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HARA, C. C. P. Marcadores da imunomodulac@o no sangue materno e fetal e nas placentas

de maes diabéticas ou com Hiperglicemia Gestacional Leve. 2016. 90 p. Tese (Doutorado)

Faculdade de Medicina de Botucatu, Universidade Estadual Paulista, Botucatu, 2016.

INTRODUCAO - Durante a gravidez, a hiperglicemia materna altera a expresséo e a transferéncia
de células imunorregulatérias e de imunoglobulinas e o perfil de citocinas na interface materno-
fetal. OBJETIVO — Avaliar, em gestacdes complicadas por hiperglicemia, a expresséo de células
NK e o perfil de citocinas no sangue, materno e do corddo umbilical, e na placenta (artigo 1);
quantificar a producdo de anticorpos e a passagem de IgG total, e respectivas subclasses, via
receptor FcRn (artigo 2). METODO - Foram avaliadas 120 gestantes, distribuidas nos grupos:
ndo-diabético (ND; N = 30), hiperglicemia gestacional leve (HGL; N = 30), diabetes mellitus
gestacional (DMG; N = 30) e diabetes mellitus tipo 2 (DM2; N = 30). Técnicas de citometria de
fluxo foram utilizadas para analise de células e citocinas e, de ELISA, para avaliacdo das
concentragcdes de IgG total e subclasses. A transferéncia placentaria de anticorpos totais, e
respectivas subclasses, foi definida pela relacdo [(concentragfes no sangue de cordao
umbilical/sangue materno) x 100]. Na analise estatistica foram realizadas anlises de variancia
(ANOVA), seguida pelo teste de Tukey, e de correlacdo de Pearson, com p < 0,05.
RESULTADOS - No sangue materno dos grupos hiperglicémicos, as células NK CD16"CD56~
aumentaram, enquanto que CD16"CD56" foi menor no grupo DMG. No sangue do corddo do
grupo DM2 mostrou uma maior proporcao de células CD16"CD56 e CD16 CD56". As camadas
extravilosas da placenta dos grupos DMG e DM2 mostraram maior expressao de CD16"CD56 e
independente da camada, a proporcao de CD16 CD56" foi maior em HGL e DMG e menor em
DM2. Em relagdo as citocinas, IL-2 foi menor no sangue materno e IFN-y mais elevados no sangue
materno e do corddo do grupo DMG. IL-17 foi mais elevada no sangue materno e do corddo do

grupo DM2. A camada extravilosa placentaria da HGL mostrou niveis elevados de IL-4, IL-6, IL-



xiii
10, IL-17, e IFN-y e baixos niveis de IL-1p e IL-8, enquanto que a camada vilosa placentaria
continha alta niveis de IL-17 e IFN-y. O grupo HGL, independentemente da regido, apresentaram
maiores niveis de I1L-8. O grupo DM-2, independentemente da regido da placenta mostrou niveis
elevados de TNF-a, IL-17, e IFN-y. O sangue materno de DM-2 e 0 sangue do corddo umbilical
de HGL exibiram uma poporc¢do mais elevada de CD19" expressas por células B. DM2 mostrou a
menor proporcao de células CD19"na placenta. A expressdo de FcRn aumentou nas células do
corddo e placenta de HGL. As células do sangue materno, do sangue do cordédo e da placenta de
DM2 mostraram menor expressdo de FCRn. A maior expressdo de FcRn, independente do estado
hiperglicémico foi observada nas células da placenta. Houve menores niveis de IgG no sangue
materno em DM2 e maiores no sangue do corddo umbilical de HGL. Os niveis mais elevados de
IgG4 foi detectado no sangue de maes hiperglicémicas. Os niveis mais elevados de IgG3 e 1gG4
no sangue do corddo foram detectados em HGL, e os menores de 1gG2 e IgG3 niveis em DM2.
CONCLUSAO - A hiperglicemia produz ambiente inflamatério com elevada producdo de
citocinas, apresentando alteracdes na expressao de células NK, de FcRn na placenta, na producéao
e taxa de transferéncia de 1gG. Os niveis celulares que expressam CD16" e de citocinas no sangue
materno, sangue do corddo umbilical e tecido placentario s&o modificados em gestacdes
complicadas pelo diabetes. A hiperglicemia materna compromete a transferéncia placentaria de
IgG1, IgG3 e IgG4. Os resultados sugerem que a hiperglicemia materna, diminui a expressédo FCRn
em celulas da placenta e sangue e compromete a producao e transferéncia de anticorpos maternos

para 0s recém-nascidos.

PALAVRAS-CHAVE: Hiperglicemia, Imunorreguladoras, 1gG, receptor FcRn, NK, Citocinas,

transferéncia placentaria, Sangue Materno e Sangue Cordéo.
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HARA, C. C. P. Markers of immunomodulation in maternal and fetal blood and placenta
from Diabetic or with Mild Gestational Hyperglycemia Mothers. 2016, 90 p. Thesys Botucatu

Medical School, Universidade Estadual Paulista, Botucatu, 2016.

INTRODUCTION - During pregnancy, the immune response associated with diabetes alters the
expression and the transfer of immune cells, including regulatory, immunoglobulins and the
profile of cytokines in the maternal-fetal interface. OBJECTIVE - To evaluate the expression of
NK cells, and the profile of cytokines in maternal blood, umbilical cord and placenta, quantify the
production of antibodies, as well as, the passage of IgG and subclasses, via receptors FCcRn in
pregnancies complicated by diabetes or hyperglycemia. METHOD - were assessed 120 pregnant
women, distributed as non-diabetic (ND; n=30), Mild Gestational Hyperglycemia (MGH; n=30),
Gestational Diabetes Mellitus (GDM; n=30) and type 2 Diabetes Mellitus (DM2; N=30). The cells
and cytokines were evaluated by flow cytometry. The concentrations of total 1gG and subclasses
were analyzed by ELISA. Placental transfer of the total and subclasses antibodies were defined in
each assay by the ratio [(cord concentrations/maternal concentrations) x 100]. In the statistical
analysis we used analysis of variance (ANOVA), followed by Tukey test, and Pearson's linear
correlation, with p < 0.05. RESULTS - In the maternal blood from the hyperglycemic groups, the
CD16+CD56— NK cells increased, whereas that of CD16+CD56+ decreased in GDM group. Cord
blood from DM2 showed a higher proportion of CD16+CD56— and CD16—CD56+. The placental
extravillous layer of GDM and DM2 showed an increase of CD16+CD56— cells and, irrespective
of region, the proportion of CD16—CDS56+ cells was higher in MGH and GDM and lower in DM-
2. IL-2 was lower in maternal blood and IFN-y higher in maternal and cord blood from the GDM
group. IL-17 was higher in maternal and cord blood from the DM-2 group. The placental
extravillous layer of the MGH showed high levels of IL-4, IL-6, IL-10, IL- 17, and IFN-y and low

levels of IL-1p and IL-8, whereas the placental villous layer contained high levels of IL-17 and
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IFN-y. The GDM group, irrespective of region, showed higher levels of IL-8. The DM-2 group,
irrespective of region, placenta showed high levels of TNF-a, IL-17, and IFN-y. Maternal blood
from DM-2 and cord blood from MGH exhibited a higher proportion of CD19" expression by B
cells. DM-2 showed a lower proportion of CD19* cells in placenta. FcCRn expression increased in
cells from cord blood and placenta from MGH. Maternal blood, cord blood and placenta cells
from DM-2 showed lower FcRn expression. The highest FCRn expression, irrespective of
glycemic status, was observed in placenta cells. Maternal blood IgG levels were lower in DM-2,
and cord blood IgG levels were higher in MGH. The highest levels of 1gG4 were detected in the
blood of hyperglycemic mothers. The highest 1gG3 and 1gG4 levels in cord blood were detected
in MGH, and the lowest IgG2 and IgG3 levels in DM-2. CONCLUSIONS - Hyperglycemia
produces inflammatory environment with high production of cytokines, presenting changes in
expression of NK cells, FcRn in the placenta, in production and rate of transfer of IgG. The levels
of cells expressing CD16+ and cytokines in maternal blood, cord blood, and placental tissue are
modified in pregnancies complicated by diabetes. Maternal hyperglycemia compromised
placental transfer of IgG1, IgG3 and 1gG4. The results suggest that regardless of hyperglycemia
degree, it decreases FCRn expression in placenta and blood cells and compromises the production

and transfer of antibodies from maternal blood to newborns.

KEYWORDS: Hyperglycemia, Immunoregulator, 1gG, FcRn receptor, NK, cytokines, placental

transfer, maternal blood and cord blood.
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INTRODUCAO

Hiperglicemia associada a gestacao

Diabetes mellitus (DM) é um grupo heterogéneo de disturbios metabdlicos que
apresenta em comum a hiperglicemia, resultante de defeitos na acdo da insulina, na
secrecdo de insulina ou em ambas (ADA, 2015).

As Diretrizes da Sociedade Brasileira de Diabetes ( SBD - 2015-2016), seguindo
0s conceitos da Organizacdo Mundial da Satide (OMS) e da Associacdo Americana de
Diabetes (ADA), classificam 0 DM em quatro classes clinicas: pré-gestacionais —o DM
tipo 1 (DML1), caracterizado pela destruicdo de células beta, e 0 DM tipo 2 (DM2),
caracterizado por defeitos na acdo e secrecdo da insulina e na regulacdo da producéo
hepéatica de glicose, outros tipos especificos de DM, caracterizado por defeitos
genéticos na funcdo das células beta ou na acdo da insulina, doencas do pancreas
exocrino, entre outras condicdes, e DM gestacional (DMG), qualquer intolerancia a
glicose, de magnitude variavel, com inicio ou diagnostico durante a gestacdo. A
fisiopatologia é explicada pela elevacdo de horménios contrarreguladores da insulina,
pelo estresse fisioldgico imposto pela gravidez e a fatores predeterminantes (genéticos
ou ambientais). Reconhecendo ainda, como pré-diabetes, outras categorias que ndo sdo
entidades clinicas, mas fatores de risco para o desenvolvimento de DM — a glicemia de
jejum alterada e a tolerancia a glicose diminuida.

A associacdo do teste oral de tolerancia a glicose de sobrecarga de 100g (TTG-
100q) ao perfil glicémico (PG) foi utilizada para identificar quatro grupos de gestantes
com respostas diferenciadas aos dois testes, constituindo a classificacdo diagndstica de
Rudge, e definindo o grupo de gestantes com resposta normal ao TTG-100g e alterada

ao PG, como portadoras de hiperglicemia gestacional leve (HGL). Essas gestantes



apresentam niveis glicémicos inferiores aos limites diagnosticos para 0 DMG,
entretanto, mais elevados que o valor de referéncia normal, com repercussdes maternas
e perinatais comparaveis as associadas a0 DMG (RUDGE et al., 2000; RUDGE et al.,
2005).

Independentemente do tipo, diabete ou hiperglicemia, a deficiéncia na producao
ou acdo da insulina, leva a alteragbes no metabolismo de carboidratos, lipideos e
proteinas, com impacto significativo na gravidez e no ambiente intrauterino, apontados
como risco de aborto precoce, defeitos congénitos graves, risco de infeccdes e
macrossomia fetal, sobretudo nos casos tratados de maneira inadequada (NIEMEIJER-
KANTERS et al., 2001; GOLBERT; CAMPQOS 2008).

A gestacdo associada ao diabete ou a hiperglicemia gera um ambiente
inflamatorio, despertando o interesse da comunidade cientifica nos estudos de proteinas
pré e anti-inflamatdrias, como biomarcadores para auxiliar na rotina laboratorial e em
paralelo tornar-se promissores indicativos na identificacdo e no acompanhamento de
gestantes ao diagnostico da DM (RIBAS et al., 2015).

Resultados anteriores do nosso grupo de pesquisa evidenciaram alteracdes na
producdo de citocinas, com desequilibrio na relacdo IL-10/TNF-a (MORELI et al.,
2012) e modulacéo da atividade funcional dos fagocitos, no sangue e colostro maternos
e no sangue do cordao umbilical, de gestacGes associadas a hiperglicemia. Ac¢des das
citocinas IFN-y, TGF-B, IL4 e IL17 foram observadas na atividade fagocitica e na
liberacdo de espécies reativas do metabolismo de oxigénio e de calcio intracelular, no

colostro e no sangue maternos (FAGUNDES et al., 2015).



Interface materno-fetal no processo de tolerancia fetal

O feto representa um organismo estranho ao sistema imunoldgico materno, mas
apesar de apresentar aloantigenos, normalmente ndo séo rejeitados. A placenta é um
6rgdo transiente responsavel pela protecdo, nutricdo, respiragdo, controle endocrino e
esta envolvida na imunorregulacdo na interface materno-fetal (BURTON; FOWDEN,
2015). Ela possui células tanto de origem materna como fetal que expressam moléculas
com papel fundamental na tolerancia materno-fetal (GULERIA; SAYEGH, 2007). A
placenta é um 06rgdo essencial altamente especializado, que incluem as vilosidades
coridnicas e a decidua contribuem para a estrutura da placenta (BORBELY et al., 2014).

As vilosidades do corion sdo de origem fetal e se projetam no espaco interviloso,
onde sdo banhadas pelo sangue materno (BENIRSCHKE, 2004). A decidua tem sido
conhecida como o tecido uterino materno, que reveste o espaco interviloso. Ela
desempenha um papel essencial na protecdo do embrido frente as células imunolégicas
maternas e fornece suporte nutricional para o embrido em desenvolvimento antes da
formacdo da placenta (ELSAYES et al., 2009). A invaséo trofoblastica no endométrio
induz mudancas deciduais (ELSAYES et al., 2009). A imunologia da gestacdo envolve
varios aspectos, tanto moleculares como celulares. Durante a implanta¢do do embrido,
ha& o contato direto entre os antigenos fetais e o sistema imune materno, nas artérias
maternas e no espacgo interviloso da placenta humana, no qual as células maternas séo
capazes de reconhecer e responder especificamente a uma multiplicidade de antigenos
estranhos com fungdo mediadora da imunidade celular e humoral (ABBAS;
LICHTMAN, 2005), gerando um estado de tolerancia fetal em gestagdes bem-sucedidas

(CHRISTIANSEN, 2005).



Papel das células NK no processo de tolerancia fetal

A gravidez bem sucedida depende de adaptagdes imunoldgicas e mudancas
dindmicas nas populacbes de leucdcitos permitindo ao feto crescimento e
desenvolvimento no Utero, apesar de ser reconhecido por células do sistema imunol6gico
materno. Dentre os mecanismos de adaptacdes no endométrio materno, ha uma relativa
supressao da imunidade adaptativa, apresentando reducdo das células T e B, entretanto,
0 sistema imune inato assume um importante papel na defesa imune materna com o
predominio populacional de células natural killer (NK) (MOFFETT-KING, 2002).

As células natural killer (NK) séo linfécitos do sistema imunolégico inato com
densidade granular aumentada, possuem atividades liticas diretas e secretam citocinas
imunorregulatorias durante a fase reprodutiva sendo de grande importancia na tolerancia
do feto (ZHANG et al., 2011; KATCHAR; DROUIN; STEERE, 2013).

As células natural Killer uterinas (UNK) representam a populacao de células mais
abundantes na interface materno-fetal no primeiro trimestre da gestacdo, cerca de 70%
a 80%. As uNK estdo presentes na decidua basal durante a fase de implantacéo, invasdo
trofoblastica, placentacdo e gestacdo inicial possuem diferencas fenotipicas e funcionais
importantes quando comparadas as células natural killer periféricas (KITAYA et al.,
2000; BULMER; LASH, 2005). As células NK periféricas representam de 10 a 15% dos
linfocitos na corrente sanguinea e diminuem em numero e fungdo durante o curso da
gestacdo (RAI; SACKS; TREW, 2005; MOSIMANN et al., 2013).

Fenotipicamente, as células expressam proteinas de membrana celular ou
“cluster of differentiation” (CD) que sé@o marcadores na diferenciacéo das subpopulacoes
de linfocitos, assim, as celulas NK se caracterizam por expressar 0s receptores CD56 e

CD16. Em seres humanos, as células uNK s&o fenotipicamente CD56""9"CD16™ em



contraste, com as células NK de sangue periférico que sdo predominantemente
CD569MCD16" (MOFFETT-KING, 2002).

De acordo com a expressao CD56", as células NK podem ser divididas em duas
subpopulagdes, CD56%™ e CD56"9", As células NK CD56%M apresentam alta
citotoxicidade in vitro, e as células CD56™" apresentam baixa citotoxicidade; no
entanto, os linfocitos uterinos que expressdo CD56™™ proliferam-se, agregam-se nas
proximidades das artérias espiraladas e glandulas endometriais, e secretam citocinas
como o fator inibidor de leucemia (leukemia inhibitory factor - LIF) e fator estimulador
de coldnia de macréfagos (macrophage-colony stimulating factor - M-CSF), fator de
necrose tumoral (TNF), interferon-gama (INF-y) e interleucina -10 (IL-10), citocinas
necessarias na formacéo e manutencédo da decidua, crescimento da placenta, implantacdo
embrionéria e responsavel pelo remodelamento das artérias espiraladas durante a
invasdo trofoblastica (LANIER, 2001; MOFFETT-KING, 2002; LOBO et al., 2004;
QUENBY; FARQUHARSON, 2006; KATCHAR; DROUIN; STEERE, 2013).

O receptor CD16, denominado FcyRlIIla, é de baixa afinidade pela regido Fc da
imunoglobulina G (IgG), e é o principal responsavel pela fungdo de citotoxicidade
dependente de anticorpos. Aproximadamente 90% das células NK periféricas sao
CD56%™ com alta expressdo de CD16, sendo 0s 10% restantes CD56°"9" com expressio
minima ou ausente de CD16 (RAI; SACKS; TREW, 2005), quando comparadas as
células NK uterinas, CD56""9" CD16", caracterizadas por ndo expressarem marcadores
tipicos como o0 CD16. Assim, as células CD56%™ sdo citotoxicas, enquanto as CD56"" 191
possuem funcdes imunorreguladoras, desempenhadas pela secrecdo de diversas
citocinas (MOFFETT-KING, 2002; RODRIGUES et al., 2013).

Em casos de abortos recorrentes, ha uma maior proporgéo de CD56%™CD16*em

relacio as células uNK CD56E™™CD167, o que sugere o papel destas células na



manutencdo da gravidez (COOPER; FEHNIGER; CALIGIURI, 2001; YAGEL, 2009).
Em vez de a¢0es citotdxicas predominantes para células infectadas por virus ou células
cancerosas, as células uNK, na decidua, participam na inducdo de células endoteliais e
sdo capazes de modificar as artérias uterinas para aumentar o suplemento sanguineo para
a unidade feto-placentaria (GULERIA; SAYEGH, 2007; BULMER; LASH, 2015;

RATSEP et al., 2014).

Papel das citocinas no processo de tolerancia fetal

As citocinas estdo associadas a atividades de ativacdo, proliferacédo e
diferenciacédo de células, atuando como mediadoras de respostas inflamatdrias, podendo,
ainda, induzir a producéo de outras citocinas.

Sabe-se que os linfécitos TCD4" sdo responsaveis pela producdo da maioria das
citocinas relacionadas aos processos imunolégicos e foram classificadas inicialmente em
duas populagdes: padrido de producdo T “helper” 1 (Thl) e padrido de produgdo T
“helper” 2 (Th2) (WU et al., 2014). Enquanto a primeira populacdo atua na imunidade
mediada por células, na inflamacdo, citotoxicidade e hipersensibilidade tardia, a segunda
atua na imunidade humoral e regulacdo das acfes inflamatdrias de do perfil Thl
(RENGARAJAN; SZABO; GLIMCHER, 2000; WU et al., 2014). Outros perfis de
citocinas, também tém sido descritos para os linfocitos T CD4+, entre estes, Th3, Trle
Th17 (REINHARDT et al., 2006). As interleucinas (IL) IL-1, IL-2, IL- 6, IL-7, IL-8 e
TNF (fator de necrose tumoral) consideradas como pré-inflamatorias e as IL-4, 1L-10,
IL-13 e TGF-B (fator transformador de crescimento ) como anti-inflamatorias
(OLIVEIRA et al., 2011).

Desde a implantacéo até o termo da gestagéo, a interacdo entre citocinas pro e

anti-inflamatorias sdo fundamentais para o resultado da gestacdo. Uma reducéo de



citocinas pro-inflamatérias, tais como TNF-a, IL-1B, e IL-6, e 0 aumento de citocinas
com atividades regulatorias, como a IL-10, na evolucdo da gestacdo de mulheres
reforcam o papel imunomodulador para a manutencéo e desenvolvimento do concepto
(DENNEY et al., 2011).

InteracGes maternas e fetais sdo bidirecionais. O feto e a placenta necessitam de
ambiente adequado, em condic¢es de homeostase, e a mde garante esse ambiente com
adaptacGes em seu metabolismo. Entretanto, desordens imunes ou inflamatdrias, como
alteracdes na capacidade de resposta de citocinas, podem contribuir para a ocorréncia de
resultados adversos na gravidez. Em relacdo ao balangco Th1l/Th2 de gestagdes néo-
diabéticas, ha predominio de atividades definidas como Th2, reduzindo a producédo de
citocinas pro-inflamatorias, tais como IL-2 e IFN-y (CLARK; ARCK; CHAOUAT,
1999) e necessidade de um discreto balanco entre citocinas secretadas pelas células Thl
e Th2, para o crescimento e desenvolvimento do feto (AGARWAL et al., 2000).
Entretanto, na gravidez complicada por diabetes ou hiperglicemia ha aumento na
contagem de leucdcitos, apresentando indices mais elevados na razédo entre as células
Th1/Th2, e ativacdo mais pronunciada de mondcitos (GROEN et al., 2015).

O TNF-a, a IL-1p e a IL-6 sdo algumas das citocinas fundamentais no inicio da
gestacdo, atuando no fenébmeno de implantacdo do blastocisto e, de maneira adversa, nas
perdas de primeiro trimestre. Com a evolucdo da gestagdo, maiores concentracdes de
TNF-o foram relacionadas ao desenvolvimento de pré-eclampsia e diabetes mellitus
gestacional e, a reducdo de IL-10, ao parto pré-termo (RAGHPATHY et al., 2001,
COUGHLAN et al., 2001; PERACOLI; RUDGE; PERACOLI, 2007; DENNEY et al.,
2011). Elevadas concentragdes de TNF-a foram encontradas no sangue de mées com
DMG e nas placentas de médes com DM2, demonstrando que a intensidade da

hiperglicemia reflete diretamente no ambiente intrauterino (MORELI et al., 2012).



Mulheres com falhas de implantacdo apresentam altas concentracdes de TNF-a,
que refletem a presenca dominante da resposta imunologica de Th1. A maior expressao
de citocinas Th1l sugere uma etiologia imunoldgica subjacente associada as falhas
reprodutivas, como abortos recorrentes (NG et al., 2002; SAITO et al., 2010), abortos
espontaneos e pré-eclampsia (SAITO; SAKALI, 2003) (SAITO et al., 2010). No entanto,
0 predominio da imunidade Th2 foi também relatada em casos de aborto recorrente
(CHAOUAT et al., 2003, SAITO et al., 2010). Assim, o balango Th1/Th2 tornou-se
insuficiente para explicar 0 mecanismo que previne a rejeicdo do aloenxerto fetal e
outros perfis de citocinas foram descritos para os linfécitos TCD4", entre eles, Th3 e
Th17, que parecem atuar durante a gestagdo (REINHARDT et al., 2006; WU et al.,
2014).

Respostas caracterizadas como Th17, T reguladoras (Treg) e células NK tém sido
apontadas como fatores relevantes na gestacao (SAITO et al., 2008; PECK; MELLINS,
2010; SAITO et al., 2010). A citocina IL-17 tem acdo pré-inflamatdria, definindo a
resposta do tipo Th17 (PECK; MELLINS, 2010; CROME; WANG; LEVINGS, 2010),
descrita como indutora de inflamacdo em doencas autoimunes e na rejei¢cdo aguda dos
transplantes (NORMANTON; MARTI, 2013), além de mediar ambas as respostas de
defesa antimicrobiana e inflamac&o patolégica (PECK; MELLINS, 2009). Em contraste,
as células Treg fazem a imunorregulagéo e a inducéo de tolerancia, inibindo a producéo
e liberacdo de citocinas pelas células TCD4" e TCD8", a producdo de imunoglobulinas
pelas células B (CD19%), a maturacao de células dendriticas e a atividade citotoxica das
células NK (SAKAGUCHI et al., 2005, AKBAR et al., 2007, SAITO et al., 2010).

O perfil de citocinas das células NK da decidua é diferente do perfil de células
NK do sangue periférico. As NK da decidua foram descritas como produtoras de TGF-

B, IFN-y, TNF-a,lL-2, IL-4, IL-5, IL-10 e ndo produtoras de IL-13, enquanto que as NK



do sangue periférico produzem TGF-B, sugerindo um papel importante desta citocina na
manutencédo da gestacdo, uma vez que é um importante fator imunorregulador de células
T, células B, NK e células dendriticas (SAITO et al., 2008). Embora se saiba que o IFN-
v, TNF-a e a IL-2 s&o potencialmente deletérios para o concepto, IL-4, IL-6 e IL-10, em
conjunto com o TGF-B, favorecem a implantagdo ¢ controlam as respostas maternas
nocivas (KRISHNAN et al., 1996). A IL-10 é reconhecida por auxiliar na manutencéo
da gestacdo humana por inibicdo direta da sintese de citocinas do tipo Thl e na supressao
de uma proporcdo significativa de células NK (RIVERA et al., 1998; VIGANO et al.,
2001). Entretanto, in vitro, a combinagdo das interleucinas IL-2 e IL-12 aumentam a
secrecdo de IL-10 produzida pelas células natural killer uterinas (UNK), e esta IL-10
aumenta a citotoxicidade das células uNK induzidas por IL-2 e outras células
inflamatorias na placenta (VIGANO et al., 2001).

Estudos em modelos experimentais e em gestantes diabéticas relatam que a
producdo de citocinas auxilia no processo de regulacdo do diabetes ou hiperglicemia
(RABINOVITCH, 1994; SPRANGER et al., 2003; MORELI et al., 2012; FAGUNDES
et al., 2015). Individuos com aumento combinado de IL-6 e TNF-o ou com aumento de
TNF-a e IL-1p apresentam maior risco de desenvolver DM2 (SPRANGER et al., 2003).
Ainda, gestantes com DM2 tem aumento de IL-17 no plasma, indicando que esta citocina
é importante marcador imunologico de inflamacdo durante a progressédo do diabetes
(FAGUNDES et al., 2015). A supressao na producdo de TNF-a parece ser necessaria
para a manutencdo da gestacdo e a IL-10 representa fator de protecdo para o
desenvolvimento do feto no inicio da gestacdo (PERTYNSKA-MARCZEWSKA et al.,
2010; MORELI et al., 2012). Por outro lado, a producdo de citocinas derivadas de
neutrofilos representa risco para a saude fetal e contribui para as complicagdes

observadas em gestantes diabéticas (PERTYNSKA-MARCZEWSKA et al., 2010).
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Os neonatos apresentam um perfil de citocinas anti-inflamatérias que parece ser
induzida durante a vida fetal. Este perfil pode ser reflexo do ambiente inflamatorio
materno, evidenciado por aumento de TNF-o (MORELI et al., 2012), IL-6 e IL-17
(FAGUNDES et al., 2015). Estudos em recém-nascidos, de animais e humanos,
confirmaram que os linfécitos T tem desvios para o padrdo Th2. Demonstraram,
também, in vitro, a proliferacdo de linfocitos em presenca de IL-4 e IL-7, sugerindo que
os linfocitos sdo células imaturas e que podem ser moduladas (HOLT, 1997;
PRESCOTT; SLY; HOLT, 1998; KHAN et al., 2006). De forma similar, a presenca das
citocinas 1L4 e IL17 estimularam a atividade microbicida das células do sangue do
corddo umbilical de conceptos de mées hiperglicémicas (FAGUNDES et al., 2015).

Considerando a associacao entre respostas imunoldgicas e resultados pré e pos-
natal, a identificacdo de alteracfes no sistema imunoldgico na interface materno-fetal
seria de interesse para a prevencdo de resultados adversos da gestacdo. Entretanto,
alguns dos mecanismos imunoldgicos para a manutencdo e o resultado favoravel da
gravidez precisam ser melhor definidos. Entre eles, a expressédo de receptores e
marcadores imunorreguladores na placenta seriam de interesse para garantir transporte,

protecdo, nutricdo, respiracdo e controle enddcrino durante a gestacao.

Transferéncia placentaria de 1gG e subclasses

Durante a gestacdo, ampla variedade de substancias, incluindo solutos e
nutrientes, séo eficientemente transferidas, ativa ou passivamente, através da placenta
para o feto (RIQUELME, 2009). Através deste mecanismo, anticorpos maternos séo
transferidos para o feto e conferem ao neonato uma protecdo imunologica temporaria,
com todo o repertorio materno vivenciado ao longo da vida, o que é essencial para o

crescimento e o desenvolvimento fetal. Outros fatores com atividade anti-infeciosa
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também sdo transferidos para o feto e apresentam importancia imunoldgica nos
processos de tolerancia e regulacdo imunoldgica, como a liberagdo de citocinas
(CHUCRI et al., 2010). Entre os tipos de anticorpos, apenas quantidades significativas
de imunoglobulina G (1gG) sdo transferidos através da placenta para o feto (PALMEIRA
et al., 2012). A imunidade humoral adquirida através de transferéncia materno-fetal de
imunoglobulinas auxilia na prevencéo de infecgdes perinatais.

Os anticorpos 1gG tém papel importante na protecdo para uma ampla gama de
agentes patogénicos, toxinas e na imunidade. O transporte especifico de 1gG da
circulagcdo materna para os capilares fetais é realizado pelo Receptor Fc neonatal (FCRn)
(SHAH et al., 2003). Este receptor participa da modulacdo da resposta imunoldgica
humoral e mediada por células (PALMEIRA et al., 2012). O isolamento do receptor
FcRn a partir da placenta humana indicam que interacdo da IgG com o FcRn impede a
degradacdo, explicando, assim, a meia-vida longa desta classe de anticorpo
(ROOPENIAN; AKILESH, 2007; SZLAUER et al., 2009; CIANGA et al., 2011;
GAFENCU et al., 2003). Formas sollveis dos FcRn de baixa afinidade podem ser
encontradas nos fluidos bioldgicos. Estas moléculas podem ser geradas pela clivagem
enzimatica dos receptores de membrana ou como produtos de splicing alternativo
(GALON et al., 1995).

Em gestacGes de termo, as concentracdes de 1gG no sangue do corddo umbilical
tem boa correlagdo com os niveis maternos de 1IgG (PALMEIRA et al., 2012). A
concentracdo final de anticorpos na circulacdo dos neonatos depende dos niveis de
células B CD19", das concentracdes de IgG e de sua transferéncia através da placenta,
podendo variar entre diferentes populagdes ou entre recém-nascidos de maes com
diferentes patologias (CHUCRI et al., 2010). A hiperglicemia altera a transferéncia de

IgG através da placenta e diminui os niveis de imunoglobulina no sangue materno
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(FRANCA et al., 2011). A concentracao de IgG € maior no sangue do corddo umbilical
de recém-nascidos de maes com hiperglicemia leve, possivelmente pelo aumento de
transferéncia desta imunoglobulina através da placenta (FRANCA et al., 2011). E
possivel que 0 aumento na concentracdo de IgG no sangue de corddo esteja relacionado

a alteracdes no numero e expressdo de receptores FCRn.

Justificativa do estudo

A hiperglicemia materna induz a alteragdes imunoldgicas maternas, fetais e
placentarias. Entretanto, muitas delas, e seus respectivos mecanismos, ainda ndo estdo
totalmente esclarecidos, sendo de interesse elucidar melhor o funcionamento da interface
materno-fetal nas gestacdes complicadas por diabetes ou hiperglicemia. Assim, se
iniciou uma linha de pesquisa especifica, com alguns resultados j& publicados e outros
em investigagdo, justificando-se a proposicdo desse estudo, para avaliar o papel da
hiperglicemia materna no perfil imunol6gico de seus recem-nascidos, bem como, avaliar
os perfis imunorregulatorios das células NK, da producdo de citocinas e da expressdo de

receptores que facilitam a transferéncia da imunidade materna para o feto.
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OBJETIVO GERAL

Avaliar a presenca de células NK e a producdo de citocinas no sangue, materno e
do cordao umbilical, e na placenta; quantificar a producdo de anticorpos e a passagem de
IgG total, e respectivas subclasses, via receptor FCRn no sangue de cordao e placenta em

gestacdes complicadas por diabetes ou hiperglicemia.

OBJETIVOS ESPECIFICOS

Avaliar, em gestacdes complicadas por diabetes ou hiperglicemia gestacional leve:

(i)  Imunofenotipagem e os percentuais de células CD16", CD56", CD19" no
sangue materno, cordao e placenta;

(i)  Concentracdo das citocinas IL-1p, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12-p70,
IL-17A, IFN-y e TNF-a no sangue materno, cordao e placenta;

(iii) Passagem transplacentaria de 1gG total e subclasses (IgG1, 1gG2, 1gG3 e
IgG4) e correlacionar com as concentracfes de IgG e subclasses presentes no
sangue materno e sangue de cordao;

(iv) Expressdo do receptor FcRn na placenta e correlacionar com as

concentracdes de 1gGs e o FCRn no sangue materno e de cordao;
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METODO

Sujeitos

Foram incluidas gestantes portadoras de (i) hiperglicemia gestacional leve (HGL;
TTG75g normal e PG alterado), (ii) diabetes mellitus gestacional (DMG; TTG 75g e PG
alterados na gestacéo) e DM prévio tipo 2 (DM2, diagnosticado antes da gestacao), (iii) ndo
diabéticas (ND; TTG 759 e PG normais), atendidas no Servico Especializado de Diabetes e
Gravidez da FMB-Unesp, referéncia para essas gestacdes de risco. O diagndstico de DMG
e HGL foi realizado de acordo com o protocolo do Servico (RUDGE et al., 2005; ADA

2011).

Calculo do tamanho amostral

Para o célculo do tamanho amostral foram avaliadas a diferenca das medias de
hemoglobina glicada entre os grupos HGL e DMG, considerando-se a menor distancia entre
0s resultados e o maior nimero de sujeitos para a amostra (MORELI et al., 2012).
Assumindo uma perda de seguimento da ordem de 10% e corrigindo para os efeitos dos
erros a (1%) e B (20%) atribuidos ao estudo, foram incluidas 120 gestantes, distribuidas em
quatro grupos experimentais:

v grupo ND (controle / ndo-diabético): gestantes/nutrizes que, apesar de apresentarem
fator de risco para DMG, tinham resposta normal aos testes diagnosticos realizados
durante a gestagédo (TTG-75g e PG) (N = 30).

v grupo HGL.: gestantes/nutrizes com diagnostico de HGL, confirmado por resposta
normal ao TTG-75g e alteracdes no Perfil Glicémico (PG), aplicados em série, entre

24 e 28 semanas de gestacao (N = 30);
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v grupo DMG: gestantes/nutrizes com diagnostico de DMG, confirmado por alteracao
no Teste de Tolerdncia a Glicose (TTG-75g), realizado entre 24 e 28 semanas de
gestagédo (N = 30);

v grupo DM2: gestantes/nutrizes portadoras de DM tipo 2, diagnosticado antes da
gestacdo, independentemente se tratada com insulina e/ou antidiabéticos orais (N =

30);

Desenho do estudo
Estudo prospectivo, tipo corte transversal, onde foram incluidas gestantes e seus

recém-nascidos classificados nos grupos de estudo, descritos acima.

Definicéo dos critérios inclusdo, exclusdo e descontinuidade
Critérios de incluséo:
v' Ser classificada nos grupos definidos no delineamento do estudo;
v'Idade gestacional minima de entrada no protocolo de tratamento de 30 semanas, para
as portadoras de HGL e DMG, e de 20 semanas para as DM2;
v |dade gestacional no parto entre 37 a 4157 semanas, reaces soroldgicas negativas
para hepatite, HIV e sifilis;
v’ Realizar assisténcia pré-natal e parto no Servico
v Assinar o Termo de Consentimento Livre e Esclarecido
Criterios de excluséo:
v’ gravidez gemelar;
v malformacdes fetais;

v’ parto antes da 372 semana de gestacao.



Critéerios de descontinuidade:
v'abandono do pré-natal no Servigo;
v malformacéo fetal diagnosticada no momento do parto;

v' perda de dados relativos ao parto e ao periodo neonatal.

Definicdo das variaveis
Variaveis de Caracterizacdo das Maes e Recém-nascidos
v' Idade (em anos) e idade gestacional (em semanas completas), na entrada do
protocolo de tratamento do Servigo;
v Indice de Massa Corporal (IMC) — calculado pela relagio [(peso/altura?) X 100], em
Kg/m?, avaliado com o peso pré-gestacional;
v' Meédia glicémica mantida na gestacdo, categorizada em adequada (MG <120mg/dL)
e inadequada (MG >120mg/dL) (Rudge et al., 2000);
v’ Percentual de hemoglobina glicada;
v Tipo de diabetes e distdrbios hiperglicémicos;
v Niveis de Insulina, Bilirrubina e Glicose (mg/dL) do recém-nascido;
v Peso do recém-nascido;
v Relacgdo peso / idade gestacional do recém-nascido - categorizada em pequeno (PI1G),
adequado (AIG) e grande (GIG) para a idade gestacional;
v Indice Ponderal do recém-nascido (RN) - calculado pela relacio
[(peso/comprimento®)X100] em g/cm?;
v" Indice Placentario - relacdo entre o peso (em gramas) da placenta e o peso (em
gramas) do recém-nascido (RN).
Variaveis Independentes

Grupos de gestantes com respectivos recém-nascidos:



v" ND (ndo diabéticas com fator de risco para diabetes gestacional) (TTG75g e PG
normais);

v" HGL (hiperglicemia gestacional leve) (TTG75g alterados antes da gestacéo);

v" DMG (diabetes mellitus gestacional) (TTG75g e PG alterados na gestacao);

v" DM (diabetes mellitus tipo 2) (TTG75g e PG alterados).

Variaveis Dependentes

v Determinagdo dos percentuais de células e da concentragdo de citocinas no sangue
materno, sangue de cordéo e placenta;

v A passagem transplacentaria de 1gG total e subclasses (IgG1, 19G2, IgG3 e IgG4) no
sangue de cordao e placenta;

v A expressdo do receptor FcRn, no sangue de cordéo e placenta.

Métodos de Coleta e Avaliacédo

As coletas de sangue materno foram realizadas a partir da 37° semana de gestacao
(no termo e antes do inicio de trabalho de parto). As coletas do sangue materno seguiram
as orientacbes de biosseguranca protocolares da Sociedade brasileira de patologia
clinica/Medicina laboratorial para coleta de sangue venoso (SBPC/ML, 2010) e a quantidade
méaxima de sangue colhido foi de 10ml. A coleta de sangue de corddo foi realizada no
momento do parto, logo apds o nascimento, seguindo os mesmos procedimentos da coleta
de sangue materno. As amostras de placenta foram coletadas logo apos a dequitacdo. As
amostras foram devidamente processadas e posteriormente armazenadas para as avaliacfes
propostas, conforme fluxograma apresentado no Anexo 2:

(i) Imunofenotipagem e os percentuais de células CD16*, CD56" e CD19" no

sangue materno, cordao e placenta;
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(i)  Concentracdo das citocinas IL-1p, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12-p70,
IL-17A, IFN-y e TNF-a no sangue materno, cordao e placenta;

(iii)  Passagem transplacentaria de 1gG total e subclasses (IgG1, 19gG2, 1gG3 e
1gG4);

(iv)  Expressao do receptor FcRn na placenta e correlacionar com as

concentragdes de 1gG no sangue materno e de cord&o;

Média glicémica da gestacao (MG)
Para as avaliacGes de glicemia e insulina do recém-nascido: (i) foram avaliadas
pelo método da glicose oxidase (Glucose — Analyzer Beckman Il, Fullerton, CA, USA®) e
(ii) realizado através de imunoensaio quimioluminescente por microparticulas (Architect
insulina, Abbot laboratérios, Sdo Paulo, SP, Brasil®).
A Média Glicémica (MG) foi calculada pela média aritmética de todas as dosagens
de glicemia plasmatica observadas nos perfis glicémicos realizados durante a gestacdo: (i) a
partir do diagnostico realizado entre 242 e a 28% semanas de gestacdo para os grupos: HGL
e DM e (ii) a partir da primeira consulta de pré-natal para gestantes com DM prévio a

gestacdo (DM1 e DM2).

Obtencéo de células mononucleares do sangue materno e sangue do recem-nascido

A partir da 372 semana de gestacdo foram coletadas amostras de sangue materno (5
a 10ml) em tubos Vacutainer com EDTA (Beckton Dickinson, Franklin Lakes, NJ, USA®).
O sangue de cordao (10ml) foi coletado no intraparto, logo ap6s o clampeamento, em tubos
Vacutainer com EDTA (Beckton Dickinson, Franklin Lakes, NJ, USA®). As amostras de
sangue materno e do cordao umbilical foram centrifugadas por 15 minutos a 160G. O plasma

foi retirado e reservado para as dosagens de citocinas e anticorpos. As células foram
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separadas em gradiente de densidade com Ficoll-Paque (Pharmacia) por 40 minutos a 160

G, sob temperatura de 49C, sendo retirado o botéo celular (células mononucleares). A seguir
as células foram incubadas em estufa de CO2, em placa de Petri, por 1 hora a 37°C. As

células foram contadas em camara de Newbauer, e as concentracdes celulares ajustadas para

2 x 106 células/ml. As células mononucleares foram utilizadas nos ensaios de
imunofenotipagem.

Para expressao do Receptor FcRn as células foram incubadas com Tampé&o de Lise
(Bectan Dickison (BD), Pharm lyse™ —BD Biosciences, USA) por 10 min a 4°C e lavadas
duas vezes com Tampdo FACS (BD Biosciences, USA). As células foram utilizadas

imediatamente para analise do receptor FCRn.

Obtencao de células da Placenta

Foram coletadas amostras de placenta no momento do parto e imediatamente
lavadas com solucdo salina, ap6s isso, foi retirada uma amostra, respeitando-se uma margem
minima de 2 cm da insercdo do corddo umbilical e da borda placentaria (CALDERON et
al., 2007), a placenta foi cuidadosamente dissecada, a partir de procedimento adaptado
descrito para o isolamento citotrofoblasto aminiocoriénico isolando o tecido extraviloso da
porc¢do vilosa (STENQVIST et al., 2008; BORBELY et al., 2014). Os fragmentos viloso e
extraviloso foram armazenados e depois processados para a separacdo de celulas.
Fragmentos de placenta foram maceradas em PBS com Tween 20 suplementada com
inibidores de protease (0,1 mM de fluoreto de phenylmethylsulfonyl; 0,1 mM de cloreto de
benzetdnio, 10 mM de EDTA, 20 Ul de aprotinina, e 0,5% de BSA) em uma proporcéo de
100 mg de tecido / ml, usando um homogeneizador de alimentagdo Gen 125 (Fisher
Scientific®). O homogenato foi filtrado e reservado para quantificagdo de citocinas e o

sedimento (células) foi fracionado por centrifugacao (160 x g, 40 min), através de gradiente
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de densidade. O processo de isolamento foi por Ficoll-Paque (densidade 1,077 g/ I; Sigma
Chemical, St. Louis, EUA). Apos centrifugacdo, o sobrenadante foi descartado, e as bandas
opacas nas interfaces entre PBS e Ficoll-Paque-1077 contendo as células mononucleares
foram recolhidas cuidadosamente por aspiragdo com uma pipeta de Pasteur siliconizada e
transferidas para tubos. Células NK foram purificadas por selecdo positiva (DURIEZ et al.,

2014). As celulas mononucleares foram contadas em camara de Newbauer, e as

concentracdes celulares ajustadas para 2 x 106 células/ml. Uma parte das células foram
utilizadas nos ensaios de imunofenotipagem.

Para expressdo do receptor FCRn o sedimento foi fracionado por gradiente
descontinuo. Gradiente de Ficoll-Histopaque foram preparados usando Histopaque 1119
(densidade de 1.119 g mL?, Sigma Chemical, St. Louis, USA) e Ficoll-Paque 1077
(densidade de 1.077 g mL™%, Sigma Chemical, St. Louis, USA) para isolar as células. Apos
a centrifugacdo, uma banda opaca de células foi formada foi formada na interface entre o
plasma e Ficoll-Paque-1077 e uma outra banda na interface entre o Ficoll-Paque-1077 e
Histopaque-1119. Estas bandas foram cuidadosamente transferidos para tubos com uma
pipeta de Pasteur siliconizada. As células foram lavadas duas vezes com meio 199 (Sigma
Chemical, St. Louis, EUA). As células foram utilizadas imediatamente para os testes de

expressdo de FcRn.

Imunofenotipagem

Ap0s a separacdo as células do sangue materno, de corddo umbilical e placentas
foram lavadas com Tampao fosfato (PBS) acrescido de BSA (soro albumina bovino) por 10
minutos a 4°C. As células foram marcadas com 1ul de anti-CD4PE, anti-CD3PE, anti-
CD56PE, anti-CD16FITC, anti-CD19FITC por 30 minutos. As células foram lavadas e

ressuspendidas PBS-BSA e analisadas por citometria de fluxo (FACS Calibur, BD
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Bioscience, USA). O minimo de 10.000 celulas foi avaliado pelo tamanho, granulosidade e
intensidade de fluorescéncia. Os dados foram analisados usando Cell Quest Software (BD

Biosciences, EUA).

Quantificacao das Citocinas

As concentragdes de citocinas presentes nas amostras de plasma e na placenta foram
avaliadas pelo Kit “Cytometric Bead Array” (CBA, BD Bioscience, USA)(Pillat et al.,
2009). As analises destas citocinas foram realizadas através de citometria de fluxo (FACS

Calibur, BD Bioscience, USA). Os dados foram analisados através do software FCAP Array.

Quantificacdo da concentracdo de Imunoglobulina G total e das subclasses (I1gG1,
19G2, 1gG3 e 1gG4)

As concentragdes da Imunoglobulina G e das subclasses (1gG1, 1gG2, 1gG3 e 1gG4)
foram determinadas pelo método imunoenzimatico (ELISA-Bioscience, Viena, Austria). As
amostras de plasma sanguineo utilizadas para a quantificacdo de IgG total, 19gG1, 1gG2, IgG3
e 1gG4 foram previamente diluidas em solucdo tampédo (PBS, 1% Tween-20 e 10% Soro
Albumina Bovino) seguindo as respectivas proporg¢des: 1:1000 (v/v); 1:1000 (v/v); 1:10000
(v/v); 1:1000 (v/v) e 1:100 (v/v). A leitura foi realizada em espectrofotdmetro de placas com
um filtro de 450nm. Os resultados foram calculados pela curva padrdo e expressos em

mg/dL.

Expressdo do Receptor FcRn nos leucdécitos do sangue e da placenta
As celulas foram lavadas (10 min; 4°C) e ressuspendidas em PBS contendo

albumina de soro bovino (BSA- Sigma, ST Louis, USA; 5mg/mL). As celulas do sangue e
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da placenta foram incubadas com 10 uL de anticorpo anti-FcRn produzidos em coelho
(Sigma, ST Louis, USA) durante 30 min a 4°C. Ap0s este periodo, as células foram lavadas
duas vezes (10 min - 160 x g) e coradas com 10 uL de anti-Ig rabbit-FITC (BD Biosciences,
EUA) durante 30 min a4 ° C. As células foram lavadas e ressuspendidas em PBS contendo
albumina de soro bovino (BSA- Sigma, ST Louis, USA; 5mg/mL) e analisada em citometria
de fluxo. Para bloquear os receptores-FcyR, as celulas viaveis foram previamente incubadas
com anti-human CD16-PE, CD32-PE e CD64-PE (BD Biosciences, EUA). Células, um
minimo de 10.000, foram avaliadas por tamanho (FSC), granularidade (SSC) e intensidade
de fluorescéncia (FL) em citdmetro de fluxo (FACS Calibur, BD Biosciences, EUA). Os

dados foram analisados usando as células Quest Software (BD Biosciences, EUA).

Andlise Estatistica

A taxa de transferéncia placentéria de IgG total, e de subclasses foram calculadas a
partir da relacdo da concentracdo de anticorpos no sangue de corddo / concentracdo de
anticorpos maternos x 100. Para a analise de (i) imunofenotipagem e os percentuais de
células CD16%, CD56", CD19"(ii) Concentracao das citocinas IL-1p, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12-p70, IL-17A, IFN-y e TNF-qa; (iii) Passagem transplacentaria de 1gG total e
subclasses (1gG1, 1gG2, 1gG3 e 1gG4); (iv) Expressédo do receptor FcRn, utilizou-se o teste
de Anélise de Variancia (ANOVA), seguido de comparagdes mdaltiplas pelo teste de Tukey.

Para todos os testes, considerou-se p<0,05, como limite de significancia estatistica.

Aspectos Eticos
As consideragdes eticas foram baseadas no uso do material biologico para fins

cientificos, com sigilo da identidade da gestante, livre de coacdo ou conflito de interesses da
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instituicdo ou de pessoas envolvidas no projeto. As coletas respeitaram o0s protocolos
técnicos do hospital e dos servigos envolvidos. As gestantes foram previamente informadas
e 0 material somente foi coletado ou utilizado sob expresso consentimento em formulério
especifico (Termo de Consentimento Livre e Esclarecido - TCLE), conforme resolucdo
N°466, de 12 de dezembro de 2012, do Conselho Nacional de Satde (CNS). O projeto de
pesquisa deste estudo foi aprovado pelo Comité de Etica em Pesquisa (CEP) da Faculdade

de Medicina de Botucatu, protocolo nimero 4389-2012 (anexo 1).
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The present study characterized natural killer cells and cyiokines in diabetic mothers, their placenta, and fetus. In the maternal
blood from the hyperghycemic groups, the CDM6*CID56" NE cells increased, whereas that of CD16* CID56* decreased in gestational
diabetes mellitus [GDM] group. Cord blood from type 2 disbetes [[MM-2] showed a higher proportion of CIDME® CD56™ and
CINe CD56*. The placental extravillous layer of GDM and DM-2 showed an increase of CIME* CD54 cells and, irrespective of
region, the proportion of CIN6 CD56* cells was higher in mild gestational hyperglycemia [MGH] and GDM and lower in DM-1.
IL-2 was lower in maternal bkeod and TFN-y higher in maternal and cord blood from the GDM group. IL-17 was higher in maternal
and cord blood from the DM-2 group. The placental extravillous layer of the MGH showed high levels of IL-4, IL-6, IL-10, IL-
17, and IFN-y and low bevels of IL-1)% and [L-8, whereas the placental villous layer contained high bevels of [L-17 and IEMN-y. The
GDM group, irrespective of region, showed higher levels of IL-8. The DM-2 group, irrespective of region, placenta showed high
levels of TWE-e, IL-17, and IFN-p. The hyperglycemia produces an inflammatory environment with a high content of inflammatory

cytokines and cells expressing CD6".

l. Introduction

Druring pregnancy, the maternal system undergoes adap-
tations involving cells and proteins associated with the
immune-regulatory function to ensure fetal development.
(e of the tissues participating in immune-regulation of the
maternal-fetal relationship is the placenta, a transient organ
responsible for fetal protection, nutrition, breathing, and
endocrine control [1]. Placental cells derived from both
maternal and fetal organisms express molecules that play a
fundamental role in maternal-fetal tolerance [2].

Decidua leukocytes, induding macrophages, are a promi-
nent population of T cells and natural killer (NK) cells [3]
recognized by their direct in vitro cytotoxicity. WK cells are
characterized as CDI6 and CD356 according to the antigens
on their surface. More than 95% of human uterine NK cells

(uMK) do not exhibit cytotoxicity and are phenotypically
defined as CD56 [4-6]. These cells can recognize the fetal
HLA-G histocompatibility antigen and produce cytotoxicity
suppressors [7, 8]. The balance between peripheral blood NK
cells and regulatory NE cells (NKreg) during pregnancy is
essential [9].

The profile of NE cells in the decidua is different from
that of WK cells in peripheral blood. (ther studies report that
decidual NE cells produce cytokines such as IFN-yp, TNF-a,
and IL-4 [9]. TNF-z, IL-15, and [1-6 are essential in early
pregnancy, but, with the evolution of gestation, high TNE-
o levels can promote preeclampsia and gestational diabetes
mellitus, while low [L-10 levels are associated with preterm
hirth [10-15]. Therefore, TNF-n production appears to be
required for early pregnancy maintenance, whereas IL-10
plays a protective role in fetal development [16]. In diabetic



mothers, 1L-17 levels increase during pregnancy, and the cord
blood of their newborns shows low [FN-y levels [17].

In normal pregnancy, IL-4 produced by trophoblasts
stimulates Th2 lymphocytes and increases the levels of inhib-
itory receptors in decidual NE cells, which maintain their
inactive phenotype (CD16CD56*) [7, 8]. The hyperglycemic
condition, however, generates a proinflammatory environ-
ment capable of affecting fetal development, and the produc-
tion of inflammatory cytokines can pose a risk to fetal health
and promote the development of complications associated
with diabetes in pregnancy [16].

The immune response associated with diabetes during
pregnancy has yet to be completely understood, and the role
of MK cells remains unknown. Diabetes possibly changes the
expression of NK cells and cytokines in the maternal-pla-
cental-fetal unit. To investigate this hypothesis, the present
study characterized the NK cells and cytokines of diabetic
mothers, as well as their placentas and fetuses.

2. Materials and Methods

Placenta, maternal blood, and cord blood from diabetic
mothers was evaluated in a cross-sectional study. The subjects
attended the Diabetes and Pregnancy Facility, School of
Medicine Obstetrics Course, UNESE, Botucatu, 5P This study
was approved by the institutional Research Ethics Commit-
tee, and all the subjects gave informed written consent before
entering the experimental protocol.

21 Subjects. Placenta and blood samples from pregnant
women (18-45 years old) were analyzed by maternal glycemic
status. Pregnant women with diabetes mellitus type 2 (DM-
) were referred to the Service with a confirmed diagnosis.
Pregnant women underwent a 75g oral glucose tolerance
test [DGTT-75g] [18] and glucose profile (GP) [19], which
were applied in parallel between the 24th and 28th weeks of
pregnancy. Altered GP were considered when any one value
i found equal to or exceeding fasting glycemia of 90 mg/dL
and postprandial level of 130 mg/dL [20] The OGTT-75g was
altered when any of the following plasma glucose values are
met or fasting glycemia of 92 mg/dL is exceeded: 1 h postload
level of 180 mg/dl. and 2h postload level of 153 mg/dL [19].
According to the results of the OGTT-75g and GP test, 55
pregnant women were classified into the following groups:
nondiabetic [ND); normal 75 g OGTT and GP; N = 15], mild
pestational hyperglycemia [MGH; normal 75g OGTT and
abnormal GF; N = 15], gestational diabetes mellitus [GDM;
abnormal 75 g OGTT in pregnancy; N = 10], and diabetes
mellitus type 2 [DM-2; abnormal 75g OGTT prior to preg-
nancy; N = 15] [20].

The subjects continwed attending the fadlity, irrespective
of diaggnosis, and the hyperglycemic patients followed a
specific treatment for glycemic control [19].

22 Subject Follow-Up and Characterization. Patients with
DM-2 or MGH were evaluated for GP with fasting and
pre- and postprandial glycemic levels for 24 hours in two-
week intervals until the 32nd week and then weekly until
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delivery. Glycemic control was assessed during pregnancy.
Adequate glycemic control during pregnancy was defined as
a glycemic mean of 120 mg/dL or less, and i uate control
was defined as a glycemic mean higher than 120 mg/dL. Thus,
pregnant women with MGH were treated with a diet rec-
ommended by a dietitian and exercise; insulin therapy was
applied when they had inadequate ghycemic control Patients
with DM-2 were treated with a diet, exercise. and insulin
therapy since the beginning of the pregnancy [20]. The NI}
pregnant women did not receive any type of intervention
against hyperglycemia control

2.3. Blood Sampling and Preparation of Blood Cells. Samples
of 8mL of maternal blood were collected in the morning
at 36th week of pregnancy, prior to the beginning of labor.
The umbilical cord blood was intradelivery-collected shorthy
after clamping. The maternal blood and umbilical cord blood
were collected in Vacutainer tubes (Becton Dickinson, UUSA)
treated with anticoagulant (EDTA). We centrifuged them
at 160G for 15 min to separate plasma from the cells. The
plasma was stored at —80°C for later cytokines analysis. The
isnlation procedure was performed by centrifugation (40 min
at 160 xg), with Ficoll-Pague gradiemt (density 1077 g/L;
Sigma Chemical, 5t. Louis, USA). After centrifugation the
supernatant was discarded, and the opagque bands at the
interfaces between plasma and Ficoll-Pague-1077 containing
cells were collected carefully by aspiration with a siliconized
Pasteur pipet and transferred to tubes. NE cells were purified
by positive selection with magnetic beads [21]. Cells were
resuspended independently in serum-free medium 199 and
used immediately for assays of flow cytometer.

2.4. Placenta Sampling and Preparation of Blood Cells. Pla-
centas were collected at the moment of delivery and immedi-
ately washed with a saline solution. Samples of villous tissue
were taken across the placenta halfway between the maternal
and fetal sides and the larpge vessels were removed leaving only
villous tissue [22, 23]. The basal plate was carefully dissected
from the villous tissue and the amniochorionic membrane.
[solation of extravillous tissue was adapted from described
procedure for amniochorionic optotrophoblast isolation [23,
24]. These fragments were immediately stored in liquid
nitrogen and later processed for cells separation. Placental
fragments were macerated in PBS with Tween 20 supple-
mented with protease inhibitors (0.1 mM of phenylmethylsul-
fonyl fluoride; 0.0 mM of benzethonium chloride, 10 mM of
EDTA, 200Ul of aprotinin, and 0.5% of B5A) in a proportion
of I00mg of tissue/ml, wsing a homogenizer Power Gen
125 (Fisher Scientific@). The homogenate was filtered and
reserved from cytokines quantification and the sediment
(cells) was fractioned by centrifugation (160 =g, 40 min}
through gradient density. The isolation procedure was per-

formed h}' Ficoll-Pague {density 1.077 gfL; Sigma Chemical,
5t. Louis, USA). After centrifugation the supernatant was
discarded, and the opague bands at the interfaces between
PBS and Ficoll-Paque-1077 containing cells were collected
carefully by aspiration with a siliconized Pasteur pipet and
transferred to tubes. NK cells were purified by positive selec-
tion with magnetic beads [21]. The cells were washed twice
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Tasie I: Clinical data on the pregnant women with different glycemic status (NI} nondiabetic, MGH: mild gestational hyperglycemia, GDM:
gestational diabetes mellitus, and DM-2: type 1 diabetes mellitus) and their newborns.

Paramelers iNNESE m” fllis} .:.-E ETm {.-\r;r }: |2 5)
Muothers
Age (years) 2635+ 4.20 2763 + 6.93 2955 + 6.5 32,55 + 5.94
Gestational age (weeks) 3917 + 0.471 3855 + 139 3812+ 0.39 37134129
Weight gain B2+ 715 945+ 478 1L} £375 1031+ 675
BMI-1 27752 £ 6.17 854 + 705 2866 + 4.60 3166 + 6.96"
EMI-2 3L13 £ 767 ILES + 6,50 3289 + 6,33 34.09 + 993
Glucose level {mg/dL) 8196 + 9,60 9373 + 720 10420 + 15.87 s
HbAIC (%) 5.07 £ 046 5021 0.44 5791 04897 5722044
Newbaorn
Clucose {mg/dL) 7771 +10.92 7383 1 15.08 59.04 = 13.01 6312+ 1611
Bilirubin 171 £ 0.48 174 +0.59 176 + 0.80 182+ 116
Insulin 22 677+ 177 665 + 207 730457
Ponderal index 0,028 + 0,002 0,028 + 0,002 0,028 + 0,003 0,028 + 0,002
Phacental index 0,168 + 0.037 0183 + 0.0451° 0177 + 0.03" 0187 £ 0.03°
Birth weight and gestational age (%)

SGA 1428 8.00 750 9.20

AGA 7857 60.00 79.00 76.92

LGA 5 00 1350 3.8

Hote: HbAlc ghycated hemoglobin: BMI-1 and BMI-2: body mass index in the first and third trimester of pregnancy, respectively. Dak correspond to the
median of 55 mothers and newborns. The ponderal index of 2 newborn is the cube root of body weight = 100 divided by height in centimeters; the placental
index is the ratio of placental weight to fetal weight. SGA: small for gestational age: AGA: adequate for gestational age, and LG A: large for gestational age.

" Statistical difference between WD and the other groups.

with 199 medium culture (Sigma Chemical, St. Louis, USA).
The cells were used immediately for assays of flow oytometer.

25 Cell Subsets. To verify the presence of subsets of NK cells
expressing CD16* andfor CD36" placenta and blood cells
were stained with 5 gL of anti-CD3* PERCP, anti-CIDNs FITC,
and anti-CI56 PE, for 30min at room temperature. Cells
were washed and resuspended in phosphate-buffered saline
(PBS} containing bovine serum albumin (BSA; Sigma, 5T
Louis, USA; 5mg/mL) for flow cytometry analyses. Isotype
controls {IgGl-FITC, IgGI-PE both from BD Biosciences)
were used A minimum of 10.000 cells were gated by size
{FSC) and granularity {S3C) with a flow cytometer { FACSCal -
ibur, B Biosciences, USA). Data were analyzed using the
Flowjo 7.2.5 software.

26, Quantification of Cytokines. Plasma blood and placenta
homogenate were collected and stored at —80°C prior to
analyses. The samples were thawed and cytokines [IL-15, IL-
1, 1L-4, IL-6, 1L-8, IL-10, IL-12, IL-17, THF-q, and IFN-p] were
measured by cytometric bead array [CEA, BD Bioscences,
USA] according to the manufacturer procedures. A flow
cytometer was used for these analyses [FACSCalibur, BD
Biosciences, USA]. The data were analyzed using the software
FCAP Array L0 [CBA, BD Biosciences, USA].

2.7 Statistical Analysis. Data were expressed as the mean +
standard deviation (5I}). The statistically significant differ-
ence was evaluated using the analysis of variance (ANOVA)
for CIM&* and CD56* expression and cytokines. Statistical
significance was considered for p < 0.05.

3. Results

Clinical data of the mothers and newborns are shown in
Table I In the first trimester of pregnancy, DM-2 maothers
exhibited the highest body mass index {BMI) and glycemic
index {p < 0.05). Glycated hemoglobin (HbAlc) levels were
higher in GDM and DM-2, and the placental index was
higher in the MGH, GDM, and MGH groups. The highest
proportion of LGA newborns was found in MGH (Table 1).

The highest content of CD16* CD56~ NK cells in maternal
blood was detected in GDM and DM-2, followed by MGH
(Table 2). In the cord blood, the amount of CDIS*CDS56~
cells was higher in DM-2, and in the placental villous layer
it was similar among the groups. In the placental extravil-
lous layer, GDM and DM-2 contained the highest levels of
CIMe*CD356 cells (Table 2).

In general, CDM6 CD56* cells were similar in maternal
blood among the groups. In the cord blood, their frequency
was higher in GDM and DM-2. In the placenta, irrespective
of the layer, the CIa CDss* ¢l proportion was higher in



Journal of Immunology Research

TABLE 2: Percentage of cell phenotypes CDI6" and/or CD56" in the placenta, maternal blood, and cord blood of groups without diabetes
(ND) or with mild hyperglycemia (MGH), gestational diabetes mellitus (GDM), and diabetes mellitus (DM-2).

ND MGH DGM DM-2
Gellst™) Seple (N = 15) (N = 15) (N = 10) (N = 15)
Maternal blood 12851 6.73 3067 £ 2.50° 84.40 2 16.36" 5727 1 5.68"
o Cord blood 18534 311 23714216 15.43 4 859 4194 4 1898
CDI6' CD36 ey
Placenta villi 4704271 470 £271 419 £301 4764248
Placenta extravilli 4.85+322 345+ 164 10.65 + 2.84"F 10.20 + 6.91'F
Maternal blood 136 £ 0.19 190 015 1454 026 1454 026
Cord blood 050 + 010 0384015 276 4 0.8 216+ 018"
CDI6” CD36" 534 : 2 :
Placenta villi 1337 £ 556 66.74 £ 2019 22641611 5114310
Placenta extravilli 16.49 + 767 2756 +13.00% 3017 +19.00° 854 +215"
Maternal blood 888+ 334 6.69+225 335+ 102" 670225
P Cord blood 466256 5.87 4142 3324220° 588+ 141
Placenta villi 33112 470+192 420+ 118 156 + 055"
Placenta extravilli 5.00 + 1.1 746 + 1.31" 6.76 + .04 3.68 + 1.47"*

Note: results are expressed as the mean of samples of maternal blood, cord blood, and placental tissue. * Statistical difference between ND and the other groups;
.

| difference b cells in pl

MGH and GDM and lower in the DM-2 group (Table 2).
CD16*CD56" cells were less frequent in maternal blood and
cord blood from GDM. In the placenta villous tissue they
were lower in DM-2, whereas in placenta extravillous tissue
they were higher in MGH and DGM and lower in DM-2
(Table 2).

Cytokines (IL-16, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17,
TNF-a, and IFN-y) were assessed in the placenta, maternal
blood, and cord blood from the groups (Table 3). The levels
of IL-18 in placenta extravillous tissue were lower in MGH
and GDM. IL-2 levels were lower in the maternal blood
from GDM and placenta villi from MGH, whereas IL-4 levels
were higher in the cord blood from GDM and placental
extravillous layer from MGH (Table 3).

In MGH and GDM, IL-6 concentrations were higher in
the placental extravillous layer and lower in placenta villi,
and, in DM-2, they were higher in placenta villi. In GDM IL-
8 levels were higher in placenta irrespective of the layer, and
in DM-2 they were lower in the placental extravillous layer.
MGH and DM-2 showed lower IL-8 levels in the placental
extravillous layer (Table 3). IL-10 levels were higher in the
placental extravillous layer from MGH, GDM, and DM-2. IL-
12p70 concentrations were higher in the placental extravillous
layer from DM-2 (Table 3).

Irrespective of placental section, TNF-a levels were
higher in DM-2 and lower in GDM. IEN-y levels were higher
in maternal and cord blood from GDM. Cytokine levels in the
placenta were higher in MGH and DM-2. In placenta extrav-
illous tissue IFN-y levels were lower in GDM. In maternal and
cord blood, the highest IL-17 levels were found in DM-2, and
in the placenta they were higher in MGH and DM-2 (Table 3).

‘The placenta villous/extravillous cytokine ratio is shown
in Table 4. For IL-18, IL-2, and IL-17, it was similar among
the groups; for IL-4, it was lower in MGH and DM-2, and for
IL-6 it was lower in MGH and GDM. DM-2 exhibited higher
villous/extravillous IL-8, TNF-a, and IFN-y ratio and lower

villi and placenta extravilli within the same group.

ratio for IL-12p70. For IL-8, the ratio was lower in GDM; for
TNF-a it was lower in GDM and MGH; and for IL-10 it was
lower in MGH (Table 4).

4. Discussion

Fetal and placental tissues require suitable environment,
under homeostasis, whereas the maternal body is affected
by factors related to metabolic alterations. The fetus receives
passive immunity from the mother, which is crucial for
newborn adaptation to the extrauterine environment because
it provides protection during the first months of life [25-
28]. Studies have showed that umbilical cord blood plasma
contains soluble NKG2D ligands that alter the Nk function
and act as a mechanism of fetal-maternal tolerance in human
pregnancy [29]. In the present study we characterized the
NK cell and cytokine profile in maternal and cord blood as
well as the placenta, showing their differences as a function
of hyperglycemic status.

NK cells have distinct phenotypes with different func-
tions in discrete tissues; they mediate immune homeostasis
in peripheral blood and secondary lymphoid tissues and reg-
ulate uterine vascularization [30]. The present study showed
an increase in the subsets of cells expressing the CDI16"
marker in mothers from DM-2 and GDM. This response was
similar in fetuses from DM-2, but not in fetuses from GDM.
An interesting result was that cells expressing CDI6" were
frequent in the placental extravillous layer but not in the
villous layer. In the peripheral blood, NK cells are typically the
largest subset of perforin-expressing cytotoxic lymphocytes
and constitute 5 to 15% of total lymphocytes [31]. However,
human uterine NK cells (uNK) are phenotypically CD56",
which are not cytotoxic [4-6].

Other studies report that a large number of uNK cells
are necessary to support successful embryo implantation. In
general, the two major types of NK cells are CD56 (bright)
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TaBLE 3: Cytokine levels (pg/mL) in placental tissue, maternal blood, and cord blood in groups without diabetes (ND) or with mild
hyperglycemia (MGH), gestational diabetes mellitus (GDM), and diabetes mellitus (DM-2).

Concentration (pg/mL)

Cytokines Samples ND MGH GDM DM-2
(N =15) (N =15) (N =10) (N =15)

Maternal blood 16.43 +2.71 16.33 + 1.07 16.01 + 2.00 16.85 + 1.64

g Cord blood 15.49 + 212 15.84 +0.79 16.54 + 1.80 14.96 +2.39

Placenta villi 10.78 + 4.05 824+ 0.66 9.68 +1.24 8.24 +0.49

Placenta extravilli 1214 + 4.29 8.23 +2.04" 9.76 + 2.27" 10.86 + 2.58

Maternal blood 15.34 + 4.86 15.37 + 3.74 9.76 + 0.48" 14.00 + 4.02

_— Cord blood 12.77 +3.20 14.05 +3.76 12.41 +2.74 11.76 + 3.61
Placenta villi 10.42 + 0.46 728 +3.11° 9.34 +3.90 10.05 +3.78

Placenta extravilli 1110 £ 1.20 10.21+2.21 9.48 + 0.87 10.70 + 3.54

Maternal blood 706 +1.82 10.16 + 2.87 8.60 + 0.93 8.30 £ 2.16

4 Cord blood 776 +1.97 12.80 + 5.90 14.76 + 6.58” 9.06 + 4.40

Placenta villi 8.93 +0.70 9.93 +3.93 7.84 +3.32 8.35 + 0.67

Placenta extravilli 9.34 +0.74 28.81 +13.32"* 8.42+0.82 12.85 +5.05

Maternal blood 16.32 + 2.45 15.36 + 1.70 16.34 +1.96 15.06 + 0.95

L6 Cord blood 16.29 + 2.37 16.39 + 1.54 16.20 + 2.00 14.27 + 1.40
Placenta villi 20.29 +13.68 793 +0.67" 10.26 + 2.83" 47.45 £ 1710

Placenta extravilli 11.82 + 4.35° 35.67 + 25.47"* 39.28 +19.07™* 10.03 + 2.47°

Maternal blood 24.5+4.39 24.61 + 141 25.44 + 2,95 24.23 +2.68

L8 Cord blood 26.95 + 4.95 26.41 + 3.38 28.44 + 412 23.24 + 4.99
Placenta villi 28.77 +19.81 19.32 +5.27 35.57 +12.03" 30.80 + 14.33
Placenta extravilli 3759 + 21.26* 12.93 +5.51" 4273 + 24.56° 22.47 + 4.99™

Maternal blood 14.75 + 1.78 13.91 + 1.06 14.21 + 113 13.95 + 0.53

10 Cord blood 14.40 + 0.69 1533 +1.91 14.58 + 0.81 13.38 +1.06
Placenta villi 13.59 + 5.49 10.42 + 2.74 9,08 + 3.74" 13.89 + 6.98

Placenta extravilli 10.66 + 4.95% 26.45 +13.16" 26.51 + 8.70™* 2716 + 5.45*

Maternal blood 10.89 +2.37 11.78 + 4.46 11.37 +2.07 9.59 +1.05

1L-12p70 Cord blood 10.51 +1.25 11.79 + 1.36 10.19 + 0.52 1119 + 0.90
Placenta villi 539 +1.22 5.76 + 1.04 8.59 + 4.8 10.68 + 4.94
Placenta extravilli 4.74 + 0.51 79 +1.09 10.06 + 3.60 1534 + 059"

Maternal blood 13.78 + 2.82 13.27 £ 1.73 13.72 + .67 13.34 +1.20

INE Cord blood 13.74 + 0.91 14.28 + 115 12.54 + 0.80 11.76 + 0.75
Placenta villi 748 +1.17 12.77 £ 5.18 8.88 +1.91 28.69 +13.82"

Placenta extravilli 10.61 + 3.067 14.36 +5.27 9.11+4.51 17.99 + 6.34**

Maternal blood 6.37 +0.99 6.40+0.71 22.83 +4.47" 6.80 + 1.55

IEN-y Cord blood 6.47 +0.99 17.05 + 0.17 3715 +11.98° 8.45+3.88
Placenta villi 6.63+1.02 12.88 + 5.64" 7.27 +0.15 19.95 + 4.37"

Placenta extravilli 748 £1.18 14.11 + 795 42142147 16.59 + 4.92"

Maternal blood 6.98+ 111 7.08 +£2.93 8.90 +2.45 16.20 + 439"

174 Cord blood 525+117 5.35+0.26 8.67 +1.76" 15.46 + 2.78"
Placenta villi 515+ 2.40 16.86 + 5.64" 511+1.23 17.49 + 5.39"

Placenta extravilli 5.63 +0.91 14.03 + 4.78" 7.69 £ 5.14 14.42 £ 7207

Note: results are expressed as the mean of samples of maternal blood, cord blood, and placental tissue. * Statistical difference between ND and the other groups;
# statistical difference between cells in placenta villi and placenta extravilli within the same group.



TABLE 4: Placental villous/extravillous cytokine ratio in groups with-
out diabetes (ND) or with mild hyperglycemia (MGH), gestational
diabetes mellitus (GDM), and diabetes mellitus (DM-2).

Villous layer/extravillous layer ratio

Placental
cytokines ND MGH GDM DM-2
(N =15) (N =15) (N =10) (N =15)

IL-18 0.68+0.23 104+0.21 1.05+018 0.79 +0.15
IL-2 094+0.07 086+0.17 1.00+0.28 1.02+0.34
1L-4 213+1.09 0.45+0.29° 127+0.38 0.70 +0.23"
IL-6 113+0.42 0.68+0.15" 0.45+0.08" 1.02+0.22
IL-8 0.75+0.41 0.92+0.20 0.25+0.08" 3.60+1.90"
IL-10 133+£0.58 0.52+0.21" 090+035 0.75+0.44
IL-12 1.36+0.75 141+095 140+114 0.80+0.33"
IL-17 1.11£049 133+056 0.98+020 150+0.64
TNF-a 0.84+0.13 0.83+0.27" 0.36+0.10° 150+ 0.64"
IFN-y 0.80+0.09 123+0.74 0.64+0.20 1.25+0.28"

Note: results are expressed as the mean of samples of placental tissue.
" Statistical difference between ND and the other groups.

and CD56 (dim) cells. Most CD56 (bright) cells are not found
in peripheral circulation but reside almost exclusively in
the secondary lymph tissue, and their main activity is the
production of cytokines, which increases the number of
inhibitory receptors in decidual NK cells, maintaining the
nonactivated phenotype (CD16 CD56") [7, 8].

In the present study, the subsets of cells expressing CD56"
in placenta were higher in MGH and GDM and less frequent
in DM-2. The molecular mechanisms determining NK cell
phenotype have yet to be elucidated [32]. NK cells in the
human uterus (uNK) and decidua (dNK) have a unique func-
tional profile. They participate in tissue remodeling and ne-
oangiogenesis, regulating fetal trophoblast invasion, placen-
tal vascularization, and especially cytokine and chemokine
production [8, 33]. Studies showed that women with GDM
have abnormal NK cell function due expression of surface
receptors and cytokine production [34], whereas in women
with type I diabetes mellitus alterations occur in immuno-
logical balances during pregnancy with proinflammatory
systemic environment and greatest impact on CD56 Nk
cells [35]. In the present study, the increase in CD16" and
decrease in CD56" cell expression in the placenta from DM-
2 suggest intensification of the innate immune response in
diabetic mothers, possibly modulated by the secretion of
proinflammatory cytokines that stimulate the NK cells [36].
Both pro- and anti-inflammatory cytokines have the ability
to affect the activity of NK cells [37].

The hyperglycemia status of the women under study
affected the cytokine profile in maternal blood and placental
tissue. In GDM and DM-2, the levels of inflammatory cytok-
ines such as IFN-p and IL-17 were higher in maternal and cord
blood. Similarly, earlier studies showed that mild gestational
diabetes and gestational diabetes affect IFN-y in cord blood
and IL-17 in maternal blood, suggesting that IL-17 is an
important immunological indicator of inflammation during
diabetes progression [17].

Journal of Immunology Research

Major changes in cytokine levels were observed in the
placenta and were associated with its layer (extravillous
layer at the maternal interface and villous layer at the fetal
interface). In fact, in DM-2 the maternal portion of placenta
contained high levels of IL-12, IL-17, TNF-«, and IFN-y,
and the fetal interface had high levels of IL-6, TNF-a,
IL-17, and IFN-y, indicating that the fetal environment is
supplied with inflammatory cytokines. This inflammatory
profile was weaker in placentas from GDM and MGH. In
MGH, placental levels of IL-18 and IL-8 were low but those
of IL-6, IL-17, and IFN-y were high. In placenta villi in GDM,
despite the high IL-8 levels, the concentration of IL-10 was
low. Low placental IL-10 levels have been associated with fetal
loss, premature delivery, and preeclampsia, irrespective of the
prevalence of maternal diabetes [38].

In a previous study it was found that placental TNF-« lev-
els are higher in diabetic women, suggesting that the previous
inflammatory and hyperglycemic environment stimulates
placental production of TNF-« in a full-term pregnancy [15].
TNEF-a production by immune cells in response to different
inflammatory stimuli is enhanced by membrane rupture in
complicated pregnancies [21, 39].

Cytokine IL-12 is reported to potentiate IFN-y produc-
tion by NK cells [40, 41], which is likely related to the higher
number of cells expressing CD16" in the placenta of diabetic
mothers (DM-2). One remarkable result is that the villous/
extravillous IFN-y and TNF-« ratio was higher in DM-2
placenta. It should be considered that during pregnancy
immunological adaptations occur, but the hyperglycemia can
alter these adaptations and be responsible for the greater
frequency of complications in pregnant women with diabetes
[42].

This finding corroborates the hypothesis that the pla-
centa is capable of modifying the concentrations of cells
and cytokines from the maternal blood before transferring
them to the fetus and that this activity is affected by the
inflammatory environment produced by hyperglycemia. An
appropriate pro- or anti-inflammatory cytokine balance in
decidua is required to support fetal development and must
therefore be preserved during antimicrobial responses to
prevent inflammation-induced tissue damage and maintain
a successful pregnancy [21].

5. Conclusion

In conclusion, the levels of cells expressing CD16" and cytok-
ines in maternal blood, cord blood, and placental tissue are
modified in pregnancies complicated by diabetes. Diabetic
mothers release a larger amount of cytokines, indicating their
important role in regulating the immune response during
pregnancy. Despite our findings, changes in the profile of NK
cells and cytokines in the placenta of patients with different
types of hyperglycemia deserve further attention, given their
function over the course of pregnancy.
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I ntrod uction

Abstract

This study imvestigated the expresion of the nepnaral Fe receptor (FeRn) in
rmatemal blood, cord bloed and placental cells and determimed Igh levels in
matemal blood and cord blosd fmm dighetic maothers. Peripheral blood, cord
blood and placenta samples were collected from 26 mothes with nommogly-
caemia (non-dizbetic, NI} group) and 52 with hyperglycaemia (20 with mild
gestational hyperglyceemia, MGH group, and 26 with type 2 dizhetes mellitus,
DM-2 group). Cells expressing CD19° and FeRn were identified by fow
cytometry. Total IgG and s subclames wem quantibed by ELISA. Matemal
blood fmm DM-2 and cord blood from MGH eshibited a higher proportion of
CDN9" expression by B cells. DM-2 showed a lower proportion of CT9" cells in
placenta. FeRn expression incrested in cells from cond blood and placenta from
MGH. Maternal blood, cond blood and plaenta cells from DM-2 showed lower
FeRa expression. Blood IgG levels were lower in DM-2, and cond blood IgG
levels were higher in MGH. The highest levels of IgG4 were detected in the
blood of hyperglycaemic mothes. The highest IgG3 and TG4 levels in oord
bloesd were detected in MGH, and the lowest IgG2 and IgG3 levels in DM-2.
Maternal hyperglycaemia compmmised placental transder of IgG1, 1gG3 and
IgG4. The results suggest that regardless of hyperglycaemia degree, it decreases
FeRan expression i placents and blood cells and comprmises the podue tion and
transfer of antibodies from marernal blood o newborns.

especially respiratory and  getrointestnal disorders [9,
10]. MNewboms usually exhibit high IgG levels ot birth,

Marernal dysfunctions have adverse implications for the
foetus [1]. That is, the cae of dishetes mellitus, which is
asmociated with imsufficient or absent insulin secredon by
the panciest that retults in mcesed blood glucede levels
and an inflammamwey esponse [2]. Disbetes, & chronic
disonder with multiple stiologies, alfects the membolism
of carbohydmtes, lipids and proteins of the mother. As a
result, it moy compmmise foetal development due to
unbalanced nutrient availability in maternal bloodstream
and failure in placental transport capacity [3-8]. The
modified glucose metsholism of dighetic mothers can also
affect immunological and bischemical components that are
trangemed to the foetus and newborn [4, 5] This is an
important ssue for infins bom to dishetic mothes,
comsidering that anti bodies translerred from the mother are
fundsrmental for their sdapmtion m the extra-uterine
EIvIRGIment.

The transder of mutemal antibodies to the newbom
protects them  aguimt common  childhesd  diseses,

& 2016 The Foundaton for the Scandinavian Journal of Immanclogy

and until sdminstrsrion of the Arst vaccines, this
immunoglobulin and s subclmses am their primary
humonl protection against vaccine-preventable childhoosd
ciseates [11]. IgGs are trmported acros the placenta by an
active pmcess involving the neonstal Fo recepror (FeRan),
but the levels of IgG subclasies vary as a function of their
affinity to these trophoblastic eeepros [12, 13].

Fchn is functionally expressed in several tissues and
cells [14-16]. It mediaes IgG homosatassis in adults,
muntaining it levels in the bloodsteam, and promotes
IgG transfer from mother to foetus in the premaal period,
via the placenta, providing humoral immunity o the
newbam [17, 18]

Despite the impomance of the pasive immunity
provided by maternal-newhom IgG erander in the prenstal
and post-matal period, before matration of the newbaorn
immune system, little 5 known about the mechamims
underlying this process in dizbetic mothers. Diahetes has
been found w affect IgG levels in cord blood [4], and a
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change i immunoglobulin levels i3 posibly saciated
with FcRn. This study evaluated IgG levels in the blood
and cord blood of pregrant women and their ssociation
with Feln expresion in cells fom maternal blood, cord
blend and placenta,

Materials and methods

Matemal blond, cord blood and placenm fmm diabetic
mothers weme evalusred in & cross-sectional study, The
subjects attended the Diabetes and Pregrancy Facility,
Schoal of Medicine Olstetncs Coume, TNESP, Botucatu,
SP. This study was approved by the instmutiona] Research
Ethics Committee, and all the subjects gave informed
wiitten consent before entering the experimental prowcol.
Fubjects. Women at 24-28 weeks of pregmancy underwent
a Ti-g oral glucae wlerance test (OGTT-T5 g) [19] and
analysis of glucose profile (GF) [20]. The GP test asesses
matermal plema glucose levels every 2h over a Ll-h
period, providing the mothers with & standard 2840-cal orie
diet spread over fve meals [20], which were applied in
parallel between the 24th and 28th weeks of pregnancy.
The GP test involves the asssment of maemal plasma
glucose levels each 2 h, for & period of 10 h, with standard
diet of 2840 calories, divided into five meals [20]. Alrered
GP were comnidered when any one values are found equal or

exceed fmting glycsemia of 4.9 my and post-prandial of

7.2 mu [20]. The OGTT-T5 g was altered whm:ug,rm't}m
following plasms glucose values sre met or exceeded fsning
glycaemiz of 5.1 mu; post-load 1 hoof 99 mw and post-
loadd 2 hoof 8.5 mu [19]. According to the results of the
Tig — oml gleoe wlerance tese (OGTT-T5 g) and
glucose profile (GF) test, TR pregramt women wen
classified into the following groups: non-dishetic group
(normal 75 g-OGTT and normal GP; & = 26), mild
gestatioml hyperglycsemic gmoup (noemal T3 g-OGTT
and abnoemal GP; & = 26) and type IT diabetes mellims
gmup (sboomal GTT-T5 g, prior the pregnancy, and
shnomal GP, n=26) [21]. The subjects continued
attending the facility, irespective of diagnosis, and the
hypenglycaemic patients followed a specific trestment for
glycsemic control,

Subect follmo-sp and characterization. Patients with DM-
2 or MGH were evalusted for GP with fsting, pre- and
post-prandisl glycsemic levels for 24 h in two-week
intervals unnl the 32nd week and then weekly unul
delivery. Glycaemic control was sseised during peegnancy.
Adequate glycemic control during pregnancy was defined
= 2 glycaemic mean of 6.6 my or less, and insdequare
contml was defined as a glycsemic mesn higher than
6.6 mu, Thus, pregnant women with MGH were trested
with & diet recommended by a diearian and exercise;
ingulin thempy we spplied when had insdequare gly-
caemnic control. Patient with DM-2 were treated with a
diet, exercise and insulin therapy since the beginning of the

E G. de Souzo et al

pregiancy [21].The NI pregrant women did ot receive
any type of intervention w hyperglycsemia control.

These patients wem charscterized by the gestationa] age
at delivery, weights and body mas indexes in the frst and
third trimester of gestation and glycared haemoglobin
levels (HbA Le) in the third trimester of gestation. For the
pregrant women clusibed & DM-2 and MGH, the
glycsermic mean (GM) was calculaed by the arithmetic
mean of plama glycsemia levels in all GP performed for
diagnose and trestment contml. In the NI group, it wes
caleulated by the glycaemic levels evaluasred during the
diagnestic GP, Plasma glucose wa evaluated by the
glucose oxidase method (Glucose Analyzer 11 B&:kmmh,
Brex, CA, TSA).

Blwd 1angfing. Samples of 8 ml of matermal blood were
collected prior tothe beginning of lsbour and cord blood at
birth in tubes with anticoagulant (EDTA). We centrifuged
them at 160 g for 15 min to separate plsma from the
cells, The plasms was stored st —80 °C for laer antibody
analysis,

Blwd fescocytes. We centrifuged them a 160 g for
15 min w separste plsma from the cells Cells were
incubated with lysing buffer (Becton Dickimson (BD),
Plum lye™ — BD Biosciences, Franklin Lakes, New
Jersey, TSA ) for 10 min at 4 °C and washed twice with
FACS buffer (BD Bigsciences). The cells were used
immediately for asays of FoRn expression. For determins-
tions of cells subsets, the mmples wene seprsted over 2
Ficoll-Pague 1077 {dersity of 1077 g/ml; Sigma Chem-
ical, 5. Louis, MO, USA) w isolare the MM cells.

Placenta lesicweytes, The placents col lected dunng deliv-
ery were immediately washed with a saline soluton and
sampled in the villous egion. The section sampled was cur
from the placental edge at a distance of & lesst 2 cm from
umbilical cord insernon [21]. The placenta sectiom were
stored in liquid nitrogen to be subsequently processed for
cell iolation.

For cell isolation, the placenta sections were macerted
in PBS with 0.03% Tween-20 using & PowerGen 123
homogenizer (Fisher S-cimﬁﬁca, Waltham, MA, TI5A)
The homogemite was fltered, and the sediment containing
the cells was fractioned by density gradient centrifugation
(160 x g, 40 min). Disontinuous Fooll-Hypague grdi-
ents weme prepared wing Histopague 1119 {demity of
LLLD gimly Sigra Chemical) and Ficoll-Pagque 1077
{demity of 1077 g/ml; Sigms Chemical) to isolate the
cells, After centrifugation, the supematant wes discarded,
One opague band where the cells had sertled was formed in
the interface between plasma snd Ficoll-Pague-1077 and
another band in the intedace berween Figoll -Paque- 1077
and Histopagque-1119, These hands were camfully trans-
ferred to tubes with & siliconized Pasteur pipetre. The cells
were washed ewice with Medium 199 (Sigma Chemical),
The cells were wed immediately for asays of cell subses
and FeRn expression,

Scandvesiaqn fornal of lamvnakyy, 2016, 84, 237-244
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Calf subsess . Forverifying the presence of subsets of B cells
expressing CDN9", placenta and blood cells were stained
with 5 gl of anti-CD19 fusescein isothiocyanate (FITC),
for 30 min & mom empersture. Cells were washed and
resuspended in phosphate-buffered saline (PBS) containing
bovine serum albumin {3 mgiml; BSA-Sigma, 8T Lows,
MO, USA) for flow cytometry analyies. Tsotypic controls
{IgG1-FITC, IgG1-PE both from BD Bigsciences) were
used . Dhata were analysed using the Fiomwo 7.2.5 software,

FeRm expresion in the blood and placenta feocyer. Cells
were washed (10 min; 4 *C) and reswpended in FBS
containmg bovine serum albumin (3 mg/ml; BSA-Sigma).

Blond cells and placenta cells were incubated with 10 ul of

anti-FeRn antbody produced in rabbit (Sigma, St Louis,
MO, USA) for 30 min &t 4 %C. Alter this period, the cells
were washed twice (10 min — 160 x g) and swmined with
10 gl of anti-lg rabbie-FITC (BD Bicsciences) for 30 min
at 4 °C. The cells wem washed and resuspended in PBS
containing bovine semm abumin (3 mgiml, BSA-Sigrma)
for flow cywmetry analyses. For block FeyR receptors, the
wvighle cells were preincubated with anti-human CD16-FE,
anti-human CD32-PE and anti-human CD64-PE (BD
Bisdriences). A minimum of 10 000 cells were gated by
size (FROC), granularivy {380C) and Huorescence intensity (FL)
with & fow cytemeter (FACSCalibur; BD Biosciences),
Duata were analysed using the Cris Quest Software (BD
Biaciences).

Immamaplobulin G and swbcla s desermination. The concen-
trations of toral IgG, IgGl, IgG2, IgG3 and IgG4 were
obtzined wing the immunceneyrmatc method (ELTSA-
Bisscience, Vienna, Awstriz). The blood samples wed for
the mesurement of roml IgG, IgGl, IgG2, IgG3 and
IgG4 were previously dilured in mszy buffer (PBS, 1%
Tween-20 and 10% bovine serum albumin) in  the
following respective proportions: L1000 (wiv); 1:1000
(v, 110000 {wiv), 11000 (w'v) and 1100 {wiv). The
reacding was performed s 450 nm. The values were
caleulsted wing the standard curve and expresed in mgfdl.

Statingial  analfyi. Data  were  expressed as  the
mean + sndard deviation (S0, Placental tramler ratios
of the wal, subclass and specific antibodies were defined
in each sssay o the mto of cond concentrations/matermal
concentrations > 100, The statistically significant differ-
ence was evaluated using the aralysis of variance {Anova)
for wtal, IgG subclss, CDI9° and FoRn expressions.
Statistical significance was considered  for 2 Povalue
<005,

Results

The clinical characteristics of the groups are shown in
Table . The women were similar in age, gestational age at
birth and weight before pregrancy (P = 0.05). Glugode and
HbAlc levels were higher in DM-2. Neonates from MGH
and DM-2 exhibited higher placental indexes (Table 1)
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Table 1 Marermland rewhorn dinical dura of non-disheric (M groap.
Mild pesmuonad hyperglyaemic groap (MGH) and ogpe 1T dishers
e o (TOM-2 0

Parameters NI MGH M2
Mothess
Mg (pears) .5+ 42 276 + 6.9 35k 59
Ceesmrional WMo+ L4 EL 315405
age (weds)
Gl s muic 4.5 £ 0% 52 k04 58 4 09*
mean (mah
Hhdlc %) 5.0 4+ 0% l 404 LR
BMI-1 TE 62 285 4+ 70 3T TH
BMI-2 3.+ 77 318+ 65 499
Mewharn
Bintweight 31303 & 30835 32564 4 4841 3520 4+ 6981
(&
Gl ocese leved 3.2 4 06 41 £ 048 A54+09
{map
Phucenial 168 & 037 085 £ 00dF 077 £ 005"

indes

HhAle — Glycmed haemoglobing BMI-1 (Body Mass Index in dhe fis
crimeser of pregnancyl, BMT-2 (Body Mass Idex in the third crimesner of
pregnancy. Data are expresssd as mean and sandard deviarion SD)L
Phicenal index cornsponds o the rario of placenal 1o Beral weighe.
“Ininerg reugs o i renes.

Matemal blood from DM-2 and cond blood fom MGH
exhibited the highest poportion of B cells exprsing
CDI9", DM-2 showed the lowest pmoportion of CDIY
cells in placenta and & higher proportion of cells expresing
CDM9" in maternal blood (Fig. 1).

The incubstion msays with ant-FeRn  antibodies
revealed that FeRn expression incressed in cells from cord
blood and placenta from MGH. Maternal blood, cord blood
and placenta cells from DM-2 showed lower FeRn
expresion (Figs 2 and 3)

The effects of changes in FeRn  expremion on
immunoglobulin concentration demonstrated lower mater-
mal blood IgG levels in DM-2 and higher IgG levels in oord
blogd from MGH (Table 2). However, IgG levels in the
mewboms, scquired by placenml transfer, were similar
berween NI and hyperglycaemic groups (Fig. 4.

With respect m gl subcluses, the levels of blood IgGl
and IgG4 were higher in MGH. DM-2 exhibited the
lowest levels of blood IgG2 and the highest of TgG4. IgG3
levels did not vary among the groups (Table 2), and in
MGH were higher in cord blood than in raemal blood.
In T¥M-2, IgG4 levels were higher in maternal blood than
in cord blood, and in MGH were lower in maternal blood
than in cord blood.

Cord bleod IgG2 and 1gG3 levels were lower in DM-2
than in NI (Table 2). In MGH, IgG3 and IgG4 levels in
cord blood were higher than in NI, However, the ratios
between cord bloed and maremal blood levels of IgGl,
IgG3 and IgG4 were lower in DM-2, wheress placental
Tg3 transfer was higher in MGH (Fig. 4).

42



240 FeRn Expression in Celk of Dishetic Mothers

Cellls (%)

=]

=]

7
]

H
4 . |

i

L8] niH
Fluorescen ce intensity

E G. de Souzo et al

Figure | Sobsers of cells exprasing CTH9° in
marermal blood, mord Bood and placena of dhe
ron-digheric (WD} groap and grougs wich mdld
peatational hyperglymemi (MGH) and dishers
(DM-2). The rsals regresent the mean and 50 of
cells from samples of marsrna | bood, cond blood and
placenma fom each group. ®*indicaes inesgroap
difererces within ewh sampls and “indioes
diferences herween sampl (pheenm and blead)
considering the mame mbsers of immone cels

B Mawrnal bhood X . ) X . i
Puoorescene intensity in non-disherc (A), mdd

B Cord o hyperglycaemic (B} and daberc ) groups)
Immanaffaorsence amlps wee amal oot by
W Flacern flow cpramerry (FACSCalbar;, Beaon Dhickinson,
Franklin Lakes, New Jemsey, TI5A)L
H

e hsternal blood e Cond blood s Placenta

50 7 mmaternal bood
M Cord blood "
N Placenta

&

=1

FeRin expresion (%)

ND IMGH IDit-2

Figure 2 Pl eqpression in matermsl blood, oord blood and placems of
the nonedigheric (NI} groop and groms with mild gestarional
hipperg lpcaemia (MGH) and diaberes (DM-2) Motes: Diara ane sxpressed
as mean and sanche] dewiarion () fom smgdes of mare el blood, oord
b and placenis fram each groop. *Swckical difEence berween Felin
expression in NT and MGH and berween MO and DIM-2 considering he
same sample (P oo 0.0%); “sarisrical differences herwean Felin RN
in marernal blood, cord bleod end plaems within a same  groop
(P < 005

IgG levels in materrsl blood and cond blood were
positively comelated (Peason's test, Fig. 5). In ND, IgG
levels in maternal blood wer paitively correlsted with

those of cord bled, MGH, in perticular, exhibited a
negative comelanion berween IgG levels in maternal and
cord blesd. MGH and DM-2 exhibited a negative
cormelation between maternal IgG levels and tmmfer mies.

Discussion

Plagental immunoglobulin transfer from mother 1o foetus
protects the new born against different infections in the first
months of life [9, 10] and s medisted by the FeRn
recepinr. The present study, however, showed that hyper-
glycaemia affects FoRn expression in maternsl blood and
placental cells, = well & bloed immunoglobulin levels.
The neonstal Fe recepror (FeRo) is msponsible for
transporting mutemal [gGs to foetw/rewboms and main-
wining 1gG homeeostasis in adules [22]. Associsted with
IgG, Feln has been shown to have imporant [unction
such as hall-life extersion of this immunoglobulin and
transcytosis acmad the epithelial cells of the upper sirway,
proscimal small investine and placenta [23, 24]. Hypergly-
caermia, however, changes IgG tmnsfer across the placenta
and lowers immunoglobulin levels in maemal blood [4].
The high glucese levels in hyperglycaemic women likely
faciliate IgG transfer scross the placenta and expand

Scawdiursin fowrnal of Lamweabyy, 2016, 84, 237-244
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FcRn expression (Fluorescence intensity)

Figure 3 FcRa expeession in cells of marermal blood and cond of the non-dighesic (ND) group and groups with mid gestational hyperg lycaemia (MGH)
and duberes (DM-2), indiced by fluorescence intensiy. Immanofluorescence wap were carried our by flow cyromecry (FACSCalibur; Becron

Dickirson).

glucose Bow to the foers becawse during pregnancy the
number of glucose tmmsporters increases [25]. In the
present study, we found that irespective of the significant
CDI19" expression by B cells, IgG levels in matermal blood
from DM-2 were low.

Resporses mediated by IgG are varied and depend on
the type of secondary immune response. The clinical
manifestation of the IgG profile of 2 given individual is also
determined by inherited allotypes [26]. In addition, the
mechanisms that regulate receptor expression in B cells
depend on the degree of glycosylation and epigenetic

@ 2016 The Founcdhton for the Scandi
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influence on glycosyltmamsfersse expression [27], which is
affected by several factors such & age, homones, cytokines,
pregnancy and mewmbolic disesse [28]. Interestingly, the
incresse in cells expressing (D19" detected in the blood
from DM-2 did not affect FcRn expression. Other studies
reported that FeRa is functionally expressed in severzl cells
[14-16] and thar matermal hyperglycaemia modibes the
phenotype of blood cells [8]. In the present study, the
change in the frequency of B cells and FcRn expression in
blood cells may be ssociated with alterations caused by
disbetes and pregnancy.
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Tahle 2 Toral Igh and Igh sobhdsses in maemal Bood and corl bloosd of de mondabes (ND groop and groops with mild geseriom]

hyperg lrcaemia (MGH) and dabees (DM-2).

Anchady Samgpsle D MGH T2 Sraisrical
IgG img Al Marernal blosd 146+ 522 4 15,7 & 2802 15855 & 240 8 F=317
Ciorel Bl eaned 1580.5 4 5734 17189 & 248 14501 £ 2526 FP=00m4
Tl (meg'dl} Marernal blood 1490.0 & 5515 12054 & 1827 13082 & 2650 FP=274
Cord Blosd 1041 4 251 * 1450 4 2518 1350 4 2668 P=0u024
TgG2 (mg/dl) Marernal hhood 204.7 & 429 2458 + 7435 1127+ 55 F=1%1
Cord Blosd 1925 == 518 042 4 151 1541 J.-ij.:’l"h P = 0,002
TgGs (meg'dl) Marernal hlood ML sk 407 HA4 & 595 5.0 % 160 F=45
Cord o] A 457 1104 2948 47.9 4 1500 P = i1
TgGd (meg'dl) Marernal hlood M4 7T 557 4 298 S0 4 189 F=4584
Card hland 425 4 295 TS + 3508 271 + 658 P =001

Dhata are expresed & mean and senderd deviadan (S0

“Graristical difErences herween immonoglobalin level in wamen with normoglyaemia end hyperglpaemia considering o same gaameter (P 2 0050
BSmrirical diflerence herwesn immanoglobualin levels in marernal Bleod and cord Blesd within o same groags (P < 0.05).

mND
| L=
HDM-Z

E 8

Transler rates|%)
B awH B
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!

Total g6 Gl WEZ a2 aE4

Figure 4 Placena cramfer raes of wml Tglh and gl sohdsses of
newhorns born o medhers of non-d sheric (ND) groag: and groogs with
il gestarional hyperg lrcaemda (MG H and disherss (DiM-2). The nesalos
are erpresed oo mean and stendard devirion (5Dl ®stacsrical diference
berween the grougs (P < L05L

The importnce of placental ransport of IgG subelasses
must be comidersd becawse it 13 necessary to prevent
newborn susceptibility to certain infections [9, 29]. The
IgG subclsses am quite different with respect to the
immune response they trigger and the function they exert
[26].

Dtz on IgG levels and is subclsses in pon-diabetic
pregnant women sre controvemsial. Some suthors luve
reparted that cord blood containg higher mwtal IgG oand

IgGl levels and lower Ig(G2 and IgG3 levels than those of

matermal blood [30], wheress others found higher TgG1,
IgG3 and IgG4 levels in cord bleed [31]. In the present
study, the highest IgGl levels were detected in MGH
wormen, [gil s the main [gh subcles ransported via the
placenta, followed by IgG3, IgG4 and IgG2, which show
lower af finity to the FeRn receptor [26]. In this study,
MGH exhibited the highest amount of FeRn receptor in
cord blood amnd placenta cells, probably smsociated with the
high levels of TgGl. Although similar TgG1 levels were
detected in the cord blood of DM-Z, this group exhibited
lower placental transfer of this immunoglobulin and lower

FcRn content in placenta cells, reinforcing the asociaton
between FeRon expression and placental IglGl transer.
IgGl is the main IgG subclass provided to the foerus via

the placents, and given the evidence of the effects of

matemal glucoe levels on it transference, we suggest the
existence of a relatiomhip between maternal glucose levels,
FeRn expression in blood and placenta cells and the
mother/child immunoglobulin tmnsfer rae. This is the
first study to report clanges in bloosd IgG subclsses and
FeRn expresion in blood and plaenta cells i disbetic
mthers and their implications for newboms.

Ome noteworthy aspect is thar placenml ransfer of 1gG3
was higher in MGH than NI women, (dher studies report
that placental modibeations cansed by hyperglycaemia can
change the tramport of moecules. Discontinuity in the
trophoblastic layer of the placenta of hyperglycaemic
mothers [32] facilitates the pessage of glocose [33] and
posgibly of some immunoglobulicg, In addition, the
greater villous capillarization in the plaena of women
with mild gestarional hyperglycsemia [21] can promote
rrote mal—fpetal tramfer of substances.

The IgG levels in maternal blood and cord blood were

cormelsted, s were IgG levels in marernal blood and mes of

placental gl transder. IgG exhibired a positive correlation
berween cord blood and the blood of NI mothes, wheres
in MGH, immunoglobulin levels in maternal blood were
imversely correlated with these of cord blood. In hypergly-

csemic mothers, IglG in marermal blood and reves of

placental IgG transder were also inversely correlated. Other
studies have reported a comelation between cytokine in
matemal blepd and cord bloed in disbetic mothers,
suggesting the influence of immune componems on the
re gulation of immune cells in newborns [B]. In the present

study, the comelation between marernal blood and rares of

placental IgG transfer in digbetic mothers indicates tha
hyperglycaemia affects foetal TgG levels,

The scquisition of pasive immunity s particularly
impartant in the neomatal period, when the immune system

Scandinsicn Journal of I gy, 2016, 94, 257244
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Figure % Corelivions herwesn monal TpG in maternal and Tg G oord Beod (A)and correlarion herereen marernal TpGe levels and oransfer rares (B )of samgsles
from mothers non-d aberic {ND}, mild hyperg lrmemda {(MGH] and disheric {TiM-2}.

of newborns is still immatune, Marermal IgG, wansferred in
the intrautenne emvironment, quickly provides passive
immunity to the foetus, and in the Arst months of life
protects newborms from a number of infections [11]. On the
other hand, the modibed glucose metabolism of dishetic
mgthers affect i mmunological components [4, 3] and induce
oxidative streds [34] facwes proinflam ey [8, 35-37] and
the placental hypervaicularizstion [38].

These alterations, especially olserved in the placenta,
act in & vicariant mosde, n atempts @ protect the
developing foets [39). The key w these changes is the
maternal hyperglyceemia, with consequent foetal hyper-
glycaemia and hyperinsulinemia inducing hypoxia  and
inflammation in the middle intmurerine and incressed
susceptibility @ infections in newborn. Thereby, the
control of maemal hyperglycsemia [21, 36, 40] can
revere these proceises and prevent perimatal complication.

Conclusion

The results suggest that mild of severe maternal hyper-
glycaernia affects IgG production, IgG placentl tramfer
fate and FiRn expresion. In addition, they mdicste that

& 2016 The Foundaden for the Scandiravian ool of Immoanokgy

alterations in maternsl-infant tmmfer of IgG amibodies
may be msociared with changes in FcRon expression in the
placenta and blond cells.
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Stutese dos resultados doo artiges




SINTESE DOS RESULTADOS DOS ARTIGOS

ARTIGO 01
Amostra Parametro Resultado
IMC; A DM-2
Média glicémica A DM-2
A DMG
HbA,;C
A DM-2
) IL-2 v DMG
MAE
Citocinas IFN-y A DMG
IL-17 4 DM-2
CD16*CD56" |4 DMG e DM-2 >>> HGL
Células NK | CD16CD56* Semelhante entre os grupos
CD16°CD56" |v DMG
A DM-2
indice Placentério A DMG
A HGL
LGA A HGL
IL-4 A DMG
RN Citocinas IFN-y 4 DMG
IL-17 A DMG e DM-2
CD16'CD56" |a DM-2
CD16CD56* |A DMG e DM-2
Células NK
Semelhante
CD16*CD56* v DMG
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Placenta

Extraviloso Viloso
IL1-B v HGLeDMG Semelhante
IL-2 Semelhante v HGL
IL-4 A HGL Semelhante
IL-6 4 HGLeDMG v DMG e HGL ADM-2
Citocinas IL-8 4 DMG yHGL e DM-2 A DMG
IL-10 A HGL, DMG e DM-2 v DMG
IL-12p70 A DM-2 Semelhante
TNF-a A DM-2 ADM-2
IFN-y 4 HGLeDM-2 § DMG A HGL e DM-2
IL-17 A HGL e DM-2 A HGL e DM-2
CD16'CD56" |4 DMG e DM-2 Semelhante
CélulasNK | CD16CD56* A& HGLeDMG vy DM-2 AHGLeDMG yDM-2
CD16'CD56" |4 HGL e DMG y DM-2 v DM-2




51

ARTIGO 2
Grupo/Resultado
Amostra/Parametro
HGL DM-2
Sangue Materno Semelhante Expressdo de CD19 ACD19

Sangue do cordéo

A CD19

Semelhante Expresséo de CD19

Placenta

Semelhante Expressdo de CD19

Semelhante Expressdo de CD19

Sangue Materno

+ 1gG2elgG4 y IgGl

v IgGtotale IgG2 4 IgG4

Sangue do corddo

A IgGtotal, 1gG3 e 1gG4

v 1gG2I1gG3e IgG4

[Sangue do corddo/sangue

materno].100

A 1gG3

v lgG1, 1gG3 e IgG4

Sangue Materno

Semelhante Expressdo de FCcRn

v Expressdo do receptor FCRn

Sangue do corddo

A Expresséo do receptor FcRn

v Expresséo do receptor FcRn

Placenta

A Expressdo do receptor FCRn

v Expressdo do receptor FCRn

IgG total [Sangue materno/

sangue do cord&o]

Correlagédo negativa

IgG total [Sangue materno/

tx. de transferéncia]

Correlagédo negativa

Correlagéo negativa







CONCLUSOES

Os resultados deste estudo sobre o percentual de células NK, producdo de
citocinas e expressao do receptor que facilitam a transferéncia de imunidade materna
para unidade feto-placentéria permitem as seguintes conclusdes:

v A hiperglicemia materna influencia no perfil imunolégico materno e de
seus recem-nascidos, produzindo um ambiente inflamatorio com elevada
producdo de citocinas, apresentando alteracdes na expressao de células
NK, na expressdo do receptor FCRn na placenta, na producdo e taxa de
transferéncia de 1gG.

v" Reforcam, ainda, a hip6tese que a placenta é capaz de modular células e
citocinas do sangue materno antes de transferir para o feto e que a
hiperglicemia modifica o fenétipo das células.

v Os resultados sugerem o IFN-y como potencial marcador no sangue
materno para 0 grupo DMG e a IL17-A como potencial marcador no
sangue materno para o grupo DM2, sugerindo ambas citocinas como

biomarcadores na predicdo dessas condi¢Bes associadas a gestacao.
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ANEXO 1
Comité de Etica em Pesquisa (CEP)

«h _ .
unes “%  Universidade Estadual Paulista
p Faculdade de Medicina de Botucatu

Distrito Rubiic Junior, sin® - Botucatu -8 p
CEP: 18.618-970

Fone/Fax: (Oxx14) 38116143 g

Registrado no Ministério da Sadde
em 30 de ahril de 1957

e-mail secretaria; capellup@fmb.unesp.br
e-mail coordenadona: tsardenmimn uneso br

Botucatu, 01 de outubro de 2.012 OF. 504 /2012

Tlustrissima Senhora

Prof®. Dr®. Iracema de Mattos Paranhos Calderon
Departamento de Ginecologia e Obstetricia da
Faculdade de Medicina de Botucatuy

Prezada Dr® Iracema,

De ordem do Senhor Coordenador, informo que o Projeto de Pesquisa
(Protocolo CEP 4389-2012) “Marcadores da imunomodulagdo no sangue
materno e fetal e nas placentas de maes diabéticas ou com
hiperglicemia gestacional leve”, a ser conduzido por Glilciane Morceli,
orientada por Vossa Senhoria, co-orientada por Adenilda Cristina Hondrio-
Franca, com a colaboracdo de Cristiane de Castro Pernet Hara, Débora
Cristina Damasceno, Danny Laura Gomes Fagundes, Eduardo Luiza Franga,
Jusciele Brogin Moreli e Marilza Vieira Cunha Rudge, recebeu do relator
parecer favordvel, aprovado em reunido de 01/10/2012.

Situagdo do Projeto: APROVADO. Os pesquisadores deverdo apresentar ao
CEP ao final da execucdo do Pro Jjeto o "Relatdrio Final de Atividades”.

Alberto Santos Capel ppi
Secretdrio do CEP
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ANEXO 2

Processamento das Amostras
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