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ABSTRACT 

Although chicken strains show differences in susceptibility to a number of diseases the 
underlying immunological basis is yet to be elucidated. Avian heterophils have been 
reported to express toll-like receptor and beta-defensin genes. In the present study 
heterophils were subjected to LPS stimulation and total RNA extraction. Differential 
gene expression was studied in broiler, layer and indigenous Aseel strain by Real Time 
RT-PCR SYBR Green chemistry. The expression of the 14 AvBDs, chTLR 1, 2, 3, 4, 5, 
7, 15 and 21 was detectable in heterophils. The expression level of most of the AvBDs 
and chTLR4 significantly increased (P<0.05) 3 hours post in vitro lipopolysaccharide 
challenge. Higher expression level and stronger activation of chTLR4, most AvBDs, 
NFkB-1 and IRF-3, in heterophils was observed, with the stimulation of LPS in layer 
compared to broiler, and in Aseel compared to both layer and broiler. The expression 
level of most of the AvBDs and chTLR4 significantly increased (P<0.05) 3 hours post in 
vitro lipopolysaccharide challenge. This investigation will allow more refined 
interpretation of immuno-genetic basis of the variable disease resistance/susceptibility in 
divergent stock of chicken including indigenous breed.  
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CHAPTER – I 

IntroductionIntroductionIntroductionIntroduction    
 
Immune response is the main mechanism of defense employed by the 

animals against foreign invasion and aids in restoration of homeostasis (Abbas and 

Litchtman 2003). Host defense against invading microbial pathogens is elicited by 

the immune system which consists of two components: innate immunity and 

adaptive immunity. Both these components of immunity recognize invading 

microorganisms as non- self which triggers immune responses to eliminate them 

(Takeda et al 2005).  

Before the evolution of adaptive immunity in higher vertebrates added 

complexity, specificity, and memory to fight microbial challenge, a simpler, non-

specific ancient system of innate immunity evolved 2.6 billion years ago and 

continues to function as the principal defense for almost all living organisms 

(Kaufmann 2004). Innate immunity is necessarily rapid, redundant, and 

multifunctional (Ganz 2003). 

The importance of the innate immune response is its immediate, 

nonspecific, defensive effects on a broad range of pathogens before the 

establishment of a more specific adaptive immunity, which usually takes several 

days. It works through non-rearranging receptors called pattern recognition 

receptors (PRRs) which include Toll like receptors (TLRs), scavenger receptors, 

and nucleotide binding oligomerization domains containing proteins (NODs). 

PRRs recognize conserved microbial signature molecules which are class-specific 

and mutation resistant, collectively called as pathogen associated molecular 
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patterns (PAMPS) (Janeway and Medzhitov 2002). The Toll-like receptor (TLR) 

family is a highly conserved group of proteins that participate in pathogen 

detection and in the initiation and regulation of innate and adaptive immune. To 

date, 10 TLRs have been identified in chickens (TLR1 (types 1 and 2), TLR2 

(types 1 and 2), TLR3, TLR4, TLR5, TLR7, TLR15, and TLR21 (Boyd et al 2001, 

Fukui et al 2001, Higgs et al 2006, Iqbal et al 2005, Kaiser 2007, Keestra et al 

2007, Philbin et al 2005, Roach et al 2005 and Yilmaz et al 2005). The function of 

TLRs is related to their ability to recognize conserved chemical structures called 

pathogen-associated molecular patterns (PAMPs). Numerous bacterial PAMPs 

have been defined, and their respective TLRs have been identified. The most 

extensively studied TLR is TLR4, which recognizes LPS, a critical component of 

Gram-negative bacteria. TLR2 is involved in recognition of a variety of microbial 

components including lipopeptides from Gram-positive bacteria and zymosan from 

fungi (Takeda and Akira 2005). Unmethylated CpG motifs of bacterial DNA are 

recognized by TLR9 in mammals and by an unknown receptor in the chicken. 

Bacterial flagellin is recognized by TLR5, which is found in both mammals and 

chickens.  

The other important innate immunity effector molecules are defensins, a 

family of small cationic peptides with broad spectrum antimicrobial activity 

against bacteria, fungi, protozoa and enveloped viruses (Zasloff  2002) via multiple 

mechanisms, such as pore formation and membrane disruption (Evans 1995).  

They are induced in response to challenge by lipopolysaccharide, by a regulatory 

pathway similar to that used by the mammalian immune system, involving toll-like 
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receptor (Hancock and Scott 2000). Based on the arrangement of cystein residues, 

these peptides are further grouped into three subfamilies, namely �-, �-, and �-

defensins (Ganz 2003). Chickens produce only �-defensins, previously known as 

gallinacins, with 14 avian beta-defensin (AvBD) genes being discovered (Harwig 

1995, Lynn 2003 and 2007 and Xiao 2004).  

 The evolutionary strategy of the innate immune system has been to 

recognize a few highly conserved, constitutive structures such as 

lipopolysaccharide (LPS) or peptidoglycan (PDG), and these structures are present 

only in foreign microorganisms (Medzhitov 2001), which rapidly limits the 

expansion of invading pathogens and provides time for more effective host 

adaptive immunity to be generated.  

Heterophils are important mediators of innate resistance in poultry. They 

are the dominate granulated leukocyte in the acute inflammatory response capable 

of a broad spectrum of antimicrobial activity. What makes them more important is 

that avian heterophil lacks myeloperoxidase and depends primarily on 

nonoxidative mechanisms for antimicrobial activity. Heterophils express high level 

of anti-microbial activity from recognition of PAMPs to killing the foreign 

microbes. 

The LPS is a gram-negative bacterial cell wall component, which mimics 

the effects of a bacterial infection (Leshchinsky and Klasing 2001), and has been 

found to be a very potent stimulus in immune response and stimulated the highest 

production levels of nitric oxide (NO) in chicken monocytes among several 

common PAMPs (He et al 2006). Also, LPS induced highest expression of the 
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kinases (p38 and ERK1/2) among several TLRs agonists including LPS, PAM, 

FLG, PGN, LOX and poly I:C (Kogut et al 2005). 

The main focus of research so far has been confined to acquired immunity 

where mechanisms for antigen recognition, diversity, clonality and memory have 

been well characterized but the innate immune system has not been well studied. 

With the advent of the genomics era, great efforts have been made by researchers 

to identify and characterize the primary gene components of innate immunity 

including chemokines, cytokines, complement factors, and toll-like receptors 

The chicken strains/breeds show differences in susceptibility to a number 

of diseases (Zekarias et al 2002) and indigenous breeds of chickens are considered 

to be more disease resistant than their commercial counterparts (Dhinkar et al 

2009). Intense and long-term selection for increased egg production and weight 

gain have been implicated in the immunological ability of modern improved 

stocks. Instead of identifying birds resistant to a single pathogen, it would be better 

to identify immuno-genetic indicators that would reveal which line(s) has the 

potential to mount the most effective immune response against multiple 

microorganisms. 

In the present study differential expression of innate immunity related,   

toll-like receptor genes and beta- defensin genes have been analysed for 

constitutive and LPS induced expression in commercial broiler, commercial layer 

and in indigenous Aseel breed of chicken using quantitative real-time PCR. Such 

an investigation would help to better understand the genetic basis of the variable 

disease resistance/susceptibility observed in divergent stock of chicken including 
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indigenous breed which are thought to be hardy.  

      

The specific objective of the study were: 

1.  Investigation of differential expression of Toll-like receptor genes (TLR 2, 4, 5 

and 7) in divergent chicken germplasms. 

2.  Expression profiling of beta-defensins in divergent chicken germplasms. 

3. Transcriptional profiling of TLR4 and beta-defensins in chicken heterophils 

before and after in vitro lipopolysaccharide (LPS) treatment. 
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CHAPTER – II  

Review of Review of Review of Review of LiteratureLiteratureLiteratureLiterature 

The literature reviewed for the present study has been presented under following 

main headings: 

2.1: Innate immunity and its protective role. 

2.2: Toll- like receptors 

2.3: Antimicrobial peptides (AMPs) and avian defensins  

2.4: Regulatory and signaling pathway of innate immunity 

2.5: Heterophils in birds. 

2.6: Lipopolysaccharide (LPS) stimulation of cells. 

2.7: Quantitative gene expression studies related to innate immunity in chicken 

 

2.1: Innate immunity and its protective role 

Animals are constantly exposed to millions of potential pathogens through 

contact, ingestion, and inhalation.  The immune system can be divided into the innate and 

adaptive systems. Both systems are complementary and highly interrelated in a host’s 

defense system. Innate immunity is an ancient and universal mechanism utilized by many 

organisms. In contrast, the adaptive immune system is an evolutionarily newer system, 

and induces a delayed antigen-specific immune response, which increases with 

successive exposure to the same microbes (Abbas and Lichtman 2003).  

The importance of the innate immune system is its immediate defensive effects on 

a broad range of pathogens before the establishment of a more specific adaptive 

immunity, which usually takes several days. Host’s ability to avoid infection depends on 




��

�

their mechanisms of innate immunity (Hancock and Scott 2000). The innate immune 

system uses at least two distinct strategies of immune recognition: recognition of 

microbial non-self and missing self.  The first is based on molecular structures that are 

unique to microorganisms and are not produced by the host. This directly leads to the 

activation of the immune response.  The second is based on molecular structures 

expressed only on normal, uninfected cells of the host (Medzhitov 2003). Innate 

immunity provides an ever-present or rapidly inducible defense against microbial 

infection.  The innate immune system is an evolutionary conserved system of defense that 

responds very rapidly in the early phase of the immune response. This naturally occurring 

first line of defense confers non-specific protection without previous exposure or memory 

against a large number of pathogens (Diamond et al 2000 and Froy 2005). 

The recognition of foreign bacteria is the first and critical step in immune 

response. The evolutionary strategy of the innate immune system has been to recognize a 

few highly conserved, constitutive structures such as lipopolysaccharide (LPS) or 

peptidoglycan (PDG), and these structures are present only in foreign microorganisms 

(Medzhitov 2001). Therefore, the innate immune system does not need much flexibility 

to detect microorganisms. The molecular characteristics of these microbial components 

are named as pathogen-associated molecular patterns (PAMPs), and the host receptors 

that recognize these patterns are called pattern recognition receptors (PRRs). These 

recognize conserved microbial molecular patterns known as pathogen/ microbial 

associated molecular patterns (PAMPs/ MAMPs) (Hoffman et al 1999). PRRs have 

evolved to take advantage of three salient PAMP qualities:  Firstly that constitutive 

expression which allows the host to detect the pathogen regardless of its life cycle stage. 
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Secondly the lass specificity that allows the host to distinguish between pathogens and 

thereby tailor its response and lastly that the mutation resistance which enables the host to 

recognize the pathogen regardless of its particular strain (Medzhitov 2001 and Gordon 

2005). 

These receptors can be either secreted or bound to host cell membranes. Most 

secreted-PRRs are plasma proteins such as mannan-binding lectin (MBL) and C-reactive 

protein (CRP), which can mediate antimicrobial effects by activating the complement 

system, assisting phagocytosis, or facilitating the binding of surface PRRs to foreign 

microorganisms (Schwalbe et al 1992, Matsushita and Fujita 1995 and Underhill and 

Ozinsky 2002). Several types of PRRs like complement, glucan, mannose, scavenger and 

Toll- like receptors, each with specific PAMP ligands, expression patterns, signaling 

pathways and anti- pathogen responses (Gordon 2005). Membrane-bound PRRs, such as 

Fc-receptors, complement-receptors and Toll-like receptors, play critical roles in 

phagocytosis, as well as activation of inflammatory signaling transduction pathways 

(Underhill and Ozinsky 2002). Because of the important roles of innate immunity, 

pathogens must overcome these defense mechanisms in order to establish their infections. 

Many pathogens evolve to possess virulence factors to evade innate immunity (Hackett 

2003).  

These evasion mechanisms indicate that innate immunity is important for host to 

resist infections. Evidence shows that stimulating the innate immune system provides 

both prophylactic and post-exposure protection. A sterile inflammation induced by a 

subcutaneous injection of casein, 24 hrs before disease challenges protected mice from 

lethal infection of gram-positive or negative bacteria. CpG-ODN injection protected 
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rodents and non-human primates against bacterial, viral, fungal, and parasitic infections 

(Klinman 2004).  

Muzio and Mantovani (2001) studied that several microbial molecules or PAMPs 

such as lipoproteins and lipopolysaccharides, and whole live or killed organisms have 

been found to bind specifically and / or activate TLRs as opportunistic ligands. 

In poultry, a Newcastle disease virus vaccine induced nonspecific immunity 

against subsequent infection with pathogenic Escherichia coli (Huang and Matsumoto 

2000). The protection effects were suppressed with corticosterone and could not be 

induced by secondary vaccination. Subcutaneous and intramuscular injection of CpG-

ODN in broilers 3 days before challenge with a virulent strain of Escherichia coli could 

reduce the mortality significantly (P < 0.0001) (Gomis et al 2003). These results indicate 

that innate immune stimulation protects hosts from infectious disease. 

 

2.2: Toll-like receptors 

During the evolution, multi-cellular organisms developed various mechanisms to 

discriminate between self and non-self, and efficiently protected themselves from the 

invasion by infectious pathogens. Innate immunity effectively recognizing and interacting 

with foreign products mainly depends on host germ-line encoded receptors. Inflammation 

is the response of tissues to invading microorganisms or tissue damage. This involves the 

activation and directed migration of many different cells, especially macrophages, from 

the bloodstream to sites of invasion.  A cell such as a macrophage thus uses its TLRs to 

identify the presence of an invader and respond appropriately (Tizard 2004). 

Toll receptors or Toll-like receptors (TLRs) are groups of important membrane 
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PRRs specifically recognizing different pathogen associated molecular patterns on 

foreign microbes (Akira et al 2001).  

As early as the 1980’s some people found that, in early Drosophila larvae, there 

was a transmembrane receptor that played a critical role in determining the embryo’s 

dorsal-ventral polarity (Anderson et al 1985, Hashimoto et al 1988), and later this 

receptor was named as Toll receptor (Stein et al 1991). This receptor was also found to 

play a significant role in other physiological functions including antifungal activities 

(Lemaitre et al 1996).  

Gay and Keith (1991) found that 18-Wheeler like Toll is a type 1 transmembrane 

receptor with an extracellular domain containing LRRs and a cytoplasmic domain 

intriguingly similar to the cytoplasmic domain of the human interleukin -1 receptor( IL-

1R). Further Williams et al (1997) concluded that 18-Wheeler also plays a role in innate 

immune response of Drosophila through a similar signaling pathway and belongs to the 

same gene family as Toll.  

The TLRs are homologous membrane proteins found in vertebrates, and these 

receptors are widely expressed in various mammals, birds and fish (Medzhitov et al 

1997, Fukui et al 2001 and Oshiumi et al 2003). The first vertebrate TLR was identified 

in humans one year after the discovery of Toll receptor in Drosophila. This human TLR 

played an important role in the inducible expression of pro-inflammatory cytokines (IL-1 

and IL-6) by activating NF-kB. Also, this TLR was critical in activating the naive T cell 

of adaptive immunity. Close investigation revealed that this mammalian TLR contained 

similar structures to that of Drosophila. In mammals, especially in humans, TLRs have 

been widely and intensively studied in recent years.  
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The Toll or Toll-like receptor family shares a similar structure containing leucine-

rich repeats (LRRs) in the extra-cellular region, and a Toll/Interleukin-1 receptor (TIR) 

homology domain in intra-cytoplasma. Based on amino acid sequence and genomic 

structure, these mammalian TLRs could be divided into five subfamilies: TLR 2, -3, -4, -

5, and -9 (Takeda et al 2003). The TLR-2 subfamily contains TLR-1, -2, -6, and -10, 

whereas the TLR-9 subfamily includes TLR-7, -8, and -9. The cytoplasmic domains of 

these TLRs are relatively conserved, whereas the extra-cellular parts vary among 

different TLRs, which confer specific binding abilities to different compounds or 

chemicals of foreign pathogens. The immuno-staining method was utilized to locate the 

exact positions of these TLRs on the host cells. Using specific TLR antibodies, the 

positive staining signals revealed that hTLR-1, -2, -4, -5 and -6 are preferentially 

expressed on the plasma membrane, whereas TLR-3, -7, -8, and -9 are usually localized 

to intra-cellular compartments (Matsumoto et al 2003 and Takeda and Akira 2005). 

These positional differential expressions of TLRs are consistent with the specific ligands 

binding abilities among them. Generally, the surface-expressed TLRs mainly respond to 

the cell wall components of foreign pathogens, whereas the intracellular membrane- 

expressed TLRs recognize nucleic acids such as RNA or DNA (Dunne and O’Neill 

2005). In detail, TLR-1, -2 and -6 specifically respond to various bacterial components 

including lipopeptide or peptidoglycan from gram-positive bacteria, TLR-3 recognizes 

double-stranded RNA (dsRNA) from viruses during their replication, TLR-4 mainly 

recognizes LPS from gram-negative bacteria, TLR-5 responds to bacterial flagellin, TLR-

7 and -8 can recognize single-stranded RNA (ssRNA) as well as imidazoquinolines, and 

TLR-9 responds to un-methylated CpG DNA motif from bacterium or virus and 



���

�

hemozoin from malaria (Iqbal et al 2005 and Kawai and Akira 2006). The exact ligands 

for TLR-10 are still unknown, but TLR-10 shares a similar structure with TLR-1 and -6, 

and can heterodimerize with TLR-1 or -2 (Hasan et al 2005). The mouse TLR-11 was 

thought to recognize profilin-like ligands from some parasites (Yarovinsky et al 2005). 

The specific repertoire of TLRs can be further extended by the heterodimerization 

or homodimerization capability of these receptors. For example, the heterodimser of 

TLR-2 and TLR-1 can specifically recognize bacterial lipopeptides (Wyllie et al 2000), 

whereas TLR-2 and TLR-6 heterodimers can respond to mycoplasma lipoproteins and 

peptidoglycan (Wetzler 2003).  

Interestingly, the different dimers, TLR-2/-1 and TLR-2/-6 can even discriminate 

between tiny differences, such as the difference between triacyl-lipopeptide and diacyl-

lipopeptide. What’s more, various non-TLR molecules, such as adaptors, may influence 

the TLRs’ specific repertoire (Akira and Takeda 2004). For example, LPS first needs to 

bind LPS-binding protein (LBP) in serum. This complex would serve to facilitate the 

binding of LPS to CD14 and TLR-4 on the cellular surface, which enhances both binding 

affinity and specificity. 

To date, 10 TLRs have been identified in chickens (TLR1 (types 1 and 2), TLR2 

(types 1 and 2), TLR3, TLR4, TLR5, TLR7, TLR15, and TLR21) (Boyd et al 2001, 

Fukui et al 2001, Higgs et al 2006, Iqbal et al 2005, Kaiser 2007, Keestra et al 2007, 

Philbin et al 2005, Roach et al 2005 and Yilmaz et al 2005).  

Chicken TLRs (chTLRs) were the first identified non-mammalian vertebrate 

TLRs. Based on the consensus sequences of Drosophila and mouse Toll families, Fukui 

and his colleagues first isolated chicken TLRs (type 1 and 2) with degenerate primers 
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from chicken bursa cDNA library (Fukui et al 2001). Because of their high homologies to 

human TLR-2, these two chicken TLRs were named TLR-2 type 1 and type 2. Further 

experiments showed that these TLRs were expressed in a wide range of tissues and 

organs especially in the connective tissues. The close location of these two genes on the 

same chromosome and their significant similarity suggested a duplication origin during 

evolution. However, it is interesting that only type 2 could recognize and signal both 

lipoproteins and LPS, but no tested microbial ligands were signaled by type 1 receptor. 

Chicken TLR-4 was identified two years later, and it was also expressed in almost all 

tissues tested (Leveque et al 2003). Other chicken TLRs (TLR-1 type 1 and 2, TLR-3, -5, 

-7, -15 and -21) were found in 2005 and 2006 respectively (Yilmaz et al 2005, Roach et 

al 2005 and Higgs et al 2006). In total, there are ten chicken TLRs identified so far 

including two different types (TLR-1 and -2 both have two types). Further investigation 

has revealed that the chromosomal locations of TLRs showed a high similarity between 

chicken and human. TLR-1, -2 and -3 are all located on chromosome 4 in both species 

except chTLR-1 is positioned on an un-determined micro- chromosome. In chicken, 

TLR-4, -5 and -7 are unlinked on different chromosomes 17, 3 and 1 respectively, which 

is very similar in human (chromosomes 9, 1 and X, respectively). The latest found 

chicken TLR-15 and -21 are located on chromosomes 3 and 11 respectively, but there 

was no homology in human or other mammals. Similar TLRs gene structures existed in 

both chicken and human, for example, most TLRs contain the same number of exons in 

both species, which shows a conservative evolution for the TLRs family (Yilmaz et al 

2005). With improved bioinformatics tools and chicken genome database, more chTLRs 

may be identified and annotated. In mammals, CpG-ODN is a specific ligand of TLR-9. 
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However, chicken TLR-9 ortholog is not yet found. There may be other TLRs for CpG-

ODN in chicken, but further experiments are needed to validate this hypothesis. 

The chicken also shares similar evolutionary conservative signaling transduction 

pathway with mammals. A series of signaling pathway genes were identified by 

bioinformatic approaches. These genes included MyD88, Mal, IRAK-4, TRAF-6, TGF 

beta-activated kinase 1 (TAK1), TGF beta- activated kinase 1 binding protein 1 (TAB1), 

TAB2, inhibitor of NF-kB kinase alpha (IKK-alpha), IKK-beta, and Toll-interacting 

protein (Tollip).  

Graaf et al (2005) stimulated human PBMCs and murine splenic lymphocytes 

with blastoconidia and hyphae of Candida albicans. They treated PBMCs with anti-

TLR4 antibodies. They found that TLR4 mediates proinflammatory cytokine induction 

after Candida stimulation whereas Candida recognition by TLR2 leads mainly to anti-

inflammatory cytokine release. 

Binding between ligands and TLRs can induce signal transduction pathways and 

activate transcription factors within the host cells. The two common pathways are nuclear 

factor kappa-B (NFkB) pathway and the interferon regulatory factor (IRF) pathway. The 

first step in signal transduction requires the interaction between adaptor proteins and 

TLRs. The common adaptor proteins are MyD88 (myeloid differentiation primary-

response protein 88), Mal (MyD88-adaptor-like protein, also known as TIR- domain-

containing adaptor protein or TIRAP), TRIF (TIR-domain-containing adaptor protein 

inducing IFN-beta), TRAM (TRIF-related adaptor molecule) and SARM (sterile- alpha 

and HEAT-Armadillo motifs) (O'Neill et al 2003).  

Different TLRs may recruit different adaptor proteins to induce different signaling 
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cascades. During the transduction pathways, a series of cytoplasmic intermediates, such 

as IRAK (IL-1 receptor-associated kinase) and TRAF (TNF receptor-associated factor), 

are also recruited and phosphorated, in turns. The transcription factors, such as NFkB and 

IRF-3, are activated in host cells (Akira and Takeda 2004). After being translocated into 

the nucleus, these activated transcription factors can bind to the transcription factor 

binding sites (TFBSs) on target genes and induce the expression of pro-inflammatory 

cytokines, chemokines and other immune-related factors, such as interleukin-6 (IL-6), IL-

1, tumor necrosis factor-alpha (TNF-alpha) and interferon (IFN). 

Most of the time, only a moderate level of inflammatory cytokines or chemokines 

are produced during the TLR signaling pathways, however, sometimes excessively 

inductive expressions of these immune-related molecules result in serious systemic 

disorders within the host, such as endotoxic shock or chronic rheumatoid arthritis.  

Fortunately, multi-cellular organisms also develop mechanisms to 

regulate/modulate the TLR signal response and to maintain an inner homeostasis (Akira 

and Takeda 2004 and Dunne and O’Neill 2005). IRAK-M provides a good example to 

illustrate this negative feedback regulation. IRAK-M is one member of the IRAK family 

(Janssens and Beyaert 2003) and is only expressed in limited cell types such as 

macrophages and monocytes (Wesche et al 1999).  

As compared to the wild type, the IRAK-M deficient mice exhibit an increased 

inflammatory response and cytokine production, and significantly reduced endotoxin 

tolerance with the challenge of TLR ligands. Close investigation has revealed that IRAK-

M functioned to prevent the dissociation of IRAK-1 and IRAK-4 complexes from adaptor 

MyD88 and further inhibit the following phosphorylation cascades. IRAK-M increases 
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its expression with the activation of TLRs, which counteracts the inductive expression of 

pro-inflammatory cytokines via a negative feedback control (Kobayashi et al 2002). 

Suppressor of cytokine signaling (SOCS)-1 is another regulatory molecule and is induced 

to express by the pro-inflammatory cytokines. The activated SOCS-1 can also repress the 

TLR signaling cascades indirectly (Baetz et al 2004). SOCS-1 deficient mice are 

hypersensitive to LPS-induced shock, and increase the expression of inflammatory 

cytokines with LPS challenge (Kinjyo et al 2002). Recent studies also reveal other 

molecules functioning to down-regulation TLR signaling pathways such as single 

immunoglobulin IL-1-related (SIGGIR), MyD88 short (MyD88s) and TIR-containing 

proteins ST2 (Mansell et al 2006). 

TLRs also play a critical role in adaptive immunity. It is well documented that the 

maturation of dendritic cells (DCs) involves the increasing expression of specific co- 

stimulatory molecules, which is dependent upon the activation of TLR signaling 

pathways (Banchereau and Steinman 1998 and Medzhitov 2001). During pathogen 

infection, the interaction of various ligands and TLRs on DCs induces the up-regulation 

of both co-stimulatory molecules and major histocompatibility complex (MHC) 

molecules, both of which facilitate the maturation of naïve T cells in adaptive immunity. 

As expected, the MyD88-deficient mice failed to produce IRF-gamma or active T helper 

type I cells with stimulation, because of the interruption of the TLRs signaling cascades 

(Schnare et al 2001). Also in this experiment, the immature DCs failed to be activated, 

which strongly illustrated the critical role of TLRs in the activation and induction of co-

stimulation molecules in adaptive immunity. Also, the increased expression of various 

cytokines or chemokines induced by TLRs can significantly contribute to adaptive 
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immunity (Drakesmith et al 2000 and Pasare and Medzhitov 2004). 

Takeuchi et al (2001) showed that macrophages from TLR6-deficient mice did 

not show any production of inflammatory cytokines in response to mycoplasma-derived 

diacyl lipopeptides. However, these cells showed normal production of inflammatory 

cytokines in response to triacyl lipopeptides derived from Gram-negative bacteria.  

Dhinakar et al (2009) studied expression profile of toll-like receptor mRNA in an 

indigenous Aseel breed of chicken in india using reverse transcription polymerase chain 

reaction (RT-PCR). TLR 2 type 1 mRNA was expressed in lungs, liver, spleen, 

duodenum and caecal tonsils. TLR2 type 2 mRNA was expressed only in the lungs. TLR 

3 mRNA was expressed in lungs, liver, spleen and caecal tonsils. TLR 4 mRNA was 

expressed only in lungs, liver and spleen. TLR 5 and TLR 7 mRNAs were expressed in 

all the tissues examined. With respect to tissues, heterophils and lungs expressed all the 

TLR mRNAs examined while kidneys expressed only TLR 5 and TLR 7 mRNAs.  

 

2.3: Antimicrobial peptides (AMPs) and avian defensins 

Antimicrobial peptides (AMPs) are very important innate immune effectors, and 

generally, they are either already stored in cell granules or easily induced to provide a 

prompt response during the early stage of pathogen’s invasion. At physiologic conditions, 

the antimicrobial peptides exert multiple functions including a broad spectrum of 

antimicrobial activities (anti-bacteria, viruses, yeasts, protozoa and fungi), anti-

steroidogenic activity, anti-cancer, chemotaxis and even inducing or regulating the 

adaptive immune system (Boman 2003, Zhang and Falla 2004, Ganz 2004 and 2005 and 

Brown and Hancock 2006). Nowadays, hundreds of different antimicrobial peptides have 
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been found in various species and these peptides are all small (less than 100 amino acids), 

cationic (rich in histidine, lysine, and arginine), amphipathic and evolutionally conserved 

(Hancock and Lehrer 1998). Also, the antimicrobial peptides all result from larger 

precursors with a signal leading sequence after transcription (Zasloff 2002). The exact 

antimicrobial mechanism of each peptide is variable and still not fully understood now, 

but the cationic characteristics are generally considered to have a close relationship with 

its function.  

Antimicrobial peptides are a prevalent mechanism of host defense found 

throughout nature (Kaiser and Diamond 2000). These molecules are considered part of 

the innate immune system of all species (Kaiser and Diamond 2000, Ganz 2003, Lynn et 

al 2004 and Sugiarto and Yu 2004). Defensins are a family of antimicrobial peptides 

abundant in immune cells, white blood cells (specifically neutrophils), intestinal Paneth 

cells, and barrier epithelial cells, that engage in host defense (Ganz 2003). 

There are many defensins that have been isolated from vertebrates and were 

classified into three subgroups, alpha- defensins, beta-defensins, and theta-defensins.  

Two of the subgroups, alpha-defensins and beta-defensins, have been identified in 

humans, cows and rodents.  Theta-defensins so far have been identified only in 

leukocytes of rhesus monkeys (Zhao et al 2001 and Froy 2005).  There is convincing 

evidence of conserved characteristics in all vertebrate defensins that indicates alpha-, 

beta-, and theta-defensins probably originated from a common ancestral defensin gene.  

Birds only have beta-defensins, and this leads to indicate they are probably the oldest of 

the three defensin subfamilies (Harwig et al 1994, Liu et al 1997, Zhao et al 2001 and 

Ganz 2003). 
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AMP binds preferentially to the negatively charged phospholipid bilayer of 

bacterial cells (Shai et al 2002). This is advantageous regarding decreasing the toxicity in 

any potential therapeutic environment. The lack of specific receptors make it difficult for 

bacteria to develop resistance to the peptide. Bacteria would have to alter the properties 

of their membrane as a whole rather than for specific receptors. Acidic polymers such as 

teichoic acids in Gram-positive (Neuhaus et al 2003) and phosphate groups present on 

lipopolysaccharides in Gram-negative bacteria (Muhle et al 2001) allow attachment of 

the peptide prior to formation of transmembrane pores and ultimately membrane 

permeabilization. Peptides that primarily possess antifungal activity tend to consist of 

neutral amino acids with regions of high polarity suggesting that a unique structure-

activity relationship exists (Sung et al 2008).  

Many facultative oral gram-negative bacteria are killed by human defensins 

(Miyasaki et al 1990). Histatins can be adsorbed into polyacrylic material to reduce 

Candida adhesion to the denture (Edgerton et al 1995). An additional effect of histatins is 

the inhibition of a proteinase from Bacteroides gingivalis (Nishikata et al 1991) and in 

vivo efficacy of histatins in dogs has been assessed experimentally (Paquette et al 1997). 

A promising development in AMPs-based gene therapy is the production of histatin 3 by 

infection with a histatin recombinant adenovirus, active on Candida strains (O’Connell et 

al 1996). 

The physiological importance of antimicrobial milk peptides remains to be 

established, although it has been suggested that they may modulate the intestinal 

microflora when formed during milk digestion in vivo and protect host against invading 

microorganisms. According to the composition and structure, these antimicrobial peptides 
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can be divided into three main subfamilies: the cecropins, the cathelicidins and the 

defensins (Lehrer and Ganz 2002, Boman 2003 and Zanetti 2004). Cecropins are a family 

of linear alpha-helical peptides without cysteine residue and they were first found in 

insects in the early 1980s (Steiner et al 1981 and Boman, 2003).  

Later, cecropins were also found in other organisms including mammals (Brogden 

et al 2005). These cecropins can lyse and kill foreign bacteria after integrating into the 

pathogen’s membrane (Durell et al 1992). Cathelicidins were first identified in bovine 

myeloid cells in the 1990s and named because of their pro-region highly homologous to 

that of cathelin protein (Zanetti et al 1995). Also, cathelicidins were found in many other 

mammals including porcine, rabbit, mice, rats, and human (Tomasinsig and Zanetti 

2005). The members of cathelicidins are conserved in their N- terminal domain but 

substantially heterogeneous in their C-terminal (Hancock and Diamond 2000). 

Defensins are cysteine-rich antimicrobial peptides and typically contain six to 

eight cysteines motif, which can form three disulphide bonds (Schutte et al 2002 and 

Ganz 2003). Generally, defensins share a structure of triple-stranded beta-sheet with a 

beta- hairpin turn loop. Currently, various different defensins are found in a wide range of 

organisms including animals, insects and plants, and these defensins are widely 

distributed in host tissues/cells. The presence of defensins from lower to higher 

organisms significantly indicates their ancient origins, and that all these defensins may 

evolve according to a primordial immune mechanism (Raj and Dentino 2002). The first 

defensin was identified and purified from rabbit granulocytes (Selsted et al 1984). Later, 

from normal human neutrophils, three human defensins were found: human neutrophil 

peptide (HNP)-1, -2, and -3 and all of these peptides can effectively kill Pseudomonas 
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aeruginosa, Staphylococcus aureus, and Escherichia coli under experimental conditions 

(Ganz et al 1985).  

The insect defensins were first purified from the cell culture medium of a flesh 

fly, Sarcophaga peregrine (Matsuyama and Natori 1988), and currently defensins are 

found in almost all insect species investigated. Mendez et al (1990) found a new basic 

and sulfur-rich polypeptide from barley endosperm and named it gamma-hordothionin. 

Interestingly, these defensins show considerable variations in their sequence and 

structure perhaps because of selective pressure within different species or different living 

conditions during long time evolution (Oppenheim et al 2003). Based on species 

specificity, disulfide bonds connectivity and cysteine spacing, these defensins can be 

grouped into five families: alpha, beta, theta, invertebrate and plant defensins (Raj and 

Dentino 2002). The first three mainly exist in vertebrates and are currently under 

intensive study. 

Alpha-defensins only exist in mammals and they were first identified from human 

neutrophil granules (Ganz et al 1985). Generally, alpha-defensins contain 29-35 amino 

acids and their expression patterns are both species- and tissue-specific. An inbred 

laboratory mouse could express nearly 20 alpha-defensins in paneth cells, whereas it 

didn’t express any in polymorphonuclear (PMN) leukocytes (Eisenhauer and Lehrer 

1992). However, rats are more similar to human and express several alpha-defensins in 

both paneth cells and PMN leukocytes (Eisenhauer et al 1989 and 1990). Currently, there 

are totally six alpha-defensins isolated from human and all these defensins are closely 

located on chromosome 8 (Linzmeier et al 1999). HNP-1 to -4 are produced in 

neutrophils, with HNP-4 expressed lower as compared to other three. Human alpha-
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defensin-5 and -6 (HD-5 and -6) are identified as enteric defensins in paneth cells of the 

small intestine (Jones and Bevins 1992). The expressions of these alpha-defensins are 

regarded as constitutive in human (Cowland and Borregaard 1999). 

Theta-defensins are only found in limited species such as rhesus monkey (Macaca 

mulatta), and the first theta-defensin was identified in 1999 from the granules of 

neutrophils and monocytes (Tang et al 1999). Linked with two alpha-defensin-like 

sequences, the theta-defensin shows a distinctively cyclic structure of 18 amino acid 

residues, which confers it higher anti-viral activity than alpha-defensins (Lehrer 2004). 

However, human only contain a mutated pseudogene of theta-defensin and this gene 

silences its expression (Levy 2004). The beta-defensins are the largest group of defensins 

and exist in a wide range of vertebrates including mammals, reptiles, fish and birds 

(Sugiarto and Yu 2004 and Lehrer 2004). In 1991, the beta-defensin was first identified 

from bovine tracheal epithelia, but was named as tracheal antimicrobial peptide (TAP) at 

that time (Diamond et al 1991).  

With more similar peptides found, this group of defensins was discovered to differ 

from other peptides in both consensus sequences and tri-disulfide motifs.  So, they were 

renamed beta-defensins (Selsted et al 1993). These beta-defensins contain a similar 3- 

dimensional structure (three intra-molecular disulfide bonds forming a beta-sheet) to that 

of alpha-defensins. But beta-defensins are generally larger and the spacing and 

connection of cysteine residues are different from those of alpha group.  

The structure of beta-defensins is characteristic with a short alpha-helix (or turn) 

juxtaposed with two or three anti-parallel beta-strands. However, there are still limited 

variations in the secondary structure of beta-defensins suitable for specific functions. For 
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example, bovine beta-defensin-12 contains a turn-like configuration and is absent the 

short helix (Torres and Kuchel 2004). From phylogenetic analysis, the beta-defensins are 

regarded as arising much earlier than alpha- and theta-defensins. Now it has been 

conceived that both alpha- and beta-defensin genes originated from a beta-defensin-like 

gene by a series of duplications (or mutations) and selection pressure, and theta-defensins 

arose from a pre-existed alpha-defensin gene (Nguyen et al 2003, Xiao et al 2004 and 

Radhakrishnan et al 2005). 

The expressions of beta-defensins are generally induced by foreign stimulations 

or signals at transcriptional level in various tissues. IL-1 and TNF-alpha are important 

pro-inflammatory cytokines regulating defensins’ expression (Harder et al 2000 and 

Abbas and Lichtman 2003). In human, the expressions of most HBDs (human beta-

defensins- 2, -3 and -4) are highly inducible (Harder et al 2001, Garcia et al 2001 and 

Schutte and McCray 2002). In fact, HBD-2 has recently been intensively investigated and 

much information about its regulation mechanism has already been elucidated. HBD-2 

was first identified from the surface of lung epithelia in 1998 (Bals et al 1998), but it was 

only detected in lung disease patients instead of the normal ones (Singh et al 1998). 

Numerous experiments had already proved that HBD-2 was induced to express by 

various pro-inflammatory signals including cytokines and bacterial chemicals.  

The signaling transduction pathways involving the inductive expression of HBD- 

2 are very complex, and it is generally regarded nuclear factor (NF)kB playing the most 

important role in this regulation. Blocking the activation of NF-kB completely inhibits 

the inducible expression of HBD-2 by IL-1-alpha in intestinal epithelia (O'Neil et al 

1999). Sequence analysis revealed that several putative transcription factor binding sites 
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(TFBSs) for NFkB were located at both 5’ proximal promoter region and introns of 

HBD-2 gene. Mutation or deletion of -208nt of HBD-2 gene (the NFkB binding site) 

would decrease or even silence its transcription (Wada et al 2001). Also, from the 

experiments of luciferase reporter gene, the activator protein (AP)-1 binding site 

(positions -127 to -121) was found in the promoter region, which meant that AP-1 also 

played a critical role in inducing HBD-2’s expression with the stimulation of IL-1-beta or 

PA (pseudomonas aeruginosa) (Wehkamp et al 2006). 

Beta-defensins exert multiple microbicidal functions in innate immune response 

to a wide range of pathogens and infections, and the deficiency of beta-defensins is 

associated with various dysfunctions or diseases such as inflammatory bowel diseases in 

human (Cobrin and Abreu 2005). However, the killing abilities depend upon the salt 

concentration as well as other physiological conditions. The high salt environment would 

inhibit the microbicidal functions of beta-defensins (Bals et al 1998). The positive-

charged beta -defensins would effectively interact with the negative- charged microbial 

membrane components. This electrostatic interaction permeabilizes the microbial 

cytoplasmic membrane and kills the invasion microbes in a multimer manner (Raj and 

Dentino 2002 and Chen et al 2006). Besides direct killing mechanisms, beta-defensins 

also exert a serious of other functions such as chemotaxis and immune regulation. For 

example, HBD-1 and -2 are selectively chemotactic for memory T cells and immature 

dendritic cells (Yang et al 1999). 

Currently, antimicrobial peptides have become very popular in medical field 

because of their unique microbicidal mechanisms differing from those of classic 

antibiotics. Extensive clinical use of conventional antibiotics results in potential dangers 
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of drug resistance or side effects. However, beta-defensins are produced by vertebrates 

themselves.  

Lynn et al (2007) proposed to adopt the numbering system used by Xiao et al. 

(2004) as this system is currently used by the NCBI RefSeq database 

(http://www.ncbi.nlm.nih.gov/RefSeq/). To be consistent with the usual nomenclature of 

other vertebrate beta- defensins, however, we also propose that the term gallinacin be 

dropped and instead of that, the term “avian beta-defensin” (abbreviated to AvBD) be 

used to describe these molecules. 

These natural antimicrobial peptides do not involve new selection pressure and 

will surely be beneficial to the host. Since the first chicken beta-defensin was found in 

1994 from leukocytes (Harwig et al 1994). To date, 14 avian beta-defensins have been 

isolated either from heterophilic granulocytes or discovered by in silico analysis and were 

found to be constitutively or inducibly expressed following infection with bacteria or 

their components, has also been shown to occur in chickens (Lynn et al 2004 and 2007 

and Xiao et al 2004).  

All of the defensin genes are densely located in an 86-Kb nucleotide fragment on 

chromosome 3q3.5-q3.7, which contrasts with several clusters of beta-defensin genes on 

different chromosomes in other vertebrates such as human and mouse                   

(Schutte et al 2002). Generally, beta-defensins are more important in innate immune 

response for avian than mammal because of the lack of oxidative mechanisms in avian 

heterophils (Sugiarto and Yu 2004). 

Antimicrobial peptides are leading in the development of novel biocidal agents at 

the moment when classical antibiotics are under intense pressure from emerging 
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resistance (Laverty et al 2011). In addition to their antimicrobial role, AMPs also serve as 

important effector molecules in inflammation, immune activation, and wound healing 

(Huang et al 2004). Nearly 1200 antimicrobial peptides have now been identified 

(Matejuk et al 2010). 

Nature has strategically placed antimicrobial peptides as first line of defenses 

between the host organism and its surrounding environment, as these peptides inhibits 

over a wide range of infectious microbes deleting the effect of toxicity to the host 

organism. 

Domesticated animals have a large variety of antimicrobial peptide that serve as 

natural innate barriers limiting the microbial infection and also acts as an integral 

component in response to inflammation. The multiple modes of action utilized by AMPs 

reduce the ability of microorganisms to develop resistance, with minute activity shown 

against bacteria resistant to standard antibiotics (Giuliani et al 2007).  

With the focus on expanding and/or refining resources against infection in an era 

of antibiotic resistance, in the recent years vast area of work has been invested in 

localizing new antibiotic peptide sequences and improving their potency and selectivity. 

Few reasons which can be counted to spice up  the antibiotic resistance in microrganisms 

includes the use of low levels of antibiotics as growth promotors in animal feeds (Witte et 

al 2000) and the extensive use of antibiotics to treat human or animal infections 

(Diekema et al 2000) . Thus, at present, advances in production and development of both 

synthetic and recombinant cost effective antibiotic peptides are on its way of progress. 

Broad spectrum AMP’s target and lyse the membrane of the microbes, yet these 

peptides frequently have less proclivity to lyse mammalian cell membranes such as those 
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of red blood cells despite targeting and lysing microbial membranes, the potencies and 

spectra of activities of the AMPs against different classes of microbes vary and depend 

on the membrane composition of the pathogen and the structure of the peptide. The 

antifungal activity of AMPs is multifactorial. For example, AMPs stimulate the immune 

system in mammals by several mechanisms: 1) activation of T-cells, 2) stimulation of 

Toll-like receptors, 3) amplifying phagocyte action, 4) activation of dendritic cells, and 5) 

chemo-attraction of neutrophils (Biragyn et al 2001 and Yang et al 2002). 

Moreover, these activated cells and receptors may reduce the growth of fungi in 

vivo by modifying levels of various cytokines, chemokines, and integrins (Durr et al 

2002 and Hancock et al 2002). It helps in providing immune-surveillance against 

pathogens and maintaining a healthy floral milieu. Studies have shown the potential of 

antimicrobial cationic peptides in cancer and gene therapy (Leng et al 2005). As a result, 

the peptides offer promise for future treatment of infectious diseases in a diverse range of 

organisms 

In addition to cysteine-rich AMPs, there are other prominent subgroups of AMPs 

in animals characterized on the basis of primary or secondary peptide structure (Brogden 

2005). One subgroup is characterized by an abundant number of cationic peptides 

containing basic and/or hydrophobic residues at a high ratio and many of them conform 

into a-helical structures in membrane mimetic environments. Examples of these 

subgroups include mammalian cathelicidins, amphibian magainins and maximins, and 

insect cecropins. Some members of this subgroup, such as cathelicidins, are rich in 

certain residues such as proline (e.g. porcine PR-39), phenylalanine (e.g. porcine 

prophenins) and tryptophan (e.g. bovine indolicidin), which may contribute to their 
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‘multi-hitting’ model of antimicrobial responses (McPhee et al 2005, Hancock and Sahl 

2006 and Hale and Hancock 2007). The second subgroup of AMPs includes 

antimicrobial fragments derived from large proteins such as lactoferricin from lactoferrin 

and the antimicrobial domain of lysozyme (Brogden 2005). Potent activity against a 

broad spectrum of micro-organisms including bacteria, fungi, enveloped viruses and 

tumor cells has been observed in members of these animal AMPs along with multiple 

roles in respect to immunoregulation and cell signaling (Zaiou 2007).  

The overall antimicrobial effect of an AMP in vivo, which is manifested by 

suppression/elimination of infection by a pathogen, can result from both its direct 

antimicrobial activity and indirect immune regulatory functions. In this context, most 

AMPs in higher vertebrates, such as mammalian defensins and cathelicidins, have been 

shown to be multifunctional and because of this property are often referred to as host 

defense peptides (Zaiou 2007). Immunoregulatory functions exerted by mammalian 

antimicrobial host defense peptides includes chemoattractant activity for immune cells, 

inhibition of oxidative burst of phagocytes, promotion of angiogenesis and wound 

healing, regulation of development and function of male reproductive cells, and induction 

of autoimmunity. Although these multifunctional properties may increase the drug 

development potential of AMPs, some may also cause limitations in the development of 

antibiotics. Other challenges to AMP-based drug development include cytotoxicity and 

the higher cost of peptide synthesis (Scott et al 2007).  

Although microbial resistance is considered less likely for AMPs than 

conventional antibiotics, some mechanisms of resistance to AMPs have been identified 

(Gunn 2008 and Kraus and Peschel 2008), this should be considered in developing and 
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using AMP-based drugs. Peptide therapeutics represents a novel class of therapeutic 

agents. Beta- defensins and their mimics form a diverse class of antibacterial agents 

currently validated in preclinical and clinical settings for the treatment of infections 

caused by antimicrobial-resistant bacteria. However, due the lack of extensive study 

related to naturally occurring anti-microbial peptides including defensins, isolation of 

such peptides often suffer from a variety of pharmacokinetic shortcomings and poor 

bioavailability.  

 

2.4: Regulatory and signaling pathway of innate immunity 

Understanding the complex mechanisms of regulating gene expression is one of 

the greatest challenges faced by modern molecular biology.  Two important functional 

elements in a genome are transcription factor genes (TFs) and genomic sequences, 

transcription factor binding sites (TFBS) to which TFs bind (Bulyk 2003).  Gene 

expression is regulated by binding of transcription factors to the promoter.  Over the past 

few years, a number of beta-defensins have been identified in various animals and found 

to exhibit constitutive and inducible gene expression.  For example, inducible expression 

of beta-defensins can be detected in blood after stimulation with LPS.  NF�B proteins are 

a family of inducible transcription factors that allow cells to respond to extracellular 

stimuli, e.g. LPS. 

The stimulation of foreign pathogens induces and increases the transcription of 

pro-inflammatory cytokines, such as IL-6, IL-1 and TNF- alpha, mainly in local cells 

(macrophages or endothelia). Generally, the IL-1-like cytokines will activate and 

translocate the transcription factors NFkB and activating protein-1 (AP-1), whereas the 
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IL-6-like cytokines function through JAK/STAT (Janus kinases/signal transducers and 

activators of transcription) pathway. Also, a common pathway shared by both IL-1- and 

IL-6-like cytokines is through mitogen activated protein kinases (MAPKs) and 

transcription factor NF-IL-6 (Wu et al 2003). These regulatory molecules include 

glucocorticoids and other anti- inflammatory cytokines such as IL-4 and IL-10 (Ceciliani, 

et al 2002). 

 Katial et al (1998) studied the production of IL-12, IFN-�, TNF-�, TNF-�, IL-5 

and IL-10 in vitro by stimulation of PBMCs, from immunocompetent subjects, with 

mitogens, concanavalin A, phytohemagglutinin, pokeweed mitogen and Staphylococcus 

aureus. 

The first beta-defensin described was isolated from the tracheal epithelium of 

cattle, in which its expression is inducible by LPS through a CD14-dependent signaling 

pathway and the transcription of the bovine tracheal antimicrobial peptide (TAP) gene 

was found to be regulated by transcription factors such as NF-�B (Tsutsumi and Nagaoka 

2002).  

TLRs are type I orphan receptors with an extra cellular portion containing LRR, 

and a cytoplasmic domain significantly similar to the intracellular portion of the IL-1R. 

These observations suggest that IL-1R and TLR may use an analogous molecular 

framework for signaling. The IL-1R and TLR family signal via shared downstream 

signaling molecules. They include the adaptor molecule MyD88, IL-1R-associated 

protein kinases (IRAKs), the transforming growth factor (TGF)-�-activated kinase 

(TAK1), TAK1-binding protein1 (TAB1) and 2 (TAB2), and the tumor necrosis factor 

receptor associated factor 6 (TRAF6) (O’ Neill 2002). 
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Triggering of the IL-1R or TLR causes the adaptor protein MyD88 to be recruited 

to the receptor complex, which in turn promotes association with the IL-1R-associated 

kinases, IRAK-4 and IRAK-1. During the formation of this complex, IRAK4 is activated, 

leading to the hyper phosphorylation of IRAK-1, which then induces the interaction of 

TRAF6 with the complex. The association of IRAK-4.IRAK-1.TRAF6 causes some 

conformational change in one or more of these factors, leading to their disengagement 

from the receptor complex. The IRAK-4.IRAK-1.TRAF6 complex then interacts at the 

membrane with another preformed complex consisting of TAK1, TAB1, and TAB2. This 

interaction induces phosphorylation of TAB2 and TAK1, which then translocate together 

with TRAF6 and TAB1 to the cytosol. TAK1 is subsequently activated in the cytoplasm, 

leading to the activation of IKK. Inactive IKK sequesters NF-�B in the cytoplasm, but 

activation leads to phosphorylation and degradation of I�B  and consequent release of 

NF-�B, a ubiquitous transcription factor that regulates the transcription of various genes 

during inflammatory and immune responses. Activation of TAK1 also results in the 

activation of MAP kinases and c-Jun NH2-terminal kinase (JNK). 

Wang et al (2001) studied the mechanism of micrococci and peptidoglycan 

(PGN) induced transcription of IL-8 in HEK293 cells expressing TLR2 and CD14 but not 

TLR1 or 4. They concluded that TLR2- mediated signal transduction pathways involves 

IRAK, MyD88, TRAF6, IKK�, IKK�, NIK and NF-kB and MyD88 is an essential 

component in this pathway.  

Although MyD88 plays a critical role in TLR signaling, there is a difference in 

the signaling pathways triggered by LPS and by other bacterial components. Activation 

of NF-�B and MAP kinases by mycoplasmal lipopeptide is completely abolished in 
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TLR2- or MyD88-deficient macrophages. However, LPS activation of MAP kinases and 

NF-�B remains intact in MyD88-deficient macrophages, although it is delayed compared 

with that in wild-type mice. This indicates that the TLR4-mediated response to LPS may 

involve both MyD88-dependent and -independent pathways, each of which leads to the 

activation of MAP kinases and NF-�B. 

Kawai et al (2001) performed subtractive hybridization studies to show that 

interferon-inducible genes including IP-10, a CXC chemokine, are induced in MyD88- 

deficient macrophages in response to LPS.  

2.5: Heterophils in birds 

The avian heterophil has been declared a counterpart to the neutrophil in 

mammals. Heterophils also secrete a wide variety of enzymes, chemokines, and 

cytokines, which help to amplify immune responses by recruiting other cells to the site of 

inflammation, thereby contributing to an early resistance to infection (Kogut et al 1998, 

Nikolaus et al 1998, Rath et al 1998, Oliveira et al 1999 and Brandt et al 2000). 

Although there are many similarities between these two granulocytes, there also 

are important differences. The heterophilic inflammatory response in avian species more 

closely resembles the reptilian response than the mammalian response (Montali 1988). 

Heterophils are the  predominate granulated leukocyte in the acute inflammatory 

response in gallinaceous birds. Heterophils are highly phagocytic and are capable of a 

broad spectrum of antimicrobial activity. They accumulate in inflamed tissue, causing 

tissue damage and forming heterophil granulomas that are morphologically similar to 

inflammatory lesions in reptiles. The avian heterophil lacks myeloperoxidase and 

depends primarily on nonoxidative mechanisms for antimicrobial activity. The 
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hematologic response of turkeys to intravenous administration of LPS has recently been 

characterized. The influx of heterophils is the first line of cellular defense in the avian 

respiratory tract because there is no resident population of pulmonary macrophages (Toth 

and Siegel 1986 and Ficken and Barnes 1989). When compared to the experimental work 

on neutrophils and the inflammatory response in mammals, similar work in birds and 

reptiles is rather meager. Therefore, much about avian and reptilian heterophils has been 

inferred from neutrophil studies in mammals.  

The beta-defensins found in heterophil granules can kill a wide variety of 

bacterial pathogens and are a major component of the heterophil antimicrobial arsenal. 

Heterophils form the first line of cellular defense against invading microbial pathogens in 

the lungs and air sacs where resident macrophages are lacking. 

Because preventive medicine is emphasized in poultry medicine and therapies to 

modify or ameliorate inflammation are not very practical in poultry species, studies to 

understand the heterophil and the acute inflammatory response in avian species have 

lagged behind those in humans and other mammals. More recently, it has become 

apparent that the heterophil and other first-line defense mechanisms activated during the 

acute inflammatory response have an important role in innate disease resistance. It is 

important to understand these early defense mechanisms not only to avoid compromising 

their effectiveness by management practices but also to find ways in the future to 

manipulate these mechanisms to better protect birds from infectious diseases. 

Investigations comparing the susceptibility of pathogenic and nonpathogenic bacteria to 

bactericidal activity of avian defensins are needed to determine whether resistance to 

these antimicrobial peptides is associated with virulence for avian pathogens. Resistance 
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of S. typhimurium to killing by defensins does appear to be associated with virulence in a 

mouse model (Groisman et al 1992 and Parra et al 1993). The avian beta-defensins are 

probably just one group of many heterophil antimicrobial mechanisms that await further 

study. In the process of purifying these beta-defensins, other antimicrobial fractions from 

heterophil granules have been detected, but have not yet been purified or characterized. 

 

2.6: Lipopolysaccharide (LPS) stimulation of cells 

As early as 1996, bovine beta-defensins (TAP) were found to significantly 

induced with the challenge of LPS in cultured tracheal epithelial cells (Diamond et al 

1996 and Russell et al 1996). In human, HBD-2 showed the same characteristics and was 

induced to express with the treatment of LPS or pro-inflammatory cytokines such as IL- 

1-beta or TNF-alpha (Singh et al 1998, Mathews et al 1999 and Hao et al 2001). HBD-3 

and -4 are also under similar regulation mechanisms. HBD-3 increases its expression with 

the stimulation of bacteria, TNF-alpha and IL-1-beta, and HBD-4 is induced when 

responding to PMA (phorbol myristate acetate), LPS and TNF-alpha (Garcia et al 2001, 

Yanagi et al 2005 and Vankeerberghen et al 2005). 

Lin et al (2000) cloned and functionally characterized mouse TLR2 from 3T3-L1 

adipocytes. They found that TLR2 synthesis is strongly induced in the adipocytes by 

LPS, TNF-� and the yeast cell wall extract zymosan. Further, TLR2 undergoes a lengthy 

intracellular maturation process with a half-life of exit from the ER of approximately 3 h. 

 Wang et al (2000) studied the potential interaction between LPS and PGN in the 

induction of the sepsis- associated cytokines, TNF- �, IL-6 and IL-10 in whole human 

blood by measuring their plasma levels by enzyme immunoassays and a TNF bioassay. 



���

�

They found that co-administration of PGN (10 µg/ml) or MDP (1ug/ml) with 

LPS(10ng/ml) caused significantly elevated values of TNF- � and IL-6 in blood that 

could not be obtained by the sum of values obtained by each stimulant alone or by 3- fold 

higher doses of either bacterial components alone. They suggested that PGN and MDP 

prime human whole blood leucocytes for LPS-induced release of pro-inflammatory 

cytokines. 

Faure et al (2000) showed that LPS, TNF-� and IFN-� induce TLR2 expression in 

both human dermal micro vessel EC and HUVEC. LPS and IFN-� act synergistically to 

induce TLR2 expression in EC and LPS- induced TLR2 expression is NF-kB dependent. 

Pulendran et al (2001) demonstrated that interaction of E. coli LPS with TLR4 

induces production of IL-12p70 while the recognition of P. gingivalis LPS by TLR2 is 

unable to induce IL-12p70 release and favors a Th2-type response. 

Dillon et al (2004) investigated into TLR-2 knockout mice (TLR-2-/-) and myeloid 

differentiation factor 88 (MyD88) knockout (MyD88-/-) mice to demonstrate that 

different Toll-like receptor (TLR) ligands induce distinct dendritic cell (DC) activation 

and immune responses in vivo. Thus, Escherichia coli LPS (TLR-4 stimulus) activates 

DCs to produce abundant IL-12(p70), but little IL-10, and stimulates Th1 and T cytotoxic 

1 (Tc1) responses. In contrast, Pam-3-cys (TLR-2 stimulus) elicits less IL-12(p70), but 

abundant IL-10 and favors Th2 and Tc2 responses. 

Ajuwon et al (2009) investigated the response to PGN from S. aureus  in 

differentiated 3T3-LI adipocytes and used real- time PCR to quantify the expression of 

IL-6, adiponectin receptors, TLR2 and TLR4. They concluded that both PGN and LPS 

robustly induce TLR2 mRNA expression whereas TLR4 mRNA is weakly induced by 
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LPS only. They further found that PGN downregulates the expression of adiponectin 

receptors. 

2.7: Quantitative gene expression studies related to innate immunity in chicken 

The ability to sequence entire genomes has stimulated research directed not only 

at producing DNA sequence, but also at defining the function of genes on a genome- 

wide level.  Given that genes with related functions are likely to be regulated together, 

techniques that evaluate global gene expression provide a mechanism for the initial 

identification and clustering of novel gene sequences with related functions.  In the last 

two decades techniques for the evaluation of gene expression have progressed from 

methods developed for the analysis of single, specific genes to techniques focused on 

identifying all genes that differ in expression between or among experimental samples 

(Moody 2001).  

Leveque et al (2003) proposed that TLR4 is linked to resistance to infection with 

Salmonella enterica serovar Typhimurium in chickens on northern blot analysis of TLR4 

expressed in tissues including brain, thymus, kidney, intestine, muscle, liver, lung, bursa 

of fabricius, heart, and spleen.  

Hirschfeld et al (2001) were the first to suggest that differential cytokine patterns 

are released when various TLRs are engaged by lipopolysaccharides (LPS) from different 

species e.g stimulation with Escherichia coli LPS, a ligand for TLR4, led to release of 

large amounts of tumor necrosis factor (TNF), interleukin-1� (IL-1�), IL-12p40, and IP-

10 (gamma-interferon-inducible protein 10), whereas Porphyromonas gingivalis  LPS, a 

TLR2 ligand, induced moderate amounts of TNF and IL-1�  and no production of IL-

12p40 or IP-10 .  
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Expression and function of Toll-like receptors in chicken heterophils was 

demonstrated by Kogut et al (2005) using TLR agonists, including flagellin (from 

Salmonella typhimurium, FGN), peptidoglycan (from Staphylococcus aureus, PGN), 

ultra-pure lipopolysaccharide (from Salmonella minnesota, LPS), the synthetic double 

stranded RNA analog [poly(I:C)], and the guanosine analog, loxoribine (LOX)  to 

directly induced both an oxidative burst and a degranulation response. all induced an up-

regulation of expression of mRNA of the pro-inflammatory cytokines IL-1b, IL-6, and 

IL-8, whereas both poly(I:C) and LOX induced a down-regulation of these cytokine 

mRNAs. The broad TLR expression profile in heterophils reflects their principal role as 

first line effector cells in avian host defense against bacterial, viral, fungal, and parasitic 

infections.  

Iqbal et al (2005) determined the mRNA expression patterns for seven chicken 

TLRs (chTLR) in a wide range of chicken tissues, isolated immune cell types and 

cultured cells. Some of the chTLR were expressed in most tissues (chTLR1/6/10, 

chTLR3, chTLR4 and chTLR5), whereas others exhibited more restricted expression 

patterns (chTLR2 type 1, type 2 and chTLR7). Similarly distinct patterns of chTLR 

expression were seen with innate and adaptive immune cell types isolated from peripheral 

blood or spleen and with cultured cells of somatic or immunological origin. An 

understanding of the TLR repertoire for different tissues, immune cell subsets and 

cultured cell types allows more refined interpretation of immune induction in response to 

chicken pathogens. 

Kaiser et al (2006) studied cytokine expression in chicken peripheral blood 

mononuclear cells after in vitro exposure to Salmonella enterica serovar. Interleukin-2, 



���

�

interleukin-6 (IL-6), CXCLi2, an transforming growth factor-�4 (TGF-B4) messenger 

ribonucleic acid expression was measured by quantitative reverse transcription-PCR 

assays in PBMC from 3 chicken lines (broiler, Leghorn, Fayoumi) after in vitro exposure 

to S. Enteritidis from cultures were harvested 2 or 4 h of exposure and found that 

exposure to S. Enteritidis down-regulated IL-6, CXCLi2, and TGF-�4 but not interleukin-

2 mRNA expression. No significant genetic line or exposure time effects were detected. 

These findings demonstrate that exposure of chicken PBMC to S. Enteritidis can induce a 

rapid change in both proinflammatory (IL-6, CXCLi2) and anti-inflammatory (TGF-�4) 

cytokine gene expression. 

Abasht et al (2009) investigated the acute effect of Salmonella Enteritidis 

challenge on TLR mRNA expression in cecum and spleen of birds from 3distinct genetic 

lines. Chicks from broiler, Leghorn, and Fayoumi lines were inoculated or mock-

inoculated with Salmonella Enteritidis. The mRNA expression levels of TLR2, TLR4, 

and TLR5 genes were assessed by quantitative reverse transcription-PCR of cecum and 

spleen tissue harvested at 2 or 18 h post inoculation. There were no significant genetic 

line effects on TLR mRNA expression in spleen or cecum of mock-infected birds, or in 

the cecum of infected birds. Genetic line effect was significant (P < 0.05) on TLR mRNA 

expression in the spleen of Salmonella Enteritidis-infected birds. The Fayoumi line had 

higher TLR2 and TLR4 expression than Leghorn, higher TLR2 mRNA expression than 

broiler, and the broiler line had higher TLR5 expression than Leghorn and Fayoumi. In 

Salmonella Enteritidis-infected birds, the TLR2 expression in both cecum and spleen and 

TLR4 expression in spleen were significantly higher at 18 h PI than 2 h PI. The results 

demonstrate a significant genetic line effect on TLR expression in the spleen of 
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Salmonella Enteritidis-infected birds, which may partly explain genetic variability in 

immune response to Salmonella Enteritidis  

Musa et al (2009) studied the expression profile of TLRs and cytokines to 

determine the role of LPS in the peripheral blood lymphocytes of chicken. Semi-

quantitative RT-PCR studied suggested that lymphocytes express mRNA of TLRs 

(TLR1/6/10, TLR3, TLR4, TLR5 and TLR7) and interleukins (IL-1, IL-8, IL-18 and 

TGF-4). LPS significantly (P<0.05) induced the expression of TLR4, IL-1, IL-8 and IL-

18, and non-significantly induce the mRNA expression of TLR1/6/10, TLR5 and TGF-4, 

thus proving that LPS plays an important role in the innate immune response of 

lymphocytes to pathogen. 

Dhinakar et al (2009) studied expression profile of toll-like receptor mRNA in an 

indigenous Aseel breed of chicken in India using reverse transcription polymerase chain 

reaction (RT-PCR). TLR 2 type 1 mRNA was expressed in lungs, liver, spleen, 

duodenum and caecal tonsils. TLR2 type 2 mRNA was expressed only in the lungs. TLR 

3 mRNA was expressed in lungs, liver, spleen and caecal tonsils. TLR 4 mRNA was 

expressed only in lungs, liver and spleen. TLR 5 and TLR 7 mRNAs were expressed in 

all the tissues examined. With respect to tissues, heterophils and lungs expressed all the 

TLR mRNAs examined while kidneys expressed only TLR 5 and TLR 7 mRNAs.  

Ramasamy et al (2010) quantified the expression of TLR3, TLR4, TLR5 and 

TLR7 in Aseel, Kadaknath, Naked neck, Dwarf and White Leghorn lines by quantitative 

real-time PCR. White Leghorns expressed significantly (P<0.01) higher levels of TLR3 

mRNA compared to other lines. TLR4 and TLR5 mRNA were significantly highly 

expressed in Kadaknath line. Among the TLRs investigated TLR5 was more expressed in 
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all lines studied. TLR7 was highly expressed in indigenous chicken Aseel and Kadaknath 

than other lines. Dwarf chicken expressed significantly (P<0.01) lower levels of all TLRs 

investigated. On the basis of the study they concluded that the differential expression of 

TLR mRNA in the heterophils of indigenous and other chicken breeds might contribute 

to their variable disease resistance/susceptibility.  

Derache et al (2009) purified three biologically active beta-defensins by 

chromatography from chicken bone marrow: avian beta-defensins AvBD-1, AvBD-2 

and AvBD-7. Their antibacterial activities were assessed against a large panel of Gram-

positive and Gram-negative bacteria. All three defensins displayed similar activity 

against Gram-positive strains, but AvBD-1 & AvBD-7 exhibited stronger activity 

against Gram- negative bacteria. 

Ebers et al (2009) determined mRNA expression profiles of 14 avian beta-

defensins (AvBDs) in primary chicken oviduct epithelial cells before and after infection 

with Salmonella enterica. The infection temporarily inhibited expression of certain 

AvBDs but induced expression of other minimally expressed defensins. 

Ramasamy et al (2012) studied differential gene expression of antimicrobial 

peptides beta defensins (AvBDs 1–14) in the gastrointestinal tract of Salmonella serovar 

Pullorum infected broiler chickens. Quantitative real-time PCR analysis revealed 

significant (P<0.05) upregulation of AvBD3, 4, 5, 6 and 12 and a significant (P< 0.05) 

down regulation in the expressions of AvBD10, 11, 13 and 14 in one or few GI tissues, 

while no significant changes were observed for AvBD1, 2, 7, 8 and 9 gene expressions in 

any of the GI tissues investigated upon infection with S. Pullorum. Most substantial 
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change in gene expression was found for AvBD5, being significantly (P<0.01) 

upregulated in most of the GI tissues investigated. 
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CHAPTER III 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    

The present study has been accomplished in three parts: culturing of heterophils, 

RNA isolation and differential expression study of innate immunity related genes. Avian 

beta-defensins (AvBDs), Toll-like receptors (TLRs), transcription factors and pro-

inflammatory cytokine were analyzed in broiler, layer and Aseel stocks of chickens, 

using quantitative real-time PCR, SYBR Green chemistry.  

3.1: Birds and collection of blood 

The study was conducted on birds maintained at Poultry Breeding Farm, 

GADVASU Ludhiana. The broiler strain PB1 had undergone mass selection primarily for 

juvenile body weight over more than 35 generations. Concomitantly the strain had been 

improved for maternal attributes (e.g. egg production and reproduction). The layer 

chicken strain, PL2, had been selected for over 36 generations, primarily for egg 

production to 40 weeks of age. Other traits for which the strain had undergone mild 

selection included egg, mortality, fertility and hatchability. The stock of Aseel had been 

maintained without any intentional selection.  

Six, apparently healthy, adult birds of three distinct genetic groups viz, strain of 

broiler, strain of layer and a stock of indigenous breed Aseel were randomly chosen for 

peripheral blood collection from the wing vein.  The birds were from same age group, 

and had been reared under standard managemental regimen.   
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About 1-2 ml of peripheral blood was aseptically collected from the wing vein of 

each bird  using 24G needle and transferred to 15 ml sterile tubes containing EDTA 

(EDTA, 1.5 mg/ml of blood, pH-8) for heterophil isolation and further culture.  

3.2: Isolation of heterophils 

Avian heterophils were isolated from the peripheral blood of chickens as described 

previously (Kogut et al 2005) using Ficoll-Hypaque (Sigma-Aldrich, USA) gradient 

1.077/1.119 interfaces as per the following protocol: 

1. The collected blood was diluted in equal volume of phosphate buffered saline (PBS, 

pH 7.4). 

2. In a conical, pre-sterilized, 15 ml centrifuge tube 1.5 ml of Histopaque 1119 (Sigma-

Aldrich, USA) was poured. Carefully layer 1.5 ml of Histopaque 1077 (Sigma-

Aldrich, USA) onto the Histopaque 1119.  

3. 3 ml of the diluted blood was over layered onto it slowly from the side of the tube so 

as to avoid mixing, to create a sharp interphase. 

4. The tube was centrifuged at 250 x g for 60 minutes, break off, at room temperature in 

a swinging bucket rotor centrifuge.  

5. After centrifugation the 1077/1119 interphase and 1119 band contain the heterophils, 

which were aspirated using a clean and pre-sterilized micro tip and transferred to a 

clean centrifuge tube  

6. Equal volume of RPMI 1640 (Sigma-Aldrich, USA) was added to the separated 

heterophils and mixed gently. 

7. The tube was centrifuged at 200 x g for 10 min, at room temperature. This washing 

removes Histopaque. The washing with RPMI 1640 was repeated twice. 
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3.3: Recovery and viability of heterophils 

The recovery and viability of the isolated heterophils was determined by haemocytometer 

counting using the trypan blue dye exclusion method (Kogut et al 2005), which was 

performed as: 

i) 10 �l of cell suspension was mixed with 10 �l of 0.4 % trypan blue and incubate for 

3-5 min at room temperature. 

ii) 10 �l of the trypan blue cell mixture was injected beneath the cover slip on a 

haemocytometer. 

iii) The haemocytometer was placed on the stage of a binocular microscope and the 

cells focused. 

iv) The unstained (viable) and stained (dead) cells were counted from the central large 

squares of haemocytometer and at least 100 cells were counted. 

v) The number of total viable cells was calculated as: 

       Total viable cells = Viable cells per square x 2 x10, 000 x total volume of cell 
suspension. 

                                     =   40 x 2 x10, 000 x 3 

                                      =   2.4 x 106/ ml.  

% Viability = viable cells per square/ total no. of cells per square x 100 

                         = 40 / 44  x 100   =  91% 

vi) The haemocytometer and cover slip was rinsed with 70% alcohol and wiped dry. 

Heterophil preparations obtained by this method were typically more than 98% pure 

and more than 95% viable.   

vii) The cell concentration was adjusted to 1x 107 heterophils/ml of RPMI 1640 for 

culture. 
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3.4: Culturing and stimulation of heterophils 

The isolated Heterophils from six birds each from three breeds of birds, the 

broiler (B), the layer (L) and the Aseel (A) were randomly divided into three groups, each 

including six birds labeled alphanumerically (broiler into B0, B3, and B8, layer into L0, 

L3, and L8, further Aseel into A0, A3 and A8 respectively) on breed and time dependent 

manner, where alphabet represent breed and the number 0-hrs, 3-hrs, and 8- hrs represent 

the time period of LPS challenge in culture. Heterophils cultured in RPMI-1640 medium 

were stimulated with Lipopolysaccharide (LPS) of Salmonella typhimurium cell wall 

origin (L 2262, Sigma, St Louis, MO) with working concentration of 1�g / �l prepared in 

sterile tissue culture grade and endotoxin free water. The heterophil cultures 1ml per well 

were prepared in 6 well tissue culture plates and stimulates with 30 �g of LPS per ml of 

culture volume. The cultures were prepared near the flame in the laminar flow and 

incubated at 37º C at 5% CO2 level under humidified conditions in a CO2 incubator.  

Cultures were used for isolation of RNA at 0 hrs, after 3 hrs and after 8 hrs of LPS 

stimulation respectively.  

3.5: Extraction of total RNA 

The total RNA was isolated from heterophils at 0hrs, 3hrs and 8hrs of culture 

incubation using RNeasy mini kit (Qiagen) as per the instructed protocol: 

1. Before using RPE concentrate provided with kit for the first time, 4 volumes of 

ethanol (96–100%) was added, as indicated on the bottle to obtain a working 

solution 
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2. 10 �l �- mercaptoethanol per 1 ml of RLT Buffer was added before use. 

3. Cultured cells (1 x 107 cells) are pelleted by centrifuging for 5 min at 300 x g in a 

centrifuge tube. Supernatant was aspirated carefully. 

4. Cells were disrupted using Buffer RLT. Pelleted cells were loosened by flicking 

the tube.  

5. 700 �l of the sample was transfered, including any precipitate that was formed, to 

an RNeasy spin column placed in a 2 ml collection tube (supplied with the kit). 

Lid was gently closed, and centrifuge for 15 s at  8000 x g . Flow-through was 

discarded. 

6. 700 �l Buffer RW1 was added to the RNeasy spin column and centrifuge for 15 s 

at 8000 x g to wash the spin column membrane. Flow-through was discarded. 

7. 500 �l Buffer RPE was added to the RNeasy spin column and centrifuge for 15 s 

at 8000 x g to wash the spin column membrane. Flow-through was discarded. 

8. Again 500 �l Buffer RPE was added to the RNeasy spin column and centrifuge 

for 2 min at 8000 x g  to wash the spin column membrane. 

9. RNeasy spin column was placed in a new 1.5 ml collection tube. 30–50 �l RNase-

free water added directly to the spin column membrane and centrifuge for 1 min 

at 8000 x g to elute the RNA.  

10. Eluted RNA samples were treated with DNase (Qiagen RNeasy Mini Kit - RNA 

cleanup protocol). 

3.6: Quantification and pooling of RNA 

RNA concentration (quantification) and purity was checked using the 

spectrophotometer (Nanodrop 1000, Thermo Scientific) analysis using the convention 
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that 1 absorbance unit at 260 nm equals 40 µg RNA per ml. The U. V. absorbance 

checked at 260 and 280 nm for determination of sample concentration and purity. Purity 

of RNA judged on the basis of O.D. ratio at 260:280. The salt concentration as well as 

other impurities of RNA solution was judged on the basis of 230:260. The samples with 

acceptable purity (i.e. ratio 1.7-2.0) were further used in the study. Total RNA 

concentration was adjusted to 100 ng/µl using RNase free water. Equal amount of total 

RNA from six samples of same label were pooled.  

3.7: First strand cDNA synthesis 

Pooled total RNA was used for cDNA synthesis using First strand synthesis kit 

(Fermentas, Thermo scientific) using the following protocol: 

1. 1 µl of olgo dT primer from the kit was added to 10 µl of 100ng/µl pooled RNA in a 

PCR tube and incubated at 65°C for 5 min and immediately chilled on ice. 

2. Further the following components were added in the indicated order:  

5X Reaction Buffer : 4 µl  

RiboLock RNase Inhibitor (20 u/µl) : 1 µl  

10 mM dNTP Mix : 2 µl  

M-MuLV Reverse Transcriptase (20 u/µl) : 2 µl  

3. Total volume of 20 µl reaction was incubated for 60 min at 37 °C. 

4. To terminate the reaction the tubes were incubated for 5 min at 70 °C. 

The reverse-transcription reactions were stored at -80°C for long term storage or 

used directly for polymerase chain reaction. 
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3.7.1: Confirmation of cDNA with GAPDH primers 

The conversion to cDNA was checked by PCR with GAPDH primers provided 

with the kit (Forward primer: 5’-CAAGGTCATCCATGACAACTTTG-3’ and Reverse 

primer: 5’-GTCCACCACCCTGTTGCTGTAG-3’).The amplification of 496 bp GAPDH 

gene fragment from the cDNA indicated the presence of cDNA. PCR was carried out in a 

final reaction volume of 20 µl (Table 3.1).  

Table 3.1: Components of PCR reaction mixture: 

Sr. No. Component Concentration 

1 10X PCR buffer (with MgCl2 15 mM) 2 µl 
2 dNTPs (10 mM each) 1 µl 
3 Forward GAPDH Primer (10pm/µl)  1 µl 

4 Reverse GAPDH Primer (10pm/µl) 1 µl 

5 Taq DNA polymerase (3 U/µl) 1 µl 

6 cDNA Template (100ng/µl) 2 µl 

7 Nuclease free water 12 µl 

 Total 20 µl 

  Master mix was prepared for one additional sample to cover pipetting error. All 

reactions were carried out in 0.2 ml thin wall PCR tubes. PCR tubes containing mixture 

were tapped gently and quickly minispinned at 1000 rpm for few seconds. The tubes 

were placed in a thermal cycler and subjected to cycling reaction. The PCR protocol was 

same for all the primers (Table 3.2). The PCR reaction mix was subjected to 40 cycles of 

denaturation, annealing and extension as following: 
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         Table 3.2: Cycling protocol for polymerase chain reaction  

Sr. No.� Stage� Temperature (oC)� Time�
Initial Denaturation 94 3 min 

1. Denaturation 94 30 sec 
2. Annealing 58 30 sec 
3. Extension 72 45 sec 

Repeat step 1-3 for 40 times 
Final extension 72 5.0 min. 

 

3.7.2: Agarose gel electrophoresis of PCR product 

To confirm PCR amplification, 5 µl of PCR product mixed with 1µl of 6X gel 

loading dye from each tube were electrophoresed on 2.0 % agarose gel (depending on the 

expected size of amplified product) containing 1% solution of ethidium bromide at the 

rate of 5µl/100 ml at constant voltage 85 V for 30 minutes in 0.5X TBE. The 

GeneRuler 1 kb Plus DNA Ladder (Fermentas) was also loaded to compare the size of 

the bands. The amplified product of 496 bp GAPDH gene was visualized as a compact 

band under UV light and documented by gel documentation system.  

Table 3.3: Chemicals used for submarine gel electrophoresis  

(A) 10X  TBE , pH- 8.3 
0.9M Tris HCl 
0.9M Boric acid 
20 MM EDTA 

(B) Gel loading dye (6X) 

0.25% Bromophenol blue 
0.25% Xylene cyanol FF 
15% Ficoll 
Stored at room temperature 

(C) Ethidium bromide 5 µl (1%) per 100 ml agarose gel solution 
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3.8: Designing of primers for real-time PCR 

Gene specific primers were designed from the respective gene sequences 

using online Primer3 software (http://frodo.wi. mit.edu/primer3/), such that the amplicon 

size were about 50 to 150 base pairs in length and that the annealing temperature of the 

reaction can be kept at 60 º C. �- actin primers were designed for internal control. These 

primers were custom synthesized by IDT (India).  

The specificity of every pair of primer sequences was confirmed by BLASTn 

at NCBI (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). The amplified PCR fragments 

were checked for their size and specificity in 2.0% agarose gel electrophoresis.   

The nomenclature and numbering system adopted for beta- defensin genes in the 

study is as used by Xiao et al (2004), as this system is currently used by the NCBI 

RefSeq database (http://www.ncbi.nlm.nih.gov/RefSeq/). Also this is in consistence with 

the usual nomenclature of other vertebrate beta-defensins. Therefore, term “avian beta-

defensin” (abbreviated to AvBD) has been used, as proposed by Lynn et al (2007), 

instead of term gallinacin. 

Table 3.4: The primer sequences, Genbank accession numbers of AvBD genes for 

relative quantitative real time PCR (Q- PCR) analysis are listed below: 

Gene Name Access No. Primer Sequence ( 5’ to 3’ ) Size (bp) 

AvBD-1 AF033335 F   CCTTGCTGTACCCTGAGAAACC 77 

R  AGGTACACGATCCGCATGGT 

AvBD-2 AF033336 F   CCAGGTTTCTCCAGGGTTGTC 65 

R   GGCAGGACCCTCCTTTACAGA 
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Gene Name Access No. Primer Sequence ( 5’ to 3’ ) Size (bp) 

AvBD-3 AF181952 F   CTGTGGAAGAGCATATGAGGTTGAT 127 

R   CACGGTCATACCATGGGAGACT 

AvBD-4 AY621306 F   TTCTCTGCAGTGACAGGATTTCC 101 

R   AAGCCCACAGCTCCATGAACT 

AvBD-5 AY621307 F   CATGCAGATCCTGACTCTCCTCTT 131 

R   GACATGACTTGTGGGAGCAGAA 

AvBD-6 AY621308 F   CCAGCCCTATTCATGCTTGTAGA 121 

R   CTGTTCCTCACACAGCAAGATTTTAG 

AvBD-7 AY621309 F   TGCAGGTCAGCCCTTCATTC 121 

R   GCCTATTCCATTGTTACATGTTCCA 

AvBD-8 AY621310 F   TTGGCCGTTCTCCTCACTGT 137 

R   TGCCCAAAGGCTCTGGTATG 

AvBD-9 AY621311 F   GCCGTGCTCCTTCAGTTGA 67 

R   GGTGCCCATTTGCAGCAT 

AvBD-10 AY621312 F   CAAGATTCCGGCGCAGTAAG 74 

R   CAAGGCAGTGGAAATGTTGCT 

AvBD-11 AY621313 F   CTCTTCCTCCTCCAGGCTGTT 131 

R   CAAGAGCATGTTCCAAATGCA 

AvBD-12 AY621314 F   CCTTTGTTTCGTGTTCATCTTCATC 137 

R   CAAAGCAGTACTTAGCCAGGTATTCC 

AvBD-13 AY621315 F   GGAGGCTCTGCTTCCACATG 134 

R   AAGGGTCCTGCTCTGCTGTGT 

AvBD-14 AM402954 
 

F   ATGGGCATATTCCTCCTGT 161 

R   CACTTTGCCAGTCCATTGT 
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Table 3.5: The primer sequences, Genbank accession numbers of chTLR genes for 

relative quantitative real time PCR (Q- PCR) analysis are listed below: 

Gene Name AccessNo. Primer Sequence ( 5’ to 3’ ) Size (bp) 

chTLR 1 AB109401 F  CCCAGAAGACTTGAGCGGAA 151 

R   CCACGGCACATCCAGGTAG 

chTLR 2 AB046119 F  GGCCTGAAAACCTGAAATATCTGA 79 

R   TCAAGAGTTGAGGGAATGCAAGT 

chTLR 3 AY633575 F  TTGACAGACTACCGGGAGTGTTT 94 

R   TCCAGAGAGGTGAAGTTTGTCAAC 

chTLR 4 AY064697 F  AGATGCAGAACCGAAGGCAA 76 

R   TTGTGATGCTTTCCCACGTG 

chTLR 5 AY633576 F   TGACATACGATGACTGCGATGA 84 

R   TCAGAAGGGTGACAGATAGGAAAAC 

chTLR 7 AY633577 F   TGACAACCTTTCCCAGAGCAT 91 

R   TGTTGTTTTGAAAGTGCCACTTTTA 

chTLR 15 DQ267901 F  TGCTGCCACATTTGGAAGATC   131 

R   GATCGGTGCTCCACACAAGTC 

chTLR 21 AJ720600 F   TCACAGGCGGAGGTCTTCAC   139 

R   GCACCAACCCAGAGAAATCC 
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Table 3.6: List of the  primer sequences, Genbank accession numbers of Transcription 

Factor NFkB and IRF-3, cytokine IL-6 and internal control � -actin and 18s rRNA, for 

relative quantitative real time PCR (Q- PCR) analysis. 

Gene Name AccessNo. Primer Sequence ( 5’ to 3’ ) Size (bp) 

�-actin L08165 R   AAGGGTCCTGCTCTGCTGTGT 78 

R   TACCCAAGAAAGATGGCTGGAA 

18S rRNA AF173612 F  ATTGTGCCGCTAGAGGTGAAAT 71 

R   CATTCTTGGCAAATGCTTTCG 

Interleukin-6 
(IL-6) 

NM_204628 F   AGGACGAGATGTGCAAGAAGTTC 78 

R   TTGGGCAGGTTGAGGTTGTT 

NFkB D13719 F   GAAGGAATCGTACCGGGAACA 131 

R   CTCAGAGGGCCTTGTGACAGTAA 

IRF-3 U20338 F   CCATCTTCGACTTCAGGGTGTT 134 

R   CTTGGACTCCTTGGGCTTTGT 

 

3.9: Determination of primer/reaction efficiency 

To estimate the efficiency of PCR reaction, 10-fold serial dilutions of cDNA was used in 

PCR reaction, starting with 107 template copies and ending with 10 copies. Template 

copies/molecules of DNA is calculated using: 

 

Average weight of bases is taken as 660 gm/mole/base was taken for double stranded 

DNA. Template length of the amplified product is used. Standard slope using log of 

template copies and Ct value was plotted to calculate the efficiency of the PCR reaction:  



���

�

   Efficiency = [10 (-1/slope) ]  - 1 * 100 

3.10: Dose dependent expression of chTLR4 following 3 h incubation 

Various dosage of LPS was tested for induction of chTLR4, which is the central 

component required by LPS as a signal transduction receptor.  The heterophil cultures 

were stimulated with 10�g, 20�g, 30�g, 40�g and 50�g of LPS per ml of the culture 

volume and incubated for 3 hrs were used to study the relative expression of chTLR4 

gene to study the induction in dose - dependent manner (Table 3.7): 

Table 3.7: Preparation of a 6-well culture plate for LPS dose dependent expression 

study: 

Treatment Vol. of heterophils (�l) Vol. of media (�l) Vol. of LPS (�l) 

Control 500 500 ---- 

Treatment 1 500 490 10  (10�g) 

Treatment 2 500 480 20  (20�g) 

Treatment 3 500 470 30   (30�g) 

Treatment 4 500 460 40    (40 �g) 

Treatment 5 500 450 50     (50�g) 

 

3.11: Relative gene expression 

The cDNA was used to study the relative gene expression by gene specific 

amplification using Real Time PCR instrument (ABI prism 7500, Applied Biosystems) 

SYBR Green based chemistry. The reaction was carried out in a 96-well standard 

reaction plate, in the format as described in Table: 3.8. 
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Table 3.8: A sample 96- well standard RT-PCR reaction plate 

 A B C D E F G 

1 X Layer 

0 hrs  

X Layer  

3 hrs 

X Layer  

8 hrs 

�-actin 

0 hrs 

Y Layer 

0 hrs  

Y Layer  

3 hrs 

Y Layer  

8 hrs 

2 X Layer 

0 hrs 

X Layer  

3 hrs 

X Layer  

8 hrs 

�-actin 

0 hrs 

Y Layer 

0 hrs 

Y Layer  

3 hrs 

Y Layer  

8 hrs 

3 X Layer 

0 hrs 

X Layer  

3 hrs 

X Layer  

8 hrs 

�-actin 

0 hrs 

Y Layer 

0 hrs 

Y Layer  

3 hrs 

Y Layer  

8 hrs 

4 X Broiler 

0 hrs 

X Broiler 

3 hrs 

X Broiler 

8 hrs 

�-actin  

3 hrs 

Y Broiler 

0 hrs 

Y Broiler 

3 hrs 

Y Broiler 

8 hrs 

5 X Broiler 

0 hrs 

X Broiler 

3 hrs 

X Broiler 

8 hrs 

�-actin  

3 hrs 

Y Broiler 

0 hrs 

Y Broiler 

3 hrs 

Y Broiler 

8 hrs 

6 X Broiler 

0 hrs 

X Broiler 

3 hrs 

X Broiler 

8 hrs 

�-actin  

3 hrs 

Y Broiler 

0 hrs 

Y Broiler 

3 hrs 

Y Broiler 

8 hrs 

7 X Aseel 

0 hrs 

X Aseel 

3 hrs 

X Aseel 

8 hrs 

�-actin  

8 hrs 

Y Aseel 

0 hrs 

Y Aseel 

3 hrs 

Y Aseel 

8 hrs 

8 X Aseel 

0 hrs 

X Aseel 

3 hrs 

X Aseel 

8 hrs 

�-actin  

8 hrs 

Y Aseel 

0 hrs 

Y Aseel 

3 hrs 

Y Aseel 

8 hrs 

9 X Aseel 

0 hrs 

X Aseel 

3 hrs 

X Aseel 

8 hrs 

�-actin  

8 hrs 

Y Aseel 

0 hrs 

Y Aseel 

3 hrs 

Y Aseel 

8 hrs 

10 X NTC  

0 hrs 

X NTC  

3 hrs 

X NTC  

8 hrs 

�-actin  

NTC 

Y NTC  

0 hrs 

Y NTC  

3 hrs 

Y NTC  

8 hrs 

11 X NTC  

0 hrs 

X NTC  

3 hrs 

X NTC  

8 hrs 

�-actin  

NTC 

Y NTC  

0 hrs 

Y NTC  

3 hrs 

Y NTC  

8 hrs 

12 X NTC  

0 hrs 

X NTC  

3 hrs 

X NTC  

8 hrs 

�-actin  

NTC 

Y NTC  

0 hrs 

Y NTC  

3 hrs 

Y NTC  

8 hrs 

Where, X and Y are target genes, NTC is No template control. 
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Reaction was carried out in a final reaction volume of 20 µL with standardized 

real time PCR reaction components (Table 3.9). The thermo- cycling parameters are 

given in Table 3.10. Nuclease free filter tips were used for taking the individual reaction 

components and preparation of reaction mixture. Careful pipetting was done without 

creating bubbles to avoid interference in reading of fluorescence by the instrument. No- 

template control (NTC) was put for either gene quantification or for checking the 

contamination in the reaction components other than the cDNA. These reagents were 

loaded on a real-time 96 wells optical plate (4306737, Applied biosystems, Foster city, 

CA) and sealed with optical adhesives cover (4313663, Applied biosystems, Foster city, 

CA) carefully without touching the optical portion of cover. To optimize the 

concentration of cDNA and primer, real time PCR was carried out with 2 fold serial 

dilution of cDNA and different primer concentration. 

Table 3.9: Reaction mixture composition for q-PCR 

2 x SYBR master mix             10 µl 

Forward Primer ( 10 pm/ µl)              1 µl 

Reverse Primer ( 10 pm/ µl)              1 µl 

Nuclease free water               7 µl 

cDNA  (100ng/ µl)              1 µl    

Total volume              20 µl                                                                              
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Table 3.10: Thermal cycler parameters for q-PCR 

Stage Temperature (ºC) Time Activity 

Stage 1 50 2 min AmpErase UNG activation 

Stage 2 95 10 min AmpliTaq Gold DNA Pol. activation 

Stage 3 

Step 1 

Step 2 

 

95 

60 

 

15 sec. 

1 min. 

 

Denaturation/ melting 

Anneal/ extend 

      For Stage 3, steps 1 and 2, 40 cycles were performed.   

Fluorescence was measured once every cycle after the extension step using filters 

for SYBR Green (excitation at 492 nm and emission at 530 nm) and the logarithm of the 

increment in fluorescence was plotted versus the cycle number. The threshold level was 

fixed at the same mid exponential position for all runs. At the end of extension step, 

fluorescent was captured. At the end of each run, a melt-curve analysis/dissociation 

curves (95oC for 15 s, 60oC for 1 min, and increase of 0.5oC/5 s until 95oC) was 

performed to assess the specificity of the amplification. The specificity of the 

amplification products were also confirmed by the appearance of predicted-size 

fragments after 2% agarose gel electrophoresis.  

3.12: Data analysis 

For quantification, data were analyzed with the Sequence Detection System 

(SDS) software v1.3.1 (Applied Biosystems). Comparative Ct method was used for 

relative quantification of the target gene relative to �-actin (endogenous control). The 

gene quantification has been expressed as ‘‘n-fold up/down regulation of transcription’’ 

in relation to an endogenous control. For relative quantification by the comparative Ct 
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method, values were expressed relative to a reference sample, called the calibrator. The 

Ct for the target gene and the Ct for the endogenous control were determined for each 

sample and calibrator.  

The expression of selected gene was normalised by that of the reference gene, �- 

actin, at each time point and further converted to the fold increase (relative expression) 

over the calibrator, as follow: 

��Ct = �Ct sample A - �Ct calibrator 

Fold of Expression = 2–�� Ct 

Where �Ct is the average Ct of target gene - Average Ct of endogenous control (�-actin), 

��Ct is the average �Ct of target sample -  Average �Ct of calibrator sample 

 
Statistical analysis of normalized Ct value (�Ct values) obtained from the 

quantitative PCR, from the three different chicken strains  were subjected to analysis of 

variance (ANOVA) and there by post hoc Fisher’s least significance difference test, for 

the significant values using  SAS statistical software, Release 8.01 (SAS Institute, Inc 

Cary, NC). Statistical model used breed and time points as fixed effects. Differences 

were considered to be statistically significant at the level of p < 0.05. 
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CHAPTER IV 

Results and DiscussionResults and DiscussionResults and DiscussionResults and Discussion    

Selection of poultry for improved growth and production characteristics can 

adversely affect the ability of the bird to respond to pathogens and leave them more 

susceptible to infections and disease (Bayyari et al 1997). The indigenous breeds of 

chickens are generally considered to be more tolerant against a host of diseases  than their 

improved commercial counterparts (Dhinkar et al 2009). Although, chicken strains show 

differences in susceptibility to a number of diseases (Zekarias et al 2002) the underlying 

immuno-genetic basis has not been elucidated. In the present investigation , innate 

immunity related, avian beta-defensin and toll-like receptor genes were evaluated for 

their relative expression with the stimulation of LPS at 0-hrs, 3-hrs, and 8-hrs time points 

in broiler, layer and indigenous Aseel.  

4.1: Specificity of the primers 

TaqMan probe and SYBR Green fluorescence reagents are currently most 

widely used in real-time PCR reaction for gene expression studies. Compared to TaqMan 

probe, SYBR Green is less expensive, but it requires additional procedures for checking 

the specificity of PCR amplification (Freeman et al 1999, Bustin 2002, Ponchel et al 

2003). In this study, the primer’s specificity was checked at three points: bioinformatics 

analysis, agar gel electrophoresis in regular PCR and dissociation curve analysis in real-

time PCR. These measures guaranteed the specificity of PCR amplification in this 

research.  
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The specificity of each pair of primer sequences was confirmed by BLASTn at 

NCBI (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). The amplified PCR fragments were 

checked for their size and specificity in 2.0% agarose gel electrophoresis                     

(Figure 4.1). Further derivative dissociation/melt curve generated for each PCR reaction 

showed single peak (Figure 4.2), justifying specific amplification. Each test PCR reaction 

was conducted in triplicate. Amplification plot (Figure 4.3) with cycle number on the 

horizontal axis, plotted against the relative fluorescence (Rn) on the vertical axis (log 

scale), when used for Ct values determination, showed very little variation in Ct value 

and lied within a range of 6 and 35 for all the reactions.  

4.2: Screening of internal control 

In relative quantitative RT-PCR analysis, the internal control (or endogenous 

control, reference or housekeeping gene) plays a critical role for checking the sensitivity, 

accuracy and reliability of this method. A good internal control should have stable 

expression and be independent of the impacts of test treatments or different tissue/cell 

types. Abundant expression should also be evaluated in the experimental design 

(Overbergh et al 2003). Ribosomal RNAs (18S or 28S rRNA in eukaryote and 16S rRNA 

in prokaryote, respectively) are widely used in real-time PCR experiments. Other stable 

expression genes include beta-actin and glyceraldehyde-3-phosphate dehydrogenase  
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Figure 4.1: Gel electrophoresis pattern on 2% agarose, showing PCR amplification. First 
well in both rows show 1kb plus DNA ladder. Lane 1-14 show amplification of AvBDs; 
Lane 15-22 show amplification of chTLRs; Lane 23 and 24 show amplification of � –
actin and 18S rRNA respectively. 
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Figure 4.2: Melt-curve analysis/dissociation curves of � – actin gene (95oC for 15 s, 60oC 
for 1 min, and increase of 0.5oC/5 s until 95oC) to assess the specificity of the 
amplification. 

 

Figure 4.3: Quantitative-PCR amplification plots of the target genes and internal control 
gene, represented by fluorescence measured once every cycle after the extension step 
using filters for SYBR Green (excitation at 492 nm and emission at 530 nm) and the 
logarithm of the increment in fluorescence plotted versus the cycle number. The 
threshold levels were auto adjusted. 
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(GAPDH). However, the ribosomal RNAs sometimes do not truly reflect the overall 

RNA. Also, the beta-actin and GAPDH may have up-regulated expression in specific 

tissue or cell types such as the proliferating cells (Suzuki et al 2000). Combined internal 

controls or tissue- or cell-specific controls should be used in real-time PCR procedures 

(Vandesompele et al 2002 and Schmid et al 2003). 

Therefore, two suitable internal controls were investigated in quantitative real-

time PCR for stability of expression patterns in the present study, using a mixture of both 

random hexamer and oligo dT, during RT-PCR. The stability of two internal control 

genes (18S rRNA and beta-actin) were compared and the results from three independent 

experimental replicates are shown in Table. 4.1. 

Table 4.1: Threshold cycle (Ct) of triplicate reactions for internal control genes in three 
independent replicates. 

 Gene B0 B3 B8 L0 L3 L8 A0 A3 A8 

Rep I 

 

� - actin 20.14 20.41 20.15 20.14 20.07 20.03 20.12 20.05 20.16 

18S rRNA 11.38 11.06 11.42 11.17 11.27 11.67 10.92 11.44 11.28 

Rep II 

 

� - actin 20.26 20.24 20.44 20.16 20.01 20.02 20.11 20.21 20.17 

18S rRNA 10.81 10.70 11.42 11.03 11.13 11.00 11.15 10.85 11.41 

Rep III 

 

� - actin 20.19 20.07 20.03 20.21 20.10 20.11 20.08 20.25 20. 19 

18S rRNA 11.12 11.37 11.87 11.79 11.20 11.23 11.75 11.56 11.51 

 

Where , B0, B3, and B8 mean broiler at 0, 3 and 8 hrs time points respectively; 

L0, L3, and L8 mean layer at 0, 3, and 8 hrs time points respectively, and A0, A3, and A8 

mean Aseel at 0, 3, and 8 hrs time points respectively. 
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The ranges of Ct value for beta-actin were 0.38 (replicate 1), 0.43 (replicate 2) 

and 0.22 (replicate 3), respectively. The corresponding ranges for 18S rRNA were 0.75 

(replicate 1), 0.55 (replicate 2) and 0.67 (replicate 3), respectively. The comparison of the 

expression patterns of 18S rRNA and beta-actin revealed that beta-actin was more 

suitable to be used as internal control.  

4.3: PCR efficiency 

All PCR reactions displayed efficiency between 94 and 100 % (Table  4.2). 

Table 4.2: Percentage efficiency (% E) of PCR reaction of target genes and internal 
controls. 

Gene Name % E Gene Name % E Gene Name % E 

chTLR1 94 AvBD1 98 AvBD10 96 

chTLR2 96 AvBD2 97 AvBD11 94 

chTLR3 98 AvBD3 95 AvBD12 95 

chTLR4 98 AvBD4 100 AvBD13 99 

chTLR5 98 AvBD5 100 AvBD14 98 

chTLR7 100 AvBD6 99 IL-6 99 

chTLR15 98 AvBD7 99 NFkB 98 

chTLR21 96 AvBD8 98 IRF-3 98 

    � -actin 100 AvBD9 95 18S rRNA 99 
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4.4: Dose dependent expressions of chTLR4  

TLR-4 is a central component required by LPS as a signal transduction 

receptor (Gangloff and Gay 2004) and binding of LPS by the TLR-4 complex activated 

the signaling pathways that lead to increased gene expression (Froy 2005). Therefore, 

heterophil cultures stimulated with 10�g, 20�g, 30�g, 40�g and 50�g of LPS per ml of 

the culture volume and incubated for 3 hrs were used to study the relative expression of 

chTLR4 gene. A dose dependent pattern of expression was clearly evident (Figure 4.4). 

Using the expression of chTLR4 at 3hrs incubation with 10 �g/ml LPS dose, as 

calibrator, the relative expression was calculated and was found to be the highest for     

20 �g/ml dose of LPS. The expression was 15 % higher (1.15 fold increase) in case of 20 

�g/ml than 10 �g/ml dose, following which it declined for 30�g/ml antigen dose, and it 

drastically decreased on further increasing the dose. The plausible reason for this 

decrease might be tolerance induced by higher doses of LPS for the induction of TLR4, 

as was observed and suggested by Lorenzoni and Wideman (2008). 

4.5: Expression profile of chTLR4 in heterophils 

The expression of chTLR4 in broiler at 0-hrs, was taken as calibrator for 

calculation of relative expression/ fold change in broiler at other time points (3-hrs and 8-

hrs) and also in calculation of fold change in layer and Aseel at all the time point (0-hrs, 

3-hrs and 8-hrs) studied. The chTLR4 was induced in heterophils when stimulated with 

LPS, represented as fold-changes, calculated as 2-��Ct  (Figure 4.5). As a most important 

PRR for LPS, chTLR4 had a highly up-regulated expression in all the genetic 

groups/strains at 3-hour time point (4.47 to 5.49 folds). �



�

Figure 4.4: Relative Expression levels/ Fold change (
for 3 hrs using 10, 20, 30 40 and 50 µg/ml of LPS. Expression at 10 µg/ml dosage is 
taken as calibrator. �-actin was used as endogenous control.

�

Figure 4.5: Relative Expression levels/ Fold change (
layer and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. Expression of broiler at 0hrs 
is taken as calibrator. �-actin was used as endogenous control.
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Relative Expression levels/ Fold change (������) of chTLR4 gene stimulated 
for 3 hrs using 10, 20, 30 40 and 50 µg/ml of LPS. Expression at 10 µg/ml dosage is 

actin was used as endogenous control. 

e Expression levels/ Fold change (������) of chTLR4 between broiler, 
layer and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. Expression of broiler at 0hrs 

actin was used as endogenous control.�
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The expression reduced to 2.35 to 2.57 folds at 8-hrs time point, but, in general it was 

still up-regulated as compared to its initial expression, illustrating its function well 

beyond 8 hrs period. �

LPS, as a powerful systemic stimulus, has been widely used to induce 

inflammation, although the efficacy of LPS can vary depending upon its origin, purity 

and dosage (Takahashi et al 1995, Sunwoo et al 1996 and Berczi 1998).  The present 

study revealed significant increase (p=0.000661) of chTLR4 at 3 hrs in all the genetic 

groups. However, other chTLRs were not induced because the LPS used for the study 

was 99 % pure (S. enterica serovar typhimurium, L2262, Sigma-Aldrich).  

Yang et al (1998) reported that TLR-2 could mediate cellular signaling when 

stimulated by LPS in human monocytes and macrophages. Kirschning et al (1998) also 

found TLR-2 mediated NFkB activation with LPS stimulation in human embryonic 

kidney 293 cells. However, the results from experiment on knockout mice revealed that 

TLR-4 deficient mice did not respond to LPS stimulation, whereas both TLR-2 deficient 

and wild-type mice responded to LPS stimulation with the same patterns (Takeuchi et al 

1999). The impurities in LPS could be the reason of TLR-2 signaling pathway activation. 

After re-purification, it was confirmed that TLR-2 pathway was not activated in human 

by commercial LPS (Tapping et al 2000). The results of the present study uphold the 

thesis that chTLR2 or any other chTLRs are not induced by LPS.  

4.6: Constitutive expression of chTLRs 

  The constitutive or the un-induced expression of all chTLR genes were detected 

in heterophils, and are represented as 40-�Ct values (Figure 4.6). The chTLR4 
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constitutively expressed highest compared to other chTLRs, followed by chTLR5, 2, 3, 7, 

15, 21 and 1 in order. This result corroborate with those of other workers (Iqbal et al 

2005, Kogut et al 2005 and Musa et al 2009) 

The constitutive expression of chTLR- 2, 3, 4, 7 and 15 was significantly higher 

expression in layer compared to broiler stock (Table 4.3). chTLR 1 and 7 expression was 

significantly higher in Aseel, compared to layer. All chTLRs expressed significantly 

higher in Aseel with an exception of, chTLR 5 and 21 as compared to broiler. This 

ubiquitous expression profile of chTLRs illustrates their important role in pathogen 

recognition during avian innate immune response, where heterophils are important 

effector cells.    

Table 4.3: Relative Expression levels (��Ct) of chTLRs in broiler, layer and Aseel 
without LPS stimulation. Negative values indicate relatively higher expression.  

Gene Name I II III 

 Broiler vs Layer Layer vs Aseel Broiler vs Aseel 

    

chTLR1 -0.1467 (p=0.155) -1.8447 (p=0.134) -1.9914 (p=0.042) 

chTLR2 -1.8535 (p=0.001) -0.1236 (p=0.549) -1.9771 (p=0.016) 

chTLR3 -1.2318 (p=0.016) -0.5863 (p=0.425) -1.8181 (p=0.022) 

chTLR4 -1.2381 (p=0.024) -0.4981 (p=0.355) -1.7362 (p=0.012) 

chTLR5 -0.3761 (p=0.330) -0.5582 (p=0.200) -0.9343 (p=0.365) 

chTLR7 -1.2416 (p=0.049) -1.0317 (p=0.035) -2.2733 (p=0.020) 

chTLR15 -1.4321 (p=0.012 ) -0.1688 (p=0.325) -1.6009 (p=0.013) 

chTLR21 -0.4942 (p=0.170) 0.5482  (p=0.443)  0.0540 (p=0.677) 

* bold values indicate significant difference in target gene expression (P<0.05) 
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Figure 4.6: 40- �Ct values of chTLRs 
stimulation. �-actin was used as endogenous control.

 

 

Figure 4.7: 40- �Ct values of AvBDs (broiler
LPS stimulation. �-actin was used as endogenous control.
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4.7: Expression profile of AvBDs in heterophils. 

General trend of expression: Taking into account the gene expression of all the three 

stains (broiler, layer and Aseel) together the expression analysis revealed that all the 14 

AvBD genes expression were detectable in heterophils. The expression of AvBDs in 

broiler at 0-hrs, which was taken as calibrator for further calculation of relative 

expression/ fold change, was plotted as 40-�Ct values (Figure. 4.7), to understand the 

constitutive expression pattern of various AvBD genes in heterophils.  

AvBD-1, 2 and 4 were among the high expressing genes in blood heterophils. 

While, AvBD- 8, 11, 12, 13 and 14 were among the low expressing genes across all the 

three strains of birds, but only the data for broiler are presented, as it has been used as a 

calibrator for calculation of relative expression/fold change in other strains.  

Further, the expression levels of all AvBDs at different time points (0 hrs, 3 hrs 

and 8hrs) with the stimulation of LPS were investigated. The expression of AvBDs in 

broiler at 0-hrs time point, was used as calibrator for the calculation of relative 

expression/ fold change in broiler at other time points (3-hrs and 8-hrs) and also in 

calculation of fold change in layer and Aseel at all the time point (0-hrs, 3-hrs and 8-hrs) 

studied and presented as fold-changes, calculated as 2-��Ct (Figure 4.8 to Figure 4.21).  

At early phase (at 3 hrs period) most of the 14 AvBD genes studied showed up-

regulation in response to LPS at early phase i.e. within 0-3 hrs period, however the up-

regulation in AvBD- 9,11,12,13 and 14 was not significant.   

At late phase, that is 8-hrs after LPS stimulation, the expressions of most AvBDs 

were down-regulated to counteract the effects of the increased transcription in the early 
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Figure 4.8: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 

 

Figure 4.9: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation
control. 
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Figure 4.10: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 

 

Figure 4.11: Relative Ex
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 
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Figure 4.12: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 

 

Figure 4.13: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation
control. 
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Figure 4.14: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 

 

Figure 4.15: Relative Ex
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 
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Figure 4.16: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 
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Figure 4.17: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 
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Figure 4.18: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation
control.��

�

Figure 4.19: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control.��
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Relative Expression levels/ Fold change (������) of AvBD11 
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �-actin was used as endogenous 

Relative Expression levels/ Fold change (������) of AvBD12 
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �-actin was used as endogenous 


�
�


���

����


�
�


���

��	�


���

��� ��� ���

����

����


���

���	

����


���

���	

��� ��� ���

�

) of AvBD11 in broiler, layer 
actin was used as endogenous 

�

) of AvBD12 in broiler, layer 
actin was used as endogenous 


���

 ������

�����

�����

,�-.""

����

 ������

�����

�����

,�-."�



�

Figure 4.20: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control.��

�

Figure 4.21: Relative Expression levels/ Fold change (
and Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control.��
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phase. This counteraction might occur because the host needs to maintain the inner 

homeostasis via a negative feedback mechanism to counteract the increased transcription 

level.   

Before LPS stimulation, the  relative gene expression of AvBD- 8, 11, 12,13 and 

14 expressed at low level in the blood heterophils, out of which AvBD8  was maximally 

induced by LPS at 3 hrs (up to 9.22 to 16.02 fold increase) at early phase and maximally 

down-regulated to (1.95 to 2.89 folds) at later phase. Whereas other, early phase low 

expressing genes AvBD- 11, 12, 13, and 14 did not show sharp up-regulation at early 

phase of LPS stimulation, but continued to up-regulated in late phase i.e. even after 3 hrs 

period. AvBD- 1, 2 and 4 gene expression was in the highest in blood, but the up-

regulation on induction was only 1.68 folds to 2.88 folds in the early phase, maybe 

because they already expressed at a high level in the blood at the start. AvBD12 had 

lower expressions (0.78 to 0.81 folds) and AvBD13 was not induced, with the challenge 

of LPS at early phase. 

 When compared together, genes showing high constitutive expression showed 

lesser induction by LPS and the genes showing low constitutive expression either showed 

sharp early phase induction or continued to express for a longer time period (upto 8 hrs 

tested).   At the later phase (from 3- to 8-hrs), most AvBDs showed reduced expression, 

possibly to counteract the effects of increased transcription at the early phase, but the 

overall effect (from 0- to 8-hrs) of LPS stimulation can still be regarded as induction for 

most AvBDs, except for AvBD 3, 4   and 7, where the expression at 8 hrs was found to 

be less than at 0 hrs.  
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4.8: Differential gene expression of AvBDs in broiler, layer and Aseel birds. 

Constitutive Expression: When the constitutive expression of AvBD genes was 

compared in broiler, layer and Aseel, the expression of almost all the genes was higher in 

layer compared to broiler, and in Aseel compared to layer (Table 4.4). 

Differential expression calculated as ��Ct values indicated that, although 

expression almost all the AvBDs was higher in layer compared to broiler (indicated by 

negative values) but not in case of AvBD- 11, 13, 14. However the difference between 

the layer and broiler was statistically significant in layer compared to broiler only in case 

of AvBD- 2, 4, 7, 9 and 10.  The constitutive expression of AvBD- 6, 7, 8, 9 and 11 in 

Aseel was significantly higher than layer, with the only exception of AvBD10. When 

broiler and Aseel are compared most of the AvBD expression was significantly higher in 

Aseel, except AvBD- 5, 11, 12, 13 and 14. 

Early phase: AvBD- 5, 6, 8 and 9 expressed significantly higher in layer than broiler at 

early phase (quantified at 3hrs time point). However, the expression of AvBD- 8, 9 and 

11  was significantly higher in Aseel compared to layer. The expression of AvBD- 2, 4, 5, 

6, 7, 8, 9 and 11 was significantly higher in Aseel compared to broiler at early phase. 

Late Phase: Six out of fourteen AvBDs (AvBD- 1, 3, 5, 7, 8 and 9) were significantly 

up-regulated in layer compared to broiler. However, in Aseel strain four AvBDs (AvBD- 

4, 8, 10 and 11) were significantly up-regulated compared to layer, and six AvBDs 

(AvBD- 1, 3, 8, 9, 10 and 11) were significantly up-regulated compared to broiler. 
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4.8.1: Differential expression between the strains  

The expression of  most AvBDs was higher in layer compared to broiler (Table 

4.4), but the differential expression between layer and broiler was statistically significant 

(negative values indicate higher expression in layer) for AvBD-1 at 8 hrs, AvBD-2 at 3 

hrs, AvBD-3 at 8 hrs, AvBD-5 at 3 hrs and 8 hrs, AvBD-6 at 3 hrs, AvBD-7 at 0 hrs and 

8 hrs, AvBD-8 at 3 hrs and 8 hrs, AvBD-9 at all three time points (0 hr, 3 hr and 8 hr), 

AvBD-10 at 0 hrs, whereas AvBD-11 expression was significantly down-regulated at 0 

hrs in layer (indicated by positive value). 

Similarly, though the Aseel had higher level of expression compared to layer, for most of 

the AvBD genes, but the difference was significantly higher for AvBD-4 at 8 hrs, AvBD-

6 and 7 at 0 hrs, AvBD-8 at 0 hrs, 3 hrs and 8 hrs, AvBD-9 at 0 hrs and 3 hrs, AvBD-10 

at 8hrs, AvBD-11 at 0 hrs, 3 hrs and 8 hrs. While the expression of AvBD-5 and 8, at 8 

hrs, AvBD-10 at 0 hrs was significantly lower in Aseel compared to layer. 

When Aseel and broiler were compared, the expression of AvBD-1 at 0 hrs and 3 hrs, 

AvBD-2 at 0 hrs and 3 hrs, AvBD-3 at 0 hrs and 8 hrs, AvBD-4 at 0 hrs and 3 hrs, 

AvBD-5 at 3 hrs, AvBD-6 and 7 at 0 hrs and 3 hrs, AvBD-8 and 9 at 0 hrs, 3 hrs and 8 

hrs, AvBD-10 at 0 hrs and 8 hrs, AvBD-11 at 3 hrs and 8 hrs was significantly higher in 

Aseel compared to broiler. However the expression of AvBD-4 at 8 hrs was significantly 

lower in Aseel compared to broiler. Expression of AvBDs in heterophils have not been 

studied before. 
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Table 4.4: Relative Expression levels (��Ct) of AvBDs in broiler, layer and Aseel. 
Negative values indicate relatively higher expression.  

Gene Name I  II III 
AvBD-1 Broiler vs Layer Layer vs Aseel Broiler vs Aseel 

    
0hr -0.1896  (p= 0.666) -0.0599  (p=0.071) -0.2496 (p=0.017) 
3hr -0.0818  (p=0.415)  0.0008   (p=0.016)  -0.0809 (p=0. 695) 
8hr -0.2286  (p=0.026)  0.0149   (p=0.307) -0.2137 (p=0. 942) 

    
AvBD-2    

0hr -0.2947  (p=4E-04)  0.0189 (p=0.003) -0.2757 (p=0. 041) 
3hr -0.1355  (p=0.089) -0.1914 (p=0.521) -0.3269 (p=0.035) 
8hr  0.0750  (p=0.808) -0.0761 (p=0.805) -0.0011 (p=0.997) 

    
AvBD-3    

0hr -0.1144 (p=0.593) -0.1060 (p=0.055) -0.2204  (p=0.015) 
3hr -0.1524 (p=0.478)  0.0336  (p=0.874) -0.1188  (p=0.580) 
8hr -0.3262 (p=6E-05) -0.1177 (p=0.073) -0.4439  (p=1E-06) 

    
AvBD-4    

0hr -0.2996 (p=0.023) -0.0514 (p=0.836) -0.3510 (p=0.017) 
3hr -0.1809 (p=0.470) -0.1284 (p=0.771) -0.3093 (p=0.006) 
8hr  1.2445  (p=0.239) -0.6819 (p=9E-05) 0.5625 (p=0.030) 

    
AvBD-5    

0hr -0.1246 (p=0.721) -0.0637 (p=0.855) -0.1883 (p=0. 591) 
3hr -0.4283 (p=0.002) -0.1170 (p=0. 738) -0.5453 (p=0.001) 
8hr -0.2076 (p=0.006)  0.2314 (p=0.048)  0.0238 (p=0.891) 

    
AvBD-6    

0hr -0.0461 (p=0.730) -0.4345 (p=0.004) -0.4806 (p=0.002) 
3hr -0.2299 (p=0.008) -0.0278 (p=0.835) -0.2577 (p=0.020) 
8hr  0.0494 (p=0.071) -0.1157 (p=0.392) -0.0663 (p=0.621) 

    
AvBD-7    

0hr -0.8400 (p=0.003) -0.6733 (p=7E-04) -1.5133 (p=6E-5) 
3hr -0.1712 (p=0.111) -0.0376 (p=0.668) -0.2089 (p=0.002) 
8hr -0.4606 (p=0.007)  0.3682  (p=0.001) -0.0923 (p=0.229) 

    
 

AvBD-8 
   

0hr -0.0515 (p=0.739) -1.0736 (p=0.004) -1.1251 (p=0.004) 
3hr -0.4403 (p=0.001) -0.3565 (p=0.003) -0.7968 (p=0.003) 
8hr -0.2919 (p=0.003) -0.2723 (p=0.021) -0.5642 (p=0.001) 
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AvBD-9    

0hr -0.5601 (p=0.006) -0.3886 (p=0.004) -0.9486 (p=0.004) 
3hr -0.2484 (p=0.049) -0.3872 (p=0.037) -0.6357 (p=0.008) 
8hr -0.3332 (p=0.017)  0.0641 (p=0.821) -0.2691 (p=0.001) 

    
AvBD-10    

0hr -1.0172 (p=0.015)  0.3755 (p=0.048) -0.6416 (p=0.001) 
3hr  0.0468 (p=0.084) -0.0377 (p=0.906)  0.0090 (p=0.977) 
8hr -0.1510  (p=0.638) -0.4145 (p=0.019) -0.5655 (p=0.007) 

    
AvBD-11    

0hr 0.5228 (p=0.041) -0.4946 (p=0.004)   0.0281 (p=0.964) 
3hr 0.0142 (p=0.982) -0.5902 (p=0.003) -0.5760 (p=0.042) 
8hr 0.0091 (p=0.988) -0.4846 (p=0.003) -0.4755 (p=0.044) 

    
AvBD-12    

0hr -0.0244 (p=0.809) -0.0364 (p=0.719) -0.0608 (p=0.549) 
3hr  0.0509 (p=0.614) -0.0071 (p=0.944)  0.0438 (p=0.663) 
8hr -0.0079 (p=0.937) -0.1262 (p=0.195) -0.1341 (p=0.221) 

    
AvBD-13    

0hr 0.0002 (p=0.999) -0.0102 (p=0.917) -0.0100 (p=0.919) 
3hr 0.0112 (p=0.739) -0.0125 (p=0.899) -0.0013 (p=0.645) 
8hr 0.0839 (p=0.187) -0.0965 (p=0.399) -0.0126 (p=0.334) 

    
AvBD-14    

0hr  0.0003 (p=0. 997) -0.0325 (p=0.713) -0.0322 (p=0.716) 
3hr  0.0097 (p=0.912)  0.0916 (p=0.307)  0.1013 (p=0.260) 
8hr -0.0253 (p=0.774)  0.0925 (p=0.302)  0.0672 (p=0.450) 

    
* bold values indicate significant difference in target gene expression (P<0.05) 

4.9: Differential gene expression NFkB-1 and IRF-3  

In the present study, two important transcription factors (NFkB-1 and IRF-3) were 

investigated for differential expression at 0 hrs, 3 hrs and 8 hrs of LPS stimulation 

(Figure. 4.22). The results from this study revealed that both NFkB-1 and IRF-3 were 

induced early phase (3hrs time point) and the expression decreased at later phase (8hrs 

time point).  
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Figure 4.22: 40- �Ct values of transcription factors NFk
Aseel without LPS stimulation. �

�

Figure 4.23: Relative Expression levels/ Fold change (
Aseel at 0hrs, 3 hrs and 8 hrs of LPS stimulation. �
control. 
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This observation is in agreement with the expression pattern of most AvBD and 

TLR genes. These results of the study are in concurrence with similar studies where in 

vitro LPS induction of genes resulted in an increase of NFkB and IRF-3 activity 

(Tsutsumi and Nagaoka 2002 and Froy 2005). The ligand binding on various membrane 

TLRs induced transcription factors, activated them and translocated into the nucleus to 

regulate the expression of immune related genes.  The transcription factors that bind to 

LPS response elements include, NFkB, AP-1, IRF, and STAT (Guha and Mackman 

2001).  While studying microarray analysis of the expression level of NFkB Bliss et al 

(2005) proved increase in the expression of NFkB in macrophages at 2 hrs after the 

stimulation of LPS,  but also concluded that the transcription factors and the end products 

of signaling pathway generally increased their expressions with the stimulation, whereas 

the expression levels of signaling molecules and cellular receptors may not increase or 

decrease in the same proportion or even may not increase/decrease at all. 

Studies conducted by Diamond et al (2000) also support the hypothesis that the 

predicted transcription-factor, NFkB and IRF-3 were associated with induced gene 

expression by LPS stimulation, as they demonstrated that transcription of the bovine 

beta-defensin TAP gene is cooperatively regulated by NFkB in response to LPS.  

Therefore, activating NFkB was probably the signal transduction pathway that induced 

defensin expression in white blood cells after LPS stimulation. In un-stimulated cells, 

I�B, an inhibitor of �B, masks the nuclear localization signal on NFkB and thus blocks its 

nuclear translocation.  Upon stimulation, I�B is rapidly phosphorylated and NFkB can 

translocate to the nucleus, where it turns on the expression of the target gene (Medzhitov 

2003). 
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4.10: Differential gene expression IL6  

With the stimulation of LPS, the expression level of interleukin 6 (IL-6) was 

significantly increased (p < 0.05) at 3-hour, and later decreased at 8-hour time point, but 

it was still higher expressed at 8-hour than that of un-stimulated birds (0-hour time point)           

(Figure. 4.23). The expression of IL-6 increased to 7.82 to 9.35-fold, at 3- hour after LPS 

stimulation. The critical regulative inflammatory cytokine, IL-6, was detected to be 

differentially expressed in broiler and layer at all three time points (0-, 3-, and 8-hrs), 

with lower expression level in broiler than in layer and Aseel. Increased in concentration 

of IL-6 in heterophil in LPS-injected birds was also repoted by many workers (Xie et al 

2000, Leshchinsky and Klasing 2001 and Kogut et al 2003 and 2005). The numerous 

experiments, especially in rat or mouse, illustrated the inductive mechanisms by IL-6 

with the stimulation of endotoxins to prove that IL-6 was the major pro-inflammatory 

cytokine involved (Haziot et al 1998, Lyoumi et al 1998, Ostberg et al 2000, Amrani 

1990 and Samad et al 1993).   

4.11: General remarks 

It is well known that the innate immune system not only induces immediate active 

defense responses  but also plays important roles in initiating and instructing the adaptive 

immune response (Janeway and Medzhitov 2002). Innate immunity limit infections to a 

minimum in the early stage, by its immediate defensive effect not only make it important, 

but also critical to the outcome: recovery from infections and restriction from the spread 

of foreign pathogens.  

Tremendous improvements in economic traits have been achieved in commercial 
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poultry through intensive genetic selection. Unfortunately,  selection for rapid growth in 

chickens has also resulted in higher susceptibility of such stocks to various infectious 

diseases, as well as ascites and skeletal problems (Julian 1998). Chickens selected for 

rapid growth show significantly higher morbidity and mortality to various bacterial and 

viral disease challenges than those with slow growth (Siegel et al 1987, Payne et al 1992, 

Rao et al 1999, Okuda et al 2001 and Songserm et al 2003). Broilers have undergone 

intensive growth selection in the last century and have shown a compromised immune 

competence (Praharaj et al 1996 and Yunis et al 2000). Experimental data also indicate 

that broilers generally  show poorer innate (Leshchinsky and Klasing 2001) and adaptive 

immune responses than the layer chicken(Toro et al 1996 and Koenen et al 2002). The 

association of rapid growth with disease susceptibility has also been  observed in turkeys 

(Nestor et al 1999). The indigenous breeds of  chickens have not undergone intensive 

selection either for growth or for egg production traits. , and are therefore  considered to 

be more  resistant to a variety of diseases than their commercial counterparts. 

Experiments on the Aseel poultry breed, which is in the most important and renowned 

indigenous breeds of India, concluded its immunological superiority based on the 

expression profile of chTLRs in various tissues of chicken (Dhinkar et al 2009). 

Results of the present study showed significant differences between the strains for 

expression of some the genes. The  layer strain showed higher expression level and 

stronger activation of chTLRs and AvBDSs and important transcription factors (NFkB-1 

and IRF-3) in heterophils with the stimulation of LPS than the broiler strain. Aseel had 

higher gene expression and stronger activation of chTLRs and AvBDSs in heterophils on 

LPS stimulation as compared layer strain. Lower gene expression of immune effectors 
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means lower immune competence.  

Modern high growing broiler chicken generally exhibit higher susceptibility to 

diseases than the commercial laying strains (like White Leghorn strains) which are much 

smaller in size .Similarly indigenous breeds of chicken because of their low production 

potential experience higher viability. The  differential expression of innate immunity 

genes as observed in the present study may  partially explain the underlying differences 

in the  immune capability of  broiler, layer and Aseel, stocks. However further research 

using wider gene pool may help in further elucidation of the molecular mechanism 

involved  in  the full etiology of these  differences. 
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CHAPTER V 

Summary Summary Summary Summary     

The present investigation was conducted on three divergent strains/stock of 

chicken viz; improved broiler and layer chicken, and an indigenous stocks of chicken, the 

Aseel for understanding  the immuno-genetic basis of the variable disease 

resistance/susceptibility observed in such divergent stocks. Differential expression of 

innate immunity related,   toll-like receptor  and �- defensin genes were analyzed for 

constitutive and LPS induced expression using quantitative real-time PCR., LPS, an 

essential components of the cell wall of all Gram negative bacteria, was used as an 

Immune indicators against multiple microorganisms  to evaluate the differences between 

the strains  for mounting  the most effective immune response. 

The study was conducted on the birds maintained at poultry breeding farm, 

GADVASU, Ludhiana. Apparently healthy, six, adult birds each from broiler, layer and 

Aseel were randomly selected for peripheral blood collection. Birds were from same age 

group and were under same management and nutritional regimen at the time of sampling, 

were selected for the study. About 1-2 ml of blood was aseptically, collected from each 

bird in 15 ml sterile tubes containing EDTA (EDTA, 1.5 mg/ml of blood).  

Avian heterophils were isolated from the peripheral blood of chickens           

(Kogut et al 2005) using Ficoll-Hypaque 1.077/1.119 gradient and resuspended in fresh 

RPMI 1640. 

The heterophil cultures were stimulated with 20 �g of LPS per ml of the culture 

volume and incubated for 0 hrs to study the constitutive relative expression of �-defensin 
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genes and at 3 hrs and 8 hrs of incubation to study the relative expression on stimulation 

by LPS. The total RNA was isolated from heterophils at 0hrs, 3hrs and 8hrs of culture 

incubation using RNeasy mini kit (Qiagen) as per the instructed protocol.  

The concentration of recovered RNA was measured using spectrophotometer, 

nanodrop (Nanodrop 1000, Thermo Scientific). The total RNA with ratio of optical 

density at 260 nm to that at 280 nm more than 2.0 was accepted for further study. Total 

RNA concentration was adjusted to 100 ng/ �l using RNase free water. Equal amounts of 

total RNA from six birds of same strain of chicken were pooled. Further the pooled RNA 

samples were treated with DNase (Invitrogen, Carlsdad, CA, USA) according to the 

protocol indicated. Pooled total RNA was used for cDNA synthesis, using First strand 

synthesis kit (Fermentas, Thermo scientific). The conversion to cDNA was checked by 

PCR with GAPDH primers. The amplification of 496 bp GAPDH gene fragment from the 

cDNA indicated the presence of cDNA.  

Gene specific primers were designed from the respective gene sequences using 

online  Primer3 software (http://frodo.wi. mit.edu/primer3/), such that the amplicons were 

about 50 to 150 base pairs in length and the annealing temperature of the reaction could 

be kept at 60 º C. �-actin primers were designed for internal control. These primers were 

custom synthesized by IDT (India).  

Differential gene expression  for AvBD genes, chTLR genes, transcription 

factors and pro-inflammatory cytokine IL6, was studied among broiler, layer and Aseel. 

Experiment was performed in triplicate using an ABI Prism 7500 (Applied Biosystems, 

Foster City, CA, USA) using SYBR Green chemistry, with ROX as a passive reference 

dye.  
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To estimate the efficiency of PCR reaction, 10-fold serial dilutions was done, 

starting with 107 template copies and ending with 10 copies. PCR efficiency for all the 

primer sets lied between 94 and 100 %. The heterophil cultures stimulated with 10�g, 

20�g, 30�g, 40�g and 50�g of LPS per ml of the culture volume and incubated for 3 hrs 

were used to study the relative expression of chTLR4 gene and was found to differ in 

dose - dependent manner.  The relative expression was highest at 20 �g/ml dose of LPS, 

followed by 10�g/ml and 30�g/ml LPS dose, but the expression drastically decreased on 

further increasing the dose. 

The expression of chTLR4 was highly up-regulated expression in all bird strains 

at 3-hour time point (4.469 to 5.493 folds). The expression decreased to (2.352 to 2.575 

folds) at 8-hrs time point, but was still more when compared to its initial expression at      

0 hrs, illustrating its function well beyond 8 hrs period. Constitutive expressed of 

chTLR4 was highest compared to other chTLRs, followed by chTLR5, 2, 3, 7, 15, 21 and 

1 in order. The constitutive expression of other chTLR 1, 3, 4, 7 and 15 showed 

significantly (p< 0.05) higher expression in layer compared to broiler. Whereas, chTLR 1 

and 7 had significantly higher expression in Aseel compared to layer. 

The expression analysis revealed that all the 14 AvBD genes expression were 

detectable in heterophils and all the 14 AvBD genes and were induced in response to LPS 

at an early phase i.e. within 0-3hrs period, however the up-regulation in AvBD- 

9,11,12,13 and 14 was not significant. At 8-hrs after LPS stimulation, the expressions of 

most AvBDs were down-regulated.  

Before stimulation by LPS, the constitutive/ un-induced gene expression of 
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AvBD-8, 11, 12,13 and 14 showed low level of gene expression in the blood out of which 

AvBD- 8  was maximally induced by LPS (up to 9.22 to 16.02 fold increase) in 3hrs 

period and maximally down-regulated to (1.95 to 2.88 folds). Whereas, other early phase 

low expressing genes AvBD-11, 12, 13, and 14, which did not show sharp up-regulation 

within 3hrs period of LPS induction continued up-regulated gene expression in late phase 

i.e. even after 3 hrs period. AvBD-1, 2 and 4 gene expression was among the highest in 

blood and the up-regulation on induction was only 1.68 folds to 2.88 folds in the early 

phase.  

AvBD-12 showed lower expression (0.78 to 0.81 folds) and AvBD-13 was not 

induced, with the challenge of LPS at early phase. At the later phase (from 3- to 8-hrs), 

most AvBDs showed reduced expression, probably to counteract the effects of increased 

transcription at the early phase, but the overall effect (from 0- to 8-hrs) of LPS 

stimulation was still regarded as induction for most AvBDs, except for AvBD 3, 4 and 7. 

Constitutive expression of AvBD genes in broiler and layer and Aseel reveal that 

the expression of almost all the genes was higher in layer as compared broiler, and in 

Aseel when compared to layer. Almost all the AvBDs expression was higher in layer 

except AvBD-11, 13, 14. However, the difference is significantly higher (P<0.05) in 

layer compared to broiler in case of AvBD-2, 4, 7, 9 and 10 only. Further the constitutive 

expression of AvBD-6, 7, 8, 9 and 11 in Aseel was significantly higher than layer, with 

an exception that the expression of AvBD10 was significantly lower. When broiler and 

Aseel were compared most of the AvBDs expressed at a significantly higher levels in 

Aseel, except AvBD-5, 11, 12, 13 and 14. 
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The transcription factors NFkB-1 and IRF-3 were induced to express at early 

phase (3hrs time point) and expression decreased at the later phase (8hrs time point), 

which was in agreement with the expression pattern of most AvBD and TLR genes. The 

expression of IL-6 increases to 7.81 to 9.35-fold, at 3- hrs after LPS stimulation. The 

critical regulative inflammatory cytokine IL-6 was detected to be differentially expressed 

in broiler and layer at all three time points (0-, 3-, and 8-hrs), with lower expression level 

in broiler than in layer and Aseel. 

The conclusions which emerged from the study are: 

• The expression of the 14 AvBDs, chTLR 1, 2, 3, 4, 5, 7, 15 and 21 was detectable 

in heterophils using real- time PCR, SYBR Green chemistry. 

• Lipopolysaccharide (LPS) of Salmonella typhimurium was found to be an 

effective activator of most AvBD genes, in vitro, in heterophils. 

• Layer strain showed higher expression level and stronger activation of chTLR4, 

most AvBDs and transcription factors (NFkB-1 and IRF-3) in heterophils with the 

stimulation of LPS, when compared to broiler.  

• Higher expression level and stronger activation of chTLR4, most AvBDs, NFkB-

1 and IRF-3, in heterophils was observed, with the stimulation of LPS in Aseel 

compared to both layer and broiler. 

Therefore Aseel is immuno-genetically more disease resistant compared to layer and 

broiler. Layer is immuno-genetically more disease resistant compared broiler. 
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