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ABSTRACT 


Mucosal epithelial cells linin~ female reproductive tract (FRT) periodically expose to potential 

patho~enic or~anisms . It serves as a component of innate immunity response to invadin~ patho~en 

throu~h toll-like receptors (TLRs). Sex steroid hormones or phytoestro~ens play role in the re~ulation 

of many functions includin~ of FRT innate immunity. To date, the expression of TLRs family in 

endometrium has not yet been well characterized. Therefore, the aim of the present study was to 

identify the TLRs mRNA expression in the porcine endometrial epithelial cells and to examine the 

effect of phytoestro~ens on the re~ulation of TLRs ~ene and protein expression by reverse 

transcriptase-polymerase chain reaction (RT-PCR) and Western blot analysis. The experiments were 

performed usin~ immortalized porcine endometrial epithelial cells ~rown in estrogen-free media in 

the absence or presence of phytoestrogens ~enjstein or daidzein for 2 days. RT-PCR experiments 

demonstrated that TLR1, 2, 4, 5 and 10 are less express than the GAPDH ~ene, while the expression 

of TLR 3, 6, 7, 8 and 9 is hi~her . Pretreatment with genistein 10.
10 

M or 10. 
6 

M significantly increased 
6

TLR 5 or 7 mRI\JA expression by 2-10 folds. In addition, daidzein 10. M increased TLR 3 and 5 while 

lower concentration daidzein 10.
8 

M increased only TLR 5 mRNA expression. The TLR protein 

expression affected by phytoestrogens however, was not correlated to the ~ene expression. 

Expression of TLR3, 6, 7, 8 and 9 proteins was decreased in phytoestro~en treatment. All genistein 

treatment increased only TLR2 while daidzein treatment had an increase effect on expression of 

TLR1, 4 and 5 (P<0.05). Whether the modulatory effects of genistein and daidzein could prevent the 

loss of transepithelial resistance (TER) on was examined using the Volt-Ohm meter measurement in 

IMM cells grown on insert filters. Low concentration of ~enistein and daidzein (0.1) treatment 

revealed the decrease of TER while the higher concentration increased TER. 0111:84 Escherichia coli 

Lipopolysaccharides (LPS; 1 Il~/ml) inoculation dramatically decreased TER of IMM cells after 48h 

incubation. All pre-treatment with ~enistein or daizein 48h prior to LPS inoculation restored the loss 

of TER by this endotoxin. In addition, the mRI\JA expression of TLRs was also examined in order to 

provide the other relevant effect of phytoestrogen on innate immunity response to LPS. It revealed 

the up-regulation of TLR1 and 2 or the down-regulation of TLR3, 6, 7, 8 and 9 mRNA expression after 

48h inoculation with LPS. The synergistic effect of phytoestro~en on the modulatory effect of LPS on 

TLR mRNA expression was not found. Conversely, all genistein or daidzein reversed LPS effect on 

TLR1 and 2mRNA expressions. However, the functional relevance between TLRs mRNA expression 

and their functions associated with cytokine production are required for further study. The present 

results indicate that phytoestro~en compounds in soy can alter the innate immunity system a~ainst 

pathogens in harmful of the mucosal epithelial cells. These effects may benefit for therapeutic 

application of genistein or daidzein in the mucosal immunity. 
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INTRODUCTION 

Reproductive tract infections, especially uterine infections are a critical health problem 

with several consequences including infertility, ectopic pregnancy, and preterm birth. In pigs, infection 

in the respiratory and reproductive systems, porcine reproductive and respiratory syndrome (PRRS) is 

a major problem. The endometrium is an important site of innate immune defense, giving protection 

against uterine infection, which is crucial for successful implantation and pregnancy. The defense 

mechanisms primarily inteNened by uterine epithelia could be either effective physical barrier 

mediated by tightening of the epithelial monolayer (Ochiel et ol., 2008). 

Lipopolysaccharide (LPS), a bacterial endotoxin is composed of the outer membrane of 

Gram-negative bacteria, including of the principal commensal bacteria in the female genital tract 

Escherichia coli (Larsen and Monif, 2001). The bacterial vaginosis are not confined to the lower 

genital tract and may invade to the uterus and oviduct which is implantation and fertilization site. 

Therefore LPS has the deleterious effect on the quality of fertilized ova and the rate of pregnancy. 

Awkwardly, E. coli appears to favor the additional development of uterine infections by other 

opportunistic bacteria and viruses such as Herpes Virus (Donofrio et 01., 2008). Recently, endometrial 

pathogenic E. coli (EnPEC) were discovered that were more adherent to and invasive in the 

endometrium (Sheldon et 0[ ., 2010). In general, local LPS in the uterine lumen induced the 

inflammatory process and caused cell disruption (Herath et ol., 2009). These evidences may 

encourage the microorganisms or macromolecules across the endometrial. In respiratory organ, LPS 

induced lung endothelial and epithelial barrier disruption as evidenced by reduction of trans­

epithelial and transendothelial resistance (TER) as well as an increased dextran leak in a transwell 

permeability assay (Birukov et 0[., 2013; He et al., 2009). LPS treatment was indicated to disturb the 

serum concentration of progesterone, estrogen and their receptors (Agrawal et at., 2013). Principally, 

LPS is recognized by immune cells and host through the major membrane-bound and cytoplasmic 

pattern-recognition receptors (PRRs) or toll-like receptors (TLRs) family. TLRs recognize only 
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conseNed pathogen-associated molecular patterns (PAMPs) synthesized by microorganisms, but not 

by the host. Basically, TLRs are integral membrane glycoproteins comprising the intracellular C­

terminal domain which is required for the interaction and recruitment of various adaptor molecules 

to activate the downstream signaling pathway (Kumar et at., 2010). Activation of the TLRs with 

specific PAMPs leads to induction of inflammatory responses and development of antigen-specific 

adaptive immunity (Wira et at., 2005). At least 11 TLRs have been identified in mammals. Each TLR 

recognizes various components of the bacterial cell wall such as lipopolysaccharide (LPS) from gram­

negative bacteria (TLR-4), peptidoglycan from gram-positive bacteria (TLR-2), lipoarabinomannan 

(LAM) from mycobacteria (TLR-2), diacyl or triacyl lipopeptides from bacteria, mycobacteria and 

Mycoplasma (TLR-2/1 or TLR-2/6), flagellin from flagellated bacteria (TLR-5) and genomic DNA rich in 

unmethylated CpG DNA from bacteria (TLR-9) (Akira et at., 2006). Apart from bacteria, double-strand 

RNA from a virus is recognized by TLR-3 and Single-strand RNA from viruses by TLR-7 and TLR-S. Upon 

stimulation, TLRs mediate the secretion of chemokines and cytokines that recruit and activate 

immune cells of both the innate and adaptive immune systems (Wira et at., 2010). The mRNA 

expression of TLRs has been identified along the female reproductive tract. Previous studies in 

human primary uterine and fallopian tube epithelial cells revealed the expression of TLR-l to -9 

(Schaefer et at., 2004). The expression of TLRs appeared to be regulated by cyclic changes of sex 

hormones during the menstrual cycle. The TLR-2 to -6, -9 and -10 were highly expressed in the 

human endometrium during the secretory phase of the menstrual cycle (Aflatoonian et at ., 2007; 

Hirata et at., 2007). Similarly, in a murine model, the expressions of TLR-1 to -10 were significantly 

higher in the vaginal epithelial cells during diestrus (Yao et at., 2005). Therefore, changes in TLR 

mRNA expression may alter the expression of TLRs protein on either macrophages, dendritic cells or 

epithelial cells leading to the modulation of mucosal innate immunity. However, little was known 

about the regulation of expression of TLRs in the porcine endometrial epithelial cells. 
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Genistein and daidzein are two major isoflavone phytoestro~ens mostly found in hi~h level 

in soy and soybean products (Chansakaow et 0[., 2000). Due to chemical structure similar to 

estrogen, they have been reported to bind estro~en receptors and exerted weak estro~enic or anti­

estro~enic effects on various types of cells and tissues. In addition, ~enistein and daidzein have been 

shown to possess a variety of biolo~ical activities such as antioxidant effect, anti-proliferation, 

differentiation as well as modulation of immune response of mammary ~land and endometrium 

(Zhan~ et at., 1997). Endometrial epithelial cells linin~ the uterine cavity has been demonstrated the 

functional estro~en receptor, both ER (and ER~ and transport-related activities, especially in secretion 

of many factors involvin~ mucosal defense mechanism such as ~rowth factors, cytokines and anti­

microbial product (Knapczyk et at., 2010; Wira et at., 2005). The cultured cells also provide a physical 

barrier with hi~h epithelial resistance, suitable for studyin~ the mucosal defense mechanism. 

Therefore, it is of interest, whether endometrial epithelial cells itself exploits the ability of first line 

mucosal defense by the recognition of pathogenic components through the specific cel l surface 

receptor. The aim of the present study was to characterize the mRNA expression of TLR-1 to -10 and 

to examine the alteration of TLR expression by phytoestrogens in immortalized porcine endometrial 

epithelial cells. In addition, the assessment of the endometrial barrier function by chan~in~ of 

transepithelial resistance (TER) after phytoestro~ens exposure compared with post-stimulation of LPS 

in order to reveal their protective function on mucosal epithelial were examined. Understandin~ the 

effect of phytoestro~ens on endometriaL barrier function in correlation with TLRs ~ene expression is 

critical for uterine heaLth and reproductive success. Phytoestro~ens may be alternative medicinal 

products of choice for the prevention and treatment epithelial disorder and diseases caused by 

barrier dysfunction. 
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MATERIALS AND METHODS 


Materials 

Genistein, daidzein, insulin, non-essential amino acid, lipopolysaccharide (Escherichia coli 

055:Bs, purified by phenol extraction) and hi~h purity ~rade salts were purchased from Si~ma 

Chemical Co., (St Louis, MO, USA). Oulbecco's modified Ea~Le's medium (OMEM), Oulbecco's 

phosphate buffer saline (OPBS), phenoL red-free OMEM, fetal bovine serum (FBS), 0.05%trypsin-0.s3 

mM ethylenediaminetetraacetic acid (EOTA), kanamycin, penicillin-streptomycin and fungizone were 

purchased from GIBCO BRL (Grand Island, NY). Charcoal-stripped FBS was purchased from Biowest 

Co., (Miami, FL). 

Cell isolation and cuLture 

Immortalized porcine endometrial epithelial cells were kindly provided by Assoc. Prof. Dr. 

Chatsri Oeachapunya, Srinakharinwirot University. Cells were cultured in OMEM supplemented with 

3.7 giL NaHC03, 5% heat-inactivated FBS, 850 NM insulin, 1% non-essential amino acids, 100 U/ml 

penicillin, 100 ~g/ml streptomycin and 100 ~g/ml kanamycin, and incubated at 37°C in a humidified 

atmosphere of 5% CO2 in the air for 4 days before the experiment. Culture medium was chan~ed 

after 24 h and then every 2-3 days. Upon the cell was completely confluent, the epithelial cells 

were subcuLtured to 12-mm diameter transwell insert filters which have 0.4 ~m of membrane pore 

size. Cell monolayers were fed every two days and maintained in standard media for about 7 days 

before the be~inning of the experiment. In an attempt to verify the estro~enic action on the possible 

regulation, of the epithelial barrier function of TJs by ~enistein and daidzein, standard cell culture 

medium was replaced with phenol-red free medium and 2% charcoal-stripped fetal bovine serum 

(2%csFBS-DMEM) for 2 days and subjected to treatment with drugs. 
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Measurement of transepithelial electrical resistance (TER) 

Transepithelial electrical resistance (TER) was performed to determine the ion permeability 

of ti~ht junction linin~ at the uppermost portion of endometrial ~landular epithelial cells. Followin~ 

the subculture of ~landular epithelial cells on the transwell insert filters, the TER was periodically 

. 2TM . . 
measured by uSln~ EVOM electrode connected to Volt-ohmmeter (World PrecIsion Instruments, 

Inc. Sarasota, FU over 24 h inteNals durin~ the culture and pre-condition. To monitor the chan~es in 

TER by phytoestro~ens and LPS stimulation, the inserts containing the IMM cells ~rown in phenol-red­

free medium with stripped serum for 2 days was measured for TER. Genistein and daidzein (0.1, 10 

and 1000 nmoVU or their vehicle DMSO were administrated to the apical side of cell monolayer and 

the cells were incubated for 48 h. TER was measured before and at 30 min, 60 min, 120 min, 24 h 

and 48 h after administration of dru~s. Percent chan~es of TER of each time point from the start 

pOint was calculated and analyzed . 

Lipopolysaccharide (LPS) stimulation 

To study the effect of genistein and daidzein on bacterial endotoxin-induced tight junction 

barrier damage, all the IMM cells after the drug or vehicle treatment for 48h, they were substituted 

with new experimental media containing 1 J.lg/ml of 0111:84 Escherichia coli Lipopolysaccharides. 

Cells were allowed to incubate with endotoxin for 48 h. Measurement of TER was performed before 

and at 30 min, 60 min, 120 min, 24 hand 48 h after LPS stimulation. To verify the isoflavanoid effects 

on TER responded to LPS, changes of TER were calculated as percent changes of each point after 

LPS stimulation from the time point of 48 h of isoflavones or vehicle treatment. Cells from each well 

were haNested, and the RNA was extracted for analysis of TJs mRNA expression. 

Semi-quantitation of targeted gene expression by real-time peR 
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ReLative quantitative reaL-time PCR across muLtiple samples were obtained using primer 

pairs of TLR and internal control GAPDH gene products as shown in table 1. PCR reactions were 

performed with Corbett ® Rotor Gene 6000 (QIAGEN®, USA) and EvaLine EvaGreen® E4 Supermix 

(GeneOn ® Biotech, CA) containing EvaGreen® dye, 400 nM of each primer and 150 nM of the 

template were mixed in a 20-fjL reaction and cycled as follows: 95 (C for 3 min; denaturing at 95 (C 

for 30 s; annealin~ and extension at 60 (C for 30 s for 45 cycles. The specific PCR product for TLR and 

GAPDH were considered when a single sharp peak was seen. Levels of mRNA expression were 

calculated using the comparative threshold cycle method (i~CT) which defines as the reLative foLd 

change of targeted gene expression normalized to an internaL controL gene (porcine GAPDH). 

Table 1 Pair of porCine gene primers used for real-time PCR 

Gene Forward Primer (5' to 3') GenBank Accession 
Number 

Size 
(bp) 

TLR1 Fwd:GGTCTTGCTGGTCTTAGGAGAGAC 
Rev:CTGAAGTCCAGCTGACCCTGTAGCTTCACG 

NM 001031775.1 81 

TLR2 Fwd:GTGCTTTCCGAGAACTTTAT 
Rev: GCAGAATGAGGATGGCG 

GU138028.1 106 

TLR3 Fwd:CGGGCCAGCTTTCAGGAACCTG 
Rev:GGCATGAATTATATATGCTGC 

NM 001097444.1 81 

TLR4 Fwd:AAGGTTATTGTCGTGGTGT 
Rev:CTGCTGAGAAGGCGATAC 

NM 001113039.1 179 

TLR5 Fwd:CCTCATGACCATCCTCACAGTCAC 
Rev:GGCTTCAAGGCACCAGCCATCTC 

NM 001123202.1 122 

TLR6 Fwd:CCAAGTGAACATATCAGTTAATACTTTAGGGTGC 
Rev:CTCAGAAAACACGGTGTACAAAGCTG 

NM 213760.1 116 

TLR7 Fwd: CTCCCGGATCTGTACACCTG TGA G 
Rev:CTCCCACAGAGCCTTTTCCGGAGCT 

NM 001097434.1 107 

TLR8 Fwd:GTCCTGGGGATCAAAGAGGGAAGAG 
Rev:CTCTTACAGATCCGCTGCCGTAGCC 

NM 214187.1 700 

TLR9 Fwd: GCGAGATGAGGATGCCCTGCCCTACG 
Rev:TTCGGCCGTGGGTCCCTGGCAGAAG 

NM 213958 308 

TLR10 Fwd:CAGAGGTCATGATGGTTGGATGG 
Rev: GACCTAGCATCCTGAGATACCAGGGCAG 

NM 001030534.1 110 

GAPDH Fwd:TGAAGGTCGGACTCAACGGATTTGGT 
Rev:GTGGTGGACCTCATGGCCCACATG 

NM 001206359.1 600 
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Western blot hybridization 

After 48 h culturing of IMM cells in the absence or presence of phytoestrogens, cells were 

trypsinized and lysed with lysis buffer (50 mM tris HCl, 1% NP-40, 0.25% sodium deoxycholate, 150 

mM NaCl, 1 mM EGTA, 1 mM phenylmethylsulfonylfluoride, 20 J..tg aprotinin and 1 mM NaF, pH 7.4). 

Protein concentrations were determined using a bicinchoninic acid (BCA) protein assay kit (Pierce 

Chemical Co., USA). To detect the protein expression, 60 J..tg of total protein per sample were 

separated on 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE). Proteins 

were electrophoretically transferred to a polyvinylidene difluoride membrane (Pall Life Sciences, 

USA) in Tris-glycine transfer buffer. After blocking with 5% nonfat powdered milk in TBST (25 mM tris, 

140 mM NaCl, 0.1% Tween 20) for 4 h at room temperature, the membranes were reacted with 

antibody against TLR at the appropriated dilution (Santa Cruz Biotechnology Inc., USA) at 4 Co 

overnight. After several washings, the membranes were incubated for 2 h at room temperature with 

appropriate secondary antibody conjugated with horseradish peroxidase (Zymed Laboratories Inc.). 

The immunoreactive proteins were visualized using the enhanced chemiluminesence (ECL) detection 

system (Santa Cruz Biotechnology Inc.) According to manufacturer's instructions. Membranes were 

then exposed to film (HyperfiLm-ECL; Amersham Biosciences, USA) to visualize chemiluminescent 

bands. Re-proceeded bLot with anti ~-actin antibody (Sigma) was used as an internal control. 

Differences in protein immunoreactivity between treatments were determined by scanning 

densitometry in proportion to ~-actin immunoreactive bands (Scion Image; Scion Corporation, 

Frederick, MD). ALL experiments were repeated at Least three times. 

Data analyzes 

All vaLues are presented as mean±standard error of mean (SEM) and n is the number of 

TM 
immortalized ceLL monoLayers from at Least three different ceLL cuLture passages. Using Prism 5.0, 
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GraphPad Software, Inc., San Diego, CA). The differences between the control and experimental 

means were analyzed using a Student's t-test or Analysis of Variance (ANOVA) where appropriate. The 

post - hoc test was additionally performed with the Dunnett's test to compare the differences from 

control or the Newman-Keuls multiple comparison test to compare the differences between two 

groups. Differences with P values less than 0.05 were considered significant. 

RESULTS 

Toll-like receptor mRNA expression in immortalized endometrial epithelial cells 

To characterize the capable of recognition of pathogenic components through the specific 

cell surface receptor, the mRNA expressions of all subtypes of TLRs were examined in the 

immortalized endometrial epithelial (IMM) cells by using conventional RT-PCR and real-time PCR. In 

this experiment, the cells which were normally maintained in the standard media were further 

cultured for 48 h in the estrogen-free media. By using specific primer sets of various TLR subtypes, 

the PCR products as recognized by conventionaL RT-PCR revealed that the endometrial cells grown in 

the estro~en-deprived media expressed all TLR-1 to -10 mRNA with an exception of TLR-6 mRNA as 

shown in figure 1. However, the normalization of TLRs mRNA expression with internal control GAPDH 

mRNA expression using real-time PCR as shown in figure 2 revealed that all of TLRs mRNA were 

expressed in the estrogen-free condition with TLR-6 being most expressed, while TLR1, 2, 4, 5 and 10 

were very low expressed. 
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Fi~ure 1 (A) Representative gel electrophoresis showing the mRNA expression of TLR-1 to -10 in the 

immortatized endometrial epithelial ceLls ~rown for 48 h in the estro~en-free medium, Housekeepin~ 

~ene (GAPDH) was used as an internal control. (8) Real-time PCR analYSis of TLR-1 to -10 mRNA 

expression in the immortalized endometrial epithelial cells ~rown in the estro~en-deprived media for 

48 h. Data were normalized to porcine GAPDH using the i~CT analysis as described in Materials and 

Methods. Each value represented mean ± S.E.M. of 3 experiments (n=3). 

Effect of phytoestrogen and estrogen on toll-like receptor mRNA expression 

To study whether the potent soybean phytoestrogens modulated the TLR 1 to 10 mRNA 

expression by using real-time PCR. In the experiment, the IMM cells were cultured for 48 h in the 
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estrogen-free medium in the presence of various concentrations of genistein or daidzein compared to 

vehicle control as indicated in the materials and methods. Porcine glyceraldehydes-3-phosphate 

dehydrogenase (GAPOH) housekeepin~ ~ene was used for internal control and normalization. The 

relative quantitative expression of the studied ~ene to the housekeepin~ ~ene were conducted on 

Corbett RotorGene ® 6000 (Qiagen, Germany) and SYBR® Green Evaline E4 Master Mix (GeneOn ®, USA). 

The relative fold change of the TLR gene expression was calculated using the comparative method 

-lollCT 
(2 ) which normalized the threshold cycle «(T) of the TLR gene and the GAPOH gene. 

The relative quantitative expressions of TLR 1 to 10 mRNA to the porcine GAPOH mRNA in 

response to genistein or daidzein treatment were shown in fi~ure 2. The results in figure 2 revealed 

that the expression of TLR 1, 2, 3, 4, 6, 8, 9 or 10 mRNA was not affected by either ~enistein or 

daidzein treatment for 48h (p>O.OS). However, IMM cell treatment with daidzein 1000 nM for 48h 

increased TLR3, 5 and 7 mRNA expression by 2-4 foLd (Fi~ure 2C, 20 and 2G). In addition, increased 

TLR5 mRNA expression was revealed in IMM cells incubated with lower concentration daidzein 10 

nM, even thou~h it showed Less effective than daidzein 1000 nM (P<O.OS) (Figure 2E). 
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Figure 2 Effects of 48h treatment of genistein and daidzein 10- , 10- and 10- moVL compared with 

control (2%csFBS-DMEM + DMSO (without genistein or daidzein) on toll-like receptor (A-J) TLR-1 to 10 

gene expression in immortalized porcine glandular endometrial cell culture in relative to GAPDH the 

housekeeping gene. Bar graphs are the mean±SEM of the ratio of TLR of GAPDH gene expression 

calculated from threshold cycle (Ct) in real-time PCR analysis. (n = 6 experiments in each group). * or 

** respectively indicates significantly different from DMSO control, P < 0.05 or P < 0.001 by ANOVA 

followed by Dunnett's test. 

ResuLt of TLR famiLy mRI\JA expression in immortalized porcine endometriaL epitheliaL 

cells pretreated with soybean phytoestrogens following with both LPS stimuLation 

TLR1 mRNA expression in response to LPS 

After exposure to LPS, TLR1 mRNA expression was increased in vehicle treatment. Even 

though in all individuals of genistein-pretreated group found that genistein had no effect on TLR1 

mRNA expression. However, the pretreatment of all individual doses of genistein following with post-

stimulation of LPS revealed the relative TLRl mRNA expression measuring 
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10 8 6Fi~ure 3 Effects of 48h pre-treatment with genistein, daidzein 10- , 10- and 10- moVL or DMSO on 

on toll-like receptor (A-J) TLR-1 to 10 gene expression in relative to GAPDH the housekeeping gene in 

immortalized porcine glandular endometrial cell culture inoculated with 1 J.lg/ml of 0111:B4 

Escherichia coli Lipopolysaccharides (LPS). Bar graphs are the mean±SEM of the ratio of TLR to 

GAPDH gene expression calculated from threshold cycle (Ct) in real-time peR analysis. (n = 6 

experiments in each group). Different letter indicates significant differences from each other at P < 

0.05 by ANOVA followed by Newman-Keuls multiple comparison tests. 

-~CT 
as 2 value was greatly decreased when compared to those of mock treatment (DMSO + LPS). 

Among all individual of daidzein-pretreated group TLRl mRNA expression displayed not much 

different from vehicle treatment (DMSO). Similarly, daidzein-pretreatment itself had no effect on 

TLR1 mRNA expression, while the pretreatment daidzein following with post-stimulation of LPS 

revealed the relative TLR1 mRNA expression measuring was greatly decreased and shifted to the 

base line which reversed the effect of LPS in increasing of TLRl mRNA expression (Figure 3A). 
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TLR2 mRNA expression in response to LPS 

After challenge with LPS, TLR2 mRNA expression was increased by 3 fold (Figure 38). All 

IMM cells pretreated with genistein decreased the TLR2 mRI\JA expression response to LPS 

stimulation significantly (P<0.05; Figure 38). However, daidzein at the concentration of 10 and 1000 

nM but 0.1 nM had no effect on LPS-induced TLR2 mRNA expression. 

TLR3 mRNA expression in response to LPS 

In contrast to the LPS effect on TLR1 and 2 mRNA expression, LPS showed the inhibitory 

effect on TLR3 expression. Moreover, all phytoestrogen pretreatment except genistein at the 

moderate concentration (10 nM) reversed thi s effect (Figure 3C). In addition, it increased TLR3 mRI\JA 

expression to be higher than the endogenous TLR3 mRNA expression in the normal control. 

TLR4 mRNA expression in response to LPS 

In this study, after exposure to LPS, there was no alteration of TLR4 mRNA expression in 

IMM cells incubated in the media with or without genistein or daidzein (Figure 3D). 

TLR5 mRNA expression in response to LPS 

In IMM cells, post-stimulation of LPS had no effect on TLR5 mRNA expression. Instead, 

pretreatment with phytoestrogens genistein but not daidzein at any concentration increased TLRS 

mRNA expression after 48h inoculation with LPS (Figure 3E). 

TLR6, TLR7, TLR8, TLR9 and TLR 10 mRNA expression in response to LPS 

Even though TLR6 mRNA expression by IMM cells showed the hi~hest level than any 

others, LPS treatment for 48h significantly suppressed (>90%) all the TLR6 gene expression (Figure 

3F). None of phytoestrogen treatment could reverse this effect. The effects of LPS on the 
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suppression of gene expression were also revealed in TLR7, TLR8 and TLR9 but not in TLR10 (Figure 

3G-3J). However, neither ~enistein nor daidzein pretreatment could show the si~nificant effect on the 

LPS suppression. 

Effect of phytoestrogen and estrogen on toll-like receptor protein expression 

The next experiment was performed to characterize the TLR1 to 10 protein expression and 

its modulation by phytoestrogen by usin~ semi-quantitative Western blot analysis (Fi~ure 4). A 

representative Western blot as presented in figure 4 recognized the protein bands with an 

approximate molecular mass of 35, 32, 32, 49, 52, 42, 30, 40 and 45 kOa of TLR1 to 10 respectively. 

The 37 kOa band of ~-actin protein in the IMM cells grown in different media conditions was used as 

an internal control. . Semi-quantitative of TLR was calculated as the expression ratio of the density of 

TLR to ~-actin . The results revealed the different level of the TLR protein expression which is TLRl > 

TLR3/TLR7 > TLR4/TLRB > TLR9 > TLR6 >TLR5 > TLR2. 

Genistein and daidzein treatment for 48h shared the suppressive effect on the expression 

of the protein of TLR3, 6, 7, 8 and 9. In addition, all ~enistein treatment except hi~h-concentration 

genistein (1000 nM) revealed the decrease of TLRl expression. The stimulatin~ effect of genistein was 

founded on the expression of TLR2, while the stimulating effect of daidzein was revealed on TLR1, 4 

and 5 expressions (Fi~ure 4). However TLR4 and 2, and 5 protein expression were not affected after 

-8 -6 
exposure to ~enistein or daidzein at the concentrations of 10 and 10 M for 48 h, respectively 

(Fi~ure 4). Instead, hi~h-concentration genistein (1000 nM) increased TLR4 and 5 expression in the 

same de~ree as daidzein effects (Fi~ure 40 and E). 
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Figure 6 (A-I) Western blot analysis of TLR1 to 9 protein in the immortalized endometrial epithelial 
10 8 6

cells after treatment with genistein, daidzein 10- , 10- and 10- moVL or DMSO for 48h. The 

histogram shows densitometric analysis of TLRI~-actin protein ratio. Values are mean ± SEM of 3 

monolayers. Different letter indicates significant differences from each other at P < 0.05 by ANOVA 

followed by Newman-Keuls multiple comparison tests. 
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Effect of genistein and daidzein on tissue endometrial resistance (TER) 

In the immortalized porcine ~landular epithelium, basal value of TER before the addition of 

each dru~ did not differ si~nificantly between the different experiments. The mean (±SEM) of basal 

TER values were 1664 ± 136.0 O.cm
2

. in all experiments, the percent chan~e in time in relation to 

the basal value of the each well (%change of TER from initial) responded to each substance was 

calculated for the effect of drug on TER. in the immortalized ~landular epithelium immediately (30 

min) after replaced with newly tested medium, all cells with cell culture medium alone only 

(n = 18), the TER increased about 30% from the initial and ~radually decreased to baseline TER within 

24 h. However, the TER remained unchan~ed until 48h of the observation period (Fi~ure 5). The 

effects of ~enistein and daidzein on the TER across the immortalized ~landular epithelium 

monolayers were varied in Fi~ure lA and lB, respectively. The TER value in cell treated with ~enistein 

0.1 nM sli~htly decreased by 4% from the initial value durin~ first 30 minutes. The value then 

remained unchan~ed for 2 h before decreasin~ a~ain by 23% at 24 and 48 h. in the presence of 

hi~her concentration of ~enistein (10 or 1000 nM), the pattern of chan~e TER values durin~ 30 

minutes to 2 hours were similar to the cells with cell culture medium alone. However, the percent 

chan~es of TER values from initial in the cells incubated with ~enistein 10 nM were hi~her than the 

values of all treatment at the end of time points observed in this study (48 h). The suppressive 

effect of ~enistein at the lowest concentration on TER was immediately found after 30 minutes of 

incubation (Fi~. 1A). The decreased TER was restored to the basal TER after 1 to 2 h, however the TER 

was declined over a~ain by 20% at 24 and 48 h period of treatment (Fi~ure SA). 

Similarly, daidzein at the lowest concentration 0.1 nM decreased TER value by 30%, even 

thou~h the suppressive effect were observed only at 2 hand 24 h (Fi~ure 5B). Notwithstandin~, the 

promoting effect of daidzein to increase the TER was found after 2 h incubation with the hi~hest 

concentration of daidzein (1000 nM) (Fi~ure 5B). 
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TabLe 2 Effects of ~enistein, daidzein or DMSO treatment on transepithelial resistance (TER) across 

the immortalized porcine epithelium. Chan~es in epithelial barrier function were monitored by 

measurin~ the transepithelial resistance (TER; Ohm.cm 2) at 0, 0.5, 1, 2, 24, and 48 h after the start of 

phytoestro~ens incubation. Values are the mean±SEM of measured TER (n = 6 experiments in each 

~roup). 

TER 
2

(Ohm.cm) 
o min 30 min 60 min 120 min 1 day 2 days 

Control 1664±136 1992±81 1937±85 1732±110 1626±47 1822±50 

Genistein 

0.1 nM 1675±158 1409±160 1664±150 1662±158 1397±191 1490±151 

10 nM 1665±140 1897±117 1813±192 1823±102 1750±95 1905±108 

1000 nM 1698±129 1996±217 1933±132 1862±142 1656±146 1865±132 

Daidzein 

0.1 nM 1686±109 1989±104 1913±110 1373±104 1493±63 1735±147 

10 nM 1639±91 1869±124 1973±127 1948±128 16S7±43 1715±109 

1000 nM 1640±92 2060±51 1995±151 2068±159 1620±93 1863±109 

Effect of genistein and daidzein on TER in cell exposure to LPS 

To further clarify the modulatory effects of ~enistein and daidzein on the LPS-induced 

epithelial disruption, the TER were continually determined following 30 min, 1, 2, 24 or 48 h of LPS 

exposure. After 30 min to 2 h exposure to LPS (1 f.l~/ml), the TER of all IMM cells without drugs was 

increased by 10-30%. In IMM cells exposed to genistein and daidzein at 0.1 nM did not affect the 

increased TER value responded to LPS (Figure 6A). In contrast, IMM cells with 48 pre-treatment with 

higher doses of genistein 10 nM depressed the LPS-induced TER (Figure 6A). In addition, the decrease 

in TER was shown following the stimulation with LPS for 30 min-2 h in the IMM cells pre-treatment 

with ~enistein at the hi~hest doses (1000 nM) in this study (Fi~ure 6A). The si~nificant decreased TER 
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responded to the LPS were also found in 2 h-post LPS stimulation in all daidzein pre-treatment 

(Fisure 68). At 1-2 d post-stimulation of LPS, TER of all vehicle sroups (DMSO) pre-treatment turned 

to decrease lower than TER value prior to LPS stimulation. As seen in Fisure 6A and 8, the TER of 

controL IMM ceLLs continue to decrease throughout the Last 2 days of LPS stimuLation, whiLe TER 

development of all IMM cells pretreated with either senistein or daidzein were restored 

(P<0 . 05)(Fi~ure 6A and 8). 

TabLe 3 Effects of 48h pre-treatment with ~enistein, daidzein or DMSO on transepitheliaL resistance 

(TER) across the immortalized porCine epithelium inoculated with 1 J.l~/ml of 0111:84 Escherichia 

coli Lipopolysaccharides (LPS). Chan~es in epithelial barrier function were monitored by measurins of 

the transepithelial resistance (TER; Ohm.cm2) at 0, 0.5, 1, 2, 24, and 48 h after the start of LPS 

stimulation. Values are the mean±SEM of measured TER (n = 6 experiments in each ~roup). 

TER After LPS Stimulation 
2

(Ohm.cm) o min 30 min 60 min 120 min 1 day 2 days 

Control 1822±50 2279±139 2392±151 2195±150 1258±46 1379±60 

Genistein 

0.1 nM 1490±151 1702±244 1881±247 1805±226 1991±101 1832±134 

10 nM 1905±108 1995±244 1924±245 1905±226 1976±208 1774±44 

1000 nM 186S±132 lS37±141 1546±129 1397±135 1825±70 1660±27 

Daidzein 

0.1 nM 1735±147 1812±168 1315±209 1287±208 1670±146 1855±65 

10 nM 1715±109 1874±250 1846±253 1460±158 1981±57 1992±101 

1000 nM 1863±109 2361±162 2459±217 1506±192 2162±115 2112±242 
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DISCUSSION 

The mucosal epithelial cells lining the uterine cavity are a component of the innate 

immune system and the first line of host defense against infection. Rapid innate immune defense 

against infection involve the recognition of invading pathogens by a specific pattern recognition 

receptors recently attributed to the family of Toll-like receptors (TLR). The TLR plays a criticaL roLe in 

cell activation in response to pathogen-associated molecular patterns (PAMPs) derived from viruses, 

bacteria, fungi and protozoa. It has been expressed in innate immune cells (dendritic cells, 

macrophage and NK ceLls), adaptive immune cells (lymphocytes) as well as non-immune cells 

(epitheliaL ceLLs, endotheliaL cells and fibrobLast) (Kawai and Akira, 2010). Although the other 

epithelial tissues and cell lines, such as airway, gastric and intestinaL epitheliaL celLs as well as the 

reproductive tract (Cario et 01., 2000; MeLmed et 01., 2003; Muir et 01., 2003; Smith et 01., 2003; 

Fichorova et oi., 2003) have been shown to express severaL TLR genes, little has been known 

concerning the mRNA and protein expressions of TLR expression and its moduLation by estrogen and 

estrogen-like substances in primary cuLture of porcine endometriaL epitheliaL cells. 

In the present study, we found that the immortalized porcine endometrial epithelial ceLLs 

reveaLed different patterns of all TLRs-1 to -10 mRNA expression identified by real-time RT-PCR. 

ALthough the TLR-6 mRNA was not detectabLe by conventional RT-PCR, the normalized TLR-6 to 

GAPDH mRNA appeared to be the most expressed by reaL-time PCR. This non-detectabLe TLR-6 was 

likely due to unknown problems associated with degraded PCR products at 40 cycles. By using the 

quantitative real-time PCR, the PCR products of TLR-3, -6, -7, -8, and -9 were much higher expressed 

than those of TLR1, 2, 4, 5 and 10 (Figure 1), suggesting the important role of TLR in mediating innate 

immunity in the endometrial epitheUum. The findings of aLL subtypes of TLRs family indicated that 

the endometrial epithelial cells couLd recognize all identified pathogenic components of viruses, 
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bacteria, fun~us and protozoa. The presence of TLR in porcine endometrial epithelial cells was 

consistent with those that have been identified in epithelial cell line of the female reproductive 

tract, but with different subtypes re~ardin~ to cell type, tissue and species specific. For example, 

va~inal and ceNical epithelial cell tines have been reported to express TLR-1 to -6, while primary 

endoceNical epithelial cells expressed TLR-1 to -3 and TLR-6 (Fichorova et ai., 2003). Similar findin~s 

of different subtypes of TLRs mRNA expressions have also been reported in human uterine epithelial 

cell lines, ECC1, RL-95 and Ishikawa cells (Youn~ et ai., 2004; Schaefer et al., 2004; 2005) and bovine 

endometrial tissues and epithelial cells (Davies et ai., 2008). Other and our obseNations su~~ested 

the important role of TLR in reco~nition of a variety of PAMPs in the endometrium. 

Viruses and bacteria are the most common causes of sexually transmitted diseases, 

endometritis and reproductive tract infection. Various parts of specific viruses and bacteria are 

reco~nized by TLR3, 5 and 7 affected by ~enistein or daidzein, respectively. TLR-3 is implicated in the 

reco~nition of viral nucleic acids or mRNA from apoptotic cells, and TLR-4 reco~nizes bacterial 

endotoxin and multiple endo~enous li~ands which are the main cause of the infection of epithelial 

cells linin~ the female reproductive tract (Akira et ai ., 2006). Thus, the modulation of these TLR 

expressions by estro~en and phytoestro~ens, ~enistein and daidzein was further examined. In the 

present study, the similar pattern of TLRs mRNA expression was obseNed in the endometrial 

epithelial cells ~rown in the estro~en-deprived medium which was composed of phenol red free 

medium with low level of serum (2%csFBS) compared to the standard medium (5%FBS) (data not 

-6 
shown). Under this estro~en-deprived medium, the treatment of the IMM cells with daidzein 10 M, 

but not ~enistein, for 48 h si~nificantly up-regulated the expression of TLR-3 mRNA, indicatin~ a 

possible role of daidzein in the protection of endometrial against the invadin~ virus. Since daidzein 

has been shown to exert weak estrogenic activity mediated through estrogen receptor, this finding 

also raised the possibility that the modulatory effect of daidzein on the TLR-3 ~ene expression was 
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independent of estrogen receptor binding. However, the exact mechanical effect of daidzein on TLR 

mediating innate immunity in the endometrium is not known. TLR5 is also up-regulated by genistein 

and daidzein, which may increase implication for the response of flagellin founded in the pathogens 

that have flagella. Moreover, TLR7 mRNA expression is increased responded to soybean 

phytoestrogen suggesting the beneficial effect on the protection of endometrial through the 

stimulation of TLR7. However, TLR7 is the receptor for the pathogen, but it recognizes the anti-viral 

drugs imidazoquinolines, which are guanosine-based drugs that induce an antiviral response in vivo . 

Recently, TLR7 was indicated as the new sensor for viral infection. Stimulation of TLRs 7 or 9 causes a 

type I IFN response to neutralize the viral particles (Crozat and Beutler, 2004) 

In addition to mRNA expression, the protein expressions of TLR-3, 5 and 7 of the IMM cells 

were not affected by genistein and daidzein at same as the phytoestrogen effects on mRNA 

6
expression. On the other hand, daidzein 10- M was shown to decrease the TLR-3 protein while 

having a tendency to increase the TLR-4 protein expression. Although the functional relevance of 

TLRs expression and health-related disease has not well understood, the up-regulation of TLR-4 

proteins by phytoestrogen could be an evidence for the application of these substances to protect 

the endometrium against bacterial infection, especially endotoxin from Escherichia coli, commensal 

bacteria within the intestine. These findings indicated the potential role of phytoestrogen genistein 

and daidzein on modulation of the TLR gene and protein expression . This study demonstrates that 

the two potent soybean phytoestrogen, genistein and daidzein, enhance the barrier function in IMM 

cell monolayers. The enhancing effect of genistein and daidzein may be resulting from the 

promotion of the assembly of TJ proteins, daudin-I, ocdudin, and ZO-2, and the expression of 

claudin-4 through the inhibition of a novel PKC8 isoform, which revealed in other flavonoids such as 

quercetin and myricetin are well-known antioxidants (Suzuki and Hara, 2009). Therefore the 

alteration of tight junction gene and protein expression by the effective dose of genistein or daidzein 
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shouLd be considered in future studies. In this study, aLL 'Senistein and daidzein pre-treatment 

restored the decreased of TER induced by LPS. In IMM ceLls, LPS inoculation showed the modulatory 

effects on TER and TLR expression suggesting that IMM ceLls expressed the complex system, the toLl­

like receptor 4/CD14/MD-2 receptor complex necessary to detect LPS. After detection of LPS by TLR 

system on epithelial cells, it may secrete the specific chemical substances such as PGE2 or cytokines, 

leadin'S to the damage of tight junction (Degraaf et al., 2014). Genistein and daidzein may oppose the 

effects of LPS-induced proteolytic system by suppressing the expression of toLL-like receptor 

4/CD14/MD-2 receptor compLex. However, in this study TLR4 receptor after LPS stimulation was 

affected by phytoestrogen treatment. 

The present finding provided the evidence that the immortalized porcine endometrial 

epithelial cells exerted a regulatory roLe in host defense against invading pathogens through the 

expression of TLRs. The differential expression of TLR proteins by genistein and daidzein suggests the 

potential role of soybean phytoestrogen on modulation of the rapid mucosal defense mechanism in 

endometrial epithelium. The up-regUlation of TLR could be therapeutic application of phytoestrogen 

to protect the female reproductive tract from invading specific pathogens. 
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