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Summary

Human T lymphotropic virus-type 1 (HTLV-1) is the causal agent of the
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP),
adult T cell leukaemia/lymphoma and infective dermatitis associated with
HTLV-1 (IDH). Over-production of proinflammatory cytokines and an
increase in HTLV-1 proviral load are features of HAM/TSP, but the immuno-
logical basis of IDH has not been established. In addition to severe cutaneous
manifestations, the importance of IDH relies on the observation that up to
30% of children with IDH develop HAM/TSP in childhood and adolescence.
In this study we determined the immune response in patients with IDH
measuring interleukin (IL)-4, IL-5, IL-10, interferon (IFN)-g and tumour
necrosis factor (TNF)-a levels as well as the HTLV-1 proviral load. Addition-
ally, regulatory cytokines and anti-cytokines were added to cultures to
evaluate the ability of these molecules to down-modulate TNF-a and IFN-g
synthesis. HTLV-1 carriers and patients with HAM/TSP served as controls.
TNF-a and IFN-g levels were higher in IDH than in HTLV-1 carriers. There
was no difference in IFN-g and TNF-a concentrations in IDH and HAM/TSP
patients. There was a tendency for higher IL-4 mRNA expression and immu-
noglobulin E (IgE) levels in IDH than in HTLV-1 carriers, but the difference
did not reach statistical significance. The HTLV-1 proviral load was signifi-
cantly higher in IDH patients than in HTLV-1 carriers. IDH is characterized
by an exaggerated Th1 immune response and high HTLV-1 proviral load. The
similarities between the immunological response in patients with IDH and
HAM/TSP and the high proviral load observed in IDH provide support that
IDH is a risk factor for development of HAM/TSP.
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Introduction

Human T lymphotropic virus-type 1 (HTLV-1) is a retrovi-
rus associated with a haematological disorder called adult
T cell leukemia/lymphoma (ATLL), and with a neurological
syndrome, HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP). However, only a small percentage
of infected individuals will develop disease. Peripheral blood
mononuclear cells (PBMC) from HTLV-1 infected individu-
als proliferate spontaneously in vitro and secrete cytokines
[1,2]. Patients with HAM/TSP present high HTLV-1 proviral
load [3], an increased number of Tax-specific CD8+ T lym-
phocytes [4], a persistent and high titre of anti-HTLV-1 anti-
bodies [5] and an increased expression of proinflammatory
cytokines such as interferon (IFN)-g, tumour necrosis factor

(TNF)-a and chemokines in the peripheral blood and cere-
bral spinal fluid [6–8]. These immunological abnormalities
are more pronounced in HAM/TSP patients, but evidence of
enhanced T cell activation is also detected in HTLV-1 carriers
[6,9].

Infective dermatitis associated with HTLV-1 (IDH) is a
form of recurrent dermatitis that affects children infected
with HTLV-1. Cases of IDH have been reported in Colom-
bia, French Guyana and Senegal [10–12]. HTLV-1 is endemic
in Salvador (Bahia, Brazil), an area with the highest preva-
lence of this infection among blood donors in Brazil [13]
and where the majority of IDH cases have been reported
[14]. The lesions in IDH are erythematous, scaly and
crusted, and are located frequently on the scalp and on
the retroauricular, cervical, peri-oral, inguinocrural and
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perinasal regions [15,16]. Patients present with mild to
moderate pruritus, and with chronic nasal secretions and
crusting on the nares. IDH is associated generally with Sta-
phylococcus aureus and/or Streptococcus beta haemolyticus
infection [16]. More recently, it has been shown that IDH
may progress to ATLL and HAM/TSP [14,17–19]. IDH
resembles some features of late lesions of severe atopic der-
matitis, but the immunological basis of IDH has not been
determined. In this work, we performed an analysis of
in vitro cytokine patterns from PBMC of IDH patients, and
the HTLV-1 proviral load was determined. Additionally, the
ability of a regulatory cytokine [interleukin (IL)-10] and
cytokine antagonists (anti-IL-2 and anti-IL-15) to down-
regulate the spontaneous IFN-g and TNF-a production in
unstimulated cell culture was evaluated. These results were
compared with those observed in HTLV-1 carriers and in
patients with adult HAM/TSP.

Materials and methods

Study subjects

This is a cross-sectional study with the participation of 20
IDH patients, 40 HTLV-1 carriers, 40 HAM/TSP patients
and 15 HTLV-1 seronegative individuals used as controls.
The IDH patients enrolled in the study comprise those who
were followed at the dermatological clinic of the Hospital
Universitário Professor Edgard Santos between September
2002 and August 2005. The skin lesions observed in IDH can
be seen in Fig. 1. The diagnosis of IDH was made according
to previously established criteria [16]. A differential diagno-
sis between IDH and atopic dermatitis was made on the basis
of pre-existing criteria [20]. The HTLV-1 carriers were
selected consecutively from blood bank donors, and patients
with HAM/TSP have been followed in the HTLV-1 clinic of
the Hospital Universitário Professor Edgard Santos, Federal

University of Bahia, Brazil. Three IDH patients were
excluded because at the time of the evaluation they already
had HAM/TSP, or the diagnostic of myelopathy was per-
formed close to the blood collection for the immunological
studies. The diagnosis of HTLV-1 infection was performed
by enzyme-linked immunosorbent assay (ELISA) (Murex
HTLV-I + II; Abbot, Dartford, UK) and confirmed by
Western blot analysis (HTLV 2·3–2·4; Genelabs, Singapore).
The diagnosis of HAM/TSP was made according to World
Health Organization guidelines. All HAM/TSP patients had
HTLV-1 antibodies in their cerebral spinal fluid and had
Osame’s motor disability score =1 and expanded disability
status scale = 3 [21,22]. Individuals who did not fulfill the
criteria for HAM/TSP were classified as HTLV-1 carriers.
Patients with positive serology for HIV-1 and -2 and hepa-
titis virus types B and C were excluded from the study. Par-
ticipants of the study or their guardians gave informed
consent prior to the drawing of blood samples, and the study
was conducted with the approval of the Ethical Committee
of the Hospital Universitário Professor Edgard Santos.

Cell culture and IL-5, IL-10, IFN-g and TNF-a levels

The PBMCs from 17 IDH patients, 40 HTLV-1 carriers and
40 HAM/TSP patients were isolated from heparinized blood
by density gradient centrifugation with Ficcoll-Hypaque.
The cell were cultured in RPMI-1640 (Life Technologies,
GibcoBRL, Grand Island, NY, USA), 10% human serum
(Sigma, St Louis, MO, USA), glutamine, HEPES and
antibiotics. Briefly, 3 ¥ 106 cells/ml were plated in 24-well
flat-bottomed microtitre plates (Falcon, Becton Dickinson,
Lincoln Park, NJ, USA) and kept with media only (unstimu-
lated) or were supplemented with 100 ng/ml IL-10 (DNAX
Institute, Palo Alto, CA, USA), anti-IL-2 or anti-IL-15 (R&D
Systems Inc, Minneapolis, MN, USA) at a concentration of
20 mg/ml. Cell cultures were incubated at 37°C with 5% CO2

for 72 h. Supernatants of the cell cultures were collected and
stored at –20°C until use. IL-5, IL-10, IFN-g and TNF-a
levels were determined using the ELISA sandwich technique
following the manufacturer’s instructions (BD Bioscience
Pharmingen, San Jose, CA, USA). The results were expressed
in pg/ml based on a standard curve generated using recom-
binant cytokines.

Determination of total serum immunoglobulin E levels

Total immunoglobulin E (IgE) titres were obtained from the
sera of 17 IDH patients and 16 HTLV-1 carriers by Immulite
2000 Total IgE kit, according to the manufacturer’s instruc-
tions (EURO/DPC, Llanberis, UK).

Semi-quantitative reverse transcriptase–polymerase
chain reaction to detect IL-4

Total RNA isolation from PBMCs after 72 h of culture was
performed utilizing Trizol LS reagent (Invitrogen, Carlsbad,

Fig. 1. Infective dermatitis with severe involvement of scalp, forehead

and external ear with exudative and crusted lesions.
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CA, USA). Complementary DNA (cDNA) was synthesized
using 3 mg of total RNA and reverse-transcribed by M-MLV
reverse transcriptase. Polymerase chain reactions (PCRs)
were then performed in a final volume of 50 ml containing
2·0 mM of MgCl2, 0·2 mM of deoxyribonucleoside triphos-
phate (dNTP) mix (dATP, dCTP, dTTP, dGTP), 10¥ PCR
buffer, 2·5 U of the Taq DNA polymerase recombinant
(Invitrogen) and specific primers at 25–50 pmol using the
Veriti Thermal Cycler (Applied Biosystems, Foster City, CA,
USA). The human primer sequences were: HPRT forward:
GCGTCGTGATTAGTGATGATGAAC and HPRT reverse:
GGATTATACTGCCTGACCAAGG; IL-4 forward: GCGAT
ATCACCTTACAGGAG and IL-4 reverse: TGTCCTGT
GAAGGAAGCCAAC. Thermocycling conditions included
30 cycles of 1 min at 95°C for denaturation, 1 min 30 s at
60°C for annealing and extension for 1 min 30 s at 72°C, plus
a final extension step of 10 min at 72°C. The amplification
products of PCR were visualized in 1·3% agarose gel staining
with 0·2% of ethidium bromide (Sigma). The band intensity
was calculated using Quantity One Software 4.6.3 (Basic)
(BioRad, Hercules, CA, USA). Results were expressed as rela-
tive units corrected for HPRT expression.

The HTLV-1 proviral load

The PBMCs from 17 IDH patients, 32 HTLV-1 carriers and
31 HAM/TSP patients were isolated from ethylenediamine
tetraacetic acid-treated blood samples by Ficoll density gra-
dient centrifugation. DNA was extracted from 106 cells using
the phenol/chloroform procedure. The HTLV-1 proviral
load was quantified using a real-time TaqMan PCR method
[23]. Albumin DNA was quantified in parallel to determine
the input cell number and was used as an endogenous
reference. Amplification and data acquisition were carried
out using the ABI Prism 7700 Sequence detector system

(Applied Biosystems). Standard curves were generated using
a 10-fold serial dilution of a double-stranded plasmid
(pcHTLV-ALB). The HTLV-1-infected human lymphocyte
line MT2 was used as a control for quantification. The
normalized value of the HTLV-1 proviral load was
calculated as the ratio of (HTLV-1 DNA average copy
number/albumin DNA average copy number) ¥ 2 ¥ 106 and
expressed as the number of HTLV-1 copies per 106 PBMCs.

Statistical analysis

The Mann–Whitney U-test and Wilcoxon’s matched-pairs
signed-rank test were used to compare data. The software
GraphPad Prism version 3·03 (San Diego, CA, USA) was
applied for statistical analysis, and P values < 0·05 were con-
sidered to indicate a significant difference.

Results

Cytokines profile secreted by PBMC from IDH,
HTLV-1 carriers and HAM/TSP patients

Spontaneous production of TNF-a, IFN-g, IL-5 and IL-10 in
HTLV-1 seronegative healthy controls, HTLV-1 carriers, IDH
patients and in HAM/TSP is shown in Fig. 2. TNF-a and
IFN-g levels in patients with IDH were significantly higher
than in controls. IFN-g levels were slightly higher in HAM/
TSP than in IDH patients, and TNF-a was slightly higher in
IDH than in HAM/TSP, but these differences did not reach
statistical significance. The median concentration of TNF-a
in supernatants of IDH patients was 599 pg/ml compared
with 122 pg/ml in HTLV-1 carriers (P = 0·005) and
442 pg/ml in HAM/TSP patients. IFN-g levels were 1195 pg/
ml, 424 pg/ml (P = 0·001) and 2588 pg/ml in IDH patients,
HTLV-1 carriers and HAM/TSP patients respectively. There

Fig. 2. Comparison of interferon (IFN)-g (b),

tumour necrosis factor (TNF)-a (a), interleukin

(IL)-5 (c) and IL-10 (d) concentrations in

infective dermatitis associated with human T

lymphotropic virus-type 1 (IDH) patients

(n = 17), human T lymphotropic virus-type 1

(HTLV-1) carriers (40), HTLV-1-associated

myelopathy/tropical spastic paraparesis

(HAM/TSP) (40) patients and healthy controls

(15). All cytokine data presented correspond to

the value in unstimulated cultures. The levels of

cytokines were measured by enzyme-linked

immunosorbent assay and expressed as pg/ml.

Statistical analysis was performed by

Mann–Whitney U-test.
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was no significant difference in IL-5 and IL-10 concentra-
tions between the IDH patients and HTLV-1 carriers.

Correlation between TNF-a and IL-10 levels in
IDH patients

The TNF-a has been associated with pathology in HTLV-1
infection, and IL-10 is one of the most important cytokines
involved in down-modulating TNF-a levels [24]. As TNF-a
and IL-10 levels were variable, we evaluated whether there
was an inverse correlation between TNF-a and IL-10 levels
in patients with IDH. The values of TNF-a and IL-10 plotted
in Fig. 3 show that there was a direct correlation between
TNF-a and IL-10 levels.

The IL-4 mRNA expression in IDH patients and
HTLV-1 carriers and total serum IgE levels

Expression of the IL-4 gene in unstimulated PBMC from
healthy controls, HTLV-1 carriers and IDH patients was
evaluated. We found an increased expression of IL-4 mRNA
in IDH patients when compared with HTLV-1 carriers, but
no significant difference was observed between these groups
(Fig. 4). There was a tendency for higher total serum IgE
in IDH patients when compared with HTLV-1 carriers
(P > 0·05) (Fig. 4).

Quantification of HTLV-1 proviral load in HTLV-1
asymptomatic carrier, IDH patients and
HAM/TSP patients

The proviral load in numbers of copies of HTLV-1 per 106

PBMCs in 32 HTLV-1 carriers, 17 IDH patients and 31
HAM/TSP patients is shown in Fig. 5. The median of provi-
ral loads in IDH patients were much higher, with 244·369
copies per 106 PBMCs compared to 32·035 in HTLV-1

carriers (P = 0·0001) and 139·109 copies per 106 PBMCs in
HAM/TSP patients.

Down-regulation of IFN-g production by cytokine and
anti-cytokines (IL-10, anti-IL-2 and anti-IL-15) in
HTLV-1 carriers and IDH patients

We have previously shown that while PBMCs from HTLV-1
carriers can be modulated when IL-10 and anti-IL-2 are
added in vitro, cells from HAM/TSP patients exhibit poor
modulation of the immune response [25]. To evaluate
the ability of IL-10 to decrease the spontaneous IFN-g
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production observed in HTLV-1-infected patients, PBMCs
of IDH patients and HTLV-1 carriers were cultured in the
presence of IL-10. The addition of 100 ng/ml of IL-10
significantly reduced IFN-g production from 796 pg/ml to
180 pg/ml in HTLV-1 carriers and from 844 pg/ml to 558
pg/ml in IDH patients, showing a decrease in spontaneous
IFN-g synthesis of 71% and 39% respectively (P < 0·05)
(Fig. 6a). IL-2 and IL-15 are cytokines participating in T cell
activation and proliferation, and both are involved in the
spontaneous lymphoproliferation observed in HTLV-1-
infected patients [26,27]. The effects of neutralizing antibod-
ies against IL-2 and IL-15 were assayed in PBMC cultures
of IDH patients and HTLV-1 carriers. Anti-IL-2 addition
reduced IFN-g production in unstimulated cell cultures by
11·5% in IDH patients (844–778 pg/ml, P > 0·05) and by
52% in HTLV-1 carriers (796–258 pg/ml, P = 0·01) (Fig. 6b).
Anti-IL-15 reduced IFN-g production by 33% in IDH
patients (844–534 pg/ml, P < 0·05) and by 36% in HTLV-1
carriers (796–347 pg/ml, P < 0·05) (Fig. 6c).

Discussion

The IDH is a very severe cutaneous manifestation of HTLV-1
infection observed predominantly in childhood [16].
Despite the eventual improvement of cutaneous lesions in
the majority of patients, recent studies have indicated that a
large percentage of IDH patients may experience a rapid
progression to HAM/TSP [19]. In the present study, we have
documented that patients with IDH have higher production
of TNF-a and IFN-g than HTLV-1 carriers, pointing out the
possible importance of these immunological abnormalities
in the pathogenesis of the disease. As observed in HTLV-1
carriers, IDH patients are able to modulate IFN-g produc-
tion when anti-IL-15 was added. However, anti-IL-2 was not

able to reduce significantly the immunological response in
these patients. Moreover, our data show that proviral load
was significantly higher in IDH patients than in HTLV-1
carriers. These data indicate that IDH is characterized by an
exaggerated type 1 immune response and high proviral load.

The IDH has distinct clinical features from atopic derma-
titis; however, sometimes skin lesions not only resemble
atopic dermatitis but are also frequently colonized by S.
aureus, as observed in atopic patients [28]. The majority of
children suffering from atopic dermatitis have a raised serum
level of IgE, which correlates in turn with severity of the
disease [29,30]. HTLV-1 infection is characterized by a strong
type 1 immune response, but compared with seronegative
individuals HTLV-1 carriers have higher levels of IL-4, IL-5
and IL-10 [6]. Herein we show that IDH patients had higher
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levels of IgE than HTLV-1 carriers, but this difference did not
reach statistical significance. Moreover, the levels of specific
IgE in IDH patients, healthy controls and HTLV-1 carriers for
a panel of inhalant and food allergens did not show a statis-
tical difference when they were compared (data not shown).
IL-4 plays a pivotal role in differentiation of T helper type 0
(Th0) to Th2 cells which, in turn, produce predominantly
IL-4, IL-5, IL-13 and IL-10. As IL-4 levels in supernatants of
PBMC cultures may not be elevated even in situations asso-
ciated clearly with a type 2 immune response [31], mRNA
expression for IL-4 was determined. The observation that no
difference was found between mRNA in IDH and controls
gives support that the immunological response in IDH differs
from atopic dermatitis and that a type 2 immune response is
not responsible for the tissue damage observed in IDH. In
fact, immunohistochemical studies performed in IDH
patients showed a predominance of CD8+ T cells expressing T
cell intracellular antigen 1 and granzyme B, data that differ
from those observed in atopic dermatitis [32].

The HTLV-1 infection is characterized by an exaggerated
type 1 immune response [6]. TNF-a has been associated
with pathology of chronic inflammatory and autoimmune
diseases [33,34], and IL-10 is one of the most important
cytokines in down-modulating TNF-a synthesis [24]. Here
we show that there is a direct correlation between TNF-a
and IL-10, probably suggesting that the increase in IL-10
concentration is an attempt to down-modulate TNF-a
production. Alternatively, it has been shown that human
CD4 T cells may secrete simultaneously IL-10 and IFN-g
[35], and CD4 T lymphocytes are the cells infected predomi-
nantly by HTLV-1. Therefore, it cannot be ruled out that the
source of IL-10 is mainly activated T cells during HTLV-1
infection.

Proviral load has been associated with pathology associ-
ated with HTLV-1. PBMC from adult HAM/TSP have a
higher proviral load than HTLV-1 carriers [9,36], and more
recently it was shown that this difference is more significant
in the central nervous system (CNS) fluid than in PBMC
[37]. This increase in HTLV-1 proviral load in the CNS could
be associated with the passage of infected and activated CD4
T cells through the blood–brain barrier, followed by infiltra-
tion of the cytotoxic cells producing cytokines, chemokines
and other molecules that will mediate CNS tissue damage
[37]. In this study we showed that HTLV-1 proviral load was
higher in IDH than in HTLV-1 carriers. T cell infiltration is
observed in skin lesions from IDH patients [32], and it is
possible that both HTLV-1-infected cells and activated T
cells migrate to the skin of these patients [38].

We have previously shown that IL-10, anti-IL-2 and anti-
IL-15 down-modulate IFN-g production in HTLV-1 carriers
but do not suppress IFN-g synthesis in HAM/TSP [25]. In
this study we evaluated whether the exogenous addition of
IL-10 and neutralization of IL-2 and IL-15 was able to down-
modulate IFN-g synthesis in cell cultures. While IL-10,
anti-IL-2 and anti-IL-15 significantly decreased IFN-g pro-

duction in HTLV-1 carriers, only IL-10 and anti-IL-15 sig-
nificantly down-modulated IFN-g production in patients
with IDH. Additionally, in all cases cytokines and antibodies
anti-cytokines were more effective in decreasing IFN-g pro-
duction in HTLV-1 carriers than in patients with IDH.

This study characterizes the immunological changes
observed in IDH patients, allowing a better understanding of
the immunopathogenesis of this severe dermatological
manifestation observed in children infected with HTLV-1.
Our data indicate that pathogenesis of IDH is related to an
exaggerated type 1 immune response with increased concen-
tration of TNF-a and IFN-g in supernates of PBMC and
high proviral load. These abnormalities are similar to those
which have been observed in adult HAM/TSP [39,40], giving
support to the clinical observation that a large proportion of
IDH patients develop HAM/TSP [19]. The only difference
between these two groups of patients in the immunological
evaluation performed was the documentation that IL-10 and
anti-IL-15 are able to decrease IFN-g production in IDH,
while patients with HAM/TSP had poor modulation of the
type 1 immune response. It is possible that IDH patients who
do not modulate the immune response appropriately are
more likely to progress to HAM/TSP. This emphasizes the
need for an effective anti-retroviral therapy associated with
immunotherapy to treat patients at high risk of developing
HAM/TSP. While no anti-retroviral drug is effective against
HTLV-1, the use of immunomodulators such as pentoxifyl-
line, a TNF-a inhibitor, should be considered, as TNF-a is
highly produced in these patients. Patients with IDH are
therefore natural candidates to receive therapy in an attempt
to prevent the development of irreversible neurological
damage.
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