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Abstract

Background: In vitro studies have demonstrated that deletions and point mutations introduced into each 21 bp
imperfect repeat of Tax-responsive element (TRE) of the genuine human T-cell leukemia virus type I (HTLV-1) viral
promoter abolishes Tax induction. Given these data, we hypothesized that similar mutations may affect the
proliferation of HTLV-1i
nfected cells and alter the proviral load (PvL). To test this hypothesis, we conducted a cross-sectional genetic
analysis to compare the near-complete LTR nucleotide sequences that cover the TRE1 region in a sample of HTLV-
1 asymptomatic carriers with different PvL burden.

Methods: A total of 94 asymptomatic HTLV-1 carriers with both sequence from the 5’ long terminal repeat (LTR)
and a PvL for Tax DNA measured using a sensitive SYBR Green real-time PCR were studied. The 94 subjects were
divided into three groups based on PvL measurement: 31 low, 29 intermediate, and 34 high. In addition, each
group was compared based on sex, age, and viral genotypes. In another analysis, the median PvLs between
individuals infected with mutant and wild-type viruses were compared.

Results: Using a categorical analysis, a G232A substitution, located in domain A of the TRE-1 motif, was detected
in 38.7% (12/31), 27.5% (8/29), and 61.8% (21/34) of subjects with low, intermediate, or high PvLs, respectively. A
significant difference in the detection of this mutation was found between subjects with a high or low PvL and
between those with a high or intermediate PvL (both p < 0.05), but not between subjects with a low or
intermediate PvL (p > 0.05). This result was confirmed by a non-parametric analysis that showed strong evidence
for higher PvLs among HTLV-1 positive individuals with the G232A mutation than those without this mutation (p <
0.03). No significant difference was found between the groups in relation to age, sex or viral subtypes (p > 0. 05).

Conclusions: The data described here show that changes in domain A of the HTLV-1 TRE-1 motif resulting in the
G232A mutation may increase HTLV-1 replication in a majority of infected subjects.

Background
Human T-cell leukemia virus type I (HTLV-I) is the ret-
rovirus responsible for adult T-cell leukemia (ATL) and
the chronic neurological disorder HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP)

[1-4]. The virus has also been implicated in a variety of
inflammatory diseases, such as uveitis [5], pulmonary
alveolitis [6], Hashimoto thyroiditis [7], Sjögren’s syn-
drome [8], and chronic arthropathy [9]. Globally, there
are an estimated 10-20 million individuals are HTLV-I
carriers [10]. The disease burden is unevenly distributed
in endemic areas particularly in southwest Japan, the
Caribbean islands, South America, and portions of Cen-
tral Africa [11].
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HTLV-1 is classified into seven subtypes [12]: the cos-
mopolitan subtype A, the Central African subtype B, the
Australo-Melanesian subtype C, and subtypes D, E, F
and G. The cosmopolitan subtype A is further divided
into five subgroups: (A) Transcontinental, (B) Japanese,
(C) West African, (D) North African, and (E) Black
[13-16]. Genetic differences between HTLV-1 strains are
not associated with differing clinical outcomes of
HTLV-1 infections [17,18].
Similar to other retroviruses, HTLV-1 carries a diploid

RNA genome comprising 9032 nucleotides that is
reverse-transcribed into double-stranded DNA that inte-
grates into host genome as a provirus. This genome
contains gag, pol and env genes flanked by long terminal
repeat (LTR) sequences at both 5’ and 3’ ends [19]. The
LTR region contains enhancer/promoter genetic ele-
ments, which are critical in viral RNA transcription. A
unique pX region identified between env and the 3’ LTR
encodes two key regulatory proteins Tax and Rex, as
well as the various nonstructural proteins p12I, p27I,
p13II, and p30II [20-22]. The Tax protein is thought to
play a central role in the proliferation of infected cells
and leukemogenesis because of its pleiotropic effects
[23]. Tax modulates the transcription of an array of cel-
lular genes through various cellular transcriptional sig-
naling proteins such as NF-kB, CREB, SRF, AP-1 p53
and basic helix-loop-helix factors [11,24,25]. Tax protein
has also been shown to significantly trans-activate
HTLV RNA transcription via the viral LTR through its
interaction with members of the activating transcription
factor/cAMP-responsive element (CRE) binding protein
bound to the viral promoter, such as ATF-1, CREB,
CREB-2, or cAMP-responsive element modulator
[2,26-28]. The viral promoter is located in the 5’ LTR
and contains three copies of a 21-bp imperfect repeat,
called the Tax-responsive element 1 (TRE-1), that indir-
ectly interacts with the Tax protein [29]. These
sequences are present within the U3 region of the LTR
at positions 251 to 231 (repeat I), 203 to 183 (repeat II),
and 103 to 83 (repeat III) numbered-relative to the tran-
scriptional start site. Each of the repeats is divided into
three domains: A, B, and C. The central domain B of
each repeat contains a conserved TGACG sequence,
which shares homology with CRE, flanked by short GC-
rich sequences [30,31]. Evidence from in vitro studies
has demonstrated that deletions and point mutations
introduced into each 21 bp repeat in the genuine viral
promoter abolishes Tax induction [31,32]. We hypothe-
sized that similar mutations may affect the proliferation
of infected cells and alter the HTLV-1 PvL. Therefore,
we performed a genetic analysis to compare the near
complete LTR nucleotide sequences that cover the TRE
regions in a sample of asymptomatic HTLV-1 carriers
with different levels of PvLs.

Materials and methods
Patients
Peripheral blood samples (5 ml) were collected from 256
HTLV-1 positive carriers identified by the HTLV enzyme
immunoassays Murex HTLV I + II (Abbott/Murex, Wies-
baden, Germany) and Vironostika HTLVI/II (bioMérieux
bv, Boxtel, Netherlands) and confirmed by HTLV BLOT
2.4 (Genelabs Diagnostics, Singapore). Written informed
consent was obtained from each participant. The study
was approved by the local review board.

DNA extraction and HTLV-1 proviral load determination
DNA was extracted from PBMCs using a commercial kit
(Qiagen GmbH, Hilden Germany) following the manu-
facturer’s instructions. The extracted DNA was used as
a template to amplify a 158 bp fragment from the
HTLV-1 Tax region using previously published primers
[33]. The SYBR green real-time PCR assay was carried
out in 25 μl PCR mixture containing 10× Tris (pH 8.3;
Invitrogen, Brazil), 1.5 mM MgCl2, 0.2 μM of each pri-
mer, 0.2 mM of each dNTPs, 18.75 Units/r × n SYBR
Green (Cambrex Bio Science, Rockland, ME) and 1 unit
of platinum Taq polymerase (Invitrogen, Brazil). The
amplification was performed in the Bio-Rad iCycler iQ
system using an initial denaturation step at 95°C for 2
minutes, followed by 50 cycles of 95°C for 30 seconds,
57°C for 30 seconds and 72°C for 30 seconds. The
human housekeeping b globin gene primers GH20 and
PC04 [34] were used as an internal control. A negative,
no-template control (H2O control) was run with every
assay. Standard curves for HTLV-1 Tax were generated
from MT-2 cells of log10 dilutions (from 105 to 100

copies). The threshold cycle for each clinical sample was
calculated by defining the point at which the fluores-
cence exceeded a threshold limit. Each sample was
assayed in duplicate, and the mean of the two values
was considered as the copy number of the sample. The
HTLV-1 proviral load was calculated as: the copy num-
ber of HTLV-1 (Tax) per 1,000 cells = (copy number of
HTLV-1 Tax)/(copy number of b globin/2) × 1000 cells.
The method could detect 1 copy per 103 PBMCs cells.
PvLs of <50, between 50 and 100, or > 100 copies/

1000 PBMCs were considered to be a low, medium, or
high PvL, respectively. An HTLV-1 PvL > 100 copies/
1000 PBMCs have previously been shown to be asso-
ciated with an increased risk of HTLV-1 disease [35].

Amplification and sequencing of HTLV-1 LTR proviral
DNA
Sequencing of the near complete LTR region of HTLV-
1 proviral DNA was performed in 94 clinical isolates.
PCR was performed using the primers HFL1 (39) (5’
CCCAAGCTTGACAATGACCATGAGC 3’) and HFL2
(782) (5’CCCGAATTCCAACTGTGTACTAAATTTC
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3’) and in conditions as previously described [36]. Com-
plementary DNA strands from each amplicon were
directly sequenced by cycle sequencing using the same
primers used for PCR, BigDye terminator chemistry and
Taq polymerase on an automated sequencer (ABI 3130,
Applied Biosystems Inc., Foster City, CA), according to
the protocols recommended by the manufacturer. The
complementary sequences for each amplicon were
assembled into a contiguous sequence with a minimum
overlap of 30 bp with a 97-100% minimal mismatch and
edited using the Sequencher program 4.7 (Gene Code
Corp., Ann Arbor, MI). Sequences were then analyzed
using BioEdit v.7.0.4.1 [37] and Geneious Pro v.4.8.4
(Biomatters Ltd, Auckland, New Zealand), and com-
pared with the HTLV-1 ATK prototype (accession num-
ber J02029) [19]. A strain was considered mutant when
it possessed consistent changes in its forward and
reverse sequences compared to the reference wild-type
strain.

HTLV-1 genotyping
The HTLV-1 genotypes were determined by comparing
the sequence of the LTR region to standard sequences
from the GenBank database. HTLV subtyping was per-
formed using the NCBI-Genotyping and REGA-Subtyp-
ing websites.

Statistical analysis
For categorical variables, the Fisher’s exact test or Chi-
square test with Yate’s correction was used when appro-
priate to analyze the association of HTLV-1 PvLs and
the LTR mutational frequency. In another analysis, inde-
pendent of the PvL grouping, the median PvL between
subjects infected with mutant viruses to those infected
with wild-type viruses was compared using the non-
parametric U-Mann-Whitney test. A p value < 0.05 was
considered significant. The data were analyzed with
Stata statistical software (StataCorp, release 5.0, 1997;
Stata, College Station, TX).

Results
Out of the 256 subjects, the quantitative assay classified
71% (n = 182) in the low PvL group (median 6 copies/
1000 PBMCs, range 1 to 47), 11.3% (n = 29) in the
intermediate PvL group (median 63, range 51 to 98),
and 17.7% (n = 45) in the high PvL group (median 160
copies/1000 PBMCs, range 103 to 708). Extracted geno-
mic DNA from all subjects with intermediate PvL were
subjected to amplification and sequencing of the near
full-length HTLV-1 LTR. Due to financial constraints,
31 of the 182 genomic DNA samples from subjects with
low PvL and 34 of the 45 genomic DNA samples from
subjects with a high PvL were randomly selected and
their HTLV-1 LTR was successfully sequenced. The

demographic data from the three groups are listed in
Table 1. There were no differences in the age or sex
ratio between each group (p = 0.9 for age; p = 0.6 for
male to female ratio). A comparison of the stratified
PvLs showed no significant differences in any lympho-
cyte subpopulation percentages (p > 0.05). The trans-
continental subgroup A of HTLV-1a was the major
subtype; this accounted for 84% of low, 97% of inter-
mediate, and 96% of high PvL groups. There were no
differences in the subtype distribution between each
group (p = 0.2). Mutational analyses of the non-coding
regulatory sequences within the proviral LTR were con-
ducted to determine if a correlation exist between the
frequency of mutations and PvLs. These analyses
revealed two relevant G232A mutation within the
TRE-1 region and an A184G mutation within the TRE-2
region numbered according to the transcription start
site. The G232A mutation was detected in 38.7% (12/
31) of subjects with a low PvL, 27.5% (8/29) of subjects
with an intermediate PvL, and 61.8% (21/34) of subjects
with a high PvL (Table 1). A significant difference in
detection of the G232A mutation was found between
subjects with high and low PvLs and between those with
high and intermediate PvLs (p < 0.05 both). Non statisti-
cal difference was seen between the low and intermedi-
ate PvL groups (p > 0.05). Thirty-six of 41 (87.8%)
HTLV-1 G232A mutations were associated with a
simultaneous A to G mutation at position 184 (Figure
1). The distributions of this mutation according to PvL
groups was similar to the frequency of the G232A muta-
tion being found in 38.7% (12/31) in subjects with a low
PvL, 20.7% (6/29) in subjects with an intermediate PvL,

Table 1 Clinical and virological characteristics by proviral
load levels in subjects with available LTR sequences

Characteristics HTLV-1 proviral copies/1000 PBMCs

< 50 (n 31) 50-100 (n 29) > 100 (n 34)

Median age*. (range) 50 (26-71) 51 (24-70) 59.5 (21-95)

Sex

Male (%) 12 (39) 9 (31) 15 (44)

Female (%) 19 (61) 20 (69) 19 (56)

Lymphocyte subpopulations

% CD4 cells 42.9 45.2 46.8

% CD8 cells 28.2 27.3 29.1

% CD25 cells 20.3 22.6 29.8

Subtype A (%)

Subgroup A (%) 26 (84) 28 (97) 32 (96)

Subgroup B (%) 5 (16) 1(3) 2 (4)

Mutation

TRE-1 G232A (%) 12 (38.7) 8 (27.5) 21 (61.8)

TRE-1 A184G (%) 12 (38.7) 6 (20.7) 18 (52.9)

*Years
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and 52.9% (18/34) in subjects with a high PvL. Again, a
significant difference in detection of the A184G muta-
tion was evident between subjects with high and low
PvLs and betweeen those with high and intermediate
PvLs (p < 0.05 both), but not between the low and

intermediate PvL groups (p > 0.05). To confirm these
results, independent of the PvL grouping, a further sta-
tistical analysis using a Mann-Whitney test was per-
formed to compare the median PvL between subjects
infected with mutant viruses to those infected with

Enhancer I (TRE-1) Enahncer II (TRE-2) Enahncer III (TRE-3)
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240 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

244 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

273 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

278 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

304 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

354 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

388 . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

398 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

493 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

693 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

471 . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

505 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

511 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

524 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

602 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

610 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

669 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

690 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

64 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

198 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

313 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

402 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

408 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

475 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

479 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

498 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

590 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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82 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

83 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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114 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

178 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

180 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

224 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

229 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

236 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

327 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

379 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

442 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

450 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

453 . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

465 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

520 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

649 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

556 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

628 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

145 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

213 . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

243 . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

260 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

436 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

567 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

640 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

661 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

87 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

122 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

162 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

177 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

167 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

192 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

221 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

323 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

339 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

460 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

473 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . .

46 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

52 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

89 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

91 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

103 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

105 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

161 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

176 . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

179 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

241 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . .

247 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

298 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

415 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

429 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

439 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

457 . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

494 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

559 . G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

578 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

619 . G . . . . . . . . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 1 Alignment of HTLV-1 LTR sequence elements determined from DNA amplified from 94 individuals with different
concentration of proviral loads: (31 low (< 50 copies/1000 PBMCs), 29 intermediate (50-100 copies/1000 PBMCs), and 34 high (> 100
copies/1000 PBMCs). Domains A, B and C are indicated by a gray background, and their position in the U3 region is presented relative to ATK
prototype (accession number J02029). Dots indicate nucleotide identity to the ATK prototype.
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wild-type viruses. This analysis revealed that while there
was strong evidence for a higher PvL among HTLV-1
positive individuals with the G232A mutation than
those without this mutation (42.2 vs. 54.4, p < 0.03),
there was no similar association among those who were
HTLV-1 positive with the A184G mutation (Figure 2).
Because these two analyses did not reach the same con-
clusion, we considered only G232A as a potential muta-
tion that could impact patient PvL. Other LTR motifs
associated with provirus transcriptional up-regulation
were inspected and were all found similar to a wild-type
genotype with few scattered natural point mutations
(Figure 1).

Discussion
In the present cross-sectional, retrospective study, we
investigated mutations in the LTR region of HTLV-1
and compared their association with asymptomatic car-
riers PvL. Our results showed that mutations were rela-
tively rare. However, a solitary, natural mutation at
position 232 was significantly associated with HTLV-1
infected subjects’ PvL. The G232A mutation is located
in domain A of the TRE-1 motif that contains non-con-
sensus CREB response elements and is involved in Tax-
activated and basal LTR expression. Although the func-
tional importance is unclear, it is possible that the

G232A mutation in the TRE1 element may enhance
indirect binding to Tax via the CREB family of cellular
transcription factors, thereby promoting the prolifera-
tion of infected cells and resulting in an increase in
patient PvLs. However, the validity of this hypothesis
needs to be investigated in an independent series of
experiments comparing the expression and activation of
the Tax gene in HTLV-1-infected T cells with or with-
out the G232A mutation. Previous reports have shown
that mutations that abolish Tax effects are all localized
in the CREB of the 21 bp repeats [38]. Montagne et al.
demonstrated that mutations introduced into domain A
or C can severely impair the ability of the Tax protein
to transactivate different promoters [31]. Taken
together, these data suggest that the TRE-1 element
plays an important role in the activation of HTLV-1
gene expression.
In our study, the G232A mutation was associated with

HTLV-1 PvL. Although the G232A mutation was
detected at a higher frequency in asymptomatic HTLV-1
carriers in this study, the frequency of such a mutation
is expected to be higher in patients with overt clinical
disease, because the PvLs of HTLV-1-infected patients
correlates with clinical outcome [35]. It is important to
note that our study is limited by the nature of its cross-
sectional design, and these results imply only a

Figure 2 Number of HTLV-1 subjects harboring wild-type or G232A and A184G mutant: viruses correlated with proviral loads. Black
lines represent the median proviral load for each group of subjects shown.
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correlation; therefore, no inferences can be made as to
the evolution of the wild-type viruses during chronic
infection. Therefore, longitudinal study designs are
required to address these issues and also to determine if
the G232A mutations was already present in patients
with advanced disease before they were diagnosed a
chronic infection.
Although the G232A mutation was detected in some

subjects with a low PvL in this study, further study is
needed to determine if this mutation is predictive of an
increase in PvL in patients who possess the mutation
but do not have an elevated PvL yet.
As shown in Figure 1, the G232A and A184G muta-

tions occurred together in almost all instances, most
likely because an HTLV strain with both mutations has
a higher selective advantage. Interestingly, none of the
subjects examined contain only the A184G mutations.
Therefore, additional experimental supports are needed
to rule out the potential importance of the A184G
mutations and functional connection between A184G
and G232A mutations.
Our analysis was limited to HTLV-1 subgroup A

because other subtypes are rare in our patients.
Whether similar results will be obtained for other sub-
groups, is of interest.
In conclusion, the results described here suggest the

G232A mutation in domain A of the TRE-1 motif may
increase HTLV-1 replication in the majority of infected
subjects.

List of abbreviations
HTLV-1: Human T Cell Lymphotropic Virus Type 1; TRE: Tax-responsive
element; PvL: Proviral load; LTR: Long terminal repeat; ATL: Adult T-cell
leukemia; HAM/TSP: HTLV-I-associated myelopathy/tropical spastic
paraparesis; CREB: Transcriptional activity of cAMP binding protein; NFkB:
Nuclear factor kappa B; SRF: Serum Response Factor; AP-1: Activator protein;
CRE: CAMP-responsive element; ATF-1: Activating transcription factor 1.

Acknowledgements
This work was supported by grant 2010/08550-1 from the São Paulo
Research Foundation (FAPESP) and Coordination of the Advancement of
Higher Education (CAPES).

Author details
1Fundação Pro-Sangue, Blood Center of São Paulo, São Paulo, Brazil.
2Department of Translational Medicine, Federal University of São Paulo, São
Paulo, Brazil. 3São Paulo inistitute of tropical medicine, São Paulo, Brazil.
4Retrovirology Laboratory, Federal University of São Paulo, São Paulo, Brazil.
5Department of Infectious Diseases, University of São Paulo, Sao Paulo, Brazil.

Authors’ contributions
WKN and ACC conceived and designed the study, did the data analysis of
the sequences. ACSO and VPM conducted the characterization of the LTR
sequences and data analysis of the sequences. YN was responsible of the
clinical management of patients, acquisition of data; ECS was responsible of
the scientific revision, discussion and interpretation of data. SSS wrote the
manuscript and directed the study. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 29 September 2011 Accepted: 13 December 2011
Published: 13 December 2011

References
1. Poiesz BJ, Ruscetti FW, Gazdar AF, Bunn PA, Minna JD, Gallo RC: Detection

and isolation of type C retrovirus particles from fresh and cultured
lymphocytes of a patient with cutaneous T-cell lymphoma. Proc Natl
Acad Sci USA 1980, 77(12):7415-7419.

2. Yoshida M, Miyoshi I, Hinuma Y: Isolation and characterization of
retrovirus from cell lines of human adult T-cell leukemia and its
implication in the disease. Proc Natl Acad Sci USA 1982, 79(6):2031-2035.

3. Osame M, Usuku K, Izumo S, Ijichi N, Amitani H, Igata A, Matsumoto M,
Tara M: HTLV-I associated myelopathy, a new clinical entity. Lancet 1986,
1(8488):1031-1032.

4. Gessain A, Barin F, Vernant JC, Gout O, Maurs L, Calender A, de The G:
Antibodies to human T-lymphotropic virus type-I in patients with
tropical spastic paraparesis. Lancet 1985, 2(8452):407-410.

5. Mochizuki M, Yamaguchi K, Takatsuki K, Watanabe T, Mori S, Tajima K:
HTLV-I and uveitis. Lancet 1992, 339(8801):1110.

6. Sugimoto M, Nakashima H, Watanabe S, Uyama E, Tanaka F, Ando M,
Araki S, Kawasaki S: T-lymphocyte alveolitis in HTLV-I-associated
myelopathy. Lancet 1987, 2(8569):1220.

7. Kawai H, Saito M, Takagi M, Tsuchihashi T, Arii Y, Kondo A, Iwasa M,
Hirose T, Hizawa K, Saito S: Hashimoto’s thyroiditis in HTLV-I carriers.
Intern Med 1992, 31(10):1213-1216.

8. Vernant JC, Buisson G, Magdeleine J, De Thore J, Jouannelle A, Neisson-
Vernant C, Monplaisir N: T-lymphocyte alveolitis, tropical spastic paresis,
and Sjogren syndrome. Lancet 1988, 1(8578):177.

9. Nishioka K, Maruyama I, Sato K, Kitajima I, Nakajima Y, Osame M: Chronic
inflammatory arthropathy associated with HTLV-I. Lancet 1989,
1(8635):441.

10. Edlich RF, Arnette JA, Williams FM: Global epidemic of human T-cell
lymphotropic virus type-I (HTLV-I). J Emerg Med 2000, 18(1):109-119.

11. Matsuoka M: Human T-cell leukemia virus type I and adult T-cell
leukemia. Oncogene 2003, 22(33):5131-5140.

12. Verdonck K, Gonzalez E, Van Dooren S, Vandamme AM, Vanham G,
Gotuzzo E: Human T-lymphotropic virus 1: recent knowledge about an
ancient infection. Lancet Infect Dis 2007, 7(4):266-281.

13. Proietti FA, Carneiro-Proietti AB, Catalan-Soares BC, Murphy EL: Global
epidemiology of HTLV-I infection and associated diseases. Oncogene
2005, 24(39):6058-6068.

14. Gasmi M, Farouqi B, d’Incan M, Desgranges C: Long terminal repeat
sequence analysis of HTLV type I molecular variants identified in four
north African patients. AIDS Res Hum Retroviruses 1994, 10(10):1313-1315.

15. Vidal AU, Gessain A, Yoshida M, Tekaia F, Garin B, Guillemain B, Schulz T,
Farid R, De The G: Phylogenetic classification of human T cell leukaemia/
lymphoma virus type I genotypes in five major molecular and
geographical subtypes. J Gen Virol 1994, 75(Pt 12):3655-3666.

16. Van Dooren S, Gotuzzo E, Salemi M, Watts D, Audenaert E, Duwe S,
Ellerbrok H, Grassmann R, Hagelberg E, Desmyter J, et al: Evidence for a
post-Columbian introduction of human T-cell lymphotropic virus [type I]
[corrected] in Latin America. J Gen Virol 1998, 79(Pt 11):2695-2708.

17. Kinoshita T, Tsujimoto A, Shimotohno K: Sequence variations in LTR and
env regions of HTLV-I do not discriminate between the virus from
patients with HTLV-I-associated myelopathy and adult T-cell leukemia.
Int J Cancer 1991, 47(4):491-495.

18. Komurian F, Pelloquin F, de The G: In vivo genomic variability of human
T-cell leukemia virus type I depends more upon geography than upon
pathologies. J Virol 1991, 65(7):3770-3778.

19. Seiki M, Hattori S, Hirayama Y, Yoshida M: Human adult T-cell leukemia
virus: complete nucleotide sequence of the provirus genome integrated
in leukemia cell DNA. Proc Natl Acad Sci USA 1983, 80(12):3618-3622.

20. D’Agostino DM, Silic-Benussi M, Hiraragi H, Lairmore MD, Ciminale V: The
human T-cell leukemia virus type 1 p13II protein: effects on
mitochondrial function and cell growth. Cell Death Differ 2005, 12(Suppl
1):905-915.

21. Bindhu M, Nair A, Lairmore MD: Role of accessory proteins of HTLV-1 in
viral replication, T cell activation, and cellular gene expression. Front
Biosci 2004, 9:2556-2576.

22. Mortreux F, Gabet AS, Wattel E: Molecular and cellular aspects of HTLV-1
associated leukemogenesis in vivo. Leukemia 2003, 17(1):26-38.

Neto et al. Virology Journal 2011, 8:535
http://www.virologyj.com/content/8/1/535

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/6261256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6261256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6261256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6979048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6979048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6979048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2871307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2863442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2863442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1349122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2890850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2890850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1286230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2893009?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2893009?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2563818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2563818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10645850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10645850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12910250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12910250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17376384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17376384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7848687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7848687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7848687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7996161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9820145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9820145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9820145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1995478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1995478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1995478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2041093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2041093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2041093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6304725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6304725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6304725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15358581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15358581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12529656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12529656?dopt=Abstract


23. Grassmann R, Aboud M, Jeang KT: Molecular mechanisms of cellular
transformation by HTLV-1 Tax. Oncogene 2005, 24(39):5976-5985.

24. Hall WW, Fujii M: Deregulation of cell-signaling pathways in HTLV-1
infection. Oncogene 2005, 24(39):5965-5975.

25. Kashanchi F, Brady JN: Transcriptional and post-transcriptional gene
regulation of HTLV-1. Oncogene 2005, 24(39):5938-5951.

26. Lemasson I, Polakowski NJ, Laybourn PJ, Nyborg JK: Transcription factor
binding and histone modifications on the integrated proviral promoter
in human T-cell leukemia virus-I-infected T-cells. J Biol Chem 2002,
277(51):49459-49465.

27. Fujisawa J, Toita M, Yoshimura T, Yoshida M: The indirect association of
human T-cell leukemia virus tax protein with DNA results in
transcriptional activation. J Virol 1991, 65(8):4525-4528.

28. Marriott SJ, Boros I, Duvall JF, Brady JN: Indirect binding of human T-cell
leukemia virus type I tax1 to a responsive element in the viral long
terminal repeat. Mol Cell Biol 1989, 9(10):4152-4160.

29. Felber BK, Paskalis H, Kleinman-Ewing C, Wong-Staal F, Pavlakis GN: The pX
protein of HTLV-I is a transcriptional activator of its long terminal
repeats. Science 1985, 229(4714):675-679.

30. Fujisawa J, Toita M, Yoshida M: A unique enhancer element for the trans
activator (p40tax) of human T-cell leukemia virus type I that is distinct
from cyclic AMP- and 12-O-tetradecanoylphorbol-13-acetate-responsive
elements. J Virol 1989, 63(8):3234-3239.

31. Montagne J, Beraud C, Crenon I, Lombard-Platet G, Gazzolo L, Sergeant A,
Jalinot P: Tax1 induction of the HTLV-I 21 bp enhancer requires
cooperation between two cellular DNA-binding proteins. EMBO J 1990,
9(3):957-964.

32. Rosen CA, Park R, Sodroski JG, Haseltine WA: Multiple sequence elements
are required for regulation of human T-cell leukemia virus gene
expression. Proc Natl Acad Sci USA 1987, 84(14):4919-4923.

33. Heneine W, Khabbaz RF, Lal RB, Kaplan JE: Sensitive and specific
polymerase chain reaction assays for diagnosis of human T-cell
lymphotropic virus type I (HTLV-I) and HTLV-II infections in HTLV-I/II-
seropositive individuals. J Clin Microbiol 1992, 30(6):1605-1607.

34. Marchioli CC, Love JL, Abbott LZ, Huang YQ, Remick SC, Surtento-
Reodica N, Hutchison RE, Mildvan D, Friedman-Kien AE, Poiesz BJ:
Prevalence of human herpesvirus 8 DNA sequences in several patient
populations. J Clin Microbiol 1996, 34(10):2635-2638.

35. Iwanaga M, Watanabe T, Utsunomiya A, Okayama A, Uchimaru K, Koh KR,
Ogata M, Kikuchi H, Sagara Y, Uozumi K, et al: Human T-cell leukemia virus
type I (HTLV-1) proviral load and disease progression in asymptomatic
HTLV-1 carriers: a nationwide prospective study in Japan. Blood 2010,
116(8):1211-1219.

36. Liu HF, Vandamme AM, Kazadi K, Carton H, Desmyter J, Goubau P: Familial
transmission and minimal sequence variability of human T-lymphotropic
virus type I (HTLV-I) in Zaire. AIDS Res Hum Retroviruses 1994,
10(9):1135-1142.

37. Hall TA: BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series
1999, 41(41):04.

38. Giam CZ, Xu YL: HTLV-I tax gene product activates transcription via pre-
existing cellular factors and cAMP responsive element. J Biol Chem 1989,
264(26):15236-15241.

doi:10.1186/1743-422X-8-535
Cite this article as: Neto et al.: Correlation between LTR point mutations
and proviral load levels among Human T cell Lymphotropic Virus type
1 (HTLV-1) asymptomatic carriers. Virology Journal 2011 8:535.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Neto et al. Virology Journal 2011, 8:535
http://www.virologyj.com/content/8/1/535

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/16155604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12386157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12386157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12386157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2072462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2072462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2072462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2992082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2992082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2992082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2545901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2545901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2545901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2545901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2311587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2311587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3037527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3037527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3037527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1624585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1624585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1624585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1624585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8880542?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8880542?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20448111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20448111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20448111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7826698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7826698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7826698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2768259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2768259?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Patients
	DNA extraction and HTLV-1 proviral load determination
	Amplification and sequencing of HTLV-1 LTR proviral DNA
	HTLV-1 genotyping
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

