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1. Introducéao

As leucemias agudas constituem um grupo heterogéneo de neoplasias
malignas caracterizadas pela proliferagédo descontrolada de um ou mais clones
celulares na medula 6ssea com capacidade de invasdo de tecidos adjacentes
(INCA, 2002). Estes clones resultam de uma célula progenitora que sofreu uma
série de alteracdes genéticas, conferindo vantagem proliferativa em relacéo a
hematopoese normal. O aumento na proliferacdo desses clones leucémicos
afeta todas as linhagens celulares (leucocitaria, eritréide e plaquetéaria), inibindo
sua producéo e impedindo a diferenciacéo celular (American Cancer Society,
2016). Dependendo da linhagem celular afetada, as leucemias agudas estédo
divididas em leucemia mieloide aguda (LMA), linfoblasticas aguda (LLA) ou
leucemia de linhagem mista (INCA, 2002).

A LLA é uma neoplasia maligna de origem linféide, caracterizada pelo
acumulo clonal de linfoblastos na medula 6ssea e supressdo da hematopoese
normal (DEEPA BHOJWANI, et al.,, 2015). Embora a LLA possa ocorrer em
gualquer faixa etaria, esse tipo de leucemia € mais comum na infancia, ocorrendo
um pico de incidéncia entre 2 e 5 anos de idade (STELIAROVA-FOUCHER et
al., 2017). As neoplasias linfoblasticas agudas também se classificam com base
na linhagem celular afetada podendo ser de células B (LLA-B) ou T (LLA-T). Na
infancia, 85% dos casos sdo de linhagem do tipo B (KUHLEN; KLUSMANN;
HOELL, 2019).

Em 1976, as leucemias agudas foram separadas em subtipos por um
grupo cooperativo Franco-Americano-Britanico (FAB), tomando por base
critérios morfolégicos e citoquimicos nas células do sangue periférico e aspirado
ou bidpsia de medula 6ssea (MO), definindo como leucemia aguda quando
apresentavam mais de 30% de blastos na MO (BENNETT et al., 1976). A partir
do tamanho celular e pleomorfismo nuclear, as LLAs foram classificadas como
L1, L2 e L3 (BENNETT et al., 1976; FARIAS; CASTRO, 2004). J4 em 1995, o
grupo European Group for Immunological Characterization of Leukemias (EGIL)
propds uma classificacdo para as LLAs de acordo com a expressédo de antigenos
celulares. Essa classificacdo toma por base apenas critérios imunofenotipicos
(BENE el al., 1995). Com o surgimento de novas técnicas de diagnosticos essa
classificacao foi revista pela Organizacdo Mundial da Saude (OMS), que prop6s

uma nova classificacdo incluindo também informacdes sobre imunofenotipagem,
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biologia molecular e citogenética, além de ser considerada a presenca de 20%
de blastos na MO como suficientes para o diagndstico da doenca (ARBER. D et
al., 2016).

Em relacdo a biologia molecular e citogenética, na LLA-B os principais
transcritos identificados e utilizados na pratica clinica sdo a translocacao
t(12;21)(p13;q22) (TEL-AML1) representando 20-25% dos casos,
t(1;19)(923;p13.3)(TCF3-PBX1) com 6-7% dos casos, t(9;22)/BCR-ABL com 3-
5% dos casos e t(4;11)/MLL-AF4, a qual esta presente em até 60% das criancas
menores de 12 meses, e em apenas 3% dos adultos (MOORMAN et al., 2010).
Essas translocagbes cromossdémicas em muitos casos dao origem a fusbes
génicas que produzem RNAs mensageiros, na qual codificam proteinas com
diferentes propriedades estruturais e funcionais. Essas proteinas podem ativar a
transcricdo diretamente sem a interagdo com outras proteinas.

Existem diversas técnicas para auxiliar o diagnéstico molecular das LLASs,
entretanto cada metodologia apresenta vantagens e desvantagens. A analise
citogenética convencional é realizada através do estudo dos cromossomos que
permite a identificacdo de algumas translocacdes e aberracbes cromossomicas,
contudo essa técnica requer tempo, experiéncia e necessita de um grande
niamero de células em divisdo aproximadamente 20-30 células estando
principalmente na fase de metafase (LAZARYAN et al., 2019). Além disso,
existem delecdes ou rearranjos cromossémicos que nao sao detectados por esta
técnica. Outro método diagndstico é a hibridizac&o fluorescente in situ (FISH),
na qual utiliza sondas hibridizadas que marcam os cromossomos em metafase
ou nucleo em interfase, sendo detectados por fluorocromos (KEBRIAEI,
ANASTASI; LARSON, 2002). Essa técnica € mais rapida e mais sensivel que a
analise citogenética convencional, entretanto em casos de remissao requer um
grande numero de ndcleos para analise, sendo de baixa sensibilidade quando
comparada com outros métodos moleculares; além de custo elevado
(HARRISON et al., 2005). Ja no campo da biologia molecular, a reacdo em
cadeia da polimerase (PCR) aparece como uma das principais técnicas
moleculares aplicadas, bem como seu desdobramento em PCR digital, até
técnicas mais recentes como o0 sequenciamento de Ultima geracdo (NGS).

A PCR é uma técnica molecular sensivel, especifica e relativamente

rapida, podendo disponibilizar resultados em horas. Sua sensibilidade advém da
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capacidade de detectar uma Unica célula leucémica entre 10° e 108 células
normais, através da amplificacdo da regido gendmica alvo. Trata-se de uma
reacao especifica por utilizar sequéncias de primers e sondas especificas para
deteccdo de determinado alvo genético. Neste contexto, a possibilidade de
deteccdo de translocacOes génicas impactou na classificacdo molecular das
leucemias e na conduta terapéutica (DEEPA BHOJWANI, et al.,2015). As
deteccBes de alteracdes génicas, anteriormente ndo relatadas pelos métodos
morfoldgicos, tornaram-se importantes na avaliagdo de risco. Anormalidades
estruturais especificas como a t(9;22), t(1;19) e t(4;11) conferem um alto risco de
recidiva. Por outro lado, a t(12;21) est4 associada a um prognéstico altamente
favoravel (MOORMAN et al., 2010).Assim, 0s grupos de maior risco sao tratados
com esguemas quimioterapicos mais intensos, enquanto os grupos de baixo
risco, com bom progndstico, podem utilizar protocolos menos intensos (DEEPA
BHOJWANI, et al.,2015) Aléem do surgimento de terapias alvo especificas como
a utilizacdo dos inibidores de tirosina quinase, principalmente o mesilato de
imatinibe, modificou drasticamente o tratamento de pacientes com a
translocacéo t(9;22) melhorando a taxa de sobrevida em aproximadamente 10
anos (POLILLO et al., 2015).

Neste sentido, o presente estudo propde a padronizacdo e validacao de
um ensaio molecular para determinagcdo dos principais transcritos
t(12;21)(p13;922) (TEL-AML1), t(1;19)(923;p13.3)(TCF3-PBX1) e t(4;11)/MLL-
AF4 na LLA B, em amostras de pacientes atendidos no Servico de Diagnostico
Laboratorial do Hospital de Clinicas de Porto Alegre. O transcrito t(9;22)/BCR-

ABL p190 ja encontra-se implementado na rotina laboratorial.



2. Justificativa

Atualmente, os exames moleculares de diagndstico e monitoramento dos
pacientes com LLA B atendidos no HCPA séo realizados em laboratorios
externos a instituicdo, resultando em uma espera de aproximadamente 30 dias
para obtencdo dos resultados. Além disso, o transporte da amostra até o
laboratério externo pode comprometer a qualidade do exame, pois o
recomendado € processar 0 RNA, que é bastante instavel, dentro de 24h.

A validacdo, padronizacdo dos exames moleculares t(12;21)(p13;922)
(TEL-AML1), t(1;19)(q23;p13.3)[TCF3-PBX1] e t(4;11)/MLL-AF4 ja preconizados
pela Organizacdo Mundial da Saude (OMS), na Unidade de Diagnostico
Especializado do HCPA, visa diminuir o tempo de disponibilizacdo dos
resultados as equipes médicas, diminuir o custo do exame e garantir a qualidade

da analise.



3. Referencial Teo6rico
3.1Leucemia Linfoblastica Aguda

A LLA é a neoplasia mais comum na infancia, sendo estimado
aproximadamente, 30 a 50 novos casos por milhdo de criangas, e representa
25% a 30% de todas as malignidades infantis, com um pico de incidéncia entre
2 a 5 anos de idade. (INCA, 2018).

Segundo dados do Instituto Nacional do Cancer (INCA) a estimativa para
0 biénio 2020-2022 de novos casos de leucemias no Brasil, independentemente
do tipo, é na ordem de 5.940 casos para homens e 4.890 casos para mulheres.
J& para o Estado do Rio Grande do Sul, a taxa estimada é de 7,67 casos para
cada 100 mil homens e 6,17 casos para cada 100 mil mulheres (INCA, 2019).
Nos Estados Unidos, aproximadamente 2500 a 3500 novos casos de LLA sao
diagnosticados em criangas, com uma incidéncia de aproximadamente 3,4 casos
por 100 mil habitantes (WARD et al., 2014).

Atualmente, as leucemias agudas séo classificadas de acordo com o
aspecto citomorfolégico, citoquimico, imunofenotipico, citogenético e genético-
molecular (ARBER. D et al., 2016). Antigamente a analise morfolégica e
citoquimica eram as principais metodologias utilizadas para o diagndstico das
leucemias, entretanto havia dificuldades na reprodutibilidade dos resultados e na
padronizacdo da técnica, mas com o advento da tecnologia outros parametros
foram sendo pesquisados. Hoje em dia, estudos de imunofenotipagem por
citometria de fluxo permitem a estratificagcdo dos subtipos celulares, o que néao
era possivel somente com a morfologia (ARBER. D et al., 2016). Além disso,
nos ultimos anos, os estudos utilizando a biologia molecular vém ajudando no
diagndstico da doenca, com a estratificacdo dos grupos de risco, progndstico e

tratamento adequado para cada paciente (MOORMAN et al., 2010).

3.2 Classificacdo morfologica

O estudo morfologico € um dos critérios para o diagnoéstico das leucemias
agudas. O diagnéstico é estabelecido quando o exame da medula 6ssea revela
blastos acima de 20% da celularidade total (BENNETT et al., 1976). Em 1976, o
grupo Franco-Americano-Britanico (FAB) classificou as LLAs em trés subtipos

morfolégicos, L1, L2 e L3, com base no didametro celular, forma do nucleo e



protuberancia dos nucléolos, bem como quantidade e aspectos relativos do
citoplasma (Figura 1):
e LLA-L1: células linfoides pequenas e homogéneas, cromatina nuclear
fina, auséncia de nucléolos, citoplasma escasso e nucleo regular.
e LLA-L2: células grandes e heterogéneas, cromatina nuclear frouxa,
presenca de nucléolos, citoplasma abundante e forma do ndcleo irregular.
e LLA-L3: células linféides grandes e homogéneas, com cromatina nuclear
fina, nucléolos proeminentes, citoplasma fortemente basofilico e com

presenca de vacuolos.

Figura 1. Diferentes subtipos de células linféides segundo a classificagdo do grupo Franco-
Americano-Britanico. A) Leucemia Linfoblastica do tipo L1. B) Leucemia Linfoblastica do tipo
L2. C) Leucemia Linfoblastica do tipo L3. (GAMAL ABDUL-HAMID, 2016).

3.3 Classificacdo da Organizacdao Mundial da Saude (OMS)

Em 2016, a OMS juntamente com Associacdo Europeia de
Hematopatologia e a Sociedade Europeia de Hematopatologia, atualizou a
classificacdo de Tumores de Tecidos Linféides e Hematopoéticos, no qual
incorpora aspectos clinicos, morfologia, imunofenotipagem, citogenética e
genética molecular para definir a importancia clinica (Tabela 1) (ARBER D., el al
2016). Atualmente a LLA é subdividida em precursor B e precursor T. Além disso,

a LLA do tipo B é subdividida em 9 tipos diferentes de subclassificacao.
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Tabela 1. Classificacdo da OMS da Leucemia Linféide Aguda

Leucemia/Linfoma linfoblastico B

Leucemia/Linfoma linfoblastico B, sem outra especificagcao

Leucemia/Linfoma linfoblastico B com anormalidades genéticas recorrentes

Leucemia linfoblastica de células B com t(9;22)(q34;q11.2) [BCR-ABL1]

Leucemia linfoblastica de células B com t(v;11g23)[rearranjo MLL]

Leucemia linfoblastica B com t(12;21)(p13;022) [TEL-AML1 (ETV6-RUNX1)]

Leucemia linfoblastica de células B com hiperdiploidia

Leucemia linfoblastica células B com hipodiploidia

Leucemia linfoblastica de células B com t(5; 14)(q31;932) [IL3-IGH]

Leucemia linfoblastica de células B com t(1;19)(g23;p13.3)[TCF3-PBX1]

Leucemia/Linfoma linfoblastico T

Fonte: Adaptado de ARBER. D et al., 2016

3.4 Translocacdes cromossdmicas

3.4.1 Translocacdao t(12;21)(p13;q22)

O gene TEL (Translocacado-Ets-Leucemia), também chamado ETV6,
consiste de oito éxons, na regidao 12p13 e codifica uma proteina de 57 kDa, de
localizag&o nuclear. E membro da familia de fatores de transcri¢do, na qual é
crucial para o estabelecimento da hematopoese de todas as linhagens celulares
na medula 6ssea, tendo como funcgéo a repressao transcricional (GABERT et al.,
2003) (Figura 2).

O gene AML1, também conhecido como RUNX1 ou CBFA2, esta
localizado no cromossomo 21¢g22 e encontra-se expresso, normalmente, em
todas as linhagens hematopoéticas, atuando na regulacdo da proliferacdo e
diferenciacao destas células (GREAVES; WIEMELS, 2003).

A fusdo TEL/AML1, inibe a atividade de transcricdo do gene AML1 normal.
A proteina de fusdo TEL/AML1 pode desregular a expressdo do gene de
regulacdo AML1 de forma o converter para um repressor transcricional.

HIEBERT et al., 1996). Esse repressao transcricional € um dos mecanismos
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patogénicos da LLA com a t(12;21) Além disso TEL/AML1 também causa a
superexpressao do receptor de eritropoietina e ativacdo da sinaliza¢ao a jusante
de JAK-STAT (ZELENT; GREAVES; ENVER, 2004).

A translocacdo t(12;21)(p13;922) € observada em cerca de 25% das
criangas com leucemia da linhagem B, em comparacéo com aproximadamente
3% dos adultos (MOORMAN et al.,, 2010). A maior parte das criangas com
t(12;21) apresentam imunofendtipo precursor de células B, principalmente da
LLA-B comum ou pré-B e, raramente, da LLA pr6-B (DIGIUSEPPE; WOOD,
2019). A presenca dessa translocagdo confere ao paciente um excelente
prognéstico com sobrevida geral de doenca de 90% (PUI; ROBISON; LOOK,
2008).

a
TEL (12p13)
1a 2 3 L 5 6 7 8
A+ —i -
7 LI T LI 8]
+ tal A— can -
breakpoint region
~15 kb
AMLT (21g22)
1 2 3 - & [ 7a 7b B
g —f——— cen-»
breakpoint region
~150 kb
54 5 | 3 a ' 34
AN
488 1033 503 g42 796 853 1058
Sa 5 3 4 5 6<

Figura 2. Figura esquematica dos genes TEL e AML1. A) Representa a estrutura dos genes TEL
e AML1, juntamente com os pontos de quebra. B) Produto gerado da translocacéo
t(12;21)(p13;922) (VAN DONGEN et al., 1999). Cépia autorizada pela revista Leukemia, nimero
de licenca 4976750326118 (anexo 2).

3.4.2 Translocacdao t(4;11)(g21;q23)

Os rearranjos envolvendo o gene leucemia de linhagem mista (MLL) na
banda 11923 representam a anormalidade cromossémica ndo randomizada
mais comum encontrada em malignidades hematolégicas, incluindo a LLA e LMA
(MULLIGHAN et al.,, 2012). A translocacdo € encontrada principalmente em

leucemias de lactentes (até 60% das criangas menores de 12 meses), enquanto
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em criancas com idade maior de 1 ano, a incidéncia € muito inferior (2-3%)
(MOORMAN et al., 2010). Pacientes que apresentam essa translocacao tem um
prognéstico ruim. Os achados tipicos incluem uma taxa de remissdo de 75%,
mas uma sobrevida mediana livre de eventos de apenas sete meses em adultos
e uma taxa de remissdo completa de 88%, mas uma sobrevida mediana de 10
meses em criancas (CIMINO et al., 2000).

Na t(4;11) ocorre a fusdo do gene KMT2A na banda do cromossomo
11923.3 ao gene AFF1 (AF4) na banda do cromossomo 4g21.3, formando um
KMT2A-AFF1 gene de fusdo, que € transcrito em um mMRNA quimérico
(MULLIGHAN et al., 2012) (Figura 3).

Essas transloca¢cfes envolvem o gene KMT2A. A proteina KMT2A € uma
histona metiltransferase que se retine em complexos proteicos que regulam a
transcricdo génica via remodelacédo da cromatina (SUN et al., 1999). Os genes
alvo dos complexos reguladores da transcricdo KMT2A incluem os genes HOX
e o gene IKZF1 (IKAROS), que tém um papel critico no desenvolvimento e na
hematopoese (SUN et al., 1999).

MLL{11q23)
56 7 891011 12 -1617182122-27 28 29-31 32 33 - 36 37
+— cen tel —
breakpolnt region
~6.5 kb

AF4 (4g21)

1a ib 23 4 56 7 89 10 11 12-15 16 - 19 20

I ! I 11 I Il | I

| /LD (1]} ] L] U m I
+— Cen * /;:{ ' tel —

breakpoint region
~40 kb

Figura 3. Figura esquematica dos genes MLL e AF4 (AFF1) e pontos de quebra. (VAN DONGEN
et al., 1999). Cépia autorizada pela revista Leukemia, nimero de licenca 4976750326118 (anexo
2).

3.4.3 Translocacdao (1;19)(q23;p13)

O gene E2A é constituido por 17 éxons e esta localizado no nucleo, na
regido cromossémica 19p13.3 (GABERT et al.,, 2003) (Figura 4). Esse gene
codifica duas proteinas: E12 e E47 que sdo membros da familia de fatores de
transcricdo basic helix-loop-helix (bHLH). Estes fatores de transcricdo estao

envolvidos no processo de diferenciacdo e crescimento celular. Essas proteinas
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sd0 expressas em muitos tipos celulares e parecem ser essenciais a
hematopoese de células normais da linhagem B (MULLIGHAN et al., 2012). O
gene PBX1 esta localizado no ndcleo, na regido 1923, associado as proteinas
HOX, cuja funcao é ligar-se a sequéncias especificas do DNA para a regulacao
da transcricdo (HARRISON, 2001). A proteina de fusdo E2A/PBX € oncogénica
e afeta a diferenciacéo celular (HUNGER et al., 1998).

A 1(1;19)(g23;p13), é a segunda translocagdo mais comum na LLA da
infancia, relatada, primeiramente, em alguns casos de LLA pré-B (HUNGER et
al., 1998).
prognosticamente do subtipo de LLA comum, representando aproximadamente
25% das LLA pré-B da infancia e 5-6% do adulto (MOORMAN et al., 2010).

A presenca dessa translocacao correlaciona com caracteristicas clinicas

Este subtipo de leucemia difere na origem morfolégica e

de alto risco, tais como leucocitose, niveis elevados de LDH e envolvimento no
sistema nervoso central. Desse modo, essa translocacédo esta associada com
pior prognastico e alto risco de recidiva (PUl; ROBISON; LOOK, 2008).

d
E2A (19p13)
1 234 5 6 78810 111213 1415a 15b 16
+en breakpoint region &/
~3.5 kb
PBX1(1g23)
1 234567 8

1

LI / W
+ cen ' 7 tel —=

breakpoint region
~50 kb
b
$ E H 2 2
/7 N\
1518 388
s 13 [ 2 4
/a2 \
100 by +
P E2A-A PBX1-B

Figura 4. Figura esquemética dos genes E2A e PBX1. A) Representa a estrutura dos genes E2A
e PBX1, juntamente com o0s pontos de quebra. B) Produto gerado da translocacéo
t(1;19)(g23;p13), (VAN DONGEN et al., 1999). Cdpia autorizada pela revista Leukemia, nimero
de licenca 4976750326118 (anexo 2).
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3.5 Estratificagéo de Risco

Atualmente, os protocolos de tratamento para LLA sdo baseados na
estratificacdo de risco com objetivo de reduzir a toxicidade do tratamento com 0s
quimioterapicos em pacientes classificados de baixo risco. J& em pacientes de
alto risco sao indicadas terapias mais agressivas (LOH et al., 2006). Essa
estratificacdo auxiliou a melhorar a taxa de sobrevida das criangas com LLA.
Independente do grupo de estudo, caracteristicas laboratoriais tém sido
correlacionadas com o prognostico, como contagem inicial de leucocitos no
sangue periférico, idade, género, expressao imunolégica da doenca, alteracdes
cromossémicas especificas, morfologia da FAB, organomegalia e
linfadenopatias e contagem de plaquetas (SCHULTZ et al., 2007; STEVENS et
al., 2008).

Os pacientes sao divididos em 4 grupos de risco ap0s a correlacdo dos
fatores clinicos e bioldgicos iniciais (STEPHEN P. HUNGER, 2013):

e Baixo Risco: Crianca com idade favoravel (entre 1-10 anos), baixa
contagem de leucdcitos (<10.000/puL) e alteracbes citogenéticas
favoraveis como hiperdiploidia ou presenca de rearranjo TEL/AML (ETV6-
RUNX1), com uma resposta rapida ao tratamento inicial apresentam
melhor prognaostico

e Risco padrdo: Crianca com idade favoravel, baixa contagem de
leucécitos, mas sem alteracbes citogenéticas favoraveis, sao
consideradas como risco padrao de LLA.

e Alto risco: Pacientes com idade superior a 10 anos, pacientes com
alteracdes citogenéticas desfavoraveis, como translocacédo t(1;19)/E2A-
PBX1 e doenca residual minima (DRM) maior que 0,01% apds o 28° e
36° dia da terapia de inducéo sdo considerados alto risco.

e Risco muito alto: criancas que apresentam hipodiploidia extrema (44 ou
menos cromossomo), t(9:22) rearranjo BCR-ABL, t(4;11) rearranjo
KMT2A (MLL) ou amplificacdo do i1AMP21 (amplificacédo

intracromoss6mica do cromossomo 21).
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3.6 Tratamento

Os principais protocolos de tratamento para LLA-B s&o o Berlin-Frankfurt-
Minster (BFM) Grupo Brasileiro de Tratamento de Leucemia da Infancia
(GBTLI) e Associacao Italiana Hematologia Oncologia Pediatrica (AIEOP), os
guais consistem em 3 principais fases. A fase de indugcédo tem como objetivo
a obtencao da remissdo completa, na qual é definida como a erradicacao das
células leucémicas detectaveis tanto na medula 6ssea como no sangue
periférico (KATO; MANABE, 2018). A terapia de indugdo geralmente envolve
a administracdo semanal de vincristina por trés a quatro semanas,
corticosteréides diarios (prednisona, prednisolona ou dexametasona),
asparaginase, podendo ser associado a antraciclina (CHIARETTI;
JABBOUR; HOELZER, 2018).

Apos terapia de inducéo, terapia de consolidacdo subsequente comeca a
erradicar células leucémicas residuais. Varias combinacdes citotoxicas e
doses elevadas ou crescentes séo utilizadas e apresentam uma duracgéo de
guatro a oito meses (HAGOP M. KANTARJIAN, MD, et al, 2015). Os
principais agentes quimioterapicos sao: citarabina, metotrexato, antraciclinas
(daunorrubicina, doxorrubicina), agentes alquilantes (ciclofosfamida,
ifosfamida) e epipodofilotoxinas (etoposideo, etofofosfamida) (DEEPA
BHOJWANI, MDA,C, JUN J. YANG, PHDB,C, AND CHING-HON PUI, 2015).

A terapia de manutencdo é administrada apos a terapia de consolidagcéo
e normalmente dura de 1 a 2 anos. 6-Mercaptopurina diaria (6-MP) e
metotrexato semanal € uma combinacdo padrdo, e algumas terapias de
manutencao sao intensificadas com vincristina e prednisona, principalmente
para pacientes do grupo de alto risco (KATO; MANABE, 2018).
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4. Objetivos
4.1 Objetivos gerais
Realizar a padronizacédo, validacdo dos principais transcritos de
importancia prognostica t(12;21)(p13;922) (TEL-AML1), t(1;19)(g23;p13.3) e
t(4;11)/MLL-AF4 em pacientes com leucemia linfobl4stica aguda, através da
técnica in house qualitativa de PCR em tempo real associada a transcriptase
reversa (RT-gPCR).

4.2 Objetivos especificos:

a) Definir as sequéncias gendmicas para deteccdo dos principais
transcritos  (12;21)(p13;922) (TEL-AML1), 1(1;19)(923;p13.3) e
t(4;11)/MLL-AF4) através de ensaio de RT-qPCR,;

b) Construir uma curva de eficiéncia das reacdes de PCR para cada um
dos transcritos;

c) Determinar os limites de deteccédo do ensaio de PCR para cada um
dos transcritos estudados;

d) Identificar as trés principais translocacbes cromossdmicas de

significado progndstico pela técnica de RT-gPCR no grupo de estudo.
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Abstract

The acute lymphoblastic leukemia (ALL) is a malignant neoplasm of lymphoid
origin, its main molecular changes linked to technical definition and prognosis are
at(12;21)(p13;922)(TEL-AML1/ETV6-RUNX1) translocation in 20-25% of cases,
t(1;19)(q23;p13.3)(TCF3-PBX1) in 6-7% of cases, and t(4;11)(q21;923)(MLL-
AF4/KMT2A-AFF1) in up to 60% of children under 12 months. The present study
proposes a standardization and validation of a molecular assay to determine the
main transcripts in the ALL-B in patients treated at a hospital in southern Brazil.
The RT-gPCR assay was performed using Master Mix TagMan Universal
reagents and specific primers and probes for the t(12;21), t(4;11) and t(1;19)
translocations. The efficiency of the PCR reactions was obtained through
standard curves with commercial positive controls of each translocation. The
PCR efficiency was greater than 90% for all translocations, except for t(1;19), in
which it was 87.31%. The linearity coefficient (R2) was 0.998 for all
translocations. Patients were classified according to immunophenotypic aspects
and molecular changes. Regarding the immunophenotype, 88.0% of the patients
were classified as ALL-B (Common B and pre-B) and 12.0% as pro-B ALL. The
frequency of molecular changes of prognostic significance were 19.23% for a
t(12;21), 7.69% t(4;11) and 3.84% t(1;19). This study made it possible to evaluate
the implementation of chromosomal translocation analyzes in our institution,
since these data enable the risk stratification of the patient at favorable risk,
standard, high and very high risk allowing more and more individualized

therapies, institutional independence and guarantee of quality care.

Keywords: acute lymphoblastic leukemia; chromosomal fusions; gRT-PCR;

prognosis; treatment
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1. Introduction

The acute lymphoblastic leukemia (ALL) is a malignant neoplasm of
lymphoid origin, characterized by clonal accumulation of lymphoblasts in the
bone marrow and suppression of normal hematopoiesis [1]. Although ALL may
occur in any age group, this type of leukemia is more common in childhood, with
a peak incidence between 2 and 5 years of age [2]. Acute lymphoblastic
neoplasms are also classified based on the affected cell line and can be “B” (B-
ALL) or “T” (T-ALL) cells. In childhood, 85% of cases are of type B lineage [3].
According to American Cancer Society, 6,150 new cases of ALL (3,470 in males
and 2,680 in females) and 1,520 deaths (860 in males and 660 in females) are
estimated in the United States for 2020 (including both children and adults) [4].
As for Brazil, based on National Cancer Institute (INCA) data, the estimate for the
2020-2022 biennium of new cases of leukemia, regardless of type, is in the order
of 5,940 cases for men and 4,890 cases for women [5].

This disease, in most cases, is characterized by the presence of a specific
cytogenetic abnormality. The main transcripts are the translocation t(12;21)(p13;
g22) (ETV6-RUNX1) representing 20-25% of cases, 1(1;19)(q23;p13.3) [TCF3-
PBX1] with 6-7% of cases t(4;11)/MLL-AF4, which is present in up to 60% of
children under 12 months, and in only 3% of adults [6]. These chromosomal
fusions result in oncoprotein with differentiation and cell growth activity. The
t(12;21) results in the formation of a hybrid gene involving exons 1-4 of the ETV6
(TEL) gene at 12p13 and the entire coding region of AML1 (CBFA2) at 21922 [7].
The majority of these patients' features are a CD10 positive B-cell precursor (pre-
B) immunophenotype and the expression of myeloid antigens [8]. The
t(4;11)(q21;923) is the most frequently occurring mixed-lineage leukemia (MLL)
rearrangement. The t(4;11) is one of the specific chromosomal translocations in
child age less than 1 vyear, CD10-/CD19+ B-precursor(pro-B) cell
immunophenotype, and myeloid-associated antigen (CD15) expression [9]. The
t(1;19)(q23;p13) is the second most common translocation of ALL in childhood,
first reported in some cases of pre-B ALL. The translocation juxtaposes the basic
helix-loop-helix (bHLH) E2A gene on chromosome 19 with the PBX1 gene on
chromosome. This fusion gene is an aberrant protein product with effect on cell

differentiation arrest [10].
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In the last decades, the advancement of molecular techniques has been
helping to understand the disease, diagnosis and risk factors associated with
leukemias. The PCR assay, for example, can detect chromosomal translocations
and specific changes in different genes, which impacted the molecular
classification of leukemias and therapeutic approach [1]. Detections of gene
changes, previously unreported by morphological methods, have become
essential in risk assessment. Treatment stratification based on the biological
features of leukemic cells is one of the most important contributors to improving
the outcome of childhood ALL [11]. Specific abnormalities such as t(9;22), t(1;19)
and t(4;11) confer a high risk of recurrence. On the other hand, t(12;21) is
associated with a highly favorable prognosis [12]. Thus, high-risk groups are
treated with intense chemotherapy regimens, while low-risk groups with good
prognosis, may use less intense protocols [1]. In addition, to the emergence of
specific target therapies such as the use of tyrosine kinase inhibitors, mainly
imatinib mesylate, drastically modified the treatment of patients with a t(9;22)

translocation, improving a survival rate in approximately 10 years [13].

This study aimed to develop and validate a molecular assay to determine
the main transcripts t(12;21)(p13; 922) (ETV6-RUNX1), t(1;19)(g23;13.3) (TCF3-
PBX1) and t(4;11)/MLL-AF4 at B-ALL, in samples from patients seen at the

laboratory at a tertiary hospital in southern Brazil.
2. Materials and Methods
2.1 Patient Selection

Twenty-six patients with acute lymphoblastic leukemia who underwent
diagnosis at Hospital de Clinicas de Porto Alegre (HCPA) from January 2018 to
November 2020 were enrolled in this retrospective study. Samples were used
bone marrow blood or peripheral blood of patients with immunophenotyping
research requests contained in a sample bank. We compared the laboratory data
of patients according to the presence or absence of specific translocation
abnormality. Statistical differences in age, sex, hemoglobin levels, white blood
cell count, platelet were observed among the patient groups. This study was
approved by the Ethics Committee of HCPA (n.3.781.885).
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2.2 Red Cell Lysis and Nucleic Acid Extraction

In order to obtain the leukocyte fraction, samples of peripheral blood or
bone marrow blood were subjected to the process of erythrocytes lysis. Several
washes were performed with Red Cell Lysis Buffer (RCLB), combined with
centrifugations in order to smooth the erythrocytes and remove interference from
the nucleic material [14]. This procedure was repeated until a leucocyte pellet
(sediment) was as clear as possible, without red blood cells. After red cell lysis,
total RNA was isolated from the leucocyte pellet using Fastzol (Quatro G, Brazil)
according to the manufacturer's protocol and quantified in Nano-Drop®

spectrophotometer (Thermo Scientific,USA).
2.3 Reverse transcriptase reactions

The cDNA was synthesized with Goscript Reverse Transcription System
(Promega, Brazil) from 250ng of total RNA in a final volume of 20uL with a
random hexamer primer, according to the manufacturer’s instructions. The
equipment used was Veriti 96-well Thermall Cycler (Applied Biosystems, USA).
Reverse transcriptase reaction conditions were running for 1 cycle 5 min at 25°C
followed by 1 cycle 60 min at 42°C and 70°C at 15 min.

2.4 Quantitative reverse transcription—polymerase chain reaction (QRT-PCR)

Real-time PCR was performed using a standard 7500 Real-Time PCR
System (Applied Biosystems, USA). The primers and probes used in this study
to assess chromosomal translocations were based on TagMan® Gene
Expression Assays. The translocations analyzed were: t(12;21)(p13;922) (Assay
ID - Hs03043640_ft), t(1;19)(923;p13.3) (Assay ID - Hs03024664 ft) and
t(4;11)(q21;923)(Assay ID- Hs03024778 ft) (Applied Biosystems,USA). PCR
contained 4pL of RT reaction product (cDNA) was mixed with 16uL of RT-gPCR
mix containing 10uL of Tagman® Universal PCR Master Mix (Applied
Biosystems, USA), 1uL of 20x Tagman® Gene Expression Assay (Applied
Biosystems, USA), and 5uL of water. The cycling condition were as follows:
incubation in a 96-well plate at 50°C for 2 min and 95°C for 10 min, followed by

40 cycles of 95°C for 15 s, and 60°C for 1 min. Negative controls were performed
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with distilled water as non-template control and for positive controls a synthetic
gene for each of the translocations was synthesized by GeneArt Gene Synthesis
(Thermo Scientific,USA) and Abelson Leukemia Gene (ABL Gene) amplification

was used as an endogenous control.
2.5 Standard curve to assess efficiency

Specificity assay was determined using translocations synthesized by
GeneArt Gene Synthesis (Thermo Scientific,LUSA). A standard curve was
generated by creating a dilution series of a synthetic DNA control with known
concentration and performing RT-gPCR (from 1 x 10° to 10 copies). The
commercial DNA containing 1 x 10° copies was diluted 10-fold nine times, down
to 1 x 10 copies, and RT-qPCR was performed to each dilution, using three
replicates for every single translocation. Data were used to generate a standard
curve in which each translocation's concentration was plotted against Ct value
using a 7500 Real-Time PCR Software (Applied Biosystems, USA). The slope of
the curve was used to determine the reaction efficiency, which we agreed should
be between 90% and 110%.

2.6 Limit of detection (LOD) of RT-gPCR

To determine the analytical limit of detection (LOD) of the RT-qPCR assay,
we analyzed 5, 10, 20 and 50 copies of synthetic DNA per pyL. The LOD of
translocations were independently assessed using serially diluted synthetic
control DNA. The calibration curve for the genomic copy number versus Ct value
was obtained from 7500 Real-Time PCR Software. Series of 20 parallel reactions
per concentration step were prepared and tested by RT-gPCR. Reproducibility
assay was evaluated by using replicate dilutions of the DNA and intra-/inter-assay

variability evaluated for each dilution point on different days.

2.7 Statistical analysis

Mann-Whitney test was used to analyze non-parametric samples, and the
t test was used for the analysis of the parametric sample. P<0.05 was considered
statistically significant. The statistical program SPSS 22.0 (SPSS Inc., Chicago,

IL, USA) was used for all calculations.
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3. Results

3.1 Standard curve to assess efficiency

The reaction efficiency was validated for all translocations evaluated. A
standard curve was generated by dilution series of a synthetic control DNA with
known concentration (Thermo Scientific,USA) and performing RT-qPCR (from
1x108 to 10 copies). The commercial DNA containing 1x10° copies was diluted
10-fold nine times, down to 1x10 copies, and RT-gPCR was performed on each

dilution, using three replicates for each translocation.

We determined the slope by linear regression and defined the required
levels for PCR efficiency and linearity (R?) of each translocation as >90% and
>0.95, respectively. The acceptable slope was between -3.1 and -3.6 values.
Accordingly, the calculated PCR efficiencies [100 x 10¢Yslope) 1] were 98.67%,
87.30%, 90.13%, respectively for t(12;21), t(1;19) and t(4;11) (Table 1). The R?
for each target was found to be higher than 0.99 for both reactions (Table 1). The
cycle threshold (Ct) range was ETV6-RUNX1 (21.22-33.47), TCF3-PBX1 (15.00-
30.40) and MLL-AF4 (17.27-32.57).

3.2 Limit of detection (LOD) of RT-gPCR

Serial dilutions were tested to assess the copy detection limits (LOD) of
our RT-gPCR assays. The lower potential LOD was approximately 5 transcript
copies per reaction for t(12;21) (Ct=33.0 £ 2.8) and t(1;19) (Ct= 33.3 £ 2.6). The
LOD for t(4;11) (Ct=36.5 £ 0.5 ) was 50 copies per reaction. The assay

reproducibility was 100%, respectively.
3.3 Patient characteristics

We compared the laboratory data of 26 patients according to the presence
(n=8) or absence of specific translocation abnormality (n=18). Statistical
differences in age, sex, hemoglobin levels, white blood cell count, platelet were
observed among the patient groups (Table 2). The median age of the group with
translocation was 5.5 years (range 2 years to 43 years) compared to the group
without translocation was 13.5 years (range 2 years to 59 years). In both groups,
a predominance of female patients was found, 62.5% and 50.0% respectively for
patients with and without translocation. The median leukocytes count at diagnosis
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was 11.8x10%uL (without translocation) and 19.5x10%/uL (with translocation).
Platelet levels were low for both groups. For the group with translocation,
33,000/uL (range 1000-75,000) platelets were found, whereas the group without
translocation, 47,000/uL (range 4000-375,000). Regarding hemoglobin level,
patients with translocations had 5.6 g/dL whereas patients without translocations
had 8.8 g/dL. Hematocrit went to 17.70% and 25.70% for patients with and
without translocations, respectively. Despite the differences between the two
groups, hemoglobin was statistically significant difference. In relation to the
immunophenotype, panels of antibodies from the Euroflow group were used in
the diagnosis, using the acute leukemia orientation tube (ALOT) screening panel
and the BCP-ALL panel [15, 16]. In figure 1, we demonstrate the
immunophenotypic analysis of 26 patients diagnosed with ALL-B. Three patients
(12.00%) were classified with pro-B ALL, while 23 (88.00%) as precursor-B ALL
(common-B and pre-B). For molecular analysis of the 26 patients, 18 (69.26%)
patients showed negative results for the studied genes. Eight patients (30.74%)
showed positive results for the studied genes: 5 (19.23%) presented
t(12;21)(p13;q22)/ETV6-RUNXL; 2 (7.69%) (4;11)(q21;q23)/MLL-AF4; 1
(3.84%) with t(1; 19)(g23;p13)/E2A-PBX1 (figure 2).

4. Discussion

Several studies have demonstrated the importance of prognostic markers
identification and developing therapeutic strategies in the diagnosis of acute
Lymphoblastic leukemia. Survival rates for ALL have improved dramatically since
the 1980s, with a current five-year overall survival rate estimated at greater than
85 to 90 percent [17]. This survival improvement is due to treatment of a large
number of children on sequential standardized research. Regardless of the study
group, ALL staging consists of an assessment of clinical characteristics such as
age and gender of the patient, initial white blood cell count at the time of
diagnosis, expression of immunological markers and specific chromosomal
changes [18]. In a second step, the response of the disease to the initial treatment
is evaluated and after the end of the first phase of treatment called induction.
Thus, the patients can be classified based on the prognosis in the following risk

groups: low, standard, intermediate, and high [19].
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ALL chromosomal translocations lead to the formation of fusion genes and
their expression as chimeric transcripts or proteins are of relevance in
leukemogenesis. The identification of these translocations is an important tool not
only for the diagnosis, but also for determining the prognosis and stratification of
patients [20].

This study was divided into two parts. The first one was carried out to
characterize the polymerase chain reaction to identify the main ALL chromosomal
translocations. We were able to evaluate the reaction efficiency of 98.67%,
87.30%, and 90.13%, respectively for t(12;21), t(1;19), and t(4;11). The linearity
for each target was found to be higher than 0.99 for both reactions. The LOD for
translocations were also defined for the RT-gPCR. Our finds demonstrated that
t(12; 21) and t(1;19) are more sensitive than t(4;11) (LOD= 5 and 50 copies/uL,
respectively). Methodology validation studies recommend reaction efficiency
greater than 90.00%, only the t(1;19) translocation was below the
recommendations [21]. Perhaps this efficiency is related to the production of

synthetic control DNA, which was not so specific for primers and probes.

In the second part of this study, the molecular characterization of 26
patients diagnosed with B-ALL was performed. B-ALL is primarily a disease of
children, with three-quarters of cases occurring in children <6 years old; there is
a second peak of incidence in adults >60 years old [22, 23]. B-ALL occurs slightly
more frequently in males than females. Our results demonstrate that the age
range found was 2 years-59 years, despite a predominance of females. These
differences may be related to small numbers of patients analyzed or be
characteristic of the Brazilian population, since a study carried out in Brazil
evaluated the prevalence of the ETV6-RUNX1 gene in which 58 patients
evaluated 33 were females [24]. The main clinical manifestations found in the
patients in this study were anemia and thrombocytopenia due to bone marrow
involvement. The white blood cell count may be decreased, normal, or markedly
elevated. Symptoms can include fatigue, infections, bruising or bleeding. Bone
pain and weight loss are often present but are generally mild. Hepatomegaly,
splenomegaly, and/or lymphadenopathy were present. Several patients
presented Central nervous system (CNS) involvement. Beyond these symptoms
Ducasson and collaborators described in a clinical trial study with 53 children with
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B- ALL the following presenting features: osteolytic bone lesions (26.0%), skin or
subcutaneous lesions (23.0%), mediastinal or pleural disease (11.0%), bone
marrow (13.0%), lymph nodes alone (13.0%), gonads (6.0%), head and neck
(4.0%), or kidney and digestive system (2.0% each); in addition, 43.0% had bone
marrow involvement and 6.0% had CNS involvement [24, 25]. Although a small
number of patients, we were able to demonstrate the translocations occurred
roughly as frequently as reported in the literature [25]. The frequency of ETV6-
RUNX1 in our group (19.23%) was similar to the one found in described by other
studies [26-28]. Two Brazilian studies evaluated the frequency of this
chromosomal translocation, through using fluorescence in situ hybridization
(FISH) analysis. Lima and collaborators demonstrated the presence of
translocation in 26.30% of the cases, while Magalhaes et al., have found 17.91%
of positivity [29-30]. These data corroborate over again those found in this study.
Patients who have this translocation have an immunophenotype with a positive
CD10 and low CD9 expression [31]. As for t(1;19)/E2A-PBX1, t(4;11)/MLL-AF4
each with a frequency of 3.84%, and MLL rearrangement detected in 7.69%.
Malouf, C., et al demonstrated an immunophenotype profile of patients t(1;19)
translocation. Leukemia blast population in patients is CD10+CD19+CD34+ [32].
This subtype of leukemia has been associated with a poor prognosis. Although
several studies demonstrate the prognostic importance of t(1;19), there are
studies that do not appear to have prognostic significance based upon data from
clinical trials [32,33]. Patients with t(4;11) KMT2A (MLL) rearrangement, are
classified in the very high risk group. In a recent study with 147 children the
estimated five-year event-free survival (EFS) rate in infants with ALL and a
KMT2A rearrangement was 19 percent compared with 46 percent for patients
with non-rearranged KMT2A [34]. Ching-Hon Pui et al demonstrate frequency of
each subtype of ALL among patients treated in St. Jude Total Therapy - Study
XV137. For ETV6-RUNX1 (20.0%), KMT2A rearranged (5.0%) and TCF-PBX1
(3.0%) [27]. This data is in line with our findings.

Currently in our hospital, risk stratification and treatment are based on
clinical characteristics or in some cases samples are sent to collaborating
laboratories. Through data from medical records, 46.15% of patients were

classified as low risk, 15.38 as standard risk, 30.76% as intermediate risk and
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7.69% as high risk. (data not shown). Of the 26 patients in this study, 8 samples
were sent to collaborating laboratories and had 100.0% of the results in
agreement. In addition, UK NEQAS provides External Quality
Assessment/Proficiency Testing samples were tested, in which they also had
100.0% agreement (data not shown).

In conclusion, this study enabled the implementation of chromosomal
translocation analyzes in our institution, allowing for increasingly individualized

therapies, institutional independence, and guarantee of quality care.
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Table 1. Efficiency of RT-gPCR assays

Translocations Slope 2 Efficiency (%) ° Linearity(R?)
1(12;21)(p13; g22) -3.354 98.67 0.998
t(1;19)(q23;13.3) -3.669 87.31 0.998
t(4;11)(921;923) -3.333 90.13 0.998
ABL -3.560 90.92 0.995

aSlope determined from the formula: Y =Y intercept — slope log10.

bEfficiency = [100 x 10¢Yslope) _1],
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Table 2. Characteristics of patients with or without translocation in Acute

Lymphoblastic Leukemia

Acute Lymphoblastic Leukemia

Characteristics With translocation Without translocation p*
n=8 n=18

Age (yr), median 5.5(2.0-43.0) 13.5(2.0-59.0) 0.311

Sex, N(%)
Male 3.0(37.5) 9.0 (50.0) 0.381
Female 5.0(62.5) 9.0 (50.0)

Hb (g/dL), median 5.6(4.2-10.7) 8.8(5.5-12.5) 0.029
Hematocrit, (%) 17.7(12.5-31.7) 25.7(16.4-39.8) 0.261
WBC,x 10%/uL, 19.5 (1.3-26.7) 11.8 (1.1-63.5) 0.892

median
PLT, x10%/uL, 33.0(11.0-75.0) 47.0 (4.0-375.0) 0.935

median

P* Mann-Whitney test was used to analyze non-parametric samples, and the t test was used for
the analysis of the parametric sample. P<0.05 was considered statistically significant.
Abbreviations: HB, hemoglobin; WBC, white blood cells; PLT, platelets.
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Figure 1. Frequency distribution of the Immunophenotype of Acute Lymphoid
Leukemia in 26 patients treated in Southern Brazil.
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t(12;210p13; g22) (ETVERUMT)

= {(1,19)(q23;13.3) (TCF3-PBX1)

wi(4; 110021, 923 (MLL-AF 4)

Figure 2. Frequency of molecular alteration found in 26 diagnosed ALL patients
in Southern Brazil. 19.23% were found for translocation t(12;21)(p13;922), 7.69%
for translocation t(1;19)(g23;p13) and 3.84% for t(4;11)(g21; g23).
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6. Consideracdes Finais

A identificacdo das principais translocacbes cromossomicas de
prognéstico em pacientes com LLA-B possui grande impacto no manejo clinico
do paciente, por esse motivo € de extrema relevancia que novas técnicas de
identificacdo sejam desenvolvidas de forma que possa ser executa-las dentro de
uma rotina laboratorial hospitalar. O estudo destas alteracdes, juntamente com
BCR-ABL p190 ja implementado na rotina laboratorial, determinam n&o s6 o
prognéstico, como também a estratificacdo dos diferentes grupos de risco. A
identificacdo dessas anormalidades permite a escolha de terapias direcionadas
para cada grupo. Pacientes que apresentam risco alto necessitam de escolhas
de terapias mais intensas, do que pacientes que apresentam risco baixo.
Sabemos que para um ensaio de validacdo necessita de um tamanho amostral
maior que o utilizado, entretanto este estudo possibilitou a implementacéo de
analises de translocagdo cromossomica em nossa instituicdo, permitindo
terapias cada vez mais individualizadas, independéncia institucional e garantia

de atendimento de qualidade.
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com LLA B atendidos no HCPA s3o realizados em laboratorios externos, resultande em uma espera de
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d) Deverdo ser encaminhados ao CEF relattries semestrais e um relatério final do projeto.
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ANEXO 2

Thank you for your crder!
Dy Miss. Julia Wilig
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Right=Link™ service.
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