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RESUMO

Introducédo e Objetivos: As infecgdes por HTLV-I/Il se caracterizam pelo tropismo

viral por infectar células T humanas e promover um estado de proliferacdo esponta-
nea deste tipo celular. Leucemia e doengas inflamatoérias graves, com destaque para
as doengas neuroldgicas, estao fortemente associadas as infec¢gdes por HTLV-I/Il e
o tratamento usual destas patologias envolve a administragdo de antiinflamatoérios da
classe dos glicocorticoides. Embora haja relatos de resisténcia farmacoldgica a tera-
pia com glicocorticoides, ndo se sabe ao certo se essa condi¢gao se deve a infecgao
viral ou ao hospedeiro. Neste estudo, avaliou-se a relagédo entre proliferacéo celular
espontanea e sensibilidade de linfécitos T aos efeitos dos glicocorticéides (dexame-

tasona - DEX). Materiais e Métodos: Células mononucleares de sangue periférico

foram isoladas de pacientes assintomaticos e livres de tratamento, com infecgéo por
HTLV-l (n=18) e HTLV-Il (n=10), e foram cultivadas na presenca e na auséncia do
mitogeno fitohemaglutinina (PHA 1%). Células foram também cultivadas com PHA
1% e concentracbes variadas de DEX (10° a 10®* M). Para fins comparativos, as
mesmas avaliagdes foram realizadas em sujeitos saudaveis (Controle, n=11). Resul-

tados e Discusséao: Os pacientes com HTLV-I/Il apresentaram taxas similares de pro-

liferacao estimulada (PHA 1%) e ndo-estimulada (PHA 0%), bem como sensibilidade
comparavel a DEX. Nao houve diferenca na freqiéncia de individuos resistentes
versus sensiveis a DEX entre os grupos HTLV-I e HTLV-II. Entretanto, linfécitos T de
pacientes com proliferacdo espontanea nao responderam ao estimulo mitogénico
por PHA e foram mais resistentes a modulagcédo por DEX do que as células de paci-
entes com proliferagdo normal. Os resultados aqui apresentados sugerem que a bai-
xa resposta clinica a terapia com glicocorticoides pode estar associada a um estado

de proliferacao celular espontinea decorrente da infecgcao por HTLV.



ABSTRACT

Introduction and Objectives: HTLV-I/Il viruses have a special tropism for infecting T

cells and inducing spontaneous lymphocyte proliferation. Leukemia and inflammatory
states such as neurological manifestations are associated with HTLV-I/Il infections
and treatment is usually based on antiinflammatory drugs including glucocorticoids.
Although steroid resistance has been reported, it is unknown whether this condition is
related to the viral infection itself or treatment. Here, we investigated whether sponta-
neous cell proliferation is associated to T-cell sensitivity to glucocorticoids (dexa-

methasone — DEX). Materials ad Methods: Human peripheral blood mononuclear

cells (PBMCs) were isolated from assinthomatic drug-free HTLV-l (n=18) and HTLV-
Il (n=10) infected patients, as well as from healthy subjects (Control, n=11) and culti-
vated with and without phytohemmaglutinin (PHA 1%). Cells were also cultivated with

PHA 1% and several concentrations of DEX (10° a 10 M). Results and Discussion:

Patients with HTLV-I/Il showed similar unstimulated and stimulated T-cell proliferation
as well as comparable sensitivity to dexamethasone in vitro. There were no group
differences in the frequency of glucocorticoid responders versus non-responders.
However, T cells of patients with spontaneous proliferation were unresponsive to mi-
togenic stimulation and remarkably more resistant to dexamethasone than cells of
patients with normal proliferation. These data suggest that the poor clinical response

to steroids may be associated to spontaneous cell proliferation during HTLV infection.



1.APRESENTAGAO DO TEMA

1.1. Introdugao

1.1.1. HTLV-l e HTLV-II

A infec¢ao pelos virus linfotropicos de células T humanas dos tipos | e Il (H-
TLV-I/Il) tem chamado a atencéo e despertado o interesse dos meios clinicos e cien-
tificos. Sao retrovirus humanos geneticamente relacionados, pertencentes a subfa-
milia Oncovirinae e que possuem um tropismo especial por infectar células T e indu-

zir proliferacéo espontanea deste tipo celular (1-6).

A infeccdo por HTLV-I/ll caracteriza-se por: agrupamento da infecgao em a-
reas geograficas definidas; variacdo espacial das taxas de soroprevaléncia, dentro
de areas de prevaléncia reconhecidamente elevadas; aumento da soroprevaléncia
com a idade e soroprevaléncia mais elevada em mulheres, mais acentuada apds os

40 anos (7).

O virus HTLV-Il tem distribuicdo geografica esparsa, com soroprevaléncias
mais elevadas nas ilhas do sul do Japao, na regido sudeste dos EUA, nas ilhas do

Caribe, nas Américas Central e do Sul, em regides da Africa e na Melanésia (8-15).

O HTLV-II tem sido encontrado entre usuarios de drogas injetaveis nos EUA,
Europa e Brasil (16-18). Altas prevaléncias de anticorpos anti-HTLV-II tém sido tam-

bém encontradas em populagées nativas das Américas e da Africa (19-26).

Embora a maior parte dos individuos infectados por HTLV-I ou HTLV-II per-
manega assintomatica por toda a vida, reconhece-se o papel etioldgico destes virus
em algumas doengas. Isolado em 1980 (27), o HTLV-I é o mais prevalente dos dois
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tipos virais em todo o0 mundo e estad associado a um maior numero de patologias,
tais como: a leucemia/linfoma de células T do adulto (ATL/L) (28-30) e a paraparesia
espastica tropical ou mielopatia associada ao HTLV-I (HAM/TSP) (31, 32). A ATL/L é
um processo patogénico causado pela ativagao e proliferagdo descontrolada de lin-
focitos T, com consequéncias neoplasicas e sem tratamento, resultando (normal-
mente) na morte do paciente em alguns meses (30, 33). A HAM/TSP & uma patolo-
gia neuroldgica cronica resultante de um processo inflamatério desmielinizante loca-
lizado, principalmente, na medula espinhal, onde grandes quantidades de linfocitos T
e monadcitos sdo comumente encontrados (34-36). Este processo leva a fraqueza e
espasticidade dos membros inferiores, além de disturbios sensoriais e esfincterianos

(31, 32).

Embora as patologias associadas ao HTLV-I mais estudadas sejam as neuro-
I6gicas e hematoldgicas, devido a gravidade de seus sintomas e a severidade de
suas consequéncias, a infeccdo por HTLV-I esta associada também a estados infla-
matérios importantes tais como: uveites; polimiosites; artropatias; sindrome de
Sjdégren e dermopatias, entre outras (7, 37, 38). A medida que os estudos se desen-
volvem, mais se evidencia que os efeitos da infeccido podem ser sistémicos, evoluin-
do provavelmente para o conceito de sindrome, abrangendo diferentes campos da

medicina como neurologia, hematologia, dermatologia, oftalmologia e imunologia (7).

Descoberto em 1982 (39), o HTLV-Il, apesar de ter grande homologia com o
HTLV-I, ndo esta consistentemente associado a nenhuma patologia em especial, ao
contrario do que acontece com o outro tipo viral. Contudo, alguns estudos clinicos
verificaram a participagao do HTLV-Il em casos de mielopatias crénicas (40-42), se-

melhantes a HAM/TSP, demonstrando seu potencial neuropatogénico.



1.1.2. Glicocorticoides

Tendo em vista o fato de que as patologias ocasionadas por infec¢des pelos
virus HTLV-I/Il provém da propriedade destes virus em induzir ativacao e prolifera-
cao exacerbada de células T, caracterizando um estado inflamatério cronico, as te-
rapias farmacoldgicas utilizadas usualmente baseiam-se no uso de antiinflamatérios
e imunossupressores. Uma classe de farmacos antiinflamatérios amplamente utiliza-
do pela clinica médica no tratamento de doencas inflamatdrias, inclusive nas associ-

adas as infec¢des por HTLV, é a classe dos antiinflamatérios glicocorticéides (GCs).

Os GCs sao potentes drogas imunossupressoras e antiinflamatérias e repre-
sentam alguns dos medicamentos mais importantes utilizados na terapéutica nos
ultimos anos (43, 44). Entretanto, sabe-se que, mesmo em individuos saudaveis,
existe variacdo na sensibilidade linfocitaria aos efeitos dos GCs (45) e que, portanto,
esta droga nao representa sempre uma solugao satisfatéria no tratamento de enfer-

midades inflamatodrias (46).

No organismo, os GCs s&o reguladores essenciais do desenvolvimento, do
metabolismo, da homeostasia e de fungdes efetoras do sistema imune inato e adap-
tativo (47-50). Eles alteram a ativagao, diferenciagdo e maturagdo de muitos tipos de
células imunes, bem como exercem multiplos papéis na regulagéo da sensibilidade
imune celular a apoptose (51, 52). Os GCs sao horménios naturais antiinflamatorios
produzidos pelas glandulas adrenais, segundo o controle do hipotalamo, que podem
reduzir efetivamente parametros de inflamagao como a velocidade de sedimentacgéo
globular (VSG) e a proteina C reativa (CRP), induzindo a remissao da doencga (53).

Na espécie humana, o principal GC secretado pelas glandulas adrenais € o cortisol.



Os mecanismos de agao dos GCs sao baseados na ligacdo desta molécula a
receptores para glicocorticoides (GCR). A magnitude dos efeitos biolégicos é deter-
minada, entre outros fatores, pela quantidade de receptores das células-alvo e pela
afinidade dos receptores aos GCs (54). Embora os mecanismos de agcdo dos GCs
possam ser subdivididos em efeitos genémicos e nao-gendmicos (55), a maioria dos
efeitos antiinflamatdérios e imunomodulatérios dos GCs é mediada predominante-
mente por mecanismos genémicos (56). Isso acontece apds a ligagdo do horménio
com seu respectivo receptor na membrana celular (nGCR) ou no citoplasma (cG-
CRa), onde ha um maior numero de receptores. O complexo hormdnio-receptor ge-
ralmente induz transativagdo ou inibe a sintese de proteinas regulatérias (57). Os
GCRs constituem um complexo multiprotéico consistindo de varias proteinas de
choque térmico (HSPs), incluindo: HSP90, HSP70 e HSP56 (58). Apds a ligacéo dos
GCs aos GCRs, ocorre uma mudanga conformacional na molécula do receptor, re-
sultando na dissociacdo das HSPs. Ocorre entdo a translocacao do complexo GC-
GCR para o nucleo celular onde aquele se ligara a sitios de DNA especificos: os e-
lementos responsivos aos GCs (GREs) (57). Dependendo do gene alvo, a transcri-

céo é entdo ativada (transativagdo via GRE positivo) ou inibida (GRE negativo) (56).

Os efeitos dos GCs se devem principalmente a inibicdo da liberagao de citoci-
nas por células imunes. Os GCs, apos sua ligacao com os receptores, induzem a
transcricdo do inibidor de proteinas IkB (IkBa) que mantém o fator nuclear-xB
(NFxB) no citoplasma em sua forma inativa, impedindo o NFxB de migrar para o nu-
cleo, onde se ligaria ao elemento de resposta apropriado no DNA e ativaria a produ-
caol/secrecgao de citocinas e contribuiria, dessa forma, para a imunossupresséao (59,
60). Eles também suprimem a adesao celular, a marginagdo e migracao, ativagao

dos macroéfagos, apresentacdo de antigenos, expressao de receptores de células T,



ativacao dos linfocitos T, proliferagao, diferenciacdo e funcéo das células maduras,
incluindo citotoxicidade e fungdo das células B como a produgéo de anticorpos (48).
Os GCs também tém a propriedade de induzir a apoptose de linfocitos e timdcitos,
mas estes efeitos podem ser secundarios, pela inibicdo da produgao de citocinas e

fatores de proliferagcéo (48) (Figura 1).

J ligagcdo

Transcricdo

Figura 1: llustragdo demonstrando o mecanismo de acao dos glicocorticéides.

1.1.3. Sensibilidade e Resisténcia aos Glicocorticoides

A variabilidade de respostas ao uso dos GCs no tratamento de diversas do-
engas inflamatérias € um efeito conhecido no meio clinico. Embora muitos pacientes

apresentem respostas satisfatorias a terapia com GCs, uma pequena subpopulagao
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de individuos fracassa em responder aos efeitos terapéuticos desta classe de medi-
camentos. Com base nisso, os pacientes podem ser classificados como resistentes
aos corticosterdides (CR) ou sensiveis (CS) (61, 62). A resisténcia ao tratamento
farmacoldgico a base de corticosterdides pode ser notada em muitos pacientes que
requerem grandes quantidades e/ou periodos de administragdo prolongados de GCs
(46) para apresentar melhoras significativas em seus respectivos quadros clinicos.
Acredita-se que a propensao ao desenvolvimento de resisténcia aos GCs pode ser
uma propriedade intrinseca de cada individuo (61), provavelmente com bases gené-

ticas (63).

A sensibilidade periférica aos GCs é regulada por diversos mecanismos en-
volvendo células e tecidos. Por exemplo, alteragdes na producao/secrecao de citoci-
nas e hormonios (64). A disponibilidade de GC no meio extracelular pode ser deter-
minada por aspectos como: alteragbes na expressdo tecido-dependente de 11pB-
hydroxysteroid dehydrogenases (11B-HSD), catalisador da converséo de glicocorti-
céides ativos (cortisol) para suas formas inativas (cortisona) e vice-versa (65); e por
alteragdes nos niveis plasmaticos da globulina ligante de corticosterdides (CBG),
molécula carreadora de glicocorticoides biologicamente ativos e responsavel pela
distribuicdo do horménio para tecidos periféricos. A sensibilidade intracelular aos
GCs pode ser modulada por diversos mecanismos envolvendo anormalidades nas
vias de sinalizagao, defeitos no complexo proteina/receptor dos GCs e alteragbes na
funcdo do cGCRa e na expressao celular de cGCRp (64). Estudos relatam, por e-
xemplo: diferengas na quantidade de receptores funcionais para glicocorticéides de
membrana (MGCR) e citoplasmaticos (cGCRa) e mudangas na afinidade dos recep-
tores (66); expressao alterada de HSPs, responsaveis pela estabilizagdo da molécu-

la de cGCRua (67); expresséao alterada de cGCRp, antagonista do cGCRa. (68); pro-
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blemas na transloca¢ao do complexo GCR-GC para o nucleo (69); expressao altera-
da de citocinas (70, 71); além da expressao alterada de fatores de transcricdo AP-1
e NF-xB (72). Ainda, vale citar a existéncia de mecanismos adaptativos de resistén-
cia envolvidos com resisténcia a multiplas drogas (MDR), como os mediados pela
glicoproteina-P (P-gp), molécula de membrana responsavel pela expulsdo de subs-
tancias nocivas a célula do meio intracelular (73-76), dentre as quais glicocorticéides

sintéticos como a dexametasona (Figura 2).

Tecidos

=@.0 @
@//

J liga¢do

®

Citoplasma

Figura 2: Mecanismos de resisténcia celular acs GCs. As setas pontilhadas indicam vias

inibitérias do cGCRuo..

Existem dados conflitantes em relagcdo as respostas clinicas ao uso de corti-

céides no tratamento farmacoldgico de estados inflamatérias relacionadas a infecgao



por HTLV, especialmente no tratamento de HAM/TSP (77, 78), onde apenas alguns
pacientes respondem satisfatoriamente ao tratamento com GCs. Em doencgas infla-
matérias menos severas relacionadas ao HTLV, a terapia com GCs é utilizada com
mais sucesso (79, 80), mas também ha casos de pacientes que nao respondem ao
tratamento (81, 82). Entretanto, a literatura carece de trabalhos avaliando os efeitos
de sensibilidade e resisténcia de tipos celulares de pacientes com infecgao por HTLV
a modulacao por GCs. Estudos como este, voltados aos aspectos celulares, sdo im-
portantes para auxiliar na busca por terapias cada vez mais eficazes para o trata-

mento de patologias associadas as infecgbes por HTLV.



1.2. Objetivos

1.2.1. Hipdtese

Acredita-se que os estados patologicos associados as infecgbes virais por
HTLV estejam relacionados a proliferacdo celular descontrolada promovido pelos
virus. Portanto, por estar mais consistentemente associado ao desenvolvimento de
doengas graves do que o HTLV-II, espera-se que as células de pacientes com infec-
cao por HTLV-I apresentem maior capacidade de proliferacao do que as células de
pacientes com infecgao por HTLV-Il. Além disso, espera-se que aquelas sejam me-

nos susceptiveis aos efeitos imunomoduladores dos GCs do que estas.

1.2.2. Objetivos Gerais

Avaliar os fenbmenos de proliferacdo celular espontanea e resisténcia linfoci-

taria a GCs em pacientes infectados com HTLV-I ou HTLV-II.

1.2.3. Objetivos Especificos

e Avaliar a proliferacéo celular (espontanea e induzida por mitégeno) em pa-
cientes assintomaticos, com diagnéstico positivo para HTLV-l ou HTLV-II,

e em sujeitos saudaveis;

e Avaliar a sensibilidade de linfécitos T periféricos de pacientes HTLV-I/II

aos efeitos in vitro da dexametasona (DEX);

e Classificar os pacientes com HTLV-I/Il em sensiveis ou resistentes ao tra-

tamento in vitro com DEX;

e Avaliar os resultados de proliferagdo celular e de sensibilidade a DEX em

pacientes HTLV-I/II.



2. ARTIGO CIENTIFICO - Conforme submissao para CELL PROLIFERATION

Spontaneous cell proliferation is associated to poor sensitivity
to glucocorticoids in patients infected with human T-cell lym-
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Abstract. HTLV-I/lIl viruses have a special tropism for infecting T cells and inducing
spontaneous lymphocyte proliferation. Leukemia and neurological manifestations are
associated with HTLV-I/Il infections and treatment is usually based on antiinflamma-
tory drugs including glucocorticoids. Although steroid resistance has been reported, it
is unknown whether this condition is related to the infection itself or treatment. Here,
we investigated whether spontaneous cell proliferation is associated to T-cell sensi-
tivity to glucocorticoids. Patients with HTLV-I/Il showed similar unstimulated and
stimulated T-cell proliferation as well as comparable sensitivity to dexamethasone in
vitro. There were no group differences in the frequency of glucocorticoid responders
versus non-responders. However, T cells of patients with spontaneous proliferation
were unresponsive to mitogenic stimulation and remarkably more resistant to dexa-
methasone than cells of patients with normal proliferation. These data suggest that
the poor clinical response to steroids may be associated to spontaneous cell prolif-

eration during HTLV infection.
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2.1. Introduction

Human T-cell lymphotropic virus type | (HTLV-I) and type Il (HTLV-II) are retroviruses
with a special tropism for infecting T cells, inducing spontaneous cell proliferation
(Itoyama et al. 1988; Prince et al. 1990; Wiktor et al. 1991; Prince & Swanson 1993;
Mann et al. 1994; Prince et al. 1994). First isolated in 1980 (Poiesz et al. 1980),
HTLV-I is the most prevalent type worldwide and is related to several pathological
states characterized by local or systemic chronic inflammation. Within it’s related dis-
eases, HTLV-l is known to induce adult T-cell leukemia/lymphoma (ATL/L)
(Uchiyama et al. 1977; Blattner et al. 1983; Uchiyama 1988) and HTLV-l-associated
myelopathy (HAM), also known as Tropical Spastic Paraparesis (TSP) (Gessain et al.
1985; Osame et al. 1987). ATL/L is a pathogenic process caused by a T-cell prolif-
eration with a neoplasic outcome, regardless of treatment, that often leads to death
within a few months (Uchiyama et al. 1977; Franchini 1995). HAM/TSP is a chronic
myelopathy that presents an inflammatory and demyelinating process mainly located
in the thoracic spinal cord (lwasaki 1990; Bhigjee et al. 1991; Gessain & Gout 1992;
Cartier et al. 1997; Umehara et al. 2000) where a high concentration of T cells and
monocytes are found (Murphy & Blattner 1988; Piccardo et al. 1988; ljichi et al.
1989). This process leads to spasticity of the lower members, bladder disorders and

distinct sensory disturbances (Gessain et al. 1985; Osame et al. 1986).

HTLV-Il is epidemic among intravenous drug users (IDUs) in the United
States (Khabbaz et al. 1991), Brazil (Alcantara et al. 2003) and western Europe
(Zanetti & Galli 1992) and endemic among some native populations from America
(Heneine et al. 1991; Maloney et al. 1992; Hjelle et al. 1993; Levine et al. 1993) and
sub-Saharan Africa (Goubau et al. 1993). Some case-reports have described HTLV-

ll-associated neurological manifestations (Menna-Barreto 2003; Orland et al. 2003).
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Because of its property to inappropriately activate T cells and induce diseases
characterized by a chronic inflammatory state (Franchini 1995; Hollsberg 1997),
treatment of HTLV infections is usually based on antiinflammatory drugs such as syn-
thetic glucocorticoids (GCs). These steroids exert their actions through specific bind-
ing to two distinct intracellular receptor subtypes: the mineralocorticoid (MR) and glu-
cocorticoid receptors (GR). After being bound, the receptor-ligand complex translo-
cates to the nucleus, where it either binds to glucocorticoid response elements
(GREs) on DNA or interacts with other transcription factors and regulate positive or
negatively the genes to which they are linked (Juruena et al. 2003). Although the
management of HTLV-I/ll-associated diseases often include steroidal drugs, clinical
responses to GCs have been reported to be varied, with some patients responding
poorly to them (Araujo et al. 1993; Nakagawa et al. 1996; Matsushita et al. 2002).
However, it is largely unknown to what extent poor clinical response correlate to
spontaneous proliferation and peripheral T-cell sensitivity to GCs. The understanding
of patient’s T-cell sensitivity to GCs prior treatment would be of valuable clinical sig-
nificance since it will enable physicians to discriminate steroid responders from non-
responders. The objectives of this study are (a) to determine patient’s peripheral T-
cell sensitivity to GCs, (b) to discriminate in vitro steroid responders from non-
responders and (c) to evaluate whether spontaneous cell proliferation is associated
to T-cell sensitivity to GCs (dexamethasone, DEX) among HTLV-I/ll infected drug-
free patients. We hypothesized that HTLV patients would be more resistant to both

mitogenic and steroid signalling in vitro.
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2.2. Materials and Methods

2.2.1. Subjects

Twenty eight, non-medicated HTLV-I and HTLV-Il infected subjects were recruited for
this study from the HTLV Unit (Department of Neurology, Hospital S&o Lucas, Porto
Alegre, Brazil). Eighteen HTLV-I infected patients (14 females), aged from 15 to 62
years (mean x SD, 44.89 + 12.90 yrs) and 10 HTLV-Il infected patients (5 females),
aged from 30 to 75 years (49.40 £ 13.94 yrs) took part in this study. The diagnosis of
HTLV infections was confirmed by Western blots. To discriminate steroid responders
from non-responders, 11 healthy subjects (7 females), aged from 21 to 73 years
(39.81 £ 18.17 yrs) were also recruited as a control group. Exclusion criteria included
infections, acute or chronic inflammatory diseases, heart disease, under nourish-
ment, anaemia, leucopoenia, neoplasia and drug use (including GCs). There were no
differences in gender distribution (x* = 2.30, df = 2, p = 0.32) or age (x* = 1.11, df = 2,
p = 0.34) between patients and controls. The study protocol was approved by both
scientific and ethics committees (Pontifical Catholic University of Rio Grande do Sul,
PUCRS, Porto Alegre, Brazil) and written informed consent was obtained from all

subjects.

2.2.2. Collection of peripheral blood and isolation of mononuclear cells

Ten millilitres of peripheral blood was collected by venepuncture in the morning (be-
tween 9-10am) and samples stored into lithium-heparin tubes prior to analysis. Pe-
ripheral blood mononuclear cells (PBMCs) were isolated by centrifugation over a Fi-
coll-Hypaque (Sigma) gradient (900 x G, 30 min). After washing, cells were counted
by means of microscopy (100x) and viability always exceeded 95%, as judged from

their ability to exclude Trypan Blue (Sigma). PBMCs were resuspended in complete
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culture medium (RPMI-1640, supplemented with gentamicine 0.5%, glutamine 1%,
hepes 1%, fungizone 0.1%, and fetal calf serum 10%; all from Sigma) and adjusted

to 3x10° cells/mL.

2.2.3. Lymphocyte proliferation/viability assays
PBMCs were cultured in flat bottomed 96-well microplates in a final concentration of
1.5x10° cells/well in complete culture medium for 96 h at 37°C in 5% CO, atmos-
phere. Stimulation by the selective T-cell mitogen phytohemagglutinin (PHA; from
Gibco) was performed in triplicates (100 uL/well) to yield an optimal concentration
(1%). In non-stimulated cultures (PHA 0), mitogen was substituted by complete cul-
ture medium. To assess in vitro sensitivity to GCs, 10 to 10* M of DEX (a synthetic
GC receptor agonist) was added in duplicates (50uL/well; water-soluble, Sigma) to
mitogen-stimulated (PHA 1%) cultures. Glucocorticoid concentrations were used in a
range that free endogenous GCs would reach during resting state (10° M), stress

(10 M) and under pharmacological treatment (10> M) in vivo.

The proliferative responses were estimated by a modified colorimetric assay
that correlates with the number of viable cells (Mosmann 1983; Collaziol et al. 2002).
In the last 4 h of culture, 100 pL of the supernatant was gently discarded and 40 uL
of freshly prepared MTT (3-[4, 5-Dimethylthiazol-2-yl]-2, 5 diphenyltetrazolium bro-
mide) (Sigma) solution (5 mg/mL in sterile PBS) was added to each well. The cell
cultures were incubated for 4 h at 37°C in 5% CO, atmosphere. After completely re-
moval of the supernatant, 120 uL of dimethyl sulfoxide (Sigma) was added to each
well. The optical density (OD) was determined using Biorad ELISA plate reader at a
wavelength of 492 and 630 nm. Spontaneous proliferation was determined by visual

identification of several cellular clusters (light microscopy, 40x) in unstimulated cells
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following 96h of culture. Proliferation data are presented as OD. The difference be-
tween the OD of stimulated and non-stimulated cultures indicates the non-specific T
lymphocyte proliferation induced by PHA. Results regarding T-lymphocyte sensitivity
to GCs are presented as proliferation percentage, where 100% (basal) represents
maximum proliferation, obtained by OD means from cell cultures of PHA 1% without

steroids.

2.2.4. Steroid responsiveness

Glucocorticoid responders and non-responders were identified through analysis of
dose-response curves of control subjects. PBMCs of healthy controls were cultured
with PHA and DEX, as described in the previous section. The area under the curve
(AUC) for each control subject was than calculated by the trapezoidal rule (Prism 4.0,
GraphPad Software), and the group median of the sample was determined (366.6
M). The same AUC determination was performed for each HTLV-I/Il patient individu-
ally. Patients with AUC higher than the median AUC from control group (366.6 M)
were classified as GC non-responders, indicating that their dose-response curve to
varied DEX concentrations maintained itself closer to basal proliferation (100%). Pa-
tients with an AUC lower than this value were considered sensitive to DEX in vitro,
since their dose-response curve indicate lower proliferation percentages, and were

thus classified as responders.

2.2.5. Statistical analysis

All variables were tested for homogeneity of variances and normality of distribution by
means of the Levene and Kolmogorov-Smirnov tests, respectively. Proliferation data
was analyzed by repeated measures ANOVA that included one between-subjects

variables (groups) and one within-subjects variables (mitogen or GC levels). Oneway
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ANOVA was performed to analyze proliferation (non-stimulated vs. stimulated) data.
Multiple comparisons among levels (mitogen or GC) were checked with Tukey’s post
hoc test. Differences between variables were assessed by Student’s t test. Statistical
interactions between group distributions were compared by means of Chi-square (x?)
test. Data are expressed as mean = SE in all figures. A statistical software (SPSS
11.5, USA) was used for the analyses. The significance level was set at o = 0.05

(two-tailed).

2.3. RESULTS

2.3.1. Lymphocyte proliferation

Mitogen-induced T-cell proliferation was evaluated as an index of cell-mediated im-
munity. Non-stimulated proliferation was found marginally increased in HTLV-I pa-
tients compared to HTLV-II infected individuals (t = 1.43, df = 25.98, p = 0.17) and
healthy control subjects (t = 1.79, df = 25.42, p = 0.09), although it only approached
statistically significance (Fig. 1). Stimulation with PHA vyielded significant T-cell prolif-
eration in all groups. However, mitogen-induced proliferative responses were found

similar in both HTLV groups.

INSERT FIGURE 1 HERE

2.3.2. Spontaneous cell proliferation

We investigated the frequency of patients with spontaneous T lymphocyte prolifera-
tion. HTLV-I/Il patients presented similar proportions of subjects with spontaneous
proliferation, 33.3% (6 patients) of HTLV-l and 10% (1 patient) of HTLV-Il respec-

tively (x* = 1.87, df = 1, p = 0.17). Spontaneous proliferation was confirmed by the
17



presence of several cellular clusters in unstimulated cultures of HTLV-I subjects (Fig.
2). We then assessed to what extent cells of patients who developed spontaneous T
lymphocyte proliferation responded to mitogenic stimulation. Interestingly, it was ob-
served that T cells of patients with spontaneous proliferation were unresponsive to
PHA stimulation (Fig. 3). This was similarly described for patients with HTLV-l and —II
infections. However, no statistical analysis could be performed within HTLV-Il sub-
jects since only one patient presented spontaneous proliferation in that group (Fig.

2B).

INSERT FIGURES 2 and 3 HERE

2.3.3. Lymphocyte sensitivity to glucocorticoids

In view of evidence that some patients with HTLV-I/Il infections respond poorly to GC
treatment (Araujo et al. 1993; Nakagawa et al. 1996), we examined the peripheral T-
cell sensitivity to DEX in vitro prior to treatment. DEX produced a dose-dependent
suppression of T-cell proliferation, F(5,130) = 38.24, p < 0.001 (Fig. 4). However, T-

cell sensitivity to DEX did not differ between HTLV groups, F(1,26) = 0.60, p = 0.44.

INSERT FIGURE 4 HERE

We also investigated the frequency of GC responders within HTLV groups.
Eight HTLV-I (44.4%, 42.38 + 16.10 years, 5 females) and 4 HTLV-II (40%, 43.25 +
11.23 years, 2 females) patients were classified as GC non-responders. There were
no group differences in the frequency of GC responders/non-responders (x> = 0.05,
df =1, p = 0.82). However, GC non-responders (in both HTLV groups) were similarly

more resistant to DEX in vitro than cells of GC responders (Fig. 5).
18



INSERT FIGURE 5 HERE

We finally assessed whether spontaneous cell proliferation is associated to T-
cell sensitivity to GCs. Interestingly, it was observed that T cells of HTLV-I patients
with spontaneous proliferation were significantly more resistant to DEX than cells of
patients with normal proliferation (Fig. 6A), F(1,16) = 6.4, p < 0.05. No statistical
analysis could be performed within HTLV-II subjects since only one patient presented

spontaneous proliferation in that group (Fig. 6B).

INSERT FIGURE 6 HERE

2.4. DISCUSSION

Human T-cell lymphotropic virus infections are known to induce the appearance of
inflammatory diseases by activating T lymphocytes and inducing spontaneous cell
proliferation (Itoyama et al. 1988; Prince et al. 1990; Wiktor et al. 1991; Prince &
Swanson 1993; Mann et al. 1994; Prince et al. 1994). HTLV-l has more disease as-
sociations then HTLV-Il and is known to cause ATL/L (Uchiyama et al. 1977; Blattner
et al. 1983; Uchiyama 1988) and HAM/TSP (Gessain et al. 1985; Osame et al. 1987).
However, HTLV-Il infections may also lead to neuropathological states (Hjelle et al.

1992; Menna-Barreto 2003; Orland et al. 2003).

Because of its property to mediate the appearance of diseases with severe
prognosis such as ATL/L and HAM/TSP, we initially expected that HTLV-I infected
lymphocytes would proliferate more intensively than HTLV-Il infected cells. However,
T cell proliferation was found similar in both groups of infected patients (Fig 1). These

results suggest that HTLV-I virus’ capacity of inducing more inflammatory diseases
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than HTLV-Il may not necessarily be associated to a greater peripheral T-cell re-

sponse.

As previously reported (Itoyama et al. 1988; Prince et al. 1990; Wiktor et al.
1991; Prince & Swanson 1993; Mann et al. 1994; Prince et al. 1994), we observed a
significant proportion of subjects with spontaneous T-cell proliferation within both
HTLV-I (33.3%, n=6) and HTLV-II (10%, n=1) infected patients. Here, we investigated
to what extent cells of patients with spontaneous T-cell proliferation responded to
mitogenic stimulation. It was observed for the first time that T cells of patients with
spontaneous proliferation were completely unresponsive to PHA stimulation. These
results suggest that HTLV infected T lymphocytes that had become activated and
proliferate due to the viral infection, do not respond to unspecific activation. Indeed, it
has previously been shown that spontaneous proliferation is associated with in-
creased proviral load (Prince & Swanson 1993). This clinical parameter was not as-
sessed here. Further studies should investigate if mitogen unresponsiveness is re-
lated to proviral load. It is reasonable to speculate that these patients would be more
susceptible to other infectious diseases which are under control of effective T-cell
responses. The underlying mechanisms of this mitogenic unresponsiveness are still

completely obscure.

Treatment of HTLV infections usually involves the administration of antiin-
flammatory drugs such as synthetic GCs. However, some HTLV patients respond
poorly to this treatment (Araujo et al. 1993) and the concomitant therapy with other
immunosuppressive drugs is often required (Nakagawa et al. 1996). In this study,
patients with HTLV-I/ll showed comparable T-cell sensitivity to DEX in vitro and simi-
lar frequency of GC responders versus non-responders. We speculate that clinical

resistance to the treatment with these steroids may be limited to the peripheral in-

20



flamed tissues. Interestingly, we observed for the first time that T lymphocytes from
HTLV-I patients with spontaneous proliferation were significantly more resistant to
DEX than cells of patients with normal proliferation. These results differ from a previ-
ous study (Yamano et al. 1997) in which PBMCs from HAM/TSP patients with spon-
taneous proliferation were highly sensitive to prednisolone’s modulatory effects (re-
duced proliferation and altered cytokine production). However, there are methodo-
logical differences between our and Yamano’s work which may justify this discrep-
ancy. For instance, we evaluated the ability of DEX to suppress T-cell proliferation to
assess steroid sensitivity of activated lymphocytes whereas Yamano and col. ana-
lysed the steroid sensitivity of non-stimulated PBMCs. Therefore, it remains difficult to
precise the cellular targets responding to steroids in the former study. The cellular

activation state is of paramount importance to steroid sensitivity.

No interaction between cellular spontaneous/normal proliferation and GC sen-
sitivity was observed within HTLV-Il. However, this evaluation was compromised
since only one subject from the evaluated group of HTLV-Il infected patients pre-

sented in vitro spontaneous proliferation.

Taken together, these data indicate that poor clinical response to steroids may
be associated to spontaneous cell proliferation during HTLV infection, especially on
HTLV-I. We confirm our main hypothesis and speculate that spontaneous prolifera-
tion would render lymphocytes resistant to both mitogenic and steroid signalling due
to repeated polyclonal T-cell infections. These chronic infections may lead to clonal
exhaustion and further disease vulnerability in HTLV. Therefore, the identification of

patients with spontaneous cell proliferation will be of clinical value.
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2.6. LEGENDS AND FIGURES

Figure 1. Evaluation of non-stimulated and mitogen-stimulated T-cell proliferation
(HTLV-l: n = 18; HTLV-Il: n = 10; Control: n = 11). PBMCs were cultured with and
without 1%-phytohemagglutinin (PHA) for 96h and proliferation/viability estimated by
MTT assay. Optical density (OD) was determined at a wavelength of 492 and 630

nm. Statistical significance differences are indicated: ** p < 0.01; *** p < 0.001.

Figure 2. Spontaneous cell proliferation in HTLV-l. Representative photographs of
unstimulated cultures of two HTLV-I patients. Figure 2A shows spontaneous prolif-
eration as demonstrated by cellular clusters (40X) that can be seen magnified in 2B

(200X). Figure 2C shows normal proliferation.

Figure 3. Evaluation of non-stimulated and mitogen-stimulated T-cell proliferation in
HTLV infected patients with normal and spontaneous proliferation. PBMCs were cul-
tured with and without 1%-phytohemagglutinin (PHA) for 96h and prolifera-
tion/viability estimated by MTT assay. Optical density (OD) was determined at a
wavelength of 492 and 630 nm. (A) HTLV-I infected subjects (Normal: n = 12; Spon-
taneous: n = 6; Control: n = 11); (B) HTLV-Il infected subjects (Normal: n = 9; Spon-
taneous: n = 1; Control: n = 11). Statistical significance differences are indicated: * p

<0.05; ** p<0.01; ™ p<0.001.

Figure 4. Peripheral T-cell sensitivity to dexamethasone (HTLV-Il: n = 18; HTLV-II: n
= 10). Glucocorticoid sensitivity was assessed by incubating PBMCs with PHA 1%
and increasing concentrations of DEX during 96h. Proliferation was estimated by
MTT assay. Optical density (OD) was determined at a wavelength of 492 and 630
nm. Data are shown as percentage of basal proliferation (100% = PHA 1% without

steroids).
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Figure 5. Peripheral T-cell sensitivity to dexamethasone (DEX) in responders/non-
responders HTLV infected patients. Glucocorticoid sensitivity was assessed by incu-
bating PBMCs with PHA 1% and increasing concentrations of DEX during 96h. Pro-
liferation was estimated by MTT assay. Optical density (OD) was determined at a
wavelength of 492 and 630 nm. Data are shown as percentage of basal proliferation
(100% = PHA 1% without steroids). (A) HTLV-I infected subjects (Responders: n =
10; Non-responders: n = 8); (B) HTLV-Il infected subjects (Responders: n = 6; Non-
responders: n = 4). Statistical significance differences in T-cell sensitivity to isolated
DEX concentrations are indicated: * p < 0.05, ** p < 0.01; *** p < 0.001. Statistically
interaction of T-cell sensitivity to the variation of DEX concentrations between groups

are indicated: ## p < 0.01; ### p < 0.001.

Figure 6. Peripheral T-cell sensitivity to dexamethasone (DEX) in HTLV patients with
spontaneous/normal proliferation. Glucocorticoid sensitivity was assessed by incubat-
ing PBMCs with PHA 1% and increasing concentrations of DEX during 96h. Prolifera-
tion was estimated by MTT assay. Optical density (OD) was determined at a wave-
length of 492 and 630 nm. Data are shown as percentage of basal proliferation
(100% = PHA 1% without steroids). (A) HTLV-I infected subjects (Normal: n = 12;
Spontaneous: n = 6); (B) HTLV-II infected subjects (Normal: n = 9; Spontaneous: n =
1). Statistical significance differences in T-cell sensitivity to isolated DEX concentra-
tions are indicated: * p < 0.05; ** p = 0.01. Statistically interaction of T-cell sensitivity

to the variation of DEX concentrations between groups are indicated: # p < 0.05.
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Figure 5.
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Figure 6.
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3.CONSIDERAGOES FINAIS

Estados inflamatodrios relacionadas a infecgao pelos virus HTLV-I/ll sdo decor-
rentes do tropismo viral por infectar linfécitos T, promovendo sua ativagao e, subse-
guente, proliferacao descontrolada (1-4, 6, 83). O HTLV-l possui maior distribuicao
geografica e estd mais associado a doengas do que o HTLV-II, sendo apontado co-
mo o agente etiolégico de duas doengas graves: a leucemia/linfoma de células T do
adulto (ATL/L) (28-30) e a parapareseia espastica tropical ou mielopatia associada
ao HTLV-l (HAM/TSP) (31, 32). Embora nao haja registros relacionando fortemente
o HTLV-Il a alguma doenga especifica, sabe-se que a infecgdo por este tipo viral
pode levar ao desenvolvimento de estados neuropatoldgicos importantes, com con-

sequéncias clinicas semelhantes as da HAM/TSP (40-42).

Devido a sua propriedade de promover o surgimento de doencgas inflamatdrias
com prognostico tdo grave quanto a ATL/L e a HAM/TSP, era esperado que a proli-
feragdo de linfocitos de pacientes com diagndstico confirmatério de infecgdo pelo
virus HTLV-I fosse maior que a de células de pacientes com diagndstico positivo pa-
ra HTLV-II. Contudo, os resultados obtidos neste estudo demonstraram que tanto
nas culturas celulares estimuladas com o mitégeno fitohemaglutinina (proliferagéo
estimulada) quanto nas culturas de células sem mitdogeno (proliferacdo nao-
estimulada), ndo houve diferenca entre os tipos virais. Ainda, nao foi observada dife-
renca entre os resultados de proliferagao celular dos pacientes HTLV-I quando com-
parados a pacientes HTLV-Il e a sujeitos saudaveis (controles). Estes resultados
sugerem que a maior predisposi¢cao de pacientes infectados pelo virus HTLV-I em
desenvolver estados inflamatérios importantes, em relagao ao virus HTLV-Il, ndo se
deva necessariamente a uma maior capacidade deste tipo viral em induzir a prolife-
racao de linfocitos T periféricos.
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Da mesma forma que em outros trabalhos (1-4, 6, 83), observou-se neste es-
tudo uma significativa proporcao de individuos com proliferagao espontanea entre os
pacientes com infecg¢ao pelos virus HTLV-I (33.3%, n=6) e HTLV-II (10%, n=1). Pela
primeira vez, foi investigado em pacientes com proliferagéo celular espontanea, o
potencial de proliferacao de linfocitos T estimulados pelo mitégeno fitohemaglutinina
(PHA). Foi verificado que as células T de pacientes com proliferacdo espontanea
nao respondem aos estimulos mitogénicos por PHA. Os dados aqui apresentados
sugerem que linfécitos T de pacientes infectados por HTLV, em estado de prolifera-
cao espontanea, sejam incapazes de proliferar em resposta a um estimulo inespeci-
fico. Com isso, pode-se especular que pacientes em tais situagdes tenham respostas
imunologicas comprometidas, tornando-se mais suscetiveis a outras infecgdes cujos
mecanismos de defesa sejam dependentes de células T efetoras (ativagao e expan-
séo clonal). Estudos realizados com células mononucleares isoladas de sangue peri-
férico de pacientes com HTLV-I com HAM/TSP (84) e de pacientes com HTLV-II (4)
mostram correlagdo entre proliferacdo espontanea e carga viral. Seria conveniente,
no entanto, realizar avaliagdo semelhante com o objetivo de relacionar carga viral e

resposta celular ao estimulo mitogénico.

Conforme citado anteriormente, o tratamento de estados inflamatérios decor-
rentes de infecgdes por HTLV envolvem, normalmente, a administracdo de farmacos
da classe dos GCs. Contudo, existem relatos de alguns pacientes com baixas res-
postas ao tratamento com GCs (81), tornando necessario o emprego de outras dro-
gas imunossupressoras concomitantemente (77). Neste estudo, foi verificado o grau
de sensibilidade de linfocitos T periféricos de pacientes HTLV-I/Il aos efeitos imuno-
modulatérios in vitro de doses variadas de dexametasona (DEX), um potente GC

sintético. Dos individuos avaliados neste estudo, tanto os pacientes HTLV-Il, quanto
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os pacientes HTLV-Il apresentaram niveis de resposta similares aos efeitos da DEX.
Estes resultados sugerem que a resisténcia farmacolédgica de pacientes com estados
inflamatérios decorrentes de infecgao por HTLV-I/ll, freqlientemente observada na
clinica, pode estar limitada ao foco inflamatério e nédo representar um efeito sistémi-

co, com consequéncias se estendendo as células periféricas.

Ainda, com o auxilio da realizagao de analises especificas da mesma avalia-
¢ao de resposta celular a DEX em individuos saudaveis (grupo controle), foi possivel
classificar os pacientes HTLV-I/Il como: sensiveis a DEX, com um padrao normal de
resposta in vitro a variacdo de doses empregadas; e resistentes a DEX, com células
refratarias ao GC, apresentando um padrao de resposta atipico. Mais uma vez, nao
houve diferenca entre a freqiiéncia de sujeitos sensiveis e resistentes a DEX encon-
trada na avaliacdo dos pacientes HTLV-l e HTLV-Il. Com a combinagao destas in-
formacoes, foi possivel correlacionar resisténcia/sensibilidade de linfocitos T periféri-
cos a dexametasona, com padrao de proliferagao celular (espontanea/normal). Pela
primeira vez, foi verificado que linfécitos T de pacientes HTLV-lI com proliferacao es-
pontanea apresentaram maior resisténcia a imunomodulag¢ao por DEX quando com-
paradas as células de pacientes HTLV-l com proliferacdo normal. Estes resultados
diferem de um estudo similar publicado em 1997 (85), onde células mononucleares
de sangue periférico de pacientes com HAM/TSP e com proliferacdo espontanea in
vitro, eram sensiveis aos efeitos da prednisolona (reducao da proliferagao celular e
alteracao na produgao de citocinas). Contudo, diferencas no delineamento dos estu-
dos sao capazes de justificar as discrepancias entre os resultados aqui apresenta-
dos e os do referido estudo. Por exemplo, enquanto Yamano e colaboradores avalia-
ram os efeitos da prednisolona na proliferagao de células mononucleares de sangue

periférico, este trabalho avaliou os efeitos da dexametasona na proliferagdo de um
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tipo celular especifico (linfocitos T), por meio da utilizagdo de um mitégeno seletivo
(fitohemaglutinina). Ainda, existe uma diferenca crucial entre as populagdes avalia-
das em ambos os estudos. Yamano e colaboradores avaliaram pacientes HTLV-I
com diagndéstico de uma severa patologia relacionada a infec¢ao (HAM/TSP). O es-
tudo aqui apresentado avaliou pacientes com diagnéstico confirmatorio recente de
infeccdo por HTLV, mas com auséncia de sintomas clinicos, sem doencga inflamato-

ria relacionada ao virus e livres de tratamento farmacolégico.

Nao foi possivel observar interagcao entre os padrdoes de proliferacao celular
(espontanea/normal) e sensibilidade in vitro a DEX em pacientes HTLV-Il. Contudo,
a analise foi comprometida pelo baixo numero amostral, ja que somente um indivi-
duo do grupo de pacientes avaliados com diagnéstico de infeccao por HTLV-Il apre-
sentou proliferagado celular espontanea. Estudos complementares que se beneficiem

de um maior numero de pacientes deveriam realizar tal avaliagéo.
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4.CONCLUSOES

Os dados aqui apresentados apontam para a possibilidade de que a baixa
resposta clinica a terapia farmacolégica com GCs em pacientes com doengas infla-
matorias decorrentes de infeccao por HTLV (especialmente HTLV-I) pode estar rela-
cionada a um estado de proliferacao espontanea nestes individuos. A proliferagcao
linfocitaria espontanea por infecgao pelos virus HTLV parece comprometer tanto os
mecanismos de ativagao de células T frente a um estimulo inespecifico quanto os
mecanismos de regulagédo por GCs. Estes resultados levam a crer que as infec¢des
por HTLV podem levar a um estado de exaustao clonal que leve ao comprometimen-
to de respostas imunoldgicas frente a outros agentes patogénicos, tornando o paci-
ente mais suscetivel a infecgbes secundarias e oportunistas. De fato, estudos anteri-
ores citam a ocorréncia de doencas secundarias e infecgdes oportunistas em pacien-
tes com infeccdo por HTLV-l que desenvolveram estados de imunodeficiéncia:
gammopatias monoclonais; faléncia renal crbnica; hiperinfecgado por Strongyloides
stercoralis além de infecgdes oportunistas pulmonares por Mycobacterium tuberculo-
sis, Pneumocystis carinii, cytomegalovirus, Aspergillus fumigatus e Cryptococcus

neoformans (37, 38, 86-89).

Pacientes com infec¢cao por HTLV e quadro de proliferagao espontanea sao,
possivelmente: mais susceptiveis ao desenvolvimento de doengas mais severas re-
lacionadas a infecgao viral, podem ser menos responsivos as terapias farmacoldgi-
cas com GCs e podem vir a apresentar quadros de infeccbes secundarias e oportu-
nistas. Portanto, identificar dentre os pacientes infectados pelos virus HTLV, aqueles
que apresentem padrao de proliferacao celular espontanea, pode vir a ter um grande

papel no monitoramento clinico desses individuos.

38



5.REFERENCIAS

10.

11.

12.

13.

14.

15.

ltoyama Y, Minato S, Kira J, Goto I, Sato H, Okochi K, et al. Spontaneous pro-
liferation of peripheral blood lymphocytes increased in patients with HTLV-I-
associated myelopathy. Neurology 1988;38(8):1302-7.

Mann DL, Martin P, Hamlin-Green G, Nalewaik R, Blattner W. Virus production
and spontaneous cell proliferation in HTLV-I-infected lymphocytes. Clin Immu-
nol Immunopathol 1994;72(3):312-20.

Prince H, Kleinman S, Doyle M, Lee H, Swanson P. Spontaneous lymphocyte
proliferation in vitro characterizes both HTLV-I and HTLV-II infection. J Acquir
Immune Defic Syndr 1990;3(12):1199-200.

Prince HE, Swanson P. Spontaneous lymphocyte proliferation in human T
lymphotropic virus type Il infection is associated with increased provirus load.
J Infect Dis 1993;168(6):1599-600.

Prince HE, York J, Golding J, Owen SM, Lal RB. Spontaneous lymphocyte
proliferation in human T-cell lymphotropic virus type | (HTLV-l) and HTLV-Il in-
fection: T-cell subset responses and their relationships to the presence of pro-
virus and viral antigen production. Clin Diagn Lab Immunol 1994;1(3):273-82.
Wiktor SZ, Jacobson S, Weiss SH, Shaw GM, Reuben JS, Shorty VJ, et al.
Spontaneous lymphocyte proliferation in  HTLV-Il infection. Lancet
1991;337(8737):327-8.

Carneiro-Proietti AB, Ribas JG, Catalan-Soares BC, Martins ML, Brito-Melo
GE, Martins-Filho OA, et al. [Infection and disease caused by the human T cell
lymphotropic viruses type | and Il in Brazil. Rev Soc Bras Med Trop
2002;35(5):499-508.

Biglione M, Pizarro M, Crespo O, Severich I, Martinez Peralta L, Libonatti O, et
al. High prevalence of HTLV-I infection in Argentinian blood donors: a new
HTLV-l-endemic area? J Acquir Immune Defic Syndr Hum Retrovirol
1999;20(1):101-2.

Blattner WA, Saxinger C, Riedel D, Hull B, Taylor G, Cleghorn F, et al. A study
of HTLV-I and its associated risk factors in Trinidad and Tobago. J Acquir Im-
mune Defic Syndr 1990;3(11):1102-8.

Canavaggio M, Leckie G, Allain JP, Steaffens JW, Laurian Y, Brettler D, et al.
The prevalence of antibody to HTLV-I/Il in United States plasma donors and in
United States and French hemophiliacs. Transfusion 1990;30(9):780-2.

Trujillo JM, Concha M, Munoz A, Bergonzoli G, Mora C, Borrero |, et al. Sero-
prevalence and cofactors of HTLV-I infection in Tumaco, Colombia. AIDS Res
Hum Retroviruses 1992;8(5):651-7.

Wattel E, Mariotti M, Agis F, Gordien E, Prou O, Courouce AM, et al. Human T
lymphotropic virus (HTLV) type | and Il DNA amplification in HTLV-I/II-
seropositive blood donors of the French West Indies. J Infect Dis
1992;165(2):369-72.

Yanagihara R, Garruto RM, Miller MA, Leon-Monzon M, Liberski PP, Gajdusek
DC, et al. Isolation of HTLV-I from members of a remote tribe in New Guinea.
N Engl J Med 1990;323(14):993-4.

Matsuzaki T, Otose H, Hashimoto K, Shibata Y, Arimura K, Osame M. Dis-
eases among men living in human T-lymphotropic virus type | endemic areas
in Japan. Intern Med 1993;32(8):623-8.

Morofuji-Hirata M, Kajiyama W, Nakashima K, Noguchi A, Hayashi J, Kashi-
wagi S. Prevalence of antibody to human T-cell lymphotropic virus type | in

39



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Okinawa, Japan, after an interval of 9 years. Am J Epidemiol 1993;137(1):43-
8.

Alcantara LC, Shindo N, Van Dooren S, Salemi M, Costa MC, Kashima S, et
al. Brazilian HTLV type 2a strains from intravenous drug users (IDUs) appear
to have originated from two sources: Brazilian Amerindians and Euro-
pean/North American IDUs. AIDS Res Hum Retroviruses 2003;19(6):519-23.
Khabbaz RF, Hartel D, Lairmore M, Horsburgh CR, Schoenbaum EE, Roberts
B, et al. Human T lymphotropic virus type Il (HTLV-II) infection in a cohort of
New York intravenous drug users: an old infection? J Infect Dis
1991;163(2):252-6.

Zanetti AR, Galli C. Seroprevalence of HTLV-l and HTLV-Il. N Engl J Med
1992;326(26):1783; author reply 1783-4.

Biglione M, Gessain A, Quiruelas S, Fay O, Taborda MA, Fernandez E, et al.
Endemic HTLV-IIl infection among Tobas and Matacos Amerindians from north
Argentina. J Acquir Immune Defic Syndr 1993;6(6):631-3.

Duenas-Barajas E, Bernal JE, Vaught DR, Nerurkar VR, Sarmiento P, Yana-
gihara R, et al. Human retroviruses in Amerindians of Colombia: high preva-
lence of human T cell lymphotropic virus type Il infection among the Tunebo
Indians. Am J Trop Med Hyg 1993;49(6):657-63.

Froment A, Delaporte E, Dazza MC, Larouze B. HTLV-Il among pygmies from
Cameroon. AIDS Res Hum Retroviruses 1993;9(8):707.

Goubau P, Liu HF, De Lange GG, Vandamme AM, Desmyter J. HTLV-II sero-
prevalence in pygmies across Africa since 1970. AIDS Res Hum Retroviruses
1993;9(8):709-13.

Heneine W, Kaplan JE, Gracia F, Lal R, Roberts B, Levine PH, et al. HTLV-II
endemicity among Guaymi Indians in Panama. N Engl J Med
1991;324(8):565.

Hjelle B, Zhu SW, Takahashi H, ljichi S, Hall WW. Endemic human T cell leu-
kemia virus type Il infection in southwestern US Indians involves two prototype
variants of virus. J Infect Dis 1993;168(3):737-40.

Levine PH, Jacobson S, Elliott R, Cavallero A, Colclough G, Dorry C, et al.
HTLV-Il infection in Florida Indians. AIDS Res Hum Retroviruses
1993;9(2):123-7.

Maloney EM, Biggar RJ, Neel JV, Taylor ME, Hahn BH, Shaw GM, et al. En-
demic human T cell lymphotropic virus type |l infection among isolated Brazil-
ian Amerindians. J Infect Dis 1992;166(1):100-7.

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 U S A
1980;77(12):7415-9.

Blattner WA, Blayney DW, Robert-Guroff M, Sarngadharan MG, Kalyanara-
man VS, Sarin PS, et al. Epidemiology of human T-cell leukemia/lymphoma vi-
rus. J Infect Dis 1983;147(3):406-16.

Uchiyama T. Adult T-cell leukemia. Blood Rev 1988;2(4):232-8.

Uchiyama T, Yodoi J, Sagawa K, Takatsuki K, Uchino H. Adult T-cell leuke-
mia: clinical and hematologic features of 16 cases. Blood 1977;50(3):481-92.
Gessain A, Barin F, Vernant JC, Gout O, Maurs L, Calender A, et al. Antibod-
ies to human T-lymphotropic virus type-l in patients with tropical spastic
paraparesis. Lancet 1985;2(8452):407-10.

Osame M, Usuku K, Izumo S, ljichi N, Amitani H, Igata A, et al. HTLV-I asso-
ciated myelopathy, a new clinical entity. Lancet 1986;1(8488):1031-2.

40



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Franchini G. Molecular mechanisms of human T-cell leukemia/lymphotropic
virus type | infection. Blood 1995;86(10):3619-39.

liichi S, Eiraku N, Osame M, Izumo S, Kubota R, Maruyama |, et al. Activated
T lymphocytes in cerebrospinal fluid of patients with HTLV-l-associated mye-
lopathy (HAM/TSP). J Neuroimmunol 1989;25(2-3):251-4.

Murphy EL, Blattner WA. HTLV-I-associated leukemia: a model for chronic
retroviral diseases. Ann Neurol 1988;23 Suppl:S174-80.

Piccardo P, Ceroni M, Rodgers-Johnson P, Mora C, Asher DM, Char G, et al.
Pathological and immunological observations on tropical spastic paraparesis
in patients from Jamaica. Ann Neurol 1988;23 Suppl:S156-60.

Ohshima K. Pathological features of diseases associated with human T-cell
leukemia virus type |. Cancer Science 2007;98(6):772-778.

Verdonck K, Gonzalez E, Van Dooren S, Vandamme AM, Vanham G, Gotuzzo
E. Human T-lymphotropic virus 1: recent knowledge about an ancient infec-
tion. Lancet Infect Dis 2007;7(4):266-81.

Kalyanaraman VS, Sarngadharan MG, Robert-Guroff M, Miyoshi I, Golde D,
Gallo RC. A new subtype of human T-cell leukemia virus (HTLV-Il) associated
with a T-cell variant of hairy cell leukemia. Science 1982;218(4572):571-3.
Hijelle B, Appenzeller O, Mills R, Alexander S, Torrez-Martinez N, Jahnke R, et
al. Chronic neurodegenerative disease associated with HTLV-II infection. Lan-
cet 1992;339(8794):645-6.

Menna-Barreto M. A 96-Month Longitudinal Study of HTLV-ll-associated Mye-
lopathy. AIDS Res Hum Retroviruses 2003;19(14).

Orland JR, Engstrom J, Fridey J, Sacher RA, Smith JW, Nass C, et al. Preva-
lence and clinical features of HTLV neurologic disease in the HTLV Outcomes
Study. Neurology 2003;61(11):1588-94.

Wan Y, Nordeen SK. Identification of genes differentially regulated by gluco-
corticoids and progestins using a Cre/loxP-mediated retroviral promoter-
trapping strategy. J Mol Endocrinol 2002;28(3):177-92.

Schacke H, Docke WD, Asadullah K. Mechanisms involved in the side effects
of glucocorticoids. Pharmacol Ther 2002;96(1):23-43.

Hearing SD, Norman M, Smyth C, Foy C, Dayan CM. Wide variation in lym-
phocyte steroid sensitivity among healthy human volunteers. J Clin Endocrinol
Metab 1999;84(11):4149-54.

Hirano T, Tsuboi N, Homma M, Oka K, Takekoshi T, Tahara K, et al. Com-
parative study of lymphocyte-suppressive potency between prednisolone and
methylprednisolone  in rheumatoid  arthritis. Immunopharmacology
2000;49(3):411-7.

Webster JI, Tonelli L, Sternberg EM. Neuroendocrine regulation of immunity.
Annu Rev Immunol 2002;20:125-63.

Sternberg EM. Neuroendocrine regulation of autoimmune/inflammatory dis-
ease. J Endocrinol 2001;169(3):429-35.

Pitzalis C, Pipitone N, Perretti M. Regulation of leukocyte-endothelial interac-
tions by glucocorticoids. Ann N Y Acad Sci 2002;966:108-18.

Cancedda C, Filaci G, Puppo F, Ghio M, Contini P, Indiveri F. Immune ho-
meostasis requires several biologic factors including glucocorticoid hormones.
Ann N'Y Acad Sci 2002;966:49-63.

Ashwell JD, Lu FW, Vacchio MS. Glucocorticoids in T cell development and
function*. Annu Rev Immunol 2000;18:309-45.

41



52.

53.

54.

59.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Refojo D, Liberman AC, Holsboer F, Arzt E. Transcription factor-mediated mo-
lecular mechanisms involved in the functional cross-talk between cytokines
and glucocorticoids. Immunol Cell Biol 2001;79(4):385-94.

Chikanza IC, Kozaci D, Chernajovsky Y. The molecular and cellular basis of
corticosteroid resistance. J Endocrinol 2003;179(3):301-10.

Schlaghecke R, Beuscher D, Kornely E, Specker C. Effects of glucocorticoids
in rheumatoid arthritis. Diminished glucocorticoid receptors do not result in
glucocorticoid resistance. Arthritis Rheum 1994;37(8):1127-31.

Gold R, Buttgereit F, Toyka KV. Mechanism of action of glucocorticosteroid
hormones: possible implications for therapy of neuroimmunological disorders.
J Neuroimmunol 2001;117(1-2):1-8.

Buttgereit F, Straub RH, Wehling M, Burmester GR. Glucocorticoids in the
treatment of rheumatic diseases: an update on the mechanisms of action. Ar-
thritis Rheum 2004;50(11):3408-17.

Almawi WY, Tamim H. Posttranscriptional mechanisms of glucocorticoid anti-
proliferative effects: glucocorticoids inhibit IL-6-induced proliferation of B9 hy-
bridoma cells. Cell Transplant 2001;10(2):161-4.

Sanchez ER, Faber LE, Henzel WJ, Pratt WB. The 56-59-kilodalton protein
identified in untransformed steroid receptor complexes is a unique protein that
exists in cytosol in a complex with both the 70- and 90-kilodalton heat shock
proteins. Biochemistry 1990;29(21):5145-52.

Auphan N, DiDonato JA, Rosette C, Helmberg A, Karin M. Immunosuppres-
sion by glucocorticoids: inhibition of NF-kappa B activity through induction of |
kappa B synthesis. Science 1995;270(5234):286-90.

Scheinman RI, Cogswell PC, Lofquist AK, Baldwin AS, Jr. Role of transcrip-
tional activation of | kappa B alpha in mediation of immunosuppression by glu-
cocorticoids. Science 1995;270(5234):283-6.

Chikanza LC, Panayi GS. The effects of hydrocortisone on in vitro lymphocyte
proliferation and interleukin-2 and -4 production in corticosteroid sensitive and
resistant subjects. Eur J Clin Invest 1993;23(12):845-50.

Corkill MM, Kirkham BW, Chikanza IC, Gibson T, Panayi GS. Intramuscular
depot methylprednisolone induction of chrysotherapy in rheumatoid arthritis: a
24-week randomized controlled trial. Br J Rheumatol 1990;29(4):274-9.
Vingerhoeds AC, Thijssen JH, Schwarz F. Spontaneous hypercortisolism
without Cushing's syndrome. J Clin Endocrinol Metab 1976;43(5):1128-33.
Chikanza IC, Kozaci DL. Corticosteroid resistance in rheumatoid arthritis: mo-
lecular and cellular perspectives. Rheumatology (Oxford) 2004;43(11):1337-
45.

Zhang TY, Ding X, Daynes RA. The expression of 11 beta-hydroxysteroid de-
hydrogenase type | by lymphocytes provides a novel means for intracrine
regulation of glucocorticoid activities. J Immunol 2005;174(2):879-89.

Pereira M, Traverse M, Barros D, Bianchini A, Martinez P. The effects of aging
on leukocyte glucocorticoid receptor concentration and response to dexa-
methasone in dogs. Exp.Gerontol. 2003;38:989-995.

Picard D, Khursheed B, Garabedian MJ, Fortin MG, Lindquist S, Yamamoto
KR. Reduced levels of hsp90 compromise steroid receptor action in vivo. Na-
ture 1990;348(6297):166-8.

Castro M, Elliot S, Kino T, Bamberger C, Karl M, Webster E, et al. The non-
ligand binding beta-isoform of the human glucocorticoid receptor (hGC-beta):
tissue levels, mechanism of action, and potential physiologic role. Molec.Med.
1996;2:597-607.

42



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Matthews JG, Ito K, Barnes PJ, Adcock IM. Defective glucocorticoid receptor
nuclear translocation and altered histone acetylation patterns in glucocorticoid-
resistant patients. J Allergy Clin Immunol 2004;113(6):1100-8.

Pariante CM, Pearce BD, Pisell TL, Sanchez CI, Po C, Su C, et al. The proin-
flammatory cytokine, interleukin-1alpha, reduces glucocorticoid receptor trans-
location and function. Endocrinology 1999;140(9):4359-66.

Kam J, Szefler S, Surs W, Sher E, Leung D. Combination of IL-2 and IL-4 re-
duces glucocorticoid receptor- binding affinity and T cell response to glucocor-
ticoids. J.Immunol. 1993;151:3460-3466.

Adcock IM, Lane SJ, Brown CR, Lee TH, Barnes PJ. Abnormal glucocorticoid
receptor-activator protein 1 interaction in steroid-resistant asthma. J Exp Med
1995;182(6):1951-8.

Beck WT, Grogan TM, Willman CL, Cordon-Cardo C, Parham DM, Kuttesch
JF, et al. Methods to detect P-glycoprotein-associated multidrug resistance in
patients' tumors: consensus recommendations. Cancer Res
1996;56(13):3010-20.

Advani R, Visani G, Milligan D, Saba H, Tallman M, Rowe JM, et al. Treatment
of poor prognosis AML patients using PSC833 (valspodar) plus mitoxantrone,
etoposide, and cytarabine (PSC-MEC). Adv Exp Med Biol 1999;457:47-56.
List AF, Kopecky KJ, Willman CL, Head DR, Slovak ML, Douer D, et al. Cyc-
losporine inhibition of P-glycoprotein in chronic myeloid leukemia blast phase.
Blood 2002;100(5):1910-2.

Linn SC, Honkoop AH, Hoekman K, van der Valk P, Pinedo HM, Giaccone G.
p53 and P-glycoprotein are often co-expressed and are associated with poor
prognosis in breast cancer. Br J Cancer 1996;74(1):63-8.

Nakagawa M, Nakahara K, Maruyama Y, Kawabata M, Higuchi |, Kubota H, et
al. Therapeutic trials in 200 patients with HTLV-l-associated myelopathy/ tropi-
cal spastic paraparesis. J Neurovirol 1996;2(5):345-55.

Osame M, Igata A, Matsumoto M, Kohka M, Usuku K, lzumo S. HTLV-I-
associated myelopathy (HAM): treatment trials, retrospective survey and clini-
cal and laboratory fi ndings. Hematology Reviews 1990;3:271-284.

Mahe A, Meertens L, Ly F, Sow PS, Diop CT, Samb ND, et al. Human T-cell
leukaemia/lymphoma virus type 1-associated infective dermatitis in Africa: a
report of five cases from Senegal. Br J Dermatol 2004;150(5):958-65.

Nakao K, Ohba N, Nakagawa M, Osame M. Clinical course of HTLV-I-
associated uveitis. Jpn J Ophthalmol 1999;43(5):404-9.

Araujo AQ, Afonso CR, Leite AC, Dultra SV. Intravenous methylprednisolone
in HTLV-I associated myelopathy/tropical spastic paraparesis (HAM/TSP). Arq
Neuropsiquiatr 1993;51(3):325-8.

Matsushita K, Arima N, Ohtsubo H, Fujiwara H, Arimura K, Kukita T, et al.
Poor response to prednisolone of idiopathic thrombocytopenia with human T-
lymphotropic virus type | infection. Am J Hematol 2002;71(1):20-3.

Prince HE, Golding J, York J. Lymphocyte subset alterations associated with
increased spontaneous lymphocyte proliferation in human T lymphotropic virus
(HTLV) infection: distinctive patterns for HTLV-I versus HTLV-II infection. J In-
fect Dis 1994;169(6):1409-10.

Best |, Adaui V, Verdonck K, Gonzalez E, Tipismana M, Clark D, et al. Proviral
load and immune markers associated with human T-lymphotropic virus type 1
(HTLV-1)-associated myelopathy/tropical spastic paraparesis (HAM/TSP) in
Peru. Clin Exp Immunol 2006;146(2):226-33.

43



85.

86.

87.

88.

89.

Yamano Y, Machigashira K, ljichi S, Usuku K, Kawabata M, Arimura K, et al.
Alteration of cytokine levels by fosfomycin and prednisolone in spontaneous
proliferation of cultured lymphocytes from patients with HTLV-I-associated
myelopathy (HAM/TSP). J Neurol Sci 1997;151(2):163-7.

Lee SY, Mastushita K, Machida J, Tajiri M, Yamaguchi K, Takatsuki K. Human
T-cell leukemia virus type | infection in hemodialysis patients. Cancer
1987;60(7):1474-8.

Matsuzaki H, Yamaguchi K, Kagimoto T, Nakai R, Takatsuki K, Oyama W.
Monoclonal gammopathies in adult T-cell leukemia. Cancer 1985;56(6):1380-
3.

Nakada K, Yamaguchi K, Furugen S, Nakasone T, Nakasone K, Oshiro Y, et
al. Monoclonal integration of HTLV-I proviral DNA in patients with strongyloidi-
asis. Int J Cancer 1987;40(2):145-8.

Marinho J, Galvao-Castro B, Rodrigues LC, Barreto ML. Increased risk of tu-
berculosis with human T-lymphotropic virus-1 infection: a case-control study. J
Acquir Immune Defic Syndr 2005;40(5):625-8.

44



6. ANEXO 1: Cépia do artigo cientifico publicado

45



Cell Prolif. 2007, 40, 64-74

Spontaneous cell proliferation is associated with poor sensitivity
to glucocorticoids in patients infected with HTLV

R. P. Lopes*, M. Menna-Barretot and M. E. Bauer*-}

*[nstituto de Pesquisas Biomédicas, Pontificia Universidade Catdlica do Rio Grande do Sul (PUCRS),
Porto Alegre, Brazil, tHospital Sao Lucas, Division of Neurology, PUCRS, Porto Alegre, Brazil,
tFaculdade de Biociéncias, PUCRS, Porto Alegre, Brazil

Received 6 March 2006, revision accepted 16 September 2006

Abstract. Background: Human T-cell lymphotropic viruses (HTLV)-I/II have a special
tropism for infecting T cells and inducing spontaneous lymphocyte proliferation.
Leukaemia and neurological manifestations are associated with HTLV-I/II infections,
and treatment is usually based on anti-inflammatory drugs including glucocorticoids.
Although steroid resistance has been reported, it is unknown whether this condition is
related to the infection itself or to the treatment. Objective: We investigated whether
spontaneous cell proliferation is associated with T-cell sensitivity to glucocorticoids.
Materials and Methods: Twenty-eight HTLV-I/II patients and 11 healthy age-matched
controls took part in this study. Lymphocytes were isolated and cultured in vitro to
measure spontaneous and mitogen-induced proliferation as well as cellular sensitivity
to dexamethasone. Results: Patients with HTLV-I/II infection showed similar stimulated
and unstimulated T-cell proliferation as well as comparable sensitivity to dexamethasone
in vitro. There were no group differences in the frequency of glucocorticoid responders
versus non-responders. However, T cells of patients with spontaneous proliferation
were unresponsive to mitogenic stimulation and were remarkably more resistant to
dexamethasone than cells of patients with normal proliferation. Conclusion: These data
suggest that the poor clinical response to steroids may be associated with spontaneous
cell proliferation during HTLV infection.

INTRODUCTION

Human T-cell lymphotropic virus, type I (HTLV-I) and type II (HTLV-II), are retroviruses with
a special tropism to infect T cells, inducing spontaneous cell proliferation (Itoyama et al. 1988;
Prince et al. 1990; Wiktor et al. 1991; Prince & Swanson 1993; Mann et al. 1994; Prince et al.
1994). First isolated in 1980 (Poiesz et al. 1980), HTLV-I is the most prevalent type worldwide
and is related to several pathological states, characterized by local or systemic chronic inflam-
mation. Within its related diseases, HTLV-I is known to induce adult T-cell leukaemia/lymphoma
(ATL/L) (Uchiyama et al. 1977; Blattner ef al. 1983; Uchiyama 1988) and HTLV-I-associated
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myelopathy (HAM), also known as ‘tropical spastic paraparesis’ (TSP) (Gessain et al. 1985; Osame
et al. 1987). ATL/L is a pathogenic process caused by T-cell proliferation and has a neoplastic
outcome, regardless of treatment, that often leads to death within a few months (Uchiyama et al.
1977; Franchini 1995). HAM/TSP is a chronic myelopathy that presents as an inflammatory and
demyelinating process, mainly located in the thoracic spinal cord (Iwasaki 1990; Bhigjee et al.
1991; Gessain & Gout 1992; Cartier ef al. 1997; Umehara et al. 2000), where a high concentra-
tion of T cells and monocytes are typically found (Murphy & Blattner 1988; Piccardo et al.
1988; ljichi er al. 1989). This process leads to spasticity of the lower body, bladder disorders and
distinct sensory disturbances (Gessain ef al. 1985; Osame et al. 1986).

HTLV-1I is epidemic among intravenous drug users (IDUs) in the United States (Khabbaz
et al. 1991), Brazil (Alcantara et al. 2003) and western Europe (Zanetti & Galli 1992) and is also
endemic among some native populations from the Americas (Heneine ef al. 1991; Maloney
et al. 1992; Hjelle et al. 1993) and sub-Saharan Africa (Goubau ef al. 1993). Some case reports
have described HTLV-II-associated neurological manifestations (Menna-Barreto 2003;
Orland et al. 2003).

Because of its property of inappropriately activating T cells and inducing diseases charac-
terized by a chronic inflammatory state (Franchini 1995; Hollsberg 1997), treatment of HTLV
infections is usually based on anti-inflammatory drugs such as synthetic glucocorticoids (GCs).
These steroids exert their actions through specific binding to two distinct intracellular receptor
subtypes: the mineralocorticoid and GC receptors. After being bound, the receptor-ligand
complex translocates to the nucleus, where it either binds to GC response elements on DNA or
interacts with other transcription factors and regulates (positively or negatively) the genes to
which they are linked (Juruena ef al. 2003). Although the management of HTLV-I/II-associated
diseases often include steroidal drugs, clinical responses to GCs have been reported to be varied,
with some patients responding poorly to them (Araujo et al. 1993; Nakagawa et al. 1996;
Matsushita ez al. 2002). However, it is largely unknown to what extent poor clinical response
correlates to spontaneous proliferation and peripheral T-cell sensitivity to GCs. The understanding
of patients’ T-cell sensitivity to GCs prior to treatment would be of valuable clinical significance
as it would enable physicians to discriminate steroid responders from non-responders. The
objectives of this study are (1) to determine patients’ peripheral T-cell sensitivity to GCs (2) to
discriminate steroid responders from non-responders in vitro and (3) to evaluate whether spon-
taneous cell proliferation is associated with T-cell sensitivity to GCs (dexamethasone, DEX)
among HTLV-I/Il-infected drug-free patients. We hypothesized that HTLV patients would be
more resistant to both mitogenic and steroid signalling in vitro.

MATERIALS AND METHODS

Subjects

Twenty-eight, untreated HTLV-I- and HTLV-II-infected subjects were recruited for this study from
the HTLV Unit (Department of Neurology, Hospital Sao Lucas, Porto Alegre, Brazil). Eighteen
HTLV-I infected patients (14 women), ages 15 to 62 years (mean * SD, 44.89 * 12.9 years) and
10 HTLV-II-infected patients (5 women), ages 30 to 75 years (49.40 + 13.94 years) took part in
this study. The diagnosis of HTLV infection was confirmed by Western blot analysis. To discriminate
steroid responders from non-responders, 11 healthy subjects (7 women), ages 21 to 73 years
(39.81 £ 18.17 years) were also recruited as a control group. Exclusion criteria included presence
of infection, acute or chronic inflammatory conditions, heart disease, under-nourishment,
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anaemia, leucopaenia, neoplasia and drug use (including GCs). There were no differences in
gender distribution (% =2.30, d.f. =2, P=0.32) or age (x> = 1.11, d.f. =2, P=0.34) between
patients and controls. The study protocol was approved by both scientific and ethics committees
(Pontifical Catholic University of Rio Grande do Sul, PUCRS, Porto Alegre, Brazil) and written
informed consent was obtained from all subjects.

Collection of peripheral blood and isolation of mononuclear cells

Ten millilitres of peripheral blood was collected by venepuncture in the morning (between 9:00 h
and 10:00 h) and samples were stored in lithium-heparin tubes prior to analysis. Peripheral
blood mononuclear cells (PBMCs) were isolated by centrifugation over a Ficoll-Hypaque
(Sigma, St. Louis, MO, USA) gradient (900 g, 30 min). After washing, the cells were counted
then viewed microscopically (100x) and viability always was found to exceed 95%, as judged
from the cells’ ability to exclude trypan blue (Sigma). PBMCs were resuspended in complete
culture medium (RPMI-1640, supplemented with gentamicin 0.5%, glutamine 1%, N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid 1%, fungizone 0.1% and foetal calf serum
10% all from Sigma) and concentration in fluid was adjusted to 3 x 10 cells/ml.

Lymphocyte proliferation/viability assays
PBMCs were cultured in flat-bottomed 96-well microplates at a final concentration of 1.5 x 10°
cells/well in complete culture medium for 96 h at 37 °C in an atmosphere with 5% CO,. Stimu-
lation by the selective T-cell mitogen phytohaemagglutinin (PHA; from Gibco, Grand Island,
NY, USA) was performed in triplicates (100 ml/well) to yield an optimal concentration (1%). In
non-stimulated cultures (PHA 0), mitogen was substituted by complete culture medium. To
assess in vitro sensitivity to GCs, 107°-10"* M of DEX (a synthetic GC receptor agonist) was
added in duplicates (50 pl/well; water soluble, Sigma) to mitogen-stimulated (PHA 1%) cultures.
GC concentrations were used in a range so that free endogenous GCs during resting state would
reach (107~ m), stress (107 M) and under pharmacological treatment (10~° M) in vivo.
Proliferative responses were estimated using a modified colourimetric assay that correlates
with the number of viable cells (Mosmann 1983; Collaziol ef al. 2002). In the last 4 h of culture,
100 pl of supernatant was gently discarded and 40 ul of freshly prepared MTT (3-[4, 5-dimeth-
ylthiazol-2-yl]-2, 5 diphenyltetrazolium bromide) (Sigma) solution (5 mg/ml in sterile PBS) was
added to each well. Cell cultures were incubated for 4 h at 37 °C in 5% CO, atmosphere. After
complete removal of the supernatant, 120 ul of dimethyl sulfoxide (Sigma) was added to each
well. Optical density (OD) was determined using a Biorad enzyme-linked immunosorbent assay
plate reader at wavelengths of 492 and 630 nm. Spontaneous cell proliferation was determined
by visual identification of several cellular clusters (light microscopy, 40x) in unstimulated cells
following 96 h of culture. Proliferation data are presented as OD. Difference between the OD of
stimulated and non-stimulated cultures indicates the non-specific T-lymphocyte proliferation
induced by PHA. Results of T-lymphocyte sensitivity to GCs are presented as percentage pro-
liferation, where 100% (basal) represents maximum proliferation, obtained by OD means from
cell cultures of PHA 1% without steroids.

Steroid responsiveness

Glucocorticoid responders and non-responders were identified through analysis of dose—
response curves of control subjects. PBMCs of healthy control donors were cultured with PHA
and DEX, as described in the previous section. The area under the curve (AUC) for each control
subject was then calculated by the trapezoidal rule (prism 4.0, GraphPad Software), and the
group median of the sample was determined (366.6 M). The same AUC determination was
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Figure 1. Evaluation of non-stimulated and mitogen-stimulated T-cell proliferation (HTLV-1: n = 18; HTLV-II:
n = 10; control: n=11). PBMCs were cultured with and without 1% PHA for 96 h and cell proliferation/viability was
estimated by MTT assay. OD was determined at wavelengths of 492 and 630 nm. Statistical significance differences are
indicated: **P < 0.01; ***P < 0.001.

performed for each HTLV-I/II patient individually. Patients with AUC higher than the median
AUC from the control group (366.6 M) were classified as GC non-responders, indicating that
their dose-response curve to varied DEX concentrations maintained itself closer to basal prolif-
eration (100%). Patients with an AUC lower than this value were considered to be sensitive
to DEX in vitro, as their dose-response curve indicated lower proliferation percentages, and
were thus classified as responders.

Statistical analysis

All variables were tested for homogeneity of variances and normality of distribution by means
of the Levene and Kolmogorov-Smirnov tests, respectively. Proliferation data were analysed by
repeated measures ANOVA that included one between-subjects variables (groups) and one within-
subjects variables (mitogen or GC levels). One way ANOVA was performed to analyse cell pro-
liferation (non-stimulated versus stimulated) data. Multiple comparisons among levels (mitogen
or GC) were checked with Tukey’s post hoc test. Differences between variables were assessed
by Student’s #-test. Statistical interactions between group distributions were compared by means
of chi-squared () test. Data are expressed as mean + SE in all figures. A statistical software
package (spss 11.5, SPSS, Chicago, IL, USA) was used to perform the analyses. The signifi-
cance level was set at o0 = 0.05 (two-tailed).

RESULTS

Lymphocyte proliferation

Mitogen-induced T-cell proliferation was evaluated as an index of cell-mediated immunity. Non-
stimulated cell proliferation was found to be marginally increased in HTLV-I patients compared
to HTLV-II-infected individuals (¢ =1.43, d.f. =25.98, P=0.17) and healthy control subjects
(t=1.79, d.f. =25.42, P=0.09), although it only approached statistical significance (Fig. 1).
Stimulation with PHA yielded significant T-cell proliferation in all groups. However, mitogen-
induced proliferative responses were found similar in both HTLV groups.
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Figure 2. Spontaneous cell proliferation in HTLV-I infection. Representative photographs of unstimulated cultures
of two HTLV-I patients. (a) Spontaneous cell proliferation as demonstrated by cellular clusters (40x) that can be seen
magnified in (b) (200x). (c) Cells with a normal proliferation level.

Spontaneous cell proliferation

We investigated the frequency of patients with spontaneous T-lymphocyte proliferation. HTLV-
I/I1 patients presented similar proportions of subjects with spontaneous proliferation, 33.3% (six
patients) with HTLV-I and 10% (one patient) with HTLV-II, respectively (x> =1.87, d.f. =1,
P =0.17). Spontaneous cell proliferation was confirmed by the presence of several cellular clus-
ters in unstimulated cultures of HTLV-I subjects (Fig. 2). We then assessed the extent cells to
which patients who developed spontaneous T-lymphocyte proliferation responded to mitogenic
stimulation. Interestingly, it was observed that T cells with spontaneous proliferation were un-
responsive to PHA stimulation (Fig. 3). This was similarly described for patients with HTLV-I and
-1I infections. However, no statistical analysis could be performed within HTLV-II subjects as
only one patient presented spontaneous proliferation in that group (Fig. 2b).

Lymphocyte sensitivity to GCs

In view of evidence that some patients with HTLV-I/II infections respond poorly to GC
treatment (Araujo ef al. 1993; Nakagawa et al. 1996), we examined the peripheral T-cell sensi-
tivity to DEX, in vitro prior to treatment. DEX produced dose-dependent suppression of T-cell
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Figure 3. Evaluation of non-stimulated and mitogen-stimulated T-cell proliferation in HTLV-infected patients
with normal and spontaneous proliferation levels. PBMCs were cultured with and without 1% PHA for 96 h and
proliferation/viability was estimated by MTT assay. OD was determined at wavelengths of 492 and 630 nm (a) HTLV-
I-infected subjects (normal: n = 12; spontaneous: n = 6; control: n = 11); (b) HTLV-II-infected subjects (normal:
n=29; spontaneous: n = 1; control: n=11). Statistical significance differences are indicated: *P <0.05; **P <0.01;
***P <0.001.

proliferation, (F5 |5, = 38.24, P <0.001) (Fig. 4). However, T-cell sensitivity to DEX did not
differ between HTLV groups (F} 55 = 0.60, P =0.44).

We also investigated the frequency of GC responders within HTLV groups. Eight HTLV-1
(44.4%, 42.38 £ 16.10 years, 5 women) and four HTLV-II (40%, 43.25 &+ 11.23 years, 2 women)
patients were classified as GC non-responders. There were no group differences in the frequency
of GC responders/non-responders (x> = 0.05, d.f. = 1, P = 0.82). However, GC non-responders
(in both HTLV groups) were similarly more resistant to DEX in vitro than cells of GC responders
(Fig. 5).

Finally, we assessed whether spontaneous cell proliferation is associated with T-cell sensi-
tivity to GCs. Interestingly, it was observed that T cells of HTLV-I patients with spontaneous cell
proliferation were significantly more resistant to DEX than cells of patients with normal prolif-
eration levels (Fig. 6a) (F; ;= 6.4, P <0.05). No statistical analysis could be performed within
HTLV-II subjects because only one patient presented spontaneous proliferation in that group
(Fig. 6b).
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Figure 4. Peripheral T-cell sensitivity to dexamethasone (HTLV-1: n = 18; HTLV-II: n = 10). Glucocorticoid sensitivity
was assessed by incubating PBMCs with PHA 1% and increasing concentrations of DEX for 96 h. Cell proliferation was
estimated by MTT assay. OD was determined at wavelengths of 492 and 630 nm. Data are shown as percentage of base
line cell proliferation (100% = PHA 1% without steroids).

DISCUSSION

Human T-cell lymphotropic virus infections are known to induce the appearance of inflamma-
tory diseases by activating T lymphocytes and inducing spontaneous cell proliferation (Itoyama
et al. 1988; Prince et al. 1990; Wiktor et al. 1991; Prince & Swanson 1993; Mann et al. 1994;
Prince et al. 1994). HTLV-I has more disease associations then HTLV-II and is known to cause
ATL/L (Uchiyama et al. 1977; Blattner et al. 1983; Uchiyama 1988) and HAM/TSP (Gessain
et al. 1985; Osame et al. 1987). However, HTLV-II infections may also lead to neuropathological
states (Hjelle et al. 1992; Menna-Barreto 2003; Orland ef al. 2003).

Because of its ability to mediate the appearance of diseases with severe prognosis, such
as ATL/L and HAM/TSP, we initially anticipated that HTLV-I—infected lymphocytes would pro-
liferate more intensively than HTLV-II-infected cells. However, T-cell proliferation was found
to be similar in both groups of infected patients (Fig. 1). These results suggest that the capacity
of HTLV-I virus to induce a greater number of inflammatory diseases than HTLV-II may not
necessarily be associated with a greater peripheral T-cell response.

As previously reported (Itoyama et al. 1988; Prince et al. 1990; Wiktor ef al. 1991; Prince
& Swanson 1993; Mann et al. 1994; Prince et al. 1994), we also have observed a significant pro-
portion of subjects with spontaneous T-cell proliferation within both HTLV-I- (33.3%, n = 6)
and HTLV-II-infected (10%, n = 1) patients. Here we have investigated to what extent the cells
of patients with spontaneous T-cell proliferation would respond to mitogenic stimulation. It was
observed for the first time that T cells of patients with spontaneous proliferation were completely
unresponsive to PHA stimulation. These results suggest that HTLV-infected T lymphocytes
that had become activated and proliferate as a result of the viral infection do not respond to
unspecific activation. Indeed, it has been shown previously that spontaneous cell proliferation is
associated with increased proviral load (Prince & Swanson 1993); this clinical parameter was
not assessed here. Further studies should investigate whether mitogen unresponsiveness would
be related to proviral load. It is reasonable to speculate that these patients would be more
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Figure 5. Peripheral T-cell sensitivity to DEX in responders/non-responders, HTLV-infected patients. Glucocorti-
coid sensitivity was assessed by incubating PBMCs with PHA 1% and increasing concentrations of DEX for 96 h. Cell
proliferation was estimated by MTT assay. OD was determined at wavelengths of 492 and 630 nm. Data are shown as
percentage of base line cell proliferation (100% = PHA 1% without steroids). (a) HTLV-I-infected subjects (responders:
n = 10; non-responders: n = 8); (b) HTLV-II-infected subjects (responders: n = 6; non-responders: n = 4). Statistical
significance differences in T-cell sensitivity to isolated DEX concentrations are indicated: *P <0.05, **P <0.01;
***P <0.001. Statistical interaction of T-cell sensitivity to variation of DEX concentrations between groups indicated:
#HP <0.01; ###P < 0.001.

susceptible to other infectious diseases, which are under control of effective T-cell responses.
The underlying mechanisms of this mitogenic unresponsiveness are still completely obscure.
Treatment of HTLV infections usually involves the administration of anti-inflammatory
drugs such as synthetic GCs. However, some HTLV patients respond poorly to this treatment
(Araujo et al. 1993) and concomitant therapy with other immunosuppressive drugs is often
required (Nakagawa et al. 1996). In this study, patients with HTLV-I/II showed comparable T-
cell sensitivity to DEX in vitro and similar frequency of GC responders versus non-responders.
We speculate that clinical resistance to treatment with these steroids may be limited to the
peripheral inflamed tissues. Interestingly, we observed for the first time that T lymphocytes from
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Figure 6. Peripheral T-cell sensitivity to DEX in HTLV patients with spontaneous/normal cell proliferation.
Glucocorticoid sensitivity was assessed by incubating PBMCs with PHA 1% and increasing concentrations of DEX
for 96 h. Cell proliferation was estimated by MTT assay. OD was determined at wavelengths of 492 and 630 nm. Data
are shown as percentage of base line cell proliferation (100% = PHA 1% without steroids). (a) HTLV-I-infected subjects
(normal: n = 12; spontaneous: n = 6); (b) HTLV-II-infected subjects (normal: n = 9; spontaneous: n = 1). Statistical
significance differences in T-cell sensitivity to isolated DEX concentrations are indicated: *P < 0.05; **P = 0.01. Statistical
inter-action of T-cell sensitivity to variation of DEX concentrations between groups indicated: #P < 0.05.

HTLV-I patients showing spontaneous cell proliferation were significantly more resistant to
DEX than cells from patients with normal proliferation. These results differ from a previous
study (Yamano et al. 1997) in which PBMCs from HAM/TSP patients with spontaneous prolif-
eration were highly sensitive to prednisolone’s modulatory effects (reduced proliferation and
altered cytokine production). However, there are methodological differences between our and
Yamano’s work that may justify this discrepancy. For example, we evaluated the ability of DEX
to suppress T-cell proliferation to assess steroid sensitivity of activated lymphocytes, whereas
Yamano and colleagues analysed the steroid sensitivity of non-stimulated PBMCs. Therefore, it
remains difficult to discern precisely the cellular targets that respond to steroids in the former
study. The cellular activation state is of paramount importance to steroid sensitivity.
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No interaction between cellular spontaneous/normal proliferation and GC sensitivity was
observed within HTLV-II. However, this evaluation was compromised because only one subject
from the evaluated group of HTLV-II-infected patients presented spontaneous proliferation in vitro.

Taken together, these data indicate that poor clinical response to steroid treatment may be
related to spontaneous cell proliferation during HTLV infection, especially HTLV-1. We confirm
our main hypothesis and speculate that spontaneous cell proliferation would render lymphocytes
resistant to both mitogenic and steroid signalling, as a result of repeated polyclonal T-cell infec-
tions. These chronic infections may lead to clonal exhaustion and further disease vulnerability
in HTLV-infected people. Thus, the identification of HTLV-infected patients with spontaneous
cell proliferation will be of clinical value.
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