsive element binding proteins (TREB) were
cloned [Yoshimura et al.,, 1990], and two binding
proteins, TREB7 and TREB36, which are essential for
HTLV-1 promoter function were demonstrated to be the
same as previously reported nuclear transfer factors,
ATF-2 and ATF-1, respectively [Hai et al.,, 1989;
Yoshimura et al., 1990]. ATF is known as a-member of
CREB/ATF family. At present, it is considered that Tax
acts as a transcription activator through forming a
complex with ATF and binding TRE in LTR, resultingin
Tax production. These findings demonstrate that there
exists a positive regulatory loop between Tax protein
and ATF activation and cyclosporin A disrupts this
positive regulatory loop as a result. Cyclosporin A
inhibition of NF-xB and NF-AT activation is mediated
by forming a complex with cyclophiline and inhibiting
the calcineurin dephosphorylation of the nuclear factors
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by the complex as indicated above. It is possible that
cyclosporin A inhibits ATF activation through a mech-
anism shared with these two nuclear factors. If it is the
case, cyclosporin A would inhibit at least three nuclear
factors, NF-AT, NF-xB, and additionally ATF. Interest-
ingly, a recent study suggested the involvement of
HTLV-1 encoded protein p12' in interaction between
cyclosporin A and Tax expression. Albrecht et al. [2002]
demonstrated that HTLV-1 p12! causes an increase in
the release of calcium from the endothelial reticulum
and leads to activation of calcineurin, dephosphoryla-
tion of cytosolically retained NF-AT and activation of
NF-AT. These findings also suggest that cyclosporin A-
induced reduction of ATF activation causes reduction of
HTLV-1 pl12' expression as well as HTLV-1 Tax
expression, consequently inhibiting NF-xB, NF-AT,
and ATF. If it is the case, cyclosporin A would initiate
a negative regulatory loop involving HTLV-1 Tax, p12,
and ATF. _

The present study also demonstrated a higher
sensitivity to VP-16 induced apoptosis in the presence
of cyclosporin A. Cyclosporin A alone was not cytotoxic to
HTLV-1 infected T cell clone, but sensitized the cell to
VP-16 induced apoptosis. NF-xB has been demonstrated
to act as an inhibitor of apoptosis induction [Kawakami
et al., 1999]. Therefore, inhibition of NF-xB by cyclo-
sporin A may be responsible for this effect on apoptosis
induction. As indicated above, Tax protein causes drug
resistance to ATL treatment via several mechanisms;
activation of drug-resistance-related genes and growth-
related cytokine or cytokine receptor genes. Cyclosporin
A induced higher sensitivity to VP-16 may be involved in
the reduction of Tax protein via Tax-related drug
resistance including reduction of multi-drug resistance
gene expression. However, recent studies by Gary [2003]
have suggested that drug-resistance involves several
mechanisms in addition to the multi-drug resistance.’
Qadir et al. [2005] demonstrated that eyclosporin A acts
as a broad-spectrum multi-drug resistance modulator.
These findings suggest that complex mechanisms or
pathways are involved in cyclosporin A-related reduc-
tion of drug-resistance in HTLV-1 infected T cells. Tax
unrelated mechanisms maybe also included. Although
we have not examined all possibilities in drug resistance
mechanisms in our HTLV-1 infected T cells, the present
study demonstrated that cyclosporin A induces higher
sensitivity to VP-16 viareduction of HTLV-1 Tax protein
expression, at least in part. .

In the present study, we demonstrated that cyclo-
sporin A inhibits HTLV-1 promoter activity resulting in
reduction of Tax protein expression. Since HTLV-1 Tax
acts as a transactivator of many growth-related cellular
genes and is clinically related to disease aggressiveness,
it could be a target for ATL treatment. Cyclosporin A
reduction of Tax expression may contribute to ATL
treatment in two ways. One is sensitizing anti-tumor
effect of VP-16, while the other is the anti-Tax effect
itself in inactivating the ATL cells. In fact, cyclosporin A
is widely used for GVHD treatment in allo-stem cell
transplantation in ATL. Cyclosporin A may decrease the
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frequent relapse of this malignancy by inhibition of
HTLV-1 Tax expression. Clinical trials that include
cyclosporin A for ATL treatment should be coriducted.
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