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Resumo




Os aloantigenos plaquetarios humanos (HPA), sdo polimorfismos das glicoproteinas da
membrana da plaqueta que estfio associados a patologias imunes plaguetarias como a
plrpura trombocitopénica aloimune neonatal, a parpura pos-transfusional, a refratariedade
transfusional plaquetaria podendo estar relacionados a doengas vasculares oclusivas.

Vérios sistemas HPA sdo conhecidos e a distribuigiio dos alelos desses sistemas é bastante
heterogénea em grupos étnicos distintos.

Nesse estudo, os principais sistemas HPA envolvidos na aloimunizagio plaquetaria foram
determinados pela rea¢io em cadeia da polimerase, em trés grupos étnicos que compde a
populagdo brasileira: Caucasoides, Negroides e Indios. Os resultados obtidos demonstraram
que entre os grupos de Caucasoides e Negroides brasileiros, a prevaléncia dos HPAs-1 a 5
foi similar. Nossos dados contrastam com os descritos para grupos étnicos semelhantes em
outros paises. Entre os Indios, nenhum alelo b (de baixa frequéncia) foi encontrado para os
sistemas HPA-1,-4 ¢ -5.

Para avaliar o possivel impacto clinico dessas observagdes no desenvolvimento da pirpura
trombocitopénica aloimune neonatal (PTAN), realizamos um rastreamento para a
plaquetopenia neonatal e sua relagio com a incompatibilidade genotipica materno-fetal. A
plaquetopenia foi identificada em 1% de 12.714 recém-nascidos ndo selecionados de
Campinas, nos quais 0,11% (13 casos) apresentou contagem plaquetdria menor que 50 x
10°/L. Dois recém-nascidos com plaquetopenia desenvolveram sangramenio grave,
enquanto a maioria dos casos foi assintomatica. Em aproximadamente metade dos casos,
existiam condi¢bes clinicas associadas ao desenvolvimento de plaquetopenia neonatal. Foi
realizada & investigacio de plaquetopenia neonatal secundéria a aloimunizagdo para os

sistemas HPA, através da identificagdo de incompatibilidade genotipica materno-fetal. Os
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resultados demonstraram a ocorréncia de incompatibilidade genotipica em 50% dos casos
tanto no grupo controle quanto no grupo de recém-nascidos plaquetopénicos. O sistema
mais comumente associado a plaguetopenia aloimune foi 0 HPA-3, seguido pelo sistema
HPA-2. Em conclusdo, a plaquetopenia neonatal é comum entre recém-nascidos nfo
selecionados ¢ o desenvolvimento de plaquetopenia ndio pbde ser previsto pela
incompatibilidade genotipica HPA.

O papel dos sistemas HPA como fator de risco para o desenvolvimento de plrpura
trombocitopénica imunologica (PTI) em pacientes adultos também foi avaliado. Os
resultados desse estudo demonstraram uma frequéncia duas vezes maior do alelo HPA-Sb
nos pacientes portadores de PTI aguda do que em controles normais. Esses dados sugerem
que a presenga do alelo HPA-5b pode estar associada ac aumento do risco para PTI aguda
em adultos.

Finalmente, avaliamos o papel dos alelos do sistema HPA-1 como fator de risco para
doengas arteriais ou venosas. Plaquetas que apresentam o alelo HPA-1b na Gplilla,
apresentam maior resposta agregante ao fibrinogénio o que pode resultar em maior
resisténcia do trombo plaquetério & lise fisiologica. Foram estudados dois grupos de
pacientes com doengas arteriais ou trombose venosa. Nenhuma associagdo foi encontrada
entre a presenga do alelo HPA-1b e o risco para trombose venesa ou doenca arterial.
Embora a prevaléncia do alelo HPA-1b nfio tenha apresentado diferenga em um grupo de
137 pacientes que apresentaram infarto agude do miocardio (IAM), comparados a um
grupo controle (12,7% vs. 14,6%), a prevaléncia do alelo HPA-1b foi maior entre pacientes
jovens do que em idosos (p=0,014). Diferindo de fatores de risco convencionais, o alelo

HPA-1b ndo representa um fator de risco para trombose venosa, para doenga arterial
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sistémica ou IJAM. A maior prevaléncia do alelo HPA-1b em pacientes jovens com IAM
pode levar a uma patogénese distinta no aparecimento precoce da doenca arterial

coronariana.
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Human platelet alloantigens (HPA) are polymorphic sequencies of the platelet membrane
glycoproteins, which are associated to immune platelet disorders, such as neonatal
alloimmune thrombocytopenia (NAIT), post-transfusion purpura (PTP), platelet transfusion
refractoriness and may be to refated to occlusive vascular discase. Several distinct biallelic
systems are known, and a heterogeneous distribution of HPA alleles has been described
among distinct ethnic groups.

In this study, the most frequently HPA systems involved in alloimmunization were
determined by polymerase chain reaction, in three distinct ethnic groups which compose
Brazilian population: Caucasians, Blacks and Indians. The HPA-1 to -5 allele frequencies
obtained between Caucasian and Blacks were similar. These data contrast with those
reported for similar ethnic groups in other countries. Among the Indians, no b allele (low
frequency allele) of the HPA-1, -4 and -5 systems were identified.

To evaluate the possible clinical impact of these data in the development of NAIT, we
carried out a screening for neonatal thrombocytopenia and its relation to maternal-fetal
genotype mismatch. Thrombocytopenia was determined in 1% of 12,714 unselected
newborns from Campinas in which 0.11% (13 cases) presented platelet count less than 50 x
10°/L. Two newborns with thrombocytopenia developed a severe bleeding disorder,
whereas the majority was asymptomatic. Maternal-fetal clinical conditions related to the
development of thrombocytopenia were presented in almost haif of the cases. The risk for
neonatal thrombocytopenia due to alloimmunization to HPA systems was investigated by
genotype mismatch between mother and newbom. The resuits showed that 50% of
genotypes revealed a maternal-newborn mismatch in both control and thrombocytopenic

group. The most common system likely to be associated with alloimmune
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thrombocytopenia is the HPA-3 system, followed by the HPA-2 system. In conclusion,
neonatal thrombocytopenia is common among unselected newborns and the development of
thrombocytopenia can not be predicted by the genotype mismatch.

The role of HPA in the risk for an autoimmune platelet disease was carried out among
adults with immune thrombocytopenic purpura (ITP). The result of this study was the
detection of a two-fold higher frequency of allele HPA-5b among acute-ITP patients
compared t0 a control group. These data suggest that the presence of HPA-5b allele could
be related to an increased risk of adults with acute ITP,

Finally, we determined role of HPA-1 system alleles as an inherited risk factor for venous
or arterial disease. Platelet camrying the HPA-1b protein has a higher aggregation response
to fibrinogen and may result in a clot resistant to physiological removal. Two groups of
patients with venous thrombosis or arterial disease were evaluated. No association was
found between HPA-1b allele and the risk for either venous thrombosis or arterial disease.
Although the prevalence of HPA-1b allele among 137 patients with myocardial infarction
(MI) did not differ from that observed in the control group (12.7% vs. 14.6%), the
prevalence of the allele HPA-1b was higher among young patients than older patients
(p=0.014). Unlike conventional risk factors, HPA-1b allele does not represent a risk factor
for venous thrombosis, systemic arterial disease or MI. The higher prevalence of HPA-1b
allele among young patients with MI could result from a distinct pathogenesis of the early

onset of the coronary artery disease.




Capitule I - Introducdo
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As plaguetas so pequenos ﬁgnentos discoides e anucleados, originarios do citoplasma do
megacariocito que circulam na corrente sanguinea para o controle da hemostasia (WARE &
COLLER, 1995).

As principais fungles plaquetarias estfiio relacionadas 4 manutencdio da hemostasia
sanguinea pela imediata adesdo a superficie endotelial lesada e a formacgfio de agregado
plaquetario estavel (NEWMAN, 1991). Ainda que a formag#o do agregado plaquetario seja
o responsavel para o controle de hemorragias sob condi¢es fisiologicas, esse trombo
plaquetéario pode levar a oclusdio vascular arterial ¢ a fendmenos embolicos quando em
contato com uma superficie vascuiar patologica. Assim, durante a formagéo do trombo
plaquetario, ndo hé distingdo pelas plaquetas ou pelos componentes da hemostasia entre um
reparo endotelial fisiologico e a formagdo de um trombo plaquetario que pode levar a
acidente vascular isquémico cerebral, coronariano ou periférico (KULKARNI ef al., 2600).
Concordando com essa observagio esta o fato de que, o uso de antiagregantes plaguetérios
como a aspirina, esta relacionado a reducfio da incidéncia de doenga oclusiva arterial em
adultos (HENNEKENS ef al., 1988).

O controle humoral da produciio plaquetaria pelos megacariocitos é realizado pela
trombopoietina (TPO) através da ligagio com o receptor de superficie c-mpl, que pertence a
superfamilia de receptor-citocinas, com expressdo restrita & linhagem megacariocitica,
plaguetas e precursores hematopoiéticos CD34+ (KAUSHANSKY, 1995; FOSTER ef ¢l
1994). A TPO estimula a expansio, a maturagio npuclear e citoplasmatica dos
megacartocitos e a formagio plaquetaria. A acio da TPO ¢ de um potente fator estimulador

de colénia de megacaridcitos, atuando sinergicamente com interleucina (IL) 3, IL-11 e
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eritropoietina para promover a proliferagio de megacaridcitos e também de progenitores
imaturos totipotentes.

A concentragio plasmatica da TPO ¢ inversamente relacionada ao nimero de plaquetas
circulantes em doengas caracterizadas pela diminuicdo da massa megacariocitica, tais como
a aplasia de medula Ossea priméaria ou secunddria (KUTER, 1997). Estudos em animais
trombocitopénicos por mieloablagdo demonstram que os niveis de TPO diminuem apos a
transfusdo plaquetaria e voltam a elevar quando a trombocitopenia recorre, o que colabora
com a regulagdo da TPO dependente do ntmero de plaquetas (KAUSHANSKI ef . 1994,
FOSTER ef al., 1994 KUTER ef al., 1997).No entanto, em patologtas caracterizadas por
destrui¢io periférica das plaquetas, os niveis plasméticds de TPO sio discretamente

elevados (KAUSHANSKI ef al. 1994; KUTER et al., 1997).

Funcdo plaquetdaria

As plaquetas aderem ao endotélio lesado pela exposiﬁio de estruturas subendoteliais e da
matriz extra-celular, que ativam a adesdo plaquetéria. Uma vez ativadas, as plaquetas
ligam-se a moléculas de adesdio soliveis ¢ transformam-se em uma superficie aonde ocorre
a continua deposi¢ic de plaquetas. Esses processos envolvem a adesio e a agregacio
plaquetaria. A adesdo é um processo complexo que envolve o sequestro celular no local de
lesdo endotelial através da interagio com quatro receptores sinérgicos, que sio a
glicoproteina (Gp) Ib-IX-V, e as integrinas Gp la-Ila, Gp ITb-IIIz € a Gp Ic-Tla. Por outro
lado, a agregacio plaquetdria depende somente da Gp Ib-IX-V e Gp Hb-Ila (PLOW &

GINSBERG, 1995; WARE & COLLER, 1995).
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O controle da adesdo e agregagdo plaquetaria ocorre em fungdo do fluxo sanguineo no qual
as celulas estdo circulando naquele momento. O fibrinogénio € o tnico ligante na Gp 1Ib-
II1a em sistema de fluxo lento, como o sistema venoso. Entretanto, no sistema arterial, o
fibrinogénio ¢ substituido pelo fator de von Willebrand (vWF) para a ligacdo nesse receptor
(KULKARNI er al., 2000). A representacdo esquematica da agregacdo plaquetaria esta
demonstrada na figura 1.

Figura 1 (Modificado de BYZOVA & PLOW, 2000)

Fluxo Torque
< 500 s-1
> 500 s- 1
Fibrilas de cblégeno L'_/ * «
A1\ /RGDS i GP lbo N&o ativada  Receptor(es)
O P3 de colageno
A3 /J] Ativada
vWF Fibrinogénio ey

Representa¢io Esquemdtica dos Mecanismos de Adesio e Agregacio Plaguetdria na Corrente Sanguinea.
Interacdo GPIba e vWF ¢ fundamental para o sequestro transitério de plaquetas ¢ adesdo ao ¢ndotéhio. Esse
processo ¢ amplificado pela ativacio do receptor ¢l 3 das plaguetas e ligacdo com colidgeno ¢ estruturas
subendoteliais. O resultado final é a formagio de um agregado plaquetirio estivel e ligacoes irreversivels

com fibrinogenio e v F, originando assim uma agregado que resiste ao fluxo acelerado.

Entretanto. em condigoes de fluxo lento as fungdes do vWF ndo sdo criticas e a ligagdo das plaquetas com

coldgeno permite a formagio de agregado plaguetdrio estavel.

A intera¢do Gp Iba e vWF e fundamental para o sequestro transitorio de plaquetas e adesdo
ao endotélio. Esse processo ¢ amplificado pela ativagdo do receptor Gp IIb-Illa dag

plaquetas e ligagdo com o colageno e estruturas subendoteliais. O resultado final é a
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formagdo de um agregado estivel e ligacGes irreversiveis com o fibrinogénio ¢ vWF,
originando assim um agregado que resiste ao fluxo sanguineo acelerado (KULKARNTJ et
al., 2000).

Entretanto, em condigdes de fluxo lento, as funcdes do vWF niio siio criticas e a ligagdo das
plaquetas com o colageno permite a formagao de um agregado plaquetario estavel.
Organizagdo da estrutura plaquetdria

A membrana plaquetaria ¢ constituida por glicolipideos como colesterol e fosfolipideos
que sdo distribuidos assimetricamente entre o interior e o exterior celular . Na membrana
estdo localizados os receptores celulares das plaquetas, representados por complexos de
glicoproteinas com dominios extra-celular, transmembrana e citoplasmatico. Essa
organizagdo celular permite & plaqueta receber e traduzir uma variedade de sinais externos
de ativagio para o meio intracelular, que habitualmente resulta na mudanga da forma
discéide da célula, na agregacio com outras plaquetas e na liberacdo do contetido dos
grinulos intracelulares. Esse processo é fundamental para a funcio hemostatica plaquetaria
(PLOW & GINSBERG, 1995, WARE & COLLER, 1995). De fato, deficiéncias
hereditarias ou adquiridas da fungdo dos receptores celulares, do conteudo dos grinulos ou
do mimero de plaquetas resultam em doencas hemorragicas com ampla heterogeneidade
clinica, caracterizadas por sangramentos cutineo-mucosos ou hemorragias para estruturas
anatomicas vitais (GEORGE & NURDEN, 1994; WEISS, 1994).

O desenvolvimento de drogas antiplaquetarias como os anticorpos monoclonais
neutralizadores dos receptores plaquetarios, trouxeram um grande avango no tratamento de
doengas oclusivas arteriais (CAMPBELL et al, 2000). No entanto, o tratamento das

doengas hemorragicas hereditarias plaquetarias, ou trombopatias hereditirias, ¢ dependente
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da transfusdo de plaquetas (GEORGE & NURDEN, 1994, WEISS, 1994). Esse tratamento
expde os pacientes ao risco de doencas transmissiveis pelo sangue, pois os métodos de
inativagdo viral como os fotodindmicos e pasteurizacdo interferem na funcédo plaquetaria ou
apresentam eficicia questionavel (CORASH, 1998).

Adicionalmente, 2 producdo de anticorpos por incompatibilidade do sistema HLA ou dos
antigenos plaquetarios especificos resultam em menor eficicia no controle das hemorragias
e apresentam grande morbidade (KUNICKI & NEWMAN, 1992). Recentemente, o uso de
concentrado de fator VII ativado recombinante oferece uma alternativa no controle das
hemorragias em pacientes com trombopatias hereditarias (HEDNER, 2000). O elevado
custo desse produto € o risco de fenGmenos trombéticos apas a infusdo do fator VII ativado
s30 obstaculos a0 uso sistematico nesses pacientes.

Assim, o maior conhecimento das bases moleculares das doencas hemorragicas resultantes
de alteracbes das glicoproteinas plaquetarias pode oferecer a oportunidade para o
desenvolvimento de melhores terapias e métodos diagnaésticos precisos.

Usualmente, as trombopatias hereditarias mais comuns resultam de deficiéncias de uma ou
mais proteinas dos complexos receptores plaquetarios (PLOW & GINSBERG, 1995). Por
outro lado, sequéncias polimorficas de nucleotideos nos genes das Gps, codificam
diferentes aminoacidos nas proteinas que habitmalmente n3o resultam na deficiéncia
funcional do receptor, ou seja, nc causam diretamente doenga hemorragica. Entretanto,
tais polimorfismos da proteina podem resultar em desenvolvimento de aloimunizacio
diante da incompatibilidade entre doador e receptor de plaquetas, ou durante a gravidez. Os

anticorpos antiplaquetérios aderem 3 superficie celular e esse imunocomplexo é fagocitado
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pelo sistema reticulo-endotelial, resultando em diminuigio do nimero de plaquetas
circulantes (KUNICKI & NEWMAN, 1992).

Recentemente os polimorfismos das Gps plaquetarias foram relacionados a alteragGes
funcionais que resultam em maior atividade da resposta plaquetiria a estimulos para a
agregacdo (VITAYAN et al., 2000). Dessa forma, os polimorfismos podem resultar em
ganho de fun¢do e nfo em diminuigio da fungfo plaquetaria. Consequentemente, esses
dados oferecem a base fisiologica da correlagiio entre a presenca de polimorfismo das Gps
plaquetarias e o desenvolvimento de doenga oclusiva arterial.

Glicoproteinas da membrana plaquetdria

As glicoprotefnas sdo denominadas de acordo com o seu peso molecular em sistema de gel
de poliacrilamida em ordem decrescente de tamanho, isto ¢, Gp I a Gp IX. Aquelas Gp que
apresentam peso molecular semelhante, recebem a nomenclatura adicionat com letras, isto
¢, Gp Ia, Gp Ib, Gp Ic, Gp IIb, Gp IMa, etc., identificadas com a utilizagio de sistemas de
eletroforese de maior resolugido (PLOW & GINSBERG, 1995).

As Gp si@o derivadas de diferentes familias de receptores como as integrinas, as
glicoproteinas ricas em leucina e as moléculas de adesio celular a imunoglobulinas. A
maioria das Gp plaquetarias pertencem a familia das integrinas, que sdo complexos
protéicos heterodiméricos integrais da membrana, compostos por uma subunidade o e uma
subunidade B, e mediam a interacdo adesiva célula~célula e célula-matriz extracelular.
Essas subunidades das Gp sfo produtos de genes distintos e s3o mutuamente
interdependentes para seu processamento e expressio corretos na superficie celular

(GINSBERG et al., 1993).
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Na tabela 1 estdo representados os diversos complexos de glicoproteinas, suas
caracteristicas bioguimicas, moleculares, ligantes e fiingdes.

As cinco principais integrinas existentes na membrana plaquetaria sio o receptor para o
coldgeno Gpla-Ifa (02P:), para a fibronectina Gple-Ila (osB:), para a laminina Gplc’-Ha
(ctsP1), para a vitronectina VnR (cvBs) e o receptor dependente da ativagio, GplIib-Illa
(omP3) (KUNICKI & NEWMAN, 1992). A Gpllb-Illa ¢ a Gpla-lla figuram de forma
proeminente entre 0s constituintes imunogénicos da membrana plaquetaria (KUNICKI &

NEWMAN, 1992).
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A Gp [b-la (oumPs) foi a primeira das cinco integrinas a ser identificada e purificada e
seus genes, os primeiros genes de Gp a serem clonados e sequenciados (figura 2)
(GINSBERG et al, 1993). O gene das duas subunidades que compde a Gp ITb-ia esti
localizado num mesmo segmento de 260 kb no brago q21-23 do cromossomo 17. O gene da
Gp IMla € composto por pelo menos 40 kb, contendo 14 exons que codificam a Gp madura
(ZIMRIM et al., 1990), enquanto o da Gp IIb tem aproximadamente 17 kb, sendo composto
por 30 exons (HEIDENREICH ef al., 1990). Existem aproximadamente 40.000-80.000
copias da Gp Iib-Iiia na superficie plaquetria e ha evidéncias sugerindo que a Gp IIb-IIa é
exclusiva da linhagem megacariocitica (NURDEN, 1995). A expressio da Gp IIb-Illa
ocorre precocemente na membrana de progenitores CD34+, sendo que sua expressio
aumenta com a maturacdo celular (BURSTEIN & BRETON-GORIUS, 1995). Este
complexo serve como receptor fisioldgico para o fibrinogénio ¢ para o fator de von
Willebrand (na auséncia de fibrinogénio), sendo também capaz de se ligar a fibronectina e 3
vitronectina. Esses 4 ligantes tem em comum a sequéncia tripeptidica Arginina-Glicina-
Asparagina (RGD), que media sua interacfio ao receptor na Gp ITb-Illa. Os trés principais
sitios de ligacdo da Gp IIb-Ila a sequéncia RGD estdo nos residuos 109-171, 211-222 da
Gp Illa e proximos ao segundo dominie de ligagio a0 Ca®* na Gp IIb (NURDEN, 1995)
Além da funggo de reconbecer esses ligantes, a Gp IIb-Illa também atua na sinalizagdo
transmembrana, na indugio &/ou controle da mudanga de forma da plaqueta e na formagio
de pontes plaqueta-plaqueta. Assim, a Gp Ib-IITa tem papel central na ativagdo e agregacio
plaquetaria (NEWMAN, 1991).

A Gpla-Ila (02B,), implicada como receptor para o coldgeno dependente de magnésio, esta

presente também em outras células além das plaquetas, como os linfécitos T ativados, em
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fibroblastos de pulmdo e em células aderentes de crescimento rapido (STAATZ et al.,
1989; TAKADA & HEMLER, 1989). A especificidade de adesio ac coldgeno reside no
dominio I (residuos 140-359) da subunidade o2, em cuja porgio N-terminal existem trés
dominios de ligagdo a metal, caracteristica comum s integrinas. O gene dessa subunidade
esta localizado no cromossomo 5, na posicio 23-31, com um cDNA de 5.374 pb
(TAKADA & HEMLER, 1989; JASPERS et al., 1991). A interagfio da Gpla-Ila com vérios
anticorpos especificos pode levar a sua ativagéio, resuitando no aumento da afinidade da Gp
ao seu ligante. Os epitopos para a ligagdo desses anticorpos foram identificados como
pequenas regides da subunidade 31, na sequéncia entre os residuos 207 e 218. Esses dados
revelam a importancia fisiologica da subunidade B; na regulagdo da ativagio da Gpla-lla
(MOROI & JUNG, 1997).

Além das integrinas, as plaquetas contém outro complexo receptor de Gp importante para a
hemostasia e por sua imunogenicidade:l a Gp Db-IX. A GpIb-IX pertence a familia das
proteinas ricas em leucina -LRG ¢ atua como receptor para o fator de von Willebrand
(vWF), sendo considerada como a maior responsavel pela adesio da plaqueta a matriz
extra~celular em um sistema de fluxo sanguineo acelerado (KUNICKI & NEWMAN, 1992;
NURDEN, 1995, CLEMENTSON, 1997). As plaquetas contém cerca de 20.000-30.000
copias desse complexo de Gp na sua membranna (KUNICKI & NEWMAN, 1992;
NURDKEN, 1995; CLEMETSON, 1997). O significado funcional do dominio LRG ainda
ndo € bem conhecide. O sitio de ligagio ao FYvW encontra-se entre os amino-acidos 209 a
302 da Gp Ib. O complexo apresenta também um sitio de alta afinidade pela a-trombina,

embora ndo seja clivado pela enzima (NURDEN, 1995).
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O complexo Ib é composto por uma cadeia pesada, a Iba composta por 610 aminoacidos,
tigada por uma ponte disuifeto a uma cadeia leve, a Ibp composta por 181 amino4cidos. O
gene que codifica a subunidade o tem 2.4 kb e estd localizado no cromossomo 17. E
composto por 2 exons, dos quais o exon 2 tem toda a sequéncia codificante da cadeia
(LOPEZ et al., 1987). O gene que codifica a subunidade P esta localizado no 22q11.2
(YAGI et al., 1994) e é composto por um exon. O complexo Gplb esta associado por
ligagio ndo-covalente a duas outras Gps: a GpIX (composta por 160 aminoacidos) e a GpV
(embora nem todas as Gplb-IX estejam ligadas a Gps V). O gene da Gp IX localiza-se no
cromossomo 3q21 e € composto por apenas um exon (HICKEY & ROTH, 1993),e o gene
da Gp V esta localizado no cromossomo 3¢29 (LANZA ef al., 1993) também contém

apenas um exon.

Polimorfismos das glicoproteinas plaquetirias: antigenos plaquetirios humanos
(HPA)

Usualmente, as trombopatias hereditarias mais comuns resultam de deficiéncias de uma ou
mais proteinas dos complexos receptores plaquetarios (PLOW & GINSBERG, 1995). Por
outro lado, sequéncias polimdrficas de nucleotideos nos genes que codificam diferentes
aminoacidos nas protefnas, habitualmente nfo resultam na deficiéncia funcional do
receptor, ou seja, ndo causam diretamente uma doenga hemorragica (NEWMAN, 1991,
NURDEN, 1995; KUNICKI & NEWMAN, 1992),

Devido a essa simples substitui¢io € possivel que multiplos neo-epitopos sejam expressos
nas glicoproteinas e possam exercer substancial € permanente alteracdo da conformacio e

funcdo dos receptores. Os anticorpos antiplaquetarios aderem a superficie celular e esse
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complexo € fagocitado pelo sistema reticulo-endotelial, resultando na destrui¢dao plaquetaria
e consequente plaquetopenia (NEWMAN & VALENTIN, 1995). Os determinantes
antigénicos sdo chamados de antigenos plaquetarios humanos ou HPAs (figura 2)
(NEWMAN & VALENTIN, 1995). Varios sistemas distintos de HPAs, que inicialmente
foram descritos apenas nas plaquetas, sdo encontrados em outras células e tecidos
(SANTOSO, 1998). Os HPAs que residem na Gpllla foram detectados em células
endoteliais, células musculares lisas e fibroblastos. Os antigenos presentes na Gpla também
foram encontrados em linfocitos T ativados e células endoteliais. Ja os HPAs localizados na
Gp IIb, na Gplb,, Gplby, parecem estar presentes somente nas plaquetas (SANTOSO,
1998). Esses dados sugerem que os mecanismos que resultam na aloimunizagdo plaquetaria
podem afetar outros tecidos e 0rgdos, como por exemplo, a incompatibilidade de sistemas
HPA expressos em celulas endoteliais entre doador e receptor de orgdos poderia aumentar a
chance de rejei¢do ao transplante (KEKOMAKI et al., 1997, JUJI ez al., 1999).

Figura 2: Representag¢do dos principais HP As nas glicoproteinas Ia-1la, IIb-ITla e Ib-IX

I \
Gp la-lla Gp lib-llla Gp Ib-1X

Modificado de Nurden, 1995 e McFarland, 1998.
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A nomenclatura atual dos sistemas i—IPA os classifica numericamente de acordo com a
cronologia de sua descrigdo (HPA-1 a 13), e o alelo de maior frequéncia € designado pela
letra “a” enquanto o de menor frequéncia € designado pela letra “b” (VON DEM BORNE
& DECARY, 1990). Na tabela II estdo respresentados os diversos sistemas HPA sua
localizagdo e caracterizacdo molecular,

Atualmente, sdo conhecidos 5 sistemas aloantig€nicos bialélicos (HPA-1 a 5) e 8 antigenos
de baixa frequéncia (HPA-6W, etc.) localizados em 5 Gps da membrana plaquetaria: Gpla,
Gplbe, Gplbs, Gpllb ¢ GpHlla. (SANTOSO, 1998). O complexo Gp Iib-Iila apresenta os
epitopos mais comuns no desenvolvimento de aloanticorpos antiplaquetarios (NURDEN,
1995).

O sistema HPA-1 (P]) ¢ o mais frequentemente envolvido nas duas principais doengas
aloimunes plaquetarias, sendo relatado em mais de 90% dos casos descritos em
Caucasoides. O epitopo reconhecide pelo anticorpo anti-HPA-1 na Gp ITa esta localizado
proximo a um sitio ativo da glicoproteina Illa e quando esse anticorpo esta ligado & essa
Gp, ha uma inibi¢do da agregagio plaquetaria (KUNICKI & NEWMAN, 1992).

O sistema HPA-4 (Pen ou Yuk) tem um interesse especial pois estd localizado no sitio de
ligagdo RGD (arginina, glicina, acido aspartico) da Gp IIla a proteinas de adesdo. Assim,
anticorpos anti-HPA-4 sdo habitualmente inibidores da agregagfo plaquetéria induzida por
ADP (adenosina di-fosfato) (NURDEN, 1995).

Na Gp Ib estfio os sistemas HPA-3 e 9, localizados préximos 3 regido carboxi-terminal da
cadeia pesada madura da Gp IIb (LYMAN er al., 1990). H4 um desequilibrio de ligagio
entre a frequéncia génica desses dois sistemas, de forma que ¢ sugerido que o HPA-9 seja

uma variante do HPA-3 (NORIS et al., 1995).
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Tabela 2. Bases moleculares dos sistemas de antigenos plaquetarios humanos (HPA).

Antigeno  Sinonimia Localizagio Substitui¢ie  Substitui¢cio Referéncia
Gp de nucleotideo de aa*

HPA-1a Zwa, PV Gp IMla Tiss Leus; Newman et al., 1989

HPA-1b Zw®, P Cuos Proy;

HPA-2a Ko Gp Iha Csu Thas Kuijpers et al., 1992

HPA-2b Ko', Sib* Tsx Mety4s

HPA-3a Bak®, Lek* Gp Hb Tasz Tlesis Lyman et al,, 1990

HPA-3b Bak® G Sersss |

HPA-4a Yuk®, Pen® Gp IlTa Gszs Argus Wang ez al., 1992

HPA-4b Yuk*, Pen® Ass Glnyg

HPA-5a Br’, Zav" Gpla Gieas Glusgs Samtoso et al., 19932

HPA-5b Br', Zav', H¢? Ajsss Lyssos

HPA-6bW  Ca" Tu' Gp IIIa Ajses Glagse Wang et al., 1993
Gises Argaso '

HPA-7bW  Mo® Gp Ilia Gz Alayy, Kuijpers ¢f al., 1993
Cl‘SlT Pm‘lO‘?

HPA-8bW Sr* Gp Iila T004 Cysess Santoso ef al., 1994
Cao04 Argese

HPA-99W  Max' Gp b Assos Metgsr Noris et al., 1995
G?;603 VaISST .

HPA-10bW La* Gp lia Assy Ging, Peyruchaud er al., 1997
G281 A-fgsz

HPA-11bBW  Gro® Gp 1la Ajsgs Hises; Simsek er al., 1997
Gross Argess

HPA-12bW K Gp Ibp A Glu;s Santoso ef ai., 1996
Gia Glyys

HPA-13bW  Sit* Gpla Tass Metsso Santoso ef al., 1997
Casn Thrzye '

*aa = aminoacidos




No complexo Gp Ib-IX, foram descritos os sistemas HPA-2 (Ko, Sib), localizado na cadeia
o da Gp Ib, e 0 HPA-12 (ly), localizado na cadeia 3 da Gp Ib.

Na Gp Ia do complexo Gp Ia-Ila, ou “very late antigen-2 (VLA-2), sdo encontrados dois
polimorfismos: o sistema HPA-5 (Br), o segundo sistema mais frequentemente relacionado
a aloimunizagdo (SANTOSO et al, 1993a; McFARLAND, 1998) ¢ o HPA-13 (Sit),
recentemente descrito por SANTOSO ez al., (1997). O complexo Ia-Ila corresponde ao
VLA-2 expresso nos linfocitos T ativados. Dessa forma, polimorfismos nesses sistemas
podem influenciar a resposta imune iniciada pelos linfocitos T ativados, seja no
reconhecimento do antigeno apresentado no contexto do sistema HLA classe I ou IL, ou na
ativagio dos linfbcitos B dependente dos linfécitos T.

Recentemente os sistemas HPA foram relacionados a alteragdes funcionais que resultam
em maior atividade da resposta plaquetéria a estimulos para a agregagio. Dessa forma, os
polimorfismos podem resultar em ganho de fungio e nio em diminuigio da fungdo de
agregacdo plaquetiria. Como no territdorio vascular arterial o trombo ¢ constituido
principalmente por plaquetas, os polimorfismos dos sistemas HPA, principalmente os
sistemas HPA-1 ¢ HPA-2, poderiam estar relacionados a maior risco para o

desenvolvimento de doenga oclusiva arterial.

Prevaléncia dos sistemas HPA em diferentes populacdes
Os estudos de varios polimorfismos génicos nos Gltimos anos demonstraram grande
heterogeneidade na prevaléncia dos diferentes alelos quando individuos de grupos étnicos

distintos foram analisados (tabela 3).
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Assim, ¢ possivel que a distribuigio dos alelos dos sistemas HPA seja também heterogénea,
o que pode refletir na prevaléncia das diversas doencas relacionadas a aloimunizaciio
plaquetaria entre individuos de ragas diferentes (KUNICKI & NEWMAN, 1992; SIMSEK
etal., 1993; KIM ef al., 1995).

O sistema HPA-1 € o mais frequentemente estudado, sendo responsivel pela grande
maioria dos casos de purpura trombocitopénica aloimune neonatal (PTAN) (MUELLER-
ECKHARDT et al, 1989). Enquanto esses dados sfio comumente observados em
populagdes Caucasoides, aparentemente a prevaléncia de PTAN & menor em populagdes
ngo CaucasOides. (KIM er al., 1995). Além disso, o sistema HPA envolvido pode variar
entre as diferentes ragas. Entre Orientais, nenhum caso de PTAN estid relacionado ao
sistema HPA-1, mas sim ao sistema HPA-4 (KUNICKI & NEWMAN, 1992; TANAKA ef
al., 1995; SEO ef al., 1998). Ao contrario, entre os Caucaséides ndo hi descrito, ao nosso
conhecimento, casos de PTAN relacionados ao sistema HPA-4.

Em conjunto, esses dados sugerem que estudos em distintas populacdes tanto da
prevaléncia de plaguetopenia no periodo neonatal, assim como dos diversos alelos dos
sistemas HPA podem contribuir para o conhecimento das patologias relacionadas a

aloimunizacio plaquetéria.

Sistemas HPA e doencas aloimunes plaquetirias

A produgio de anticorpos contra as sequéncias polimérficas dos sistemas HPA podem
resultar em plaquetopenia e consequentemente em hemorragias fatais. Nos transplantes de
orgdo e tecidos, a incompatibilidade HPA entre doador e receptor pode resultar em menor

sobrevida do transplante (KEKOMAKI et al., 1997, JUN ez al., 1999). Assim, as principais
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doencas relacionadas 4 aloimunizagfio plaquetaria resultam de transfusdes sanguineas,

gestagOes, transplante de 6rgdos ¢, raramente, da transmissdo passiva de anticorpos.

Piarpura Trombocitopénica Aloimune Neonatal - PTAN

A plrpura trombocitopénica aloimune neonatal (PTAN) ¢ uma doenga hemorragica do feto
ou neonato, resulfante dﬁ plaquetopenia aloimune por anticorpos maternos contra
aloantigenos plaquetarios paternos herdados pelo fete (MUELLER-ECKHARDT ef al.,
1989). A PTAN possui, dessa forma, uma analogia & doenga hemolitica do recém-nascido,
porém em 50% dos casos ocorre ja na primeira gestacéo.

Habitualmente, os casos de PTAN sdo identificados inicialmente pela plaquetopenia
detectada no periodo neonatal. A frequéncia da PTAN ¢ varidvel de acordo com o critério
adotado para o namero de plaquetas com que os recém-nascidos ¢ mées sdo avaliados, a
selecdo dos casos estudados (nascimentos consecutivos ou n3o) ¢ da metodologia aplicada
para a detecgdo de anticorpos antiplaquetdrios. Estudos prospectivos revelam que a
plaquetopenia (contagem de plaguetas menor do que 150 x 10°/L) no periodo neonatal
ocore em 0,9% dos recém-nascidos, sendo 0,7% dos casos quando é considerada
plaquetopenia menor que 100 x 10°/L (DREYFUS et dl, 1997). As plaquetopenias
decorrentes de doencas imunes ocorrem em 0,3% dos casos de plaguetopenia. Assim, a
prevaléncia de PTAN é estimada em 1 caso a cada 2.000-4.000 nascimentos. Com a taxa
anual de crescimento de 4 milhGes de individuos nos EUA, é esperado que 2.000 neonatos
tenham PTAN amualmente (FLUG ef al., 1994; DOUGHTY et al., 1995; PANZER et al.,
1595). Considerando a mesma propor¢do para a populagdio brasileira, terfamos 1.600 casos

anualmente de PTAN. Na regific de Campinas, a taxa de nascimentos ao ano é de 10.000
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criangas (MARIOTONI & BARROS FILHO, 2000), assim esperaria.mps 3-5 casos de
PTAN 30 ano.

O quadro clinico de PTAN ¢ caracterizado pela presenga de sangramento cutineo ou
mucoso, tais como do trato gastrointestinal ou genito-urinario, identificado j& ao
nascimento. A mais grave complicagio é o sangramento de sistema nervoso central (SNC)
que ocorre em 20-30% dos casos e pode acontecer precocemente, sendo detectado entre a
20* e 24° semanas de gestagio (MUELLER-ECKHARDT ef al., 1989), podendo resultar
em Obito fetal. A mortalidade dessa complicagio é de aproximadamente 10%. Entre os
sobreviventes, sio observadas sequelas neurologicas graves em aproximadamente 21% dos
casos.

Os principais sistemas envolvidos sio 0 HPA-1, em 80% e 0 HPA-5 em 19% dos casos.
Embora aproximadamente 2 a 2,5% da populagio Caucasoide seja HPA-1a negativa, a
incidéncia de PTAN envolvendo a incompatibilidade HPA-1 ¢ menor que a esperada nesse
grupo. De fato, um segundo fator de risco genético ligado ao sistema HLA de classe TI
(alelo DRB3* 0101 ou DR52a) estd claramente associado ao desenvolvimento de
aloimunizagio de mulheres HPA-1b durante a gestagio de fetos HPA-1a (DOUGHTY et
al., 1995, PANZER et al., 1995),

A recorréncia de PTAN felacionada ao sistema HPA-1 em familias com fithos previamente
afetados varia de 75 a 90% (MUELLER-ECKHARDT e af., 1989; Mc FARLAND e? al,
1998; WILLIAMSON et al., 1998). E importante considerar que a gravidade hemorrigica
da doenga parece aumentar em gestacBes subsequentes. Assim, a identificacdo da

aloimumzagio permite a orientagio da mie para os riscos de novos casos em gestacOes
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subsequentes, bem como a adogfio de medidas terapéuticas profilaticas (McFARLAND,
1998; WILLIAMSON ef al., 1998).

O segundo sistema HPA mais frequentemente envolvido entre Caucasdides é o HPA-5. No
entanto nesse grupo o quadro clinico € menos grave e a recorréncia da doenga ¢ menor.
Uma provavel explicagfio para a menor patogenicidade do sistema HPA-5 em relagdo ao
sistema HPA-1, seria o menor niimero de copias da Gp Ia na membrana plaguetaria
comparada ao da Gp IIla (que contem o HPA-1). Ainda que n3o totaimente definido, a
presenga de alelos HLA-DR (p. ex: DRBI1, Glu-Asp na posigio 69-70) ou o polimorfismo
do gene TAP (regifio polimérfica do HLA de classe II, envolvida no processamento de
antigenos) podem estar relacionados com o desenvolvimento da PTAN associada ao
sistema HPA-5 (SEMANA et al., 1996, KEKOMAKI et al., 2000).

O diagnéstico da PTAN ¢ baseado no quadro clinico, na identificagdo de anticorpos no soro
matemo e confirmado e pela fenotipagem plaquetaria dos pais ¢ do neonato. No entanto, a
plaquetopenia do paciente decorrente da destruigio aloimune é um importante fator
limitante da fenotipagem plaquetaria, assim como a qualidade inconstante dos anticorpos
comercialmente disponiveis para os testes laboratoriais. O reconhecimento das bases
moleculares ¢ a disponibilidade de métodos de biologia molecular para a genotipagem dos
sistemas HPA, oferecem uma alternativa para o diagnéstico de PTAN. (Mc FARLAND et
al., 1991, DOUGHTY ef al., 1995, WILLIAMSON e¢f al., 1998). A vantagem desses
métodos reside no fato de que ndo ha necessidade de grande volume de sangue ou de
plaquetas circulantes. Os varios sistemas HPA podem ser avaliados utilizando-se “primers”
especificos, o que ¢ fundamental para a anlise de outros sistemas para os quais ndo ha

anticorpos comercialmente disponiveis.
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O tratamento da PTAN ¢ baseado na reposi¢o plaquetéria e uso de imunoglobulina venosa.
Nos casos em que a gestante sabidamente teve uma crianca com PTAN, e principalmente
com sangramento em SNC, a gestagio subsequente deve ser monitorizada cuidadosamente.
A profilaxia materna no periodo pré-natal consiste na administragiio semanal de altas doses
de imunoglobulina intravenosa (IgIV) e eventualmente a associagiio de prednisona. Ainda
nesse periodo, as transfusdes intra-uterinas de plaquetas compativeis sio indicadas
(WILLIAMSON ef al., 1998; SAINIO et al., 1999). Entretanto, para esse programa de
tratamento, $30 necessarias amostras do sangue fetal para o diagnéstico de plaquetopenia e
seguimento clinico da terapia, o que pode resultar em complicagdes hemorragicas

eventualmente fatais para o feto.

Purpura Pés-Transfusional

A plrpura pés-transfusional (PPT) é uma patologia caracterizada pelo desenvolvimento de
aloanticorpos plaquetarios induzido por transfusic de hemocomponentes, resultando em
plaguetopenia grave em paciente previamente aloimunizado (MUELLER-ECKHARDT,
1986). O quadro clinico € caracterizado pelo aparecimento sibito de purpura
trombocitopénica grave, aproximadamente uma semana apds a transfusio sanguinea. A
duragdo da plaquetopenia em pacientes ndo tratados ¢ de aproximadamente 2 semanas e
apresenta morbidade grave. E uma doenga rara cuja incidéncia exata nio € conhecida. A
maioria dos casos ocorre no sexo feminino, numa proporgdo de 5 mulheres para cada
homem, ocorrendo predominantemente na sexta e sétima décadas de vida, Habitualmente, a
maioria dos casos descritos revela pacientes previamente expostos a antigenos plaquetarios,

através de gestagdes ou de transfusdes (MUELLER-ECKHARDT, 1986). O mecanismo
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exato envolvido na destruigio das plaquetas do paciente que apresenta a PPT ndo ¢ bem
definido. E interessante a observagio de que o anticorpo produzido contra um aloantigeno
ausente em suas plaquetas acaba por destruir as proprias plaquetas do paciente. A hipitese
mais provavel para explicar esse mecanismo é que a destruigio resulta da presenca de
imuno-complexos, que se formam pela adesio do anticorpo a antigenos presentes no
sangue do doadort, ou pela liberagdio dos mesmos apos a lise de plaquetas do doador. Esses
imuno-complexos aderem a membrana plaquetéria e as plaquetas seriam fagocitadas pelo
sistema reticulo-endotelial (KICKLER ez al., 1986; Mc FARLAND, 1996; MOLLISON ef
al., 1997).

O sistema HPA mais frequentemenie envolvide nos casos de PPT é o HPA-1, em
aproximadamente 88% dos casos, seguido pelo HPA-5 e HPA-3. (Mc FARLAND, 1996).
As manifestaces hemorragicas mais frequentes sdo o sangramento cutineo-mucoso,
epistaxe, sangramento em trato gastro-intestinal e genito-urindrio. A complicagio mais
grave € o sangramento em sistema nervoso central, com mortalidade de 9%
(Mc FARLAND, 1996).

O tratamento da PPT € baseado na administragio de IgI'V, que habitualmente resulta em
resposta satisfatoria ja evidente algumas horas apés a primeira infusio do hemoderivado
(Mc FARLAND, 1996). Para os casos refratarios & IgIV a plasmaférese pode oferecer
beneficios. O uso de imunossupressio com corticosterdides ndo é acompanhado de eficcia
clinica, pois 0 mecanismo de agdio ¢ lento e ndo protege o paciente nas primeiras horas.
Medidas terapéuticas menos eficazes incluem a transfusfo de plaquetas compativeis,
esplenectormia e o uso de vincristina (MUELLER-ECKHARDT, 1986; WIN ef al., 1995;

FRIEDBERG & GAUPP, 1999).0 prognéstico da PPT depende do diagnéstico cormreto e da
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institui¢do da terapéutica eficaz de imediato. A recorréncia da doenga pode ser evitada com
a utilizacéio de hemocomponentes HP A-compativeis (MC FARLAND, 1996).

Embora as duas sindromes descritas anteriormente tenham a mesma fisiopatologia, ou seja,
incompatibilidade entre os antigenos dos sistemas HPA, essas doengas acontecem em
contextos distintos. Por exemplo, mulheres que desenvolvem PPT (nos casos descritos até o
momento), nfo apresentavam PTAN anteriormente. Esses dados sugerem que outros
mecanismos imunoldgicos funcionem como coadjuvantes no desenvolvimento das distintas

patologias.

Refratariedade Transfusional Plaquetaria

A refratariedade transfusional plaquetdria é caracterizada por uma recuperagio
insatisfatorio do nlimero de plaquetas infundidas a pelo menos duas transfusdes de
plaquetas consecutivas (KEKOMAKI, 1998). As causas associadas 3 refratariedade podem
ou ndo ser imunologicas. Entre as causas imunoldgicas, a mais importante é decorrente da
presenca de aloanticorpos para o sistema de antigenos leucocitirios humanos - HLA, que
podem ser detectados em 30 a 100% de pacientes politransfundidos (NOVOTNY, 1999),
Entretanto, nesse grupo de pacientes imunizados por incompatibilidade do sistema HLA,
em 9 a 25% dos casos ha coexisténcia de anticorpos anti-HPA (SCHNAIDT e al., 1996;

KEKOMAKI, 1998).

Incompatibilidade relacionada so sistema HPA e rejeiciio em transplante renal
Em 1997, Kekomaki er al. verificaram que pacientes desenvolvendo rejeigio vascular

aguda a transplantes renais, apresentavam titulos altos de anticorpos anti-HPA, em
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particular o anti-HPA-5, sugerindo assim um possivel envolvimento da incompatibilidade
HPA na perda de enxertos. A expressdo de aloantigenos plaquetirios incompativeis entre
doador ¢ receptor, seja por HPA expressos em células endoteliais ou linfocitos T ativados
poderia resultar na rejeico ao érgdo ou tecido transplantado. Esses autores postufam a
eventual necessidade da verificagdo da compatibilidade HPA, além da HLA, para o sucesso
no transplanté repal. No entanto, ndo hd outros estudos publicados até o momento para a

confirmagdo desses dados iniciais.

Piirpura trombocitopénica idiopéitica

A purpura trombocitopénica idiopatica (PTI) é uma patologia auto-imune caracterizada pela
produgio de auto-anticorpos plaquetdrios que resultam na remogdo da circulagiio e
destruigdo das plaquetas pelo sistema reticulo-endotelial. Os autoanticorpos identificados
nos casos de PTI podem reagir com receptores especificos da membrana plaquetéria, mas
na grande maioria dos casos esses anticorpos sio inespecificos e podem estar presentes em
plasma de individuos normais sem PTI (SHULMAN & REID, 1994). O tratamento da
doenca em adultos ¢ baseado no uso de corticosterdides, imunossupressores  ou
esplenectomia. A resolugdio permanente da plaquetopenia no periodo de seis meses apds o
diagndstico define a PTI aguda, do confrario a doenca & reconhecida como crénica. A
maioria dos adultos apresenta a forma cronica da doenga com resposta satisfatéria ao
tratamento anteriormente descrito em apenas 20-40% dos pacientes. E importante observar
que 2o diagndstico, e quadro clinico de PTI aguda e crénica sio indistinguiveis. Ao

contrario da PT imune aguda da crianga, comumente observada apoés doenga viral ou de PT




imune secundiria a drogas em adultos idosos, a PTI aguda em adultos ¢ incomum
(GEORGE et al., 1996).

Entre os fatores hereditarios estudados para o desenvolvimento da PTI estio o
polimorfismo do sistema HLA, dos receptores FcyRIIA plaquetirio (NOMURA et al.,
1998, WILLIAMS er al., 1998). Recentemente os polimorfismos do sistema HPA foram
avaliados em pacientes com PTI (THUDE ef al., 1999). No entanto, a maioria desses
estudos analisou pacientes com PTI crénica e até o momento nenhum estudo avaliou os
casos de PTT aguda.

Em 1997, KIM et al., descreveram uma maior frequéncia do alelo HPA-5b em 29 pacientes
Coreanos adultos com diagnostico de PTL O autor sugere que este polimorfismo poderia
representar um fator genetico de risco para a patologia. THUDE ef al (1999) estudaram 33
pacientes alemdes com PTI cronica e foi observada auséncia do HPA-2b entre pacientes,
quando em 8% dos controles normais esse alelo estava presente.

Esses dados iniciais sugerem que assim como nas doengas de aloimunizagio, o sistema

HPA pode estar relacionado a doengas autoimunes plaquetarias.

Doencas Vasculares Oclusivas

O estudo de varios polimorfismos génicos relacionados a doencas trombéticas venosas
permite reconhecer os mais importantes fatores de risco hereditarios para trombose venosa
periférica. No entanto, 0 mesmo sucessc niio & observado quando varios fatores
relacionados a hipercoagulabilidade priméria foram estudados em pacientes com doencas

arteriais (BAUER, 1999).
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As plaquetas sdo componentes essenciais do trombo arterial e ndo do trombo venoso
(KULKARNI et al., 2000). Dessa forma, nas doengas isquémicas arteriais coronarias ou
cerebrais, o controle da fung@io plaquetaria é importante na redu¢io da mortalidade das
doengas oclusivas arteriais. O desenvolvimento de anticorpos monoclonais que blogueiam a
agdo dos receptores de membrana plaquetaria forma um importante avango no tratamento
das doengas isquémicas coronarias (FERGUSON & ZAPPA, 1999). Assim, polimorfismos
nos genes dos recepiores plaquetarios, teoticamente poderiam estar relacionados ao
desenvolvimento de doengas trombéticas arteriais.

Em 1996, GOLDSCHMIDT-CLERMONT, analisando as possiveis causas da morte de um
campedo olimpico, determinou que o atleta apresentara homozigose para o alelo HPA-1b,
na auséncia de outros fatores de risco para doenga coronariana. No mesmo ano, WEISS ez
al., observaram alta prevaléncia do HPA-1b em individuos de uma mesma familia com
infarto agudo do miocardio. Esses autores estenderam o estudo para uma série de 72
pacientes ¢ definiram que individuos com alelo HPA-1b tinham a chance de desenvoiver
infarto agudo do miocardio 2 vezes maior do que individuos sem o alelo. Esse risco era
major ainda nos pacientes com idade inferior a 60 anos. Estudos posteriores trouxeram
resultados conflitantes. Até o momento, 17 publicages sobre a associagio do HPA-1 ¢
doenga arterial coronariana resultaram em 9 estudos positivos ¢ 8§ estudos negativos para a
associagdo (BYZOVA & PLOW, 2000). O mais significante estudo prospectivo
comresponde & a\}aliagﬁo de 14.916 homens acompanhados por 8,5 anos, tendo sido
publicado por RIDKER e al. (1997). Nesse estudo nfio houve correlagio entre infarto
agudo do miocardio, acidente vascular isquémico cerebral ou trombose venosa e os alelos

do sistema HPA-1. Outro estudo, com uma metodologia diferente, analisando autopsia de
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homens adultos que faleceram por morte sibita fora do ambiente hospitalar, permite outra
interpretagdo. MIKKELSSON ef al. (1999), demonstraram que o HPA-1b est relacionado
a0 desenvolvimento de trombose no infarto agudo do miocéardio e além disso os pacientes
podem desenvolver doenga coronariana mais grave e extensa com maior chance de ruptura
da placa ateromatosa e morte sibita. Assim, ao estudarmos sobreviventes de infarto ou
paciente no ambiente hospitalar, 0s mecanismos responséveis pela fisiopatogenia da doenga
podem ser diferentes.

Em conjunto, esses dados podem ser analisados no atual conhecimento de que as plaquetas
com HPA-1b apresentam resposta acentuada ao fibrinogénio imobilizado e formam codgulo
com maior capacidade de retragio, sendo assim mais resistente 4 trombdlise {VIJAYAN er
al., 2000).

Outro polimorfismo com associagfo descrita 4 doenca coropariana € o sistema HPA-2.
Nesse caso, o alelo HPA-2b estd em desequilibrio de ligagio com outro polimorfismo da
Gpla, 0 VNTR (4 alelos, A, B, C ¢ D), localiiado na regiio macroglicopeptidica da
molécula, ¢ que resulta em uma Gp de maior massa molecular quando presentes os alelos A
ou B. Como resultado, o sitio de ligagiio ao vWF estaria mais exteriorizado na membrana, é
assim, haveria maior facilidade pa ativago plaquetaria. A frequéncia do alelo HPA-2b
encontrada por GONZALES-CONEJERO et al. (1998), foi significativamente maior em
pacientes jovens com doengas arteriais coronariana ou cerebral prematuras do que no grupo

controle estudado.




b5



O objetivo desse estudo foi a determinagio da participagio dos sistemas de antigenos
plaquetarios humanos (HPA) em doengas hemorrigicas e tromboticas. Inicialmente
realizamos o estudo da distribui¢io dos alelos dos sistemas HPA entre individuos de grupos
etnicos distintos, resumidos nro capftulo HI. Posteriormente, determinamos a prevaléncia de
plaquetopenia neonatal em 12.714 recém-nascidos (capitulo IV). Nesse estudo,
determinamos a prevaléncia de incompatibilidade genotipica entre mies e recém-nascidos
com plaquetopenia € comparamos com um grupo controle. No capitulo V, abordamos a
prevaléncia do polimorfismo do sistema HPA-5 e o desenvolvimento de PTI aguda em
adultos. E finalmente no capitulo VI, analisamos a prevaléncia dos alelos do sistema HP A-

1 em pacientes com doengas arteriais ou venosas.
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Resumo

Os antigenos plaquetarios humanos (HPA) estdo relacionados 3 doencgas aloimunes
plaquetérias e ac desenvolvimento de doencas vasculares oclusivas. Varios sistemas HPA
bialélicos distintos foram descritos com distribuigio heterogénea entre diferentes grupos
étnicos. Nesse estudo, foram genotipados para os sistemas HPA-1 a 5, 320 individuos de
trés grupos étnicos distintos do Brasil (Caucasoides, Negroides ¢ Indios da Amazdnia),
cuidadosamente selecionados. Uma prevaléncia similar dos alelos HPA foi encontrada em
brasileiros Caucasdides e Negroides. Esses dados diferem dos encontrados em Srupos
étnicos semelhantes de outros paises. Entre os Indios da Amazénia, ndo foi detectado o
alelo b para os sistemas HPA-1, 4 ¢ 5. Os resultados descritos contribuem no diagnostico .de
doengas relacionadas 4 aloimunizagdo plaquetéria e no desenvolvimento de programas para

rastreamento de doengas associadas aos HPA.
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ethnic groups in Brazil

Frequencies of platelet-specific alloantigen systems 1-5 in three distinct

- V. Castro.* A. F. Origa,* .J. M. Annichino-Bizzacchi,* M. Soares,T R. C. Ménezes,T

M. 5. Goncalves, ¥ F. F. Costa* & V. R. Arruda*®

Summary

The human platelet antigen {HPA) systems are related to
immune platelet disorders as well as to the development
of occlusive vascular disease. Several distnct biallelic
HPA systems are known, and a heterogeneous distribu-
ton of HPA alleles has been described among distinct
ethnic groups. In this study we genotyped 320 carefully
selected individuals from three distinct ethnic groups in
Brazil (Caucasians, Blacks and Amazonian Indians) for
the HPA-1, -2, -3, 4 and -5 systems. A similar prevalence
for all HPA alletes was found in Brazilians of Cauca-
sian and Black descent. These data contrast with those
reported for similar ethnic groups in other countries.
Among the Amazonian Indians, no b allele of the HPA-
1, -4 and -$ systems was identified. The data presented
here could be useful in the diagnosis of alloimmune
platelet disease, in genetic counselling and in the develop-
ment of screening programmes for HPA-related diseases.

Introduction

The human platelet alloantigen (HPA} systems are
immunological epitopes resulting from polymorphism in
the genes encoding membrane glycoproteins (Kunicki &
Newman, 1392).

Alloimmunization to HPA systems is recognized clinic-
ally as a severe bleeding disease resulting from maternal
sensitization to paternal alloantigens on foetal platelets,
known as neonatal alloimmune thrombocytopenic pur-
pura—NATP (Mueller-Eckhardt et al., 1989). Although
distinct from red cell alloimmunization to the Rh system,
the severe thrombocytopenia due to alleimmunization
can result in a life-threatening disease in 50% of cases
of NATP during the first pregnancy. Neonatal thrombo-
cytopenia is not a rare event and has been described in
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0.9% of an unselected cohort of neonates, and immune
thrombocytopenia can be detected in 0.3% of live births
(Dreyfus et al., 1997). However, antenatal screening to
detect foetuses with a risk of NATP is generally not per-
formed when there is no previous family history of the
condition.

Several distinct biallelic HPA systems are known, and
a heterogeneous distribution of HPA alleles has been
described in distinct ethnic groups (Kim et al., 1995:
Noris efal, 1995; Tanaka etal, 1996; Sanroso &
Kiefel, 1998). In Caucasians with NATP, antibody to
HPA-1 or HPA-5 systems has been detected in 80 and
19% of cases, respectively (Mueller-Eckhardt ez 4l.,
1989). However, in African-American and Asian popula-
tions sereening for HPA-1 has not been recornmended
due to the low prevalence of the HPA-1b allele in this
group (Kim et 2l., 1995). In fact, in the Japanese popula-
tion, the HPA-4 system is the most commorly involved
in the cases of NATP, while anti-HPA-1 has never been
described (Tanaka et 2l., 1996).

Alloimmune thrombocytopenia related to HPA sys-
tems is also observed after platelet transfusion in two
distinct situations: the rare post-transfusion purpura
{PTP}, and in multitransfused patient who are refrac-
tory to platelet transfusion therapy (Friedman ezal.,
1996; Mueller-Eckhardt, 1986).

Moreover, HPA. systems are expressed by integrins
in vascular endothelial cells and may serve as minor
histocompatibility antigens in organ transplantation
(Kekomiki et al., 1997). The problem of platelet antigen:
mismatching in blood transfusion as well as in organ trans-
plantation could be clinically important {Friedman ez al.,
1996; Sirén et 4., 1998). The HPA systems were also”
recently related to non-immune diseases such as the in-
creased risk for coronary and cerebral arterial occlusive
diseases among those individuals carrying the HPA-1b
or the HPA-2b alleles (Weiss etal., 1996; Gonzalez-
Conejero et al., 1998). Further studies, on patients with
occlusive vascular disease from distinct ethnic groups,
have failed to confirm these results {Odawara ez 4l., 1996;
Reuner et al., 1997; Ridker et al., 1997, Wagner et al.,
1998). The ethnic origin of the Brazilian population is
highly heterogeneous. It is composed of immigrants
from Europe, Africa and Asia, as well as Amerindian
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groups, which results in a complex race admixture, and
differs from previously studied populations. Thus, an
increasing interest in determining the prevalence of HPA
alleles in the general population led us to study a
sample of the three major racial groups whick comprise
the Brazilian population.

Materials and methods
Ethnic groups

The population studied was from three distinct regions
of Brazil and represented samples from the three major
ethnic groups which make up the population of this
country. The samples were collected by the authors after
an interview with the subjects from the groups of both
Caucasian and African origin to verify the absence of
admixture in the last three generations.

The first group consisted of 100 non-refated indi-
viduals of Caucasian descent (56 male, 44 female) with an
average age of 34.2 years (range: 19~62 years) recruited
by the author from the students, physicians, and hos-
pital staff of the State University of Campinas, State of
Sao Paulo, south-eastern Brazil. Their ancestors were
usually from Italy, Spain, Portugal and Germany.

The second group consisted of 150 (93 males, 57
females) non-related Brazilian Blacks with an average
age of 33 years (range: 12-64 years). The samples were
collected randomly by MS.G. from students, labor-
atory staff, and physicians at the Federal University of
Bahia, State of Bahia, north-eastern Brazil, where the
large majority of the population is of African descent
derived from the slave trade (Curtin, 1969),

The third group was composed of 70 Amazonian
Indians {37 males, 33 females) with an average age of
31.8 years (range: 11-70 years) from the Tupi tribe
known as the Parakani. Random samples were col-
lected in two villages (Paranatinga and Maroxewara),
which are approximately 50 km apart, in Oriental
Amazonia by two of the authors {(M.S. and R.CM.} during
4 campaign te control viral hepatitis.

Method

Genomic DNA was isolated from peripheral blood cells
using a standard method (Millar et al., 1988). Geno-
typing was done using PCR-RFLP or PCR-SSP {for
HPA-4). The polymerase chain reaction (PCR} was per-
formed with the primers described for the HPA-1 (Jin
etal., 1993), HPA-2 {Unkelbach e?al, 1995), HPA-3
(Simsek et al., 1993), HPA-4 (Skogen et al., 1994) and
HPA-5 systems (Kalb et 4l., 1994).

Briefly, 500 ng of genomic DNA was amplified by
PCR in 30 pL of a reaction mixture containing 10 mm
Tris-HCl (pH 8.5), 1.5 mm MgCl, 50 mm KCI, 1.0 mm
each of dATP, dGTP, dTTP and dCTP, 400 ng of each
primer and 2 U of Tag DNA polymerase. The reactions
were performed under the following conditions: for the
HPA-1, 3 and 5 systems: 5 min at 94 °C followed by 35

cycles consisting of denaruration at 94 *C for 1 min,
annealing at 55 °C for 1 min, and extension at 72 °C for
1.5 min; for the HPA-2 systemn, similar conditions were
used, except for annealing at 57 °C for 1 min. The PCR
products were incubated overnight at 37 °C with endo-
nucleases as follows: HPA-1 {Ned or Mspl); HPA-2
(BsaHI); HPA-3 (Fokl); HPA-5 {Mnil). The digestion
products were separated by eletrophoresis in 2% agarose
gels followed by staining with ethidium bromide (Fig. 1).

Genotyping for the HPA-4 system was performed
using allele-specific primers for alleles HPA-4a and HPA-
4b, described by Skogen et al. (1994). In each reaction,
we included a pair of primers for the amplification of a
fragment of the methylenetetrahydrofolate reductase
gene (Froost et al., 1995) as an internal control for the
presence of DNA and the PCR reaction.

Results

The results obtained in this study are shown in Table 1.
The genotype frequencies for all the HPA systems studied
among Brazilian Caucasians and Blacks were a good fit
to Hardy—Weinberg equilibriizm (results not shown).

The prevalence of the HFA-1b allele among Brazilian
Caucasians (0,075} was lower than that reported for
European and U.S, populations (average: 0.152; P = 0.05,
¥*=3.9} (Holensteiner etal., 1995; Kekomiki etal.,
1995; Kim et al., 1995; Steffensen et al., 1996) and sim-
ilar to the prevalence among Brazilians (0.037) and North
Americans (0,080} of African descent (Kim et al., 1995).

The prevalence of the HPA-2b allele was found to be
higher among Caucasians from Brazil than among those
from Europe or the U.S. (average: 0.085; P=0.01,
%*=5.7) (Holensteiner efal, 1995; Kekomaki et al.,
1995; Kim et al., 1995; Steffensen et 4l., 1996), and was
similar to that reported among populations of African
descent {0.190; P = 0.89) (Kim et al., 1995).

Analysis of ailele frequencies of the HPA-3 and HPA-
4 systems revealed no statistically significant difference
between Caucasians from Brazil and those from other
populations (Holensteiner ef gl., 1995; Kekémaki et al.,
1995; Kim et al., 1995; Steffensen et al., 1996), or between
Brazilian Blacks and African-Americans {Kim et al., 1925).

The prevalence of HPA-5 alleles was similas in the Bra-
zilian and other Caucasian populations (Holensteiner
et al., 1995; Kekomaki et al., 1995; Kim et al., 1995;
Steffensen et al., 1996). In Brazilians of African descent, a
lower prevalence of HPA-5b was detected when compared
to that described in Americans of African descent (0,124
vs. 0.210, respectively) {Kim ef al., 1993); however, this
difference failed to reach statistical significance (P = 0.07).

Among the Parakani no b allele of the HPA-1 system
was identified, which i in accordance with previous
published datz on six other distinct groups of native
Amazonian Indians (Covas et al., 1997). However, the
HPA-2b allele showed a higher prevalence among
Parakanis (0.179) compared to that found in the other
groups of Amazonian Indians (P =0.001, ¥*= 10.16)
{Covas et al., 1997), for whom no data concerning the
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Figure 1. Ethidium bromide-stained 2% agarose gels showing PCR products corresponding to RFLP analysis for the HPA-1, -2, -3 and -5 systerns
and SSP analysis for the HPA-4 system, (a) HPA-1 systerm, Neif srdonuclease: allele a = fragments of 268 bp; allete b = fragments of 216 and

52 bp. Homozygous for allzle a —lanes 1 and 3; homozygous for allele b - lang 2. MW = 100-bp laddar molecular weight marker. HPA-1 systern,
Mspf endonuclease: allste a = fragments of 38 (not seen} and 229 hp; allele b = fragrrents of 28, 51 {not seen} and 178 bp. Homozygous for allele
a— lane §; homezygous for allele b — lang 4. (b HPA-Z systemn (BsaH/ endonucleasel. allele a = fragments of 61, 116 and 242 bp; allele b =
fragments of 61 and 358 bp. Homozygous for allele 2 —lanes 1 and 2; homozygous for allele b— lane 3; heterozygous — lanes 4-7. MW = 100-bp
ladder molecular weight marker. {c} HPA-3 systern {(Fokf endonuclease): allele a = fragments of 108, 149 and 191 bp; allsle b = fragments of 148
and 299 bp. Homozygous for allele a — lanes 1 and 2; homozygous for allele b — lanes 5 and 6; heterozygous — lanes 3 and 4. MW = 100-bp
fadder molscutar weight marker. {d) HPA-B systern (Mnlf endonucleasis): allele a = fragments of 33 (nat seen), 97 and 138 bp; aliele b = fragments
of 97 and 168 bp. Homozygous for allele a — lanes 4-6; heterozygous — lanes 1-3. () HPA-4 system (PCR-SSP): presence of the allele =
fragments of 198 bp (PCR control — MTHF-R gens) and 252 bp; absence of the allele = only the fragment of 188 bp {PCR control — MTHFE-R
genel. a = lanes with allele a specificprimer; b = lanes with aliele b specific-primer. All individuals {1-5) are homozygous for aligle &, MW = 100-bp
ladder molecular weight markar.
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Table 1. Gerotype and gene frequencies of HPA-1-5 systems in Amerindians, Brazilian Caucasians and Brazilian Blacks

Caucasians (n = 100} “Blacks {n = 150 Parakana Indians (= 70}

Genotypa (%) Gene frequency Genotype {%) Gene frequency Genotype {%5) Gene fraquency
HPA  aa ab bBb a b 23 ab bb a b 4a ab bbb & b
1 86 13 1 0925 0075 82.6 16.4 i 0803  0.087 100 - - 1 0
2 73 24 3 0.850 0.150 65.4 3.3 3.3 0.810 0.180 71.4 21.4 72 0.821 0.179
3 37 45 17 0.600 0.400 45.4 42.6 12 0.666 0.334 58.5 34.3 72 0.757 0.243
4 100 0 0 1 I 100 o] v} 1 0 100 0 0 1 0
5 85 14 1 0.920 0.080 76 233 07 0876 0324 100 - - 1 ]

HPA-3, -4 or -5 systems are currently available, to our
knowledge. No b alleles of the HPA4 and -5 systems
were identified among the Parakanas.

As the South Amerindians probably descend from
Oriental populations, we decided to compare our data
to those reported for Koreans, Chinese Indonesians and
Japanese (Santoso efal, 1993; Tanaka eral, 1995;
Chang et al., 1998; Seo et al., 1998). A similar preval-
ence of HPA-1a and HPA-3a alleles (allele frequency
> 0.99) was found among these groups, except for HPA-
5a in Indonesians {allele frequency: 0.954; not stat-
istically significant), In contrast, the prevalence of the
HPA-2, -3 and -4 system alleles among the Parakani
differed from those in Orniental populations {Santoso et al.,
1993; Tanaka etal, 1995; Chang etal., 1998; Seo
et al., 1998). The HPA-2b allele was more frequent among
the Parakanis (0.179} than in Koreans (0.077; P = 0.009,
x'=6.84) {(Seo eral, 1998) or Chinese (0.025;
P=0.0001, %*=14.06) (Chang etal, 1998). On the
other hand, the prevalence of HPA-3b alleles was fower
among the Parakanis (0.243) than in Koreans (0.445;
P =0.003, x*= 8.89) (Seo et al., 1998), Chinese (0.475;
P=0.001, y3=9.81) (Chang et 4l., 1998), Indonesians
{0.539; P = 0.00002, %*= 17.80) (Santoso et al., 1993) or
Japanese (0.406; P = 0.03, ¥ = 4.58) (Tanaka et al., 1995).
No HPA-4b allele was identified among Parakanis, as
for Chinese (Chang et al., 1998}, but contrasting with
data obtained for Koreans {0.010} {Seo etal., 1998),
Indonesians (0.003) {Santoso et 4l., 1993) and Japanese
{0.010) (Tanaka et 4l., 1995).

Discussion

Data obtained in this study on selected groups of Cau-
casian and African descent in Brazil showed a distinct
pattern from that reported for other countries (Mercier
et al.; 1994; Holensteiner et al., 1995; Kekémaki et al.,
1995; Kim et al., 1995; Steffensen et al., 1996).

The prevalence of HPA-1b and HPA-2b alleles differed
berween Brazilian and European Caucasians (Holensteiner
et al., 1995; Kekomaki ef 4l., 1995; Steffensen et al., 1996,
but was similar in Brazilians and North Americans of
African descent {Kim ef al., 1995). On the other hand,
the prevalence of the HPA-3, HPA-4 and HPA-5 alleles
was similar zmong Caucasians from Brazil, Europe

(Holensteiner et al., 1995; Kekdmaki et al., 1995;
Steffensen et al., 1996) and the USA (Kim ez g, 1995).

Among Brazilians of African descent, the prevalence of
HPA-5b was 2-fold lower than that reported for African-
Americans (Kim et al., 1995), but similar to that for
Brazilian Caucasians. It is interesting to note that the
origins of the Brazilian black population are mainly in
Angola, Congo and Mozambique, unlike the African-
Americans in which the majority of the studies on the
HPA systemn have been carried out {Curtin, 1969; Kim
et al., 1995). These data show a heterogeneous distribu-
tion of HPA alleles among groups of African as well as
Caucasian descent from different countries. A possible
reason for the equal prevalence of the HPA alleles
among Brazilians of Caucasian and African descent may
lie in a potential admixture of races in the past. How-
ever, when the popuiation samples used in this study
were analysed to determine the prevalence of the most
frequent inherited risk factors for venous thrombosis,
such as factor V Leiden and the prothrombin gene vari-
ant, we were able to show a clear difference between
groups of Caucasian and African descent from Brazil. In
fact, factor V Leiden and the prothrombin gene variant
were found in 5 and 2% of Caucasians, respectively,
and were rare (less than 1%) or absent among those of
African descent (Arruda et al., 1595, 1997). Moreover,
we have also determined the prevalence of the mutation
in the methylenetetrahydrofolate reductase gene, related
to neural tube defect (Froost ef al., 1995), which was
found in 10% of Caucasians from Brazil, and 1.5% of
Brazilians of African descent {Arruda etal, 1998).
These results are in accordance with those described
previously both in Caucasians and in Africans (Morulsky,
199¢; De Stefano ef al., 1998; Rosendaal e al., 1998).
Thus it is unlikely that racial admixture could account
for the results described in this study. Further studies on
the prevalence of HPA systems in larger populations
where racial admixture is common would be of interest
for comparison with our data.

South American Indians are probably related to
Oriental populations and represent the descendants
of migrating peoples originating in north-east Asia
(Cavalli-Sforza et al., 1988). The prevalence of the HPA-
1 and HPA-5 alleles was similar among the Amazonian
Indians in this study and six distinct Amerindian groups
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from the Brazilian Amazon and Chile, as well as Oriental
populations, in other studies {Inostroza et af., 1988; Santoso
et al., 1993; Tanaka et al., 1995.; Covas etal, 1997,
Chang et al., 1998; Seo et al, 1998). However, the
Parakani differed from other natve populations and
Oriental populations when HPA-2, -3 and -4 were ana-
lysed. The Parakani Indians represent a population
almost unaffected by neo-Brazilians, with whom they

only recently established regular contact, No clear evid-

ence of European or African human leukocyte antigen
or blood groups was found in members of this tribe
born before 1974 {Black et al., 1980}. They present dis-
tinct and typically Amerindian gene frequencies for the
HIA system and some blood groups, such as ARO,
Duffy and Diego. The lower degree of polymorphism in
the Parakand and in the other Amerindian groups com-
pared to Blacks and Caucasians, as well as the differ-
ences in allele frequencies among the several Amerindian
groups, are likely to result from random genetic drift
(Black et al., 1980; Bailliet et al., 1994; Santos etal.,
1996). In conclusion, the prevalence of HPA-1, -2, -3, -4
and -5 alleles among Brazilians of Caucasian and African
descent was similar. The data presented here would be
useful in diagnosis and genetic counselling and in the
development of screening programmes for couples at
risk of having babies with NATE In addition, the small
difference of HPA allele prevalence between Caucasian
and Black Brazilians will not be of major clinical signi-
ficance in platelet transfusion or organ transplantation.
However, when individuals of Amerindian descent are
considered for these procedures, these data suggest that
compatibility for the HPA-1 and -5 systems should be
carefully evaluated.
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Resumo

A plaquetopenia neonatal é descrita em 0,5% a 0,9% dos recém-nascidos, sendo que
contagens inferiores a 50 x 10°/L, que levam a maior risco de sangramento, geralmente
estdo associadas 4 zloimunizagfo contra sistemas de aloantigenos plaquetarios humanos
(HPA). Foram estudados 12.714 recém-nascidos nfio selecionados em Campinas, Brasil,
sendo identificado 1% com contagem de plaguetas menor que 100 x 10°L, dos quais 0,11%
(13 casos) apresentavam uma contagem menor que 50 x 10°/L. Apenas dois neonatos
plaquetopénicos apresentaram sangramento grave, enquanto a maioria foi assintomatica.
Aproximadamente 50% dos casos apresentaram condi¢Bes clinicas materno-fetais
associadas a diminuigio do nimero de plaquetas. O risco de plaquetopenia neonatal
secundaria 4 aloimunizagio foi estudado através da investigacdo de incompatibilidade
materno-fetal pela genotipagem HPA. Os resultados demonstraram que 50% dos recém-
nascidos plaquetopénicos € do grupo controle, apresentavam incompatibilidade HPA. Os
sistemas mais frequentemente associados i plaquetopenia aloimune foram o HPA-3,
seguido pelo HPA-2. Concluimos que a plaquetopenia neonatal é frequente em recém-
nascidos no selecionados e que a incompatibilidade HPA nio pode ser considerada fator

um preditivo para o quadro.
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Abstract

Recent studies described that 0.5% to 0.9% of unselected newborns presented
thrombocytopenia at birth. Severe thrombocytopenia (< 50 x 10°/L) which a high risk for
bleeding, is usually related to alloimmunization to human platelet alloantigen systems
(HPA). In this study we determined that 1% of 12, 714 unselected newborns from
Campinas, Brazl, presented platelet count lower than 100 x 10°/L, in which 0.11%
(13 cases) presented platelet count less than 50 x 10°/L. Two newboms with
thrombocytopenia developed a severe bleeding disorder, whereas the majority was
asymptomatic. Maternal-fetal clinical conditions related to development of
thrombocytopenia were presented in almost half of cases. The risk for neonatal
thrombocytopenia due to alloimmunization to HPA. systems was investigated by genotype
mismatch between mother and newborn. The results showed that 50% of genotype reveated
5 maternal-newborn mismatch in both control and thrombocytopenic group. The most
common system likely to be associated with alloimmune thrombocytopenia is the HPA-3
~iowed by HPA-2 system. In conclusion, neonatal thrombocytopenia is common among
unselected newborns and the development of thrombocytopenia can not be predicted by the

genotype mismatch search.
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Introduction

Thrombocytopenia is 2 common condition reported in 20% to 40% of infants in intensive
care units'. However, the frequency of neonatal thrombocytopenia in a normal cohort of
newboms is not defined because platelet count is not routinely performed. Three of the
most recent studies showed that thrombocytopenia was detected in 0.5% to 0.9% of
unselected newborns™”. Fetal alloimunization to paternal platelet-specific antigens on fetal
platelets is the most common cause of severe thrombocytopenia in neonates, a condition
known as neonatal alloimmune thrombocytopenia purpura (NAITP). The prevalence of
NAITP is estimated to be 1:1000 to 1:2000, the most serious consequence is intracranial
hemorrhage that results in 6% of mortality and 20% of survivals present severe
neurological sequelae™. Most cases show disparity in the biallelic human platelet antigen
HPA-1 system with an HPA-la negative woman and an HPA-la-positive fetus®.
Approximately 2% to 2.5% of the white population are HPA-1a negative, however, the
HPA-1a alloimmunization occurs in approximately 10% of cases and is strongly associated
with maternal HLA class-Il DR52a type™'® A parental HPA-1 mismatch is the likely canse
of NAITP, even when there is no detectable anti-HPA-1a antibody in the serum of the
mother'!. In contrast, for other HPA systems, when parental HPA incompatibility is not
associated with the corresponding anti-HPA antibody in the maternal serum, the diagnosis
of NAITP is equivocal’. Whereas screening programs for anti-HPA-Ia antibodies have
been done in large population, the clinical impact of alloimmunization related to other HPA
systems is unknown. Among Japanese no NAITP has been related to anti-HPA-1 but to
HPA-4'? which in contrast has not been described in Caucasians.

The molecular basis of the most HPA systems is defined and easily determined by several
DNA techniques®. Thus, the genotype for the HPA system could be informative in the
search for the risk of maternal alloimunization to the HPA. Previously we determined that
the prevalence of homozygous for the allele HPA-1b was 1% and 2% among Caucasian and
African Brazilian descents, respectively”. The prevalence of neonatal thrombocytopenia or
NAITP is unknown in our population. We therefore aimed to elucidate the prevalence of

neonatal thrombocytopenia among 12,714 nonselected newborns and to defining the risk of
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alloimunization we carried out a case-control study to determine the prevalence of genotype

mismatch between mothers and newborns with or without thrombocytopenia.
Material and Methods

Population studied

During 4 years period of study we attempted to obtain umbitical cord blood samples from
all neonates born in the University Hospital in Campinas, Brazil. During this period a total
of 14,400 children were born. Ten percent of all samples collected were not analyzed for
various technical problems, such as presence of platelet aggregates, blood clotting, or
problems with test tube identification. Thus, a total of 12,714 cord blood samples were
suitable for the study, which represents 89% of all births. A case-control study was carried
out to determine the prevalence of maternal-newbom genotype mismatch between groups
of newborns with or without thrombocytopenia at birth. In the control group, only
apparently healthy newborns of mothers without systemic disease or drug intake were
evaluated. The evaluation of systemic disease, drug intake, age, number of pregnancies was
obtained from the subject’s file. The informed consent was obtained for all mothers in both
groups. This protocol was approved by the Ethical Committee on Research of State

University of Campinas.

Methods

Platelet count was perfdnned on EDTA anticoagulated blood using a standard automatic
blood cell counter (Celldyn 1600%, Abbott Laboratories, Santa Clara, CA). Platelet counts
lower than <100 x10°/L was diagnosed in the absence of platelet aggregates on the
microscopy, blood clot, or sample diluted. When thrombocytopenia was confirmed, a
second venous blood sample was obtained from the newborn. Maternal blood sample was
collected on EDTA for platelet count and DNA extraction. Genomic DNA was isolated
from the buffy coat by salting-out procedure!*. The genotype for HPA 1, 2, 3, and 5 was
carried out by PCR-RFLP" and for HPA-4"® by PCR using allele-specific primers.
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Results

Prevalence of the neonatal thrombocytopenia.

In 142 of the 12,714 newborns evaluated, the platelet count was <100 x 10°/L, indicating an
incidence of 1.1% thrombocytopenia at birth. The majority of neonates (128 cases) had
platelet count between 50 to 100 x 10°/L; whereas moderate thrombocytopenia
(< 50 x 10°/L) was detected in 13 cases, and severe thrombocytopenia (< 20 x 10°/L) was
present at birth in one neonate. Of these 142 thrombocytopenic newborns, 127 were
symptom-tree, apparently healthy. Bleeding symptoms were observed in 12 out of 142
(8.4%) newborns. The summary of clinical and laboratorial data is showed in Table I. A
second blood sample confirming the platelet count was collected in eight newborns, and in
three out of eight thrombocytopenia lowered afier 24 to 48 hrs of life. Two neonates
displayed an extensive purpura at birth (cases 2 and 12), the later case was associated to
severe respiratory distress syndrome. Subcutaneous bleeding usually related to trauma
during delivery was observed in 7 out of 12 cases (60%). Clinical conditions related to
neonatal thrombocytopenia were detected in almost half of all cases. In this group, maternat
hypertension or preeclampsia was present in 60% of cases, idiopathic thrombocytopenia
purpura, congenital abnormalities, growth-retarded infants, infections, respiratory distress
syndrome, Rh hemolytic anemia, and drug intake were among causes identified.

The prevalence of HPA genotype mismatch in the case-control study

We sought to determine the prevalence of HPA allele mismatch in mother and newborn
with thrombocytopenia and compare to apparently healthy race and age matched control
group. Ninety-eight (70%) pairs of mother and neonatal were analyzed in the
thrombocytopenic group, in 44 cases the mother sample was not available due to refusal to
participate or to discharge from the hospital before notification for blood collection.

In the group of mothers from newborns with thrombocytopenia the median age was 25.7
years (range: 12-43 years) which is similar to 24.8 years (range: 14-40 years) in the control
group. In the former group, median platelet count was 197 x 10°/L (range: 86 to
362 x 10°/L) which is similar to 216 x 10°/L (range: 150-344 x 10°/L). In the newborns

76



with thrombocytopenia the median platelet count was 71.7 x 10°/ml {range: 12-99 x 10°/L),
and in the control group 281 x 10°/L (range: 150-549 x 10°/L).

The distribution of HPA. system mismatches among pairs of mother and newborns with
thrombocytopenia compared to the control group are given in Table II.

The prevalence of mismatch in the genotype for the HPA systems was detected in 54% of
the thrombocytopenic group, which was similar to 47% of the control group. No difference
in the prevalence of mismatch was observed according to the severity of thrombocytopenia
compared to controls.

The results showed that the HPA system most likely to be associated with maternal-fetal
mismatch is the HPA-3 (27% or 21%) followed by HPA-2, HPA-1, and HPA-5. No
heterozygous for HPA-4 alleles was found in both patients and control groups. These
results are in agreement with the distribution of HPA systems obtained in the Brazilian
general poputation'’. HPA-1b homozygous mothers were more frequent in the control
group (4%) than in the general Brazilian population (2%)" whereas no one HPA-1b
homozygous mother were observed in the thrombocytopenic group. Two neonates from
mothers with previous diagnosis of purpura thrombocytopenic idiopathic were present in
the thrombocytopenic group, in both cases no bleeding was observed. In one of them, an
incompatibility for the HPA-5 system was detected.

Discussion

In this study, approximately 1% of 12,714 unselected newborns presented
thrombocytopenia (platelet count <100 x 10°/L) at birth. This frequency is higher than 0.7%
reported in Finland* and Poland™* when cord blood were analyzed. Moreover, prevalence
of severe or moderate neonatal thrombocytopenia, defined as a platelet count 50 x 10°/L,
was 0.11% (13 of 12,714 newborns) at birth, which is lower than 0.24% in Finland but
similar to 0.12% or 0.15% described in Canada and Poland, respectively™. However, it is
important to consider that platelet counts obtained in the cord biood or venopunciure are
not identical. Dreyfus et al'® observed that when thrombocytopenia is detected in sample
obtained by venopuncture at the first day of life; the platelet counts decreased after birth.
These data suggest that infants in whom the platelet count was in the low normal range at

birth may develop thrombocytopenia during the first week of life. On the other hand,




Sainio et al.* and De Moerioose et al.* observed that when thrombocytopenia is detected in
the cord blood sample (excluding pseudo-thrombocytopenia), in the first two days of life
approximately half of newborns analyzed presented an increase in the platelet counts. Thus,
an underestimation of the frequency of thrombocytopenia might ocecur if only peripheral
blood sample is reported. Bleeding symptoms were observed in 12 out of 142
thrombocytopenic newborns; but only in two cases severe bleeding was observed. These
data agree with previous report of absence of severe bleeding symptoms in the majority of
newborns with thrombocytopenia. Maternal-fetal conditions associated with neonatal
thrombocytopenia was present in more than half of cases, and low birth weight was
common among thrombocytopenic newborns, which is the most common risk factor for
thrombocytopenia*'®. However, when clinically important cases of severe
thrombocytopenia are present, usually are related to alloimmunization®. The risk of
development of NAITP related to HPA-1 system and HLLA- DR52a is well known among

Caucasian descents 713

. The lower prevalence of HPA-1b negative women among
Afficans or Asians than among Caucasians descents “*° suggests that the risk of non-
Caucasian populations for NAITP is low. Previous report by our group determined that
1-2% of Caucasian or African Brazilians are homozygous for the HPA-1b allele. Moreover,
the prevalence of the common HLA-DRB3*0101 (DR52a) allele for the development of
NAITP related to HPA-1 is present in 69% of general population in Brazi®'. These data
suggest that the screening for NAITP could be clinically relevant in our population.

In the present study, we sought to determine the HPA genotype as method to identify high-
risk mothers for NAITP. This was considered to be preferable to the detection of
antibodies, because alloimmunization leading to thrombocytopenia may occur in the
absence of detectable antibodies in up to 20% of HPA-1 related NATTP'®. Moreover, the
risk for NAITP varies according to ethnic group, and the risk for NAITP related to non-
HPA-1 system is not defined '™ Thus, the genotype mismatch between mother and
newboms for the most common alleles for the HPA system may be useful in order to detect
high-risk women for NATTP. In a case control study, we determined that HIPA mismatched
was commonly observed in almost half of all pairs of mother-newborn with or without
thrombocytopenia. In our population, the most likely HPA systems to be associated with
maternal-fetal mismatch are HPA-3 and HPA-2. However, no relationship between the
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development of neonatal thrombocytopenia and a specific HPA mismatch was observed in
this analysis. These results are in agreement with data reported by Panzer et al. % using both
molecular diagnosis and antibody detection. These authors reported that HPA-3 or HPA-5
mismatches were commonly detected, however, even in association with maternal antibody
to specific HPA system, all newborns were assymptomatic and without thromboecytopenia.
The potential risk for development of neonatal thrombocytopenia when mother with ITP
carried HPA-5 mismatch was observed in one case in our study. This association has been
described before”. However, previous data showed that maternal ITP does not increase the
risk of neonatal bleeding complications®. One interesting observation in our study was the
absence of HPA-1b homozygous mother among thrombocytopenic neonates compared to
4% among those in the control group. Panzer et al described that among 11 homozygous
mother for the HPA-1b allele, three of them presented two or more abortions?. It is
possible that homozygous for the HPA-1b allele has an increased risk for fetal loss, which
was not subject of our study and these children were not evaluated in the newborn
screening. Prospective studies of homozygous mothers for HPA-1b allele could be
interesting to determine the risk for fetal loss. The optimal screening strategy for detection
of NAITP is unclear. The approach developed in this study is simple and can be adapted to
screening for hemoglobinopathies. The health economic of this strategy seems to be
justified based on the prevalence of 1% of newborn presenting thrombocytopenia with an
actual risk for bleeding comparing with detection of disease such as sickle cell anemia or -
thalassemia, in which clinical symptoms are not presented before six months of life. At this
point is not clear if screening using both genotype and antibody detection to identify high-
risk mothers for NAITP "%'7%2% However, in the group identified in this study it will be
important to offer genetic counseling, to determine the prevalence and natural history of
NAITP in subsequent pregnancies, the risk of alloimunization (if any), and may be, to
identify inherited risk factors related to NAITP.
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Table I: Clinical and Laboratorial Data from Neonates withThrombocytepenias

Piatelet Count at  Piatelet Count
Case Climical symptom Birth At Evoultion
(x 10°/) (x 16°1)
1 Subcutaneous bleeding 30 nd*
2 purpura 62 nd
3 Subcutaneous bleeding 44 nd
4 Subcutaneous bleeding 99 nd
5 Rh hemolytic 86 nd
6 Subcutaneous bleeding 91 43
Maternal preeclampsia
Subcutaneous bleeding 26 nd
8 Subcutaneous bleeding 76 168
9 Subcutaneous bleeding 54 216
10 Subcutaneous bleeding 76 186
11 Hydrops fetalis 32 nd
12 Purpura, respiratory 98 45
distress syndrome

* not determined
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Table II: Prevalence of Incompatibility in the Genotype for the HPA alleles in

neonatal thrombocytopenia.

Neonatal
HPA systems thrombocytopenic group Control group
=98 n=100
HPA-1 13 13 (2: mother bb)
HPA-2 17 (4: mother bb) 14 (3: mother bb)
HPA-3 27 (4: mother bb) 21 (6: mother bb)
HPA-4 0 0
HPA-S 11 6 (1: mother bb)
Disparity in at least 15 3

two systems




as



Resumo

A purpura trombocitopénica imunologica (PTI) € uma doenga autoimune caracterizada pela
destruicdo plaquetaria por auto-anticorpos. A etiologia da PTI ndo é conhecida, estando
envolvidos fatores genéticos ¢ ambientais. Entre os fatores genéticos, estio descritos o
polimorfismo dos antigenos HLA de classe 11, do receptor FcyRIIA e mais recentemente os
sistemas de antigenos plaquetérios humanos (HPA). Neste estudo foi avaliado o papel do
sistema HPA-5 em pacientes com diagndstico de PTL, acompanhados ambulatorialmente no
Hospital das Clinicas da UNICAMP. Os resultados demonstraram uma frequéncia duas
vezes maior do alelo HPA-5b em pacientes com quadro de PTI aguda, comparados a
controles normais. Esses dados sugerem que a presenga do alelo HPA-5b pode estar
relacionado ao maior risco para a PTI aguda na nossa populacio. Novos estudos em outras

populagles seriam importantes para avaliar o papel do HPA-5b na etiopatogenia da PTI

aguda em grupos étnicos distintos.
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Letters to the Editor

group (by 96 and 54 %; £ = §.02), but ot in the transdermal 17f-estradiol
group (P = 0.20; P = (.01 for comparison of oral ethinyl estradiol with
the transdermal 17B-estradiol group; Fig. 1). Oral cyproterone acetate
administration alone did not affect CRP levels in men (P=0.67;
Fig. 1), and parenieral testosterone administration increased CRP levels
in women (by 141 %; P =0.001; Fig. 1).

We conclude that administration of oral ethinyl estradiol was
associated with increased CRP levels in men, similar to the effects of
oral estrogens in postmenopausal women (3, 6, 9). In contrast, trans-
dermal 17B-estradiol did not affect CRP levels in men. In women with
type 2 diabetes mellitus, transdermal administration of 17B-estradiol
with oral progestin did decrease CRP levels. Our findings suggest that
the stronger hepatic first-pass effect of oral ethinyl estradiol compared
to transdermal 17B-estradiol is responsible for the increase in CRP
levels. We also observed a potentially harmful increase in CRP levels
upon intramuscular administration of testosterone in women, but o
decrease upon suppression of endogencus androgens by cyproterone
acetate in men. Whether testosterone administration elevaies CRP
levels also in men, as well as the relevance of these findings for
cardiovascular risk, remains to be elucidated.

Erik J. Giltay', Louis J. G. Gooren!, Jef J, Emeis?, Teake KooistraZ,
Coen D. A. Stehouwer®

From the 'Research Instimte for Endocrinology, Reproduction and
Metabolism, the *Department of Internal Medicine, University
Hospital Vrije Universiteit, Amsterdam, and the 2Gaubius Laboratory,
TNO-PG, Leiden, the Netheriands

References

1. Niculescu F, Rus HG, Vlaien R. Immunohistochemical localization of
C5b-9, S-protein, C3d and apolipoprosein B in buman arteria) tissmes with
atherosclerosis. Atherosclerosis 1987; 65: 1-11.

2. Linzzo G, Biasucei LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB,
Maseri A. The prognostic value of Creactive protein and serom amyloid A
protein in severe unstable angina. N Engl T Med 1994; 331: 417-24.

3. Thompsen $G, Kienast f, Pyke SDM, Haverkate F, Vea De Loo JCW, for
the Earopean Coacerted Action on Thrombosis and disabilities angina
pectoris study growp. Hemeostatic factors and the risk of myocardial infarction
or 50dden death in patients with angina pecteris. N Engl J Med 1995; 332:
63541

4. Ridker PM, Coshman M, Stampfer MI, Tracy RP, Hennekeas CH. Iaflam-
mation, aspirin, and the risk of cardiovascular disease in apparently hezlthy
men. N Engl J Med 1997, 336: 9739,

5. Coshman M, Lagault C, Bacrett-Connor E, Stefanick ML, Kessler C, Judd
HL, Sakkinen PA, Tracy RP. Effects of postmenopausal hormones on
inflammation-sensitive proteins: the Postmenopausal Esirogen/Progestin
Interventions (PEPT) study. Circulation 1999; 100; 717-22.

6. Van Baal WM, Kenemans P, Van Der Mooren MJ, Kessel H, Emeis 1T,
Stehonwer CDA. Increased C-reactive protein levels during short-term
hormone replacernent therapy in healthy postmenopausal women. Theomb
Haemast 1999; 81: 925-8.

7. Chetkowski RJ, Meldrum DR, Steingold KA, Randle I, Lu JK, Eggena P,
Hershman JM, Alkjaersig NK, Fietcher AP, Judd HL. Biologic effects of
transdermal esiradiol, N Engl J Med 1986; 314: 1615-20.

8. Giltay EJ, Gooren LIG, Emeis J, Kooistra T, Stehoawer CDA. Osal, but not
transdermal, administration of estrogens lowers tissue-type plasminagen
activator levels without affecting its cadothelial synthesis. Arterioscler
Theamb Vasc Biol 2000; 20: 1396-403.

9. Ridker PM, Hennekens CH, Rifai N, Buring JE, Mauson JE. Hormoune
replacement therapy and iocreased plasma concentration of C-reactive
protein. Circulation 1999; 100: 713-6,

14 Sattar N, Perera M, Small M, Lumsden MA. Hormone replacement therapy
and sensitive C-reactive protein concentrations in women with type-2
diabetes. Lancet 1999; 354: 487-8.

Received March 27, 2060 Accepted April 3, 2000

Thromb Haemost 2000; 84: 3601

The Human Piatelet Alloantigen 5 Polymorphism as a Risk
for the Development of Acufe Idiopathic Thrombocytopenia Purpura

Dear Sir,

Immune thromboeeytopenic purpura {ITP) is an antoimmune discase
characterized by thrombocytopenia due to platelet autoantibodies re-
sulting in removal of the opsonized platelets by the reticuloendotheliat
system. The etiology of ITP remains unknown. However, both genetic
and environmentai risk factors are implicated. Among genetic risk fac-
tors, polymorphisms of the HLA class II antigens, of FcyRITA ex-
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pressed on platelets, and more recently of human platelet antigen
(HPA) systems have been associated to development of TTP and thera-
peutic response (1, 2).

The HPA-3 system polymorphism is chavacterized by a G o A tran-
sition at nucleotide 1648 in the glycoprotein Ia of the Gplaflla complex,
which results in Glu305 to Lys substimtion, defining allele a and b, re-
spectively. The Gpla/lla complex is homologous to very late antigen 2
(VLA-2) appearing on activated T cells that can be upregulated on lym-
phocytes in response to antigenic stimnlation (3). The HPA-5 antigen is
the second most common cause of alloimmune platelet disorders (4).
The polymorphism of the HPA-5 system has been related to immune-
mediated diseases such as chronic ITP or acute vascular rejection of
tenal grafis (1, 5). In this smdy we sought to detexmine whether the
HPA-5 potymorphism could be related to deveiopment of either acute
or chronic ITP. BT
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We studied 86 unrelated Brazilian patients {25 males, 61 females),
median age of 37.8 years (range from 13 to 83 years) with the diagno-
sis of ITP. This cross-sectional seady was carried from 1992 1 1999 at
the outpatient clinic of the University Hospital of Campinas, in which
an informed consent was obtained from all patients enrolled. The me-
dian follow-up period of these patients was 58 months (range from 4 to
12( menths). The diagnosis of ITP was based on presence of isolated
thrombocytopenia (platelet count jower than 150 X 10%/L) with a noz-
mal or increased number of megakaryocytes on the bone marrow
smear. Secondary platelet destuction such as thrombocytopenia fol-
lowing infection, drug intake or due to underlying disease was detected
in 22 patients who were subsequently excluded from the study.

Acute ITP was defined when the clinical symptoms and recovery of
platelet counts to values higher than 100 X 10°/L were obtained in a pe-
riod less than six months and chronic ITP when the control of the dis-
ease required long-term trearment. According to the platelet count we
defined compiete response (CR) when values higher than 100 X 105/L
were obtained, partial response (PR) when platelet count remained
between 50 and 100 X 1(0P/L, and no response (NR) when platelet
counts were lower than 50 X 10°/L.

All but 2 patients were treated. Prednisone was administered as the
first treatment at a dose 0f 0.5 to | mg/kg/day in 62 patients. A CR was
obtained in 17 patients, PR in 4 cases ard prednisone refractory or de-
pendent was observed in 41 cases. Splenectomy was performed in 18
patients, in whom ITP was either refractory (z = 8) or predaisone de-
pendent (n = £0). In this group, CR. and PR were observed in 22% and
50%, respectively. To 12 patients refractory to prednisone and/or sple-
nectomy in which clinical bleeding was present, an immunossapression
therapy (cyclophosphamide, azathioprine, and/or vincristin) was ad-

The control group congisted of 250 individuals (149 males, 101 fe-
males), median age of 33,6 years (range 12 to 64 years) selected among
unrelated stadents, Isboratory staff and physicians of the University
Hospitat.

HPA-5 system genotyping was performed using PCR-RFLP as pre-
viously described (6). Clinical and kaboratorial data are summarized in
Table 1. Twenty patients presented with acute ITP, in whonu the normal
plateles counts persisted for 12 months of follow-up after CR. At this
time patients are followed only at their 1eference center. In this group,
5 patients presented a relapse of ITP 2 years (3 cases) or 4 years (2 cas-
es) after obtained a CR. The acute ITP patients group showed a higher
incidence of HPA-3b allele (0.275) compared to the control group
(0.108; p = 0.03, ? = 4.7). Among those patients who relapsed, no
HPA-5b alleie was detected. No significant differences were found
when the chronic ITP patients group was compared to the control
group.

Studies of the inherited predisposition to the development of ITP
have facused on the chronic form of ITP. In this study we demonstrat-
ed that acute FTP was significantly comelated to the presentation of the
HPA-5b allele. In our study, a selection bias could be present; we did
not anzlyze genotypes from patients with fatal thrombocytopenic
evenls as the sty was performed at an outpatient clinic. However, this

Table I Clinical data and HPA-5 system allele frequencies in patients with

immune thrombocytopenic puzpurz (ITF)
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B uzis 0133 D108
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is unitkely to affect our resnlts since morality in ITP is as fow as 5%
and most of the high risk patients have ITP secondary to drug intake (7),
who were excluded from our study. Also, the racial admixture seen in
our population should not have an iropact on the results, as allele dis-
tribution of HPA-5 among Brazilian Blacks and Cawcasians, which
comprise the great majority of Brazilian population, are similar (6).

In conchmsion, we suggest that the presence of HPA-5b could be re-
lated to an increased risk for acute ITP in our population. Whether the
role of this polymorphism could vary in different ethnic groups of pe-
tients with acute ITP remains to be determined.

Vagrer Castro, (Gislaine B. Oliveira, Andréa F. Origa, Joyce M. Anni-
chino-Bizzacchi, Valder R. Amuda

Hematology and Hemotherapy Center, State University of Campinas,
Campinas, SP, Brazil
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Resumo

As plaquetas exercem um papel fundamental na formagic do trombo arterial Uma
correlagdo entre o polimorfismo do sistema de aloantigeno plaquetario humano 1 (HPA) e o
desenvolvimento de doenga vascular oclusiva foi descrita, sendo que a presen¢a do alelo
HPA-1b aumentaria o risco de angina instavel ¢ infarto agudo do miocéardio, principalmente
em pacientes jovens. Varios estudos posteriores apresentaram resultados controversos em
doencas coronartas, doenca vascular cerebral e trombose venosa, No entanto, recentemente
foi demonstrado que plaquetas expressando o alelo HPA-1b apresentavam ganho de fungio,
resultando em um trombo plaquetario mais resistente 4 lise fisioldgica, dando maior
consisténcia 4 hipdtese da participagio desse alelo na patogénese da doenga vascular
oclusiva. Neste estudo, foi avaliada a prevaléncia do alelo HPA-1b em pacientes
sobreviventes de infarto do miocardio, pacientes com doenga arterial cerebral e periférica e
com trombose venosa. Os resultados demonstraram uma prevaléncia semethante desse alelo
nos grupos de pacientes e em controles normais, ndo revelando sua associa¢do a maior risco
de doenga vascular oclusiva. Entretanto, a prevaléncia do alelo HPA-1b foi maior em
pacientes sobreviventes de infarto com idade inferior a 45 anos do que verificada em

pacientes mais idosos, sugerindo patogénese distinta no inicio precoce da doenga coronaria.

23



*Submetido para publicagio no periddico Cardiovascular Research. Os resultados parciais
desse trabalho foram apresentados no Congresso Anual da Sociedade Americana de
Hematologia em 1996 (CASTRO et al., 1996)

Polymorphism of the Human Platelet Alloantigen (HPA-1) of the glyceoprotein ITla as

an inherited risk factor for occlusive arterial disease or venous thrombosis

Vagner Castro, Joyce M. Annichino-Bizzacchi, Luiz C. Chiaparini, Otavio R. Coelho,
Fernando F. Costa, Valder R. Arruda

Hematology-Hemotherapy Center, Department of Clinical Medicine, State

University of Campinas, Campinas-SP, Brazil

Correspondence

Valder R Arruda
Hematology-Hemotherapy Center
State University of Campinas
CP.: 6198 CEP.: 13.081-970
Campinas-SP, Brazil

FAX: 5519 289.1089/ 788 8600

e-mail: vrarruda@hotmail.com




Vascular disease is a serious health problem in Southern Brazil (1) and an investigation of
inherited nisk factors would be useful in the management of these patients. Whereas
inherited thrombophilia risk factors such as factor V Leiden and 20210 A allele of
prothrombin gene are clearly related to venous thrombosis, the role of these variants in
development of occlusive arterial disease is less evident (2). In contrast 1o vein vessel,
platelets have a central role in the thrombi formation at arterial vessel. The first platelet
polymorphism associated with a high risk for occlusive vascular disease was reported by
Weiss et ai (3). In this study, the development of myocardial infarction and unstable angina
particularly among young patients was related to the human platelet antigen-1b (HPA-1b)
allele, formerty known as PIA2 allele (4). Since the initial report several studies have been
published and the results still controversial (6-13). In a large prospective study described by
Ridker et al. (11) no evidence of association between the HPA-1b allele and the risk for
myocardial infarction, stroke, or venous thrombosis was found among 14,916 men
followed for a mean of 8.6 years. However, an important observation was reported by
Mikkelsson et al. (13) showing that the HPA-1b allele was not associated to MI but related
to the severity of coronary artery disease or stenosis. Gardemann et al (12) suggested that
HPA-1b was assoctated with coronary artery discase among patients with normal
angiographic study but no association was found with MI. Recently, Viajaran et al (14)
described that HPA-1b platelet adhered significantly more to immobilized fibrinogen and
has an enhanced clot retraction than HPA-1a cells. Thus, arterial thrombi rich in HPA-1a
platelet may response less efficiently to conventional antiplatelet drugs. In this study, we
have determined the prevalence of the HPA-1 alleles among patients with arterial disease or

venous thrombosis, and in the general population of the same region in Brazil.
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The selection of the patients and controls was previously reported (15). Briefly, two groups
of survivors of myocardial infarction (MI) were anatyzed: group A (27 males, 7 females)
had the first ischemic event before 45 years old with median age of 38 years (range: 23-45)
and group B (66 males, 37 females), median age of 59.1 years (range: 46-70). Peripheral or
cerebral occlusive arterial disease was diagnosed in 48 patients (22 males, 26 females),
median age of 37 years (range: 17-56). This group comprised those patients who arterial
disease occurred in the absence of known risk factors such as hypertension,
hyperlipoproteinemia, and diabetes meilitus (15). The venous thrombosis group comprised
89 patients (33 males, 56 females), median age of 31 vears (age range: 14 to 62 years) in
whom at least one episode of spontaneous venous thrombosis was diagnosed. The control
group consisted of 294 consecutive newborns from the same University Hospital in order to
provide a representative group of the general population that seeks medical assistance in
this region. Genomic DNA was obtained from peripheral blood of patients and from the
umbilical cord vein of control group, and was extracted by a standard method (16). The
diagnosis of the HPA-1 alieles was carried out as described by Jin et al (17).

The results are showed in Table 1 and the statistical analysis was calculated using the Epi
Info program (18). Among 294 controls studied, the allele frequency of HPA-1b was 14.6%
and for the HPA-1a was 85.4%. The genotypes analysis showed homozygous for the HPA-
la allele in 73%, homozygous for the HPA-1b allele in 2%, and for heterozygous 25%.
Based on the sum of all the genotypes, there was a good fit to the Hardy-Weinberg
equilibrium (x°=0.03). In the vencus thrombosis and peripheral or cerebral arterial disease
group no difference was observed when compared to the control. There was no sex-related

difference in the prevalence of HPA-1 alleles among patients with arterdal or venous
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thrombosis groups. The prevalence of the allele HPA-1b among 137 patients with MI did
not differ from that observed in the control group (12.7% vs. 14.6%), neither for those of
group A (P=0.10) nor group B (P=0.09). Nevertheless the prevalence of the allele HPA-1b
was higher among young patients than older patients (22% vs. 9.7%; P=0.014), odds ratio
of 2.63 (95% C.L, 1.18 to 5.83).

Unlike conventional risk factors, HPA-1b allele does not represent a risk factor for venous
thrombosis, systemic arterial disease, or ML In our study, as we analyzed survivors of
myocardial infarction, a selection bias for patient with more favorable prognosis may
occurred. The higher prevalence of HPA-1b allele among young patients with myocardial
infarction could result from a distinct pathogenesis of the early onset of the coronary artery
disease. In fact, when analyzing autopsy findings in sudden death of middle aged men out
of hospital, Mikkelsson et al (13). showed that HPA-1b allele was associated with less-
narrowed coronary arteries and a large area of complicated lesions, and MI due to coronary
thrombosis. Thus, the HPA-1b allele may be related to development of more severe MI or
to the early onset of the coronary artery disease. Study of unselected patients with either
coronary artery disease or MI will be important to determine the role of HPA-1b allele and

may be for therapeutic intervention.
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A caracterizag#o das bases moleculares dos varios sistemas HPA possibilitaram nio apenas
o diagndstico molecular relativo a cada sistema, mas também trouxe importantes
informagSes ao conhecimento do desenvolvimento das aloimunizagdes plaquetarias
(KUNICKI & NEWMAN, 1992). E importante considerar que previamente ao diagndstico
molecular, os estudos relacionados as incompatibilidades entre os sistemas HPA eram
limitados basicamente a pesquisa de anticorpos relacionados aos sistemas HPA-1 e
raramente aos sistemas HPA-3 e 5 (Mc FARLAND et al., 1991; DOUGHTY et al., 1995;
WILLIAMSON et al.,, 1998). A falta de anticorpos especificos comercialmente disponiveis
para os diversos sistemas HPA continua sendo um importante fator limitante aos estudos
das aloimunizagdes plaquetarias (DOUGHTY er al., 1995). A auséncia de anticorpos
circulantes detectaveis em mulheres homozigotas para o alelo menos frequente dos
sistemas HPA, ndo permite o diagnéstico de PTAN (WILLIAMSON, 1998). Por outro
lado, para o sistema HPA-1 a detecgdo do anticorpo circulante ndo € sempre possivel e
mesmo assim o diagnostico de PTAN pode ser estabelecido (BLANCHETTE et al,, 1990;
DOUGHTY et al, 1995). Dessa forma, a disponibilidade de métodos sorologicos e
moleculares sdo complementares no reconhecimento de individuos de alto risco para
aloimunizagdes, para o diagnostico preciso de PTAN e dessa forma orientar o
acompanhamento clinico e provavelmente a conduta terapéutica.

A prevaléncia dos alelos dos sistemas HPA ¢ heterogénea quando diferentes grupos étnicos
foram estudados (KUNICKI & NEWMAN, 1992; KIM et al., 1995, SANTOSO &
KIEFEL, 1998). Dessa forma a prevaléncia de doencas decorrentes de aloimunizacgio
plaquetdria esta relacionada & frequéncia de individuos homozigotos para os alelos menos
comuns dos sistemas HPA (KUNICKI & NEWMAN, 1992; SIMSEK er al., 1993; KIM et

al., 1995). De fato, a baixa prevaléncia do alelo HPA-1b em ragas nio Caucasdides, € a
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justificativa de que estudos de rastreamento para PTAN seria de pouca utilidade nessas
populagdes (KUNICKI & NEWMAN, 1992; KIM er al., 1995, TANAKA ef al., 1995,
SEO et al., 1998).

A populagido brasileira ¢ caracterizada por grande miscigenagio entre individuos de ragas
distintas (CASTRO ef al., 1999). Assim fol nosso objetivo determinar a distribuigdo dos
alelos dos sistemas HPA de grupos étnicos distintos tais como Caucaséides, Negroides e
Indigenas. ¥ interessante notar que a prevalénera dos atelos dos sistemas HPA-1,2,3,4,¢ 5
foi similar entre brasileiros descendentes de Caucasdides e Negrdides ¢ diferenciaram de
outros estudos em similares grupos étnicos de outros paises (CASTRO et al, 1999).
Embora ndo possa ser totalmente excluida a possibilidade de miscigenagiio nas populagies
estudadas, acreditamos que esta ndo € a razio dos resultados obtidos. Estudos anteriores em
nosso laboratério, utilizande os mesmos individuos como representantes dos diversos
grupos raciais, para a determinagio de mutagdes frequentes em Caucasdides e rara entre
Negréides estabeleceram que esses grupos apresentam a mesma prevaléncia das mutagSes
do respectivo grupo étnico (ARRUDA et al., 1995, 1997).

Conforme discutido no Capitulo IH, determinarmos que o critério raga n3o deve ser
estabelecido como fator de risco para o desenvolvimento de PTAN nesta amostra
populacional estudada. Baseado na presenca de individuos homozigotos para o alelo HPA-
1b, 1% entre os Caucasoides e 2% entre os Negroides seriam individuos de risco para a
PTAN (CASTRO ef al., 1999). Adicionalmente, foi importante definirmos que o sistema
HPA-3, pela frequéncia relativamenté elevada de homozigotos para o alelo HPA-3b (12 a
17%), estaria potencialmente relacionado 8 PTAN nesta populagio estudada.

Para avaliarmos o impacto clinico dessas observagdes, desenvolvemos um estudo

prospectivo de pesquisa de plaquetopenia no periodo neonatal (Capitulo IV) no qual, num
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periodo de quatrc anos consecutivos, foram colhidas amostras de sangue de corddo
umbilical para a determinagio do nimero de plaquetas. Nesse sentido, detectamos que a
plaquetopenia (<100 x 10°/L) foi detectada em 142 casos, ou seja 1% da populacéio, sendo
grave (< 50 x 10°/L) em 0,11% dos casos. Esses dados estdo em acordo com estudos
prospectivos desenvolvidos em populagdes européias (UHRYNOWSKA et al, 1997,
2000). E importante ressaltar que esse é o primeiro estudo na populagdo brasileira e talvez
Latino Americana, para a determinagfio de frequéncia e etiologia de plaquetopenia
neonatal.

O seguinte estudo foi a avaliagio do impacto clinico do incompatibilidade genotipica
materno-fetal e o risco de desenvolvimento de plaquetopenia. O estudo foi elaborado na
forma de caso-controle com individuos pareados por raga e idade. A anilise revelou que a
incompatibilidade e provavel risco de aloimunizagio est relacionada aos sistemas HPA-3 e
2, que combinados sdo responséveis por quase metade dos casos de incompatibilidade.
Entretanto, a incompatibilidade genotipica estava presente em 50% dos casos controle e de
pacientes. Assim essa abordagem isolada, nfio permite o reconhecimento de gestages de
alto risco para PTAN. Acreditamos que o método de rastreamento futuro deve associar o
genotipo e a determinagdo de anticorpos circulantes e o acompanhamento prospectivos de
futuras gestagGes das mulheres identificadas nesse estudo.

Como discutido anteriormente a nossa populacdo apresenta menor prevaléncia dos alelos
HPA-1b do que determinado em outras populagdes Européias ou dos EUA (CASTRO ef
al., 1999), mas 1 a 2% na nossa populagido geral nfo € uma prevaléncia desprezivel para
estudos populacionais. Assim, esperariamos na amostra analisada 1:2.000 ou 1:4.000 casos
por 10.000 nascimentos, ou seja, entre 12.714 recém nascidos 1 ou 2 casos apresentariam

PTAN. DREYFUS et al., (1997) descreveram que em casos de plaquetopenia neonatal,
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diagnosticada por analise de sangue periférico, pode haver uma diminuigio do nimero de
plaquetas nos dias subsequentes, SAINIO e al., (2000) descreveram que ao nascimento o
numero de recém nascidos com plaquetopenia é maior do que no primeiro dia de vida.
Nosso estudo, assim, optou pelo método mais sensivel. E possivel que tenham ocorrido
casos de PTAN clim'camenté silenciosos ou que desenvolveram plaquetopenia apos o
primeiro dia de vida. O uso de imagem para o diagndstico de hemorragia intracraniana nio
foi utilizado em todos os casos de plaquetopenia, o que poderia ter sido de wvalor
significante nessa analise. Qutra possibilidade ¢ o fato de analisarmos recém-nascidos na
populagdio estudada, e nfio em todas as gestagbes. Aproximadamente 9 = 3 casos de 6bitos
fetais sdo relatados mensalmente no Hospital das Clinicas da UNICAMP (dados do
Departamento de Arquivo Médico ¢ Estatistica do Hospital das Clinicas da UNICAMP).
Assim como a PTAN pode ocorrer precocemente (ja na 20° semana de gestagdo), no
estudo, 3-4% dos recém-nascidos 20 més ndo foram incluidos. WILLIAMSON ef al.,
(1998) num estudo prospectivo de 24.417 gestantes, demonstraram que apenas 12% (n=46)
de mulheres homozigotas para o HPA-1b (n=387) desenvolveram aloimunizacdo. O
segundo fator de risco para o desenvolvimento de PTAN relacionada ao sistema HPA-1 é o
polimorfismo do sistema HLA-DRB3* 0101 (DR522). Em um estudo ma populagio
brasileira por BITTENCOURT e colaboradores (1999) foi determinado que 69% dos
individuos analisados apresentavam esse alelo do sistema HLA-DR, assim esse
polimorfismo ndo parece ser raro para justificar a auséncia de PTAN em nossa populagio.
Talvez o que influencie a capacidade de aloimunizagio de mies HPA-1b, e talvez para os
outros sistemas HPA, seja a relagho direta entre o nimero de copias dos receptores
expressos por plaquetas. Assim quanto maior o nimero de cdpias por células, maior seria o

risco de desenvolver aloimunizagdo. Essa hipotese explicaria a maior imunogenicidade do
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sistema HPA-1 (50.000 copias/plaqueta) comparado ac HPA-5 (25.000 copias/plaqueta),
mas ndo explicaria a baixa imunogenicidade do HPA-3 que esta expresso no mesmo
complexo do sistema HPA-1 (Gpllla). Esses dados sdo concordantes com os descritos por
PANZER e colaboradores (1995), que utilizaram métodos de biologia molecular e de
detecgio de anticorpos antiplaquetarios. Esses autores demonstraram que as
incompatibilidades para os sistemas HPA-3 ¢ HPA-5 sio as mais frequentemente
detectadas. Entretanto, mesmo na presenga de anticorpos anti-HPA, todos os neonatos
estudados eram assintométicos e nfio apresentavam plaquetopenia. Um risco potencial para
o desenvolvimento de plaquetopenia neonatal, em mie portadora de PTL associada &
incompatibilidade HPA-5 materno-fetal, foi verificada em um caso desse estudo.

A reposta imune a um estimulo antigénico, mais do que o conceito de “self” ou “non-self”
esta baseada no contexto em que o antigeno é apresentado ao sistema imune. Um proteina
pouco antigénica pode tornar-se extremamente imunogénica caso durante a sua
apresentacio ao sistema imune ocorra no contexto de “perigo” (MATZINGER et al., 1994).
Assim, na auséncia de sinal de “perigo” um antigeno “non-self’ ndio necessariamente
desencadeia resposta imune, caso a apresentagdo n3o seja traumética. Um exemplo dessa
possibilidade € a ativagio da principal célula que tem os componentes necessarios para a
apresentacio de antigenos ao sistema imunoldgico, denominadas células dendriticas
(MULE, 2000). Essas céhulas sdo ativadas por sinais de necrose celular (perigo), mas nio
por apoptose (fisiologica; sem perigo) (GALLUCCI et al., 1999).

Dessa forma, como ¢ conhecido que células fetais e maternas transitam livremente entre as
duas circulages, caso isso ocorra em situagdes nfio traumdticas, o sistema imune materno
pode tolerar células fetais. De fato, esta definido que células nucleadas fetais podem ser

detectadas na circulagdo materna por longo tempo (até anos) (SCHRODER, 1975; STEELE
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et al. 1996; ARTELETT ef al., 1998). Eventualmente essas células quando depositadas em
tecidos, podem resultar em um mecanismo de doenga similar a doenga enxerto-versus-
hospedeiro como tem sido sugerido recentemente para o desenvolvimento da esclerodermia
sistémica progressiva (ARTELETT ef al, 1998). Assim, acreditamos que o
desenvolvimento de PTAN esta baseado na predisposi¢io determinada por miitiplos genes
além dos que estdo envolvidos no sistemas HPA ¢ HLA e na interagio de fatores
circunstanciais ¢ ambientais. Até o momento nio esta claro qual o programa ideal para o
rastreamento da PTAN. O programa desenvolvido nesse estudo € simples e facilmente
adaptavel a programas ]& existentes, como aqueles para o diagnostico de
hemoglobinopatias. A implicagio econOmica dessa estratégia ¢é justificada pela alta
prevaléncia de recém-nascidos com plaquetopenia (1%) e essa populacio é de risco
imediato para complicagdes hemorragicas, enquanto para as doengas relacionadas i
presencga de hemoglobina S, C ou P-talassemia as manifestagdes clinicas nio surgem antes
dos seis meses de vida (BEUTLER, 1995; WEATHERALL, 1995).

No objetivo seguinte (Capitulo V) exploramos a importincia dos sistemas HPA em doengas
ndo relacionada a aloimunizagdo plaquetaria. Ao abordamos a prevaléncia do polimorfismo
do sistema HPA-5 e o desenvolvimento de plrpura trombocitopérica imunolégica (PTT)
aguda em adultos, demonstramos pela primeira vez que a frequéncia do alelo HPA-5b foi
duas vezes maior entre os casos de PTI aguda comparados com a populagio controle. E
importante considerarmos que a PTT aguda em adultos, ao contrario do que ocorre no grupo
pediatrico, ¢ uma doenga pouco frequente e raramente apresenta remissdo espontinea
(GEORGE et al., 1996). Assim individuos HPA-5b teriam maior risco de desenvolver PTI

aguda. Esses dados sdo clinicamente significativos ao considerarmos que varios adultos

109



apresentam plaquetopenia por destruigio imune apds o uso de drogas, tais como diuréticos
¢ antiarritmicos que sio prescritos comumente. Esses casos sdo denominados de purpura
trombocitopénica imune secundaria 4 droga administrada. Nio ha até o momento, nenhum
dado clinico ou laboratorial para selecionar a populagiio de risco para PTI secundaria. A
implicagdo futura direta desse estudo pode ser a de avaliar a prevaléncia do HPA-5b nesse
grupo de pacientes, que é o grupo de maior mortalidade entre os pacientes adultos com PTI
(FREDERIKSEN & SCHMIDT, 1999). Caso comprovada, o gendtipo do sistema HPA-5
poderia ser indicado para pacientes que iriam utilizar drogas comumente relacionadas a
PTI, como & objetivo de varios estudos em farmacogenética.

Estudos iniciais ndo identificaram alteragSes funcionais, relacionadas a agregacio e adesdo
plaquetarias, em decorréncia da presenga de diferentes aminoacidos €xpressos nos
receptores plaquetarios do fibrinogénio e fator de von Willebrand (NEWMAN, 1991,
NURDEN, 1995). Recentemente esse conceito foi reavaliado e de fato, plaquetas com
HPA-1b (prolina na posigio 33) no complexo GIb-Illa apresentam maior reposta
agregante quando estimuladas pelo fibrinogénio imobilizado, resultando na formagiio de
um trombo plaquetdrio com maior resisténcia 3 lise fisiologica (VIJAYAN et al., 2000). A
consequéncia funcional desse estudo colabora com a extensa investigagio em pacientes
com doenga vascular isquémica ou trombética e a presenca de alelo HPA-1b. Ainda que
discutivel, a correlagio direta entre a obstrugio vascular coronariana ou cerebral e alelos
dos sistema HPA (BYZOVA & PLOW, 2000), ¢ importante considerar a observagio de
que o desenvolvimento de doenca oclusiva coronariana e maior risco de estenose entre
homens com pelo menos um alelo HPA-1b foram claramente demonstrados por
MIKKELSSON ef al., (1999). O alelo HPA-Ib representa o primeiro polimorfismo

plaquetario relacionado a doen¢a vascular oclusiva (WEISS er al, 1996) e
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fisiopatogenicamente exemplifica uma mutagio que resnlta em ganho de fungio
plaquetaria. Esses dados estdo de acordo com a observagio de que as principais causas
hereditarias de trombose venosa resultam de duas mutagdes que conferem ganho de fungdo
coagulante da protefna mutante, como sio as .mutagtes no fator V (fator V Leiden) e no
fator II (alelo 20210A) da coagulacfio sanguinea. Essas duas mutagfes estdo presentes em
20-40% dos casos de trombose venosa primaria em individuos abaixo de 45 anos. Em
contraste as mutagbes que resultam em perda de fungfio dos anticoagulantes naturais como
proteina C, proteina S ou antitrombina III estdo presentes conjuntamente em apenas 4-5%
desses casos. Nosso estudo determinou que a prevaléncia do HPA-1b nio foi maior em
pacientes sobreviventes de infarto do miocardio, mas foi significativamente maior entre
aqueles com idade inferior a 45 anos. Esses dados, parcialmente apresentados no Congresso
da Sociedade Americana de Hematologia em 1996 (CASTRO ef al., 1996), podem ser
interpretados na idéia atual de que individuos com HPA-1b provavelmente tenham doenga
coronariana distinta daqueles sem o alelo b. Esses mesmos dados foram observados por
GARDEMANN ef al., (1998) no estudo no qual o alelo HPA-1b foi associado 4 doenca
coronariana isquémica em pacientes jovens com angiografia coronaria normal. O estudo de
MIKKELSSON ez al., (1999) demonstra que a andlise de pacientes com morte stibita por
doenca vascular coronariana extra-hospitalar pode diferenciar daqueles pacientes que
tiveram tempo de ter o atendimento hospitalar.

Em conclusio, esse projeto determinou a prevaléncia dos alelos HPA em uma populagdo
brasileira e algumas aplicagbes desse heterogéneo sistema plaquetdrio em patologias
plaquetarias imunolégicas ¢ também em doencas vasculares oclusivas. Os dados obtidos
nesse estudo podem fornecer a base para estudos posteriores da participagio dos sistemas

HPA em doengas hemorragicas e tromboticas.
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THROMBOSIS—PREDISPOSING CAUSES AND CLINICAL MANAGEMENT
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HPA-1b OF PLATELET GLYCOPROTEIN Mla AS A RISK FACTOR FOR
ARTERIAL DISEASE. ¥ _Castro.* LM Annichino-Bizzacchi,* F. F. Cogia, V.R.
Armuda * Hematology-Hemotherapy Center, Siate University of Campingas, 3P, Brazil

The platelet membrane giyeapratein IvIllz (G IMvIHa) complex contains bintding
sites for fibrinogen and von Willsbrand factor which is fundamentai For platelet
aggregation, and inhibition of (his receplor is beneficial in (he lreatment of
myocardial ischemia. The pl glycoprotein is highly polymorphic and the
transition Lew33—Pro of the GP [lla is the molecutar basis of (he Human Platelet
Antigen | (HPA-1), the alloantigen which is most frequently invalved in immune
mediated destruction of platelets. The allele HPA-1b has recently emerged as an
independent risk factor for ¢ y arterial di pecially in pati under 6¢
vears, The prevalence of HPA-1 varies according (o genelic backpround, being higher
ameng white descents. Here we deseribed the prevalence of the allels HEA-Ib among
228 Braziliap patients with arterial disease followed in the lagt two years and 169
nommal individuals from white, black, and indians descents. The Frst gToup
romprised 162 white patiems survivors of myocardial infarction, confirmed by
coronary arteringraphy. They were 116 males and 46 females, with median age of
49.4 years (range: 19-81 years), and in alt of them al least one of the following risk
[actor were identified: hiperlipoproteinemia, hypertension, diabetes metlitus, and we
defined them as the nom-premature zmerial disease group. The second group
sonsisted of 66 white patients, median age of 39.§ years (17-36 years) with prematsre
arierial disease defined by the absence of systemic discase and none of the rsk factor
descrited before, and (hey inciuded: 15 survivors from myocardial infarction {17
males, 8 fermales), 14 patients (16 males, 18 females) suffering from cercbiral artedal
oc¢lusive disease, 15 palients (5 males, 10 females) suffering from peripheral anerial
occlusive disease diagnosed by an objective method. Genomic DNA was amplified by
PCR and a sequence of 267 bp correspanding to a i of exon 2 of GP {Ila was
obtained, the recognition of allzles HPA-1 a or b was carried out by digestion with
endonuclease Nei I As the prevaience of the HPA-1 varied largely amang the ethnic
Broups studied (19% among blacks, 0% among whites, and none among indians) we
decided 1o limit our study among patients and controls of white descants, The control
group included: 66 (30 male and 36 female) individuals of Caucasian descent, age
range from 19-41 years. The prevalence of HPA-1b was 3.8 times higher among the
228 patients with anterial disease than among the contral group (27.6% vs. 9.9%,
F=0.002), The odds ratio for the HPA-Lb allele among patients with non-premature
arterial disease was 4.21 (95% vonlidence interval of 1.6 1o L&Y, but no difference
was found when we analyzed the premature arterial disease with the cantrol (P=0.17,
These datz suggesi thal the ailcle HPA-Ib is an cvident risk factor for arferial diseass
ameng Brazilian patients with fial infarction. # . the analysis of the
premature arterial diseass group Fafled 1o demonstrate the independent oisk of the.
allele HPA-1b for sysiemic or coronary anierial disease,
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EXPRESSION OF THE FACTOR VI ACTIVATING ENZYME,
HEPSIN, /¥ SITU [N RENAL CELL CARCINOMA. LR, Zacharski,
W Kisiel, .M. Rousseay,* and V.A, Memoli* VA Medical Center,
White River Jet., Vi Dept. of Pathalogy, U. of N.M. School of
Medicine, Albuquerque, N.M.; and Depts, of Medicine and Pathology,
Darmmouth Medical School, Lebanon, N.H. .

Renal cell carcinoma (RCC) has a swiking tendency to thrive within a
mmor thrombus. The mmor cells in RCC are responsible for this fibrin
formation because they express in sire factors VII and X, thrombin-
aptithrombin complex neoantigen, and both activated factor X and
thrombin {observed using active site-specific probes Io these enzymes).
Dense deposits of fibrin (i.e.. thrombin-cleaved fibrinogen} were
present in direct contact with individual tumor cells and tumer noduies.
An unexplained discrepancy was that tissue factor (TF), the initiator of
the extrinsic pathway of coagulation, was identfied an the endothelium
of the tumor vasculature in RCC but was not present on the mmor cells
therselves. By contrast, TF has been identified on the tumor cells in
small cell carcinoma of the lung and ovarian carcinoma that also
manifest wmar cell-induced thrombin generation. Recently, hepsin, an
integral membrane serine prowcase that activates factor VI, has been
described. We postulated that hepsin might provide the tumor cell
tripger for thrombin generation in RCC. To test this hypathesis,
immunchistochemical technigues with monospecific, polyclonal
antibody to hepsin were applied to RCC and other tissues. Specific
staining of wmor cell membranes for hepsin was observed in all of
seven cases of RCC. Hepsin was also observed on the membranes of
normal hepatocytes and occasionally on the endethelivm of capillaries in
normal tissues. Staining of other tissues and tumor types was minimal
and inconsistent. These results suggest that hepsin rnay be the initiator
of tumor cell-induced thrombin generaton in RCC.

-unstable angina pectoris.
2 0.7g/1ltia those with previous myocardial infarction {MI)

‘nor different.
Previous MI was negatively associatad with FVIIa (p=0.03]1,
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ACTIVATED COAGULATION FACTOR VII, PFRCTDOR VII COAGULANT
ARCTIVITY AND FIBRINOGEN IN PATIENTS UNDERGOING CORONARY
ANGIOGRAPHY. R.T.0nundarson. 2.Daniglgen+, J.H.Morrigaev.
Department of Hematology and Cardiology, Landspitalimnm,
University Hospital, Reykjavik, Icaland and tha
Cardiovascular Biology Research Pregram, Okiahoma Medical
Resaarch Foundakion, Oklahoma City, oOklahomz, USA.
Since tests of eoagulation could poaaibly identify those
patients with coronary artery disease (CADY who are at riek
of acute thrombotic coromary syndromea, 401 conaecutive
patients who underwent coronary angiography were studied.
Conventiomal risk factors, total factoer VII coagulane
activity (FVIIc), activated coagulation factor VIT (FVIIa),
and fibrinegen (FBE) were asgessed in relation to the

Beverity of coronary artery disease and previous clinical

events. By multivariate analysis a strong positive
correlation was found betwaen FVIIa and FVIIc (p<0.001} buc
neither FVIIa nor FYIIc correlated with FBG. FVIia waa
higher in females p=0.004} and positively related te total
cholestersl (p= 0.002) but not related teo trigiyceride
levels. FVIIc waa also higher in women {p=0.019) and was
poeitively relaked te Etriglyceride (pe.001) but not to
total cholescerol. FBG was positively apsociated wiklh with
age {p=0.013}, hypertension (p=0.024), smoking (p«0.00L)
and thrombocytesa ({p<0.001). Neither FYITa, FVIIc nor
‘fibrinogen ware related to the severity of CAD ({stenosis
'score) and all wera similar in patients with stable or
However, the FBG was higher (3.5

compared Lo no MI (3.3 £ 0.7 g/l){pa0.009). FVIIa on the
other hand was lower in thoae with a previcus MI {1.32 z
0.7 va. 2.12 % 0.9 ng/ml, p=0.017} but FVIIc levels were
By otepwise logistic regression analyeis a

‘but positively with fibrinogen {p=0.03}, total cholesterol
{ped.02)and the severity of' corconary disease [(p<0.001}.
Conelugion: FVITa was decreased and FBG incraassd in those
pacients undergeing cardiac catheterization who. had a
lpreviouas MI. FVIIla, FVIIc or FBG levels wers not related
lta the aeverity of coronary artery disease and were similar
in stable or unstable angina pectoris.
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MULTICENTER TRIAL OF ACCURATE HOME SELF-TESTING [N ORAL
ANTICOAGULANT PATIENTS WITH A NOYEL WHOLE BLOOD
SYSTEM. M. Andrew, J. Ansell, D, Becker,* R. Becker,” D, Tuplelt, A,
Shephierd.* Hamilion Civic Hospitals Research Centre, Hamilton, Omtarig,
Canada, Boston University Hospital, Boston, MA, University of Virginta Health _
Sctence Center, Charlowesville, VA, University of Massachusetts Medics] Center,
Worcester, MA, Ball M, ial Hespital, Muncie, IN, The University of Texas
Health Science Cepier, San Antpaio, TX. .

The srudy tested the accuracy of home monitoring as compared o the standard
laboratory tests for patienis receiving oral anticoagulants, Aduits (0=§2) and
children (n=11), from multple clinics in the US and Canada, were wained 1o use
the ProTime® Microcoagulation Systam (Inlernational Technidyne Co., Edisan,
NI} with a fingersiick sampla. The ProTime® incinonent performs five

i tests: 3 repli PT and 2 controls. The study called for fingerstick

self-testing at home (HOME) with hed venous ples {¥5} obmined in the
local hospital within 3 howrg of the HOME test, for six weeks. The V§ was first
tested with the ProTime® System and a separate sample sent 1o the local
laboratory (LAE) whete the plasma test was conducted (ISI ranged from 1.2 o
2.1). Aliquots of plasma wers frozen and shipped 1o & reference lab (REF) where
it was iesled {Ortho Recomboplastin (ISI=1.0%, Ontho Diagnostics Rarilzn, N,
Fatient questionnaires graded ihe aase of imstrument yee at bome., and the
prefemred method of blood sampling, No diff wag dl d between the
ProTime® tests conducted at HOME and in ihe local hospital (Student's ¢ test)
and the resuits were highly correlated {r=.92, n=535). Patients were classified
wilh respect o their prescribed therepentic ranges: (1) in range, (2) out of roge-
high, and (3) out of range-low. LAB and HOME resilts were compared against
the REF by therapeutic range classificaion. LAH and HOME equally peedicted
the REF comectly (67.9% and 67.2%, mspectively). Both test methods under-
estimated the REF classification (24.9% and 26.1%) more frequenty tan over-
estimating e REF (7.2% and 6.7%). The carrelation of HOME results to LAR
by site manged from =81 w .93 depending on the PT reagent employed.
Fingerstick sampling was the prefered method for 95% of the participants.
Overwhelmingly, patients praded the ProTime System easy to use at home
(85%}). o conclusion, the ProTime™ Microcoagulation System was easily used
by parients for bome PT testing resulting in INR classification similar to standard
hospital tasting,
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PLATELET DISORDERS Il

IVH (GRADES I-IV) BY DELIVERY METHOD AND

PLATELET COUNT (% OF BABIES < 1500G)

Platelet Count
=100 x 109/L|< 100 % 109/ <50 % [09/L

Delivery Method (n=1249) {n=146) {n=24) p*
Overall 20.7% 41.1% 54.2% <0.001
(n=1395) (258/1249) (60/146) (13/24)
CSv 13.5% 33.7% 55.6% <0.001
(n=851) (101/747) (35/104) (10/18)
Vaginaly 31.3% 59.5% 50.0% <0.001
(n = 544) (157/502) (25/42) (3/6)
Y <0.001 <0.004 NS

Abstract# 722 Poster Board#/Session: 106-11
THROMBOPOIETIN PRODUCTION IS PRINCIPALLY REGULATED BY
MEGAKARYOCYTE PROGENITOR CELL MASS RATHER THAN
PLATELET COUNT IN PRETERM BABIES WITH EARLY
THROMBOCYTOPENIA. TL. Watts*, NA.  Mumray*, [A.G  Roberts.
Departments of Haematology/Neonatal Medicine, Hammersmith Hospital,
Imperial College School of Medicine, London, England.

Preterm babies frequently develop thrombocytopenia (platelets < 150 = 109/L)
within 48 hrs of birth. We have previously shown that (i) in >80% of babies this
follows pregnancies with impaired placental function & is not secondary to sepsis
& (ii) it is the result of impaired megakaryocytopoiesis indicated by severely
reduced circulating mega-karyocytes [MK] & MK progenitors [BFU-/CFU-MK] at
birth. The reasons for this are unknown. To investigate the role of thrombopoietin
(Tpo) in regulating platelet production in this setting we studied 24 preterm babies
(gestational age 28 + 4 wks, birth weight 900 = 380 g), 10 with thrombocytopenia
and 14 gest age-matched controls. Serial Tpo levels, MK progenitors & plet counts
were measured over the first 12d of life, & plasma levels of IL-11, IL-3 &
erythropoietin (Epo) at birth. Control babies maintained normal plet counts, Tpo
levels & MK progenitor numbers & had normal Epo levels at birth (median 6.2
IU/L). Tn babies with early thrombocytopenia, plet counts were low at birth
(130+ 14 x 109/L), fell to nadir at day 5 (76+6 x 109/L) in all 10 babies,
recovering to normal by day 12. Similarly, MK progenitor nos in these babies were
markedly low at birth: median 350 v 3896 colonies/mL in healthy babies
(p<0.01). However, in 5/10 thrombocytopenic babies, MK progenitor nos
recovered immediately after birth:- median day 1: 189 (58-763), day 5. 647
(213-2310), day 12: 2642 (1073-9085) colonies/mL; in the remaining 5
thrombocytopenic babies MK progenitors fell after birth to a nadir on day 5 then
recovered:- median day |: 352 (312-870), day 5: 144 (0.527), day 12: 1050
(200-2014) colonies/mL. In all babies, Tpo levels precisely mirrored MK
progenitor nos rather than plet count: slightly raised at birth in thrombocytopenic
babies (192 v 160 pg/mL in controls, p=NS); falling gradually in the 5 babies
whose MK progenitors recovered from birth (day 5: median 175pg/mL); & rising
significantly at day 5 in the babies with MK progenitor nadir at day 5 (median
647pg/mL, p < 0.05). Day 12 Tpo levels were not significantly different: 150, 165
and 189 pg/mL in controls & the 2 groups of thrombocytopenic babies, p=NS.
IL-11 and IL-3 were not detected in plasma from either thrombocytopenic or non-
thrombocytopenic babies. Epo levels at birth were higher in thrombocytopenic
babies v controls (p < 0.01) and higher in those babies with progenitor nadir at day
5:308.5 v 25.4 [U/mL consistent with severe and moderate intra-uterine hypoxia
respectively. These results (i) provide strong evidence that Tpo is the principal
regulator of platelet production in preterm babies; (i) suggest that the severity of
impaired megakaryocytopoiesis underlying early thrombocytopenia in preterm
babies reflects the degree of intra-uterine hypoxia secondary to placental
insufficiency; and (iii) support the hypothesis that total c-mpl mass is important in
regulating Tpo levels and that in this unique model of thrombocytopenia secondary
o impaired megakaryocytopoiesis, it is MK progenitor numbers, rather than
platelet numbers, that are the more important determinants of circulating Tpo
concentration.
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Abstract# 723 Poster Board#/Session: 107-
THROMBOCYTOPENIA  IN 3347 UNSELECTED NEWBORN!
PREVALENCE, ETHIOLOGY, AND IMPACT OF GENOTYPING FO
THE HPA SYSTEMS. V. Castro*, A F. Origa*, M.A. Falconi*, S.T.M. Marba
IM. Annichino-Bizzacchi*, FF. Costa, VR, Arruda*. Hematology-Hemotheray
Center and Neonatology Unit, State University of Campinas, SP, Brazil.

The prevalence of neonatal thrombocytopenia (defined as a platelet cou
below 100 = 109/L) among unselected newborns range from 0.7 to 1.0%. Immur
thrombocytopenia was detected in 0.12 to 0.3% of the overall cases, and it
commonly related to the neonatal alloimmune thrombocytopenia (NAIT). NAIT
a serious complication resulting from the materno-fetal incompatibility to tt
human platelet alloantigens (HPA), mainly due to HPA-1 system. However, tt
clinical manifestation of thrombocytopenia is often silent and delaved, whic
suggest that only systematic neonatal platelet count screening would allows tt
preventive therapy. Genotyping for all important HPA systems can be easil
performed by PCR and can provide additional information to the anti-HP
antibodies data concerning matemo-fetal HPA incompatibility. In this study, w
determined prospectively cord-blood platelet counts from 3.347 consecutit
unselected newborns of the University Hospital. Moreover using the same bloc
sample we extracted the genomic DNA from the newborn with thrombocytopen
and determined fetal-maternal genotypic incompatibility for the clinically releval
HPA systems (i.e, HPA-1, 2, 3, 5), and for the recently described Max-a. Durir
15 manths, the platelet count <100 x 109/L was detected in 47 newbormns, howew:
one case was removed due to platelet aggregate on the blood smear. Tt
prevalence of thrombocytopenia was 1.3% (46 out of 3347), and seve
thrombocytopenia (platelet count <50 x 109/L) was detected in 5 cases (0.26%
Clinical data was accessed retrospectively from all thrombocytopenic newbon
and 23 out of 46 cases (51%) an identified underlying disease or drug intake th
could explain the thrombocytopenia was identified. In four out of 9 cases wil
severe thrombocytopenia no cause was identified. Two out of overa
thrombocytopenic newborns (46 cases) died, but none of them were related |
intracranial hemorrhage or clinically relevant bleeding. In 27 out of 4
thrombocytopenic cases, we were able to genotype HPA systems from both mothi
and infant. The platelet count was normal in all mothers’ blood sample. Genotyp
incompatibility was detected in 8 out of 27 cases (29%), and in 3 cases more the
one HPA system was involved (HPA-3: 4 cases, HPA-2: 3 cases; HPA-1: 3 case
HPA-5: 3 cases). In this group, the severe thrombocytopenia was detected in tw
cases, and underlying cause for the thrombocytopenia was in three out § case
This study showed that thrombocytopenia among unselected newbomns is
relatively common find. The genotypic incompatibility for the most clinicall
relevant HPA systems is not a rare event in this group. Although no case NAI
was clinically recognized, the close monitoring of subsequent pregnancies woul

be important to estimate the risk for fetal complications and to allow preventiy
therapy.

Abstract# 724 Poster Board#/Session: 108-
FETAL AND NEONATAL THROMBOPOIETIN LEVELS IN ALLC
IMMUNE THROMBOCYTOPENIA. L. Porcelijn*, C.C. Folman* M. ¢
Haas*, HH.H. Kanhai, M.F. Murphy, A E.G. Kr. von dem Bome, J.B. Busse
CLB, Blood Supply Foundation, Amsterdam: Gynecology department, Academ
Medical Center, Leiden; Hematology department, Academic Medical Cente
Amsterdam, The Netherlands: Hematology department, John Radcliff Hospita
Oxford; Pediatric department, Cornell Medical Center, New York, USA.

Thrombopoietin (TPO) is the main hematopoietic growth factor for platel
production. Plasma TPO levels in autoimmune thrombocytopenic patients a
normal or slightly elevated. Because of this relative deficiency TPO may prove |
be an important therapeutic drug for this disorder.

This could also apply for neonatal or fetal alloimmune thrombocytopen
(AITP) patients. Therefore, plasma TPO levels were determined in 43 umbilic
cord samples of 43 AITP fetuses before treatment, 63 umbilical cord samples of 3
AITP fetuses after treatment, 16 peripheral blood samples of untreated AIT
newborns and 21 umbilical cord samples of 14 non thrombocytopenic fetuses wit
hemolytic disease due to red blood cell alloimmunization (RBCAI). Treatme
consisted of [Vlg, corticosteroids and in utero platelet transfusions.

~ The platelet count was 37 =34 x 109/L (mean + sd) in pre-treatment fet
samples, 76+ 61 x 10%/L in post-treatment fetal samples, 68 28 x 109/L
neonatal samples and 190 + 53 x [09/L in the RBCAI fetal samples. Gestation
age was 23 + 3 weeks for the pre-treatment samples, 33 £4 weeks for the pos
treatment samples and 28 + 4 weeks for the RBCAI samples. The neonatal sample
were from day one to day seven post parturm,

Plasma TPO levels were 24 =15 A.U./ml (range 4-79) in pre-treatment fet
samples, 26+ 17 A.U/ml (range 6-97) in post-treatment fetal samples, 21 + 1
A.U./ml (range 9-47) in neonatal samples and 18 + 8 A U /ml (range 5-34) in tt
RBCAI fetal samples.

In conclusion, plasma TPO levels in all AITP samples were normal or on
slightly elevated if compared to the levels in the control group (RBCAI fet
samples) and in healthy aduits (normal values 4-34 A U/ml) which SuUggests
normal megakaryocyte and platelet production. Hence, TPO could be considert
for therapy of ALTP patients.
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