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Abstract

Background

Adult T-cell leukemia/lymphoma (ATL) is a mature T-cell neoplasia etiologically linked to

HTLV-1. Manifestations of ATL are diverse and different clinical types with different tissue

involvement and aggressiveness have been described. The mechanisms that lead to the

development of ATL clinical types have not yet been clarified. Considering that in ATL pa-

tients HTLV-1 infection generally occurs in childhood, a multistep carcinogenesis model

has been proposed. Microsatellite alterations are important genetic events in cancer devel-

opment and these alterations have been reported in the aggressive types of ATL. Little is

known about oncogenesis of the less aggressive types.

Methodology/Principal Findings

In this study we investigated the role of the microsatellite alterations in the pathogenesis

mediated by HTLV-1 in the different types of ATL. We examined the presence of microsatel-

lite instability (MSI) and loss of heterozigosity (LOH) in matched pair samples (tumoral and

normal) of 24 patients with less aggressive types (smoldering and chronic) and in aggres-

sive types (acute and lymphoma) of ATL. Four microsatellite markers D10S190, D10S191,

D1391 and DCC were analyzed. MSI was found in four patients, three smoldering and one

chronic, and LOH in four patients, three smoldering and one acute. None of the smoldering

patients with microsatellite alterations progressed to aggressive ATL.

Conclusions/Significance

To our knowledge, this is the first report describing the presence of MSI and LOH in the less

aggressive types of ATL. These results indicate that microsatellite alterations may partici-

pate in the development of the less aggressive types of ATL.
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Author Summary

Adult T cell leukemia/lymphoma (ATL) is a severe neoplasia caused by a retrovirus
named human T cell lymphotropic virus type-1 (HTLV-1). There are 5 to 10 million carri-
ers worldwide, but only 2% to 5% will manifest ATL. The patients present different clinical
and laboratory features. Therefore, this neoplasia was classified in acute and lymphoma
types which presented poor prognosis, with a median survival time around 6 months and
the less aggressive chronic and smoldering types. The mechanisms involved in the devel-
opment of this disease are not well known. Microsatellites are short tandem repeats of
DNA spread throughout the genome. Alterations in these sequences have been related to
the development of cancers. In Japan, one of the highest endemic areas of HTLV-1 infec-
tion, alterations in microsatellites have been observed in the aggressive types of ATL and
were related to poor prognosis and progression of disease. In the current study, in which
we included many chronic and smoldering patients, we showed that microsatellite alter-
ations were also present in the less aggressive ATL and were not necessarily associated to
ATL progression and aggressiveness.

Introduction
Adult T-cell leukemia/lymphoma (ATL) is a severe mature T-cell neoplasia caused by human
T-cell lymphotropic virus type-1 (HTLV-1) [1]. It is estimated that there are approximately
5–10 million HLV-1 carriers worldwide, distributed in endemic areas which include Japan, Ca-
ribbean islands, Iran, Central and West Africa and South America [2]. The lifetime risk of de-
veloping ATL is estimated to be 2–5% [3],[4]. In Japan, there are about 700 new ATL patients
every year [5]. HTLV-1 infection is endemic in the state of Bahia in Northeastern Brazil, where
several cases of ATL have already been reported [6]. In Bahia, 14% of the ATL patients also
present HTLV-1-associated myelopathy/tropicalspastic paraparesis (HAM/TSP) [6], a chronic
inflammatory disease of the central nervous system [7]. ATL is originally classified into four
clinical types: acute, chronic, lymphoma and smoldering [8]. The acute and lymphoma types
have a poor prognosis, whereas the chronic and smoldering types have a less aggressive clinical
course [6]. Because there is a long latency period between infection and the development of
ATL, a multistep carcinogenesis model has been suggested for this neoplasia [9]. However, the
oncogenic mechanisms implicated in the development of the different clinical types of ATL
have yet to be established [10]. Microsatellites are short tandem repeats of DNA with one to six
base pairs, which are very polymorphic and interspersed throughout the human genome. Al-
terations such as microsatellite instability (MSI) and loss of heterozygosity (LOH) have been
documented in various tumor types, including hematological malignancies. MSI is associated
with the failure of the DNA mismatch repair system [11]. LOH represents somatic allelic dele-
tion in tumor DNA and may be related to inactivation of a tumor suppressor gene. MSI alter-
ations have been reported in the aggressive ATL in Japan [12]–[15]. Hatta et al. [12]
investigated 22 cases of acute and lymphoma types of ATL and found MSI in 40% of them.
These authors suggested that MSI may be involved in the progression of ATL. Hayami et al.
[13] studied 18 ATL patients, 14 of whom had the acute, three the chronic and one the smol-
dering type. These authors found MSI in 22% of the cases, all with the acute form of ATL. They
suggested that genomic instability may be associated with tumor progression rather than to the
development of ATL itself. LOH was reported in two studies including the acute and lympho-
ma types [14],[15]. The aim of the present study was to investigate the role of MSI and LOH in
the pathogenesis mediated by HTLV-1 in patients with different clinical types of ATL.
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Methods
The study included 24 patients with ATL diagnosed at the Professor Edgard Santos Teaching
Hospital at the Federal University of Bahia (UFBA), Brazil. Five patients had the acute, nine
the chronic, nine the smoldering and one the lymphoma-type [8] (Table 1). Additional samples
from patients #10 and #19 were collected after ATL progression from the smoldering to the
chronic and from the chronic to the acute phase, respectively. All cases of smoldering ATL
were non-leukemic [8], presented only skin lesions and none or less than 4% of atypical cells in
peripheral blood smears. Serology for HTLV-1 was performed by enzyme-linked immunosor-
bent assay (ELISA, Ortho Clinical Diagnostics Inc., USA) and confirmed by Western blot
(HTLV Blot 2.4, Genelabs Technologies). All patients were HIV-negative. Eight patients had
association with HAM/TSP (Table 1). The diagnosis and classification of ATL and HAM/TSP
were based on established criteria [7],[8]. Matched pair samples (tumoral and normal samples
from the same patient) were evaluated. DNA was extracted from peripheral blood mononucle-
ar cells (PBMC) using the Cell Culture DNAMini Kit (Qiagen, Valencia, CA). ) The PBMC
were collected prior to the treatment with an association of zidovudine and interferon-α
(AZT/INF-α) or chemotherapy, except for patient #11 who has been treated with AZT/INF-α
for the last five years. DNA control from each patient was extracted from normal samples (oral
mucosa, hair root, nail specimens and/or normal skin or lung tissues included in paraffin
blocks), using the QIAamp DNA investigator Kit (Qiagen, Valencia, CA) or QIAamp DNA
FFPE tissue kit (Qiagen, Valencia, CA). Microsatellite alterations were investigated using four
markers: D10S190 and D10S191 (located at chromosome 10), D11S1391 (located at chromo-
some 11) and DCC 18S21 (located at chromosome 18). These loci were selected because they
are known to present a higher frequency of MSI in aggressive ATL [12]. The primer sequences
for PCR amplification of each marker were obtained from the UniSTS database (http://www.
ncbi.nlm.nih.gov/unists/). For each marker, the forward primer was fluorescently labeled with
FAM, VIC, NED or PET (Applied Biosystems, Foster City, CA). PCR products were combined
with formamide and LIZ-500 size standard and analyzed by capillary electrophoresis using an
ABI 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). Data analysis was per-
formed using the Peak Scanner Software (Applied Biosystems, Foster City, CA). MSI was deter-
mined by PCR comparing the amplification pattern in the tumoral and normal samples from
the same patient. A method based on the intensity of the amplification signal was used to deter-
mine LOH [16]. The ratio between the amplification intensity of PBMC samples and that of
the normal tissue samples was calculated as previously described [16]. In this analysis, ratio val-
ues� 0.6 or> 1.67 were considered representative of LOH. Only patients who were heterozy-
gous for a given locus were considered informative for LOH analysis. The HTLV-1 proviral
load was quantified by real-time PCR using 30 ng of DNA and the TaqMan Fast Universal
PCR Master Mix kit (Applied Biosystems) in the 7500 Fast Real-Time PCR System (Applied
Biosystems). The HTLV-1 tax gene was selected for quantification of viral copies and normali-
zation was carried out using the beta-globin gene.

Ethics statement
This study was approved by the Ethics Committee of the Hospital Climério de Oliveira from
the Federal University of Bahia (UFBA). Informed written consent was obtained from all study
participants or their guardians on their behalf (patient #1 and #3).

Results
MSI was found in four of the 24 patients evaluated (16.6%) (Table 1; Fig. 1A), three of which
consisted of smoldering and one of chronic ATL. Two patients were males and two females. In
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the smoldering ATL, MSI was found in only one locus, in chromosome 10 in two patients (in
marker D10S190 in patient #6 and in D10S191 in patient #8) and in chromosome 18 in
the other.

However, in the chronic ATL (patient #15) MSI was present in two chromosomes, 11 and
18 (D11S1391 and DCC locus), being categorized as a replication error (RER+) phenotype.
Median age at diagnosis was similar between the smoldering patients with and without MSI
(52 and 56 years respectively). The chronic patient with MSI was 40 years old at diagnosis, sim-
ilar to the median age at diagnosis of the chronic group without MSI, which was 45 years.

Table 1. Clinical characteristics and results of microsatellite alterations analysis for patients with ATL.

Case Clinical
type

Sex Age Lymphocyte count
(×109/L)

Survival
(months)

PVL (copies/100
PBMC)

Skin
lesions

Microsatellite alteration

D10S190 D10S191 D11S1391 DCC

1 Smoldering M 9 4.5£ 23# 9.94 Present - LOH NA MSI

3* Smoldering F 17 2.5 48# 17.72 Present - - - -

4 Smoldering F 76 4 84# 16.04 Present - - - -

5* Smoldering F 46 1.8 72# 5.57 Present LOH - - -

6* Smoldering F 56 3.1 33 11.34 Present MSI - - -

7* Smoldering M 67 3.7 60# 13.17 Present - - - -

8* Smoldering F 52 3.5 120# 8.19 Present - MSI - -

9* Smoldering M 72 3.4 108# 35.81 Present - - - -

10β Smoldering M 35 4 23.30 Present - - - -

10B β Chronic 38 7.9 23# 30.04 Present - - - -

11 Chronic F 73 1.5 132# 3.71 Present - - - -

12 Chronic M 35 4.5 38 22.70 Present NA LOH NA LOH

13 Chronic M 20 30.7 84# 25.90 Absent - - - -

14* Chronic F 72 4.9 96# 29.67 Present - - - -

15 β Chronic M 40 4.7 10 86.79 Present - - MSI MSI

16 Chronic F 51 11.3 13 117.23 Present NA - - -

17* Chronic F 48 5.2 36# 8.48 Present - - - -

18 Chronic M 42 4.4 6 27.76 Absent - - - -

19A β Chronic M 32 9.5 22.14 Absent - - - -

19B β Acute 32 93.3 3 99.02 Absent - - - -

20 Acute M 35 65.3 1,5 102.55 Present NA - NA -

21 Acute F 39 26.9 4 37.00 Absent - - - -

22 Acute F 73 16.3 1 40.25 Present - - - -

23 Acute F 64 36.2 12 38.38 Present - LOH - -

24 Acute F 19 306.0 0,5 92.72 Present - - - -

25 Lymphoma M 63 1.2 9 6.02 Absent - - - -

(*) ATL associated with HAM/TSP.

(β) Patients that presented ATL progression during follow up. A second sample collected after progression were included for patients 10 and 19. For

patient 15, that progress from chronic to acute form of ATL, no sample of acute phase was available.

(£) This patient presented fluctuations in lymphocytosis with low values of LDH and without systemic involvement of the disease, so he was classified as

smoldering type.

(#) Patients still alive.

Abbreviations: M, male; F, female; MSI, microsatellite instability; LOH, loss of heterozygosity; -, no microsatellite alteration; NA, normal DNA sample had

not amplified.

doi:10.1371/journal.pntd.0003403.t001
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The three smoldering patients with MSI are still alive after more than four years of follow-
up and the disease has not progressed to more aggressive types of ATL in any of them. Remark-
ably, one of these patients was diagnosed with ATL in adolescence in 1991 [17]. The chronic
ATL with MSI in two loci progressed to acute ATL eight months after diagnosis. Unfortunate-
ly, an additional sample after progression was not available. This patient in the chronic phase

Figure 1. Assessment of microsatellite instability—MSI (a) and loss of heterozigosity—LOH (b) in
patients with adult T cell leukemia-lymphoma (ATL). (a1) Tumor sample without allelic shift compared
with normal sample (marker D10S191 – case 22). (a2) Patient showing allelic shift in tumor sample indicating
the presence of microsatellite instability (D10S191 marker—case 8). (a3) Patient showing a novel allele in
tumoral sample indicating the presence of microsatellite instability (marker D11S1391 – case 15). The arrows
indicate allelic shift. (b1) The presence of a single peak in both normal and tumor DNA indicates a non
informative case for LOH analysis (marker D10S190 – case 1). (b2) The presence of two peaks in normal and
tumor DNA indicates an informative case for LOH analysis (marker D11S1391 – case 9). (b3) The decrease
in peak height in one of two alleles in tumor DNA indicates allelic imbalance (LOH) (marker DCC – case 12);
S, Size of PCR product (in pb); H, Fluorescence intensity of peak; A, area of peak.

doi:10.1371/journal.pntd.0003403.g001
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presented a lymphocyte count of 4.7 ×109 cells/L, lower than the median lymphocyte count of
the whole chronic group (8.1 ×109 cells/L). Patient #10 progressed from the smoldering to
chronic ATL and patient #19 from the chronic to acute ATL. These two patients did not pres-
ent MSI in the loci here considered. Interestingly, MSI was not detected in any of the five acute
patients. These patients presented high lymphocyte counts (range of 16.3 to 306.0 × 109 cells/L,
Table 1) and poor survival, with a median survival time (MST) of 1.5 months.

LOH was found in four of the 24 patients (16.6%) (Table 1; Fig. 1B), and was detected in
only one locus in three patients, two of the smoldering and one of the acute type, while in the
fourth patient, a chronic type, LOH was present in two loci. In all four patients, LOH was de-
tected in chromosome 10 (the smoldering ATL #5 at D10S190 and the other patients at
D10S191). Additionally, LOH in the chronic patient was also detected in chromosome 18. Lev-
els of lymphocyte counts in the chronic and acute patients who presented LOH were at similar
range to the median of the respective clinical type group. None of the chronic or smoldering
patients with LOH progressed to aggressive types of ATL. However, in patients with progres-
sion, LOH was not observed.

In only one patient, MSI and LOH were observed simultaneously. This patient presented the
smoldering type of ATL. MSI was detected in chromosome 10 while LOH in chromosome 18.

Eight of the 24 patients also had HAM/TSP, six with the smoldering and two with the
chronic type. Microsatellite alterations were present in three of the smoldering patients
(Table 1) whereas the chronic patients did not show LOH in any loci examined.

Discussion
The frequency of MSI in ATL patients in the current study was lower compared to previous re-
ports [12],[13]. This may be partially due to the few acute and lymphoma ATL patients who
were included. However, the absence of MSI in six acute patients was unexpected. Interestingly,
we also found MSI in the loci previously reported in ATL patients from Japan [12], another en-
demic area for ATL.

To the best of our knowledge, this is the first report of MSI detection in less aggressive
forms of ATL. In Japanese studies, the presence of MSI has only been reported in the acute and
lymphoma types of ATL and the authors associated these alterations with progression of dis-
ease [12],[13]. In other hematological malignancies, the presence of MSI has also been linked
to disease progression [18],[19]. The present results suggest that the deficiency of the DNA
mismatch repair system may also constitute a mechanism in the development of smoldering
and chronic ATL, not only being related to the progression of ATL to more aggressive forms,
but also to the development of ATL itself. Our results suggest that the presence of MSI is not
necessarily an indicator of poor prognosis in ATL as only the chronic patient with MSI pro-
gressed to acute ATL while the smoldering patients did not progress and are still alive after sev-
eral years of follow-up. Since it was not possible to obtain a sample from the chronic patient
#15 in the acute phase, any additional assessment of MSI after progression of the disease was
precluded. The progression observed in two other patients without MSI in the loci included
here may be related to alterations in other loci, or to other genetic or epigenetic alterations.

The frequency of LOH detected in our study was also lower than expected. Hatta et al. [14]
evaluated 39 chromosome arms in patients with acute and lymphoma ATL and they reported a
high frequency of LOH (91%). This discrepancy is probably related to the different loci and
clinical types evaluated. It is noteworthy that LOH was present in the D10S191 locus in three
different clinical types: the acute, chronic and smoldering types. As observed in another study,
the presence of LOH in the D10S191 locus has also been associated with both initial and ad-
vanced stages of colorectal cancer [20].
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Microsatellite alterations were observed in 50% of the smoldering patients with HAM/TSP.
In Bahia, 14% of the ATL patients were shown to have HAM/TSP, which is more frequent
among the smoldering patients [21]. In all these patients, HAM/TSP was diagnosed prior to
ATL. There is no evidence in the literature that HAM/TSP could constitute a predisposing fac-
tor for ATL. HAM/TSP is characterized by high proviral load. As reported by Gillet et al [22],
in HAM/TSP patients elevated level of proviral load is related mainly to the increase of the
number of different clones more than to the relative abundance of these clones. It may be possi-
ble that the increase of infected clones in HAM/TSP patients in relation to asymptomatic carri-
ers may favor the appearance of a new clone with oncogenic capacity conferred by the
occurrence of microsatellite instability. Other mechanisms could also be implicated.

The number of patients included in the current study is too small to infer any relation be-
tween the presence of MSI or LOH in the loci examined and the earlier development of ATL.
Even if patient #1 developed smoldering ATL very early [17], the median age at diagnosis was
similar between the smoldering patients with microsatellite alterations and the patients without
these alterations. The absence of a relationship between microsatellite alterations in the studied
loci and lymphocytosis or prognosis, indicates that in these patients other loci or genetic or epi-
genetic alterations may be related to cell proliferation and prognosis.

MSI and LOH were detected even in the presence of a small percentile of infected cells in
the sample (around 9% in smoldering patients that presented the lower median proviral load
value between clinical types). In this sense, in patient #5, who showed the lowest proviral load
with 5% of infected cells LOH was detected in locus D10S190.

The present findings show that MSI and LOHmay also be associated with the less aggressive
ATL and not only with the aggressive types [11]–[13]. Moreover, microsatellite alterations may
occur simultaneously in different chromosomes in the smoldering and chronic types, as previ-
ously reported in aggressive forms of ATL [12]–[14]. These results suggest that in the less ag-
gressive types of ATL, there may be alterations in the DNA mismatch repair system [11]. LOH
represents somatic deletion in tumor DNA and may be related to inactivation of a tumor sup-
pressor gene [23]. Moreover, possible tumor suppressor genes located in these regions could be
inactivated in the less aggressive forms. The presence of microsatellite alterations in cases with
the smoldering and chronic types constitutes a new finding in ATL oncogenesis.
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