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Summary 

Milanova, A., R. R. Santos, L. Lashev, V. Koinarski & J. Fink-Gremmels, 2016. Influence 
of experimentally induced Eimeria tenella infection on gene expression of some host 
response factors in chickens. Bulg. J. Vet. Med., 19, No 1, 47–56. 
 
Coccidiosis in poultry is associated with significant damage of intestinal integrity and involvement of 
innate immunity. Therefore, the aim of this study was to evaluate genes, encoding the innate immune 
response in broiler chickens, such as LEAP, IFN-, iNOS and IL-8 together with PepT1 and ABCG2 
transporters after E. tenella challenge. E. tenella infection provoked up-regulation of iNOS mRNA in 
the duodenum and of IFN- and iNOS mRNAs in the caecum and the liver. IL-8 mRNA expression 
in the liver was increased and LEAP mRNA was decreased. On the sixth day after the challenge with 
E. tenella, ABCG2 mRNA was increased in the duodenum and the liver while PepT1 mRNA was up-
regulated in the duodenum. The expression of these genes in the caecum was not changed. In 
conclusion, several factors of the host immune response can be affected by E. tenella infection not 
only in the target caecal tissue but also in the liver and to a lesser degree in the duodenum. The caecal 
coccidiosis can provoke significant changes in the integrity of the intestines by affecting of ABCG2 
and PepT1 mRNA levels. 
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INTRODUCTION 

Coccidiosis in poultry associated with 
Eimeria spp. infection is a common dis-
ease. The implementation of effective 
control strategies requires understanding 
of the host response to this infection. 

After first invasion of Eimeria spp., innate 
immunity plays an important role. Previ-
ous investigations demonstrated the sig-
nificance of the Toll-like receptors (Zhang 
et al., 2012), the role of pro-inflammatory 
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cytokines as well as balance of T-helper 
1/T-helper 2 (Th-1/Th-2) in the host res-
ponse to this protozoan infection (Laurent 
et al., 2001). In particular, the early exp-
ression of Th1 cytokines seems important 
for protection from severe clinical signs of 
disease (Dalloul & Lillehoj, 2006).  

In addition to markers of the host im-
mune system, antimicrobial peptides have 
been identified as key mediators of the 
innate immune system, providing the first 
line of defense against potential pathogens 
(Michailidis, 2010). Recently, the partici-
pation of antimicrobial peptides such as 
liver expressed antimicrobial peptide 
(LEAP) in the innate immune response 
against Eimeria spp. was studied by Cas-
terlow et al. (2011) and it has been found 
that its expression was negatively correla-
ted with the severity of coccidian in-
fection. Therefore, LEAP expression may 
serve as a predictor of the host response to 
Eimeria infections. 

 Coccidiosis is accompanied with loss 
of appetite which results in lower body 
mass and impaired feed conversion ratio. 
Nutrient utilisation in chickens depends 
on the function of transporter proteins in 
the intestines. One of the key transporters 
is peptide transporter 1 (PepT1) involved 
in absorption of di- and tripeptides (Mad-
sen & Wong, 2011). The expression of 
PepT1 can be influenced by numerous 
factors such as food deprivation, patholo-
gical conditions and drug administration 
(Rubio-Aliaga & Daniel, 2008; Hu et al., 
2010). So far there are no published 
investigations on the effect of coccidiosis 
on the PepT1 expression or function. 
ABCG2 and its protein breast cancer 
resistance protein (BCRP), an ABC efflux 
transporter, are expressed at the apical 
brush-border membrane of enterocytes 
and participate in the first line defense 
against xenobiotics, including toxins (van 

der Heijden et al., 2004; Dahan & Ami-
don, 2009). However, the effect of cocci-
diosis and sulfachlorpyrazine treatment on 
the level of expression of ABCG2 has not 
yet been investigated. 

The aim of this study was to evaluate 
the mRNA expression level of selected 
genes, encoding components of the innate 
immune response, such as LEAP, interfe-
ron gamma (IFN-), inducible nitric oxide 
synthase (iNOS) and interleukin-8 (IL-8) 
after E. tenella challenge. Attention was 
paid also to PepT1 and ABCG2 transpor-
ters which are involved in the uptake of 
nutrients and in the efflux of xenobiotics, 
including drugs used to control poultry 
diseases. 

MATERIALS AND METHODS 

Animals 

The experiments were performed with 
broiler chickens (n=14) from both sexes 
(White Plymouth Rock × Cornish). One 
day old animals were obtained from a 
commercial poultry farm and were reared 
in cages, on a slat floor and under con-
ditions excluding an additional invasion 
with Eimeria spp. Chickens had free ac-
cess to standard commercial feed (without 
additives) and to water and were kept at 
suitable temperature according to the age 
requirements of this species. The birds 
were examined to confirm that they were 
free of coccidiosis and infectious diseases 
before the experimental infection with E. 
tenella. The experiments were performed 
after approval from the Ethical committee 
of Faculty of Veterinary Medicine, Trakia 
University. 

Experimental infection  

Experimental animals (n=7) were infected 
at the age of 15 days with an Eimeria 
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tenella strain isolated from naturally 
invaded chickens. The strain was enriched 
via transmission through susceptible birds. 
Each chicken was infected with 0.4 mL 
volume of E. tenella suspension, contai-
ning 8×104 sporulated oocysts, by instilla-
tion into the crop. Clinical signs of infec-
tion were seen in most animals within 6 
days of inoculation.  

Study design 

The chickens from infected group were 
euthanised by cervical dislocation by the 
6th day after the challenge with E. tenella. 
Tissue samples (duodenum, caecum and 
liver) for parasitological and qRT-PCR 
analysis were taken. Tissue samples were 
collected at the same time from seven 
uninfected broilers that served as healthy 
controls. Samples for qRT-PCR were snap 
frozen in liquid nitrogen and stored at  
–70 oC until analysis.  

 

RNA isolation, reverse transcription and 
quantitative real-time polymerase chain 
reaction analysis  

Total RNA was isolated using Qiagen 
column method (RNeasy Mini Kit, 
Qiagen, Cat. No 74104). RNA concent-
rations were determined by ultraviolet 
absorbance at 260 and 280 nm, and were 
stored for a short period at –70 oC. Single-
stranded cDNAs were synthesised from 4 
g total RNA using the First Strand 
cDNA Synthesis Kit (Fermentas Life 
Science) on a Quanta Biotech QB-96 
(Quanta Biotech Ltd.). The reaction mix-
ture (total volume 20 mL) was incubated 
according to the manufacturer’s instructi-
ons: for 60 min at 37 oC, and then the 
enzyme was heat inactivated at 70 oC for 5 
min and the reaction mixture rapidly 
cooled to 4 oC.  

Specific primers for ABCG2, IFN-, 
IL-8, PepT1, LEAP and iNOS and 
actin  were  used (Table 1). Sybr Green  

Table 1. Specific gene primers used in the study 

Gene NCBI accession 
number  

Primers  Ta, oC 

ABCG2 NM_001257386.1 Forward 5 3: CCTACTTCCTGGCCTTGATGT 
Reverse 5 3: TCGGCCTGCTAAGCTTG 

62 

IFN-γ NM_205149 Forward 5 3: CAAGCTCCCGATGAACGAC 
Reverse 5 3: GCAATTGCATCTCCTCTGAGAC 

64 

Il-8 NM_205018 Forward 5 3: CACGTTCAGCGATTGAACTC 
Reverse 5 3: GACTTCCACATTCTTGCAGTG 

64 

iNOS U46504.1 Forward 5 3: GGACAAGGGCCATTGCACCA 
Reverse 5 3: TCCATCAGCGCTGCGCACAA 

61 

LEAP NM_001001606.1 Forward 5 3: CTCAGCCAGGTGTACTGTGCTT 
Reverse 5 3: CGTCATCCGCTTCAGTCTCA 

65 

PepT1 AY029615.1 Forward 5 3: CCCCTGAGGAGGATCACTGTT 
Reverse 5 3: CAAAAGAGCAGCAGCAACGA 

58.7 

-Actin NM_205518  Forward 5 3: ATGTGGATCAGCAAGCAGGAGTA 
Reverse 5 3: TTTATGCGCATTTATGGGTTTTGT 

61 

Breast cancer resistance protein 2 (ABCG2), interferon gamma (IFN-γ); interleukin (IL-8); inducible 
nitric oxide synthase  (iNOS); liver expressed antibiotic peptide (LEAP), peptide transporter 1 (PepT1); 
NCBI – the National Centre for Biotechnology Information; Ta – optimal annealing temperature. 
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technology was applied for the real-time 
PCR analysis by using iQ™ Sybr Green 
Supermix (Cat. No. 170-8885, Bio-Rad, 
Hercules, CA) and conducted according to 
the instructions of the manufacturer. The 
reaction was performed with an iCycler iQ 
PCR system (Bio-Rad, Hercules, CA) and 
analysed using MyiQ System Software, v. 
1.0.410 (Bio-Rad Laboratories Inc.).  

Each reaction went through a PCR 
cycle with a denaturation step at 95 oC for 
20 s, an annealing step specific for each 
set of primers for 30 s and an elongation 
step at 72 oC for 30 s. After 35 cycles a 
melting curve was obtained by increasing 
the temperature with 0.5 oC every 10 s 
from 65 oC to 95 oC demonstrating the 
formation of only one product. Efficien-
cies for each reaction were estimated by 
Lin RegPCR 7.0 software. Beta-actin was 
used as an endogenous control. Gene exp-
ression data were presented using the 

algorithms outlined by Vandesompele et 
al. (2002).  

Statistical analysis and data presentation  

All data were analysed by Statistica 6.1 
software (Statistica for Windows; Stat-
Soft). Data are presented as median and 
range of minimum and maximum. They 
were checked for normality of the distri-
bution and Mann-Whitney test was chosen 
for statistical evaluation. Differences bet-
ween data in healthy and infected untrea-
ted chickens were considered significant 
at the level of P<0.05. 

RESULTS  

Oral inoculation of chickens with E. 
tenella led to clear clinical signs, accom-
panied by high oocyst shedding and lesion 
scores six days after the challenge. The 
amount of oocysts for inoculation was cho-

 

Fig. 1. Relative expression level of ABCG2, IFN-, IL8, PepT1, LEAP and iNOS mRNAs 
(mean and SD) in the duodenum, caecum and liver of healthy chickens (n=7). 
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sen to provoke a mild infection in order to 
have low mortality.  

Factors from innate immune response: 
LEAP, IFN-, iNOS and IL-8  

Relative expression levels of LEAP, IFN-
, iNOS and IL-8 mRNAs in the duode-
num, caecum and liver of healthy chickens 
are presented on Fig. 1. Analysis of the 
expression level of LEAP, IFN- and IL-8 
mRNAs showed no significant changes in 
the duodenum 6 days after the challenge 
with E. tenella. On the same day iNOS 
mRNA was significantly increased in the 
duodenum (Fig. 2).  

IFN- and iNOS mRNAs were signi-
ficantly up-regulated in the caecum and the 
liver (Fig. 3 and 4). Apart from these 
genes, IL-8 mRNA expression in the liver 
was increased and LEAP mRNA decrea-
sed (P<0.05) after the infection. The data 
range between minimum and maximum 
was extremely high, probably due to the 

different degree of tissue damage in 
individual chickens. 

Expression of transporter proteins PepT1 
and ABCG2 

PepT1 and ABCG2 mRNA are constituti-
vely expressed in the studied tissues. 
ABCG2 mRNA was found at the highest 
levels in the liver, followed by the duode-
num and caecum (Fig. 1). On the sixth day 
after the challenge with E. tenella, 
ABCG2 and PepT1 mRNAs were signifi-
cantly increased in the duodenum, but re-
mained unchanged in the caecum. ABCG2 
mRNA was significantly up-regulated in 
the liver and in contrast, PepT1 mRNA 
was not affected. 

DISCUSSION 

Although E. tenella infection is strongly 
localised in the caecum and caecal tonsils 
it  may contribute to the increased suscep- 

 

Fig. 2. Relative expression level of ABCG2, IFN, IL8, PepT1, LEAP and iNOS mRNAs  
(median and range of minimum and maximum) in the duodenum of healthy chickens (, n=7) and 

infected with E. tenella animals 6 days after the challenge (□, n=7); a – statistically significant 
differences in comparison to healthy animals at P<0.05.  
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tibility of chickens to bacterial diseases 
often provoked by E. coli or Clostridium 
spp. (Yun et al., 2000). Therefore, in the 

present study, tissues from the caecum as 
a target for E. tenella, the duodenum and 
the liver were investigated. The initial part 

 

Fig. 3. Relative expression level of ABCG2, IFN, IL8, PepT1, LEAP and iNOS mRNAs  
(median and range of minimum and maximum) in the caecum of healthy chickens (, n=7) and 
infected with E. tenella animals 6 days after the challenge (□, n=7); a – statistically significant 

differences in comparison to healthy animals at P<0.05. 

 
Fig. 4. Relative expression level of ABCG2, IFN, IL8, PepT1, LEAP and iNOS mRNAs (median 

and range of minimum and maximum) in the liver of healthy chickens (, n=7) and infected with E. 
tenella animals 6 days after the challenge (□, n=7); a – statistically significant differences in 

comparison to healthy animals at P<0.05. 
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from the small intestine was chosen as a 
tissue unaffected by the coccidian inva-
sion and the liver was included due to the 
generalised clinical signs and immune 
host response. 

According to the results from our 
experiment, LEAP mRNA was expressed 
at a very low level in the caecum and only 
a tendency to down-regulation was obser-
ved in infected animals. The infection 
with E. tenella suppressed the response of 
the innate immunity by significant down-
regulation of the antimicrobial peptide 
levels in the liver, whereas no changes 
were observed in the duodenum at this 
time. These results are in line with the 
data reported by Sumners et al. (2011) 
and Casterlow et al. (2011), but these 
authors observed a significant depression 
of LEAP expression in the duodenum 
after a challenge with E. praecox. Down-
regulation of LEAP may result in an in-
creased susceptibility of animals to bac-
terial infections, and hence may partly ex-
plain why chickens with clinical and sub-
clinical coccidiosis are more sensitive to 
develop necrotic enteritis, associated with 
Clostridium spp. (Townes et al., 2009).  

Among the cytokines, actively secre-
ted by the Th1 lymphocytes during avian 
coccidiosis, IFN- plays an important role 
(Yun et al., 2000). Similarly to the previ-
ously published results, IFN- was signi-
ficantly up-regulated in the caecum of 
infected animals if compared to uninfec-
ted controls (Yun et al., 2000; Laurent et 
al., 2001). These data, together with signi-
ficantly increased IFN- mRNA in the 
liver support the idea for its contribution 
to the protective host response against 
coccidian invasion. This induction of  
IFN- may assist in the clearance of the 
infection and the development of adaptive 
immunity. As expected, due to the strong 
tissue affinity of E. tenella to the caecum, 

the mRNA expression level of this cyto-
kine was not affected in the duodenum.  

 iNOS is considered as an important 
factor in inflammation. The production of 
iNOS is induced by IFN- during E. te-
nella infection (Lillehoj & Li, 2004). 
Higher levels of IFN-during coccidiosis 
are positively correlated with the levels of 
iNOS mRNA and nitric oxide, and resis-
tance of chickens to the disease (Laurent 
et al., 2001; Lillehoj & Li, 2004). Taking 
into account these observations, signifi-
cantly increased iNOS mRNA in the 
caecum and the liver can be related to the 
up-regulation of IFN- mRNA in these tis-
sues of infected animals. In caecal cocci-
diosis, iNOS mRNA induction is related 
to the haemorrhage that is frequently ob-
served after E. tenella challenge (Laurent 
et al., 2001; Dalloul et al., 2007). Similar 
changes in iNOS mRNA were observed in 
the duodenum although IFN- mRNA was 
not affected and this tissue was not a 
target for E. tenella.  

In line with the results of Laurent et al. 
(2001), IL-8 mRNA was found to be 
constitutively expressed in the liver, cae-
cum and duodenum in our experiments. 
According to the cited authors, IFN-up-
regulates the synthesis of chemokines 
such as IL-8 after Eimeria spp. infection. 
Our data showed that E. tenella provoked 
a non-significant up-regulation of mRNA 
levels of this chemokine in the intestines 
as observed after E. tenella and E. maxi-
ma infections in other experiments 
(Laurent et al., 2001; Hong et al., 2006; 
Cornelissen et al., 2009). The results from 
E. tenella infected chickens revealed sig-
nificant up-regulation of IL-8 mRNA in 
the liver. The increase in IL-8 is related to 
the activation of heterophils in chickens 
and our data indicate a systemic effect of 
IL-8 (Wigley & Kaiser, 2003). Increased 
IL-8 is associated with an influx of 
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heterophils in the epithelium and resulting 
damage by allowing the entry of cocci-
dians (Cornelissen et al., 2009). The role 
of this cytokine is not well understood but 
it was assumed that its increase was rela-
ted to the induction of IFN- mRNA by 
recruitment of Th1 CD4+, macrophages 
and monocytes. According to other inves-
tigations, IL-8 is expressed by various 
cells, such as epithelial and endothelial 
cells, and fibroblasts. By secretion of cy-
tokines and chemokines these cells pro-
long the survival of Th1 lymphocytes 
(Karlson et al., 2007).  

PepT1 mRNA was found at the 
highest levels in the duodenum, lower in 
the caecum and at the lowest levels in the 
liver from healthy chickens. Similar 
PepT1 expression in the intestines was 
observed by Gilbert et al. (2007) and it 
has been characterised as a transporter for 
peptides and peptidomimetic drugs. 
PepT1 mRNA was significantly up-regu-
lated in the duodenum and was not chan-
ged in the other two tissues six days after 
the E. tenella challenge. This significant 
increase of PepT1 mRNA can be a result 
of the reduced feed intake during clinical 
coccidiosis and can be interpreted as a 
compensatory mechanism which allows 
for a better utilisation of peptide intake. 
Up-regulation of PepT1 mRNA in the 
duodenum was also observed in chickens 
under corticosterone-induced stress and in 
chickens under feed restriction (Hu et al., 
2010; Madsen & Wong, 2011).  

ABCG2 and its protein (BCRP) be-
long to the family of ABC efflux trans-
porters. Many drugs are substrates or 
modulators for this membrane transporter. 
Previous investigations showed that trans-
epithelial permeability of sulfasalazine, a 
sulphonamide drug, can be decreased by 
the function of BCRP (Dahan & Amidon, 
2009; Jani et al., 2009). Therefore we 

included the measurement of the expres-
sion of this transporter in our experiments. 
In broiler chickens ABCG2 mRNA was 
found at highest levels in the liver, follo-
wed by the duodenum and the caecum as 
previously also observed in turkeys (Hari-
tova et al., 2008). Six days after the 
challenge with E. tenella ABCG2 mRNA 
was significantly up-regulated in the duo-
denum and the liver which can be 
explained by its function in tissue defense 
against xenobiotics, including toxins (Les-
lie et al., 2005). The tendency to down-
regulation of this protein at mRNA level 
in the caecum after E. tenella infection is 
in line with the observed reduced expres-
sion of ABCG2 during active inflamma-
tion in ulcerative colitis (Englund et al., 
2007).  

In conclusion, E. tenella, considered 
as local coccidiosis in poultry chickens, 
can lead to alterations in the host immune 
response not only in the caecum but also 
in the liver and to the lesser degree in the 
duodenum. The results for ABCG2 and 
PepT1 mRNA indicate that significant 
changes can be expected in the integrity of 
small and large intestines. 
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