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- Revisão sistemática: “Association of innate immunity genes with preeclampsia: a 
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- Artigo original: “IFIH1 is decreased in preeclampsia, and its knockdown reduces the 

poly(I:C)-induced up-regulation of inflammation-, angiogenesis- and hypertension-related 
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RESUMO 

 

A hipertensão arterial (HA) é uma desordem comum com etiologia incerta. Entretanto, 

sabe-se que a inflamação vascular caracterizada pela infiltração de células do sistema imune é 

um mecanismo importante no desenvolvimento desta condição.  Outro distúrbio hipertensivo 

conhecido é a pré-eclampsia (PE), uma síndrome específica da gravidez, caracterizada pela 

ativação excessiva do sistema imunológico materno, levando à inflamação e disfunção 

endotelial, causando hipertensão. Existem fortes evidências que receptores da imunidade inata 

(pattern-recognition receptors – PRRs) também tem um importante papel no 

desenvolvimento da HA e da PE. 

Os PRRs reconhecem padrões moleculares associados a patógenos (pathogen-

associated molecular patterns – PAMPs) ou a ligantes endógenos (danger-associated 

molecular patterns – DAMPs), ativando diferentes cascatas de sinalização que regulam 

respostas inflamatórias locais e sistêmicas. Estes receptores incluem retinoic acid-inducible 

gene I (RIG-I)-like helicases (RLHs), nucleotide-binding oligomerization domain (NOD)-like 

receptors (NLRs) e toll-like receptors (TLRs). 

Apesar de alguns estudos já terem ligado a ativação excessiva de PRRs à PE, ainda 

não é claro como essa ativação leva ao desenvolvimento desta complicação. Dessa forma, 

visando esclarecer se diferentes PRRs estão realmente associados com PE e como isto ocorre, 

realizamos uma revisão sistemática da literatura sobre o assunto. Vinte e seis estudos estavam 

de acordo com os critérios de inclusão e foram revisados: 20 que analisaram expressões de 

PRRs de acordo com a presença de PE e 6 que investigaram a associação de polimorfismos 

nos genes para PRRs e esta complicação.  
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Poucos estudos analisaram expressões nos genes RIG-I, IFIH1, TLR-1, 5, 6, 7, 8 e 9 

em células do sistema imune ou placentas de mulheres com PE (casos) ou mulheres grávidas 

saudáveis (controles). Sendo assim, ainda é inconclusivo se estes PRRs estão envolvidos no 

desenvolvimento da PE. Os resultados dos 10 estudos que analisaram expressões do TLR-2 

em casos e controles também são contraditórios. A maioria dos estudos que investigaram 

expressões do TLR-3 e TLR-4 em casos e controles para PE indicam que estes receptores 

estão aumentados na placenta ou células imunes de mulheres com PE. Até o momento, 

polimorfismos nos genes TLR-2, 3, e 4 e NOD-2 não parecem estar associados com o 

desenvolvimento da PE.  

O receptor interferon-induced with helicase C domain 1 (IFIH1) é uma NLR que tem 

um papel importante na imunidade inata contra infecções virais. Interessantemente, um estudo 

prévio realizado pelo nosso grupo demonstrou uma expressão aumentada do gene IFIH1 em 

células mononucleares de pacientes com diabetes mellitus tipo 1 (DM1) e HA comparado a 

pacientes normotensos. Além disso, um estudo prévio sugeriu a associação deste receptor com 

PE. Sendo assim, visando esclarecer o papel do IFIH1 na HA e PE, comparamos a expressão 

de IFIH1 e as frequências do polimorfismo rs1990760 neste gene entre mulheres com PE 

(casos) e mulheres grávidas saudáveis (controles). Em um estudo experimental, também 

avaliamos o efeito do knockdown do IFIH1 com siRNA em uma linhagem de células 

endoteliais humanas tratadas com ácido nucléico viral sintético (PIC) na expressão de genes 

relacionados à inflamação, angiogênese e hipertensão.  

No estudo de caso-controle, a expressão gênica de IFIH1 foi diminuída em placentas 

de mulheres com PE (n = 44) comparado ao grupo controle (n = 65) (p= 0,049). Após a 

exclusão das mulheres negras da amostra, esta diferença entre grupos foi mais pronunciada 
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(p= 0,004). As frequências do polimorfismo rs1990760 não diferiram significativamente entre 

mulheres com PE (n = 59) e mulheres controles (n = 134).  

Para o estudo experimental, células HUVECs (human umbilical vein endothelial cells) 

foram transfectadas com um siRNA controle ou com dois diferentes siRNAs contra o IFIH1, 

por 48 h. Em seguida, as HUVECs foram transfectadas com PIC, por 24h, para mimetizar 

uma infecção viral. Após este período, o RNA total foi extraído para as análises de expressão 

gênica.  

O tratamento com PIC induziu um aumento significativo nas expressões de TNF, IFN-

, iNOS, VEGF, ANGPT-2 e ET-1 e o bloqueio do IFIH1 foi capaz de prevenir parcialmente o 

aumento nestes genes. O tratamento com PIC não induziu a expressão gênica de PGE-2 (p 

>0,05). Todos os resultados de expressão gênicas foram confirmados nos experimentos 

usando um segundo siRNA contra IFIH1. O aumento nos níveis proteicos de Ang-II-

induzidos por PIC pareceram diminuir após bloqueio do IFIH1, mas esta diferença não 

atingiu significância formal (p= 0,069).  

Para avaliar se os genes relacionados à hipertensão e angiogênese poderiam ser 

induzidos em um ambiente inflamatório não viral, as HUVECs foram tratadas com a citocina 

pró-inflamatória IFN- por 48 h. O tratamento com esta citocina aumentou significativamente 

as expressões de STAT-1, PGE-2, ANGPT-2 e VEGF. Estes resultados indicam que um 

ambiente inflamatório não viral é suficiente para ativar a via do IFIH1 em células endoteliais. 

Dessa forma, estudos adicionais são necessários para definir quais PAMPs ou DAMPs podem 

ativar IFIH1 nessas células levando a expressão de genes relacionados à inflamação, 

angiogênese e hipertensão.      

Em conclusão, nossos resultados sugerem que a expressão de IFIH1 está diminuída 

em mulheres com PE, provavelmente contribuindo a patogênese desta complicação. Além 
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disso, experimentos in vitro nas HUVECs demonstraram que o tratamento com PIC é capaz 

de induzir as expressões de genes relacionadas à inflamação, angiogênese e hipertensão e que 

o bloqueio do IFIH1 diminui o aumento na expressão destes genes. Este estudo contribuir 

com um possível novo papel do IFIH1 na patogênese da PE e HA.  
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ABSTRACT 

 

Arterial hypertension (AH) is a common disorder with unknown etiology. However, it 

is known that vascular inflammation characterized by infiltration of immune cells is a key 

mechanism in the development of this condition. Other recognized hypertensive disorder is 

preeclampsia (PE), a specific pregnancy syndrome characterized by excessive activation of 

the maternal immune system, leading to inflammation and endothelial dysfunction, and then 

causing hypertension. There are strong evidences that innate immunity receptors (pattern-

recognition receptors – PRRs) play an important role in the development of AH and PE. 

PRRs recognize highly conserved pathogen-associated molecular patterns (PAMPs) as 

well as endogenous ligands (danger-associated molecular patterns – DAMPs), activating 

different signaling cascades that regulate local and systemic inflammatory responses. These 

receptors include retinoic acid-inducible gene I (RIG-I)-like helicases (RLHs), nucleotide-

binding oligomerization domain (NOD)-like receptors (NLRs) e toll-like receptors (TLRs). 

Even though some studies have linked an excessive PRR activation to PE, it is still 

unclear how this activation might lead to the development of this complication. Therefore, 

aiming to elucidate if different PRRs are indeed associated with PE and how this occurs, we 

conducted a systematic review of the literature on the subject. Twenty-six studies met the 

inclusion criteria and were revised: 20 of them analyzed PRR expressions according to PE 

presence, and 6 studies investigated the association between PRR polymorphisms and this 

complication.  

Only few studies analyzed RIG-I, IFIH1, TLR-1, 5, 6, 7, 8 and 9 expressions in 

immune cells or placentas from PE women (cases) and healthy pregnant women (controls); 

therefore, it is still inconclusive if these PRRs are involved in PE. Results from the 10 studies 
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that analyzed TLR-2 expressions in cases and controls are contradictory. The majority of the 

studies that investigated TLR-3 and TLR-4 expressions in cases and controls indicate that 

these PRRs are increased in placenta or immune cells from PE women. To date, 

polymorphisms in TLR-2, 3, and 4 and NOD-2 genes do not seem to be associated with PE 

development. 

The interferon-induced with helicase C domain 1 (IFIH1) receptor is a NLR that plays 

an important role in the innate immunity against viral infections. Interestingly, a previous 

study published by our group demonstrated an increased IFIH1 expression in mononuclear 

cells from type 1 diabetic patients with AH compared to normotensive patients. Moreover, 

this receptor also seems to be associated with PE. Hence, to further investigate the role of 

IFIH1 in AH and PE, we compared IFIH1 expressions and frequencies of the rs1990760 in 

this gene between PE women (cases) and healthy pregnant women (controls). In an 

experimental study, we also evaluated the effect of IFIH1 knockdown with siRNA in a human 

endothelial cell line treated with synthetic viral nucleic acid (PIC) in the expression of genes 

related to inflammation, angiogenesis and hypertension.    

In the case-control study, IFIH1 expression was decreased in placenta from PE women 

(n = 44) compared to the control group (n = 65) (P= 0.049). After exclusion of black women, 

the difference between groups was more pronounced (P= 0.004). Frequencies of the 

rs1990760 polymorphism did not differ significantly between PE women (n = 59) e control 

women (n = 134).  

In the experimental study, HUVECs (human umbilical vein endothelial cells) were 

transfected with either a control siRNA or with two different siRNAs targeting IFIH1 for 48h. 

Then, HUVECs were transfected with PIC, for 24 h, to mimic a viral infection. After this 

period, total RNA was extracted for gene expression analyses.  
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PIC treatment induced a significant increase in TNF, IFN-, iNOS, VEGF, ANGPT-2, 

and ET-1 expressions, and the IFIH1 knockdown was able to partially prevent the up-

regulation of these genes. PIC treatment did not influence PGE-2 gene expression (P >0.05). 

All gene expression results were confirmed in experiments using a second siRNA targeting 

IFIH1. IFIH1 knockdown seemed to prevent PIC-induced increase of Ang-II protein levels, 

although this difference did not reach formal statistical significance (P= 0.069). 

To evaluate if hypertension- and angiogenesis-related genes could be also induced in a 

non-viral inflammatory environment, HUVECs were treated with the pro-inflammatory 

cytokine IFN- for 48 h. Treatment with this cytokine significantly increased STAT-1, PGE-2, 

ANGPT-2 e VEGF gene expressions. These results indicate that a non-viral inflammatory 

environment is sufficient to activate IFIH1 pathway. Therefore, further studies are necessary 

to clarify which PAMPs or DAMPs could activate IFIH1 in these cells, leading to the 

expression of genes related to inflammation, angiogenesis and hypertension.  

In conclusion, our results suggest that IFIH1 gene expression is decreased in placentas 

from PE women, probably contributing to PE pathogenesis. Furthermore, the in vitro 

experiments in HUVECs demonstrated that PIC treatment induces expressions of genes 

related to inflammation, angiogenesis and hypertension, which is decreased after IFIH1 

knockdown. This study adds a new possible role for IFIH1 in the pathogenesis of PE and AH.  
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1. INTRODUÇÃO 

 

A hipertensão arterial (HA) é uma desordem comum com etiologia incerta [1]. 

Entretanto, sabe-se que a inflamação vascular caracterizada pela infiltração de células do 

sistema imune é um mecanismo importante no desenvolvimento desta condição [2]. A 

contribuição da inflamação na patofisiologia da HA é fortalecida por estudos que mostraram a 

expressão aumentada de moléculas de adesão e seus ligantes, extravasamento de leucócitos, 

produção de citocinas, aumento do estresse oxidativo e ativação das células imunes e rotas 

pró-inflamatórias nas artérias de pacientes hipertensivos e roedores [2, 3].   

Nos últimos anos, tornou-se evidente que os componentes da imunidade inata (por 

exemplo, macrófagos) e adaptativa (linfócitos-T efetores e regulatórios) desempenham um 

papel importante na HA [1, 4]. Macrófagos e linfócitos-T se infiltram no tecido perivascular 

do tecido adiposo, coração e rins de pacientes hipertensos e de roedores com modelo de dano 

renal (revisado em [1]). Interessantemente, em ratos com ausência de macrófagos, tratamento 

com angiotensina-II (Ang-II) e sal de acetato de deoxicorticosterona (DOCA) foram 

incapazes de aumentar os níveis pressóricos ou induzir o estresse oxidativo ou a remodelação 

vascular que segue o estímulo hipertensivo [5, 6], fortalecendo a hipótese de que a imunidade 

inata tem um papel importante na HA. Embora esses estudos tenham implicado os 

macrófagos e outros componentes da imunidade inata no desenvolvimento da HA, os 

mecanismos exatos pelos quais eles agem permanecem incertos.  

Harrison et al. [1] sugerem que tais mecanismos devem envolver produtos de 

macrófagos, incluindo espécies reativas de oxigênio (EROs) e citocinas pró-inflamatórias, que 

se difundem para as células endoteliais e vasculares, alterando as suas funções. Isto pode 

induzir a ativação de enzimas geradoras de EROs nestas células, estimulação da hipertrofia e 
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crescimento das células musculares lisas da parede vascular, produção de quimiocinas, 

citocinas e moléculas de adesão, alterações na produção de óxido nítrico (ON) e outras 

alterações da sinalização das células do endotélio vascular. Além disso, ações similares das 

EROs e citocinas pró-inflamatórias nas células epiteliais renais podem também promover 

retenção do volume de sódio, contribuindo ao desenvolvimento da HA [1].  

Outro distúrbio hipertensivo conhecido é a pré-eclampsia (PE), a qual atinge 3-5% de 

todas as gravidezes e é uma condição rapidamente progressiva, normalmente diagnosticada 

por pressão arterial elevada (≥ 140/90 mmHg) e proteinúria [7, 8]. Novas definições também 

incluem disfunções orgânicas maternas, tais como insuficiência renal, comprometimento 

hepático, complicações neurológicas ou hematológicas, disfunção uteroplacentária, e restrição 

de crescimento fetal [8, 9].  

Várias teorias têm sido propostas para explicar a etiologia da PE, incluindo invasão 

superficial de células trofoblásticas, levando a remodelação inadequada das artérias espirais, 

placentação anormal, angiogênese deficiente e disfunção do sistema imune. A placenta é a 

interface primária entre o feto e a mãe e desempenha um papel importante no 

desenvolvimento fetal. Ela facilita a transferência de substratos e participa na modulação da 

resposta imune materna para prevenir a rejeição imunológica do concepto [10]. De fato, a 

ativação do sistema imune parece ser necessária para as fases iniciais do implante. No 

entanto, sabe-se que a ativação excessiva do sistema imune materno pode induzir a disfunção 

endotelial e inflamação e pode desempenhar um papel importante no desenvolvimento desta 

condição [11, 12]. Estas evidências fortalecem que a imunidade inata também parece ter um 

papel importante no desenvolvimento da PE. 
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1.1. Receptores da imunidade inata do tipo pattern-recognition receptors 

 

O reconhecimento de micro-organismos pelo sistema imune de mamíferos depende de 

componentes tanto da imunidade inata como da adaptativa. A imunidade inata é a primeira 

linha de defesa contra bactérias, fungos e vírus [13, 14]. A detecção de micro-organismos 

invasores é feita por diferentes receptores celulares do tipo pattern-recognition receptors 

(PRRs), os quais reconhecem padrões moleculares associados a patógenos (pathogen-

associated molecular patterns - PAMPs). Estudos identificaram três grupos de PRRs: retinoic 

acid-inducible gene I (RIG-I)-like helicases (RLHs), nucleotide-binding oligomerization 

domain (NOD)–like receptors (NLRs) e toll-like receptors (TLRs) [15, 16].  

A classe RLH compreende principalmente o RIG-I e o interferon-induced with 

helicase C domain 1 (IFIH1), receptores citosólicos que reconhecem RNAs de fita dupla 

(RNAfd) produzidos durante a replicação e transcrição do RNA viral, desempenhando um 

papel importante na resposta imune desencadeada por infecção viral [13, 17]. Existem fortes 

evidências de que estas duas helicases utilizam vias intracelulares semelhantes para induzir 

uma resposta antiviral. No entanto, apesar das suas semelhanças estruturais, o IFIH1 e RIG-1 

parecem estar envolvidos no reconhecimento de diferentes tipos de vírus [18]. 

Os NLRs estão localizados no citoplasma e no núcleo. Alguns NLRs, tais como NOD-

1-2, após a detecção de fragmentos de peptidoglicanos bacterianos, ativam vias pró-

inflamatórias através do nuclear factor-kB (NF-B) e mitogen-activated protein kinases  

(MAPK), induzindo autofagia. Outros NLRs, tais como NLRP3, NLRP6, NLRP7, NLRP12 e 

NLRP4, regulam a formação de inflamassomas, levando à ativação da caspase-1 e à clivagem 

das citocinas pró-inflamatórias interleucina-1β (IL-1β) e interleucina-8 (IL-8) para a sua 

forma ativa [19]. 
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Os PRRs mais extensivamente estudados são os TLRs, que compreendem pelo menos 

10 membros [20-22]. Os TLRs de superfície celular, incluindo TLR1, TLR2, TLR4, TLR-5, 

TLR6 e TLR10, são essenciais para o reconhecimento de componentes da parede celular de 

bactérias e fungos, tais como lipopolissacarídeos (LPS) e lipopeptídeos. Por outro lado, 

TLR3, TLR7, TLR8 e TLR9 são expressos exclusivamente em compartimentos intracelulares, 

tais como os endossomos, e seus ligantes, principalmente ácidos nucleicos virais e bactérias, 

requerem a sua internalização antes da sinalização [20, 23, 24]. 

Cabe ressaltar que as NLRs, RLHs e TLRs além de detectar uma variedade de 

PAMPs, também reconhecem padrões moleculares endógenos associados a perigo (danger-

associated molecular patterns - DAMPs), liberados pela morte ou dano de tecidos durante 

estresse ou apoptose [15].  

 

1.2. O papel dos PRRs na resposta às infecções virais 

 

Os PRRs específicos presentes nas células infectadas são ativados e sofrem mudanças 

na sua conformação, ativando cascatas sinalizadoras que culminam na produção de diversas 

citocinas pró-inflamatórias, quimiocinas e o interferon do tipo 1 (IFN-I) [16]. O IFN-I é uma 

citocina produzida pela maioria das células durante infecções virais, promovendo a expressão 

de diversos genes relacionados à resposta antiviral em células alvo e também modulando o 

sistema imune adaptativo através da ativação de células dendríticas, linfócitos-T e linfócitos-

B. Estes IFNs exibem uma potente ação antiviral, protegendo as células ainda não infectadas e 

induzindo apoptose naquelas já infectadas [17]. 

Sabe-se que ilhotas pancreáticas humanas infectadas com o vírus Coxsackie B5 ou 

expostas a IFN- ou IFN- + IL-1 aumentam a expressão do TLR-3, RIG-1 e IFIH1 [25, 
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26]. Tanto o RNAfd intracelular como o extracelular podem se ligar ao TLR-3 e engatilhar a 

produção de citocinas e quimiocinas pró-inflamatórias, levando à apoptose das células-beta 

através da ativação de fatores de transcrição chaves: o NF-B e o IFN-regulatory factor 3 

(IRF-3) [27, 28].  

De fato, estudos mais recentes demonstraram que enquanto a ativação de NF-B e 

IRF-3 por RNAfd extracelular é dependente de TLR-3, a ativação por RNAfd intracelular, um 

produto da replicação viral no citoplasma, ocorre através da ativação de RIG-1 e IFIH1 [27]. 

As ativações de NF-B e IRF-3 desencadeiam a produção de IFN- e IFN-, os quais levam 

a ativação da via janus kinases / signal transducers and activators of transcription-1 

(Jak/STAT-1), e ativam a expressão de antígenos de MHC classe I e de diversas quimicionas 

[13, 25, 28]. Esta resposta molecular complexa leva a atração de células do sistema imune, as 

quais vão liberar mais citocinas pró-inflamatórias, como IFN-, IL-1 e TNF. A inflamação 

local e a ativação das defesas antivirais visam erradicar a infecção e engatilhar apoptose nas 

células infectadas. 

 

1.3. O polimorfismo rs1990760 no gene IFIH1 e sua associação com doenças autoimunes 

  

O gene IFIH1, também conhecido como Melanoma differentiation-associated gene-5 

(MDA-5), codifica um receptor citoplasmático que reconhece o RNAfd e está envolvido na 

resposta imune desencadeada por infecção viral [18]. A ligação do RNAfd ao IFIH1 engatilha 

a secreção de citocinas pró-inflamatórias, particularmente IFN-I, pelas células do sistema 

imune, desencadeando a resposta imune (Figura 1) [17].  O gene IFIH1 é expresso em baixos 

níveis em vários tecidos, mas é expresso em altas taxas em células do sistema imune [18, 29]. 

Ao nível transcricional, o IFIH1 é induzido por IFN-I, ácido retinóico e RNAfd [29].  



 

24 

 

   

Figura 1. Sinalização antiviral através do receptor IFIH1. O RNA de fita dupla (RNAfd) produto da replicação 

viral é detectado pela helicase citosólica IFIH1, ativando a proteína adaptadora IPS-1 através da interação com o 

seu domínio CARD. A proteína IPS-1 induz via de sinalização intracelular, levando  à ativação dos  fatores de 

transcrição IRF-3 e NF-B e consequente produção de IFN/ pelas células infectadas. IFN/, por sua vez, 

ligam-se ao seu receptor e através da via JAK-STAT-1 induzem a expressão de genes estimulados por interferon 

(interferon-stimulated genes - ISGs) e a resposta da imunidade inata [17]. 

 

O polimorfismo rs1990760 (G/A) troca uma alanina por uma treonina no códon 946 

do éxon 15, com a variante Ala946 sendo altamente conservada entre os mamíferos. Liu et al. 

[30] demonstrou que o genótipo G/G deste polimorfismo está associado com um aumento de 

2 fold changes na expressão do gene IFIH1 em células mononucleares de sangue periférico 

humano. Alguns estudos evidenciaram fortes associações entre o polimorfismo rs1990760 e 

doenças autoimunes, tais como psoríase [31], periodontite crônica [32], polimiosite [33], 
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esclerose múltipla [34], síndrome Aicardi-Goutières (AGS) [35] e o diabetes mellitus tipo 1 

(DM1) [36-38]. 

Um estudo realizado pelo nosso grupo confirmou na nossa população a associação do 

alelo A do polimorfismo rs1990760 (G/A) com risco para o diabetes mellitus tipo 1 (DM1) 

(OR= 1,421; p= 0,037) [36]. Interessantemente, quando comparamos características clínicas 

do DM1 entre os diferentes genótipos deste polimorfismo, observamos que portadores do 

alelo A apresentaram níveis menores de pressão sistólica (A/A: 117,4  16,0 vs. A/G: 121,1  

19,0 vs. G/G: 128,5  18,9; p= 0,001) e diastólica (A/A: 74,4  9,8 vs. G/A: 78,0  10,8 vs. 

G/G: 82,4  13,5; p <0,000001) quando comparados aos portadores do genótipo G/G. Além 

disso, o genótipo A/A foi associado com proteção para HA, após ajuste para idade, sexo e 

etnia (OR= 0,339, IC 95% = 0,14-0,84; p= 0,019) [36]. Também observamos uma expressão 

aumentada de IFIH1 em células mononucleares de pacientes com DM1 e HA comparados a 

pacientes com DM1 normotensos (P= 0,036) [36]. Cabe ressaltar que este foi o primeiro 

estudo a mostrar uma associação do gene IFIH1 com HA. Além disso, até o momento 

nenhum estudo avaliou polimorfismos neste gene com PE. 

 

1.4. O papel das PRRs na hipertensão arterial e pré-eclâmpsia  

 

O endotélio vascular não só proporciona uma barreira física controlando a 

permeabilidade vascular, mas também secreta uma série de substâncias vasoativas que 

regulam o tônus das células do músculo liso subjacentes e a remodelação da parede dos vasos 

sanguíneos [39]. Lesões no endotélio celular desempenham um papel chave no processo de 

inflamação vascular, promovendo o recrutamento de leucócitos através do aumento da 

produção de várias citocinas, quimiocinas e moléculas de adesão [39]. 
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 O receptor TLR-4 é expresso no endotélio e desempenha um papel fundamental no 

desenvolvimento da disfunção endotelial, em parte, através da ativação do inflamassoma 

NLRP3 [40]. Estudos in vitro e in vivo demonstraram que a administração de LPS provoca 

disfunção endotelial rápida nas artérias de camundongos selvagem, mas não em camundongos 

com o gene TLR-4 bloqueado [40]. Da mesma forma, o receptor endossomal TLR-3 parece 

promover a inflamação e a disfunção em células endoteliais [41] e células vasculares do 

músculo liso [42].  

A disfunção do sistema imune inato e adaptativo tem sido demonstrada como tendo 

um papel chave no desenvolvimento da PE [12, 43]. A ativação do sistema imune materno 

pode ser desencadeada em parte por micro-organismos invasores, assim como por agentes 

endógenos, os DAMPs. Neste contexto, alguns estudos experimentais e clínicos tem 

associado a ativação dos TLRs durante o desenvolvimento da PE [(revisto em [43])]. TLRs 

podem ser ativados por DAMPs liberados durante uma lesão celular, devido à má 

placentação, estresse oxidativo e disfunção endotelial [44, 45]. Os DAMPs que parecem 

ativar os TLRs levando a PE incluem, o DNA fetal, proteínas de choque térmico, 

fibrinogênio, ácido hialurônico, Oxidized low-density lipoprotein (oxLDL) e Angiotensina-II 

[43-46]. 

Chatterjee et al. [43, 47] demonstraram que os três receptores virais, TLR-3, RIG-I e 

IFIH1, são excessivamente ativados em placentas de camundongos e mulheres com PE. Os 

autores também mostraram que o tratamento de camundongos com RNAfd sintético 

intracelular (PIC) aumentou significativamente os níveis de TLR3, causando hipertensão 

dependente da gravidez, disfunção endotelial e inflamação placentária [43, 48]. Além disso, 

na PE, a necrose das células trofoblásticas resulta na liberação do DNA mitocondrial, o qual 
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ativa o TLR-9, induzindo a inflamação vascular excessiva e disfunção endotelial, causando 

hipertensão materna [49]. 

Resumidamente, estes estudos sugerem que uma resposta imune ativada por agentes 

exógenos ou endógenos pode levar à produção de citocinas pró-inflamatórias, causando um 

processo inflamatório tanto no endotélio vascular como na placenta, contribuindo à 

patogênese da HA e PE. Entretanto, estudos ainda são necessários para um melhor 

esclarecimento do papel do IFIH1 e outros PRRs no desenvolvimento destas doenças. 

 

2. JUSTIFICATIVA E OBJETIVOS 

 

Alguns estudos tem sugerido que diferentes receptores da imunidade inata (pattern-

recognition receptors – PRRs) estão associados ao desenvolvimento da PE e HA. Entretanto, 

ainda não está definido quais destes receptores estão realmente associados com estas doenças 

e como isto ocorre.  

O IFIH1 é uma NLR que tem um papel importante na imunidade inata contra 

infecções virais. Interessantemente, um estudo prévio realizado pelo nosso grupo demonstrou 

pela primeira vez uma expressão aumentada do gene IFIH1 em células mononucleares de 

pacientes com DM1 e HA comparado a pacientes normotensos. Além disso, outro estudo 

prévio sugeriu a associação deste receptor com PE. Contudo, ainda não se sabe como o IFIH1 

contribui à PE ou a HA.  

Tendo em vista o exposto acima, são necessários novos estudos in vivo e in vitro que 

investiguem as associações entre diferentes PRRs e PE ou HA e como disfunções nestes 

receptores podem levar a estas complicações. O entendimento de como estes receptores da 
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imunidade inata podem influenciar o desenvolvimento da HA ou PE poderá levar a 

identificação de potenciais alvos terapêuticos.   

Dessa forma, os principais objetivos desta tese foram: 

 

- Realizar uma revisão sistemática visando sintetizar os resultados de todos os estudos que 

avaliaram expressão de genes para PRRs ou frequências de polimorfismos nestes genes entre 

mulheres com PE (casos) ou mulheres grávidas saudáveis (controles).  

 

- Em um estudo de caso-controle, comparar a expressão do gene IFIH1 e as frequências do 

polimorfismo rs1990760 neste gene entre mulheres com PE (casos) e mulheres grávidas 

saudáveis (controles).  

 

- Em um estudo experimental, avaliar o efeito do bloqueio do gene IFIH1 (knockdown com 

siRNAs) em uma linhagem de células endoteliais humanas tratadas com RNA dupla fita viral 

sintético (PIC) na expressão de genes relacionados à inflamação, angiogênese e hipertensão.  
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Abstract 

 

Innate immune system dysfunction has been known to be a key player in PE. Activation of 

the maternal immunity may be triggered by invading microorganisms as well as endogenous 

ligands, which are detected by different pattern-recognition receptors (PRRs). PRRs include 

RIG-I-like helicases (RLHs), NOD-like receptors (NLRs) and toll-like receptors (TLRs). 

After ligand binding, PRRs activate signaling pathways that regulate local and systemic 

inflammatory responses. Although some studies have linked PRR activation to PE, it is still 

unclear how excessive PRR activation might lead to the development of this complication. 

Therefore, we conducted a systematic review of the literature on the subject, searching all 

articles that evaluated associations of PRRs with PE. Twenty-six studies met the inclusion 

criteria: 20 of them analyzed PRR expressions in humans or mice, and 6 studies investigated 

the association between PRR polymorphisms and PE. Only few studies analyzed RIG-I, 

IFIH1, TLR-1, 5, 6, 7, 8 and 9 expressions in immune cells or placentas from PE women and 

control women; therefore, it is still inconclusive if these PRRs are involved in PE. Results 

from the 10 studies that analyzed TLR-2 expressions in PE women and controls are 

contradictory. The majority of the studies that investigated TLR-3 and 4 expressions indicate 

that these PRRs are increased in placenta or immune cells from PE women. To date, 

polymorphisms in TLR-2, 3, and 4 and NOD-2 genes do not seem to be associated with PE 

development. In conclusion, available data in literature strongly support a role of TLR-3 and 

TLR-4 in the pathogenesis of PE. Further studies are needed to confirm if other PRRs are 

indeed involved in PE pathogenesis, and if polymorphisms in PRR genes predispose to this 

pregnancy complication.  
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Introduction 

 

Preeclampsia (PE) affects at least 3-5% of all pregnancies and is a rapidly progressive 

condition usually diagnosed by new onset high blood pressure (BP) and either proteinuria or 

end-organ dysfunction (such as renal insufficiency, liver involvement, neurological or 

hematological complications, uteroplacental dysfunction or fetal growth restriction) or both 

after 20 weeks of gestation in a previously normotensive woman [1-3]. In women with 

chronic/preexisting hypertension, PE is defined by the new onset of either proteinuria or end-

organ dysfunction after 20 weeks of gestation [3]. Although the origins of PE remain unclear, 

an activation of maternal immune system leading to inflammation and endothelial dysfunction 

may play an important role in the development of this condition [4, 5]. 

In the last few years, studies have demonstrated the involvement of specific key 

components of the innate immunity in the first line of defense against microorganisms. 

Detection of invading microorganisms is carried out by a wide range of pattern-recognition 

receptors (PRRs), which recognize highly conserved pathogen-associated molecular patterns 

(PAMPs) derived from virus, bacteria and fungi [6, 7]. Studies have identified three groups of 

PRRs: retinoic acid-inducible gene I (RIG-I)-like helicases (RLHs), nucleotide-binding 

oligomerization domain (NOD)–like receptors (NLRs) and toll-like receptors (TLRs) [7, 8].  

The RLH class mainly comprises RIG-I and interferon-induced with helicase C 

domain 1 / melanoma differentiation-associated gene-5 (IFIH1/MDA-5) cytoplasmic 

receptors. They recognize the double-stranded RNA (dsRNA) produced during the replication 

and transcription of viral RNA, playing a role in the immune response triggered by viral 

infection [9, 10]. There are evidences that these two helicases use similar intracellular 

pathways to induce an antiviral response. Nevertheless, despite their structural similarities, 
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IFIH1 and RIG-I seem to be non-redundant and are involved in the recognition of different 

types of virus [11]. 

NLRs are located in the cytosol and nucleus, where they detect a wide variety of 

PAMPs as well as endogenous danger-associated molecular patterns (DAMPs). Some NLRs, 

such as NOD-1 and NOD-2, after sensing bacterial peptidoglycan fragments, activate pro-

inflammatory NF-κB and MAPK pathways, and induce autophagy processes. Others NRLS, 

such as NLRP3, NLRP6, NLRP7, NLRP12 and NLRP4, regulate inflammasome formation, 

leading to caspase-1 activation, and consequent cleavage of the pro-inflammatory cytokines 

IL-1 and IL-18 into their active forms [12].  

The most extensively studied PRRs are TLRs, which comprise at least 10 members 

with different triggers [8, 13, 14]. Cell-surface TLRs, including TLR1, TLR2, TLR4, TLR-5, 

TLR6 and TLR10, are essential to recognize bacterial and fungal cell wall components, such 

as lipopolysaccharide (LPS) and lipopeptides. On the other hand, TLR3, TLR7, TLR8 and 

TLR9 are exclusively expressed in intracellular compartments such as endosomes, and their 

ligands, mainly bacterial and viral nucleic acids, require internalization before signaling is 

possible [8, 15, 16].  

Innate and adaptive immune system dysfunction has long been known to be a key 

player in PE [5, 17]. Activation of the maternal immunity may be triggered in part by 

invading microorganisms as well as endogenous DAMPs. In this context, some experimental 

and clinical studies link TLR activation to the development of PE (reviewed in [17]). TLRs 

have been shown to be activated by DAMPs released during cellular damage due to poor 

placentation, oxidative stress, and endothelial dysfunction. The DAMPs that seem to activate 

TLRs leading to PE include fetal DNA, heat shock proteins, hypoxia, fibrinogen, hyaluronic 

acid, and oxidized LDL [17-19]. RIG-I and IFIH1 also seem to be activated excessively in 
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placentas of mice and women with PE [17]. However, it is still unclear how excessive 

activation of different PRRs acting as the body’s pathogen and stress responders might lead to 

the development of PE. Therefore, as part of the ongoing effort to confirm the association of 

different PRRs with PE and how this occurs, we conducted a systematic review of the 

literature on the subject. 

 

Materials and Methods 

 

Search strategy and eligibility criteria 

This systematic literature search was designed and described in accordance with current 

guidelines [20]. PubMed and Embase repositories were searched to identify all studies that 

analyzed associations between PE and innate immunity genes, including: IFIH1/MDA-5, RIG-

I, TLRs, and NLRs. The following medical subject headings (MeSH) were searched: "IFIH1 

protein, human" OR "IFIH1 protein, mouse", "Toll-like receptor 9" OR "Toll-like receptor 6" 

OR "Toll-like receptor 10" OR "Toll-like receptor 8" OR "Toll-like receptor 7" OR "Toll-like 

receptor 5" OR "Toll-like receptor 4" OR "Toll-like receptor 3" OR "Toll-like receptor 2" OR 

"Toll-like receptor 1" OR "Toll-like receptors", NLRP1 protein, human" OR "NALP1 protein, 

mouse" OR "Nalp1 protein, rat" OR "NLRP3 protein, human" OR "CIAS1 protein mouse", 

"RARRES3 protein human" OR "Robo3 protein mouse", "NLRC5 protein mouse" OR 

"NLRP10 protein human", "Preeclampsia" OR "Hypertension, Pregnancy-Induced" OR 

"HELLP Syndrome" OR "eclampsia". The search was completed on March, 2016, and it was 

limited to English or Spanish language papers, and included both human and animal studies. 

All articles identified were also searched manually to identify other important citations.   
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We included case-control studies that evaluated the association between PE and one or 

more of the above mentioned genes, including studies reporting protein and gene expression 

data or polymorphism analyses. If data were duplicated and had been published more than 

once, the comprehensive study was chosen for inclusion in the systematic review. Two 

investigators (B.M.S. and A.P.B.) independently reviewed the titles and abstracts of all 

articles selected in order to evaluate whether the studies were eligible for inclusion in the 

systematic review. Disagreements were resolved by discussion between them and when 

necessary a third reviewer (D.C.) was consulted.  

 

Data extraction and quality control assessment 

Data were independently extracted by two investigators (B.M.S. and A.P.B.) using a 

standardized abstraction form [21, 22], and consensus was sought in all extracted items. When 

consensus could not be achieved, differences in data extraction were resolved by a third 

reviewer (D.C.) and by referencing the original publication. The following data were 

extracted from each individual study according the presence of PE: 1) characteristics of the 

studies (including name of first author, publication year, number of subjects in case and 

control groups, age, gestational age,  body mass index (BMI), systolic BP, diastolic BP and 

ethnicity); 2) polymorphism frequencies (including genotype and allele distributions in case 

and control groups and OR (95% CI); 3) protein and gene expressions [21, 22].  

Similarly, two investigators (B.M.S and A.P.B.) independently assessed the quality of 

each eligible study using the Newcastle-Ottawa Scale (NOS) for assessing quality of case-

control studies [23]. The NOS scale contains eight items, categorized into three dimensions: 

selection, comparability, and exposure. For each item, a series of answer options is provided. 

A star score system is used to allow a semi-quantitative assessment of the study quality, such 
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as the highest quality studies are given a maximum of one star for each item, with exception 

of the item related to comparability, which allows two stars to be given. Thus, the total NOS 

score ranges from zero to nine stars. 

 

Results 

 

Literature search and characteristics of eligible studies  

The strategy used to identify and select studies for inclusion in the systematic review is shown 

in Figure 1. A total of 159 possibly relevant articles were retrieved by searching the 

electronic databases, and 121 of them were excluded during the reading of titles and abstracts. 

Thirty-eight articles appeared to be eligible after this phase and, then, their full texts were 

evaluated. Nevertheless, after careful analysis of the full texts, another 12 studies were 

excluded owing to ineligible study design or because they analyzed other genes non-related to 

PRRs. A total of 26 articles [17, 24-46] fulfilled the eligibility criteria and were included in 

this systematic review.  

The available characteristics of studies included in this systematic review are 

described in Table S1. The mean age of analyzed subjects was 29.5 ± 5.0 years for PE groups 

and 30.1 ± 8.0 years for control groups. Mean gestational age was 34.7 ± 3.0 weeks in women 

with PE vs. 37.9 ± 1.0 weeks in control women. Mean systolic BP was 156.0 ± 6.0 mmHg in 

cases with PE and 110.0 ± 9.0 mmHg in controls, while mean diastolic BP was 102.7 ± 6.0 

mmHg in cases vs. 70.3 ± 5.1 in controls. Most studies were performed in European or North 

American populations. It is worth noting that some articles did not provide detailed 

information of the analyzed women (Table S1). 
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The quality of each individual study reviewed is shown in Table S2. The highest 

quality studies were awarded nine stars using NOS scale and accordingly as reported in 

Material and Methods Section. In general, most studies were considered as having moderate 

to good quality. None of the papers scored less than 5 stars, and 72% of them received 7 or 8 

stars.   

 

Qualitative analysis of studies that evaluated PRR gene or protein expressions in relation to 

PE 

Twenty studies have analyzed expressions of one or more genes codifying PRRs in humans or 

mice with PE (cases) compared to normal pregnant females (control groups) (Table 1). Ten 

studies were done in human placenta samples and 10 studies in immune cells. Most of them 

reported TLR-2, -3 or -4 gene and/or protein expressions in human placenta or immune cells. 

No study has evaluated NLR expression.   

Only one study has evaluated IFIH1/MDA-5 and RIG-I expressions in humans and 

mice [17]. Chatterjee et al. [17] showed that IFIH1 and RIG-I proteins were increased in 

placenta from pregnant, poly I:C (PIC)-treated mice compared to normal pregnant mice. PIC 

is a synthetic analog of viral dsRNA. Moreover, these helicases were increased in placenta 

from pregnant women with PE compared to healthy pregnant women.  

Three studies have investigated TLR-1 expression in humans [32, 34, 47]. Two of 

them were not able to find any differences in the expression of this gene in dendritic cells 

from PE women and control women [34, 47]. In contrast, Nitsche et al. [32] reported a 

decreased TLR-1 gene expression in neutrophils from cases compared to control women.  

Ten articles have reported TLR-2 expression in humans [28, 30, 33-36, 41, 43, 47, 48]. 

Five of these studies evaluated TLR-2 gene and/or protein expressions in placenta [28], 
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peripheral blood mononuclear cells (PBMCs) [30], dendritic cells [34, 47] or monocytes [36], 

showing similar results between PE women and control women. Four studies reported 

increased TLR-2 expressions in PBMCs [41], placenta (trophoblast, stroma and vascular 

endothelium cells, and fetal part) [35, 43] or neutrophils [48] from PE women compared to 

the control group. Conversely, Nitsche et al. [33] showed a decreased TLR-2 gene expression 

in neutrophils from PE women. 

Six publications have reported TLR-3 expressions in humans or mice [17, 25, 34, 35, 

42, 47]. Four of them showed increased TLR-3 gene or protein expressions in placentas of PE 

women or mice compared to controls [17, 25, 35, 42]. Panda et al. [47] observed increased 

TLR-3 protein levels in primary dendritic cells isolated from the circulation of PE women 

compared to cells from the control group. In contrast, the same group showed that despite 

differences observed at the protein level in the above-mentioned study, TLR-3 gene 

expression was similar in dendritic cells isolated from PE and control groups [34]. 

Sixteen articles have investigated TLR-4 expressions in humans [24, 28-30, 33-37, 40, 

41, 43, 45-48]. Thirteen of these studies showed increased TLR4 gene or protein expressions 

in maternal neutrophils [48], PBMCs [30, 41], cord blood mononuclear cells [46],  monocytes 

[36, 45], dendritic cells [47] or placenta [24, 29, 35, 37, 40, 43] from PE women compared to 

the control group. On the other hand, Nitsche et al. [33] reported decreased TLR4 gene 

expression in neutrophils from PE women compared to control women, whereas two other 

studies were not able to find any differences in TLR4 gene expression in dendritic cells [34] or 

placenta [28] from case and control groups.  

While one study reported decreased TLR-5 gene expression in neutrophils from PE 

women compared to the control group [32], other study showed increased expression of this 

gene in the placenta [43]. Only one study evaluated TLR-6 gene expression in placenta, 



 

42 

 

showing increased values in cases compared to controls [43]. Similarly, one study reported 

increased TLR-7 gene and protein expressions in placentas from PE women compared to the 

control group [25]. In the same way, only one study demonstrated increased TLR-8 

gene/protein expressions in placentas from PE women compared to healthy pregnant women 

[25]; although, two other studies did not find any differences in TLR-8 expressions in 

dendritic cells from PE  and control groups [34, 47].                                                                                                                              

Three articles have described TLR-9 expressions accordingly to PE occurrence. Two 

of them reported increased TLR-9 protein levels in placentas [35] or dendritic cells [47] from 

PE women, while Panda et al. [34] did not find any association between TLR-9 gene 

expression in dendritic cells and PE occurrence.  

 

Qualitative analysis of studies that evaluated associations between polymorphisms in genes 

for PRRs and PE 

Only 6 studies have addressed the associations between polymorphisms in genes codifying 

PRRs and PE (Table 2). These studies focused in TLR-2, TLR-3, TLR-4 and NOD-2 genes.  

 Three articles have analyzed polymorphisms in the TLR-2 gene [26, 27, 39]. Xie et al. 

[39] reported that the presence of Arg753Gln (G/A; rs5773708) polymorphism in this gene 

was associated with early-onset PE (<34 weeks’ gestation; OR = 2.57, 95% CI 1.31-5.05), but 

not late-onset (34) PE in Canadian women. However, Franchim et al. [26] was not able to 

find any differences in frequencies of the TLR-2 Arg753Gln polymorphism between Brazilian 

women with PE and race-matched healthy fertile women with at least 2 previous successful 

pregnancies (control group). Moreover, Fraser et al. [27] did not find any association between 

the TLR-2 Arg753Gln polymorphism and PE in women from United Kingdom.  
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 Only one study evaluated polymorphisms in the TLR-3 gene regarding PE, showing 

similar frequencies of the Leu412Phe (A/G; 3775291) and -299698 (G/T; rs3775296) 

polymorphisms between case and control groups [44].  

Four articles have evaluated the association between polymorphisms in the TLR-4 

gene and PE [26, 31, 38, 39]. Van Rijn et al. [38] analyzed TLR-4 Asp299Gly (A/G; 

rs4986790) and Thr399Ile (C/T; rs4986791) polymorphisms in women with early-onset PE 

(cases) and women with uneventful pregnancies (controls) from Germany. These two 

polymorphisms were in strong linkage disequilibrium. Their results showed that after 

adjustment for maternal age and chronic hypertension, positivity for one or more of the minor 

alleles of the TLR-4 Asp299Gly or Thr399Ile polymorphisms were more common in cases 

than in controls (OR = 2.9, 95% CI 1.2-6.7). Nonetheless, three other studies, performed in 

Brazilian [26], Hungarian [31] and Canadian [39] populations, did not find any associations 

between Asp299Gly and/or Thr399Ile polymorphisms and PE.  

The study by Van Rijn et al. [38] was the only one analyzing polymorphisms in the 

NOD-2 gene and development of PE. In that study, the authors showed that, individually, 

NOD-2 Arg702Trp (C/T; rs2066844), Gly908Arg (G/C; rs2066845) and Leu1007fs (C/-; 

rs2066847) polymorphisms did not contribute to the development of PE. However, highest 

ORs for early-onset PE were observed for women carrying any of the five minor alleles of the 

TLR-4 (Asp299Gly/Thr399Ile) or NOD-2 (Arg702Trp/Gly908Arg/Leu1007fs) genes, within 

the highest tertiles for IL-6 and fibrinogen, with ORs of 6.9 (95% CI 2.1-23.2) for IL-6 and 

3.8 (95% CI 1.2-11.8) to fibrinogen, respectively [38].  
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Discussion  

 

Several theories have been proposed for explaining the etiology of PE, including shallow 

invasion of trophoblast cells leading to inadequate remodeling of the spiral arteries, abnormal 

placentation, deficient angiogenesis and immune system dysfunction. Indeed, immune system 

activation seems to be required for early stages of implantation. On the other hand, an 

excessive activation of the maternal immune system against the fetus may play an important 

role in the development of PE [17, 49, 50]. The activation of the maternal immune system 

might be triggered by PAMPs derived from different invading microorganisms as well as by 

endogenous DAMPs produced by cells and tissues during stress or apoptosis [17, 51]. 

Different PRRs recognize specific PAMPs or DAMPs, leading to the activation of signaling 

cascades and the production of proinflammatory cytokines, which coordinates local and 

systemic inflammatory responses [14, 52]. Although some studies have linked excessive PRR 

activation to the development of PE, it is still inconclusive if PRRs are indeed involved in the 

development of this pregnancy complication and how it occurs. Thus, we performed a 

systematic review of 26 studies that analyzed the potential relationship between PRR genes 

and PE. 

 As already commented, IFIH1/MDA-5 and RIG-I cytoplasmic receptors recognize 

different intracellular dsRNAs generated during viral replication [9]. These receptors may 

also recognize cell-generated small RNAs [17]. After binding with dsRNA, IFIH1 and RIG-I 

will activate signaling pathways leading to the activation of the transcription factors nuclear 

factor-kappa B (NF-B) and interferon-regulatory factor 3 (IRF-3), ultimately driving the 

production of proinflammatory cytokines, chemokines, and type I interferons (IFN-I). Then, 

IFN-I binds to its receptor and activates the Jak-STAT pathway to drive the expression of 
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IFN-regulated genes and the innate immune response [9-11]. While IFIH1 and RIG-I have 

been implicated in a number of diseases, including type 1 diabetes mellitus (T1DM) and other 

autoimmune diseases [9], only one study has investigated these receptors regarding PE. 

Preliminary results reported by Chatterjee et al. [17] indicate that both receptors are activated 

excessively in placentas from PE women as well as placentas from PIC-treated mice. Until 

the present, no study has evaluated the association between polymorphisms in IFIH1 or RIG-I 

genes and PE. Therefore, further studies are necessary to determine the role of IFIH1 and 

RIG-I in the development of this disease. It is worth mentioning that a previous study from 

our group showed increased IFIH1 gene expression in mononuclear cells from T1DM patients 

with arterial hypertension compared to normotensive T1DM patients [6], also suggesting a 

role for this receptor in hypertension.  

Among the most important families of PRRs are the TLRs, which selectively 

recognize several PAMPS and DAMPs [8]. For more details regarding which specific PAMP 

is recognized by each TLR please refer to Assmann et al. [14]. TLR signaling proceeds 

through two pathways: the myeloid differentiation factor 88 (MyD88)-mediated pathway, and 

the TIR-domain containing adaptor inducing IFN- (TRIF)-mediated pathway. The MyD88 

pathway leads to the activation of NF-B and several mitogen-activated protein kinases 

(MAPK) that activate different genes related to inflammatory reactions. The TRIF pathway 

culminates in IFN-I production similarly as reported for IFIH1. TLR-3 only activates the 

TRIF pathway; TLR4 activates both pathways, while all other TLRs activate exclusively the 

MyD88 pathway [14, 53, 54].    

Only few studies have analyzed TLR-1, TLR-5, TLR-6, TLR-7, TLR-8 and TLR-9 

expressions in immune cells or placentas from PE women and healthy pregnant women 

(Table 1). Thus, it is still inconclusive if these TLRs are involved in the etiology of PE in 
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humans. Of note, Chatterjee et al. [25] reported that treatment of human trophoblasts with 

specific agonists for TLR-7 (R-837) and TLR-7/8 (CLO97) significantly increased their 

protein levels, leading to inflammation and immune cell activation via well-known TLR 

signaling pathways. Moreover, treatment of mice with R-837 or CLO97 agonists caused 

pregnancy-dependent hypertension, endothelial dysfunction, splenomegaly, and placental 

inflammation. The authors also showed that both TLR-7 and TLR-8 gene and protein 

expressions were increased in women with PE compared to healthy pregnant women [25]. 

Until this date, no study has evaluated the association between polymorphisms in TLR-1, 

TLR-5, TLR-6, TLR-7, TLR-8 and TLR-9 genes and PE.  

TLR-2 recognizes PAMPs derived from bacteria, fungi or parasites [14]. Although ten 

studies have evaluated TLR-2 expressions in humans, the results are contradictory: while 5 

studies reported similar TLR-2 levels in PE women and control pregnant women [28, 30, 34, 

36, 47], 4 studies showed increased expressions in immune cells or placentas from cases 

compared to controls [35, 41, 43, 48], and one study observed decreased gene expression in 

neutrophils from PE women compared to the control group [33]. Three studies have analyzed 

the association between the Arg753Gln (G/A; rs5773708) polymorphism in the TLR-2 gene 

and PE [26, 27, 39], also with inconclusive results. The study by Xie et al. [39] was the only 

one to report an association of this polymorphism with increased risk for PE, but only when 

comparing frequencies between women with early-onset PE and the control group. The 

authors concluded that the analyzed polymorphism appear to lower thresholds for early-onset 

and severe PE, but not late-onset or mild disease. The other two studies did not analyze TLR-2 

Arg753Gln frequencies according to PE severity [26, 27].  

TLR-3 endoplasmic receptor recognizes viral or endogenous dsRNA [14], and it is the 

most abundant TLR in placenta [55]. Six studies have reported TLR-3 expressions in humans 
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or mice [17, 25, 34, 35, 42, 47], showing that protein levels of this PRR are increased in 

placenta or immune cells of PE women or mice compared to the respective control groups. 

Even though Panda et al. [47] observed increased TLR-3 protein levels in circulating 

dendritic cells from PE women compared to the control group; they did not observe any 

differences at mRNA level [34], suggesting a post-transcriptional regulation for this gene. 

Abrahams et al. [56] reported that first-trimester trophoblast cells are able to modulate the 

maternal immune system by their ability to secrete cytokines and chemokines following TLR-

3 activation caused by PIC treatment; thus, suggesting that trophoblast cells are able to 

recognize and specifically respond to viral products in a regulated manner [56]. In addition, 

other studies in rodent models indicate a role of TLR-3 activation in detrimental pregnancy 

outcomes [57-59]. The only study that evaluated TLR-3 polymorphisms was not able to find 

any association of these polymorphisms with PE [44].    

In the same way as TLR-2, TLR-4 plasma membrane receptor recognizes PAMPs 

derived from bacteria, fungi or parasites [14]. Among the 16 studies that evaluated TLR-4 

expressions in immune cells or placentas [24, 28-30, 33-37, 40, 41, 43, 45-48], the majority 

have demonstrated an increased expression of this gene in PE women compared to healthy 

pregnant women. An important role of TLR-4 in the development of PE is further supported 

by the study of Chaiworapongsa et al. [60] showing that TLR-4 activation by LPS inhibits the 

migratory capacity of the trophoblast, which might explain the impaired extravillous 

trophoblast invasion and remodeling of spiral arteries in the decidua from PE patients. 

Moreover, TLR-3 and TLR-4 activation in pregnant rats led to the development of 

pathological changes similar to those observed in PE women [57, 61]. 

In contrast, Nitsche et al. [33] reported decreased TLR-2 and TLR-4 expressions in 

neutrophils from women with mild PE compared to the control group, which goes in the 
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opposite way than expected considering that TLRs are possibly involved in an up-regulation 

of the innate immune system. The authors suggested that the decrease in TLR-2 and TLR-4 

expressions might represent a compensatory reaction to the inflammatory signals present in 

PE women. The decrease in these TLRs would render the maternal neutrophils less able to 

answer to specific PAMPs or DAMPs, decelerating the inflammatory cascade seen in PE [33]. 

Interestingly, Panda et al. [47]  showed that although basal expressions of TLR-3, TLR-4 and 

TLR-9 were increased in dendritic cells from PE women, these cells demonstrated a less 

robust response to stimulation with TLR ligands compared to cells from healthy pregnant 

controls. They hypothesized that a dysregulated patter of TLR expression and cytokine 

production in dendritic cells from PE patients may limit further activation by TLR 

engagement. Additional research is needed to clarify these contradictory results.  

Four studies have analyzed the association between TLR-4 polymorphisms and PE [26, 

31, 38, 39]. Of them, only one study was able to find an association between the minor alleles 

of the TLR-4 Asp299Gly and Thre399Ile polymorphism and early-onset PE [38]. The same 

group found no association for three attenuating polymorphisms (Arg702Trp, Gly908Arg and 

Leu1007fs) of the NOD-2 gene and PE [38]. Nevertheless, the three NOD-2 polymorphisms 

increased the risk for early-onset PE when in presence of the minor alleles of the TLR-4 

polymorphisms, especially within the highest tertiles for IL-6 and fibrinogen [38]. 

Unfortunately, this study did not analyze women with late-onset PE. Negative results 

regarding associations of TLR2/4 and NOD-2 polymorphisms with PE might be explained by 

the low frequency of the analyzed polymorphisms in these genes, lack of statistical power of 

the studies, genetic background of each population as well as differences in severity of PE. 

The effect of polymorphisms in PRR genes might be different between early- or late-onset PE 
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[39] and it should be considered when analyzing the association between polymorphisms in 

these genes and the disease.   

In conclusion, this systematic review shows that available data in literature strongly 

support a role of TLR-3 and TLR-4 in the pathogenesis of PE. However, additional research 

is still needed for a better understanding on how an excessive activation of these TLRs in 

response to exogenous or endogenous danger signals can lead to PE development. Moreover, 

further studies are needed to confirm if other TLRs, IFIH1/MDA-5, RIG-I and NOD receptors 

are indeed involved in PE pathogenesis, and if polymorphisms in PRR genes predispose to 

this pregnancy complication. Through additional investigation of the PRR involvement in PE, 

it might be possible to identify potential targets for PE intervention.  
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Figure 1.  Flowchart illustrating the search strategy used to identify association studies of 

pattern-recognition receptors (PRRs) genes and preeclampsia for the systematic review. 
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   Table 1. Relationship between gene or protein expressions of pattern recognition receptors and preeclampsia. 

1
st
 author,  

year [ref.] 

Gene Human or 

animal 

Tissue /cells Results Method of 

analysis 

Al-ofi et al.,  

2012 [41] 

TLR-2 and TLR-4 Human PBMCs Both proteins were increased in cases (n=17) compared to controls 

(n=11). 

FC 

Bernardi et al., 

 2012 [24] 

TLR-4 Human Placenta TLR-4 protein was higher in cases (n=33) than controls (n=33). WB 

Chatterjee et al.,  

2011 [17] 

RIG-1, IFIH1 and 

TLR-3 

Human and 

mouse 

Placenta Proteins of these 3 PRRs were increased in women with PE and PIC-

treated mice compared to the respective control groups 

WB and 

IMF 

Chatterjee et al., 

2012 [25] 

TLR-3, TLR-7 

and TLR-8 

Human Placenta Expressions of these 3 genes were increased in cases (n=17) compared to 

controls (n=13). 

GE and IHC 

Chatterjee et al., 

2015 [42] 

TLR-3 Mouse Placenta Tlr-3 protein was increased in placenta from PIC-treated pregnant mice 

compared to the control group (n=3). 

WB 

Chen et al., 

 2015 [45] 

TLR-4 Human Monocytes TLR-4 protein was increased in cases (n=22) compared to controls 

(n=23).  

FC 

Gorjani  et al., 

 2014 [43] 

TLR-2, TLR-4, 

TLR-5 and TLR-6 

Human Placenta  TLR-4, TLR-5 and TLR-6 were increased in cases (n=15) compared to 

controls (n= 15) in both maternal and fetal portions of placenta. TLR-2 

was increased only in the fetal part of placenta. 

GE 

Holmlund et al., 

2007 [28] 

TLR-2 and TLR-4 Human Placenta  No differences in protein levels were observed between cases (n=13) and 

controls (n=12). 

IHC 
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Kayisli et al.,  

2013 [29]* 

TLR-4 Human Placenta 

(DC cells) 

TLR-4 protein was increased in cases (271 ± 26; n=7) compared to 

controls (202 ± 25; n=8). 

IHC 

Medeiros et al.,  

2014 [30] 

TLR-2 and TLR-4 Human Monocytes  TLR-2 protein was similar between cases (n=85) and controls (n=52); 

TLR-4 was increased in cases. 

FC 

Nitsche et al., 

2011 [33] 

TLR-2 and TLR-4 Human Neutrophils TLR-2 and TLR-4 expressions were lower in cases than controls.  

 

GE 

Nitsche et al., 

 2011 [32]* 

TLR-1 and TLR-5 Human Neutrophils TLR-1 and TLR-5 expressions were lower in cases than controls.  

 

GE 

Panda et al.,  

2012 [47] 

TLR-1 a 4, TLR-8 

and TLR-9 

Human Dendritic 

cells 

TLR-1, TLR-2 and TLR-8 proteins were similar between cases (n=30) 

and controls (n=30); TLR-3, TLR-4 and TLR-9 were increased in cases. 

FC 

Panda et al.,  

2012 [34]* 

TLR-1 a 4, TLR-8 

and TLR-9 

Human Dendritic 

cells 

Gene expressions of these genes were similar between cases (n=30) and 

controls (n=30). 

GE 

Pineda et al.,  

2011 [35] 

TLR-2, TLR-3, 

TLR-4 and TLR-9 

Human Placenta  Proteins concentrations of these 4 PRRs were higher in cases (n=5) than 

controls (n=5) in different cell types of placenta. 

IMF 

Romao et al.,  

2012 [36] * 

TLR-2 and TLR-4 Human Monocytes TLR-2 protein was similar between cases (n=30) and controls (n=20); 

TLR-4 was increased in cases. 

FC 

Semerci et al.,  

2014 [37]* 

TLR-4 Human Placenta 

(DC and 

trophoblast 

cells) 

TLR-4 protein was increased in cases (n=7) compared to controls (n=8). IHC 
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Xia et al.,  

2010 [46] 

TLR-4 Human CBMCs  TLR-4 gene and protein expressions were higher in cases than controls. GE and WB 

Xie et al.,  

2010 [48]  

TLR-2 and TLR-4 Human Neutrophils TLR-2 and TLR-4 gene and protein expressions were higher in cases 

(n=50) than controls (n=75).  

GE and FC 

Zhang et al.,  

2012 [40]  

TLR-4 Human Placenta TLR-4 protein was increased in cases with early-onset PE (n=8) 

compared to controls (n=8). No differences were observed between late-

onset PE and the control group.  

WB 

 Data are shown as mean ± SD or median (interquartile range). CBMCs = cord-blood mononuclear cells; DCs = decidua cells; FC = flow 

cytometry;  GE = gene expression; IHC = immunohistochemistry; IMF = immunofluorescence; PBMCs = peripheral blood mononuclear cells; PRRs 

= pattern recognition receptors. * Data retrieved from abstracts from studies presented in International Congress.  
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   Table 2. Association between polymorphisms in genes for pattern recognition receptors and preeclampsia.                   

1
st
 author, year [ref.]  Gene - polymorphism Cases Controls P-value / OR (95% CI) 

Chen et al., 2015 [44] TLR-3 – Leu412Phe (A/G) 

GG / AG  / AA   

A allele / G allele 

TLR-3 – 299698 (5’-UTR) (G/T) 

GG / GT / TT /  

G allele / T allele 

N = 989 

57.0 / 34.5 / 8.5  

74.2 / 25.8  

N = 989 

58.5 / 35.5 / 6.0 

76.2 / 23.7   

N = 1227 

57.0 / 36.1 / 6.9  

75.0 / 25.0 

N = 1227 

55.9 / 37.1 / 7.0 

74.3 / 25.6 

 

0.346 / NA 

0.541 / 1.043 (0.91–1.19) 

 

0.329 / NA 

0.133 / 0.9 (0.78–1.03) 

Franchim et al., 2011 [26] TLR-2 – Arg753Gln (G/A) N = 91 N = 138  

 GG / GA / A/A 84.6 / 15.4 / 0 84.8 / 15.2 / 0 0.970 / NA 

 G allele /A allele 92.3 / 7.7 92.4 / 7.6 > 0.999 / NA 

 TLR-4 – Asp299Gly (G/A) N = 109 N = 153  

 AA / AG / GG 93.6 / 6.4 / 0 87.6 / 11.7 / 0.7  0.230 / NA 

 A allele / G allele  96.8 / 3.2 93.4 / 6.6 0.110 / NA 

Fraser et al., 2008 [27] TLR-2 – (+2258) N = 117 N = 146  

 GG / GA / AA 92.3 / 6.8 / 0.9 95.6 / 3.4 / 0 0.200 / NA 

 G allele / A allele 95.7 / 4.3 98.3 / 1.7 NS 

Molvarec et al., 2008 [31] TLR-4 – Asp299Gly (G/A)  N = 180 N = 172  

 AA / AG / GG 91.7 / 8.3 / 0 87.2 / 12.2 / 0.6 > 0.050 / NA 
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 A allele / G allele 95.8 / 4.2 93.3 / 6.7 > 0.050 / NA 

 TLR-4 – Thr399Ile (C/T) N = 180 N = 172  

 CC / CT / TT  91.7 / 8.3 / 0 86.6 / 12.8 / 0.6 > 0.050 / NA 

 C allele / T allele 95.8 / 4.2 93.0 / 7.0 > 0.050 / NA 

Van Rijn et al., 2008 [38] TLR-4 – (Asp299Gly / Thr399Ile) N = 340 N = 113  

 Positivity for the 1 or + minor alleles 

of the two polymorphisms 

NA NA NA / 2.9 (1.2–6.7) 

 299Asp (G allele) = 7.4%  

399Ile (T allele) = 7.2% 

NA NA NA 

 NOD-2 – Arg702Trp (C/T) / 

Gly908Arg (G/C) / Leu1007Pro (-/C) 

N = 340 N = 113  

 702Trp allele = 4.4%, 908Arg allele 

= 1.0%, and 1007Pro = 1.8% 

NA NA NA 

Xie et al., 2010 [39] TLR-2 – Arg753Gln (G/A) N = 94 (42 early-onset and 

52 late-onset PE) 

N = 176  

 GG / AG / AA 91.5 / 8.5 / 0 95.5 / 4.5 / 0 0.094 / 1.95 (0.71–5.38) 

 G allele / A allele 95.7 / 4.3 97.7 / 2.3 0.098 / 1.91 (0.71–5.18)  

 TLR-4 – Asp299Gly (A/G) N = 94 (42 early-onset and 

52 late-onset PE) 

N = 176  

 AA / AG / GG 86.2 / 12.8 / 1.0 89.8 / 1.2 / 0 0.310 / NA 



 

60 

 

 

 A allele / G allele 92.6/ 7.4 94.8 / 5.2   0.140 / NA 

 TLR-4 – Thr399Ile (C/T) N = 94 (42 early-onset and 

52 late-onset PE) 

N = 176  

 CC / CT / TT 91.5 / 8.5 / 0 92.0 / 8.0 / 0 0.440 / NA 

 C allele / T allele 95.7 / 4.3 96.0 / 4.0 0.440  / NA 

   Data are expressed as percentage. N/A = not available; N/S = non-significant. Cases: women with preeclampsia. Controls: healthy   pregnant  

   women.  
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  Table S1. Characteristics of patients with preeclampsia (cases) and healthy women with noneventful pregnancies (controls)  for the studies 

performed in humans. 

Author, 

year  

N 

case 

N 

control 

        Age Gestational age 

(Weeks) 

Ethnicity or 

Population 

BMI (kg/m2 ) SBP (mm/Hg) DBP (mm/Hg) 

 Al-ofi, 

2012 

   

 

17 11 Case: 31.4±5.6 

Control: 29.3±4.9 

P = 0.26 

Case: 32.9±3.7 

Control: 32.0±3.7 

P = 0.38 

Caucasian and Black 

(United Kingdom) 

 

NS 

Case: 150.4±8.6 

Control: 114.0±11.0 

P = 0.0001 

Case: 98.3±4.2 

Control: 

70.0±10.0 

P = 0.0001 

Bernardi, 

2012 

 

33 

 

33 Case: 25.0±6.0 

Control: 27.7±7.0 

P = 0.35 

Case: 34.0±8.5 

Control: 36.1±8.4 

P = 0.42 

Brazilian *Case: 23.0±6.0 

*Control: 22.0±6.0 

P = 0.40 

Case: 150.0±12.0 

Control: 115.0±9.0 

P = 0.03 

Case: 98.5±5.0 

Control: 

73.0±4.0 

P = 0.002 

Chaterjee, 

2011    

NS NS NS NS North American NS NS NS 

Chaterjee, 

2012 

 

   17 13 Case: 26.2±1.1 

Control: 24.6±1.2 

P = 0.26 

Case: 30.7±1.1 

Control: 37.8±0.7 

P < 0.05 

North American Case: 33.0±2.0 

Control: 34.0±4.0 

P = NS 

Case: 162.0±5.0 

Control: 132.0±7.0 

P < 0,05 

Case: 94.0±2.0 

Control: 

71.0±4.0 

P < 0.05 

Chen, 

2105 

987 1227 Case: 30.0±5.8 

Control: 30.0±5.2 

P = 0.918 

Case: 35.4±3.6 

Control: 39.0±1.4 

P < 0.001 

Asian NS Case: 154.1±23.2 

Control: 114.0±9.9 

P < 0.001 

Case: 

100.6±16.2 

Control: 

73.3±7.7 
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P < 0.001 

Chen, 

2105 

22 23 Case: 32.5±11.2 

Control: 

33.0±10.2 

P < 0.05 

Case: 36.3±0.8 

Control: 36.4±0.9 

P < 0.05 

Asian NS Case: 150.4±8.9 

Control: 112.0±10.0 

Not associated 

Case: 98.6±4.4 

Control: 

71.5±8.4 

Not associated 

Franchim, 

2011 

 

  109 174 Case: 25.6±6.9 

Control: 30.7±9.3 

P < 0.0001 

Case: 37.0±2.1 

Control: 39.0±1.7 

P = NS 

Causasian (case)= 65 

Causasian (control)= 

113 

Non-caucasian (case)= 

44 Non-caucasian 

(control)= 61 

(Brazilian) 

Case: 23.5±1.3 

Control: 23.2±1.4 

P = 0.19 

 

 

 

Case: 160.0±2.0 

Control: 110.6±11.6 

P < 0.00001 

Case: 

102.0±14.7 

Control: 

72.6±9.6 

P < 0.0001 

Fraser, 

2008 

 

 

 117 146 Case: 29 (16-42) 

Control: 30 (16-

40) 

P > 0.05 

NS 

 

Caucasian 

 

(United Kingdom) 

NS NS NS 

 

 

Gorjani, 

2014 

15 15 Case: 27,9 

Control: 29.1 

Not associated 

Case: 37.6 

Control: 38.1 

Not associated 

 

 

Iranian NS NS NS 
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Holmlund, 

2007 

 

 

 13 12 Case: 32 (24-37) 

 

 

Control: 33 (24-

38) 

P >0.05 

Case: 36 (30-42) 

 

 

Control: 40 (36-

42) 

P > 0.009 

Swedish NS NS NS 

Kayisli, 

2013 

 7 8 NS NS North American NS NS NS 

Medeiros, 

2014 

 

85 52 Case: 

<34 weeks: 

23 (14-43) 

≥34 weeks:  

25 (15-43) 

Control: 

<34 weeks:  

22 (17-40) 

≥34 weeks: 

23 (15-40) 

Case: 

<34 weeks:  

31 (24–33) 

≥34 weeks:  

37 (34-42) 

Control: 

<34 weeks:  

29 (24–33) 

≥34 weeks: 

37 (34-40) 

Brazilian NS Case: 

<34 weeks:  

160 (140-210) 

≥34 weeks:  

150 (140-210) 

P < 0,05 

Control: 

<34 weeks:  

105 (95-110) 

≥34 weeks: 

100 (95-110) 

Case: 

<34 weeks:  

110 (90-140) 

≥34 weeks: 

100 (90-130) 

P < 0,05 

Control: 

<34 weeks:  

65 (60-70) 

≥34 weeks: 

60 (60-70) 

Molvarec, 

2008 

 

180 172 Case: 28.5±5.6 

Control: 29.0±4.8 

P > 0.05 

Case: 34.5±2.1 

Control: 39.4±1.4 

P <0.001 

Causasian  

(Hungarians) 

Case: 24.2±4.5 

Control: 22.1±3.9 

P <0.001 

Case: 168.0±1.8 

Control: 112.0±12.0 

P < 0.001 

Case: 

105.0±11.0 

Control: 
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 71.0±9.0 

P < 0.001 

Nitsche,  

 

2011 

 

12 18 Case: 25.7±1.4 

 

Control: 30.1±1.6 

P > 0.06 

Case: 38.8±0.4 

 

Control: 38.5±0.3 

P = 0.76 

Causasian case (90%) 

 

Caucasian control 

(83%) 

(North American) 

NS NS NS 

 

Nitsche, 

2011 

 

10 12 Case: 26.6±1.6 

Control: 30.6±1.3 

P = 0.06 

Case: 38.7±0.5 

Control: 38.6±0.4 

P > 0.05 

North American NS NS NS 

Panda, 

2012 

 

30 30 Case: 33.4±6.1 

Control: 26.2±4.6 

P < 0.01 

Case: 38.0±1.8 

Control: 39.2±1.8 

Not associated 

Causasian case (70%) 

Caucasian control 

(73%) 

(North American) 

Case: 34.5±3.2 

Control: 27.7±3.9 

P < 0.01 

NS NS 

Panda, 

2012 

 

30 30 NS Case: 38.0±1.8 

Control: 39.2±1.8 

Not associated 

(37-41) 

North American NS NS NS 

Pineda, 

2011 

    5       5 Case and control:     

(24-38) 

Case: (36-38)       

Control: (38-40) 

Mexican                                      

NS 

                                  

NS 

                             

NS 

Romao, 

2012 

   32        20 NS                                                            NS Brazilian NS NS NS 

Semerci, 

2014 

7 8 NS NS North American  NS NS NS 

Van, 2008 

 

340 113 Case: 30.6±4.4 

Control: 32.8±4.3 

P < 0.001 

NS Caucasian 

(Dutch) 

 Case: 25.7±5.3 

Control: 22.7±4.0 

P < 0.001 

NS NS 

Xia, 2010 27 21 Case: 28.0±3.8 Case: 37.1±4.1 Chinese NS Case: 153.4±16.4 Case: 
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         Data are shown as mean ± SD or median (interquartile range). BMI = body mass Index; BP = blood pressure. 

Control: 27.9±3.1 

Not associated 

Control: 38.2±0.8 

Not associated 

Control: 121.6±7.0 

P < 0,05 

114.1±14.8 

Control: 

80.0±4.8 

P < 0,05 

Xie, 2010 

 

 

 

 

 

 

 

 

 

25 25 Case: 

<34 weeks: 

35 (19-43) 

≥34 weeks:  

34 (23-41) 

Control: 

<34 weeks:  

33 (24-41) 

≥34 weeks: 

33 (24-39) 

Case: 

<34 weeks: 

32.1 

≥34 weeks:  

37.1 

Control: 

<34 weeks:  

30.3 

≥34 weeks: 

36.7 

Canadian                                     NS                                

 

NS NS                          

Xie, 2010 

 

94 176 Case: 33 (19, 43) 

Control:32 (24, 

42) 

P > 0.05  

Case: 35.2 (26.3, 

40.1) 

Control: 38.7 

(26.4, 40.9) 

P < 0.05 

 Canadian  NS NS NS 

Zhang, 

2012 

 

8 8 Early onset: 

Case: 32.6 

Control: 34.7 

Late  onset: 

Case: 39.3 

Control: 39.1 

NS  Chinese NS NS NS 
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Table S2. Quality scores of studies included in the systematic review.  

Author Year Selection Comparability Exposition Total 

Al-ofi  2012 *** *** ** ******** 

Bernardi  2012 *** *** ** ******** 

Chaterjee  2011 *** *** ** ******** 

Chaterjee  2012 *** *** ** ******** 

Chaterjee  2015 *** *** ** ******** 

Chen 2015 *** ** ** ******* 

Chen  2015 *** ** ** ******* 

Franchim  2011 *** *** ** ******** 

Fraser  2008 *** ** ** ******* 

Gorjani 2014 ** ** * ***** 

Holmlund  2007 *** *** * ******* 

Kayisli  2013 ** ** * ***** 

Medeiros  2014 *** *** ** ******** 

Molvarc  2008 *** ** ** ******* 

Nitshe (abstract)  2011 *** ** * ***** 

Nitshe  2011 *** *** * ******* 

Panda  2011 *** *** ** ******** 

Panda  2012 *** ** * ****** 

Pineda  2011 *** ** ** ******* 

Romao  2012 *** ** ** ******* 

Semerci  2014 ** ** ** ****** 

Van  2008 *** ** ** ******* 

Xia  2010 *** ** ** ******* 
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Xie  2010 *** ** ** ******* 

Xie  2010 *** ** ** ******* 

Zhang  2012 ** ** ** ****** 
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IFIH1 is decreased in preeclampsia, and its knockdown reduces the poly(I:C)-

induced up-regulation of inflammation-, angiogenesis- and hypertension-related 

genes in HUVECs  

 

Short title: IFIH1 role on preeclampsia and expression of hypertension-related genes  
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ABSTRACT 

 

Objectives: The interferon-induced with helicase C domain 1 (IFIH1) receptor plays a 

role in the innate immunity against viral infections. Interestingly, we have previously 

reported increased IFIH1 expressions in mononuclear cells from type 1 diabetic patients 

with arterial hypertension (AH) compared to normotensive patients. This receptor also 

seems to be associated with preeclampsia (PE). Therefore, to further investigate the role 

of IFIH1 in AH and PE, this study was aimed to compare IFIH1 expressions between 

PE women and control women, and also to evaluate the effect of IFIH1 knockdown in 

an endothelial cell line treated with synthetic viral nucleic acid (PIC) in the expression 

of genes related to inflammation, angiogenesis and hypertension.    

Methods: IFIH1 expression was evaluated in 44 PE women and 65 controls by RT-

qPCR. Human umbilical vein endothelial cells (HUVECs) were transfected with either 

a control siRNA or with two different siRNAs targeting IFIH1 for 48h. Then, HUVECs 

were transfected with PIC to stimulate the innate immune response for additional 24h. 

After this period, RNA was extracted for gene expression analyses.  

Results: IFIH1 was decreased in placenta from PE women compared to the control 

group (P= 0.049). After exclusion of black women, this difference between groups was 

more pronounced (P= 0.004). PIC treatment induced an increase in TNF, IFN-, iNOS, 

VEGF, ANGPT-2, and ET-1 expressions, and the IFIH1 knockdown was able to 

partially prevent the up-regulation of these genes.  

Conclusions: Taken together, these data suggest that IFIH1 plays a role in PE, and in 

the regulation inflammation-, angiogenesis- and AH-related genes in HUVECs.  

Keywords: Preeclampsia, hypertension, IFIH1 receptor, innate immunity, HUVECs, 

siRNAs.  
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INTRODUCTION 

 

In the last few years, several studies have shown the involvement of specific key 

components of the innate immunity in the first line of defense against microorganisms. 

Detection of invading microorganisms is carried out by a wide range of cell receptors of 

the pattern-recognition receptors (PRRs) family, which recognize highly conserved 

pathogen-associated molecular patterns (PAMPs) derived from virus, bacteria and fungi 

as well as endogenous danger-associated molecular patterns (DAMPs) (1, 2). PRRs are 

evolutionary conserved proteins and include retinoic acid-inducible gene I (RIG-I)-like 

helicases (RLHs), nucleotide-binding oligomerization domain (NOD)-like receptors 

(NLRs), and toll-like receptors (TLRs) (1, 3). After ligand binding, these PRRs activate 

signaling pathways with consequent production of pro-inflammatory cytokines, which 

coordinates local and systemic inflammatory responses (4). 

The interferon-induced with helicase C domain 1 (IFIH1) cytoplasmic receptor 

(also known as melanoma differentiation-associated gene 5  MDA-5) belongs to the 

RLH family, and recognizes double-stranded RNAs (dsRNAs) produced during the life 

cycle of most viruses, playing a major role in the immune response triggered by viral 

infection (4, 5). This receptor and polymorphisms in the gene codifying it have been 

involved in the pathogenesis of type 1 diabetes mellitus (T1DM) and other autoimmune 

diseases (2, 6, 7). Interestingly, in a recent study from our group, we reported an 

increased IFIH1 gene expression in mononuclear cells from T1DM patients with arterial 

hypertension (AH) compared with normotensive T1DM patients (8). Moreover, we also 

observed an association between the A/A genotype of the IFIH1 rs1990760 

polymorphism and AH in the same Brazilian population (8).  
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Although no other study has evaluated the association between IFIH1 levels and 

AH, it has become evident in the last few years that components of both innate and 

adaptive immunity play an important role in this disease (9, 10). In mice lacking 

vascular macrophages, treatment with angiotensin-II (Ang-II) or deoxycorticosterone 

acetate (DOCA)-salt was unable to increase blood pressure (BP), probably because 

these animals developed less endothelial dysfunction, vascular remodeling, and 

oxidative stress induced by a hypertensive stimulus than their normal littermates (11, 

12). These data suggest a critical role of innate immunity and low grade inflammation in 

hypertension.  

Of note, Chatterjee et al. (13, 14) demonstrated that all three dsRNA sensors 

(IFIH1, TLR-3 and RIG-I) are activated in placentas from mice and women with 

preeclampsia (PE), a pregnancy-specific disease characterized by excessive activation 

of the maternal immune system, inflammation, and endothelial dysfunction, causing 

new onset hypertension and proteinuria (15). Although other studies also have linked 

excessive TLR activation to the development of PE (16-18), it is still inconclusive if 

PRRs are indeed involved in the development of this pregnancy complication as well as 

essential hypertension and how this occurs.  

Therefore, to further investigate the potential role of IFIH1 in hypertension and 

PE, the present study was aimed to: 1) compare IFIH1 gene expression and frequencies 

of the rs1990760 polymorphism between women with PE (cases) and healthy pregnant 

women (controls) from a Southern Brazilian population; and 2) evaluate the effect of 

IFIH1 knockdown in an endothelial cell line treated with synthetic dsRNA [poly (I:C) – 

PIC) in the expression of genes related to inflammation, angiogenesis and hypertension.    
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METHODS 

 

Comparisons of IFIH1 gene expression and frequencies of the rs1990760 

polymorphism between women with preeclampsia and healthy pregnant women 

(case-control study) 

 

Subjects and phenotype measurements 

The study population consisted of 59 women with PE (cases) and 134 normotensive 

pregnant women (controls) who delivered between February 2013 and July 2015 by the 

Gynecology and Obstetrics Service at Hospital de Clínicas de Porto Alegre (Rio Grande 

do Sul – Brazil). PE was diagnosed according to International Society for the Study of 

Hypertension in Pregnancy (ISSHP) criteria as: 1) BP values ≥140/90 mmHg, measured 

in a sitting position or left lateral decubitus, on the left arm, after 5-25 min rest by a 

trained nurse, with a mercury sphygmomanometer. The mean of two measurements 

taken at least 6 h apart was used to calculate systolic and diastolic BP, and both 

measurements were done after 20 weeks of gestation; 2) Urinary protein/creatinine ratio 

≥ 0.3 mg/mg. If this ratio was between 0.3 and 0.5 mg/mg, it was also measured 24 h-

urinary protein levels to confirm the diagnosis if this value was ≥ 300 mg/24-h (19).   

The control group comprised women who had to be normotensive in the index 

pregnancy, had a history of at least two previous uncomplicated pregnancies, without 

any maternal or fetal disorder. Exclusion criteria for both groups included preexisting 

essential hypertension, diabetes mellitus or gestational diabetes mellitus, infectious 

diseases, autoimmune disorders, fetal disorders or inflammatory conditions. The ethnic 

group was defined based on self-classification, and the ethnic proportion was similar 

between case and control groups: 25.0% of black women in the PE group and 20.8% of 
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black women in the control group (P= 0.297).  

A standard questionnaire was used to collect information on age, weight, height, 

family history of diseases, drug treatment, gestational age, number of pregnancies, 

current diseases, infant birthweight, and physical activity. All case and control patients 

underwent physical and laboratory evaluations. Body mass index (BMI) was calculated 

as weight (kg)/height square (meters). Upon admission, serum and plasma samples were 

taken from each patient after 8 h of fasting for laboratory analyses. Plasma glucose 

levels were determined using the glucose oxidase method. Total proteinuria was 

determined by colorimetric method using the pyrogallol red and urinary creatinine 

levels were determined using the Jaffe reaction.  

The study protocol was approved by the Ethic Committee in Research from 

Hospital de Clínicas de Porto Alegre and all patients gave their informed consent in 

writing.  

 

Genotyping of the rs1990760 (G/A) polymorphism in the IFIH1 gene 

DNA was extracted from peripheral blood leukocytes using a standardized salting-out 

procedure. The IFIH1 rs1990760 (G/A) polymorphism was genotyped using primers 

and probes contained in the Human Custom TaqMan Genotyping Assay 20X (Life 

Technologies – Thermo Fisher Scientific Inc., Waltham, MA, USA). Primer and probe 

sequences can be found elsewhere (8). All reactions were performed in 96-well plates 

and ran on the 7500 Fast Real-Time PCR System (Life Technologies), as previously 

described (8). Power calculations (PEPI program, version 4.0) showed that this sample 

has a power of approximately 80% at a significance level of 0.05 to detect an odds ratio 

(OR) of 2.0 or higher (for the presence of the A allele).  
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Placenta collection and RNA extraction 

To investigate IFIH1 gene expression, approximately 2 g of placentas were obtained 

from a subsample of 109 patients (44 cases with PE and 65 control women). 

Immediately after collection, samples were preserved in RNAlater (Life Technologies) 

and stored at -80°C until RNA extraction and IFIH1 expression analysis. Placenta 

biopsies (80 mg) were homogenized in phenol-guanidine isothiocyanate (Invitrogen – 

Thermo Fisher Scientific Inc.). Total RNA was extracted with chloroform and 

precipitated with isopropanol by centrifugation (12,000 x g) at 4°C. RNA pellet was 

washed twice with 75% ethanol and resuspended in 10-50 l of diethylpyrocarbonate 

treated water. Concentration and quality of total RNA samples were assessed using a 

NANODROP 2000 spectrophotometer (Thermo Fisher Scientific Inc.). Only RNA 

samples with adequate purity ratios (A260/A280 = 1.9–2.1) were used for subsequent 

analyses. In addition, RNA integrity and purity were also checked on agarose gel 

containing GelRed Nucleic Acid Gel Stain (Biotium Inc., Hayward, CA, USA).  

 

Quantification of IFIH1 gene expression by Real-time qPCR 

Real-time reverse transcription-PCR was performed in two separate reactions: first, 

RNA was reverse transcribed into cDNA, then cDNA was amplified by quantitative 

real-time PCR (RT-qPCR). Reverse transcription of 1 g of RNA into cDNA was 

carried out using the SuperScript VILO Master Mix for RT-PCR (Invitrogen), following 

the manufacturer’s protocol for the random primer method. 

RT-qPCR experiments were performed in a Vii
TM

 7 Real-Time PCR System 

(Life Technologies). Experiments were performed by monitoring in real-time the 

increase in fluorescence of SYBER Green dye. Primers for IFIH1 and GAPDH genes 

were designed using published human gene sequences and the Primer Express 3.0 
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Software (Life Technologies). Primers sequences are shown in Table 1. PCR reactions 

were performed using 5 l of 2x Fast SYBER Green Master Mix (Life Technologies), 

0.5 l (0.5 ng/l) of forward and reverse primers for IFIH1 or GAPDH, and 1.0 l of 

cDNA template (1 g/l), in a total volume of 10 l and following PCR conditions 

described elsewhere (8). Each sample was assayed in triplicate and a negative control 

was included in each experiment. RT-qPCR specificity was determined using melting 

curve analyses and all primers generated amplicons that produced a single sharp peak 

during the analyses. 

Quantification of the IFIH1 mRNA was performed using the relative standard 

curve method (21, 22), and the GAPDH gene as the reference gene. Relative standard 

curves were generated for both target and reference genes by preparing serial dilutions 

of the same cDNA sample with a known relative quantity. Then, relative amounts of 

each IFIH1 cDNA sample were obtained by normalizing their signals by those of 

GAPDH gene, and are shown as arbitrary units (AU).  

 

Experimental study of IFIH1 knockdown in human umbilical vein endothelial cells 

(HUVECs)   

 

Cell culture 

Human umbilical vein endothelial cells (HUVECs; Gibco - Thermo Fisher Scientific 

Inc.) were cultured in Cascade Biologics 200 medium (Gibco) containing 10% low 

serum growth supplement (LSGS; Gibco) and penicillin (100 U/ml) / streptomycin 

(0.1 mg/ml) antibiotic mix (Gibco). Cells were maintained at 37°C in a humidified 

atmosphere with 5% CO2, and were used between passages 5-7, at 80% of confluence.  
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IFIH1 knockdown using RNA interference 

HUVECs (1.4 x 10
5 

cells/per well) were seeded into 6-well plates and cultured for 24 h 

prior to transfection. To evaluate the effect of IFIH1 knockdown in HUVECS treated 

with synthetic dsRNA, cells were transfected either with an inactive siRNA (siCTRL; 

AllStars Negative Control siRNA; Qiagen, Venlo, Netherlands) or with two 

independent siRNAs targeting IFIH1 (Silencer® Select Pre-designed; Ambion, Life 

Technologies). The sequences of the siRNAs used for IFIH1 knockdown are as follows: 

siIFIH1#1 – 5’-GGUGUAAGAGAGCUACUAtt-3’ (forward) and 5’-

UUAGUAGCUCUCUUACACCtg-3’ (reverse); and siIFIH1#2 – 5’-

GUUCAGGAGUUAUCGAACAtt-3’ (forward) and 5’-

UGUUCGAUAACUCCUGAACca-3’ (reverse).  

 The optimal conditions for siRNA transfection in HUVECs were first 

established by dose-response studies using a FITC-coupled siRNA (siGLO Green 

Transfection Indicator, Thermo Fisher Scientific Inc.) and viability tests with propidium 

iodide (5 μg/ml; Sigma-Aldrich, Poole, UK) and Hoechst 33342 (5 μg/ml; Sigma-

Aldrich) dyes (23). The concentration of 50 nM of siRNAs was selected after these 

dose-response experiments (data not shown). The transfection procedure was performed 

using Lipofectamine RNAi-MAX™ (Invitrogen), according to the manufacturer’s 

instructions. Afterwards, HUVECs were cultured for a 48 h recovery period, and then 

transfected with a synthetic dsRNA (PIC) to stimulate the innate immune response, as 

described in the following section.  

 

Synthetic dsRNA transfection 

The synthetic dsRNA, PIC (InvivoGen, San Diego, CA, USA) was used at the final 

concentration of 0.5 g/ml. This concentration was also determined based on dose-
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response experiments using cell survival as endpoint (data not shown). All experiments 

were performed with intracellular PIC, obtained through cell transfection using 

Lipofectamine™ LTX (Invitrogen), according to the manufacturer’s instructions. 

HUVECs exposed to the transfectant alone were used as the control condition. Taking 

into account that cytoplasmic RLHs recognize dsRNAs based on their length (24), a 

PIC preparation with > 2000 pb was used for the experiments. After 24 h of transfection 

with PIC, RNA and protection extractions were performed, and samples were stored at -

80°C for further analyses.  

 

HUVECs treated with IFN- 

After binding with dsRNAs or DAMPs, IFIH1 activates signaling pathways leading to 

the production of type I IFNs, especially IFN-, which drives the expression of IFN-

regulated genes and the innate immune response (2). Therefore, to test if the incubation 

of cells with IFN- would activate the expression of angiogenesis- and hypertension-

related genes, we treated them with this cytokine. HUVECs were plated as mentioned 

before, and after 24 h- recovery period, they were left untreated (control condition) or 

treated with 500U/ml recombinant human IFN- (Verikine™; PBL Assay Science, 

Piscataway, NJ, USA) for additional 48 h. Then, RNA extraction was performed, and 

samples were stored at -80°C for further analyses. 

 

RNA extraction from HUVECS and quantification of gene expression by Real-time PCR 

Total RNA was extracted from HUVECs using the RNeasy Mini kit (Qiagen), 

according to the manufacturer’s recommendation. Quantification of RNA, cDNA 

synthesis, and RT-qPCR conditions and reagents were similar as already described for 

the case-control study, but the reference gene used for HUVECs was cyclophilin. The 
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following target genes were evaluated in HUVECs transfected with siRNA/PIC or from 

the control conditions: IFIH1, vascular endothelial growth factor (VEGF), tumor 

necrosis factor (TNF), IFN-, angiopoetin-2 (ANGPT-2), prostaglandin-2 (PGE-2), 

endothelin-1 (ET-1) and inducible nitric oxide synthase (iNOS). For HUVECs treated 

with IFN- and the respective control condition, we evaluated VEGF, ANGPT-2, PGE-

2, and the signal transducer and activator of transcription 1 (STAT-1) genes. Primer 

sequences for all analyzed genes are shown in Table 1.  

 

Immunoblotting 

To confirm IFIH1 knockdown at protein level, HUVECs were washed with cold PBS 

and lysed in Laemmli buffer (60 mmol/l Tris pH 6.8, 10% Glycerol, 1% SDS, 0.001% 

blue Bromophenol and 5% β-mercaptoethanol). Total protein extracts were resolved in 

10% SDS-polyacrylamide gel electrophoresis, transferred to Immobilon®-P
SQ

 

membranes (Millipore, Billerica, MA, USA), and incubated with monoclonal antibody 

to IFIH1 (Cell Signaling Technology, Beverly, MA, USA) or GAPDH (Sigma-Aldrich). 

Secondary antibodies consisted of horseradish peroxidase-conjugated anti-rabbit or anti-

mouse (Millipore) antibodies. Detection was performed using Immobilon Western 

Chemiluminescent HRP Substrate (Millipore). Images were acquired in an ImageQuant 

LAS 500 digital imaging system (GE Healthcare, Piscataway, NJ, USA) and band 

densitometry analysis was performed using ImageJ 1.47v (National Institutes of Health, 

USA). Intensity values for IFIH1 were corrected by the values of the housekeeping 

protein GADPH. 
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ELISA for angiotensin-II in supernatants of HUVECS after IFIH1 knockdown 

The supernatants of HUVECs transfected with siRNA/PIC or from the control 

conditions were collected and stored at -80°C until quantification of Ang-II levels using 

a competitive ELISA human kit (Phoenix Pharmaceuticals, CA, USA). Ang-II levels 

are expressed in ng/ml. All samples and standards were measured in duplicate, and the 

coefficient of variation was less than 5%.  

 

Statistical analyses 

Allelic frequencies were determined by gene counting and deviations from the Hardy–

Weinberg equilibrium (HWE) were verified using the 
2
-test. Allele and genotype 

frequencies were compared between groups using 
2
-tests. The magnitude of the 

association between the IFIH1 rs1990760 polymorphism and PE was estimated using 

OR with 95% CI. Logistic regression analyses were performed to assess the 

independent association of the rs1990760 polymorphism with PE, adjusting for 

ethnicity.  

Clinical and laboratory characteristics, mRNA concentrations and protein levels 

were compared between groups by using 
2 

test, unpaired Student’s t-test or One-way 

ANOVA with post-hoc tests (Bonferroni), as appropriate. Data are presented as mean ± 

SD or percentage. Variables with skewed distribution were log-transformed before 

analyses. A P value <0.05 was considered as statistically significant, and all statistical 

analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL).  
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RESULTS 

 

Comparisons of IFIH1 gene expression and frequencies of the rs1990760 

polymorphism between women with preeclampsia and healthy pregnant women  

 

Sample Description 

The main clinical characteristics of PE women (cases) and healthy pregnant women 

(controls) included in the present study are shown in Table S1. PE women had lower 

gestational age than controls (35.4  3.7 vs. 38.9  2.4; P <0.0001). As expected, 

gestational BMI, systolic and diastolic BP were increased in PE women compared to the 

control group (all P values <0.0001). Moreover, PE women had more caesarean than 

women from the control group (55.1% vs. 35.7%; P <0.0001). Age, number of 

pregnancies, fasting glucose levels and ethnicity did not differ significantly between 

groups (Table S1).  

 

IFIH1 rs1990760 (G/A) distributions in women with PE and control women 

Genotype and allele frequencies of the IFIH1 rs1990760 (G/A) polymorphism in PE 

women and healthy pregnant women are described in Table 2. The frequency of the A 

allele of the rs1990760 polymorphism was 25.8% in white women and 15.8% in black 

women (P= 0.002). Neither genotype nor allele frequencies of the rs1990760 

polymorphism differed statistically between case and control subjects (P= 0.938 and P= 

0.435, respectively), and all genotypes were in agreement with those predicted by the 

HWE in the two samples (P >0.05). Frequencies of A allele carriers (dominant model) 

were also similar between groups, and the adjustment for ethnicity did not change this 

result (P= 0.590; Table 2). It is noteworthy that this polymorphism remained not 
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associated with PE when taking into account recessive or additive inheritance models 

(data not shown). Moreover, after the exclusion of black women from the samples, the 

presence of the A allele was still not associated with PE (OR= 1.408, 95% CI 0.556 – 

3.575; P= 0.472 for the dominant model).  

 Clinical and laboratory characteristics of PE women broken down by the 

different genotypes of the rs1990760 polymorphism are shown in Table S2. Gestational 

age, gestational BMI, systolic and diastolic BP, infant birthweight and mode of delivery 

did not differ significantly among the three genotypes. However, PE women carrying 

the A/A genotype were older than PE women carrying the G allele (A/A 30.0  6.4 vs. 

A/G 24.7  5.6 vs. G/G 24.8  5.4 years; P= 0.021).  

 

IFIH1 gene expression in the placenta from PE women and control women 

IFIH1 gene expression was analyzed in 44 PE women and 65 control women. 

This subsample had similar characteristics to those of the total sample (data not shown). 

IFIH1 expression was increased in placentas from black women compared to white 

women (0.93 ± 0.33 vs. 0.74 ± 0.41 AU in logarithm-scale; P= 0.018). In general, 

placental IFIH1 concentrations were decreased in PE cases compared to control women 

(0.69 ± 0.58 vs.  0.86 ± 0.31 AU, respectively; P= 0.049). Of note, after removal of 

black women from the samples, this difference between groups was more pronounced 

[cases (n = 33): 0.57 ± 0.58, controls (n = 53): 0.84 ± 0.29 AU; P= 0.004; Fig. 1]. IFIH1 

gene expression did not correlate with age (r= -0.008, P= 0.924), systolic BP (r= -0.010, 

P= 0.902) and diastolic BP (r= -0.085, P= 0.309) in the whole sample. 

IFIH1 gene expression did not differ significantly among the three genotypes of 

the rs1990760 polymorphism for the total sample [G/G (n = 36): 0.8 ± 0.38, G/A (n = 

69): 0.76 ± 0.43, A/A (n = 31): 0.83 ± 0.38 AU; P= 0.774]. Moreover, the rs1990760 
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polymorphism did not influence IFIH1 concentrations when analyzing separately case 

and control women (P >0.05; data not shown).  

 

Experimental study of IFIH1 knockdown in human umbilical vein endothelial cells 

(HUVECs)  

 

IFIH1 knockdown influences the PIC-induced activation of genes related to 

inflammation, angiogenesis and hypertension in HUVECs  

To evaluate the role of IFIH1 in human endothelial cells treated with synthetic dsRNA 

(PIC), HUVECs were transfected either with an inactive siRNA (siCTRL) or with two 

independent siRNAs targeting IFIH1 (siIFIH1 #1 and siIFIH1#2). IFIH1 knockdown 

after 24 h and 48 h of siRNA transfection was higher than 80% at both mRNA (Fig. 

2C) and protein levels (Fig. 2A and 2B). It is noteworthy that both siRNA targeting 

IFIH1 and the siCTRL did not decrease significantly cell viability compared to cells 

treated with the transfectant reagent only (data not shown). Since IFIH1 knockdown 

was higher than 90% at the 48 h time-point, this incubation time was used for the 

following experiments.     

After IFIH1 knockdown for 48 h, HUVECs were transfected with PIC for 

additional 24 h to mimic an infectious environment. Then, we evaluated the effect of 

PIC treatment after IFIH1 knockdown on mRNA expressions of inflammation-related 

genes (iNOS, TNF, PGE-2, and IFN-, Fig. 3). As expected, PIC treatment induced a 

pronounced increase in both TNF and IFN-β gene expressions (PIC-treated siCTRL vs. 

untreated siCTRL; P <0.05), and IFIH1 inhibition prevented this increase 

(siIFIH1#2+PIC vs. siCTRL+PIC; P <0.05; Fig. 3A and 3B). Moreover, PIC treatment 

induced a 2.5 fold increase in iNOS expression (PIC-treated siCTRL vs. untreated 
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siCTRL; P <0.05), and the IFIH1 knockdown reduced by 20% the PIC-induced iNOS 

up-regulation (siIFIH1#2+PIC vs. siCTRL+PIC; P <0.05; Fig. 3C). Although PIC 

treatment was not able to induce the anti-inflammatory PGE-2 gene (PIC-treated 

siCTRL vs. untreated siCTRL; P >0.05), in the IFIH1 knockdown condition, PIC was 

able to trigger an up-regulation of this gene (P <0.05; Fig. 3D).  

Next, we investigated the effect of PIC treatment following IFIH1 knockdown 

on expressions of hypertension- and angiogenesis-related genes (ANGPT-2, VEGF and 

ET-1, Fig. 4). Interestingly, PIC treatment significantly induced ANGPT-2, VEGF and 

ET-1 gene expressions (PIC-treated siCTRL vs. untreated siCTRL; P >0.05), while 

IFIH1 inhibition partially prevented the up-regulation of these genes (siIFIH1#2+PIC 

vs. siCTRL+PIC; P <0.05). All gene expression results obtained for siIFIH1#2 were 

confirmed after transfection with siIFIH1#1 (Table 3); supporting our data.  

Ang-II mRNA showed an almost undetectable expression in HUVECs (data not 

shown); therefore, we analyzed Ang-II protein levels measured by ELISA of the 

supernatant of cells from the different experimental conditions. In accordance with 

expression results obtained for the other analyzed hypertension-related genes, IFIH1 

knockdown seemed to prevent PIC-induced increase of Ang-II protein levels 

(siCTRL+PIC: 0.14 ± 0.09 vs. siIFIH1#2+PIC: 0.02 ± 0.03 pg/ml), although this 

difference did not reach formal statistical significance (P= 0.069). This result was not 

confirmed for siIFIH1#1 (P= 0.834).    

 

An inflammatory environment induces expression of angiogenesis- and hypertension-

related genes in HUVECs                      

After binding with dsRNAs or DAMPs, IFIH1 activates signaling pathways leading to 

the production of type I IFN, which will bind to its receptor and activate the Jak-STAT 
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pathway to drive the expression of IFN-regulated genes and the innate immune response 

(2). Therefore, to evaluate if hypertension- and angiogenesis-related genes could be also 

induced in a non-viral inflammatory environment, HUVECs were treated with the pro-

inflammatory cytokine IFN- for 48 h (Fig. 5). To this, first we checked if IFN- 

treatment was able to induce the innate immune response in HUVECs by evaluating 

STAT-1 gene expression. As expected, IFN- stimulated a 3 fold increase in STAT-1 

expression compared to the untreated condition (Fig. 5A, P <0.05). The anti-

inflammatory gene PGE-2 also was significantly induced by IFN- (Fig. 5B, P <0.05). 

In agreement, with the PIC treatment results, IFN- treatment was also able to induce an 

up-regulation of ANGPT-2 and VEGF genes (Fig. 5C and 5D; P <0.05).  

 

DISCUSSION 

 

As a part of the attempt to clarify the role of IFIH1 in PE, we compared IFIH1 gene 

expression and frequencies of the rs1990760 polymorphism between women with PE 

and healthy pregnant women. IFIH1 gene expression was significantly decreased in 

placentas from PE women compared to the control group. Only one previous study has 

investigated this PRR regarding PE. Results reported by Chatterjee et al. (13) showed 

that IFIH1 was activated in placentas from pregnant, PIC-treated mice or women with 

PE compared to the respective control groups, conflicting with the present data. One 

possible explanation for this discrepancy is that we analyzed IFIH1 mRNA levels, while 

Chatterjee et al. (13) evaluated IFIH1 protein levels. Therefore, mRNA levels and 

protein concentrations of this receptor may not correlate. Of note, Chatterjee et al. (13) 

only showed qualitative preliminary results, without quantification of IFIH1 protein 

levels between groups, and with no description of sample numbers and characteristics.  
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Even though some studies have shown excessive TLRs activation in immune 

cells or placenta from women with PE (14, 16-18), Nitsche et al. (25) observed 

decreased TLR-2 and TLR-4 expressions in neutrophils from PE women compared to 

controls. Considering that TLRs as well as IFIH1 are possibly involved in an up-

regulation of innate immunity, it would be expected an increase in their gene 

expressions not the decrease described by Nitsche et al. (25). The authors suggested that 

the decrease in TLR-2/TLR-4 expressions might represent a compensatory reaction to 

inflammatory signals present in PE. The reduction in these TLRs would render the 

maternal neutrophils less responsible to specific PAMPs or DAMPs, decelerating the 

inflammatory cascade seen in PE (25). This hypothesis could also explain our present 

data; however, further studies are needed to confirm it.  

The IFIH1 rs1990760 polymorphism has been associated with T1DM and other 

autoimmune diseases (2, 26, 27). Moreover, in a previous study from our group, this 

polymorphism was associated with protection for AH in T1DM patients (8). However, 

in the present study, no significant association between the rs1990760 polymorphism 

and PE was observed. Until this date, no other study has evaluated the association 

between IFIH1 polymorphisms and PE. Interestingly, Xie et al. (28) reported that the 

rs5773708  polymorphism in the TLR-2 gene was associated with PE, but only when 

comparing frequencies between women with early-onset/severe PE and the control 

group. Since the majority of our case group was constituted by late-onset PE, we were 

not able to compare frequencies of the IFIH1 rs1990760 polymorphism according to PE 

severity. Hence, we cannot exclude the possibility that this polymorphism might be 

associated with early-onset/severe PE. In addition, IFIH1 gene expression seems to be 

not influenced by the different rs1990760 genotypes.  
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Although some studies have suggested that innate immunity has a critical role in 

AH and PE (9, 11-13), it is still unclear how dysregulation of the innate immunity 

receptors might lead to the development of these diseases. Therefore, aiming to 

contribute to this subject, we next evaluate the effect of IFIH1 knockdown in HUVECs 

treated with PIC in the expression of genes related to inflammation, angiogenesis and 

hypertension. Our results showed that IFIH1 knockdown prevented the PIC-induced 

activation of IFN-β and TNF genes, which was expected since it is well known that, 

after ligand binding, IFIH1 initiates a pro-inflammatory response either through 

activation of nuclear factor-kappa B (NF-B) or through production of IFN-β. Then, 

NF-B activation leads to production of pro-inflammatory cytokines, including TNF (2, 

29). Although little is known about the effect of IFN-β on hypertension, IFN-β therapy 

was associated with AH in patients with multiple sclerosis, probably due to stimulation 

of thromboxane cascade and TNF production (30).  

TNF is a pleiotropic cytokine that is elevated in chronic inflammatory states 

such as AH (31). In general, high levels of TNF seem to decrease BP, while chronic 

moderately elevated TNF levels have been associated with increased NaCl retention and 

hypertension (31). In hypertensive rats infused with Ang-II and fed with a high-salt diet, 

etanercept (an anti-TNF treatment) delayed progression of hypertension (32). Moreover, 

infusion of Ang-II for 2 weeks was unable to increase BP in TNF-knockout mice (33), 

indicating that TNF mediates Ang-II-dependent AH. TNF also seems to play a role in 

PE, since TNF infusion for 5 days increased BP in pregnant rats but not in non-pregnant 

female rats, possibly due to increased ET-1 levels (34).  

Nitric oxide (NO) is an important vasodilator produced by vascular endothelium, 

and its endogenous formation is essential to maintain normal BP (35). It is well known 

that high NO production, catalyzed by iNOS activity, plays an important role in AH 
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(35). Pro-inflammatory cytokines, such as TNF and IL-1, as well as bacterial or viral 

pathogens activate iNOS and generate high concentrations of NO mainly via NF-B 

activation (36). In humans, increased iNOS expression was observed in cutaneous 

microvasculature of hypertensive patients compared to the control group (37). Although 

the stimulus that increased iNOS in these patients remains unclear, possible candidates 

include elevated TNF, Ang-II, IL-6 or cyclooxygenase (37). Heo et al. (38) reported 

that lipopolysaccharide (LPS) induced inflammatory responses in human aortic vascular 

smooth muscle cells via increased TLR-4 expression, iNOS-induced NO production, 

and VEGF expression. Accordingly, in the present study, PIC treatment induced an 

increase in iNOS expression, which was partially prevented by IFIH1 knockdown. 

PGE-2 is a lipid mediator that induces the activation of many signaling pathways 

to exert both pro- and anti-inflammatory responses (39). In general, PGE-2 is activated 

at sites of inflammation, where it acts as a potent vasodilator (40). Moreover, PGE-2 has 

different effects on BP regulation depending on the site of action. In this context, rodent 

studies showed that centrally administered PGE-2 elevates BP, while systemically 

administered PGE-2 produces a hypotensive effect (40). PIC or LPS treatments seem to 

induce PGE-2 in different cell types (41-44). In this context, several lines of evidence 

suggest that the production of PGE-2 during inflammation constitutes a negative 

feedback mechanism which limits the production of pro-inflammatory mediators, 

including TNF and IFN- (42, 45-47). Our study showed that IFN- treatment increases 

PGE-2 expression in HUVECs, which is in agreement with an immunosuppressant 

effect of PGE-2 aiming to decrease IFN- levels. However, we also showed that PIC 

treatment was not able to induce PGE-2 gene, while after IFIH1 knockdown, PIC 

triggered an up-regulation of this gene. Although this last result was observed for the 

two siRNAs targeting IFIH1, it is an intriguing result that needs further elucidation.   
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In this study, PIC treatment also induced ANGPT-2, VEGF and ET-1 

expressions, and the IFIH1 knockdown partially prevented the up-regulation of these 

genes. In addition, PIC-induced Ang-II up-regulation seems to decrease after IFIH1 

blockade. VEGF is a potent angiogenic factor in endothelial cells and enhances vascular 

permeability (48). In accordance with our data, PIC also induced VEGF in mesothelial 

cells, and the induction was partially prevented by siRNAs targeting TLR-3, RIG-I or 

IFIH1 viral sensors (49). Activation of different TLRs, including TLR-3, also produced 

increased VEGF synthesis in human bronchial epithelial cells (50). Furthermore, LPS 

induced VEGF production in human aortic vascular smooth cells (38). 

ANGPT-2 is another angiogenic factor secreted by endothelial cells, and 

functions as an Ang-1 antagonist, promoting vascular destabilization and permeability, 

thereby facilitating VEGF-dependent vessel growth (51). Of note, VEGF, TNF, and 

Ang-II up-regulate ANGPT-2 expressions (52-54). To date, only one study related 

ANGPT-2 with innate immunity. Kranidioti et al. (55) reported that ANGPT-2 was 

increased in serum from patients with septic shock compared to control subjects. In 

addition, release of ANGPT-2 from healthy mononuclear cells was stimulated by serum 

of patients with septic shock but not by serum of non-shocked patients, which was 

modulated by TLR-4 and TNF (55).  

ET-1 is a potent vasoconstrictor but has also been shown to exert pleiotropic 

effects in different biological processes such as cancer, ischemia/reperfusion injury, 

cardiovascular diseases, diabetes mellitus, and adaptive immune response (56). ET-1 

expression is up-regulated by TNF and Ang-II (57). Recently, a role for ET-1 in innate 

immunity has been suggested in different cells types (56, 58-60). Farina et al. (58) 

demonstrated that PIC, but not other TLR ligands, highly stimulated ET-1 in endothelial 

cells and dermal fibroblasts. Also, human pulmonary artery smooth muscle cells 
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expressed high levels of TLR-3 upon PIC treatment, and responded to its activation by 

releasing ET-1 (59). Spirig et al. (56) showed that stimulation of human monocyte-

derived dendritic cells with exogenous or endogenous TLR-4 and TLR-2 agonists 

induced ET-1 production in a dose- and time-dependent manner. Moreover, vascular 

endothelium infected with Herpes simplex virus type 1 can active ET-1 production, 

suggesting that this protein is an important player in innate immunity (60). Thus, the 

above-mentioned studies are in line with data from the present study.  

Ang-II is a vasoconstrictive peptide that plays a central role in BP regulation 

(61). Importantly, Ang-II has been classified as a DAMP for TLR-4 activation (62). 

Hence, Ang-II treatment in renal tubular epithelial cells caused an activation of TLR-4 

pathway with subsequent TNF and IL-1 up-regulation (61). Accordingly, PIC also 

induced Ang-II in the present study, and the IFIH1 knockdown seems to prevent this 

increase. It remains to be confirmed if Ang-II also acts as a DAMP for IFIH1.  

Taking into account the present results and the aforementioned literature, it 

seems that PIC-induced TNF up-regulation is activating ANGPT-2, ET-1 and iNOS gene 

expressions. Then, ANGPT-2 is further activating ET-1 and VEGF expressions. VEGF 

may also contribute to maintain increased levels of ANGPT-2. IFIH1 knockdown 

partially prevented the PIC-induced up-regulation of these genes, suggesting that this 

PRR may have a key role in hypertension or PE after activation by PAMPS or DAMPS. 

Our data showing that INF- treatment also induces an increase in ANGPT-2, PGE-2 

and VEGF expressions in HUVECs indicates that a non-viral inflammatory 

environment is sufficient to activate this response. Therefore, further in vivo studies are 

necessary to clarify which PAMPs or DAMPS could activate IFIH1, leading to the 

expression of genes related to inflammation, angiogenesis and hypertension.      
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In conclusion, our results suggest that IFIH1 gene expression is decreased in 

placentas from PE women, probably contributing to PE pathogenesis. Furthermore, the 

in vitro experiments in HUVECs demonstrated that PIC treatment induces TNF, IFN-, 

iNOS, ANGPT-2, VEGF, ET-1 and AngII expressions, which is decreased after IFIH1 

knockdown. This study adds a new possible role for IFIH1 in the pathogenesis of PE 

and AH.  
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Figure 1. IFIH1 gene expression is decreased in placenta from PE women. IFIH1 

gene expressions were assessed in placenta from women with preeclampsia (PE) (n = 

33) and healthy pregnant women (controls, n = 53) (P= 0.004). Only white women were 

included in this analysis. P value was obtained using Student’s t-test. Data are presented 

as median (95% CI) and GAPDH was used as the reference gene. AU = arbitrary units.  
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Figure 2. IFIH1 knockdown in HUVECs. A) Representative immunoblottings for 

IFIH1 and GAPDH proteins after 24 h and 48 h of IFIH1 knockdown using siIFIH1 #2 

in HUVECs. B) Relative quantification of IFIH1 protein corrected by the values of 

GAPDH (n = 3 for each group; results for siIFIH1#2). C) Quantification of IFIH1 gene 

expression corrected by cyclophilin reference gene (n = 3 by group). Data are presented 

as mean ± SD. *P < 0.001 vs. siCTRL; **P < 0.0001 vs. siCTRL (Student’s t-test).   
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Figure 3. Expressions of inflammation-related genes after IFIH1 knockdown in 

HUVECs treated with PIC. Following 48 h of IFIH1 knockdown, cells were 

transfected with PIC for additional 24 h, and expressions of TNF (A), IFN- (B), iNOS 

(C) and PGE-2 (D) were evaluated by RT-qPCR. Values were corrected for the 

reference gene cyclophilin. Results are shown as mean ± SD (n = 3). *P <0.05 vs. 

untreated siCTRL; 
#
P <0.05 vs. untreated siIFIH1#2, and &P <0.05 vs. siCTRL + PIC. 

All comparisons were done using Student t-tests.  
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Figure 4. Expressions of hypertension- and angiogenesis-related genes after IFIH1 

knockdown in HUVECs treated with PIC. Following 48 h of IFIH1 knockdown, cells 

were transfected with PIC for additional 24 h, and expressions of ANGPT-2 (A), VEGF 

(B) and ET-1 (C) were evaluated by RT-qPCR. Values were corrected for the reference 

gene cyclophilin. Results are means ± SD (n = 3). *P < 0.05 vs. untreated siCTRL; 
#
P < 

0.05 vs. untreated siIFIH1#2; &P < 0.05 vs. siCTRL + PIC. All comparisons were done 

using Student t-tests. 
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Figure 5. Expressions of genes related to inflammation, hypertension, and 

angiogenesis after IFN- treatment in HUVECs. Cells were treated with IFN- or let 

untreated (control condition) for 48 h in culture, and then expressions of STAT-1 (A), 

PGE-2 (B), ANGPT-2 (C) and VEGF (D) were evaluated by RT-qPCR. Values were 

corrected for the reference gene cyclophilin. Results are means ± SD (n = 3). *P < 0.05 

vs. control condition. All comparisons were done using Student t-tests. 
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Table 1. Primer sequences used for RT-qPCR analyses.  

Gene Forward primer (5’-3’) Reverse primer (5’-3’) 

GAPDH  ACCCACTCCTCCACCTTTG CTCTTGTGCTCTTGCTGGG 

Cyclophilin  GCCGATGACGAGCCCTTG TGCCGCCAGTGCCATTATG 

IFIH1  ATGGAAAAAAAAGCTGCAAAAGA GTACTTCCTCAAATGTTCTGCACAA 

STAT-1                     GTGGAAAGACAGCCCTGCAT CCAACAGTCTCAACTTCACAGTGA 

VEGF  GGCGAGGCAGCTTGAGTTAA CACCGCCTCGGCTTGTC 

TNF  CCCAGGGACCTCTCTCTAATCA GGTTTGCTACAACATGGGCTACA 

IFN-  GAACTTTGACATCCCTGAGGAGATT ATGCGGCGTCCTCCTTCT 

ANGPT-2  GCCGCTCGAATACGATGACT AGCTCATTAGCCACTGAGTGTTGT 

PGE-2  ACAGAGGTGACAGCCCAACAG CCATGGAGGCAAAGGGATT 

ET-1 CCCTCCAGAGAGCGTTATGTG CCCGAAGGTCTGTCACCAA 

iNOS  CCCAAGGTCTATGTTCAGGACAT CACATCCCCFCAAACATAGAG 

 

GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; IFIH1, Interferon induced with 

helicase C domain 1; STAT-1, Signal transducer and activator of transcription 1; VEGF, 

Vascular endothelial growth factor; TNF, Tumor necrosis factor; IFN-, Interferon ; 

ANGPT-2, Angiopoetin-2; PGE-2, Prostaglandin-2; ET-1, Endothelin-1; iNOS, 

Inducible nitric oxide synthase.  
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Table 2. Genotype and allele frequencies of the IFIH1 rs1990760 G/A polymorphism in women with preeclampsia (PE) and healthy 

pregnant women (controls). 

 PE women (n = 59) Control women (n = 134) Unadjusted P* Adjusted OR (95% CI) / P
†
 

Genotype     

G/G 25.4 (15) 27.6 (37) 0.938 1 

G/A 52.5 (31) 50.0 (67)  0.826 (0.328-2.080)/0.685 

A/A 22.1 (13) 22.4 (30)  1.017 (0.465-2.225)/0.966 

Allele     

G 0.516 0.526 0.435 - 

A 0.484 0.474   

Dominant model     

G/G 25.4 (15) 27.6 (37) 0.861 1 

G/A – A/A 74.6 (44) 72.4 (97)  1.225 (0.585-2.565)/0.590 

Data are presented as % (n) or proportion. 
*
 P values were computed by ² tests comparing PE women and healthy pregnant women. 

†
Adjusted OR (95% CI) and P values obtained by logistic regression analyses adjusting for ethnicity. 
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Table 3. Effect of synthetic dsRNA treatment (PIC) after IFIH1 knockdown on expressions 

of genes related to inflammation, angiogenesis and hypertension. 

Gene siCTRL + PIC siIFIH1#1 + PIC P values 

VEGF 19.2 ± 1.8 10.9 ± 1.4 0.040 

TNF 18.3 ± 1.7 7.8 ± 4.0 0.031 

IFN- 17.4 ± 1.4 4.3 ± 0.8 <0.001 

ANGPT-2 5.7 ± 0.8 4.2 ± 0.05 0.029 

PGE-2 2.2 ± 0.3 5.3 ± 0.6 0.001 

ET-1 16.4 ± 1.7 11.6 ± 0.4 0.007 

iNOS 5.1 ± 0.5 4.0 ± 0.5 0.004 

Mean ± SD values are derived from 3 experiments after correction by values of the reference 

gene (Cyclophilin). Data were analyzed using unpaired Student’s t-test.  
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            Table S1. Clinical characteristics of women with preeclampsia and control subjects. 

       Results are shown as means ± SD, n or %. Data were analyzed using Student’s t-test. PE= preeclampsia; BMI = body mass index;  

       BP   = blood pressure.  

Characteristics PE group (n = 59) Control (n=134) P value 

Age (years) 25.8  5.9 25.0  6.5 0.383 

Ethnicity (% black women) 25.0 20.8 0.297 

Gestational age (weeks) 35.4  3.7 38.9  2.4 <0.0001 

Gestational BMI (kg/m
2
) 33.4  7.1 30.0  4.8 <0.0001 

Systolic BP (mm/Hg) 146.5  17.8 122.2  11.6 <0.0001 

Diastolic BP (mm/Hg) 90.89  14.4 72.8  9.3 <0.0001 

Infant birthweight (g) 2638.9  894.3 3214.7  602.9 <0.0001 

Pregnancy number (n) 2.0  1.3 2.1  1.4 0.500 

Fasting glucose (mg/dl) 78.6  6.1 77.8  8.6 0.567 

Mode of delivery:    

   Normal (%)  43.5 64.3 0.006 

   Cesarean (%)  55.1 35.7  
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Table S2. Clinical and laboratory characteristics of women with preeclampsia broken down by the different genotypes of the rs1990760 (G/A) 

polymorphism in the IFIH1 gene. 

Characteristics Genotypes P values 

 G/G (n = 15) G/A (n = 31) A/A (n = 13)  

Age (years) 24.8  5.4 24.7  5.6 30.0  6.4 0.021 

Gestational age (weeks) 35.5  3.8 34.8  3.9 36.9  3.6 0.276 

Gestational BMI (kg/m
2
) 34.8  7.7 31.9  8.0 34.5  5.6 0.388 

Systolic BP (mm/Hg) 145.5  16.2 145.4  18.2 144.9  16.6 0.995 

Diastolic BP (mm/Hg) 87.7  14.2 90.8 10.5 87.8  13.6 0.641 

Infant birthweight (g) 2793.6  966.3 2440.1  947.3 2967.3  740.1 0.176 

Mode of delivery:     

Normal % (n) 25.0 (6) 45.8 (11) 29.2 (7)  

Cesarean % (n) 26.5 (9) 55.9 (19) 17.6 (6) 0.571 

Data are expressed as mean  SD or percentage. *P-values were obtained by One-Way ANOVA or 
2 

tests, as appropriate. BMI = body mass 

index; BP = blood pressure.   
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4. CONCLUSÕES 

 

A nossa revisão sistemática demonstrou que os dados disponíveis na literatura 

sugerem fortemente o papel do TLR-3 e TLR-4 na patogênese da PE. No entanto, 

pesquisas adicionais ainda são necessárias para compreender melhor como a ativação 

excessiva destes TLRs em resposta a um sinal de perigo endógeno ou exógeno leva ao 

desenvolvimento PE. Além disso, mais estudos são necessários para confirmar se outros 

receptores do tipo TLRs, IFIH1/MDA5, RIG-1 ou NOD estão realmente envolvidos na 

patogênese da PE e se polimorfismos nos genes dos PRRs predispõe a esta complicação 

da gravidez. Através de uma investigação mais aprofundada do envolvimento PRR na PE 

pode ser possível identificar potenciais alvos terapêuticos para esta complicação. 

No nosso estudo de caso-controle, a expressão do gene IFIH1 foi diminuída na 

placenta de grávidas com PE em comparação ao grupo controle, sugerindo um papel 

deste gene no desenvolvimento desta complicação da gravidez. Em contraste, o 

polimorfismo rs1990760 no gene IFIH1 não foi associado com PE na nossa população. 

Dessa forma, estudos adicionais em diferentes populações, com números amostrais 

maiores e considerando-se a PE de diferentes graus de severidade são necessários para 

elucidar o papel deste polimorfismo na PE.  

No estudo experimental em células HUVECs, demonstrou-se que o tratamento 

com PIC induz a expressão de TNF, IFN-, iNOS, ANGPT-2, VEGF, ET-1 e AngII, o que 

foi parcialmente prevenido após bloqueio do gene IFIH1 nestas células. Isto sugere que o 

gene IFIH1 tem um papel importante na ativação de genes relacionados à inflamação, 

angiogênese e hipertensão em células endoteliais humanas após ser ativado por ligantes 

exógenos (virais) ou endógenos. Este estudo adiciona um novo papel possível do IFIH1 

na patogênese da PE e HA. 
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