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Resumo

As neoplasias de células T sdo tumores clonais de células T em varios estagios de
maturacdo. O CD200 (ou OX-2) é uma glicoproteina transmembrana expressa em
células B, células mieloides, plaquetas e subtipos de células T em linfonodos, cuja
expressdo em neoplasias parece estar associada a um pior prognostico. O CD43 é
uma proteina transmembrana expressa na superficie da maior parte das células
hematopoiéticas (incluindo linfécitos T), em células neoplasicas de leucemias e
neoplasias solidas, cuja expressdo parece estar associada a tumorigénese,
particularmente de neoplasias hematolégicas. O CD200 néo é normalmente expresso
em células T presentes no sangue periférico e na medula 6ssea, de modo que sua
expressdo caracterizaria um imunofenétipo aberrante nesses casos. O CD43, por
outro lado, € expresso normalmente nessas células, porém sua expressdo pode
caracterizar um pior prognéstico em um processo neoplasico e a auséncia de
expressao pode ser (til para avaliacdo de doenca residual. Por meio de um estudo
transversal, avaliamos a expressdo de CD200 e CD43 em células de doencas
linfoproliferativas de linhagem T utilizando a técnica de citometria de fluxo. Foram
utilizadas 34 amostras de medula 6ssea e 18 amostras de sangue periférico obtidas
por conveniéncia num laboratorio especializado em diagnostico de doencas
hematologicas de Porto Alegre (Brasil) entre 2017 e 2020. Em 52 amostras de
neoplasias de células T analisadas, CD200 teve expressao detectada em 20 delas.
Destas, 84,2% (n = 16; 20) tiveram diagndstico de neoplasias linfoides precursoras
(P = 0,01). CD43 foi expresso em 31 amostras e 93,1% (n = 27; 31) apresentaram
diagnéstico de neoplasias maduras (P = 0,013). Amostras positivas para CD200
também apresentaram dados laboratoriais como leucocitose, anemia e
plaquetopenia, enquanto amostras positivas para CD43 apresentaram,
principalmente, leucocitose. A expressado de CD200 foi expresso mais comumente
em leucemia/linfoma linfoblastico de células T (LLA-T) e leucemia linfoide de células
T precursoras, enquanto CD43 mostrou ser um bom marcador para as neoplasias de
células T maduras mais comuns, como Linfoma periférico de células T, sem outra
especificacao, Linfoma de células T grandes e granulares e Linfoma de células T do
adulto.

Palavras-chave: CD200, CD43, linfoproliferagdes T, linfoma.
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Abstract

T cell neoplasms are clonal T cell tumors in various stages of maturation. CD200 (or
OX-2) is a transmembrane glycoprotein expressed on B cells, myeloid cells, platelets
and T cell subtypes in lymph nodes, whose expression in neoplasms seems to be
associated with a worse prognosis. CD43 is a transmembrane protein expressed on
the surface of most hematopoietic cells (including T lymphocytes), in neoplastic
leukemia cells and solid neoplasms, whose expression seems to be associated with
tumorigenesis, particularly in hematologic neoplasms. CD200 is not normally
expressed on T cells present in peripheral blood and bone marrow, so its expression
would characterize an aberrant immunophenotype in these cases. CD43, on the other
hand, is normally expressed in these cells, but its expression can characterize a worse
prognosis in a neoplastic process and the absence of expression can be useful for the
evaluation of residual disease. Through a cross-sectional study, we evaluated the
expression of CD200 and CD43 in T-lineage lymphoproliferative disease cells using
the flow cytometry technique. We used 34 samples of bone marrow and 18 samples
of peripheral blood obtained for convenience in a laboratory specialized in the
diagnosis of hematological diseases in Porto Alegre (Brazil) between 2017 and 2020.
In 52 samples of T-cell neoplasms analyzed, CD200 was detected in 20 of them. Of
these, 84.2% (n = 16; 20) were diagnosed with precursor lymphoid neoplasms (P =
0.01). CD43 was expressed in 31 samples and 93.1% (n = 27; 31) of these were
diagnosed with mature neoplasms (P = 0.013). CD200 positive samples also
presented laboratory data such as leukocytosis, anemia and thrombocytopenia, while
CD43 positive samples presented mainly leukocytosis. CD200 expression was most
commonly expressed in T-cell lymphoblastic leukemia/lymphoma (T-ALL) and
precursor T-cell lymphoid leukemia, while CD43 was shown to be a good marker for
the most common mature T-cell neoplasms, such as T cells, not otherwise specified,
Large and granular T cell ymphoma and Adult T cell lymphoma.

Key terms: CD200, CD43, T-cell lymphoproliferations, lymphoma.
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1. Introducéo

A classificacdo das neoplasias hematologicas € baseada na avaliacdo de
parametros clinicos, morfolégicos, imunofenotipicos e genéticos, definidos pela
Organizacdo Mundial da Saude (OMS). A correta identificacdo e classificacdo das
células neoplasicas é necesséaria para estabelecer o diagndéstico e consequente
indicacdo do tratamento. A maioria das neoplasias hematologicas possui um
imunofendtipo caracteristico que pode ser identificado laboratorialmente, o que é
muito Util para o diagnéstico, quando associado a histéria clinica do paciente *.

Os linfocitos T, B e NK possuem a mesma célula progenitora, sendo os
estimulos que essas células recebem ao longo da sua maturacao que definem em
gual subtipo serdo diferenciadas. Ao contrario dos linfocitos B, os precursores T
deixam a medula 6ssea e entram no timo, onde continuam com o seu programa de
diferenciacdo que inclui o rearranjo dos genes responsaveis pelos receptores de
células T (TcR), que ocorre de maneira similar ao das imunoglobulinas, como sera
descrito. No timo, esses precursores CD7+ sofrem um processo de maturacao, que €
extremamente complexo e resulta na formacdo de um repertério de células T
funcionais. A semelhanca do que ocorre com os linfdcitos B, os linfocitos T adquirem,
mantém ou perdem marcadores como o CD2, CD1, CD5, CD4, CD8, CD3, que
permitem caracterizar diferentes etapas de maturacéo.

Neste esquema, o0 precursor CD34+/CD7+ proveniente da medula éssea ou
figado fetal migra para a camada subcapsular do cértex timico e rapidamente
expressa 0s marcadores CD2 e CD5. Esse precursor pro-T pode se diferenciar em
duas linhagens diferentes. A maioria (95%) se diferencia em células pré-T corticais
gue expressam CD1 e, simultaneamente, CD4 e CD8, proteinas TcR-af
citoplasmaticas e, possivelmente, niveis baixos de CD3/TcR-af3 na membrana. Esses
timécitos, na camada medular do timo, formam duas subpopulacdes: a mais
numerosa CD4+CD8- e a CD4-CD8+, ambas expressando CD3/TcR-ap.
Alternativamente, o precursor pro-T CD34+CD7+, CD2+, CD5+ pode se diferenciar
em células pre-T CD4-CD8- (5%) que expressam inicialmente TcR-yd citoplasmatico
e, posteriormente, CD3 e TcR-yd ha membrana. A seguir, esses trés tipos de timocitos
maduros (T-af CD4 ou T-apf CD8 e T-yd) migram para 0 sangue e para 0S 0rgaos

linfoides secundarios.
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O TcR-ap € expresso em 90 a 95% dos linfocitos circulantes, enquanto o TcR-
yd aparece em 5 a 10%. O TcR coexiste ha membrana em intima associagdo com o
CD3 e, quando encontra seu antigeno especifico, emite um sinal para o interior da
célula desencadeando uma sequéncia de ativacdo de mecanismos que culmina com
a proliferacdo dos linfocitos. A passagem dos precursores T pelo timo tem duas
fungBes: a producdo de células T maduras e a selecao de clones ndo autorreativos.
Ambas dependem da participacdo de células nado linfoides do timo, que sdo as
epiteliais, dendriticas e macrofagos, e constituem o microambiente necessario para a
diferenciacdo dos timdcitos.

Nesse processo existe uma selecao positiva de linfocitos T tolerantes, capazes
de interagir com produtos do Complexo de Histocompatibilidade Principal (MHC) das
células do proprio individuo, e a selecdo negativa de clones autorreativos com essas
proteinas do MHC, que s&o eliminados, e constituem a maioria das células. E
importante salientar que menos de 1% dos timécitos migram para a periferia, sendo
a maioria destruida dentro do proprio 6rgéao. Os linfécitos T que emigram do timo e
colonizam os 6rgéaos linfoides secundarios sdo chamados de células virgens. Apés o
contato com os antigenos, os linfécitos T participam da resposta imunolégica como
linfécitos T-auxiliares ou T-citdxicos e, terminada a resposta, a maioria morre, mas
alguns sobrevivem e constituem os linfécitos de memaria, que tém vida longa.

O timo atinge o tamanho maximo em relacdo ao peso corporal no recém-
nascido, aumenta em peso até préximo dos vinte anos, quando é constituido por mais
de 80% de tecido linfoide. A partir dessa idade, regride progressivamente e, aos
guarenta anos, € constituido predominantemente de tecido adiposo, com menos de
5% de tecido linfoide. Os corpusculos de Hassall diminuem em numero, mas
aumentam em tamanho, e as células epiteliais também diminuem em ndmero,
acompanhando os timdcitos. Existem duvidas sobre até que idade o timo mantém a
sua capacidade de liberagdo de células maduras para a periferia e qual a sua
relevancia para a imunidade. Estudos realizados em criangas timectomizadas
(durante cirurgias toracicas) demonstram uma diminuicéo de linfécitos T no sangue
periférico, porém sem qualquer consequéncia clinica. Aléem disso, uma pesquisa
recente revelou que o timo é capaz de liberar pequena quantidade de linfocitos T de
novo para a periferia, mesmo em individuos com mais de 65 anos idade, quando o

seu tamanho é estimado em 1/50 do timo do recém-nascido (Zago et al., 2013).
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Entre o grupo de doencas linfoproliferativas da linhagem T estéo incluidas a
leucemia/linfoma linfoblastico T (LLA-T) e linfoproliferagdes maduras de células T .
As neoplasias originadas por esses tipos de células representam apenas 12% de
todos os Linfoma nédo-Hodgkin (LNH) 1. O nimero de casos novos de linfoma néo
Hodgkin esperados para o Brasil, para cada ano do triénio 2020-2022, sera de 6.580
casos em homens e de 5.450 em mulheres 2. Esses valores correspondem a um risco
estimado de 6,31 casos novos a cada 100 mil homens e de 5,07 para cada 100 mil
mulheres 2. 2. Com base no Registro Norte-Americano de Cancer, entre 1997 e 2006,
as neoplasias de células B tiveram uma incidéncia de 27,9 / 1.000 habitantes,
enquanto as neoplasias de células T tiveram uma incidéncia de 2,1 / 1.000 habitantes
3. Essas neoplasias tém maior incidéncia em populagées asiaticas, latino-americanas
e indigenas, provavelmente devido as ligacées genéticas entre essas populacées 4.

As patologias das células T tém curso clinico variavel e podem ser
relativamente indolentes ou altamente agressivas °. A classificacdo dos linfomas
periféricos de células T permanece um desafio, sendo 30% a 50% dos casos
considerados néo classificaveis, portanto, esses pacientes geralmente apresentam
um prognoéstico ruim com o uso da quimioterapia padrdo . Agentes infecciosos
também tém contribuido para o desenvolvimento de varios tipos de neoplasias de
células B, T e NK, como o virus Epstein-Barr (EBV) e o virus linfotrépico T humano 1
(HTLV-1) L.

Para o diagnostico de linfoproliferacdes da linhagem T, a identificacdo de
células aberrantes baseia-se ndo apenas na distribuicdo numérica absoluta ou
relativa entre o total de células presentes na amostra, mas principalmente na
identificacdo de perfis imunofenotipicos especificos e considerados anormais, que
podem ser diferenciados de padrbes normais ou reativos, bem como a identificagao
de clonalidade 8°. Em 2017, a OMS publicou uma atualizacdo da Classificacdo de
Tumores de Tecidos Hematopoiéticos e Linfoides, na qual sdo apresentados os
melhores métodos pelos quais distarbios hematoldgicos e neoplasias podem ser
diagnosticados, sendo que a citometria de fluxo apresenta um papel central na
classificacdo e no correto diagnéstico *. Essa classificacdo sera usada para definir as
neoplasias incluidas neste trabalho.

A imunofenotipagem por citometria de fluxo € um método de andlise citolégica

gue permite a identificacdo, caracterizacdo, contagem e separacao de células em
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suspensao. Consiste ha marcacgéo de epitopos na superficie (CDs ou diferenciacao
de cluster), citoplasma e nucleo celular %1, A imunofenotipagem é o procedimento
padrdo para o diagnéstico de neoplasias hematopoiéticas e € util na deteccédo e

monitoramento de doenca residual minima (DRM) 12,

1.1 CD200

CD200 (OX-2) € uma glicoproteina transmembrana tipo | de cerca de 45 kDa
codificada pelo gene MRC. E naturalmente expressa em plaquetas, células
endoteliais, em células do sistema nervoso central e periférico, em células
neoplasicas de uma variedade de tumores solidos, células B, subconjuntos de células
T e células mieloides, onde seu papel € proteger locais imunoprivilegiados e promover
tolerancia periférica 3. O CD200 ndo tem sinalizacéo intracelular conhecida, mas
induz imunossupressao por ligacdo com CD200R, um receptor de inibicdo da
superfamilia de imunoglobulinas. O CD200R ¢é expresso principalmente em células
mieloides e subconjuntos de células T, promovendo efeito supressor na resposta
imunomediada de células T 14 e favorecendo o crescimento tumoral °.

Memarian et al. (2013) mostrou que atividades funcionais de ligacdo CD200-
CD200R também estéo presentes em células saudaveis, mas elas estdo exacerbadas
nas células tumorais, 0 que gera um ambiente imunossupressor e, portanto, efeitos
negativos nas respostas imunologicas, assim contribuindo para um risco aumentado
de recorréncia e pior progressao. Eles também mostraram que o CD200, mas nao
CD200R, teve expressdo elevada em células progenitoras mieloides de leucemia
mieloides aguda (LMA), em comparagdo com sujeitos saudaveis 2°.

O CD200 é expresso em varias neoplasias hematopoiéticas, incluindo LMA e
algumas doencas derivadas de células B, como a leucemia linfocitica cronica (LLC) e
a tricoleucemia. Por estar naturalmente presente nas células B, a expressdo do
CD200 nessas doencas € considerada significativa quando na sua auséncia, como
no imunofenadtipo caracteristico do linfoma de células do manto (LCM). Sabe-se que
0 gene que codifica para CD200 esta presente no cromossomo 3g13.2. O ganho do
cromossomo 3 ou 3q ja foi observado em pacientes com LLC e naqueles com linfoma
de células B da zona marginal, sugerindo que a supraregulacdo pode, em alguns

casos, ser devido a duplicacdo de CD200 na célula B 7.
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Estudos sugerem que a expressdo de CD200 em doencas plasmocitarias,
leucemias agudas, carcinomas (carcinoma de cabeca e pescoco, carcinoma renal e
carcinoma de cdélon) e melanomas estd associada a um pior progndstico,
provavelmente devido ao seu mecanismo imunossupressor 20, Em um modelo
animal, verificou-se que as neoplasias positivas para CD200 inibiram a capacidade
dos linfécitos de erradicar as células tumorais 2.

O CD200 é expresso numa minoria de casos de neoplasias de células T e pode
ser (til para seu diagnéstico, avaliacdo e tratamento 4, ndo sendo normalmente
expresso em células T presentes no sangue periférico e na medula 6ssea, entdo sua
expressdo caracterizaria um imunofenétipo aberrante. Até o momento, nenhum
estudo evidenciou a presenca de CD200 em linfécitos T do sangue periférico ou da
medula dssea e poucos estudos avaliaram a expressédo de CD200 em neoplasias de
células T. No entanto, parece ser um bom marcador imunofenotipico para linfoma de
células T angioimunoblastico 4.

Alguns estudos propuseram que a expressao de CD200 em pacientes com
neoplasias mieloides implicam em uma piora do progndstico e até mesmo na
diminuicdo da sobrevida global (SG). Tonks et al. (2007) descreveram que a
expressao de CD200 pode ter valor prognéstico em pacientes com LMA, uma vez que
pode haver uma associacdo entre a expressdao de CD200 e pior desfecho em
pacientes com LMA com anormalidades genéticas, tais como t(8; 21) (RUNX1-
RUNX1T1) e inv(16) (CBFB-MYH11), ambos ligados a remissdo completa e resultado
favoravel 22, Tonks et al. (2007b), em seu estudo seguinte, mostraram que essa piora
ocorre, possivelmente, por causa da imunossupressdo e inibicdo da depuracao
imunoldgica da doenca residual. Assim, € possivel que a expressdo de CD200 em
doencas de bom curso clinico pode representar um pior desfecho por meio da evasao
imune pelas células neoplasicas °. Outros estudos também mostraram que pacientes
com LMA com alta expressao de CD200 tinham SG inferior, em comparacdo com
aqueles pacientes com baixa expressdo de CD200 2324,

Chen et al. (2017) e Aref et al. (2020) mostraram que em sindromes
mielodisplasicas (SMD), um grupo de doencas com proliferacdo clonal de células
hematopoéticas displasicas da medula 6ssea, os pacientes com alto nivel de
expressdo de CD200 tiveram um SG mais curta e uma alta transformacgéo leucémica

do que aqueles com baixa expressédo 2425, O grupo de Tiribelli et al. (2017) observou
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gue os pacientes com alta expressao de CD200 sdo menos propensos a manter a
remissdo completa e podem ter um pior desfecho, com sobrevida maxima de 3 anos
apos o diagnostico. Eles também identificaram uma maior frequéncia da expressao
de CD200 em pacientes com neoplasias positivas para CD34, e pacientes com forte
expresséo de CD200 tiveram uma probabilidade significativamente menor da SG em
comparacdo com aqueles com baixa expresséo de CD200 5. Adicionalmente, Oda et
al. (2017) mostraram que a expressdo de CD200 é aumentada em uma pequena
populacdo de células-tronco de leucemia (LSC) com alta capacidade proliferativa;
LSC com CD200-positivo iniciam e mantém a doenca e séo resistentes a radioterapia
e gquimioterapia ?’.

Em pacientes com LMA que apresenta forte expressdo de CD200 observou-se
uma reducédo na atividade citotoxica das células T de memoaria, quando comparado a
pacientes com baixa expressao de CD200. Da mesma forma, as células T de meméria
CD4-positivas, que produzem TNF-a, IL-2 e IFN-y, sdo reduzidas a quase 50%
nesses pacientes 28. Individuos com a baixa expressdo de CD200 nas células
leucémicas tiveram uma resposta maior ao IFN-y, mesmo quando comparados a
pacientes saudaveis, sugerindo que esta citocina pode desempenhar um papel na
LMA, que é atenuada por CD200 28.Também foi demonstrado que n&do houve
influéncia da expressao de CD200 na frequéncia de células T CD3-positivas, ou seja,
nao ha diminuicdo geral de células T, apenas inibicdo destas em pacientes com forte
expressdo de CD200 28, Além disso, se evidenciou que esta glicoproteina esta
associada com supressao de células T de meméria Th1l por um mecanismo especifico
de antigeno microbiano comum, sugerindo que a expressdo de CD200 pode
exacerbar a suscetibilidade desses pacientes a coinfec¢des, o que acaba dificultando
a recuperacao e causando pior resultado 2°.

Gorczynski et al. (2005) mostraram que o CD200 tem o potencial de induzir a
formacado de células T reguladoras (Treg) (CD4+ CD25+ FoxP3+), um subgrupo de
células T imunossupressoras que sao associadas a pior progndéstico em pacientes
com LMA 30, Coles et al. (2012) corroboram que a expressdo de CD200 tem o
potencial de induzir a formacé&o de células T reguladoras (CD4+ CD25+ FoxP3+). Em
concordancia, Zahran et al. (2018) mostraram que pacientes com super-expressao

de CD200 em células leucémicas tém um nivel elevado de Tregs.
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Coles et al. (2015) mostrou que a ligagdo CD200-CD200R e PD-L1:PD-1 em
células T podem produzir um efeito ainda mais imunossupressor em linfocitos T CD8-
positivos quando expresso em celulas leucémicas, o que tem um significado
importante para LMA que geralmente tém expressdo de CD200 e PD-L1 3. Além
disso, as células de LMA exercem efeitos imunossupressores diretos em células
natural killer (NK) mediados por ligantes imunossupressores ou por fatores solaveis
e induzem os linfécitos T reguladores (Treg) que enfraquecem as respostas das
células NK 32, Uma forte expresséo de CD200 em blastos mieloides esta associada a
uma significativa diminuicdo na frequéncia das células NK, o que acaba suprimindo a
atividade citolitica e a secrecdo de citocinas pré-inflamatorias mediada por essas
células 2. No entanto, a atividade imunolégica das células NK é restabelecida quando
a interacao entre CD200 e seu receptor (CD200R) esta bloqueada, o que pode ter
valor terapéutico em termos da resposta imune 32,

Estudos mostraram que a maioria dos pacientes que expressam CD200 nao
respondeu a terapia de inducdo, o que poderia ser explicado pela supressédo de
células T de memoria e reducéo da atividade das células NK em pacientes com LMA
CD200-positivos, especialmente nas células NK com alta atividade litica 233436,
Assim, um tratamento com base em anticorpos anti-CD200 pode promover resposta
imune e tratamento antitumoral mediado por células T na LMA 33, Também foi inferido
gue uma terapia anti-CD200 poderia ser eficaz em termos de remissédo, quando
aplicado no inicio do repovoamento linfoide e, principalmente, na presenca de células
tronco com expressdo de CD200 2. Assim, a inibicdo de CD200-CD200R foi proposta
como uma ferramenta util para imunoterapia contra o cancer, como ja foi estudado
em casos de LLC e mieloma de células plasmaticas (MCP) 16:37,

A expressdo de CD200 em MCP é um fator prognéstico independente que
poderia representar um novo alvo terapéutico para esses pacientes 8. Alapat et al.
(2012) observou que as células plasmaticas normais eram uniformemente negativas
para CD200; no entanto, CD200 foi expresso por 70% dos casos de MCP, com
intensidades variaveis de fluorescéncia 3¢. No estudo de coorte desenvolvido por
Douds et al. (2014) o CD200 néo foi expresso por células plasmaticas reativas, mas
foi expresso por um grande subconjunto de casos de MCP (73%), semelhante a

outros estudos de imunohistoquimica e citometria de fluxo 3249, Dorfmann et al.
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(2010), em um ensaio de imunohistoquimica, observou que mais de 70% dos casos
de MCP foram positivos para CD200, com intensidades fraca ou moderada .

Olteanu et al. (2012) comparou células plasmaticas de disturbios
imunoproliferativos ndo-mieloma e células plasmaticas da MCP, mostrando que a
proporcdo de casos de MCP com células plasméticas positivas para CD200 foi
significativamente maior do que na gamopatia monoclonal de significancia incerta
(MGUS) (73,0% vs 54,0%, p =0,030). Aléem disso, pode ser que a diferenca na
expressdo de CD200 entre MCP e MGUS esteja relacionada ao risco de pacientes
com MGUS progredirem para PCM ou distlrbios relacionados 4. E, portanto,
concebivel que os pacientes com MGUS sem CD200 sejam menos propensos a
progredir para MCP.

Em 2006 foi demonstrado que a maioria dos pacientes com MCP e com
expressao negativa para CD200 teve maior sobrevida livre de eventos (SLE) apés o
transplante de células-tronco autologas, comparado aqueles com expressao positiva
para CD200 8, Por outro lado, Aberuyi et al. (2012) ao avaliar 52 pacientes com MCP
(principalmente casos poés-tratamento) identificaram casos negativos para CD200,
como o subtipo proliferativo de MCP significativamente mais prevalente (definido por
expressao génica), e este subtipo foi associado a um desfecho clinico insatisfatorio.
Em outras palavras, MCP CD200-positivo parece ter um desfecho melhor do que
casos CD200-negativos #2. Em contraste, a expressédo de CD200 néo foi associada a
uma mudanca na SG e sobrevida livre de progressao (SLP), seja quando todos os
pacientes foram incluidos ou quando apenas pacientes com diagndstico recente
foram analisados 3°. Aref et al. (2017) ilustrou que os pacientes com MCP CD200-
negativo tiveram melhores SLP e SG em comparacdo aqueles positivos para a
expressdo de CD200 3.

Shi et al. (2020) confirmaram que a expressao negativa de CD200 previu um
melhor resultado em pacientes com MCP recém-diagnosticados. Digno de nota, a
expressao positiva de CD200 foi relacionada ao estégio clinico avancado (R-ISS IIl),
em comparagao com os anteriores (R-ISS | e II) 44, Além disso, o efeito de diferentes
estratégias de inducéo na SLP de pacientes com expressao de CD200, mostrando
gue ndo importa o tipo de tratamento que os pacientes recebem, a expresséo de
CD200 pode ser usada como um marcador de prognéstico 3. Também, os autores

compararam a expressao de CD200 juntamente com fatores progndésticos
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convencionais de alto risco e, como resultado, a expressao negativa de CD200 foi
identificada como um preditor independente de SG, em andlise multivariavel.
Observou-se ainda que a perda de expresséo de CD200 previu um resultado superior
e uma melhor resposta terapéutica no decurso da doenga “3. Olteanu et al. (2011)
avaliaram a expressdo de CD200 utilizando citometria de fluxo e imunohistoquimica
em amostras de 76 pacientes com MCP (44 recém-diagnosticados e 32 individuos
previamente tratados) e confirmaram o pior SLE em casos CD200-positivos 4.

Alguns pesquisadores tém proposto o uso da terapia anti-CD200 em doencas
onde h& uma hiper-expressédo dessa glicoproteina. Um estudo envolvendo criangas
com diagnéstico de leucemia linfoblastica aguda de células B (LLA-B) investigou o
uso de anticorpos anti-CD200, uma vez que eles bloqueiam sua interacdo com o
CD200R, mas néo induzem diretamente a morte celular 6. Uma vez que a conexao
CD200-CD200R é impedida, a evaséo do tumor por esta via também é anulada 5. O
bloqueio do CD200 com um anticorpo que evite as interagdes CD200-CD200R e que
direcione a citotoxicidade contra o tumor através de vias celulares ou por vias
mediadas pelo complemento, gerando potencialmente células lisadas como
imundgenos, parece ser a melhor maneira de desenvolver um candidato anti-CD200,
porém a expressado de CD200 em outros tecidos normais sugere o contrario /. Assim,
um agente que apenas evite que o CD200, na superficie das células tumorais, interaja
com o receptor em macrofagos e células dendriticas pode ser a melhor abordagem
terapéutica 1’.

Recentemente, um estudo de fase 1 foi realizado para avaliar a marcacéo do
ponto de verificacdo imune CD200-CD200R utilizando um anticorpo monoclonal anti-
CD200 (samalizumab; ALXN6000) em pacientes com LLC e MCP #’. Embora a
expressdo de CD200 em células-tronco hematopoéticas (HSCs) normais aumenta o
potencial para efeitos fora do alvo, os pacientes neste estudo de determinacéo de
dose ndo experimentaram efeitos adversos hematoldgicos, sendo que a dose maxima

tolerada néo foi atingida ’.

1.2CD43

O CD43 ou sialoforina, primeiro identificada por Brown em 1981, é uma

proteina transmembrana expressa na superficie da maioria das células
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hematopoiéticas (incluindo linfocitos T) e células tumorais de leucemias e neoplasias
sOlidas. A expressdo de CD43 por imunohistoquimica € usada para identificar
neoplasias hematolinféides e possui valor diagnostico na confirmacdo da origem
celular, incluindo aquelas neoplasias pouco diferenciados ou CD45-negativo 48.

CD43 carrega uma regido N-terminal extracelular fortemente O-glicosilada 4°
que se liga a molécula de adesdo intercelular-1 (ICAM- 1) ° e aumenta a ativacdo de
células T especificas do antigeno 5!, Esta glicoproteina pertence a familia das
mucinas associadas a células °2 e foi proposto que a estrutura estendida das mucinas
e sua carga negativa podem fornecer uma barreira repulsiva ao redor da célula,
limitando fenémenos inespecificos de adesao 3. Varios estudos indicam que, devido
a sua estrutura rigida e grande carga negativa da parte extracelular, o CD43 impede
a interacdo dos receptores de superficie com seus ligantes, agindo como uma
molécula anti-aderente que regula negativamente a adeséo e o homing das células T
54—57_

O dominio citoplasméatico de CD43 interage com proteinas do citoesqueleto e
regula uma variedade de vias de transducdo de sinal intracelular envolvidas na
ativacdo celular, proliferagdo e sobrevivéncia 52. Notavelmente, o cross-linking de
CD43 induz apoptose das células progenitoras hematopoiéticas humanas, mas nao
das células-tronco %8. Adicionalmente, em células T e mondcitos, o cross-linking de
CDA43 estimula a proliferacéo via proteina quinase C (PKC) °°.

O papel fisiolégico dessa proteina, apesar de bem estudado, ainda é pouco
compreendido. Ela esta envolvida na ontogenia das células T e provavelmente na
atividade dessas células apds a maturacao. Estudos recentes tém mostrado a relacao
entre a expressdo do CD43 e a tumorigénese, principalmente de neoplasias
hematoldgicas. Sua coexpressdo em células CD5+/CD20+ esta associada a um
papel preditivo de malignidade e mau prognostico em linfomas difusos de grandes
células B . No entanto, o0 CD43 desempenha um papel na ativacdo de linfécitos T,
mondcitos, células B e linfocitos citotoxicos, sendo uma das moléculas mais
abundantes na superficie das células T, e dados de modelos animais sugerem que
ele participa da migracéo de células T virgens para locais inflamatérios 5. O CD43 é
geralmente expresso em células T, mas sua expressao pode caracterizar um pior

progndstico em um processo neoplasico.
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Embora as fungdes de CD43 na resposta imunologica tenham sido bem
descritas 6%, o papel desta sialomucina na biologia tumoral comeca apenas a ser
elucidada. Tem sido sugerido que, semelhante a Notch (via de sinalizacdo celular),
em tumor de colon humano as células CD43-positivo sofrem uma clivagem
proteolitica que resulta na translocacdo de seu dominio intracelular para o nucleo,
onde interage com B-catenina e TCF (fator de células T) promovendo a expressao de
c-Myc e ciclina D, e levando a proliferagédo celular 62. Além disso, a interacéo de CD43
com ICAM-1 ou E-selectina nos estagios finais de desenvolvimento do tumor promove
metastases 3. No entanto, os mecanismos por meio dos quais o CD43 contribui para
0 processo de transformacgao e desenvolvimento do tumor permanecem, em grande
parte desconhecidos 6.

Outros estudos tém demonstrado a relacéo entre a expressdo de CD43 e a
tumorigénese, especialmente de neoplasias hematoldgicas %6, Ao contrario do
tecido soélido, onde CD43 é negativo em células B normais ¢/, no sangue periférico,
um subconjunto normal (13-23%) de células B é CD43 positivo 8. No contexto de
neoplasias de células B, sua negatividade suporta o diagnéstico de linfoma folicular,
enquanto sua positividade pode ser observada em uma variedade de disturbios de
células B, como a LLC, o linfoma de células do manto, o linfoma de zona marginal, o
linfoma linfoplasmocitério e o linfoma difuso de grandes células B, onde também foi
correlacionado com um pior prognéstico 6969,

Alguns estudos demonstraram inequivocamente a expressao de CD43 em
linhagens de células de carcinoma do célon humano (COLO 205) nos niveis de
proteina e de mRNA 79, Alguns pesquisadores descobriram que o CD43 foi expresso
em todos os adenomas do colon e em cerca de 50% dos adenocarcinomas, sugerindo
um papel importante para o CD43 na tumorigénese do célon . Eles sugeriram que a
expressado aberrante de CD43 durante a tumorigénese do colon pode prejudicar a
apoptose e isso pode estar envolvido no desenvolvimento de cancer "%72,

Apesar de sua abundancia em células T, a funcdo precisa do CD43 permanece
indefinida. As células T de camundongos CD43-/- exibem proliferacdo e adesédo
aumentadas in vitro 374 e respostas imunes aumentadas in vivo °. De forma
surpreendente, o CD43 é excluido da sinapse imune de células T ativadas 7® e
frequentemente se localiza em um complexo de proteinas distal ao local de contato

da célula apresentadora de antigeno (APC), referido como complexo de pélo distal
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(DPC) 77:78, Vérios grupos relataram que a falha em excluir CD43 resulta na inibicéo
da producéo de IL-2 7°8%, Com base nesses dados, o0 CD43 foi caracterizado como
um regulador negativo da fungéo das células T 8,

A hipotese prevalecente para explicar o mecanismo de regulacdo negativa
mediada por CD43 era que o dominio extracelular de CD43 agia como uma barreira
para as interacdes célula a célula 545573, No entanto, alguns estudos demonstraram
gue o dominio citoplasmatico ndo € apenas necessario, mas também suficiente para
0 movimento de CD43 para longe da sinapse imunologica, bem como para a
atenuacdo mediada por CD43 da proliferacdo de células T e adesdo homotipica
74778081 Estes dados sublinham uma funcéo critica para a cauda citoplasmatica de
CD43 na regulacgédo da proliferacéo e adeséo de células T &L

Apesar do progresso significativo na elucidacdo da funcdo da cauda
citoplasmatica do CD43, ndo ha uma funcdo bem definida para seu dominio
extracelular 8%, As regiGes transmembrana e citoplasmatica de CD43 sdo altamente
conservadas, auxiliando o papel de CD43 na transducéo de sinal 8283, A fosforilacéo
de S 76 do dominio citoplasmatico de CD43 é necessaria para o trafego de células T,
demonstrando ainda que CD43 requer sua cauda citoplasmatica altamente
conservada para desempenhar suas funcdes de molécula co-receptora 8. A regido
justamembrana tem uma extensdo de aminoacidos basicos que se ligam as proteinas
ligantes do citoesqueleto ezrina, radixina e moesina (ERM) 8. Essa associagdo é
necessaria para a exclusdo de CD43 da sinapse imunolégica de células T ativadas
7,79 bem como sua localizacdo no sulco de clivagem de células T em divisdo 8.
Curiosamente, embora a atenuacao da proliferacdo de células T mediada por CD43
requer uma cauda citoplasmatica intacta, ela é independente da associacdo de CD43
com proteinas ERM &, Isso sugere que estdo envolvidos neste processo elementos
estruturais adicionais dentro da cauda citoplasmatica 8.

Uma visao topologica das interacdes célula T-APC foi proposta, sugerindo que
0 CD43 pode ser uma proteina reguladora da superficie celular, que amortece as
respostas das células T por sua presenca fisica ’6. Essa hipétese poderia ser apoiada
pelo fato de que CD43 é excluido da sinapse imunoldgica durante a ativacdo de
células T 7679, Além disso, CD43 também demonstrou desempenhar um papel na
ativacdo de células T. Ainda, alguns estudos mostraram que o CD43 transduz

multiplos sinais de ativagdo que, em ultima analise, induzem a expressao de alguns
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genes durante a ativacdo das células T 827 e desempenha um papel coestimulador
in vitro e in vivo 7188, Em contraste, outros estudos sugerem que as células T CD43
sdo hiperproliferativas in vitro 37 e a expressdo de CD43 foi demonstrada ser um

marcador que distingue entre células T de memodria e efetoras 88,
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2. Justificativa

Os marcadores CD200 e CD43, em associacdo com 0s outros marcadores do
painel imunofenotipico padrdo, s&o Uuteis na diferenciacdo de doencas
linfoproliferativas B de células maduras &°, principalmente em leucemia linfocitica
cronica e linfoma de manto. Pouco se sabe sobre sua expressdao em outras
neoplasias hematoldgicas, principalmente nas neoplasias das linhagens T e a maioria
dos estudos sobre a expressdo desses marcadores enfoca sua expressdo na
populacédo europeia, sem dados brasileiros conhecidos. Considerando a propriedade
imunossupressora do CD200 e a provavel associa¢do de ambas as proteinas na piora
do prognéstico do paciente, a avaliacdo da expressdo de CD200 e CD43 em
diferentes neoplasias linfoides da linhagem T pode auxiliar no diagndstico, além de
haver utilidade no monitoramento do tratamento avaliando a presenca de doenca

residual minima.
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4. Objetivos

4.1. Objetivo principal

- Avaliar a expressao de CD200 e CD43 em células de doencas linfoproliferativas da

linhagem T.

4.2. Objetivos especificos

- Realizar revisdo bibliografica sobre o papel de CD200 nas diversas doencas
hematolégicas nas quais sua expressao nao é bem estabelecida;

- Estabelecer uma relacdo entre a expressdo dos marcadores CD200 e CD43 em
células de doencas hematoldgicas;

- Avaliar a expressdo de marcadores CD200 e CD43 em células T imaturas e
maduras;

- Caracterizar a expressdo de CD200 e de CD43 de acordo com a patologia e
relacionar com parametros celulares periféricos e medulares;

- Avaliar a intensidade média de fluorescéncia de CD200 em neoplasmas linfoides de

células precursoras e de CD43 em neoplasmas de células maduras.
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5. Artigos cientificos

O estudo desenvolvido durante os dois anos de mestrado gerou resultados que
sdo apresentados em duas publicacdes, uma revisdo sobre o marcador CD200 nas
diferentes neoplasias hematolégicas (DOI: 10.1016/j.critrevonc.2021.103509),
publicada na revista Critical Reviews in Oncology/Hematology, cujo fator de impacto
€ 6.312 e possui qualis A1. O segundo artigo, original com os resultados das analises
feitas neste periodo, foi submetido para o periédico Leukemia Research, cujo fator de

impacto € 3.715 e possui qualis A3.

5.1. Artigo original

Original article

Diagnostic Hematology

CD200 expression in T-cells neoplasms

Running head: T-cells neoplasms: CD200 expression

ABSTRACT

Background: T cell neoplasms are clonal T cell tumors at various maturation stages
that are relatively uncommon and account for 12% of non-Hodgkin's lymphomas.
CD200 (or OX-2) is a glycoprotein whose expression in neoplasms seems to be
associated with a worse prognosis. CD200 expression would characterize an aberrant
immunophenotype, as well as a worse prognosis in neoplastic processes and
contributes to residual disease evaluation. Our aim was to evaluate the expression of
CD200 on precursor lymphoid and mature T cell neoplasms and its diagnostic utility.

Methods: Through a cross-sectional study, we evaluated the expression of CD200 in

T-lineage lymphoproliferative disease cells using the flow cytometry technique. We
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used 34 samples of bone marrow and 20 samples of peripheral blood obtained for
convenience in a laboratory specialized in the diagnosis of hematological diseases in
Porto Alegre (Brazil) between 2017 and 2020.

Results: In 54 samples of T-cell neoplasms analyzed, CD200 was detected in 20 of
them. Of these, 16 (84.2%) were diagnosed with precursor lymphoid neoplasms
(P=0.01). CD200 positive samples also presented laboratory data such as
leukocytosis, anemia and thrombocytopenia.

Conclusion: CD200 expression proved to be a common finding in T-cell acute
lymphoblastic leukemia (T-ALL) and Early T-cell precursor Acute Lymphoblastic

Leukemia (ETP-ALL).

Key words: CD200, T cell neoplasm, lymphoproliferative disease.

Introduction

In humans, B, T and NK lymphocytes have the same progenitor cell, but it is the
stimuli they receive throughout their maturation that define which cells they will
differentiate into. T cell precursors leave the bone marrow and enter the thymus,
where they continue their differentiation program that includes the rearrangement of
genes responsible for T cell receptors (TCR). In the thymus, these CD7+ T cell
precursors undergo a maturation process that results in the formation of a repertoire
of functional T cell. Similar to what happens with B lymphocytes, T lymphocytes
acquire, maintain, or lose markers, including CD2, CD1, CD5, CD4, CD8, CD3, which
allow the characterization of different stages of maturation?.

The CD34+/CD7+ T cell precursor from bone marrow or fetal liver migrates to the

subcapsular layer of the thymic cortex and rapidly expresses CD2 and CD5.
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Thymocytes in the medullary layer of the thymus form two subpopulations: CD4+CD8-
cells and CD4-CD8+ cells, both expressing CD3/TCR-afB. Alternatively, the
CD34+/CD7+ T cell precursor can differentiate into CD4-/CD8- cells that express TcR-
yd. Then three types of mature thymocytes (T-a CD4, T-ap CD8, and T-yd) migrate
into the blood and secondary lymphoid organs. TCR-af3 is expressed in 90 to 95% of
circulating T lymphocytes, while TCR-yd appears in 5 to 10%. The TCR coexists in
the membrane in close association with CD3 and, when it encounters its specific
antigen, it sends a signal to the interior of the cell, triggering a sequence of
mechanisms activation that culminates in the proliferation of T lymphocytes®.

The group of T-cell neoplasms includes T-lymphoblastic leukemia/lymphoma (T-
ALL) and mature T-cell neoplasms?. For the diagnosis of T-lineage neoplasms, the
identification of aberrant cells is based not only on the absolute or relative numerical
distribution among the total number of cells present in the sample, but mainly on the
identification of specific and considered abnormal immunophenotypic profiles, which
can be differentiated from normal or reactive patterns, as well as the identification of
clonality®+.

CD200 (OX-2) is a type | transmembrane glycoprotein of about 45 kDa encoded
by the MRC gene (Mannose Receptor C-Type 1). It is naturally expressed in platelets,
endothelial cells, central and peripheral nervous system cells, neoplastic cells from a
variety of solid tumors, B cells, T cell subsets and myeloid cells where its role is to
protect immunoprivileged sites and promote peripheral tolerance®. CD200 has no
known intracellular signaling, but induces immunosuppression by binding to CD200R,
an inhibitory receptor of the immunoglobulin superfamily, that is mainly expressed in
myeloid cells and T cell subsets and promotes a suppressive effect on the immune-

mediated response of T cells and favors tumor growth®7.
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CD200 has a significant role in B cells mature neoplasms, as seen in mantle cell
lymphoma and chronic lymphocytic leukemia (CLL). It is known that the gene that
codes for CD200 is present on chromosome 3q13.2 and gain of chromosome 3 or 3q
has already been observed in patients with and in those with marginal zone B-cell
lymphoma, suggesting that the upregulation may, in some cases, be due to CD200
duplication within the B cell®.

CD200 has been identified as a poor prognostic marker in acute myeloid leukemia
(AML) and plasma cell myeloma (PCM) and has been associated with the progression
of several carcinomas (head and neck, renal and colon carcinoma) probably due to
its immunosuppressive effect®. CD200 is not normally expressed on T cells present in
peripheral blood and bone marrow, so its expression would characterize an aberrant
immunophenotype. Few studies have evaluated CD200 expression in T cell
neoplasms however, it appears to be a good immunophenotypic marker for
angioimmunoblastic T-cell ymphoma??. Staub et al. (2021) performed a bibliography
review toward to the expression of CD200 and the many types of hematological
malignancies, such as AML and PCM. In this review article, it becomes clear that
many authors suggest that CD200 might have an role as a poor prognostic biomarker
in both entities!?.

The aim of our study was to evaluate the expression of CD200 on precursor
lymphoid and mature T cell neoplasms to identify whether this marker would have

diagnostic utility for these entities.

Methods
Study population
We conducted a cross-sectional study of people diagnosed with T neoplasms in a

reference laboratory in the south of Brazil, from November 2017 to December of 2018
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and again in December 2019 to October 2020. The exclusion criteria were diagnosis
of any other hematologic disease. The inclusion criteria were diagnosis of any disorder

of T cells. Laboratory data were obtained in reports provided by the medical assistants.

Laboratory analysis

The monoclonal antibodies used to evaluate the markers of interest and also to
identify the aberrant population were distributed using the following fluorescences:
anti-human CD2 PE/APC/PB (clone LT2 or 39C1.5), anti-human CD3
PE/PercP/APC/APC-AF750/PB (clone UCHT1), anti-human CD5 FITC/PC5.5/APC
(clone CRIS1 or BLAla), anti-human CD7 FITC/APC/APC-AF700 (clone MEM-186 or
8H8.1), anti-human CD16 APC/PB (clone 3G8), anti-human CD56 PE/APC-AF700
(clone MEM-188 or N901), anti-human CD200 PE/PC7/APC (clone OX-104) and anti-
human CD43 FITC/PE/BV650 (clones MEM-59, DFT1 or HIT2). All monoclonal
antibodies were purchased from EXBIO® (Praha, CZ), BD Biosciences (San Diego,
USA) or Beckman Coulter (Brea, CA, EUA).

Flow cytometry immunophenotyping procedures were performed according to the
following protocol*?: about 500,000 cells from whole blood or bone marrow samples
anticoagulated with EDTA were incubated with the fluorochrome-conjugated
monoclonal antibodies (MoAb) for 20 minutes in the dark, at room temperature. Red
blood cells were lysed by incubation with Excellyse | (EXBIO®, Praha, CZ), followed
by incubation with distilled water. Samples were washed and resuspended in
phosphate-buffered saline (PBS). All reagents were used in accordance with the
manufacturer’s instructions. All samples were processed within 48h of collection®s.
Immediately after the preparation, samples were acquired on a 4-color BD

FACSCalibur flow cytometer using CellQuest™ Pro software (BD Biosciences, San
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Diego, CA, USA) or on a 13-color DxFlex flow cytometer using CytExpert software
(Beckman Coulter, Brea, CA, EUA). About 100,000 events per sample were obtained.
Reproducibility of fluorescence intensities was preserved by calibration and daily

quality control procedures.

Assessment of CD200 expression

Kaluza Analysis software version 2.1 (Beckman Coulter, Brea, CA, EUA) was used
for data analysis. For the gating strategy, debris were removed and neoplastic cells
were initially selected based on their forward scatter (FSC) and side scatter (SSC)
distribution. Neoplastic cells were further identified by expression of the markers for T
cells described above. Percentages of expression and, when possible, mean
fluorescence intensities (MFI) of CD200 was recorded. Evaluation of CD200
expression was classified as negative and positive. For MFI comparison, a ratio was
calculated!* because CD200 was tested on different fluorochromes over the years due
to alterations in the immunophenotyping panel and migration from a 4-color flow

cytometer to a 13-color instrument.

Statistical Analysis
Medians and interquartile ranges for each MFI of MoAb were calculated. The chi-
squared, Fisher exact, Mann-Whitney and Kruskal-Wallis tests were used to calculate
the statistical significance of differences between groups. Differences were considered
significant when the P-value <0.05. All statistical analyses were performed using the

Statistical Package for the Social Sciences v. 18.0 software (SPSS, Chicago, USA).

Ethical Aspects
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This study was approved by the Research Ethics Committee of the Institution
(CAAE: 80989617.4.3005.5345) and was conducted in accordance with the
Declaration of Helsinki and current laws in Brazil. Written informed consent was
deemed unnecessary after the signature of a commitment term for the use of biological
material and associated information by researchers. Only waste samples of blood and
bone marrow were used for analysis. No sample collection was performed exclusively

for the study.

Results

Analysis was made in 52 samples from patients diagnosed with T cell neoplasms
(Table 1). The mean age was 30.5 (+19.8) years for those patients diagnosed with
precursor lymphoid neoplasms (n = 20) and 58.2 (x17.5) years for those with mature
neoplasms (n = 32). The individuals were predominantly male for both precursor
lymphoid and mature neoplasms, with 75.0% (n=15) and 59.4% (n=19), respectively.
Most samples were bone marrow (60.0%, n=12) for precursor lymphoid neoplasms
and peripheral blood (71.9%, n=23) for mature neoplasms.

The most common precursor lymphoid neoplasm was T-ALL (25.9%, n=14)
followed by early T-cell precursor lymphoblastic leukemia (ETP-ALL) (11.1%, n=6),
both with a percentage of blasts greater than 65.0. There was no case of NK-cell
lymphoblastic leukemia/lymphoma (NK-ALL). The most prevalent mature neoplasm
was Peripheral T-cell Lymphoma, not otherwise specified (PTCL-NOS) (22.2%, n=12).
Sample characteristics are shown in Table 2.

CD200 was studied in all samples and was expressed in 20 cases (38.5%). In
precursor lymphoid neoplasms, 80.0% (n=16) of cases were CD200-positive, while in
mature neoplasms 93.7% (n=30) of cases were CD200-negative (P=0.001) (Figure

1A). In CD200-positive cases, 85.0% (17/20) presented leukocytes > 11,000/uL
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(Figure 1B). Also, 73.7% (14/19) presented > 20% blasts (Figure 1C, p < 0.001) and
among these, 50.0% (9/18) presented a negative expression for CD34, a well-known
immaturity marker. In addition, 77.7% (14/18) presented Hb < 12 g/dL (P=1.0) (Figure
1D) and 88.9% (16/18) presented platelet < 150,000/uL (P=1.0) (Figure 1E). MFI ratio
of CD200 was high (>10) in 42.9% of the cases where it was positive and half of them
are among the precursor lymphoid neoplasms (P=0.473). The CD200 MFI ratio in T-

ALL was 12.6 and in ETP-ALL, 27.4 (P=0.055) (Figure 2).

Discussion

In our study, there was a prevalence of CD200 expression in T-ALL cases,
whereas most of mature T cell neoplasms did not express CD200. In order to specify
diagnostic methods, as well as to seek better maturational differentiation of these cells
among the various types of hematological tumors, the discovery of new markers is of
high importance. In addition to characterizing an aberrant T cell marker, the expression
of CD200 may provide relevant information regarding the prognosis for these patients.

According to the 2017 WHO classification of tumors of hematopoietic and lymphoid
tissues, T-ALL and ETP-ALL are more common in male adolescents and young adults
while most mature T-cell ymphomas are more common in men over 40 years!. Zago
et al. (2013) argues that precursor lymphoid neoplasms have two peaks of incidence,
one between two and five years old and the other around 30 to 40 years old*. Longo
et al. (2015) points out that peripheral T cell diseases usually have a latency period
and develop after the age of 50 years, predominantly in male individuals'®. These data
corroborate with the mean age and the sex distribution we observed in our sample for
both groups of disorders.

The most common T cell mature neoplasm in the adult population is PTCL-NOS,

with a global incidence of 25.9%?2 being the most frequent lymphoma subtype in North
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America and Europe’®, while in South America approximately 15% to 20% of
lymphomas are diagnosed as PTCL'’. Whereas, T-ALL is a less common precursor
lymphoid neoplasm, accounting for approximately 25.0% of adult diagnoses of ALLZ.
These data corroborate with the prevalence observed in our patients. Peripheral blood
is usually the sample of choice to perform a diagnostic test for mature proliferative
diseases since in most cases these tumors are peripheral and blood collection is safer
and simpler for such diagnosis. However, only bone marrow aspiration and biopsy are
the definitive diagnostic tests to confirm the diagnosis of acute disorders, as these
tumors are usually concentrated in the bone marrow.

Since CD200 expression is not normal or expected in T cells, mature or immature,
there are very few studies mentioning it's occurrence. We found a significant
association between its expression and precursor lymphoid neoplasms as well as its
negativity and mature neoplasms. Acute leukemias tend to be more aggressive than
chronic leukemias in the adult population and, considering the well-established role of
CD200 in tumor evasion in AML and PCM, which has been associated to worse
prognosis®!-20 it is somewhat expected that T-ALL and ETP-ALL had the higher
incidence of CD200 expression. According to Zago et al. (2013), adults diagnosed with
acute leukemia presents overall survival (OS) of 20-30% over five years!. Studies
involving patients diagnosed with AML showed that those with higher CD200-
expression were found to have inferior OS (three months) compared to those patients
with lower CD200-expression (eigth months) (P = 0.049)2%.22,

We observed that half of all T-ALL cases with CD200 expression had negative
expression for CD34, a known marker of immature cells. Those CD34-negative cases
had stronger CD200 expression when compared to those expressing CD200 and

CD34. Damiani et al. (2015) showed that more than 70% of patients with AML
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presented positive expression of CD34 with a concomitant expression of CD200%,
Tiribelli et al. (2017) also identified a higher frequency of CD200 expression in patients
with CD34 expression in AML?0.

It is well known that precursor lymphoid neoplasms, both of B cells and of T cells,
lead in most cases to leukocytosis, anemia, and thrombocytopenia due to bone
marrow failure!®. Patients diagnosed with T-ALL usually have a very high WBC count
in addition to other signs such as a mediastinal mass and pleural effusion. In contrast,
most mature neoplasms, both B-cell and T-cell, lead to leukocytosis but do not lead to
serious anemia or thrombocytopenia as seen in those precursor lymphoid cases. The
occurrence of anemia, leukocytosis and thrombocytopenia is due to the underlying
disease and not to the expression of a marker.

Indeed, some studies have evidenced the effect of CD200 on T cells, tangent to
the immunosuppressive effect. In the murine model, the bond between CD200-
CD200R (i) reduces cytokines production mediated by Thl-type T cell, such as IL-2
and INF-y, (ii) increases cytokines production mediated by Th2-type T cell, such as IL-
10 and IL-4 and (iii) promotes in vitro differentiation of T cells into
CD4+CD25+FoxP3+Treg lymphocytes?4.

CD200 is thought to induce Tregs that inhibit the immune response of tumor-
specific effector T cells?%. In contrast, Treg levels were not correlated with CD200-
expressing T cells?®. In future studies, this incongruity could be solved by studying
bone marrow or Ilymph node samples, which better reflects the tumor
microenvironment. A recent study found in an animal model using hepatocellular
carcinoma cells that CD200R inhibitor suppressed the growth of tumors and
decreased the levels of Th17 and Treg in peripheral blood?6. Tregs constitutively

express the intracellular transcription factor Foxp3 (that is increased in tumor tissues),
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which CD200R inhibitor decreased the level®®. Gorczynski also demonstrated that
anti-CD200R monoclonal antibodies promote the development of dendritic cells and
have the capacity to induce regulatory T cells and directly augment Tregs production
in the thymus?4,

Th1 cytokines are required for efficient cytotoxic T cell function?” and an increased
cell surface expression by tumor cells of the costimulatory molecule CD200 is
sufficient to prevent a Thl response, thereby altering the cytokine milieu surrounding
tumor cells, including cytokines such as IL-2 and IFN-y?8. Interaction of CD200 as a
cell-bound ligand with its receptor on macrophages has been shown to perturb
immune function and shift immune responses from a Thl toward a Th2 cytokine
profile?®. Because the progression of many cancer types (including various
lymphomas, renal carcinoma, prostate carcinoma, cervical carcinoma, lung carcinoma
and melanoma) has been correlated with this shift from Thl to Th2 cytokines,
strategies to reverse this shift are believed to be therapeutically beneficial?®3. Current
data indicate that up-regulation of CD200 may be a mechanism used by CLL tumor
cells to evade eradication by the immune system and the monoclonal antibody
blockade of CD200 interaction with its receptor restores a Thl cytokine profile?,
perhaps this could also be applied for CD200 expressing T cell neoplasms.

Our study has limitations. The major one is a small sample size and the

impossibility of performing the quantitative evaluation of MFI for some cases.

Conclusion

The CD200 expression as assessed by flow cytometry immunophenotyping proved
to be a common finding in T-ALL and ETP-ALL, whereas this marker was not
expressed in most mature T neoplasms, suggesting that it may be a helpful marker in

the differential diagnosis of those distinct entities, Then, its inclusion in pre-established
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marker panels from the hematological community could be considered. Deeper and

more robust studies are required, but it cannot be ruled out that these markers may

help the differential diagnosis in T lymphocyte diseases.

References

1.

10.

11.

12.

Zago MA, Falcdo RP, Pasquini R. Hematologia: Fundamentos e Pratica. Ed.
Atheneu; 2013.

Swerdlow SH, Campo E, Harris NL, et al. World Health Organization
Classification of Tumours Haematopoietic and Lymphoid Tissues.; 2017.

Van Dongen JJM, Lhermitte L, Béttcher S, et al. EuroFlow antibody panels for
standardized n-dimensional flow cytometric immunophenotyping of normal,
reactive and malignant leukocytes. Leukemia. 2012;26(9):1908-1975.
doi:10.1038/leu.2012.120

Craig FE, Foon KA. Flow cytometric immunophenotyping for hematologic
neoplasms. Blood. 2008;111(8):3941-3967. doi:10.1182/blood-2007-11-120535

Barclay AN, Wright GJ, Brooke G, Brown MH. CD200 and membrane protein
interactions in the control of myeloid cells. Trends Immunol. 2002;23(6):285-
290. d0i:10.1016/S1471-4906(02)02223-8

Dorfman DM, Shahsafaei A. CD200 (OX-2 membrane glycoprotein) expression
in B cell-derived neoplasms. Am J Clin Pathol. 2010;134(5):726-733.
doi:10.1309/AJCP38XRRUGSQOVC

Liao KL, Bai XF, Friedman A. The role of CD200-CD200R in tumor immune
evasion. J Theor Biol. 2013;328:65-76. d0i:10.1016/j.jtbi.2013.03.017

Kretz-Rommel A, Bowdish KS. Rationale for anti-CD200 immunotherapy in B-
CLL and other hematologic malignancies: New concepts in blocking immune
suppression. Expert Opin Biol Ther. 2008;8(1):5-15.
doi:10.1517/14712598.8.1.5

Moreaux J, Veyrune JL, Reme T, De Vos J, Klein B. CD200: A putative
therapeutic target in cancer. Biochem Biophys Res Commun. 2008;366(1).
doi:10.1016/j.bbrc.2007.11.103

Dorfman DM, Shahsafaei A. CD200 (OX-2 Membrane Glycoprotein) is
Expressed by Follicular T Helper Cells and in Angioimmunoblastic T-cell
Lymphoma. Am J Surg Pathol. 2011;35(1):76-83.

Staub RB, Marcondes NA, Rotta LN. CD200 expression in hematopoietic
neoplasms: Beyond a marker for diagnosis of B-cell neoplasms. Crit Rev Oncol
Hematol. 2021;167(August). doi:10.1016/j.critrevonc.2021.103509

Arlindo EM, Marcondes NA, Fernandes FB, Faulhaber GAM. Quantitative flow
cytometric evaluation of CD200, CD123, CD43 and CD52 as a tool for the

47



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

differential diagnosis of mature B-cell neoplasms. Rev Bras Hematol Hemoter.
2017;39(3):252-258. d0i:10.1016/j.bjhh.2017.05.002

Davis BH, Dasgupta A, Kussick S, Han J-Y, Estrellado A, on behalf of
ICSH/ICCS Working Group ; Validation of cell-based fluorescence assays:
practice guidelines from the ICSH and ICCS — part Il — preanalytical issues.
Cytom Part B Clin Cytom. 2013;84(5):286-290.
doi:https://doi.org/10.1002/cyt0.b.21105

Bohling SD, Davis E, Thompson K, Kussick SJ, Love J. Flow cytometric analysis
of CD200 expression by pulmonary small cell carcinoma. Cytom Part B Clin
Cytom. 2016;90(6):493-498. doi:https://doi.org/10.1002/cyto.b.21340

Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J.
Hematologia e Oncologia de Harrison.; 2015.

Siaghani PJ, Wong JT, Chan J, Weisenburger DD, Song JY. Epidemiology and
Pathology of T- and NK-Cell Lymphomas. Springer International Publishing
doi:10.1007/978-3-319-99716-2

Pombo De Oliveira MS, Loureiro P, Bittencourt A, et al. Geographic diversity of
adult t-cell leukemia/lymphoma in Brazil. Int J Cancer. 1999;83(3):291-298.
doi:10.1002/(sici)1097-0215(19991029)83:3<291::aid-ijc1>3.3.c0;2-g

Tonks A, Pearn L, Musson M, et al. Transcriptional dysregulation mediated by
RUNX1-RUNX1T1 in normal human progenitor cells and in acute myeloid
leukaemia. Leukemia. 2007;21(12):2495-2505. doi:10.1038/sj.leu.2404961

Memarian A, Nourizadeh M, Masoumi F, et al. Upregulation of CD200 is
associated with Foxp3+ regulatory T cell expansion and disease progression in
acute myeloid leukemia. Tumor Biol. 2013;34(1):531-542. doi:10.1007/s13277-
012-0578-x

Tiribelli M, Raspadori D, Geromin A, et al. High CD200 expression is associated
with poor prognosis in cytogenetically normal acute myeloid leukemia, even in
FIT3-ITD-/NPM1+ patients. Leuk Res. 2017;58(February):31-38.
doi:10.1016/j.leukres.2017.04.001

Zahran AM, Mohammed Saleh MF, Sayed MM, Rayan A, Ali AM, Hetta HF. Up-
regulation of regulatory T cells, CD200 and TIM3 expression in cytogenetically
normal acute myeloid leukemia. Cancer Biomarkers. 2018;22(3).
doi:10.3233/CBM-181368

Aref S, Abousamra N, El-Helaly E, Mabed M. Clinical Significance of CD200 and
CD56 Expression in Patients with Acute Myeloid Leukemia. Asian Pacific J
Cancer Prev. 2020;21(3). d0i:10.31557/APJCP.2020.21.3.743

Damiani D, Tiribelli M, Raspadori D, et al. Clinical impact of CD200 expression
in patients with acute myeloid leukemia and correlation with other molecular
prognostic factors. Oncotarget. 2015;6(30):30212-30221.
doi:10.18632/oncotarget.4901

Gorczynski RM, Lee L, Boudakov I. Augmented induction of CD4+CD25+ treg
48



25.

26.

27.

28.

29.

30.

using monoclonal antibodies to CD200R. Transplantation. 2005;79(4):488-491.
doi:10.1097/01.TP.0000152118.51622.F9

Ercetin AP, Aktas S, Piskin O, et al. The correlation between T regulatory cells
and autologous peripheral blood stem cell transplantation in multiple myeloma.
Turkish J Hematol. 2011;28(2):107-114. doi:10.5152/tjh.2011.26

Huang S, Pan Y, Zhang Q, Sun W. Role of CD200/CD200R Signaling Pathway
in Regulation of CD4+T Cell Subsets During Thermal Ablation of Hepatocellular
Carcinoma. Med Sci Monit. 2019;25. doi:10.12659/MSM.913094

Kretz-Rommel A, Qin F, Dakappagari N, et al. CD200 Expression on Tumor
Cells Suppresses Antitumor Immunity: New Approaches to Cancer
Immunotherapy. J Immunol. 2007;178(9). doi:10.4049/jimmunol.178.9.5595

McWhirter JR, Kretz-Rommel A, Saven A, et al. Antibodies selected from
combinatorial libraries block a tumor antigen that plays a key role in
immunomodulation. Proc Natl Acad Sci USA. 2006;103(4):1041-1046.
doi:10.1073/pnas.0510081103

Filella X, Alcover J, Zarco MA, Beardo P, Molina R, Ballesta AM. Analysis of
type T1 and T2 cytokines in patients with prostate cancer. Prostate. 2000;44(4).
doi:10.1002/1097-0045(20000901)44:4<271::AID-PR0OS2>3.0.CO;2-G

Tabata T, Hazama S, Yoshino S, Oka M. Th2 subset dominance among
peripheral blood T lymphocytes in patients with digestive cancers. Am J Surg.
1999;177(3). doi:10.1016/S0002-9610(99)00004-5

49



Table 1: T-cell disorders demographic and general sample characteristics.

T-cell acute disorders

T-cell chronic

=20 sy
Characteristic
Median age, years 30.5 (x 19.8) 58.2 (x 17.5)
Sex
Male 15 (75.0) 19 (59.4)
Female 5 (25.0) 13 (40.6)
Sample
Peripheral blood 8 (40.0) 23 (71.9)
Bone marrow 12 (60.0) 9(28.1)
Neoplastic cells 80.5 (x 13.0) 47.5 (£ 22.0)
Peripheral blood counts
White blood cell count (x 10°/L) 1444 (x 127,8) 41,9 (£ 53,3)
Hemoglobin (g/dL) 9.7 (£ 2.6) 12.0 (+ 3.3)

Platelet count (x 10°/L)

114,2 (+ 87,9)

236,2 (+ 124,6)

Data to sex and sample are expressed as number (%) and to peripheral blood

counts are shown as mean * SD.
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CD200 (0X-2) is expressed in myeloid cells, B cells, subsets of T cells and on other normal and neoplastic non-
hematopoietic cells. It interacts with CD200R and has a suppressive effect on T cells immune mediated response.
We aimed to review CD200 expression and its role in the immune evasion of non-B cell hematopoietic neoplasms.
In acute myeloid leukemia, CD200 seems to be related to the worst outcome, even in diseases of good prognosis,
possibly due to an immunosuppressive effect. In plasma cell myeloma studies, while some have associated CD200

expression with worst prognosis possibly due to its suppressive effect on monocyte and T cell-mediated immune
response, in others CD200 appeared to be a marker of a better outcome, or even showed no impact in event-free
survival (EFS). Few studies have evaluated CD200 expression in T cell neoplasms; however, it appears to be a
good immunophenotypic marker for angioimmunoblastic T cell lymphoma. In conclusion, CD200 appears to be
involved in the immune evasion of malignant cells, which could affect the survival of these patients.

1. Introduction

CD200 (OX-2) is a type I transmembrane glycoprotein of about
45 kDa encoded by the MRC gene. It is naturally expressed in platelets,
endothelial cells, in the central and peripheral nervous system cells, in
neoplastic cells of a variety of solid tumors, B cells, subsets of T cells and
myeloid cells, where its role is to protect immune-privileged sites and
promote peripheral tolerance (Barclay et al., 2002). CD200 has no
known intracellular signaling motif but induces immunosuppression by
binding with CD200R, an inhibiting receptor of the immunoglobulin
superfamily. CD200R is expressed mainly in myeloid cells and subsets of
the T cells and promotes a suppressive effect on T cell immune mediated
response (Dorfman and Shahsafaei, 2011) and favors tumor growth
(Liao et al., 2013). CD200 is expressed in several hematopoietic neo-
plasms, including acute myeloid leukemia (AML) and some B cell
lymphocyte-derived diseases such as chronic lymphocytic leukemia
(CLL) and hairy cell leukemia (HCL).

Because it is naturally present in B cells, the expression of CD200 in
these diseases is considered significant when in its absence, as in mantle
cell lymphoma characteristic immunophenotype. It is known that the
gene that codes for CD200 is present on chromosome 3q13.2 and the
gain of chromosome 3 or 3q has already been observed in patients with

CLL and in those with marginal zone B-cell lymphoma, suggesting that
upregulation may in some cases be due to CD200 duplication within the
B cell (Kretz-Rommel and Bowdish, 2008).

CD200 was identified as a marker of worse prognosis in some he-
matopoietic malignancies (AML and plasma cell myeloma) and has been
associated with the progression of several carcinomas (head and neck
carcinoma, renal carcinoma, and colon carcinoma), probably because of
its immunosuppressive effect on the individual’s immune system
(Moreaux et al., 2008). In an animal model, it was found that
CD200-positive neoplasms inhibited the ability of lymphocytes to
eradicate tumor cells (Kretz-Rommel et al., 2007).

Some scientists have proposed the use of anti-CD200 therapy in
diseases where there is an overexpression of this glycoprotein. A study
involving children diagnosed with B cell precursor acute lymphoblastic
leukaemia investigates the use of anti-CD200 antibodies, since they
exert their effect by binding to CD200 antigen and blocking its inter-
action with CD200R and not by directly inducing cell death (Diamanti
et al., 2016). Once the CD200-CD200R connection is prevented, tumor
evasion by this route is hindered. Though targeting CD200 with an
antibody that both prevents CD200-CD200R interactions and that di-
rects cytotoxicity against the tumor through cellular or
complement-mediated pathways, thus potentially generating lysed cells
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as immunogen, might intuitively appear to be the best way forward to
developing a therapeutic anti-CD200 candidate, the expression of
CD200 on other normal tissues suggests otherwise. Thus, an agent that
merely prevents CD200 on the surface of the tumor cells from inter-
acting with the receptor on macrophages and dendritic cells may be the
best therapeutic approach (Kretz-Rommel and Bowdish, 2008).

In this article, we aimed to review studies that identified CD200
expression and its probable role in the immune evasion of malignant
cells from the hematopoietic origin, other than B cell neoplasms due to
its well-known behavior. In addition, the correct description of CD200
expression in hematopoietic malignant entities of lower prevalence is of
great importance in order to improve their diagnostic methods.

2. Myeloid neoplasms

The regulation of myeloid cell activity by direct cell-cell contact al-
lows a more localized control than that mediated by cytokines; this type
of contact is also promoted by the CD200-CD200R interaction (Jenmalm
et al., 2006). The deletion of CD200 results in dysregulation of myeloid
cells and high susceptibility to autoimmune inflammation, as seen in
Jenmalm (2006) in vitro model. Wong’s (2010) group observed that
tumor expression of CD200 in vitro altered the tumor microenvironment
via inhibition of suppressive activity and IL-10 production by macro-
phages, which resulted in the prevention of tumor recurrence during
cytotoxic T cell lymphocyte (CTL) therapy (Wong et al., 2010). Mem-
arian et al. (2013) showed that functional activities of CD200-CD200R
binding are also present in healthy cells, but they are exacerbated in
tumor cells, which generates an immunosuppressive environment and,
thus, negative effects on immune responses, contributing to an increased
risk of recurrence and worse progression. They also found that CD200,
but not CD200R, had elevated expression in AML myeloid progenitor
cells compared to normal subjects (Memarian et al., 2013).

Some studies have proposed that CD200 expression in patients with
myeloid neoplasms implies a worsening prognosis and even decreased
overall survival (OS). Tonks et al. (2007) study described that CD200
expression may have prognostic value in AML patients, since there may
be an association between expression of CD200 and worse outcome in
AML with abnormality genetics related to core binding factor (CBF),
such as t(8;21) (RUNX1-RUNX1T1) and inv(16) (CBFB-MYH11), both
linked to complete remission and favorable outcome (Tonks et al.,
2007a). Tonks et al. (2007) following study showed that this worsening
occurs, possibly, because of immunosuppression and inhibition of
immunological clearance of residual disease. Thus, it is possible that
CD200 expression in diseases of good clinical course could represent a
worse outcome through immune evasion or immune modulation by
neoplastic cells (Tonks et al., 2007b). Other studies also showed that
AML patients with CD200 high expression were found to have inferior
OS compared to those patients with CD200 low expression (Zahran
et al., 2018; Aref et al., 2020).

Chen et al. (2017) and Aref et al. (2020) showed that in myelodys-
plastic syndromes (MDS), a group of diseases with clonal proliferation of
dysplastic bone marrow haematopoietic cells, patients with high
expression level of CD200 had a shorter OS and a high leukemic trans-
formation than those with low expression. Chen et al. (2017) also
demonstrated that refractory anemia with excess blasts I and II (RAEB-I
and II) showing a high percentage of CD200-positive blasts than re-
fractory cytopenia with unilineage dysplasia (RCUD) and refractory
anemia with increased ring sideroblasts (RARS) (Xi et al., 2017).

Damiani et al. (2015) showed that more than 70 % of patients with
positive expression of CD34 had a concomitant expression of CD200
(Damiani et al., 2015). Ho et al. (2020) identified CD200 as a novel
leukemia stem cells (LSC) marker in AML. CD200 expression marked
LSCs, including both CD34+ and CD34- LSCs, from individual samples,
supporting broad applicability of CD200 as a marker for prospective
isolation of LSC activity (Ho et al., 2020). Tiribelli et al. (2017) showed
that patients with high CD200 expression are less likely to maintain
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complete remission and have an extremely poor outcome, with a
maximum survival of 3-years after diagnosis. They also identified a
higher frequency of CD200 expression in patients with CD34-positive
neoplasms, and patients with strong CD200 expression had a signifi-
cantly lower probability of OS compared to those with low CD200
expression (Tiribelli et al., 2017). Oda et al. (2017) showed that CD200
expression is increased in a small population of LSC with high prolifer-
ative capacity, those CD200-positive LSC initiate and maintain the dis-
ease and are resistant to radiotherapy and chemotherapy (Oda et al.,
2017).

Coles et al. (2012) showed that AML patients with strong CD200
expression have reduced cytotoxic activity of memory T cells when
compared to patients with low expression of CD200. Likewise,
CD4-positive memory T cells, which produce TNF-, IL-2, and IFN-y, are
reduced to almost 50 % in these patients (Coles et al., 2012). Individuals
with low CD200 expression had a higher response to IFN-y, even when
compared to healthy patients, suggesting that this cytokine may play a
role in AML, which is attenuated by CD200 (Coles et al., 2012). It was
also shown that there was no influence of CD200 expression on the
frequency of CD3-positive T cell, that is, there is no general decrease in T
cell, only inhibition of these in patients with strong CD200 expression
(Coles et al., 2012).

Also, Coles’ group evidenced that this glycoprotein is associated with
suppression of Thl memory T cell by an antigen-specific mechanism,
suggesting that CD200 expression may exacerbate the susceptibility of
these patients to co-infections, which ends up hindering recovery and
causing worse outcome (Coles et al., 2012). Gorezynski et al. (2005)
showed that CD200 has the potential to induce the formation of regu-
latory T cells (Treg) (CD4+CD25+FoxP3+), a subgroup of immuno-
suppressive T cells that are associated with a worse prognosis in AML
patients (Gorczynski et al., 2005). Coles et al. (2012) study corroborates
that CD200 expression has the potential to induce the formation of the
regulatory T cells (CD4+CD25+FoxP3+) (Coles et al., 2012). In agree-
ment, Zahran et al. (2018) study found that patients with CD200
over-expression in leukemic cells have an elevated level of Tregs (Zah-
ran et al., 2018).

CD200R is strongly expressed on macrophages and mast cells and, in
an animal model, this expression appears to limit autoimmune inflam-
mation caused by viral infections (Snelgrove et al., 2008), arthritis
(Hoek et al., 2000) and multiple sclerosis, as CD200-deficient mice
exhibit hyper active macrophages with significant increases in disease
severity (Liu et al., 2021). Expression of CD200 on tumor cells incites the
expansion of myeloid-derived suppressive cells (MDSC) in tumor
microenvironment and increases tumor-increased immunosuppression
(Kotwica-Mojzych et al., 2021). CD200 blockade significantly inhibits
tumor growth and diminishes the percentage and number of MDSCs that
penetrate in tumor tissue (Kotwica-Mojzych et al., 2021).

Interactions between CD200:CD200R1 in IFN-y and TNFa activate
macrophages (M1-type) derived from human cells and lead to inhibition
of function through Dok2 (Kotwica-Mojzych et al., 2021). Suppression
of macrophage function is implicated in the inhibition of autoagressive T
cell responses (Hoek et al., 2000; Feuer, 2007). Elevated expression of
CD200R is associated with increased numbers of an alternatively acti-
vated (M2a) subtype of human macrophages (Kotwica-Mojzych et al.,
2021). These M2a, CD206+ cells, generated by IL-4 and IL-13, exert an
anti-inflammatory effect and are involved in Th2 immune responses
(Kotwica-Mojzych et al., 2021). CD200R-mediated repression of clas-
sical macrophage (M1) activation by default allows M2 cells to remain in
their polarized state, favoring induction of Th2 immune responses
(Koning et al., 2010). In murine mast cells, CD200 inhibits activa-
tion/degranulation through the inhibition of Ras/mitogen-activated
protein kinase (MAPK) pathways in a process involving docking pro-
tein 1 (Dok1) and docking protein 2 (Dok2) (Kotwica-Mojzych et al.,
2021). In human myeloid cells, Dok2 plays a more significant role,
leading to inhibition of function in human myeloid cells (Kotwica--
Mojzych et al., 2021).
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Coles et al. (2015) showed that CD200-CD200R and PD-L1:PD-1
binding in T cells can produce an even more immunosuppressive ef-
fect on CD8-positive T lymphocytes when expressed in leukemic cells,
which has an important meaning for AML that usually have CD200 and
PD-L1 expression (Coles et al., 2015). Beyond that, AML cells exert
direct immunosuppressive effects on natural killer (NK) cells mediated
by immunosuppressive ligands or soluble factors and induce regulatory
T lymphocytes (Treg) that weaken NK cell responses (Ustun et al., 2011).

A strong expression of CD200 in myeloid blasts is associated with a
significant decrease in the frequency of NK cells, which ultimately
suppresses cytolytic activity and secretion of proinflammatory cytokines
mediated by these cells. However, the immunological activity of NK cells
is reestablished when the interaction between CD200 and its receptor
(CD200R) is blocked, which may have therapeutic value in terms of the
immune response (Coles et al., 2011). Studies showed that most patients
who express CD200 did not respond to induction therapy, which could
be explained by memory T cell suppression and NK cell activity reduc-
tion in CD200-positive AML patients, especially in the NK cells with high
lytic activity (Zahran et al., 2018; Damiani et al., 2015; Muhsin and
Al-Mudallal, 2018; Rygiel and Meyaard, 2012).

Thus, a treatment based on anti-CD200 antibodies can promote both
the innate immune response and antitumor T cell-mediated treatment in
AML (Coles et al., 2011). It has also been inferred that an anti-CD200
therapy could be effective in terms of remission when applied at the
beginning of lymphoid repopulation and, mainly, in the presence of stem
cells with CD200 expression (Coles et al., 2011). Hence, CD200-CD200R
inhibition has been proposed as a useful tool for cancer immunotherapy,
as has already been studied in cases of CLL and plasma cell myeloma
(PCM) (Memarian et al., 2013; Jadidi-Niaragh et al., 2013).

3. Plasma cell neoplasms

PCMs were previously reported to express CD200 in 78 % of cases by
gene expression profiling and 86 % of cases by flow cytometry immu-
nophenotyping (FCI), with variable fluorescence intensity (Moreaux
et al., 2006). CD200 expression by PCM is an independent prognostic
factor that could represent a new therapeutic target for these patients
(Moreaux et al., 2006). Alapat et al. (2012) observed that normal plasma
cells were uniformly negative for CD200; however, CD200 was
expressed by 70 % of PCM cases, with variable fluorescence intensity
(Alapat et al., 2012). In Douds’ (2014) cohort study, CD200 was not
expressed by reactive plasma cells but was expressed by a large subset of
PCM cases (73 %), similar to other immunohistochemistry and FCI
studies (Douds et al., 2014). Dorfmann et al. (2010) observed in an
immunohistochemistry assay that more than 70 % of PCM cases were
positive for CD200, with intensities ranging from weak to moderate
(Dorfman and Shahsafaei, 2010).

Olteanu et al. (2012) compared plasma cells of non-myeloma
immunoproliferative disorders and plasma cells of PCM, showing that
the proportion of PCM cases with CD200-positive plasma cells was
significantly higher than in monoclonal gammopathy of uncertain sig-
nificance (MGUS) (73.0 % vs 54.0 %, p = 0.030). Notably, however,
they did not find any difference in clinical or laboratory features of
CD200-positive and CD200-negative MGUS cases (Olteanu et al.,, 2011).
In addition, a larger proportion of CD200-positive plasma cells exceeded
the isotype control threshold in CD200-positive PCM cases as compared
to CD200-positive MGUS cases, indicating a higher density of CD200
antigen on plasma cells of the former (Dorfman and Shahsafaei, 2010). It
may be hypothesized that the difference in CD200 expression between
PCM and MGUS is related to the risk of patients with MGUS progressing
to PCM or related disorders (Dorfman and Shahsafaei, 2010). It is
postulated that the lack of CD200 expression may avoid the deleterious
effect of CD200-mediated suppression of cytotoxic T cell immune
response (Gorezynski et al., 2005). It is therefore conceivable that pa-
tients with MGUS lacking CD200 are less likely to progress to PCM
(Olteanu et al., 2011).
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Moreaux et al. (2006) demonstrated that the majority of PCM pa-
tients with CD200-negative expression had longer EFS after autologous
stem cell transplantation than those with CD200-positive expression
(Moreaux et al., 2006). Conversely, Aberuyi et al. (2012) study with 52
PCM patients, mostly post-treatment cases, identified CD200-negative
cases as the significantly more prevalent PCM proliferative subtype, as
defined by gene expression signature, and this subtype was associated
with poor clinical outcome. In other words, CD200-positive PCM
appeared to have a better outcome than CD200-negative cases (Aberuyi
et al., 2012). By contrast, CD200 expression was not associated with a
change in OS and progression-free survival (PFS), either when all pa-
tients were included or when only newly diagnosed patients were
analyzed (Douds et al., 2014). Aref et al. (2017) illustrated that CD200
negative PCM patients had a better PFS and OS as compared with those
positive for CD200 expression (Aref et al., 2017).

Shi et al. (2020) confirmed that CD200 negative expression predicted
a better outcome in newly diagnosed PCM patients. Of note, CD200
positive expression was related to the advanced clinical stage (R-ISS III)
as compared with earlier ones (R-ISS I and II) (Shi et al., 2020). Besides,
they also analyzed the effect of different induction strategies on PFS of
patients with CD200 expression, showing that no matter what kind of
treatment patients receive, CD200 expression could be used as a prog-
nostic marker (Shi et al., 2020). They further compared CD200 expres-
sion along with conventional high-risk prognostic factors and, as a
result, CD200 negative expression was identified as an independent
predictor of OS in multivariable analysis (Shi et al., 2020). Of note, they
also found that loss of CD200 expression predicted superior outcome
and a better therapeutic response in the course of the disease (Shi et al.,
2020). Also, compared with older patients, CD200 expression was lower
among younger subjects (Lu et al., 2016).

Olteanu et al. (2011) assessed CD200 expression with FCI and
immunohistochemistry in samples from 76 PCM patients (44 newly
diagnosed and 32 previously treated individuals) and confirmed the
worst EFS in CD200-positive cases. They further found CD200 expres-
sion was associated with lower LDH (lactate dehydrogenase) and hae-
moglobin levels (Olteanu et al., 2012). Moreaux et al. (2006) showed
that CD200 expression was associated with high frequency of lambda
light-chain expression and worse EFS, while the absence of CD200 on
neoplastic plasma cells correlated with age >65-years old (Moreaux
et al., 2006).

Conticello et al. (2013) showed that the extracellular
signal-regulated kinase (ERK) pathway is active in CD200-positive PCM
and that expression of CD200 protein on those neoplastic cells is regu-
lated by ERK (Conticello et al., 2013). It is noteworthy that the
mitogen-activated protein kinase (MEK)/ERK signal transduction
pathway significantly contributes to PCM pathogenesis, by supporting
PCM cell growth and survival, angiogenesis and cell-adhesion phe-
nomena, thus conferring growth and drug resistance in the bone marrow
milieu (Kim et al., 2010). CD200 expression appears to have prognostic
significance in PCM because CD200-negative cases have a longer EFS,
and loss of CD200 expression may serve as a marker for disease pro-
gression (Aberuyi et al., 2012).

Recently, a phase 1 study was conducted to evaluate targeting of the
CD200-CD200R immune checkpoint by an anti-CD200 monoclonal
antibody (samalizumab; ALXN6000) in patients with CLL and PCM
(Mahadevan et al., 2019). Although CD200 expression on normal he-
matopoietic stem cells (HSCs) increases the potential for off-target ef-
fects, patients in this dose-finding study experienced no significant
hematologic adverse effects, and the maximum tolerated dose was not
reached (Mahadevan et al., 2019).

4. T-cell neoplasms
Rare studies have shown the expression of CD200 in T cell neo-

plasms, whether they are precursor or mature lymphocytes, therefore
the impact of this marker in T-lymphoproliferative disease is largely
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unknown. Dorfman and Shahsafaei (2011) are one of the only that
assessed CD200 expression, together with PD-1 and CXCL13, in follic-
ular T-helper cells of lymphoid tissues and observed that a small sub-
group of T cell-derived neoplasms was reactive to CD200, mainly that
CD200 is a good marker for neoplastic angioimmunoblastic T lymphoma
cells (Dorfman and Shahsafaei, 2011). There is still no evidence that
CD200 is a good marker for other T cell neoplasms.

5. Conclusion

In conclusion, CD200 can be found in several hematopoietic neo-
plasms, besides the already well-described expression in B-cell neo-
plasms, where it appears to be involved in immune evasion of malignant
cells. More studies are needed to clarify whether this marker and its
effect on decreasing immune response have an impact on patient prog-
nosis. Moreover, CD200 expression has yet to be more explored, espe-
cially its relation to disease treatment response and the possible impact
on patient survival.
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6. Concluséao

A expressao de CD200 avaliada por imunofenotipagem por citometria de fluxo se
mostrou como um achado mais comum em LLA-T e LLA-ETP, ao passo que esse
marcador ndo foi expresso na maioria das neoplasias T maduras, sugerindo que a
avaliacdo deste marcador pode ser util no diagnostico diferencial dessas entidades
distintas. CD200 foi mais prevalente naquelas amostras que apresentaram
parametros laboratoriais condizentes com doencgas precursoras. Do mesmo modo, a
média de intensidade de fluorescéncia de CD200 se mostrou maior na leucemia de
células T precursoras.

Estudos mais aprofundados e robustos sdo necessarios, mas ndo se pode
descartar o fato de que esses marcadores possam auxiliar no diagnoéstico diferencial

em doencas dos linfocitos T.
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diagndstico das referidas neoplasias em que a expressio dos marcadores em estudo tenha skdo avaliada.
05 paciantes sarfo agrupados
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Coniirus: 8o do Pamosr 4708 814

por tipo de neoplasia para fins de analise, Serd

realizada a revisdo dos grdficos, com quantificacdo da expressdo de CO200 efou CO43 Andlise estatistica:
Az diferancas enire grupos serdo avaliadas por este de ANOVA. Serd considerado resullado significanta
quando p =0,05 Custo/beneficio do projeto; Par nfio existirem muitos dados na literatura médica sobre a
axprassio da CO200 a CO43 nas neaplasias em astiudo espara-se que as rasulladas sajam
complementares a0 conhecimento dos perfis imunofenotipicos e auxiliares no disgndstico e
acompanhamento dessas doengas. Resultados esperados: O marcadores tardo expressdas com
intensidades vanaveis nas diferantes neoplasias, faciitando o diagndstico,

Objetivo da Pesquisa:

Objetive Primdrio:Avaliar a expressio de CD200 e CD43 em células de doengas linfoproliferativas de
linhagam T e MK.Chjativo Secundario:- Estabalecer relagio antre a expressio dos marcadores am astudo
nas células de doengas hematoligicas e nas células nomais correspondentes -Avaliar 8 expresséo dos
marcadares em estudo em células de LLA T & NK, no diagnostico & em avaliagbes pas tratamento. - Avaliar
a exprassio dos marcadores am astudo em célilas de doangas linfoproliferativas T & NK maduras, no
diagndstico & em avaliaghes pds tratamento.

Avaliacio dos Riscos e Beneficlos:

Risons:

0O presanie estudo ndo acameta em riscos aos pacientes. As amostras ndo sarfo coleladas espacificameania
para redlizagho das anadlises do projeto sendo utilizados os graficos provenientes do diagndstico dos
pacianias.

Beneficios:

Par ndo axstiram muitas dados na aratura medica sobra a axpressio da CO0200 & CD43 nas neoplasias
em estudo, espera-se que os resultados sejam complementares ao conhecimento dos pe rfis
imunofanotipicos e auxiliares no diagndstico & acompanhamenio dessas doengas.,
Comentarios e Consideragfes sobre a Pesquisa:

Conforma carta resposta, referante ai projeto entitulado " Avaliacio da expressao de CO200 a

CD43em linfoprdliferaghes T e NK por citometria de fluxa®, anexada 4 PB em 14/05/2021, peko

pesquisador responsdvel Gustave Adolpho Moareira Faulhaber, foram encaminhadas as justificativas
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Crmiiras o do Prarecer- 4. 786 &14

&3 pendéncias do parecer CEP UFCSPA N* 4,710,287, bam coma 03 sequintes documentas:

1) Temo de anuéncia assinado pelo Dr. Flavo Beno Femandes, diretor do Laboratério Zanol, onde se dd a
parte matodobdgica do trabalho;

2) O termo de entrega de relatdrio com entrega allerada para fequéncia semestral;

A) Termo da compromisso de utilizagso de dados a larmo de compromissao para ulilizacio de matarial

biokigico e informagbes associadas, com ainclusbo de Renata Bartolomeu Staub, na equipe de pesquisa,

Consideragtes sobre os Termos de apresentacao obrigatoria:
Vide campo “Conclusfes ou Pendéncias e Lista de Inadequaghes”,

Recomandacies:
Vide campo “Conclusdes ou Pendéncias & Lista de Inadequaghes”,

Conclusdes ou Pendéncias e Lista de Inadequag&es:
Apds andlise da cane-resposta @ documentagio encaminhada, todas as pendéncias foram atendidas.

Consideragdes Finais a critério do CEP:
De acordo com o parecer do Relator,

Esta paracer foi elaborado baseado nos documentos abaixo mlacionados:

Tipo Documento Arguia Paostagam Aitar Situagao
Infarmagfies Basicas|PB_INFORMACOES BASICAS DO P | 14052021 Acailn
dao Projeta ROJETO 1666409 pdf 10:08:45
Outras Respaosta_CEP_maio2021.pdf 14082021 | Guslava Adolpha Acaiin
10:08:10 | Moreita F aulhaber

Outras Tama_Malaral_Biologico_mawn2021.pd| 14052021 | Gustavo Adolpho Acaiio
f 10:07:35 | Moreira Faulhaber

Outras Temo ulilizacao dados main2021 pdf | 140582021 | Gustavo Adolpho Acaiio
10:06:47 | Moreira F aulhaber

Outras Terma_relstono_samestral_e_final_maig 14052021 | Gustave Adolpha Acaito
2021 pdf 10:06:28 | Moreira F aulhaber

Outras Resposia CEP.pdf 170472021 | Guslavo Adolpho Acailn
| _ 16: 4605 | Moreira F aulhaber

Cutras Termo_relatono_semestral_final. pdf 17042021 | Gustawo Adolphao Acaiio
16:45:40 | Moreira Faulhaber
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Confirua do do Pamcer: 4788 214
Outros Temo_utiizacas_dados. pdf 17042021 | Gustava Adolpho Acein
_ 16:44:56 | Moreira Faulhaber
Chitros Temwa_Matenial_Biokgico, pdf 17042021 | Gustavo Adolpho Acein
— 164416 i
Otros Temw_de_aruencia pdf 17042021 |Gustave Adolpho Acein
164311 i
Outros Delegacao . pdf 17042021 |Gustava Adolpho Acein
_ 16:42:33 i
Otros Temo_compromisss_entrega_relatono_| 197112020 | Gustavo Adalpho Acein
final doc 153753 | Moreira Faulhaber
Chitros Cana_de_justificativa_da_emenda.docx | 056112020 |Gustavo Adalpho Acein
17:11:35 | Moreira Faulhaber
Otros Justificativa_da_emenda pdf 15042020 [NATALIA AYDOS Acein
11:10:18  IMARCONDES
Outros Cana_de_justificativa pdf 211172019 | Gustavo Adalpha Acein
113706 |Moreira Faulhaber
Outros Resposia_ CEP.docx 110172018 |NATALIA AYDOS Acelio
12:21:59  |MARCONDES
Projeto Detalhado /| Prajeto_atualizado.doc 11012018 |NATALIA AYDOS Aceln
Brachura 1222012 |MARCONDES
Imvestigadar
Outros Formulano_Delegacas Funcoes.pdf 08N 22017 | Gustavo Adolpho Acelo
16:44:10 | Moreira Faulhaber
TCLE T Tarmaos da DISPENSA_TCLE pdf 041272017 | Gustavo Adalpha Acailo
Assantimento / 1532346 | Moreira Faulhaber
Justificativa da
Auséncia
Situacio do Parecer:
Aprovada
Mecessita Aprecliagho da CONEP:
M&a

FORTO ALEGRE, 10 de Junho de 2021

Assinado por:
Fernanda Bordignon Nunes
(Coordenador(a))
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