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RESUMO

TESE DE DOUTORADO

Rita Elizabeth Moreira Mascarenhas
O virus linfotropico de células T humanas do tipo 1 (HTLV-1) tem tropismo para os linfocitos T, infectando
preferencialmente linfocitos T CD4+CD45RO+, embora outras células possam ser alvo da infecgéio. No Brasil, a
prevaléncia em doadores de sangue foi estimada em 0,45%, sendo Salvador o epicentro da infecgdo do HTLV-1
no pais, com prevaléncia de 1,35%. Recentemente, um estudo de base populacional, realizado na em Salvador
revelou uma prevaléncia de 2%. O HTLV-1 esta classicamente associado a leucemia e linfoma de células T do
adulto (ATLL), Paraparesia espastica tropical/mielopatia associada ao HTLV-1 (HAM/TSP) e uveite. Este virus
também esta relacionado a outras doengas inflamatérias como artrite, dermatite infectiva, polimiosite, alveolite e
Sindrome de Sjdgren. A infecgdo pelo HTLV-1, induz uma ativagdo cronica do sistema imune € uma maior
susceptibilidade a doengas infecciosas. Maior morbidade e mortalidade associada & tuberculose, hanseniase,
estrongiloidiase grave e disseminada, e escabiose severa sugerem a existéncia de uma imunossupressdo pelo
HTLV-1. Células mononucleares do sangue periférico (PBMC) de cerca de 50% dos individuos infectados,
apresentam proliferagfo espontinea in vitro, uma das alteragdes imunoldgicas caracteristicas da infecg@o por este
virus. Neste estudo, avaliamos a resposta imune celular aos antigenos de memoria nos individuos infectados pelo
HTLV-1 apresentando ou ndo proliferagdo esponténea. Inicialmente, quantificamos as popula¢des de linfocitos T
CD4 ¢ CD8 ¢ estudamos o repertdrio do TCR-V( das subpopulagdes dos linfocitos T CD4+. Encontramos um
aumento da proporgdo dos linfocitos T CD4+CD45RO+, nos individuos infectados com proliferagio espontanea
e uma menor frequéncia de resposta aos antigenos de memoria, mesmo nos individuos cujos PBMC néo
proliferavam espontaneamente. Além disso, individuos com proliferagdo espontdnea apresentaram expansdo
policlonal dos linfacitos T CD4+. Em seguida, investigamos o perfil de ativagdo e a freqliéncia de células
produtoras de IFN-y. A expressdo de CD25, CD69 e HLA-DR, bem como a proporgéo de células produtoras de
IFN-y foi maior nos linfocitos T CD4+ dos individuos infectados pelo HTLV-1. Por fim, investigamos o
potencial inibitério de compostos quinolinicos na proliferagdo espontinea de linfécitos T, de individuos
infectados pelo HTLV-1. Identificamos seis compostos (XF907, XF731, SF103, MHM22, MDS14 and SF47)
com capacidade para inibir, in vitro, a proliferagdo espontinea de PBMC. Novos estudos para avaliar o
mecanismo de inibi¢fo destas drogas devem ser realizados. A descoberta de novos farmacos ¢ importante para o
tratamento desta infecgfio. Nossos resultados indicam que o HTLV-1 induz uma imunossupressio caracterizada
pela redugdo na frequéncia de respostas positivas aos antigenos de memdria, mesmo entre os individuos que néo
apresentam proliferagio espontdnea, sugerindo que possa ocorrer uma imunossupressdo. A ativagio celular e

freqiiéncias elevadas de células produtoras de [FN-y podem contribuir para esta anergia.
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ABSTRACT

TESE DE DOUTORADO

Rita Elizabeth Moreira Mascarenhas

Human T-lymphotropic virus cells type I (HTLV-1) presents tropism for T lymphocytes, infecting preferentially
CD4+CD45RO+ T-lymphocytes, although other cells may be infected. In Brazil, the prevalence in blood donors
was estimated in 0.45%. Salvador is the epicenter of the infection in the country, with the prevalence of 1.35%. A
population-based study in Salvador demonstrated a prevalence of 2%. HTLV-1 infection is classically associated
to adult T-cell leukemia/lymphoma (ATLL), HAM/TSP and uveitis. This virus is also associated to other
inflammatory diseases such as arthritis, infective dermatitis, polymyositis, alveolitis, and Sjogren syndrome.
HTLV-1 infection induces a chronic activation of the immune system and a high susceptibility to infectious
diseases. In fact, high morbidity and mortality associated to tuberculosis, Hansen’s disease, disseminated
strongyloidiasis, severe scabies suggest the existence of an immunosuppression in HTLV-1 infection. Peripheral
blood mononuclear cells (PBMC) of infected individuals present spontaneous proliferation in vitro, an
immunological alteration that is a characteristic of the infection by this virus. In this study we evaluated the
cellular immune response to recall antigens in the HTLV-I-infected individuals, presenting or not spontaneous
proliferation. First, we quantified the CD4+ and CD8+ T-lymphocyte subsets and studied the TCR-V§ repertoire
from CD4+ lymphocytes. We found an increase of the CD4+CD45RO+ T-lymphocytes in the individuals
infected with spontaneous proliferation. The response frequency to the memory antigens were decreased in the
HTLV-1-infected individuals, even in the absence of spontaneous proliferation. Then, we investigated the
activation profile, as well as the frequencies of IFN-y producing cells. The expression of CD25, CD69, and
HLA-DR, as well as IFN-y was higher in CD4+ T-fymphocyte from HTLV-1-infected individuals. Finally, we
investigated the inhibitory potential of quinoline compounds on the spontaneous proliferation of T-lymphocyte of
HTLV-1-infected individuals. We identified six compounds (XF907, XF731, SF103, MHM22, MDS14 and
SF47) with capacity to inhibit, in vitro, the spontaneous proliferation of PBMC. New studies to evaluate the
inhibition mechanism of these drugs should be done. The discovery of new drugs is important for the treatment
of this infection. In conclusion, our results suggest that HTLV-1-infected individuals have immunosupression, as
reflected by a decrease in stimulation index to recall antigens, even in individuals without spontaneous PBMC
proliferation. The cellular activation and high frequencies of IFN-y producing cells can contribute to this
immunosupression.
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SRF Fator responsivo do soro

IL-2 Interleucina 2

IL-2R Receptor de interleucina 2
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TNF-a Fator de necrose tumoral

IFN-y Interferon gama
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1. Capitulo |

1.1 Introdugao

No inicio dos anos 70, alguns pesquisadores ja estudavam retrovirus
animais causadores de leucemias, pois acreditavam que a compreensao dos
mecanismos leucémicos em animais forneceria informagées sobre os mecanismos
envolvidos na leucemia humana. Assim, a descoberta de retrovirus associados a
leucemias em felinos (Jarrett 1970), em uma espécie de macaco, Gibbon
(Charman, Kim et al. 1975) e em bovinos (Ferrer, Bhatt et al. 1975) motivaram a
busca de um retrovirus como agente etiolégico da leucemia humana.

Em 1979, Robert Gallo e seus colaboradores finalmente isolaram o virus
linfotropico de células T humanas (HTLV-1), a partir de uma linhagem linfocitaria
obtida de amostras de um paciente com linfoma cutaneo de células T (Poiesz,
Ruscetti et al. 1980). Eles demonstraram que o HTLV-1 era o agente da leucemia,
devido a presenca de anticorpos especificos existentes no soro destes pacientes,
e a observacido do DNA proviral integrado ao DNA das células infectadas (Poiesz,
Ruscetti et al. 1980).

Na mesma época, e de modo independente, pesquisadores japoneses
isolaram um retrovirus a partir de células leucémicas de pacientes com uma
leucemia descrita no Sudeste do Japao, conhecida como leucemia de células T do
adulto (ATL) (Uchiyama, Yodoi et al. 1977). O virus isolado foi denominado virus
da leucemia de células T do adulto (ATLV) (Hinuma, Nagata et al. 1981).
Posteriormente, analises comparativas dos isolados ATLV e HTLV demonstraram
tratar-se de um mesmo virus, o HTLV-1 (Watanabe, Seiki et al. 1984).

Logo apds o isolamento do virus, a atencdo dos pesquisadores voltou-se

para as alteragées nas células infectadas pelo HTLV-1. Estas células mantinham



um fendtipo de células T maduras, e podiam propagar-se espontaneamente em
culturas, na auséncia de fatores de crescimento (Popovic, Lange-Wantzin et al.
1983; Jacobson, Raine et al. 1988; Richardson, Edwards et al. 1990; Prince, Lee
et al. 1991). Varios trabalhos tém relatado a proliferagao espontanea nas culturas
de linfécitos de individuos infectados pelo HTLV-1. Muitos apontavam para uma
associacao entre proliferagdo e doenga (Kramer, Jacobson et al. 1989; Lunardi-
[skandar, Gessain et al. 1993). A proliferagdo espontdnea & descrita como uma
das alteragbes imunologicas mais caracteristica da infecgdo pelo HTLV-1, mas
sua implicagdo na patogénese ainda nao esta esclarecida.

Em 1981, um outro retrovirus, o HTLV-2, foi isolado de um tipo raro de
leucemia, descrita como leucemia de células T cabeludas (Kalyanaraman,
Sarngadharan et al. 1982). Apesar de possuir grande homologia com o HTLV-1, o
HTLV-2 nao esta classicamente associado a nenhuma doenga humana até o
momento. Entretanto, algumas alteragdes neurolégicas s&o descritas em
individuos cronicamente infectados por este virus (Jacobson, Lehky et al. 1993;
Peters, Oger et al. 1999; Biglione, Pizarro et al. 2003). Recentemente, outros tipos
virais foram isolados, o HTLV-3 (Calattini, Chevalier et al. 2005) e o HTLV-4
(Wolfe, Heneine et al. 2005), mas até o momento ndo foram associados a

patologias.

Em 1985, a infecgdo pelo HTLV-l passou a ser relacionada a doencgas
neurolégicas. A associagdo entre HTLV-1 e paraparesia espastica tropical (TSP)
foi inicialmente identificada por Guy De The e colaboradores, na Martinica, onde o
virus estava presente em 59% dos pacientes com TSP (Gessain, Barin et al.
1985). No ano seguinte, o HTLV-1 foi associado a uma mielopatia freqliente em
Kagoshima, no Japao, que recebeu a denominagao mielopatia associada ao
HTLV-I (HAM) (Osame, Usuku et al. 1986). Em 1989, um consenso recomendou a
denominagdo paraparesia espastica tropical/mielopatia associada ao HTLV-1
(HAM/TSP), por tratar-se de uma mesma entidade clinica (Osame 1990). Os
critérios para o diagnostico da HAM/TSP foram estabelecidos no ano seguinte
(Osame 1990).



O HTLV-I também esta relacionado a outras doengas inflamatérias como
uveite, artrite, dermatite infectiva, polimiosite, alveolite e Sindrome de Sjogren
(Morgan, Rodgers-Johnson et al. 1989; ljichi, Matsuda et al. 1990; LaGrenade,
Hanchard et al. 1990; Mochizuki, Yamaguchi et al. 1992; Sugimoto 1993). As
diversas manifestagcées clinicas até o momento associadas a este virus sugerem
que a doencga apresenta um carater sistémico. Alguns pesquisadores sugerem o
conceito de sindrome para as manifestagdes clinicas decorrentes desta infecgao
(Carneiro-Proietti, Ribas et al. 2002).

Se por um lado, a infec¢ao cronica pelo HTLV-1 esta associada a doengas
com caracteristicas inflamatérias e neoplasicas, por outro, varias evidéncias
clinicas sugerem que pode haver um grau de imunossupressao. Uma maior
morbidade e mortalidade associadas a diversas doengas infecciosas como
tuberculose (Moreira, Ribeiro et al. 1993; Pedral-Sampaio, Martins Netto et al.
1997)(Marinho, Galvao-Castro et al. 2005), hanseniase (Tekle-Haimanot, Frommel
et al. 1991; Kashala, Marlink et al. 1994), estrongiloidiase (Sato and Shiroma
1989; Porto, Neva et al. 2001; Porto, Muniz et al. 2002), e escabiose severa
(Takeshita and Takeshita 2000; Brites, Weyll et al. 2002; Blas, Bravo et al. 2005)
em individuos infectados pelo HTLV-1, reforcam esta hipotese.

O HTLV-1 induz diversas manifestagdes clinicas, sugerindo mecanismos
patogénicos complexos e multifatoriais. Assim, nos interessamos em estudar as
alteragées da resposta imune em individuos infectados pelo HTLV-1,
particularmente relacionadas a proliferagdo espontanea. Inicialmente,
quantificamos a freqiiéncia das subpopulagées linfocitarias T e avaliamos a
resposta aos antigenos de meméria dos individuos infectados.

Nossa hipbtese é que as alteragées imunes precoces induzidas pelo HTLV-
1, como a proliferagdo e a ativagdo celular, podem estar implicadas em algum
grau de imunossupressao.

Em seguida, realizamos um estudo fenotipico dos linfécitos T de individuos
infectados pelo HTLV-1, avaliando o grau de ativagdo. Finalmente, estudamos o

papel de compostos quinolinicos na modulagdo da proliferagéo esponténea.



1.2. Revisao de literatura

O HTLV-I esta classificado na familia Retroviridae, subfamilia Oncovirinae,
género deltavirus. E um virus envelopado de 100 a 140 nm de didmetro que
contém um core central de 80-100 nm de didmetro, composto pelas proteinas p15
(proteina associada ao nucleocapsideo), p24 (proteina do capsideo) e p19
(proteina da matriz). O interior do nucleocapsideo contém duas fitas simples de
RNA e as enzimas transcriptase reversa, integrase e protease. O genoma virai,
constituido de RNA dipléide de 8,5 kb, esta localizado dentro do nucleocapsideo,
junto as outras proteinas envolvidas no ciclo de replicagdo viral, como a
transcriptase reversa, a integrase e a protease. O envelope, de natureza
lipoprotéica, & originado da membrana plasmatica da célula infectada, e apresenta
duas subunidades virais protéicas, glicosiladas, inseridas no envelope: a proteina
de superficie, gp46, e a proteina transmembrana, gp21.

A estrutura genética do HTLV consiste de trés genes estruturais classicos:
gag (grupo antigeno especifico do core), pol (polimerase), env (envelope); e uma
regido regulatéria pX, que codifica as proteinas Tax e Rex. O genoma é
flanqueado por duas seqiiéncias terminais longas repetidas idénticas (LTR)
(Kohtz, Altman et al. 1988).

O HTLV-! tem tropismo para os linfécitos T, infectando preferencialmente
linfocitos T CD4+CD45R0O+ do sangue periférico, embora outros tipos celulares
como linfocitos T CD8+, células da glia e células dendriticas circulantes possam
igualmente constituir um alvo para a infecgdo (Popovic, Lange-Wantzin et al. 1983;
Richardson, Edwards et al. 1990; Macatonia, Cruickshank et al. 1992; Hollsberg
1999).



A infecgao das células-alvo inicia-se pela interagao entre a proteina viral de
superficie, gp46, e a superficie da membrana celular, em uma interagao
envolvendo o receptor de superficie celular Glut-1, um transportador ubiquitario de
glicose (Manel, Kim et al. 2003). Apos esta interagao, a proteina transmembrana,
gp21, promove a fusdo do envelope viral com a membrana celular. Em seguida,
ocorre a liberagdo do genoma viral no interior da célula e a fita simples de RNA
viral é transcrita reversamente a um DNA de fita dupla, pela transcriptase reversa.
Apds a sintese, a fita de DNA viral é transportada para o nucleo e inserida em
locais inespecificos no DNA celular, pela proteina viral integrase (Seiki, Eddy et al.
1984). O provirus utiliza a maquinaria celular para codificar proteinas estruturais,
enzimas e proteinas regulatérias.

A regido gag, depois de transcrita, é traduzida nas proteinas do core. As
enzimas virais sdo codificadas por uma regido que compreende parte da
extremidade 3'da regido gag e parte da extremidade 5’da regiao pol, gerando um
precussor gag-pol. A regido env codifica as proteinas precursoras das proteinas
do envelope, que sao posteriormente modificadas e glicosiladas.

A regido pX codifica as proteinas regulatérias Tax (p40) e Rex (p27). Alem
de ativar a transcrigdo de genes virais, a proteina Tax também induz a expresséo
de muitos genes celulares, como o da interleucina 2 (IL-2) e a cadeia alfa do seu
receptor (IL-2Ra), fator estimulador de coldnia de granulécitos e monécitos (GM-
CFS), e fator de necrose tumoral (TNF-a), entre outros (Sodroski 1992; Suzuki,
Hirai et al. 1995; Azran, Schavinsky-Khrapunsky et al. 2004). A proteina Rex é
responsavel pela regulagdo péds-transcricional, regulando o splicing do RNA
mensageiro viral (MRNA) (Yoshida, Inoue et al. 1989; Azran, Schavinsky-
Khrapunsky et al. 2004).

A proteina Tax tem sido implicada no mecanismo de proliferagao de
linfocitos em pacientes infectados pelo HTLV-l. Esta proteina € o principal fator
transativador do virus que, através das vias associadas ao CREB/ATF, SRF e NF-
kB, atua indiretamente na indugdo da transcrigao do genoma viral (LTR) e de
diversos genes celulares, como citado anteriormente, além de protoncogenes

como c-Fos, c-Jun, entre outros (Azran et al., 2004). Tax pode estimular a mitose



ativando as ciclinas D (CDK4 e CDK®), inibir proteinas regulatérias do ciclo celular
(p15, p16, p53, pRb), suprimir a apoptose pelo aumento de Bcl-2 e influenciar na
proliferagcdo celular pela expressdo de fatores de crescimento, como |L-2 e seu
receptor (Suzuki, Uchida-Toita et al. 1999; Azran, Schavinsky-Khrapunsky et al.
2004).

A transmissao do HTLV-1 ocorre por contato sexual (Kajiyama, Kashiwagi
et al. 1986; Kaplan, Litchfield et al. 1991); por via parenteral: através de transfuséo
sanguinea e de hemoderivados (Kaplan, Litchfield et al. 1991; Manns, Murphy et
al. 1991; Manns, Wilks et al. 1992), e compartilhamento de agulhas contaminadas
(Blejer, Saguier et al. 1995; Dourado, Andrade et al. 1998); e por transmissao
vertical, principalmente através da amamentagdo (Saji, Tokugawa et al. 1989;
Saito, Ando et al. 1990; Furnia, Lal et al. 1999).

A transmissdo sexual é quatro vezes mais eficiente do homem para a
mulher (Stuver, Tachibana et al. 1993). A chance de infecgdo pelo HTLV-1 a cada
ano, quando apenas um dos parceiros € infectado pelo HTLV-1 é de 4 a 9% para
as mulheres e de 1 a 2% para os homens (Stuver, Tachibana et al. 1993; Stuver
and Mueller 1995).

A transmissdao de componentes celulares € o modo mais eficiente de
transmissao do virus, com taxa de 40-60% de soroconversdo para o individuo
receptor (Okochi and Sato 1984; Manns, Wilks et al. 1992). A transmissao
sanguinea parece também levar mais rapidamente ao desenvolvimento de
HAM/TSP (Osame, lzumo et al. 1986; Sullivan, Williams et al. 1991).

A eficiencia da transmissdo pelo aleitamento depende da duragao da
amamentagao (Takezaki, Tajima et al. 1997). A taxa de transmissdo pela
amamentacao, em um periodo superior a 6 meses, é estimada em 18-30%
(Furnia, Lal et al. 1999). Outros fatores, como ruptura prolongada da bolsa durante
o parto, altos titulos de anticorpos para o HTLV-l, e baixas condi¢bes
socioecondmicas da mae podem influenciar na chance da transmissao vertical
(Wiktor, Pate et al. 1997).



Estima-se em 10-20 milhées o nimero de pessoas infectadas pelo HTLV-1
no mundo (Edlich, Arnette et ai. 2000). Uma das caracteristicas da infecgdo é a
maior freqiéncia em grupamentos étnicos/populacionais, em areas geograficas
definidas. A soroprevaléncia para o HTLV-1 aumenta com a idade e é mais
elevada em mulheres (Mueller 1991). A infeccdo € endémica no Japao, Caribe,
Melanésia, regido central e oeste da Africa, e América do Sul (Mueller 1991;
Dourado, Andrade et al. 1998). Alguns estudos de base populacional mostraram
uma soroprevaléncia de 3-6% em algumas ilhas do Caribe (Blattner, Saxinger et
al. 1990; Maloney, Murphy et al. 1991), 9.8% em Kagoshima (Matsuzaki, Otose et
al. 1993), e 27% em Miyazaki, no Japao (Mueller, Okayama et al. 1996).

No Brasil, a infecgdo pelo HTLV-1 foi primeiramente descrita entre
imigrantes japoneses e seus descendentes, na cidade de Campo Grande, Mato
Grosso do Sul (Kitagawa, Fujishita et al. 1986). Em 1995, uma prevaléncia de
0,9% desta infecgao foi demonstrada em gestantes de baixa renda em Salvador,
Bahia (dos Santos, Lopes et al. 1995). Em seguida, uma prevaléncia de 0,45% foi
estimada entre doadores de sangue, em um estudo multicéntrico em cinco capitais
brasileiras. As taxas de infecgdo variavam segundo a regido, sendo Salvador-
Bahia, a cidade de maior prevaléncia (1,35%) (Gaivao-Castro et al., 1997).
Posteriormente, outros estudos confirmaram a elevada freqiiéncia deste virus em
nossa cidade. Em usuarios de drogas intravenosas em Salvador, a taxa de
infeccdo em homens foi de 22%, e entre as mulheres, 46,2% (Andrade, Dourado
et al. 1998; Dourado, Andrade et al. 1998). Recentemente, um estudo de base
populacional reafirma a elevada prevaléncia do HTLV-1 em Salvador (1,76%,
23/1385), estimando em 40.000 o nidmero de individuos infectados. Entre as
mulheres, a prevaléncia atinge 9,3%, em maiores de 50 anos (Dourado, Alcantara
et al. 2003).



1.2.1 Alteragdes imunes na infecgao pelo HTLV-1

Como descrito anteriormente, o HTLV-1 tem tropismo preferencial pelos
linfocitos T CD4+. A incorporagdo do virus ao genoma das células-alvo pode
resultar na infecgdo de cerca de 10% das células circulantes (Richardson,
Edwards et al. 1990). Entretanto, a expressdo de proteinas virais em PBMCs nao
cultivados € baixa ou indetectavel (Moritoyo, lzumo et al. 1999). Linfécitos T CD4+
recém-isolados de individuos infectados expressam espontaneamente Tax e
proteinas do core apenas 12 h apés incubagao (Hanon, Asquith et al., 2000).

Na fase crénica da infecgdo pelo HTLV-1, a maioria dos individuos
desenvolve uma forte resposta imune celular contra o virus. Esta resposta pode
ser benéfica, destruindo células infectadas pelo virus, mas pode igualmente
contribuir para o dano tecidual resultante da resposta inflamatéria. Freqiiéncias
elevadas de linfocitos T CD8+ especificos e de linfécitos T CD4+ infectados,
sugerem um escape destas células a resposta citotéxica. Os CTLs estao
cronicamente ativados em resposta ao virus e a proteina Tax é o0 alvo dominante
da agado destes linfécitos (Jacobson, Shida et al. 1990; Kannagi, Harada et al.
1991; Parker, Daenke et al. 1992). Elevadas taxas de CTLs especificos para o
HTLV-1 no sangue periférico, no liquor, e na medula de pacientes com HAM/TSP,
e a auséncia de forte resposta CTL especifica, especialmente CTLs anti-Tax, em
individuos assintomaticos, reforgam a idéia da contribugdo destes linfocitos na
patogénese da HAM/TSP (Biddison, Kubota et al. 1997; Barmak, Harhaj et al.
2003; Elovaara, Koenig et al. 1993). Por outro lado, outros autores sugerem que
os CTLs podem ter um papel fundamental na redugéo da carga proviral do HTLV-
1, diminuindo assim o risco de desenvolvimento de doengas inflamatérias, como
HAM/TSP (Hanon, Hall et al. 2000). Uma resposta CTL eficiente, in vivo, poderia
suprimir a freqiiéncia de células que expressam Tax, na circulagdao (Bangham

2003). Os individuos com HLA*A2 e Cw*08 parecem ter uma resposta CTL mais




eficiente, menor carga proviral e menor risco de desenvolver HAM/TSP (Jeffery,
Usuku et al. 1999; Jeffery, Siddiqui et al. 2000).

Na infeccao pelo HTLV-1, as células infectadas sofrem desregulagéo do
ciclo celular, resisténcia a apoptose e indugdo autdcrina e paracrina da secregéo
de IL-2 e seu receptor IL-2R, bem como aumento na secre¢éo de outras citoclnas
(Copeland, Haaksma et al. 1994; Azran, Schavinsky-Khrapunsky et al. 2004).
Estas alteragcbes sdo mediadas primariamente pela agdo transativadora da
proteina Tax, como descrito anteriormente (Azran, Schavinsky-Khrapunsky et al.
2004). A ativagao celular, o aumento da produgado de citocinas e a proliferagéo
espontanea sao alteragées imunolégicas classicamente descritas na infecgédo pelo
HTLV-1.

Os linfécitos T de individuos infectados pelo HTLV-1 apresentam um
aumento na expressdo de moléculas de ativagdo como CD25 e HLA-DR,
alteragoes na expressdo de moléculas co-estimulatérias, como CD28, bem como
de moléculas envolvidas na adesdo e migragao celular para os sitios inflamatorios
(Popovic, Flomenberg et al. 1984; Romero, Prevost et al. 2000). As células T
CD4+ infectadas pelo HTLV-1 podem influenciar a ativagdo do sistema imune de
varias maneiras. As células tornam-se ativadas pela agao da proteina Tax que
interfere nas vias de sinalizagdo e regulagdo transcricional (Azran, Schavinsky-
Khrapunsky et al. 2004), podendo ativar células nao infectadas de maneira
antigeno-independente (via moléculas de adesdo CD58-CD2). A ativagao do
sistema imune da-se também pela atividade antiviral dos linfécitos T CD8+ em
reconhecimento a epitopos virais no contexto do complexo principal de
histocompatibilidade de classe | (MHC-classe 1). Além disso, células
apresentadoras de antigeno (APC) podem ativar o sistema imune pela
apresentacao de peptideos virais via MHC-classe Il (Hollsberg 1999).

Concentracbes elevadas de citocinas como IL-2, fator de necrose tumoral
(TNF)-ca, interferon (IFN)-y, IL-6, IL-10, entre outras, tém sido relatadas tanto em
pacientes com HAM/TSP, quanto em individuos assintomaticos (Jacobson, Shida
et al. 1990; Nishiura, Nakamura et al. 1996; Biddison, Kubota et al. 1997,

Carvalho, Bacellar et al. 2001). Outros estudos apontam para uma maior produgao
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destas citocinas em pacientes com HAM/TSP (Nakamura, Furuya et al., 2000)
(Goon, Igakura et al. 2003; Santos, Porto et al. 2004). A associacao entre a
producdo de citocinas e manifestagao clinica ndo estd completamente esclarecida.
Um aumento da expressdao do mRNA de TNF-a e IFN-y, em individuos com
HAM/TSP ou assintomaticos, foi associado a um aumento da carga proviral
(Watanabe, Nakamura et al. 1995). Um outro estudo, avaliando individuos
infectados com cargas provirais semelhantes, demonstrou uma produgéo de [FN-y
e TNF-a significativamente maior em pacientes com mielopatia, sugerindo que a
producido destas citocinas contribua para o desenvolvimento da HAM/TSP
(Furukawa, Saito et al. 2003). Entre os assintomaticos, um grupo de individuos
que produzem niveis elevados de IFN-y, comparaveis aos observados em
pacientes com HAM/TSP, tém sido descrito (Carvalho, Bacellar et al. 2001;
Santos, Porto et al. 2004).

A proliferagao espontanea, relatada na literatura desde o inicio dos anos 80
(Popovic et al., 1983 e 84), é definida como a capacidade de células
mononucleares do sangue periférico (PBMC) de proliferarem ex vivo na auséncia
de antigeno ou de suplementacgao de citocinas como IL-2 (Kramer, Jacobson et al.
1989). Esta alteracdo consiste principalmente na proliferagao dos linfocitos T
CD4+ infectados pelo HTLV-1 (Sakai, Nagai et al. 2001).

Altos niveis de proliferagdo foram descritos em individuos com titulos
elevados de anticorpos, sugerindo uma correlacdo entre proliferagao espontdnea e
uma forte resposta imune (Prince, Lee et al. 1991). O provirus tem sido detectado
em linféocitos T CD4+ de meméria, indicando que o HTLV-1 promove
especialmente a proliferagdo desta subpopulagdo de linfocitos (Richardson,
Edwards et al. 1990; Prince, York et al. 1995). Este fendmeno tem sido descrito
tanto em pacientes com HAM/TSP, quanto em individuos assintomaticos (Kramer,
Jacobson et al. 1989; Lunardi-Iskandar, Gessain et al. 1993). Varios autores tém
demonstrado niveis mais elevados de proliferagdo entre pacientes com HAM/TSP
(ltoyama, Minato et al. 1988; Matsumoto, Sugimoto et al. 1990). Entretanto, alguns
individuos assintomaticos apresentam proliferacdo em niveis semelhantes aos

pacientes com HAM/TSP (Kramer, Jacobson et al. 1989; Santos, Porto et al.
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2004). A proliferagdo espontadnea é descrita em cerca de 50% dos individuos

infectados assintomaticos (Prince, Lee et al. 1991).

A grande maioria dos individuos infectados pelo HTLV-1 permanece
assintomatica. Apenas cerca de 5-10% desenvolverdo as patologias classicas
associadas ao HTLV-1, como ATLL ou HAM/TSP (Uchiyama, Yodoi et al. 1977,
Hollsberg and Hafler 1993). N&o esta claro porque apenas alguns individuos
desenvolvem ATL, HAM/TSP ou outras doengas inflamatdrias. A resposta imune,
como descrita anteriormente, o polimorfismo genético do individuo infectado e a
carga proviral sdo descritos como fatores que podem influenciar o desfecho da
infecgao (Sonoda, Fujiyoshi et al. 1996; Jeffery, Usuku et al. 1999; Jeffery, Siddiqui
et al. 2000).

A carga proviral e o polimorfismo genético do individuo infectado podem
exercer influéncia importante na patogénese da infecgdo. A carga proviral parece
ser mantida, principalmente, pela proliferagdo de células contendo provirus
(Cavrois, Gessain et al. 1996; Eiraku, Hingorani et al. 1998). A transcri¢do viral €
mais elevada em linfocitos T CD4+ do que em linfécitos T CD8+ (Newbound,
Andrews et al. 1996). Entre os pacientes com HAM/TSP, uma maior carga proviral
tem sido relatada, comparada aos individuos assintomaticos (Vernant, Maurs et al.
1987; Yoshida, Inoue et al. 1989; Gessain, Saal et al. 1990; Olindo, Lezin et al.
2005). Um aumento na carga proviral tem sido igualmente relatado em individuos
infectados com outras manifestagdes clinicas, como artrite, uveite e acometimento
puimonar (Sugimoto, Mita et al.,, 1993) (Yakova, Lezin et al. 2005). Uma
comparagdo da carga proviral entre pacientes com HAM/TSP e assintomaticos
geneticamente relacionados ou ndo aos pacientes com HAM/TSP, revelou uma
carga proviral mais elevada nos pacientes com HAM/TSP. Entretanto, a carga
proviral dos assintomaticos geneticamente relacionados aos pacientes com
HAM/TSP também foi elevada, sugerindo a existéncia de fatores genéticos
implicados na replicagdo do virus (Nagai, Usuku et al. 1998). Estudos realizados

no Japdo apontam para uma possivel associagdo entre o desenvolvimento de
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HAM/TSP e ATLL, e um tipo determinado de antigeno leucocitario humano (HLA).
Sonoda e colaboradores demonstraram que os haplétipos associados a ATLL tém
alelos DRB1-DQB1 correlacionados a uma baixa resposta imune contra o HTLV-1,
enquanto os haplotipos de pacientes com diagnéstico de HAM/TSP tém alelos
DRB1-DQB1 diferentes, e associados a uma resposta imune intensa (Sonoda,
Fujiyoshi et al. 1996). Outros estudos mostraram que individuos assintomaticos
infectados pelo HTLV-1, que expressam HLA-A*2 e/ou HLA-Cw*08, tém uma
menor carga proviral e um risco menor de desenvolver HAM/TSP (Jeffery, Usuku
et al. 1999; Jeffery, Siddiqui et al. 2000). Uma forte resposta CTL contra o HTLV-1,
restrita ao MHC-classe |, reduz a carga proviral e diminui o risco de
desenvolvimento de doencga (Jeffery, Usuku et al. 1999; Jeffery, Siddiqui et al.
2000).

Assim como o HIV-1, o HTLV-1 infecta preferenciaimente linfécitos T CD4+,
resultando em uma infecgéo de longo periodo de laténcia. Entretanto, enquanto o
HIV induz uma imunossupresséo grave, com alteragdes qualitativas e destruigao
dos linfécitos T CD4+ (Clerici, Stocks et al. 1989), o HTLV-1 leva a uma
proliferagdo espontanea destes linfécitos T, como descrito anteriormente. A
proliferacdo  espontdnea, que envolve preferencialmente linfécitos T
CD4+CD45R0O+, e a ativagdo celular, poderiam implicar em algum grau de
disfungdo imune, causando imunossupressdo. De fato, os linfécitos T
CD4+CD45RO+ sao os responsaveis pela resposta aos antigenos de meméria.

Em casos de ATLL, a imunossupressdo estd bem documentada, com
ocorréncias de infecgdées bacterianas e oportunistas, como pneumonia por
Pneumicistis carinii, infecgoes flungicas e estrongiloidiase (Tashiro, Yamasaki et
al., 1992 Int). Entretanto, estudos clinicos e epidemiolégicos apontam para um
risco maior de co-infecgées com diversos agentes infecciosos, sugerindo assim
algum grau de imunossupressdo nos individuos infectados, mesmo na auséncia
de malignidade (Marsh 1996).

Os individuos infectados pelo HTLV-1 parecem ter um risco mais elevado

de desenvolver tuberculose. Alguns estudos realizados no Japdo demonstraram
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uma redugdo na freqiiéncia de respondedores ao teste intradérmico da tuberculina
(PPD), bem como a redugéo no tamanho da enduragéo, nos individuos infectados
pelo HTLV-1 (Tachibana, Okayama et al. 1988; Murai, Tachibana et al. 1990;
Welles, Tachibana et al. 1994). Estes estudos sugerem alteragdes funcionais nas
populagbes celulares envolvidas na hipersensibilidade tipo tardia, com uma
imunossupressao subclinica nos portadores do HTLV-1, a qual aumenta com a
idade. Para determinar o mecanismo de hiporesponsividade ao PPD nos
individuos infectados pelo HTLV-1, Suzuki e colaboradores avaliaram, in vitro, a
produgao de citocinas em resposta ao PPD em PBMC de individuos infectados ou
ndo pelo HTLV-1. A resposta, in vivo, ao PPD foi paralelamente avaliada. Houve
uma menor proliferagdo celular e produgéo de IFN-y em resposta ao PPD, entre os
individuos infectados pelo HTLV-1 ndo-respondedores ao teste intradérmico ao
PPD, do que nos individuos nao infectados pelo HTLV-1. Por outro lado, a adigdo
de IL-12 e de anticorpos anti-IL4 ndo restaurou, in vitro, a resposta dos individuos
infectados nao respondedores (Suzuki, Dezzutti et al. 1999). Estes dados indicam
que a anergia ao PPD em individuos infectados pelo HTLV-1 pode ocorrer por
uma menor resposta a 1L-12.

Outros estudos, realizados no Brasil, demonstraram igualmente uma maior
ocorréncia de tuberculose em individuos infectados pelo HTLV-1. Cerca de 11%
dos pacientes hospitalizados com tuberculose, em um hospital na cidade de
Salvador, estavam infectados pelo HTLV-1 (Moreira, Ribeiro et al. 1993). Além
disso, parece haver uma maior letalidade da tuberculose na co-infecgdo HTLV-
I/Mycobacterium tuberculosis (33%), comparada a tuberculose isolada (13%)
(Pedral-Sampaio, Martins Netto et al. 1997). Recentemente, um estudo caso-
controle, realizado nesta mesma cidade, demonstrou um risco trés vezes maior
para o desenvolvimento de tuberculose em individuos infectados pelo HTLV-1
(Marinho, Galvao-Castro et al. 2005).

A hanseniase, uma outra micobacteriose, também ¢é descrita com uma
maior freqiéncia em individuos infectados pelo HTLV-1. Um aumento no risco da
infeccdo pelo HTLV-1 em pacientes com hanseniase, comparado com individuos

sadios, foi descrito (5.6% vs. 1.9%, respectivamente, no Congo, € 5.7% vs. 1.5%,
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repectivamente, na Costa do Marfin) (Verdier, Denis et al. 1990). Populagées
vivendo com hanseniase em dois sanatérios no Japao demonstraram uma
prevaléncia de infecgdo pelo HTLV-1 de cerca de 8% (Muneishi, Tagushi et al.,
1998). Em um pequeno estudo no Zaire, Kashala e colaboradores encontraram
uma prevaléncia de 8.8% para HTLV-1 entre os pacientes com hanseniase
(Kashala, Marlink et al. 1994).

A coinfeccao entre HTLV-I e Strongyloides stercoralis tem sido amplamente
relatada. No Jap&o, varios estudos documentaram que o risco de infec¢ao ativa
com S. stercoralis & significativamente elevado em individuos com sorologia
positiva para HTLV-1, comparado aos individuos nao infectados (Nakada,
Kohakura et al. 1984; Sato and Shiroma 1989). Na Jamaica, estudos baseados em
pesquisa de S. sfercoralis nas fezes de individuos infectados com o HTLV-1,
também mostraram associagdo entre HTLV-1 e este helminto (Robinson, Lindo et
al. 1994). A coinfecgao HTLV-1/S. stercoralis e a apresentagao de formas graves e
disseminadas da estrangiloidiase tem sido documentada em varias partes do
mundo, inclusive no Brasil (Newton, Limpuangthip et al. 1992; Sato, Shiroma et al.
1994; Porto, Muniz et al. 2002). Estudos que avaliam o perfil de citocinas
envolvidas na resposta imune nesta coinfec¢gdo apontam para uma diminuigao de
citocinas do tipo Th2 (Porto, Neva et al. 2001) em decorréncia ao aumento da
secregao de citocinas do tipo Th1, especialmente IFN-y. Com a diminui¢cao das
citocinas tipo Th2 na infeccdo pelo HTLV-1, o individuo apresentaria um
comprometimento da resposta imune contra o parasito, possibilitando assim a
ocorréncia de formas graves de estrongiloidiase (Porto, Neva et al. 2001; Porto,
Santos et al. 2005).

A escabiose também tem sido relatada em pacientes infectados pelo HTLV-
1 com elevada freqgiiéncia (Takeshita and Takeshita 2000, Brites, Weyll et al. 2002;
Blas, Bravo et al. 2005). Um estudo, realizado em Salvador-Bahia, avaliou o
impacto de infecgées por retrovirus na apresentagdo clinica da escabiose,
revelando uma elevada prevaléncia (32%) de infecgdo pelo HTLV-1 nestes

pacientes (Brites, Weyll et al. 2002).
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As evidéncias de aumento de morbidade e mortalidade nas infec¢gdes acima
citadas em individuos infectados pelo HTLV-l sugerem que estes individuos
possam apresentar uma disfungdo imune clinicamente importante. A avaliagdo da
resposta dos linfécitos T CD4+, particularmente a avaliagdo, ex vivo, da resposta
aos antigenos de memoria poderia contribuir para a compreensao dos

mecanismos dessa disfungao.

Ainda nao foi estabelecido um consenso para o tratamento das doengas
causadas pelo HTLV-1. Considerando a pequena possibilidade de
desenvolvimento de doenca a partir da infecgao pelo HTLV-1, os individuos
assintomaticos normaimente ndo sao tratados. Por outro lado, os pacientes com
diagnastico de entidades clinicas relacionadas a infecgdo precisam ser tratados.

Os critérios de tratamento variam entre os servigos assistenciais. Nao existe
um tratamento comprovadamente efetivo, e diferentes drogas, com distintas
formas de administragdo, ja foram testadas. O uso de corticosterdides, como
predinisolona e [IFN-aa tém sido aplicados em pacientes com doencas
inflamatdrias, especialmete HAM/TSP (Osame 1990; Yamasaki, Kira et al. 1997).

Em 2004, Osame e colaboradores avaliaram as alteragdes fenotipicas das
células T apos terapia com IFN-a em pacientes com HAM/TSP e demonstraram
uma diminuicdo na carga proviral e propor¢do de linfécitos T CD8+ de memodria.
Por outro lado, o aumento da proporgdo de linfocitos T CD8+ efetores foi
inversamente proporcional a carga proviral (Saito, Nakagawa et al. 2004).

A gquimioterapia, usualmente aplicada para os linfomas nao-Hodgkin, néao
tem mostrado sucesso no tratamento da ATLL. O uso combinado de antiretroviral,
como a zidovudina, associado ao IFN-a, tem mostrado alguma atividade,
(Bazarbachi and Hermine 1996; Matutes, Taylor et al. 2001), mas a toxicidade e
elevado custo limitam seu uso.

A identificacdo de novas drogas € de fundamental importancia,

especialmente nos paises em desenvolvimento, onde a infec¢do € endémica.
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Fournet e colaboradores tém demonstrado que compostos quinolinicos séo
capazes de diminuir a proliferagdo espontanea em células de linhagem
transformadas pelo HTLV-l (Fournet, Mahieux et al. 2003). As quinolinas s&o
alcaléides extraidos de uma planta boliviana, com propriedades medicinais, a
Galipea longiflora (Fournet, Barrios et al. 1993). Ap6s a extragdo e identificagao,
as quinolinas foram produzidas sinteticamente (Fakhfakh, Fournet et al. 2003).

Os compostos quinilinicos tém demonstrado atividade in vitro em outras
situagées, como no tratamento experimental da leishmaniose cutanea (Fournet,
Ferreira et al. 1996), e das infecgbes pelo Plasmodium vinckei petteri (Gantier,
Fournet et al. 1996) e pelo Tripanosoma cruzi em camundongos (Nakayama,
Ferreira et al. 2001). Além disso, estes compostos agem inibindo a atividade da
enzima integrase do HIV-1 (Mekouar, Mouscadet et al. 1998; Zouhiri, Mouscadet
et al. 2000).
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2. Objetivos

Objetivos e apresentagao do trabalho

Na primeira parte deste estudo realizamos uma avaliagdo da imunidade
celular em individuos assintomaticos infectados pelo HTLV-1. inicialmente
quantificamos as populagdes de linfocitos T CD4+ e T CD8+, e subpopulagbes de
linfocitos T de memoéria, CD4+CD45R0+, e T CD4+CD45RA+, virgens, no sangue
total. Em seguida, avaliamos a resposta aos antigenos de memoria através de um
ensaio classico de linfoproliferagédo e o repertério do TCR-Vf3 da subpopulagéo de
linfocitos T CD4+ por citometria de fluxo.

Em seguida, avaliamos o perfil de ativagao celular e a secregao de IFN-y
pelos linfocitos T de individuos infectados pelo HTLV-1, na presenga ou néo de
proliferagcdo, com o objetivo de compreender fatores determinantes da proliferagéo
espontanea e hiporesponsividade aos antigenos de memodria. Neste estudo,
avaliamos a freqliéncia de linfécitos T CD4+ e T CD8+ expressando as moléculas
CD25, CD28, CD62L, CD69 e HLA-DR, bem como a proporgao de linfécitos T

produtores de IFN-y nestas células, por citometria de fluxo

Na etapa final deste trabalho, testamos o potencial inibitério de compostos
quinolinicos na proliferagdo celular de PBMC de individuos infectados pelo HTLV-
1, uma vez que estes compostos foram descritos como capazes de diminuir a
proliferacdo espontanea em linhagens celulares transformadas pelo HTLV-1
(Fournet, Mahieux et al. 2003). Para realizar este trabalho, determinamos a
toxicidade dos compostos quinolinicos em PBMC de individuos nao infectados. As
drogas nao toxicas foram entédo testadas em PBMC de individuos infectados pelo
HTLV-1 com proliferagdo espontanea. Paralelamente, a toxicidade dos compostos

foi avaliada em PBMC de individuos infectados.
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3. Capitulo Il

Peripheral blood mononuclear cells from individuals infected with Human T-
cell Lymphotropic Virus type-l (HTLV-I) have a reduced capacity to respond
to recall antigens.

Rita Elizabeth MASCARENHAS; Claudia BRODSKYN, Geisa BARBOSA, Jorge
CLARENCIO; Anténio Souza ANDRADE-FILHO; Frederico FIGUEIROA; Bernardo
GALVAO-CASTRO & Fernanda GRASSI

CLINICAL AND VACCINE IMMUNOLOGY, May 2006

O nosso objetivo foi estudar a resposta imune celular de individuos
infectados pelo HTLV-I, apresentando ou nao proliferacdo espontanea, frente aos
antigenos de memoria candidina, citomegalovirus, tuberculina, e toxoide tetanico.

Inicialmente, verificamos a capacidade de proliferacdo de PBMC de
individuos infectados pelo HTLV-1 na auséncia de estimulo. Observamos
proliferacdoespontdnea em 39 de 58 (67%) dos individuos infectados. Em
seguida, nés determinamos as freqiiéncias das popula¢des de linfocitos T CD4+ e
T CD8+, bem como as subpopulagées de linfocitos T CD4+CD45RO+ e T
CD4+CD45RA+ no sangue periférico de 29 individuos infectados pelo HTLV-1
(19 com proliferacdo e 10 sem proliferacdo) e de 10 individuos nao infectados.
Encontramos um aumento significativo na freqiéncia de linfécitos T
CD4+CD45R0O+ nos individuos com proliferacdo espontanea quando comparados
com aqueles sem proliferagcdo espontanea e aos controles nao infectados.

Ao avaliarmos a resposta proliferativa aos antigenos de memoria,
observamos uma reduc¢ao de resposta positiva entre os individuos infectados pelo
HTLV-1 com e sem proliferagdo espontanea, quando comparados aos controles

nao infectados. Além disso, os individuos infectados respondem a um numero
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menor de antigenos que os controles. Enquanto 83% dos individuos nao
infectados respondem a trés ou mais antigenos, apenas 33% individuos infectados
sem proliferagdo espontanea sdo capazes de rechecer trés ou quatro antigenos
(p=0.038). Entre os individuos infectados pelo HTLV-1 com proliferagdo, a maioria
nao responde a nenhum antigeno.

Através da avaliagdo do repertério do TCR-Vp, observamos uma expansao
policlonal nos linfocitos T CD4+ dos individuos infectados pelo HTLV-1 com
proliferacdo espontanea. Os individuos infectados pelo HTLV-1 sem proliferacao
espontanea apresentam o repertério TCR-VB em linfécitos T CD4+ similar aos
controles ndo infectados.

Estes resultados sugerem que os individuos infectados pelo HTLV-1
apresentam uma imunossupressao, como demonstrada pela diminuigao no indice
de estimulacdo aos antigenos de meméria, mesmo na auséncia de proliferagao

espontanea.
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Evidence indicates that human T-cell lymphotropic virus type 1 (HTLV-1) infection leads to chronic
immunosuppression and a greater susceptibility to infectious diseases. Spontaneous in vitro proliferation of
peripheral blood mononuclear cells (PBMC) is an important immunological feature of HTLV-1-infected
individuals. However, the association between spontaneous proliferation and immunosuppression is not clear.
In this study, we evaluated the cellular immune responses of PBMC from 58 asymptomatic HTLV-1-infected
individuals with PBMC showing or not showing spontaneous proliferation. Individuals with PBMC that
spontaneously proliferated had increased proportions of CD4 T cells expressing CD45RO and dramatically
reduced responses to recall antigens. In addition, frequencies of positive responses to recall antigens were also
decreased in HTLV-infected individuals without spontaneous proliferation of PBMC. There was a polyclonal
expansion of multiple T-cell receptor VP families of CD4* T lymphocytes in patients with spontaneous
proliferation. We observed that HTLV-1 induced an immunosuppression characterized by a decrease in the
stimulation index to a recall antigen, even in individuals who did not present spontaneous proliferation. On the
other hand, only patients with PBMC presenting spontaneous proliferation showed polyclonal activation and

increased proportion of CD4 T cells expressing CD45RO.

Human T-cell lymphotropic virus type 1 (HTLV-1) is a hu-
man retrovirus that has infected 10 to 20 million people world-
wide (3). There are areas in Japan, the Caribbean, Melanesia,
central and western Africa, and South America that are large
endemic foci (17, 35). In Brazil, the overall prevalence of
HTLV-1 infection in blood donors is 0.45%, and the city of
Salvador (located in the northeast) has the highest prevalence
(1.35%) in the country (4). Recently, a population-based cross-
sectional study performed in Salvador, Brazil, found an
HTLV-1 seroprevalence of 1.76% (2).

Two diseases are clearly associated with HTLV-1 infection:
adult T-cell leukemia/lymphoma (6, 26, 34) and HTLV-1-as-
sociated myelopathy/tropical spastic paraparesis (5, 24). Al-
though 95% of infected people remain asymptomatic (7), there
is evidence that HTLV-1 has a much broader spectrum of
disease manifestations, such as uveitis (20), arthritis (8, 12),
polymyositis (22), lymphocytic interstitial pneumonia (31), and
infective dermatitis in children (15). Severe immunosuppres-
sion is well documented in patients with adult T-cell leukemia/
lymphoma (10, 19). However, a growing body of literature
suggests that many HTLV-1-infected individuals show chronic
immunosuppression, even in the absence of malignant disease.
HTLV-1l-infected individuals are more susceptible to several
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infectious diseases, such as strongyloidiasis (1, 30), Hansen’s
disease (11), and tuberculosis (21, 25). In addition, they have
reduced cutaneous delayed-type hypersensitivity responses to
purified protein derivative (PPD) of Mycobacterium tuberculo-
sis (14, 23, 33, 36).

The immunologic hallmark of HTLV-1-infected individuals
is a spontaneous in vitro proliferation of their peripheral blood
mononuclear cells (PBMC) (without any added antigen) ob-
served in approximately fifty percent of patients (13, 27, 29).
The memory CD4" CD45RO™ subset is the principal T-cell
population involved in this phenomenon (29). In this study, we
evaluated the cellular immune responses of HTLV-1-infected
individuals (with or without PBMC spontaneous proliferation)
against candidin, cytomegalovirus (CMV), PPD, and tetanus
toxoid (TT) recall antigens.

We observed that HTLV-1-infected individuals had reduced
stimulation indexes to recall antigens, even when their PBMC
did not spontaneously proliferate. On the other hand, only the
individuals with spontaneous PBMC proliferation (SP+) had
polyclonal T-cell activation (as shown by the study of T-cell
receptor VP [TCR-VB] families) and an increase in the pro-
portion of CD4 T cells expressing CD45RO.

MATERIALS AND METHODS

Patients. Fifty-cight asymptomatic HTLV-1-infected individuals studied at the
HTLV-1 Reference Development of Science Foundation (Salvador, Bahia, Bra-
zil)} were included in the study. The group consisted of 47 women (81%) and 11
men (19%) and had a mean age of 43 years. Blood samples from 12 healthy
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TABLE 1. Spontaneous proliferation of PBMC from HTLV-1-
infected individuals”

CLIN, VACCINE IMMUNOL.

TABLE 2. Percentages of T-cell subsets from HTLV-1-infected
individuals and uninfected controls

No. of HTLV-i-infected

PBMC individuals Mean cpm = SD (range)
SP+ 39 1,656 = 956 (520-4,629)
SP-~ 19 217 = 152 (18-476)
Total 58

“The mean counts per minute of nonstimulated PBMC from uninfected con-
trols was 159 = 138 cpm (range, 6 to 462 cpm). For HTLV-1-infected individuals,
the mean cpm from nonstimulated cells was 2500 cpm at day 6 for individuals
with SP+ PBMC, while it was =500 cpm at day 6 for HTLV- I-infected individ-
uals with SP— PBMC.

individuals from the Bahia State Blood Bank (HEMOBA) were used as controls.
All samples were screened for HTLV-1/2 antibodies by an enzyme-linked im-
munosorbent assay (ELISAY (Ab-Capture ELISA test system; Ortho-Clinical
Diagnostics, Inc., Raritan, New Jersey), and results were confirmed by Western
blot assay (HTLV Blot 2.4; Genelabs Technologies, Singapore). Informed con-
sent was obtained from all enrolled patients, and the Oswaldo Cruz Foundation
(FIOCRUZ) ethics committee approved this study.

Media and reagents. RPMI 1640 medium (Sigma Chemical Co., St. Louis,
MO) was supplemented with 2 mM v-glutamine, 1% nonessential amino acids, 1
mM sodium pyruvate, 100 U/ml penicillin, 100 ug/mi streptomycin, and pooled
human AB serum (10%) (Sigma).

Cells. PBMC from HTLV-infected individuals and healthy blood donors were
obtained from heparinized venous blood samples by Ficoll-Hypaque density
gradient centrifugation (Pharmacia Biotech, Uppsala, Sweden). All experiments
were performed with freshly isolated PBMC.

Flow cytometry. For direct labeling, 50-ul portions of whole-blood samples
from HTLV-infected individuals and healthy blood donors were incubated with
antibodies for 30 min at room temperature. Erythrocytes were subsequently lysed
with fluorescence-activated cell sorting (FACS) lysing solution (Becton-Dickin-
son Immunocytometry System, San Jose, CA). Cells were then washed three
times in 2 m} of phosphate-buffered saline containing 1% bovine serum albumin,
After a final wash, cells were fixed in phosphate-buffercd saline containing 4%
paraformaldehyde. In order to quantify CD4 and CD8 T cells, the following
monoclonal antibodies were used: fluorescein isothiocyanate (FITC)-labeled
anti-CD3 (Immunothec, a Beckman Coulter Company), phycoerythrin (PE)-
labeled anti-CD4 (BD Pharmingen Technical), and phycoerythrin-cyanin-la-
beled anti-CD8 (Immunothec). To analyze CD4 T-cell memory and naive sub-~
sets, cells were stained with phycoerythrin-cyanin CD4, PE-labeled CD45RO,
and FITC-labeled CD45RA (Immunothec). We studied TCR-V@ repertoires in
five HTLV-I-infected individuals with PBMC with spontaneous proliferation
and five HTLV-1-infected individuals with PBMC without spontaneous prolif-
eration (SP—). To study TCR-V@ family expression on T lymphocytes, cells were
analyzed for surface expression of peridinin chlorophyll protein-labeled anti-
CD4 (clone RPA-T4; Becton Dickinson), PE-labeled anti-CD8 (clone RPA-TS;
Becton Dickinson), and FITC-labeled anti-TCR-VB (clones VB 2 [E22E7.2), VB
3.1 (LE-89], VB 5.1 [IMMU 157}, VB 5.2 [36213], VB 6.1 [CRI 3043}, VB 8
[56CS.2]), VB 11 {C21], VB 12 [VER2.32.1), VB 13.1 [IMMU 222}, VB 13.6
[JU-74], VB 16 [TAMAYA 1.2}, VB 17 [E17.5F3.15.13}, VB 20 [ELL 14], VB
21.3{1G 125), and VB 22 [IMMU 546]; Immunotech). Analyses were performed
using a FACSort and Cell Quest software (Becton Dickinson, Mountain View,
Calif.). At least 10° events were analyzed per sample.

Antigen-specific and nonspecific proliferation assays. Antigen-specific and
nonspecific proliferation assays were performed with unfractionated PBMC. The
PBMC were cultured in RPMI 1640 cuiture medium with 10% AB serum, using
96-well U-bottom culture plates (Costar, Cambridge, MA) in triplicate at 37°C in
a 5% CO, humidificd atmosphere for § days. Bricfly, 10° celis/well were cultured
in the presence of purified candidin (25 pg/ml; Sanofi Pasteur, France), PPD of
Mpycobacterium tuberculosis (2 pg/mi; Statens Serum Institute, Denmark}, and
CMV (10 pg/ml; Behring, Marburg, Germany), all kindly provided by Brigitte
Autran, and TT (1 wg/ml) kindly provided by Daniel Scott, Institut Pasteur,
Paris, France. Antigens were dialyzed and frozen prior to use. Controls consisted
of supplemented medium. After 5 days of culture, cells were pulsed overnight
with 1 wCi [*H]thymidine (specific activity. 2 Ci/mmol: ICN. Costa Mesa, CA).
Incorporated (*HJthymidine was measured with a liquid scintillation beta
counter {matrix 9600 direct beta counter; Packard). Resulls were expressed as
mean counts per minute. The stimulation index represents the ratio of mean

% T cells
Group and T o CD4/CD8
arameter + - ratio
P CD4" cpasra'e cpasro'r P8
Group A (SP+
HTLV-infected
subjects {n = 19])
Mean 41 29 79 24 1.7
SD 14 12 10 6 0.7
Median 44 30 79 23 2.0
Range 10-61 10-53 55-92 12-37  1.0-3.0
Group B (SP-
HTLV-infected
subjects fn = 10})
Mean 43 32 67 21 2.5
SD 9 14 18 i 1.0
Median 45 31 68 19 2.5
Range 26-56 13-56 46-99 10-41 1.0-4.0
Group C (uninfected
controls [n = 10])
Mean 42 37 67 21 2.2
SD 9 11 11 4 0.8
Median 40 37 64 22 2.0
Range 31-55 23-57 51-86 15-30  1.0-4.0
P value©
Group A vs group B .84 0.36 0.02 0.20 0.09
vs group C
Group A vs group B 0.84 0.65 0.04 0.12 0.07
Group A vs group C  0.60 0.15 0.01 0.27 0.18
Group Bvs group C  0.65 0.43 0.85 0.31 0.49

“CD4" cells expressing CD45RA.

P CD4" cells expressing CD45RO.

¢ Differences between the values for SP+ and SP—~ HTLV-I-infected groups
and uninfected controls were compared by the Kruskal-Wallis test (group A
versus group B versus group C). Differences between two groups were analyzed
by the Mann-Whitney U test (group A versus group B, group A versus group C,
and group B versus group C). Differences between the values for SP+ and SP~
HTLV-!-infected groups and uninfected controls that were statistically signifi-
cant are shown in bold type.

counts obtained in the presence of antigen to mean counts obtained without
antigen. A stimulation index of =3 indicated a positive proliferative response.
Therefore, in this study, a mean counts per minute of =500 for nonstimulated
cells (i.e., three times the mean counts per minute for uninfected control non-
stimulated cells, namely, 159 * 138 cpm; range, 6 to 462) was considered
spontaneous proliferation of PBMC.

Statistical analyses, Data are expressed as means and standard deviations. We
compared mean values of the percentages of CD4 and CD8 T-cel) subsets and
stimulation indexes of proliferative responses to recall antigen for the three
groups (patients with spontancous proliferation of PBMC, those without spon-
taneous proliferation, and controls) using the Kruskal-Wallis test. If a significant
difference was found, a Mann-Whitney U test was performed. The statistical
analysis of TCR-V was performed by the Wilcoxon signed-rank test. A P value
of less than 0.05 denoted a statistically significant difference. BioEstat 3.0 soft-
ware (Sociedade Civil Mamirua/MCT-CNPq) was used for all statistical analyses.

RESULTS

PBMC spontaneous proliferation. As shown in Table 1,
spontaneous PBMC proliferation was observed in 39 out of 58
(67%) HTLV-l-infected individuals (1,656 cpm * 956 cpm;
range, 520 to 4,629 cpm).

On the other hand, no spontaneous PBMC proliferation was
observed in 19 out of 58 (33%) HTLV-1-infected individuals
(217 = 152 cpmy; range, 18 to 476). In this case, the mean
counts per minute for asymptomatic HTLV-1-infected individ-
uals did not differ from the mean counts per minute for unin-
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FIG. 1. Proliferative responses to recall antigens from HTLV-1-infected asymptomatic individuals with PBMC with and without spontaneous
proliferation, respectively, and uninfected controls. PBMC were cultured in the presence of candidin, PPD, tetanus toxoid, and cytomegalovirus.
At day S of culture, cells were pulsed overnight with 1 wCi [*H]thymidine. Results are expressed as stimulation indexes (average counts per minute
in the presence of antigens/average counts per minute obtained without antigen). Tests were carried out in triplicate. A stimulation index of =3
was considered positive for proliferative responses (above dashed lines). Bars depict median values. Differences were considered significant when

P was <0.05 (Mann-Whitney U test).

fected controls (159 * 138 cpm; range, 6 to 462) (P = 0.32 by
the Mann-Whitney U test).

HTLV-1-infected individuals have an expansion of the mem-
ory CD4* CD45RO™* T-cell subset. As shown in Table 2, the
percentage of circulating CD4™ T lymphocytes in the HTLV-
l-infected group with PBMC with spontaneous proliferation
(41% * 14%) was similar to those of HTLV-1-infected indi-
viduals without spontaneous PBMC proliferation (43% * 9%)
and of uninfected controls (42% * 9%) (P = 0.84). However,
the memory CD4" CD45RO™ T-cell subset was expanded in
HTLV-1-infected individuals with spontaneous PBMC prolif-
eration (79% = 10%) compared to that in HTLV-1-infected
individuals without spontaneous proliferation (67% = 18%) (P =
0.04) and uninfected controls (67% * 11%) (P = 0.01). Addi-
tionally, the proportion of CD4 T cells expressing CD45RO
was positively correlated to spontaneous proliferation of
PBMC in culture (Spearman’s r = 0 37; P = 0.04) (data not
shown).

There were no significant differences in the frequencies of
naive CD4" CD45RA™ and CD8* T-cell subsets in HTLV-

infected individuals (with or without spontaneous PBMC pro-
liferation) and in uninfected controls.

PBMC from HTLV-1-infected individuals have a lower
capacity to proliferate in response to recall antigens. HTLV-
I-infected individuals with spontaneous proliferation
showed the lowest stimulation indexes to all antigens tested
(candidin, PPD, tetanus toxoid, and cytomegalovirus anti-
gens) compared to HTLV-1l-infected individuals without
spontaneous proliferation and uninfected controls. Only
5.3% (1 out of 19) responded to candidin, while 4.8% (1 out
of 21) responded to CMV or TT (Fig. 1). Besides that,
HTLV-1-infected SP— patients also showed decreases in
stimulation indexes: 50% of them (4 out of 8) responded to
candidin, 33% (4 out of 12) responded to PPD, 42% (5 out
of 12) to cytomegalovirus, and 50% (6 out of 12) to tetanus
toxoid antigen. Almost all uninfected controls had positive
responses to recall antigens: 90% to candidin (9 out of 10),
83% to PPD (10 out of 12), 100% to tuberculin (11 out of
11), and 67% (8 out of 12) to CMV.

In addition, PBMC from HTLV-1-infected individuals re-
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FIG. 2. TCR-Vp repertoire from five SP+ and five SP— HTLV-1-infected individuals. A total of 1 X 10° PBMC were analyzed for surface
expression of CD4 TCR-V family repertoire with specific monoclonal antibodies by flow cytometry. Analysis was performed on the
FACScan using Cell Quest software. At least 10,000 events were analyzed per sample. Significant differences between uninfected controls
and HTLV-1-infected individuals (P < 0.05 by the Wilcoxon signed-rank test) are indicated (x). (A) CD4" T cells from 5 HTLV-1-infected
patients with PBMC exhibiting spontaneous proliferation (black bars) and from 14 uninfected controls (white bars). (B) CD4™ T cells from
5 HTLV-1-infected patients with PBMC not exhibiting spontaneous proliferation (black bars) and from 14 uninfected controls (white bars).

sponded to fewer recall antigens than uninfected controls:
while 83% of uninfected controls had specific PBMC pro-
liferative responses to three or more different antigens,
PBMC from HTLV-1-infected SP+ individuals were unable
to recognize more than one antigen (P < 0.0001). Moreover,
only 33% of HTLV-1-infected individuals without sponta-
neous PBMC proliferation responded to three or more an-
tigens (P = 0.038).

TCR-V analysis disclosed polyclonal expansion only in
HTLV-1-infected individuals with spontaneous prolifera-
tion of PBMC. As shown in Fig. 2A, polyclonal expansion of
CD4™ cells (TCR-V families 2, 3.1, 6.1, 8, 11, 12, 16, 17, 21.3,
and 22) was observed in patients with spontaneous PBMC
proliferation. In contrast, HTLV-1-infected individuals with-
out spontaneous PBMC proliferation had CD4 TCR-VfB
repertoires similar to those of uninfected individuals (Fig. 2B).

DISCUSSION

Spontaneous proliferation is an immunological hallmark of
PBMC from HTLV-1-infected individuals. This phenomenon
is observed in up to 50% of cultures from PBMC from
HTLV-1 carriers (28). In this study, we evaluated the cellular
immune responses from HTLV-1-infected individuals with
PBMC showing and not showing spontaneous proliferation.
Compared to uninfected controls, HTLV-1-infected individu-
als with PBMC presenting spontaneous proliferation had an
increased proportion of CD4 T cells expressing CD45RO.
Moreover, TCR-V analysis showed a polyclonal expansion of
almost all VB families studied concerning CD4 T-cell subsets.
In addition, HTLV-1-infected individuals with spontaneous
PBMC proliferation had markedly reduced stimulation in-
dexes for candidin, PPD, tetanus toxoid, and cytomegalovirus.
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Therefore, responses to these recall antigens could not be
detected by cell proliferation.

The absence of detectable cellular immune responses to
recall antigens in individuals with spontaneous PBMC prolif-
eration was expected, since high levels of spontaneous prolif-
eration would mask a specific response to the recall antigens
evaluated by the stimulation index. However, previous findings
support the idea that there could be different levels of T-cell
anergy among HTLV-1-infected individuals.

One of the most important observations of this study was
that cells from HTLV-1-infected individuals with PBMC with-
out spontaneous proliferation showed significant decreases in
the stimulation indexes to candidin, PPD, and tetanus toxoid.
In addition, only 33% were able to recognize more than two
antigens; in contrast, 83% of uninfected controls were able to
recognize three or more antigens. In those individuals, detect-
able expansion of CD4™ T lymphocytes was not identified by
quantification of memory or naive CD4" T-cell subsets, and
analysis of TCR-V by flow cytometry showed that their cells
did not have polyclonal activation. Therefore, the mechanisms
involved in the impairment of T lymphocytes from HTLV-1-
infected individuals without spontaneous proliferation are un-
clear. These mechanisms could differ from those in HTLV-1-
infected individuals with spontaneous PBMC proliferation. In
addition, several other hypotheses are possible, such as the
presence of regulatory T cells (9), impairment of antigen-
presenting cells or inability of PBMC from HTLV-1l-infected
individuals to respond to interleukin-12 (32). Dendritic cells
are the most potent antigen-presenting cells and produce in-
terleukin-12, are targeted by HTLV-1, and stimulate the au-
tologous proliferation of T lymphocytes in vitro (16, 18).

In conclusion, our results strongly suggest that HTLV-1-
infected individuals show immunosuppression, as reflected by
decreases in the stimulation indexes to recall antigens, even in
individuals without spontaneous PBMC proliferation. The im-
plication of these findings on the risk of HTLV-infected indi-
viduals developing other infectious diseases remains unknown.
Further studies should be conducted in an attempt to clarify
these questions.
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4. Capitulo Il

Avaliagdo do perfil de ativagdao e produ¢do de IFN-y dos linfocitos T de
individuos infectados pelo virus linfotrépico de células T humanas do tipo 1
(HTLV-1)

O objetivo deste estudo foi avaliar o perfil de ativagéo dos linfécitos T de
individuos infectados pelo HTLV-1, apresentando ou nao proliferagdo espontanea.
Para realizar este estudo nés verificamos a freqiuéncia de células
produtores de IFN-y e expressando méleculas de ativagdo, em linfécitos T CD4+ e
T CD8+ de individuos infectados e em controles nao infectados, por citometria de

fluxo.

Manuscrito em preparagao
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Resumo

Nés demonstramos recentemente que individuos infectados pelo HTLV
apresentam uma imunossupressdo, demonstrada pela redu¢do no indice de
estimulagédo aos antigenos de memoéria, inclusive em individuos sem proliferagao
espontanea (SP). Em nosso estudo, avaliamos, por citometria de fluxo, a
expressdao das moléculas CD25, CD28, CD69, CD62L, HLA-DR e detecgao
intracelular de IFN-y em subpopula¢des de linfocitos T de individuos infectados
pelo HTLV-1 apresentando ou nao proliferacdo espontanea. As freqiiéncias de
linfocitos T CD4+CD45R0O+CD25+ e CD4+HLA-DR+ nos individuos infectados
SP+ (7%, 18%) e SP- (14%, 17%) foram superiores aos controles nao infectados
(4%, 8%),) (p<0.04; p<006, respectivamente). Em contraste, a freqiiéncia de
linfocitos T CD4+CD62L+ foi menor em individuos infectados pelo HTLV-1 com
proliferacdo espontanea (65%) comparado aos nao infectados (80%) (p=0.02). A
proporgao de linfécitos CD4+ IFN-y+ foi maior apenas nos individuos infectados
pelo HTLV-1 com SP+ (6%) comparado aos nao infectados (1%) (p=0.003). Nas
subpopulagdes de linfocitos T CD8+, a expressao das moléculas CD62L e CD28
foi menor individuos infectados pelo HTLV-1 SP+ (43%, 60%, respectivamente),
comparado aos controles ndo infectados (43%, 63%, p=0.02; e 60%, 92%,
p=0.0008, respectivamente). A expressdo da molécula CD28 em subpopula¢des
de linfocitos T CD8+ foi também menor nos individuos infectados pelo HTLV-1
sem proliferagdo (SP-) comparado aos nao infectados (74%, 92%; p=0.03). A
proporgdo de linfocitos T CD8+ IFN-y+ foi ligeiramente maior individuos
infectados pelo HTLV-1 (p>0.05). N6s observamos uma correlagao positive entre
a carga proviral do HTLV e SP (R=0.3, p=0.02), proporgao de linfécitos T
CD4+CD25+ (R=0.4, p=0.02) e CD4+CD45RO+ (R=0.4, p=0.03). Nossos
resultados sugerem que a ativagdo celular e produgao de IFN-y producao estao
presentes individuos infectados, mesmo naqueles sem SP. Este fendmeno pode

estar implicado no desenvolvimento de imunossupressao destes individuos.

Palavras-chave: HTLV-1, ativagao, imunossupressao



Abstract

We have recently demonstrated that HTLV-l infected individuals show
immunosuppression, as reflected by a decrease in stimulation index to recall
antigens, even in individuals without spontaneous PBMC proliferation (SP). In
this study, we evaluated by flow cytometry the expression of CD25, CD28, CD69,
CD62L, HLA-DR molecules and intracellular IFN-y on T cell subsets from HTLV-1
infected individuals presenting or not SP. Frequencies of CD4+CD45R0O+CD25+
and CD4+HLA-DR+ T lymphocytes in both HTLV infected individuals SP+ (7%,
18%) and SP- (14%, 17%) were higher than uninfected controls (4%, 8%,)
(p<0.04; p<006, respectively). In contrast, CD4+CD62L+ T Ilymphocytes was
decreased in HTLV-1-infected individuals with SP+ (65%) compared to
uninfected controls (80%) (p=0.02). The proportion of CD4+ IFN-y+ T cells was
higher only in HTLV-1-infected individuals SP+ (6%) compared to uninfected
controls (1%) (p=0.003). In the CD8+ T-subset, the expression of CD62L and
CD28 molecules was decreased in HTLV-infected individuals SP+ (43%, 60%,
respectively), compared to uninfected controls (43%, 63%, p=0.02; and 60%,
92%, p=0.0008, respectively). The expression of CD28 molecules in CD8+ T-
subset was also decreased in HTLV infected individuals without SP compared to
uninfected controls (74%, 92%; p=0.03). The proportion of CD8+ IFN-y+ T-cells
was slightly increased in HTLV-1-infected individuals (p>0.05). We observed a
positive correlation between HTLV proviral load and SP (R=0.3, p=0.02),
proportion of CD4+CD25+ (R=0.4, p=0.02) and CD4+CD45R0O+ (R=0.4, p=0.03)
T-lymphocytes. Our results suggest that cellular activation and |FN-y production
are present in HTLV-1-infected individuals, even without SP. This phenomenon

can play a role in the immunosuppression.

Keywords: HTLV-1, activation, immunosuppression



Material e Métodos

Pacientes. Foram avaliados neste estudo setenta e dois individuos infectados
pelo HTLV-1 (dezenove com HAM/TSP e cinglienta e trés assintomatlcos)
provenientes do Centro de Referéncia de Portadores do HTLV-1 da Fundagéo
para o Desenvolvimento das Ciéncias/FIOCRUZ. Oito controles néo infectados e
voluntarios, constituidos por estudantes do Laboratério Avangado de Saude
Publica (LASP/CPqGM/FIOCRUZ). Todas as amostras foram testadas para
presenca de anticorpos anti-HTLV-1/2 por ensaio imunoenzimatico, ELISA (Ab-
Capture ELISA Test System — Ortho-Clinical Diagnostics, Inc., Raritan, New
Jersey). As amostras reagentes foram confirmadas por Western Blot (HTLV Blot
2.4, Geneslabs Technologies, Singapore). O diagnéstico de HAM/TSP seguiu os
critérios da Organizacdo Mundial da Saude (WHO, 1990). Todos os pacientes
assinaram um termo de consentimento livre e esclarecido. Este estudo foi
aprovado pelo Comité de Etica em Pesquisa do Centro de Pesquisa Gongalo
Moniz - FIOCRUZ.

Ensaio de Linfoproliferagao. Os ensaios de linfoproliferagao foram realizados
com PBMC total de individuos infectados pelo HTLV-1 e controles nao
infectados, obtidos por gradiente de Ficoll-Hypaque, a partir de amostras de
sangue heparinizado. As células (1x10°/pogo), em triplicata, foram cultivadas em
meio RPMI 1640 (Sigma Chemical Co., St. Louis, MO) suplementado com 2mM
L-glutamina, 1% de aminoacidos nao-essenciais, 1mM de piruvato de sodio, 100
U/ml de penicillina, 100 pg/m! de streptomicina. Apdés 5 dias de cultura, as
células foram pulsadas por 16h com 1uCi 3H-timidina (ICN, Costa Mesa, CA). A
3H-timidina incorporada foi mensurada com liquido de cintilagdo em beta-
counter (Direct Beta Counter, Matrix 9600 - Packard). Os resultados foram

apresentados em contagens por minuto (cpm). Uma média de cpm >500, em




células nao estimuladas foi considerada com proliferagdo espontanea. Este valor
é trés vezes maior que a média em cpm de PBMC nao estimulados dos
individuos controles (159 = 138 cpm; de 6 a 462).

Citometria de fluxo

Marcagdao membranar. Para estas analises, 50ul de sangue total colhido em
tubo contendo EDTA, de individuos infectados pelo HTLV-1 e controles nao
infectados foram incubados com anticorpos monoclonais por 30 min a
temperatura ambiente. As hemacias foram lisadas com solugéo de lise (FACS
lysing solution Becton-Dickinson Immunocytometry System, San Jose, CA,
USA). As células foram entdo lavadas trés vezes em 2,0 ml de solugao salina
tamponada com fosfato (PBS) contendo 1% de soro albumina bovina (BSA),
0,4% de paraformaldeido (PFA), e 0,01% de azida sédica (PBS-BSA-PFA-
azida). Apos as lavagens, as células foram mantidas em PBS contendo PFA a
4%. Para quantificar a expressdo de marcadores de ativagao nas populagbdes de
linfécitos T CD4+ e CD8+, as amostras foram incubadas em presenga de
anticorpos monoclonais anti-CD4 marcado com phycoerythrin (PE) (BD
Pharmingen Technical) ou phycoerythrincyanin (PC5) (Immunothec, a Beckman
Coulter Company); e anti-CD8-PC5 ou isotiocianato de fluoresceina (FITC)
(Immunothec) e os seguintes anticorpos monoclonais: CD25-FITC; CD69-PE;
CD62L-FITC; CD28-FITC; HLA-DR-PE. As amostras foram adquiridas utilizando
Facscan e as analises utilizando Cellquest software (Becton Dickinson, Mountsin
View, Calif).

Deteccao intracelular de IFN-y. PBMCs de individuos infectados pelo HTLV-1 e
controles nao infectados foram isolados por gradiente de Ficoll-Hypaque, a partir
de amostras de sangue heparinizado. As células (2x10°> PBMCs/pogo) foram
cultivadas em meio RPMI 1640 suplementado com 2 mM L-glutamina, 1% de

aminoacidos nao-essenciais, 1 mM de piruvato de sodio, 100 U/ml penicillina,



100 nug/mi streptomicina, por 4 horas, na presenga ou auséncia de 2ug/ml de
fitohemaglutinina (PHA) (Sigma). Em seguida, 3ug de monensina e 3ug
brefaldina foram acrescentadas a cultura, diluidas em soro AB humano, a uma
concentracao final de 10% (Sigma). Apés 16 horas de incubagdo, as células
foram lavadas duas vezes em 2,0 ml de PBS-BSA-PFA-azida. Para a marcagao
membranar, as células foram incubadas com os anticorpos ant-CD4-PC5 e anti-
CD8-FITC, como descrita anteriormente. Para a marcagao intracelular, as
células foram inicialmente fixadas com 200ul de PBS-BSA-PFA 4%, por 20 min,
a temperatura ambiente, e lavadas duas vezes com PBS-BSA-Saponina 0,1%
para promover a permeabilizagdo da membrana. Os anticorpos anti-IFN-y-PE ou
controle isotipicos foram adicionados e as amostras incubadas por 30 min. As
céluias foram lavadas com PBS-BSA-Saponina 0,1% e, em seguida, com PBS-
BSA-PFA-azida. A aquisi¢ao e analise das marcagdes foram realizadas como

descrito anteriormente.

Analises estatisticas. Os dados foram expressos em medianas e valores
minimo e maximo. A comparagdo entre as freqiiéncias da expressao das
moléculas de ativacdo e da produgado de IFN-y dos grupos: individuos infectados
pelo HTLV-1, individuos infectados com proliferacdo espontadnea, individuos
infectados sem proliferagéo espontanea, individuos infectados com HAM/TSP,
individuos infectados assintomaticos, e controles nao infectados foram
realizados pelo teste ndo paramétrico, Mann-Whitney U test. A correlagao entre
as subpopulagdes linfocitarias e a expressdo de moléculas de ativagao ou
producdo de IFN-y foram realizadas pela correlagdo de Spearman. Um valor de
p menor do que 0,05 foi considerado como estatisticamente significante. As
andlises foram realizadas utilizando o software BioEstat 3.0 (Sociedade Civil
Mamirua/MCT-CNPq)



Resultados

Proliferagcao espontanea de PBMC de individuos infectados pelo HTLV-1

A proliferagdo espontanea foi observada em 50 de 72 (69%) dos individuos
infectados peio HTLV-1 [13 com HAM/TSP (26%) e 37 assintomaticos (74%)].
Valores similares de cpm entre os pacientes com HAM (2667 + 1932 cpm, de
728 a 5415 cpm) e os assintomaticos (1908 + 1615 cpm, de 603 a 9436 cpm)
foram observados (p=0.3).

A proliferagdo espontanea nao foi observada em 22 de 72 (31%) dos individuos
infectados [6 com HAM/TSP (27%) e 16 assintomaticos (73%)]. As médias de
proliferacdo dos pacientes com HAM (273 + 123 cpm, de 166 a 476 cpm) e
assintomaticos (155 + 145 cpm, de 7 a 415 cpm) foram semelhantes a da
proliferacdo dos controles nao infectados (159 + 138 cpm, de 6 a 462 cpm)

(p=0.11, p=0.8, respectivamente).

Avaliagdo da freqiiéncia de células produtoras de IFN-y nas subpopulagées

de linfocitos T

Como observado na Tabela 1, a freqiiéncia de linfécitos T CD4+ produtores de
IFN-y nos individuos infectados é cerca de cinco vezes maior que a frequéncia
dos controles ndo infectados (p=0.003). Quando analisamos esta proporgao, em
relacdo a presenga ou ndo de proliferagdo espontanea, observamos a mesma
tendéncia. Individuos infectados com proliferagao espontanea apresentam uma
freqiéncia de células T CD4+ produtoras de IFN-y de 6%, enquanto 1% dos
linfécitos T CD4+ dos controles ndo infectados produzem I[FN-y (p=0.002).
Observamos um aumento na freqiiéncia de linfécitos T CD4+ produtores de IFN-
vy em individuos sem proliferacdo espontanea, embora sem significancia

estatistica (p=0.08).



Néao houve diferenga na proporgao de linfécitos T CD4+ produtoras de IFN-y em
relagdo a manifestagdo clinica. Em individuos com HAM/TSP a freqiiéncia de
linfocitos T CD4+ produtores de IFN-y foi 4% e em assintomaticos 7%, enquanto
nos normais esta proporgdo foi de 1% (p=0.007, p=0.003, respectivamente)
(dados nao mostrados).

Em relagdo a subpopuilagao de linfécitos T CD8+ encontramos um aumento na
proporcdo de células produtoras de IFN-y nos individuos infectados (2%),
especialmente aqueles com proliferagdo espontadnea (2.3%), comparado aos
controles ndo infectados (1%), embora estas diferengas ndo sejam
estatisticamente significativas (p=0.05, p=0.09, respectivamente).

Além disso, observamos uma correlagdo positiva entre a intensidade de
proliferagdo e a proporgdo de linfécitos T CD8+ produtoras de IFN-y, nos
individuos infectados (r= 0.5, p=0.03).



Tabela 1. Detecc¢ao intracelular de IFN-y em linfécitos T, por citometria de

fluxo, em individuos infectdos pelo HTLV-1

CD4+ (%) CD8+ (%)
Identificacao Espontanea PHA Espontanea PHA
W HTLV - todos
Mediana 5 11 2 4
Variagao 0.2-36 0.8-31 0.2-48 0.1-45
n 21 20 19 21
® proliferagao +
Mediana 6 10 2.3 3
Variagao 0.6-11 0.8-31 0.3-48 0.1-45
n 16 15 14 16
I Proliferagio -
Mediana 5 14 1.4 6.6
Variagédo 0.2-36 2-85 0.2-7 4.1-84
n 5 5 5 5
ol cN
Mediana 1 3 1 3
Variagao 0.4-1.5 0.8-4.3 0.4-1.4 1.7-10
n 8 8 8 8
Valores de p
Avs. D 0.003 0.001 0.05 0.35
Bvs.D 0.002 0.001 0.09 0.75
Cvs.D 0.08 0.06 0.6 0.04
Bvs.C 0.62 0.8 0.5 0.16

[A]- individuos infectados pelo HTLV-1 com proliferagdo espontanea CN- controle néo-infectado

[B]- individuos infectados pelo HTLV-1 sem proliferagéo espontanea

Diferengas entre os grupos foram analisadas por Mann-Whitney U test.

PBMCs de individuos infectados pelo HTLV-1 e controles foram cultivados por 20 horas, na auséncia e
presen¢a de 5ug/ml de PHA. Monensina e brefaldina (3ug/ml) foram adicionadas apés as 4 h iniciais de

incubagao, para bloquear a excre¢ao do [FN-y.



Avaliacdo do perfil de ativagdo em linfocitos T CD4+ de individuos

infectados pelo HTLV-1 e controles nao infectados.

Como observado na Tabela 2, a freqiiéncia de linfécitos T CD4+ expressando a
molécula CD25 foi discretamente superior nos individuos infectados pelo HTLV-
1 (11.5%) em relagao aos controles ndo-infectados (7%), embora esta diferenga
ndo tenha apresentado significancia estatistica (p=0.22). Entretanto, quando a
expressdo desta molécula foi analisada na subpopulagdo de linfocitos T de
memoéria, T CD4+CD45RO+, observamos uma diferenca significativa entre
individuos infectados (7.5%), e controles nado infectados (3%) (p=0.03). Além
disso, a frequéncia de linfécitos T CD4+ expressando as molécuas CD69 e HLA-
DR nos individuos infectados foi igualmente superior a dos controles nao
infectados.

A proporgdo de linfécitos T CD4+ expressando CD62L foi discretamente inferior
nos individuos infectados pelo HTLV-1, comparado aos controles (p=0.057). A
expressao de CD28 foi semelhante em ambos os grupos.

Quando analisamos a freqiiéncia de expressao destas moléculas nos individuos
apresentando ou ndo proliferagcdo espontanea, observamos um perfil
semelhante em ambos os grupos. Um aumento da expressdo de CD25,
sobretudo na subpopulagdo de linfécitos T de meméria (CD45R0O+), e de CD69
foram observados nos linfécitos T CD4+ de individuos infectados sem
proliferagdo espontanea (p=0.034) e (p=0.01), respectivamente.

Em relagdo a sintomatologia, os individuos com HAM/TSP apresentaram uma
frequéncia aumentada de linfécitos T CD4+ expressando CD25+ (16%),
comparada aos controles (p=0.005). Entretanto, na subpopulagédo de linfocitos T
de memdria (CD45RO+), a freqliéncia de CD25+ foi maior tanto em pacientes
com HAM/TSP, 8% (p=0.01), quanto assintomaticos 8% (p=0.06). Em pacientes
com HAM/TSP um aumento na expressdo de HLA-DR (p=0.02) e uma
diminuicdo de CD62L (p=0.01) foram observados. A expressdo de CDG69 foi



igualmente elevada em pacientes com HAM/TSP e assintomaticos (p=0.03

,p=0.02, respectivamente) (dados nao mostrados).

Tabela 2. Freqiiéncias de marcadores de ativagdo celular em linfocitos em

linfocitos T CD4+ de individuos infectados pelo HTLV-1 e controles néao-

infectados

ldentificacao CD25 CD25+ CD69 CcDhe2L CD28 DR
(%)  CD45RO+ (%) (%) %) (%)

(%)

W HTLV - todos

Mediana 11.5 7.5 6 72 97 18

Variacao 2-45 1-42 0.5-27 42-93 43-100 3.3-54

n 38 34 27 35 34 29

8] proliferagdo +

Mediana 11 7 5 65 97 18

Variagao 2-45 2-32 1-23 42-93 43-100 8-54

n 24 21 15 21 14 15

I Proliferagao -

Mediana 14 14 8 77 98 17

Variagao 2-36 1-42 0.5-27 43-85 71-100 3.3-36

n 14 13 12 14 20 14

© oN

Mediana 7 3 1.3 85 98 8

Varia¢ao 3-13 2.4-9 0.3-19 72-90 93-99 5-23

n 5 5 5 5 5 5

Valores de p

Avs.D 0.22 0.03 0.02 0.057 04 0.048

Bvs.D 0.2 0.055 0.049 0.055 0.24 0.054

Cvs. D 0.3 0.034 0.01 0.1 0.9 0.09

Bvs.C 0.9 0.25 04 0.09 0.12 0.7

[A)- Grupo de individuos infectados pelo HTLV-1 apresentando proliferacéo espontanea de PBMC.

[B]- Gupo de individuos infectados pelo HTLV-1 sem proliferagdo espontanea de PBMC.

CN- controles nao-infectados

Diferencas entre os grupos foram analisadas por Mann-Whitney U test.



Avaliagao do perfil de ativagdo em linfécitos T CD8+ de individuos

infectados pelo HTLV-1 e controles ndo infectados.

Como demonstrado Tabela 3, a freqiiéncia de linfécitos T CD8+ expressando
CD25 nos individuos infectados pelo HTLV-1 foi similar aos controles néo-
infectados (p=0.35). Um aumento na freqtiéncia de linfécitos expressando CD69
(8%), e uma diminuicdo na freqiéncia da expressdo de CD62L (48%) foram
observadas nestes individuos, comparados aos controles nao infectados (1%,
p=0.003, e 69%, p=0.016, respectivamente). A expressdo de HLA-DR foi
discretamente aumentada, embora esta diferenca ndo apresente diferenga

significativas.

Quando analisamos a freqiiéncia de expressao destas moléculas nos individuos
apresentando ou ndo proliferagdo espontanea, observamos um perfil
semelhante em ambos os grupos. A expressdao de CD69 foi aumentada tanto no
grupo com proliferagdo (9%, p=0.007), como sem prolifera¢cdo espontanea (6%,
p=0.007), comparada aos controles nao infectados. Os pacientes apresentando
proliferagao espontanea apresentaram uma diminui¢ao na expressao de CD62L
(43%), e de CD28 (60%), comparado aos controles (69%, p=0.015, e 72%,
p=0.04, respectivamente). Além disso, a redugdo na freqiéncia de linfécitos T
CD8+ expressando CD28 nos individuos infectados com proliferagao

espontanea mostrou uma correlagdo inversa com a proliferag¢ao (r=-0.4, p=0.02).

Em relagdo a sintomatologia, observamos um aumento de CD69 e uma
diminuicdo de CD62L tanto em individuos com HAM/TSP (5%, p=0.022, 39%,
p=0.007, respectivamente), quanto em assintomaticos (11% p=0.001, 52%,
p=0.03, respectivamente). Os individuos com HAM/TSP também apresentaram

uma diminuigao na expressao de CD28 (50%, p=0.03) (dados nao mostrados).



Tabela 3. Freqiiéncias de marcadores de ativagao celular em linfécitos em

linfécitos T CD8+ de individuos infectados pelo HTLV-1 e controles nao-

infectados
ldentificagcdo CD25 CD69 CDe62L CD28 DR
(%) (%) (%) (%) (%)
WIHTLV - todos
Mediana 5 8 48 63 23
Variagéo 0.5-16 0.5-34 8-84 41-98 6-78
n 23 24 32 31 26
B proliferagido +
Mediana 5 9 43 60 29
Variagao 0.5-15 1-34 8-84 41-98 6-78
n 14 14 22 21 16
[ proliferagéo -
Mediana 8 6 54 74 18
Variagéo 2-16 0.5-20 31-70 51-92 8-63
n 9 10 10 10 10
01 cN
Mediana 3 1 69 72 11
Variagao 2-5.6 0.1-2 52-77 69-91 6-33
n 5 5 5 5 5
Valores de p
Avs. D 0.35 0.003 0.016 0.1 0.26
Bvs.D 0.6 0.007 0.015 0.04 0.24
Cvs.D 0.16 0.007 0.07 0.6 0.4
Bvs.C 0.3 0.6 0.2 0.06 0.3

[A]- Grupo de individuos infectados pelo HTLV-1 apresentando proliferagdo espontanea de PBMC.
[B]- Gupo de individuos infectados pelo HTLV-1 sem proliferag@o espontanea de PBMC.

CN- controles ndo-infectados

Diferengas entre os grupos foram analisadas por Mann-Whitney U test.
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5. Capitulo IV

Quinoline compounds decrease in vitro spontaneous proliferation of
peripheral blood mononuclear cells (PBMC) from Human T-cell Lymphotropic
Virus type-l (HTLV-l)-infected individuals

O objetivo deste trabalho foi avaliar a inibicdo da proliferacdo celular em
individuos infectados pelo HTLV por compostos quinolinicos.

Para realizar este estudo, inicialmente avaliamos a toxicidade dos
compostos quinolinicos em PBMC de individuos ndo infectados pelo HTLV-1.
Vinte e dois compostos foram testados pelos métodos XTT e azul de tripam nas
concentragdes de 10, 50 e 100uM. Os compostos foram considerados nédo toxicos
quando as células testadas apresentaram viabilidade maior ou igual a 85%. Em
seguida identificamos entre os nao-téxicos, os compostos quinolinicos capazes de
inibir a proliferagdo espontanea in vifro de células de individuos infectados.
Finalmente, avaliamos a toxicidade dos compostos quinolinicos em PBMC de

individuos infectados pelo HTLV.
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RESUMO

A proliferagdo espontinea in vitro de células mononucleares do sangue periférico
(PBMC) ¢ um achado imunolégico importante em individuos infectados pelo HTLV-1.
Este achado pode ter um papel importante patogénese das doengas associadas ao
HTLV-1. Compostos quinolinicos inibem, in vitro, a proliferagio de células de
linhagem transformadas pelo HTLV-1. No presente estudo, nds testamos a capacidade
de compostos quinolinicos em inibir a proliferagdo celular espontdnea de PBMC de
individuos infectados pelo HTLV-1. Vinte e duas quinolinas foram avaliadas. A
toxicidade foi inicialmente testada em PBMC de doadores ndo infectados pelos métodos
Azul de Tripan e do sal Tretazolium (XTT), e entfio a atividade antiproliferativa foi
mensurada por um ensaio classico de linfoproliferagio em PBMC de trés HTLV
individuos infectados pelo HTLV-1, na presenga de concentragdes decrescentes das
quinolinas (de 100 uM a 0.8 uM), apds cinco dias de cultura.

Treze dos vinte e dois compostos foram classificados como ndo-téxicos para PBMC de
individuos ndo infectados a 100, 50 e 10 uM. Existe uma estréia correlagdo entre a
viabilidade testada pelos métodos Azul de Tripan e XTT para todas as drogas testadas
nas diferentes concentragbes. Seis compostos apresentaram capacidade inibitoria
superior a 70% da proliferagdo espontanea: 5-7, 10, 20 ¢ 23. Nossos resultados indicam
que algumas quinolinas bloqueiam a proliferagdo espontinea em PBMC de individuos
infectados pelo HTLV-1. Nés estamos conduzindo experimentos para investigar os
mecanismos envolvidos neste fendmeno.



ABSTRACT

Spontaneous proliferation in vitro is the immunological hallmark of peripheral blood
mononuclear cells (PBMC) from HTLV-1-infected. This phenomenon may play a role
in the pathogenesis of HTLV-1-associated diseases. Quinoline compounds down
regulate in vitro cell proliferation of HTLV-1 transformed cell lines. In the present
study we assessed the capacity of quinolines to inhibit spontaneous cell proliferation of
PBMC from HTLV-1 infected individuals. Twenty-two quinolines were evaluated.
Toxicity was first assessed on PBMC from healthy donors by both Trypan Blue and
Tretazolium Salt (XTT) methods and then the antiproliferative effect was measured by a
classic lymphoproliferative assay on PBMC from three HTLV-1-infected individuals, in
the presence of decreasing concentrations of quinolines (from 100 uM to 0.8 uM), after
5 days of culture.

Thirteen out of twenty-two compounds were classified as non-toxic to PBMC from
uninfected individuals at 100, 50 and 10 uM. There was a straight correlation between
viability assessed by the Trypan Blue and XTT methods for all drugs tested at different
concentrations. Six compounds presented a capacity to inhibit more than 70% of the
spontaneous proliferation: 5-7, 10, 20 and 23. Our results indicate that some quinolines
block spontaneous proliferation of PBMC from HTLV-1-infected individuals. We are
now conducting experiments to investigate the mechanisms involved in this
phenomenon.



INTRODUCTION

Human T lymphotropic virus type 1 (HTLV-1) is a human retrovirus that causes
a wide spectrum of diseases affecting about 10-20 million people worldwide (4). There
is a large endemic foci of HTLV-1 infection in Japan, Caribbean, Melanesia, Central
and West Africa and South America (22, 37). In South America, Brazil has the higher
absolute number of HTLV-I-infected individuals, particularly in Salvador, a city in the
Northeast of Brazil, where 2% of inhabitants are infected (3).

HTLV-1 is the etiologic agent of HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) (13, 30) and adult T-cell leukemia/lymphoma (ATLL)
(15, 31, 36). It is suspected that HTLV-1 is associated with many other diseases, but
apparently 90% of those infected remain asymptomatic. Particularly, HTLV-1 has been
associated with inflammatory disorders such as uveitis (27), child-infective dermatitis
(21), arthritis(16, 19), polymyositis(28), and lymphocytic interstitial pneumonia(35).
Moreover, there is an interaction between HTLV-1 infection and strongyloidiasis (33),
tuberculosis (23) and Hansen’s disease (17).

From the biological point of view, HTLV infection is responsible for T-cell
spontaneous proliferation in vitro (20, 25, 32). The memory T CD45RO+ subset is the
principal T-cell population involved in this phenomenon (34). The viral Tax protein is
considered to have a central role in the process, modulating the expression of many
cellular genes involved in activation of T-cells proliferation, such as interleukin-2 (IL-2)
and o subunit of its receptor (IL-2R), granulocyte-macrophage colony stimulating
factor, tumor necrosis factor-o. (TNF-a), and others (1).

There are no effective drugs that treat the HTLV-1 infection. Vitamin C has

demonstrated a partial effect on HAM/TSP symptoms (18). Antiretroviral drugs such as



zidovudin (AZT) and zalcitabin (ddC) have inhibited replication of HTLV-1 in vitro
(2), but there are no clinical trials to corroborate this benefit. IFN-a has also
demonstrated to inhibit viral replication and spontaneous proliferation in vitro (14).
Nevertheless, the high cost of this treatment limits its application, particularly in
developing countries. Conventional chemotherapy used in ATLL has demonstrated
limited effects, with low rates of clinical therapeutic responses.

Recently, quinoline compounds have demonstrated an inhibitory effect on
proliferation from HTLV-1 transformed line cells (10, 11). These quinolines are either
alkaloids isolated from Galipea longiflora, a Bolivian plant with medicinal properties
(8), or were synthetically produced (5, 24). Several quinoline derivatives have shown
very promising activity against several parasite infections such as cutaneous
leishmaniasis (9), Plasmodium vinckei petteri (12) and experimental Trypanosoma cruzi
infection in mice (29). In addition, these compounds are capable to inhibit the activity
of the integrase enzyme of HIV-1 (26, 38).

In this study, we evaluate the inhibitory effect of twenty-two quinolines on
spontaneous proliferation of PBMC from HTLV-1-infected individuals. In this way, we
expect to contribute to identify new drugs for the treatment of HTLV-1- associated

diseases.



MATERIALS AND METHODS

Patients. Samples were obtained from twenty-four asymptomatic HTLV-1-infected
individuals from HTLV-1 Reference Development of Science Foundation and eleven
healthy individuals from Bahia State Blood Bank (HEMOBA) both centers located at
Salvador, Bahia — Brazil. All samples were screened for HTLV-1/2 antibodies by
enzyme-immune assay (ELISA) (Ab-Capture ELISA Test System - Ortho-Clinical
Diagnostics, Inc., Raritan, New Jersey) and confirmed by Western blot assay (HTLV
Blot 2.4, Genelabs Technologies, Singapore). The Ethical Board of Oswaldo Cruz
Foundation (FIOCRUZ) approved this study, and informed consent was obtained from

all enrolled patients.

Quinolines. Compounds 2-23 were prepared according to previously published
methods (See Figure 1). 2-Propenyl-quinoline 2 was obtained from quinoline la as
already reported (6). Compounds 3-6 were obtained by treatment of 2-quinaldine le
with the appropriate aldehyde in acetic anhydride (7). Compound 7 was obtained by
treatment of 8-hydroxy-2-methyl quinoline 1b by butyllithium followed by addition of
ethanal, as reported in (7). Compounds 17 and 18 were obtained as well, when 2-methyl
quinoline (2-quinaldine) 1¢ was treated by butyllithium followed by addition of ethanal,
or benzaldehyde, respectively. Treatment of 2-quinaldine l¢ by butyllithium followed
by addition of dimethoxyglyoxaldehyde, afforded compound 8, which under oxidation
conditions afforded compound 9. Ethylmagnesium bromide addition to 2-quinaldehyde
1d afforded the corresponding alcohol 11 (as reported in (5)), whereas Wittig and
Wittig-Horner reactions with 1d gave rise to the expected vinylic derivatives 10 and 22

(as reported by (24)). The alkynyl derivatives 13-16 were obtained through the



palladium catalyzed coupling reaction between the corresponding alkynes and the
required 2- and 3-halogenated quinolines 1e and 1f. Then compound 19 was obtained
by TBAF treatment of 14. N-oxides 20 and 21 were obtained by H,O, oxidation of the
corresponding compounds 1g and 1h. Aldehyde 23 was obtained by reduction of ester
22, whereas alcohol 12 was obtained by Dibal reduction of 23. All spectroscopic data of
the synthesized products were in agreement with the proposed structures. Chemical
structures of quinolines evaluated in this study are shown in Figure 1. They were
dissolved in dimethyl sulfoxide (DMSQ) and sterilized by gamma irradiation at dose of

65000 rads and stored at —20° C until use.

Cell cultures PBMC were obtained by Ficoll-Hypaque density gradient centrifugation
(Pharmacia, Biotech Uppsala, Sweden) from heparinized venous blood. To evaluate the
cell toxicity of quinolines, PBMC from healthy controls were first stimulated for three
days with 2 pg/ml purified phytohaemagglutinin (PHA) and subsequently cultured with
2 U/ml human recombinant IL-2 (2 U/ml) (Sigma Chemical Co., St. Louis, MO, USA)
in RPMI 1640 medium supplemented with 2 mM L-glutamine, 1 % non essential amino
acids, 1 mM sodium pyruvate, 100 U/ml penicillin, 100pg/ml streptomycin and 5 %
human AB serum (all provided by Sigma Chemical Co., St. Louis, MO, USA), for five

days.

Cellular Toxicity assays

Trypan Blue. Toxicity tests were performed using PBMC from three different healthy
controls and PBMC from three HTLV-Infected individuals. 1 x 10° cells/well were
culture in triplicate, in 96-well U-bottom culture plates (Costar, Cambridge, MA), in

presence of three concentrations of quinolines (10 pM, 50 uM, and 100 uM) for 3 days,



at 37°C in a 5% CO, humidified atmosphere. Cells were counted using a light
microscope (Nikon-Model Labophot-2, Japan). To determine the percentage of viable
cells, the number of unstained cells were divided by the total number of cells and then
multiplied by 100. The cellular viability of at least 85% was considered to indicate a
non-toxic compound. This value was stipulated taking into account the mean cellular
viability of non-infected cells in the presence of media, without drugs, which was 97 +

4% of viable cells.

XTT Assay. PBMC were plated in 96-well plates at 1x10° cells per well. Serial
dilutions of compounds were added to the wells. Final concentration of DMSO in all
wells was at 1%, in a total volume of 200 pl. The plates were maintained in a 37 °C
incubator. After 3 days, 50 pl of XTT-PMS solution (20 nM) was added to each well.
Then, the plate was incubated at 37°C for 4 h. The optical density (OD) was determined
by V-max photometer (Molecular Devices, Inc., Menlo Park, CA) at a test wavelength
of 450 nm. The toxicity represents the ratio of OD of a well in presence of quinolines
with the OD of control wells in presence of medium containing DMSO. The cellular

viability of at least 85% was considered to indicate a non-toxic compound.

Cellular proliferation assay. To evaluate the effects of quinoline compounds on
cellular proliferation, PBMC from HTLV-infected patients were cultured in
supplemented RPMI 1640 culture medium with 5% AB serum, in 96-well U-bottom
culture plates (Costar, Cambridge, MA), in triplicate, at 37°C in a 5% CO; humidified
atmosphere. Briefly, 1 x 10° cells/well were cultured in the presence of serial dilutions

(100 at 0,8 uM) of quinolines. After 5 days of culture, cells were pulsed overnight with

1 pCi 3H-thymidine (specific activity 2 Ci/mmole; ICN, Costa Mesa, CA). Incorporated



3H-thymidine was measured with a liquid scintillation beta counter (Direct Beta
Counter, Matrix 9600 - Packard). Results were expressed as mean counts per minute.
The stimulation index (SI) represents the ratio of mean counts obtained in the presence
of quinolines and mean counts obtained without quinolines. Percent inhibition was
determined by comparing cell counts in wells containing compounds to those in wells

containing cell cultured with medium.

Statistical analyses. Correlation between continuous variables was examined by

Spearman test. Differences were considered significant when p< 0.05.



RESULTS

Cellular toxicity of quinoline compounds
Cellular viability of PBMC from healthy controls cultured in presence of
quinoline compounds 2-23 were assessed by both Blue Trypan and XTT methods. From
22 compounds assessed, thirteen were non-toxic in all tested concentration (3, 5, 8-11,
14-18, 19-21, 23). One was non-toxic at 50 and 10 uM (7), and four were non-toxic
only at 10 uM (2, 4, 6, and 22). 12 and 13 had high toxicity in all tested concentrations.
There was a straight correlation between viability assessed by Trypan Blue and

XTT methods for all drugs at all tested concentrations (Figure 2).

Inhibitory effect of quinolines on PBMC from HTLV-1-infected individuals

To estimate the inhibitory effect of quinolines on PBMC from HTLV-1-infected
individuals, we first performed a kinetic of spontaneous proliferation with these cells.
PBMC from HTLV-1 infected individuals had a higher level of cell proliferation after 4
and 5 days of culture. The mean proliferation at day 1 was 64.5 + 90.3 cpm, at day 2
was 720.5+ 1021.3 cpm, at day 3 was 1309 + 1011.8 cpm, at day 4 was 3704.2 + 2810.9
cpm and reached 4582.8 + 3144 cpm after 5 days culture. In contrast, the mean
proliferation of PBMC from non-infected individuals was only 107 + 97 cpm after 5
days culture (data not shown)

Then, we tested the inhibitory capacity of compounds on spontaneous
proliferation of PBMC from HTLV-1-infected patients. Twenty compounds at non-
toxic concentrations were evaluated: 2-6, 7, 8, 9, 10, 11, 14-16, 17, 18, 19 20, 21 and
22 (Table 1). Six compounds had a capacity to inhibit more than 70% of the

spontaneous proliferation: 5-7, 10, 20 and 23, as shown in Figure 3. The compound 7

10



had the highest inhibitory effect on spontaneous proliferation of PBMC from HTLV-

infected individuals (96% at 25% uM), compounds 5 and 6 had the lowest inhibitory

effect: 71 % at 100 uM and 50uM, respectively. For two compounds (5 and 10) we
observed, at the lowest concentration (0.8 uM), a weak inhibitory effect on spontaneous
proliferation.

Moreover, the inhibitory effect of quinoline compounds on spontaneous
proliferation of PBMC from HTLV-1 infected individuals was not due to toxicity.
Indeed, the cellular viability in presence of the higher concentration of quinoline
compounds was similar to the cellular viability in presence of medium, as shown in

Figure 4.

DISCUSSION

In our study, we identified six new quinoline compounds with inhibitory activity
on spontaneous proliferation of PBMC from HTLV-1-infected individuals in vitro. One
compound, 7, had high anti-proliferative effect (up to 70%) at 50, 25 and 12.5 pM and
compounds 6 had an anti-proliferative effect (up to 50%) at 25, 12.5 and 6.3 uM. The
other compounds were active at 100uM, with 40 to 70% mean inhibition on PBMC
proliferation. A previous study, in which 29 quinolines compounds were assessed, three
compounds had higher inhibitory activity than the quinolines of our study, mean of 85%
at 10 uM (12), among which, compounds 20 (2-N-oxy-2-styrylquinoline) and 7 (8-
hydroxy-2-(2-hydroxypropyl) quinoline) were two of the most active compounds of our
study. However, in that study, the compounds were tested in HTLV transformed cell

lines. This apparent discrepancy could be due to the fact that quinoline compounds

11



could use different pathways to inhibit cellular proliferation of PBMC from HTLV-
infected individuals or cell lines.

Spontaneous proliferation induced by HTLV infection is due, in part, to an IL-
2/IL-2R autocrine loop. It was shown that the addition of monoclonal antibodies against
IL-2 or IL-2R alpha partially inhibited the spontaneous proliferation. The same was
observed with IL-15 and its receptor. Experiments using anti-IL-15 or anti IL-15-
receptor antibodies inhibit the spontaneous proliferation in PBMC of HTLV infected
individuals (2). The mechanisms involved in the inhibition of spontaneous proliferation
by the quinoline compounds are not clear. The quinolines are potent inhibitors of the
HIV integrase enzyme (25). However, the action of the quinolines in the HTLV
integrase enzyme is not described. Therefore, further studies are necessary to elucidate
the action mechanisms of these drugs. Particularly, the effect of quinoline compounds
on cytokine production such as IL-2, [L-10, TNF-o and IFN-y on the HTLV proviral
load should be evaluated.

In conclusion, our results clearly indicated that 5, 6, 7, 10, 20 and 23 have
capacity to inhibit, in vitro, spontaneous proliferation of PBMC from HTLV-1-infected

individuals.
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Table 1. Antiproliferative activity of quinolines 2-23 against PBMC from HTLV-1-

infected individuals

Comp Inhibition (%) Comp Inhibition (%)
2 50 uM: 3 14 50 uM: 43
3 50 uM: 56 15 100 uM: 30
4 10 pM: 0 16 100 pM: 52
5 100 uM: 71 17 100 pM: 38
6 25 uM: 71 18 100 pM: 53
7 25 uM: 96 19 100 pM: 38
8 100 uM: 10 20 100 uM: 84
9 100 uM: 0 21 100 uM: 44
10 100 nM: 86 22 12.5 uM: 46
11 100 uM: 10 23 100 uM: 90

18



Figure.3
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Figure.3 (continuation)
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Figure.4
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LEGENDS

Figure 1 Chemical structure of quinolines compounds.

Figure 2. Correlation between cellular viability obtained by Blue Trypan (% viable
cells) and XTT methods (optic density). Twenty two quinoline compounds were
evaluated at three different concentrations 100uM, 50uM and 10uM. Each point

represents one compound. Correlation of Spearman (p<0.005)

Figure 3. Inhibition of spontaneous proliferation of PBMC from HTLV-I-infected
patients, by quinolines 5-7, 10, 20 and 23. Data are representatives of media of
inhibition from three patients. PBMC from HTLV-I-infected individuals were cultured

in presence or absence of quinolines by 5 days.

Figure 4. Cellular viability of PBMC from HTLV-Il-infected patients cultured in
presence of quinoline compounds (5, 6, 7, 10, 20, 23) assessed by XTT and Trypan blue

methods
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6. Discussao

A proliferacdo espontanea é uma das alteragdes mais caracteristicas da
infeccdo pelo HTLV-1, e é observada na maioria dos individuos infectados.
Linfocltos T CD4+ e T CD8+ de memoria sdo as células envolvidas na proliferagao
espontanea de individuos infectados por este virus (Prince, York et al. 1995). Este
fendmeno tem sido descrito tanto em pacientes com HAM/TSP, quanto em
individuos assintomaticos (Kramer, Jacobson et al. 1989). Alguns estudos
sugerem que a proliferagdo espontanea seja mais intensa nos pacientes com
HAM/TSP que em assintomaticos (Santos, Porto et al. 2004)(Itoyama, Minato et al.
1988).

Ao quantificarmos as proporgées de linfécitos T no sangue periférico dos
individuos infectados pelo HTLV-1, identificamos um aumento na proporgao dos
linfécitos T CD4+ de meméria, expressando CD45R0O. Este aumento apresentou
uma correlagdo direta com a intensidade de proliferagdo nestes individuos
(rs=0.37, p=0.04). Os linfécitos T de memodria, CD45RO+ sao os responsaveis
pelo reconhecimento aos antigenos de memdria. Além disso, como principais
reservatérios do virus, estas células poderiam ser especialmente influenciadas
pela atividade pleiotropica da proteina Tax, induzindo sua expanséo e proliferagao
(Richardson, Edwards et al. 1990; Holisberg 1999; Azran, Schavinsky-Khrapunsky
et al. 2004). Analises do repertério do TCR-V[B revelaram expansao clonal de
linfécitos T CD4+, apenas entre os individuos infectados pelo HTLV-1 com
proliferacdo espontanea. Tem sido sugerido que a expansao dos linfocitos T CD4+
é um resultado direto da infecgéo pelo HTLV-1 (Eiraku, Hingorani et al. 1998).

A observacao mais importante de nosso estudo é a diminuigdo dos indices
de estimulagcdo aos antigenos de memoéria nos individuos infectados,
especialmente entre aqueles sem proliferagcdo espontdnea. A auséncia de

resposta linfoproliferativa detectavel aos antigenos, nos individuos com
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proliferagdo espontanea era esperada, uma vez que estes apresentam niveis
elevados de proliferagdo na auséncia de estimulo. No entanto, a demonstragao de
hiporresponsividade e anergia aos antigenos do Mycobacterium tuberculosis, nos
portadores do HTLV-1, reforgam nossos achados (Tachibana, Okayama et al.
1988; Murai, Tachibana et al. 1990; Welles, Tachibana et al. 1994; Suzuki,
Dezzutti et al. 1999). Estes estudos, demonstraram que individuos infectados pelo
HTLV-1 apresentam uma redugado de resposta ao teste intradérmico da tuberculina
(PPD) (Tachibana, Okayama et al. 1988; Murai, Tachibana et al. 1990; Welles,
Tachibana et al. 1994; Suzuki, Dezzutti et al. 1999). Uma incapacidade, in vitro,
das células de individuos infectados em produzir IFN-y em resposta ao PPD foi
igualmente observada (Suzuki, Dezzutti et al. 1999). Estes autores demonstram,
ainda, que esta resposta ndo é restaurada pela adi¢ao de IL-12 e anti-1L-4 (Suzuki,
Dezzutti et al. 1999). Estes resultados sugerem alteragdes funcionais nas
populagdes celulares envolvidas na hipersensibilidade tipo tardia, tais como os
linfocitos T CD4 helper de memodria e linfécitos T citotéxicos especificos, os quais
mediam este tipo de resposta. Em nosso estudo, observamos uma redugao de
resposta aos antigenos de memodria, inclusive naqueles individuos que néo
apresentavam proliferacdo espontanea. Nestes ultimos individuos, observamos
uma diminuicdo significativa nos indices de estimulagdo com trés dos quatro
antigenos testados (candidina, PPD, e TT). Além disso, estes individuos
reconhecem um numero menor de antigenos, comparado aos controles nao
infectados. Enquanto 83% dos individuos nao infectados sao capazes de
reconhecer trés ou mais antigenos, apenas 33% dos infectados sem proliferagao
espontanea, o fazem.

Estes resultados sugerem uma disfungdo dos linfécitos T na infecgdo pelo
HTLV-1, independemente da presencga de proliferacao espontanea. Entretanto, os
mecanismos envolvidos na disfungdo destas células em individuos infectados,
sem proliferagdo espontanea ndo esta esclarecido. E possivel que estes
mecanismos sejam distintos entre individuos infectados com e sem proliferagao.

A infecgdo pelo HTLV-1 induz uma ativagdo do sistema imune, e os

linfécitos T de individuos infectados apresentam um aumento na expressao de
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moléculas de ativagao, como CD25 e HLA-DR (Popovic, Flomenberg et al. 1984;
Romero, Prevost et al. 2000). Nossos resultados mostram igualmente alteragées
no perfil de ativagdo dos linfécitos T de individuos infectados pelo HTLV-1. Assim
como descrito na literatura, os linfécitos T CD4+ e T CD8+ dos individuos com
HAM/TSP apresentaram perfil de ativagdo. No entanto, entre os assintomaticos,
as freqiiéncias na expressdo da maioria das moléculas estudadas foram similares
as encontradas em pacientes com HAM/TSP. Analisando os grupos estudados, no
contexto da presenga de proliferacdo espontanea, estas alteragbes foram
marcadamente presentes naqueles individuos com proliferacdo, embora muitas
vezes também observadas na auséncia de proliferagao espontanea. Em nosso
estudo, observamos que os individuos infectados pelo HTLV-1 apresentaram uma
elevada freqiiéncia de linfécitos T CD4+ expressando as moléculas CD69 e HLA-
DR, moléculas tipicamente expressas em células T ativadas. Um aumento na
expressdo de CD25 foi igualmente observado, especialmente na subpopulagao de
memoéria T CD4+CD45R0O+. Freqiiéncias elevadas na expressao de CD25 e HLA-
DR em linfécitos de individuos infectados pelo HTLV-1 sdo amplamente descritos
na literatura (Popovic, Flomenberg et al. 1984; Romero, Prevost et al. 2000). Um
aumento na expressdao da molécula CD69 também foi descrito em linféciots T
CD4+ de individuos infectados pelo HTLV-1 (Al-Fahim, Cabre et al. 1999;
Yamano, Takenouchi et al. 2005). Por outro lado, observamos uma redugao da
freqiiéncia de linfocitos T CD4+ expressando CD62L, um marcador de migragao
de células virgens para os linfonodos. E possivel que a redugdo na expressio
desta molécula, associada ao aumento na propor¢do de linfécitos T CD4+
expressando CD45RO+, influenciem o aumento na proporgao de linfécitos T de
membéria, e conseqgiiente diminui¢do de células virgens, devido a persisténcia do
HTLV-1.

Assim como observado para os linfocitos T CD4+, a avaliagao do perfil de
ativagdo nos linfocitos T CD8+ revelou um aumento na expressao de CD69 e
diminuicdo de CD62L. Uma redugdo na freqiiéncia de linfocitos expressando
CD28 foi observada em individuos infectados apresentando proliferagao

espontanea. Além disso, esta redugao foi inversamente proporcional a intensidade
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de proliferac@o nestas células. A diminui¢do na expressdo de CD28 em linfécitos T
CD8+ foi descrita entre os pacientes com HAM/TSP (Brito-Melo, Martins-Filho et
ai. 2002). A redugdo na expressdo de CD28 tem sido descrita em infecgOes
crdnicas como esquistossomose, doenga de Chagas, e na infecgdo pelo HIV
(Caruso, Cantalamessa et al. 1994; Dutra, Martins-Filho et al. 1996; Martins-Filho,
Cunha-Melo et al. 1999). A molécula CD28 é uma molécula co-estimulatéria
presente em linfécitos T que interage com B7, em células apresentadoras de
antigeno, gerando o sinal estimulatério para a ativagao celular. O bloqueio deste
sinal pode induzir anergia. Além disso, a molécula CTLA-4, também expressa em
linfocitos T, liga-se igualmente as moléculas B7, nas células de apresentadoras
de antigeno, gerando um sinal inibitério. E possivel que a reducdo na expressio
de CD28 seja reflexo de uma tentativa do sistema imune em reduzir a intensidade

da ativacao celular.

Confrontando nossos resultados, que revelam ativagao dos linfécitos T
independente da presenga de proliferacdo espontdanea de PBMC, com os
resultados da literatura, nos quais estas observagdes sao descritas especialmente
em individuos com HAM/TSP, podemos supor que a ativagado seja um evento
precoce, presente na maioria dos individuos infectados, que precede o surgimento

de doenga.

A proporcao de linfécitos T que espontaneamente produz IFN-y foi maior na
subpopulagdo T CD4+ dos individuos infectados que nos individuos controles.
Este aumento foi estatisticamente significante apenas nos individuos com
proliferagdo espontdnea, embora aqueles sem proliferagido tenham apresentado a
mesma tendéncia. Em relagdo a sintomatologia, tanto pacientes com HAM/TSP,
quanto assintomaticos, apresentaram freqiiéncias elevadas de linfocitos T CD4+
positivos para IFN-y. Na populagdo de linfécitos T CD8+, embora um aumento
discreto tenha sido observado nos individuos infectados, observamos uma
correlagdo positiva entre os niveis de proliferagdo e a freqiéncia de ceélulas
produtoras de IFN-y. Um aumento da produgdo desta citocina em PBMC total,

tanto em individuos com HAM/TSP, quanto assintomaticos (Santos, Porto et al.
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2004), e uma freqliéncia elevada de linfécitos T CD4+ (Goon, Hanon et al. 2002) e
T CD8+ (Kubota, Kawanishi et al. 1998) produtores de IFN-y em individuos
infectados pelo HTLV-1 com HAM/TSP tem sido observada. Nossos resultados,
embora preliminares, sugerem que a ativacao de linfécitos T ocorre independente
da presenca de sintomas clinicos, como HAM/TSP, e da presencga de proliferagao
espontdnea. No entanto, o numero de individuos estudados necessita ser

ampliado, para que nossos resultados permitam conclusdes consistentes.

A infeccdo pelo HTLV-1 induz uma ativagdo crénica do sistema imune
(Buckle, Hafler et al. 1996)(Hollsberg 1999). Esta ativagdo ocorre de maneira
especifica e inespecifica. Um aumento na expressdo de moléculas de adesao
pode promover a ativagao de células T de repouso, nao infectadas (Buckle, Hafler
et al. 1996). De fato, a expressdo aumentada de moléculas de ativagdo como
CD54, CD40 e CD80 (Dezzutti, Rudolph et al. 1995) em PBMC recém isolados,
indicam uma ativagao in vivo, mesmo em células nao infectadas (Jacobson, Raine
et al. 1988; Itoyama, Kira et al. 1989). A ativacdo persistente dos linfécitos T,
encontrada inclusive nos individuos sem proliferagdo espontanea, pode resultar

em um estado de imunossupressao.

Na infeccao pelo HIV-1, a anergia dos linfécitos T CD4+ precede a perda
quantitativa destas células. Inicialmente, ocorre uma incapacidade destas células
em responder aos antigenos virais, em seguida, aos antigenos de meméria, e por
fim, aos mitogenos (Lane, Masur et al. 1985; Clerici, Stocks et al. 1989; Clerici,
Hakim et al. 1993). A perda seletiva dos linfocitos de meméria; um déficit Th1,
especialmente decorrente da redug¢ao nos niveis de IL-2 (Murray, Rubin et al,
1984); uma diminuicdo na produgado de IL-12, pelas células apresentadoras de
antigeno (Clerici, Hakim et al. 1993) e uma diminuicdo da expressao de moléculas
co-estimulatérias, especialmente CD28 (Caruso, Cantalamessa et al. 1994), sao
mecanismos que podem explicar a disfun¢do dos linfécitos T CD4+ na infecgao
pelo HIV.

Na infec¢dao pelo HTLV-1, observamos uma elevada produgéo de [L-2,

porém outros fatores como alteragdes quantitativas e funcionais em células T
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regulatérias (Treg) (Yamano, Takenouchi et al. 2005)(Ilwashiro, Messer et al.
2001), e em células dendriticas (DCs) (Macatonia, Cruickshank et al. 1992), bem
como a incapacidade em responder a IL-12 (Suzuki, Dezzutti et al. 1999),
poderiam induzir uma anergia dos linfocitos T.

Uma disfungdo em células T regulatérias, T CD4+CD25+, foi observada em
individuos infectados pelo HTLV-1 com HAM/TSP (Yamano, Takenouchi et al.
2005). Uma diminuicdo na expressdo do mRNA e da proteina Foxp3, e na
expressdo de moléculas importantes na fungao regulatéria, como CTLA-4 e GITR,
foi demonstrada (Yamano, Takenouchi et al. 2005). A proteina Foxp3 & um fator
de transcricdo presente na subpopulagdo de células T regulatérias CD4+CD25+
que ocorre naturalmente, de origem timica (Nielsen, Lindebo et al., 2004; Holm,
Nielsen et al.,, 2004). As células T CD4+CD25+ de individuos infectados pelo
HTLV-1 foram incapazes de inibir a proliferagdo, apds estimulo, de células T
CD4+CD25 de individuos néao infectados (Yamano, Takenouchi et al. 2005). Estes
achados apontam para um comprometimento da fungao T regulatéria na infecgao
por este virus. No entanto, o estudo da influéncia de outras populagbes de
linfocitos T regulatérios, de origem e fendétipos distintos, poderia contribuir para o
conhecimento da disfungdo imune nesta infecgdo. A deplegdo de DCs, e a
manutengdo de culturas de populagdes purificadas de linfécitos T CD4 e CDS8,
isoladamente, abole a linfoproliferagdo espontanea na infecgdo por este virus
(Macatonia, Cruickshank et al. 1992). A reposi¢cao de DC, mas nao de linfécitos B
e macrofagos, restaura a proliferacdo espontdnea que é bloqueada por anti-MHC
de classe Il. Estes resultados sugerem uma contribuicdo importante das DCs na
intensa ativagdo celular encontrada na infecgdo pelo HTLV-1. Assim, a
apresentagdo de antigenos do HTLV para linfocitos T autélogos, por DC
infectadas, resulta em uma proliferagdo anormal de linfécitos T e conseqtiente
inflamacao (Macatonia, Cruickshank et al. 1992). Uma redug&o na proporg¢ao de
DCs é observada em individuos infectados pelo HIV-1 (Grassi, Hosmalin et al.
1999). Resultados preliminares obtidos por nossa equipe apontam igualmente
para uma reducdo na proporcao de células dendriticas na infecgao pelo HTLV-1

(Grassi et al., 2005 Virus Reviews & Research XVI National Meeting of Virology,
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Nov, 2005, Vol.10 — Supplement 1, P359, pag 182). Adicionalmente, a anergia ao
PPD, como conseqiiéncia da incapacidade em responder a IL-12 sugere a
existéncia de uma disfungdo dos linfocitos T na infeccao pelo HTLV-1 (Suzuki,
Dezzutti et al. 1999).

Além disso, considerando a importancia dos linfécitos T CD4+ na geragéo e
manutengao da atividade citotéxica dos linfocitos T CD8, a infecgéo destas células
pelo HTLV-1 pode interferir na via normal da resposta imune antiviral (Buckle,
Hafler et al. 1996).

Uma das principais limitagées do nosso estudo é ter sido realizado em um
modelo transversal. Um estudo fongitudinal, acompanhando pacientes sem
proliferagdo espontanea, assintomaticos, no qual a avaliagdo da proliferagéo
espontdnea, da resposta aos antigenos de memoéria, da quantificacdo de
subpopulagdes de linfécitos T, e avaliagdo do perfil de ativagao, pudessem ser
realizados em periodos consecutivos, poderia permitir uma melhor compreensao
da evolugao da infecgédo pelo HTLV-1 no contexto da resposta imune.

Finalmente, nés identificamos seis compostos quinolinicos com atividade
inibitéria, in vitro, da proliferagdo espontdnea de PBMC de individuos infectados
pelo HTLV-I. Os mecanismos envolvidos na inibicdo da proliferagdo esponténea
pelos compostos quinolinicos nado estdo estabelecidos. As quinolinas sao
inibidores potentes da enzima integrase do HIV (Mekouar, Mouscadet et al. 1998).
Entretanto, a agdo destes compostos na atividade da enzima integrase do HTLV-1
nao esta descrita. Assim, estudos futuros precisam ser realizados para elucidar os
mecanismos de acdo destes compostos. Particularmente, o efeito destes
compostos na produgdo de citocinas como IL-2, I[FN-y, [I-10, assim como no peffil

de ativagao dos linfocitos e na carga proviral necessitam ser avaliados.
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7. Concluséoes

Nossos resultados sugerem que a ativagdo do sistema imune possa induzir
um grau imunossupressdo em individuos infetados pelo HTLV-1, refletida pela
diminuicdo dos indices de estimulagdo aos antigenos de meméria, mesmo
naqueles individuos que nao apresentam proliferagdo espontédnea. A implicagao
destes achados no risco de individuos infectados desenvolverem outras doengas
infecciosas permanece desconhecido.

Estudos futuros devem ser realizados para uma melhor compreenséao deste

fendémeno.

Compostos quinolinicos apresentaram atividade inibitéria na proliferagao

espontanea de PBMC de individuos infetados pelo HTLV-1.
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8. Perspectivas:

e Correlacionar a capacidade de resposta aos antigenos de meméoria a carga

proviral;

e Ampliar o numero de individuos no estudo do perfil de ativagéo de linfécitos
T de individuos infectados pelo HTLV-1;

e Correlacionar perfil de ativagao e a carga proviral,

e Estudar o papel das células dendriticas na hiporresponsividade dos

linfécitos T aos antigenos de memoria;

e Avaliar a resposta imune na co-infecgdo HTLV-1 e tuberculose, com o
objetivo de verificar claramente a existéncia de imunossupressao entre os

individuos infectados pelo HTLV-1;

e Investigar possiveis mecanismos pelos quais 0os compostos quinolinicos
foram capazes de inibir a proliferagao celular espontanea na infecgao pelo
HTLV-1.
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We compared the genetic diversity of the Brazilian
human T-cell lymphotropic virus type 1 isolates
with those found in KwaZulu-Natal (KZN), South
Africa, and with the genetic background of the
hosts. The seroprevalence rate in KZN was 1.7%.
All sequences belonged to the A subgroup. The
presence of South African sequences in two differ-
ent clusters from Brazil, and the finding of the
B*-globin haplotype in infected hosts are consistent
with the transmission of this virus from southern
Africa to Brazil.

The origins of human T-cell lymphotropic virus type 1
(HTLV-1) in Salvador, a Brazilian city in the Bahia State,
are not fully understood and are ditficult to trace. One
hypothesis suggests that the virus was introduced into
south America from Africa, during the post-Columbian
slave trade [1]). The majority of Africans who came to
Salvader during this period of time were from west
Africa, where only the HTLV-1 C subgroup of the
Cosmopolitan (a) subtype has been found. Previous
studies reported that HTLV-1 strains from Salvador
belong to the A subgroup [2], as it was also previously
demonstrated in KwaZulu—Natal (KZN), South Africa
[3]. We attempted to resolve this discrepancy by studying
the B*-globin haplotype of HTLV-1-infected individuals
living in Salvador {2]. The detection of HTLV-1a
subgroup A among the Bantu people from Salvador
could suggest that Brazil strains may have originated
from southern Africa. To examine this possibility,
we conducted detailed sequence and evolutionary
analyses, comparing the genetic diversity and
molecular phylogenies between Brazil and KZN
HTLV-1 isolates, and with the genetic background of
the infected hosts.

A total of 1435 samples were collected from HIV-1-
uninfected and infected treatment-naive individuals
obtained in Durban, KZN, South Africa, and surround-
ing areas, after approval from the University of KZN
Ethical Board. Plasma was screened for HTLV-1/2
antibodies by enzyme immunoassay. DNA was extracted
from peripheral blood mononuclear cells (enzyme
immunoassay-positive samples) using QlAamp (Qiagen,

USA). Pol gene-nested polymerase chain reaction was
performed to differentiate between HTLV-1 and 2 {4].
Long-term repeat (LTR) fragments were amplified from
19 DNA samples as previously reported [2], and included
another 10 samples from Salvador, collected as part of a
previous study [2]. The products were purified and
sequenced directly on a 3100 genetic analyser (Applied
Biosystems, California, USA). Phylogenetic trees of 724
basepair LTR sequences were generated using the
neighbour-joining and  maximum-likelihood (ML)
methods of PAUP™ software, version 4.0b10 [5]. Two
sets of LTR sequence alignments from mother—infant
pairs in KZN were available for an estimation of the
HTLV-1 evolutionary rate (nucleotide/site/year). The
evolutionary rate of each set was calculated using a
homogeneous Poisson mode], as previously described [6].
Genotyping of human B*-globin was performed on
10 HTLV-1-infected individuals (five South Africa and
five Brazil) as previously described [4]. The haplotype
patterns for South African and DBrazil isolates were
compared with those typical haplotypes from the Central
African Republic (CAR; Bantu), Benin, Senegal
and Cameroon.

The HTLV-1 seroprevalence in KZN was 1.7% (24). The
average intersequence diversity among Brazil LTR
sequences was significantly higher than among KZN
sequences {1.42 X 0.7%), even when epidemiologically
linked samples were excluded from the KZN analysis
(0.78%). As expected, sequences from transmission pairs
were highly conserved (divergence of 0.1%) with only
one polymorphism being detected in the LTR region of
one family. Phylogenetic analysis showed that all South
Africa and Brazil sequences belonged to subgroup A of
the HTLV-1a (Fig. 1). Two distinct clusters of Latin
American sequences (A and B) were identified within the
A subgroup, both supported by high bootstrap and by
ML. At the main cluster (A), two new isolates from KZN
(HTLV04 and HTLV(6) formed a monophyletic out-
group, a finding also supported by both bootstrap and
ML. The second cluster (B) contained a new KZN 1solate
(HTLV24). Analysing all 20 BA—globin chromosomes, we
identified two Senegal, six Benin and 12 CAR
haplotypes. Among South Africa, four were homozygous
for either the Benin/Benin (n=2) or CAR/CAR
(n = 2) haplotypes; and one was Benin/CAR hetero-
zygote. Two Brazil were homozygous (CAR/CAR) and
three (60%) were heterozygous: two for the Senegal/
CAR, and one for the Benin/CAR haplotype. Basedona
single mutation in the LTR region of one mother~child
pair, the minimum and maximum age of transmission was
calculated to be 20 and 102 years. The average HTLV-1
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Fig. 1. Rooted neighbour-joining tree of human T-cell lym-
photropic virus type 1 strains based upon a 724 bp of the
total Jong-term repeat region. The Tamura-Nei evolutionary
model with (-distribution was selected and the tree was drawn
using TreeView, version 1.4. The bootstrap values (above
50% and using 1000 bootstraps) on the branches represent the
percentage of trees for which the sequences at the right end of
the branch form a monophyletic group. Mel5 is used as the
outgroup. Geographical origin and ethnic origin are given
between parentheses. Newly sequenced long-term repeats
included in this analysis (in bold) are the following Salvador
and South African isolates. The ™ means that the maximum-
likelihood method was highly significant with a P value of less
than 0.001 or significant with a P value of less than 0.005. The
GenBank accession numbers of the new strains are
DQO05546-DQO05574.

evolutionary rate (756 sites) from both transmission pairs
was estimated to be 2.16 x 107", with the upper and
lower 95% intervals estimated to be 1.30 x 107* and
1.13 x 107°, respectively. To increase the statistical
power of our analysis, we increased our sample size,
including published evolutionary data from an additional
16 transmission chains [6]). The combined datasets
contained three LTR mutations, and resulted in an
average evolutionary rate of 4.49 x 1077, with lower and
higher intervals in the range of 1.08 x 107° and
1.34 X 107° The total transmission time (f) for the

collective dataset (18 transmission pairs) was calculated to
be between 539 and 1203 years.

The high degree of relatedness is consistent with the
transmission of HTLV-1a subgroup A from South Africa
to Brazil, presumably during the slave trade process.
Moreover, three LTI sequences from South Africa
actually segregated within the Brazil clusters, suggesting
that there were probably multiple introductions of
HTLV-1 from South Africa to Brazil. Transmission
between South Africa and Brazil is also consistent with
the similar prevalence rates in KZN (1.7%) and Salvador
(1.76%), a city where more than 80% of the population is
of African origin [2,7]. The finding that all HTLV-1-
infected individuals in our study had the same B*-globin
haplotype is also consistent with the transmission from
southern Africa. The source of the CAR haplotype in
South Africa is not known, but may reflect the migration
of the Bantu population from north to South Africa
during the last 3000 years, an event that gave origin to the
Zulu tribes of South Africa. Alternatively, the Benin
haplotype may have been introduced recently (during the
past 300 years) [8]. Finally, the low level of diversity
observed among South African isolates was supported by
evolutionary analysis of two mother-to-child trans-
mission chains, when the attempts to improve the
accuracy of this value, by including data from 16
previously published transmission chains [6], resulted n
an estimated evolutionary rate of 4.49 x 107" Unlike the
HIV-1, HTLV-1 shows little evidence of adaptation or
natural selection, exhibiting a low evolutionary rate. As a
result, spatial and demographic processes, such as multiple
introductions of the virus during the slave trade, are likely
to be among the main processes shaping the structure of
phylogenetic  trees.  Understanding  the  differences
between HTLV-1 and HIV-1 may lead to new insights
for controlling the spread and genetic evolution of these
important human pathogens.
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Evidence indicates that human T-cell lymphotropic virus type 1 (HTLV-1) infection leads to chronic
immunosuppression and a greater susceptibility to infectious diseases. Spontaneous in vitro proliferation of
peripheral blood mononuclear cells (PBMC) is an important immunological feature of HTLV-1-infected
individuals. However, the association between spontaneous proliferation and immunosuppression is not clear.
In this study, we evaluated the cellular immune responses of PBMC from 58 asymptomatic HTLV-1-infected
individuals with PBMC showing or not showing spontaneous proliferation. Individuals with PBMC that
spontaneously proliferated had increased proportions of CD4 T cells expressing CD45RO and dramatically
reduced responses to recall antigens. In addition, frequencies of positive responses to recail antigens were also
decreased in HTLV-infected individuals without spontaneous proliferation of PBMC. There was a polyclonal
expansion of multiple T-cell receptor VB families of CD4* T lymphocytes in patients with spontaneous
proliferation. We observed that HI'LV-1 induced an immunosuppression characterized by a decrease in the
stimulation index to a recall antigen, even in individuals who did not present spontaneous proliferation. On the
other hand, only patients with PBMC presenting spontaneous proliferation showed polyclonal activation and

increased proportion of CD4 T cells expressing CD45RO.

Human T-cell lymphotropic virus type 1 (HTLV-1) is a hu-
man retrovirus that has infected 10 to 20 million people world-
wide (3). There are areas in Japan, the Caribbean, Melancesia,
central and western Alfrica, and South America that are large
endemic foci (17, 35). In Brazil, the ovcrall prevalence of
HTLV-1 infection in blood donors is (.45%, and the city of
Salvador (located in the northeast) has the highest prevalence
(1.35%}) in the country (4). Recently, a population-based cross-
sectional study performed in Salvador, Brazil, found an
HTLV-1 scroprevalence of 1.76% (2.

Two diseases are clearly associated with HTLV-! infection:
adult T-cell leukemia/lymphoma (6, 26, 34) and HTLV-1-as-
sociated myelopathy/tropical spastic paraparesis (5, 24). Al-
though 95% of infected people remain asymptomatic (7), there
is evidence that HTLV-1 has a much broader spectrum of
disease manifestations, such as uveitis (20), arthritis (8, 12),
polymyositis (22), lymphocytic interstitial pneumonia (31), and
infective dermatitis in children (15). Severe immunosuppres-
sion is well documented in paticnts with adult T-cell leukemia/
lymphoma (10, 19). Howcever, a growing body of literature
suggests that many HTLV-I-infected individuals show chronic
immunosuppression, even in the absence of malignant disease.
HTLV-l-infected individuals are more susceptible to several

* Corresponding author. Mailing address: LASP/CPqGM/FIOCRUZ,
Rua Waldemar Falcao, no. 121, Candeal, Salvador, Bahia CEP 40296~
710, Brazil. Phone: 55 71-3356 8822, Fax: 55 71-3356 4320, ext. 300.
E-mail: grassii@cpggm.fiocruz.br.
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infectious diseases, such as strongyloidiasis (1, 30), Hansen’s
disease (11), and tuberculosis (21, 25). In addition, they have
reduced cutancous delayed-type hypersensitivity responses to
purified protein derivative (PPD) of Mycobacterium tuberculo-
sis (14, 23, 33, 36).

The immunologic halimark of HTLV-1-infected individuals
is a spontancous in vitro proliferation of their peripheral blood
mononuclear cells (PBMC) (without any added antigen) ob-
served in approximately fifty percent of patients (13, 27, 29).
The memory CD4* CD45RO™ subset is the principal T-cell
population involved in this phenomenon (29). In this study, we
evaluated the cellular immune responses of HTLV-1-infected
individuals (with or without PBMC spontaneous proliferation)
against candidin, cytomegalovirus (CMV), PPD, and tetanus
toxoid (TT) recall antigens.

We observed that HTLV-1-infected individuals had reduced
stimulation indexes to recall antigens, even when their PBMC
did not spontancously proliferate. On the other hand, only the
individuals with spontaneous PBMC proliferation {(SP+) had
polyclonal T-cell activation (as shown by the study of T-cell
receptor VB {[TCR-VR] families) and an increase in the pro-
portion of CD4 T cells expressing CD45RO.

MATERIALS AND METHODS

Patients. Fifty-eight asymptomatic HTLV-1-infected individuals studied at the
HTLV-1 Reference Development of Science Foundation (Salvador, Bahia, Bra-
7il) were included in the study. The group consisted of 47 women (819%) and 11
men (199%) and had a mean age of 43 years. Blood samples from 12 healthy



548 MASCARENHAS ET AL.

TABLE 1. Spontaneous proliferation of PBMC from HTI.V-1-
infected individuals®

CLIN. VACCINE IMMUNOL.

TABLE 2. Percentages of T-cell subscts from HTLV-1-infected
individuals and pninfected controls

No. of HTLV-{-tnfected

PBMC {ndividuais Meun cpm = SD (range)
SP - 39 1,650 + 956 (5204.629)
Sp 19 217 + 152 (18-476)
Total SK

“The mean counts per minute of nonstimulated PBMC from uninfected con-
trols was 159 -+ 138 cpm (runge, 6 to 462 cpm). For HTLV-1-infected individuals,
the mean cpm from nonstimulated cells was ~300 cpm at day 6 for individuals
with SP + PBMC, while it was - 500 cpm at day 6 for HTL V- l-infected individ-
uals with 8P - PBMC.

individuals trom the Bahia State Blood Bank (HEMOBA) were used as controls.
All samples were screened for HTLV-1/2 antibodies by an enzyme-linked im-
munosorbent assay (ELISA) (Ab-Capture ELISA test system; Ortho-Clinical
Diagnostics, Inc.. Raritan, New Jersey). and results were confirmed by Western
blot assay (HTLV Blot 2.4; Genelabs Technologies, Singapore). Informed con-
sent was obtained from all enrolled patients, and the Oswaldo Cruz Foundation
(FIOCRUZ) ethics committee approved this study.

Media and reagents. RPMI 1640 medium (Sigma Chemical Co., St. Louis,
MO) was supplemented with 2 mM c-glutimine, 19% nonessential amino acids, 1
M sodium pyruvate, 100 U/ml penicitlin, 100 pg/ml streptomycin, and pooled
human AB serum (109%) (Sigra).

Cells. PBMC from HTLV-infected individuals and healthy blood donors were
obtained from heparinized venous bloud sumples by Ficoll-Hypaque density
gradient centrifugation (Pharmacia Biotech, Uppsala, Sweden). All experiments
were performed with freshly isolated PBMC.

Flow cytometry. For direct lubeling, 50-pl portions of whole-blood samples
from HTLV-infected individuals and healthy blood donors were incubated with
antibodies for 30 min at room temperature. Erythrocytes were subsequently lysed
with fluorescence-activated cell sorting (FACS) tysing solution (Becton-Dickin-
son Immunocytometry System, San Jose, CA). Cells were then washed three
times in 2 ml of phosphate-buffered saline containing 1% bovine serum albumin.
After a final wash, cells were fixed in phosphate-buftered saline containing 4%
paraformaldehyde. In order to quantify CD4 and CD& T cells, the following
monoctonal antibodies were used: fuorescein isothiocyanate (FITC)-labeled
anti-CD3 (Immunothec, a Beckman Coulter Company), phycoerythrin (PE)-
labeled anti-CD4 (BD Pharmingen Technical)., and phycoerythrin-cyunin-la-
beled anti-CD& {Immunothec). To analyze CD4 T-cell memory and natve sub-
sets, cells were stained with phycoerythrin-cyanin CD4, PE-labeled CD45RQ,
and FITC-labeled CD4SRA (Immunothec). We studied TCR-VB reperteires in
five HTLV-1-infected individuals with PBMC with sponaneous proliferation
and five HTLV-T-infected individuals with PBMC without spoataneous prolif-
eration (SP- ). To study TCR-Vp family expression on T lymphaocytes, cells were
analyzed for surface expression of peridinin chlorophyll protein-labeled anti-
CD4 (clone RPA-T4; Becton Dickinson), PE-labeled anti-CDR (clone RPA-TS;
Becton Dickinson), and FITC-labeled anti-TCR-VB (clones VB 2 [E22E7.2], Vi
3.1 {LE-89], VB 5.1 [IMMU 157], VB 5.2 [36213], VB 6.1 {CRI 364.3}, VB 8
[56CS.2], VB 1 [C2U] VB 12 [VER232.1], VB 130 IMMU 222], VB 1306
[1U-74], VB 16 [TAMAYA 1.2], VB 17 [E17.5F3.15.93], V[3 20 [ELL 1.4}, VB
21.3{1G 125], und V3 22 [IMMU 546}; Iminunotech). Analyses were pertormed
using @ FACSont and Cell Quest software (Becton Dickinson, Mountain View,
Calif.). At least 10° events were analyzed per sumple.

Antigen-specific and nonspecitic proliferation assays. Antigen-specific and
nonspecific proliferation assavs were performed with unfractionated PBMC. The
PBMC were cultured in RPMI 1640 culture medium with 109 AB serum, using
96-well U-bottom culture plates (Costar, Cambridge, MA) in triplicate at 37°C in
a 5% €O, humidified atmosphere for 5 days. Briefly, 10° cellsfwell were cultured
in the presence of purified candidin (25 pg/ml; Sanofi Pasteur, France), PPD of
Mycobacterivun aehercudosis (2 pg/ml; Statens Serum lnstitute, Denmark), and
CMV (10 pg/ul: Behring, Marburg, Germany), all kindly provided by Brigitte
Autran, and TT (1 pg/ml) kindly provided by Daniel Scott, Institut Pasteur,
Paris, France. Antigens were dialyzed and frozen prior to use. Controls consisted
of supplemented medium. After 5 days of culture, cells were pulsed overnight
with | pCi [*H|thymidine (specific activity, 2 Ci/mmol; ICN, Costa Mesa, CA).
Incorporated [PH}jthymidine was measured with a liquid scintillation beta
counter (matrix 9600 dircct beta counter; Packard). Results were expressed as
mean counts per minute. The stimulation index represents the rutio of mean

ez T cells CDICDR

Group and

arameter . D4 CD4* fyR ¢ ratio
P (D4 cpasra+« cpasro™ PR
Group A (SP+
HTLV-infected
subjects [# = 19])
Mean 41 29 7 24 1.7
SD 14 2 10 6 0.7
Median 44 30 79 23 20
Range 61 10--53 55-92 12-37  1.0-3.0
Group B (SP
HTLV-infected
subjects [n = 10])
Mean 43 2 67 2 2.5
SD 9 14 18 10 1.0
Median 45 31 68 19 2.5
Ringe 26-56 13-56 46-99 10-41  1.0-4.0
Group C (uninfected
controls [n — 10])
Mean 42 37 67 21 2.2
sD 9 11 1 4 0.8
Mediun 40 37 64 22 2.0
Range 31-55 23-57 51-86 1530 1040
P values
Group A vs group B 0.84 0.30 0.02 0.20 .09
vs group C
Group A vs group B 0.84 0.65 0.04 0.12 0.07
Group A vs group C  0.60 0.13 0.01 0.27 0.18
Group B vs group ¢ .65 0.43 0.85 0.31 (.49

“CD4 T cells expressing CD45RA,

PCDAT cells expressing CD45RO.

“ Differences between the values for SP+ and SP- HTLV-1-infected groups
and uninfected controls were compared by the Kruskal-Wallis test (group A
versus group B versus group C). Differences between two groups were analyzed
by the Mann-Whitney U test {group A versus group B, group A versus group C,
and group B versus group C). Differences between the values for SP - und SP-
HTLV-1-infected groups and uninfected controls that were statistically signifi-
cant are shown in bold type.

counts obtained in the presence of untigen to mean counts obtained without
antigen. A stimulation index of :+3 indicated a positive proliferative response.
Therefore, in this study, & mean counts per minute of =500 for nonstimulated
cells (i.e., three times the meun counts per minute for uninfected control non-
stimulated cells, namely, 159 > 138 cpm: range, 6 to 462) was considered
spontaneous proliferation of PBMC.

Statistical analyses. Data are expressed as means and standard deviations. We
compared mean values of the percentages of CID4 und CD8 T-cell subsets and
stimulation indexes of proliferative responses to recall antigen for the three
groups (patients with spontaneous proliferation of PBMC, those without spon-
taneous proliferation, and controls) using the Kruskal-Wallis test. If a significant
difference was found, a Mann-Whitney U test was performed. The statistical
analysis of TCR-VB was performed by the Wilcoxon signed-rank test. A P value
of less than 0.05 denoted a statstically significant difference. BioEstat 3.0 soft-
ware (Sociedade Civil Maminua/MCT-CNPq) was used for all statistical analvses.

RESULTS

PBMC spontaneous proliferation. As shown in Table 1,
spontancous PBMC proliferation was observed in 39 out of 58
(67%) HTLV-l-infected individuals (1,656 cpm %= 956 cpm;
range, 520 to 4,629 cpm).

On the other hand, no spontancous PBMC proliferation was
observed in 19 out of 58 (33%) HTLV-1-infected individuals
(217 = 152 cpm; range, 18 to 476). In this case, the mean
counts per minute for asymptomatic HTLV-1-infected individ-
uals did not differ from the mean counts per minute for unin-
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FIG. 1. Proliferative responses to recall antigens from HTLV-1-infected asymptomatic individuals with PBMC with and without spontancous
proliferation, respectively, and uninfected controls. PBMC were cultured in the presence of candidin, PPD, tetanus toxoid, and cytomegalovirus.
At day 5 of culture, cells were pulsed overnight with 1 pCi [*H|thymidine. Results are expressed as stimulation indexes (average counts per minute
in the presence of antigens/average counts per minute obtained without antigen). Tesls were carried out in triplicate. A stimulation index of =3
was considered positive for proliferative responses (above dashed lines). Bars depict median values. Differences were considered significant when

P was <005 (Mann-Whitney U test).

fected controls (159 * 138 cpm; range, 6 to 462) (P = 032 by
the Mann-Whitney U test).

HTLV-1-infected individuals have an expansion of the mem-
ory CD4* CD45RO™ T-cell subset. As shown in Tablc 2, the
percentage of circulating CD4™ T tymphocytes in the HTLV-
1-infected group with PBMC with spontaneous proliferation
(41% * 149%) was similar to those of HTLV-1-infected indi-
viduals without spontaneous PBMC proliferation (43% *+ 9%)
and of uninfected controls (429% * 9%) (P = 0.84). However,
the memory CD4' CD45RO™ T-cell subset was expanded in
HTLV-1-infected individuals with spontaneous PBMC prolif-
cration (79% * 10%) compared to that in HTLV-1-infected
individuals without spontancous proliferation (67% + 18%) (P =
(.04) and uninfected controls (67% + 11%) (P = 0.01). Addi-
tionally, the proportion of CD4 T cells expressing CD45RO
was positively correlated (o spontancous proliferation of
PBMC in culture (Spearman’s r = 0 37; P = 0.04) (data not
shown).

There were no signilicant dilferences in the frequencics of

naive CD4* CD45RA™ and CD8" T-cell subsets in HTLV-

infected individuals (with or without spontancous PBMC pro-
liferation) and in uninfected controls.

PBMC from HTLV-l-infected individuals have a lower
capacity to proliferate in response to recall antigens. HTLV-
l-infected individuals with spontaneous proliferation
showed the lowest stimulation indexes to all antigens tested
(candidin, PPD, tetanus toxoid, and cytomegalovirus anti-
gens) compared to HTLV-l-infected individuals without
spontaneous proliferation and uninfected controls. Only
5.3% (1 out of 19) responded to candidin, while 4.8% (1 out
of 21) responded to CMV or TT (Fig. 1). Besides that,
HTLV-1-infected SP— patieots also showed decreases in
stimulation indexes: 50% of them (4 out of 8) responded to
candidin, 33% (4 out of 12) responded o PPD, 42% (5 out
of 12) to cytomegalovirus, and 50% (6 out of 12) to tetanus
toxoid antigen. Almost all uninfected controls had positive
responses to recall antigens: 90% to candidin (9 out of 10),
83% to PPD (10 out of 12), 100% to tuberculin (11 out of
11), and 67% (8 out of 12) to CMV.

In addition, PBMC from HTLV-1-infected individuals re-
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FIG. 2. TCR-VP repertoire from live SP- and five SP

HTLV-i-infected individuals. A total of 1 X 10° PBMC were analyzed for surface

expression of CD4 TCR-VB family repertoire with specific monoclonal antibodies by flow cytometry. Analysis was performed on the
FACScan using Cell Quest software. At least 10,000 events were analyzed per sample. Significant differences between uninfected controls
and HTLV-I-infected individuals (P < 0.05 by the Wilcoxon signed-rank test) are indicated (%). {A) CD4™ T cells from 3 HTLV-1-infected
patients with PBMC exhibiting spontancous proliferation (black bars) and from 14 uninfected controls (white bars). (B) CD4" T cells from
5 HTLV-1-infeeted patients with PBMC not exhibiting spontancous proliferation (black bars) and from 14 uninfected controls (white bars).

sponded to fewer recall antigens than uninfected controls:
while 83% of uninfected controls had specific PBMC pro-
lifcrative responses to three or more different antigens,
PBMC from HTLV-1-infected SP+ individuals were unable
to recognize more than one antigen (P < 0.0001). Morcover,
only 33% of HTLV-l-infected individuals without sponta-
ncous PBMC proliferation responded to three or more an-
tigens (P = (.038).

TCR-V analysis disclosed polyclonal expansion only in
HTLV-1-infected individuals with spontaneous prolifera-
tion of PBMC. As shown in Fig. 2A, polyclonal cxpansion of
CD4 " cells (TCR-V families 2, 3.1, 6.1, 8, 11, 12,16, 17, 21.3,
and 22) was observed in patients with spontaneous PBMC
proliferation. In contrast, HTLV-1-infected individuals with-
out spontanecous PBMC proliferation had CD4 TCR-VB
repertoires similar to those of uninfected individuals (Fig. 2B).

DISCUSSION

Spontancous proliferation is an immunological hallmark of
PBMC from HTLV-1-infected individuals. This phenomenon
is observed in up to 50% of cultures from PBMC from
HTLV-1 carriers (28). In this study, we evaluated the cellular
immune responses from HTLV-l-infected individuals with
PBMC showing and not showing spontancous proliferation.
Compared to uninfected controls, HTLV-1-infected individu-
als with PBMC presenting spontaneous proliferation had an
increased proportion of CD4 T cells expressing CD45RO.
Moreover, TCR-V analysis showed a polyclonal expansion of
almost all VB families studied concerning CD4 T-cell subsets.
In addition, HTLV-1l-infected individuals with spontaneous
PBMC proliferation had markedly reduced stimulation in-
dexes for candidin, PPD, tetanus toxoid, and cytomegalovirus.



VoL. 13, 2006

Therefore, responses to these recall antigens could not be
detected by cell proliferation.

The absence of detectable cellular immune responses to
recall antigens in individuals with spontancous PBMC prolif-
eration was expected, since high levels of spontancous prolif-
eration would mask a specific response to the recall antigens
cvaluated by the stimulation index. However, previous findings
support the idea that there could be different levels of T-cell
anergy among HTLV-1-infected individuals.

One of the most important observations of this study was
that cells from HTLV-1-infected individuals with PBMC with-
out spontancous proliferation showed significant decreases in
the stimulation indexes to candidin, PPD, and tetanus toxoid.
In addition, only 33% were able to recognize more than two
antigens; in contrast, 83% of uninfected controls were able to
recognize three or more antigens. In those individuals, detect-
able expansion of CD4 " T lymphocytes was not identified by
guantification of memory or naive CD4™ T-cell subsets, and
analysis of TCR-VP by flow cytometry showed that their cells
did not have polyclonal activation. Therefore, the mechanisms
involved in the impairment of T lymphocytes from HTLV-1-
infected individuals without spontancous proliferation are un-
clear. These mechanisms could differ from those in HTLV-1-
infected individuals with spontaneous PBMC proliferation. In
addition, several other hypotheses are possible, such as the
presence of regulatory T cells (9), impairment of antigen-
presenting cells or inability of PBMC from HTLV-1-infected
individuals 10 respond to interleukin-12 (32). Dendritic cells
are the most potent antigen-presenting cells and produce in-
terleukin-12, are targeted by HTLV-1, and stimulate the au-
tologous proliferation of T lymphocytes in vitro (16, 18).

In conclusion, our results strongly suggest that HTLV-1-
infected individuals show immunosuppression, as reflected by
decreases in the stimulation indexes to recall antigens, even in
individuals without spontancous PBMC proliferation. The im-
plication of these findings on the risk of HTEL. V-infected indi-
viduals developing other infectious discases remains unknown.
Further studies should be conducted in an attempt to clarify
these questions.
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