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RESUMO

O exercicio agudo é um desafio a homeostase e ap0s exercicio fisico intenso ocorre transiente
linfopenia e imunossupressdo. As moléculas de adesado celular sdo expressas na superficie
dos leucdcitos e das células endoteliais, tendo um papel fundamental nas interacdes entre
linfécito e endotélio. O objetivo do presente estudo foi analisar a expressdo de CD73, CD90 e
CD105 em leucocitos apos corrida de alta intensidade. Dez homens jovens foram inscritos em
uma corrida de 4 km e o sangue foi coletado 60 minutos antes, 5 minutos, 1, 3, 6 e 24 hs ap6s
a 0 exercicio, para avaliagdo hematolédgica e determinacdo de marcadores de superficie
celulares por citometria de fluxo. Foi utilizado o teste ANOVA de uma via com o teste de
Dunnet’s como post hoc para a andlise estatistica. Os dados foram considerados diferentes
estatisticamente quando p<0,05. Os leucécitos aumentaram 30% e os granulécitos 40 — 70%
apos 6h de exercicio fisico. Linfopenia foi observada 1 h ap0s o exercicio, como esperado.
Mondcitos, eosindfilos e basoéfilos, e outros parametros hematolégicos ndo se alteraram.
Linfdcitos T, linfocitos T helper e células citotoxicas aumentaram em resposta ao exercicio.
Linfocitos B e as células exterminadoras naturais (natural Killers) aumentaram imediatamente
apos o exercicio. A células CD73" aumentaram somente imediatamente apds o exercicio e as
células CD90" diminuiram 24h ap6s o exercicio. Podemos concluir que a corrida de alta
intensidade induziu a resposta classica do sistema imuno-endocrino e é capaz de alterar o
nimero de células CD73" e CD90".
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INTRODUCAO

O sistema imune € alterado tanto agudamente quanto cronicamente pelo exercicio

fisico (Walsh et al., 2011). Em diversos estudos, o nimero de neutréfilos circulantes aumenta
apos o exercicio, e se mantém elevado por horas (Wolach et al., 2000; Krause et al., 2001).
Ap0s o exercicio, 0 numero de linfocitos no sangue aumenta e depois rapidamente diminui,
atingindo niveis bem abaixo dos valores pré-exercicio (Starkie et al., 2001; Lancaster et al.,
2005). Dependendo da intensidade, o declinio na contagem de linfécitos dura algumas horas,
explicando, em parte, a supressao do sistema imune ap0os o exercicio (Mooren et al., 2002).
Assim, parece que o exercicio moderado induz uma imunoestimulacdo enquanto o exercicio
intenso provoca uma imunossupresséo.
Moléculas de adesdo cellular (do inglés “cell adhesion molecules”; CAMS), que sdo expressas
na superficie dos leucdécitos e das células endoteliais, tem um importante papel na interacdo
celular linfocito-endotélio, regulando a inflamacdo, contribuindo na marginacéo das células
sanguineas, enderegamento e recirculacdo dos linfdcitos (Airas et al., 1997). L-seletina
(CD62L), LFA-1 (CD11a) and ICAM-1 (CD54) estdo presentes na superficie dos linfocitos e
tem um importante papel regulatério na interacdo linfécito-endotélio (Goebel e Mills, 2000).
Van Eeden et al., (1999) demonstraram que os linfocitos em desmarginacdo durante o esforco
maximo na bicicleta expressam baixos niveis de L-seletina, altos niveis de densidade de LFA-
1 enquanto a densidade de ICAM-1 ndo é afetada (Van Eeden et al., 1999; Goebel e Mills,
2000).

CD73/ecto-5’-nucleotidase (ecto-5’-NT), € uma molécula de glicosil-fosfatidilinositol
(GPI) com 70-kDa que pode ser encontrada em diversos tecidos de mamiferos e tipos de
células (Airas et al., 1997; Airas et al., 2000) incluindo células endoteliais e subconjuntos de
células hematopoiéticas. CD73 cataliza a desfosforilacdo de nucleotideos extracelulares em
nucleotideos monofosfato, tais como a adenosina, aumentando a concentracdo de adenosina
extracelular. A expressdo de CD73 parece estar envolvida com o controle da ligacdo do
linfécito e/ou funcionando como um co-regulador molecular, nesse caso os sinais mediados
através da ligacdo com CD73 pode levar a uma ativacdo de outras moléculas de adesdo, como
LFA-1 (Airas et al., 1997).

CD90/Thy-1 é uma proteina que possui um glicosilfosfatidilinositol (GPI) ancorado,
pesa entre 25-37 kDa e é expressa em timocitos de ratos, células dendriticas epidérmicas,
células tronco hematopoiética, células neuronais, fibroblastos e linfocitos T periféricos
(Cerasoli et al., 2001). Em timdcitos e células T, CD90 esta associado com a regulacdo de
maltiplas  fungBes imunoldgicas, incluindo reconhecimento célula-célula, adesdo,
diferenciacdo de timocitos em células T, ativacdo de células T e apoptose (Wajeman-Chao et
al., 1998; Rege e Hagood, 2006).

A endoglina (CD105) é uma glicoproteina homodimérica transmembrana de 180 kDa,
primariamente expressa nas células endoteliais e é constitutivamente presente na maioria das
células T de memoria e 30% das células T virgens (Schmidt-Weber et al., 2005; Lee et al.,
2006). Ela é uma proteina auxiliar que atua na interacdo receptor-ligante de maultiplos
membros da super familia do TGF- B (do inglés “transforming growth fator”) (Lee et al.,
2006).

Apesar da importancia dessas moléculas na adesdo dos linfdcitos, ativacdo e
proliferacdo, sua expressdo ndo foi investigada em resposta ao exercicio. Portanto, o objetivo
desse estudo é investigar a expressdo dessas moléculas em linfécitos em resposta a uma
sessdo de corrida de alta intensidade.
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METODOS
Sujeitos

No persente estudo, foram utilizados individuos recreacionalmente ativos que
correram uma tradicional corrida de revezamento para amadores. Todos os procedimentos
foram analisados e aprovados pelo comité de ética da Universidade Federal do Estado do Rio
de Janeiro — UNIRIO (protocolo numero 0053.0.313.000-07) para uso de seres humanos em
pesquisa. Dez voluntarios, jovens adultos do sexo masculino (20 a 35 anos de idade)
participaram do estudo. Cada voluntario foi informado sobre os procedimentos experimentais,
riscos potenciais e desconforto associado aos experimentos, e assinaram um documento de
consentimento. Todos os homens eram aparentemente saudaveis e ndo reportaram uso de
medicamentos e cigarros durante o experimento. Além disso, eles foram impedidos de realizar
exercicio 72 hs antes da corrida e 24 hs ap6s. Nenhum deles tinha alguma doenca muscular ou
enddcrina, limitacdo ortopédica, gripe, resfriado ou algum outro tipo de limitacdo que
atrapalhasse os resultados experimentais. Parte do estudo ja foi publicado, por exemplo
condigBes da corrida, intensidade do exercicio e niveis de cortisol (Neto et al., 2013). O
experimento foi realizado em abril durante uma corrida de rua de 40 km na cidade do Rio de
Janeiro. Cada sujeito correu 4 km, com o evento tendo inicio as 8:00 da manh&. A frequéncia
cardiaca foi monitorada durante toda a corrida com a utilizacdo de um monitor cardiaco
(Polar, Team System 1®).

Coleta de sangue

O sangue foi coletado pela veia antecubital, usando uma seringa estéril e tubos a
vacuo, por uma pessoa familiarizada com o procedimento. Niveis basais foram determinados
sessenta minutos antes da corrida. Cinco minutos, 1, 3, 6 e 24h apds a corrida, o sangue foi
coletado. O periodo de 5 minutos foi necessario para permitir que cada sujeito chegasse do
final da corrida até o centro de coleta de sangue. Foram coletados 5 pl de sangue com EDTA
(Vacuteiner ®) para as medidas hematolégicas. A contagem completa do sangue foi feita com
um hamatocitdmetro automaético (Coulter T890). Hematdcrito, leucdcitos, granulécitos,
linfocitos e mondcitos foram obtidos assim como eritrocitos, hemoglobinas e plaquetas.

Testes laboratoriais

Os participantes do estudo compareceram ao laboratdrio uma semana antes da corrida,
para realizarem a antropometria e o teste de capacidade aerdbica maxima na parte da manha
(8:00 — 11:00 h). O peso (kg), altura (cm), dobras cutaneas (mm, biceps, triceps, axilar,
subescapular, peito, supra iliaca, supra espinhal, abdominal, coxa e panturrilna) foram
mensurados. O questionario de prontiddo de atividade fisica (Par-Q) foi aplicado antes do
teste de exercicio maximo para garantir a auséncia de doencas cardiovasculares e 0 modelo de
teste sem exercicio proposto por Mathews et al., foi usado pra ajudar no planejamento do
protocolo de rampa (Matthews et al., 1999).

A captacdo maxima de oxigénio foi medida através do teste de rampa na esteira,
previamente descrito (Cunha et al., 2010). O protocolo de rampa usado tinha os incrementos
da inclinacdo feitos de maneira individualizada para extrair o maximo de tolerancia de cada
individuo durante o tempo do teste (8 a 12 min). A velocidade inicial e o pico de velocidade
foram de 6,3 £ 0,4 km/h e 17,3 £ 1,5 km/h, respectivamente. O tempo de exaustéo foi de 11,8
+ 1,6 min. O consume de oxigénio (VO,), ventilagdo pulmonar (VE), producéo de didxido de
carbono (VCO,), razdo de troca respiratoria (RER), frequéncia cardiaca (FC) e pulso de
oxigénio (VO,/FC) foram coletados, e os dados, as médias, gravados a cada 30 s. As trocas
gasosas foram aferidas usando o analisador VO2000 (Medical Graphics, Saint Louis, MO,
USA) e a frequéncia cardiaca foi aferida através de um cardiotacdmetro (Polar S-810,
Kempele, Finland). O analisador de gas foi calibrado com uma mistura padrdo de oxigénio
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(17,01%) e dioxido de carbono (5,00%), balanceado com nitrogénio. O fluxo e volume do
pneumotacdgrafo foi calibrado com uma seringa graduada para 3 L de capacidade (Hans
Rudolph, Kansas, MO, USA). Os testes foram considerados como maximos se 0s
participantes satisfizessem, pelo menos, trés dos quatro critérios a seguir: a) exaustdo
voluntaria maxima, como refletida pelo escore 10 na escala CR-10 de Borg; b) atingir > 90%
da frequéncia cardiaca maxima (220 - idade) ou presen¢a de platd de FC (A FC entre duas
taxas de trabalho consecutivas < 4 batimentos - min *); ¢) presenca de platd de VO, (AVO,
entre duas taxas de trabalho consecutivas < 2,1mL- kg * - min ~'); e d) e uma razio de troca
respiratéria maxima (RER méax) > 1,1 (Cunha et al., 2010). Os participantes foram
encorajados verbalmente e foram proibidos de segurarem na barra lateral e frontal das
esteiras.

Analise no citdmetro de fluxo

No intuito de quantificar os marcadores de superficie celular no sangue, aliquotas (50 ul) do
sangue total foram colocadas em tubos de polistireno com EDTA e incubados durante 15
minutos com um conjugado de anticorpos monoclonais ap6s lise dos eritrocitos.
Subpopulagdes de linfocitos foram determinadas da seguinte forma: Linfocitos T (CD3"),
linfocitos T helper (CD3"CD4"), linfécitos T citotoxicos (CD3*CD8"), linfocitos B (CD19%) e
células natural killer (NK-CD56") usando o Lymphogram® (Cytognos, Spain). CD73" (PE-
Cy5; Pharmigen BD), CD90" (PE; Pharmigen BD) and CD105" (FITC; R&D Systems) foram
utilizados para verificar a expressdo de Thy-1, ecto-5’-NT endoglina, respectivamente. Todas
as incubacOes foram feitas em uma sala escura e em temperatura ambiente. A aquisi¢do dos
dados foi feita através do FACSAria (BD biosciences) e analisados com o software Paint-a-
Gate PRO (BD Biosciences). O numero absoluto de linfdcitos foi determinado multiplicando
as percentagens correspondentes pela contagem total de linfdcitos obtidos na contagem do
hemograma (Coulter T890). Cada andlise consistiu em 100000 eventos. Células CD90",
CD73" and CD105" foram analisados junto com a marcargdo para CD45" (APC, BD
Biosciences). A citometria de fluxo foi feita antes, logo ap6s, 6 e 24 horas ap0s a corrida.

Mensuracdo de marcadores de lesdo muscular

Os marcadores de lesdo muscular, creatina cinase (CK) e lactato desidrogenase (LDH), assim
como o marcador de lesdo hepética, gamma glutamil transferase (GGT), foram analisados.
Depois de coagulado, as amostras foram centrifugadas e colocadas no nitrogénio liquido. Ao
voltarmos do local da prova para o laboratério, as amostras foram guardadas a -80°C até o dia
das analises. Os marcadores de lesdo foram estimados pelo kit comercial de ELISA (Bioclin®
Quibasa Quimica Basica Ltda-Brazil).

Analise estatistica

Os dados foram expressos em média + erro padrdo da média (EPM). A Analise de
variancia de um entrada (One-way ANOVA) seguida de p[os-teste de Dunnet foi empregada
para determinar possiveis diferencas entre os tempos pds exercicio e 0s valores basais (antes).
Nos consideramos diferenga significativa quando p < 0,05. N6s usamos o programa Prisma®
para todas as analises de dados.
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RESULTADOS
Sujeitos e caracteristicas da corrida

Todos os dados demograficos e condi¢Ges de corrida foram previamente descritos
(Neto et al., 2013). Os jovens sujeitos inscritos neste presente trabalho sdo considerados
recreacionalmente ativos, baseado no questionario e a frequéncia cardiaca média foi de 180 +
8 bpm, consistindo em 92,8 £ 7,1 % da FCnax, sugerindo que o exercicio foi realizado com o
esforgco proximo da capacidade aerobia méaxima (Neto et al., 2013).

Parametros hematologico e contagem de células

Os leucécitos aumentaram em torno de 30% até 6h apds a corrida, e voltaram aos
valores basais 24 hs ap6s a corrida (Tabela 1). Os granuldcitos aumentaram 40-70% 1, 3e 6 h
apos o exercicio enquanto que os linfécitos aumentaram significativamente 5 min apos a
corrida (em torno de 50%) e a linfopenia foi observada 1h apds o fim da competicdo (30% de
queda — Tabela 1). O nimero de mondcitos circulantes, eosindfilos, baséfilos, ndo foram
diferentes dos valores pré exercicio (data ndo mostrados).

Tabela 1. Parametros hematoldgicos e contagem de células.

Antes Apds 1h 3h 6h 24h
Leucocitos  nooc, 191 8840 + 233%** 8305+ 97% 8990+ 466*** 8190 + 147* 6920 + 153
(células/mm3)
'(;,Z‘)JCOC”OS 100%  133+1.6% 129+22% 140+8% 133 +1.6%
Granulécitos
(células 3610+ 1114390 + 141 5630 + 86*** 5750+ 468*** 4810 + 94* 3780 + 107
/mm3)

0 + 3.9% + () + 2.6%

g/f)")"””'oc'tos 100% 164 +35% 169+ 16% 139 + 2.8%
LIinfOCHOS a0, g 3790 + 104%** 1964 + 60% 2415+ 246 2742+55 2580 + 65
(células/mm3)
'(;}Or;foc'toss 100%  153+2.5% 79 +1.6%

Valores expressos em média + EPM. * P <0.05, ** P <0.01 e *** P <0.001 contra o tempo antes
do exercicio

Analise de cimometria de fluxo, cortisol no plasma e marcadores de lesdo muscular.

A analise de citometria de fluxo mostrou que o total de linfocitos T CD3", linfocitos T
helper CD3'CD4" e linfécitos T citotoxicos CD3"CD8" aumentaram 5 min ap6s a corrida
(Figura 1A-C). As células CD3"CD4" aumentaram até 24 hs ap6s a corrida (Figura 1B),
consequentemente, a razdo entre CD4/CD8" aumentou 6 e 24 hs ap6s a corrida (Figura 1D).
Linfocitos B CD19" aumentaram somente ap6s 6 hs do final da corrida e retornaram aos
valores basais enquanto que as células natural killers CD56" aumentaram somente logo apds a
corrida (Figura 2A e 2B).
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Figura 1. (A) CD3"; (B) CD4"; (C) CD8" and (D) Relagdo CD4"/CD8". Apds 4km de corrida de alta
intensidade. Valores absolutos (celulas/mm3) e normalizados em relacdo ao basal (100%). * P <0.05,
** P <0.01 e *** P <0.001 comparados aos valores basais.
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Figura 2. Células (A) CD19" e (B) CD56" antes e depois de 4km de corrida de alta intensidade.
Valores absolutos (célulass/mm?) e normalizados pelos valores basais (100%). * P <0.05, ** P <0.01 e

*** P <0.001 comparados aos niveis basais.
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O ntimero de células CD73" aumentou significativamente logo ap6s o exercicio de alta
intensidade e retornou aos valores basais nos pontos seguintes (Figura 3A). Entretanto, as
células CD90" diminuiram 24 hs apés a corrida (Figura 3B). As células CD105" ndo se
alteraram em nenhum dos tempos analisados apos a corrida (Figura 3C).
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0- 0- 74:11%
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Figure 3. Células (A) CD73"; (B) CD90" e (C) CD105" antes e depois de 4km de corrida de alta

intensidade. Absoluto (células/mm?®) e normalizado pelos valores basais (100%).* P <0.05 comparado
aos niveis basais.

O cortisol plasmatico aumentou 71%, 5 min apds a corrida e caiu abaixo da linha de
base 6 hs apds o exercicio (Neto et al., 2013). Creatina cinase sanguinea aumentou 3 hs apés o
exercicio e se manteve elevada até 24 h apds (Figura 4A). A lactato desidrogenase aumentou
apenas imediatamente apds o exercicio (Figura 4B) e o marcador de lesdo hepatica, gamma
glutamil transferase, ndo apresentou alteracdes pelo exercicio (Figura 4C).
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Figura 4. Marcadores de lesdo muscular. (A) CK; (B) LDH and (C) GGT em resposta a uma
corrida de 4 Km em alta intensidade. * P <0.05, ** P <0.01 e *** P <0.001 versus antes.

DISCUSSAO

Os parametros que demonstram que o presente protocolo de exercicio usado € de alta
intensidade ja estdo publicados (Neto et al., 2013). Os individuos correram acima de 90% da
FCmax, denotando, inequivocamente, um modelo de exercicio de alta intensidade (Neto et al.,
2013). No presente estudo, nds mostramos gue a intensidade de exercicio € suficiente alta para
induzir lesdo muscular, observadas por marcadores de lesdo muscular sanguineos, como a CK
e LDH (Figura 4). Os resultados desse presente estudo, demonstram que o exercicio de
corrida em alta intensidade resulta em uma leucocitose, com um aumento dos linfécitos,
granulécitos e células natural killer, enquanto ha uma queda dos linfécitos 1h apos a corrida.
Isto &€ uma resposta cléssica do sistema imune ao exercicio de alta intensidade (Tabela 1).
Apesar da linfopenia observada com 1 hora depois do exercicio, houve um aumento no
numero de células que expressavam CD3*, CD4" e CD19" 6 hs apds o exercicio (Figura 1).
Além disso, o exercicio aumentou o nimero de células CD73", mas diminuiu as células
CD90" (Figura 3). A expressdo de CD105" ndo foi afetada pela corrida.

Como esperado, a corrida de alta intensidade aumentou as concentragdes de cortisol no
sangue e induziu uma linfopenia (Tabela 1 e (Neto et al., 2013)). Estd bem descrito na
literatura que o exercicio fisico pode reduzir o numero de linfocitos periféricos, devido a
apoptose causada pela secrecdo de glicocorticoides durante o exercicio (Yu et al., 1977,
Pedersen e Hoffman-Goetz, 2000). Glicocorticoides (GCs) sdo uma classe de hormdonios
esteroides que exibem uma potente fun¢do imunomodulatoria, incluindo a habilidade de
induzir a apoptose dos linfécitos T (Herold et al., 2006). Mars et al (1998), foi o primeiro a
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mostrar que depois de um exercicio de rampa na esteira até a exaustdo (exercicio intenso)
houve aumento de apoptose de linfdcitos e isso pode ser explicar, em parte, a linfopenia
induzida pelo exercicio (Mars et al., 1998). Para entender o papel da intensidade do exercicio
sobre a resposta linfocitaria ao exercicio, Mooren et al. (2002) compararam uma hora de
exercicio de alta intensidade (80% do VOzmax) com uma intensidade moderada (60% do
VO2max), e observou que somente o exercicio de alta intensidade foi capaz de induzir
concomitantemente uma linfopenia e apoptose de linfécitos. Em contraste, 150 min de
exercicio na esteira com intensidade moderada a alta (exercicio prolongado a 75% do VOzmax)
ndo causou lesdo no DNA de linfocitos nem aumentou a apoptose em atletas bem treinados
em corridas de longa distancia, apesar de ter aumentado glicocorticoides e a linfopenia (Peters
et al., 2006). A intensidade do exercicio parece ser fator central na inducdo de apoptose
linfocitaria. Nesse contexto, Kruger et al , fizeram um estudo bem elaborado para investigar o
papel da intensidade do exercicio apds um exercicio de resisténcia. Os sujeitos foram inscritos
em uma intensa (75% de 1RM — repeticdo maxima) ou moderada (60% de 1RM) sessdo de
treinamento de forca. Trés horas de exercicio intenso, mas ndo no moderado, diminuiu o
numero de linfocitos e reduziu o conteudo de Bcl-2; e aumentou o cortisol no sangue e a
apoptose dos linfocitos (Kruger et al., 2011). Usando células isoladas, eles demostraram que
mifepristona (MIF) (Sigma), um blogueador do receptor de glicocorticoide, diminuiu a
apoptose induzida pelo aumento do cortisol nos sujeitos que realizaram o exercicio intenso.

A expressdo da nucleotidase CD73/ecto-5 (ecto-5’-NT) esta envolvida no controle da
ligacdo do linfdcito e/ou podendo funcionar como uma molécula co-reguladora, que nesse
caso, sinais mediados pelo ligante levam a ativacdo de outras moléculas de adesdo como a
LFA-1 (Airas et al., 1997). CD73 é altamente expressa na populacdo de linfécitos CD3*
(32%), CD4" (19%), CD8" (50%) and CD19" (81%) (Thompson et al., 1987). O niimero de
células CD73" aumentou logo ap6s a corrida concomitante com a mobilizacdo de linfocitos T
CD3", CD4" e CD8" e células NK. Entretanto, células B aumentaram s 6 h ap6s o exercicio,
enquanto as CD73" retornaram aos valores basais. Parece que o exercicio induz a mobilizagio
precoce de linfocitos T, células NK e células CD73". Essa mobilizacdo preferencial de
linfocitos T pode ser importante para a regeneracao do tecido muscular pds lesdo induzida por
exercicio, principalmente na fase de inflamacdo que ocorre com 24 hs ap6s o exercicio
(Brancaccio et al., 2008). Em nosso protocolo de exercicio, LDH e CK aparecem aumentadas
no sangue confirmando lesdo muscular (Figuras 4A e 4B).

Nesse contexto, a ativa¢do de CD73 nos linfocitos induz proliferagdo, secre¢éo de IL-2
e expressao de receptor de IL-2 (IL-2R) (Thompson et al., 1989). Além disso, CD73 regula a
adesdo dos linfocitos no endotélio (Airas et al., 1995; Arvilommi et al., 1997). Airas et
al, (Airas et al., 2000), mostraram que a ativacdo de CD73/ecto-5’-NT pode induzir a ativacao
de LFA-1, resultando em um aumento de ligacdo de linfécitos ao endotélio, agindo de
maneira independente das quimiocinas. Assim como ocorre com LFA-1 (Rovere et al., 1996),
possivelmente a liberacdo de catecolaminas durante o exercicio pode retirar as moléculas de
adesdo CD73/ecto-5’-NT de seu receptor promovendo um aumento apos o exercicio e, desse
modo, impedindo a sua migracdo para o local da lesdo. Uma das limitacdes do nosso estudo €
que nos ndo fizemos a citometria de fluxo em todos os pontos de coleta. Portanto, nés néao
sabemos se ha uma diminuicdo da expressdo de CD73 associada a linfopenia 1 hora apds a
sesséo de exercicio.

Por outro lado, as células positivas para CD90/Thy-1 que também sdo expressas em
celulas tronco mesenquimais e hematopoiéticas, e linfocitos T (Cerasoli et al., 2001),
diminuem a longo prazo (24 hs) apds uma corrida de alta intensidade. Esta bem descrito que
as catecolaminas secretadas durante o exercicio podem influenciar o sistema imune de
diversas maneiras, como a proliferacdo de linfécitos (Pedersen e Hoffman-Goetz, 2000). As
catecolaminas aumentam exponencialmente com a intensidade do exercicio, chegando aos
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valores de pico acima de 90% da frequéncia cardiaca maxima (Kjaer et al., 1987). Ja foi
mostrado que as catecolaminas regulam a expressao de Thy-1 in vitro (Wajeman-Chao et al.,
1998; Lajevic et al., 2010). Wajeman-Chao et al. (1998), demonstrou que as catecolaminas
eram imunosuprimidas através vias dependents de AMPc, levando a desestabilizacdo pos
transcricional do RNAm de Thy-1. Talvez isso explique a redugdo da expressdo de Thy-1
apos 24 hs do exercicio.

Nosso estudo reforca a evidéncia da “janela aberta” que é caracterizada por uma
imunossupressao transiente depois de um exercicio agudo intenso, aumentando a
suscetibilidade a infeccdes (Kakanis et al., 2010). Neste trabalho, nés utilizamos individuos
inscritos em uma corrida de revezamento de 40 km (cada individuo correu 4 km) bastante
popular no Brasil. De fato, o0 nUmero de corredores amadores no Brasil vem aumentando de
maneira notavel, o que torna nossos resultados ainda mais relevantes. O fato de sistema imune
ser suprimido apds o exercicio demanda uma utilizagdo de estratégias para poder minimizar as
chances de ocorrer infeccdes, como exemplo a suplementacdo com carboidratos e glutamina,
volume 6timo de exercicio x intensidade, e um repouso suficiente entre os exercicios (Li e
Gleeson, 2005; Neto et al., 2011; Walsh et al., 2011; Goncalves et al., 2012).

Por fim, o exercicio de alta intensidade induz uma resposta classica do sistema imune
e aumenta o ndmero de células CD73" e diminui CD90". Para 0 nosso conhecimento, este é 0
primeiro estudo que investigou a expressao dessas moléculas apds o exercicio.
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ABSTRACT

Acute exercise is a challenge to the homeostasis and after intense exercise there is a transient
lymphopenia and immunosuppression. The cell adhesion molecules are expressed on the
surface of leukocytes and endothelial cells, and play a fundamental role in lymphocyte-
endothelial interactions. The aim of the present study was to evaluate the expression of CD73,
CD90 and CD105 in leukocytes after a high intensity running exercise. Ten young men were
enrolled in a 4 km race and blood was collected 60 min before, 5 minutes, 1, 3, 6 and 24 h
after exercise to hematological measurements and cell surface markers determination by flow
cytometry. One-way Analysis of Variance with repeated measures and Dunnet’s post hoc test
were applied as statistical analysis. We set significant difference at p < 0.05. Leukocytes
increased by 30% up to 6h after exercise and granulocytes increased 40-70% over the same
period. Lymphopenia was observed 1h after exercise as expected. Monocytes, eosinophils and
basophils, and other hematologic parameters did not change. T lymphocytes, T helper and
cytotoxic cells increased in response to exercise. B lymphocytes and natural killer cells
increased immediately after exercise. The CD73+ cells increased only immediately after
exercise while CD90+cells decreased 24h after exercise. In conclusion, high intensity running
induced a classic response of the endocrine-immune systems and was able to alter the number
of CD73+ and CD90+ cells.
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INTRODUCTION

The immune system is altered both acutely and chronically by exercise training (Walsh
et al.,, 2011). In several studies the number of circulating neutrophils is increased after
exercise, and their number may remain high for several hours (Wolach et al., 2000; Krause et
al., 2001). After exercise, the number of blood lymphocytes is increased and then decreases
rapidly to a level well below the pre-exercise values (Starkie et al., 2001; Lancaster et al.,
2005). Depending on the intensity, this decline in lymphocyte counts may last for several
hours, explaining, at least in part, the post exercise immune suppression (Mooren et al., 2002;
Kakanis et al., 2010). Taken together, it seems that moderate exercise triggers an
immunostimulation whereas intense exercise elicits an immunosuppression.

Cell adhesion molecules (CAMs), which are expressed on the surface of leukocytes
and endothelial cells, play a pivotal role in lymphocyte-endothelial cell interaction, regulating
inflammation and contributes to blood cells margination and lymphocytes homing and
recirculation (Airas et al., 1997). L-selectin (CD62L), LFA-1 (CD11a) and ICAM-1 (CD54)
on the surface of lymphocytes play an important role in this lymphocyte-endothelial cell
interaction (Goebel & Mills, 2000). Van Eeden et al., (1999) showed that lymphocytes that
demarginate during maximal effort in bicycle ergometer express low levels of L-selectin, high
levels of LFA-1 density while ICAM-1 density was unaffected (van Eeden et al., 1999;
Goebel & Mills, 2000).

CD73/ecto-5’-nucleotidase (ecto-5’-NT), is a 70-kDa glycosyl-phosphatidylinositol
(GPI)-linked molecule which can be detected in several different mammalian tissues and cell
types (Airas et al., 1997; Airas et al., 2000) including endothelial and subsets of hematopoietic
cells. CD73 catalyzes the dephosphorylation of extracellular nucleoside monophosphates into
nucleosides such as adenosine, increasing extracellular adenosine concentration. The CD73
expression has been shown to be involved in the control of lymphocyte binding and/or could
function as a co-regulatory molecule, in which case signals mediated by ligand binding to
CD73 might lead to activation of other adhesion molecules as LFA-1 (Airas et al., 1997).

CD90/Thy-1 is a 25-37 kDa glycosylphosphatidylinositol (GPI)-anchored protein
expressed in thymocytes of rats, epidermis dendritic cells, hematopoietic stem cells, neuronal
cells, fibroblasts and peripheral T lymphocytes (Cerasoli et al., 2001). In thymocytes and T
cells CD90 is associated with multiple roles in immune cell function including cell-cell
recognition, adhesion, differentiation of thymocytes into T cells, T cell activation and
apoptosis (Wajeman-Chao et al., 1998; Rege & Hagood, 2006).

Endoglin (CD105) is a 180-kDa homodimeric transmembrane glycoprotein, primarily
expressed on endothelial cells and is constitutively present in most of the memory T cells and
in 30% of the naive T cells (Schmidt-Weber et al., 2005; Lee et al., 2006). It acts as an
auxiliary protein that interacts with the ligand-binding receptors of multiple members of the
transforming growth factor beta (TGF-) super-family (Lee et al., 2006).

Despite the importance of these molecules in lymphocytes adhesion, activation and
proliferation, their expression has not been investigated in response to exercise. Therefore, the
objective of this study is to investigate the expression of these molecules in lymphocytes in
response to a bout of high intensity of running exercise.
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METHODS
Subjects

We used in the present work recreationally active subjects engaged in a traditional
relay race for amateurs. All the experimental procedures were carried out under the approval
of the ethical committee of Federal University of the State of Rio de Janeiro — UNIRIO
(protocol number 0053.0.313.000-07) for the use of human subject in research. Ten young
adult male volunteers (20 to 35 years old) participated in the study. Each subject was
informed about the experimental procedures, potential risks, and discomfort associated with
the investigation, and signed an informed consent document. All men were apparently
healthy and reported no use of medications and cigarettes during the experiment. Furthermore,
they avoided exercise during the 72 h before the race and the next 24 h. None of them has
muscle and/or endocrine disorders, orthopedic limitation, flu, colds and any type of limitation
that would confound experimental results. The experiment was done in April during a 40km
street relay race performed at Rio de Janeiro city. Each subject ran 4km starting at 8:00 a.m.
Heart rate was monitored throughout the entire race by the Polar cardiotachometer (Team
System I®). Part of this study is already published elsewhere, e.g. race conditions, exercise
intensity and cortisol levels (Neto et al., 2013)

Blood collection

The blood was collected from the antecubital vein using sterile needles and vacuum
tubes by a familiarized person. Basal levels were determined sixty minutes before the race.
Five minutes and one, three, six, twenty-four h after the race, the blood was collected. The
five minutes period was necessary to allow the subject to arrive to the mobile center of blood
collection. Five milliliters of blood were collected with EDTA (Vacuteiner ®) for
hematological measurements. Complete blood count was made using an automatic
hematocitometer (Coulter T890). Hematocrit, leukocytes, granulocytes, lymphocytes, and
monocytes were obtained as well as erithrocytes, hemoglobin and platelets.

Laboratory tests

Participants presented to the laboratory one week before the race for anthropometric
and maximum aerobic capacity assessments always in the morning (8:00 to 11:00 a.m.). The
weight (kg), height (cm), skin folds (mm; biciptal, triceps, axillary, subscapular, chest,
suprailiac, supra-spinal, abdominal, thigh and calf) were measured. The Physical Activity
Readiness Questionnaire (Par-Q) was applied before maximal exercise test to ensure absent of
cardiovascular disease and the non-exercise model proposed by Mathews et al. was used to
help design the ramp protocol (Matthews et al., 1999).

Maximum oxygen uptake was evaluated through a treadmill exercise ramp test
previously describe (Cunha et al.,, 2010). The ramp protocol incorporated workload
increments that were individualized to elicit the subject’s limit of tolerance within the test
duration (8 to 12 min). The initial test speed and the peak speed were, respectively, 6.3 £ 0.4
km/h and 17.3 £ 1.5 km/h. Time to exhaustion was 11.8 = 1.6 min. Oxygen uptake (VO2),
pulmonary ventilation (VE), carbon dioxide output (VCO2), respiratory exchange rate (RER),
heart rate (HR), and oxygen pulse (VO2/HR) data were calculated, averaged, and recorded
every 30s. Gas exchanges were assessed using a VO2000 analyzer (Medical Graphics, Saint
Louis, MO, USA) and the heart rate using a cardiotachometer (Polar S-810, Kempele,
Finland). The gas analyzers were calibrated with a certified standard mixture of oxygen
(17.01%) and carbon dioxide (5.00%), balanced with nitrogen. The flows and volumes of the
pneumotachograph were calibrated with a syringe graduated for a 3 L capacity (Hans
Rudolph, Kansas, MO, USA). The tests were considered as maximal if the participants
satisfied at least three of the four following criteria: a) maximum voluntary exhaustion as
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reflected by the score 10 in the Borg CR-10 scale; b) > 90% predicted HR max (220 —
age) or presence of a HR plateau (A HR between two consecutive work rates < 4beats -
min—1); ¢) presence of a VO2 plateau (AVO2 between two consecutive work rates < 2.1mL-
kg—1 - min — 1); and d) a maximal respiratory exchange ratio (RER max) >1.1 (Cunha et al.,
2010). The participants were verbally encouraged and holding onto the side or front bars of
the treadmill was not permitted.

Flow cytometer analysis.

In order to evaluate blood cells surface markers, aliquots (50ul) of whole blood in
EDTA were added to polystyrene tubes and incubated during 15 min with the following of
conjugated monoclonal antibodies after erythrocytes lysis. Lymphocyte subpopulations were
determine as follows: T lymphocytes (CD3+), T helper lymphocytes (CD3+CD4+), T
citotoxic lymphocytes (CD3+CD8+), B lymphocytes (CD19+) and Natural killer cells (NK-
CD56+) using Lymphogram® (Cytognos, Spain). CD73+ (PE-Cy5; Pharmigen BD), CD90+
(PE; Pharmigen BD) and CD105+ (FITC; R&D Systems) were employed to verify the
expression of Thy-1, ecto-5-NT and Endoglin, respectively. All incubations took place at
room temperature in the dark. Data acquisitions were performed on a FACSAria (BD
Biosciences) and analyses were performed with the Paint-a-Gate PRO software (BD
Biosciences). Absolute numbers of lymphocyte subsets were determined by multiplying the
corresponding percentages by the total lymphocyte count obtained through hemogram
(Coulter T890). Each analysis consisted of 100.000 events. CD90+, CD73+ and CD105+ cells
were plotted against CD45+ (APC; BD Biosciences). Flow citometer procedures occurred
before, right after, 6 and 24 h after the race.

Measurement muscle damage markers

The muscle damage markers creatine kinase (CK), lactate dehydrogenase (LDH) and
gamma glutamyl transferase (GGT) were assessed. After clotting, the samples were
centrifuged and stored in liquid nitrogen. When we arrived back to the lab, the samples were
stored at -80°C until the assay. The damage markers were evaluated by ELISA commercial
Kits (Bioclin® Quibasa Quimica Bésica Ltda-Brazil).

Statistical analysis

Data are expressed as mean * SEM. Repeated measures ANOVA (Analysis of
variance) was applied as statistical technique to determine possible differences between the
exercise time points and baseline (before) values with the Dunnet’s post hoc test. We set
significant difference at p < 0.05. We used graphpad Prism® for all data analysis.

RESULTS
Subjects and race characteristics

All demographic data and race conditions are previously described (Neto et al., 2013).
Young subjects enrolled in the present work are considered recreationally active based on
their and the mean heart rate was 180 + 8 bpm consisting of 92.8 + 7.1% of the HRmax,
suggesting that exercise was achieved with effort near maximum aerobic capacity (Neto et al.,
2013).

Hematological parameters and cell counts

Leukocytes increased around 30% by up 6 h after race, and then returned to basal
values 24 h after the race (Table 1). Granulocytes enhanced 40-70% 1, 3 and 6 h after exercise
whereas Lymphocyte increased significantly 5 min after the race (around 50%) and
lymphopenia was observed 1h after the end of the competition (30% of decrease — Table 1).
The circulating number of monocytes, eosinophils, basophils, was not different from pre-
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exercise values (data not shown). All other hematological parameters did not change (data not
shown).

Table 1. Hematological parameters and cell counts.

Before Post 1lh 3h 6h 24h

Leukocytes
6695 + 191 8840 £ 233*** 8305+ 97* 8990 * 466*** 8190 + 147* 6920 # 153

(cells/mm3)

Leukocytes (%)  100% 133 £ 1.6% 129 +2.2% 140 + 8% 133 +1.6%

Granulocytes
3610+ 111 4390+141 5630+ 86*** 5750 + 468*** 4810+ 94* 3780+ 107

(cells/mma3)

Granulocytes

) 100% 164 + 3.5% 169+16% 139 +2.8%
0
Lymphocytes

2530 £80 3790 + 104*** 1964 + 60* 2415 + 246 2742 + 55 2580 + 65
(cells/mma3)
Lymphocytes

100% 153 + 2.5% 79 £ 1.6%

(%)

Values are expressed in mean + SEM. * P <0.05, ** P <0.01 and *** P <0.001 versus before

Flow cytometer analysis, plasma cortisol and muscle damage markers

Flow cytometric analysis showed that total CD3+ T lymphocytes, CD3+CD4+ T
helper lymphocytes and CD3+CD8+ T cytotoxic lymphocytes increased 5 min after race
(Figure 1A-C). CD3+CD4+ cells increased up to 24 h (Figure 1B), consequently the
CD4+/CD8+ ratio increased 6 and 24 h after the race (Figure 1D). CD19+ B lymphocytes
increased only 6 h after the exercise and returned to basal values while CD56+ natural killer
cells increased only right after race (Figures 2A and B).
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Figure 1. (A) CD3"; (B) CD4"; (C) CD8" and (D) CD4'/CD8" ratio cells after 4km high intensity
running. Absolute (cells/mm?®) and normalized values to basal (100%) time point are shown. * P <0.05,
** P <0.01 and *** P <0.001 compared to basal levels.
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Figure 2. (A) CD19" and (B) CD56" cells before and after 4km high intensity running.
Absolute (cells/fmm3) and normalized values to basal (100%) time point are shown. * P <0.05,
** P <0.01 and *** P <0.001 compared to basal levels.

The number of CD73+ cells was significantly increased immediately after the high
intensity exercise and returned to base line levels (Figure 3A). However, CD90+ cells reduced
24 h after the race (Figure 3B). CD105+ did not change at any time after the race (Figure 3C).
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Figure 3. (A) CD73"; (B) CD90" and (C) CD105" cells before and after 4 km high intensity

running. Absolute (cells/mm®) and normalized values to basal (100%) time point are shown.*
P <0.05 compared to basal levels.

Plasma cortisol increased 71% five min post-race and fell under base line values 6 h
after exercise (Neto et al., 2013). Serum creatine kinase increase 3h after the race and remain
increased until 24h post exercise (Figure 4A). Lactate dehydrogenase was increased only

immediately after the exercise (Figure 4B) and the hepatic damage marker, gamma glutamyl
transferase, did not change (Figure 4C).
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Figure 4. Serum muscle damage markers. (A) CK; (B) LDH and (C) GGT levels in response to the 4
km high intensity race. * P <0.05, ** P <0.01 and *** P <0.001 versus before.

DISCUSSION

The parameters showing that the present exercise protocol used is of high intensity are
already published elsewhere (Neto et al., 2013). Subjects performed the race above 90% of
HRmax, denoting unequivocally a model of high endurance exercise (Neto et al., 2013). Here
we show that the exercise intensity was high enough to induce skeletal muscle damage as
assessed by muscle markers in blood, e.g. CK and LDH (Fig 4). The results from the present
study demonstrate that strenuous running exercise resulted in a leukocytosis, with increases in
lymphocytes, granulocytes and natural killer cells, while lymphocytes decreased 1 hour after
the race. This is a classical response of immune system against high intensity exercise (Table
1). Despite lymphopenia observed with 1 hour after the exercise, there was an increase in the
number of cells expressing CD3+, CD4+ and CD19+ at 6 h after exercise (Fig 1).
Furthermore, exercise increased the number of CD73+ cells, but decreased CD90+ cells (Fig
3). The expression of CD105+ was unaffected by the race.

As expected the race at high intensity increased concentrations of cortisol in the blood
and induced lymphopenia (Table 1 and (Neto et al., 2013)). It has been well described in the
literature that physical exercise can reduce the number of peripheral lymphocytes, due to
apoptosis, caused by the secretion of glucocorticoids during exercise (Yu et al., 1977,
Pedersen & Hoffman-Goetz, 2000). Glucocorticoids (GCs) are a class of steroid hormones
that display a potent immunomodulatory function, including the weight-bearing ability to
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induce T lymphocyte apoptosis (Herold et al., 2006). Mars et al (1998) were the first to show
that after a ramp treadmill exercise to exhaustion (intense exercise) lymphocyte apoptosis
increased and could explain, at least in part, exercise induced-lymphopenia (Mars et al.,
1998). To understand the role of exercise intensity over lymphocyte response after exercise,
Mooren et al. (2002) compared an hour of exercise at high (80% of VO2max) and moderate
(60% of VO2max) intensities, and observed that only the high-intensity exercise was able to
induce concomitantly lymphopenia and lymphocyte apoptosis. In contrast, 150 min of
treadmill exercise with moderate to high intensity (Prolonged exercise at 75% of VO2max)
did not cause lymphocyte DNA damage or increased apoptosis in well-trained endurance
athletes despite an increase in glucorticoids and lymphopenia (Peters et al., 2006). It seems
that exercise intensity is central to induce lymphocyte apoptosis. In this context, Kruger et al
performed a well-designed study to investigate the role of exercise intensity after resistance
exercise. Subjects were enrolled to an intense (75% of the 1RM — Repetition maximum) or
moderate (60% of the 1RM) strength training session. Three hours of intense but not
moderate exercise decreased lymphocytes and reduced Bcl-2 content; and increased serum
cortisol and lymphocyte apoptosis (Kruger et al., 2011). Using isolated cells, they
demonstrated that mifepristone (MIF) (Sigma), a glucocorticoid-receptor blocker, attenuated
apoptosis induced by serum cortisol from intense exercised subjects.

CD73/ecto-5’-nucleotidase (ecto-5’-NT) expression is involved in the control of
lymphocyte binding and/or could function as a co-regulatory molecule, in which case signals
mediated by ligand binding to CD73 might lead to activation of other adhesion molecules as
LFA-1 (Airas et al., 1997). CD73 is highly expressed in lymphocyte population as CD3+
(32%), CD4+ (19%), CD8+ (50%) and CD19+ (81%) (Thompson et al., 1987). The number
of CD73+ cells increased right after the race concomitantly with the mobilization of CD3+,
CD4+ and CD8+ T lymphocytes and NK cells. However, B cells increased only 6 h after
exercise, while CD73+ returned to basal levels. It seems that exercise induces early T
lymphocytes and NK mobilization and CD73+ cells. This preferential T lymphocyte
mobilization can be important for muscle tissue regeneration after exercise-induced muscle
injury mainly during the inflammation phase which occurs within h after exercise (Brancaccio
et al., 2008). In our exercise protocol, LDH and CK appearance in blood were augmented
confirming skeletal muscle damage (Figures 4 A and B).

In this context, activation of CD73 in lymphocytes induced proliferation, IL-2
secretion and expression of I1L-2 receptor (IL-2R) (Thompson et al., 1989). Besides CD73
regulates lymphocyte adhesion to endothelium (Airas et al., 1995; Arvilommi et al., 1997).
Airas at col. (Airas et al., 2000) showed that activation of CD73/ecto-5 '-NT can induce
activation of LFA-1, thereby resulting in an increased binding of lymphocytes to the
endothelium, acting independently of chemokines. Just as occurs with LFA-1 (Rovere et al.,
1996), possibly the release of catecholamines during exercise may withdraw the membership
of CD73/ecto-5 '-NT to its receptor promoting its increase after exercise and thereby hinder
their migration to the site of inflammation. One of the limitations of our study is that we did
not perform flow cytometry analysis at all-time points. Thus, we do not know if there is a
decrease in CD73 expression associated to the lymphopenia 1 hour of the exercise session.

On the other hand, positive cells for CD90/Thy-1 which is also expressed in
mesenchymal and hematopoietic stem cells, and T lymphocytes (Cerasoli et al., 2001)
decreased in a long-term pattern after running effort. It is well described that the
catecholamines secretion during exercise may influence the immune system in several ways,
such as lymphocyte proliferation (Pedersen & Hoffman-Goetz, 2000). Catecholamines
increase exponentially with exercise intensity, reaching peak values above 90% of maximum
heart rate (Kjaer et al., 1987). In vitro, it was shown that catecholamines downregulate the
expression of Thy-1 (Wajeman-Chao et al., 1998; Lajevic et al., 2010). Wajeman-Chao et al.
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(1998) demonstrated that catecholamines were immunosuppressive through cAMP-dependent
pathways, leading to destabilization of Thy-1 mRNA post-transcription. This could explain
the reduction in the expression of Thy-1 within 24 h after exercise.

Our study strengthens the evidence of an “open window” which is characterized as a
transient immunosuppression after acute high intense exercise, increasing the susceptibility to
infection (Kakanis et al., 2010). Here we used recreational subjects enrolled into a very
popular 40 km relay race (each subject ran 4 km) in Brazil. Indeed, the number of recreational
runners is remarkably increasing which makes the results obtained herein more important.
The fact that the immune system is suppressed after exercise demands the requirement of
recovery strategies that could minimize the susceptibility to infections, e.g. carbohydrate and
glutamine supplementation, optimal exercise volume v.s. intensity and sufficient recovery
between exercise stimuli (Li & Gleeson, 2005; Neto et al., 2011; Walsh et al., 2011;
Goncalves et al., 2012).

In summary, high intensity running induced the classical immunosuppression in
response to high intense exercise, and increased the number of CD73 and decreased CD90
cells. To our knowledge, this is the first study to investigate the expression of these molecules
after exercise.
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