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RESUMO 

Os linfócitos T citotóxicos (LTCs) e células natural killer (NK) são responsáveis pela defesa 

contra células tumorais e compartilham a via de morte mediada por perforina e granzimas 

como um dos seus mecanismos citotóxicos principais. Este estudo teve como objetivo 

identificar polimorfismos no gene da perforina (PRF1) e quantificar os níveis de expressão 

gênica e proteica de perforina e granzima B em pacientes com linfoma não-Hodgkin (LNH) e 

mieloma múltiplo (MM). Os resultados referentes à expressão destas proteínas foram 

correlacionados com a sobrevida dos pacientes e a análise funcional dos polimorfismos não-

sinônimos em homozigose foi realizada. Em relação ao perfil linfocitário presente no sangue 

periférico, observamos que os pacientes com LNH apresentaram um maior número de LTCs 

ativados e que expressavam perforina, no entanto, a quantificação intracelular de perforina 

nas células NK foi significativamente reduzida em relação aos indivíduos saudáveis. Os 

pacientes com MM apresentaram um maior número de LTCs que expressavam perforina e 

granzima B, e, apesar de apresentarem aumento na porcentagem de células NK em 

comparação aos indivíduos saudáveis, não foram observadas diferenças em relação à 

quantidade de células NK que expressavam perforina e granzima B em pacientes com MM e 

indivíduos saudáveis. Não houve diferença significativa entre a frequência de polimorfismos 

na região codificadora do gene PRF1 de pacientes com LNH e MM em comparação ao grupo 

controle, contudo, a maior expressão gênica de perforina e granzima B foi associada a maior 

sobrevida de pacientes com MM e LNH. Apesar de não diferir estatisticamente a frequência 

do polimorfismo A91V nos pacientes com MM foi mais do que o dobro da frequência 

encontrada nos indivíduos saudáveis. Contudo, acreditamos ser necessário um estudo futuro 

com maior número de pacientes para que se possa esclarecer melhor a associação deste 

polimorfismo com o MM. Apenas um paciente foi identificado como homozigoto de uma 

mutação não-sinônima; este foi diagnosticado com MM, era portador do polimorfismo A91V 

e suas células efetoras tiveram a capacidade significativamente reduzida de induzir a lise 

específica de uma linhagem tumoral. Também observamos que este paciente apresentava 

níveis intracelulares de perforina reduzidos nos grânulos das células NK. Considerando estes 

resultados, acreditamos que a expressão gênica de perforina e granzima B possam ser um 

potencial marcador prognóstico em LNH e MM. 

 

Palavras-chave: Linfoma não Hodgkin. Mieloma múltiplo. Linfócitos T Citotóxicos. Células 

natural killer. Perforina. 



 

 

ABSTRACT 

Cytotoxic T lymphocytes (LTCs) and natural killer cells (NK) are responsible for defending 

against tumor cells and share the perforin and granzymes-mediated death pathway as one of 

their major cytotoxic mechanisms. This study aimed to identify polymorphisms in the 

perforin gene (PRF1) and to quantify perforin and granzyme B gene and protein expression 

levels in patients with non-Hodgkin's lymphoma (NHL) and multiple myeloma (MM).The 

results concerning the expression of these proteins were correlated with patient survival and 

the functional analysis of the non-synonymous polymorphisms in homozygotes was 

performed. We did not observe differences between the frequency of polymorphisms in the 

coding region of the PRF1 gene of patients with NHL and MM compared to healthy 

individuals. However, the greater gene expression of perforin and granzyme B was associated 

with longer survival of patients with MM and NHL. Regarding the lymphocyte profile in the 

peripheral blood, we observed that NHL patients had a higher number of activated CTLs that 

expressed perforin, however, the intracellular quantification of perforin in NK cells was 

significantly reduced compared to healthy individuals. MM patients had a higher number of 

perforin and granzyme B-expressing CTLs, and although there was an increase in the 

percentage of NK cells compared to healthy individuals, no differences were observed 

regarding the amount of NK cells expressing perforin and granzyme B in patients with MM 

and healthy individuals. There was no significant difference between the frequency of 

polymorphisms in the PRF1 coding region of patients with NHL and MM compared to the 

control group; however, higher gene expression of perforin and granzyme B was associated 

with longer survival of patients with MM and NHL. Although not statistically different, the 

frequency of A91V polymorphism in MM patients was more than double the frequency found 

in healthy subjects. We believe that a future study with a larger number of patients is needed 

to better clarify the association of this polymorphism with MM. 

Only one patient with MM was identified as homozygous for a non-synonymous mutation. 

This patient was carrying the A91V polymorphism and its effector cells showed significantly 

reduced ability to induce specific lysis of a K562 tumor line. We also observed that this 

patient has had reduced intracellular perforin levels in NK cell granules. Considering these 

results, we believe that the gene expression of perforin and granzyme B may be potential 

prognostic markers in NHL and MM. 

Keywords: Non-Hodgkin's lymphoma. Multiple myeloma. Cytotoxic T lymphocytes. Natural 

killer cells. Perforin. 
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1 INTRODUÇÃO 

 

Durante o século XX, o Brasil e o mundo passaram por profundas alterações em 

seus perfis epidemiológicos e demográficos. Concomitante ao declínio das taxas de 

mortalidade por doenças infecciosas houve um aumento substancial na expectativa de vida 

da população e na proporção de mortes por doenças crônicas. Estas transformações têm 

ocorrido ao longo das últimas décadas com padrões e intensidades distintas entre as regiões 

geográficas e os estratos sociais dos países (BARRETO E CARMO, 1995; OPAS, 2002). 

No Brasil, desde o ano 2000, as neoplasias correspondem à segunda causa de 

morte, atrás apenas das doenças do aparelho circulatório e superam o total de óbitos por 

causas externas (MINISTÉRIO DA SAÚDE, 2016).  

As altas taxas de incidência e de mortalidade por câncer no mundo no início do 

século XXI, somadas à expectativa de acréscimo nos seus valores para as próximas décadas 

apontam para a necessidade urgente de se intensificar pesquisas e ações para o melhor 

entendimento desta enfermidade e da resposta imune contra as células tumorais.  

 

1.1 NEOPLASIAS LINFOPROLIFERATIVAS 

 

As neoplasias hematológicas são um grupo de doenças que afetam principalmente a 

medula óssea, sangue periférico, linfonodos, baço e fígado. São categorizadas em leucemias, 

linfoma Hodgkin, linfoma não-Hodgkin (LNH) e mieloma múltiplo (MM) (SMITH et al., 

2011). 

O LNH e o MM são considerados neoplasias linfoides por acometerem linfócitos das 

linhagens T, B ou células NK que sofrem proliferação clonal decorrente da transformação 

maligna em um ponto específico do seu processo de maturação, acometendo células mais 

imaturas ou mais maduras, o que determinará o quadro clínico agudo ou crônico da doença. 

Dentre as linfoproliferações clonais agudas temos as leucemias linfoides agudas e os linfomas 

agressivos, que se originam de precursores linfoides primitivos. Já as linfoproliferações 

clonais crônicas derivam de linfócitos mais diferenciados e compreendem as leucemias 

linfoides crônicas, os linfomas indolentes e o MM (VERRASTRO et al., 2005). 

O LNH abrange um espectro diverso de cânceres do sistema imune que são 

decorrentes da malignização de um linfócito localizado nos gânglios linfáticos ou linfonodos. 

É a malignidade hematológica mais comum no mundo, correspondendo a aproximadamente 

5,1% de todos os cânceres (BOFFETTA, 2011).  



12 

 

A primeira descrição de tumores originados do tecido linfático foi realizada em 1832, 

por Thomas Hodgkin. Posteriormente, percebeu-se que alguns tumores dos tecidos linfáticos 

apresentavam características morfológicas diferentes da doença descrita por Hodgkin, 

recebendo então a denominação de LNH para distingui-los daqueles originariamente descritos 

(AISENBERG, 2000).  

Conceitualmente, o LNH difere-se do linfoma de Hodgkin pela ausência das células 

mononucleares de Hodgkin e multinucleadas de Reed-Sternberg, por um menor número de 

células inflamatórias e por não possuir um tipo celular característico, com expressiva 

heterogeneidade morfológica, imunofenotípica e genética. Em aproximadamente 85% dos 

casos a célula maligna possui fenótipo de célula B, mas também pode apresentar fenótipo de 

célula T ou NK, o que é determinado por imunofenotipagem e/ou estudos de rearranjo gênico 

(VAN DER WAAL et al., 2005; ARMITAGE et al., 2017).   

Os fatores de risco envolvidos no desenvolvimento do LNH são inespecíficos e não 

explicam a maioria dos casos. No entanto, estudos epidemiológicos apontam associação do 

LNH com distúrbios imunológicos (como artrite reumatoide, Síndrome de Sjögren e lúpus 

eritematoso sistêmico), infecções (HIV, Helicobacter pylori, Epstein-Barr e hepatite C), estilo 

de vida (tabagismo), genética (polimorfismos nos genes que codificam a IL-10 e TNF) e 

fatores ocupacionais (exposição a pesticidas, benzeno e derivados do petróleo) (ZINTZARAS 

et al. 2005; BOFFETTA 2011; MORTON et al. 2014; CERHAN et al. 2015). 

O MM é uma doença causada pela proliferação desregulada e clonal de plasmócitos 

na medula óssea que produzem e secretam imunoglobulina (Ig) monoclonal anômala ou 

fragmentos dessa (MANGAN, 2005). Representa 1% das neoplasias malignas e 1% de todas 

as mortes por câncer nos países ocidentais, sendo a segunda neoplasia hematológica mais 

comum no mundo (aproximadamente 10% dos casos), atrás apenas dos linfomas (HUSSEIN 

et al., 2002). É ligeiramente mais frequente em homens e sua prevalência é maior a partir da 

quinta década de vida, com idade média de 65 anos ao diagnóstico. A sobrevida média dos 

indivíduos acometidos é de 6 a 7 anos, mas pode variar bastante de acordo com a carga 

tumoral, anormalidades citogenéticas e resposta terapêutica (KYLE et al., 2003; 

RAJKUMAR, 2016). 

As consequências fisiopatológicas e as manifestações clínicas ocorrem em 

decorrência da infiltração de órgãos por plasmócitos neoplásicos, principalmente os ossos, 

pela produção de imunoglobulinas em excesso e pela supressão da imunidade normal. Estes 

processos levarão à destruição óssea, falência renal, supressão da hematopoiese e maior risco 

de infecções (KYLE et al., 2003).  
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A disfunção imune em pacientes com MM é causada por diversos fatores e inclui a 

disfunção de células dendríticas induzida por TGF-β (BROWN et al., 2001), desequilíbrio 

entre a proporção de células T reguladoras e células T helper 17 (FAVALORO et al., 2014), 

geração de células Treg adquiridas por trogocitose (BROWN et al., 2012) e aumento do 

número de células supressoras derivadas da linhagem mielóide (FAVALORO et al., 2014b) 

Além disso, os clones de células T em pacientes com MM podem constituir até 50% 

de todos os linfócitos encontrados no sangue periférico e in vitro podem ser considerados 

hipo-responsivos (BRYANT et al., 2013). No entanto, sua presença está relacionada a maior 

sobrevida de pacientes com MM e a superação da hiporresponsividade dessas células é hoje 

uma estratégia de imunoterapia promissora que busca reestabelecer a resposta imune do 

paciente com MM (SUEN et al., 2016). 

 

1.2 RESPOSTA IMUNE MEDIADA POR GRÂNULOS CONTRA AS CÉLULAS 

TUMORAIS 

 

Os linfócitos T citotóxicos (LTC) e células natural killer (NK) são linfócitos efetores 

que apresentam mecanismos citotóxicos necessários para a defesa contra células tumorais ou 

infectadas por vírus. Ambos destroem seus alvos celulares por dois mecanismos que requerem 

contato direto entre a célula efetora e o alvo. No primeiro mecanismo, grânulos 

citoplasmáticos contendo proteínas citolíticas, predominantemente uma proteína disruptora de 

membrana denominada perforina e uma família de serino-proteases (granzimas), são 

secretadas por exocitose e juntas induzem a apoptose da célula-alvo (SMYTH E TRAPANI, 

1995). O segundo mecanismo envolve a ligação de receptores de morte da célula-alvo, como 

Fas (CD95), com seu ligante (FasL) na membrana da célula efetora, resultando na apoptose 

através da via das caspases clássica (Figura 1) (VAN ELSAS et al., 2001). 
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Figura 1. Mecanismos de ação do linfócito citotóxico contra uma célula tumoral. 
Fonte: TRAPANI, 2012. 

 

O processo de liberação dos grânulos proteicos citotóxicos se inicia quando os 

receptores de antígenos das células efetoras (LTC e células NK) reconhecem os peptídeos 

associados ao complexo de histocompatibilidade principal (MHC) na célula-alvo. O 

citoesqueleto destas células é reorganizado de tal modo que o centro de organização dos 

microtúbulos é deslocado para a área próxima do contato com a célula-alvo. Então, os 

grânulos do citoplasma concentram-se nessa região e a membrana do grânulo funde-se com a 

membrana plasmática. A fusão da membrana resulta em exocitose do conteúdo dos grânulos, 

perforina e granzimas, em uma região que é denominada sinapse imune (TRAPANI et al., 

2006). 

O gene PRF1, que codifica a perforina, está localizado no cromossomo humano 

10q22 e tem um tamanho aproximado de 6.000 pares de bases (pb) (FINK et al., 1992). É 

constituído por três éxons e dois íntrons, sendo que apenas o segundo e o terceiro éxon 

codificam os aminoácidos que irão compor a proteína ativa (LICHTENHELD e PODACK, 

1989). A perforina foi descrita pela primeira vez em 1984 e caracterizada como uma proteína 

citolítica formadora de poros, com massa molecular aproximada de 67 KDa (PODACK e 

KONIGSBERG, 1984).  

No interior dos grânulos linfocitários, a perforina permanece armazenada na forma 

de monômeros e quando é liberada na fenda sináptica, os monômeros entram em contato com 

altas concentrações de cálcio extracelulares e sofrem polimerização (KAGI et al., 1994; 
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LOWIN et al., 1994). Esta polimerização ocorre preferencialmente na membrana plasmática 

da célula alvo, onde a perforina polimerizada forma um poro de 5 a 20nm. Estudos apontam 

quatro mecanismos de deflagração de morte celular orquestrados pela perforina; o primeiro 

mecanismo descrito na década de 1980 mostra a perforina como molécula lítica capaz de 

formar poros que levam a célula alvo ao colapso osmótico (Figura 2A); com o passar dos 

anos, o segundo mecanismo descrito mostrou que os poros formados pela perforina também 

permitiam a difusão passiva de moléculas de granzimas para o citoplasma da células alvo, 

onde estas proteínas pró-apoptóticas poderiam acessar seu substrato (caspases) (Figura 2B); o 

terceiro mecanismo coloca o receptor de manose 6-fosfato como responsável pela 

internalização de granzima B - no entanto, esta proteína é endocitada, sendo necessário 

pequenas doses de perforina que atuarão em sinergismo com granzimas e induzirão a 

apoptose da células alvo (Figura 2C); o quarto mecanismo propõe a formação de um 

complexo macromolecular, onde se associam perforina, granzima B e serglicina para serem 

endocitados através do receptor de manose-6-fosfato (Figura 2D) (TRAPANI e SMYTH, 

2002). 

 

 

Figura 2: Mecanismos de morte celular orquestrados pela perforina. 
Fonte: Trapani & Smyth 2002. 
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As granzimas compreendem uma família de serino proteases que permanecem 

armazenadas na forma ativa, em grânulos citoplasmáticos de LTCs e células NK (MCGUIRE 

et al., 1993). Estas proteínas são caracterizadas por uma tríade catalítica His-Asp-Ser e em 

humanos foram subdivididas em cinco tipos, A, B, H, K e M (KAM et al., 2000). 

A granzima B, codificada pelo gene GZMB é o subtipo mais abundante em LTCs e 

células NK e atua como uma potente molécula pró-apoptótica, principalmente por sua 

capacidade em clivar resíduos de ácido aspártico. Esta proteína induz a rápida fragmentação 

do DNA e condensação da cromatina na célula-alvo (Figura 3) (STASSI e DE MARIA, 

2002). 

 

 

Figura 3: Indução de morte por apoptose mediada pela granzima B. 
Fonte: STASSI & DE MARIA. 2002 

 

Posteriormente, foi demonstrado que a granzima B age no interior da célula 

induzindo a morte celular por apoptose através de duas vias diferentes, a via caspase 

dependente (DARMON et al., 1995) e a via caspase independente (HEIBEIN et al., 1999). 

Na via caspase dependente, a granzima B pode clivar as pró-caspases-3 e -7 

resultando na formação de caspases ativas. Uma vez ativa, a caspase-3 pode clivar a proteína 
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poli ADP-ribose polimerase (PARP) e o inibidor da caspase ativada DNase (ICAD), levando 

à fragmentação do DNA e apoptose (DARMON et al., 1995). 

Na via caspase independente, a molécula Bid é clivada proteoliticamente em gtBid, 

que resulta em sua translocação para a membrana externa mitocondrial e na oligomerização 

de moléculas Bax/Bak, facilitando a liberação do citocromo c e a formação de um complexo 

de alto-peso molecular (BARRY et al., 2000). Este complexo contendo citocromo c, fator-1 

apoptótico ativador da peptidase (APAF-1) e caspase-9, é denominado apoptossoma e, na 

presença de adenosina trifosfato (ATP) induz a formação da caspase-9 ativa, que por sua vez 

ativa as pró-caspases executoras -3, -6 e -7 desencadeando o processo apoptótico 

(BLEACKLEY e HEIBEIN, 2001). Assim, a apoptose mediada por granzima B é dependente 

do processamento proteolítico de caspase-3 e da permeabilização da membrana mitocondrial 

externa (ADRAIN et al., 2005). 

Estudos em camundongos deficientes de granzima B demonstraram uma 

susceptibilidade aumentada para citomegalovírus e Ectromelia poxvirus (MULLBACHER et 

al., 1999), além de uma capacidade reduzida, mas não nula, para eliminar tumores alogênicos 

transplantados (SHRESTA et al., 1999;  REVELL et al., 2005). No entanto, em vários outros 

modelos, camundongos nocautes para o gene GZMB apresentam citotoxicidade residual e 

continuam a ser competentes na eliminação de tumores (VOSKOBOINIK et al., 2015). 

Ao contrário do que foi observado em modelos animais deficientes de GZMB, 

estudos em camundongos nocaute para o gene PRF1 demonstraram claramente que a 

perforina está intimamente envolvida na defesa contra patógenos virais e células 

transformadas. Estes animais perdem a função citotóxica dos LTCs e células NK e se tornam 

susceptíveis a vários patógenos. Além disso, foram até 1.000 vezes mais susceptíveis que 

animais imunocompetentes para malignidades transplantadas e induzidas, predominantemente 

as de origem hematológica (VAN DEN BROEK et al., 1996; SMYTH et al., 2000). Destaca-

se o fato de que os linfomas de células B desenvolvidos espontaneamente em camundongos 

nocaute para o gene da perforina foram transplantados e rejeitados avidamente em 

camundongos nocaute para o gene da granzima A e B (SMYTH et al., 2003). Em humanos, 

enquanto a deficiência congênita de perforina está bem caracterizada, nenhuma doença é 

relacionada à deficiência de granzima B (VOSKOBOINIK et al., 2015). 

 Mutações no gene PRF1 foram inicialmente associadas à linfohistiocitose 

hemofagocítica familiar (LHF) (STEPP et al., 1999), uma doença rara e rapidamente fatal que 

se manifesta nas primeiras décadas de vida, caracterizada pela incapacidade de LTC ativados 

eliminar os alvos em células apresentadoras de antígeno e pela ativação e proliferação 
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excessiva de linfócitos e macrófagos. Foi também constatado que pacientes com LHF com 

mutações bialélicas no gene PRF1 apresentam grave comprometimento da atividade 

citotóxica de LTC e células NK (GORANSDOTTER et al., 2001).  

A combinação de alterações genéticas, como mutação no gene da perforina associada 

à mutação no gene Fas, foi relatada inicialmente por Clementi e colaboradores (2004). O caso 

descrito foi de um indivíduo com 27 anos de idade e diagnóstico de síndrome 

linfoproliferativa auto-imune e linfoma de grandes células B, com duas mutações 

heterozigóticas, uma no gene da perforina herdada da mãe, e outra no gene Fas herdada do 

pai. O quadro do paciente progrediu com curso agressivo e inesperado da doença evoluindo 

ao óbito (CLEMENTI et al., 2004). 

Em 2005, Clementi e colaboradores investigaram mutações no gene da perforina em 

vinte e nove pacientes diagnosticados com linfoma, com evidências de hemofagocitose ou 

com curso agressivo da doença. Destes, quatro apresentavam mutações bialélicas e outros 

quatro mutações monoalélicas. Assim, levantou-se a seguinte questão: mutações no gene da 

perforina poderiam atuar como fatores de risco hereditário que, associado a outras variações 

genéticas (somáticas ou constitucionais) e/ou na presença de fatores ambientais, poderiam 

predispor ao desenvolvimento de linfomas? (CLEMENTI et al., 2005) 

Em 2007, Cannella e colaboradores pesquisaram mutações no gene da perforina em 

pacientes com linfoma anaplásico de grandes células. O autor investigou 44 pacientes por 

sequenciamento direto do gene da perforina e 400 indivíduos saudáveis. De forma global, a 

incidência de mutações no gene da perforina foi significantemente maior em pacientes com 

linfoma. A substituição C272T, que resulta na mudança de aminoácido A91V, foi alteração 

mais frequente nestes pacientes.  

Por outro lado, a alteração A91V no gene PRF1 também é a variante mais comum 

encontrada na população caucasiana, relatada em uma frequência entre 3% e 17% nestes 

indivíduos, considerada relativamente alta. Devido a este fato, estudos sugeriram durante 

algum tempo que A91V seria um polimorfismo neutro. No entanto, através de estudos 

experimentais foi verificado que este polimorfismo afeta a estrutura tridimensional da 

proteína e sua estabilidade na célula efetora e como resultado reduz grandemente a sua 

atividade citolítica intrínseca (BRENNAM et al. 2010). Somadas as controvérsias em relação 

ao polimorfismo A91V, outros estudos não encontraram associação entre polimorfismos no 

gene PRF1 e o aumento da susceptibilidade a diversos tipos de câncer, incluindo as neoplasias 

hematológicas (MEHTA et al. 2006, TRAPANI et al. 2013) 
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Apesar da falta de consenso entre os autores citados acima, Voskoboinik e Trapani 

(2013) usaram pela primeira vez o termo perforinopatias para denotar uma ampla gama de 

manifestações clínicas causadas pela deficiência funcional de perforina. Asim, as 

perforinopatias agudas e frequentemente fatais, cursariam com manisfestação precoce na 

infância e seria resultado da desregulação da homestase imune, levando à hipercitocinemia 

pela estimulação crônica de linfócitos T CD4+, T CD8+ e células NK. Já as manifestações 

crônicas ocorreriam na idade adulta e seriam decorrentes principalmente da ineficiência em 

eliminar células pré-malignas, sendo as neoplasias hematológicas ou a associação entre mais 

de um câncer primário um resultado comum da deficiência de perforina (VOSKOBOINIK e 

TRAPANI 2013; TRAPANI et al., 2013). 

Na literatura há apenas um estudo sobre polimorfismos do gene PRF1 em pacientes 

com MM. Este trabalho, realizado anteriormente por nosso grupo de pesquisa, investigou a 

presença do polimorfismo -398C/T na região promotora do gene PRF1 em pacientes com 

neoplasias hematológicas e não encontrou diferença significativa entre a frequência desta 

alteração em pacientes e indivíduos saudáveis (GARCIA et al., 2011). 

Apesar de mutações no gene da perforina ainda não terem sido associadas ao 

desenvolvimento do MM, o papel chave da perforina na resposta imune contra esta 

enfermidade já é bem conhecido. Estudo realizado em modelo animal mostrou que a resposta 

imune contra uma linhagem celular de MM transplantada foi mediada principalmente por 

células NK e linfócitos T CD8+ através das vias de perforina e interferon-gama (IFN-ɣ) 

(GUILLEREY et al., 2015). Ainda neste sentido, um estudo sobre imunoterapia com LTCs 

avaliou o dano causado pela perforina purificada na membrana de células tumorais e observou 

que os plasmócitos do MM são altamente susceptíveis à lise mediada por essa proteína 

(AZUMA et al., 2004). 

A despeito dos diversos mecanismos utilizados pelas células de defesa, sabemos que 

as células tumorais possuem mecanismos de escape com o objetivo de evasão do sistema 

imune. Como exemplo podemos citar a inibição da atividade de célula NK através da 

expressão de receptores KIRs (Killer Immunoglobulin-like Receptors) inibitórios, como p70 

(KIR3DL/1) e p140 (KIR3DL/2). Estes receptores foram identificados anteriormente em 

linfomas cutâneos e atuam inibindo seletivamente as células NK (KAMARASHEV et al., 

2001). Da mesma forma, moléculas inibitórias como PD-L1, CTLA4 e TIM-3 podem causar a 

ineficiência de LTCs impedindo o processo de ativação e contribuindo para a anergia e 

hiporresponsividade das células citotóxicas, como já observado em tumores sólidos, linfomas 



20 

 

e leucemias mielóide (YANG et al. 2012, SPRANGER et al. 2013, MIYOSHI  et al. 2016, 

CHEN et al. 2017, REN et al. 2018, , ZHAO et al. 2018) 

 

1.3 JUSTIFICATIVA 

Apesar do grande número de trabalhos já publicados avaliando a associação de 

polimorfismos na região codificadora do gene PRF1 com linfomas, nada encontramos sobre 

esta associação com o MM. 

Em trabalho preliminar realizado por nosso grupo de pesquisa, foi realizada a análise 

da região promotora do gene PRF1 em uma coorte de pacientes com diversas neoplasias 

hematológicas e verificamos que a frequência do polimorfismo -398C/T no mieloma múltiplo 

foi uma das mais elevadas dentre as doenças estudadas (GARCIA et al., 2011). 

Na literatura encontramos resultados contraditórios de trabalhos que visam esclarecer 

o papel da perforina na imunovigilância e desenvolvimento de neoplasias linfoproliferativas 

(ZUR et al., 2004; SANTORO et al., 2005; MEHTA et al., 2006; CETICA et al., 2016)  

Assim, é de suma importância a análise da estrutura de genes, transcritos de RNA 

mensageiro e quantificação de proteínas intracelulares envolvidas na resposta imune e função 

LTCs e células NK. Estas são estratégias úteis que poderão auxiliar na compreensão dos 

mecanismos imunológicos de resposta à células tumorais e na influência de fatores genéticos 

envolvidos na patobiologia do LNH e MM. 
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2 OBJETIVOS 

 

  

2.1 OBJETIVO GERAL 

 

 Este estudo teve como objetivo a avaliação da resposta imune mediada por grânulos de 

LTCs e células NK, identificando os polimorfismos no gene da perforina (PRF1) e 

quantificando os níveis de expressão gênica e proteicos de perforina e granzima B em relação 

a sobrevida de pacientes com LNH e MM 

 

 

2.2 OBJETIVOS ESPECÍFICOS  

 

 

2.2.1 Objetivos específicos do artigo 1 

 

 

1. Quantificar a expressão dos genes PRF1 e GZMB em pacientes com LNH sem 

histórico de tratamento quimioterápico e indivíduos saudáveis. 

2. Quantificar a produção intracelular de perforina e granzima B nas células NK e LTCs 

de pacientes com LNH sem histórico de tratamento quimioterápico e indivíduos 

saudáveis. 

3. Correlacionar os níveis proteicos e de expressão gênica com a sobrevida dos pacientes 

com LNH. 

4. Investigar a presença de polimorfismos na região codificadora do gene PRF1 de 

pacientes com LNH e indivíduos saudáveis 

 

2.2.2 Objetivos específicos do artigo 2 

 

 

1. Investigar a presença de polimorfismos na região codificadora do gene PRF1 de 

pacientes com MM e indivíduos saudáveis 

2. Quantificar a expressão dos genes PRF1 e GZMB em pacientes com MM sem 

histórico de tratamento quimioterápico e indivíduos saudáveis. 

3. Quantificar a produção intracelular de perforina e granzima B nas células NK e LTCs 

de pacientes com MM sem histórico de tratamento quimioterápico e indivíduos 

saudáveis. 

4. Correlacionar os níveis proteicos e de expressão gênica com a sobrevida dos pacientes 

com MM. 
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2.2.3 Objetivos específicos do artigo 3 

 

1. Relatar o caso de um paciente com MM portador do polimorfismos A91V em 

homozigose. 

2. Avaliar a capacidade dos linfócitos citotóxicos deste paciente em induzir a lise 

específica de uma linhagem tumoral. 

3. Quantificar os níveis proteicos de perforina e granzima B nos LTCs e células NK 

deste paciente. 

4. Quantificar a expressão dos genes PRF1, GZMB, FAS, STAT-1, STAT-3, STAT-

5, T-bet e IFN-γ. 
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3 RESULTADOS  

 

 A seção de materiais e métodos, resultados e discussão serão apresentados sob a forma 

de três artigos científicos, produtos deste projeto de pesquisa. 

 

 

3.1 ARTIGO 1  
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3.2 ARTIGO 2 

INCREASE IN CYTOTOXIC LYMPHOCYTES AND CORRELATION OF 

PERFORIN EXPRESSION AND GRANZYME B WITH IMPROVED SURVIVAL OF 
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ABSTRACT 

 

Multiple myeloma (MM) is an incurable and progressive neoplasm of plasma cells that causes 

immune dysfunction due to several factors, including the hyporesponsiveness of cytotoxic 

lymphocytes. To evaluate the main cell death pathway used by cytotoxic lymphocytes and 

natural killer cells in defense against tumor cells, our study investigated the presence of 

polymorphisms in the coding region of the PRF1 gene and quantified the levels of gene 

expression and intracellular protein of perforin and granzyme B in 58 patients with MM and 

in 78 healthy individuals. We did not observe differences between allele frequencies of 

polymorphisms in the coding region of PRF1 and in perforin and granzyme B expression 

between patients with MM and healthy individuals. However, patients with MM had 

significantly more cytotoxic T lymphocytes (CTLs) expressing perforin and granzyme B, in 

addition to a greater number of natural killer (NK) cells, compared to that in healthy subjects. 

In addition, the lower expression of perforin and granzyme B genes was associated with 

poorer survival in these patients. Therefore, even if inherited PRF1 polymorphisms are not 

associated with MM, the elevated expression of genes encoding these cytolytic proteins may 

be associated with better patient prognosis, demonstrating the critical role of 

immunovigilance in the control and progression of MM.  Future studies should clarify 

whether this expansion of CTLs expressing perforin and NK cells occurs at the expense of 
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senescent dysfunctional cells, thus tracing the functional profile of these effector cells in 

patients with MM. 

 

INTRODUCTION  

 

Multiple myeloma (MM) is a progressive B-cell lymphoproliferative neoplasm caused 

by deregulated and clonal proliferation of plasma cells in the bone marrow, which produce 

and secrete anomalous monoclonal immunoglobulin. The pathophysiological consequences 

and clinical manifestations occur as a consequence of the infiltration of organs by neoplastic 

plasmocytes, especially the bones, by the production of excess immunoglobulin, and by the 

suppression of normal humoral immunity. These processes lead to bone destruction, renal 

failure, suppression of hematopoiesis, and increased risk of infections [1]. Despite recent 

therapeutic advances, MM is still considered an incurable disease and the life expectancy of 

patients with MM does not exceed 5 years [2]. 

The interaction of malignant plasma cells with cytotoxic T lymphocytes (CTLs) or 

natural killer (NK) cells is able to modulate the growth and differentiation of these effector 

cells, with T cells being responsible for a key role in controlling the progression of 

monoclonal gammopathies [3]. After being activated, CTLs and NK cells exert their 

immunovigilance activity mainly through the exocytosis of granules containing perforin and 

granzyme B [4]. Perforin undergoes polymerization in the membrane of the target cell, 

forming pores that lead to osmotic imbalance and, together with granzymes, which activate 

the caspase cascade, triggering the apoptotic pathway, provoke the death of the neoplastic cell 

[5]. 

The PRF1 gene encodes perforin and is located on human chromosome 10q22 [6]. 

Studies in knockout mice involving this gene have demonstrated a reduction in the cytotoxic 

function of CTLs and NK cells, rendering the animals up to 1000 times more susceptible to 

transplanted and/or induced malignancies [7,4]. In humans, changes in the PRF1 gene were 

initially associated with familial hemophagocytic lymphohistiocytosis (LHF), a rare and 

rapidly fatal disease that occurs in the first decades of life [8]. Individuals afflicted with the 

disease and who have biallelic mutations in the PRF1 gene present severe impairment of the 

cytotoxic activity of CTLs and NK cells [9]. Other lymphoproliferative disorders have been 

associated with mutations in PRF1, such as acute lymphoblastic leukemia [10] and non-

Hodgkin's lymphoma [11, 12]. In contrast to that observed for PRF1, cases of neoplasia 
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related to the presence of mutations in the granzyme B gene (GZMB) have not been reported 

to date. 

Despite the large number of published papers evaluating the association of 

polymorphisms in the coding region of the PRF1 gene with lymphomas, we found no such 

association with MM. Among the few investigations that analyzed perforin-mediated immune 

responses against MM, we identified an animal model study that showed that the immune 

response against a transplanted myeloma cell line was mediated primarily by NK cells and 

CD8+ T lymphocytes through the pathways of perforin and interferon gamma (IFN-γ) [13]. A 

previous study evaluated the damage caused by purified perforin in the membrane of tumor 

cells and observed that MM plasma cells are highly susceptible to perforin-mediated lysis 

[14]. 

Due to the lack of information regarding the effector mechanism of CTLs and NK 

cells in patients with MM, this study aimed to evaluate the granule-mediated pathway of cell 

death by investigating the presence of polymorphisms in the coding region of the PRF1 gene. 

It is also proposed to quantify the levels of mRNAs and perforin and granzyme B proteins to 

assist in understanding the immunological mechanisms of responses to tumor cells and the 

influence of genetic factors involved in the pathobiology of MM. 

 

MATERIALS AND METHODS 

 

Research Subjects 

This study included 58 patients with MM, of which 32 were male and 26 were female, 

with a median age of 63 years (34–86 years) visiting the Clinical Hospital of Universidade 

Federal do Triângulo Mineiro and the Faculdade de Ciências Médicas da Santa Casa de São 

Paulo (FCMSCSP). The control group consisted of 78 individuals with no history of 

neoplasia, chronic or autoimmune infectious disease, of which 55 were male and 23 were 

female, with a median age of 46 years (23–76 years). 

This research was approved by the Ethics Committee of the Universidade Federal do 

Triângulo Mineiro (protocol n ° 2677) and all participants gave written consent. 

  

Polymorphism search in the coding region of the PRF1 gene 

A search for polymorphisms in the PRF1 coding region was performed by direct 

sequencing. DNA was extracted from leukocytes obtained from total peripheral blood using 

the FlexiGene Mini DNA isolation kit (Quiagen, Hilden, Germany) according to the 
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manufacturer's instructions. Amplification of the sequences to be investigated was performed 

by polymerase chain reaction (PCR) using specific primers (Invitrogen Life Technologies, 

São Paulo, Brazil), for exon 2: forward (F2) 5′-CCTTCCATGTGCCCTGATAATC-3′ e 

reverse (R2) 5′-GAAGCAGCCTCCAAGTTTGATTG-3′; and for exon 3: forward (F3) 5′-

CAGTCCTAGTTCTGCCCACTTA-3′ e reverse (R3) 5′-

CTAATGGGAATACGAAGACAGCC-3′, following the technique described by Martínez-

Pomar [15]. Sequencing was performed using the PCR products, the same amplification 

primers, and the ABI Prism Big Dye ™ Terminator Cycle Sequencing Ready kit (Applied 

Biosystems, Foster City, USA), on an ABI Prism 3100xl DNA sequencer (Applied 

Biosystems) following the manufacturer's instructions. 

 

Gene Expression Analysis 

Quantitative real-time PCR (qPCR) was used for the quantification of PRF1 and 

GZMB gene expression. Total RNA was extracted from peripheral blood using the QIAamp 

RNA Blood Mini (Qiagen, Hilden, Germany) kit and complementary DNA (cDNA) was 

generated by reverse transcription using GoScript ™ Reverse Transcription System (Promega, 

Madison, USA). For amplification by qPCR, we used the inventoried TaqMan® assays: 

perforin (Hs00169473_m1), granzyme B (Hs01554355_m1) and β-actin (Hs99999903_m1) 

and the GoTaq® qPCR Master Mix kit (Promega). Gene expression values were normalized 

to that of the endogenous β-actin gene (ACTB), and the expression levels of PRF1 and GZMB 

were calculated by the Δ cycle threshold (ΔCT) method using the 2
-ΔΔCT

 formula. 

 

Immunophenotyping of CD8+ T and NK cells 

Quantification of intracellular expression of perforin and granzyme B was performed 

by flow cytometry of 2 × 10
5
 peripheral blood mononuclear cells from each individual, 

collected in a tube containing heparin, and isolated by density gradient separation using 

Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden). Identification of CTLs and NK cells 

was performed using anti-CD3 (APC), anti-CD8 (Pe-Cy5), and anti-CD56 (Pe-Cy7) 

antibodies (BD Pharmingen ™, New Jersey, USA). CD69 (PE) marker (BD Pharmingen ™) 

was used to identify T cell activation. For the quantification of intracellular protein levels of 

perforin and granzyme B, anti-perforin (PE) (Clone dG9), and anti-Granzyme B (FITC) 

(Clone GB11) (BD Pharmingen ™) were used. Fifty thousand events were acquired on a 

FACSCanto II cytometer (Becton Dickinson, New Jersey, USA) and the results were 

analyzed using FlowJo 10 software (TreeStar, Ashland, USA).  
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Statistical analysis 

Data analysis was performed using GraphPad Prism version 6.01 software (San Diego, 

USA). Comparison of the allele frequencies of the polymorphisms observed in patients and 

controls was performed using the Chi-squared test.  

In relation to the results of protein quantification and gene expression by qPCR, after 

verifying the sample distribution through the Kolmogorov-Smirnov test, statistical analysis 

was performed using Student’s t-test (for parametric distributions) or by the Mann-Whitney 

test (for non-parametric distributions). Survival analyzes were performed using the log-rank 

test to evaluate the impact of perforin and granzyme B deficiency in patients.  Differences 

were considered significant when the p value was < 0.05. 

 

RESULTS 

 

Frequency of PRF1 gene polymorphisms 

Six single nucleotide polymorphisms (SNPs) on exon 2 and three SNPs on exon 3 of 

the PRF1 gene were identified, five of which were synonymous (G96A, G435A, G462A, 

C822T, and C900T) and four non-synonymous polymorphisms (G11A, C272T, C310T, and 

G781A). The alleles 96A, 435A, and 462G were observed only in healthy individuals (allelic 

frequency of 0.01, 0.03, and 0.03, respectively), but without significant difference between 

groups analyzed (p = 0.39, p = 0.08, and p = 0.16, respectively). In exon 3, 822T and 900T 

alleles were observed in both MM and controls, and allelic frequency did not differ between 

them (0.1 versus 0.09, p = 0.54; and 0.5 versus 0.4, p = 0.09). 

 Among the non-synonymous SNPs identified, one was found with a higher frequency 

in relation to the others. The altered PRF1 allele, C272T, was observed at a frequency of 0.07 

in patients with MM, with patients being heterozygous or homozygous. This frequency was 

more than double that found in the group of healthy individuals, however, the difference was 

not statistically significant (p = 0.16). The other non-synonymous polymorphisms, G11A, 

C310T, and G781A, were found only in the heterozygous state, with allele frequencies that 

did not differ between the groups studied (Table 1). 

 

Lower expression of perforin and granzyme B correlated with lower survival of patients 

with MM 

To avoid possible interference in our analysis, only patients who had not started 

chemotherapy treatment, and control subjects matched by gender and age, underwent 
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quantification of gene expression and intracellular expression of perforin and granzyme B. 

Thus, the techniques of qPCR and flow cytometry were used in 15 patients with MM and in 

15 healthy individuals matched by gender and age (Table 02). 

The values obtained by qPCR analysis demonstrated that there was no statistically 

significant difference in PRF1 and GZMB expression between patients with MM and healthy 

individuals (p = 0.6778 and p = 0.2808, respectively) (Figure 1A-B). However, we observed 

that patients with expression of PRF1 or GZMB above the median had significantly longer 

survival time compared to patients who had deficiency expression of both proteins (p 

=0.0462) (Figure 1C). We also observed a significant correlation between PRF1 and GZMB 

gene expression in both MM (p = 0.0005, r = 0.7870) and healthy subjects (0.0412, r = 

0.5321) (Figura 2)  

 

Increased number of activated lymphocytes expressing perforin and granzyme B   

 Flow cytometric analysis showed that the percentage of CTLs (CD3+ CD8+) in 

patients with MM and controls did not differ significantly. Regarding the expression of 

perforin and granzyme B, a significant increase was observed in the percentage of CTLs 

expressing granzyme B (Figure 3B p = 0.0070) and perforin (Figure 3C, p = 0.0310) in 

patients with MM. Patients with MM also had a significant increase in the percentage of NK 

cells (Figure 4B, p = 0.0342), but the proportion of these cells expressing granzyme B and 

perforin was not statistically different compared to healthy individuals (Figure 4C–D). In 

addition, the activation of lymphocytes was evaluated through CD69 marker expression. 

Patients with MM had significantly more activated lymphocytes than healthy individuals (p = 

0.0186) (Figure 5).  

 

DISCUSSION 

  

Among the polymorphisms found in this study, all had already been described and two 

were previously considered pathogenic, or with conflicting interpretations in this respect [16, 

17]. One of the SNPs that we identified, and which was initially considered pathogenic 

according to the literature, was G11A (rs35418374), which causes exchange of the amino acid 

arginine for histidine in codon four of the perforin protein. In our study, this change was 

identified only in the heterozygous state, with no significant difference in allelic frequency 

between the two groups studied. There are conflicting interpretations regarding the 

pathogenicity of this polymorphism, since only a single study published in the literature 
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reported an association of this alteration in a patient with aplastic anemia [18]. However, 

recent clinical studies that have performed more refined analyses for confirming the clinical 

significance of this variation, according to the Sherloc methods and ACMG (American 

College of Medical Genetics) guidelines, which point to this polymorphism as being benign 

[19, 20]. 

The second pathogenic SNP that we identified and the only one found in the 

homozygous state was C272T (rs35947132), which leads to substitution of the amino acid 

alanine for a valine in codon 91 (A91V) of the perforin protein. In our study, although the 

frequency of the altered allele was twice as high among patients with MM, this difference was 

not considered statistically significant. This is a hypomorphic variant most commonly found 

in the PRF1 gene, with up to 8% frequency in caucasians [21]. Data available from the 

National Center for Biotechnology Information and raised through the genome project show 

that the C272T SNP is predominantly identified in populations of European or mixed-race 

American origin, with frequencies of the mutated allele ranging from 0.02 to 0.04 [17]. 

 Although we found no differences in both the frequency of polymorphisms and the 

gene expression of perforin, our study identified that longer survival of patients with MM is 

positively correlated with elevated expression of PRF1 and GZMB. An earlier study by our 

research group also found that the expression of these genes correlated positively with the 

survival time of patients with non-Hodgkin's lymphoma [22]. Thus, even if inherited 

polymorphisms in the PRF1 gene have not been associated with MM, deficient cytotoxic 

responses may be associated with poorer prognosis for these patients, demonstrating that the 

immune system plays a critical role in controlling the progression of, and response to, MM 

treatment. 

Polymorphisms located in the coding region of the perforin gene may impact gene 

expression or protein quantification of cytoplasmic granules. Non-synonymous 

polymorphisms can generate lower availability of tRNA for the altered codon, or may cause 

incorrect folding (misfolding) of the mutated protein. This phenomenon may lead to 

decreased cleavage to the active form, rendering the protein more unstable, increasing its 

degradation, and consequently leading to a decrease in intracytoplasmic protein levels without 

interfering in the gene expression process [23-26].  

 In our study, we observed significant increases both in the percentage of CTLs 

expressing perforin and granzyme B, and in the percentage of NK cells, results similar to 

those of several previous studies [27-33]. Raitakari et al (2000) identified that the majority of 

T-cell expansions have the phenotype of cytotoxic T cells (CD8+CD57+ and perforin+) [28]. 
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Reinforcing the key roles of CTLs and NK cells, which are the main cells expressing perforin 

and granzyme B, an animal model study demonstrated that the tumor burden in MM mice was 

inversely correlated with the number of CD8+ and NK T cells present in the bone marrow 

[13]. 

The T cell clones in MM patients can constitute up to 50% of all blood lymphocytes 

and despite the expression of cytolytic proteins, these cells are considered hyporesponsive in 

vitro. However, the presence of these cells is still correlated with better survival. [29-31].  The 

best understanding of the normal CD8+ lymphocyte response to antigen and the factors that 

lead to abnormal continued expansion in certain disease states will be essentials to comprising 

the pathogenesis of chronic antigenic stimulation [34]. Overcoming a hypo-responsivity of 

these cells is currently a promising therapeutic strategy [35]. 

 

CONCLUSION 

 

 In the present study, no differences were observed between the frequency of 

polymorphisms in the coding region of the PRF1 gene and in perforin and granzyme B gene 

expression in patients with MM and healthy individuals. Patients with MM had higher 

numbers of CTLs expressing perforin and granzyme B, in addition to greater numbers of NK 

cells, compared to healthy individuals. In addition, deficiency perforin and granzyme B 

expression was associated with lower survival in these patients. New studies should seek to 

clarify if this expansion of CD8+ T lymphocytes expressing perforin and NK cells occurs at 

the expense of senescent dysfunctional cells, which could make it possible to trace the 

functional profile of these effector cells in patients with MM. 
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Tables 

Table 1. Non-synonymous polymorphisms found in the coding region of the PRF1 gene in 

patients with multiple myeloma and in healthy individuals. 

  Allele frequency  

  
Reference 

allele  

Variant 

allele 

p- 

value 

G11A 

R4H 
P 115/116 (0.99) 1/116 (0.01) 0.47 

(rs35418374) C 153/156 (0.98) 3/156 (0.02)  

C272T 

A91V 
(rs35947132) 

P 108/116 (0.93) 8/116 (0.07) 0.16 

C 151/156 (0.97) 5/156 (0.03)  

C310T 

R104C 
P 115/116 (0.99) 1/116 (0.01) 0.24 

(rs547723649) C 156/156 (1.0) 0/156 (0.0)  

G781A 

E261K 
P 114/116 (0.98) 2/116 (0.02) 0.24 

(rs758110629) C 154/156 (0.99) 2/156 (0.01)  

P: patients; C: controls (healthy individuals), Chi-square test: there was no 

significant difference in allele frequencies between patients and controls.
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Table 2: Patient`s characteristics. 

Patient Gender Age Classification Clinical Features Durie 

Salmon 

Internationa

l Staging 

System 

Therapeutic outcome Survival 

time 

(months) 

P24 M 43  IgG-Lambda Low back pain and asthenia IIIA   III Very good partial 

response 

54  

P26 M 69 IgG-kappa  Left hip pain  IIA  I Very good partial 

response 

90  

P28 F 64  IgG-Kappa low back pain  IA I  No treatment 

(asymptomatic 

multiple myeloma) 

56  

P33 M 74  IgA-Lambda Dyspnea and edema of lower limbs  IIIB IIIA  Death - no treatment Not 

informed 

P34 F 68 IgA-Kappa Acute renal failure, anemia and thrombocytopenia IIIB III Death - no treatment 1 

P44 M 76  Unrealized Not informed Not 

informed  

Not 

informed  

Death - no treatment 1 

P93 F 55 IgA-lambda  Right arm pain lasting 4 months  IA II  Complete therapeutic 

response 

30  

P99 F 76 IgA-Lambda Lower limb pain, asthenia, and weight loss IA III Very good partial 

response 

27  

P100 F 71 IgG-Lambda Adynamia, weakness, lower limb pain and 

dyspnea on exertion 

IIIB  III  Very good partial 

response  

21  

P103 F 59  IgA-Kappa Pathologic fracture of the left upper limb  IIIA III  Very good partial 

response 

21  

P104 F 83  IgA-Kappa  Asymptomatic patient with detection of moderate 

anemia in preoperative cholecystectomy 

 IIIA III  Very good partial 

response 

17  

P106 M 55  Kappa Low back pain and weight loss  IIIA II Partial response 17  

P107 F 73  IgG/Kappa Inability to walk and tumor in left clavicle IIIA II  Very good partial 

response 

16  

P108 F 68  IgG/Kappa Asthenia and adynamia associated with episodes 

of forgetfulness and lower limb  pain 

IIIA  III  Partial response 17  

P115 M 38 Lambda  Presentation with diffuse tumor masses with 

initial evaluation motivated by headache and 

strabismus caused by skull base tumor 

IIIA Not informed Death due to febrile 

neutropenia 

3  
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Figures 

 
Figure 1: Quantification of perforin and granzyme B expression and correlation with survival 

of multiple myeloma patients and controls. A. PRF1 gene expression relative to ACTB; B. 

GZMB gene expression relative to ACTB; C. Comparison between survival curves of patients 

with PRF1 or GZMB expression above the median and patients with deficiency expression of 

both proteins (gene expression below the group median).  

 

 

Figure 2: Correlation between perforin gene expression and granzyme B. A. controls; B. healthy 

individuals.
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Figure 3: Strategy for gating and quantification of subpopulations of CD8+ T lymphocytes expressing perforin and granzyme B. A. Gating 

strategy for separation of the lymphocyte population, separation of CD8+ T lymphocytes; and quantification of the percentage of cells expressing 

perforin and granzyme B. B. Quantification of CD8+ T lymphocytes expressing granzyme B. C. Quantification of CD8+ T lymphocytes 

expressing perforin. 
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Figure 4: Gating strategy and population quantification of NK cells expressing perforin and granzyme B. A. Gates strategy for separation of the 

lymphocyte population; separation of the NK cell population and quantification of the percentage of cells expressing perforin and/or granzyme B. 

B. Quantification of NK cells. C. Quantification of NK cells expressing granzyme B. D. Quantification of NK cells expressing perforin. 
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Figure 5: Quantification of activated lymphocytes in patients with multiple myeloma.  
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Introduction 

 

The perforin gene (PRF1), located on the human chromosome 10q22, encodes 

perforin, a pore-forming protein critical to the functioning of cytotoxic lymphocytes (CLs), 

comprised primarily of cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells [1]. In 

conjunction with granzymes, perforin induces target cell apoptosis and is essential in the 

immune response against intracellular pathogens and tumor cells [2]. 

Studies in knockout mice for this gene have demonstrated a reduction in the cytotoxic 

function of CTLs and NK cells, making the animals up to 1000 times more susceptible to 

transplanted and/or induced malignancies [3]. In addition, 60% of knockout mice that were 

not challenged with pathogens and/or carcinogens spontaneously developed highly aggressive 

and disseminated B-cell lymphomas before 12 months of age [4]. 

In humans, changes in the PRF1 gene were first associated with familial 

hemophagocytic lymphohistiocytosis, a rare and potentially fatal disease occurring within the 

first decades of life [5]. Individuals with this disease who have biallelic mutations of the 

PRF1 gene present severe impairment of the cytotoxic activity of CTLs and NK cells [6]. 

Subsequently, other lymphoproliferative disorders were associated with mutations in this gene 

such as acute lymphoid leukemia [7] and non-Hodgkin lymphoma [8, 9]. 

The aim of this report is to show a case of a multiple myeloma patient who presented 

impaired cytotoxicity associated with homozygous A91V polymorphism in the perforin gene. 
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Case report 

A 58-year-old male diagnosed with IgG/Kappa multiple myeloma (International 

Staging System III) treated eight years ago with VAD polychemotherapy 

(vincristine/doxorubicin/dexamethasone) and autologous peripheral hematopoietic stem cell 

transplantation and in follow-up with indication of re-treatment for progression of disease due 

to hip pain, anemia and increase of monoclonal component.  

The PRF1 gene of patient was analyzed by direct sequencing and the homozygous 

C272T polymorphism (PRF1
272T/T

) was identified. A C>T change at position 272 in exon 2 of 

PRF1 replaces alanine with valine at position 91 (A91V) in the protein. We performed a 

functional analysis of the CLs of a PRF1
272T/T

 patient and a healthy individual PRF1
272C/C

. 

Our results show that PRF1
272T/T

 effector cells had significantly reduced ability to induce 

specific lysis of the tumoral K562 cells (ATCC® CCL-243™) (Figure 1A). The highest 

number of effector cells was not able to restore the cytotoxic capacity of this patient, since 

even at the effector/target cell ratio of 50:1, PRF1
272T/T

 CLs continued to eliminate 

significantly fewer tumor cells than the PRF1
272C/C

 CLs (60% versus 77%; p-value = 0.0292).  

It was observed that the NK cells of the PRF1
272T/T

 patient had three times less 

perforin than observed in the wild-type individual (MIF 1048 vs. 3392, respectively) and the 

percentage of NK cells expressing perforin was also slightly reduced (75.9% vs. 87.4%, 

respectively) (Figure 1B).  

The PRF1 gene expression did not differ between the individuals, however the 

expression of granzyme B was approximately 2.5 times higher in the PRF1
272T/T

 patient (p-

value = 0.003) (Figure 1D). It was also observed that the T-bet expression was approximately 

1.7-fold higher and IFN-γ expression was 4.5-fold higher in the PRF1
272T/T

 patient (p-value = 

0.029 and p-value= 0.036, respectively) (Figure 1E-F). 
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Figure 1: Results of perforin gene (PRF1) sequencing, cytotoxicity assay, perforin/granzyme 

B intracellular quantification and gene expression quantification. (A) Electropherograms of 

the PRF1
272T/T

 patient and the PRF1
272C/C

 healthy individual obtained by direct sequencing of 

PRF1. (B) Specific lysis of K562 target cells at an effector:target ratio of 12.5:1, 25:1 and 

50:1 in the cytotoxicity assay. (C) Percentage of cytotoxic T lymphocytes (CTL) and natural 

killer (NK) cells expressing perforin and granzyme B and the mean fluorescence intensity 

(MFI) by flow cytometry. (D) Perforin, granzyme B and Fas gene expression quantification. 

(E) STAT1, STAT3, STAT5 and T-bet gene expression quantification. (F) Interferon-gamma 

gene expression quantification. 

 

Discussion 

Previous studies have reported that the reduction in cytotoxicity caused by the C272T 

SNP can affect the cytotoxicity of CLs by up to 50%. This fact is explained by the misfolding 

of the mutated protein that causes a decrease in its cleavage compared to the active form and 

makes it more unstable, increasing its degradation without interfering in the process of gene 

expression [10-13]. 

The patient was diagnosed with advanced stage MM (International Staging System III) 

at 49 years of age after a femoral fracture and being referred for investigation. The 

manifestation of the disease in this age is considered precocious, since the average age of 

diagnosis in Brazil of 61 years [14].  
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A reduction in LC cytotoxicity caused by missense or frame-shift mutations may result 

in decreased immune surveillance against tumors and increased susceptibility to cancer [10]. 

In homozygosis, the C272T alteration has been associated with familial hemophagocytic 

lymphohistiocytosis, non-Hodgkin lymphoma and aplastic anemia [5, 8, 9, 15]. However, we 

did not find any published studies that correlated this alteration with MM. 

Although early studies had considered C272T as a neutral polymorphism because of 

its high frequency in the general population, a recent study showed that even in heterozygosis 

this polymorphism causes a decrease in NK cell cytotoxicity in healthy individuals [16]. 

An interesting observation can be made regarding the greater gene expressions of 

GZMB, T-bet and IFN-γ in the PRF1
272T/T

 patient compared to the wild homozygous 

individual. A study published by Jenkins et al. 2015 showed that perforin deficiency increases 

immunological synapse dwell time by up to 5-fold, resulting in increased secretion of 

inflammatory cytokines such as IFN-γ, IL-2 and TNF by CTLs and NK cells and activation of 

macrophages [17]. 

T-bet is a transcription factor that promotes the activation of other transcription 

factors, such as STAT1 and STAT3 [18]. Due to the higher T-bet expression in the PRF1
272T/T

 

patient, we expected to find greater expressions of STAT1 and STAT3, however we found the 

opposite. These reductions in STAT1 and STAT3 also could be responsible for the lower 

expression of perforin, since STAT proteins are transcription factors that are involved in the 

regulation of the perforin gene [19]. Further studies are essential to elucidate the mechanism 

involved in inhibiting the expression of these STATs. 

Studies have used IL-2 treatment as a strategy to recover the function of perforin-

deficient CLs and have reported increased cytotoxic potential at levels similar to the normal 

cells evaluated [20,21]. Currently, different therapeutic strategies, such as lenalidomide and 

other thalidomide derivatives that stimulate IL-2 production, used to treat MM seek to recover 

and potentiate the cytotoxicity of CLs [22-24]. 

In conclusion, the functional analysis of the CLs of a PRF1
272T/T

 patient revealed a 

significant decrease in their cytolytic capacity as well as the amount of perforin present in NK 

cell granules.  
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SUPPLEMENTARY MATERIAL 

 

Materials and Methods 

 

Direct Sequencing 

DNA was extracted from total peripheral blood and subsequently, the sequences to be 

investigated were amplified by polymerase chain reaction (PCR) using specific primers for 

each region as previously described in the literature [10]. Sequencing was performed using 

the PCR products with the same amplification primers and the ABI Prism BigDye
TM
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Terminator Cycle Sequencing Ready kit (Applied Biosystems) following the manufacturer's 

instructions with the ABI Prism 3100xI DNA Sequencer (Applied Biosystems). 

 

Cytotoxicity Assay 

A commercial tumor line derived from a human erythroleukemia named K562 

(ATCC® CCL-243™) and peripheral blood mononuclear cells (PBMC) of the subject were 

used for the functional evaluation of CLs. For the assay, the target cells were labeled with 

carboxyfluorescein succinimidyl ester (CFSE) and co-cultured with the PBMC of the patient 

containing effector cells in the proportions of 12.5:1, 25:1 and 50:1. After four hours of 

incubation, the cells were recovered and labeled with propidium iodide (PI). Specific lysis of 

K562 cells was calculated by the frequency of double-positive K562 cells for CFSE and PI 

labeling, subtracted from spontaneous lysis. 

 

Flow Cytometry 

Quantification of the intracellular expressions of perforin and granzyme B was 

performed by flow cytometry in 2 x 10
5
 PBMC, which were maintained in culture to perform 

the cytotoxicity assay. 

The labeling of LTCs and NK cells was achieved using CD3, CD8 and CD56 

antibodies (BD Pharmingen ™, CA, USA). Fifty thousand events were acquired on a 

FACSCanto II cytometer (Becton Dickinson, CA, USA) to quantify cells labeled with the 

perforin-PE or Granzyme B-FITC (BD Pharmingen ™, CA) intracellular antibodies and to 

calculate the mean fluorescence intensity (MFI) of each antibody. 

 

Quantitative Real-time Polymerase Chain Reaction (qPCR) 

Quantification of the gene expression was performed by the quantitative real-time 

PCR technique (qPCR). RNA was isolated from the separated PBMC and then 

complementary DNA (cDNA) was generated by reverse transcription. The following 

inventoried TaqMan® assays were performed: perforin (Hs00169473_m1), granzyme B 

(Hs01554355_m1), fas (Hs00236330_m1), STAT1 (Hs01013996_m1), STAT3 

(Hs00374280_m1), STAT5 (Hs00234181_m1), T-bet (Hs00203436_m1), INF-γ 

(Hs00989291_m1), and β-actin (Hs99999903_m1). The values were normalized with the 

endogenous β-actin gene and the levels of gene expression were calculated by the ΔΔ cycle 

threshold (ΔΔCT) method. 
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Statistical analysis was performed using the ExpressionSuite Software v1.1, Applied 

Biosystems®, the differences being considered statistically significant when the p-value was 

less than 0.05. 
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4 CONSIDERAÇÕES FINAIS 

 

 A imunoterapia nos dias de hoje se faz cada vez mais uma estratégia terapêutica de 

sucesso. O aprimoramento das células T CAR e as terapias com células NK ganham cada vez 

mais espaço no cenário onco-hematológico. Nossa perspectiva é de que possamos continuar 

os estudos nesta linha de pesquisa através de ensaios funcionais para avaliar o potencial 

citotóxico das células T CD8+, T CD4+ e células NK em neoplasias linfoproliferativas. 
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5 CONCLUSÕES  

 Não foram observadas diferenças entre a frequência de polimorfismos na 

região codificadora do gene PRF1 de pacientes com LNH e MM em comparação a 

indivíduos saudáveis. 

 Houve maior expressão gênica de perforina e granzima B nos pacientes 

com LNH em comparação aos indivíduos saudáveis, o que não foi observado nos 

pacientes com MM. 

 Os pacientes com LNH apresentaram maior número de LTC ativados e que 

expressavam perforina, no entanto a quantificação intracelular de perforina nas células 

NK foi significativamente reduzida nestes pacientes em relação aos indivíduos saudáveis. 

Os pacientes com MM também apresentaram maior número de LTCs que expressavam 

perforina e granzima B, contudo ao contrário do que observamos no LNH os pacientes 

com MM mostraram aumento na porcentagem de células NK em comparação aos 

indivíduos saudáveis. 

 Os pacientes com MM e LNH que apresentavam expressão gênica de 

perforina e granzima B acima da mediana do grupo tiveram o tempo de sobrevida 

significativamente maior em comparação aos pacientes que apresentavam deficiência na 

expressão destes genes. 

 As células NK de um paciente com MM, que foi identificado como 

homozigoto para o polimorfismo A91V no gene PRF1,
 

tiveram a capacidade 

significativamente reduzida de induzir a lise específica das células K562, 

independentemente da proporção entre o número de células efetoras e o número de células 

alvo utilizadas. Também observamos que apesar de não haver diferenças na expressão do 

gene PRF1 este paciente apresentava níveis intracelulares de perforina reduzidos nos 

grânulos das células NK.  
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