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Abstract 
Expression of Toll-like receptors at the maternal-fetal interface during normal and complicated 
pregnancies has aroused interest in the last few years. However, despite the importance of TLR-2 
and TLR-4, which recognizes most microorganisms presenting in the amniotic cavity infections 
associated with prematurity, comparison of the expressions of these receptors is rare in the lite-
rature. Thus, the purpose of this study was to compare the gene expression between TLR-2 and 
TLR-4 in amniochorion membranes of pregnant women with preterm delivery in the presence of 
histologic chorioamnionitis (HCA). Amniochorion membranes were collected from 40 pregnant 
women with preterm delivery; 20 presented HCA and 20 did not. Fragments of the membranes 
were submitted to total RNA extraction, followed by cDNA production by reverse transcription. 
Real time quantitative PCR was used to quantify the gene expression of the TLRs. mRNA concen-
trations between TLR-2 and TLR-4 were compared using the nonparametric Mann-Whitney test. 
TLR-2 expression was higher than TLR-4 expression in the presence of HCA. No difference was 
observed between TLR-2 and TLR-4 expression in membranes in the absence of inflammatory in-
filtrate. In conclusion, amniochorion membranes express TLR-2 and TLR-4 and higher TLR-2 ex-
pression in the presence of histologic chorioamnionitis suggests that microorganisms recogniza-
ble by TLR-2 play an important role in the physiopathology of preterm labor. 
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1. Introduction 
The amniochorion membranes are a complex multilaminated structure of great importance for fetal development. 
One of the functions proposed for this structure is the role of an immunological barrier against pathogenic mi-
croorganisms that ascend from the lower genital tract, since these tissues express antimicrobial agents, such as 
human beta defensins (HBDs) [1] [2], cytokines [3] [4] and other components of the innate immune system, in-
cluding Toll-like receptors (TLRs) [5].  

TLRs are transmembrane receptors that recognize several pathogen-associated molecular patterns (PAMPs) 
and stimulate proinflammatory cytokine gene transcription [6] [7]. Activation of TLR by their specific ligand 
culminates in the activation of transcription factors, most prominently NF-κB, which is involved in regulating 
the synthesis of proinflammatory cytokines and prostaglandins [8]. TLR-2 recognizes the widest spectrum of 
microbial components, including peptidoglycan and lipoteichoic acid from Gram positive bacteria [9] [10], li-
poproteins from Gram-negative bacteria [11], mycoplasms [12] and fungal zymosan [13]. The broad specificity 
of TLR-2 is due to its ability to act both as a homodimer and as a heterodimer with TLR-1 and TLR-6 [14]. 
TLR-4 has been genetically identified as a mediator of lipopolysaccharide (LPS)-induced signal transduction [6] 
[15].  

Several studies have associated intraamniotic infection and the maternal inflammatory response with early ac-
tivation of the parturition pathway [16]-[19]. Bacteria from the lower genital tract can access the amniochorion 
membranes by ascending the cervical canal, and subsequently infect the amniotic cavity [20]. This fact is evi-
denced by the finding that large number of bacteria identified in the amniotic cavity of preterm pregnancies re-
side in the lower genital tract, including the species associated with bacterial vaginosis (BV) [21]-[23]. 

The presence of several bacterial species in the lower genital tract and consequently in intraamniotic infection, 
provides different types of PAMPs, which justifies the expression of several TLRs at the maternal-fetal interface, 
especially in the presence of histologic chorioamnionitis (HCA), defined as infiltration of fetal membranes by 
polymorphonuclear leukocytes. Kim et al. [5] reported that term and preterm spontaneous labor with histologic 
chorioamnionitis were associated with an increased expression of TLR-2 and TLR-4 in the membranes. Kuma-
zaki et al. [24] showed that TLR-4 expression was detected in Houfbauer cells within the villi of term and pre-
term placenta and the immunoreactivity was higher in preterm placenta in the presence of histologic chorioam-
nionitis.  

TLR-2 and TLR-4 recognize the majority of the microorganisms involved in amniotic cavity infections that 
which are involved in activating the inflammatory response in amniochorion membranes. Despite the impor-
tance of these receptors, comparison between expression of TLR-2 and TLR-4 in amniochorion membranes is 
rare in literature. This comparison may contribute to understanding the role of innate immunity at the fetal-ma- 
ternal interface in pregnancies complicated by prematurity and HCA.  

The purpose of this study was to compare the gene expression between TLR-2 and TLR-4 in amniochorion 
membranes from preterm delivery, considering the status of histologic chorioamnionitis. 

2. Methods 
2.1. Study Population 
A cross-sectional study was conducted in Obstetric Unit, Botucatu Medical School, São Paulo State University, 
Brazil and in the Laboratory of Immunopathology of the Maternal-Fetal Relationship, Department of Pathology, 
Botucatu Medical School, São Paulo State University, UNESP, from 2009 to 2011. 

The study group consisted of 40 pregnant women with preterm delivery. A total of 20 amniochorion mem-
branes presented HCA and in 20 the inflammatory infiltrate was absent. Gestational age was calculated from the 
first day of last menstrual period and/or by first-trimester ultrasound examination. The pregnant women were 
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not eligible if they presented multiple pregnancies, diabetes, hypertension, fetal anomalies, placental abruption, 
placenta previa, intrauterine growth restriction and urinary tract infection. We excluded of this study pregnant 
women whose the quality and concentration of extracted total RNA of the amniochorion membranes were poor 
for this technique. The demographic and clinical characteristics of the study population were obtained from 
medical records. 

This study was approved by the Research Ethics Committee of Botucatu Medical School, São Paulo State 
University (Protocol 3170-2009), and written informed consent was obtained from all participants. 

2.2. Collection of Amniochorion Membranes 
All collect amniochorion membranes were stored in RNA later® solution (Ambion-Austin, TX, USA) at a con-
centration of 10 μl/mg of tissue at −80˚C. Samples of the membranes were fixed in 10% formalin, embedded in 
paraffin, sectioned and stained with hematoxylin and eosin for histopathological analyses. Histologic chorioam-
nionitis was diagnosed by the presence of neutrophilic infiltration in amniochorion membranes, as described 
Yoon et al. [25]. 

2.3. Real Time PCR  
TLR-2 and TLR-4 expression were measure by real time quantitative PCR with an ABI Prism® 7300 Sequence 
Detector (Applied Biosystems®, Foster City, CA, USA). Total RNA was extracted from amniochorion mem-
branes samples using an IllustraRNAspin Mini Isolation Kit (GE Healthcare®, Pittsburgh, PA, USA). To prec-
lude genomic DNA contamination, all RNA samples were treated with RNase-free DNAse I (New England Bi-
olabs®, Ipswich, MA, USA) before amplification. The quality and concentration of extracted total RNA were 
measured with Epoch (Biotek®, Winnosk, VT, USA) by determining the absorbance ratio 260 nm/280 nm and 
absorbance at 260 nm, respectively. RNA (0.1 µg/µL) was submitted to reverse transcription using the High- 
Capacity cDNA Archive Kit, following the manufacturer’s instructions (Applied Biosystems, Foster City, CA, 
USA). TaqMan-validated primers and TaqMan MGB probes were used to amplify TLR-2 (Hs00610101_m1) 
and TLR-4 (Hs00370853_m1). The levels of expression of the TLRs in each sample were normalized with the 
TBP (TATA box binding protein, ID Hs99999910_m1) housekeeping gene [26]. Amplification was performed 
using the Line Gene K (Bioer®) using the ddCT method [27]. Thermal cycling was initiated with a denaturating 
step of 10 min at 95˚C, followed by 40 cycles of 95˚C for 15 s and 60˚C for 1 min. All reactions were performed 
in duplicate, and negative controls were included in each run. 

Statistical analyses were performed with Sigma Stat Software version 3.1. After checking for data normality 
(Kolmogorov-Smirnov test with Lilliefors’ correction), TLR-2 and TLR-4 mRNA concentrations were com-
pared using the nonparametric Mann-Whitney test. The categorical variables marital status, ethnicity and type of 
delivery were compared using Fisher’s exact test. Maternal age was compared using the t test and gestational 
age at delivery was compared using the Mann-Whitney test. In all tests, the significance level was set at p value 
< 0.05. 

3. Results 
3.1. Sociodemographic and Obstetrics Characteristics  
The demographic and clinical characteristics of the study population are summarized in Table 1. Maternal age, 
ethnicity, type of delivery and parity were similar between the groups. Similar gestational age at delivery was 
observed independently of histologic chorioamnionitis status. 

3.2. Relative Quantification of TLR-2 and TLR-4 
Comparison between TLR-2 and TLR-4 Expression in Amniochorion Membranes 
The relative quantification of TLR-2 and TLR-4 mRNA in amniochorion membranes are shown in Figures 1-3. 
All amniochorion membranes included in the study expressed TLR-2 and TLR-4 mRNA. TLR-2 expression 
[3.87 (0.46 - 47.38)] was higher than TLR-4 expression [0.50 (0.028 - 18.05)] in the presence of histologic cho-
rioamnionitis (p < 0.001) (Figure 2). No difference was observed between TLR-2 and TLR-4 expression in 
membranes in the absence of inflammatory infiltrate (Figure 3). 
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Table 1. Demographics and obstetric characteristics of the pregnant women included in this study. 

Characteristics Preterm delivery without HCA 
(n = 20) 

Preterm delivery with HCA 
(n = 20) p-value 

Maternal age* 24.55 ± 6.47 22.10 ± 5.99 0.222 

Marital status    

Single 27.78% (5/18) 40% (8/20) 
0.506 

Married 72.22% (13/18) 60% (12/20) 

Ethnicity    

White 95% (19/20) 85% (17/20) 
0.605 

Non-white 5% (1/20) 15% (3/20) 

Type of delivery    

Vaginal 75% (15/20) 60% (12/20) 
0.501 

Cesarean 25% (5/20) 40% (8/20) 

Gestational age at delivery (days)+ 238.5 (177 - 258) 233 (182 - 255) 0.715 
*Values expressed as mean ± SD; +Values expressed as median (min-max); HCA: histologic chorioamnionitis. 
 

 
Figure 1. Relative quantification of TLR-2 and TLR-4 in all 
amniochorion membranes analyzed. Mann-Whitney test. 

 

 
Figure 2. Relative quantification of TLR-2 and TLR-4 in 
amniochorion membranes in the presence of HCA. Mann- 
Whitney test. HCA: histologic chorioamnionitis. 
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Figure 3. Relative quantification of TLR-2 and TLR-4 in 
amniochorion membranes in the absence of HCA. Mann- 
Whitney test. HCA: histologic chorioamnionitis. 

4. Discussion 
The function of amniochorion membranes as an immunological barrier, especially concerning the expression of 
components of the innate immune system, such as TLRs and antimicrobial agents, ensures the proper develop-
ment of the pregnancy by promoting allograft tolerance while maintaining the maternal immune response 
against pathogens [1] [5] [24]. 

TLR-2 is one of the more promiscuous TLRs, and is able to recognize a broad spectrum of PAMPs, since ac-
tivation can occur concomitantly with TLR-1 and TLR-6 [28] [29]. The TLR-1/TLR-2 heterodimer recognizes 
triacylated lipopeptides from Gram-negative bacteria and mycoplasma, whereas the TLR-2/TLR-6 heterodimer 
recognizes diacylated lipopeptides from Gram-positive bacteria and mycoplasma [28] [29]. TLR-4 recognizes 
the LPS of Gram-negative bacteria [30], including those found in bacterial vaginosis (BV), such as Bacteroides 
spp., Fusobacterium spp. and Prevotella [31] [32]. 

This study demonstrated gene expression of TLR-2 in the amniochorion membranes was significantly higher 
thanTLR-4 gene expression in the presence of histologic chorioamnionitis, which results from microbial inva-
sion of the amniotic cavity [33]. Comparison of amniochorion membranes in the absence of inflammatory infil-
trate showed no significant differences.  

Romero et al. [34] demonstrated that the most frequent microorganisms present in the amniotic cavity of pre-
term pregnancies are Mycoplasma hominis and Ureaplasma urealyticum, and theses possess molecular patterns 
recognizable by the TLR-1/TLR-2 heterodimer. In a recent study conducted in our laboratory, Marconi et al. [23] 
reported polymicrobial infection of the amniotic cavity of pregnant women in preterm labor, with a higher pre-
valence of Mycoplasma hominis and Ureaplasma urealyticum, however other species were also detected in-
cluding Leptotrichia amnionii, Bacteroides fragilis and Prevotella bivia, which are recognizable by TLR-4.  

Our results suggest that the expression of TLR-2 in amniochorion membranes with histologic chorioamnioni-
tisis enhanced by modulation of the inflammatory response triggered by PAMPs that are recognized by this re-
ceptor. Additionally, TLR-4 activation by Gram-negative bacteria can enhance the expression of TLR-2 in a 
time-dependent manner. Studies have been showed that early LPS recognition by TLR-4 upregulates TLR-2 ex-
pression in epithelial cells, resulting in a delayed TLR-2 response [35]-[38]. These late TLR-2 upregulation via 
TLR-4 could explain our results that showing only delayed TLR-2 response was detected, a fact supported by a 
diagnosis of histologic chorioamnionitis, since this is a final stage of microbial invasion of amniotic cavity. This 
study has a limitation regarding the lack of the histologic chorioamnionitis grade analysis once the small sample 
size did not allowed these groups subdivision. An intense inflammatory infiltrate can trigger higher TLRs ex-
pression compared to discrete histologic chorioamnionitis, but this aspect needs further analysis.  

5. Conclusion 
In conclusion, this study showed that amniochorion membranes express TLR-2 and TLR-4 and that the expres-
sion of TLR-2 is higher than TLR-4 in the amniochorion membranes from preterm pregnancies in the presence 
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of histologic chorioamnionitis. This result supports the understanding that microorganisms recognizable by 
TLR-2 play an important role in the physiopathology of preterm delivery. 
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