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Abstract

Human T-cell lymphotropic virus type 1 (HTLV-1)-associated adult T-cell leukemia/lymphoma (ATLL) has a poor prognosis owing to its intrinsic
resistance to chemotherapy. Although zidovudine (AZT) and alpha interferon (IFN-o) give rise to some response and improve the prognosis of
ATLL, alternative therapies are needed. Arsenic trioxide (As,0O3) has been shown to synergize with IFN-« in arresting cell growth and inducing
apoptosis of ATLL cells in vitro. In this study, we evaluated the toxicity and the efficacy of this combined treatment in HTLV-1-infected squirrel
monkeys (Saimiri sciureus) and HTLV-1 infected cell lines derived therefrom. We first show that treatment with As,O3; and IFN-a can induce
growth arrest in HTLV-1-transformed monkey T-cell lines in vitro. We then show that treatment of squirrel monkeys with As,O3 in vivo is highly
toxic at 0.9 or 0.3 mg/day but not at 0.14 mg/day for up to 2 weeks. Although the combination of As,0O3 and IFN-a did not affect significantly the
HTLV-1 proviral load in infected monkeys, it reduced the absolute numbers of CD3*, CD4* and CD8* cells during treatment, with a significant

reduction in the total number of circulating HTLV-1 flower cells in the infected monkeys with chronic ATLL-like disease.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Human T-cell lymphotropic virus type 1 (HTLV-1) is the
causative agent of adult T-cell leukemia/lymphoma (ATLL)
(Yoshida et al., 1984). ATLL is an aggressive lymphoid pro-
liferation that was originally described about three decades ago.
The serum of ATLL patients contains antibodies to HTLV-1
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(Hinuma et al., 1982), and the HTLV-1 provirus is clonally
integrated into ATLL cells (Tsukasaki et al., 1997). As the
clinical features of ATLL are diverse, four clinical subtypes
have been defined: an acute form, a chronic form, a smolder-
ing form and a lymphoma form. Treatment of patients with the
chronic and smoldering forms with conventional chemother-
apy is associated with the exacerbation of the cell-mediated
immune deficiency and with opportunistic infections, with little
benefit on survival, if any (Nakada et al., 1987; Shimoyama,
1991). In general, the anti-ATLL treatment has little or no
benefit. In particular, it does not prevent the transformation
towards aggressive ATLL. However, the combination of zidovu-
dine (AZT) and interferon-a (IFN-o) may increase the immune
function (Hermine et al., 1995). Promising results were also
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reported with the use of unlabelled or radiolabelled anti-IL-
2R monoclonal antibodies (Waldmann et al., 1993). Never-
theless, new alternatives that would act by different mecha-
nisms, targeting the HTLV-1 or the viral oncoprotein Tax, or
secondary genetic events (Tax-dependent or -independent), are
needed.

Arsenic trioxide (AsyO3) is an effective treatment for acute
promyelocytic leukemia (Soignet et al., 1998). Bazarbachi et
al. (1999) demonstrated that As,O3 synergizes with IFN-a
to induce cell cycle arrest and apoptosis in HTLV-1-infected
and fresh ATLL cells. These chemicals act through two dis-
tinct events: a rapid shut-off of the NF-kB pathway induced
by arsenic-triggered stabilization of IkBs, and a delayed
arsenic/IFN-triggered shut-off of cell cycle-associated genes,
secondary to Tax degradation by the proteasome (El-Sabban
et al., 2000; Nasr et al., 2003). Furthermore, in a phase II trial
of arsenic/IFN-a in seven patients with relapsed or refractory
ATLL (four acute and three lymphoma), four patients had a
clear initial response (one complete remission and three par-
tial remissions), and one patient is still alive and disease-free
at 32 months (Hermine et al., 2004). These encouraging results
demonstrate that treatment of ATLL with arsenic and IFN-« is
feasible and elicits a clear anti-leukemic effect even in refrac-
tory cases. Prevention of ATLL is a difficult goal to attain
in HTLV-1-seropositive patients due to the small number of
HTLV-1 carriers who develop ATLL, the lack of predictive
factors for ATLL and the inevitable costs. It would, how-
ever, be interesting to test whether anti-retroviral drugs could
reduce the viral load and clonal expansion of infected T-cells
before the disease occurs. The HTLV-1 proviral load is thought
to be a strong predictor of disease progression (Nagai et al.,
1998; Taylor et al., 1999). Indeed, patients with tropical spas-
tic paraparesis/HTLV-1-associated myelopathy (TSP/HAM) or
adult T-cell leukemia have a higher proviral load than asymp-
tomatic HTLV-1 carriers. Thus, strategies to maintain low provi-
ral load in HTLV-1 asymptomatic carriers may prevent disease
development.

Animal models of HTLV-1 infection remain crucial to a bet-
ter understanding of the biology of viral infection, to better
describe the associated pathological manifestations, to design
therapeutic strategies and to evaluate the efficacy of vaccine
combinations. Chronic HTLV-1 infections have been obtained
in both rabbit and rat models. Transgenic mice have also been
obtained and were found to be useful for demonstrating the pres-
ence, within the viral genome, of oncogenic determinants such
as Tax (Benvenisty et al., 1992; Furuta et al., 1989; Green et
al., 1989; Yamamoto et al., 1993). Unfortunately, these systems
either only partially reflect the human pathological manifes-
tations or do not include an essential parameter, i.e. the viral
replication. Transgenics and direct HTLV-1 infection of rats
elicited various pathological manifestations (thymoma, chronic
destructive arthritis) and allowed the evaluation of the immune
response (cytotoxic activity, down-regulation of major histo-
compatibility complex class I), the assessment of therapeutic
strategies (vaccination, adoptive transfer) and the testing of var-
ious routes of infection (Ibrahim et al., 1994; Kazanji et al.,
1997a,b). Although these model systems were instructive, a

major limitation is the lack of adequacy between host and virus
specificities, especially during the acute phase of ATLL. Besides
alternative strategies based on comparative pathogenesis (i.e.
simian T-lymphotropic virus in monkeys), a non-human primate
model experimentally infected with HTLV-1 might be the clos-
est model for studying HTLV-associated pathogenesis. We have
previously shown that squirrel monkeys (Saimiri sciureus), New
World primates, are susceptible to experimental infection with
syngeneic or allogeneic HTLV-1-immortalized cells (Kazanji
et al., 1997c, 2000), and that inoculation of HTLV-1-infected
cells in these animals leads to a chronic infection. Antibodies
against HTLV-1 are detected in experimentally infected mon-
keys, and HTLV-1 provirus is detectable in their peripheral
blood mononuclear cells (PBMCs) by polymerase chain reaction
(Kazanji, 2000). Furthermore, as in human infection, HTLV-1
infection of squirrel monkey leads, after extended latent periods,
to the continuous expansion of a restricted number of abundant
HTLV-1-infected cellular clones (Mortreux et al., 2001). Fur-
thermore, we showed recently that some chronically infected
monkeys had high CD4* T-cell counts concomitantly with an
increased total lymphocyte population. In addition, a signifi-
cant proportion of these lymphocytes was infected, and flower
cells were found in the peripheral blood (Debacq et al., 2005).
The squirrel monkey thus appears to be a suitable model not
only for studying the pathogenesis of HTLV-1 infection but
also because it provides a preclinical platform to assess ther-
apeutic intervention. As we cannot evaluate the effect of such
therapy in HTLV-1 human asymptomatic carriers, we have stud-
ied here the toxicity and the efficacy of a combined therapy
with AsyO3 and IFN-a in HTLV-1-infected squirrel monkeys
(S. sciureus) and HTLV-1-infected cell lines derived there-
from.

2. Materials and methods
2.1. Drugs

Recombinant IFN-a (Roche Molecular Biochemicals, Basel,
Switzerland) and arsenic trioxide (Sigma, I'Isle d’Abeau,
France) were used at 100 units/mL and 1 pwmol/L, respectively,
as previously described (Bazarbachi et al., 1999; Mahieux et
al., 2001). Working stocks were diluted in Roswell Park Memo-
rial Institute culture medium (RPMI 1640) (Life Technologies,
Gaithersburg, MD), supplemented with 10% heat-inactivated
foetal calf serum (FCS; GIBCO-BRL).

2.2. Squirrel monkeys cell lines

EVO/1540 is a previously reported squirrel monkey HTLV-
1-transformed T-cell line (Kazanji et al., 1997c). Ssc/EBV is a
previously described squirrel monkey B-cell line transformed by
Epstein—Barr virus (Kazanji et al., 2000). These cells lines were
grown in RPMI-1640, supplemented with 10% FCS, 2mM L-
glutamine, 100 U/mL penicillin, 100 p.g/mL streptomycin and
10% recombinant interleukin-2 (Roche Molecular Biochemi-
cals, Basel, Switzerland).
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2.3. Cell proliferation and viability assay

HTLV-1- or EBV-transformed monkeys cells were cultured
in 96-well, flat-bottom microtiter plates (Nunc, Naperville, IL)
in quadruplicates. Test drugs were added at the indicated con-
centrations at the initiation of culture and then were cultured
for 60h. To measure cellular proliferation or viability, a cell
proliferation—viability kit (XTT; Roche, Molecular Biochemi-
cals, Basel, Switzerland) was used. In this assay, tetrazolium salt
XTTis cleaved to form an orange formazan dye by metabolically
active cells (Mahieux et al., 2001). This dye is quantified directly
on an enzyme-linked immunosorbent assay reader at 492 nm.
Three independent measures were used to calculate means of cel-
lular proliferation and standard error means (S.E.M.). p-Values
were obtained using the statistical Student’s z-test.

2.4. Animals and administration of As;O3/IFN-«o

Eight adult male squirrel monkeys (average body weight of
1kg) from the primate breeding center of the Pasteur Insti-
tute of French Guiana were used. Four monkeys had pre-
viously been intravenously inoculated with 5 x 107 monkey
HTLV-1-transformed cells, as previously described (Kazanji et
al., 1997c¢), and have been HTLV-1-seropositive for 8 years,
as evidenced by a positive anti-HTLV-1 serology in both
enzyme-linked immunosorbent assay (Diagnostic Biotechnol-
ogy Ltd., Singapore) and western blot (HTLV blot 2.3, Diag-
nostic Biotechnology Ltd., Singapore) techniques.

Under ketamine anesthesia, the monkeys were surgically
implanted intraperitoneally with a mini-osmotic pump (Alzet,
Cupertino, CA), which was filled under sterile conditions in
accordance with the Manufacturer’s instructions. In initial exper-
iments, we tested the toxicity of AspO3 in squirrel monkeys
at two doses, (0.9 and 0.3 mg/day) for 1 month. In the sec-
ond set of experiments, six monkeys (four HTLV-1-infected
and two controls) received a unique dose of 0.14 mg/day (total
of 2mg per monkey) for 2 weeks. A 0.1% As;O3 solution
(10 mg in 10 mL) was prepared by the pharmacy of the ‘Assis-
tance Publique-Hopitaux de Paris’ and administered through the
pumps at a mean flow rate of 2.5 wL/h. These AsyOs-treated ani-
mals also received IFN-a (Roferon-A, Roche) subcutaneously at
103 Ul/day per monkey for 2 weeks. Blood samples were taken
during and at the end of the study. All the procedures for animal
handling were performed in accordance with the regulations of
the Ethics and Animal Use Committees of the Pasteur Institute.

2.5. Pharmacokinetics and laboratory analysis

The pharmacokinetics of As;O3 were studied in all treated
monkeys. Blood samples were collected in heparinized tubes
on days 0, 3, 7, 10, 14 and 45 and the residual As,O3 concen-
trations were determined by electrothermal atomic absorption
spectrometry on a 5100 spectrometer with Zeeman effect back-
ground correction system (Perkin-Elmer, Les Ulis, France), as
previously described (Hermine et al., 2004). In order to eval-
uate the renal and hepatic toxicity of the treatment, 1 mL of
serum was used to measure uremia, and the serum levels of

creatinine, alanine and aspartate aminotransferases and alkaline
phosphatase. From heparinized tubes on days 0, 14 and 45, blood
smear were fixed with methanol and stained using Ral 555® (fast
stain of May-Griinwald Giemsa). Typical “flower cells” were
then counted (for a typical flower cell, see Fig. 4B). Means and
SEM were calculated from six different fields. p-Values were
obtained using the statistical Student’s #-test.

2.6. Cell isolation and flow cytometry

PBMCs were separated from blood containing EDTA by
sucrose density centrifugation on a Ficoll-Paque gradient
(Sigma—Aldrich Co., St. Louis, MI) and were washed three
times with phosphate-buffered saline. Lymphocyte subsets were
determined by flow cytometry analysis with a FACScan (Bec-
ton Dickinson, Mountain View, CA). The cells were then
washed with phosphate-buffered saline containing 7% normal
goat serum (Sigma—Aldrich Co.) and incubated for 30 min at
room temperature with various combinations of fluorescence-
conjugated monoclonal antibodies. The stains used through-
out the study were phycoerythrin-conjugated CD3 monoclonal
antibody (clone SP4 from BD-pharmingen), FITC-conjugated
CD4 (clone SK3 from Becton Dickinson), and polyclonal
CDS8 antibody produced in our laboratory. Anti-mouse IgG
phycoerythrin-conjugated F(ab’), fragment (Becton Dickinson)
was used as a secondary antibody to stain CD8* T-cells. Cells
were run un-gated. For analysis, lymphocyte gates were set
with CellQuest™ software (Becton Dickinson). Lymphocyte
subpopulations were calculated from the total white blood cell
values obtained in a complete blood count performed with PEN-
TRA 60 C+ (ABX Diagnostics, Montpellier, France).

2.7. HTLV-1 proviral load and T-cell clonality

High molecular weight genomic DNA was extracted from
PBMCs as previously described (Kazanji et al., 1997c). The
HTLV-1 proviral load was measured as previously reported by an
accurate, reproducible, quantitative PCR method which involves
a dual-labelled fluorogenic probe (ABI PRISM 7700 Sequence
detection system) (Mortreux et al., 2001). The lower limit of
detection of this technique is 10 copies per 1.5 x 10° PBMCs.

The clonality of HTLV-1-infected cells was assessed by
the sensitive quadruplicate elongation-mediated PCR (LMPCR)
method as described elsewhere (Cavrois et al., 1996a,b, 1998;
Leclercq et al., 1998, 1999).

3. Results

3.1. Effect of As;03 alone or in combination with IFN-« on
HTLV-1-transformed monkey cells in vitro

To investigate the effect of As;O3, alone or combined with
IFN-a, on HTLV-1-transformed squirrel monkeys cells in vitro,
we conducted a series of XTT assays, which allow measure-
ment of cellular proliferation and viability after drug treatment.
As shown in Fig. 1, the HTLV-1-transformed monkey cell line
(EVO/1540) showed a significant reduction in cell prolifera-



J.M. Heraud et al. / Antiviral Research 70 (2006) 132—139

8 EBV-transformed cell line
OHTLV-1-transformed cell line

E =0.0003

g 204 , P ,

=) p=0.0003

- r——

-

2 54 |4 —[— _ 2 <

=) p=0.0004 p=0.003

— [ | —

£ - %

] ' Al

8 104

-

f

=

(=]

=

=

1o

€ 05

<

=

z

C 00 ' : y
Buffer As,0, IFN-c As,0,/IFN-o.

Fig. 1. Sensitivity of HTLV-1 or EBV (Epstein—Barr virus)-transformed monkey
cell lines to As»O3 in combination with IFN-« in vitro. Cells were treated with
buffer control, As; O3, IFN-a, or As, O3/IFN-a for 60 h and then processed with
the XTT assay kit. Each panel represents cellular proliferation-viability by the
measurement of the orange Formazan dye in a Tetrazolium salt XTT assay (opti-
cal density (O.D.) at 492 nm). The data presented here are the mean £ S.E.M. of
three independent experiments. EBV-transformed monkey cell line were used
as HTLV-1 uninfected control cell line. The HTLV-1-transformed monkey cell
line named EVO/1540 was previously described (Kazanji et al., 1997a,b,c). Sta-
tistical analyses were performed by the Student’s #-test, and the correspondent
p-values are indicated.

tion and viability after treatment with As;O3 or As;O3/IFN-a
(»=0.0003 for both). In contrast, incubation of the cells in cul-
ture medium or with IFN-a alone had no effect. Monkey cells
transformed by Epstein—Barr virus were used as controls. Com-
parison of these two different transformed cells shows that reduc-
tion in cell proliferation and viability in the EBV-transformed
cells also occurs, but is much lower than in EVO/1540 cells after
As>03 (p=0.0004) or AsyO3/IFN-a (p =0.003) treatment.
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3.2. Pharmacokinetics and laboratory results in
AsyOjs-treated monkeys

We then tested the effect of As,O3 or AsyO3/IFN-« in
vivo. In a first series of experiments, two monkeys (94143
and 94083) were treated for 1 month with 0.9 and 0.3 mg/day
of AsyOs, respectively. As shown in Fig. 2A, high levels of
As>O3 were detected in the blood of these two animals, which
correlated with the doses received. The monkey treated with
0.9 mg/day died 3 weeks after treatment. The hematological
parameters observed in this animal at 2 weeks after initiation
of the treatment showed a severe anemia associated with leu-
copenia and thrombocytopenia. Biochemical analyses revealed
a kidney failure associated with hepatic dysfunctions (data not
shown) and histological observations at necropsy showed that
death of this monkey was the result of the arsenic toxicity. The
second monkey survived but showed similar changes in hema-
tological and biochemical parameters (data not shown) and was
sacrificed 28 days after the beginning of treatment for ethical
reasons.

In the second set of experiments, six squirrel monkeys were
used. Four (1491, 1540, 1715, 94119) were infected with HTLV-
1, and two (A025C and 94041) were used as controls. All six
monkeys received As;O3 at a dose of 0.14 mg/day for 2 weeks.
Pharmacokinetic analysis showed that As,O3 was present in
all treated animals 3 days after treatment, with the highest
blood level (0.4-0.8 pumol/L) on day 7. The As>O3 blood levels
had decreased by day 10 and became undetectable by day 45
(<0.1 wmol/L) after treatment. Treated monkeys did not show
any clinical or laboratory toxicity.

3.3. Changes in T-cell (CD3*, CD4" and CD8") counts in
HTLV--treated monkeys

Lymphocyte subpopulations (CD3*, CD4* and CD8") were
evaluated 0, 3, 7, 10, 14 and 45 days after the beginning of
treatment. As seen in Fig. 3, the absolute number of total T
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Fig. 2. Individual kinetics of blood arsenic in wmol/L during As;O3 or As;O3/IFN-a treatment. (A) Two HTLV-1 uninfected monkeys #94143 and 94083 were
treated with As;O3 at 0.9 and 0.3 mg/day, respectively, for 1 month. Animal 94143, which received the highest dose, died 21 days after the treatment, and animal
94083 was sacrificed 28 days after the treatment. (B) Blood arsenic concentrations during the 14 days of treatment and on day 45 after treatment. Four animals (1491,
1715, 1540 and 94119) were chronically infected with an HTLV-1-transformed simian cell line, and two HTLV-1 uninfected monkeys (A025C and 94041) were used
as negative controls. All monkeys were treated for 14 days with 0.14 mg/day of As;O3 (total of 2 mg per monkey over 2 weeks).
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Fig. 3. Absolute numbers of peripheral blood CD3*, CD4* and CD8* cells during AsO3/IFN-« treatment in squirrel monkeys. Four animals (1491, 1715, 1540 and
94119) were chronically infected with an HTLV-1-transformed cell line, and two uninfected monkeys (A025C and 94041) were used as negative controls. CD3*,
CD4* and CD8" cells were counted at days 0, 3, 7, 10 and 14 during treatment and at 45 days after treatment, with a cell counter and by flow cytometry.

lymphocytes (CD3") had declined rapidly by day 3 after treat-
ment began, both in HTLV-1-infected and HTLV-1 uninfected
animals. The lowest absolute number was seen 7 days after
the beginning of treatment. The absolute lymphocyte numbers
returned to normal 45 days after treatment, except in one infected
(94119) and one control animal (A025C), in which the abso-
lute number remained low. When we evaluated the changes
in CD4* and CD8* cells counts during the same period, all
animals showed decreased numbers of both cell populations
between days 0 and 7 (Fig. 3). By day 45 after the initiation
of the treatment, the two animals with low total T lympho-
cyte counts (94119 and A025C) also showed persistently low
CD4" and CD8* counts, whereas the other monkeys had normal
levels.

3.4. HTLV-1 proviral load, clonality and the presence of
flower cells in infected monkeys

To evaluate the direct effect of AsyO3/IFN-a treatment, the
HTLV-1 proviral load was evaluated in the four infected mon-
keys. As shown in Table 1, the treatment had no significant effect
on the percentage of HTLV-1-infected PBMCs evaluated at 0, 14
and 45 days after treatment. However, in animal 1491 we noted a
constant lymphocytosis (>10 x 10°/L with a CD4* phenotype)
that was associated with high proviral load. The elevated proviral
load in this animal was also correlated with the persistent pro-
liferation of a restricted number of circulating T-cell clones as
demonstrated by LMPCR analysis of HTLV-1 integration sites in
PBMC:s (Fig. 4A). These findings mirror previous observations
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Table 1
HTLV-1 proviral load before, during and after the treatment with As,O3 and
IFN-a in squirrel monkeys

Table 2
Evolution of absolute numbers of flower cells in monkey 1491 at days 0, 14, and
45 of Asp;O3 and IFN-a treatment

Monkey # % of Proviral load (days after treatment)
0 14 45
1491 6.6 +£0.9 73+£02 7.5+£09
1540 09 £+ 0.1 0.8+0.08 0.7+ 0.09
1715 42 £12 4.0+0.2 59+06
94119 0.15 £+ 0.03 ND ND

that were made during human HTLV-1 infection (Cavrois et al.,
1996b; Leclercq et al., 1998, 1999) and suggests a selection of
specific T-cells in vivo that is similar to some pre-ATLL condi-
tions (Chen et al., 1995). Furthermore, we also found abnormal
lymphocytes with convoluted nuclei (flower-like cells) in this
animal (Fig. 4B). The number of flower-like cells had declined
significantly (by 61%) (p =0.0004) by day 14 after As,O3/IFN-

Days after Absolute number of “flower Decrease in absolute number
treatment cells” (x 10%/mL of blood) of “flower cells” (%)
0 1.19£0.33 0
14 0.46+0.10 61 (p=0.0004)
45 0.84+0.24 29 (p=0.058)

For the “flower cells” values, data presented here are the mean &+ S.E.M. for six
different countings. Statistical analysis was performed by a Student’s #-test.

a treatment and returned to the pretreatment level following
suspension of the drugs (Table 2).

4. Discussion

In this study, we have shown that treatment with As;O3 in
combination with IFN-« induces growth arrest and apoptosis in a
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Fig. 4. Molecular and cellular pattern of a monkey affected by an ATL-like disease. (A) Quadruplicate LMPCR analysis of HTLV-1 integration sites in DNA
sample from 1491 experimentally infected squirrel monkey. M, molecular weight marker (positions are indicated in base pairs). (B) A flower cell from the same
1491 HTLV-1-infected monkey (arrow) as visualized under the light microscope. Blood smears were fixed with methanol and stained using Ral 555® (fast stain of

May-Griinwald Giemsa).
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monkey cell line transformed by HTLV-1 in vitro. These results
confirm previous reports on the efficacy of AsyO3/IFN-a on
human HTLV-1-transformed cells and on fresh ATLL leukemia
cells in vitro. Thus, as in humans, AsyO3 in combination with
IFN-a killed HTLV-1-transformed simian cells, possibly via
the Tax down-regulation and the reversal of NF-kB activation
(Bazarbachi et al., 1999; El-Sabban et al., 2000; Li and Gaynor,
1999; Mahieux et al., 2001; Nasr et al., 2003).

We also showed a beneficial effect of AspO3/IFN-« treat-
ment in vivo in a non-human primate model of HTLV-1 infec-
tion. Although no significant reduction in the proviral load was
observed, As; O3/IFN-a treatment significantly reduced the total
number of circulating HTLV-1 flower cells. This was associated
with a significant reduction in the absolute numbers of CD4*
and CD8* cells. We showed previously in this model that HTLV-
1-infected animals develop an anti-Tax and anti-Env cytotoxic
response that can be detected 2 months after infection and remain
thereafter (Kazanji et al., 2000). A similar CTL response was
also detected in TSP/HAM patients as well as in asymptomatic
HTLV-1 carriers. Several authors have suggested that this anti-
Tax CTL plays a major role in controlling HTLV-1 replication
(Bangham, 2000). We previously demonstrated that PBMCs,
spleen and lymph nodes are major reservoirs for HTLV-1 dur-
ing the early phase of infection in our squirrel monkey model
of HTLV-1 infection (Kazanji et al., 2000). Hence, elimination
of CD8* cells by As;O3/IFN-« treatment in squirrel monkeys
could stimulate the viral replication in the various lymphoid
organs that represent the major reservoir of the virus. This might
increase viral production and therefore result in expansion of the
number of newly infected cells. Given the fact that AZT prevents
cells from being infected with HTLV-1 in vitro, treatment based
on a combination of AsyO3 and AZT might be expected to induce
cell death in HTLV-1-infected cells and prevent new infection.

Interestingly, in our study, a significant reduction in HTLV-1
flower cells was observed in one animal in which permanent lym-
phocytosis and circulating polyclonal HTLV-1-infected clones
had been previously reported (Mortreux et al., 2001). Bazarbachi
et al. (1999) have reported that the As»O3/IFN-a combination
specifically induces the degradation of the viral oncoprotein
Tax by the proteasome, resulting in reversal of NF-kB activa-
tion. Proteasome-mediated degradation of Tax by arsenic/IFN is
reminiscent of the proteasome-mediated degradation of PML-
RAR by arsenic in acute promyelocytic leukemia. Nevertheless,
expression of Tax in ATLL patients is controversial. It has been
reported that Tax-specific CTLs are responsible for continuous
clearance of Tax-expressing cells in vivo (Hanon et al., 2000),
and the existence of Tax-specific CTLs has also been demon-
strated in ATLL patients, strongly suggesting Tax expression in
at least some ATLL cells (Arnulf et al., 2004). Thus, degrada-
tion of the Tax oncogene might be the basis of the therapeutic
response, as is also attested by reversal of NF-kB activation by
AsyO3/IFN-« in fresh ATLL leukemia cells.

Future studies should evaluate the use of intermittent admin-
istration of arsenic (to diminish toxicity) and the best timing for
arsenic therapy: frontline with AZT or IFN-« or later as mainte-
nance therapy in combination with AZT or IFN-a. These results
strengthen the concept of oncogene-targeted cancer therapy.

Acknowledgements

We thank E. Francisot for technical help. We also thank the
Association pour la Recherche contre le Cancer (programme
ARECA, ARC #7590, ARC #5700 and ARC #4781), the Min-
istry of Research (Programme de Recherche fondamentale en
Microbiologie des Maladies Infectieuses et Parasitaires) and the
Virus Cancer Prevention association for financial support. J.-
M. Héraud was a recipient of a fellowship from the Fondation
pour la Recherche Médicale, the Région Guyane and the Pasteur
Institute Network fellowship program. R. Mahieux is supported
by INSERM.

References

Arnulf, B., Thorel, M., Poirot, Y., Tamouza, R., Boulanger, E., Jaccard, A.,
Oksenhendler, E., Hermine, O., Pique, C., 2004. Loss of the ex vivo but
not the reinducible CD8+ T-cell response to Tax in human T-cell leukemia
virus type l-infected patients with adult T-cell leukemia/lymphoma.
Leukemia 18, 126-132.

Bangham, C.R., 2000. The immune response to HTLV-I. Curr. Opin.
Immunol. 12, 397-402.

Bazarbachi, A., El-Sabban, M.E., Nasr, R., Quignon, F., Awaraji, C., Ker-
sual, J., Dianoux, L., Zermati, Y., Haidar, J.H., Hermine, O., de Thé,
H., 1999. Arsenic trioxide and interferon-alpha synergize to induce cell
cycle arrest and apoptosis in human T-cell lymphotropic virus type I-
transformed cells. Blood 93, 278-283.

Benvenisty, N., Ornitz, D.M., Bennett, G.L., Sahagan, B.G., Kuo, A., Cardiff,
R.D., Leder, P., 1992. Brain tumours and lymphomas in transgenic mice
that carry HTLV-I LTR/c-myc and Ig/tax genes. Oncogene 7, 2399-2405.

Cavrois, M., Gessain, A., Wain-Hobson, S., Wattel, E., 1996a. Proliferation
of HTLV-1 infected circulating cells in vivo in all asymptomatic carriers
and patients with TSP/HAM. Oncogene 12, 2419-2423.

Cavrois, M., Leclercq, I., Gout, O., Gessain, A., Wain-Hobson, S., Wat-
tel, E., 1998. Persistent oligoclonal expansion of human T-cell leukemia
virus type l-infected circulating cells in patients with Tropical spastic
paraparesis/HTLV-1 associated myelopathy. Oncogene 17, 77-82.

Cavrois, M., Wain-Hobson, S., Gessain, A., Plumelle, Y., Wattel, E., 1996b.
Adult T-cell leukemia/lymphoma on a background of clonally expand-
ing human T-cell leukemia virus type-1-positive cells. Blood 88, 4646—
4650.

Chen, Y.X., Ikeda, S., Mori, H., Hata, T., Tsukasaki, K., Momita, S., Yamada,
Y., Kamihira, S., Mine, M., Tomonaga, M., 1995. Molecular detection of
pre-ATL state among healthy HTLV-1 carriers in an endemic area of
Japan. Int. J. Cancer 60, 798-801.

Debacq, C., Heraud, J.M., Asquith, B., Bangham, C., Merien, F., Moules, V.,
Mortreux, F., Wattel, E., Burny, A., Kettmann, R., Kazanji, M., Willems,
L., 2005. Reduced cell turnover in lymphocytic monkeys infected by
human T-lymphotropic virus type 1. Oncogene 24, 7514-7523.

El-Sabban, M.E., Nasr, R., Dbaibo, G., Hermine, O., Abboushi, N., Quignon,
F., Ameisen, J.C., Bex, E., de Thé, H., Bazarbachi, A., 2000. Arsenic-
interferon-alpha-triggered apoptosis in HTLV-I transformed cells is asso-
ciated with tax down-regulation and reversal of NF-kappa B activation.
Blood 96, 2849-2855.

Furuta, Y., Aizawa, S., Suda, Y., Ikawa, Y., Kishimoto, H., Asano, Y., Tada,
T., Hikikoshi, A., Yoshida, M., Seiki, M., 1989. Thymic atrophy charac-
teristic in transgenic mice that harbor pX genes of human T-cell leukemia
virus type L. J. Virol. 63, 3185-3189.

Green, J.E., Begley, C.G., Wagner, D.K., Waldmann, T.A., Jay, G., 1989.
Trans activation of granulocyte-macrophage colony-stimulating factor and
the interleukin-2 receptor in transgenic mice carrying the human T-
lymphotropic virus type 1 tax gene. Mol. Cell. Biol. 9, 4731-4737.

Hanon, E., Hall, S., Taylor, G.P.,, Saito, M., Davis, R., Tanaka, Y., Usuku,
K., Osame, M., Weber, J.N., Bangham, C.R., 2000. Abundant tax protein
expression in CD4+ T cells infected with human T-cell lymphotropic



J.M. Heraud et al. / Antiviral Research 70 (2006) 132—139 139

virus type I (HTLV-I) is prevented by cytotoxic T lymphocytes. Blood
95, 1386-1392.

Hermine, O., Bouscary, D., Gessain, A., Turlure, P., Leblond, V., Franck,
N., Buzyn-Veil, A., Rio, B., Macintyre, E., Dreyfus, F., Bazarbachi, A.,
1995. Brief report: treatment of adult T-cell leukemia-lymphoma with
zidovudine and interferon alfa. N. Engl. J. Med. 332, 1749-1751.

Hermine, O., Dombret, H., Poupon, J., Arnulf, B., Lefrere, F., Rousselot, P.,
Damaj, G., Delarue, R., Fermand, J.P., Brouet, J.C., Degos, L., Varet,
B., de Thé, H., Bazarbachi, A., 2004. Phase II trial of arsenic triox-
ide and alpha interferon in patients with relapsed/refractory adult T-cell
leukemia/lymphoma. Hematol. J. 5, 130-134.

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., Hanaoka, M., 1982. 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.

Ibrahim, F., Fiette, L., Gessain, A., Buisson, N., de Thé, G., Bomford, R.,
1994. Infection of rats with human T-cell leukemia virus type-I: suscep-
tibility of inbred strains, antibody response and provirus location. Int. J.
Cancer 58, 446-451.

Kazanji, M., 2000. HTLV type 1 infection in squirrel monkeys (Saimiri sci-
ureus): a promising animal model for HTLV type 1 human infection.
AIDS Res. Hum. Retroviruses 16, 1741-1746.

Kazanji, M., Bomford, R., Bessereau, J.L., Schulz, T., de The, G., 1997a.
Expression and immunogenicity in rats of recombinant adenovirus 5 DNA
plasmids and vaccinia virus containing the HTLV-I env gene. Int. J. Can-
cer 71, 300-307.

Kazanji, M., Ibrahim, F., Fiette, L., Bomford, R., de The, G., 1997b. Role of
the genetic background of rats in infection by HTLV-I and HTLV-II and
in the development of associated diseases. Int. J. Cancer 73, 131-136.

Kazanji, M., Moreau, J.-P., Mahieux, R., Bonnemains, B., Bomford, R.,
Gessain, A., de Thé, G., 1997c. HTLV-I infection in squirrel monkey
(Saimiri sciureus) using autologous, homologous or heterologous HTLV-
I-transformed cell lines. Virology 231, 258-266.

Kazanji, M., Ureta-Vidal, A., Ozden, S., Tangy, F., de Thoisy, B., Fiette,
L., Talarmin, A., Gessain, A., de The, G., 2000. Lymphoid organs as a
major reservoir for human T-cell leukemia virus type 1 in experimen-
tally infected squirrel monkeys (Saimiri sciureus): provirus expression,
persistence, and humoral and cellular immune responses. J. Virol. 74,
4860-4867.

Leclercq, 1., Cavrois, M., Mortreux, F., Hermine, O., Gessain, A.,
Morschhauser, F., Wattel, E., 1998. Oligoclonal proliferation of human
T-cell leukaemia virus type 1 bearing T cells in adult T-cell
leukaemia/lymphoma without deletion of the 3’ provirus integration sites.
Br. J. Haematol. 101, 500-506.

Leclercq, I., Mortreux, F., Morschhauser, F., Duthilleul, P., Desgranges,
C., Gessain, A., Cavrois, M., Vernant, J.P., Hermine, O., Wattel, E.,
1999. Semiquantitative analysis of residual disease in patients treated for
adult T-cell leukaemia/lymphoma (ATLL). Br. J. Haematol. 105, 743—
751.

Li, X.H., Gaynor, R.B., 1999. Regulation of NF-kappaB by the HTLV-1 Tax
protein. Gene Exp. 7, 233-245.

Mahieux, R., Pise-Masison, C., Gessain, A., Brady, J.N., Olivier, R., Per-
ret, E., Misteli, T., Nicot, C., 2001. Arsenic trioxide induces apoptosis
in human T-cell leukemia virus type 1- and type 2-infected cells by
a caspase-3-dependent mechanism involving Bcl-2 cleavage. Blood 98,
3762-3769.

Mortreux, F., Kazanji, M., Gabet, A.S., de Thoisy, B., Wattel, E., 2001.
Two-step nature of human T-cell leukemia virus type 1 replication in
experimentally infected squirrel monkeys (Saimiri sciureus). J. Virol. 75,
1083-1089.

Nagai, M., Usuku, K., Matsumoto, W., Kodama, D., Takenouchi, N., Mori-
toyo, T., Hashiguchi, S., Ichinose, M., Bangham, C.R., Izumo, S., Osame,
M., 1998. Analysis of HTLV-I proviral load in 202 HAM/TSP patients
and 243 asymptomatic HTLV-I carriers: high proviral load strongly pre-
disposes to HAM/TSP. J. Neurovirol. 4, 586-593.

Nakada, K., Yamaguchi, K., Furugen, S., Nakasone, T., Nakasone, K., Oshiro,
Y., Kohakura, M., Hinuma, Y., Seiki, M., Yoshida, M., et al., 1987.
Monoclonal integration of HTLV-I proviral DNA in patients with strongy-
loidiasis. Int. J. Cancer 40, 145-148.

Nasr, R., Rosenwald, A., El-Sabban, M.E., Arnulf, B., Zalloua, P., Lepel-
letier, Y., Bex, F., Hermine, O., Staudt, L., de The, H., Bazarbachi, A.,
2003. Arsenic/interferon specifically reverses 2 distinct gene networks
critical for the survival of HTLV-1-infected leukemic cells. Blood 101,
4576-4582.

Shimoyama, M., 1991. Diagnostic criteria and classification of clinical sub-
types of adult T-cell leukaemia-lymphoma. A report from the Lymphoma
Study Group (1984-87). Br. J. Haematol. 79, 428-437.

Soignet, S.L., Maslak, P., Wang, Z.G., Jhanwar, S., Calleja, E., Dardashti,
L.J., Corso, D., DeBlasio, A., Gabrilove, J., Scheinberg, D.A., Pandolfi,
PP, Warrell Jr., R.P, 1998. Complete remission after treatment of acute
promyelocytic leukemia with arsenic trioxide. N. Engl. J. Med. 339,
1341-1348.

Taylor, G.P., Tosswill, J.H., Matutes, E., Daenke, S., Hall, S., Bain, B.J.,
Davis, R., Thomas, D., Rossor, M., Bangham, C.R., Weber, J.N., 1999.
Prospective study of HTLV-I infection in an initially asymptomatic cohort.
J. Acquir. Immune Defic. Syndr. 22, 92-100.

Tsukasaki, K., Tsushima, H., Yamamura, M., Hata, T., Murata, K., Maeda,
T., Atogami, S., Sohda, H., Momita, S., Ideda, S., Katamine, S., Yamada,
Y., Kamihira, S., Tomonaga, M., 1997. Integration patterns of HTLV-I
provirus in relation to the clinical course of ATL: frequent clonal change
at crisis from indolent disease. Blood 89, 948-956.

Waldmann, T.A., White, J.D., Goldman, C.K., Top, L., Grant, A., Bamford,
R., Roessler, E., Horak, 1.D., Zaknoen, S., Kasten-Sportes, C., England,
R., Horak, E., Mishra, B., Dipre, M., Hale, P., Fleisher, T.A., Junghans,
R.P, Jaffe, E.S., Nelson, D.L., 1993. The interleukin-2 receptor: a target
for monoclonal antibody treatment of human T-cell lymphotrophic virus
I-induced adult T-cell leukemia. Blood 82, 1701-1712.

Yamamoto, H., Sekiguchi, T., Itagaki, K., Saijo, S., Iwakura, Y., 1993. Inflam-
matory polyarthritis in mice transgenic for human T cell leukemia virus
type I. Arthritis Rheum. 36, 1612-1620.

Yoshida, M., Seiki, M., Yamaguchi, K., Takatsuki, K., 1984. Monoclonal
integration of human T-cell leukemia provirus in all primary tumors of
adult T-cell leukemia suggests causative role of human T-cell leukemia
virus in the disease. Proc. Natl. Acad. Sci. U.S.A. 81, 2534-2537.



	The efficacy of combined therapy of arsenic trioxide and alpha interferon in human T-cell leukemia virus type-1-infected squirrel monkeys (Saimiri sciureus)
	Introduction
	Materials and methods
	Drugs
	Squirrel monkeys cell lines
	Cell proliferation and viability assay
	Animals and administration of As2O3/IFN-alpha
	Pharmacokinetics and laboratory analysis
	Cell isolation and flow cytometry
	HTLV-1 proviral load and T-cell clonality

	Results
	Effect of As2O3 alone or in combination with IFN-alpha on HTLV-1-transformed monkey cells in vitro
	Pharmacokinetics and laboratory results in As2O3-treated monkeys
	Changes in T-cell (CD3+, CD4+ and CD8+) counts in HTLV-1-treated monkeys
	HTLV-1 proviral load, clonality and the presence of flower cells in infected monkeys

	Discussion
	Acknowledgements
	References


