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Key Points

•Oligo- or monoclonal
expansion of HTLV-1–
infected T cells in
asymptomatic carriers
predicts the onset of
ATL.

• Progression to acute
type from indolent ATL
was observed only in
cases with monoclonal
expansion.

Adult T-cell leukemia (ATL) is an aggressive T-cell malignancy caused by human T-cell

leukemia virus type 1 (HTLV-1) that develops along a carcinogenic process involving 5 or

more genetic events in infected cells. The lifetime incidence of ATL among HTLV-1–infected

individuals is approximately 5%. Although epidemiologic studies have revealed risk factors

for ATL, the molecular mechanisms that determine the fates of carriers remain unclear. A

better understanding of clonal composition and related longitudinal dynamics would clarify

the process of ATL leukemogenesis and provide insights into themechanisms underlying the

proliferation of a malignant clone. Genomic DNA samples and clinical information were

obtained from individuals enrolled in the Joint Study for Predisposing Factors for ATL

Development, a Japanese prospective cohort study. Forty-seven longitudinal samples from

20 individuals (9 asymptomatic carriers and 11 patients with ATL at enrollment) were

subjected to a clonality analysis. Amethod based on next-generation sequencing was used to

characterize clones on the basis of integration sites. Relationships were analyzed among

clonal patterns, clone sizes, and clinical status, including ATL onset and progression. Among

carriers, those exhibiting an oligoclonal ormonoclonal patternwith largely expanded clones

subsequently progressed to ATL. All indolent patients who progressed to acute-type ATL

exhibited monoclonal expansion. In both situations, the major expanded clone after

progression was derived from the largest pre-existing clone. This study has provided the

first detailed information regarding the dynamics of HTLV-1–infected T-cell clones and

collectively suggests that the clonality of HTLV-1–infected cells could be a useful predictive

marker of ATL onset and progression.

Introduction

Adult T-cell leukemia/lymphoma (ATL) develops via the malignant transformation and clonal growth of
human T-cell leukemia virus type 1 (HTLV-1)–infected T cells, a process that occurs after a clinically
latent period of approximately 60 years after mother-to-child transmission via breastfeeding.1-5 Viral gene
products play critical roles in HTLV-1–infected T-cell immortalization and malignant transformation.6-10

However, only 3% to 5% of HTLV-1–infected individuals (carriers) will develop ATL in their lifetimes.2

Although epidemiologic studies have revealed risk factors for ATL development, it remains difficult to
predict which patients will develop ATL by using specific biomarkers.2,11

Submitted 21 February 2017; accepted 16 May 2017. DOI 10.1182/
bloodadvances.2017005900.

*S.F. and A.F. contributed equally to this study.

The full-text version of this article contains a data supplement.
© 2017 by The American Society of Hematology

27 JUNE 2017 x VOLUME 1, NUMBER 15 1195

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/1/15/1195/878485/advances005900.pdf by guest on 26 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2017005900&domain=pdf&date_stamp=2017-06-27


ATL cells are monoclonally expanded HTLV-1–infected cells, as
demonstrated by Southern blot analyzes of HTLV-1 provirus
integration.1,12,13 In a majority of patients, a single copy of the
provirus is integrated into the chromosomal DNA of ATL cells;
however, approximately 18% of patients harbor 2 or 3 integrated
copies.14 The provirus integration site is considered an ideal
molecular marker that discriminates individual HTLV-1–infected
clonal cells. However, Southern blotting is not sufficiently sensitive
to detect minor clones. To overcome this limitation, polymerase chain
reaction (PCR)–based methods for clonality analysis, such as linker-
mediated PCR and inverse long PCR, have been introduced.15-20

Previous studies based on those methods clearly demonstrated the
presence of a polyclonally expanded background population of
HTLV-1–infected cells in addition to monoclonally expanded HTLV-
1–infected cells in ATL patients. Furthermore, these techniques
could detect proliferation of either monoclonal or oligoclonal HTLV-
1–infected cells, even in asymptomatic HTLV-1 carriers. More
recently, next-generation sequencing (NGS) technology has been
used to characterize the clonality of HTLV-1–infected cells in blood
samples from carriers and ATL patients,21-25 and analyses using
these new methods have clearly demonstrated the polyclonal
compositions of infected cells in vivo.

The proviral load (PVL) is defined by the number of provirus DNA
copies in peripheral blood mononuclear cells (PBMCs) and is
usually expressed as a percentage representing the measured copy
number per 100 PBMCs.26-28 An analysis of collected PBMC DNA
samples from our cohort study, the Joint Study on Predisposing
Factors of ATL Development (JSPFAD), identified a higher PVL as a
major risk factor for ATL development. During the study follow-up, all
14 participants who progressed to overt ATL were among the 25%
of carriers with PVLs exceeding 4%; in contrast, no ATL onset was
observed among carriers with PVLs lower than 4%.26

Very low levels of viral replication and infection in vivo29,30 have led
to speculation that high PVLs are maintained by persistent clonal
proliferation and infected cell survival in vivo. This idea was
supported by the detection of a specific HTLV-1 clone in the same
carrier over the course of several years.20 These data also suggest
that in patients, large numbers of HTLV-1–infected clones with
varying sizes are present in the backgrounds of monoclonally
expanded ATL cells. Therefore, HTLV-1–infected T cells exhibit
polyclonal expansion according to provirus integration sites in adult
carriers. Among a polyclonal population, monoclonal or oligoclonal
expansion resulting from a growth advantage conferred by multiple
gene mutations and epigenetic changes would eventually lead to
clinical ATL onset.11

ATL can be classified into 4 subtypes: smoldering (SM), chronic,
acute, and lymphoma.31 Among these, the acute and lymphoma
types are clinically classified as aggressive-type ATL, a category
that also includes some patients with chronic-type disease who
have poor prognostic factors. In contrast, the SM and chronic
types, which are not associated with poor prognosis and tend to
correlate with longer survival, are classified as indolent ATL.32

Although there are exceptional cases, carriers are thought to
progress initially to indolent-type ATL and later, in some cases, to
aggressive-type ATL.

A collective study of the longitudinal dynamics of HTLV-1–infected
T-cell clonality in vivo in both carriers and ATL patients would be
indispensable to the delineation of the relationship between

clonality and clinical status. In this study, we accessed accumulated
biomaterials and clinical information from the JSPFAD and
conducted a clonality analysis of longitudinal samples from 20
carriers and ATL patients. Our analysis was based on the Tag-NGS
system,22 our new technique for the quantitative characterization of
integration sites that measures the number of cells belonging to a
specific clone.

Our study provides the first characterization of dynamic changes in
clonality among HTLV-1–infected individuals, including carriers and
ATL patients, with demonstrations of progression to ATL or an
advanced clinical subtype. This study has provided novel infor-
mation and raises questions regarding the relationship between
clonality and disease progression that remain to be addressed.

Materials and methods

Clinical samples

Forty-seven clinical samples from 20 HTLV-1–infected individuals
(carriers and ATL patients) were obtained from JSPFAD. The
research plan was approved by the research ethics committee of
the University of Tokyo (approval No. 10-50 and No. 14-155) and
conducted in accordance with the Declaration of Helsinki. Patients’
ATL subtypes were diagnosed according to the Shimoyama
criteria.31 Genomic DNA was isolated from PBMCs by using the
QIAamp DNA Blood Kit (QIAGEN, Venlo, The Netherlands). PVLs
were measured by real-time PCR on an ABI PRISM 7000
Sequence Detection System (Applied Biosystems, Inc., Foster
City, CA), as described previously.26

Clonality analysis based on provirus integration sites

A specifically designed library preparation protocol was used to
isolate HTLV-1 integration sites; details about the design and
protocols were reported previously.22 Briefly, starting template DNA
was sonicated to yield fragments of 300 to 700 base pairs (bp),
which were assessed by using an Agilent 2100 Bioanalyzer and
DNA 7500 kit (Agilent Technologies, Santa Clara, CA). A library of
fragmented DNA samples was constructed via the following steps:
end repair, A-tailing, adaptor ligation, size selection, and nested
PCR. The generated products were sequenced on a HiSequation
2000/2500 platform (Illumina, Inc., San Diego, CA). Raw sequenc-
ing data were used to obtain information about HTLV-1 integration
sites and clone sizes according to a previously described work-
flow.22 After removing a 23-bp sequence corresponding to the long
terminal repeat primer, a search was performed by using the Basic
Local Alignment Search Tool (BLAST)33 against the long terminal
repeat reference sequence for the next 27 bp. The remaining 40 bp
from BLAST hits were subjected to a BLAST search against an
HTLV-1 reference sequence.34 Subsequently, reads confirmed to
be from the HTLV-1 genome were removed, and sequences and
identifications (IDs) from the remaining reads were considered
human. We then collected Read-3 reads with IDs corresponding to
those from Read-1 and mapped paired, matched-length Read-1
and Read-3 sequences against hg19 by using the Bowtie
method.35 Two million mapped reads per sample were used in the
subsequent analysis. The 59 positions of mapped reads were
identified as integration sites. Isolated integration site outputs used
the format of chromosome: position: (strand) (eg, chr1: 121251270: (-)).
Finally, clone sizes were measured on the basis of the frequency of
unique Read-2 tags per integration site.
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Table 1. Sample information

ID Status*

Time point

(month/day/year) Proviral load (%) WBC, 3109/L Lymphocyte count (%)

Abnormal lymphocyte

(flower cell) count (%)

Soluble interleukin-2

receptor, U/mL

P1-1 Asymptomatic carrier 1/8/2008 1.1 6.00 37 3 307

P1-2 Asymptomatic carrier 4/17/2013 1.24 5.80 12 5 4 790

P2-1 Asymptomatic carrier 6/25/2010 5.24 3.40 48 0.5 232

P2-2 Asymptomatic carrier 3/26/2013 1.23 3.69 40 2.3 435

P3-1 Asymptomatic carrier 12/14/2007 1.15 5.18 32.5 2 435

P3-2 Asymptomatic carrier 1/28/2010 3.68 5.56 37 0 373

P4-1 Asymptomatic carrier 10/21/2009 3.52 9.40 29 1 504

P4-2 Asymptomatic carrier 6/24/2013 8.73 7.40 22 0 291

P5-1 Asymptomatic carrier 12/1/2011 7.16 6.48 34.5 4.5 453

P5-2 Asymptomatic carrier 12/10/2013 12.76 5.37 36 2.3 292

P6-1 Asymptomatic carrier 9/14/2007 11.82 6.32 35.5 2.5 325

P6-2 Smoldering 10/11/2011 11.51 5.88 36 7 355

P6-3 Smoldering 4/1/2014 15.41 5.66 33.5 7 300

P6-4 Smoldering 3/30/2015 23.45 6.06 37.5 6.5 268

P7-1 Asymptomatic carrier 9/7/2005 18.22 8.48 41 0 595

P7-2 Asymptomatic carrier 9/6/2007 11.66 9.48 37.5 3.5 544

P7-3 Chronic 5/2/2011 56.79 10.14 14.5 52 6 800

P7-4 Acute 11/21/2011 98.31 27.23 8.4 65.4 10 700

P8-1 Asymptomatic carrier 4/13/2011 13.41 4.30 39 3 626

P8-2 Smoldering 6/20/2012 17.54 5.00 33 13 467

P8-3 Smoldering 5/28/2014 45.27 NA NA NA NA

P8-4 Chronic 8/19/2015 41.02 NA NA NA NA

P9-1 Asymptomatic carrier 2/27/2012 19.82 NA NA NA NA

P9-2 Smoldering 5/1/2014 21.78 NA NA NA NA

P9-3 Smoldering 5/1/2015 43.85 NA NA NA NA

P10-1 Smoldering 9/6/2011 20.46 5.10 37 6 523

P10-2 Smoldering 5/12/2015 40.67 6.20 34 6 643

P11-1 Smoldering 10/4/2012 36.63 6.04 28.5 24.5 1 700

P11-2 Chronic 7/18/2013 37.32 6.92 13.5 51 7 000

P12-1 Smoldering 7/27/2009 23.56 5.00 23 18 992

P12-2 Chronic 6/1/2013 65.78 NA NA NA NA

P13-1 Smoldering 9/29/2010 31.1 10.20 21 15 1 320

P13-2 Chronic 7/26/2012 32.15 9.40 51 14 1 780

P14-1 Smoldering 11/10/2009 55.12 14.00 7 52 1 940

P14-2 Chronic 5/23/2013 54.39 11.80 16 35 2 260

P15-1 Smoldering 5/11/2007 16.9 9.80 44 0 833

P15-2 Chronic 11/10/2010 28.53 12.70 52 14 823

P16-1 Smoldering 10/17/2002 44.80 7.40 15 32 1 250

P16-2 Acute 5/20/2004 105.98 12.80 4 76 12 800

P17-1 Chronic 12/15/2010 59.3 NA NA NA 1 700

P17-2 Chronic 11/26/2012 56.6 NA NA NA 7 000

P18-1 Chronic 12/15/2008 41.47 9.40 38 22 3 180

P18-2 Chronic 1/6/2011 34.23 9.10 46 10 2 610

P19-1 Chronic 3/13/2008 63.07 18.10 65 9 3 590

P19-2 Chronic 6/16/2010 73.27 13.10 54 12 5 390

P20-1 Chronic 9/16/2009 83.81 50.32 39.5 40.5 14 200

P20-2 Acute 9/21/2011 51.42 52.71 0.4 97.8 300

ID, identifier; NA, not available; WBC, white blood cell count.
*Clinical diagnosis of each sample, based on Shimoyama criteria.
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Figure 1. Clonality of asymptomatic HTLV-1 carriers over time. Each colored bar segment represents a unique clone, and the segment width represents the clone size.

(A) Clonality among ACs who remained ACs over time. These samples exhibited polyclonal patterns (uniform distribution) over all analyzed time points. (B) Clonality among ACs

who progressed to different ATL subtypes over time. These samples largely exhibited expanded oligoclonal or monoclonal patterns.
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Categorizing absolute clone sizes

Clone sizes were determined by quantifying absolute numbers of
infected cells using our high-throughput Tag-NGS system.22 Sub-
sequently, clones were categorized by using previously published
criteria.36 Briefly, the observed clones were categorized into 4
distinct size groups based on the distributions of clone sizes among
clonality data from asymptomatic carriers (ACs) and ATL samples:
very small (VS; 1-128 infected cells), small (S; 129-512 infected
cells), big (B; 513-2048 infected cells), and very big (VB; .2048
infected cells).

Results

We selected 9 carriers and 11 ATL patients from the JSPFAD
cohort. The follow-up periods of these 20 cases ranged from 15
months to 7 years 6 months. Clinical and laboratory data for
the enrolled carriers and patients are provided in Table 1. Subtype
diagnosis and classification were performed as described pre-
viously.31 Progression was defined as a change in the clinical status
of an enrolled individual (eg, from carrier to any type of ATL or
among subtypes of ATL). We quantified the population of each
clone by using our high-throughput method and samples that had
been longitudinally collected at more than 2 time points. In addition,
we retrospectively characterized clonality dynamics on the basis of
clone size and clinical status. The sizes and categories of the top 5
largest clones across the analyzed samples are provided in
supplemental Table 1.

ACs

Longitudinally collected samples from nine ACs (P1-P9) were
subjected to clonality analysis. Five (P1-P5) remained ACs during
the observation period (Figure 1A), and 4 (P6-P9) progressed to
ATL. All ACs without progression harbored both S and VS clones
(ie, polyclonal pattern). The largest and second-largest clone sizes,
clonality patterns, and clinical statuses are summarized in Table 2.
Carriers without progression (P1-P5) exhibited small-size clones
and polyclonal patterns. In contrast, carriers who progressed to ATL
(P6-P9) exhibited oligoclonal or monoclonal patterns (Figure 1B;
Table 2). Carrier P6, who was monitored for 7 years 6 months,
developed SM-type ATL at 49 months after enrollment and

maintained this status until the last observation. Carrier P7, who was
monitored for 6 years 2 months, developed chronic-type ATL at time
point 3 (68 months) and progressed to acute-type ATL at time point
4. Carrier P8 progressed to SM-type at time point 2 (14 months),
maintained this status until time point 3 (37 months), and
progressed to chronic-type ATL at time point 4 (52 months). Carrier
P9, who was monitored for 3 years 2 months, developed SM-type
ATL at time point 2 (26 months) and maintained this status until time
point 3 (38 months). Although this patient eventually progressed to
acute-type ATL, a post-progression blood sample was not available
(Figure 1; Table 1).

Next, we analyzed the clone sizes of carriers who eventually
progressed to ATL. As shown in Table 2, all samples from carriers
who exhibited clinical progression harbored 1 or 2 large clones
categorized as B or VB, which represented monoclonal or oli-
goclonal growth, at both time points. The clone size distribution
among these samples is shown in Figure 2A. The sizes of the
top clones were significantly larger in ACs with progression
compared with those in ACs without progression (P 5 .0001,
Student t test) (Figure 2B). Clone sizes, clonality patterns, and
clinical progression among carriers (P1-P9) are also summarized in
Table 2. Briefly, these findings suggest that ACs harboring
oligoclonal or monoclonal patterns are at risk of progression to
ATL, whereas those with a polyclonal pattern remained as carriers
and thus were considered to be the low risk group for development
of ATL.

Indolent ATL cases

Seven patients (P10-P16) were diagnosed with SM-type ATL upon
study enrollment (time point 1). Among them, one (P10) maintained
SM-type disease throughout an observation period of 3 years 8
months. The remaining 5 cases (P11-P15) progressed to chronic-
type ATL at time point 2. Although P14 progressed to acute-type
ATL 4 months after time point 2, postprogression blood samples
were not available for study. P16 directly progressed to acute-type
ATL 19 months after time point 1 without progression to indolent-
type ATL (Table 1; Figure 3).

The results of longitudinal clone size measurements among patients
initially diagnosed with SM- or chronic-type ATL are shown in

Table 2. Clone sizes, clonality patterns, and clinical progression among carriers

ACs

Time point 1

Clonality pattern

Time point 2

Clonality pattern Clinical progressionTop Second Top 1 second Top Second Top 1 second

P1 46 31 77 Polyclonal 112 54 166 Polyclonal 2

P2 357 147 504 Polyclonal 433 208 641 Polyclonal 2

P3 105 34 139 Polyclonal 153 25 178 Polyclonal 2

P4 77 29 106 Polyclonal 187 37 224 Polyclonal 2

P5 388 287 675 Polyclonal 244 243 487 Polyclonal 2

P6 1852 1007 2859 Oligoclonal 1553 962 2515 Oligoclonal 2

P7 1655 26 1681 Monoclonal 2083 11 2094 Monoclonal 1*

P8 2572 39 2611 Monoclonal 2460 10 2470 Monoclonal 2

P9 2392 81 2473 Monoclonal 2527 94 2621 Monoclonal 1*

2, Maintained clinical status; 1, progressed to advanced subtype; second, second-largest clone; sum, sum of top and second clone sizes; top, largest clone.
*Progressed to aggressive subtype.
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Figure 3. The clone sizes, clonality patterns, and clinical progression
of these patients (P10-P20) are also summarized in Table 3 and
Figure 4. Among them, 1 patient with SM-type (P10) and 3 with
chronic-type ATL (P17-P19) maintained their diagnostic status
throughout the observation period. The other 7 patients experienced
progression: 5 patients with SM-type (P11-P15) progressed to chronic-
type ATL, and 1 of them (P14) later progressed to acute-type ATL. One
chronic-type ATL patient (P20) progressed to acute-type ATL at time
point 2 (Figure 4B).

The largest clone (ie, top clone) sizes ranged from 1446 to 5377 at
time point 1. Neither the largest clone size nor the sum of the 2
largest sizes correlated with progression (Figure 3; Table 3). Among
the patients, 5 exhibited an oligoclonal pattern with the 2 largest
clones having similar sizes (P11, P12, P15, P18, P19). However, at
time point 2, P15 exhibited a monoclonal pattern and a significant
decrease in the second-largest clone size (Figure 3; Table 3). Three
patients (P11, P12, P15) exhibited clinical progression, and 2
patients (P18, P19) maintained chronic-type ATL (Figure 4B).

Taken together, these results show that highly expanded clones
seemed to have been established in carriers several years before
the onset of ATL. In addition, all patients who progressed to acute-
type ATL exhibited monoclonal patterns (supplemental Figure 1).

Clones and other markers

An analysis of the measured PVLs relative to either the top clone or
the sum of the top 2 clones revealed correlations with both
parameters (supplemental Figure 3A-D). These findings support
the PVL as an indicator of the total number of HTLV-1–infected
peripheral blood cells, which mainly represent the sizes of major
clones. Next, we studied the relationships between clone sizes (top
clone, sum of top 2 clones) and soluble interleukin-2 receptor-a (sIL-
2Ra) levels (supplemental Figure 3E-H) and observed correlations
between the sizes of the major clones and the PVLs, except for 1
casewith an exceptionally high sIL-2Ra level (supplemental Figure 3I-J).
The results suggest that sIL-2Ra levels generally represent the total
number of HTLV-1–infected T cells, but not phenotypic changes in
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the clonally expanded population, despite the presence of an
exceptional case.

Discussion

In this study, we conducted a longitudinal analysis of samples
collected from the JSPFAD cohort, which began in 2002. Accordingly,
some individuals in the cohort participated in follow-up for more than
10 years and provided blood samples at every annual clinic visit. The
samples analyzed in this study included those of HTLV-1 carriers who
subsequently developed ATL, as well as those of patients with ATL
who progressed from indolent-type to aggressive-type disease during
the observation period. Therefore, the most unique aspect of this study

is the quantitative characterization of clonality in longitudinal clinical
samples. This study would not have been possible without a large-
scale cohort study and our new next-generation sequencing based
method (Tag-NGS system).

We defined and classified clonal growth patterns of HTLV-1–infected
T cells as polyclonal, oligoclonal, or monoclonal, depending on the
sizes of the clones that collectively composed the in vivo HTLV-
1–infected T-cell populations. Clonal patterns of individuals did not
seem to change significantly during the follow-up period (Figures 1-3;
supplemental Table 1; supplemental Figure 2). A schematic repre-
sentation of the relationship between clonality and clinical progres-
sion is described in Figure 4 and supplemental Figure 4. Results from
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ACs and ATL patients with SM- or chronic subtype are presented in
supplemental Figure 4A and 4B, respectively.

Here we provide a collective summary of the results with respect to
clonality and clinical progression. Polyclonal pattern was observed
only in ACs who did not show clinical progression. Oligoclonal
pattern was observed in 6 cases, one AC, 3 SM-ATL, and 2 chronic-
ATL, among which 1 AC progressed to SM-ATL, 3 SM-ATL cases
progressed to chronic-ATL, and 2 chronic-ATL cases did not show
progression. Thus, all cases exhibiting the oligoclonal pattern main-
tained indolent-type ATL (SM and chronic types). The monoclonal
pattern was observed in 9 individuals: 3 ACs, 4 SM-ATL cases, and 2
chronic-ATL cases. Among them, 5 cases progressed to acute-type
ATL: 2 ACs, 2 SM-ATL cases, and 1 chronic-ATL case. These re-
sults suggest that the monoclonal pattern indicates a higher risk of
progression to aggressive ATL. Among the 7 SM-type cases, 4 exhi-
bited monoclonal patterns and 3 exhibited oligoclonal patterns.
These results are in line with previous Southern blot analyzes in which

approximately half the analyzed SM-type cases yielded monoclonal
bands.12 Taken together, patients with indolent-type ATL who harbor
a monoclonal infected cell population are considered at high risk of
progression to acute-type ATL. This finding contrasts with results
suggesting that patients exhibiting oligoclonal patterns maintained
chronic-type ATL, despite progression from SM-type disease.

Although our results provide important information that will elucidate
the dynamics of clonal HTLV-1–infected cell expansion in vivo, this
analysis should only be considered a pilot study. Accordingly, the
results should be validated in a large sample. Regarding study lim-
itations, the sampling method used in this study was not randomized to
include all clinical categories other than acute-type ATL. Furthermore,
the follow-up periods of enrolled individuals varied widely (from 15
months to 7 years 6 months).

In this article, the term “clone” refers to a population of HTLV-
1–infected cells that originated from a single infected cell and thus
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harbored the same integration site. However, a tumor cell clone is
defined as a cell population with specific common genomic
mutations that are usually considered to be a driving force for tumor
cell proliferation, as well as the molecular basis for the tumor cell
phenotype. Therefore, the correlation between clones defined by
infection status and those defined by specific genomic mutations
remains to be determined. Studies of this issue will provide
information about the molecular mechanism underlying the growth
of malignant clones within an infected cell clone.

Another unaddressed issue involves carriers with low PVLs who
nevertheless develop aggressive ATL. To date, we have identified 4
cases in our cohort that corresponded to this type of ATL onset.
Studies of clonality before onset will provide valuable information
relevant to the molecular events underlying ATL development.

In conclusion, this longitudinal analysis of clonal dynamics in HTLV-
1–infected individuals revealed that an oligoclonal or monoclonal
pattern of HTLV-1–infected cells is a risk factor for ATL develop-
ment in carriers. In addition, patients with indolent ATL who harbor a
monoclonal pattern are also at increased risk of progression to
aggressive-type ATL. Therefore, the delineation of clonality in HTLV-
1 carriers and ATL patients could serve as a powerful prognostic
indicator.
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