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INTRODUCTION

The innate immune system is a global system of 
host defense against pathogens. Recognition of 

pathogens relied on a set of germ line-encoded re-

ceptors recognized pattern-recognition receptors 
(PRRs) as a part of innate immune recognition. These 
receptors have the ability to recognize conserved 
pathogen-associated molecular patterns (PAMPs) 
produced by large groups of pathogens (Akira, 2001; 
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Abstract | Toll-like receptors (TLRs) are a vital component of innate immune system and perform 
an important role in disease resistance through recognition of pathogen associated molecular pat-
terns (PAMPs) and initiation of a convenient immune response. Endometritis is the most important 
disease causing infertility in cattle and buffalo and TLRs play a critical role in elimination of that 
disease. The present study aims to characterize the transcripts of TLRs: TLR1, TLR2, TLR4, TLR6 
and TLR10 in Bubalus bubalis with endometritis. Quantitative real-time (q-PCR) assays were per-
formed to detect transcript expression profiles of these TLRs in liver, mammary gland, ovary and 
uterus of Bubalus bubalis with and without endometritis. The result showed that the transcript pro-
files of TLRs especially TLR2 and TLR4 were significantly differences in mammary glands, ovary 
and uterus but on the othe hands, there is no significant difference in the transcript profile of TLRs 
in liver with or without endometritis. TLRs nucleotide sequences have more than 97% nucleotide 
homology between Bubalus bubalis with and without endometritis. Simple modular architecture tool 
(SMART) analysis revealed the presence of TIR domains and different numbers of leucine rich 
repeat motifs in tested TLRs. In conclusion, for animals infected with endometritis, there was a sig-
nificant difference of TLR2 and TLR4 in uterine tissue compared to uninfected animals. Therefore, 
it is suggested to consider the TLRs results as detection markers for endometritis.
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Janeway and Medzhitov, 2002). 

Ten members of the TLR receptor family are broad-
ly expressed in the mammalian genome (Akira et al., 
2006). TLR1, TLR2 and TLR6 recognize bacterial 
lipids such as lipoteichoic acid (LTA), whereas TLR3, 
TLR7, and TLR8 as well as TLR9 recognize nucleic 
acids, often from viruses. TLR9 also identifies bacteri-
al DNA. TLR4 recognizes lipopolysaccharide (LPS) 
from Gram-negative bacteria such as E. coli, while 
TLR5 binds to flagellin. The ligand for  TLR10 is still 
not known (Hirata et al., 2007; Regan et al., 2013). 

TLRs are type 1 transmembrane proteins with N ter-
minal extracellular leucine-rich repeat (LRR) and C 
terminal intracellular TIR (Toll/IL 1 receptor) do-
main. A TIR domain is required for initiating intra-
cellular signaling and inducing downstream effector 
molecules, while LRRs are responsible for the recog-
nition of PAMPs. (Akira et al., 2006; Kumar et al., 
2009; Dubey et al., 2013).

TLRs are expressed broadly in Antigen-presenting 
cells, and regulate the activation of both innate and 
adaptive immunity through recognition of specific 
patterns of microbial components (Medzhitov, 2001; 
Matsushima et al., 2007).  Their expression and dis-
tribution are associated with altered immune respon-
siveness (Helmby and Grencis, 2003). 

TLRs play an important role in regulation of ovula-
tion, fertilization, gestation and parturition, as well as 
in pathological conditions such as endometritis and 
mastitis (Kannaki et al., 2011). The endometrium is 
the first line of defense against microbial pathogens. 
The endometrial cells have ability to develop innate 
immune defense in cattle, humans and rodents (Her-
ath et al., 2006; Davies et al., 2008). Endometritis is 
the most common uterine disease observed in buffa-
loes slaughtered at abattoirs, and is one of the main 
causes of infertility in the cattle and buffalo (Azawi et 
al., 2008; Ajevar et al., 2014). 

Microbial disease of the female genital tract is most 
common, and has greatest economic importance in 
both humans and animals. Microbial infections of the 
genital tract cause infertility by disrupting uterine and 
ovarian function (O’Neill, 2008). Establishment of in-
fection in the endometrium occurs by the interaction 
between the virulence factors of microbial invaders and 
the endometrial immune defenses (Sheldon et al., 2010). 

Bubalus bubalis population (195 million heads) in-
cludes both river and swamp buffaloes. Egyptian 
buffaloes are of the river type with a population of 
4 million heads; it ranks the third after Indian (115 
millions) and Pakistani (31.7 millions) buffalo, which 
plays an important role in the economy of develop-
ing countries (FAOstat, 2013). The present study was 
aimed to characterize the TLRs genes and their tran-
scriptional profile in Bubalus bubalis with and without 
endometritis.

MATERIALS AND METHODS

Tissue saMples
Tissue samples from four different organs; liver, ovary, 
mammary gland and uterus, were obtained from thir-
ty animals with and without endometritis from a local 
abattoir immediately after slaughter and kept on ice 
until processing. The uteri of animals with endome-
tritis had abnormal secretions as profuse purulent ex-
udate, with signs of inflammation as swelling, redness 
and hardness (Williams et al., 2005; Sheldon et al., 
2006). These animals had no evidence of other diseas-
es based on visual inspection and culture of bacteria 
using standard microbiological techniques. 

RNa isolaTioN aNd ReveRse TRaNscRipTioN
Total RNA was extracted from liver, ovary, mammary 
gland and uterus using Easy –RED™ kit (iNtRON 
Biotechnology) according to the manufacturers’ pro-
tocols. The RNA quality and purity was determined by 
NanoDrop 1000 (Thermo Scientific) and cDNA was 
synthesized as per manufacturer’s procedure (Rever-
tAid First Strand Synthesis Kit, Thermo Scientific).

pRiMeR desigN aNd opTiMizaTioN 
oF RT-pcR
The TLRs coding regions were amplified by designing 
primers using Bubalus bubalis transcripts sequences as 
following: TLR1 (HQ327989), TLR2 (HM756162), 
TLR4 (HQ343416), TLR6 (HQ327992), TLR10 
(HQ327991) as presented in Table 1 using the Prim-
er3 software (Rozen and Skaletsky, 2000). These 
primers were used for PCR analysis and Real time 
quantitative PCR (qRT-PCR). The primers were syn-
thesized by Amersham Pharmacia Biotech Company. 

For qPCR analysis, large ribosomal protein (RPL0) 
and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) used as an internal calibrator due to their
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threshold cycle (CT) values are close to those of TLRs. 
Each PCR reaction was performed using 2 µl of 50-
60 ng cDNA template, 12.5 µl of RNAse DNAse free 
water, 2.5µl of 2mM dNTPs, 2.5 µl of 10X taq poly-
merase buffer, and 2.5 µl forward and reverse primers 
(10 µM), as well as 0.25µl (1U) of Taq polymerase 
in 25 µl reaction final volume. The following cycling 
conditions were used: 3 min. at 94ºC; 35 cycles for 
1 min at 94ºC; 2 min at specific annealing of each 
primer as in table (1); 1 min at 72ºC and a final exten-
sion for 10 min at 72ºC. Following optimization, the 
presence of a single product was confirmed on a 1.5% 
agarose gel by electrophoresis. The gels were inspected 
by UV light and photographed by Gel documenta-
tion system (In Genius, Syngenebioimaging). 

The PCR products were purified using (Thermo Sci-
entific, USA) purification kit, according to the man-
ufacturer’s instructions. The purified product was se-
quenced using ABI PRISM Dye Terminator Cycle 
Sequencing Kit (Applied Biosystems) in an automat-
ic sequencer (ABI Prism3100, Genetic analyzer (Ap-
plied Biosystems). 

sequeNce aNalysis
cDNAs infected uterus were used to amplify TLR1, 
TLR2, TLR4, TLR6 and TLR10 genes. Then, the 
amplified PCR products were sequenced using re-
verse and forward primers. 

Sequence alignment was carried out using NCBI/
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) be-
tween coding regions (CDs) and amino acids of test-
ed TLRs in infected uterus of Bubalus bubalis with 
endometritis and Bubalus bubalis sequences in Gen-
Bank database. 

chaRacTeRizaTioN oF The TlRs doMaiNs 
The different functional domains of TLRs (The 
transmembrane regions (TM); Leucine-rich repeats 
(LRR); LRR C-terminal (LRR-CT) and Toll/IL-1 
receptor (TIR) was predicted by using simple mod-
ular architecture analysis tool (SMART), available 
at http://smart.embl-heidelberg.de/ (Schultz et al., 
1998) and LRRfinder (www.lrrfinder.com) (Offord et 
al., 2010). The amino acid sequence of TIR domains 
of tested TLRs of infected animals with endometritis 
was subjected to align with TIR amino acid sequence 
of Bubalus bubalis sequences in GenBank database for 
detecting the percentage of the identity.

quaNTiTaTive Real TiMe pcR (qRT-pcR)
qRT-PCR was used to estimate TLR expression lev-
els in the examined samples. For each sample, cDNA 
was diluted 1:25 with 10Mm Tris pH 7.5. For each 
sample, 1.9 µl of diluted cDNA template was com-
bined with 2 µl of 2X Master Mix (Bioline) and 0.1 
µl of 10 µM primer set for a final reaction volume 4 µl 
in MicroAmp optical 384 well reaction plate in trip-
licates along with no template control (NTC) to all 
wells. Cycling was performed on 7900HT Real-Time 
PCR system (Applied Biosystems, Life Technologies 
Corporation) using the following cycling conditions: 
95°C for 10 min (hold), 95°C for 15 sec (melt) and 
60°C for 1 min (anneal/extend) for 40 cycles. Disso-
ciation curves were generated to ensure that a single 
amplicon had been produced. 

sTaTisTical aNalysis
The expression of candidate genes was evaluated us-
ing a 2-ΔΔCt method (Livak and Schmittgen 2001) 
.The Geometric mean of reference genes (RPLP0 and 
GAPDH) acted as an internal calibrator within each 
sample to calculate Δ Ct.The ΔΔ Ct was calculated by 
ΔCt (treatment) − ΔCt (control). The fold change in 
expression was then used as a relative measure of gene 
expression. Data analysis was carried out by non-par-
ametric Mann-Whitney test. Significance was set at 
P<0.05 and the results were reported as mean ± SEM.

RESULTS 

sequeNciNg oF TlRs geNes
The full-length of TLR1, TLR2, TLR4, TLR6, and 
TLR10 cDNAs coding regions of Bubalus bubalis 
with endometritis have been submitted to GenBank 
and their accession numbers are presented in Table 2. 
The percentage of nucleotide and aminoacid identity 
of Bubalus bubalis with and without endometritis is 
shown in Table 2. There was a highly degree of iden-
tity between Bubalus bubalis with and without endo-
metritis.
 
aNalysis oF FuNcTioNal doMaiNs oF TesTed 
TlRs
The results showed that all TLRs of Bubalus bubalis 
with and without endometritis have LRR and TIR 
domains and one transmembrane domains (TM) in 
all tested TLRs except TLR6, which has two trans-
membrane domains (TM). LRRCT and LRRNT 
(cysteine flanking regions of LRR at C and N termi-
nals, respectively) were examined in tested TLRs, we 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://smart.embl-heidelberg.de/
http://www.lrrfinder.com
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Table 2: Coding DNA, translated amino acids and TIR domain sequence similarity of TLRs between Bubalus 
bubalis with and without endometritis
    TLR   CDs identity (%) Amino acid identity (%) TIR domain identity(%) Accession number
TLR1 99.5 99.3 100 KM058706
TLR2 99.6 99.1 99.3 KM058707
TLR4 99.5 98.9 99.3 KM058708
TLR6 99.8 99.2 98.6 KM058709
TLR10 99.5 98.9 97.9 KM058710

Table 3: Leucine-rich repeats in amino acid sequences of tested TLRs 
Species TLR1 TLR2 TLR4 TLR6 TLR10
Bubalus bubalis with endometritis 18 20 21 and 2 predicted overlapped 20 20
Bubalus bubalis 19 20 22 and 2 predicted overlapped 20 20

Figure 1: predicted functional domains in tested TLRs of Bubalus bubalis, with and without endometritis 
(vertical bar is transmembrane domain (TM)

found all TLRs contain LRRCT, while LRRNT was 
absent in all TLRs as shown in Figure 1.

Next, we used LRR finder to predict the repeat num-
ber of LRR motifs present in TLRs. As shown in Table 
3, we found an equal number of LRRs (20) in TLR2, 
TLR6 and TLR10 Bubalus bubalis with and without 
endometritis but on the other hand TLR1 of Bubalus 

bubalis with and without endometritis has (18) and 
(19) LRR respectively, while TLR4 of Bubalus buba-
lis with and without endometritis has (21) and (22) 
LRRs with 2 LRRs predicted overlapped respectively.

ResulTs oF expRessioN oF TlRs geNes
As shown in Figure 2D, our results revealed that TLR1 
expression levels increased six-fold in the uterine tis 
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Figure (2A): Expression levels of TLR1,TLR2, TLR4,TLR6 and TLR10 genes in liver tissues collected 
from animals with and without  endometritis. The expression levels of these genes were normalized to RPL0 
and GAPDH and calibrated with the average of control. Expression levels were obtained from three pooled 
biological replicate samples ± S.E.M.
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Figure (2B): Expression levels of TLR1,TLR2, TLR4,TLR6 and TLR10 genes in mammary gland tissues 
collected from animals with and without  endometritis. The expression levels of these genes were normalized 
to RPL0 and GAPDH and calibrated with the average of control. Expression levels were obtained from three 
pooled biological replicate samples ± S.E.M.
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Figure (2C): Expression levels of TLR1,TLR2, TLR4,TLR6 and TLR10 genes in ovarian tissues collected 
from animals with and without  endometritis. The expression levels of these genes were normalized to RPL0 
and GAPDH and calibrated with the average of control. Expression levels were obtained from three pooled 
biological replicate samples ± S.E.M.
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Figure (2D): Expression levels of TLR1,TLR2, TLR4,TLR6 and TLR10 genes in uterine tissues collected 
from animals with and without  endometritis. The expression levels of these genes were normalized to RPL0 
and GAPDH and calibrated with the average of control. Expression levels were obtained from three pooled 
biological replicate samples ± S.E.M.
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sues of Bubalus bubalis with endometritis compared to 
those in the uterine tissues of animals without endo-
metritis (P=0.0173). Similarly, the expression levels of 
both TLR6 and TLR10 were higher with nine-fold 
increase for TLR6 (P=0.0303), and an almost ten-fold 
increase for TLR10 (P=0.0303) in the uterine tissues 
of animals with endometritis compared to those in 
the uterine tissues of animals without endometritis. 
In addition, TLR2 showed twenty-six-fold increase 
in the uterine tissues of animals with endometritis 
compared to those in the uterine tissues of animals 
without endometritis (P=0.0043). Moreover, TLR4 
showed a significant increase in the uterine tissues of 
animals with endometritis compared to those in the 
uterine tissues of animals without endometritis, with 
a twelve-fold increase (P= 0.0087).

In the ovarian tissues, the expression profile of can-
didate genes showed that the expression of TLR1, 
TLR6 and TLR10 had the same level of expression 
between animals with and without endometritis (P 
=0.0173, Figure 2C). In addition, there was a signif-
icant increase in the expression levels of TLR2 and 
TLR4 genes in the ovary tissues of animals with en-
dometritis compared with those without endometritis 
(P=0.0043; Figure 2C).

A comparison of the expression levels of  TLR1, 
TLR2, TLR4, TLR6 and TLR10 genes in mamma-
ry gland tissues from animals with and without en-
dometritis were performed. As shown in Figure 2B, 
the expression levels of TLR1 (P=0.7489), TLR6 
(P=0.7706) and TLR10 (P=0.7005) genes in the 
mammary gland tissues had no significant difference 
between animals with and without endometritis. Con-
versely, TLR2 showed a highly significant increase in 
animals with endometritis compared to animals with-
out endometritis, with a 6.6 fold increase (P=0.0303). 
Similarly, TLR4 showed a highly significant increase 
in the mammary glands of animals with endometritis 
compared to those from animals without endometri-
tis, with a 4.0 fold increase (P=0.0173).

Finally, we carried out a comparison for the expression 
levels of TLR1, TLR2, TLR4, TLR6 and TLR10 
genes in liver tissues from animals with and without 
endometritis. As shown in Figure 2A, these tissues 
had similar expression levels for TLR1, TLR2, TLR4, 
TLR6 and TLR10. 

DISCUSSION

In the present study, we reported the first sequencing 
data of TLRs genes and their expression in Bubalus 
bubalis with endometritis. Toll-like receptors consider 
the initial defence against microbes in endometrium. 
Their characterizations are important to evaluate the 
innate immune system. TLR1, TLR2, TLR4, TLR6 
and TLR10 cDNA, translated amino acids and TIR 
domain sequences of Bubalus bubalis with endometri-
tis were compared with Bubalus bubalis without endo-
metritis. TLRs cDNA ncleotide sequences of Bubalus 
bubalis with and without endometritis were 98 to 99% 
identical. Furthermore, TLR6 of Bubalus bubalis with 
and without endometritis had an insertion of nucleo-
tide triple ‘TTA’ resulting in the addition of tyrosine 
amino acid (Y) at position 181 compared with Bos 
Taurus (Carl et al., 2003; Dubey et al., 2013).

TIR domain has an important role in activation of in-
flammatory response, in cooperation with the adaptor 
protein MyD88 (Kawai and Akira, 2007). We found 
that the identity of TIR sequences between with and 
without endometritis ranged from 97 (TLR10) to 
99.3 (TLR2 and TLR4) and 100 %( TLR1). TLR2 
recognizes peptidoglycan cell wall components of 
Gram-positive bacteria, while TLR4 ligands include 
Gram-negative bacteria. Both of TLR2 and TLR4 
have an important role in regulation of innate immune 
response (Herath et al., 2006; Davies et al., 2008).

The number and structure of LRRs of TLRs have a 
significant effect on the function of pathogen recog-
nition receptor system among species (Kumar et al., 
2009; Dubey et al., 2013). Peter et al. (2009) reported 
that deletion of LRR motif leads to loss of function-
al integrity of the ligand–binding domain of murine 
TLRs. In addition, (Dubey et al., 2013) demonstrated 
that the differences in the number of LRRs among 
buffalo and cattle may lead to possible differences 
in the specific recognition of TLR ligands between 
these species. In our study we found that the number 
of LRR domains of Bubalus bubalis with endometri-
tis and their distribution is similar to Bubalus bubalis 
without endometritis except TLR1 and TLR4.

Bacterial infection of the female genital tract is com-
mon in animals especially after parturition causing 
infertility and sometimes mortality (Davies et al., 
2008). The endometrium is the first defence against 
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pathogens. PAMPs were recognized by TLRs which 
consider as key components of innate immune system 
which lead to increase expression of TLRs (Akira, 
2006). TLRs expression were evaluated in liver, mam-
mary gland, ovary and uterus of Bubalus bubalis with 
and without endometritis. The results showed no sig-
nificant difference in TLRs expression in liver tissues 
between buffaloes with and without endometritis but 
on the other hand the expression of  TLRs in mam-
mary gland showed no significant difference in the ex-
pression levels of TLR1, TLR6 and TLR10 between 
animals with and without endometritis. Conversely, 
TLR2 and TLR4 genes expression significantly in-
creased in mammary glands of animals with endo-
metritis compared to animals without endometritis. 
In Ovarian tissue, TLR1, TLR6 and TLR10 had the 
same level of significant difference (P=0.0173). Sim-
ilarly, TLR2 and TLR4 had the same level of signif-
icant difference (P=0.0043). This indicates that the 
expression levels of several TLRs vary significantly 
in association with the degree of infection in animal 
(Sharma et al., 2006; Deborah et al., 2008; Chapwan-
ya et al., 2009; Priyanka et al., 2012). The presence of 
uterine infection due to pathogenic infection had a 
localized effect on ovarian function (Sheldon et al., 
2002). This is hypothesis is supported by (Williams 
et al., 2008) who stated that pathogenic agents such 
as E.coli has the ability to produce endotoxin lipopol-
ysaccharide (LPS), which is released from infected 
uterine tissue to ovarian tissue and peripheral circula-
tion leading to disruption of the hypothalamus,pitui-
tary and ovary functions in animals.

Previous studies demonstrated that the expression 
levels of TLRs family members increase upon endo-
metritis. Specifically, the mRNA levels of TLR2 and 
TLR4 increase in endometritis infection of bacterial 
origin (Ozinsky et al., 2000; Goldammer et al., 2004; 
Azawi et al., 2008; Davies et al., 2008). With the 
agreement of these data, we detected overexpression 
of all five examined TLR genes, particularly TLR2 
(26.4 fold) and TLR4 (12.4 fold), in infected uterine 
tissues with endometritis compared to the uninfected 
ones. 

CONCLUSION

Our data demonstrated that the variations in nucle-
otides and amino acids sequence between Bubalus 
bubalis with and without endometritis are not associ-

ated with endometritis. In addition, there is an over-
expression of examined TLRs genes especially TLR2 
and TLR4 in animals with endometritis compared to 
animals without endometritis specifically in uterine 
tissue.
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