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RESUMO
Introducéo: O gene ABO é consideravelmente polimérfico, possui mais de 200
alelos responsaveis pela expressao de glicosiltransferases (GTs) que sintetizam
0s antigenos A e B. Estas variantes alélicas podem afetar a especificidade e/ou
atividade das GTs, resultando em variagbes antigénicas. Além disso, a
composicao e expressao dos antigenos A e B também estdo associadas a
fatores de regulacdo enzimatica, como tipo e disponibilidade de precursores,
grau de ramificacdo de suas cadeias, tipos de glicoconjugados, glicoproteinas
ou glicoesfingolipidios, bem como, fatores transcricionais e/ou translacionais.
Apesar das variacbes antigénicas serem atribuidas a diversos fatores
conhecidos; estes nem sempre podem ser identificados ou sdo insuficientes para
sustentar um padrao populacional. Objetivo: O objetivo geral deste estudo foi
identificar as causas das variagdes antigénicas do sistema de grupo sanguineo
ABO em casos com resultados fenotipicos inesperados. Material e Método:
Foram analisadas amostras de doadores de sangue, individuos saudaveis e
pacientes que apresentaram alteracfes na fenotipagem ABO nos testes de
rotina. A fenotipagem ABO foi realizada em tubo e em coluna de gel, com
reagentes de diferentes clones. Hemacias suspeitas de apresentarem o0s
antigenos A ou B fracos, foram testadas contra um painel de antissoros
monoclonais anti-A ou anti-B (titulos de 128 a 2048), respectivamente. O
antissoro anti-A, B (titulos de 64 a 2048) também foi utilizado, exceto nos casos
com fenotipo de AB. Os casos que apresentaram campo misto (CM) com os
diferentes titulos de antissoros, foram avaliados por uma técnica de separacéo

das hemacias do CM para fenotipagem das duas populacdes. Também foram
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avaliados por PCR-RFLP e sequenciamento dos genes ABO e FUT2.
Resultados: Todos 0s casos com antigenos A ou B fracos, detectados na
fenotipagem ABO direta, apresentaram resultados divergentes entre os métodos
e/ou antissoros, desde o0 néo reativo até os reativos, com intensidades variaveis
(w a 4+) ou em CM. Os resultados obtidos com antissoros monoclonais de titulos
mais elevados favoreceram tanto a deteccdo dos antigenos, bem como, o
aumento da intensidade da reacdo de aglutinagcdo. A técnica de separacao das
hemacias reativas das ndo reativas do CM possibilitou a caracterizacdo
fenotipica das duas populacbes presentes no caso de mosaicismo
hematopoiético. As analises moleculares do gene ABO por PCR-RFLP
permitiram a deteccdo da mutacao c.261delG e a caracterizacdo do alelo O. A
andlise criteriosa dos eletroferogramas obtidos com sequenciamento favoreceu
a identificacdo das mutagdes presentes no gene ABO. Conclusdes: Antissoros
monoclonais com titulos mais elevados favoreceram a detec¢do dos antigenos
A ou B fracamente expressos na hemécia, bem como, eliminaram reagdes em
CM decorrentes dos fenotipos A ou B fracos. Além disso, o antissoro anti-A,B
apresentou melhor resolugcédo quando comparado ao antissoro anti-A, de mesmo
titulo. A técnica de separacdo das hemacias do CM, embora simples, mostrou-
se eficiente na resolucdo de casos de mosaicismo, contendo populacdes de
hemacias com distintos fenétipos ABO. As analises moleculares corroboraram a

interpretacdo dos resultados alcancados.

Palavras-chave: Sistema ABO de Grupos Sanguineos; Glicosiltransferases;

Testes de Hemaglutinac&o; Técnicas de Genotipagem; Variacdo Antigénica.
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ABSTRACT
Introduction: The ABO gene is considerably polymorphic, with more than 200
alleles that account for the expression of glycosyltransferases (GTs) that
synthesize A and B antigens. These allelic variants may affect the specificity
and/or activity of GTs, resulting in antigenic variations. In addition, the
composition and expression of A and B antigens are also associated with
enzymatic regulation factors, such as type and availability of precursors, degree
of branching of their chains, types of glycoconjugates, glycoproteins or
glycosphingolipids, as well as transcriptional and/or translational factors.
Although antigenic variations are attributed to several known factors, these
cannot always be identified or are insufficient to support a population pattern.
Objective: The general objective of this study was to identify the causes of
antigenic variations of the ABO blood group system in cases with unexpected
phenotypic results. Material and Method: Samples of blood donors, healthy
individuals, and patients who presented alterations in ABO phenotyping in routine
tests were analyzed. ABO phenotyping was performed in a tube and gel column,
with reagents from different clones. Red blood cells suspected of presenting weak
A or B antigens were tested against a panel of anti-A or anti-B monoclonal
antisera (titers 128 to 2048), respectively. Anti-A,B antiserum (titers 64 to 2048)
was also used, except in cases with AB phenotype. The cases that presented
mixed field (MF) with the different titers of antisera were evaluated by a technique
of separation of red blood cells from MF for phenotyping of the two populations.
They were also evaluated by PCR-RFLP and sequencing of the ABO and FUT2

genes. Results: All cases with weak A or B antigens, detected in direct ABO
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phenotyping, presented divergent results between methods and/or antisera, from
non-reactive to reactive, with varying intensities (w to 4+) or in MF. The results
obtained with monoclonal antisera of higher titers favored both the detection of
antigens as well as the increase in the intensity of the agglutination reaction. The
technique of separating the reactive from the non-reactive red blood cells of the
MF allowed the phenotypic characterization of the two populations present in the
case of hematopoietic mosaicism. Molecular analyses of the ABO gene by PCR-
RFLP allowed the detection of the c.261delG mutation and the characterization
of the O allele. The careful analysis of electropherograms obtained with
sequencing favored the identification of mutations present in the ABO gene.
Conclusions: Monoclonal antisera with higher titers favored the detection of
weakly expressed A or B antigens in the red blood cells, as well as eliminating
reactions of MF resulting from weak A or B phenotypes. In addition, anti-A,B
antiserum presented better resolution when compared to anti-A antiserum of the
same title. The technique of separating red blood cells from the MF, although
simple, proved efficient in resolving cases of mosaicism, containing populations
of red blood cells with distinct ABO phenotypes. The molecular analyses have

corroborated the interpretation of the results achieved.

Keywords: ABO Blood-Group System; Glycosyltransferases; Hemagglutination

Tests; Genotyping Techniques; Antigenic Variation.
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1. INTRODUCAO

1.1. A historia do sistema ABO

O sistema de grupo sanguineo ABO surgiu a partir do conhecimento
adquirido no final do século 19, em que foi observado que hemacias poderiam
ser aglutinadas por soros de outros individuos humanos.®) A partir destas
observacdes, Karl Landsteiner idealizou um experimento utilizando amostras de
seis individuos saudaveis, no qual p6de testar e observar um padrdo de
aglutinacdo compativel com trés grupos sanguineos.?® Estes achados
estimularam Landsteiner a expandir sua pesquisa, totalizando 22 individuos.
Quando todos os resultados foram avaliados, Landsteiner péde concluir que
havia trés diferentes tipos de hemacias e dois anticorpos. No primeiro tipo,
relatou a presenca do antigeno A nas hemacias e do anticorpo anti-B no soro.
No segundo tipo, o antigeno B nas heméacias e do anticorpo anti-A no soro. Por
fim, no terceiro tipo, relatou que ndo havia nas hemacias o antigeno A e nem o
antigeno B, mas que ambos os anticorpos anti-A e anti-B estavam presentes.®
Esta interpretacdo dos resultados levou Landsteiner a classificar os individuos
analisados em trés grupos: A ou B ou C, conforme sua publicacdo de 1901.©)
Posteriormente, o grupo C foi substituido por O, derivado da palavra “ohne”
(auséncia em alemao). Em 1902, seus colegas de laboratdrio, Decastello e Sturli,
identificaram o quarto grupo, nomeado como AB, em que o plasma destes
individuos néo aglutinava nenhuma das hemécias testadas.® Assim, o primeiro
sistema de grupos sanguineos, denominado ABO, foi caracterizado. Estas
descobertas possibilitaram a compreensdo da ocorréncia dos anticorpos

regulares anti-A e anti-B, sendo a sua compatibilidade de vital importancia para
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uma transfusdo; conforme apontado por Landsteiner em seu artigo de 1901.¢)
No entanto, somente ap0s a Primeira Guerra Mundial (1914 - 1918) que a
utilizacdo do sangue para fins terapéuticos foi difundida.® Landsteiner obteve o
reconhecimento de sua descoberta, em 1930, quando recebeu o prémio Nobel
em Medicina.®

A partir do reconhecimento dos grupos A, B, O e AB, foi possivel realizar
estudos familiares que demonstraram que estes grupos possuiam caracteres
herdados.® Em 1924, Bernstein() apresentou um modelo de heranca em que o
mecanismo envolvia trés alelos, A, B e O, em um Unico l6cus. Posteriormente,
em 1930, Thomsen e colaboradores® incluiram a este modelo os alelos A; e Ay,
como subgrupos de A. Somente ap6s mapeamento do lIécus ABO (cromossomo
9g34) em 1976® e clonagem do gene ABO em 1990019, foi possivel confirmar
gue o principio geral de multiplos alelos em um uanico I6cus, proposto por
Bernstein, em 1924, é a base correta da heranca deste grupo sanguineo. De
acordo com varios estudos filogenéticos, as linhagens A, B e O desenvolveram-

se entre um e quatro milhdes de anos atras.V

1.2. A base genética

O gene ABO esta localizado na posicdo 9934.2, contendo 7 exons (1062
nucleotideos) e 6 introns, em uma extensédo de 19,5 kb.(1213) A transcricdo destes
exons produz diferentes proteinas, chamadas de glicosiltransferases (GTs),
podendo ser funcionais ou afuncionais. GTs funcionais sdo responsaveis pela
sintese dos antigenos A e B, enquanto as GTs afuncionais sdo incapazes de

realizar a sintese de novos antigenos, sendo responsavel pela manutencéo do

antigeno 0.(319)




Introdugéo | 4

O alelo A (ABO*A1.01) é considerado a sequéncia referéncia do gene, a partir
desta sequéncia uma glicosiltransferase A (GTA, a1-3-N-
acetilgalactosaminiltransferase) € formada, possuindo atividade catalisadora
especifica. E capaz de reconhecer e adicionar o substrato doador UDP-N-
acetilgalactosamina ao substrato aceptor, antigeno H, resultando no antigeno Ax
(Tabela 1).(1718)

A partir do alelo B (ABO*B.01), uma glicosiltransferase B (GTB, a1-3-D-
galactosiltransferase) € formada, que difere da GTA por sete trocas de
nucleotideos (c.297A>G, ¢.526C>G, ¢.657C>T, <c.703G>A, C.796C>A,
€.803G>C e ¢.930G>A); destas quatro levam a alteracdo de aminoacidos
(p.Argl76Gly, p.Gly235Ser, p.Leu266Met e p.Gly268Ala). Estas alteragdes néo
afetam a funcéo (reacao enzimatica), mas alteram a especificidade, fazendo com
que a GTB reconheca e adicione outro substrato doador (UDP-galactose) ao
aceptor comum, antigeno H, resultando no antigeno B (Tabela 1).(18.19)

O alelo O (ABO*0.01.01) comparado ao alelo referéncia (ABO*A1.01), possui
uma mutacéo no exon 6 (c.261delG), que altera a sequéncia de leitura e cria um
codon de parada prematuro (p.Thr88Profs*31), formando uma GT truncada e
inativa. Sem atividade, substratos de A ou B néo serdo adicionados ao aceptor,

mantendo o antigeno H terminal, resultando no grupo O (Tabela 1).(17:20.21)

Tabela 1. Genes ABO e FUT1, seus precursores, alelos, transferases e antigeno.

Precursor Gene Alelo  Transferase Antigeno
| FUT1 H al,2-L- fucosiltransferase H

h afuncional I
H ABO A al,3-N-acetilgalactosaminiltransferase (GTA) A

B a1,3-D-galactosiltransferase (GTB) B

o afuncional H
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De acordo com a Sociedade Internacional de transfusdo de Sangue (ISBT),
em sua ultima atualizacédo, foram considerados 206 dos alelos variantes da
sequéncia referéncia para o gene; o alelo ABO*A1.01, decorrentes de mutagdes
nos exons do gene ABO (200 alelos), especialmente exons 6 e 7 (194 alelos),
mas também nos introns (6 alelos). Estes alelos promovem alteragcfes nas GTs
e leva a formacgé&o dos fendtipos variantes classificados em subgrupos de A, B,

AB e O.@

1.3. Estruturas precursoras

Os antigenos A e B sdo compostos por trissacarideos terminais,
GalNAca3(Fuca2)Gal-R e Gala3(Fuca2)Gal-R, respectivamente. Estas
estruturas sdo homoélogas, diferem somente por uma troca de uma acetamida
(NHAc) por uma hidroxila (OH) no carbono 2 da galactose terminal.(!423 O
precursor da N-acetilgalactosamina (GalNAca3) ou D-galactose (Gala3) possui
um monossacarideo L-fucose (Fuca2) adicionado a estrutura terminal (Gal-R) a
partir da acdo enzimética de uma a2-L-fucolsiltransferase codificada por dois
genes diferentes, FUT1 (H) ou FUT2 (Se), mas estreitamente ligados e
homdélogos.

O gene FUT1, codifica uma fucosiltransferase com afinidade a aceptores de
substrato do tipo 2 e atividade em tecidos de origem endodérmica e
mesodérmica; principal responsavel por adicionar o antigeno H na hemacia.(”-?4)

O gene FUTZ2, codifica uma fucosiltransferase com afinidade a aceptores de
substrato do tipo 1 e atividade em tecidos de origem ectodérmico, sendo
responsavel por adicionar o antigeno H nas estruturas solUveis presentes nas

secregdes e no plasma.”2425 As estruturas ABO tipo 1 possuem uma variedade
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de formas, dependendo se foram modificadas ou n&o pela agao das transferases

a3/4-L-fucosiltransferase codificadas a partir do gene FUT3, que compde

sistema Lewis. Estas enzimas sao capazes de modificar alguns antigenos A e B,

tornando-os antigenos compostos ALeP e BLeP, respectivamente, que podem ser

absorvidos e incorporados na membrana das hemacias posteriormente. @5

Cadeias precursoras dos tipos 3 e 4 também sdo alvos das GTs A e B, que

juntamente com as cadeias precursoras do tipo 1 e 2 compdem as quatro

principais cadeias precursoras dos antigenos ABO.?") Além disso, evidéncias de

grupo sanguineo A com cadeia precursora do tipo 6 foram relatadas.?® O

Quadro 1 agrupa os precursores utilizados na biossintese dos antigenos ABO

na hemacia e secrec¢odes, representados pelos dissacarideos terminais.

uadro 1. Estruturas precursoras utilizadas pelas glicosiltransferases A e B

Precursor | Cadeia Representacdo esquemaética
Tipo 1 GalB3GIcNACB3-R \ B1-3
{ GIcNAc R
( Gal ) N
Tipo 2 GalB4GIcNAcB3-R \ B1-4 / \ B1-3
Gal -:::_... GlcNAc .:_:::- R
Tipo 3 Galp3GalNAca3-R a]—.._-..___al-s R
 GalNac
/ \ B1-3
Tipo 4 GalB3GalNAcB3-R al—-..___.___81-3 R
 GalNAc |
.::j:__. Gal .._:}B \—/
Tipo 6 GalB4GIcB3-R \B1-4/ \ B1-3
Gal —{ Glc R
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1.4. A biossintese

A biossintese e formagdo dos antigenos ABO sdo dependentes do alelo
herdado (base genética), da disponibilidade e tipo de precursores e da atividade
e especificidade das GTs; que por vez é dependente da disponibilidade de
substrato doadores e cofatores. Além disso, o gene ABO sofre interagcfes
biossintéticas com um conjunto de genes independentes (FUT1, FUT2, FUT3,

GCNT2, GBGT1, AAGALT, GLOB, C1GALT1 etc.) que formam mais de 200 GTs

capazes de atuar no mesmo substrato que as transferases ABO.(%3%2)

De maneira geral, a biossintese de glicolipidios dos sistemas de grupos
sanguineos ABO, I, P1PK, GLOB e FORS (glicoesfingolipidios), inicia-se com
adicdo de uma glicose (GIlcf1) a uma ceramida (globosilceramida) e,
posteriormente, ocorre a adicdo de uma galactose (GalB4) formando uma
lactosilceramida (GalB4GlIcB1-Cer). A biossintese a partir da lactosilceramida
divide-se em duas vias alternativas: em uma ocorre a formacdo da
lactotriaosilceramida (base de precursores tipo 1, 2 e 3) e na outra a formacao
de uma globotriaosilceramida (base do precursor tipo 4), com a adicdo de uma
GIcNACcB3 e Gala4, respectivamente.(26:30:33)

A via da lactotriaosilceramida (GIcNAcB3GalB4GIcB1-Cer) divide-se em
outras duas vias alternativas: em uma ocorre a adicdo de GalB3 formando a
lactotetraosilceramida (GalB3GIcNAcpR3GalB4GIcp1-Cer), precursor tipo 1;
enquanto na outra ocorre uma ligacdo GalB4, formando a
neolactotetraosilceramida (GalB4GIcNAcB3GalB4GlIcB1-Cer), precursor tipo 2.
Em ambas os precursores podem ser fucosilados pela enzima H para formar

antigenos H tipo 1 e tipo 2. Na cadeia H do tipo 2, se for adicionado o
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monossacarideo GalNAca3; o antigeno A tipo 2 é formado, que pode ser
estendido com adigdo de um dissacarideo Fuca2GalB3 criando o H tipo 3
(Fuca2GalB3GalNAca3-R), que ainda pode ser estendido com adicdo do
monossacarideo GalNAca3 [GalNAca3(Fuca2)GalB3-R], formando o antigeno A
tipo 3.(18,30,34)

A biossintese do precursor tipo 4, também ocorre na via lactosilceramida,
mas com a adi¢cdo do monossacarideo Gala4 que leva a globotriaosilceramida
(Gb3), antigeno PX, depois a globotetraosilceramida (Gb4), antigeno P. Esta
estrutura pode ser alongada por trés vias diferentes. Em uma, o dissacarideo H
na forma H tipo 4 (globo-H) e a transferase A1 pode formar o A tipo 4 (globo-A)
adicionando o monossacarideo GalNAca3 ao precursor H tipo 4. Em uma
segunda via alternativa ocorre a adi¢cdo de uma GalNAcB3, criando o glicolipidio
para-Forssman (p-Fs). Na terceira via, a enzima Forssman catalisa a

transferéncia do monossacarideo GalNAca1-3 ao precursor Gb4, sendo uma

atividade pouco relatada em humanos. 3

Os diferentes precursores utilizados pelas GTs ABO levam a modificacfes
na conformacdo da estrutura antigénica formada. As cadeias de carboidratos
formadas a partir dos precursores tipos 1, 2, 3 e 4 compdem estas principais
variacbes conformacionais dos antigenos ABO na superficie da membrana da
heméacia. O tipo 1 é quase vertical a membrana, enquanto o tipo 2, 3 e 4 possuem
dobras que os deixam mais ou menos paralelos.(1419:33.34.39.40) A Figura 1 ilustra
a biossintese dos antigenos ABH e Lewis a partir da estrutura bilipidica
precursora comum (globosilceramida) na via da lactotriaosilceramida (R1),

sendo a origem dos precursores do tipo 1, 2 e 3.
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Globosilceramida { & Ceramida (Cer)

¢ l

i i ) \ B1-4 /
Lactosilceramida { € ) @ »Cer =R

|

Via da Lactotriaosilceramida
(Precursor tipo 1, 2 e 3)

R

<+ { GlcNAc '::F” R=R1 —

Neolactotetraosilceramida
[Precursnr tipo2e 3]

Lactotetraosilceramida
[Precursn r tipo 1]

Lea Fuc «+— J

) a1 ¢ v
¥ :._[31'3 R1 Gal .:__51—3 R1 { ca '.__Fl-nt R1

\ / |

Leb | e < Htipo1l H tipo 2 .

p1-4
Cal4 l . w13, Gal R1
i PRl e— (@ gy a UR1 at
al P .a.l—z al-2 Fos B
Fue - Fuc —» Fuc

v /
FEN R1
. GalNAc -
I ol
Fuc
ALeb —+ Fuc
el +
/ \ B1-3 / B1-3
T wst, 68— R1 Gal R2
:G:l]l.ﬂn:; al-2 al-2
Fuc —+ Fuc

LoGle Glicose;:_: Gal :-Galactuse; { GlcNAc ) N-acetilglicosamina; ( GalNAc ) N-acetilgalactosamina; | uc  Fucose; R, R1, R2 = Radical

Figura 1. Representacdo das interacGes biossintéticas dos antigenos ABH e Lewis a
partir da estrutura bilipidica precursora comum (globosilceramida). Setas pretas indicam

a direcao da biossintese. Setas vermelhas indicam o monossacarideo adicionado em

cada etapa da biossintese.G?

1.5. A variabilidade antigénica

O gene ABO é consideravelmente polimérfico, com 207 alelos reconhecidos
pela ISBT, divididos em 84 alelos A, 49 alelos B, 6 alelos cisAB, 6 alelos B(A) e
62 alelos O.?2 Estes alelos sé@o responsaveis por formar os antigenos Az, A, B e

AB, além de variacbes na expressdo destes antigenos, classificadas e
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agrupados em subgrupos A, B ou AB, de acordo com caracteristicas fenotipicas
observadas pelos autores que as identificaram.7:24

Considerando-se as alteracbes moleculares reconhecidas pela ISBT e o
impacto delas na atividade ou especificidade da enzima; a expressao dos
antigenos ABO podem ser separadas em quatro formas distintas. A primeira esta
relacionada a especificidade, com atividade normal das GTs, em que a GTA ou

GTB formadas sintetizam antigenos especificos A ou B, respectivamente e em

niveis normais. A segunda forma, leva a perda da atividade das GTs, devido a

presenca de mutacdes que formam uma GT trucada ou anémala, incapaz de
adicionar qualquer antigeno A ou B ao seu precursor, antigeno H, resultando no
fendtipo O. A terceira forma € caracterizada por mutacdes que alteram a
atividade das GTs, resultando na expressao de menor quantidade de antigenos
A ou B e, consequentemente, diminuicdo significativa nas intensidades de
reacdo observados nos resultados sorolégicos, ao ponto de serem negativas e
0s antigenos ndo serem detectados, sendo caracteristicas dos fenotipos fracos
de A e de B. Na quarta forma, mutacdes codificam uma GT com dupla funcéo,
comprometendo a especificidade e quase sempre a atividade das GTs, conforme
se observa na maioria dos fendtipos cisAB ou B(A). Independente da forma,
qualquer mutacao que altere a atividade ou a especificidade da GT codificada
pode levar a alteracdes na expressao dos antigenos ABO.(134142)

Além das mutacdes genéticas, a expresséao antigénica ABO pode sofrer com
a acao de inumeros fatores de regulacdo da acao enziméatica responsavel pela
sintese de seus antigenos. A principal esta relacionada a seus precursores, que

atribuem grande variacdo estrutural dos antigenos ABO, influenciado também
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pelo grau de ramificacdo e pela extensdo das estruturas poli-N-
acetilgalactosamina repetitivas (Galp1-4GIcNAcB1), tipo de glicoconjugado,
glicoproteinas ou glicoesfingolipidios. Além disso, também influenciam na
regulacdo e expressdo dos antigenos ABO os fatores transcricionais e/ou
translacionais de proteinas, a disponibilidade de oligossacarideos precursores e
de cofatores, assim como, a disponibilidade ou a ordem com que as enzimas

GTA e GTB encontram-se nos compartimentos do aparelho de Golgi.(1943)

1.6. A expressao dos antigenos ABH

Os antigenos ABH néo sao exclusivos de hemacias, sdo expressos em uma
ampla variedade de tecidos humanos e fluidos corporais de individuos
secretores, exceto liquido cefalorraquidiano. Cada hemacia de um adulto normal
expressa cerca de dois milhdes de antigenos H. O alelo A consegue produzir
concentracdes mais altas de transferase do que o alelo B e, consequentemente,
converter quase todo precursor H em antigeno A, o que resulta em cerca de
810.000 a 1.170.000 antigenos A, nas hemacias de individuo adulto, diante de
algo em torno de 610.000 a 830.000 antigenos B. Por outro lado, quando ambos
os alelos A e B sao herdados, na competicao enzimatica pelo precursor H; a GTB
apresenta melhor resultado, formando em média cerca 720.000 antigenos B,
enquanto a GTA forma em torno de 600.000 antigenos A.“4

A reducdo ou perda na expressao dos antigenos ABH é amplamente
conhecida e frequentemente relatada, possuindo causas distintas. Nas doencas
oncologicas (canceres de bexiga, oral e pulmonares) ou oncohematologicas
(leucemias) esta reducéo ou perda na expressao € temporaria, a depender da

remissdo da doenca ou do tipo e evolucao do tratamento, como utilizacdo de
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agentes hipometilantes que contribuem para o reestabelecimento fenotipico.®>-
49) Estas alteracGes quantitativas ocorrem devido os antigenos ABH serem
expressos de forma especifica ao tipo celular, sofrendo mudancas drasticas
durante o desenvolvimento, diferenciacdo e maturagéo das células. Com isso, a
expressao é facilmente afetada em processos patoldgicos que levam a mutacdes
na regido promotora do gene, como a carcinogénese.®-53) De maneira geral,
qualquer condicdo que aumente a demanda de hemacias pode promover o
enfraguecimento natural da expressao dos antigenos ABO. Além disso, a regido
promotora é um alvo da metilacdo de DNA que esta correlacionada com a
repressao do gene ABO, levando a alteragGes que interferem na codificagao da
enzima e consequentemente uma reducao da biossintese e expressado de seus
antigenos, pela indisponibilidade de enzimas.(®0:5455)

Diferente do observado nos processos promotores de alteracdo temporaria
da condicéo ideal para a expressao dos antigenos A e B; alteragcbes polimorficas
presentes no gene ABO comprometem a especificidade e/ou atividade das GTs
de forma permanente, formando novos alelos que poderdo ser repassados aos
seus filhos. No entanto, fenétipos A ou B fracos também foram relatados em
individuos saudaveis e sem alteracdo molecular identificada.®6-%8) Esta
ocorréncia pode estar relacionada ao complexo processo de biossintese com
formacdo em camadas dos antigenos ABO na hemacia que se inicia pela
natureza das estruturas lineares que se alongam em ramificadas, podendo
conter até 60 moléculas de carboidratos, chamadas de poliglicosilceramidas.®?
Estas cadeias longas podem formar novos epitopos, enquanto as estruturas

lineares possuem caracteristica estrutural que reduz a avidez das ligacdes com
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0s anticorpos. Assim, as estruturas lineares ou ramificacdes podem influenciar
na reacdo antigeno-anticorpo e causar altera¢des na fenotipagem ABO.
Interacbes com genes FUT2 e FUT3 também pode afetar a expressao dos
antigenos ABH na heméacia. As GTs Lewis séo capazes de modificar alguns
antigenos A e B presentes nas secrec¢des, que podem ser absorvidos do plasma
de individuos secretores para a membrana das hemacias e serem detectados
pelos reagentes utilizados nas fenotipagens ABO.") Portanto, ao determinar a
base de um fendtipo fraco, é fundamental conhecer o fendtipo, por vezes o
gendtipo, Lewis e Secretor, para poder correlacionar os resultados a presenca

ou auséncia de glicolipidios absorvidos na membrana das hemacias.

1.7. Analises soroldgicas e moleculares

As analises sorologicas e moleculares utilizadas na resolucdo de casos com
resultados fenotipicos ABO inesperados relatadas neste estudo, teve inicio em
2014, mas constituem a continuidade de um trabalho desenvolvido ha mais de
20 anos no Laboratério de Imunogenética, Departamento de Biologia Molecular
da Faculdade de Medicina de S&o José do Rio Preto.6%61) A continuidade dos
estudos na mesma linha de pesquisa possibilitou adequacdes e a consolidacéo
de estratégias eficazes, que tém contribuido no esclarecimento de diversos
casos raros, alguns com publicacGes em periddicos.48:62-64)

Nos ultimos oito anos, recebemos 46 casos com resultados fenotipicos ABO
inesperados e nao resolvidos pelos testes de rotina dos servigos de origem.
Analisamos também amostras de pacientes que apresentavam reatividade fraca
(< 2+) ou CM em prova direta (dados ndo publicados). As amostras dos casos

analisados foram testadas com antissoros de diferentes titulos, clones,
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fabricantes, em tubo e coluna de gel. Analises moleculares dos genes ABO e
FUT2 foi utilizada em complementagdo nos casos nao esclarecidos
sorologicamente ou para correlagdo entre tipo e alteracdo fenotipica com
genotipo ou seus polimorfismos.

Contudo, os resultados de nossa pesquisa, possibilitou maior entendimento
de alguns dos fatores promotores das variacdes antigénica e das causas de
resultados inesperados na fenotipagem ABO, além de contribuir com
desenvolvimento de estratégias de resolucdo, com possibilidade de aplicacao na

rotina dos laboratorios de imunohematologia ou clinico (Anexo 1).

1.8. Principais contribui¢des deste estudo

As principais contribuicbes deste estudo sdo apresentadas a seguir,
subdivididas em topicos contendo comentarios, discussdo com fundamentacao
e concluséo.

1.8.1. Anticorpos monoclonais contendo maiores titulos auxilia na
deteccdo dos antigenos ABO fracamente expressos.

Nossos resultados demonstraram que a utilizacdo de anticorpos anti-A ou
anti-A,B contendo titulos mais altos favorecem a identificacdo dos antigenos A
fracamente expressos na hemécia. Além disso, observamos que o antissoro anti-
A,B apresenta melhor resultado quando comparado com anti-A na mesma
titulacdo.®® Em alguns relatos de casos onde foi observado reatividade
diferencial com anti-A,B em relacdo ao anti-A ou anti-B; os autores atribuiram a
melhor reatividade a diferencas na especificidade do anticorpo (clone celular) ou
simplesmente ndo apresentaram nenhuma explicacdo.®>-7% Diante destes casos

e de nossa observacdo que anti-A,B apresentava reacdo mais forte que anti-A
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na mesma titulagdo, passamos a observar a reatividade diante do clone celular
e o titulo dos antissoros nos casos de A ou B fraco. A maioria dos antissoros anti-
A,B utilizados era uma mistura de clones de anti-A e anti-B; os mesmos utilizados
separadamente. Isso permitiu observar que em muitos casos em que a
reatividade estava ocorrendo com outro antissoro anti-A ou com o anti-A,B e ndo
com o anti-A, ndo poderia ser atribuida ao clone, pois eram 0s mesmos em
ambos os antissoros.®? No entanto, apesar de ndo termos encontrado nenhuma
reatividade atribuida a diferengas clonais nos casos analisados, ndo é possivel
exclui-las, pois os diferentes tipos de precursores e alongamento das cadeias
podem formar novos epitopos, conforme apresentado anteriormente.

Como observado nos casos de A ou B fracos decorrentes de polimorfismos
no gene ABO, os pacientes com doencas oncohematoldgicas (leucemias) e
recém-nascidos (cadeias lineares) que foram analisados com anticorpos
monoclonais de altos titulos (AMAT), quando o antigeno A ou B reagia
fracamente ou ndo era detectado, também apresentaram melhora na intensidade
ou passaram a ser reativos, respectivamente.“®)

Contudo, a partir de nossos resultados podemos concluir que a maior
concentracao de anticorpos ABO presentes nos antissoros, favorece a deteccéo
dos respectivos antigenos A ou B fracamente expressos. Os principais
fundamentos para esta conclusao séo:

1. Lei de acdo em massa. De acordo com esta lei, uma simples diluicdo ou
concentracdo dos antigenos ou anticorpos na reacdo, sem alterar as
guantidades absolutas, pode afetar significativamente o numero de ligactes

por hemacia, para mais ou para menos. Ao realizar uma diluicdo adicionando




Introdugdo | 16

o dobro de plasma (prova reversa) ou antissoro (prova direta) a reacéo sera
melhorada somente se 0s anticorpos presentes forem de alta afinidade. Para
melhorar a reatividade de anticorpos de baixa afinidade, é necessario
aumentar a concentragcdo dos anticorpos na reagao.™

Afinidade e avidez dos anticorpos ABO. A afinidade reflete a capacidade
de ligacdo de cada sitio de ligacdo, enquanto a avidez se refere a forca de
ligacdo total conferida pelos efeitos combinados de mudltiplas ligacdes.™ A
afinidade é dependente do sistema de grupo sanguineo e do
amadurecimento de sua resposta imune. As ligagbes individuais de
anticorpos ABO sao de afinidade relativamente baixa, no entanto, anticorpos
da classe IgM possuem alta avidez ao antigeno por possuir 10 locais de
ligacdes.(™® Porém, os fendtipos fracos possuem menor concentracdo de
antigenos, consequentemente, anticorpos IgM ndo conseguem completar
todas as ligacdes pela indisponibilidade de antigenos, o que reduz a avidez.
Portanto, anticorpos de baixa afinidade sdo mais sensiveis as concentragfes
de antigenos e anticorpos enquanto os de alta afinidade sédo sensiveis a
relacdo soro e hemacias.(*7?

Anticorpos monoclonais. Inicialmente os fenotipos ABO fracos foram
detectados e classificados a partir de padrbes de reatividade contra os
anticorpos policlonais. Os anticorpos monoclonais surgiram na década de
1980, sendo amplamente utilizados nas rotinas dos laboratorios a partir da
década de 1990, principalmente por serem mais facilmente padronizados e
concentrados.(”® Com a utilizacdo destes anticorpos mais concentrados,

muitos dos subgrupos fracos identificados no passado, devem estar reagindo
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mais forte agora e sendo definidos como fenétipos ABO sem alteragbes ou
comuns. Assim como, aqueles subgrupos fracos que estdo sendo detectados
agora, devem estar apresentando reatividade ou padrdes de intensidade de
reatividade diferentes. Além disso, podemos apontar a utilizagdo dos
anticorpos monoclonais anti-A,B, composta de uma mistura de anti-A mais
anti-B, por vezes até, anti-A, mais anti-B e anti-A,B.("® Esta combinagdo pode
reduzir o potencial Zeta e favorecer o acesso dos anticorpos especificos aos
poucos antigenos presentes nas hemécias dos fenotipos A ou B fracos.
Consequentemente, € esperado uma melhora na afinidade, pelo aumento do
namero de ligagBes das imunoglobulinas IgM aos antigenos, resultando na
melhora da avidez.®271) Por outro lado, anticorpos monoclonais sdo menos
tolerantes a variagdes na concentragcédo e pH do que os policlonais, podendo
nao reagir se as condicdes nao forem as ideais, requerendo maior cuidado
com as solugdes onde as hemacias sdo preparadas.(’®)
1.8.2. Alteragdo na concentragcdo do anticorpo monoclonal anti-A elimina a
reacdo de campo misto em subgrupos de A fraco.

Reatividade em CM possui causas conhecidas e bem definidas, sendo as
mais comuns transfusdes ABO nao idénticos e quimeras artificiais (transplantes
de medula 6ssea).® No entanto, a revelacédo de resultados em colunas de gel
e 0s testes com as hemacias pré e pos separacao do CM, permitiu observar uma
diferenca entre reacdo de CM decorrente de transfusées ABO néo idénticos e
quimeras, daqueles decorrentes de fendtipos ABO fracos, anteriormente
classificados como As.("®) As amostras dos casos com suspeita de Az pelos testes

sorolégicos iniciais analisados neste estudo, foram testadas em prova direta com
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um painel contendo 6 antissoros monoclonais (anti-A ou anti-B e anti-A,B), além
dos testes iniciais com quatro configuracdes de cartdes de fenotipagens ABO de
dois fabricantes diferentes. ApGs agrupar os resultados dos primeiros casos,
observamos reacdes divergentes entre os antissoros anti-A e/ou anti-A,B, desde
fraca (w a 2+) a CM e normal (3 a 4+). A depender dos resultados de
determinados conjuntos de antissoros, o mesmo individuo poderia ser
classificado como Aw, As ou Az, excluindo o A1 somente pelo fato de serem
negativos com lectinas anti-A1. Interpretando estes resultados, observamos que
havia uma correlagdo entre o titulo dos antissoros e a reatividade em CM. Em
conclusdo, a reacdo de CM é resultado de uma correlacdo entre a baixa
concentracao de antigenos, presentes nos fenoétipos A ou B fracos, contra uma
determinada concentracao de anticorpos e ndo uma caracteristica exclusiva de
subgrupo As. Consequentemente, se esta correlagéo for desfeita a reacdo de
CM deixa de existir, tornando-se uma rea¢ao mais fraca se a concentragcéo dos
anticorpos for diminuida ou mais forte se a concentracdo dos anticorpos for
aumentada, desde que em ambas as situacdes a concentracdo de antigenos e
0 método de revelacao ndo sejam alterados.
1.8.3. Subgrupo AwB com anti-A; pode mascarar uma discrepancia.
Observamos individuos AwB, com hemécias nao reativas com anti-A em
prova direta devido fraca expressao do antigeno A, mas com plasma reativo com
hemacias A1 em prova reversa devido presenca do anticorpo anti-Ai, sendo
classificados indevidamente como sendo do grupo B. O anti-A1 € de ocorréncia
natural e comum em individuos AB, desprovidos dos antigenos A1.!”) De acordo

com as informacgdes destes casos que recebemos para investigacdo, a suspeita
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de que as classificagOes anteriores estavam erradas surgiu quando houve uma
deteccgdo fraca do antigeno A em prova direta pelo uso de diferentes reagentes
e/ou metodologias. Analise retroativa identificou que reatividade com hemacia Ax
em prova reversa era fraca (< 2+) nas analises anteriores (método gel) e que a
forma de resolucéo adotada para esclarecer esta alteracéo fenotipica em prova
reversa foi a utilizacdo de métodos para potencializar a reatividade com a
hemacia A1 (método tubo). Contudo, ressalta-se a importancia da pesquisa do
antigeno em prova direta e o risco de utilizar métodos que visam potencializar a
reatividade do anticorpo em prova reversa. A figura 2 ilustra dois casos com

fendtipo AwB e o anticorpo anti-As.

M14. A,B Gel | Tubo B
A B AB HA, HB
512
1 *
B e }
- ‘ ‘ [l
ot 14
w 4+ 0 0 2+ 0 0 4+ 4+ 3+ 0
M31. A,B Gel | Tubo B
A B AB HA; HB
t 4 - 3
MBO DVI- | ctl | A, B A
@ iere @8
2+ 4+ 4+ 0 2+ 0 0 4+ 4+ 3+ 0

Figura 2: Demonstracdo de dois casos de AwB com presenca do anticorpo anti-A;.
Casos M14 (Doadora) e M31 (Doador) possuem historia de doacdes de sangue
classificados como B. Os testes com anticorpos monoclonais anti-A com titulos < 512
nao apresentaram reatividade, podendo ser classificados como B (tubo) se combinado
com anti-A; fortemente reativo em prova reversa. Graduacéo de intensidade: 0 = ndo

reagente; w, 1+, 2+, 3+ e 4+ = reagente. H.A; = Hemacia A;; H.B = Hemacia B.




Introdugdo | 20

1.8.4. Separacdo das hemécias reativas em campo misto.

A separacao de hemacias do CM observado nos resultados de fenotipagem
ABO possibilitou a confirmagdo da existéncia de duas populacbes e a
determinacdo dos fendtipos de cada populacdo. Diante da necessidade em
resolver casos apresentado CM, desenvolvemos um protocolo simples e eficaz
para separacdo de hemacias reativas das ndo reativas do CM, utilizando os
antissoros ABO, adaptado de Svensson e colaboradores.("® Com esta técnica,
as hemacias reativas e ndo reativas do CM foram separadas, permitindo a
testagem e classificagdo ABO dos dois grupos de hemécias, dos casos de
quimerismo ou mosaicismo. Por outro lado, a contribuicdo desta técnica para 0s
casos de fenotipos ABO fracos é dada pela observacao de que a fenotipagem
apés a separacdo, usando as hemécias ndo reativas do CM, apresenta
reatividade de CM, com 0 mesmo padrao anterior a separacao, quando testadas
com 0 mesmo antissoro e nas mesmas condi¢es.’® Estes resultados
possibilitam a exclusdo de quimerismo ou mosaicismo dos casos de CM por
fraca expressdo ABO, onde a reatividade em CM é ocasionada pela fraca
reatividade frente ao titulo (concentracdo) do antissoro utilizado, conforme

discutido anteriormente. A técnica detalhada € apresentada no Anexo 2.
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1.9. Objetivos

O presente estudo teve como objetivo geral identificar causas das

variagcbes antigénicas do sistema de grupo sanguineo ABO em casos com

resultados fenotipicos inesperados. Os objetivos especificos foram:

1.

Identificar os antigenos ABO suspeitos ou fracamente expressos na
hemécia;

Compreender as divergéncias soroldgicas promovidas pelos antissoros
monoclonais utilizados na fenotipagem ABO,;

Realizar a identificacdo dos alelos e a confirmagéo dos antigenos ABO
suspeitos ou fracamente expressos na hemacia;

Esclarecer os casos com resultados ABO inesperados submetidos ao
laboratério de Imunogenética da Faculdade de Medicina de S&o José
do Rio Preto; e

Compreender o mecanismo molecular responsavel pelo controle da

expressdo dos antigenos ABO fracos.
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Os resultados deste trabalho estdo apresentados na forma de quatro artigos;
dois relacionados a fraca expresséo do antigeno A, um com dupla populacéo de
células decorrente de mosaicismo hematopoiético e um com divergéncia

hereditaria do gene ABO em uma familia devido a presenca de alelo cisAB.
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detection of A weak phenotypes.
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ARTICLE INFO ABSTRACT

Keywords:

ABO subgroups

Red blood cell phenotyping
Blood group genotyping
Antigen-antibody reactions

Objectives: This study aimed to evaluate the reactivity and the titers of commercial anti-A and anti-A,B antisera
in the detection of A weak antigen expression in human red blood cells.

Background: Commercial monoclonal antisera for ABO phenotyping are useful reagents allowing the identifi-
cation of the four main ABO phenotypes (A, B, AB, and O). However, the reactivity of these commercial reagents
can not be evident when the A or B antigens are weakly expressed, and these antisera have low titers.
Methods/Materials: Six samples from blood donors and five samples from patients with ABO forward and reverse
discrepant phenotyping were evaluated. The ABO phenotyping was carried out with different commercial
monoclonal anti-A and anti-A,B antisera under different temperatures, using test tubes and gel column agglu-
tination.

Results: Monoclonal anti-A antisera with titers less than 256 and anti-A,B with titers less than 128 failed to
detect the weak expression of A antigen in 73% and 67% of the A weak phenotypes, respectively. Titres equal to
or higher than 2048 (anti-A) and 1024 (anti-A,B) showed better reactivity, independent of the cell clone.
Conclusion: Our data indicate that anti-A and anti-A,B antisera with high titers give better reactivity with red

blood cells carrying A weak antigen expression.

1. Introduction

The serological identification of the four main ABO phenotypes
requires the forward and reverse phenotyping tests. The results of both
tests must be complementary to allow the correct phenotyping [1].
However, under some circumstances, discrepancies, which are defined
as inconsistent results between forward and reverse phenotyping, can
occur due to weak antigen expression on the red blood cells, faint ex-
pression of regular anti-A, and or anti-B antibodies, among others
[1-4]. These discrepancies can be transitory as results of some diseases
(cancer, leukemia, for instance) or resulting from polymorphisms in the
exons of the ABO gene coding the functional region of the glycosyl-
transferases [3-7].

The ABO gene located at chromosome 9 (q34.2) contains various
single nucleotide polymorphisms, which reduces the affinity of the
encoded glycosyltransferases for the H antigen [6,7]. Additionally, the
availability of this substrate within the Golgi apparatus affects the level
of A and B antigens expressed in the red blood cell membrane creating

* Corresponding author.

A or B weak phenotypes, which can present discrepancies between
forward and reverse phenotyping [8-11].

Most of the discrepancies observed in the ABO forward and reverse
phenotyping can be solved with an extensive serological approach to
confirm the presence or absence of the A or B antigens [1,12]. However,
the resolution of some discrepancies is not so simple. Sometimes it is
necessary to associate different serological methods with distinct cell
clones combined with molecular analysis [13,14]. Even thus, some
cases present complexities that are not always resolved by serological
and molecular analysis.

Some studies analyzed the reactivity of ABO commercial antisera
using red blood cells with weak A antigen expression. One of them,
based on the data of a reference laboratory, reported variability in the
reactivity of monoclonal anti-A and anti-A,B commercial antisera [15].
The other one also observed differences in the reactivity of monoclonal
antibodies tested in forwarding phenotyping (anti-A non-reactive, and
anti-A,B weakly reactive) [13]. These studies demonstrate that ABO
commercial monoclonal antisera might fail in cases where the A and or
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B antigens are faintly expressed.

The reports above mentioned rise up an essential concern about the
inability of commercial antisera in detecting A weak antigen expression
in human red blood cells. However, these reports did not evaluate the
titers of commercial antisera used to ABO phenotyping. This study
evaluates the reactivity and the titers of commercial anti-A, anti-A,B
antisera commercialized by different suppliers in the detection of A
weak antigen expression in human red blood cells.

2. Material and methods
2.1. Ethical aspects of the research

This study was approved by the Ethics and Research Committee
from Faculdade de Medicina de Sdo José do Rio Preto (case 784.164).
All participants were informed about the objectives of the study and
signed the informed consent form.

2.2. Casuistic

Six samples from blood donors (BD) and five samples from patients
(PT) with ABO forward and reverse phenotyping discrepancies or dis-
cordant results concerning previous annotations, were sent to our la-
boratory for additional investigations. All the BD were able to donate,
and the PT had a history of a medical prescription for transfusion due to
elective surgery or low hemoglobin levels. No information about the
physiopathological evidence that could affect the expression of red
blood cell ABO antigens or serum antibodies from all BD and all PT
were informed to our laboratory by senders. Table 1 shows the data of
the BD and PT as informed by sample senders.

2.3. Adopted criteria to recognize discrepancies in the ABO phenotyping

We adopted the following criteria to identify an ABO discrepancy:
inconsistent results between the forward and the reverse ABO pheno-
typing; unexpected reactions that might hide a potential discrepancy;
divergence between previous and current results reported by the
sample senders (Table 1). The variant ABO phenotypes were assigned in
general terms as Ayeax in cases where the subgroup status could not be
determined.

2.4. Standard phenotyping

Forward and reverse ABO phenotyping were carried out using
standard test tubes with commercial antisera anti-A (cell lines:
9113D10, Birma-1, and 11H5), anti-B (cell lines: 9621A8, LB-2, and ES-
4), and Anti-A,B (cell lines: 9113D10 + 152D12, ES-15 + Birma-1 +
LB-2, and ES-15+ Birma-1+ES-4) from five different manufacturers.

Table 1

Data from blood donors (BD) and patients (PT) as informed by sample senders.

Transfusion and Apheresis Science xxx (XxXX) XXXX

Additionally, ABO phenotyping was performed: 1 - using commercial
gel column agglutination (CAT) [ID-card ABO/D + Reverse Grouping
(CAT 1)], containing monoclonal anti-A (cell line A5) and anti-B (Cell
lines: G1/2) antibodies; 2 - ID-Card DiaClon ABO/Rh for newborns
(CAT 2) containing the monoclonal anti-A [Cell lines: A: LM297/628
(LA-2)], and anti-B [Cell line: LM306/686 (LB-2)], and anti-A,B [Cell
line: ES131 (ES-15), Birma-1, ES-4] antibodies. Commercial A; and B
red blood cells (DiaMed - Latin America, Brazil) were used in both test
tubes and CAT for reverse phenotyping. The red blood cells from blood
donors and patients were tested with anti-A1 (Dolichos biflorus) and
anti-H (Ulex europaeus) lectins in tubes as well as in CAT. All manu-
facturers' instructions were strictly followed.

2.5. Modified phenotyping

We performed a modified forward and reverse ABO phenotyping
using different temperatures and incubation times as well as red blood
cells treated with enzymes (bromelain) to potentialize the agglutination
reactions [1]. Adsorption and elution tests were also performed. All
these tests were performed using ID-Card NaCl (Neutral gel: NG) and
ID-Diluent 1 Bromelain (DiaMed - Latin America, Brazil) with the same
commercial antisera and red blood cells.

2.6. Titration of anti-sera anti-A and anti-A,B

All commercial antisera anti-A and anti-A,B used were previously
titrated using Aq, A, and A,B red blood cells, according to American
Association Blood Bank’s protocol [1], and with the certificates of
analysis provided by the commercial suppliers, and the recommenda-
tions from Brazilian Health Ministry legislation for transfusional med-
icine [16]. We used antisera from the different commercial suppliers in
Brazil identified as M1, M2, M3, M4.1, M4.2, and M5. Some of them
belong to the same cell clone and two (M4.1 and M4.2), from the same
supplier.

2.7. Extraction of genomic DNA

Genomic DNA from white blood cells was extracted using the
QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany). All manu-
facturers' instructions were strictly followed.

2.8. Molecular analysis

We used a protocol to analyze the single nucleotide polymorphism
261delG of the exon 6 by PCR-RFLP as well as amplified fragments from
exon 2 to exon 7 of the ABO gene for sequencing analysis [17]. The
amplified fragments from these exons were sequenced using commer-
cial kits BigDye Terminator and ABI PRISM 3500 Genetic Analyzer

Cases ABO Grouping Previous observations

Red Cells Serum Previous record
C1-PT o A o A antigen not investigated in previous sample.
C2-PT AB B NA Negative agglutination with two different anti-A.
C10-BD (o} A NA A antigen investigated but not detected.
C14-BD B B AB Phenotype divergent from the previous donation.
C18-BD AB AB B Phenotype divergent from the previous donation.
C21-BD AB B NA Presence of an irregular anti-A1l.
C25-BD (o] A o Divergent, positive and negative eluate results
C26-PT [e] A NA Positive with anti-A,B monoclonal antibody
C27-PT (9] A NA Positive with anti-A,B monoclonal antibody
C28-PT o A NA Divergent, eluate not investigated
C31-BD AB B B Phenotype divergent from the previous donation.

NA: data not available.
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(Applied Biosystems, Foster City, CA, EUA). The Sequence Scanner
Software 2 (Applied Biosystems Software) and the BioEdit sequence
alignment editor were used [18]. The ABO sequences obtained were
aligned with the NCBI Reference Sequence for ABO*A1.01
(NG_006669.1) using the software BioEdit [18].

2.9. Score agglutination

The agglutination score followed the proposition by Marsh [19],
revised by the American Association of Blood Banks [20].

2.10. Molecular adopted nomenclature

We adopted the terminology for the ABO gene and alleles, according
to the International Society of Blood Transfusion (ISBT) (www.isbtweb.
org) [21].

3. Results
3.1. Serological data

The results of the serological analysis are showed in Table 2. All the
samples evaluated (six A, five AB) presented weak expression of A
antigen according to the agglutination score adopted. An irregular anti-
Al antibody was detected in four samples (C2-PT, C14-BD, C21-BD,
C31-BD).

The C10-BD sample showed reactivity only in the eluate test. The
red blood cells from the other samples showed distinct reactivity in the
forward phenotyping when tested with antisera anti-A in CAT, in-
dependent of the treatment or non-treatment with the enzymes.

The samples C2-PT, C14-BD, C21-BD, and C31-BD showed reactivity
in the reverse phenotyping in test tubes with A red blood cells. On the
other hand, the remaining samples (except C18-BD) presented distinct
reactivity with A red blood cells in reverse phenotyping, in the modified
methods. All samples did not react with anti-A1 lectin but reacted with
anti-H lectin. All eluates presented reactivity with A red blood cells.

Table 3 shows the results of the serological evaluation of the sam-
ples with anti-A and anti-A,B antisera, with different titration. We ob-
served that the anti-A and anti-A,B antisera from the same cell clone,
but commercialized by different manufacturers and presenting different
titrations, showed distinct reactivity with samples carrying the weak
expression of the A antigen in test tubes and CAT at 4 °C and 22 °C.
Except for C10-BD sample, all other samples presented better reactivity
in modified methods from antisera with high titrations.

The antisera anti-A from cell clone 9113D10, commercialized by
different suppliers, presented the same reactivity with all samples when
the titrations were equivalent, except for the C10-BD sample. The

Transfusion and Apheresis Science xxx (XXxx) XXXX

behavior of the antisera anti-A from cell clone BIRMA-1 was equivalent
to the antisera anti-A from cell clone 9113D10 under the same condi-
tions. The anti-A antisera from cell clone 11H5 (titer 512) presented
similar reactivity to the anti-A antisera from cell clones 9113D10 and
BIRMA-1 (titer 1024) (Table 3).

3.2. ABO molecular analysis by PCR-RFLP and sequencing

The common deletion 261delG at the exon 6 was identified by PCR-
RFLP only in the samples C1-PT, C25-BD, C26-PT, C27-BD, C28-BD, and
C10-BD. The sequencing analysis confirmed the heterozygote genotype,
with an A allele and one deletional O allele. An insertion ¢.804 in. G at
exon 7 was found at the sample C10-BD, which is compatible with the
ABO*AEL.01 allele. The sequencing of the exons 2 to 7 from sample
C25-BD revelead the presence of the mutations ¢.297A>G, c.646T>A,
¢.681G>A, ¢.771C>T, and ¢.829G > A which allowed us to identify the
allele ABO*AW31.01. The sequencing of the sample C31-BD showed the
mutations ¢.46G>A, ¢.106G>T, ¢.188G>A, ¢.220C>T, c.467C>T
and c¢.1061delC which allowed the identification of the allele
ABO*AW.09.

The samples C1-PT, C2-PT, C-14-BD, C18-BD, C21-BD, C26-PT, C27-
PT, C28-PT were sequenced in the exons 6 and 7 and the only the
mutations ¢.467C>T and c.1061delC were identified in all of them. The
samples carrying the AB phenotype presented the single nucleotide
polymorphisms (¢.297A>G, ¢.526C>G; ¢.657C>T, c.703G>A,
¢.796C>A, ¢.803G >C, ¢.930G>A) that allowed to confirm the pre-
sence of the B allele in these cases.

4. Discussion

This study evaluated eleven blood samples from BD and PT, which
presented discrepancies in the forward and reverse phenotyping, or
discordant results concerning previous annotations in the medical re-
cords informed by the sample senders. To resolve these cases, we ex-
plored a serological approach determining the titration of the com-
mercial antisera in combination with molecular analysis based on PCR-
RFLP and sequencing. These strategies allowed us to demonstrate the
presence of A antigen through the reactivity of eluates from all samples
as well as infer the presence of a functional A weak allele in the gen-
otypes through the molecular approach. By the author’s knowledge, this
is the first study evaluating the commercial antisera titration applied to
detect the weak expression of A antigen.

Our data showed variability in the weak reactivity of red blood cell
samples evaluated, which seems to be dependent on the titration of
anti-A and anti-A,B commercial antisera, but not necessarily from the
cell clone from which they come. Previous observations support the
view that the serological performance of the antisera correlates their

Table 2

Serological and molecular data from ten cases presenting the weak expression of A antigen.
Cases Antisera (FP) Red blood cell (RP) Lectins Eluates Phenotypes Genotypes

A B AB RA RB A H Ay

C1-PT 0 0 0 0 4 0 4 4 B A/0
C25-BD 0 0 0 0 4 0 4 4 Aveax A/0
C26-PT 0 0 w 0 4 0 4 3 Aveak A/O0
C27-PT 0 0 1 0 4 0 4 4 A A/0
C28-PT 0 0 0 0 4 0 4 3 Aweak A/O0
C10-BD 0 0 0 0 4 0 4 2 Aa A/0
C2-PT w 4 4 0 0 0 2 4 BB A/B
C14-BD 0 4 4 2 0 0 2 4 Wi A/B
C18-BD 1 4 4 0 0 0 2 4 AweakB A/B
C21-BD 1 4 4 1 0 0 2 4 AyeaxB A/B
C31-BD 1 4 4 2 0 0 2 4 AventB A/B

FP: Forward Phenotyping; RP: Reverse Phenotyping; Results of the phenotyping ABO standard method using CAT 1 and CAT 2; Anti-A, was reactive in C2-PT and
showed stronger results in C14-BD, C21-BD, and C31-BD in the tube test (results not shown).
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Table 3
Evaluation of the reactivity of the antiserum with predetermined titers.
Antisera  Cell clones Suppliers®  Titration®  Cases
Az
CI-PT  C25-BD° C26-PT C27-PT C28-PT C10-BDY C2-PT Cl4-BD CI18BD C21-BD C31-BD®
Anti-A 9113D10 M1 256 0 0 0 w 0 0 1 0 0 w 0
M3 1024 1 0 0 1 \ 0 3 1 MF MF w
M2 2048 2 1 1 2 1 0 3 1 2 3 1
BIRMA-1 M4.1 128 0 0 0 0 0 0 0 (] 0 0 0
M4.2 1024 = w 0 1 w 0 = w MF MF w
11H5 M5 512 - 0 0 1 0 0 - w MF MF 0
Anti-A,B 9113D10, 152D12 M1 128 0 0 0 2 MF 0 i = - = =
M2 256 2 0 ) 3 MF 0 - - - - -
M3 1024 2 3 1 4 4 0 - - - - -
ES-15, BIRMA-1, LB-2 M4.1 64 0 0 0 w 0 0 - - - - -
M4.2 2048 - 4 2 4 4 0 - - - - -
ES-15, BIRMA-1, ES-4 M5 512 = 0 0 4 3 0 = = = = =

MF: Mixed Field; Results of the phenotyping ABO using ID-Card NaCl at 22 °C.

® Different commercial suppliers in Brazil.

b The titer was previously determined with A, red blood cells.
¢ ABO*AW31.01.

¢ ABO*AEL.01.01.

¢ ABO*AW09.01.

antibody concentrations [22]. Besides, the ability of ABO blood
grouping reagents to detect low levels of antigens in ABO subgroups can
be influenced by the concentration or titer of the anti-A and anti-B
antibodies [23,24].

We observed that the anti-A from cell clone 9113D10 reacted only
with three samples at the titration 256 but reacted with 9 samples at the
titration 2048. Similar reactivity was observed with anti-A from cell
clone BIRMA-1. However, this anti-A antisera did not show reaction
with any of the samples at low titration (128). An international con-
sensus recommends that commercial ABO antisera must have a
minimum of potency able to detect ABO antigens in red blood cells
since the haemagglutination tests vary widely in their sensitivity and
reproducibility between laboratories [23]. Our data demonstrate that
variations in the concentration of anti-A and anti-B antisera belonging
to the same cell clones and commercialized by different suppliers might
affect the performance of haemagglutination tests.

The same serological behavior observed with the anti-A antisera and
related to titration was also observed with the anti-A,B antisera. For
instance, the anti-A,B antisera from mixing cell clones 9113D10 (anti-
A) plus 152D12 (anti-B), reacted at the titration of 128, only with two
from six evaluated samples, but reacted with five samples, at the ti-
tration of 1024. Similar reactivity was observed with anti-A,B from cell
clone BIRMA-1 (anti-A) mixed with the cell clones ES-15 (anti-A), LB-2
(anti-B) and or ES-4 (anti-B). These observations support the proposi-
tion that the antibody levels of commercial antisera for blood typing
seems to be important in determining their performance [22].

Our data also show that anti-A and anti-A,B commercial antisera
with elevated titration increase the score of haemagglutination towards
to eliminate the MF reaction. Two of the samples (C18-BD, C21-BD)
presenting MF reaction at the titration 1024, showed higher aggluti-
nation score at titration 2048 when tested with anti-A from the cell
clone 9113D10. One of the samples tested with anti-A,B (cell clone
9113D10 plus 152D12) presenting MF reaction at titration 128 and
256, showed strong reactivity when tested with the same antisera at the
titration 1024. These observations reinforce the proposition that higher
titers of antisera improve the score of agglutination, allowing the dis-
appearance of MF reaction. The anti-A (cell clone BIRMA-1) did not
react at titer 128 but showed MF at titer 1024. As this cell clone with
titer higher than 1024 was unavailable we can not confirm the dis-
appearance of the MF.

Red blood cells presenting MF with the expression weak of ABO
antigens are not necessarily positive and negative. Evaluation of ABO
subgroups presenting MF carried out by flow cytometry demonstrated

the presence of A antigen in all red blood cells with similarities to Ay
and A, phenotypes [25-27].

All red blood cells in MF do not react totally with low titer antisera
anti-A and anti-A,B. Maybe, the small quantities of A or B antigens
present a spatial distribution on the red cell membrane that does not
favor the occurrence of antibody bridges between all red blood cells
[28]. Therefore, antisera with high titers of anti-A and or anti-B anti-
bodies might reach A and or B antigens spread on the red blood cell
surface, reacting with them with more intensity, eliminating the MF
rection. Additionally, increasing antibody concentration on the mixed
anti-A,B (anti-A + anti-B) antisera modify the zeta potential, allowing
red blood cell agglutination with weak expression of antigen A even in
lower titers.

This study presents some limitations. Firstly, it evaluated a small
number of cases. Secondly, the sequencing of the ABO exons (2 to 7)
was performed for some samples and in which the alleles and genotypes
were revelead. In the remaining samples, the sequencing was per-
formed only for the exons 6 and 7. However, these limitations did not
prevent us from demonstrating that low titers of antisera fail to detect
the weak expression of antigen A in red blood cells.

In conclusion, the data observed in this study suggest that anti-A
and anti-A,B commercial antisera with high antibody titers give better
reactivity with red blood cells carrying a weak expression of A antigen.
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Introduction

ABO, P1PK, LE, H, I, GLOB, and FORS are blood group systems
characterized by the expression of carbohydrate antigens in
hematopoietic, non-hematopoietic tissues and exocrine secre-
tions. These antigens are synthesized by specific glycosyltrans-
ferases adding monosaccharide units to oligosaccharide
precursors. The hematopoietic disturbance in some oncohe-
matological diseases affects the expression of ABO, H, and I
glycosyltransferases, reducing the synthesis of A and B carbo-
hydrate antigens modifying red blood cell (RBC) phenotypes.*
Acute myeloid leukemia (AML) can induce the transitory loss
of RBCs carbohydrate antigens, especially from the ABO sys-
tem allowing discrepancies in the forward and reverse pheno-
typing.” A consistent explanation for this phenomenon is the

* Corresponding author.
E-mail address: luiz.demattos@edu.famerp.br (L.C. de Mattos).
https://doi.org/10.1016/j.htct.2022.01.015

DNA hypermethylation of the ABO promoter, which underlies
the loss of ABO allelic expression in leukemic patients.**

These set of events contribute to the expression of natural
specific autoantibodies to the ABO, H, and I carbohydrate anti-
gens such as anti-I e anti-IH, anti-i, anti-H, and anti-IA. The
majority of these autoantibodies react near 4°C and generally
do not interfere in ABO reverse phenotyping. However, in
some cases, these cold autoantibodies react at room tempera-
ture affecting the correct ABO phenotyping. Anti-I is a common
cold antibody that reacts with adult RBCs but can react weakly
or not react with cord blood RBCs. This autoantibody some-
times occurs in patients with acute leukemia blood plasma
due to the loss of the I antigen and leftover of the i antigen.’
Anti-IH is a cold antibody that reacts with RBCs expressing
both I and H antigens. Its reactivity depends on the quantities
of H antigen, which vary according to the ABO phenotypes
(0>A,>B>A,B>A1>A:B). The anti-IH shows a better reaction
with RBCs from adults, especially O, compared to A,

Here we report the loss of A antigen at the RBCs and the
concomitant presence of cold autoantibodies in two cases of

2531-1379/© 2022 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1 - Clinical and laboratory features of 1 and 2 cases.

Features Case 1 Case 2

Gender/ Age (years) Female /79 Female /56

Diagnosis (WHO Classification) AML (Unclassified) Therapy-related to acute myeloid leukemia

(tAML)

Flow cytometry CD34, CD117, HLA-DR, CD45, CD38, CD13, CD33, CD34, CD117, HLA-DR, CD45, CD38, CD33 and
CD64, MPO, CD56 CD13.

Cytogenetics Not Performed 46, XX -21, (21;?)(q11;?)

ABO phenotyping (Under AML) (0] O (Forward) / A (Reverse)

Cells at diagnosis 32% immature myeloid cells with anomalous 35% immature myeloid cells with anomalous
CD56 CD45

Hypomethylating drugs 5-Azacytidine, Decitabine 5-Azacytidine

After treatment with hypomethylating

Primary, complete response (DRM negative).
After a relapse, 5% of immature myeloid cells
(anomalous CD56 and CD7) were observed.

Presence of 11% immature myeloid cells
(anomalous CDA45, CDS6).

ABO phenotyping (After AML) A, (Complete Response)

A (Partial Remission)

AML patients. Table 1 shows the clinical and laboratory fea-
tures of cases 1 and 2.

Case presentation
Case 1

A female patient aged 79, diagnosed with AML in Decem-
ber 2017 (Table 1), needed platelet transfusion due to
thrombocytopenia (11,000/mm?). The first pretransfusional
test carried out at that time showed that she had O phe-
notype and weak plasma reactivity with A; RBC (2+) than
B RBC (4+) (Table 2 and Figure 1A). Six RBC samples pheno-
typed in one month by routine test showed the O pheno-
type. When tested with high-titer monoclonal antisera
(HTMA) anti-A (2048; cell clone 9113D10; Fresenius-Kabi,
Brazil; Lorne Laboratories, UK) and anti-A,B (1024; cell
clone 9113D10+152D12, Fresenius-Kabi, Brazil; Lorne Labo-
ratories, UK; cell clone ES-15+Birma-1+LB-2, Prothemo, Bra-
zil; Ebram, Brazil), these same samples revealed the
presence of A antigen. The reappearance of the A antigen
in the RBC was concomitant with reducing the agglutina-
tion with anti-H lectin. She presented an anti-I IgM cold
autoantibody reacting strongly with A and O adult RBCs
but not with O RBCs from cord blood. After six months,
she was phenotyped as A by a routine test showing the
reappearance of the A antigen. Molecular analysis of exon
6 of the ABO gene showed the AA genotype (Figure 1A).°

Case 2

A female patient aged 56 with a history of breast cancer in
2013 and treated with chemotherapy and radiation therapy
was diagnosed with therapy-related myelodysplastic syn-
drome (tMDS) in 2019 and overt therapy-related AML
(tAML) in May 2020 (Table 1), undergoing treatment with
S-azacitidine with no induction, presented A blood type
according to the forward and reverse phenotyping. In
20 days of follow-up, routine tests showed reduction and

loss of the A antigen. Tests with the same HTMA anti-A
(2048) and anti-A,B (1024) used in the investigation of case
1, revealed A antigen. The loss of the A antigen in the
RBC, detected after tAML, was concomitant with increased
agglutination with anti-H lectin. She presented an anti-IH
IgM cold autoantibody reacting with O adult RBCs but not
with O RBCs from cord blood and a weak reaction with A
RBCs (Table 2). Molecular analysis of exon 6 of the ABO
gene showed the AO genotype (Figure 1B).°

Discussion

This report of two cases of AML shows the loss and the reap-
pearance of A antigen in the RBCs. The first patient presented
an O blood type at admittance but recovered her original A
blood type after complete remission of the disease. The sec-
ond patient was phenotyped as A blood type, but she
remained O blood type after losing the A antigen. She recov-
ered her original A blood type after the partial remission of
the disease. The loss of ABO carbohydrate antigens from
RBCs is a known phenomenon in myeloid malignancies.”
DNA methylation affects the gene regulation of the ABO gene
underlying the loss of ABO allelic expression in a significant
proportion of leukemia patients.”” Both patients reported
here recovered their original A blood type after treatment
with hypomethylating drugs.

We applied a modified protocol using high titers of
anti-A and anti-A,B antisera as performed in our previous
publication to resolve these two cases.® In case 1, the
patient’s plasma presented weak reactivity (2+) with A
RBCs and strong reactivity (4+) with B RBCs in the reverse
phenotyping. This result was concordant with the forward
phenotyping but attracted our attention since a strong
reactivity (4+) of the O blood type plasma is expected with
A, and B RBCs in the reverse phenotyping. We used a
modified protocol in which the patient RBCs were tested
with a HTMA anti-A (2048) and anti-A,B (1024) in column
agglutination technology (CAT). We observed a weak reac-
tion (+1) with anti-A and a strong (+4) with anti-A,B. These

Please cite this article as: M.P. Miola et al., ABO discrepancy resolution in two patients with acute myeloid leukemia presenting the transient
weak expression of A antigen, Hematology, Transfusion and Cell Therapy (2022), https://doi.org/10.1016/).htct.2022.01.015
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data are concordant with the resultsof the eluate testing
by the Lui freeze-thaw elution technique.”

Extended investigations performed in tubes reveal the
presence of a cold autoantibody anti-I reacting with adult
A and O RBCs but not with cord blood O RBCs. This cold
anti-I antibody created a false concordance between the
forward and the reverse phenotyping leading to a misin-
terpretation of the patient ABO type as O. This false con-
cordance has hidden the absence of the A antigen in the
patient RBCs. This fact agrees with our previous observa-
tions in which we show an anti-A, irregular antibody with
the same behavior.®

In case 2, the patient plasma did not react with A; RBC but
showed strong reactivity (4+) with B RBC in the reverse phe-
notyping in CAT, with no discrepancies in the forward and
reverse phenotyping. In a third and fourth blood sample, the
patient RBCs showed a weak reaction with anti-A (2+ and 1+,
respectively) in CAT. The fifth and sixth samples showed the
complete disappearance of the A antigen from the RBCs. This
result attracted our attention to investigate the potential dis-
appearance of the A antigen. We used a modified protocol
using high titers of anti-A and anti-A,B antisera in CAT.” We
observed a strong reaction of the patient RBC with a titer
equal to or higher than 2048 and 1024, for anti-A and anti-A,B,
respectively. These data are concordant with the results of
the eluate testing. Extended investigations performed in
tubes reveal a cold autoantibody anti-IH showing a weak
reaction with A RBC but a strong reaction with adult O RBC
but not with cord blood O RBC. This cold anti-IH antibody did
not interfere in the forward and reverse phenotyping. How-
ever, we observed the disappearance of the A antigen in the
patient RBC.

The methods used routinely failed in detecting the A
antigen in part of the samples analyzed. However, detect-
ing the A antigen in those samples in which the routine
methods failed was achieved by antisera anti-A and anti-
A,B with high titers (Table 2). The data reported here dem-
onstrate that the temporary loss of the A antigen in
patients with myeloid malignancies is not total, and anti-
sera might detect it in high titers in the different phases
of this disease. Therefore, we can infer that HTMA ABO
are helpful to resolve discrepancies between forward and
reverse phenotyping resulting from weak expression or
even loss of antigens from the RBCs.

There are different explanations to justify the loss of ABO
antigens from RBC among patients suffering from myeloid
malignancies. One tentative explanation for the loss of A and
B antigens in oncohematological diseases is the 9;22 chromo-
somal translocation, but this phenomenon is uncommon in
AML.”'? Other researchers believe that the absence of the A
antigen is consequent to H antigen loss, but our data do not
agree with this proposition.”

Our data show that patients with the apparent loss of A
antigen preserved the expression of the H antigen in the RBC
membrane, which was detected by the strong reactivity with
anti-H lectin. This observation was consistent with the weak
expression of the A antigen undetected by routine tests but
detected in both cases by the HTMA anti-A and anti-A,B. In
conclusion, the data of these reports demonstrate that HTMA
can detect the weak expression of ABO antigens in cases with
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Figure 1-Results of ABO phenotyping in Column Agglutination Technology and PCR-RFLP analysis in agarose gel electropho-
resis in the two studied cases. Case 1 (C1), Case 2 (C2). *Miola et al., 2019.

transitory weak antigen expression in patients with myeloid
malignancies.
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Introduction

The hemagglutination reaction, when applied to immuno-
hematology, whether positive or negative, suggests the
presence or absence of Red Blood Cell (RBC) antigens,
respectively. The simultaneous occurrence of positive and
negative agglutination in the same sample, called Mixed
Field (MF), results from distinct antigenic phenotypic
changes in RBC."

Different factors may contribute to MF. Among them are
transfusions and allogeneic transplants of non-identical
hematopoietic stem cells (HSC), chimerism or mosaicism of
hematopoietic cells, and mutations that weaken RBC expres-
sion antigens.' The occurrence of MF resulting from chime-
rism or mosaicism is not always explained by Mendelian
inheritance.”

* Corresponding author at: Molecular Biology Department - Fac-
uldade de Medicina de Sao José do Rio Preto — FAMERP. Avenue
Brigadeiro Faria Lima, 5416, CEP 15090-000, Sao José do Rio Preto,
SP, Brazil.

E-mail address: luiz.demattos@edu.famerp.br (L.C. de Mattos).
https://doi.org/10.1016/j.htct.2022.08.006

Post-transfusion or post-transplant of non-identical HSC
MF is acquired and transient. It is influenced by the allogeneic
transfusion demand and the transplant transition, ranging
from the grafting of transplanted HSC to the complete
replacement of autologous RBC by allogeneic ones." On the
other hand, the MF saw in hematopoietic mosaicism may
result from mutations affecting the gene regulation in the
steps prior to RBC differentiation. It can affect different pro-
portions of RBC and remains for the whole life.”

The MF resulting from hematopoietic mosaicism involving
only the ABO system is uncommon in healthy individuals.
Two reports of hematopoietic mosaicism showed MF with dif-
ferent RBC populations in blood donors. In one of them, Beat-
tie and colleagues reported a healthy male Negro blood donor
carrying an unequal proportion (10:1) of A and B RBC, respec-
tively.? In another, Borley and colleagues found a proportion
of 40% of A1 and 60% A;B RBC in a Caucasian female blood
donor." These reports demonstrate that hematopoietic mosa-
icism is one of the causes of MF associated with the ABO sys-
tem and that, although rare, it occurs in healthy individuals.
In this study, we describe the strategies used to resolve a case
of a male blood donor with MF in ABO phenotyping resulting
from presumed hematopoietic mosaicism.

2531-1379/© 2022 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by Elsevier Espafia, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Material and method
Ethical considerations

The Research Ethics Committee approved this study of
FAMERP (CAAE 34163114.6.0000.5415). All analysed individu-
als received information about the research objectives and
signed an informed consent form.

Description of the case

Samples from a 24-year-old male blood donor showing an MF
in the forward ABO phenotyping were referred to our service.
Their RBCs presented MF reaction with anti-A antiserum but
not with anti-B and anti-A,B antisera. The reverse phenotyp-
ing suggested he was an AB phenotype. Analyses with anti-A;
lectin showed a reaction in MF equal to one observed with
anti-A. The blood donor declared not to have twin brothers
and was never transfused or transplanted. Peripheral blood
samples, genomic DNA, saliva, and oral swab samples from
him and his family members were analyzed as needed for the
investigation. Phenotyping for 17 additional RBC antigens did
not reveal MF.

Serological investigations of RBC

Forward and reverse ABO phenotyping was performed in col-
umn agglutination technology (CAT) (DiaMed - Latin America,
Brazil) and tubes using commercial antisera anti-A (clone:
9113D10), anti-B (clone: 9621A8), and anti-A,B (clone:
152D12 + 9113D10) (Fresenius-Kabi, Brazil; Lorne Laboratories,
UK). Additional tests were also performed with commercial
anti-A; (Dolichos biflorus) and anti-H (Ulex europaeus) lectins in
CAT, neutral gel (CAT-NG) (DiaMed - Latin America, Brazil).
The antigens of the Rh systems (D, C, C%, c, E, e), Kell (K),
Kidd (/k?, JkY), Duffy (Fy®, Fy®), MNS (M, N, S, s) were identified
using CAT (DiaMed - Latin America, Brazil). Lewis RBC pheno-
types were identified in test tubes with commercial anti-Le*
(clone: LEA2 and 3643B9) and anti-Le® (clone: LEB2 and GX336)
antisera (Lorne Laboratories, USA; Fresenius-Kabi, Brazil).

RBC separation from MF

The RBC from MF were separated according to Miola et al.”
protocol, with adaptations in test tubes with commercial
anti-A antiserum.

After reacting with anti-A antiserum, non-agglutinated
RBCs were removed, transferred to another tube, and washed
in an isotonic solution. To remove anti-A antibodies from
agglutinated RBCs, they were washed in an isotonic solution
and treated with 0.2 M Dithiothreitol (DTT). RBC percentages
in the two phases of MF were performed in a cell counter (XN
2000 — Sysmex Europe GmbH, Bornbarch, Germany). The sus-
pensions of both RBCs were adjusted according to the method
used (CAT or test tube) (Figure 1). The unreactive RBCs in the
MF were analyzed by adsorption and elution with anti-A anti-
serum (clone: 9113D10) and tested with higher-titers mono-
clonal antisera (HTMA), anti-A (1024), and anti-A,B (2048),
according to the protocol of Miola and collaborators.®

Serological investigations of saliva

The Secretor and non-Secretor phenotypes were determined in
saliva samples with the same antisera prior mentioned, accord-
ing to the protocol by American Association for Blood Banks.*

Molecular investigations

Genomic DNA was extracted from peripheral blood using
commercial kits (QIJAamp DNA Blood Mini Kit, QIAGEN, Hil-
den, Germany). Genomic DNA from the oral swab was
extracted using a phenol-chloroform method.” The character-
ization of the ABO alleles was performed by PCR-RFLP and
sequencing from exon 2 to exon 7. The FUT2 (Secretor) geno-
typing was carried out by sequencing, according to the proto-
col of Miola and collaborators.”®

Results

The results of the serological and molecular analyses are
shown in Table 1 and Figure 3. The reaction in MF was
observed only in the forward ABO phenotyping with anti-A
monoclonal antiserum and anti-A; lectin but not in the other
identified antigens. Separation of MF reactive and non-reac-
tive RBCs showed that 52% did not have the A antigen but the
B antigen, while the remaining 48% had both antigens when
phenotyped with anti-A and anti-B antisera (Figure 1). This
separation procedure eliminated the MF and allowed to verify
that part of the RBCs was type B and part of type AB. The elu-
ate and tests with HTMA of anti-A did not detect the presence
of the A antigen in the MF non-reactive RBCs.

Lewis RBC phenotyping showed that the blood donor is Le
(a+b-), and his mother is Le(a+b+). The hemagglutination inhi-
bition test in saliva was in agreement, demonstrating the
presence of Le® antigen and A, H, Le? and LeP antigens,
respectively (Table 1). These data indicate that the blood
donor has the non-Secretor phenotype.

Electropherograms obtained from peripheral blood geno-
mic DNA sequencing revealed distinct signals for alleles A
and B at positions 526, 703, 796, and 803 of exon 7 of the ABO
gene. These weak signals coincide with the absence of the A
antigen in half of the RBCs (52% of the MF). The electrophero-
grams from the sequencing of genomic DNA extracted from
the oral swab showed equivalent signals at the mentioned
positions, indicating the presence of an A allele and another B
allele (Figure 2).

Data from ABO genotyping by PCR-RFLP are shown in
Table 1. The presence of the O allele was not observed in the
blood donor, but his parents and siblings present this allele.
The sequencing of the FUT2 gene demonstrated the presence
of alleles FUT2'0IN.02/FUT2*01N.02 in the blood donor and
FUT2"04/FUT2"01N.02 in its mother, being compatible with the
non-Secretor and Secretor phenotype, respectively.

Discussion

This study describes a case with evidence of hematopoietic
mosaicism in a type AB blood donor presenting MF in the

Please cite this article as: M.P. Miola et al., Mixed field resolution in ABO phenotyping in a rare case of a blood donor with hematopoietic
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HEMATOL TRANSFUS CELL THER. 2022;XXX(XX):1-5 3
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Figure 1-ABO, Rh, and Kell phenotyping results in Column Agglutination Technology of the separated (A and C) and non-sep-

arated (B) RBCs from the Mixed Field.

forward RBC phenotyping with anti-A antiserum. Total agglu-
tination of his RBC with anti-B antisera indicates the presence
of B antigen and excludes the presence of O RBCs in the sam-
ple. The occurrence of MF with anti-A antiserum demon-
strates the presence of the A antigen in part of the RBCs. The
protocol for separating reactive and non-reactive RBCs from
the MF was crucial to clarify this case.”

Analyses of the RBCs separated from the MF showed a lack
of antigen A in 52% and A and B antigens in 48% of the RBCs.
Equivalent proportions were also observed in another case in

which the authors observed 60% of A;B RBCs and 40% of A;
RBCs.” Maybe the hematopoietic mosaicism is only character-
ized by two distinct RBC populations in the ABO system,
resulting from alterations in the ABO gene regulation in
somatic cells.”

The RBC antigenic profile observed in this study suggests
that the blood donor presents mosaicism composed of two
populations of RBCs: one of type B and the other of type A4B.
This observation is reinforced by the results obtained from
eluate analyses and additional ABO phenotyping performed

Table 1 - Serological and genotyping data from the blood donor and his relatives.

Cases ABO
Forward Reverse Lectinas ABH/Lewis Lewis Rh Kell Kidd Duffy MNS Genotyping
A B AB A; B Anti-A; Anti-H Saliva PCR-RFLP

M20.1 (Blood CM 4 4 0 0 CM 2 Le®* Le(a+b-) D_CC%ee K- a-b+ a+b+ MNss A/B

Donor)

M20.2 (Mother) 4 0 4 O 4 4 1 A;H;Le* Le® Le(a+tb+) D CCee K+ a-b+r at+b+ MMss A/O

M20.3 (Father) 0 4 4 4 0 - = = Le(a+b-) D_CC%cEe K- a-b+ a-b+ MNss B/O

M204 (Sister) O 4 4 4 0 - - - Le(a-b+) D_CcEe K- a-b+ a+b+ MMss B/O

M20.5 (Brother) 0 00 4 4 - - - Le(a+b-) D_CC%ee K- a-b+ a+b+ MNss 0/O

Please cite this article as: M.P. Miola et al., Mixed field resolution in ABO phenotyping in a rare case of a blood donor with hematopoietic
mosaicism, Hematology, Transfusion and Cell Therapy (2022), https:/doi.org/10.1016/j.htct.2022.08.006




Artigo 3 | 40

4 HEMATOL TRANSFUS CELL THER. 2022;xxx(xx):1-5
ABO alleles Exon7
526 703 796 803
ABO*A1.01 (reference) (& G C G
ABO*B.01 G A A C

Amino acid changes p.Arg176Gly

M20.1 (Blood)
ABO*A1.01
ABO*B.01

ABO*B.01

p.Gly235Ser

SGTGSGCGC CCCCRGCTT

p.Leu266Met p.Gly268Ala

(W CTACMTGGG GGGGSGTTC

M20.1 (Oral Swab)
ABO*A1.01
ABO*B.01

SGTGSGCG(CCCCRGCTT

CTACMTGGG GGGGSGTTC

Figure 2 - Data from sequencing of the ABO gene. Direct sequencing reveal signals in all nucleotide positions 526, 703, 796, and
803, suggesting heterozygosis in the main alleles ABO*A1.01 and ABO*B.01 in DNA from peripheral blood (red arrows) and DNA
from oral swab (black arrows). Distinct signals in the DNA from peripheral blood suggest the presence of mosaicism in the
blood donors. The nomenclature S, R, and M follow the IUPAC (International Union of Pure and Applied Chemistry).

with anti-A antisera containing titers greater than 1024 and
with the Anti-A; lectin (Dolichos biflorus). Phenotyping of other
RBC antigens (Rh, Duffy, MNS, Kell, Kidd, Lewis) did not show
MF in the blood donor and his relatives, suggesting that the
hematopoietic mosaicism generated MF only in the ABO sys-
tem. These data agree with previous reports demonstrating
that hematopoietic mosaicism exclusively affecting the ABO
system also occurs in healthy individuals.™*

In order to reinforce the proposition of hematopoietic
mosaicism, we performed molecular analyses by PCR-RFLP
and sequencing of the blood donor’s genomic DNA. Molecular
analysis of exons 6 and 7 of the ABO gene by PCR-RFLP indi-
cated the presence of alleles A and B in both genomic DNA
from peripheral blood and oral swab. This result was compat-
ible with the AB genotype and the AB RBC phenotype
observed in approximately 48% of the RBC. However, the anal-
ysis of the electropherograms obtained from the exon 7
sequencing showed distinct signals in the nucleotides that
occupy positions 526, 703, 796 and 803, which differ from the
A and B alleles. The peripheral blood genomic DNA sequenc-
ing showed divergent signals in these positions, where there
was a lower signal for the nucleotides that define the A allele
than those that define the B allele. This observation coincides
with the absence of the A antigen in approximately 50% of
the RBCs. This divergence was not observed in the electro-
pherograms obtained from oral swab genomic DNA sequenc-
ing. Differences in signals obtained from peripheral blood
genomic DNA sequencing and oral swab were previously
reported.”

The presence of identical alleles of the FUT2 gene in the
genomic DNA of peripheral blood and oral swab suggests that
blood donor mosaicism is restricted to hematopoietic tissue.
Furthermore, the FUT2 alleles (FUT2°01IN.02/FUT201N.02)
revealed that the donor is non-Secretory, consistent with the
Le(a+b-) phenotype and the presence of Le® antigen in saliva.

The investigation of Secretor and non-Secretor pheno-
types and genotypes, although necessary, is not sufficient for
the resolution of cases of hematopoietic mosaicism. In

Secretory individuals, the A, B, and H antigens will be present
in the saliva in the soluble form, contributing to the confir-
mation of the RBC ABO phenotypes and genotypes. In non-
Secretor individuals, only FUT2 genotyping will contribute to
the confirmation of RBC phenotypes and genotypes.® There-
fore, in similar cases, FUT2 genotyping is crucial, but the con-
tribution of saliva analysis is dependent on the Secretor
status.

This study brings contributions to the resolution of
hematopoietic mosaicism cases. The separation and counting
of MF reactive and non-reactive RBCs enable antigenic sero-
logical characterization of their populations by evaluating
each blood group system.” The careful analysis of the electro-
pherogram allows the verification of distinct signals in the
nucleotides that differentiate the A and B alleles, obtained by
sequencing of the ABO gene.” The investigation of Secretor
and non-Secretor phenotypes, although necessary, is not
always sufficient for the resolution of cases like this in which
a single individual presents an unusual serological ABO pro-
file and is incompatible with the Mendelian inheritance
model.” By the authors’ knowledge, this is the first description
of a hematopoietic mosaicism case involving only the ABO
system in a blood donor, reported in Brazil.

Although the results achieved are consistent with hemato-
poietic mosaicism restricted to the ABO system, this study
has limitations. Analyses using FISH (Fluorescent In Situ
Hybridization) were not performed as this procedure requires
viable cells, especially erythroblasts, for resolution. Obtaining
such cells would imply an invasive procedure, generally not
indicated for healthy individuals and blood donors. Therefore,
it was not possible to reveal whether part of the RBC precursor
cells contains two alleles, A and B, and part, only one B allele.

The resolution of this case comprised the procedure of
separating the RBCs from the MF with serological analysis
and the analysis of the differences in the electropherogram
signals of the DNA sequencing of the peripheral blood com-
pared to that obtained from the DNA sequencing the oral
swab.

Please cite this article as: M.P. Miola et al., Mixed field resolution in ABO phenotyping in a rare case of a blood donor with hematopoietic
mosaicism, Hematology, Transfusion and Cell Therapy (2022), https://doi.org/10.1016/j htct.2022.08.006
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HEMATOL TRANSFUS CELL THER. 2022;XXX(XX):1-5 5
M20.3 M20.2
B (B.01/0.01.01) A (A1.01/0.01.01)

Le(a+b-); CC*cEe; K-; Jk(a-b+); Fy(a-b+); M+, N+, S-, s+ Le(a+b+); CCee; K+; Jk(a-b+); Fy(atb+); M+, N-, S-, s+

FUT2*01N.02 / FUT2*01N.02 FUT2*04/FUT2%01N.02

M20.1 M20.4 M20.5
AB(48%) / B(52%) (MF for anti-A) B (B.01/0.01.01) 0(0.01.01/ 0.01.01)
Le(a+h-); CCee; K-; Jk(a-b+); Fy(a+b+); M+, N+, S-, s+ Le(a-b+); CcEe; K-; Jk(a-b+); Fy(atb+);  Le(a+b-); CC¥ee; K-; Jk(a-b+); Fy(a+b+);
M, N-, S-, s+ M+, N+, S-, 5+

Peripheral blood:
ABO*A1.01/ABO*B.01/ ABO*B.01
FUT2*01N.02 [ FUT2*01N.02
Oral swab:
ABO*A1.01/ ABO*B.01
FUT2*01N.02 / FUT2*01N.02

Figure 3 -Heredogram showing the phenotypes (ABO, Rh, Kell, Kidd,

fied in the blood donor and all his family members.

Duffy, MNS, and Lewis) and genotypes (ABO, FUT2) identi-

These results suggest that somatic mutations that affect 3.

the hematopoietic progenitor lineage (early mosaicism) or
myeloid progenitor lineage (late mosaicism) can lead to loss
of heterozygosity in about 50% of the affected erythrocyte
population (Figure 3).%*°

In conclusion, adequate separation of reactive and non-
reactive RBC from MF combined with sequencing of the ABO 5
gene constitutes adequate procedures for resolving rare cases
of hematopoietic mosaicism in humans.
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2.4. Artigo 4.
Titulo: Resolucéo de divergéncia na heranca do gene ABO entre pais e filhos

causada pela presenca do alelo cisAB.

Introducéo.

Os fendtipos eritrocitarios cisAB e B(A) do sistema ABO sao caracterizados
como distintos em funcdo de suas reatividades com os antissoros anti-A e anti-
B. Estes fendtipos estdo intimamente associados a dois alelos, cis-AB e B(A),
reconhecidos pela Sociedade Internacional de Transfuséo de Sangue (ISBT) e,
resultam de mutacbes no exon 7 do gene ABO. Estes alelos codificam
glicosiltransferases (GT) capazes de sintetizar ambos os antigenos A e B.!
Embora cisAB e B(A) sejam relativamente comuns em asiéticos, raramente séo
descritos em outros grupos étnicos.?

Os alelos ABO*cisAB.05 e ABO*BA.06 sdo apresentados como distintos pela
ISBT, mas possuem as mesmas substituicdes de nucleotideos.® Neste texto
utilizaremos apenas a nomenclatura ABO*cisAB.05.

Ha relatos demonstrando que os fenoétipos cisAB e B(A) expressam niveis
distintos dos antigenos A e B comparados ao classico fen6tipo AB. Um deles
observou maior nivel de expressdo de A'*° enquanto outro, maior nivel de
expressao de B.14> Entretanto, expressdo equivalente de ambos os antigenos
também foi observada.?

A presenca do alelo cisAB no genoma leva a expressao do fenotipo cisAB, o
qual nem sempre se alinha ao modelo mendeliano de heranca como por

exemplo, quando genitores AB e O geram descendentes AB e/ou O. Estas
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situacbes nem sempre sao identificadas na fenotipagem individual e requerem
andlises moleculares ou estudos de familias.
Neste estudo, descrevemos as estratégias utilizadas na investigacdo de uma

familia em que um dos genitores é AB e o outro O, com dois filhos AB.

Material e Método.
Aspectos éticos pesquisa

Este estudo foi aprovado pelo Comité de Etica em Pesquisa da FAMERP
(CAAE 34163114.6.0000.5415). Todos os individuos investigados receberam
informacbes sobre o0s objetivos da pesquisa e assinaram o0 termo de
consentimento livre e esclarecido.
Descri¢cao do caso

A probanda (M42.1), uma mulher de 44 anos, descendente de europeus
(portugués e austriaco), entrou em contato com nosso laboratério de pesquisa
solicitando a resolucao de uma divergéncia verificada na heranca mendeliana do
sistema ABO em sua familia. A probanda e seus dois filhos, um de 17 (M42.3) e
outro de 9 anos (M42.4), apresentavam o fen6tipo AB enquanto seu marido de
48 anos (M42.2) apresentava o fen6tipo O. Todos os membros eram saudaveis,
sem histoérico de transfusdo de sangue ou transplante. A probanda também
relatou que a mesma divergéncia ocorria com seus pais e irmaos.
Investigacao Soroldgica

A fenotipagem ABO em prova direta e reversa foi realizada em tecnologia de
aglutinacéo de coluna (DiaMed - América Latina, Brasil; Grifols - Espanha) e em
tubo utilizando os antissoros comerciais anti-A (clone celular: 9113D10), anti-B

(clone celular: 9621A8) e anti-A,B (clone celular: 152D12 + 9113D10) (Fresenius-
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Kabi, Brasil; Lorne Laboratories, Reino Unido), com as respectivas suspensodes
de hemacias comerciais A1 e B (DiaMed - América Latina, Brasil; Grifols -
Espanha).

Testes adicionais também foram realizados com lectinas comerciais anti-A1
(Dolichos biflorus) e anti-H (Ulex europaeus) em tubo e tecnologia de aglutinacao
em coluna (CAT) em cartédo neutro (DiaMed - América Latina, Brasil).
Investigacao Molecular

O DNA genbdmico foi extraido do sangue periférico utilizando kits comerciais
(QlAamp DNA Blood Mini Kit, QIAGEN, Hilden, Alemanha). A caracterizacao dos
genotipos e alelos ABO foi realizada por PCR-RFLP e sequenciamento, de

acordo com o protocolo de Miola e colaboradores.®

Resultados.

Os resultados das andlises sorolégicas e moleculares por PCR-RFLP sédo
mostrados na tabela 1. As hemacias de M42.1, M42.3 e M42.4 reagiram
fortemente com os antissoros monoclonais anti-A, anti-B e anti-AB na
fenotipagem ABO direta em tubo e CAT. Na fenotipagem reversa, o plasma de
M42.1 e M42.3 ndo reagiu com as hemacias comerciais A1 e B. Contudo, o
plasma de M42.3 e M42.4 reagiu a hemacia comercial A1. As hemacias de
M42.1, M42.3 e M42.4 ndo reagiram com a lectina anti-A1. M42.2 apresentou
resultados compativel com o grupo O nas fenotipagens ABO direta e reversa. A
genotipagem por PCR-RFLP identificou a delecdo 261delG do exon 6 em
heterozigose em M42.1, M42.3 e M42.4. Esta delecdo foi encontrada em

homozigose em M42.2.
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Tabela 1. Dados sorologicos e moleculares (PCR-RFLP) dos membros da

familia.
ABO
Membros da familia Prova direta Prova reversa . Lectinas Genétipo
Fendtipo

A B AB AL B Anti-Ax Anti-H PCR-RFLP
M42.1 (Probanda) 4 4 4 0 0 AB 0 4 cisAB/O
M42.2 (Marido) 0 0 0 4 4 (0] - 4 0/0
M42.3 (12 filho) 4 4 4 w 0 AB 0 4 cisAB/O
M42.4 (29 filho) 4 4 4 2 0 AB 0 4 cisAB/O

Os resultados do sequenciamento dos exons 2 a 7 no gene ABO sao
demonstrados na tabela 2. M42.1, M42.3 e M42.4 apresentaram mutacoes em
heterozigose nas posi¢oes c.261delG e ¢.297A>G do exon 6 e ¢.526C>G,
c.657C>T, ¢.703G>A, ¢.796C>A e c.930G>A do exon 7. Estes resultados
indicam a presenca de um alelo ABO*cisAB.05 e outro ABO*0.01.01. O
resultado do sequenciamento do DNA gendémico de M42.2 mostrou a delecao

c.261delG em homozigose, compativel com o alelo ABO*O.01.01.

Tabela 2. Dados moleculares obtidos do sequenciamento da probanda e seus

familiares.
Nucleotideos
Sequencias do Exons 2-5 Exon 6 Exon 7 Alelos
gene ABO (240 -374) (375 - 1062)
29-239 261 297 526 657 703 796 803 930

NG_006669.2 - G A C C G C G G ABO*A.01.01
AJ536135.1 - - G G T A A C A ABO*B.01
M42.1 - G G T A A - A ABO*cisAB.05
(Probanda) - delG - - - - - - - ABO*0.01.01
M42.2 (Marido) - delG - - - - - - - ABO*0.01.01

delG - - - - - - - AB0O*0.01.01
M42.3 (12 filho) - G G T A A - A ABO*cisAB.05

delG - - - - - - - AB0O*0.01.01
M42.4 (22 Filho) - G G T A A - A ABO*cisAB.05

delG - - - - - - - ABO*0.01.01

ABO*cisAB.05 - - G G T A A - A ABO*cisAB.05
Alteragdo de - - - p.Argl76Gly - p.Gly235Ser p.Leu266Met - - Gly-Ser-Met-Gly
aminoacido (BBBA)*

Legenda: *Alelo B = Gly-Ser-Met-Ala (BBBB) e Alelo A = Arg-Gly-Leu-Gly (AAAA)




Artigo 4 | 47

'

0 AB
M42.2 Ma2.1
o AB A AB AB
(0/0) (cisAB / O)

ABO*0.01.01 / ABO*0.01.01 ABO*cisAB.05 / ABO*0.01.01

M42.3 M42.4
AB AB
(cisAB / O) (cisAB / O)

ABO*cisAB.05 [/ ABO*0.01.01 ABO*cisAB.05 / AB0O*0.01.01

Figura 1. Heredograma mostrando os fenotipos e genétipos da probanda e seus

familiares.

Discussao.

Neste estudo descrevemos uma familia com fenétipos do sistema ABO que
ndo se ligam ao modelo de herangca mendeliana (Figura 1). As heméacias dos
membros, com excecdo de M42.2, reagiram fortemente com 0s antissoros
monoclonais anti-A, anti-B e anti-A,B mas ndao com a lectina anti-A1 e M42.4
apresentou um anticorpo anti-A:. Estes resultados indicam que M42.1, M42.3 e
M42.4 possuem o fendtipo sorolégico compativel com A2B, e M42.2 possui o
fenotipo O. Estas observacdes estéo alinhadas a literatura.!

A analise molecular por sequenciamento identificou o alelo ABO*0.01.01 em
quatro membros e o alelo ABO*cisAB.05 em trés deles. Estes dados permitiram

inferir que os trés membros com gendtipo ABO*cisAB.05 /*0.01.01 possuem o
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fenotipo cisAB. Estas observagfes fortalecem a proposicdo de que o fendtipo
CisAB nem sempre apresenta alteracdes soroldgicas nos testes de rotina.? Os
resultados aqui relatados ndo se alinham as observacdes previamente
publicados.*®

O alelo ABO*cisAB.05 codifica uma glicosiltransferase capaz de sintetizar os
antigenos A e B, mesmo quando em heterozigose com o alelo O. A dupla
atividade desta glicosiltransferase € utilizada para explicar inconsisténcias na
heranca mendeliana do Sistema ABO.?’

As analises moleculares revelaram que a probanda e seus filhos séo
heterozigotos (ABO*cisAB.05/*0.01.01) enquanto o marido é homozigoto
(ABO*0.01.01/*0.01.01). O sequenciamento do gene ABO identificou alteracdes
presentes nos alelos B e O em comparac¢do a sequéncia referéncia do alelo A.
O polimorfismo c.261delG no exon 6 caracteriza o alelo ABO*0.01.01. As
substituices de nucleotideos nas posi¢cdes ¢.297A>G, ¢.526C>G, c.657C>T,
€.703G>A, c.796C>A e ¢c.930G>A caracterizam o alelo B, exceto pela presenca
do nucleotideo G na posicéo 803 que corresponde ao alelo A. Esta combinacgéao
de nucleotideos (BBBA) permite definir um dos alelos como ABO*cisAB.05. Trés
das sequencias acima mencionadas (526, 703 e 796) resultam na troca dos
aminoacidos p.Argl76Gly, p.Gly235Ser e p.Leu266Met e sdo compativeis com
uma glicosiltransferase capaz de sintetizar os antigenos A e B.2

Ha demonstracbes de que as substituicbes dos aminoacidos acima
mencionados modificam a fungéo da glicosiltransferase codificada atribuindo-lhe
dupla especificidade na adicdo equilibrada dos monossacarideos N-

acetilgalactosamina e D-galactose ao oligossacarideo precursor, na sintese dos
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antigenos A e B.° Em face desta proposicdo, acreditamos que esta
glicosiltransferase hibrida sintetiza ambos os antigenos e determina um padrdo
de aglutinacdo compativel com o fendétipo A2B nesta familia. Este padrdo de
aglutinagcdo ndo estd alinhado a proposicdo de realce alélico em que a
heterozigose do alelo ABO*cisAB.05 com outro ndo contendo a delecdo G na
posicdo 261 do exon 6, eleva a expressdo de antigeno sobre outro.°

Os resultados deste estudo demonstram que a presenca de um alelo
ABO*cisAB.05 em familias ndo se alinha ao classico modelo mendeliano de
heranca no qual alelos A e B se comportam como codominantes entre si e
dominantes em relagdo ao alelo O.!' Além disso, este alelo ndo causa
necessariamente alteragdes soroldgicas perceptiveis nos testes de rotina tais
como fraca expresséao antigénica e discrepancias de fenotipagem. Os dados aqui
apresentados se mostram divergentes em relacdo aqueles que verificaram
alteracdes nos padrdes sorologicos rotineiros, mesmo em estudos que ndo
envolveram familias.?’

O fendétipo cisAB é mais comum em populacdes do leste asiatico, com a maior
frequéncia relatada na populagéo coreana. Pelo conhecimento dos autores, este
€ 0 primeiro caso de cisAB relatado no Brasil de individuos com descendéncia
europeia.

Em conclusdo, o uso de métodos moleculares tais como PCR-RFLP e
sequenciamento empregados neste estudo se mostra adequado para resolucao

de divergéncias genéticas do modelo mendeliano de heranca causadas pela

presenca do alelo cisAB.
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3. CONCLUSOES.

1.

Antissoros monoclonais anti-A ou anti-B contendo maiores titulos de
anticorpos favorecem a identificacdo dos antigenos A ou B fracos,
respectivamente;

O antissoro monoclonal anti-A,B apresenta melhor resultado quando
comparado com anti-A na mesma titulagéo;

A reacdo de CM ndo é uma caracteristica exclusiva do subgrupo As, mas
sim um resultado de uma determinada concentragdo dos anticorpos
presentes nos antissoros contra a baixa concentracdo de antigenos A
presentes nas hemacias de qualquer subgrupo com fendétipos A fraco;
N&o realizar a pesquisa do antigeno A em prova direta e utilizar métodos
gue visam potencializar a intensidade de reacdo do anticorpo anti-A
suspeito ou fracamente reativo em prova reversa, pode levar a uma falsa
resolucéo da discrepancia, nos casos de AwB com presenca de anti-As;
A separacdo de hemécias do CM observada nos resultados de
fenotipagem ABO possibilita a confirmagdo da existéncia de duas
populacbes e a determinacdo dos fendtipos de cada uma delas,
contribuindo com a resolugdo dos casos de mosaicismo e quimerismo
hematopoiético; e

As analises moleculares por PCR-RFLP e sequenciamento utilizadas
neste estudo foram suficientes para identificacdo das mutacdes e
caracterizacdo dos alelos dos genes ABO e FUT2, permitindo uma

correlacao entre fenotipo e genotipo ou seus polimorfismos.
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Anexo 1: Discrepancias ABO, causas provaveis e formas de resolucao.

Prova direta (pesquisa do antigeno

na hemacia)

Tipo de reacéo

Causa provavel

Resolucéo / Orientagéo

Fraca (< 2+)
ou
Ausente (0)*

Fenétipos fracos

AMAT; ASS; AF, AMS

Fendétipo Bombaim ou Para-Bombaim

anti-H; ASS; AF; AMS (FUT1)

Excesso de antigenos ABH soluveis

AMAT; THL; ASS

Doengas oncolégicas / oncohematoldgicas

AMAT; AMPE (261delG); monitorar

Transfus6es ABO néo idénticos

Repetir apds 3 meses

Transplantes alogénicos

Monitorar pega eritrocitaria

Fendtipo AB Hibrido [cisAB / B(A)]

AMAT; ASS; AF; AMS

Recém-nascido (cadeias lineares)

AMAT; monitorar

Inesperada**

TAD positivo - autoanticorpos IgM

THL; THT-DTT

TAD positivo - autoanticorpos IgG

THL; THT-Cloroquina

TAD positivo - crioaglutininas Tn

THL; THT-DTT; THT-EP

Excesso de proteinas plasmaticas

THL

Reacd&o contra constituintes dos reagentes

Mudar: reagentes / técnica de revelacédo

Transplantes alogénicos

Monitorar pega eritrocitaria

Fendtipo B adquirido

THL; mudar antissoros e/ou técnica

Fendtipo AB Hibrido [cisAB / B(A)]

AMAT; ASS; AF; AMS

Reatividade em
Campo Misto

Transfus6es ABO nao idénticos

Repetir apds 3 meses

Transplantes alogénicos

Monitorar pega eritrocitaria

Quimerismo ou Mosaicismo

SHCM; ASS; AF; AMS

Fenétipos fracos

AMAT; ASS; AF, AMS

Recém-nascido (cadeias lineares)

AMAT; monitorar

Doencas oncolégicas (bexiga, oral, pulméo) /
oncohematoldgicas (leucemias)

AMAT; monitorar

Prova reversa (pesquisa do anticorpo no soro ou plasma)

Tipo de reagéo

Causa provavel

Resolucéo / Orientacéo

Fraca ou ausente*

Imunotolerancia: Fenotipos fracos, mosaicismo
tecidual, transplante

Pesquisar o antigeno suspeito na
hemacia

Imunodeficiéncia: Idade (criangas < 4-6 meses e
idosos), Hipogamaglobulinemia

Imunossupressao: Medicamentos

Afastar imunotolerancia e monitorar

Anticorpos ABO (anti-A; anti-A;)

Pesquisar o antigeno A na hemacia

Aloanticorpos

Testar com hemacia antigeno negativo
ao anticorpo identificado

Inesperada** Anticorpos indeterminados: autoanticorpos, Definir ABO pela prova direta e
excesso de proteina plasmatica monitorar
Anticorpo passivo: transfuséo plasmatica Repetir com nova amostra apés 2-24
incompativel ou infuséo de imunoglobulinas horas da infuséo

Legenda:

AMAT = Anticorpos monoclonais de altos titulos (anti-A / anti-B: 2048 a 4096; anti-A,B: 1024 a 2048);
AMS = Anélise molecular por sequenciamento;

AMPE = Analise molecular de polimorfismo especifico;
ASS = Andlise do status Secretor;

THL = Teste com heméacias lavadas;

THT-DTT = Teste hemécias tratadas — Ditiotreitol;
THT-EP = Teste hemacias tratadas — Enzimas proteoliticas (bromelina / papaina);
AF = Andlise de familiares;

SHCM = Separacao de hemécias do campo misto.
*Reativo fraco: < 2+
**Quando uma reatividade, em gualquer intensidade, promover uma discrepancia.




Anexos | 70

Anexo 2. Método para separacdo de hemécias do campo misto.

Separacdo de hemécias dareacdo de campo misto

1.

S T

Preparar uma suspensao de hemacias a 20%:

a. 800 pL de solucéo fisiolégica ou solucdo de baixa forga ibnica (LISS);

b. 200 pL do CH que apresenta CM
Dividir o volume da suspensédo em dois tubos (tubo 1).

Adicionar 500 uL (1:1) do antissoro que apresenta reatividade no CM (tubo 1).
Tampar os tubos, homogeneizar e incubar 15 min na temperatura ambiente.
Centrifugar e retirar o sobrenadante deixando aproximadamente 200 L.
Ressuspender com cuidado até liberar o botdo de hemacias e desprender todas
as heméacias que nao reagiram.

Com auxilio de uma pipeta e ponteira de 200 pL, retirar o liquido com as hemacias
nao reativas e transferir para um segundo tubo (tubo 2):

a. Juntar as heméacias aglutinadas em um dos tubos 1 e reservar.
Centrifugar o tubo 2, ressuspender e observar coagulo, se presente, remover e
descartar ou adicionar ao tubo 1. Nota: Repetir este passo até ndo ser observado
coagulo/aglutinado.

Lavar as hemécias ndo aglutinadas do tubo 2 e utilizar para as fenotipagens de

acordo com os protocolos convencionais.

10. Lavar as hemacias aglutinadas e reservadas do tubo 1:

a. Tratar com Ditiotreitol (DTT) 0,2 M;
b. Apds tratamento com DTT, lavar as heméacias e utilizar para as

fenotipagens de acordo com os protocolos convencionais.




